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CHAPTER ONE : INTRODUCTION

The Cape Vulture (Gj*s coprotheres Forster 1798)

eaviest member of the

Is the
family Accipitndae that occurs as an

-ndemic species throughout southern Africa (Mundy 1982). Aspe.ts

,f US Hfe history include a low breeding rate, deferred

1981). It breeds in colonies

on cliff faces and is the on,y

uulture species to do so in southern Africa (Mundy

combination of the colonial and cliff-nesting habits then renders

this spec s convenient to study the consequences of large

and low reproductive rates on the biology of avian species

results may therefore be applicable in

;. the

general terms to a wi e

assemblage * A A Qtner griffon species distributed

throughout the Old world (listed

in Brown i Amadon 1968) cape
Vultures are described as

specialist feeders on the carcasses o
large migratory ungulates (Houston 19740. The evolution of this

exclusive scavenging behaviour is postulated to have occurred

under conditions (Houston O£. <ciU which probably no .onger

occur throughout any griffon species' range -n Atrica (Houston

1974a). Houston's (1972) study of the feeding and breeding

ecology of two griffon species inhabiting

relatively natural
conditions in East Africa is

then especially relevan- when
considering the congeners that range over areas of industna

agricultural development In southern Africa.
study of Mppell's Griffon G rueppeim
1976), that area's ecological

In particular hs
(Houston 19-4a. -

counterpart to G coprotheres

(Mundy 1982), provides numerous points of potential comparison.

In acomparati ,e study of the biology of the five southern
African vulture species. Mundy (1982) highlighted the decline of

the Cape Vulture and listed a variety of man-induced factors to

account for the decline in numbers. This decline was described as

"accelerating" and giving "cause r concern" (Siegfried eta_|I.
1976), and the vulture is now listed as "a vulnerable endemic
species of southern Africa which has lost much of its population”

(Brooke in press). That review documents estimated numbers and






CHAPTER ONE : INTROUUC:ION

Tho r,p. Vulture (Gyps coproti jr
heaviest member of the family AcclpUridat th t
endemic species throughout southern Africa (Mundy 1«). A
of its life history include a lo« breeding rate,
maturity, prolonged parental .... high adult survival

d, rer

and 1o.
juvenile survival rates (Houston 1974b, Mundy 1982, Piper et aj,
1,81). n breeds in colonies on cliff faces and
vulture species to do so
combination of the colonial

is

In southern Africa (Mundy 1982).
and cliff-nesting habits then render
this species convenient to study the consequences of large sit

and low reproductive rates on the biology of avian species
results may therefore be applicable in general

;
terms to a wide-
assemblage of animals.

Along with the six other griffon species distr'DU -

throughout the Old World (listed in Brown & Amadon 196b, -*P<

Vultures are described as specialist feeders on the carcasse

large migratory ungulates (Houston 1974c). The evolution of this

exclusive scavenging behaviour is postulated to have occurred

under conditions (Houston 0£. cU.) which probably no longer

occur throughout any griffon species' range in Africa (Hous*

1974a). Houston's (1972) study of the feeding and bree

ecology of two griffon species inhabiting relatively nati

conditions in East Africa is then especially relevant w

considering the congeners that range over areas o' industna

agricultural development in southern Africa, .n particue
study of Ruppell's Griffon G. ruef£f£enii (Houston 19 74a,

1976), that area's ecological counterpart to G cofroj;
(Mundy 1982), provides numerous points of potential compa-

in a comparative study of the biology of the five south, -
African vulture species, Mundy (1982) highlighted the declirv

the Cape Vulture and listed a variety of man-induced ‘actor

account for the decline in numbers. This decline was desc
“accelerating"” and giving "cause t
1976), and the vulture

concern' (Siegfried
is now listed as "a vulnerable e in
species of southern Africa which has lost much o its popu a

(Brooke in press). That review documents estimated numne



population tre,Js, and concludes -1th a total

p-eeding pairs throughout the subcontinent.
alone,

of some 2u00
In the Cape Provinc
some 65 breeding pairs were estimated ,n 19/9 (Boshc M
Vernon 1980), and the Transvaal Province now constitutes toe ma-n

stronghold (Tarboton s Allan in press). The temporal gradation in

the degree of man's impact on tne food supply and numbers or the

Cape vulture, including its past and present distribution in the

Caoe Province, is described In Boshoff i
Although the Cape Vulture
South African

Vernon (1980).

is one of the best studio o
rare and endangered birds (Brooke in press
certain aspects of its (and raptors in general) life history
remained "totally uninvestigated"”, e.g. the post-fledging
dependence period (Mundy 1982:234, Newton 1979). More
importantly, the possibility of the food supply being the factor

limiting the population "remains to be fully investigated
1982:275). In essence,

IMundy
this was the rationale behind this study
to examine the nature and effects of the current food supply on a

particular colony's reproductive performance, as well as to

determine tne degree of influence of various factors that nave

been documented as influencing numbers in different areas of tne

species' range. Tne aim, therefore, was to provide a detailed,

and essentially conservation-oriented, case study of a colony.

I studied the Potberg colony In the southwestern cape

Province, and monitored breeding at another colony 120 km away in

the Little Karoo. Evidence Indicated that these vultures likely

constituted a discrete group of the species' population (boshoff

S Vernon 19»0). Situated in sheep country (Jarvis etaj.. 19 4i,

the area Including the kloof was purchased in 1978 b" the Cape

Department of Nature and Environmental Conservation (CONICI, and

now forms part of the De Hoop Nature Reserve. It

is unique in
that it

is tne only remaining regular breeding colony within the

winter rainfall region, and lies on the periphery of the species’

Although the colony had been under sporadic
observation, and ringing visits, since 1951, annual
began in 1974 with the colour
data for the period 1951

(1981) and Boshoff (1981)

current range.

monitoring
nging of nestlings. Available
- 1980 are collated In Boshoff 4 Currie
My study commenced in March VWI, with
the emohasis in the first year on observing the birds in their
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southern slopes and 4 km from its western extremitv. fithin the

S S S S i

V:1,-L quartzuJTIli*® of the Table Mountain Series IHeydorn
Tinley 1980) are ,-pproximately 70 m high and the kloof is abou.
km in length. The nesting cliffs are some 60 m high.

2.1.2. Climate

The study area is situated within the bi,nodal rainfa |

region as defined by Heydorn « Tinley (1980). close to the

junction of this region with the winter rainfall

area.

75 Tear A.eragr HO 81 W Bir A». w g

JAM I,J s7» ). JN 578 7.8 4;.}
Fil ’ 18 185 7s, we 010 36,4 ,
MW 51.4 Ib,d M.J 7)1 sIp m? 40,S o) ‘DJO
AVK sl.8 416 .46.9 11,J ocT 408 sa , oy
SM ~9 149 n.a MoV 7.7 8o.u SI.8 }

hjg; sl.) na 07.J i*.' otc 1S,4 401 7Bs 381

n

1-VTfith

Figure 2. The percentage of rain® 11 each month as a proportion

of the total annual rainfall, averaged over i period ot

years
(1965-1979). Actual

monthly amounts in mm are given above v'e

fi jure (J. C. Michler pers. comm.).



general, the area exhibits a temperate Medlterranea,

55= = := =
— — . — —

rear 1981 was exceptionally wet m .tat i4 p

fell than the average obtained tor tne last ¢ >

demonstrated In Heydorn 4 Tinley (1980). a marked feature

r,infall in the Cape coastal region

ccntrol. where rainfall

closely. This

Is the strong orogr.pt,-
curves follow the relief undula.io,

influence was observable at the Potberg where, '

numerous occasions, the mountain was covered in cloud wh.lu

e
surrounding farmlands were relatively clear. The Incidence u

precipitation and cloudy conditions is therefore higher in .e

kloof than in the surrounding area.
The strongest winds occur In midsummer, with the au-unv an

early winter being the seasons with the

least wind (Schu.z,
1S65).

Prevailing summer winds are soutneafter vy

winter northwesterly winds are frequent.

In 1.982, the farm Oriefonte.n (14 km W of tne Potberg,

received an average of 7,2 hours of sunlight per day (range V -

9,6 hrs) : only In April, June and July did this figure H i

below six hours per day. Between the months of October and Marcn.
the average was not less than seven hours per day. These art

other data were obtained from the Swellendam Extension 01;,. ' o'

Agricultural Technical Services (ATS) ;

where this source is used
,1 the text, it

is acknowledged as "ATS-J.P. Piete-sen pers.
rnmm.

2.1.3. History

Before the arrival of European settlers in the southwestern

Cape, bovids that frequented the area in relatively large numbers

included Bontebok Oamali scus ddftas oorcas o’a.a, fl. .
Hartebeest Alcelaphus bus.laphus (Pallas) and Eland Taurotragus

oryx (Pallas) (du Plessis 1969, Skead 1580). Being of relatively



large size, these would have provided a likely food *o«rce .«r
griffon vultures. Carnivores included Hyaena .pp., Leop-,is
Panthera pardus (L.) as well as Lions P. Jeo " m /
cit.). The vegetation type in the slightly undulating to ,

N"sected lowlands that surround the Potoerg on all flanks except
the southern is (or rather, was) Coastal Rl.enosterbosveld Aco.n.
1975, Dav et ah 1979). The limestone hills and sand pin

|
comprising the coastal forelands were, and are largely sti’h t

the Coastal Macchia (Fynoos) vegetation type (Day et ah :° '™ m
In the late eighteenth century, a group of pure-bred me-
sheep were introduced to the (Bredasdorp) area. Pastures w
introduced as a crop rotation in the late 1930's, and sheep
farming intensified. Wheat farming was introduced in the ,r
nineteenth century and in 1892 the first bags were transported to
the Cape Town markets (B. Brynard in mt.h Wwith the except or
of the south, the area around the mountain is now a patchwork of

uxhPAtfields and stock pastures (Figure 3).

Figure 3. View from the
top of the Potberg.
The Langeberg range



poratea
he CONE

Tills colony (33 514 21 Jot) is situdtt
formed by the Gourits River, 4 km north of the confluence of the
Counts and Groot rivers. This position 1s 8 km north of the
Ungeoerg range, and 1s 120 km (line of sight) from Potberg, at
an altitude of ca 150 m (Figure 1).

The nest sites face south-east, i.e. on the western side of
the river, and are easily viewed from the eastern bank. This

observation point is reached via the farm "Grootplaas"” (resident

owner P. Beukes) ; the nesting cliffs are included on this farm's
property. The cMi*s are ca 90 m in height and the nests are
located, on average ca 30 m above the water. During the study

period, the nests were spread along some 1,T km ot it fa
2.2.2 .Climate

Situated in the rain shadow area of the Little ta* jo, ttn



the vuitur
ervations commeni
lard 1ess ¢ Wweatner

5 , 165 days wer

i, was erected at

Potential food aval lab

Four methods were
range around the colom
a. a questionnaire, r
was posted to the fan

Bredasdorp, Swellend<

b. Per ,onal interviews

km radius of the color



Information pertaining to the availability of '.area to
the vultures was obtained by personal interviews with the firme-s
within the foraging range. The farmers were questioned on, jnt r
alia, sheep mortality rates (and temporal variations thereof),
carcass management procedures and their personal attitudes to tne

vultures.

Food obtained, and foraging behaviour

To determine the range of food used by the colony, the base.”
of the breeding and roosting cliffs were searched ror
regurgitated pellets and artefacts and farmers were interviewed
in order to obtain their personal observations. Artefacts and
other indicators of the nature of the food obtained we>«
collected during visits to the nests. The Potberg breeding areas
were visited four times in 1981 and five times in 1982, although
individual nest sites were visited no more than three times in
any one year. The Aasvogel viei sites were visited once in each
year.

A number of carcass# s consumed by the vultures were located
by searching the farmlands close to the colony.

Various methods were used in an attempt to determine the
actual amount of food obtained by the birds, as well as give an
indication of its availability. One of these, the visual
estimation of crop content of returning foragers, has been
attempted before (Houston 19 2, 19 6). ;he crop, a diverticulum
of the oesophagus which functions as an elastic food store,
projects beyond the contour feathers when full and is observable
in bot.i flying and perched birds (e.g. the small bulge in the
neck of the vulture <n the frontispiece, also Houston 197b:Figure
3). Captive birds were fed measured amounts of meat and the
resultant crop bulge was photographed in order to tain a visual
estimate of tne degree of distension. During the day-long
observations, estimations were made of the propot ion of the
colony considered to have obtained food that day. Individual
breeding sites were monitored each aservation day and fhe degree
of crop distension of each occupant was scored into oi e of the
following three categories, whenever possible :

0 : No food obtai ned.



1 : Food obtained, less than ca 7oug.

i + Food obtained, more than ca -UUg.

At each visit to the nests, nestlings -ere weighed and their

lengths were measured. As nearly a,l 1931 and 1982 nestlings

from Pothere were of known age, these figures were then dsreetly
romparable to

the correlations of weight and growth obtained at

numerous colonies during the southern African ringing programme.

During the observation days, counts were made every
mmutes of the total number of birds present in the kloot m

order to document whole colony foraging times and the proportion

of time spent in the search for food. Estimates of cloud cover

and wind speed were made throughout each day. The results were

grouped by calendar month, and compared by Multiple Range tests

using a HP-85 calculator.
3.2.Results

3.2.1.The foraging range

A breakdown of the postal survey is given in Taole 1.

Table 1. Breakdown of the posta: survey.

Total Per cent
Questionraires fa''ed 1173 (A) B
: A
» returned (viable) C;5 (B) 47 (of A)
» " (incomplete) 51 4 (of A)
23 (of B
Unsolicited -nfomatn supplied 156 ( )

The results of the postal survey are depicted in Figures 4, 5 and

6 . Vultures sighted by farmers in the farmlands surrounding the

Poroerg are presumed to be col , members. Figure 6 includes
sightings of birds that are presumed to have foraged from the

Aasvogelvliei colony, as the sightings were made In farmlands

close to that colony. Figure 6 also includes an outline of the



n of
tdr marks the
leiberq, RD-



Figure 5. Results of the postal survey, giving the location

farmers that reported to see vultures "once every 5 years' 151,

or "once every 1U years (6).



foraying range



current foraging range, an area of approximately 200 000 ha, as

determined by comparison of this Figure with Figure 4. The

limestone ridge is uncultivated, supports a comparatively low

number of stock and is not included within the foraging range in

food. This figure therefore differs
from that given in Robertson (1983a).

is also excluded due to its

the calculations of potential

The Ce Hoop Nature Reserve

low ungulate content at the time o

the study, behaviour of the radio-marked vulture and me

observation that vultures "are never" seen over the i)e Hoop area

(P. van der Uesthuizen pers. comm.). Sightings of vultures

in chapter five (5.1.).
Although certain farms where the residents replied that they

farms where vultures
were seen "once a year" or mort often were

outside of this range are documented

never saw vultures could not be located, all

located, and are
included in Figure 6.

All "feeding" sites located during the radio-tracking study

were situated within the boundaries of the outline in Figure 6

(Boshoff, Robertson 4 Norton in prep.l.

The overall average feeding time was 3 hours 42 minutes

(range 52 minutes - 7 heirs 5 minutes, n=323), and these are

presented in Figure 7. Analysis indicated significant differences

between various months, in particular shorter forays for months

as compared to out-of-lambing
season months (Tukey's Multiple Range test, 1% level).
lambing are included In 3.2.3. On 28 August 1982, a group ot
vultures was observed to feed on a farm 6 km from the kloof.
After feeding, 10 birds (of 16 present)

stationary for 35 minutes,

during which lambing occurred,

Montns of

lay down and were
some 35 m from tne carcass,
weather was overcast and when a breeze picked up and a light

drizzle started, all flew off ; the observation is included to

illustrate how the feeding times may be influenced by a range ot

behavioural land other) factors (see Mundy 1982).
tracking study,

From the raca-
a factor of distance to feeding site per feeding

time was obtained (Boshoff, Robertson 4 Norton in prep.), .s'")

this factor, the above average time of 3 hours 42 minutes

corresponds to feeding sites located approximately 13 km from the

kloof.
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32AN.r. ' of the food source

A range of artefacts, bones and bone fragments, presumed to

have been brought back to the kloof by the vultures was found at

the bases of the breeding and roosting cli'ts ,:ah -

)

regurgitated pellets were of sheep's wool. Seven sheep ear tags

were found at the base Of the breeding cliffs during the study.

Table 2. Me' found at nests. Where possible, the bones were

identified: verteb-a (v), metatarsal v-iti or rib in.

1981

intact
Bore
f <.nett .- !

jrny t $f nt
ivering

1 - glass 20x30
.ther
Regurgitate

. )GELVLEi

intact 3 ‘NV)

dOxtG(r)
fragment ‘3. m*

Bone

mirny noof
covering

Regurgitate

All of the 45 farmers that were interviewed considered that

vultures currently feed exclusively on sheep carcasses,
although five were of the opinion that dead cattle could wry

the

likely' supplement this diet.

All carcasses visited by vultures, that were located during

the radio-tracking study, were Of sheep (Boshoff, Robertson 4

Norton in prep.).
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3.2.3.Stock contained within the foraying r

A large amount of stock, of which sheep and cattle are the
most numerous, is farmed in the area. Sheep and cattle totals tor

the last six years are presented in ’'able 3.

Table 3. Livestock totals for the Bredasdorp-Swellendam area.
These data were obtained from ATS-J.P. Pietersen pers. comm, and
the yearly reports of the Swellendam State Veterinarian.

Period of census lendam Sredasdoro

sheec cattle sheep cattle

+981/2 306091 16230 315020 19740

'980/' 29730: 5912 33569’ 3554

+979/80 354868 16449 332230 ‘9779

'978/9 236361 16U5 296974 21660

1977/8 222390 16098 240600 +8800

'976 " 219130 15039 238371 18584

In the calculations of the theoretical amount of food
available to the vultures, only sheep are considered. This was
because evidence obtained during this study indicated that » e
Potberg vultures feed almost exclusively on sheep carcasses
(3.2.2.).

The average annual adult sheep mortality estimate obtained
from these interviews was 2,2 pe cent. All farmers
considered sheep deaths to

Interviewed

be temporally dependant, witn a peak
at the time of lambing. In addition, in the winter rainfall

region an average o> |b,9 per cent of lambs die between birth and
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yw» 1 N9 (Lou- 1970). Of 45 farmers interviewed, the dates ,f
1ambi n ! seasons were obtained from 38: a,,
the months of March-April

of these cons: den,,
to constitute tne mam lambing seas..,,
while 34 (89%) indicated that approximately 30 per cent o

year's lambing occurs in the September-October period. Also,
losses to diseases such as lamb dysentery and,

es™ cl31,y'
enterotoxaemta are heaviest during the winter

months (Monmg S
veldman 1976). Figure 8 outlines the factors influencing

availability of these carcasses to the vultures.

SHEEP DEATH

BURIED, BURNT  REMOVED

COERED IN POISON

POTENTIAL FOCD

the vultures.

The farms of all the farmers that were interviewed were

situated within the boundaries of the foraging range in Figure o.

An estimated average of 1,7 sheep per hectare of cultivated

farmland as obtained from these interviews. This is probably an

underestimate, e.g. on the farm Mopama (35 km N of Potberg), some
8500 sheep are pastured on ca 2000 ha, an average of 4,2 sheep

per ha (M.G. Lourens pers. comm). The potential number el sheep

deaths that can be expected in one year is then calculated as

follows:

Foraging area : 1A ) ha
74% under cultivation : 143 5bt) ha
1,7 sheep per ha : 244 Qor! sheep

Mortality estimate 5369 sheep
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The figure of 74 per cent of the area surrounding the colony

being under cultivation .as obtained from ATS-J. P- 'etersen

pers. coom Of the 45 farmers questioned, 29 <621 considered it
important to remove the carcass from the grazing lands as soon a

it was found. If the carcass was reasonably' - m. ... 4

always be removed, but 16 farmers replied that carcasses in an

advanced state of decomposition would either be left or covered

If the factor of two-thirds is applied to the figure
reached in the above calculations,

with poison.

1790 carcasses are calculated
as being theoretically available to the vultures within tne

foraging area in one year. This must be considered a minimum
estimate :

: not all carcasses are located and not all those that
are removed are rendered unavailable to the vultures (pers.

Ohs.).A recent study of the daily requirements of Cape ,Vultures
(Komen 1983) confirmed an earlier estimate (Houston 1972, Mundy
1982) of 300-500 g of lean meat per day, thus the amount required
by the whole colony may be estimateu (Table 4). In addition, each
nestling requires some 76 kg of lean meat between hatching and

fledging (Komen 1983).

Table 4. Colony food requirements, based on an ave-age daily

metabolic rate (ADMRI of 0,47 g per day (J. Komen pers. comm.)

and a factor of 1,5 taken from Gessaman (193). One sheep is

taken as the equivalent of 15 kg of meat (Jarvis et aU 1974).

Wet'k Year

AMR 1.5 x ADMR kg Sheep kg sheep

0.47 0.70 4.9 0.3 257.3 17.1
28,2 42.3 19,7 156439 1920



3.2.4. Amount of food obtained by the vultures

The results of the visual estimation of the proportion ot

the colony considered to have obtained food during a particular

observation day, expressed as averages for each calendar month,

are presented in Figure 9. The overall
cent translates into an individual
every two and a half days.

monthly average of 40 per-
bird feeding approximately
Difficulties were experienced with
thi s method (3.3.).

6C

40

20

MONTHS

Figure 9. Daily estimations of the proportion of the colony

considered to have obtained food in an observation day. he

proportions are averaged per cale.dar month. The mean estimate is

indicated (x).

Although members of a pair that have fai.eu duri ig

breeding cycle may retain their nest site, the level of occupy

drops after the point of breeding failure (chapter four),
not all

in
site occupants could be constantly monitored throughout

one year. As most birds at nest sites were not Individually

recognisable, only breeding sites where a fledgling was raised m

the 1981 season were monitored. The results of this individual






it no. crops
estimated

61

63

Total : 15H3

Table 5. Results ol i11on of crop content of indiv uai

Column B n ves the number ot
column D t number of day

to have obtained food.

Diru

idered

61,7

64.4
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rp im n jle > where+ in ov*;ra 1
a iv ILLi or p f o were obtained per nest per day
Tj i 5, 1Mumn A/B). 01 - i 'op, recorded, >3 percent were
:d a empty (C/A) ; -hi ndicates that individuals obtain
. i ne of ivei . tw attempts, hedifference between the

eer of tim< . bi wer<- recorded > having obtained food,

ired i retur . ig wti tn empty crop, was not significant (X2

*0,6-3, fid.f., p>0,25). Of thebirds recorded as having obtained
d, 69 per en1 were estimated as having obtained more than
-h, ally requirement (E/D). On 64 per cent of the observation
, rop estimations of both members of a pair were obtained
i) and on | 7 per cent of these days, botn birds were concluded
i laving obtained food in the one day. At changeovers during the
ubation period, the incoming partner had obtained food on 64
r ;ent of the post-11h30 changeovers (4.2-2.).
weights and wing lengths of Potberg nestlings of known age
presented in Figures 10 and 11, compared to the curve of
mi  3f' measurements made at the Maga1liesberg and Botswana
ionies original graph supplied by P.J. Mundy). Figure 12
ocuments the body mass - wing length correlation measured during
the study period at Aasvogelvlei, in relation to the mean curve
* Transvaal nestling growth. In 1981, four Potberg nestlings
were visited twice, and one was weighed once. In 1982, two
nestling.; were visited three times; the age of one of these was
not [town accurately, but was estimated and included in the
figure due to its exceptional mass. ,ae weight of another
estling was not obtained. Thus all (but one) nestlings were
neavier than the mean weight at the same age that was recorded at
.he Magaliesberg colonies, and all but two had longer wing
engths for their age (in the two "shortens”, feathers had not
vet appeared). One 1981 and one 1982 nestling had exceptionally
‘ong wing lengths for their age- nestling periods were 139 days
Hid 124 days (shortest recorded in this study) respectively.
Three large nestlings vacated their nests in November 1982,
t t 1ikely the resul t of human disturbance (see chapter four,
i. .5.). Two were located, one alive but seriously injured,
withi-i i week, of the event and post-mortems on both were carried
it by i vet rinary »urgeon (N )rager). h level of fat storage
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Figure 12. The relationship between oody mass and wing length of
nestlings. This includes nestlings weighed during the study
period at Potberg and Aasvogel viei (as indicated), as well as
Potberg nestlings weighed in 1977, 1979 and 1980 (data from IDNEC
records). The straight line of the relationship obtained from the
Magaliesberg colonies was supplied by P.J. Mundy.
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was considerable in both and was clashed as score b and score 7
(highest possible score of 9, see Houston 1976:17). The stomach
of one contained several sticks, the largest measuring 180 x 10
mm an end of which had caused an ulcer in the pyl ms egion and
most likely a small rupture in the 1eft liver lobe (localised
fibrinous peritonitis seen). No parasites were round in the
intestinal tracts of either nestling.

All farmers more than 15 km from the colony that were
questioned noted that the proportion of carcasses they located
that had been consumed by the vultures was particularly small.

Allegations concerning vulture attacks on sheep are

di scussed in 3.3.

3.2.5.Foraging behaviour

Proportion of time spent foraging

The numbers of birds present in the kloof during each
observation day have been averaged for each calendar month and
are presented in Figures 13 - 16, as an indication of the
proportion of each day that the whole colony spent foraging.
During the summer months (October - March), at least 50 per cent
had left the kloof by 09h30 (3 months) or I0hOO, and the winter
months (May - August) reflected a shift of at least half an hour
later in the day. Conversely, 50 per cent or more had returned by
13h30 or earlier (three months) or 14h00 in the summer months,
and by 14h00 (five months) or later in the winter months, at the
IOhOO time count, significantly more birds were present in Nay
1982 than during each month from September through to February
inclusive (Tukey's Multiple Range test, 5; level). The same
situation held for the IIhOO count between May ’982 and October,
November, December and March. ere were no significant
differences at the 5 per cent level between the other hourly

counts.



no.

- igure 13. Monthly foraging pattern of the whole colony : May
1981. The means (is.d.) of vultures present in the kloof at each
time interval are averaged per calendar month. Figures 14, 15 and

16 have the same format as this Figure.



Figure

Monthly foraging pattern
September 1981.

X Mr wiiolc <Mmy : June

83



Figure 15. Monthly foraging pattern!, oi the whnl< colony
October 1981 - January 198:.
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Must vultures returned to the kloof after each day s
foraging, as established by the ount: made at the end of each
day (Figure 17). The average of the montnly standard deviations
of vultures present at the lat count of each day was 2,04
individuals. This contrasts with behaviour observed at
Aasvagelvlei where, at the few times birds were counted, breeding
birds appeared to stay away from the colony overnight (chapter

five, 5.2.).

Vultures at carcasses

Eight reports of vultures that were counted on the ground at
a sheep carcass were obtained, and | observed a furtner iO
instances. The average number of birds on the ground in all cases
was 9,8 (range 4-21). At six of the instances that | observed, a
pair of White-necked Ravens Corvus albico11is (Latham) was
present.

| located seven vulture-consumed Ilamb carcasses, iess than
one month old, in September 1982 on the ‘arm adjacent to the
Potberg. Of these, only one carcass had bones other than leg
bones present and four of the skulls, or portions thereof, had
been removed - presumably by the vultures.

A feature of the older carcasses which had been eaten by
vultures was tnat even from nearby they did not appear to have
been fed on at all. Closer examination revealed gaps in the base
of the legs and around the posterior, where the biros had made
their entry. Four of the 10 older sheep still contained
decomposing viscera. Also, on every carcass (including a donkey
and Sp ingbok Anti dorcas marsupiali s (Zimmerman) that | had
placed) the skin around the lower jaw was missing. A three day
old carcass that had been completely emptied out weighed 18 kg ;
its live weight (seven months old) was estimated at 60 kg.. Two
four month old lamb carcasses, attended by vultures weighed
kg and 9 kg.

3.2.6.Contamination of the food urce

Two repercussions of food contamination were considered

the ingestion of small amounts of poison that accumulate and



$e

no.

vulCures

JOo

Figure 17. Total counts of vultures made

Potberg and Aasvone lvl el (°). Fo
(+s.d.) for each month is giv

Aasvogelvlei.

in the evening at
thn Potberg counts, the mean

single counts were made at
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subsequently affect an individual's breeding, and the sudden
ingestion of a lethal or near lethal dose (a "poisoning event"),
e.g. Ledger (19SU) and Morris & Mundy (1981).

The range of poisons used in the area on sheepis presented
in appendix e. The modes of application are via dips or directly
external ly (e.g. in the prevention of blow fly myias’s). Blow
flies (family Calliphoridae) primarily breed in carrion, but also
lay eggs in live sheep , larvae then digest meat external ly and
if the sheep remains untreated, it may eventually die (Ledge-'
1979). The chief area of attack is between the hind legs (ibid.
Thus vultures entering a carcass through a treated ana; area
would come into direct contact with the poison.

The results of analysis of eggs for pesticide contaminati n

are presented in Table 6.

Table 6. The results of analysis of eggs collected during In-

study period, expressed as nmg /kg wet weight.

Sample 0c: C Y - BHC p.p'OOE p.p’ OO0 P.P'COT OieldHn
P3S7 0,003 6,CSS 0,03 0.04 Trace 0,002
PB3 0.003 0,02 0.002 0.008 0,02
PBV 0,49 0.V 0.02 0.U5

AW, 3 - 0.3/ 0,07 0.02

Another methou of diminishing blow fly presence is to treat
carcasses with poison, and this is the origin of a potential
poisoning event. One such carcass was locfed 30 km NN of the
kloof. Of 45 farmers interviewed, ix admitted to this practice,
but only "infrequently".

Without exception, each farmer considered the White-necked
Raven a pest for its alleged attacks on young lambs, lambing ewes

and sheep in distress. This species is rarely seen in the area

33
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(pers. obs.), although it was considered common in the past. The
opinion of 42 of 45 farmers was that it declined in status as a
direct result of the poi?nir. j> ' ircasses ict out fjr it.
most cas> th» noi son "OazzeV (active ingredient Diazinon) was
said to have been us u. No farmer reported ever having found a
dead vulture, and no poisoned vultures were ' ;und during t-ii

study.



J.J.l.fhe foraging range

ditn their efficient method of soaring, griffon vultures are
.apable of covering vast distances in search of food. Pennycuick
1972) documented an average speed of 47 km/hr for a foraging
tuppeH's Griffon, and a similar speed for the Cape Vu'vure was
obtained from the radio-tracking study (Boshoff, Robertson &
Norton in prep.). Griffons breeding in the Serengeti were found
to travel up to 150 km from their nest site to reach the
concentrations of food (Houston 1976, Pennycuick 1972).
Pennycuick (1972) estimated a foraging radius of some 110 km for
breeding G rueppellii in the Serengeti, and Jarvis et a . (1974)
calculated a theoretical daily foraging radius of 130-225 km from
the uotberg colony. This resulted in a feeding range, i.e. an
area within which members obtain most or all of their food, of ca
200 000 sq. km. Jarvis et g_. (1974) concluded that it was
possible that the colony's requirements were met within an area
of 35 km radius, although the study did not consider that the
Indian Ocean reduces this potential foraging area to one half.

The methods used to define the size of the current daily
foraging range indicated that it was smaller than a tieoretical
naximum :
a. As areas of vulture "presence" indicated by the postal survey
were surrounded by areas of "absence", the boundary was defined
with relative confidence. Also, the area covered by this survey
was clearly sufficient to encompass the daily foraging movements.
wMth a maximum radius of some 40 km, this boundary is within one
hour's flight of the colony. Individuals may occasionally exceed
the boundaries, e.g. the radio-marked vulture roosting on the
angeberg (Bosnoff, Robertson & Norton in prep.), and other
sightings (e.g. Martin 1963). These extra-feeding range movements
ire documented in chapter five (5.1.).
b. The radio-marked vulture foraging behaviour was not
onsidered atypical, as it was found to obtain food successfully
is well as forage with other members of the Potberg colony
Boshoff, oher' n 1 Norton in prep.).



c. If the factor of "time spent away from the kloof" per distance
to "feeding" site is v-.id (3.2.1.), the average of 13 km to
"food" sources (as measured by the individual feeding ‘'or ays
documented in the kloof) is obviously well within a vulture’s
foraging capabilities. As the feeding forays were documented for
breeding birds, this distance is probably longer : active
breeders would be expected to return to their nests and nestlings
ooner (Drent & Daan 1980).

In essence, the feeding range constitutes the summated
effect of the individual requirements of colony members
comparison of colony requirements ("able 4) with the expecteo
number of carcasses available to the vultures in one year within
the range (3.2.3.) tends to reflect, this. Similar inverse
correlations are documented between the home ranges of individual
raptors and the numerical density of their prey reviewed -
Schoener 1968).

The shape of the range s probably inf uenced * W
topographical features of the area, viz. the orientation anj
elongated shape of the Potberg, and the presence of the limestone
ridge to the west of the colony. Winds are strongest and
southeasterly in summer (Schulze 1965 and th- shape o' the
mountain would provide considerable wave Ift over the
surrounding northwestern farmlands. According to a farmer whose
farm lies on the northern slopes of this ridge and 15 km from the
kloof, the vultures use the ridge as a highway and are oftr
seen flying close to the slopes, in parallel with the ridge (J.
van Eeden pers. comm.). his is consistent with the expectation
of vultures exploiting orographic lift, in this case ridge M*t.
produced by winds incident on the southern side of the r4dge. For
birds with a particularly high wing-loading (Pennycuick 1972:.
orographic-induced assistance in flight would be expected t<
influence flying activity.

It would seem likely that birds from Aasvogelvlei foray
over farmlands south of the Langeberg range, as indicated by tin
postal survey returns. Also, a ogle adult was observed 46 km
SSE of this colony in August 1982 (A.F. Boshoff in 11tt.). nes*
sightings are actually very near the Perdeherg location (chapter
five, 5.2.).



37

3.3.2.Food obtained

Quantity of food

Difficulties were experienced with the visual estimation o
the proportion of the colony considered to have obtained rood
during a particular day. Houston (1972) has discussed some of the
inaccuracies with this method, viz. the accuracy of the visual
scoring and the time taken for food to be digested vi.e. a bird
that obtained a full crop in the afternoon of the previous day
would still display a bulging crop). Roosting birds tended to
perch facing the cliff (away from the observer), thus estimations
were made largely on flying birds as they returned. Perched birds
would frequently leave perch sites and circle in the kloof, thus
individuals could be seen more than once. Inaccuracies also arose
when considering birds that have ingested 500 g or less : the
crop distension is difficult to discern when the bird is perched,
and, not being visible as a clear bulge when in flight, is easily
missed. A ful 1crop may contain some 1400 g of meat and viscera
(Houston 1972, pers. obs.). Houston (1972, 1976:Figure 3),
acknowledging these deficiencies in the method, proceeded to
document average crop contents of returning G rueppelli %
foragers to an accuracy of 250 g and greater . Bear ng these
various points in mind, the result of birds feeding every 2,5
days is considered a minimum figure. Given the inaccuracies of
the method, this overall view of the food situation tof £a 600 g
obtained every 2,5 days) corresponds to some 20 g obtained per
day. This approximates to half the daily adult requirement (Komen
1983, Mundy 1982).

A more time-specific measure of the frequency of food
obtained was the number of times an incoming adult was
documented, at a post-IlhJU changeover, as having obtained food
during a particular period of the breeding cycle (4.2.2.). During
the 1981 Incubation period, at two-thirds of all post-foraging
changeovers, the incoming adult had obtained at least 500 g of
food. During the nestling period up to an approximate nestling
age of 100 days in each case) this proportion was four-fifths.
However during the nestling period, parents would be more likely

to visit the nest after feeding (to feed the nestling) than if



they had not fed, and this figure may be skewed as a result
Correlations of weight and winglength with known age provide
an indication of the quantity of food obtained, as well as "chick
condition", during that particular stage of the cycle (Mundy &
Komen 1983, Newton 1980). Certainly, the overshoot in body mass
that is found in many nestlings is primarily a matter of fat
deposition (Bryant & Gardiner 1979), which occurs after the
period of maximal growth. Figures 10 and 11 then indicate a
period of sufficient food during the early to mid nestling
period. This is reflected in the enhanced growth rate during the
early plase of the period (0-70 days), and above-average (for the
Magaliisberg) accumulation of reserves during the deposition
phase jf 70-100 days (J. Komen pers. comm.). The latter was
confirmed by results of the post-mortem. This fat is a reserve
intended to ease the transition to self-feeding following
fledging, as well as to bridge gaps in parental food delivery
that may occur during the nestling period (Drent & Daan 1980).

Quality of food

Houston (1978) considered that the particularly lengthy
nestling period of griffon vultures was related to an aspect of
the quality of food they obtained. Parents have difficulty in
meeting the calcium requirements of the nestling, due largely to
their food source which contains a mere 0,01 per cent calcium
(Houston 1972). Parents then meet the requirements by providing
calcium-rich food items, such as bone-chips, to tneir nestlings
(Mundy 1982). In most areas, "natural" as well as ranching areas
that contain large animals only, an intermediate is needed to
reduce large bones to an edible size ; where those intermediates
have disappeared, consequent forms of bone-diseases have been
documented (Mundy 4 Ledger 1976). At the Potberg colony, only one
instance of bore deformation has been documented, and Boshoff &
Currie (1981) concluded it possible that the diet of the birds
was such that bones small enough to swallow are obtained.
Furthermore, approximately one th 1 of each year's lambs appear
in September, certainly on one large farm adjacent to the
Potberg. Thus given their high mortality rate and the observation

th't vultures clearly visit tne lamb carcasses (this study,
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Boshoff, Robertson & Norton in prep.), the t.rmng of this lambing
season enables the parents to supply the calcium requirements of
their young. On two occasions in September, and one in October
1982, | observed groups of less than ten vultures on the ground
at old sheep carcasses (where only bleached bones and some wool
rema-ned). This may suggest that vultures revisit old carcasses
in order to obtain bone pieces, although this needs

substantiation.
3.3.3.Foraging ;haviuur

The foraging patterns of the colony as a whole (Figures 13 -
16) are remarkably consistent over the observation period, given
the, albeit slight, change in colony numbers (Figure 17), the
variation in hours o sunlight between winter and summer, and the
change in breeding status of some 36 birds throughout the ea
("tying" them to sites). This is in marked contrast to Rooks
Corvus frugilegus (L.) for example, which spent more than 90 per
cent of the daylight feeding during summer when food was scarcest
(Feare 19721. The standard deviation of the mean of each month's
daily counts provides an indication of the variability observed
during individua days : as a general rule, this variability was
greater during the morning than it was ii the afternoon (except
January). This .ariation likely reflects the birds' dependance on
lift (thermals or orographic lift Induced by wind) : in the
mornings they would generally congregate on specific cliffs and
"wait" for suitable flying conditions. Those cliffs,
incidentally, were hardly ever used in the afternoon.

The shortest proportion of time spent foraging , in terms of
theoretical food available, would be expected during the lambing
season (March - May), a period of above average mortality. This
would result in a higher probability of a food item occurring
within a given radius of the colony. Birds returned at very
similar times during these montns (standard deviation of the
15h30 means of vultures present o 4.2, 2.7 and 3.0). The length
of the feeding forays documented during these months (Figure 7)
support this indication of increased food availability. In

contrast, the variability in numbers returning at the end of the



day was greatest in January and February, and along witn the
reasonably lengthy individual feeding forays documented auring
these months, this probably reflects a relatively Ilower
availability of food. Similarly, the radio-marked vulture’s mean
furthest foraging site and mean furthest "feeding"” site in summer
were on the average more than twice as far as those in winter
(Boshoff, Robertson & Norton in prep.).

If 10 birds on average visit carcasses (3.2.5.) and each
carcass supplies £a 15 kg (Jarvis et g_. 1974), then if each bird
removes ca 1200 g (Houston 1976), ro food remains. Adult merino
sheep weigh c¢j 50 kg (ATS-J.P. Piete?*sen pers. comm.)

presumably more than 33 per cent of this weight is edible to

vultures, e.g. 65 per cent of an Impa 1a Aepyceros melampus is
edible to griffon vultures (Mundy et al. 1983), then a carcass
widJ obviously supply more food. The figure of 15 kg per sheep is
thus a mimimum estimate, as an adult merino sheep could supply

some 30 kg of food.
3.3.4.Contamination

With regard to contain'nation of the food source, the effects
of gradual accumulation are considered first. Only dead eggs were
analysed during this study : the results therefore do not reflect
the levels for all eggs (or rather, the levels in females -
Newton 1979:241). No tissues were examined. A Potberg egg
collected In 1975 displayed the highest DDE content Ua 3,5 mg/kg
wet weight) :.f vulture eggs that had been analysed by that date
(Mundy et al. 1982). DDE, a stable metabolite of DOT, causes
shell thinning at,, egg breakage as well as Increasing mortality
of embryos in unbroken eggs (reviewed in Newton 19791. The
results in Table 6 are likely to be below the critical
concentration ; in the Peregrine F:lcon Falco peregrinus,
hatching failure due to DCE contamir ition starts at 15 mg/kg wet
weight (Peakal 1 & Kemp 1976). The . of DDT was restricted in
1970 and withdrawn from agricultural use in 1976 ; tnese levels
likely reflect continued use on a much reduced scale, possibly as
a msult of stockpi 11ng.

The dieldrin level of P1317 (Table 6) is below the threshold
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of 1 ppm above which upsets to breeding occurred in the Golden

e.g.. Aaum chosaetos (Uockie et ai. 19b9). The Potber;, egg

collected in 1975 contained a higher concentration of ca V PP

(Mundy et al. 1982), although that study did not quest-on the

possible"e77e=ts of this level. In the study of organo-chlor,ne

residues in Golden Eagles in Scotland, dieldrin (described as the

most toxic and abundant residue) was concluded as having caused a

substantial decline in breeding success. In a situation sim, ar

the contaminant was ingested as the eagles
fed on sheep carcasses. After it was banned from sheep dips
1966, the eagles'

to tnat at Potberg,

in
breeding success consequently improved (Lockie

et al. 1969). The evidence, albeit scant, then implicates

"dieldrin as a possible cause of reduced hatching rates in tne

past.
3.3.5.A11egations concerning sheep attacks

Much has been documented concerning allegations
vultures attack live sheep,

tnat
in particular lambs and lambing ewes,

and this aspect is reviewed in Boshoff & Vernon (1979, 1980) and

Mundy (1982). None of the 45 farmers interviewed remembered such

an instance in the previous ten years in

the study area, and
virtually all

differentiated between vultures and ravens
regard (3.2.5.). | did not observe
time,

in tins
lambing ewes for any length of
but was assured by the shepherd of a large farm bordering

the Potberg that vultures "leave the sheep alone'. The only time

| observed vultures (from some 700 m) in sheep grazing lands

remained perched for 20
minutes some 15 m from the nearest sheep before disappearing. |
was left with the impression of them "waiting

where no carcass was present, they

in anticipation !



CHAPTER FOUR : BREEDING BIOLOGY

4.1.Introduction and methods

The broad aim here was to study breeding at the Potoerg
colony through all its stages in order to determine and
understand recruitment to the population. Breeding at the

Aar-vogelvlei colony was also monitored in both years.

Figure 18. NW cl if Nests ac* ve during the study period are

numbered.

All active nest sites and roc,ting 1 :g were visible from
the observation point, although certain sit were more easily

observed than others. Thus nests on N* cliff were easier to
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CHAPTER FOUR : BREEDING BIOLOGY

4,1.Introduction and metnods

The broad aim here was to study breeding at trie PotbDerg
colony through all its stages in order to determine and
understand recruitment to the population. Breeding at the

Aasvogelvlei colony was also monitored in both years.

Figure 18. NW cliff. Nests active during the study period are

n.jinoered.

All act've nest sites and roosting ledges were visible from
the observation point, although certain sites were more easily

observed th.*n others. Thus nests on NW2 cliff were easier to
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Figure 19. MM\ cliff.

numbered.

Figure 20. NE cliff.

numbered.
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Nests actve during the study period are

Nests active during the study period are



monitor than those on NE cliff (see Figures 18-20). Nonetheless,
an attempt was made to monitor events at ail sites and, for
example, the presence of birds at all sites and roosting ledges
was documented every thirty minutes during each observation day.
The proportion of each class, i.e. one, both or neither occupant
present at each count during an observation day, was determined
and subsequently converted to an arcsine transformation 'Schefler
1969). These figures were then compared within sites (e.g.
proportion of counts of a single occupant versus the f'oportion
of both occupants) as well as between different sites by Multiple
Range tests, using a Hewlett Packard HP-85 calculator. Individual
vultures were age-estimated using the characters given by Mundy
(1982:43-44). Observations began in May 1981, for 12 days each
month regardless of weather conditions, and ended in May 1982.
Thus observations included the tail-end activities of the 1980
breeding season, all stages of the 1981 season and the initiation
of the 1982 season. In addition, nine consecutive days of
observation were conducted from 26 July to 3 August 1982. In
total, 155 days were spent at the observation point, where one
'day' represents the time period Q7h0Q-16h30. Nests were
regularly inspected in order to obtain dates of fledging end
observations of juveniles.

All nestlings at Potberg and Aasvogelvlei were colour
ringed, weighed and measured as part of the national colour
ringing orogramme on Cape Vultures (Ledger 19/4). Nests were
visited on five other occasions in order to collect addled eggs
or shell fragments and, on 23 June 1981, to replace an egg that
an adult had knocked out of the nest cup. In 1981, blood samples
were obtained from both colonies and on both nest visits at
Potberg. Smears were prepared by the method described in Greiner
& Mundy (1979) and subsequently “canned for the presence of blocd
parasites by MS8. Markus.

Although most of the breeding pairs were not individually
recognisable, there were a number of ringed breeders present and,
at nest no. 63 where both wer ilour ringed, strangers alone at
the nest for longer than five minutes were seen on only three
occasions. Thus unless shown to the contrary, vultures observed

at a site were documented as the occupants.
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Add led eggs were analysed for the presence of pesticide
residues by gas chromatography (A.C. de Kock in 11tt.), and the
thickness of shell fragments was determined using a Federal Bench
comparator thickness guage (L.F. Kiff jn 1itt.). A radio-tracking
study of the post-fledging dependence period of three 1982
juveniles was attempted ; the results of this study have been
written up separately (Boshoff, Robertson & Norton in prep.).

The breeding cycle has been divided into <ts successive
stages of pre-laying, incubation, nestling, and post-fledging
dependence periods (Newton 1979) and each is considered
separately, as is retention of a nest site from a previous year's
breeding, the stages and causes of failure in breeding, and
various inter- and intra-specific Interactions. Unless stated

otherwise, all observations were made at the Potberg colony.

4.2.Results

4.2.1.The pre-laying period

For raptors in general, the main activities in f period
preceding laying include nest-site Inspection, nest-building,
various courtship orocedures and copulation (Newton 1979). Due to
the length of the breeding cycle, certain nests displayed an
overlap of post-fledging and pre-laying periods (see 4.2.4.),
whereas other pairs that failed in breeding retained their nest
site from the date of failure.

figure 21 depicts the average occupancy of 10 nests for the
1981 pre-laying period. As observations ceased before eggs were
laid in 1982, no similar figures for that year are available.
Certain sites that failed in 1981 were active in 1982 and were
occupied to varying degrees in the interim period. These birds
were clearly retaining the site, as they were observed to repel
intruders from the site (see 4.2.6,). Nest sites were left vacant
five per cent of the observation t ne during this period (n=10),
as Indicated in Figure 21. Analysis indicated significant
differences at the 0.01 level in the degree of occupancy between
nests, e.g. two nests on the NW2 breeding ledge. However, two

other nests on the same ledge on NWI cliff were occupied by one
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or both adults for similar amounts of time.

Activation of nest sites
Of the 17 breeding sites that were active in 1981, 14 (82 %

were active again in 1982. Of the additional
active

four that became
in 1982, one had been active in 1980 (see chapter five).

Thus only three sites were initiated during the observation

period. An occupied site can be distinguished from an area used
for roosting by intruder repulsion beha.iour (4.2.6.).

A pair of non-ringed birds was observed at a site,
female occupant of which had a metal

the real

ring, on 29 October 1981:
both stood very close together and bent over the site,

inwards and picking at sticks on the surface.
later,

facing
Seven minutes
the femal* occupant landed at the site and repulsed both,
who then repeated this behaviour at another (vacant) site. The
impression gained was of a pair "prospecting"
breeding site,

a possible future
some seven months before the next season's average
laying date.

At another site, a pair comprising an immature male (est. 3
rd year) and female (est. 4 th year) was observed to copulate 3b
times between 30 June and 30 December 1981.
after the attempt,

"nest" contents

On most occasions
both birds would bend over and pick at the
this was examined on 8 October and found to
consist of a few sticks and fresh green

sprays - an
"intermediate" nest structure. The first

intruder repulsion event
observed at this site was on 20 December. This site produced a
fledgling
1981,

in 1982/3, thus it effectively was activated in mid-

if the parents are assumed to be the same individuals.
A probable mate replacement occurred at one site in 1983,

where a colour ringed, six year old female was observed at nest

no.61, from late December 1982. This site was active in the two

previous years (both partners adult and non-ringed). The six year

old's sex was determined by observation of a copulation attempt

with an unknown adult male at a perch point on 18 May 1982. This

female was hatched at nest n .57 on NWI (Figure 1«), and was

often sighted perched on NM cliff during 1(j81 and 1982.
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Copulation

Copulation attempts, which precede the initiation of nest
building, were easily noted due to the male's distinctive hoarse
call as he grips the female's ruff while balancing on her back
(as described for the White-backed Vulture in Mundy 1982 ; see

also Figure 22). With lateral motions of his tail,
knocks the female's tail

the male
from side to side before leaning back
and pressing his tail down to achieve coition. While on the nest,
both birds spend much time bending over and pecking at the nest
contents (e.g. Figure 22) : this would, in effect, position the
female's back for the male, who would then mount from her side or
rear. Of 32 attempts that were timed, the male was on the
female's back for 42 seconds (range 22 - 66 seconds), although in
at least 12 other cases, the male stood on the female's back for
longer than three minutes before being jabbed off

. Some males

gave the impression of being 'inexperienced' by moving around on

the female's back and not attempting to juxtapose cloacas. THUS
in 17 of 31 observed attempts (55 £) at nest no. 5/ in 1981, no
cloacal contact occurred. This was observed to lesser extents at
other sites, and not at all at some sites, although it is 'often
difficult to judge' (Green 1976).

As with the White-backed Vulture (Houston 1976), no
discernible display occurred at the nest before or after-
copulation, although pairs were occasionally seen to allopreen
necks gently, both before and after the event (for the latter,
see Mundy 1982). A form of "scapular action" display (Berruti
1981) generally occurs just after a bird has landed at a site,
where it turns its head and places its bill at the junction of
its wing and body. Less often, both members of the pair were
engaged in this behaviour, and it is often accompanied by
autopreening.

In the period May 1981 - May 1982 ( 154 observation days),

1783 copulation attempts were observed, of which 17U6 (95./ t)

occurred at nest sites (Table 7). A peak in frequency occurred

just prior to the average laying date of each season, lor seven

successful nests in 1981, 67,9 per cent of observed attempts

occurred during the pre-laying period (Table 8) ; this includes

one site (nest no. 61) where the nestling disappeared at 111/2
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Site No. bes re Total oN'.ervetl Ale Total observed

egg laid "d> 31-Dec 81 Jan 82-May 82
7 112 113 E 99.1 38
13 31 35 E 88.6 18
16 42 53 i 79.2 54
6 30 39 E 76.9 34
26 49 61 E 80.3 53

44 55 E 80.0 64
63 59 59 E 100 22
55 44 45 £ 97.8 25
17 48 57 E 84,2 S’
61 17 30 £ 56.7 54
30 38 49 E 77.5 5
13 - 39 49 E 79.5 48
57 31 31 E 100 46
29 39 57 E 68,4 4
45 21 21 E 100 0
3 54 54 E 100 1
2 32 - 30
50 a d - 25
25 24 - 7
64 0 19
8 117 - - 21
57* 34 * -
ROOST 56 21
POIMTS

J* 1079 2 * 04

Table 7. Copulation attempts observed in the colony. This Table
also documents the sites that were active during the study period
(E : egg laid). Nest no. 57* is a jacent to nest no. 57, but has

never known to be active in the history of the colony.



days of age.
Three hundred and seventeen (1\8

sites or roost points where no egg was produced

no. 8.

either year.

onto an assumed female's back was aggressively jabbed off,

occurred on roost points,

(Estep & Bruce 1981).

nesting area,

1982).

have been observed

known nest site

cases of
cloaca!
nest no.

before

(4 males,

laying an egg,

-i) attempts occurred at

;€.
138 attempts were observed without an egg appearing
Eleven attempts (0,6%),

g. at nest

where a male that had jumped

incidents,

although

in White-backed Vultures
In six of the eleven cases,

that

were classed as "resisted matings"”
Similar

not at the
(Mundy

one of tr.e birds was from a

2 females). These contrasted with three

"cross matings"

(0,05

%),

where

nest no. 17

the male achieved

contact and was not aggressively jabbed off. For example,

13 female was thus involved (26 June 1981) some six days
and on 23 June,

male was

observed to copulate with an unidentified adult female at a roost

point while his partner incubated the egg.

Table 8. Copulation attempts observed per peno.

cycle.

successful

'lest

16
18
29

26
61

30
13
57
55
45

63

slean

The figures

pre-lay.
A

31
47
42
37
38
44
47

38
27
30
46
21

45
49

112

AJE

76

63

39

73

(59)

69
56

69

for

nest

w3

COO0O0OO0OMN WO®® OU amm®

B/E
t

20
11

o

5S

no.

61

sites excludes this site.

Nest!
C

20
15

(ID

are
nestling disappeared before fledging,

and tne

C/E prOP 0/E

5 0 %
3 2 5
27 0 3
14 49 45
22 5
)
(41)
3 20 23
3 1 !
v, 155

Total for successful sites

of breeding

in brackets as the

tov 1 for

"ota;

41
75
108
38
43
60
53
27
38
29
30
46
21
45
71
116

62,

471



51

Nest-buildint,

No sign of nest building at any site was observed before the

end of March 1982 and at only two sites, successful in the

previous cycle, were there any remain of the nest structure. In

fact, by the end of December 1981, nest material

on the sites of
all failed breeding attempts had disappeared,

presumably removed
by wind and rain.

Collection of nest material in earnest was first observed on

25 April 1982, some ten weeks before the average
This

1976). Branches comprising the nest structure were collected,
most cases,

laying date.
is similar to uappet-fteed Vulture behaviour (Pennycuick

in
from two separate areas on the slopes of the kloof
and carried back to the nest in the bill (contra Houston 19/6:20

for Ruppell's Griffon, where all the branches used for building

.ere seen to be stolen from other sites.). Filching was seen on

two occasions in the pre-laying period in 1981 and on several

occasions in the same period in 1982. In total, nest material was

seen to be taken from other sites on 19 occasions, by occupants

of eight different sites. Only twice was the site occupy

present when the material was taken, and on 13 occasions tne

material was taken from an adjacent site.

At six nests where male and female could be distinguished
(sexes determined by observation of copulation, *t
partner ringed),

least one
the frequency of collecting forays by either sex

could be determined. Collecting forays were mainly determined for

three nests only - those situated on NA2 cliff where the

collector's sex could be determined with greater certainty. Of 98
collections, males collected 75 times, significantly more Cb «)
than did females (\2,,=" expected values test, p<0,01) al though
at one nest, the difference was not significant (p=0,0b, n » 31).
The female generally packed the material into the structure,
although both sexes were often seen bending over and rearranging

the contents (Figure ‘<w?).
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4.2.2 The incubation period

In 1981, 356 nest-days of observation of 16 nests with eggs
were made, and | accumulated a further 99 nest-days of 17 nests
during an eight day consecutive period in 1982.

No double clutches (Mundy & Ledger 1975, Mundy 1982) or

repl acemenc clutches were recorded during the actual study

period, although the egg at nest no. 55 was laid significantly
later (on 14 July 1980, which was exactly two standard deviations
later) than the estimated mean of 5 June for that year and was
thus likely to have been a replacement clutch.

For 16 incubation periods in 1981, which includes one egg
lost after 41 days, one adult was at the site at 9\7 per cent of
fie counts (range 91,2%-100%) and sites were unoccupied only 0,09
per cent of this observation period, an average of 359 thirty-
minute counts per nest. Ths behaviour is indicated in Figure 2).
At all nests, the frequency of a single adult at the nest was

significantly higher than for any other stage of the breeding

cycle (Sheffe's test, p<0,01). A partner remained at the site 2,0

per cent of tne time (range 0%-8,8%). Birds generally Incubated
the eggs very tightly and on only one occasion did one adult
leave an egg unoccupied , for 182 minutes, for no apparent reason

(but see 4.2.3.).

of 3n averageof 78,5 copulations ooserved at

throughout the breeding cycle, 5,3 per cent occurred during the
incubation period (Table 8).

The results of analysis of eggs for pesticide contamination

are presented in chapter three (Table 6), and the thickness oOr

shell fragments measured are given in appendix d.

A White-necked Raven was observed to cause an incubating

adult to stand, but remain on its nest, and jab aggressively as

the raven landed on a nesting ledge at Aasvogelvlei. Two ravens

then landed 1,5 m above another incubating adult, which remained

tight on its nest. One subsequently landed at a third nest and

pecked at the outlying nest mat rial : the attendant adult jabbed

aggressively but remained in an incubating position. At least

four ravens were seen over the Potberg kloof, but no predatory

attempts were observed.

SiX nests
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Laying dates

Laying dates for 1981 and 1982 were determined by checking
the colony regularly, although precise dates for three nests were
not obtained in 1982. Dates for 1977, 1979 and 1980, as well as
the dates of laying in both 1981 and 1982 at Aasvogel viei were
estimated using an average incubation period of 56 days and a
known-age / wing length curve (Mundy 1982). Wing lengths of
nestlings measured before 1981 were obtained from CDNEC records.
Thus only laying dates of sites that produced large nestlings
were obtained for years other than 1981 and 1982. These laying
dates are depicted ir. Figure 23, and significant differences
(Student's t-test) between the means of any years are indicated;
both the Potberg and Aasvogelvlei means are compared here.

RaeaG (re!
i)
ISSi 4 =
121! " PB yeirs1* AIV'1.1Z*
1220
12 net g
if

121 1981"

MSV VifV £t (*WV)
tsz
1981

| j |
7. % 8 X n Jne M Mr iz )

Figure 23. Dates of egg laying at Potberg and Aasvogel viei. The
mean (+s.d.) and range are shown, as well as significant

differences (1: level :yearx<;5. level :yearx).
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In 1577 only, did the link of higher rainfall and later mean
laying date not occur, although the differences are very slight.
Considering this relationship however, in 1980 alone was the
preceding six months' precipitation significantly less than that
of 1981 (t-test, p=0,05). The extreme example wis the 1981 mean
date, which was significantly later than any other year at
Potberg (Figure 23), and similar only to the mean date for the
same year at Aasvogelv 1lei (t,-test,20 ti.f,, p=0,Q9). 1he overai i
average laying date for the five years is 17 June (no. eggs*58,
s.d.*17,5), and this is clearly later than the early-May average
for the Sl erpoort, Magaliesberg colony (Mundy 1982:171) and the
similar average for the Colleywobbles, Transkei colony (Vernon et
ajL 1982).

The following considers the evidence as to whether raising
an offsoring successfully might delay egg-laying in the following
year. All 1981 eggs were laid significantly later tnan in 1980,
except the likely replacement clutch mentioned. Of the three long
post-fledging dependence periods in 1980/1, an egg was laid at
'"h° same site before the mean 1981 laying date on one occasion
and after it on another, neither date being significantly
different ; the third site was not active in the subsequent
season . After the post-fledging dependence periods observed in
1981/2, eggs were laid at the same sites before the mean 1982
date on four of the five occassions and significantly later by
the confirmed same adults (Robertson 1983b) in one instance. At
the site with the longest 1981 PFOP, the following year's egg was
laid oefore the mean date.

The most accurate times of laying were obtained for three
eggs in 1981, where both were laid between 16H30 and 07h30 the
next day. At one of tnese sites (nest no. 63), the same colour
ringed female laid an egg in 1982 between 17h30 and 15h00, on
exactly the same date as the previous year.

Changeovers, and incubation of the gg

Changeovers were generally accomplished within about three
minutes of the mate's arrival at the nest, although certain
partners gave the impression of being "keen" to relieve an

incubator which was"reluctant" to leave. In such cases,



nanycvey " "1 ' wau- ,ad oeen yewily nudyed
Jf rh( nest; th1s behaviour wa: more frequen. during the
nestring period. During what was most likely the first changeover
it nest no.16, the incoming adult allowed the egg to roll cut of
the cup by standing on the rim. After a few feeble attempts at
replacing the egg wUh its bill, it continued to "incubate" the
empty nest. During the next 90 minutes, the bird attempted on
hree occassions to replace the egg, which lay some 8 cm from the
rim. | replaced the egg at ii>h40, after it had been exposed for
4,0 minutes (clear weather, 9-13 knot breeze). This egg
subsequently produced the begging juvenile in Figure 42 A pair
of California Condors Gymnogyps californianus was also observed
to al low the egg to rol1 out of the nest, although in that case
the egg shattered (Anon 1987). This was possibly the fate of the
egg from nest no. 25 in 1982 isee 4.2.5.).

A total o* 186 changeovers of birds incubating eggs were

,oted in 198), averaging 11,5 per site ,or 0,5 per nest-day of
observation. However, a number of changeovers at the outlying
sites were probably missed: if the NA2 ledge (directly opposite
the observation point) is considered in isolation, 61 changeovers
were documented for four incubation periods during 38 nest-days,
i.e. 0,7 changeovers r ' nest per day. As an extreme example, at
me site, three changeovers on the same day were observed on two
different days, Changeovers occurred in the morning, beiore a
jay's foraging or, in the afternoon, after foraging. The earliest
nstance noted where the incoming oartner had fed that morning
»,as :in30 : if the changeovers are then divided into pre-1In30
61, 33%) and post-11h30 groups (125, or 67%), then the
incoming adult had obtained food on 64 per cent of the latter
(8,6% cases unknown). The overall average changeover time was 12
hrs 54 mins, 50 mins earlier than that documented for the
mJkeerooort, Magal iesberg colony (Mundy 1982:16:). 1he two average
changeover times of LOhIO and HhI2 probably reflect tne
situation more accurately, and the four-hour separation agree:-
vith the average of the feedin orays (3 hrs 42 mins) obtained
-or the colony (3.2.2.).

incubating birds occasionally stood up to stretch, flap



its long axis, Mundy 1982: 161), and tne longest pen,: 1 net

cases that the egg was exposed was 4 minutes :1 istanc meo,

average 1,2 mins).
Measured incubation stints, i.e. the length of time betweer

two changeovers at a site, were obtained whenever possible when

changeovers were observed during consecutive days of observation.
As with changeovers, these measured stints are divided into those
where two changeovers occurred within one observation jay
("within-day"), and longer stints. In 1981, the mean "within-day
stint was 3 hrs 15 mins (n=44) and this was not significantly
different to the 1982 figure of 3 hrs 31 mins (t-test, 60 d.f.,
p=0,30). The mean of 1981 "long" stints was 26 hrs 21 mins (n=72i
and this was significantly longer than the 1982 mean of 22 nrs 35
mins (t-test, 98 d.f., p=0,01), due to the inclusion of 11 extra
long" stints (mean = 44 hrs 3 mins, range 40 hrs 45 mins- 48 hrs
8 mins). If these 11 values are excluded, the 1981 mean of 2* nrs
48 mins is not significantly longer than those obtained in 1982

(t-test, 86 d.f., p=0,37). In five of these extra-long cases, the

individual concerned was identifiable (ringed), confirming that

no changeover had been missed.
Sexes could be distinguished at five nests due to
presence of either a metal

tne
ringed (two nests) or colour ringed
partner. | only those instances where the ring/s was/were

clearly resighted at both changeovers, are the corresponding

stints used in "alysis of any sex-related differences in length.

The mean for males (1981 and 1982 figures combined) was not

significantly longer than the me i for females (t-test, 30 d.t..

p=0,32), and the observed frequencies of either sex was no”

significantly different (X2'*" expected values test, p=0,72).
Five addled eggs ocurred in two years, three during -ne

observation year. In two of these three cases no change 'n

incubation behaviour after the expected hatching date was noted

For example, adults at nest no. 29 continued to i -ubate normally

for 18 days after the expected hatching date, unti 11 col lecten
the egg for analysis. At one n< ,t however, the incubating aduit

tended to stand over the egg, rather than sit on it, from some iJ

days after the expected hatching date. Twenty four days after tne

expected hatching date, the Incumbent adult (male) deserted this



qyy for 152 wins, returned to stand Mud,1it tor
leave it unattended that night (I

.ibb wins, to
collected the egg the next

day).

Length of the period

At six sites in 1981 where both laying and hatching dates
were accurately obtained, an average incubation period of 5/ days
(954 C.L.s 55,6-58,4) was documented.

4.2.3.The nestling period

A total of 377 nest-days of observation of ten sites wi th
nestlings were made in 1981 and 15 nest-days, at four nests,

58

in

1982. In 1981, seven nestlings lived longer than 11 days and six

fledged,

in 1982, seven fledged (see 4.2.5.).

Eleven per cent of copulation attempts observed a

and of ten nestlings colour ringed (average age=76 days)

t

successful sites through the 1981 cycle occurred during the

nestling period (Table 8). The mean hatching date for the years

1977 and 1979 -

mean laying date of 17 June and a 57-day incubation period.

Parental care of the nestling

1982 was then 14 August, calculated using the

During observations of the seven nests in 1981, nestlings

were left unattended for 1,2 per cent of the observed nestling

period (range 0,14-4,5*), and one nestling was unattended fo

significantly more time than three other nests (Scheffe s test

r

p<0,05). Six nestlings were seen unattended at least once during

the period (i.e. one never), and the average age at the first

such instmce was 71,7 days (range 41-93 days).

Nestlings were

accompanied by one adult 76,4 per cent of the counts. Both adults

were at the nest 22,4 per cent of the time: in all

significantly greater than dun g the incubation period and,

cases this was

in

three of the five cases, significantly less than during the PFDP

(Scheffe's test, p<0,05) (Figure 21).

During this period in 1981, sexes were distinguishable at



59

onlv one active nest and both parents attended the nestling for

similar lengths of time It-test, ZId.f., p=0,43). Both male arid

female attendance stints were signi'lcantly shorter than those
obtained during the incubation period (t-tests, p<0,01>.
The mean "long" attendance stint of 21 nrs 56 mins (n-71)

documented was not significantly shorter than the similar

mean
obtained during incubation,

if the 11 "extra-long" stints are
excluded (t-test, 129d.f, p=0,09).

If these values are included,
the difference becomes significant.

The mean "within day stmt

of 3 hrs 39 mins (n-ST) was not significantly longer than the

figure for tne incubation period (t-test, 95d.f., p=U,V). n'e

average changeover time documented for this period is then 12h29,

which is significantly earlier than that documented for the

incubation period (t-test, 375d.f, p-0,491. Of 193 changeovers,
65 8 per cent occurred after Uh30 and on 86 per cent of these,

the incoming adult had obtained food (4.6% of cases unknown).

For its first few weeks, the nestling is

brooded closely by
the adult,

making the precise time of hatching difficult to
discern. There is subsequently a gradation

in attendance
behaviour of the parents,

particularly after the nestling is

dorsally feathered. This behaviour varied between nests, e.g. at

the empty nest while the
nestling stood nearby. A four month old nestling wandered 2m to

one site adults often "incubated"

an adjacent site containing a five month old nestling on three

occasions: both pecked gently at each other's necks before being

aggressively jabbed at by an attendant adult.

was never observed for adults of adjacent

Similar behaviour
sites, banners
continued to bring fresh green sprays to the nest during tms
period.

Most feeding bouts were mouth to mouth, with tne nestling
actively calling and tapping the parent's bill

while drawing food
from its mouth. On at least seven occasions,

parents that had nut
fed were observed to go through the motions of regurgitating

without any food appearing, although in observation it s

difficult to be accurate about this

(chapter three, 3.3.,. he
"ex-attendant"

partner consumed food that was regurgitated onto
the nest by the forager on six occassions.

Nestling development is described in Mundy (196%), and tne



1n 1979 and, finally,

CONEC records).

absent

In 198
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Figure 24. Simuliid infestation of a 47-day old nestling.
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'igure 25. Simul iid presence rel'ted to the amount of rain in the
;ix months preceding September i#). The degree of infestation is
:1assed as heavy (H), medium (M) or absent (A), and the mean

$mount of rainfall for these months is shown (x).



Length of the period

Where no days of observation preceded the day the fledgling
was first seen away from the nest, the fledging date was not
accurately known (four cases known to within five days). Where at
least two observation days preceded the date of first observed
flight, that day was taken as the fledging date. Some fledging
dates were only known to within an accuracy of three days. In
1981 mean nestling periods were 148,0-150,3 days (range 139-171)
days). Both these means were significantly longer than the 1982
mean of 137 days (range 125 - 147 days) (t-test for mean of 148,
I1d.f., p=0,04).The individual with the 125-day nestling period
died an estimated three weeks after fledging. It was found, under
foliage in the kloof river, an estimated two weeks after its
death (P.v.d. Westhuizen pers. comm.). The next shortest nestling
period | documented was 136 days, and this bird survived at least
five months.

The mean for all available period lengths is then 142 or 143
days ; this compares well with Mundy's (1982:188) estimate of 140
days. The mean 1981 fledging date was 21-23 January 1982, and
this contrasts with 28 December 1982 for 1332 fledglings.



4.2.4.The post-fledging dependence period (Pf'DP)

After fledging, young raptors may visit the nest site and
remain dependent on their parents for what is known to be a very
variable length of time (Newton 19/9). In this study, termination
of the period was taken as the date of the last recorded visit of
the juvenile to its natal nest site. Parent-juvenile interactions
were observed at the breeding area only ; it was not attempted to
observe any such interactions, if these occur, at feeding sites,
as is the case e.g., in the Black Vulture Coragyps atratus
(Cathartidae) (Jackson 1975).

From 8 May 1981, 118 PFDP-days of observation were made of
three 1980 juveniles (i.e. nestlings in 1980), jnd 137 PFDP-days
of six juveniles in the following season. A minimum of tnree
hours of observation every day between 21 December and 13 January
1983 (23 consecutive days) were made of 1982 juveniles around tne
time of fledging. Juveniles are clearly distinguishable in the
field by various plumage characters (e.g. black-brown eye colour
and a long, lanceolated and streaked ruff), as documented in
Mundy (1982:43). Colour ringed as nestlings, each juvenile was
then individually recognisable. The observed PFDPs are depicted
1n Figure 26.

Length of the period

In 1981, three juveniles continued to visit the nest sites
for 221, 194 and 175 days after fledging, although they were last
seen receiving food at 210, 189 and 159 days respectively. The
PFDPs of three other juveniles did not exceed 11 and 133 days in
length (i.e. two of these juveniles were resighted in tne kloof,
but never seen at their nests).

In 1981, five juveniles (of six that fledged) held PFDPs of
longer than 13 days: 15-19 days, 22-25 days, 83 days, 12U-124
days and 139-142 days. The sixth juvenile (nest no. 7) was last
resignted in the kloof six days after fledging, and one day after-
fledging at its site.

Three 1981 juveniles from Aasvogelvlei held periods of no
longer than 82, 84 and 85 days (estimated ages from wing lengths

at ringing, using a 143-day nestling period), as they were
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resighted at Fotoerg from 6 April 1982

Although observations were made or 1982 juveniles, no PFDP
lengths were obtained, except for those that were recovered dead.
Only one juvenile was resighted in the kloof five months after
fledging (A.F. Boshoff pjts. comm.).

At nest no. 30, the 1980 PFDP overlapped with the next
season's incubation period sy two days; the juvenile visited tne
site eleven days later but was aggressively chased off by the
incubating adult. At nest no. 55, there was a similar overlap of
four days, as i 1lustrated in Figure 2 . No feeding was observed
at any nest during this period of overlap. For the three 1981
PFDPs of longer than 82 days, the next season's egg was ,aid 41
days after the periods had ended (range 6-79 days).

Behaviour of juveniles

The presence of juveniles at their nests is displayed for
three nests in Figures 27 - 29. On average, the five 1981
juveniles were at their natal sites at 36 per cent of the counts
made on days during their respective PFOPs. |f the three long
periods are considered alone, this figure is 26 per cent. For the
three long PFDPs, juveniles were alone at their sites 1,8, 1,9
and 2,5 per cent of the counts.

Individuals were often seen to land (clumsily) at various
places on the slopes of the kloof, where they would spend time
perched. During the course of the study, two juveniles were
extricated from undergrowth that had trapped them, and it is
likely that at least one other had died as a result of landing in
vegetation. One of those captured had landed on top of the parked
Combi at the mouth of the kloof ! Thus if ajuvenile was not at
its sUe or visible in the kloof, it could not necessarily be
concluded as foraging. A radio-tracking study s initiated with
an aim op documenting the transition to full foraging
capabilities, but lapsed after two marked indi <duals died and
the transmitter on the third stopped functioning (Boshoff,
Robertst.i & Norton in prep.), -iven this consideration, the
number of days during which juveniles were considered to have
foraged, as a proportion of the number of days observed, are

presented in Table 9. As if to emphasise the variability in
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before termination nt this PFDP.



behaviour during this period, nest no.7 juvenile returned to the
colony with a full crop the day after it fledged! This individual

was not observed after this day.

Table 9. The number of days that juveniles, during their PFDP,
were considered not to have foraged. Column A gives the number of
days between fledging and the first observed foraging attempt ;
in brackets is the number of observation days between these two

events.

Nest No. days juv. No. days juv. Drop.* Ccol . A
observed did not forage
6 26 16 62 43 (16)
16 49 14 29 17 (6)
4 9 8 89 25 (8)
17 8 6 75 1 (1)
63 43 15 35 2 M)
7 2 1 (50) (1)

At the nest site, juveniles solicit for food by means of a
range of signals, including neck-stabbing, hoarse-ca Ming,
crouching and wing-shaking (Mundy 1982:189)(see Figure 22). Only
once was a perched juvenile heard to call hoarsely away from the
site (no adult nearby); no neck-stabbing or wing-shaking was
observed away from a site (although see "Parents at the nest").
On six occasions with two individuals, xhe juvenile called in the
air some 15 secs before landi j. Juveniles indicated recognition
of a parent by commencing soliciting behaviour before the parent
landed. If the adult flew off while the juvenile was begging,
that behaviour would cease. The occurrence of food-soliciting

behaviour is given in Table 10, as is the proportion of days
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during each 1981 PFOP that the juvenile visited its site (col.
B/A).

Adults with an empty crop were seen to go through the
motions or regurgitating , and juvenile soliciting behaviour
would continue after this had ceased (although up to some 5U0g of
food is no* visible as a distension - see 3.3). As both birds
often fc nto the cliff, actual transfer of food was difficult
to ascertain f, om the observation point. Even when the juvenile
had apparently received a substantial amount of food, tne
soliciting behaviour would continue sporadically through the
afternoon. The number of days where an adult was observed to 'go
through the motions" are indicated in Table 10 (col. D/C): these
are 1ike 1> to be minimum figures, as such instances are easily
missed by an observer.

All juveniles that had PFDPs visited their sites within a
maximum of four observation days of their respective fledging
dates: a 1982 juvenile, equipped with i radio-transmitter, did
not visit its site once during the 17 days that it remained in
the vicinity of the kloof (i.e. it did not forage). Each day it
made a number of exploratory flights in the kloof and often
soared past its site where an adult (which on at least eight
occasions had a bulging crop) was present, but landed most times
at a point ca 15 m below its site. On its second to fifth flights
it landed in vegetation, and was caught and weighed two days
after fledging (weight 6,9 kg). After 19 days of not obtaining
food, it was found dead 4 kms from the kloof (weight 5,2 kg).

An interspecific interaction between a juvenile and two

Secretary Birds Sagi ttarius serpentarius is described in 4.2.6.

Parents at the nest

During the PFDP of each 1981 juvenile, adults left the nest
vacant for 14 per cent of th observation period (Figure 21) ;
there was no significant difference between any of the five nests
(Scheffe's test, p>0,05). At three of the five nests, each site
was unoccupied for significantly more time than during the
incubation or nestling periods (Scheffe's test, p<0,01), while
not significantly different from the pre-laying period or



behaviour shown during retention of the site.

On average, 15,0 per cent of copulations observed through
the breeding cycle occurred during this period (six nests, Table
8). At nest no. 16, an egg was laid six days after the juvenile's
last recorded visit ; 45.4 per cent of copulations observed at
this site occurred during that PFDP (the site with the copulating
adults in Figure 22). A male parent mounted a 225 day-old
juvenile in a copulation attempt, and emitted a loud groan before
the shrieking juvenile jabbed it off. The parent then pecked
gently at the juvenile's back. This was the only incident of this
kind observed. Similar behaviour has been observed in Gannets
Sul a bassana (Nelson 1978).

Two observations indicated that adults differentiated
between juveniles and recognised their own offspring. In one
case, nest no. 16 juvenile (no. 16 juv.), 12 days after fledging,
landed near nest no. 57 and walked onto the vacant nest. A
juvenile had fledged from this site seven days before, and was in
full view of the site at the time. At 09h30 an adult landed and
nc. 16 juv. initiated normal food-soliciting behaviour. After the
adult gave it two aggressive jabs on its wing, the soliciting
stopped and the adult stood in an aggressive posture over it,
neck extended for four minutes, before moving off the nest.
Sixteen minutes later, no. 57 juv. landed on the site ledge,
looked at the intruder and stood facing out. Twelve minutes after
this, the adult jabbed aggressively at the intruder and repulsed
it from the site. In the second case, no. 63 juv. (8 days after
fledging) landed between two nest sites, one of which (nest no.6)
held a dependant juvenile 30 days older than the intruder; no. 6
juv. was not at the site at the time. Both adults aggressively
jabbed at no. 63 juv.'s heal and back and stood over it, whilst
the juveniie crouched and shrieked submissively, with their necks
extended in classic threat posture (Mundy 1982:188). Four minutes
after landing, the juvenile was aggressively pushed off the ledge
by nest no. 6 adult. On three iher occasions, ajuvenile during
its PFDP was aggressively repulsed after landing at a site other
than its own, although these instances differed from the two
cited above in that the sites concerned had produced no similarly
aged offspring that cycle.



Termination of the period

Aggressive interactions were noted in five of eight observed
PFDPs during this study: observations ceased before the end of
one long 1961 PFDP, thus this ratio is more correctly five of
seven cases. One 1981 PFDP is excluded from this as the juvenile
was at the site for one day only. In that case it appeared to
have fore ted successfully the day after fledging and it is not
known whether it dispersed or died after that day, but it was
never resighted in the kloof again. The aggressive encounters
ranged from a parentjabbing sharply at. the soliciting offspring
while allowing it to remain at the site (7 instances, 2 nests),
to the parent chasingthe juvenile off the site (11 instances, 4
nests), or preventingit fromlanding at the site (4 instances, 1
nest). In three of the seven instances, the juvenile jabbed back
at the adult but ceased to solicit. During the 11 instances that
the juvenile was chased off the site after landing, it was not at
the site for longer than three minutes. Parents prevented the
offspring from landing by extending their necks (3 instances
within 15 minutes at one site, both adults present), or by moving
quickly to its projected landing spot and calling loudly, causing
it to veer off.

At. the first recorded aggressive encounter in each case, the
average age of the juvenile was 290 days (range 175-361 days).
This translates into some 147 days, or five months, of PFDP. The
first recorded case of aggtessive jabbing at nest no. 6 occurreu
36 days before the period ended, and the juvenile was also chased
off the site five times that day and prevented from landing once
(Figure 27). Six days later it was fed by a parent at the site,
after two bouts of aggressive jabbing (lasting a few seconds
each). ;n three of the other cases, the juvenile did not spend
time at the site after aggression was recorded (one individual
visited the site lu and 11 days after it had been chased off, but

it neither solicited nor was off ed any food).

Retention of the site
Of the nine sites that failed in breeding in 1981, six were
active in 1982. At two of these sites, one partner had a metal

ring and both birds were active in both cycles. After the pair at



nest no. 63 failed during the incubation period in 19132, both
(colour ringed) partners were seen to spend time at, and repulse
intruders from, that site. These instances served to confirm
behaviour that was indicative of retaining a specific nest site
for the purposes of breeding in the following season.

Sites that failed in 1981 and were active in 1982 were
unoccupied for 43 per cent of the counts (range 12«-5Q%, 537
si te-days of observation, mean of 91 site-days per site), and
only one site was attended significantly more than any other site
(Scheffe's test, p <0,01). On average for six sites, a single
adult attended tne site for 24 per cent of tne counts, one site
being significantly ess attended than the other five. Both sites
were attended by adults for 33 per cent of the counts on average,
and there were no significant differences between sites in this
respect.

For 11 per cent ol the counts at sites that produced
juveniles in 1981, adults were not at the site after the PFDP had

ended.
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4.2.5.Breedi'ig success

As all breeding sites and roosting areas at Potberg were
clearly visible, the difficulties in measuring the various
parameters associated with the production of young (see Newton
1979:128-130) were ameliorated to a considerable extent. Thus it
is certain, at least at Potberg, that during the study period
the relevant information on active sites, eggs laid, nestlings
hatched and the numbers of non-breeding birds was obtained; it
was assumed that breeding occurred only at Potoerg and
Aasvogelvlei (chapter five). Success is then expressed as the
mean number of young produced (nestlings fledged) per territorial
pair. This corresponds to Howard's (1979) quaternary level
estimate of reproductive success. The survival juveniles until
termination of parental care (Howard's Ojx cit. fifth level
estimate of reproductive success), and the proportion of birds
breeding, is considered in chapter five. In both years at nest
no. 8 where a complete nest was built and the (non-ringed,
presumed same) adults copulated frequently (Table 7), no egg was
laid but the site was included as active. The partially active
site discussed in 4.2.1. was not taken as active in 1981.

Table 11. Breeding data for 1981 and 1982 at Potoerg (PB) and
Aasvogelvlei (AW).

Colony /B B -
Cliff N W2 K g« | W N2 N 1901 -
(A)3rf>pfilno pairs in 3 2 17 |l 6 1 H in 9
Eigs laid 9 6 2 u j 10 fi 1 17 10 8
Eggs hatched 5 5 - to J 10 4 4 1 7
Nostl. ringed 4 1 - 7 17 3 10 6 5
(B)Np'tl. fledged 3 3 fi 5 2 7 4 5

(B/A)Success 0,35' 0,39 0.40 0.55
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Breeding data for 1981 and 1982 for PotDerg and Aasvogelvlei
are presented in Table 11, and separated according to the
location of each site for the Potberg colony (see Figures 18, 19
and 20). The Potberg success figures for the two years were not
significantly different (\2=0,043, Id.f., p>0,25). Considering
both colonies for the two years of the study period (54 pair-
years), 22 nestlings fledged, an average of 0,41 nestlings per
pair (or 0,39 as | 'improved' this figure by replacing an egg in
1981 (?), described in 4.2.2.); for the purposes of statistical
calculations, this site is taken as successful. Due to the low
expected frequencies involved, the figures for Potberg and
Aasvogelvlei were not compared statistically; in all chi-square
tests, Yates' correction factor is used (Schefler 1969:95).

The Potberg 1981 success figure is significantly lower than
the Kranzberg figure for the same year (\ 2=4,67, Id.f., p<0,05)
as well as the Col 1eywobbl es figure (X2=5,81, Id.f., p<0,025);
figures were taken from J.C. Dobbs and P.C. Benson (pers comm.)
and Vernon et al. (1982) respectively. It was not significantly
lower thai, the previous two years combined (X2=1,32, Id.f.,
p=0,25). The 1982 Potberg figure was significantly lower than
that of 1981 at Col ley wobbles (X2 =4,85, Id.f., p<0,05), but
not significantly lower than the i982 Kranzberg figure (\2=2,66,
Id.f., p>0,05). Between 1975 and 1982, nestlings were documented
at 98 of 165 active sites (1975-1980 data from CDNEC records), a
figure of 0,59 nestlings per site. As 13 eggs were documented,
and their outcome unknown, this figure is more accurately given
as 0,51-Q,C7 nestlings raised per active site, or pair. This
figure is not significantly higher than a mean success figure for
the Maga liesberg colonies (Mundy 1982:193) (\2= 0,19, Id.f.,
p>0,2).

Of sites that were active in both study years at Potberg, 2
out of 13 (0,15) produced fledglings in both years, 7 out o 13
(0,54) produced one fledgling, out of 13 (0,38) produced large
nestlings, and 3 out of 13 (0,23) never produced one. Obviously,
sites that produced fledglings also produced large nestlings :
the categories are not separated here. The difference in the
success of attempts between NWland NW2 cliffs was not
significant (X2 *3,34, Id.f., p=>0,05). The frequency of breeding
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at particular sites is included in chapter six (see also Table

Causes of breeding failure

Possible causes of breeding failure are listed in Table 12,
1inked to observed causes of failure fjr the two years and both
colonies, and are discussed in this section. Many of the
categories are directly linked, and an attempt was made to
differentiate between proximate and ultimate causes (Newton 19 9
129), and include both.

Table 12. Possible causes of breeding failure an.' their estimated
occurrence at Potberg (PB) and Aasvogelvlei (AW) during the
study period.

Category Incidence in 1981 Inci ence in 1982
21 AW PB AW

1. Dead egg 3 2 2 i

2. Depredation 2 E T

j. 'lest content 1 17

Knocked off nest

4. rieather 3 *

5. Parent death * *

6. Human disturbance - 3

7, unknown 1 1 2
Total : 9 4 9

Category one. This grouping Includes eggs that are infertile and
those that died as a result of pesticide conta nation or changes
in the micro-climate of the egg, the latter a result of

Incubating birds vacating the neat (see categories four and
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eight). The effects of pesticide contamination are discussed in
chapter three (3.3.). A proportion of all eggs laid must be
inferti le (Brown & Amador 1968). No nest site at either colony
produced an addled egg in both years.

The thickness of eggshell fragments, as well as sections of
eggs that were collected for contaminant analysis, were measured
directly and are presented in appendix d.

Category two. Ravens and Baboons Papio ursinus are known to prey
on vulture eggs (P.C. Benson pers. comm., Green 1977, Houston
1976, pers. obs.) and Black Eagles Aquila verreauxii on nestlings
(Bvwen 1970, Mundy et a_. in prep., Steyn 1973). No successful
predatory attempt was observed during this study : the breeding
failures comprising this category are those that were most likely
a result of depredation. Examples include the sudden
disappearance of a young nestling which could not be located
after searching the base of the cliff, or the discovery of egg
and content remains in the nest whose measured shell thickness
was concluded unlikely to have been extra-thin. The attempts that
I observei are documented in appendix b.

Category three. Incidents included here may occur as a result of
disturbance (category six) causing the adult rapidly to vacate
the nest, or during changeovers (e.g. incident described in
4.2.2.), or as aresult of intruder repulsion behaviour. Either
of these was likely the fate of nest no. 25 in 1982, as remains
of the shell and contents were found within 0.5 m of the nest.

At one nest at Aasvogelvlei in 19°l, a downy white nestling
was round dead at the base of a relatively high nest structure
(some 0,7 moff the sloping ledge), partially in a horizontal
crack. It is probable that it had fallen out of the nest (adults
disturbed ? -see category six) and consequently starved to death.
4 Martial Eagle Polemaetus be 11icosus nestling that fell out of
its nest in the same year at Potberg was attended and fed on the
ground (pers. obs.). It is p sible that the vulture nestling
died as a result of the actual fall ; in either case, the
ultimate cause is unknown.

Category four. Direct effects of inclement weather include
physical destruction of the nest and consequent mortality, as
wr 11 as starvation of nestlings at critical stages of growth, or
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at hatching, through inhibition of foraging oy the adults, 'r
1981, Potberg experienced the highest incidence of rainfal m /b
years (2.1.2.): located within the winter rainfal | region, thi
precipitation is thus highest during the egg and young nest!”
periods.

Category five No evidence of parent death was notrd certain y
not one of the eight ringed birds died during a breeding cycle

ei ther year.

Category six Three large nestlings vacated their nests between 18
and 21 November 1982 ard a helicopter was observed to pass
through the kloof on 24 November. Although not definite, it is
likely that helicopters had entered the kloof during the previous
week. Subsequent post-mortems of two of the nestlings revealed
substantial fat reserves (chapter three), thus three out of 18 of
the 1982 breeding attempts were concluded as having been lost due
to direct human disturbance. With the exception of di st .rbance
during ringing operations (4.1.) and five searches of the cliff
bases (3.2.1.), this was the only disturbance incident observed,
in marked contrast to some other colonies (J.C. Doobs & P.C.
Benson pers. comm., Komen 1983). | emphasise that one nersor
walking quietly along the bases of NW1 and N2 breeding cliffs
during the cycle results in every attendant adult vacating 1ts
site. Although Aasvogelvlei is located on private property, the

disturbance there is considered minimal.
4.2.6.General behaviour

Intraspecific behaviour

Repulsion of intruders from the nest site

The behaviour of the colour ringed pair in particula . and
at other nests where one par r was ringed, served to confirm
that Intruders landing near an occupied nest site are
aggressively chased off. Consistent acts of repulsion may then be
used to indicate an occupied site. Between July 1981 and 31 May
1982 (139 observation days), 437 such cases were noted at 2/
different sites. A further 74 instances were noted <H pte



during the nine day observation stint from 26 July to 3 August
1982.

The agonistic behaviour was clearly graded : as a first sign
of aggressive intent, the site occupant would stand, and peer
into the nest. A few aggressive jabs in the direction of the
intruder would lead to the occupant jumping off t-he structure,
giving a hoarse call and engaging contact by jabbing, until the
intruder le't. In five instances where juveniles landed at
foreign sites and remained for longer than a few seconds, the
occupants jabbed at and stood over them with necks extended in
the threat posture : two such instances are described in 4.2.4.

Significantly more instances occurred after 12h00 than
before that time (\2"=" expected values test, p<0,0Ql). In all
but 67 cases (15%), the intruder left immediately : of these 67
Instances, the intruder was age-estimated as an immature ™4
times. Thus an adult intruder landing at a site is more likely to
be repulsed immediately than if it were in immature plumage. In
at least 11 instances, immatures were "allowed" to remain within
3 mof the site. Not all Intruders were age-estimated however.
Thirty per cent of the 131 instances occurred at sites with no
egg, nestling or dependent juvenile (i.e. pairs that had failed
in breeding, or where no egg was produced). After failure in
breeding, repulsions were documented at+ all sites except one,
which was abandoned after failure, and was not active in the
following season. Members of adjacent sites recognised each other
and no aggression was recorded save for when a member wandered
too near to its adjacent site.

Intruders landing on a communal nesting ledge were generally
chased off oy the occupants of more than one site, resulting in a
summated repulsion effect. This effect was particularly evident
when interspecific predatory attempts were observed
("Interspecific behaviour", and appendix b). Intruders were not
tolerated at any point on the 4Z breeding ledge (Figure 22) by a
member of any nest on that ledge.

An adult from the site that was active in both years but
never produced an egg, was repulsed from various sites with eggs
on 19 observed occasions in 1981 and 15 in 1982 (observed during

the nine day stint). On two of the occasions in 1981, both
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members visited foreign sites together. An extreme case occurred
21 days after the 1981 average laying date, when one nest no.8
occupant was aggressively repulsed ten times from four different
sites within 200 mof its own. Each site it visited had an egg,
and ir each case the incubating adult jumped off the nest
structure to repulse it. Ten days before the (estimated) 1932
average laying date, an incubating adult was off its egg 11 times
in 14 minutes to repulse the pair that kept on landing at the
site : this pair finally landed at nest no.8. This behaviour was
not observed by the occupants of any other site.

The only time that a colour ringed immature was observed to
visit its natal site (one breeding attempt had passed since it
fledged), it carried nest material to the site but was

aggressively chased off twice by the attendant adult.

Interspecific behaviour

Predatory attempts on nestlings by Black Eagles are
described in detail in appendix b.

Both eagles often soared past the vulture breeding 1edges
(within some 20 m), and this elicited clearly aggressive
responses on occasions observed between November 1981 and
February 1982, i.e. when there were large vulture nestlings
present. On seven other occasions when the eagles soared past the
breeding ledges, | recorded no discernible aggressive response
these occasions occurred when there were either eggs (four
instances) or empty nests.

The eagles' nest was situated between NE and NW2 cliffs and
vultures consequently passed it frequently. On eleven of these
ocassions, on* of the eagles dived at the vulture causing it to
flex its wings. These aggressive interactions, initiated by the
eagles, were only observed during the eagles' breeding cycle.
After the eyas disappeared in ,ly 1981, | observed no similar
incidents until May 1982, the onset of that season's breeding
attempt.

On 23 February 1982, | observed an aggressive Interaction
between a six month old juvenile and two Secretary Birds in an
open field 5 km from tht kloof. | di sturbed the juvenile, which



landed 40 m from the two birds : both ran towards it and
attempted to stamp on it in characteristic fashion. The vulture
responded with loud staccato calls and after some 40 secs the two

wandered off.
Interactions betweer vultures and White-necked Ravens are

documented in 4.2.3.

Although Peregrine "alcons Falco peregrinus nested within 5
m of one vulture nest, and often perched close to vultures, no
aggressive interactions were observed.

Chacma Baboons were observed periodically in the kloof and
when near (e.g. below) the breeding ledges, vultures would watch

them closely. No predatory attempts were observed.



4.3 .Discussion
4.3.1.The pre-laying period

On the evidence available, sites are activated some six
months or more before egg-laying. | can only conclude that pair
formation preceded occupancy of a sitf : single vultures were not
seen consistently at the few sites initiated during the study
period. All biparental species possess mechanisms for wringing
mates together and achieving copulation, essentially a signal-
response reaction chain (Paterson 1982). | discerned few
courtship procedures except, perhaps, mutual preening and
scapular action (Berruti 1981). Obviously, many signals perceived
by either sex may not be perceived easily by human observers. The
characters of the specific-mate recognition system function
effectively in the normal or recognised habitat of the species
(Paterson op. cit.), and for raptors in general, pair formation
tor instance is associated with potential breeding places (Newton
1979). In the Cape Vulture this is the breeding colony, and
specifically the nesting 1edges, where 95,7 per cent of all
copulation attempts occurred. In contrast to the feeding area
which, certainly In this colony's case, is totally man-influenced
(chapter three), the breeding area is unaffected by humans. Thus
aspects of breeding behaviour that | observed that are not
directly linked to feeding, e.g. nestling attendance and foraging
times, should be representative of the species throughout its
range.

As nest material disappeared from some sites before the next
season's cycle, the site rather than the nest structure (Newton
1979) would appear the more valuable resource. This was
emphasised by intruder repulsion behaviour throughout the year.

Houston's (1976) observation of a sex-related difference in
behaviour during this period confirmed, and as a number of
individuals were recognisable, males w're documented to collect
nest material more frequently than females. | emphasise that the
behaviour is not distinctive for Cape Vulture males ; very
similar behaviour occurs in Gannett (Nelson 19/8). Such behaviour

would, in effect, reduce the female's energy expenditure ; is it



then related to piuduction of the egg ? A range of raptor females
increase in weight prior to egg production (Newton 1979:Fi gure
15). However, in griffon vultures that share parental attendance
duties, the increase occurs in both sexes (Houston 1976). Thus
energy is accumulated not merely to enable the female to produce
eggs, but to supplement the energy budget of both during the
subsequent cycle periods (Newton 19/9). Also, the griffon vulture
dutrh of one egg weighs between three and five per cent of the
female's body weight (Mundy 1982) and, in contrast to smaller
raptors, places a relatively small demand on her reserves. These
considerations indicate that the bias in collecting forays is
related to some other factor, such as courtship (akin to Gannet
behaviour ?).

Far more copulation attempts occur than may be considered
adequate for insemination, and this has been noticed in a number
of vecies (reviewed in Newton 1979 and Steyn 1982). It certainly
occurs at Potberg in the majority of pairs, albeit at * reduced
frequency, throughout the year (also Mundy 1982) ; this contrasts
with Houston's (1976) observation of none after a month past the
mean laying date. As | spent more time in observation, and was
consistent through the length of one cycle, | would gain a more
accurate reflection of the birds' bt.iaviour.

The act itself is considered to serve biological functions
other than immediate fertilisation (Power 1980), including
induction of ovarian activity (Erickson A Zenone 1976) and
inducement of endocrine changes facilitating successive stages of
nesting (Hinde 1970). It has been implicated in pair-bonding
(Newton 1979), but anomalies such as high frequencies of
attempts, in species with weak pair bonds, are documented (e.g.
Black-shouldered Kite Flanus caeruleus, reviewed in Steyn 1982).

Noting the strong tactile stimuli in Gannet copulations, Nelson
(1978) suggested them to be a prolonged source of sexual
stimulation ; similar stimuli both tactile and auditory, are

apparent in vulture matings. The effect, if any, of the male's
loud calls on adjacent pairs would be Incidental.

Erickson & Zenone (1976) consider that many copulations
spread over a long time reflect an attempt by the male to

increase his confidence of paternity. This is based on Tri vers'



(1974) suggestion that in species where the male contributes
extensively to parental care, it is important, in evolutionary
terms, to the male that the eggs are fertilised by his own sperm.
Limiting copulations to the female's time of ovulation opens the
possibility of her being inseminated prior to his efforts. Across
a range of species then, the greater the male's parental
investment, the stronger the behaviou™ that would ensure his
genetic paternity. If this holds, the occurrence of colonial
breeding would again emphasise the importance of this beh viour,
as coloniality effectively raises the female's chances of contact
with with other males (e.g. at the roost points). Copulations
certainly occur at areas other than nest sites (this study,
Houston 1976).

4.3.2.The Incubation period

Given the often markedly ci rcannual rhythm of laying (e.g.
this study, tunr'y 1982), vultures clearly respond to certain
proximate facto-s that provide a genetic-based stimulus to
initiate breeding behaviour (Lack 1954). Food availability at the
time may then result in minor modifications in the laying date.
For raptors in general, mean laying dates are earlier in good as
opposed to poor food conditions ; food therefore acts as both a
proximate and ultimate controlling factor (Newton 1979). For
example, Yom-Tov (1974) advanced the laying date of the Crow
Co.-vus cojrone by offering supplementary food in the pre-laying
period and comparing the results with controls, a1though the
effect was subtle (Brent & Daan 1980). Also, under good food
conditions one would expect an increase in the number of breeding
attempts, other things being equal (chapter five, 5.3.2.).
However, long periods of precipitation or heavy cloud, through
inhibiting vultures' foraging, effectively reduces the rate of
accumulation of the necessar (4.3.4.) body reserves in the
period preceding laying. This would act to delay the date of
laying, and if this consideration influences the date to a
considerable extent (i.e. if it alone were largely responsible),
the late 1981 laying date then indicates a period of reduced food

availability. This explanation seems the most feasible for the
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