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ABSTRACT

The thesis comprises four separate.chapters dealing with
various aspects of the ecology of the bald ibis Geronticus
‘calvus {Aves: Threskiornithinae) and fire in the South
‘_African grassland biome. The use of habitat by foraging
~bald ibises, and the reproductiveypeffdrmance of bald
ibises during three consecutive breeding seasons (1978-80)
‘at’ a single breeding colony in western Natal, South Africa,
are discussed in relation to rainfall, grass-burning, -
- domestic livestock grazing and agriculture. o

A review follows dealing with the eco]dgy of fire in the
-South African grassland biome, with particu]arﬁreférehce to
" the possible role of lightning in the origin, maintenance
and diétribution of open grassland in South Africa under
. the natural fire regime.

The four chapters .composing the thesis'are'prefaced by a
general introduction and followed by a general summary
and conclusion.



L . GENERAL INTRODUCTION

Ibises (Aves: Threskiornithinae) are a cosmopo]itan‘gfoup of -
birds comprising 23 extant species distributed mainly in
tropical and sub-tropical regions (Mayr & Cottrell 1979).

Ibises are medium-sized birds with elongate, decurved bi]is,
and are typically described as 1ong-1egged wading birds which
inhabit wetland areas and forage in shallow water or along
shorelines, consuming small fish, amphibians and invertebrates
(e.g. McLachlan & Liversidge 1978). However, many species are
relatively short-legged and forage primarily or exclusively
on land (Archibald, Lantis, Lantis & Munetchika 1980). Most
ibis species are highly gregarious, foraging in flocks, con-
gregating 'in communal roosts and breeding in to]onies,
‘a1though'at least six species are known to nest solitarily
(Archibald et al. 1980).

The 01d World genus Geronticus comprises two extant species
" with widely separated geographical distributions, but with
“very similar habits and morphology (Géroudet 1965, Siegfried
1971). The waldrapp or red-cheeked ibis G. eremita was for-
~merly distributed widely in continental Europe, North Africa
and’the Middle East, but presently breeds only at one locality
in Turkey, and several localities in Morocco (Géroudet 1965,
Hirsch 1976, 1979,.1980; Hirsch & Schenker 1977, Schenker 1977.
Smith 1970). The wintering quarters of the Turkish breeding
population are supposedly in north-east Africa and the western
Arabian peninsula, and are separated from the breeding area

by a distance of ca 2600 km (Géroudet 1965, Smith 1970, Hirsch
1979, Zn 1Ztt. 1981). By contrast, Moroccan waldrapps may
disperse for relatively short distances from their nesting
sites during the non-breeding season, so that their breeding
and wintering ranges overlap considerably (Cramp & Simmons
1977, Hirsch 1979). Waldrapps forage in arid and<semi-arid
sandy and gravelly plains, dry river beds, and marshy
estuarine habitats and mountain plateau areas where the‘
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vegetation is sparse and short (<0,2 m), and feed mainly on

insects and other invertebrates,'but occasionally consume

frogs, lizards, mice and other small vertebrates (Smith 1970,

Cramp & Simmons 1977, Hirsch 1979, <n 1<tt. 1981, Hirsch &
Schenker 1977). | |

The waldrapp's sole congenor, the bald ibis g. ealvus, 1S -
confined to the south-eastern highlands of southern Africa
(Siegfried 1971). The bald ibis does not perform long-distance,
annual mjgrations-between bfeeding and non-breeding areas, but
undertakes short-distance, pefhaps altitudinal moVements; |
within its restriqted distributional rénge (Cooper & Edwards
1969, Siegfried 1971, McLachlan & Liversidge 1978). The
feeding habits of the bald ibis are poorly known, although

its diet consists primarily of insects and other invertébrates,
supplemented occasionally by . small vertebrates and perhaps

. carrion, which it locates in indigenous grassland (Layard &
Sharpe 1875-1884, Stark & Sclater 1906, Vincent & Symons 1948,
Cooper & Edwards 1969, McLachlan & Liversidge 1978).

Geronticus ibises usually breed in co]ohies_ranging in Size A
" from two to 600-800 breeding pairs, a]though-so]itary nesting
" has been recorded in'both_species (Siegfried 1971, Cramp &
Simmons 1977). Both species.bréed on vertical cliffs, and
are.the only ibis species that breed exclusively on cliffs
(Archibald et aZ. 1980). - Both species are further distin-
guished from more typical ibises by virtue of the fact that
their breeding distributions are confined to temperate lati-

~ tudes (Siegfried 1971). Finally, both species are classified
as rare and threatened (King 1979), and are in urgent need of
sbecia] study and conservation attention (Archibald et al. |
1980), ‘ |

‘This‘theSis documents some results of a Zi-year field studyw

on the behaviour and eco]ogy'of'the bald ibis conducted bétweeh
June 1978 and December 1980 in western Natal, South Africa..
"The primary objectives of the study were to elucidate the
foraging ecology and habitat requirements of the bald ibis
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by means of non-destructive observational techniques, and
to.gather information on the reproductiVe‘bio1ogyvof G. qalvus'
at a single breeding colony during three consecutive breedihg |
'seasons (1978-80). Early in the fieldwork it was noticed that
bald ibises foraged_extensive1y in burnt grassland and in
short, post-burn regrowth during the annual wipter and spring
prescribed burning period, and an investigation was ﬁadevof

the ro1e'of fire in the ecology of the South African grassland
biome, in an effort to e]uc1date the present re1at1onsh1p

- between grass burning and the bald ibis' ecology. '

‘The results presented herein are organised into four separate,
self- conta1ned papers, each with_ its own 1ntroductory,
methodo]og1ca1, study area descr1pt1onland reference sections,
and styled for presentation to specific journals for publica-
‘tion. Although this mode of presentation ineVitab]yfnecessi-
tates_repetjtion of information between chapters, it facilitates
the more rapid dissemination of the results throughxthe.
scjentific 1iterature, By'the time this thesis was'submitted
" to university officials for evaluation (20th September, 1983),
chapter one had been a]ready published (South Afrzcan Journal
of Wzldlzfe Research 12 : 85- 93) “
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CHAPTER 1

HABITAT USE BY FORAGING BALD IBISES IN WESTERN NATAL

1.1 Introduction

The bald ibis Geronticus calvus is endemic to the south-
-easternvhighlands_of southern Africa (Siegfried 1971). It
is highly gregarious, usually breeding and roostihg cdmmuna]]y
on cliffs and foraging in f]ocks‘(Pocock & Uys 1967, Cooper

& Edwards 1969). The bald ibis is C]aésified{as'rare and.
threatened (Siegfried, Frost, Cooper & Kemp 1976, King 1979)
and is one of'sixkendangered ibis species in need of special
study and conservation attention (Archiba]d,‘Lantis, Lantié
& Munetchika 1980). '

The.bald ibis is primarily an insectivore,_occasiona]]xf
taking earthworms, snails, small vertebrates and-perhaps
carrion (Layard & Sharpe 1875-1884, Stark & Sclater 1906,
Roberts 1940, Vincent & Symons 1948); Several observers.'
“have ndtgd its tendency to frequent'burnt grassland areas
(Layard & Sharpe 1875-1884, Stark & Sclater 1906, Cooper &

" Edwards 1969). Here I report on the use of habitat by
fdraging bald ibises, and discuss re]afionships between fire,
domestic livestock .grazing, agriculture and the species'
foraging“ecology in western Natal. S

1.2 Study area
1.2.1 Elevation, climate and vegetation

‘The study area straddles the watershed separating the
Tugela and Mgeni River Basins in 'western Natal (Fig. 1.1).

Altitude ranges between 950 and 1 950'm a.s.1. Mean annual
rainfall ranges between 600-and 1 000 mm, and ambient
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temperature ranges from -13,3 to 45°4C, with éxtreme local
variations occasioned by altitude and topogrdphy (Edwards
1967). | S

The vegetation of the study area is mainly grassland (Fig. 1.1).
Two basic grassland types are'distingUished'by_Edwards (1967). |
Themedq—Traéhypogqn_High]ands Grassland occurs between 1 400
and'1'950 ma.s.l., while Themeda-Hyparrhenia Grassland occurs
between 1 100 and 1 500 m a.s.1. -\Both,types are dominated

by Themeda trianda and Apochaete hispida, achieving a height
of 1,0-1,5 m under favourable conditions (Edwards 1967) .
Mistbelt Themeda-Aristida Grassland (Moll 1976) occurs locally
_fnlthe study area in the upper Mgeni catchment (Fig.'1.1).

The remaiﬁdek bf'the study area consi;tsvof Acacia karroo-A.
nilotiea Thorn Veld savanna and Semi-deciduous Bush (Ederds
1967) (Fig. 1.1), which occur below 1 250 m a.s.1. in the
study area.

‘1;2;2. lFiré

Grassland in the study area is a fire-maintained, sub-climax
community seral to scrub-forest (in the case df'Themeda—
Trachypogon Highlands Grassland) or Savanna-woodland'(Themeda—
Hyparrhenia Grassland) climax Végetation (West 1951, Killick. .
1963, Edwardsv1967). Grassland is burnt énnUa]]y by landowners,
in a prescribed manner, to maintain the vigour of grasses and »
to discéurage encroachmentvof undesirab]e'p]ants (Taintdn 1981).”

‘Burning of vegetation in Natal is regulated by state law

- (Anon. 1977), and two basic types of burning are practised

in the study area, viz.firebreak burning and spring burning.
Firebreak burning involves the firing of strips (usually

10 - 100 m wide) for protection against runaway grassfires..
Firebreaks are usually burnt from late May until mid- or
late July, with the majority burnt in June, and are situated
on roadsides and ridgetops, alongside marshes and streams,.and
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around tree plantations, houses and bther buildings. Pfee
paration of firebreaks must be completed.by 1 August (Anon.
- 1977). | ‘ |

Spring burning involves large expanses of grassland, to
stimulate new growth for livestock. Themeda-Trachypogon
Highlands Grassland may be burnt from 1 August to 15 October,
while Themeda-Hyparrhenia Grassland may be burnt between

15 August and 31 October..  The timing and extent of burning
within the prescribed period depends greatly on the amount
‘and distribution of rainfall (Anon. 1977). Occasional |
departures are made from the general prescribed burning
guidelines (e.g., in 1979, "spring" burning was permitted as
early as 23 July, following exceptionally heavy rainfall).

‘Grassland burnt in winter (late May to early August) remains
- dormant, with no sustained above-surface growth until mid-
July or late August, when frost severity decreases and soil
temperatures begin to increase (Edwards 1967). With little
or no rain (as in the winter of 1980) the initia]vregrowth
on winter-burnt grassland is meagre, while early, heavy rains
(as‘in,the'wipter of 1979) may stimulate lush regrowth as
~early as mid-July. Grassland burnt in spring (mid-August

to Tate October) passes rapidly throdgh the patchy regrowth
stage and becomes short growth, especially if rains are :
- copious. ’ '

The total area of grassland burnt annually is difficult to
determine. In 1972, Jarman (1973) found that ca.29% of the
total area of six highland graSS1and'typeS (including
Thémeda—Traqhypogon Highlands Grassland), and ca 12% of
three "transitional" (sensu Edwards 1967) grassland types
-(iné]uding Themeda-Hyparrhenia Grassland) was burnt byv9
September, almost half-way into the burning season. Extra-
po]ating the rate of grassland burning (ha burnt per day)
“indicated by Jarman's results to include the full duration
of ‘the burning season,ca 54% of the total area of highland
grassland, and ea 36% of transitional grassland was burnt
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in Natal in 1972 (Table 1.1). These estimates are highly
speculative, but the actual areas burnt probably fall
between the amounts indicated By Jarman (1973) and the
estimated values in Table 1.1. - ‘

TABLE 1.1 : Estimation of the area burnt in highland

» and transitional grassland in Natal during
the spring burning season in 1972 (based
on data in Jarman 1973). .

Type ofvgfass]and
Highland . | Transitional -
Total area (ha) 1455 000,0 2 004 000,0
Area (ha) burnt before : ' _ :
date of imagery - 416 162,0 . 240 382,0
Duration (days) of_spring :
burning season = . 76 - : 78
Interval (days) between
first day of spring
burning season and date : o
of imagery - ; 40 , 26
Average area (ha) burnt ‘ : .
per day 10 404 ,1 9 245,5
Area (ha) burnt by last - : | A
day of burning season 1 790 707,8. ‘ 721.146,0
{Proportion (%) of total , . : .
area buynt - 54,3 ‘ : 36,0
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‘The amount of grassland burnt each yeer-ean vaky markedly
(Edwards, in press). In 1980, very little grassland was
bufht'in‘the study‘area,,compared with 1978 and 1979, due.
' to -the Tack -of rainfall, '

Burning in thorn veld and Semi-Decidueus Bush is prohibited
except under unusual circumstances (Anon. 1977). The
occasional c1andesttne_or‘accidenta] fire occurs in all -
vegetation types in the study area ohtsideythe prescribed
burning periods. '

1.2.3 Land-use

Cultivation is confined to a relatively small proportion

of the study'erea, occupyihg'approximétely 14% of the total
land area (Table 1.2). eApproximate]y 74% of the study area
consists of indigenous .vegetation, utilised primarily for
Sheep, cattle and goat farming. The remainder of the study
area is devoted to commercial afforestation, and non-
agrjcultural forms of land-use (e.g. roads, settlements and
" reservoirs). .. o '

Maize (Zea mays) is the most extensive erop grown in the - _
stUdy area (Tab]e 1.3). . Pastures occupy approx1mate1y 6% of
the study area (Table 1.2), the most important var1et1es
being Italian. ryegrass Lolium multtflorum (often sown in com~
b1nat1on with oats Avena spp., and clover Trifolium spp. )
Kikuyu grass Penntsetum,clandestthum, and weeping lovegrass

l Eragrostie curvula (Table 1.3). Lucerne Medicago sativa is
grown primarily below 1 500 m a.s.1. |

Y
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TABLE 1.2 : Estimation.of overall land-use in the study
- area (total area = 2 000 km2) (Source: '
Anonymous 1981).

- | | 1 of
Land-use | Area (km2) total area
lIndigenous»vegetation 1478, | 73,9
CCrops? 165,2 | 8,3
Pastures .
‘Rain-fed. - 84,8 a2
Irrigated: 26,9 | 1,3
~ Orchards o 2,0 . ' 0,1
Afforestation | o123 L 6,2
Non-Agricultural 119,1 - 1 6,0
a ‘Includes lucerne Medicago sativa and" R

homogeneous oats. Avena spp. pastures.



" PAGE 13

" TABLE 1.3 : Estimated areas occupied by five different
' S types of cultivation in the study area,
and their percentage representation within
the area (total area = 2 000 km2). .-~

Type of - - - ” % of
Cultivation - Area (km2) | Total Area
Maize R R TSI DR A £
Péstures
Ryegrass? | 8,59 2,43
Lovegrass \ , 29,00 1,45
Kikuyu grass 1 21,14 1,06
. Lucerne SRR ¢ 3;83~ ‘ f 0,19

~a Includes ryegrass grown in combination with
oats Avena spp. and clover Trifolium spp. and
homogeneous oats pastures.
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1.3 Methods

Between January 1979 and November 1980, 'I recorded all
sightings of foraging bald ibises in thelstudy area. For
each sighting, I noted: date, time of day, locality,
number of ibises, vegetation type, foliage height;and
weather conditions. Vegetation was classified as one of
nine different types, based on floristic COmposition .
(Table 1.4). o

For the purpose of ‘this study, five grassland forms were

d1st1ngu1sed on the basis of. fo11age height and stage of
recovery after burning: ‘

_(1)__Burnt grasé]and, with no regenerative growth is

charactefized'by short, charred clumps of stubble
(representing the bases of grass tufts) usually
‘<30;50,mm'high, interspersed with,patchesgof bare
soil and covérgd-by a ‘thin layer of ash.

(2) Patchy post-burn regrowth is distinguished by the

appearance of new green growth in the charred grass
“tufts, followed by proliferation of new grass shoots.

(3) Short growth. When coverage of bost burn regrowth is
approximately 80-100% (i.e. approach1ng un1form

coverage), burnt grassland is classified as short
growth.” ‘This category includes grass recovering
from fire as well as unburnt grass cropped to a |
height of <70 mm by Qrazingrbr mowing.

(4) Medium growth occupieé a height range of 70-120 mm..

'(5). Tall growth occupies a‘height range of >120‘mm.
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TABLE 1.4 : Relative frequencies of bald 1b1ses recorded
' — . in nine different vegetation types, based on
totals of 168 and 134 s1ght1ngs, and 2 205
and 1 859 individual b1rds, in 1979 and 1980,
respect1ve1y

'Pércént ' ' Percent
Sightings ~Individuals

1979 1980 | 1979 1980

grasstand. 45,8 37,3 28;57 41,26
Ryegrasé Pasture 35,1 35,1 | 63,36 32,97
| Kikuyu PAstu}e L N 4,2 6,0 0,86 1,29
Lovegrass Pasture | 1,2 ‘ 0,7 0,46  - 6,40
sportfie1d§ & Lawns 17 22 | 3,76 1,{3
’Lucerne' _1‘7 o ‘ ' - 9,0 - . | 14,04
Maize F{elds - | 3,0 5,2 | 1,77 1,51
Pioughed Fields 3,0 1,5 | 1,22 0;27

|Abandoned cultivation | - 3,0 - 1,08
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Cultivated habitats were classified according to the

type of cu]tigen grown. Ryegrass pastures, ryegrass sown with
c1over or oats, and pure oats pastures are grouped under the
heading of "ryegrass pasture". Sportsfields and lawns
~comprise a mixed assemblage of‘pastures~grown for recreational
and ornamental purposes; Ploughed fields were recognized by
the Tack of cultigen growth, while abandoned cultivation
;upported'various stages of the secpndary succession on
disused fields (West 1951, Edwards 1967). o

Foliage height was recorded as one of six different
categories: 1 = bare substrate, little or no. vegetative
cover; 2 = up to the bird's heel (<70 mm); 3 = up .to the.
bird's belly (70-120 nm); 4 = Up to the .bird's back (120r270¢mﬁh
5 = up to.raised head height (270-420'mm); and 6 = higher

than bird's raised head (>420.mm). The apprOXTmate dimensions
- were derived from photographs‘ofuforaging bald ibises,
assuming an average tarsus length of 70 mm (McLach1an'&

‘ LiVeridge 1978) and extrapolating this measure to the
different héight categories. Sometimes ibises occurred in
‘unevenly grdzed grassland or in pastures where short-
cropped grass was interspersed with tussocks of tall,
.ungrazed foliage. In such cases an_“averagéf value for
foliage height was determined subjectively for the

group as a whole, based on the he1ght of the fo11age where
the ibises -were actually feed1ng (short- cropped grass was
preferred to-ungrazed.tussocks). ( o '

‘In’some case§ a group of foraging ibises would be disperéed
in two different vegetation types (e.g. a maize field and -

" adjacent grassland), or in homogeneous vegetation with dis-

.tinct areas of different foliage height (e.g. a firebreak

and adjacent unburnt grass1and); In such cases, the total
group size was sub-divided accordingly. Thus, 289 sightings
yie1déd 302 separate records of vegetation_use, and 298 -
records of occurrence in different foliage height categories.'
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Most sightings were made while trave111ng on a motor-
cyc]e, and the remainder from either a motor- car, or while
'hiking on-fcot,» Observations were aided_by 8 x binoculars,
~ sometimes supplemented with a 15-60 x zoom telescope. ;In_
- addition to my own observations, 35 sightings made by
-reliable observers are included in the data. :

1.4 Results
i.4.i Vegetation types used by fdraging bald ibises

~ Indigenous grassland,anqtryegrass pastures were the
vegetation types used most frequently by foraging bald
'ibises (Table 1.4). Grassland was used most frequently -
-during late summer (January-March), and during the winter
and spring’burning period (June-October) (Table 1.5 & 1.6).
Burnt grass]and.Was used extensively during the winter
burning period in both years (Tables 1.7 and 1.8), but
declined in impor;ance‘after July. Patchy post-burn
. regrowth was used during -its restricted’period'df
availability during August-October (Tables 1.7 & 1.8),
and was particu]ariy,prcminent in 1979, but was of minor
significance in 1980, probably as a resu]t of the genera]
Tack of grass burning in that year.

‘Bald ibises foraged in short grassland ‘throughout the

year (Tab]es 1.7 and 1.8), although 51ght1ngs were not
recorded in June or August. Use of short grassland was
-particularly evident during September-November 1979, when
the ibises fed extensively in short, uniform~regrdwth in’
areas -of spring'burnt grassland. This effect was less
‘marked and somewhat delayed in 1980, when 1ess grass1and
was burnt, compared with 1979, '

Outside the burning season, short growth. is availab]evin
areas subjected to heavy grazing by livestock and meéhanical
mowing. Medium and tall grassiand were of minor significance
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during the winter and spfihg burning period (Tables 1.7
& 1.8), but medium growth was an important habitat type
during January-May in both years. Tall grthh was used
dh]y during January-June. |

'Ryegrass pastures were available and used throughout the
year by bald ibises (Tables 1.5 & 1.6). . The annual pattern
of occurrence in ryegrass pastures was bimodal, with péak

use in autumn and late spring-early summer. Kikuyu

grass pastures were used during January-April (Tables 1.5

& 1.6) and apparently were ignored during late spring and
early summef. A similar arranggment applied in the case of )
lovegrass pastures (Tables 1.5 and 1.6).

" Sportsfields and lawns were available throughout the year,
but most sightingsin this habitat type were made during
Apr11 - August (Tables 1.5 & 1.6). ‘Lucerne was grown
extens1ve1y in ‘the study area in both years, but records

of bald ibises in lucerne were confined to 1980 (Table 1.6).
Seasonal variation in the use of lucerne was similar to
that observed in ryegrass pastures in the same year.

Ba]d ibises were never seen feeding in amongst growing

" maize b1ants,‘but foraged in reaped méize’fie]ds during the
winter harvesting seasonQ .Typisa11y, fhe cut stalks stand
0,2 - 1,5 m above the ground-surface, and are arranged in
parallel rows ca 1 m apart. The soil surface is littered
with dried stalks, leaves and other -debris, and is devoid
of most Tive growth during winter. '

P]ough1ng occurred throughout the year, a1though most

lands were p1oughed during August -November for spring
planting of crops. ‘However, ploughed lands were used in-
frequently only dur1ng February July (Tab]es 1.5 & 1.6),

and apparently were avoided, during the main p1ough1ng

season. Four sightings (involving a total of 20 1nd1vidué1s)
'recorded 1n abandoned cultivation during 1980 (Table 1.6)
revealed no obv1ous seasonality in the use of this habltat

type.
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1.4.2 Foliage height

Bald ibises foraged most often in areas where the vege-
~tation was short or virtually nonexistent (Fig. 1.2).
Records in'height category 1 (bare s0il with Tittle or

no vegetation growth) were confined to ploughed lands and
‘reaped maize fields. The remaining foliage height cate-
gories represent different stages of growth in grassland,
pastures and abandoned cu]tivation

The extent to which bald ibises occurred in the different
foliage height categories varied seasonally (Fig. 1.3),
and was re]atedhc]ose]y to seasonal variation in the types
- of vegetation used. Sé]ection-for categories 1 and 2 was
most marked during June- November, primarily as a result of
foraging in burnt grassland, post-burn regrowth and reaped
maize fields. During the remainder of the year, categories
3 and 4 were the most frequented, when ibises fed exten-
sively in moderately grazed grassland andspastures. The
tallest heightdcategories, 5 and 6, were frequented only"
during November-April, after the annual burning season,
when burnt grass1and and short, post-burn regrowth are
unavaiiabie. |

1.5 Discussion

1.5.1 Attributes of habitats used by foraging bald ibises

Most ibis species forage in shallow water and along shore-
lines, consuming small aquatic animals (Archibaid et al.
1980). My results indicate that G. calvus is a dry land
forager, and resorts to watervonly for drinking and bathing.

A conSistent feature of the numberous Sites where bald
“ibises were recorded feeding was the short height of the -
vegetation. Bald ibises preferred vegetation shorter than
" the height of their abdomens, and se]dom ventured 1nt01
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~ FIG. 1.2 Relative frequency of bald ibises recorded in

each foliage height category, based on 298
sightings. and 4 064 individuals observed during .
©-1979-80. : : .
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FIG. 1.3 Relative frequency of bald ibises recorded each
S month in foliage height categories (i) & (ii)
(clear columns), (iii) & (iv) (hatched columns)
and (v) & (vi) (stippled columns) during 1979-80.
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vegetation higher than their backs. Given'areas,with
”equa1 prey densities, bald ibises presumably feed'more
efficiently in "short" vegetation than in "medium” or
”"ta11“vgrowth. Tall, dense vegetation impedes. the mob111ty
of the predatbr (Cody 1968), and provides .concealment
“for prey. Unless prey is super-abundant, tall vegetation
may require that the predator adopts a slow-walk-and-
cérefu]-search strategy to realize economical prey capture
rates. However, in short vegetation, or on a bare substrate,
the stepping rate increases, increasing the area-sampling
rate, and searching time decreases. Furthermore, in short
-vegefation,»ba]d ibises may be Tess vulnerable to predationf
than in tall vegetation. |

Another consistent feature of the sites frequented by

. foraging bald ibises was the relative lack of trees.
Vineent & Symons (1948) and Cooper & Edwards (1969) also
mention the species' preference for open, treeless terrain,
Tall trees of Acaéi& sieberana are scattered throughout
A,Themeda-Hyparrhenia Grassland, particularly in the dry
faciation, but‘they are.spaced widely and almost never

form an ihter]ocking canopy. In Themedd Trachypogon
Highlands Grassland, trees are norma]]y conf1ned in their
natural state to isolated patches of scrub- forest on

'steep slopes. Since European séttlement in the mid-19th.
century, several varieties of non—tndigenOUs trees have
been planted extensively in both grass]and'types. Thus,

in many b]aces, these.grass]andiareaé are now well covered
in trees. Furthermore, large areas of Themeda—Hypafrhenia
Grasslend have been ‘invaded secondarily by thorn veld
(Edwards 1967). The reduction of grassland areas through
bush or karroid encroachment (Siegfried 1971), and commer- .
cial afforestation, reduces the area of suitable foraging
habitat for bald ibises, and may contr1bute to the decline
of local popu]at1ons

1.5.2 Seasona] use of pastures in relation to primary
product1on
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: Of‘the.cultivated habitat types used by ba]d.ibises,
ryegrass pastures were used most frequently. The birds'
'heavy”reliance on ryegrass pastures during autumn (March-
‘May) and spring (September-November) is remarkable, con-
sidering that this hab1tat type occupies less than 2, SA

of the study area. The bimodal pattern of the use of
ryegrass pastures reflects the annual pattern of net aerial
production in ryegrass, which peaks during spring and autumn,
‘with minimal growth obtaining during summer and autumn
(Tainton, Bransby & Booysen 1976, Jones, Arnott & K1ug'
1980). Kikuyu grass differs from ryegrass in that net
aerial production achieves its annual peak»duringvlate
spring and summer (November-February), declines in autumn
and is suspended during winter (Tainton et al. 1976, Jones
et al. 1980). Kikuyu grass pastures were'used>during
January-April, fo]]owﬁng the summer peak in productipn,

and were apparently ignored during late spring and early
summer, when productivity increases after winter dormancy.
A similar arrangement applied in the case of Tevegrass
pastures, {n,which seasonal growth is similar to tnat
obtained in Kikuyu grass (Tainton‘et'&l- 1976, Jones et al.
1980). ' '

Verbeek (1973) documented a close correlation between the
,seasona] abundance of invertebrates and primary production
in Californian grassland.” Thus, the relationship between
primary production in pastures and their use by.bald ibises
could be mediated by fluctuating prey abundance resulting
from seasonal variation in net aerial production, although
additional factors, such as grazing and mowing intensity,
and the availability of alternative habitat types, are also
involved. In this connection, it may be significant that
Kikuyu grass and 1ovegrass pastures were used most exten-
.s1ve1y during January-February, when product1V1ty and use
of ryegrass pastures were low. '
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1.5.3 Fire in the provision of foraging habitat

Bald ibises foraged preferentially in bunntvgrass1and and
in post-burn regrowth when these habitats were available,
presumably because they are more "profitable" than alter-
native types. The profitability of habitat for a forager
is expressed as the amount of food (in biomass, calorific
or nutritional units) that can be gathered per unit time
spent searching in that habitat (Royama 1970). Présumab]y,
enhanced profitability of burnt grassland and post-burn'
regrthh'for bald ibises could be related to fire-induced
structural changes in the vegetation, as well as the
immediate and short-term effects of fire on prey communities
inhabiting grassland. The passage of fire converts tall,
'dense:graés into short, sparse stubble, reducing cover for
invertebrates and improving conditions for the ibises'
mobility.

The immediate and short-term effects of grassfires on
invértebrates inhabitiné African grasslands are virtually
unstudied (Frost, in press). However, studies in temperate
North American grass]ands'(Rice 1932, Tester & Marshall
1961, Cancelado & Yonke 1970) indicate that following an
“initial decline immediately after burn1ng, macro- |
1nvertebrates subsequent]y increase, and become abundant
once spring regrowth sets in. Furthermore, many inverte-
brates are killed by the fire, and these are readily con-
sumed by‘baid'ibises. Thus, the availability of prey in
burnt grassland and in post-burnt regrowth is sufficient
to repay attention from foraging ba]d ibises, and the.
density of prey may actnally exceed that obtained-in
adjacent, unburnt areas.

Thepossio]e factors accounting for a greater abundance

of macro- 1nvertebrates in post- -burn regrowth, compared

with unburnt grassland, are worth considering here. Spr1ng
regrowth generally appears earlier in burnt areas than in
unburnt areas (Rice 1932, Cook 1939, West 1965, Daubenmire
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1968), providing favourable conditions for,phytOphagous
insects relatively early in the season. Ear]ier resuhpF
‘tion of leaf growth (and hence food for phytophagous
insects) may result in a re]at1ve1y early build-up of
invertebrate numbers in burnt areas, compared with un- -
burnt areas. Indeed, Rice (1932) noted the eér]y appear-
ancé_of several taxa (Tipu]idae,,Hemipteré, Homoptera

and Ofthoptera) in post-burn regrowth, compared with un-
'bdrnt«grassland. - ' o |

‘A second. factor that may influence the early occurrence
and greater abundance of macro-invertebrates in post-
‘burn regrowth, compared with unburnt areas, is the
relatively high nutritional value of renewed spriﬁg growth

after burning (West 1965, Daubenmire 1968, Mentis 1978).
In this connection, three species of ante]opes 1nhab1t1ng
fire-maintained grass]and in highland Natal exhibit a
highly s1gn1f1cant preference for new growth in winter-
and spring- burnt grassland (0liver, Short & Hanks 1978),
and Mentis 0978) showed that the crude protein -and phos-
phate levels are higher in post-burn negrowth than in the
new growth of unburnt herbage. Furthermore, pkeferehce
for winter- and spring-burnt grass1and by ante]opés per-'
sists to the following autumn (Oliver et alZ. 1978).
Similarly, winter and spring burn1ng could affect the
distribution and abundance of invertebrates (and se]ect1on
of foraging sites by bald 1b1ses) for several months after
"the burning season. ' '

In addition; microclimate, and particularly the temperature
regime, may favour the occurrence and productivity of
invertebrates in burnt grassland, especially in winter.

Ground-surface temperatures are substantially higher during

the day (Phillips 1930, Mentis & Bigalke 1979) and increase
more rapidly in the morning (M.J. Savage 1981, pers. comm.)
in burnt than in unburnt areas, and could favour insects
and other small ectotherms during the cold winter months
in the study area. Ground-surface temperatures may range
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Tower at n1ght in burnt than in unburnt areas (Ph1111ps
1930), but this may not be critical for organisms which
are inactive at night. Also, at night, insects she1ter
under ash and other debris, or arouhd the bases of'grass
tufts, and so probably ame11orate the effects of low
temperatures

1.5.4 Modern and pre-modern foraging eco]ogy of G. calvus

The results show that bald ibises forage primarily in
habitats modified by man through fire, grazing and agrﬁcu]-
“ture. Because the incidence and seasona11ty of these

three factors, and part1cu1ar1y fire, exert a strong. 1n-.
f1uence on the timing of reprodqct1on and migration in

G. calvus, their pre-modern aspects are worthy of discussion.’

The grasslands of Natal are burnt regularly by land managers
‘to promote new growth for livestock, and to prevent
‘encroachment of undesirable plants. However, there is
considerable evidence to suggest that these sub=climax
‘grasslands owe their existence to the recurrent incidence
of fire (Phillips 1930, West 1951, Tainton & Mentis in
press), and that lightning played an important role in the
formation of fire-maintained grassland in South Africa
(Bayer 1955, Killick 1963, West 1965, Mentis, Meiklejohn &
_SCOtcher 1974).  Thus, it seems. 1ikely that fire has been a
regular feature‘bf the bald ibis' grassland biotope for
considerable time, and that the present, artificial fire
regime is modified from a pre-existing, "natura1“_fire
regime (West 1965, Mentis et al. 1974).

~ Domesticated caprines (sheep or goat) and cattle were
~present 1 200 - 1 400 years B.P. in Natal, and hay have

- been introduced as ear1y as 1 700 - 1 800 years B;P. (Maggs
TT9803. Prior to the introduction of domesttcated livestock,
the grasslands of the‘study area, and the rest of South _
Africa, were inhabited by a diverse and abundant commun1ty
of - graz1ng ungu]ates which were largely migratory (Du.
Plessis 1969).
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. Thus, gnazing by large ungu]dtes, and the.subsequenf
short-grass conditions have been features of the bald ibis'
environment for a long time. It is‘interesting that the
~ black wildebeest Connochaetes gnou shows a marked preferente.
for short, heavily grazed grassland created and mafntained
_by'tne wildebeests them§e1ves (von Richter 1971). Since
the former range of the black wildebeest (Du Plessis 1969)
coincides to a 1érge extent with the distribution 6f G. calvus
(Siegfried 1971), it is possible that G. calvus may have
been associated closely with the short-grass areas created
by wildebeests. Furthernore, the daily movements of most
graiing ungu1ates are restricted by the availability of
surface water, especially during the dry season (Western .
1975), so that short-grazed grass is normally available
around pans and vlieis. Such heavily grazed areas may-be'
profitable foraging habitats for bd]d,ibises.. Several
studies (cited in Tester & Marshall 1961) indicate that’
grasshoppers are more numerous in heavily grazed than in
‘undisturbed grassland. |

. Coinpared with'fire.énd grazing, agriculture is a relatively
recent development in the study area. Iron age farming
communities arrived in Nata] ca 1 600 - 1 700 years B.P.
(Maggs 1980). These. ear11est farmers probably cultivated - -
gra1ns, legumes, and cucurb1ts, ‘and confined their. ‘settle-
ments to the Semi-deciduous Bush until ea 1 000 years B.P.
After that date, iron age settlements expanded 1nto the
Interior Acacia karroo-A. ‘nilotica Thorn. Veld,- and
Themeda-Hyparrhenia Grass]and, up to the present boundary
of Themeda-Trachypogon Highlands Grassland (Maggs 1980).

It is reasonab]e to speculate that the bald ibis' postulated
older association with discrete, patchily distributed
“foraging habitats, created by fire and localized grazing,
prediSpdsed.the species to feeding regularly in cultivated
lands. ' :
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CHAPTER-Z

FACTORS INFLUENCING THE USE OF WINTER-BURNT GRASSLAND
BY BALD IBISES.

2.1 Introduction

“The bald ibis Geronticus calvus (Aves: Threskidrnithidae)

is a rare'species endemic to the southeastern hiQh]ands of
southern Africa. It is highly gregarious,-usually feeding
1n'f1ocks and roosting communally on cliffs and.in trees.

- The bald ibis inhabits open grassland areas, and feeds
primarily. on arthropods, earthworms and”dther small’ 1nverte--
~brates obtained in grassland and cu1t1vated lands (V1ncent

& Symons 1948, Siegfried 1974, McLachlan & Liversidge 1978,
Manry 1982). o | '

The'grassland inhabited by 6. cazbus is burnt.amiually by’
~landowners, usually between May and November, and the bald
ibis feeds extens1ve1y in burnt grassland and in short
post-burn regrowth during the ‘prescribed burning per1od
(Manry 1982). This paper investigates the use of winter-
burnt grassland by foraging bald ibises, and changes in
arthropod abundance in winter-burntvgrass1and, in relation
3 to the time elapsed after burning. | |

2.2 Study area and grass-burning

The study area is in western Nata]Q South Africa (Manry -
1982).. Altitude ranges between 950 and 1 950 m above sea

: 1eve1,vand ambient temperature ranges from - 13,3 to 45,0°C.
Mean annual rainfall ranges between 600 and 1 000 mm;.approxi-
mately 48% of the total annual rainfall occurs in summer
(December-February), whereas 5-6% occurs during winter
(June-August). Frosts are severe durTng winter,. but'. snow*
falls are extremely rare in the study area (Edwards 1967

Manry 1982). '
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Approximately 74% of the.study area consiste of‘indigenOUS
grassland and savanna-woodland vegetation (Manry 1982).

In its natural condition grassiand is virtually devoid of -
trees, but plantations of conifers, eucalypts and other
non-indigenous trees are now commonplace in .grassland since
the arrival of European settlers in the mid-t9th century
(Edwards 1967). Approximately 26% of the study area is
under cultivation, silviculture and non- agr1cu1tura1 forms
of Jand-use (Manry 1982).

During autumn (March-May) grass in the study area becomes
desiccated and highly f]ammabTe. Landowners burn'strips

of grassland (usually between 10 and 100 m wide) during
May—JU]y to create a network of firebreaks for_pfotectioh‘
‘against runaway grassfi;es. Firebreaks burnt during June-
JUTy, and large areas of grasé]ahd burnt inedvertent]y'
“when: firebreaks are prepared, are herein referred to v
'bb11ective1y as "winter-burnt grassland". Grassland burnt
during this period remains dormant,with no sustained aerial
regrowth, unti1 rain and/or rising soil temperature |
stimulate the resumpt1on of aerial growth sometime between L
mid-July and mid-August (Edwards 1967, Manry 1982)

2.3 Methods

~ From June 1978 to November 1980 I recorded all sightings
" of bald ibises foraging in the study area. VFQr_each
,'s{ghting I noted the date, time of day, locality, the number.
of ibises present and habitat type (Manry 1982). Where
ibises were observed feed1ng in dormant burnt grass]and an
‘attempt was made to contact the property owner to ascerta1n
the date of burning.

‘Invertebrates were sampled on four differenf firebreaks

burnt .between 2 June and 6 July 1980 on the farm "Durleigh”
(29° 15*' S, 29° 55'eE; -1 450 m above sea level) in Themeda-
Trachypogon'High1ands Grassland (Edwards 1967), approximately
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10 km SW of Mooi River, Natal. .Themeda-Trachypogon
Highlands Grassland is dominated by Themeda trianda,
Apochaete hispida, Trachypogon spieatus . and Hetéropbgoﬂ
contortus, and achieves a height of 1,0 m under favourable
conditions (Edwards 1967). Samples were collected system-
atically during June-Auguét 1980 using a bottomless card-
board carton (580 x 380 x 380 mm wide)twith‘a removable top.
‘The sampling box was suspended oh the end of a 2 m pole,
carried along the‘mid1ine of the firebreak and dropped'to
the ground suddenly at ca 10 m intervals. The tdp was then
removed and any living or.dead macrofauna with a combined
‘head-abdomen length of = 5,0 mm were collected and posited
in glass vials (the minimum size criterion eliminated micro-
invertebrates such as collembolans and formicids from the
samples). Ash and bther detritus were disTddged and removed
~ by gentle blowing énd sweeping with a small paintbrush, and
any dead invertebrates, as well as‘]ivﬁng invertebrates
sheltering around the bases of grass tufts, were collected.

Thirty Samp]es were collected from each firebreak -in each -
samp]iﬁgvtrial. ~No attempt was made tolinvéstigate possible
diurnal variation in the abundance of live invertebrates on
firebreaks, although samples from a given sampling trial on
a particular firebreak were collected at different times of
the day (e.g. 15 in early morning, 15 at mid-day) to help
ameliorate the effects of possible diurnal movements of
invertebrates between firebreaks and the surrounding un-
‘burnt grassland. | -

2.4 Results
2.4.1 \Use of winter-burnt grassland by.fbraging bald ibises
Bald ibises feeding in dormant burnt grassland during winter

were encountered singly or in groups ranging in size from
two to 52 individuals (mean + S.D. : 9,17 + 12,12 § n ='30).
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0f a total of 30 sightings of bald ibises feeding:in
dormant burnt grassland during June-August in 1978, 1979
and 1980, the age of the burn was determined in 23 separate
cases, involving a total of 180 individuals (Fig 2.1).

The majority of these sightings (52%) and- 1nd1v1dua1s (73%)
were recorded within one week of burning, while s1x |
sightings (involving a total of-43 individuals) were kecorded
in dormant burnt grassland 2-24 hours after burning. The

: remdining records were made between one and 35 days after
burning {(Fig. 2.1).

2.4.2 Arthropods in winter-burnt grassland

LA total of 360 samples was collected in 12 sampling trials
on four different firebreaks. A1l macrofauna collected
were arthropdds, with acridids; blattids, lepidopterous
larvae and spiders being the most numerous (Table 2. 1)
Acr1d1ds, blattids, curculionids and spiders were recorded
in 33-75% of all samp11ng ‘trials (Tab]e 2. 1) ‘

Samples were assigned tQ three different groups, viz. those
- collected 0-7 days after burning, those collected >7 days
after burning but prior to the resumption of sustained
aerial growth (i.e. 14-37 days after burning), and those
collected in the early stages of renewed aeria]-gkowth _
(46-82 days after burning) (Table 2.2). These data indicate
some possible trends in the avai]abi]ity of potential food
items for bald ibises in winter-burnt grassland. Of parti-
cular interest is the relatively h1gh abundance of dead
invertebrates in winter-burnt grass]and.dur1ng the first
week after-bUfning, which declines rapidly during the
following weeks (Table 2.2). Similarly, live invertebrates
‘were most numerous during the initial week after burning,
:but were substantia11y less abundant in samples co]]ectéd
14-37 days after burning.. |

In'1980, sustained aefia] regrowth appeared on a]] four
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firebreaks in mid-August, ca 36-70 days after'burning.
~Samples collected after the resumption of sustained aerial
growth indicate a concommitant increase in the abundance of
‘livesinvertebrates in winter-burnt grassland to levels |
exceeding those obtained during the initial week after

burning (Table 2.2).

Arthropods collected in 12 sampling trials on

TABLE 2.1 :
. four . different firebreaks on the farm "Durleigh"
~during June-August 1980.  Total specimens = 164,
: Percent Fréquency in
Taxon Alive Dead Total Sampling trials
: Specimens (%)
Orthoptera
 Acrididae 53 39 56,10 75,0
f'Tetrigidae ' 0 1 0,61 8{3
Tettigoniidae 2 1 1,83 16,7
Blattidae 8 1 5,49 66,7
Coleoptera | o _
Curculionidae 3,05 33,3
Scarabeidae 8 4,88 41,7
Tenébripnidae 1 0,61 - 8,3
Homoptera '
Cicadellidae 1 1 1,22 16,7..
Hemiptera _
Coreidae i} 0,61 8.3
Reduviidae 1 0,61 8,3
Pentatomidae 4 1 3,05 25,0
. Lepidoptera | :
larvae 5 8 7,92 33,3
pupae 0 1. 0,61 '8C3,
Hymenoptera - ' '
wasp B 1 0,61 8,3
Isoptera 1 0,61 8,3 ..
. Spider 18 0 10,97 3333;,_
Tick 0 1 0,61 8,3
Centipede 0 1 0,61

g,3ft
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TABLE 2.2 : Abundance of living and dead arthropods
' collected in 360 samples in winter-burnt
~grassland in relation to time e]apsed
after burn1ng
‘|pays elapsed - - Total | Number of
after burning . Samples " Arthropods :Collécted
Alive Dead
dormant grassland:
0-7. 120 31 61 ..
14-37 120 12 6
post-burn régrowth:
46-82 120 50 4
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2.5 Discussion

The feeding habits of G. calvus aré pobr]y known, and no
systematic study of its diet has been made, a1thodgh insects,
- earthworms, snails and small vertebrates are probab]y.the
main food items consumed by bald ibises (Layard & Sharpe
1875-1884, Stark & Sclater 1906, Roberts 1940, Vincent &
Symons 1948), reflecting a range in diet similar. to that
recorded in the closely related waldrapp or red-cheeked

ibis G. eremita of Turkey and Morocco (SmitH 1970, Cramp

& Simmons 1977, Hirsch 1979). Although no observations were
made on the selectivity of particular prey items‘by foraging
bald ibises, the results of sampling macrofauna in winter-
burnt grassland suggest that acridids, spfders, Coleoptera,
lepidopterous larvae and blattids compose the bulk of food
items consumed by G. ecalvus in the study area during winter,
when most sightings of foraging bald ibises were recorded

in burnt.grass1and (Manry 1982).

Obsekvations on bald ibises foraging in dormant, winterbbufnt
grassland for which the date of burning was determined |
indicate that the birds feed in burnt grass]andﬂmain]y@during
the initial week after burning, but continue to visit burnt
areas for at least five weeks after burning. Sampling of
macrofauna indicate that living and dead arthropods are most -
“abundant in dormant, winter-burnt grassland 0-7 days after .
‘burning, but occur.in reduced numbers 14-37 days after
burning, although dead arthropods in particular are sub-
stantié]]y less abundant in dormant burnt grassland

following the initial week after burning.

The priméry'advantage for bald ibises feéding in recent]y.
burnt grassland, compared .to older burnt areas, may be‘the
abundance of dead prey items killed by the fire. Arthropods
killed in grass-fires are little damaged except for scorching
and s]ight charring of extremities. Living and dead arthro-
pods are easier to locate in burnt grassland, where most
végetafion has been removed by the fire, and once located,
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dead prey items require no further pursuit. Moreover,
invertebrates fleeing ahead of the fire may accumlate in
-vfront of the ~advancing flame front and be overtaken,
1eav1ng rich concentrations of dead prey 1tems which are"
dispersed patchily on the firebreak. Upon 1and1ng on a
firebreak bald ibises usually move uni-directionaT]y‘across
the burnt area as a swarm, or in a row, with each bird
‘maintaining a regular distance of ca 0,4-1,5 m from its
,neérestvcbmpanion*on either side. Bald ibises walk rapidly
over burnt grassland and probe the ground on either side

of the search path, picking up food items from the surface
~and paus1ng occas1ona11y to probe into the so11 Birds
that ‘lag behind the formation to feed where prey items are
concentrated soon attract other ibises to their vicinity.
In these circﬁmstances bald ibises seemed tolerant of con-
specifics feéding'tloseby, and occasionally two or three
birds were observed probing simultaneously in a <0,01 m?2
area withoutshowing signs of gggression. The ba]d.fbiéf
group foraging behaviour, involving systematit ground-
search formations and mutual tolerance of conspecifics
feeding very closeby, seems well suited to locating and
exploiting localised concentrations of food in burnt areas.

An add1t1ona1 advantage to foraging in burnt grass]and is

the conspicuous appearance of burnt areas against the
surrounding unburnt grass, so that they can be located easily
from an aeria]\vahtage point. -Bald ibises utilise rising

air currents to gain altitude with little expenditure of
energy. Birds ascending on a_thermal or updraught circle
in a compact flock in a manner similar to migrating flocks

" of Buteo buzzards and other raptorial birds. After reaching
a certain height the birds glide in a shallow descent to
intercept the ground several kilometres away.

The means by which bald ibises distinguish recént]y-burnt
grassland from older burns are not known, although two N
possible methods seem plausible. First, birds may detect
a-grassfire from a considerable distance away by noticing
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the rising smoke column and flying toward it. After
locating a burnt area, an ibis may return to it to feed

" on subsequent days, perhaps accompanied’by other birds
‘that were previous1y unaware of its position. Secondly,
bald ibises may use colour as an indicator of the burn's
‘agé. Récent]yiburnt grassland is dark black, but its.
colour fades gradually as thé ash is dispersed by wind.
Human 1hvestigators estimate thé agesrof burnt areas
appearing in sate111te imagery by referr1ng to a grey
scale (Jarman 1973). Similarly, G. calvus may also d1st1ngu1sh
recent from older burnt areas by the1r degree of blapkness. '

1

The abundance ofkliving and dead arthropods-on a.firebreak
.immediately after the fire will depend partly on the numbers
'-présént at the time of burning, the nature of the vegetation
and terrain, as well as the type, intensity and rate of -
spread of the fire. Highly mobile invertebrates flee into
the surrounding unburnt vegetation, while other take refuge
in rocks, termitaria,burrowsg_cracks in the ground and .
islands of unburnt vegetation, and may re-occupy the'burnt
area later. Subterranean forms are generally unaffected by'
fire per se, but may be adVerse]y affected by the post-fire
environment (Rice 1932, Cancelado & Yonke 1970, Gillon 1972,
Lamotte 1975, Frost. in press). The rate at which the num-
bers of living and fire-killed invertebrates diminish on a
- firebreak after burning will depend'partTy on local decom-
position rates, and the presence of predators and
scavengers. . ‘

'vShortly after the renewal of aerial growth in burnt grass-.
‘land between mid-July and mid- -August, G. calvus adjusts |
~its winter forag1ng strategy, which emphas1ses feed1ng in
recently burnt grassland, to include older burnt areas
supporting short, post-burn regrowth (Manry 1982).

Several studies conducted in grass]and and savanna areas

in North America and tropical Africa show that invertebrates
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begin to increase in numbers in burnt vegetation shortly
~after the renewal of aerial growth, and that the

abundance of invertebrafes in post-burn regrowth may exceed
that obtained in adjacent, unburnt vegetation (Rice 1932, .
‘Tester & Marshall 1961, Cancelado & Yonke 1970, Gillon 1972,
~ Lamotte 1975). In the present study an increase in
“arthropod numbers was apparent ca 10-14 days after the
-appearance of new growth. Thus, old wjnter-burnt grassland
.may become a high]yvprofitab1e habitat type for fdfaging
~.bald ibises shortly after the renewal of. aerial growth in

late winter.



PAGE 47

2.6 - REFERENCES

CANCELADO, R., & YONKE, T.R. 1970. Effect of prairie
‘ ' burning on insect populations. J. Kans.
Entomol. Soc. 43: 274-281. '

CRAMP, S. & SIMMONS, K.E.L. 1977. The birds of the -
' ‘ western Palearctic, Vol. 1. Oxford.

EDWARDS, D. 1967. A plant ecological survey of the Tugela
.River Basin. Mem. Bot. Surv..S. Afr. 36.

FROST, P.G.H. in press Adapt1ve response of organisms
' to fire regimes in South Africa. In:
Symposium on the ecological effects of
fire in South Africa, 9-10 May 1980,
~Pietermaritzburg. :

GILLON, Y. 1972. The effect of bushfire on the principal
: acridid species of an Ivory Coast
. savanna. Proc. Ann. Tall Timbers Fird Ecol.
Conf. 11: 419-71.

HIRSCH, U. 1979. Studies of West Palearctic birds. 183.
' ' Bald Ibis. Brit. Birds 72: 313-325.

JARMAN, M.L. 1973. Preliminary assessment of .veld burning
R patterns in Natal from ERTS-1 imagery.
In: To assess the value of satellite
imagery in resource inventorization on
a national scale. Special report FIS
- 50 SR No. 9616, CSIR, Pretoria.

LAMOTTE, M. 1975. The structure and funct1on of a trop1ca1
: savannah ecosystem. In: Trop1ca1 _
ecological systems: trends in terrestrial
and aquatic research, ed. Golley, F.B.
& Medino, E. Springer-Verlag, Berlin.

LAYARD, E.L. & SHARPE, R.B. 1875-1884. Birds of South
' v Afriqa. Quaritch, London.

MANRY, D.E. 1982 . Habitat use by foraging bald ibises
o Geronticus calvus in western Natal.
S. Afr. J. Wildl. Res. 12: 85-93.



PAGE 48

MCLACHLAN G.R.& LIVERSIDGE, R. 1978. Roberts birds of
: _ South Africa. Cape and Transvaal
Printers, Cape Town.

RICE, LUCILLE A. 1932. The effect,bf fire on the prairie
- anima] COmmunities. Ecology 13: 392-401.

.ROBERTS, A. 1940. The birds of South Afr1ca ' Witherby;’
' : - London _ :

SIEGFRIED,'W.R. 1971. The status of the_baid ibis of
: . southern Africa. BZol. Conserv.
3: 88-91. .

.SMITH, K.D. 1970. The Waldrapp Geronticus eremita (L ).
. Bull. B.0.C. 90: 18 24,

STARK, A.C. & SCLATER, W.L. 1906. The birds of South
: ' ' Africa, Vol. 4. Porter, London.

TESTER, J.R. & MARSHALL, W.H.. 1961. A study of certain plant
o and animal 1nterre1atlonsh1ps on a
native prairie in northwestern Minn-
esota. Occas.. Pap., Mlnn Mus. Nat.
Hist. 8: . 1-51. '

VINCENT, J. & SYMONS, G. 1948. Some notes on the bald
: ibis. Ostrich 19: 58-62.



PAGE 49

CHAPTER 3

REPRODUCTIVE PERFORMANCE OF THE BALD 1315 IN RELATION TO
~ RAINFALL AND_GRASS- BURNING’

3.1 Introduétion

The baid ibis Geronticus calvus is a rare species endemic

to the southeastern h1gh1ands of southern Afr1ca Like

_its so]e congenor, the waldrapp or red- cheeked 1b1s G. eremita
of North Africa and the Middle East, the bald 1b1s breeds

colonially on high, vertical cliffs, feeds in flocks and

_congregates in communal roosts (Siegfried 1971).

The bald ibis is brimari]y an-insectivore, and feeds mainly
in 1nd1genous grassland and in cultivated areas. = The grass-
‘lands .frequented by the bald ibis are subject to annua]
~burning, and the species feeds extensively in burnt grassland
and in short, post-burn regrowth during the annual prescribed
"grass-burning season (Manry 1982). - This paper documents
annual variation in'the reproductive effort and success of
bald ibises during three consecutive breeding seasons

- (1978-80) at a single breeding colony in Natal, South Afr1ca,
| and discusses the. reproduct1ve performance of bald ibises,
,and their use of foraging hab1tat in relation to rainfall
and grass-burning. ’

3.2 Study area and grass-burning

The study area is in western Natal, South Africa (Manry 1982).
"Altitude ranges between 950 and 1 950 m.above sea level,
meanvqnnual rainfall varies between 600 and 1 000 mm, and ambient
'temperéture ranges from -13,3 to 45,0°C (Edwards 1967). The
vegetation consists mainly of indigenou5vgra531éhd'and
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savanna-woodland. Approximately 26% of the study'érea iS
under cultivation, si]vicu]ture and non-agricultural forms

of land-use. Maize Zea mays and paétures (Italian ryegrass
Lolium multiflorum, Kikuyu grass Pennisetum clandestinum,

_ lovegrass Eragrostis curvula and lucerne Medicago sativa)

are important foraging habitats for bald ibises (Manry 1982).
Grassland in the study area is a sub-climax community main-
tained by periodic burning. Two forms of prescribed burning
are practised in the study area, viz. firebreak burning and
spring burning (Manry 1982). Firebreak burning involves _
firing grassland in strips (usually between 10 and 100 m wide)
"to create a network of firebreaks for pfotection against
runaway grassfires. Firebreaks are usually burnt during
May-dJuly, with a majority burnt in June. _ Spring burning
consists of firing extensive areas of grassiand, primarily

to eliminate old, moribund foliage and to stimulate new growth
for domestic livestock (Scott 1951, 1955).

3.3 Methods

'3.3.1 Nesting of bald ibises

‘Nesting of bald ibises was observed at a breeding'co1ony
'situated on cliffs surrounding a 39 m high waterfdall on the
Mooi River, approximately 42 km WSW of Greytbwn; Natal, South
Africa. Nesting sites were on open ledges, and each site
was inspected at one-to-seven-day intervals, from the onset
of nestihg in Tate July or early August, until the last
nestTings fledged (i.e., vacated the nesting ledge for_the‘
first time under their own powers of f]ight),or.expired in
December. Observations were aided by 8 x 35 binoculars,
bften subp]emented with a 15-60 x zoom telescope, and were
entered into notebooks.

Out of a total of 60 nesting sites used by bald ibises in
the study colony during 1978-80, 22 were favourably situated .
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so as to allow inspection of nest contents from three different'
- hides situated above the nesting cliffs. Adult birds occuby-
ing these focal nesting sites were recognised individua]]y by
the distinctive patterns of grooves and depressions on their
hard, naked crowns, which were sketched and photographed.
Recognition and documentation of the diagnostic head pattern
characteristics of individual .birds were improved and extended
to include more birds in 1979 than in 1978, so that in 1980,
more birds were recognised from the previous breeding'seasoh

" than in 1979. . |

C]Utch-size, hatching success, nestling survival and fledging
success were monitored in focal nest1ng sites. In the- |
remaining nesting sites, the number of eggs and small nest-
lings could not be estab11shed with certa1nty, and only the

. number of nest]1ngs raised to fledging age (i.e., 40-45 days
after hatching) cou]d be determined. Breed1ng at sites
where the nest contents could not be observed was indicated
by the onset of incubation behaviour in the resident pair.
The nesting period at the study site (31 July-30. December)
was divided into 23 seven-day intervals (beg1nn1ng with

30 July + 3 days) to facilitate comparisons between years.

The number of ba]d ibises residihg in the co1ony'was deter-
mined at frequent intervals by counting the birds as they
departed for feeding areas in the early morning. Birds

- remaining in the colony after the morning exodus were then
counted, and their number, added to the count of those
departing, yielded a complete census of the colony.

©3.3.2 Habitat use by foraging bald ibises

A11 sightings of bald ibises foraging in thevstudy area were
recerded, and the7folloWing details were noted: date, time
of day, lTocality, number'of_ibises preéent, vegetation type,
foliage height and weather conditions.  Vegetation was
c]assified as one of five basic types, viz. grassland, culti-
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- . vated pastures, maize fields, ploughed fields and abandoned
cultivation. Five different grassland "form§" were
distinguisheq according to foliage height and stagé'of Fecbvery
'frdm burning, i.e. burnt grassland with no sustained regrowth,
patchy post-burn regrowth, uniform short growth (<70%mm fa]]);

- medium growth (70-120 mm tall); and tall growth (>120 mm tall).
The last three categories include grass récoveking'from burning"
as well as unburnt grass shortened by graz1ng and mOW1ng

(Manry 1982).

3.3.3 Rainfall

Daily measurements of rainfall were recorded at Weston
Agricultural College, Mooi River (29° 13'S, 30° 02'E, 1493 m
above sea level), and were provided through the courtesy of
the Agrometerological Section, Cedara College, Natal.

3.4 Results
3.4.1 Reproductive performance ofvba1d,ibises
3.4.1.1 Nesting chrono]ogy‘and co]ony population

The timing of egg-laying, hatching of eggs and f]edg{ng’of
hestlings< was remarkably similar in all three years (Fig. 3. 1)
The first clutch of the season was initiated between 31 Ju]y

and 5 August, while the final clutch of the season was initiated
between 19 and 20 October. The first fledglings vacated their:
‘nesting ledges on 17 October in both 1978 and 1979, and on
14 October in 1980. The last nestling in the colony f1edged

on 22 and 30 December in 1978 and 1979, respectively. In ’
1980, the last nestlings to fledge vacated their nesting 1edge
on 26 November, while two add1t1ona1-nest11ngs remained in the
colony until 10 December, when they were swept from their
nesting site by floodwaters of the Mooi River.
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FIG. 3.1 Timing of egg- 1ay1ng, hatch1ng and f]edg1ng
of nestlings at the study co]ony during
1978-80. .
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A mean clutch-initiation time (T) was calculated for each
year using a modified version of Cavé's (1968) formula:

where T is the number of days elapsed since 26 July (in
seveh—day increments), and N is the number of nests initiated
in each seven-day intervﬁ]. The.values of T and‘méan:o1utch?
initiation dates (C) for each year are given in Table 3.1.

The mean clutch-initiation date was similar in 1978 and 1979,
but was six-to-seven days earlier in 1980. This is owing
part]y to the relative lack of re-nesting attempts by pairs
that failed in their primary attempt in 1980, compared to

1978 and 1979 (Table 3.2), which constituted a maJor1ty of
clutches laid after 13 September (Fig. 3.2).

The number of ibises residing in the study co]Ony during |
the egg-Taying period increased from 98-108 in 1978 to
120-148 in 1980 (Tab]e 3.3).

3.4.1.2 Clutch-size

The distribhtion of-cluteh-siZe, and the mean size of 61
“clutches during 1978-1980 are shown in Table 3.4. This

' samp1e excludes nine replacement clutches laid by pairs

that failed in their initial breeding attempt. A1l primary
clutches consisted of two (c/2) or three (c/3) eggs; The
mean clutch-size was almost identical in 1978 and 1979, but
was substantially smaller in 1980, as a resu]t of fewer c/3
clutches in that year (Tab]e 3.4).

~The .sizes of primary clutches ]aid by 13 fndividua]]y
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Calculation of mean c]utch'initiatioh\dates (C)

TABLE 3.1 : _
: : at the study site during 1978-80 (see text).
g(T x N) IN T C
1978 2037 58 35,1 30 August -
1979 1848 55 33,6 . 29 August
1980 1183 43 27,5 23 August -
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7,25, af

TABLE 3.2 : Success of breeding attempts in focal nest1ng
sites during 1978- 80
1978 . 1979 1980A
Number of‘paits breeding in focal sites - 21 20 20
Number of initial Bkeeding attempts thatifat1 | 8 6 9
Number of re—nésting attempts. | 5 3 1
Total nesting attempts o 26.‘.f 23 21
Per cent clutches in wh1ch 1-3 eggs | ‘ | B ;-‘;,t
hatch successfu1]y 73,1 78,3 76,2
vPer cent broods in which 1-2 hatchlings : -
~reach fledging ageb 78,9 83,3 . 68,8
Per cent nesting attempts produc1ng at .
1east one fledgling© 57’? 65,2 52,4
Per cent breeding pa1rs pfoducing at g ' S
least one fledglingd 71,4 75,0 -+ 55,0
Mean number of f]édgiings per nesting attempt€| 0,89 0,96 .0,571
Mean number of fﬁedg]i'ngs per blrfeeding pairf | 1,10 1,10 0,60
Notes: axs (ﬁot significant) (x2 = 0,18, dfv. 2; P> 0 510)~M‘
| Pys (Fisher's Exact Test, P >0,50).
- °Ns (x* = 0,76, df = 2; P>0,50).
INs (%2 = 2;07‘,'_ df ‘= 2;0,50 > P > 0,25).
exns (x2 = 6,14, df = 4;0,25 >P>0,10). i
fns (% = - 4;0,252P%0,10).
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FIG. 3.2 Numbers of primary (clear columns) and
' replacement (hatched columns) clutches
initiated in focal nesting sights per
seven-day interval of the breeding period
in 1978-80. = - '
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TABLE 3.3 : Approximate numbers of ibises residing at the
: breeding cglony during the onset (1-5 Augqust),
mean date C.(23-30 August, see Table 3. 1? and
final day (19-22 October) of the egg- 1ay1ng
“period ‘in 1978-80.

Date | .. 1978 1979 1980
1-5 August ‘ - 98 | 120 120
23-30 August | 100 IR AN ¥ ¥

19-22 October o 108 124 148
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TABLE 3.4 : Distribution of clutch-size, and mean clutch-size
' ~in 61 primary nesting attempts in foca] nesting
~ sites.during 1978-80.

Clutch-size (eggs)?
Year | 2 .3 | Mean cidtchfsi;e
1978 16 - 5 Co2,24
1979 - | 15 5 2,25
1980 1 19 1 2,05
Cumulative 50 _ - N . : 2,18
" Note: Dlstrlbutlon of clutch-sizes not 51gn1f1cantly

different between years (Fisher' s Exact Test,
P>0 lO)
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recognised females breeding in fdca] nesting sites in two
or three consecutive years are shown in Table 3.5. Of six
~ females for which primary clutch-size was determined in
all three years, three laid ¢/2 clutches in each year,
- whereas the Yemdindérlaid two-c/Z'c]utches:and one ¢/3
-clutch. In 11 females observed in both 1979 and 1980
~(Table 3.5), the mean clutch-size was reduced from
2,27 in 1979, to 2,09 in 1980. -

3.4.1.3 Breeding success of focal pairs

The number of pairs breeding'(i.e.,‘ihitiating a clutch of
eggs) in focal nesting sites in all three years varied by
one (Tab]e 3.2). ‘Whereas 15 breeding péirs prqduced‘at
~least one f1edg]ing in 1978 and 1979, only 11 pairs $§uc-
ceeded to do so in 1980. The mean number of fledglings
produced per breeding pair in 1978 and 1979 was 1dent1ca1.
but was substantially lower in 1980-(Table 3.2).

A total of 70 focal breeding attempts (including nine re-
nesting attempts)was monitored during 1978-80 (Table 3. 2).
Survival of clutches during the pre-hatching stage was
similar in all three years (73-78%). Brood survival during
the nestling stage was substantially lower in 1980 than in.~
1978 and 1979. Consequently, the proportion of breeding
attempts resulting in f]edged offspring, and the mean
number of fledglings produced per breeding attempt, were
Jower in 1980 than in 1978 and 1979 '(Table 3.2).

The fate of 148 eggs laid in 70 clutches was monitored
(this sample includes two replacement clutches that dis-
,appeared-during the egg-laying Stage) (Table 3.6). Fewer
eggs were laid in 1980, compared to 1978 and 1979, but
. hatching success of eggs was higher in 1980 than in the.
"two previous years, so that the mean hatch11ng brood-size
was correspondingly higher in 1980, compared to 1978 and
11979‘(Tab1e 3.7). However, mortality of nestlings was
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Clutch-sizes laid by 1nd1v1dua1 females .in focal
nesting sites dur1ng 1978-80.

Female
" No.

Clutch-size in year

1978

1979

1980

10
n
13

N NN NN DN

I A T I I TR S T\ T O O Y SUR oF

NN DN NN NN

D DWW NN
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: Success of eggs laid in 70 primary and,rep]acément

clutches in focal nesting sites during 1978-80.

1978 1979 1980
Total eggs laid 56 49 43
Per cent eggs hatching® 60,7 69,4 72,1
Per cent hatchlinQS'fledgedb> 67,6 64,7 38,7
Per cent eggs resulting in N | ' -
"fledged»offspringc 41,1 45,0 _27’9
‘Total nestlings fledged 23 22 12
.Notes: aNs(x2'¥ 1,63, df = 2;0,50 P>0,25).
bStatistically significant (X2 CAf =123 .

P<0,05).

°ws(x% = 3,04, df = 2;0,25>P>0,10). .~ -

= 6,64,

t
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Brood-size d1Str1bution and mean brood-size af

hatching in primary and replacement c]utches in
“focal nesting sites dur1ng 1978-80. .
Brood-size (hatchlings)?
Year 1 2 Mean brood-sizé
1978 6 1" 1,79
1979 6 8 1,89
1980 2 13 1,94
- Cumulative 14 32 1,87
Note: ZDistribution of hatchllng brood-s1zes not s1gn1f1-

0,25>P >0, 10)

cantly different between years (X

= 5,42, df = 4;
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substantially higher in 1980, so that comparatively fewer
.eggs resulted in. fledged offspring in that year (Table3.6).
Furthermore, the mean fledgling brood-éize was lowest in
1980, owing largely to the fact that only one pair produced
two‘f1edg1ings in that year, compared to eight and seven
“pairs that succeeded in doing so in 1978 and 1979
respectively (Table 3.8).

In addition to lower overall reproductive success, fewer
'paifs that failed in their primary breeding attempt pro-
ceeded to lay a replacement clutch in 1980, compared to
1978 and 1979'(Tab1e 3.2). Furthermore, one pair that
nested on ‘the-same ledge in 1978 and 1979 did not attempt
to b}eed,in 1980, even though they occupied their nesting;
site daily throughout the full duration of the nesting
period, and often gathered and'arranged sticks, grass and
other'mater1a15'to construct'incomp1ete,nests. -

3.4.1.4 Breeding success of the'cclony as a whole

Breeding success of the colony as a whole (Table 3.9) was
Tower in all comparisons than in the focal sample (Table
3.2), owing to the position of 10 non-focal nesting sites
close to the cascading waterfall. These sites were sus-
ceptible to inundation when the'river flooded after heavy
" rains, and consequently suffered the highest failure rates
of the entire cd1ony. Thus,'reproductive performance'in
the focal nesting sites was not fully representative of
thelcolony as a whole. |

Fewer breeding attempts were initiated in 1980, compared to
1978 and 1979 (Table 3.9). Furthermore, the proportion of
breeding attempts resulting in fledged offspring, and the

~ number of fledglings produced per breeding attempt, were
'similar in 1978 and 1979, but were substantially lower in
1980 (Table 3.9). Mean fledging brood-size was substan-
tially lower in 1980 than in the two previous years; only
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TABLE 3.8 : Brood<size distribution and mean‘brood-éize at
fledging- in primary and re-nesting attempts in
focal nesting sites during 1978-80.

Brood-size (fledglings)?
Year 1 2 Mean brood-size
1978 | . 7 8 1,53
1979 - 8§ 7| 1,47
1980 . 10 4 1 = 1,09
Cumulative 25 16 - 1,39

Note: aDistribution of fledging brood-sizes not signifi-
" cantly different between years (x2 = 5,80, df-=.2;
0,10>P >0,05).
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TABLE 3.9 : Breeding success of all nesting attempts in the

study co]ony during 1978-80.

1978 1979 1980
Total number of nesting attempts 58 55 43
Per cent nesting attempts that . .
produce fledged offspring @ 43,1 47,3 32,6
Total number of fledglings -produced 36 37 16
Mean number of fledglings produced
per nesting'attemptb - 0,62 0,67 0,37

I
it

2,23, df
5,56, df

Notes: °NS (X2
Prs (%2

2;0,50=pP>0,25).
4;0,25>P>0,10).. .
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two pairs succeeded in raising two offspring to f]edg1ng
age in 1980, compared to 11 pairs that succeeded in do1ng
so in 1978 and 1979 (Tab1e 3. 10) - '

3.4.2 Rainfall, grass-burning and habitat use by
foraging bald ibises :

Mean monthly rainfall, and monthly rainfall recorded from
July 1977 to June 1981 at’Weston College, are shown'fn,

Fig. 3.3. Approximately 80% of the mean annual rainfall
~occurs ‘during October-March, with a peak in summer (December-
- February). Thus, the total rainfall received during a
calendar yearv(January-December) includes precipitation from.
two consecutive annual rainfall cycles. For this»feason, v
menth]y rainfall totals are summed over the peridd July-June
(hefein called a "twelve-month"), which encompasses a

single annual rainfall cycle. Furthermore, Ju1y-June reé‘
presents the.12-month period preceding the first month of
'breedfng at the study colony.

Total rainfall during the 1977/78 and 1978/79 twelve-months
(preceding the 1978 and 1979 breeding seasons, respectively)
-amounted to 150%»and'140%,_respective]y, of the annual mean
of 702 mm, whereas the 1979/80 twelve-month‘received only
76% of the mean total twelve-month rainfall calculated for
the period July 1928-June 1981 (Fig; 3.3). Moreover, the
sub-average rainfall received in 1979/80 was closer to the
53-year mean value than the exceptionally high rainfall
totals of 1977/78 .and 1978/79.

Spring grass-burning is normally confined to August-October
(Manry 1982), although the timing and extent of spring grass-
burning vafy annually according to the amount and distribu-
tion of rainfall prior'to and during the prescribed burnihg'

- season. In 1978, substantial rains did not fall until late
August (Fig. 3.3), and spring grass-burning began in the
study area on 25 August. Total rainfall was above average
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Brood-size distribution, and mean brood-size at

TABLE 3.10 :
“fledging in all nesting sites during 1978-80.
Brood-size (fledglings)®
Year 1 2 ~Mean brood-size
1978 14 11 1,44
1979 15 11 1,42
1980, 12 2. 1,14
Cumulative 41 24 1,37

. Note: Zpistribution of fledgling brood-s
cantly different between years (X
0,25=>P=0,10).

%zes'not signifi-
= 3,94, 4f = 2,
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~during August-October 1978 (Fig. 3.3), and extensive areas
~of grassland were burnt, primarily in September and early
October. 1In 1979, early rains in mid-Ju]yvstimu1ated the
appearance of lush regrowth as early as 23 JuTy; and large
areas of grassland were burnt primarily in August and early
‘September.. Thus, spring grassland burning was initiated and
comp1eted,appr0ximaté]y one month earlier in 1979, compared
'to 1978. By August 1980, following on 11.consecutive months
-of sub-average rainfall (Fig. 3.3), the soil moisture con-
tent was sever1y dep1eted Removal of the grass cover by
burning hastens water 1oss through run- -off and evaporation,
and grass-burning during a severe droqght causes consider-
able harm to grasses (Cook 1939, Scott 1951, 1955,
Daubenmire 1968), so few landowners burnt grass in 1980.
After abundant rains fell in September and October in 1980
(Fig. 3. 3), a few relatively small areas of grass]and were
burnt, but most landowners abstained from grass-burn1ng

in that yeaf. | | '

Figures -3.4-3.6 illustrate the influence of grass-burning'
on the,se1éction of habitat by foraging bald ibises. During
June-July of 1979 and 1980, most birds were recorded feéding
in burnt grassland on fifebreaks, with pastures and maize
fields being of lesser importance (Fig. 3.4). The amounf
of rainfall received during June-July in both yeérs differed
considerably (Fig. 3.3), but rainfall has little effect on
“the timing and extent of firebreak burning. This is
reflected in the similarity of the relative use of d1fferent
habitats by foraging bald ibises observed during June- Ju]y
in-both years (Fig. 3.4).

.Although a similar number of obserVations;waS: obtained

- during August-September in both 1979 and 1980, the use of
habitat by foraging bald ibises during this period differed
-marked1y between both years (Fig. 3.5). -Following the early
‘commencement of spring grass-burning in July 1979, large

' areas of burnt grassland and short, post-burn regrowth were
available during August-September, which were ytﬁ[ised
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Proportion of sightings (clear columns) and total
individuals (hatched columns) recorded foraging
in different habitat types during June-July in

- 1979 and 1980. "S" and "I" designate:the number

of sightings and total individuals, respectively, -
observed foraging in all habitat types during

each two-month period. Habitat types are desig-
nated Gb (burnt grassland), Gp (patchy post-burn.
regrowth), Gs (short grassland), Gm (medium grass-
land), Gt (tall grassiand), Pa (pastures), Mr
(reaped maize fields), Ab (abandoned cultivation),
P1 (ploughed fields). - o :
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- FIG. 3.5 Proport1on of s1ght1ngs and total individuals
recorded foraging in different habitat types
during August-September in 1979 and 1980.
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extensively by foraging bald ibises (Fig. 3.5). By contrast,
with the delayed onset and lesser extent of spring grass-
burning in 1980, few ibises were recordedvfeeding’in bUrht
grassland and post-burn regrowth during August—September,
and a majority of records was from cu]tivated paétures (Fig,3.5L

Data on hab1tat use by forag1ng bald 1b1ses dur1ng October-
November 1978 are compared with the results from the same
‘period in 1979 and 1980 (Fig. 3.6). No s]ght1ngs were made
in cultivated pastures during October-Noyehber 1978, and
post-burn regrowth (patchy, short and medium height) was the
“habitat type.uéed most extensively by foraging bald ibises
during that period (Fig. 3.6). By contrast, most foraging
ibises observed during October-November were recorded in
qu]fivated pastures_in'both 1979 and 1980, whi]e,Short grass -
was used less frequently (Fig. 3.6). The 10w\broportion of |
birds observed feeding in short post-burn regrowth during
‘October-November 1979, compared to the same period in 1978,
was probab1y due to the reTative]y early commencement of
grass-burning, and the rapid regrthh of grass in burnt

areas in 1979 - mest'spring—burnt grassland was covered in
tall, dense foliage by October. The proportion of ibises
observed feeding in cultivated pastures during October-
November 1980 (Fig. 3.6) was similar to that observed in the.
two previous months in the same year (Fig. 3.5).

!

3.5 Discussion

" The reproductive performance of bald ibises at the study
.colony was remarkab]y similar in the wet years of 1978 and
1979, but was substant1a11y reduced in the re]at1ve1y dry
"year of 1980. Fewer females laid ¢/3 clutches in 1980,
compared to the two previous years, resulting in a lower
mean clutch-size in'that year, and atileast one pair that
bred in 1978 and 1979 failed to breed in 1980. In 1980,
fewer'breeding pairs produced f]edged offspring, and'mean.
brood-size at fledging was smaller, compared to 1978 and 197&
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Reduced breeding, or abstinence from breeding, and low
reproductive success during droughts have been reported‘for

a number of avian species, including five spec1es of 1b1ses,
‘and explained by the effects of rainfall on the birds' food
supply (Lack 1954, Carrick 1962, Kah] 1964, Brenner 1966,

Ryder 1967, Klomp 1970, Robin 1973, Kushlan 1974). For the
bald ibis, two explanations seem plausible. First; arthropods
and other terrestrial invertebrates are generally less abundant
in drought years than in yeérs with normal or above-average
rainfall (Ellstrom 1974, Kemp 1976, Earlé 1981), and the low
rainfall received during the 1979/80 twelve-month probably
created a shortage of prey for.bald ibises immediately prior

to and during the 1980 breeding season. Secondly, the shortage
of burnt. grassland in 1980, also a result of low rainfall,
forced the birds to seek alternative habitat types to forage
in, primarily cultivated pastures. Burnt grassland and post-
burn regrowth manifest several distinct characteristics which
might make them more profitable as foraging habitats for bald
ibises than available alternatives (Manry 1982). Moréover,
cultivated pastures occupy approximately six per cent of the
study area, whereas spring grass-burning may involve between:
20 and 45 per cent of the total area of grassland in a favour-
“able year (Manry 1982). Thus, the ibises encountered a short-
age of their preférred foraging habitat during tHe 1980 breed-
ing season, which may have contributed to the lowering of their
keproductive performance in that year. Unfortunately, the
relative effects of variations in prey abundance and the extent

 of optimal forag1ng hab1tats on the reproductive performance

of bald ibises cannot be evaluated separate]y, as both co-
operate to determine the availability of food for the birds.

Food availability may affect clutch-size in birds through its
effects on the physica1 condition of the. female, so that when
food is in Short supply, breeding females are'metabolically
~incapable. of prodUC1ng the maximum clutch-size, and so lay
smaller clutches (i.e., the "direct" effect of food supp]y on

' c1utch-s1ze. Klomp 1970). Alternatively, food shortage prior -
to or during the egg-laying period may activate an adaptive
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response whereby females 1dy smaller clutches than what their
physical condition would enable at the time, so that relatively
more food is available for the smaller broods of hatchlings |
(i.e., the "ind1rect" effect of food supp]y on c]utch -size:

~ Klomp 1970, also ‘'see Bengston 1971).

Distinguishing_the direct from the indirect effects of food
supply on clutch-size in birds is virtually, if not entifely,
impossible in the field (Klomp 1970). However,.in the present
study, overall hatching success, and mean hatchling brood-size
were highest in 1980. Thus, in 1980, the lower mean clutch-
size did not result in sma]]er'brood-sizes at hatching (contra
~the indirect effect of food supply on c]utch-size discussed by
Klomp 1970 and Bengston 1971). A higher nestling mortality
rate, due 1arge1y'to parental nest desertion and, presumably,
starvation, accounted for the ‘'substantially lower reproductive
output in 1980, compared to 1978 and 1979.

Jones & Ward (1976) suggest that the eventual clutch-size in
birds is determined by the size of the female's stored protein
reserve before and during egg-formétion,_ In'the'present con-
text, it seems likely that more favourablevfeeding conditions
enabled breeding females to -accumulate, on average, larger
protein reserves prior to the onset of egg-laying in 1978 and
1979, which enabled a slightly larger proportion'of,females

to lay c/3 clutches, compared to the drought year of 1980.
However, for a majority of breeding fema]es; the usual clutch-
size of two eggs remained constant in both years.

Annua]'variations in c]utch-size in birds‘have also been

4 exb]ained by variations in the population density, the mean
date of laying and the age structure of the breeding population
(Klomp 1970 and references cited therein). The present study
was too briéf, and the sample sizes too small to provide for
meaningful conc]usions‘on the effects of population size and
mean laying date on the average clutch-size in bald ibises.

The number of ibises residing at the breeding colony during

the ng—]aying period increased steadily during the three
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~ years of the study, and. the increase in population from

1979 to 1980 was of a similar order of magn1tude as the

change from 1978 to 1979, whereas the mean clutch-size was
almost identical in 1978 and 1979, but was substantially lower
in 1980. Thus, no clear relationship is indicated between

the increase in colony population size during the egg-laying
period from 1978 to 1980, and the differences in mean clutch-
size observed in all three years. However, the possibility
of a threshold effect operating between the 1979 and 1980
population levels cannot be d1sregarded

The mean clutch initiation date varied by only one day from
1978 to 1979, but was six-to-seven days earlier in 1980. In
mosf.avian species in which a relationship between mean laying
date and average clutch-size has been established, the latter
tends to become smaller as the laying period advances, and
tends to be smaller in years in which breeding is;delayed
V(Klomp 1970 and references c1ted there1n) In the present
study, all ¢/3 clutches were laid in the 1n1t1a1 three weeks
of the ca 12-week laying per1od, so that mean primary c]utch-
size tended to decline as the laying period progressed. Thus,
‘the smaller average primary clntch-size in 1980 cannot be
attributed to delayed egg-laying. '

Finally, in most avian speeies in which age-relafed differences
"in clutch-size have been documented, clutch-size tends to'in-"
crease with increasing age and breeding experience of the fe-
male, and mean clutch-size in a series of breeding seasons
‘may vary according to the ratio of young, inexperienced
breeders to older, more _experienced b1rds in the breeding
population (Klomp 1970 and references cited therein). The
effects of age on clutch-size in the bald ibis are not known,
and the age conpesition of the breeding population at the
" study site .could not be determined. However, the decrease in
‘mean primary c]utch -size from 1979 to 1980 in 11 females
observed. breeding in foca] nesting sites.in both years was of
a similar order of ‘magnitude to that observed in the focal
sample as a whole, and thus cannot be attributed to a larger
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proportion qf younger, less experienced femé]es in the latter
year. ' '

The distributional range of the bald ibis (Siegfried 1971) is
confined to the summer rainfall region of southern Africa v
(Tyson 1978). Periodic droughts are a frequent occurrence in
_this region (Tyson 1978), and thus are'a regd]ar feature of
the ba]d'ibis' environment.: The re]ative]y low reproductive
output of bald ibises in.-the study co]ony in 1980 was apparent-
1y sustained by food gathered primarily in cultivated pastures.
Approximately 24% of the pasturage in the study area is under
irrigation (Manry 1982). It seems plausible to speculate that
the availability of irrigated péstures as feeding habitats for
bald ibises during the breeding season enables the birds to
realise higher reproductive outputs during drought years; than
would have been attainable prior to the introduction of pastures
in the Species‘ distributional range in the late 19th century.
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.CHAPTER 4

LITTER, LIGHTNING AND FIRE INVTHE,SOUTH AFRICAN
GRASSLAND BIOME

4.1 “Introduction

Fire is an ecological force of great antiquity in the
‘biosphere. Fossil charcoal deposits indicate the occurrence
of fires in vegetation long before man evolved (Harris 1958,
Komarek 1972), while evidence for human fire-utilisation as
early as 550 000 - 750 000 years ago comes from southern
Europe and China (Frost in press). Before man developed the
ability to apply fire to vegetation, fires were started in
vegetation by "natural" ignition agents, e.g. lightning,
rock collisions, volcanic eruptions and spontaneous combus-
“tion of organic material (Daubenmire 1968, Killick 1963,
Vogl 1974, West 1965). Today, lightning is recognised

- as the most important "natural" source of firg-igﬁitidn in
vegetation (Komarek 1967, 1972, West 1972).

Ecologists have long recognised the important influence of
fire in the origin, maintenance and distribution of terres-
trial plant communities (Bayer:1955, Killick 1963, Naveh
1975, Phillips 1930, Sauer 1950 1956, Stewart 1956, West
1951, 1965, 1972). Man-made fires, as well as the artifi-
cial control or elimination of fire, have greatly modified
existing plant communities, and contributed to the expansion
of certain plant communities at the expense of others |
(Acocks- 1964, 1975, Donaldson 1966, Downing 1974, Du Toit
1972, Feely 1980, Galpin 1926, Phillips 1930, Story 1952,
Trollope 1978, West 1965, 1972). However, the significance
of nafura] fire-ignition agents, and particu]af1yv11ghtning,
in exposing vegetationto fire over evd]utionary time has

- been largely discounted or neglected by plant ecologists
(Komarek 1965, 1972), with only a few notable exceptiqns
(e.g. Bayer 1955, Killick 1963, Mount 1969, Vogl 1969).
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It has been suggested that the world's extensive, open
(i.e. lacking in woody plant components) grasslands owe
their existence to recurrent fires (Sauer 1950, 1956;
Stewart 1956). Grasslands occur under climatic conditions
that are particularly conducive to fires, and the high N
flammability of grassland fuels, together with the prevalent
fire- pr0pagat1ve weather conditions, ensure that periodic
fires are "virtually inevitable" in natural grass]ands
(Bochert 1950, Vogl 1974, Wells 1970). Grassland biota
exhibit numerous adaptations that enable them to survive
frequent burning, and some forms méy actUa]]y depénd on
periodic Fires for their existence (Bayer 1955, Daubenmire
1968, Frost in press, 0lindo 1972, Tainton 1981a, Tainton
& Mentis in press). .

The pr1mary obJect1ves of this paper are three-fold. First,
- the ecology of fire in the South African grass]and biome, as
defined by Huntley (in press) and Mentis &vHuntley (in press),
‘s réviewed briefly, with particular empnaSis on the no1e.of
_fire in the maintenance of grassland communities in South
Africa (Section -4.4). vSecondTy, the regional incidence of
- lightning over South Africa is examined, and the main factors
responsible for the observed distribution of lightning dver.
~ the Repub]iclare considered. The range of variation in .
11ghtn1ng frequency in different classes of South Afr1can vege-
‘tat1on is ‘established, in order to ascertain inter- and
intra-biome differences in lightning ground -strike. potent1a1
(Section 4.5). F1na11y, a discussion follows on the possible
role of Tightning in the origin, maintenance and d1str1but1on-'
of grasslands in South Africa (Section 4.6).

4,2 Methods
4.2.1 Classification of South African vegetation
Acocks' (1975) veld types were assigned to the biomes and

‘sub-groups within biomes described by Huntley (in press),
with the following modifications:
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(1) Coastal Forest and Thornveld (Ve]d Type 1)
' ass1gned to the forest biome.

(2) Zululand Thornveld (Veld Type 6) and Lowveld (Veld
' Type 10) are assigned to the moist savanna sub-
group of the savanna biome.

(3) Ka]ahar1 Thornve]d invaded by Karoo (Veld Type 17),
False Thornveld of Eastern Province (veld Type 21)
and Succulent Mountain Scrub (Veld Type 25) -are
~assigned to the ar1d savanna sub- group of the savanna

\.

biome,

(4). Grassland veld types are assigned to "SOur“, "sweet",
"mixed" (including "ta]]") and "inland mountain"
grassland suh-groups according to Acocks' vegetation
map in Talbot & Talbot (1960). Ngongoni Veld (Veld
Type 5), North-eastern Mountain Sourveld (Veld Type

- 8), Highland Sourveld and Dohne Sourveld (Veld Type

44) and Ngongoni Veld of Natal Mistbelt (Veld Type

‘45) are assigned to the sour grassland sub-group.
Invasion of Grassveld by Acacia karroo (Veld Type 22)
and False Upper Karoo (Veld Type 36) are assigned to
the sweet grassland sub-group. Transitional Cymbbpogon—
Themeda Veld (Veld Type 49) is assigned to the mixed
grassland sub-group. Danthonia Mountain Veld replaced
by Karoo (Veld Type 42) and Karroid Danthonia Moun-
“tain Veld (Veld Type 60) are assigned to the inland
mountain grassland sub-group.

4,2.2 Lightning ground-strike densities 1in vegetation

Since 1975, 353 lightning flash counters have been installed
in South Africa (including one in Lesotho) by the National
Electrical Engineering Research Institute (NEERI) of the g
South African Council for Scientific and Industrial Research
(ng. 4.1). Flash counters measure the number of lightning
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strikeé to ground within a ca 20 km radiu§ of the‘counter;
details of their design and operation are provided by
Anderson et «7.(1978) and Krdninger (1978, 1981).

For each flash couhter, the mean annual 1ightnfng ground-
strike density (expressed as the average number of strikes-
km “2.annum ~1) was calculated from the average number of
1ightning strikes to grouhd recorded per annum over the
Aentirg period of operation of each counter. These data,
together with the co-ordinates of each flash counter, were
_p?ovided through the courtesy of the Director, NEERI,land
Mr. H. Krgninger, Lightning Research Division, NEERI.

The position of Qach‘flashxcounter was located on Acocks'
(1975) "Veld Types of South Africa" map (scale = 1:1 500 000)
to the nearest minute so that the veld type at each instal-

vu']ation‘could be determined. Flash counters Tocated on the

~boundary bétween two édjacent veld types were assigned to
both types. An average annual ground-strike density for the
period July 1975 - June 1981 was ca]cu]ated'forleach veld-
type containing one or more flash counters by computing the
average value of the mean annual ground-strike densitieé for
all counters in that veld type. For example, three flash
counters in the False Thornveld of Eastern Province (Acocksf
Veld Type 21) registered mean annual ground-strike densitiesv
of 2,5, 2,7 and 0,9 strikes-km 2. annum '1; yielding an
“average value of 2,0 strikes-km ~2-annum -1 for this veld -

type.

4,3 Classification of South African grasslands

South African grasses and grasslands are c]assified_actording
to the nutriiioné] value of their foliage to grazing ungulates
upon reaching maturity (Scott 1947, 1951, 1955, Story 1952,
;Tainton_1981b, West 1965). Sweet grasslands are dominated by
~grasses in which the foliage retains most of its nutritional
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~alue upon reaching maturity, and are capable of supporting
domestic livestock throughout the year without supple-
mental feeding (Scott 1947, Story 1952, Tainton 1981b,
Weinmann 1955). Sweet grasslands are associated with
relatively low annual rainfall (300-650 mm annum -1,

Acocks 1975),'High ampient temperatures and eutrophic soils
(Acpcks,1975, Mentis & Huntley in press; Story 1952, Tainton
1981b). _ Sour grasslands are dominated by grasses in which
the nutritional va]ue,of‘the foliage to grazing ungulates

- undergoes a decline upon reaching maturity, so that domeé—
ticated livestock -may thrive on sour grassland for only ca
150 - 180 days annum.'1 without supplemental feeding,(Mentis
& Duke 1976, Scott 1947, 1951, 1955, Story 1952, Tainton
1981b, Weinmann 1955). Sour grasslands are associated with
“high annual rainfall (550 -1 950 mm annum " Acocks 1975),
relatively low ambient temperatures and highly 1éached,
dystrophic soils (Acocks 1975, Mentis & Huntley, in press;v'
Story 1952, Tainton 1981b).

Sweet and sour‘grasslandsrepresent}opposite-extremes of a
gradient on which mixed grasslands occupy an intermediate
position. Mixed grasslands comprise both sour and sweet
grasses; and maintain a higher nutritional value to grazing
livestock during autumh and early winter compared to sour
grassland, so that livestock may thrive on mixed. grassland
for ca 150 - 330 days annum ' without supplemental feeds
(Mentis & Duke 1976, Scott 1947, 1951, 1955, Story 1952,
Tainton 1981b). Mean annual rainfall ranges between 400
and 900 mm, and soils tend to be mesotrophic in mixed grass- . .
lands (Acocks 1975, Mentis & Huntley in press). Mixed grass-
land may be classified as. "sweet-mixed" or "sour-mixed",
depending on the relative proportions of sweet and sour
grasses in the sward (Tainton 1981b). N

Inland mountain grasslands are'distinguished from sour, sweet
and mixed gkaés]ands by a high proportion of temperate, ever-
green C3’gra§ses in the sward .(Acocks 1975,JMentis & Huntley
in press). Inland mountain grasslands comprise sour types
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on .dystrophic soils in the eastern portions, and sweet
"types on eutrophic soils in the more westerly portions.
Mean annual rainfall ranges from ca 1 900 mm in the east,
to 500 mm in the west (Acocks 1964, 1975, Mentis & Huntley
in press). o

The geographic distribution of each of the four ma{n,grass,
land sub-groups is shown in Fig. 4.2. Sweet grasslands occur
on the central interior plateau between 1 200 and 1 500 m
above sea level, and in the eastern Cape Province between

350 and 650 m above sea level, mainly on flat or slightly
undulating topography. Sour grasslands occur mainly along
the Great Escarpment (King 1963, Wellington 1955) and other
major interfluves in the eastern part of the country (Fig.
4.2), on flat-to-rolling.or, in the more mountainous areas,
steep topography, between 300 and 2 150 m above sea level.
Mixed grasslands are situated between the sour and sweet
grasslands of the interior plateau, and between the sour
‘grassland and sweet savanna -and bush-dominated communities
east of the Great Escarpment (Fig. 4.2), between 600 and

2 000 m above sea level, while inland mountain grasslands
occur in the Lesotho highlands and outlier mountain'ranges

in the eastern Cape Province, above the 1 500 m contour
(Acocks 1975, Mentis & Hunt1ey in press). Boundaries between
the different grass]andvsub-groups'indicated,intFigl'4:2 §_“-
are zonal,; and: transitions between the sub-groups conqum;to
s01il, temperathre and a rainféﬂ]‘gradfehts (Ménfi§'&,Huhti¢yfﬁ7f

in press). -

Sonh African grasslands afeAalso classified agcording to
their successional status (Phillips 1930, Mentis & Huntley
in press; Tainton 1981b, Tainton & Mentis in press). Exten-
sive areas of grass]and'ih South Africa are sub-climax com-
munities seral to forest, macchia or Savannafwood1ahd com- 7
munities, and are maintained as open grassland primarily

by fire and grazing (Acocks 1975, Bayer 1955, Killick 1963,
Mentis & Huntley in press, Phillips 1930, Scott 1951, Story
1952, Trollope & Booysen 1971, West 1951). The remainder of .
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the South African grassland biome is considered to be climax
vegetation determined by climatic conditions which favour
gfass]andvbut prevent the establishment of woody .vegetation
(Acocks 1975, Mentis & Huntley in press, Roux 1969, Tainton
1981b, Wellington 1955). - ' -

4.4 The role of fire in'thé South African'grassland biome

4.4.1 The individual vascular plant

The aerial.portions (or "topgrowth") of grasses and associated
grassland herbs present ideal fuels for combustion. Grassland
1topgrowth is a fihe]y'diVided, loosely arranged fuel type
interspersed by numerous air spaces and dispersed rather homo-
geneously in the fuel matrix (Daubenmire 1968, Vogl 1974).
Most grassland plants are surface deciduous hemicfyptophytés’
in which the aerial parts undergo c0mp1éte die-back and desic-
cation annually (Vogl 1974), so that fires occurring in. the
anhua] dormant phase consume mostly dead tissue (Daubenmire
1968). Because of its fine'textUre,‘grassland-topgrowth"is
particularly sensitive to weather changes (Daubenmire - 1968),
so that the low re]ative-humidities, frequent windy condi-
~tions and frosts that occur during the dormant season (late
,autumh and winter) in the grassland biome (Schulze 1965,
Schulze & McGee 1978, Wellington 1955) hasten the desiccation
of foliage, enhancing its flammability.

‘Grasses may produce a considerable amount of topgrowth in

the course of.a single growing season, especially in damp or
high-?afnfa]] areas (Kucera & Ehrenreich 1962, Rutherford .
- 1978, Tainton 1978, Vog! 1974, West 1965). _GrassTand deCom-
position rates are usually slow, so dead plant debris
“accumulates more rapidly than it decomposes (Vogl 1974).
'Topgrowth that is not removed by burning, grazing or mowing
accumulates as litter (Scott 1955), and several authors
(Daubenmire 1968, Heady 1956, Kucera & Ehrenreich 1962,
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Tainton ‘1978, Vogl 1974, Weaver & Rowland 1952, West 1965)
have .emphasized the detrimental effects of;exCeés litter on
growth, vigour, flowering activity and seedling establish-
ment in grassland plants. Periodic removalfofbaccumulétéd
litter is imperative for the survival of grassland plants,
which become moribund and eventually die out in the long-
term absence of canopy removal (Davidson 1964, Downing 1974,
Roux 1969, Scott 1951, 1955, Staples 1926, 1930, Tainton
1978, Theron 1937, 1946, West 1965).

“The deleterious effects of excess litter on grass]and plants
(are most rapidly and acute]y_noticab1é in high raihfaT]lareas
,'dqe to more rapid rates of'fo]iage production and litter
~accumulation (Kucera & Ehrenreich 1962, Scott 1951, Tainton
1978, 1981c, Vogl 1974, Weaver & Rowland 1952, West 1965) and
the decreased utilization of mature fo]idge by grazing un-
"‘gu1ates (Trollope 1978) in mesic grass]ands. By contrast,
sweet grasses, which retain high nutrition in their foliage
and are-uti]isedvheavify,by grazing unguTatés throughout the
year; may escape the need for periodic burning, except after
a series of years with exéeptiona]Ty high rainfall, when
foliage production greatly exceeds the grazing requirements
‘of domestic Tivestock (Tainton 1981c). |

4.4,2 Grassland cpmmunity maintenance

Burning at appropriate intervals, at the appropriate time of
yéar, to remove excess litter promotes grassland community
"maintenance by_maintainﬁng the constituent plants in a
‘healthy, vigourous condition, and by destroying'seedlings

of forest,'macchia or savanha—wood1and precursofé'that

might invade grassland in the absence of periodic burning'
(Bayer 1955, Scott 1951, 1970, 1972, Story .1952, Taintoh 1978,
Vogl 1974, West 1965). | : o

The most persuasive evidence of the need for periodic
defoliation to maintain sour and sour-mixed grassland com-
munities comes from experimental plots protected from fire
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_and graz1ng for cons1derab1e 1engths of time (Dav1dson 1964
Roux 1969, Scott 1951, 1972, Stapes 1926 1930, Story 1952).
The results of these experiments are all remarkably similar.
After two or three years of fire/grazing-protection, the
dom1nant perenn1a1 grasses become moribund and gradua]]y

die out, and the resultant patches of bare so11 are colonised
by less fire- tolerant annual grasses and weeds When the
duration of the fire/grazing- protect1on per1od is suff1c1ent1y
prolonged, small shrubs may eventually become established

in the plots (Davidson 1964, Roux 1969, Scott 1951, Story
1952). o '

- Unfortunately, long-term fire/grazing-protection experiments
of the type described above have all been conducted in sour
or sour-mixed grassland areas where annual rainfall and |
foliage broduction are re]ativeiy high, except for an-18-year
-.experiment in sweet-mixed grassland near Potchefstroom
(mean'annua1 rainfall = cq 600 mm) described by Theron (1937,
1946). After three years of fire/grazing-protection the
deleterious effects of non-defoliation were apparent in the
sward, as palatable grasses were suppressed and gradually
died out under the mat ofvpartfa11y decomposed litter, to

be replaced by tough, unpalatable grasses. By the 18th year
of the experiment the plot was'virtually unfit for grazing,
.and burning was advanced as the only means of effecting an
improvement (Theron 1946). ‘

Periodic burning a]so helps maintain 0pen gfass]ahd com-
munities by destroying juveni]e‘trees and shrubs that might
otherwise become estab}ished in the grassland and alter

its composition (Tainton 1978, 1981c, West 1965). Around
the periphery of the grassland biome there is a marked
~tendency for less fire tolerant vegetation from adjacent
fynbos, karoo, forest and savanna-woodland communities to
.invade the grassland. Extensive areas of grassland in South
.,Africe have been replaced by these peripheral communities
withinfrecent historical time, and the artificial control or
elimination of fire is often edvanced as an important

pe
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factor in the invasion of open grassland by‘treee and
~shrubs (Acocks 1964, 1975, Edwards 1967, Galpin 1926,
'Phillips 1930, Scott 1951, Story 1952, Trollope 1978,

~ Trollope & Booysen 1971). Repeated burning has proved
~effective in destroying the younger juvenile stages of
macchia flora and Acacia spp. in encroached grassland,
particular1y in high-rainfall areas where grass fuel is
produced at a sufficiently high rate to provide for fre-
quent-burning (Downing et al. 1978, Scott 1951, Story 1952,
Trollope 1972, 1973, 1978, Trollope & Booysen 1971). By

" contrast, fuel production in low-rainfall areas may be

'inadequate to allow burning at sufficiently frequent inter-
- vals to brevent the establishment of tree and shrub seed-
lings, and browsing by ungulates, in combinatiob with
infrequent burning, may discourage bush encroachment in .
these xeric gkasé]and areas (Trollope 1974, 1980).

"Encroachment of grassland by .trees and shrubs often occurs
as a - result of deterioration of the sward through_farming
malpractices, especia]]y.centjnuous se]ective gfazing,
over-grazing and trampling by domestic 1ivestock, and the
control or elimination of fires (Acocks 1964, 1975, Du
Toit 1972, Edwards 1967, Galpin 1926, Phillips 1930, Scott
1951, Story 1952, Trollope 1972, Trollope & Booysen 1971,
West 1965). WOody plants do not estab11sh themselves
_readily in a healthy, vigorous sward (Du To1t 1972, Story
1952). Thus, burning at the appropriate frequency and

time of year to remove excess litter and to maintain a
hea]thy sward is of obvious 1mportance in prevent1ng tree
and shrub encroachment.

4.5 Lightning potential over South Africa

- 4.5.1 L1ghtn1ng ground- str1ke dens1ty, topography and
air circulation

The annual incidence of lightning varies considerabiy across
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South Africa (Fig. 4.3). Fig. 4.3 is based on average
lightning ground-strike densities computed for each 30-
minute square containing one or more lightning flash |
counters during July 1975 - June 1981, Mean annual ground-
strike densities range from < 0,5 strikes-km fz-annum '1
in the western'Cape Province, to > 16,0 strikes-km -2,
_annum - in Natal and the eastern Transvaal. Ana]ys1s

of 1ightning ground-strike data gathered during five con-
secutive July-June "lightning-years" indicates high con-
stancy in the reg1ona1 distribution of 11ghtn1ng over South
Africa from year-to-year, i.e. lightning tends to occur
~annually with similar 1ntens1ty over the .same broad
geographic areas (Kréninger 1981). Moreover, the pattern
of mean annual lightning ground-strike density over South

Afr1ca (Fig..4.3) is similar to ‘the distrijbution of thunder-

. storm days per annum over the Republic (Schulze 1965).

Toppgraphy exerts a major influence on the regional occurs .-
rence of thunderstorms over South Africa. (Jackson 1947,
Preston-Whyte 1971, Tyson et al. 1976, Wellington 1955).

eThe eastern part of the country is dbminated by highlands
rising over 1 220 m above sea level (Fig. 4.4) and referred
to as the "highveld" region by Wellington (1946, 1955).

The Great Escarpment demarcates the interior plateau from

the marginal regions (King 1963, Wellington 1946, 1955)

(Fig. 4.4). The Great Escarpment is not a uniform or well-

def1ned feature ‘throughout “its full expression, but compr1se5~¥u¥~~

numerous separate mountain ranges, minor escarpments and
spurs, and discontinuities occur where the escarpment is
e1nd1st1nct or non-existent (Mellington 1946, 1955).

In South Africa the GreatlEscarpment achieves it maximum
height and abruptness in the Southern (or Natal) Drakens-
berg range along the Natal-Lesotho border, and along the
Northern Drakensberg range in the eastern Transvaal. The
Southern,Drakensberg range represents the eastern and
southern edges of the basaltic Lesotho massif, and is con-
ﬂtinuous for over 480 km from Xalanga Peak to Mont Aux
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FIG. 4.3 Regional distribution of mean annual lightning ground-strike
- densities over South Africa, from 353 lightning flash counters
operative during July 1975-June 1981 (see Fig. 4.1). '
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‘Sources. In many places the Southern Drakensberg achieves
heights of 3 200 m above sea level, while its foot-to-crest
height ranges between 762 and 2 134 m (Wellington 1955, '
Killick 1963). The Northern Drakensberg is considerably
Tower and less abrupt than the Southern 'Berg, -achieving a
maximum altitude of ca?2 287 m above sea'ievel, and a maximum
foot-to-crest height of ca 915 m (Wellington 1955),

Between the Northern and Southern Drakensberg ranges the Great
Escarpment is carried a]ong the Low Drakensberg, forming the-
boundary between Natal and the Orange Free State at altitudes
between1 950 and2 150 m above sea level (Wellington 1955).

The northern boundary of the eastern highveld region: is
approximated by a ridge striking westwards from the eastern
‘Transvaa1 to the Kalahari, which serves as the Watershed
separating the Limpepo and Orange River drainages (Kingi1963)L
The vegetation on this watershed is'main1y Bankenveld (Acocks
Veld Type 68), which ‘Acocks (1975) records between 1 350 and -
1750 m,above sea level.

‘Fig. 4.5 shows resultant surface wind d1rect1ons over southern
Africa during December- February (i.e. the main lightning season
in South Afr1ca) In the mornings the prevailing surface wind
directions over the eastern plateau region are norther]y and
'north-easter]y,_whereas-those over the eastern marginal region
‘are easterly and south-easterly. By mid-afternoon, the
prevailing surface wind direction over these regions changes to
north-westerly over the eastern interior plateau, and to north-
'easterly, easterly and south-eaéter1y over the eastern coastal |
region:-(Fig. 4.5).

Fig. 4.5 illustrates three points pertinent to understanding the
distribution of thunderstorm and lightning activity over South
Africa. First, the Great Escarpment is an important climatic
and'meterologica1 boundary in South Afriea, effecting a partial
separation of the air circulations over the interior p1ateau

and marginal regions. Second]y, the discontinuity between the aiv
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FIG. 4.5 Resultant surface wind directions over-'f-"
South Africa during summer, after Jackson
(1947) and Wellington (1946). |



PAGE 98

_ circulations over the interior plateau and marginal regions
are less noticable north of the highveld. Surface winds
over the eastern marginal region conform to the winds in
‘the moist, free air over the adjacent Indian Ocean, which .
penetrate the subcontinent far inland over the northern
Transvaal and Zimbabwe via the Limpopo River and its tribu-
-taries. Thirdly, the prevailing summer surface wind |
directions over the eastern interior plateau and marginal
reg1ons.dur1ng afternoon (i.e. when most thundersorms occur)
are towards‘the Great Escarpment (Jackson 1947, Wellington
1946, 1955). )

Thunderstorms result.from interactions between discontinuous
air masses possessing different moisture and thermal proper-
ties (Komarek 1968, 1972). The discontinuity between the
air circulations over the interior plateau and marginal |
regions of South Africa, and the orientation of the pre-
vailing surface wind directions with respect to thé Great
Escarpment, afford ideal conditions for the formation of
thunderstorms over the eastern highveld region in summer.
The highest ground-strike densities (2 9,0 strikes-km -2'
annum '1) are concentrated mostly along the Southern, Low
and Northern Drakensberg sections of the Gréat Escarpment

(Fig. 4.3).

Convectional storms are a common summer phenomenon over the
eastern highveld (Wellington 1955), while the high incidence
of thunderstorm and lightning activity along the eastern
escarpment indicates the influence of slope convection on
thunderstorm formation (see Tyson et al. 1976). Orographi-
cally-~induced thunderstorms occur>when moist‘maritimelair
from the Indian Ocean is forced to ascend westwards'qverthe.-
Southern, Low or Northern Drakensberg ranges, or south-
wards over the Waterberg and the Limpopo-Orange River
"divide in the Transvaal (Jackson 1947, Tyson et al. 1976,
we11%ngtoh 1955). The latter movement may partially account
for the high lightning ground-strike dens1t1es observed 1n
'the west-central Transvaal (Fig. 4.3) - - by
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Orographically—indﬁced thunderstcrms formedvover:the:Scutherng
Drakensberg range in Natal are extremely localisea along the
escarpment, but may occasionally travel short distances over
.the adjacent foothllls (Tyson et al. 1976). By contrast,
instability llne‘thunderstorms‘formed over the Natal interior
during mid—afternoon-are highly’mobile, sometimes travelling
" as far as 160 km from their site of origin hefore reaching
‘thebcoast in the evehing.(Preston—Whyte l97lf. Most instafr
hility iine thunderstorms in Natal dissipate before they

: reach the coast (Preston-Whyte 1971), which may partlally
‘account for the gradual reductlon of llghtlng act1v1ty from

the escarpment to the coast (Fig. 4.3).

4.5.2 Lighting ground-strike densities in South’ African

)

vegetation'
Out of a total of 353 lightninc flash counters ihstalled in
South Africa and Lesotho since 1975, 22 were situated on the
.boundary between two adjacent vegetational divisions, yleldlng
a total of 375 records of mean annual llghtnlng ground-strike
‘den51ty'1n 63 different veld types (Table 4.1). Mean annual
.lightnihg ground-strike densities averaged highest in ihland
moﬁntain,lsour and mixed grassland, whereas the lowest vaiues
were.recorded in fyhbos'and karoo veld types (Table 4.l).
‘The average and maximum §alues for mean annual lightniné

ground-strike density in sweet grassland veld types were inter-
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TABLE 4.1 : Range and mean values of mean annual lightning
~ ' ‘ground-strike density in nine different clas- .
ses of vegetation in South Africa, and the
number of flash counters, and veld types con-
taining at least one flash counter in each
group or sub-group. ' '

o Lightning ground-
Total Number of v Strike density

Vegetation group ,
' '  Flash veld v(strikeS4km-2--annum-l)
or . sub-group ’ _ a +
Counters  Types Mean™ - 5.D.- range
Fynbos - 31 5 0,74 0,81 0,2 - 3,4
Karoo . 49 15 . 1,65% 1,52 0,2 -7,2
Forest - 21 3 3,07 ¥ 2,02 0,8 - 09,2
Savanna_‘ | 4
" Aria 49 10 C3,07% 2,78 0,4 -10,4
 Moist L s2 6 5,62 £ 2,99 0,8 -13,9
Grassland ‘
Sweet - 43 4 5,01 1,90
Mixed a1 6 6,68 72,20
Csour 8s 11 - 7,28 £2,50
:inland4mountain | 4 | -3 lO,SBi 4,13

qNote: Means'differ significantly (one-way analysis of. var-
iance, F = 45,082, df = 374, P «0,001). ‘
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TABLE 4.2: Significance levels of pair-wise comparisons of:
1 ' mean annual lightning ground-strike densities
computed for each of the nine different vege-
tational divisions, using Scheffe's procedure
of multiple comparison of means. Asterisks in-
dicate significance at the 5% level, while NS
1nd1cates no significance.

Vegetational division?

. -Vegetational
division® . 1 2 3 4 5 & 71 8
2 NS
3 * NS
4 * * ' NS
5 * * NS NS
6 * * * * NS
7 * * * * * NS
8 * % * * * * NS
9 * % * * * * * NS

3Note:. Vegetational divisions are designated (1) fynbos,.
(2) karoo,“(3),forest;'(4) arid savanna, (5) sweet
gfassland; (6) moist savanna, (7) mixed graésland;v
(8) sour grassland, and (9) inland mountain grass-

land.
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mediate between those computed for arid and'moist savanna

'(Table 4.1).

.Oﬁt of a total of 36 possiblé pair-wise comparisons:of'mean
annual lightning ground-strike densities among‘the ﬁiné
different vegetational divisions, all were staﬁisfically
differentbexcept for nine compariéons (Table 4.2). A signi;
ficant,différence‘wés not detected betweeh the mean annual
lightning‘éround—strike dénsities obtained in fynboé andi
karco, or kafoo and forest, although mean annual lightning -
gfbund-strike densities'differed significantly between fynbos
and forest (Table 4.2). The mean annual lightning groﬁnd-
sﬁrike‘densifieé obtained in arid and moist savanna differed
significantly,‘but did not differ Significantly from that ob-
tained ih sweet grasslahd (Table 4.2). Swéet grassland . dif-
 feréd‘significantly'from mixed grassland, but neither differed
significantly'ffom moist savaﬁna, and sour.gfassland did not
differ significantly froﬁ mixed_br inland méuntéin grassland,
with respect to mean annual lightninéigroﬁnd—strike density

(Table 4.2).

- Average valueé of mean annual lightning ground-sﬁrike density
computed for "pure" and sub-climax grassland veld types (as
classified by Mentis & Hunﬁley 1982) are shown in Tab;e 4.3.
The range of values recorded in each of the threevgroups is
similar, and-the mean -values did not diffgr significantly

from one another between groups (Table 4.3).
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TABLE 4.3 Range and mean values of mean annual lightning
— ground-strike -density in "pure" and sub-climax
grassland sub-groups (as classified by Mentis
& Huntley in press), and the number of flash
counters and veld types containing at least
one flash counter in each sub-group.

Tota1 Number of

Lightning ground-.

~strike density

Grasslanq  - (strikes»km'%annum'1)'
sub-group FIash Veld e '
’ Counters  Types Mean® ¥ S.D. range

"Pure" grass- + :

land . 72 13 6,77 = 2,44 1,9 = .16,2
Grassland

seral to: , . v

Savanna 54 7 7,18 : 2,66w-0,9'4 Ié;l

28 4 6,59 &

Forest

aNoﬁe; Means do not differ-sighificantly'
‘ of variance, d4f

153, F = 0,618;

(one-way analysis
P>0.5).
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4.6 Discussion
'4.6.1 The successional status of South African'grasslands

Fire/grazing protection expériments'indiCaﬁe that at least
portiors of the South African grassland biome are not true
climax communities in equilibrium with tﬁe'c]imate, but are
sub4c1imax'commuﬁities sera]ftofyhbos, heath, forest and
savanna-woodland climax vegetation (Davidgon 1964, Killick
1963, Mentis &-Hunt]ey in press, Roux 1969, Scott 1951, 1970,
'1972,'Stap1es 1926, 1930, Story 1952, Tainton 1978, 1981b,
~Tainton & Mentis in press). In’the-]ong-term*absence of
defoliation by fire or some other m%ans of canppy removal, -
sub-cTimax grasslands become moribund and begin to develop
towards ‘the local potential climax vegetation (Davidson 1964,
Mentis & Huntley in press, Scott 1952, 1970, Story 1952,
Tainton 1978, 1981b, Tainton & Mentis in press). By contrast,
the pos}tion'of fire in the ecology, of true c]imatic climax-
grasslands 1is chtroversia1 (Vogl 1974), although by impli-
cation, these'gréss1and communities should remain stable in
vthe absence of burning (see Tansley 1935).
South African grasslands are classified as "pure" or "true" .
climax types, considered to be in equilibrium with local pre?
vailing climatic conditions, and "false" sub-climax grass]aﬁdsv
maintained primarily by periodié‘burning and, to a certain
extent, grazing (Acocks 1975, Bayer 1955, Mentis & Huntley in
‘press, Tainton 1981b, Tainton & Mentis in press). In the
traditﬁona1 view, low ambient temperatures and frosts, seasonal
moisture deficits and frequent strong winds arg considered to
be the main climatic features limiting the development of
woody vegetation in natural gfass]and ‘areas (Acock5'1975, »
Story-1952, Wellington 1955). By contrast, climatic condi-
tions in the false grassland areas are considered to be
| amenable to the development of extensive woody-vegetation,
which is limited primarily by periodic burning (Acocks 1975,
" Edwards 1967, Mentis & Huntley in press, Tainton 1981b,
Tainton & Mentis in press, Wellington 1955). '
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Mentis & Huntley (in'press) have questioned the successional
status of the so-called climatic climax'graSSlands in. South
Africa. These authors cite the Holdridge Life Zone classifi-
cation 'of bioclimatic regions in South Africa derived_by
Schulze & McGee (1978), which indicates the potential for the
deveJopment of extensive woodyvvegetation'throughoUt the
entire South African grassland biomewl Moﬁeovef,-fire/grazing
protection experiments conducted'in grasslands traditionally
viewed as being climatic climax communities show that in the
absence of burning or an equally effective means -of
defoljation, the dominant perennial grasses become moribund
and die out, -and are replaced by more fire-resistant grasses
and weeds (Davidson 1964, Roux 1969, Theron 1937, 1946).
Mentis & Huntley (in press) conclude that throughout the
South African gréss]and‘biome, grassland is a sub-climax
community maintained by periodic burning and grazing, and
that the biome contains no "true" climax grassland. ~In this
connection, it is interesting to note that mean annual
lightning ground-strike densities average slightly higher
~in the so-called "pure", climatic climax grasslands, compared
to those obtained in sub-c]iﬁax gfass]andS-sera1 to forest,
and average only slightly lower than those obtained in
~ grasslands seral to(savahna,v This would seem to indicate

. a similar potential for lightning-ignition in all three
sub-groups, so that fire may have been more significant
in the maintenance of so-called climatic climax grasslands
than former]y'recognised.’ The former importance of fife in
the ecology of these grasslands may be obscured under present
farming conditions, when domestic livestock is maintained at
high densities in fenced_enqampments, and the sward is grazed
continuously throughbut the year, so that burning to remove
un-utilised foliage is rarely necessary (Tainton 1981c).

The extent to which sub-climax grassland can develop towards

the local climax vegetation in the absence of periodic
defoliation may be limited by local factors, such as $0il
composition and the availability of viable seed (Davidson 1964, .
Killick 1963, Mentis & Huntley in préss). Thus, the Vegetatiqn'

P
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may be prevented from developing fully to the local climatic
climax, so that in the absence of defdliation,'grassland '

may develop .to a climax stagé (sensu-Tansley 1935) more. .
advanced than grassland, but subordinate to'the-]ocallc1jmatic
climax. Moreover, localised aggregations of indigenous |
trees and shrubs, and patches of forest and scrub forest
situated in She]tered sites that are normally protected

from fires (e.g..a]bng water courses, on steep slopes,.
escafpments and screes, and amongst boulder outcrops)

are prevalent in grassTand areas, and are sometihes inter-
preted as representing the local climax vegetation, which

is restricted to sheltered sites because of recurrent fires
(e.g. Edwards 1967, Killick 1963, West 1965). However,

these sheltered sites manifest certain distinct microQ

habitat features that are distinctly favourable to the
development of woody vegetation (e.g. enhanced moisture

and protection from frosts and browsing animals), and in

some instances the woody plant communities that they harbour.
méy actgaily represent post-climax vegetation (Story 1952).

4.6.2 Fire and 1ightning in the maintenance, drigin and
. distribution of the South African grassland biome

In the absence of grazing or other means of defoliation,
periodic'burning is essential to the maintenance of open
.grasslands in South Africa. Experiments in the contended
"climatic climax" grass]ands'of South Africa, and in grass-
']ands.considered to be fiFe-maintained, sub-cTimax commu-
nities, indicate that following a prolonged absence.bf
~defoliation by fire, grazing or mowing, the accumulation of.
undecomposed litter becomes excessive, and the dominant
perennial grasses begin to die out, to be replaced by Tess
fire-resistant grasses, weeds and shrubs (Davidson 1964,
Roux 1969, Scott 1951, 1972, Staples 1926, 1930, Story 1952,
Theron 1937, .1946). It seems unlikely that prior to the
introduction of domesticated livestock in South Africa, ‘
perhaps as early as 3 000 years-ago (Hall in press), grazing
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by free-ranging unguiates alone would have been sufficient1y
reliable and uniform in time and space to ensure that most
of the grassland area was defoliated at sufficiently ‘
frequent intervals to maintain a healthy, vigourous sward
(Bayer 1955). Occasional burning would have been nécesséry
to rembve excess litter. This applies espec1al1y to sour
~and sour-mixed grasslands in high- -rainfall areas, in which
the rate of fo]1age production is particularly high, and the
fo]iége becomes relatively unpalatable to grazing ungulates
lupon reaching maturity (Daubenmire 1968, West 1965).

The originslof the South African.grasslahd'biomeg and its
relationships with other phytochoria are obscure (Bews 1922).
Conceivably, open grasslands-in South Africa may have v
originatéd from pre-existing woody plant communities (e.g.
fynbos, heath, savanna-woodland, forest and Scrub-foreét)

as a result of an increase in burning frequency and intensity.
Burnfng is effective in eradicating secondary fynbos vegeta-
tion from encroached sour grassland, and periodic burning
prevents re-encroachment of restored grassland by fynbos
"seed11ngs (Down1ng et al. 1978, Trd]]ope 1972, 1973,
Trollope & Booysen 1971). In more xeric grassland and wood-
land areas, burning is effective in destroying or retarding
the development of juvenile 4dcacZa Spp. andvdther trees
(Downing 1974, Du Toit 1972, Galpin 1926, Scott 1951, Story
1952, Trollope 1974, 1980, West 1965). Burning also retards
the development of established, mature trees, and reduces
their capacity to reproduce (Donaldson 1966, Du Toit 1972,
Trollope 1980), but is less effective in eradicating mature
trees, due partly to their resistance to fire-injury, and
the ébi]ity of‘some species to sprout. from underground root
stocks following a complete top kill by burning, as well as
the reduction in fhe amount of grass fuel present (and

hence cooler, less damaging fires) due to the effects of

~ tree competition against grass for light and moisture

(Du Toit 1972, Donaldson 1966, Trollope 1976, West 1965).
However, periodic burning, in combination with browsing by

; ungu]ates, may prove effective in erad1cat1ng mature trees
from encroached grassland (Trollope 1976, 1980).
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Several types of grassland and savanna-woodland communities -
“in South Africé possess grassy herbaceous'fie1d»1ayers that
~are strikingly similar in species composition, so that the
woodland is distinguished from its grassiand counterpart
.zmainly’by the presence of a prominent tree componeﬁt(Acocks
1975, Edwards 1967, Werger & Coetzee 1978). :It‘is reasonable
to speculate that a change in fuel production and/or
ignition frequency which resulted in more frequent and des-
Ctructive fires might result in the reduction or elimination
of the tree component in woodland communities, resulting in
Open_érass1and. Several authors have commented on the nega-
tive re]ationShip‘between burning frequency and intensity,
and. the height and density of trees (Kennan 1972, Killick
1963, Komarek 1976, 01lindo 1972, Vogl 1974). When burning
Afrequency and intensity exceed a certain threshold, trees
may be eliminated altogether. |

The time of origin and the absolute age of the Sduth African
~grassland biome have yet to be determined. Palyno1ogica1
evidence indicates that open grassland occupied parts of -
the interior plateau during the late Pleistocene (Van |
Zinderen Bakker 1964), and Endrﬁdy-Ybunga (1978) speculates
that the abundance and diversity of'endemic species of
Coleoptera .in the region, as compared to the paucity of
endemic genera, indicates a relatively recent origin during
the climatic fluctuations of fhe Pleistocene. 'The_antiquity
of the grasS]and biome is further evidenced by the diversity
and distinctness of its endemic mammalian and avian speciesg
(Meester 1965, Winterbottom 1974). - |

It is reasonable to speculate that open grasslands in South.
" Africa developed from pre-existing wooded plant communities
‘as a result of increased burning by man. A similar hypo- .

" thesis has been advanced as a possible exp]anat1on for the
origin of the vast central grasslands of North America
(Sauer‘1950, 1956, Stewart 1956). Man has occupied southern
Africa for more than 1,5 million years and may have utilised
~fire as early as 196,000 years ago (Frost in press, Hall in
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press). Throughout this extended period of human fire-
Ut11isation, fifes propagated by man have undoutedly
affected the composition and distribution of grasslands
~ and other vegetation types in South Africa (Phillips 1930,
West 1965), and may have acted as a selective force in the
evolution of their consitUent plant and animal species..
‘However, it can be argued that human fire-utilisation has
not been prevalent for a sufficient perdod of tihe to
account for the apparent antiquity of the South African
. grassland biome, with its richvassemb1age of endemic. fauna
and flora, and that the origin of the grassland biome pre-.
dates man's use of fire in vegetat1on in South Afr1ca

As an alternative hypothesis to the above- postu]ated anthropo-

pyric origin of the South African grassland biome, fires '

started by lightning may have been initially responsible for

the origin,.maintenance'and diStribution of the South African

grass]and biome. Lightning may ignite fires in vegetatlon

when d1scharges occur prior to or without prec1p1tat1on, or

outside the range of localised showers (Vogl 1974). Light-

- ning-ignited fires occur frequently in South African grass-
‘lands (Bayer 1955, Killick 1963, Mentis et al. 1974, Mol1

1976, Ninni 1969, Scott 1970, West 1965). Staples (1926)

describes a fire/grazing protection plot that was burnt out

by a lightning-ignited fire. '

Natural fires may have burnt for several days\in_the‘absence
. of rain, and spread across vast areas prior to the intro-
'duction of intentional and unintentional man-made firebreaks, .
such as roadé, railway lines and cultivated lands, and' |
controlled burning (Bayer 1955,'Daubenmirel1968, Killick
1963, Nanni 1969). 01d grass will burn at any time of year
provided that it is sufficiently dry, but is most flammable
at the end of:the winter dry season (i.e., during July-

. September), when weather conditions are particularly con-
ducive to burning, and thunderstorm frequency is increasing
(Mentis et al. 1974, Ninni 1969). |
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The grassiand biome is centred over an area experiencing
the highest thunderstorm and Tightning intensities in ‘
South Africa. The ekceptiona]]y high frequency of thunder-
storms and 1ightning over the eastern highveld results from
interactions between the air circulations over the eastern
interior plateau and adjacent marginal regions, which differ
in their moisture and thermal properties and are separated
partially by the Great Escarpment. Moreover, the Great
“Escarpment ‘and the interior.p1ateau attained their present
elevation at the end of the Pliocene (King 1963, 1978).
Thus, any attempt to reconstruct the vegetation of the eastern
highveld region_during'the Pleistocene should take cogni-
‘zance of the fact that the Great Escarpment has been a
feature of this regioﬁ for more than two million years,

and throughout this period may have influenced local air
circulations in such a way as to ensure that thunderstorms
and lightning were prevalent in this area from the beginning
of the Pleistocene, so that the vegetation in this region
has long been adapted to frequent burning. This hypothesis
assumes that the'oyera11 pattern of the c1imate.in‘South
Africa has remained relatively constant since the inception
of the Pleistocene (Cooke 1964). |

The high elevation of the eastern interior plateau and its
adjacent marginal areas effects'certqin climatic conditions,
notably severe frosts, occasional hail and strong winds,

which might retard or prevent the establishment of woody
vegetation over most of the eastern highveld and its

adjacent marginal region (Acocks 1975, Tainton 1981b, Roux
1969, Story 1952, Wellington 1955). However, in the absence .
of a high, abrupt and extensive physiographical feature 1ike
the Great Escarpment, with its peculiar effects -on the air
circulations in this region, it seems unlikely that thunder-
storms and lightning would be as prevalent in this region

as they aré today, in which case fewer natural fires would
have been ignited in the past, so that fynbos, heath or scrub-
' foreSf,as opposed to grass]and} would probably be the pre-
dominant natural vegetation in this region.
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, GENERAL SUMMARY AND CONCLUSION

~ Bald ibises are primarily insectivorous; and forage‘main]y in
_indigenous graséiand and in cultivated pastures in the present
study area. Baid ibises prefer to feed in vegetation where

the height of the foliage is lower than the level of ‘their
bellies. Thus, the birds feed extensively .in burnt grassland
and short, post-burn regrowth, grassland and pastures shortened:
.by grazing and mowing, and in ploughed fields.

Tne gnassiands inhabited by G. calvus are subJect to extensive,
controlled burning each year, primarily during winter and spring
(June-October). During this period bald ibises are frequently
observed feeding in burnt'gnassiand:and in short, post-burn
regrowth. Sampling of macrofauna in winter-burnt grassland
indicates a high abundance_of potential prey items for bald
“ibises during the initial week after'burning{ largely in the
~form of fire-killed arthropods which the bald ibis consumes
-readily. Bald ibises are apparently capable of distinguishing
recently burnt grassland from older burnt areas, as'evidenced

_ by the greater number of records of birds feeding'in dormant,
winter-burnt grass]and during the 1nitia1 week after burning,
compared to older burnt areas.

The timing of reproduction of bald ibises at a single breeding
co]ony was remarkably consistent in three consecutive years,.
and coincided with the annual prescribed burning period in the
study area. That the birds began egg-laying in late winter _
(i.e., in late July or early August) is somewhat remarkable, ‘
considering the cold, dry conditions that prevail in the study
area at this time of year. Reproductive effort and succesé
of the ibises in the stUdy colony were remarkably similar
during the 1978 and 1979 breeding seasons, which were preceded
by 12-month periods receiving between 140 and 150 % of the
mean annual rainfall. By contrast, the 1980 breeding season
followed on 11 consecutive months of sub-average rainfall, and
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reproductive pefformancg was considerably lower in 1980,
compared to the two previous years, The 10wer'reproductive
performahce in 1980 may be attributed to the effects of pro- 
longed drought on the ibises' food supply. ' Arthropods are
genera]ly less abundant in drought years, compafed to years
with normal or above-average rainfall. '_Furthermore; grass-

. -burning was considerably less extensive in 1980, compared to

-the two previous years, and Very 1itt1e burnt grassland was
. available for the ibises to forage in. Thus, the birds were
forced to séek'food in alternative habitat tybes,_primari]y
cultivated ryegrass pastures, which are extremely limited in
their extent in the study area;‘and which may be less profit-
ab]é in terms of the abundance of pkey for bald ibises, com-
- pared to burnt grass]and and -short, post-burn regrowfh.

The bald ibis is endemic to the South African grassland biome
(Winterbottomf1974). - Throughout -the South African grass]aﬁd
.biome, grassland is a subfc1imax community seral to fynbos, |
hééth, savanna-woodland, forest and scrub-forest vegetation,
and grass. dominance is maintained by periodic burning and, to

a lesser extent, grazing by ungulates. In the long-term
absence of burning or some other means of canopy removal, these
grasslands become moribund and the dominant perennial grasses
begin to die out, and are replaced by less fire-resistant
grasses, weeds and shrubs representing more advanced stages

in the lecal ecological succession. Even the so- -called cli-
matic climax grasslands of the 1nter1or plateau requ1re per1od1c
defoliation to maintain the sward in a.vigorous, healthy con-
dition. ~ Prior to the advent of modern farming and continuous.
grazing by domestic Tivestock, grazing by free-ranging, migra-
tory ungulates would have been’insufficﬁent to prevent the
accumulation of excess litter, and eccasional. burn1ng would have
been necessary to remove un- utilised foliage.

~The South African grassland biome is centred\over an area’
experiencing the highest thunderstorm and 1lightning frequenc1es
in South Africa. Although most grass fires today are started
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by man, there is ample evidence to suggest that prior to the

| advent of human fire-utilisation in southern Africé, fires
ignited by lightning were responsible for the maintenance of
extensive open grassland communities in this region,‘which

are repTaced by fynbos, heath, savanna-woodland, forest and
scrub-forest communities where fire is‘cohtrolled or eliminated
(see Mentis et al. 1974). Thus, periodic burning has probably
been a feature of this area for considerable tjme, perhaps from
the very beginning of the Pleistocene, when the'grassland biome
probably originated, and the bald ibis' present: re]ationship
to grass- burn1ng may ‘have evo]ved ‘under natural selection,
rather than be1ng a recent deve]opment in. response to fires
1ntroduced by man.

¥
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