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Figure 1. The two heornbill study areas in Africa
were the Kruger National Park and the Wankie National Park,
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Figure 2. Map of the central Kruger MNational Park study
arca, snowing the main features and marking the areas where
intensive studies were conducted. Inset shows the positicn
of the study area (black) within the Kruger National Park
outline.
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Table 1.

satara rest camp in the Kruger Nationai Park.

Year and
Measurement

Rainfallt, mm

1966
1967
1968
1969
Average :

Mean maximum o
temperature, C
1966
1967
1968
1969
Average:

Mean minimum
temperature, ¢
1966
1967
1968
1969
Average:

Jan.

31,6
26,5
55,2
37,7

31,7
35,3
34,1
33,7

20,0
20,1
21,0
20,4

Feb.

207,9
118,4
100,0
142,71

March

65,5
77,8

106,2

83,1

April

28,8
28,8

28,8

-[633
14,8

15,6

May
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31,9.

27,7
29,8

June
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26,6
24,9

25,8
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Month

July
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2339
26,4

25,2

August

WO wWwoo
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26,1
27,4

26,8

September uct.

59,2
43,3
13,2
132,6
62,1

30,2
30,6

30,4

The monthly rainfall , mean maximum and mean minimum temperatures recorded during the study period at

Nov.

18,6
18,3
16,6

17,8

Uec.

164.2
16,5
168,4

116,3

20,1
17,2
19,2

18,8



Figure 4. Diagram of the Picnic Road transect route
10 the Kruger Mational Park, showing the main features

along the road. The grass cover sections (see text)
are numbered along the side. The road is marked off in
miles, and hornbiii nests found along the road are

marked (n - J. nasutus, ¢ - T, erythrorhynchus and
S F- T f]avirostr1s.§- -

dense woodland
f windmill

open parkland

dense trees and shrubs

: scattered bushes




Figure 5. Histograms of the total numbers of three
species of hornbills recorded in each tenth of a mile
along Picnic Road, for 194 counts covering 17 months+
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Figure 6. Histograms of the pércentage sparse grass cover
at each tenth of a mile aTong Picnic Road at three month
intervals from the end of October 1967 to the end of July
1968. Solid areas are the percentages of bare ground {cover -
A) and open areas the percentages of short grass (cover B).
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Figure 7. Total numbers of trees and shrubs recorded
per nectare plot at each tenth of a mile along Picnic
Road, with a graph of a moving point average {ten units
per point) superimposed.
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Figure 8. Histograms comparing the percentaces of
Acacia and thorny trees and bushes with percentaces of
Combretum and Terminalia trees and bushes, recorded per
hectare at each tenth of a mile a2alcng Picnic Road.

100 —

°/¢/h0
ACACIA &
OTHER THORNY 50—
SPECIES

MILES 0.0 2.0 40 6.0 ap 100

°/a/hu

COMBRETUM 50—
&

TERMINALIA

100—




’

Appendix 1. Estimations of average weight of herbivores
used in calculating the biomass recorded during
hornbill transects. Weights adapted from
Smithers (1966).

Herbivore species Average weight in kg
used in calculations of

biomas

African Elephant (Loxodonta africana) 4995 -

Cape Buffalo (Syncerus caffer) 545

Giraffe (Giraffa camelopardalus) 908

Zebra (Equus burchelli) 363

Warthog (Phacochoerus aethiopicus) 64

Wildebeest (Connochaetes taurinus) 227

Eland (Taurotragus oryx) A5

Kudu (Tragelaphus strepsiceros) 204

Roan antelope (Hippotragus equinus) 227

Sable antelope (Hippotragus niger) 182

Waterbuck (Kobus ellipsiprymnus) 227

Impala (Aepyceros melampus) 50

Duiker (Sylvicapra grimmea) 18

Steenbok (Raphicerus campestris) 11

Sharpe's Grysbok(Raphicerus sharpei) 11



Figure 9. Histogram of the average biomass of herbi-
vorous mammals recorded per count within eakh tenth of a
mile of Picnic Road. The superimposed graph is of a
moving point average (ten units per point).
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Figure 10. Two graphs of the moving point average for
the percentage sparse grass cover for October 1967 (solid
1ine) and April 1968 (broken 1ine) along Picnic Road
fadapted from Figure 6). The critical level of 40% is
marked, and the five grass cover areas used in statistical
analysis are shown.
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Table 2. Hornbill numbers recordgﬁ per count per tenth of a mile
along a transect road in the Kruger Hational Park in
different seasons and different grass cover sactions,
from dovember 1267 to ifarch 1962. The numbers
were calculated to four decimal places, hut were
then muitiplied by 10 000 to eliminate the decimal
‘noint for ease of calculation.

Hornbill species

Season Grass cover T. nasutus T. erythrorhynchus T. flavirostii.
Early wet 1 133 ﬁgé g?g
(1967-68) 2 78 30 235
3 205 N i
- 0 344
5 43 o
Late wet 1 117 1059 635
(1963 ) 2 .8 638 465
3 163 0 91
4 27 27 560
5 27 27 267
Early dry 1 129 . 861 602
(1968) 2 52 1364 745
3 210 33 1075
4 130 81 1317
5 0 33 455
Late dry 1 o1 218 336
(1965) 2 62 1722 3453
3 165 9 165
4 38 0 647
5 0 76 419
Early wet ] 181 181 498
(1968-69) 2 173 548 284
3 244 0 151
4 205 0 3590
5 85 34 205
# Late wet 1 409 588 614
(1969) 2 82 646 466
3 277 0 158
4 203 0 261
5 1156 0 06

A Only the two months of February and March were
counted in this season, but since the figures are
averages, this season is included in the Table.




Table 3. Numbers of Tockus nasutus recorded per count per
tenth of a mile alond a transect road in the
Kruger National Park in different seasons and
different sections of tree and bush densities.
Mean multiplied by 10 000 to eliminate
decimal point.

Season Tree and bush sections
A B C

Early wet 98 85 141

(1967-68)

Late wet 120 84 77

(1968)

Early dry - 73 103 116

(1968)

Late dry 48 60 85

(1968)

Early wet 103 135 189

(1968-69) :

Late wet 319 29 191

(1969)



Table 4,

Means used in one way analyses of variance to

test for significant differences in hormnbill
numbers recorded in different grass cover

sections and in different seasons, with the
results of the analyses.

I. nasutus

Means &f grass
cover sections

1 1020
2 540
3 1268
4 754
5 271
Results : F4925= 4,49
P =0,01-0,005""
Means for
Seasons.,
Early wet 610
Late wet 420
Early dry 528
Late dry 320
Early wet 888
Late wet 1087
Results : F =2,6F

5,24

P=20,10-0,05

Hornbill species

T. erythrorhynchus

3343
5720
63
108
170

F4925=15,5

p=<0,005 +7

1268
1751
2372
2016

763
1234

5 2& = O,Zq

P =>0,1

T. flavirostris

3007
2898
1905
3316
2096

F =0,84

4,25

P=>0,1

1683
2018
4194
1945
1497
1885

F = 4,3

5,24

P =0,01-0,005-7"

* The number of asterisks denotes the degree of significance



Fi 11. Diagrams showing the movements recorded
of rinﬁea hornbills from the placg of ringing

A - Tockus erythrorhynchus and B - Tockus flavirostris.
Open circles - sightings of ringed Birds, solid smaTl

circles - recoveries cf ringed birds, solid large circles -
areas c¢f human habitation.
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Figure 12, The position; within the Wankie Naticnal
Park, of the two transect roads, studied - LRR -

Lukcsi River Road, TR - Tchabema Rcad.
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Figure 13. Diagram of Lukosi River Road transect route
in the Wankie MNational Park, showing the main features
of the road. The road is marked off in miles.

ixed bushes and trees

aterhole

rocky area with mixed shrubs

riparian woodland

Il |$ il

i ity : !
"l ;“;r‘;? li!ii w T i '!‘}:fi
ks il Vi

sl




Fg ure 14, Diagram of Tchabema 'Road transect route in
the Wank

ankie National Park, showing the main features of the
road. The road is marked off in miles.
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Table 5.

Hornbill species

. hasutus

T
T. erythrorhynchus
T. flavirostris

Numbers of three species of hornbill recorded along two transect roads in the Wankie National Park

in two seasons, to show the relative abundance of the species. Nine counts were done on each

in each season

Lukosi River Road Tchabema Road
End of wet End of dry Total End of wet End of dry Total
season season season season
(April) (October) 1 (April) (October)
20 18 38 : 49 77 126
305 397 702 27 33 60 .
10 18 28 104 213 317

road



Figure 15, Results of transccts done along the
Lukosi River Road in the first halves of April and
October 1971, Plotted, per tenth of a mile, are

the average bicmass of herbivorous mammals per count
with a moving point average (ten units per point}, the
average percentage sparse arass cover with a movine
peint average [ten units per pecint), and the total
numbers of ecach of three species of hornbill recorded.
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Figure 16. Results of transects done alonc the

Tchabema Road in the second halvés of April and Octoker

1971. Pletted per tenth of a mile, are the averace biomass
of herbivcerous mammals per count with a movinc point

average (ten units per point), the average percentage sparsa
grass cover with a meving point average {ten units per point)
and the total numbers of each of three species ¢f hornbill
recorded.
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anft 1960), plotted over a simpTified vVégetation

Figute 17. The total distribution of Tockus nasutus
(agter S
map of Africa (after Keay 1959).
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Lowland Forest
(mostly Acacia)




Figure 18, The total distribution of Tockus flavirostris
Ia%fer Sanft 1960), plotted over a simpTitied vegetation
map of Africa (after Keay 1959).

Moist Woodlands ete.

Dry Woodlands etc.

Desert and Subdesert
700 mil

Lowland Forest
(mostly Acacia)



1
«
~
-~
| 8
o
|
i <4
9
be [
Sl
(O]}
w—
0
=]f=N
MIE .
Lpr~ e~
olwvr O
o n
(e =)]
Yo P
O %
>
s> 0
o0 W
— - X
0
S0 -
L0 D
N s o
S O Y4
-
W) Oner
"
T e
~~
— 0O
TWO -
32 O Y-
Qr= g
3
A Y
QY- O
[ i =4
- o Q
v ©
=
. 8y
QL
L3} (@]
—H-
T 2
@ o
1SS L o
S
DI
"~ )
b |Q|>

(e13eay Ljasow)
"9 spuejpoop AuQg

“239 SPUE|POOAA ISION

159104 pugIMO]

uoneIdFaIA FurIUCl




Appendix 2. Weights of animal food items identified

during analysis of hornbill stomach contents.

The size of the sample collected, the

weight of the sample, and the average weight

of each food item are given.

Food item Mumbers Weight Average
collec- 1in g weight
MAMMALIA : ted in ¢
Mastomys-size mice 51 1695,90 33,00
REPTILIA
Leptotyphlops sp. about 5 cm long i 0,60 0,50
Chamaleo dilepsis about 20 cm long 2 41,00 20,80
AMPHIBIA
Chiromantis xerampelina 15 251,00 33,50
MOLLUSCA
Basommatophora 2 cm long 2 1,90 0,50
ARTHROPODA |
Diplopoda millepedes 39 29,47 0,76
Chilopoda centipedes 14 23,00 1,71
Aranea, about 1 cm long 62 2,04 0,05
Nephilia sp. 50 43,61 0,87
Scorpionida 27 52,72 1,95
Sclifugida ’ 14 24,52 1,75
Acarina ticks 2 0,06 0,03
Insecta
Tettigoniidae,up to 5 cm long 70 20,32 0,29
Saginae-sized 11 20,37 1,85
Gryllidae 35 27,30 0,78
Acrididoidea,over 7 cm long 44 117,13 2,66
3:7 ¢cm long 114 148,48 1,30
under 3 cm long 247 25,52 0,17
Phasmida 24 2,56 0,11
Blattidae 67 7,83 0,12
Mantidae, adults 125 27,09 0,22
egg cases 1 0,43 0,43
Hodotermitidae 34 4,00 0,12
Termitidae 300 0,82 0,003
Cecropidae 6 0,13 0,03
Membracidae taken as same as

Cecropidae



Appendix 2. (Cont.)
Food item ' Numbers Weight Average
colected in g Weight
in o
Coccidae 5 0,8° 0,13
Reduviidae 20 0,81 0,04
Lygaeidae 307 75,73 0,03
Phyrrocoridae taken as same as Lygaeidae
Coreidae 2 1,18 0,59
Pentatomidae 11 5,20 0,47
Mantispidae taken as same as Phasmida
Myrmeliontoidea Tarvae 1 0,25 0,02
Lepidoptera moths, under 65 5,58 0.09
2 cm long
Lepidoptera larvae 50 27,49 0,55
Lepidoptera Acrea sp. taken as same as moths
Asilidae 2 0,12 0,06
Sarcophagidae 63 14,72 0,23

taken as same as
tera Tarvae

Muscidae larvae Ccleop-

Ichneumonoidea 8 1,12 0.02
Chalcidoidea 1 0,06 0,06
Chrysididae 7 0,58 0,08
Mutillidae 34 2,41 0,07
Gasteruptiidae 2 0,25 0,13
Formicidae,large black ants 42 0,85 0,02
large red ants taken as same as large
black ants
small red ants 600 5,17 0,0009
small black ants/00 0,35 0,0005
'sugar ' ants 116 1,70 0,01
ant larvae and 55 0,16 0,008
pupae
Pomilidae 2 0,68 0,3
Vespidae 12 1,03 3,09
Sphecidae 4 0,13 0,03
Apoidea 7 0,33 0,95
Carabidae. taken as same as small
Tenebrionidae
Staphylinidae taken as same as small

Curculionidae



Appendix 2. (Cont.)

Food item Numbers Weight Average
collected in g. yeight
in g.
Scarabiidae
Cetoniinae 70 65,14 0,97
Melolonthinae 8% 12,53 0,14
Coprinae,under 1 cm 1212 26,75 0,02
Tong
{(Scarabinae)
1-3 cm long 301 55,02 0,18
over 3 cm long 63 148,156 2,35
Buprestidae 18 18,00 1,06
Elateridae & 0,38 0,10
Coccinelidae a4 0,18 0,00
Tenebrionidae, under ' Coe )
1 cm leng 129 8.1 0,06
1-3 cm long 73 70,%4 0,14
-over 3 cm long 4 4,73 1,18
Meloidae 2° 21,15 0,74
Cermabycidae 158 30,15 2,18
Chrysomelidae other than 1 10,74 0,12
Cassidinae
Cassidinae 12 0,50 0,04
Anthribidae 8 0,12 2,02
Curculionidae, under 2 cm 135 1,67 1,M
long
Curculionidae cver 2 cm 17 1,68 0,258
long
Coleoptera (mainly Tene- 7 3,58 1,51

bricnidae)larvae



Appendix 3. A systematic list of all food items reccrded

as diet of three species of hornbill in
the Kruger National Park, N - T. nasutus,
E - T. erythrorhynchus and F - T. flavirostris.

Hornbill species
Food item N £ F

ANIMAL FOOLS
MAMMAL T A
Rodentia X X
Rhabdomys pumilio
REPTILIA
Leptotyphlops sp. X X
Chamaelec dilepsis. X X
AMPHIBIA
Breviceps sp. X
Chircmantis xerampelina X
MOLLUSCA -
Basommatophora X
ARTHROPODA
Chilopoda
Scolopendra morsitans
Diplopoda

X X X X
X X x X
x X X X

firanea
Argyopidae
Nephilia senecalensis

x

Araneus sp. X X
Caerostris sp.
Palpimanidae
Palpimanuys transvaalicus X
Lvcosidae
Lycosa sp. X
Evippa sp. .
Zodariidae
Caphaeris sp. X
Lagsetius sp. X
Scorpionida x X X
Scorpionidae
Cheloctonus jenesi. M X
Opisthophthalmus glabrifrons X



Appendix 3. (Cont.)

Food items Hornbill species
N E F
Buthidae
Uroplectes olivaseus X
Sclifugida X X X
~ Solpuga conservatorum X X
Acarina X X
Rhipicephalus appendiculatus X
R. evertsi X X
Hyaloma truncatum X
Ambylomma hebraeum X X
k. marmoreum X
Insecta
Orthoptera ~
Tettigoniidae X < X X
Saginae X
Gryllidae X X
Gryllacrididae X
Eumastacidae X X X
Thericles sp. X X X
Pyrgomorphidae X
Ochrophlebia sp. x
Acrididae X X X
Hherida turita X
A. sulphuripennis X
Rhytidacris punctata X
Oedaleus citrina
Ambylphymus rubripes X

Pseudoarcyptera sp.

X X X %

Cyrtacanthacris tartarica

C. aeruginosa X

Gastrimargus sp. X
Cataloipus oberuthi X

CLataloipus sp. X
Acrotylus sp.

Orthoctha dasycnemis
Duopherula sp.
Platypternodes brevipes
Catantopus melanostictus

X X X = X



Appencix 3. (Cont.)

Food item Hornbill species
' N E F
Phaecatantopus decoratus X
Aelopus sp. X
Cyrtacanthris aeruginosa X
Paradontemelas brachypterus X
Phasmida \ X
Dictyoptera
Blattidae X X
iantidae X X X
Isoptera
Hodotermitidae X X X
Hodotermes mossambicus X X
Termitidae X X X
flacrotermitidae
Macrotermes natalensis X X
M ukusii ) x
Odontermes sp. X
0. badius_ X X X
0. latericius X
Ancistrotermes latinotus X
Amitermitinae
Microcergtermes sp. X
Hemiptera
Cecropidae X X
Membracidae X X
Scuttellaridae X
Cossidae X X
Aspidoproctus ? mirabilis X
Reduviidae X X X
Lygaeidae X X X
Coreidae X
Pentatomidae X X X
Neuroptera
Mantispidae X
Ascalaphidae, adult X
larvae X
Myremeleontidae
Myrmeleon sp larvae X X
Lepidopetra
Heterocera X
rhopalocera

Acrea sp X



Appendix 3. (Cont.)

Food items Hornbill species
' N E F
Lepidoptera larvae and pupae X X X
Diptera
fsilidae X

Sarcophaqidae

Musc1dae, Strat1omyiidae, and

Anisopodisae larvae X
Hymenoptera

Ichneumcnoidea

Chalcidoidea X

Chrysididae X

Mutillidae X

Gasteruptiidae X

xX X X X

Formicidae - X X X
Camponotus nasutus preticsa X
C. eugeniae X
C. rufoglaucus X
Camponotus sp. | X
Camponutus (Myrmetrema)sp. X
Myrmicaria natalensis eume-

hoides
Atonomyrmex mocquerysi X

x

Ocyyrmax weitzeckeri
Dorylus helvolus
D...fulvus badius
Oéongpmachus haematodes
Pheidole megacephala

X X X X X X
X X X X X

P. tenuinodis

Bothrcoponera sp. near soror X

Monomonium delaggensis

Teramor1um sericeiventre X
Messor barbarus

Pompilidae X
Vespidae X X
Sphecidae X X

Wasp nest X



Appendix 3. (Cont.)

Food items '

Apocidea
Coieoptera
Carahidae
Grophopterus incanus

Harpalus sp.

Amblyetomus vittipennis

Histeridae
Staphylinidae

Scarabiidae (species below)

Cetoniinag
Melolonthinae
Coprinae
Scarabiinae -
Rhabdotia aulica
Tephraea furfurosa
Scarabeus sp.
Onticellus pictus
0. triangulatus
Onthcphagus gazella
Onthophagus sp.
Rischista cincta
Pachynoda sinuata
Drepanocerus sp.
Phalops amaragdinus
Sisyphus sp.
2uprestidae
Damarsila sp.
Acmaecdera faudrasi
Elateridae
Olophoeus protensus
Olopuoeus sp.
Cantharicdae
Coccinellidae
Isora anceps

Tenebrionidae
Drosoghrus sp.
Zophosis sp.
Ossiparis fragilis
Eurychora sp.

Hornhill species

N
X

x X X X X

E
X

X X X X X

=

X X X X

X X

F

X

xX X X X X

x X X X X

bad

x X X X

x



Appendix 3. (Cont.)

Food item .
N
Lagriidae
Melecidae x
Cerambycicac %
Litopus sp. x
Zoodes liturifer
Chrysolmelidae %
Megascelinae
Chrysomela sp.
Cassidinae
Eumclpinae
Cassida tigrina
Anthribidae
Curculionidae x

Polycleis equestris
Coleoptera larvae (mainly Scarabiidae
and Tenebricnidae)

PLANT FOODS
Grewia bicolor fruit
Euclea divinorum fruit
Lannea stuhlmanii fruit
Cassia abbreviata flowers

Corallocarpus sp. fruit X

Coccinium rehmannii fruit
Solanum sp. fruit
Diospyros mesptiliformes fruit

Securinega vircsa fruit x
Crotalaria australis fruit

Ficus sycomcrus fruit X
Trichlia emmetica fruit

Enncapogon sp. seed
Abutilon quineense fruit

Commiphora africana fruit
Heliotropium nelsoni fruit
Tragus berteroniamus fruit

E

X

X

X X X X X X

X X X X

Hornbill species

F

X X X X X X X

X

X

X X X X X X



Appendix 3. (Cont.)

Food item
N E
Ozoroa insignis fruit X
Cissus longicerifolius fruit X

Fruits of a Coccinium sp. creeper
Buds of a small herb
Flowers of a shrub

Yellow flowers of a thick,thorny creeper

Red flowers and sticky fruit of an .
epiphyte

Small bulbs N

Tribolium-like seeds N

Buds from terminal shoots of shrub x

Purple and white coloured cotyledons

2

W S 00 BT — TN PN Oy Iy =N

6

mm brown seed with style X
mm brown cval seed X
mm brown round seed X
mm pitted, pale yellow seed X x

X

mm very flat black seed X
mm spherical~- white seed X
mm yellow seed, hairy at one end

mm round cream seed

mm cval ¢reen and brown secd

X X X X

mm cylindrical brcocwn seed

2 mm pecinted-cval olive sced

mm pointed- oval elongate seed
mm olive heart-shaped sced X

X

mm seed like orange pip

mm spiral ccrrucated seed

mm oval mahogany sced

mm sperical furry brown seed

10 mm almond-shaped olive seed

15 mm almond shaped sced pale pink

8
4

mm round mottled-brown sced
mm spherical seed

20 mm thin pale-green seed

2

3
2
3

mm fawn seed with style pretruding X

mm oval tan seed with two stripes =~ = x
down it
mm brown irregular-shaped seced X

mm spherical pale-yellow seed

Hornbill species

F

X X X X

X

X X X X X X X

X

X



Table 7. The seasons during which hornbills were collected
in the Kruger National Park, with the numbers

collected per season.

SEASON

T. nasutus
Early dry, 1967. 8 @ Total
(May, June, July) 2 1 3
Late dry, 1967. 5 7 12
(August, September,
October)
Early wet, 1967 6 5 11
(November, December,
January). )
Late wet, 1968, 8 3 11
(February, March,
April)
Early dry, 1968. 2 2
(May, June, July)
Late dry, 1968 4 7 11
(August, September,
October)
OVERALL 27 23 50

SAMPLE SIZE
T.

3
5

10

15

16

13
16

75

T. erythro-
rhynchus

Q Total

5
10

15

17
14

75

10
20

30

30

30
30

150

I.

8
5

10

15

15

11
18

71

flaviros-
tris

Q Total
5 10
10 20
15 30
15 30
19 30
12 30
79 150



Appendix 4. The results of stomach content analysis of samples
of three species of hornbill collected over six seasons
in the Kruger National Park. Identity of food items
and the numbers eaten by the sample each season are
given.

A.  TOCKUS NASUTUS.

Food items
1967 1967-1968 1968
Farly dry Late Early Late Early Late Total
dry wet wet dry dry
Rodents 3 3 6
Chameleo 1 1
Chiromantis 4 1 2 1 8
Centipede 1 B 2 3
Spiders 2 . 6 2 10
Scorpions ] 2
Solifugids 2 3 5
Tettigonidae 3 2 2 12
Acrididae 2 S 5 4 28
Mantidae 1 2 1 6 10
Hodotermitidae 190 190
Termitidae 5 6 1
Membracidae 8 8
Coccidae 1 40 3 5 32 81
Reduviidae 1 1
Lygaeidae 1 4 22 27
Coreidae 43 2 A4 89
Pentatomidae 3 6 13 2 ] 25
Mantispidae 1 1
Lepidoptera(iarvae) 1 24 3 3 2 33
Chrysididae 1 1
Formicidae 2 161 63 63 A3 332
Vespidae 2 1 24 27
Sphecidae ] 1
Apoidca 1 2 3
Cetoniinae 5 4 9
Melolonthinae 49 50 9
Coprinae 1 3 3 7

Buprestidac 7 7 15 25 132 26 212



Appendix 4.
cont.
A‘

Food 1items
1967

1967-1968

Early Late Early

dry dry

Elateridae 2 3
Tenebrionidae 14
Meloidac

Cerambycidae 5
Chrysomelidae 1
Curculionidae 2
Anthribidae

Ficus sycomorus

fruit 13+ -

Lannea stuhimarii
fruit

Euclea divinorum
fruit

Corallocarpus sp.
FrUIT

Coccinium rechmanii
fruit

2

2 mm brown seed
with style 1

2 mm brown oval
seed 1

piospyros
mespitiiiformes 17
Truit

1 mm brown round
seed 7

4 mm pitted,pale
yellow secd

6 mm very flat,
black seed

Trichlia
emmetica fruit

1 mm spherical
white sced

Securinega virosa
fruit

White tendrils

Buds from termi-
nal shoots of shrub

wet

[pS]

29

49

130

Late
wet

20

12

Early
dry

e
[

1968
Late
dry

14

13

26

Total

19

102

130
15



Appendix 4. The results of stomach content analysis of samples
of three species of hornbill collected over six
seasons in the Kruger National Park. Identity of food
items and the numbers eaten by the sample each season
are given.

B.  TOCKUS ERYTHRORHYNCHUS

Pood items Seasons.
1967 1967 - 1968 1968
Early Late Early Late Early Late Total
dry dry wet wet dry dry

Leptotyphlops 1 1
Millepede 1 1
Centipede 2 2 3 6 13
Spiders 1 6 6 15 16 50
Scorpions 1 3 3 1 8 21
Solifugids 5 4 2 26 39
Ticks 1 2 3 1 25 32
Tettigonidae 14 28 A2
Gryllidae 3 1 2 5
Acrididae 12 1 77 105 162 23 390
Blattidae 1 1
Mantidae 4 2 4 2 12
Hodotermitidae 66 39 53 144 28 10 340
Termitidae 1029 7266 1397 2506 4028 4920 21146
Cecropidae 1 1
Reduviidae 1 1
Lygaeidae 4 4 27 2 37
Coreidae 8 36 2 33 205 201 485
Pentatomidae 1 1 2 8 12
Myrmeliontidae(larvae) 31 1 12 44
Lepidoptera(larvae) 2 2 2 148 58 2 214
Asilidae 1 1
Diptera(larvae) 4 116 4 11 135
Chalcidoidea 1 1
#utillidae 1 1
Gasterupidae 1

Formicidae 879 3276 631 111 1812 748 7457



Appendix 4.

cont. ’
B Seasons.
’ ) 1967 1967 - 1968 1968
Food items. Early Late Early Late Early Late Total
dry dry wet wet  dry dry
Vespidae 2 1
Sphecidae 2 1 1 3
Apoidea
Carabidae 2 3 51 10 11 77
Staphylinidae 4 3
Cetoniinae 3
Melolonthinae 1 38 1 40
Coprinae 25 126 419 557 154 945 2226
Buprestidae 1 1 6 1 9
Elateridae 1 1
Coccinellidae 6 12 1 2 2 8 31
Tenebrionidae 52 262 221 416 1484 1561 3996
Meloidae 1 i
Cerambycidae 3 13 2 18
Chrysomelidae 15 f 6 14 5 5 49
Curculionidae 11 A 113 55 105 143 518
Coleoptera(larvae) 6 2 1 2 67 52 130
Euclea divinorum fruit 31 18 A9
Grewia bicolor fruit 10 10
Lannea stuhlmanii fruit 35 92 127
Tragus berteroniamus 3 45 3 3 4 58
fruit
Tribolium-like seeds 1 2 1 4
Diospyros mesptiliformes 11 11
fruit
Solanum sp. fruit 3 3 6
4 mm pitted, pale
yellow seed 138 1 6 145
6 mm very flat, black
seed 15 15

2 mm yellow seed, hairy at
one end 4 16 33 271 139 463



Appendix 4.

cont.
B.
) 1967

Food items Early Late

: ) dry dry
2 mm round cream seed
7 mm oval green and

brown seed &

5 mm cylindrical brown
seed 49

Securinega virosa fruit

Crotolaria australis
fruit

5 mm pointed-oval elon-
gate seed

4 mm olive heart-shaped
seed

3 mm oval tan seed with
two stripes down it

2 mm fawn seed with style
protruding

Small bulbs

Seasons.

1967- 1968 1968

Early Late Early Late Total
wet wet dry dry

11 11

2 2 43 6 57
1 1931 2266 4247
20 20

15 28 43

1 ]

6 6

134 134

2 2



Appendix 4. The results of stomach content analysis of samples of
three species of hornbill collected over six seasons
in the Kruger Hational Park. Identity of food items
and the numbers eaten by the sample each season are
given.

C. TOCKUS FLAVIROSTRIS

Food items Seasons.
1967 1967 - 1968 1968
Early Late Early Late Early Late Total
dry dry wet wet dry dry

Rodents 1 2 1 4
Leptotyphlops 2 2
Chameleo ] 1
Basimatophora ~ 1 1
Millipede 1 1
Centipede 3 1 8 1 13
Spiders 4 8 65 14 4 96
Scorpions 3 3 5 13 1 5 30
Solifugids 7 3 2 1 4 17
Ticks 1 1 3 5
Tettigonidae 1 1 67 11 80
Gryllidae 1 1 3
Acrididae 4 16 21 64 79 24 208
Phasmida 1 3 4 8
Blattidae 1 1 1 3
Mantidae 1 7 2 ] 11
Hodotermitidae 83 13 1064 1221 500 2831
Termitidae 7 1524 542 321 1071 6979 10444
Cecropidae 1 1 2
Membracidae 5 5
Coccidae 3 3 11
Reduviidae 3 3
Lygaeidae 4 1 1 6
Coreidae 7 24 10 43 29 113
Pentatomidae 2 5 16 6 29
Myrmeliontidae(larvae) 1 2 3
Lepidoptera (moths) 2 1 10



Appendix 4.
cont.

Food items.

Lepidoptera(larvae)
Lepidoptera (Acrea)
Ortalidae
Ichneumonoidea
Chalcidoidea
Chrysididae
Mutillidae
Formicidae
Pompilidae
Vespidae

Apoidea

Carabidae
Cetoniinae
Melolonthinae
Coprinae
Buprestidae
Elateridae
Coccinellidae
Tenebrionidae
ieloidae
Cerambycidae
Chrysomelidae
Curculionidae
Coleoptera(larvae)

Grewia bicolor fruit
Tribolijum~1ike seeds

Red flowers and sticky
fruit of an epiphyte

Tragus berteroniamus

fruit

Seasons.
1967 1967 - 1968
Early Late Early Llate
dry dry wet wet
3 2 80
1 1
10-
1
1 3
4575 3052 1028 204
4
1
2
1 1 4
2 21 3
2 20
4 1 11 9
4 1 26 30
2 24
5 1 9
40 39 53 544
1
1 5 23
2 24 14 4
23 88 190 19
7 10 1
48 11 3
1 1

RS

- — —

R 00 = N

n)

($=]



Appendix 4. '

cont.
C.
Food items Seasons.
1967 1967 - 1968 1968
Early Late Early Late Early Late Total
dry dry wet wet dry dry
Euclea divinorum fruit 101 46 147
Purple and white
cotyledons 2 13 15
Lahnea stuhlmanii
fruit 95 12 107
ia abbreviat
(23513 Abbreviata 114 14 77 205
Corallocarpus sp.
fruit 15 52 4 182 6 3 262
Coccipium rehmanii
T At ) 43 379 18 440
Solanum sp. fruit 9 69 29 107
Diospyros mespiti-
liformes fruit 7 8 18 33
4 mm pitted, pale
yellow seed 1243 58 3 1304
6 mm very flat,
black seed 7 6 22 35
2 mm yellow seed,hairy
at one end 3 3
2 mm round cream seed 3 21 15 39
7 mm oval green and brown 26 100 11 207
seed
Securinega virosa fruit 336 336
Crotalaria australis
Truit 3 14 7 24
8 d-1i
m? seed-1ike orange 3 1 3 12
Enneapogon sp. seed 1 1 2
4 mm spiral corrugated
seed 13 2 15
3 mm oval mahogany seed 4 4
10 mm almond-shaped
olive seed 10 10

8 mm round mottled-
brown seed 1 1



Appendix 4.

cont.
C.
Food items
1967
Early
dry

4 mm spherical seed

20 mm thin pale green
seed

2 mm brown irregular
shaped seed

6 mm spherical furry
brown seed

15 mm almend-
shaped seed,

pale pink

Buds from terminal
shoots of shrub

Late Early

dry

Seasons.
1967 - 1968

wet

106

Late
wet

Early
dry

14

1968

Late
dry

80

Total

14

80

106

28



Table 8. The coefficient of similarity between three species of Tockus hornbill for the
food items eaten over six seasons in the Kruger National Park.

SEASON | SPECIES COMPARED

T. nasutus-T.erythrorhynchus = T.nasutus-T.flavirostris T.erythrorhynchus-T.flavirostris

——

Early dry 0,17 0,24 0,55
Late dry 0,40 0,55 0,54
Early wet 0,61 0,55 0,63
Late wet A 0,49 0,49 0,58
Early dry 0,30 0,30 0,71
Late dry 0,52 0,56 0,59

Overall 0,57 0,59 .. 0,73



Means of diversity index per specimen, taken for the sample for each season, in three

Table 9. _
species of hornbill.
(a) Mean Diversity indices of the numbers of food ftems:
Seasons.
Species. Early dry Late dry Early wet Late wet Ear1y.dry
T. nasutus 1,60 1,57 0,93 1,21 1,75
T. erythrorhynchus 1,20 0,81 1,23 1,37 ° 1,37
T. flavirostris

0,89 0,91 1,29 1,24 1,24

Mean Diversity indices of the weights of food {tems.

(b)
Species. Seasons.
Early dry Late dry Early wet Late wet Early dry
T. nasutus 0,39 0,9 0,95 0,77 1,29
T. erythrorhynchus 1,20 1,42 1,31 1,24 1,51
T. flavirostris 0,96 1,18 1,09 1,05 1,09

 Late dry

1,90
1,01
1,07

Late dry
1,27
1,33
1,35



Table 10. Significant differpnces between the cverall
diversity indices of three hornbill species,
using the method of multiple comparison.

# indicates significance at the 5% level.

Species compared Numbers of Weight of
food items food items

T. nasutus / T. erythrorhynchus X %
T. nasutus / T. flavirostris._ X
T. erythrorhynchus / T. flavirostris %




Table 11.

Season

Early dry

Late dry

Early wet

Late wet

Early dry

Late dry

.

.

e e

i— Fql
LY * .

= -

e

=

Significant differences between the diver$ity
indices of three hornbill species during six
seasons, using the method of multiple comparison.

x indicates significance at the 5% level.

Species compared Numbers
of food
items

nasutus / T. erythrorhynchus
nasutus / T flﬂv' rostris.

erythrorhynchus / T. f1av1rostr1s
nasutus / T. erythrorhynchus
nasutus / T. flavirostris

erythrorhynchus / T. flavirostris
nasutus f.erythrorhynchus
nasutus / T. flav;rostr1s

nasutus / T. erythrorhgnchus
nasvtus / T.-flavirostris

erythrorhynchus / T. flavirostris

. nasutus / T. erythrorhynchus X
nasutus / T. flavirostris

. erythrorhynchus / T. flavirostris

Weight
of food
item

X



Table 12.

Season

Early dry
(1967)

Late dry
(1967)
Early wet
(1967-68)

Late wet
(1968)

Early dry
(1968)

Late dry
(1968)

The percentage contribution by weight that "important animal food items" make to the

diet of three species of hornbill in different seasons, compared to that made up by

“incidental food items". An “important animal food item" is one that cpntributes
-over 5% to the diet by weight in any one season.

Numbers of food items, and percentage contribution by weight.

- T. nasutus T. erythrorhynchus T. flavirostris
Important Incidental Important Incidental Important Incidental
Nos. %  Nos. %  Nos. %  Nos. % Nos. %  Nos. %

2 97 9 3 7 88 14 12 5 89 18 11
2 85 21 15 5 77 23 23 4 79 28 21
6 89 13 11 4 72 23 28 8 83 22 17
4 79 14 21 5 85 19 15 6 89 22 11
3 . 85 7 15 5 79 25 21 5 93 24 7
5 74 20 26 6 82 25 18 6 68 31 32



Table 13.
three species of hornbi]

1.

% by weight to the diet, and "i

frequency of occurrence.

Season and horn-

The percentage of the diet which each igportant food item makes in different seasons for
"Important animal food items®

are those contributing over

mportant vegetable food items" are those with over 5%

Percentage of food items.

e d ANIMAL FOODS PLANT FOODS
bill species.
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Cs 888222828 £3=2 8288 o S8 Slalaes dlaolo
Early dry(1967)
T. nasutus 90 7 .
T. erythrorhynchus 24 18 6 19 8 7
T. flavirostris 30 5 9 38
Late dry(1967) i '
T. nasutus 36 49
T. erythrorhynchus 7 7 14 21 28
T._flavirostris 36 7 .18 18
Early wet (1967-68)
T. nasutus 40 9 6 8 19 7 20 27
T. erythrorhynchus 31 26 7 8
T. flavirostris 5 11 13 712 5 16 14 35
Late wet (1968)
T. nasutus 42 14 176 23
J. erythrorhynchus 34 6 26 10 9
T. flavirostris 6 24 31 11 8 9 10 5 10
Early dry (1968)
T. nasutus 38 8 39 10
T. erythrorhynchus 27 9 28 6 9 18
T. flavirostris 20 32 17 13 11
Late dry (1968)
T. nasutus 24 6 5 7 32 8
T. erythrorhynchus 5 15 8 38 7 9 20
T. flavirostris 11 521 7 13 11
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Figqure 20. Diagrams of the percentage by weight which

important animal food items" contribute to the diet of
three species cf hornbill in different seasons in the
Kruger Naticnal Park. Black areas - remainder of the
diet formed by the numbers of "incidental food items",
stippled areas - "important animal food items" shared
with another hornbill species in the same season.
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Table 14. A table comparing the percentages by weight contributed by "important animal food items" that are
important to more than one hornbill species during any one season.
Season Species of hornbill compared
T. nasutus T. erythrorhynchus T. nasutus T. flavirostris T. erythrorhynchus T. flavirostris
Early dry 90% Rodents 30%
(1967) 6% Solifugids 7%
18% Hodotermites 9%
. 19% Ants 38%
Total %
sheved 90% 30% 43% 54%
Late dry 36% Rodents 36%
(1967) 7% solifugids 8%
21% Ants 18%
7% Acridids 18%
Total % o o
shared 36% 36% 35% 44%
Early wet 9% Acridids 31% 9% Acridids 13%2 31% Acridids 13%
(1967- 68) 6% Cetoniinae 12%
19% Buprestids 16%
7% Coprinae 5%
- 8% Tenebrionids 14%
Total %
shared 9% 31% 34% 41%  46% 32%
L?}Sagﬁt 14% Hodotermites 6% 14% Hodotermites 315 6% Hodotermites 31%
6% Cerambycids 8%
9% Tenebrionids 9%
26% Caterpillars 11%
34% Acridids 24%
T
Total % 18% 6% 20% 9% 75% 75%
Early dry .
(1968) 39% Buprestids 11%
9% 17%
Total %
shared 39% My 9 17%
Late dry 6% 15%
(1968) 5% Acridids 5%
38% 11%
Total % o
shared 6% 15% 5% 5% 38% 112




Table 15.

Hornbiil species

| —

. hasutus

|~

. erythrorhynchus

I: flavirostris

Food gathering niches of three species of Tockus hornbill. The seasons are taken as
November to April (wet season) and May to October (dry season).

Where food was obtained Numbers recorded and percent they form, per season, and overall

Wet season . Dry season Overall

Nos. % Nos. % Nos. %

Trees 28 50,0 14 70,0 42 55,3
Bushes 10 17,9 3 15,0 13 17,1
Long Grass” 5 - 8,9 2 10,0 7 9,2
Medium Grass 2 3,6 - - ) 2.6
Short Grass 7 12,5 - - 7 9,2
Bare Ground 4 7,1 1 5,0 5 6,6
Total : 56 100,020 100,0 76 100,0
Trees - - - - - -
Bushes 1 0,9 - - 1 0,1
Long Grass - - - - - -
Medium Grass 7 6,2 113 17,0 120 15,5
Short Grass 52 46,0 368 55,5 420 54,1
Bare Ground ' 53 46,9 182 27,5 235 30,3
Total: 113 100,0 663 100,0 776 100,0
Trees 8 5.0 2 0,4 10 1,6
Bushes 5 3,1 8 1,7 13 2,1
Long Grass 3 1,9 2 0,4 5 0,8
Short Grass 59 36,6 32 6,8 91 14,4
Bare Ground 69 42,8 159 31,9 219 34,6

Total : 161 100,0 471 100,0 632  100,0




Figure 21.
three species

Histograms of the foraging niches used by
of hornbill in the Kruger National Park,

expressed as the percentage of the times that they are
used during the wet season (November - April)and dry

season (May -
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Table 16. How three species of Tockus hornbill obtain their food. The seasonal division is
November to April (wet season) and May to October (dry season).

Hornbill species How food was obtained Numbers recorded and percent they form, per season, and overall
Wet season Dry season Overall
Nos. % Nos. % Nos. %
T. nasutus. Picking 25 44,6 7 35,0 32 42,1
Digging - - - - - -
Levering - - - - - -
Chasing .2 3,6 - - 2 2.6
Hawking 21 37,6 4 20,0 25 32.9
Swooping 4 7,1 1 5,0 5 6.6
- Plucking 4 7,1 8 40,0 1 15,8
’ Total: 56 100,0 20 100,0 76 100,0
T. erythrorhynchus Picking 66 58,4 199 30,0 265 34,2
' Digging 36 31,9 453 68.3 489 63,0 -
Levering - - 6 0,9 6 0,8
Chasing ' i 0,9 5 0,8 6 0,8
Hawking 10 9,8 - - 10 1,2
Swooping - - - - - -
Plucking - - - - - -
Total: 113 100,0 663 100,0 776 100,0
T. flavirostris Picking 140 87,0 385 81,7 525 83,2
Digging 6 3,7 61 13,0 66 10,5
Levering - - 18 3,8 18 2,8
Chasing 3 1,9 4 0,8 7 1,1
Hawking _ 12 7,4 - - 12 1,9
Swooping - - 3 0,7 3 0,5
PTucking - - - -

Total: 161 100,0 471 100,0 632 100,0



Figure 22, Histograms of the foraging methods used
By three species of hornbill in the Kruger Naticnal
Park, expressecd as the percentage of the times they are
used during the wet season {November - April) and

dry season {(May - October).
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Figqure 23, The average weight of the stomach fat

bocy (expressed as a percentage of the hody weight) for
monthly samples of specimens of three species of hornbill
collected in the Kruger Naticnal Park, to cive an index of
the condition of the specimens.
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Figure 24, Monthly rainfall for the six three-month
seasons during which hornbills were collected in the

Kruger National Park for stomach content analysis, and for
the preceding season.
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Figure 25. Histogram of the anthropod biomass sampled
at three-day intervals in the Kruger National Park by
sweeping, plotted below the rainfall figures for the
three days intervening between samples.

MONTHS

-
| | |
- (o)
3= .
w e o T _
Z X O o
== x =
- §




Table 17.

Hornbill species

[|—

| —

. hasutus 3

Q@
erythrorhynchus

. flavirostris

Average bill sizes for the sexes of three species of hornbill, from the samples
collected for stomach content.

Average bill Tength, mm Range of length, mm Sample size

64,1 a7 - 72 27
50,7 50 - 62 | 22
3 63,5 | 51 -7 . 76
Q 51,2 ‘ 44 - 59 73
S 68,7 58 - 75 71
Q 58,3 50 - 64 77




Figure 26. Num;er ¢f nests started each day of T.
nasutus, T. erythrorhynchus and T. flavirostris during
four consacutwve seasons (1966-67 t0 1969 -70) in the
central Kruger Naticnal Park, plotted against the daily
rainfall and maximum and minimum temperatires.
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Fiigure 27, Number of nests started each day of T. nasutus,
T. monteiri and T. flavirostris during the 1970 breeding
season on Valencia Ranch, plotted against the daily rainfall
and maximum and minimum temperatures.
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Figure 28. The rainfall prior to onset of nesting,
against the ratio of the number of days since the start
of the wet season to the number of days on which

rain fell {"wetness"), for each nest of four species

of Tockus hornbill. "Plotted for four consecutive
seasons in the central Kruger National Park (1966-67

to 1969-70), and for the 1970 season on Valencia

Ranch. T. nasutus (n, solid line), T. erythrorhynchus
(e, dotted Tine), T. flavirostris (f, broken Tine)

and T. monteiri (m, dotted Ting).
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Figure 29. The average arthropod biomass recorded at

ree day intervals from two funnel traps, and two
100-sweep transects, near Satara, Kruger National Park, .
Daily rainfall, maximum and minimum temperatures, and number

of nests started each day of T, nasutus, T. erythrorhyn-
chus and T. flavirostris, are plctted, foF the -

seasons. Open symbols indicate second broods.
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Figure 30. Gonad measurements ,of specimens of T.
nasutus, T. erythrorhynchus and T. flavirostris collectecd
in the central Kruger National Park in the middle of

each month _from June 1967 to October 1968. Average testis
volume (mm3) of males, and diameter of largest ovarian
follicle (mm) of females, are plictted against the rainfall
since the previous collecting time (cor 30 days previously
if there was no collecting). The scliid bar ahove each
araph indicates the recorded span of onset of nesting for
that species during the 1967-68 breeding season.
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Figure 31. A map of the central regions of the Kruger
National Park used for a breeding study area for three

species of hornbill, showing the numbers and positions
of nest holes, except for those in the Satara study area.
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Table 18. Assessment of the habitat within about a
50 m radius of the nest of three species
of Tockus hornbill in the Kruger National

Park. Hornbill species
T nasutus T.erythro- T. flaviros-
- rhynchus - T Ivis
Number of nests 20 &5 73
Percentage in each
habitat alternatiive
1. Tree density
A. Scattered parkland 80 72 83
B. Dense woodland 20 28 17
2. Grass Cover
Sparse grass cover 35 72 28
B. Longer than sparse 65 28 52
grass cover
3. Location
A. In riparian asso- 15 27 18
ciation
B. Away from rivers 85 73 82

and watercourses



Table 19. Mean dimensions of 178 hornbill nest
holes examined in the Kruger National Park, .
used by three species of Tockus hornbills.
Figures in brackets are the extremes recorded.
Dimensions recorded Hornbill species
Tockus Tockus erythro- Tockus fla-

nasutus rhynchus virostris
Height of nest entrance
from the ground(m) 3,47 3,20 3,88
(0,70~ (0,30-9,14) (0,76-12,19)
9,14)
No. of nests facing to
each compass quarter N 7 15 13
NE 0 6 11
E 2 9 14
SE 1 7 7
S 3 12 6
SW 1 8 4
W 4 13 7
NW 2 15 6
Maximum width of nest
chamber (cm) 23,2 20,6 20,5
(15-32) (5 -38) (7 -35)
Depth of nest floor 8,2 9,1 11,5
below 1ip of entrance
{cm) ( 0-20) (0 -28) (0-27 )
Percentage of nests
with a "funkhole” above 85% 72% 77%
the chamber
Height of the entrance 8,5 8,5 7,0
hole (cm) (5,0 - (3,5 -62,0) (3,5 -19,0)
. 20,0)
Width of entrance hole 4,0 4,0 4,0
at widest point(cm) (2,5 - (2,5 - 9,5) (2,5 - 6,5)
8,0)

Number of nests in
sample 20 85 73



Table 20. Tree species in which three species of

hornbill occupied mest holes in the

Kruger National Park.

Number of nests recorded

Percentage of nests in:
Sclerocarya birrea
Acacia nigrescens
Combretum imberbe
Lonchocarpus capassa
Lannea stuhlmanii
Peltophorum africanum
Diospyros mesptiliformes
Acacia robusta

Acacia delagoensis
Acacia burkeii

Acacia tortilis
Combretum transvaalense
Kigelia pinnata
Albizzia harveyi
Colophospermum mopane
Lannea bicolor
Terminalia prunnoides
Schotia brachypeltata

T. nasutus

20

25
30
15

10

Hornbill species

T. erythro- T,

rhgncﬁus

85

27
22
11
6
2

22

flaviros-
tris

73

25
27
27

— N med el et ()



Table 21. The number of trees large enough to contain
a hornbill nest hole counted in the Nwanedzi
experimental plois of approximately 125
hectares; an area of typical Acacia ajgrescens -
Sclerocarya birrea parkland.

Tree species Number Percentage of
total
Sclerocarya birrea 86 41,5
Acacia nigrescens 62 32,0
Combretum imberbe 36 18,5
Lonchocarpus capassa 4 2,5
Lannea stuhlmanii 3 2,0
Peltophorum africanum 1 1,5
Cassia abbreviata 3 2,0

Total: 195 100,0



Appendix 5. Use of nest holes examined for more than

one season or brood, used by three species
of hornbills in the Kruger National Park,
during four consecutive breeding seasons.
Occupation is indicated by N for T. nasutus,
E for T. erythrorhynchus and F for T.

flavirostris.

Breeding season

T

Hole No. 1966-67 1967-68 1968-69 1969-70
1 N not used not used
2 N occupied by bees not used
3 N F
4 N N
5 N then E N N
6 N, ccut out for not used
specimen
7 N . not used
8 N F
9 N E
10 N N N
11 N then E N N
12 E not found F
13 E not used
14 E E.,9ocaused to examined by E
desert before but not used
lTaying
16 E E patr move to
hole 91 due to
building opera-
tions at old hole
20 E tree broken by
elephants
21 E E tree broken by
elephants
22 E E E E
23 E occupied by bees not used
24 E not used E
25 E not used pair in adjacent
tree in hole 137
26 E E E, ¥ dead on nest
floor, before
laying started
27 E not used EE (two broods)
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Appendix 5.

Hole No.

29
30

31
32

33
34

35
36

37
38
39
41

42
43
a4

A5
46
47
48
49

50

51
52

55

57

(Cont.)
1966-67

E

E,
chopped
open to

Breeding season
1967-68 1968-69 1969-70
not used not used
tree broken by
elephants
not found E E
not used F

take chicks

E
E

F
flooded
out

F
F

not found E

E,chopped open not used
to take chicks

E E

not used tree broken
by elephants

EE(two broods) E

E E E
E E
E examination
wedge fallen
out
F then E F
E EE(two broods)

E,chicks all die not used
?due to death of

parentss

E E

E not used

F F F
not used

inspected by E,
but not used

not used

not used nct used

F F, @dead on
nest floor,
before laying
started

inspected

by E, but not

used

not used F



Appendix 5. (Cent.)

hole No. 1966-67 1967-68 " 1968-69 1969-70
92 ' mud sealing by F
F, but not used

95 E E

29 F F
102 F E
105 F F
125 N N
135 used by Glau- F

cidium perTatum
136 N - F
138 F then F F
: with second
brood

141 - E E
144 £ E
150 E E
157 F F
159 N N
160 E E



Figure 33. The Satara breeding area, showing the position

cf the nest holes, and the main Vegetation features of

the area. The nests occupied by these hornbill species during
the 1968-69 season (solid circle) are marked as N - Tockus
nasutus, £ - T. erythrcrhynchus and F - T. flavirostris,
Uncccupied holes are marked with open circlas.

Roads and tracks

Areas of human habitation

‘arkland with patches of long grass
— {Parkland with long grass throughout

Scaftered trees and bare ground

N1

Watercourses and temporary pans




Figure 34, The extent of nesting territories of three
species ¢f hornbill within the Satara study area, indicated
by the maximum distances at which hornbills were seen from
the nest (radiating Tines). Position of territorial
conflicts are marked (). Pairs suspected to be resident
in the area, but whose nests were not found, are marked

S. A - T, nasutus; B - I. erythrorhynchus; ¢ - T.
flaviros¥ris, -




Table 22. Territory sizes for three species of harnbill in the Satara study area of the Kruger
National Park.

Hornbil1l species.
T. nasutus - T. érythrorhyncaus T. flavirostris
Nest no. Territary size in Nest no. Territory size in Nest no. Territo?y size in
hectares hectares hectares

90 64 86 10 111 14

159 62 98 7 ‘ 123 22

Average: 63 91 5 75 12

' 43 9 94 16

89 12 152 27

95 . 14 139 13

93 12 105 13

101 9 42 20

Average: 10 Average : 17



Table 23. Some distances bétween simultaneously active
nests of different species of Tockus
hornbill in the Kruger National Park.

Species involved Respective hole Distance
numbers apart m

T. nasutus and 11 and 74 50
T. flavirostris

T. erythrorhynchus and 38 and 67 50
T. flavirostris
80 and 81 40
133 and 134 30
110 - and 111 20
100 and 99 5
121 and 120 0, both nests

in the same
tree



13

Table 24, The time, to the nearest day, from hornbill
females entering the nest and the commence-
ment of laying, for three species in the
Kruger National Park,

Species Days elapsed Number of
records
T« nasutus 5 2
9 1
T. erythrorhynchus 6 2
6+ 2
T, flavirostris ) 4 1
5 1
6 1

Average: 6




Table 25. Observations on the interval, to the nearest day, between laying of the eggs of a clutch, or
hatching of chicks of a brood, for three species of hornbill in the Kruger National Park.
nh - eggs did not hatch.

Hornbill species Clutch Days to Laying interval between eggs Days to Hatching interval between chicks
size lay the hatch a
clutch brood
12 1&3 1&4 1&5 1&2 18&3 1&4 1%&5
T. nasutus 5 6 -10
5 7 -10 1 under 5 6 under 11 8 2 3 3 8
4 5+
4 4+
4 5 1 3 5
T. erythrorhynchus 5 8+
4 ) 7 3 5 7
4 6-11 . 2 4-6 under 12
4 9+
4 6 1 3
5 6+ 1 4 6 nh
4 6 1 3 6 6 1 4
T. flavirostris 4 8+
4 8-9 6+ 2 6 nh
5 9+
4 9+
4 9 9 1 6 9



Table 26.

Hornbill species

. hasutus

T
T. erythrorhynchus
T. flavirostris

Comparison of the ratios of egg sizes and the ratio of body weights for three species
of hornbill ; all data from the central region of the Kruger National Park.

Average egg Ratio Average egg Ratio Average ? body Ratio
length, mm width, mm | weight, g
37,0 1,10 36,2 1,09 146,2 1,16
33,6 1,00 24,1 1,00 126,4 1,00

36,6 1,09 25,5 1,06 167,9 1,33



Table 27. Clutch sizes for three species of hornbill
in the Kruger National Park in three
consecutive breedinc seasons.

Hornbill species Breeding season ‘
1966-67 1967-68 1968-69 Overall

T. nasutus
Complete clutches

of: 1 eqg
2 eqgs
3 eggs 1 1
4 eggs 1 3 4
5 egas 1 3 &
Average: 4,0 4,5 4,3
T. erythrorhynchus
Complete clutches
of:
-1 egg ,
2 eqgas 1 1
8 eags 2 4 1 7
8 eggs 4 15 19
'6 gggs 14 14
Average: 3,0 3,3 4,4 4,1
T. flavirostris /
Complete clutches
of 1 egg
2 eggs 1 1
3 eggs 4 8 12
4 eqgs 2 14 16
5 eggs 2 3 5
Average: 3,6 3,8 3,7



Table 28. Incubation periods, tc the nearest day,
for three species of hornbill in the Kruger
National Park.

Species Incubation period Number of records
. in days
T. nasutus - 24 2
25 2
26 1
T. erythrorhynchus 23 2
o 24 2
25 2
T. flavirostris 24 1

Overall average : - 24,3



Appendix 6. Details for nests:of three species of

hornbills in the Kruger National Park,
cf clutch size, number of chicks hatched
and number of chicks leaving the nest,
where these figures are accurately known.

A. Tockus nasutus
Nest Season Clutch MNumber of Number of Remarks
- hole size chicks chicks to
number hatched leave nest
2 1966-67 3
3 1967-68 3 3 3
4 1968-69 5 5
1967-68 4 1
5 1967-68 5 5
1968-69 5 5
6 1967-68 3
7 1967-68 3
8 1967-68 3
10 1967-68 3
1968-69 a4 3
11 1968-69 4 3
19 1967-68 4
60 1968-69 5 4 4
90 1968-69 4 4 A
103 1968-69 3
117 1968-69 4
125 1968-69 3 0 Tree growth
clcsed nest
entrance pre-
maturely.
130 1968-69 3 0 Tree growth
closed nest
entrance pre-
maturely
Average: = 4,3 3,5 2,4 (or 3,4 dis-

counting total
failures)



Remarks

One egg lost
during incu-
bation perioa

Two chicks
die. of star-
vation.

One egg

failed to
hatch

~- One egg

Appendix 6. {(Cont.)
B Tockus erythrorhynchus '
Nest hole Season Clutch Number of Number of
number size chicks chicks to
hatched leave nest
1967-68
1968-69 4
11 1567-68 3
13 1966-67 3
16 - 1967-68 4 4 2
21 1967-68 4
22 1968-69 a4
24 - 1966-67 3 3
27 1966-67 3 3
1967-68 4
1868-69 3
31 1966-67 3
- 32 1966-67 3. 2. 2
34 1967-68 3 3
35 1968-69 4 3 0
36 1966-67 4
38 1967-68 2 2
- 1968-69 5
39 1967-68 3
1968-69 4
42 1967-68 4 4 2
43 1968-69 5
44 1967-68 4

lTost during
incubation,
chicks all
dead, due to
death of
parents?

Two chicks
die of star-
vation.

Chicks all :
dead, due to

death of
parents?



Appendix ‘6.

Nest hole
number

78
79

80
82
85
86
88

89

91
93
95

98

100
101
110
115
116
118
121
122
124
127
132
137
144
151
153
160
166

{Cont.)

Season

1968-69
1968-69

1968-69
1968-69
1968-69
1968-69
1968-69

1968-69

1968-69
1968-659
1968-69

1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69
1968-69

Average :

Clutch

size

[$) I T

SO

(8 2 B & » B o &y |

LA T 0 B G - =)

4,1

Number of Number of

chicks

hatched

22NN B SN

w

chicks to
leave nest

1,5

Remarks

Second
brood. One
egao in nest
dried up.

Rotting
chicks on
nest floor,
flooded out.

One egqg
broken by
observer,

One eaqg
failed to
hatch.

(or 2,4 dis-
counting to*
tal failur-
es)



Appendix 6.

C.

Nest
hole
number

32
42

47

53

56
57

58

60
61

62

63
64
65

66
67

68
73
74

75

(Cont.)

Tockus flavirostris

Season

1968-69
1968-68

1968-69
1967-68

1968-69

1967-68
1968-69

1966-67

1966-67
1966-67
1968-69
1967-68

1967-68
1967-68
1968-69
1967-68
1968-69
1967-68
1967-68
1967-68

1968-69
1967-68
1967-68
1968-69

1968-69
1968-69
1968-69

1968-69

Clutch
sjze

w W W AN D

chicks
hatched

N W W N

Number of Number of Remarks
chicks to
leave nest

Nest broken cpen
by elephant and
then preyed on.

Two chicks die
of starvation.

Two eggs lost
during incubation.

One egg lost
during incubation.

Dead chick on
nest floor, due
to starvaticen ?

One eqgg failed
to hatch.

At Teast one egg
failed to hatch.

At least one'egq
infertile; o

4 eggs with
dead embryos.



Appendix 6.

Nest
hole
number

76
77

81
84
87
92
%4

99
102
104
105
106
108

111
112
113
119
120
134
135
138

(Cent.)
Season Clutch
size
1968-69
1968-69 4
1968-69 3
1968-69
1968-69 3
1968-69 4
1968-69 5
1968-69
1958-69
1968-69
1968-69
1968-69
1968-69 4
1968-69 4
1968-69 4
1968-69
1968-69 4
1968-69 3
1968-69
1968-69
1968-69 3
Average 3,5

Number of , Number of
chicks chicks to
hatched

-4
4 0

— W

3,0 1,4

Teave nest

Remarks

One emaciated chick
in nest with rotting
remains of rest.-

Hole flooded.

Hole flooded, due to
work of observer.

3 eggs failed to
hatchs

(or 2,0 discounting
total failures).



Table 29.

Hatching success for three species of

hornbill in the Kruger National Park.

Hornbill species

T. nasutus

No.of No.cf Percen-

eggs

lajd hatched hatched

39

T. erythrorhynchus 76

T. flavirostris

72

-

egas

33

62

53

tage

85

82

74

Average Average Aver-

size size age
of of %
clutch newly hatched
hatched
brood
4,3 3,5 81
4,1 3,3 80

3,7 3,0 81



Table 30. Time, to the nearest day, of the females' emergence after the hatching of the first egg
of a clutch, and the youngest chick recorded left in a nest, for three species of hornbill
in the Kruger National Park.

Hornbill species Records of days from hatching of | Age, in days, of youngest chick
first egg to emergence of female. Teft in a nest.
T. nasutus 19 | 13
21
24
T. erythrorhynchus 20 ! 14
23
T. flavirostris 20 20
20-22
21

Overall average: 21,1 16



Table 31. The age of chicks when fhey leave the nest
for three species of hornbill, and their
position within the brood. ds - died of
starvation before leaving.

Age on leaving nest in days, and
position in brood.

Hornbill species Ist 2nd  3rd  4th  5th
chick({el- chick chick chick chick
dest) (youngest)
T. nasutus 43 45 44 47 - 48
a3
45 44 47 19
T1. erythrorhynchus 45 48  ds ds
45 50 ds  ds
a4 49
39 41 qr a4
T. flavirostris 15
42
45 45
42
47
47

Overall average 4553 46,0 45,2 46,7 48



Appendix 7. The development of chicks of three species
of Tockus hornbiil.

INTRODUCTION : The development of plumage and colouration
of three chicks of T. nasutus, T. erythrorhyachus and

I. flavirostris is described. Development of Tockus

chicks has been described for a hand-reared J. flavirostris
chick (Prozesky 1965), and for a wild J. monteiri chick
(Kemp and Kemp 1972: Section 5).

The growth curves for wing, tail, ulna,
bi1l1 and tarsus are given in Section 7. They compare
exactly with the curves for IT. monteiri (Section 5).

So similar is the development of the chicks that a general
description is given, with specific variations given

only where necessary. “The various parts of the body are
considered separately, but the colours of the plumage

are not described because they are covered by Sanft
(1960). Finally, photographs of stages in the growth of
an individual J. erythrorhynchus chick are appended.

THE DAY-OLD CHICK: At hatching, chicks are naked, pink all
over but for a white tip to the upper mandible,a grey
colour in the area of the eyes and at the claw buds. The
eyes are closed. The upper mandible is about 2 mm shorter

than the lower. Dried up egg membranes are still attachad
to the belly.

PLUMAGE DEVELOPMENT; Rectrices - In the second day
the rectrices are visible through the skin as a dark
arca, and tufts where they will appear develop by the
third day. The quills appear on the fourth day, and
the feathers begin to break out of the quilis on about
the 15th day after hatching. Rectrix growth is com-
pleted about two weeks after the chick has left the
nest, when about 60 days old.

Remiges = The same growth
sequence as the rectrices, the primaries and secondaries



Appendix 7. {Cont.) .

emerging at the same time although the inner
secondaries emerge about a day before the other remiges.

Wing ccverts = Show first over the
elbow on the second day, emerge cn the sixth day and the
feathers begin to break cut of the quills on the 13th
day after hatching. Emergence of the feathers from the
quills is delayed in all Coraciiformes chicks, giving
them a spiky appcarance for a time. This spiky stage
(¥porcupine stage" of Prozesky 1965) lasts from about
the tenth to the 20th day after hatching in Tockus
hornbill chicks. The wing coverts cover the wings by the
22nd day, are about threec quarters grown by the 25th
day, and completely grown when leaving the nest on the
45th day after hatching.

Breast and thighs - Are considered
together due to similar rates of develcopment. They
show under the skin cn the second day, the quills
emerging on the fourth day and beginning to break open
on the ninth day. The breast, abdcomen and thighs
are covered by feathers by the 20th day, being the
first area to be covered by feathers.

Back - Tail coverts show under the
skin by the seccnd day, and on the back by the fourth
day. The back feathers develop cut of phase, these at
the posterior being abcut two days more advanced than
those at the anterior. Quills emerge on the lower
back and tail coverts on the sixth day and the
feathers begin to break out cn the 12th day. The feathers
are about half out cn the lower back by the 22nd day,
cover the lower back by the 30th day, and are completely
grown by the time of leaving the nest.

Neck - The feathers on the tract
down the throat ancd frent of neck are the most retarded
of the feather areas. The quills are visible under the
skin by the fourth day, emerge on the seventh day, and
the feathers begin to break cut on the 11th day.
However, the feathers only completely cover the front
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of the neck by abcut the 35th day after hatching.
The feathers at the shoulders and very top of the
back are in phase with the neck feathers.

Head - The quills are visible under
the skin by the second day, especially at the lores
which 1is more advanced than the rest of the head.
The quills emerge by the fourth day and the feathers
begin to break out cn the 18th day. The feathers
cover the head by the 25th day, but the quills are
visible on the sides cf the head until at least the
32nd day. This is due to the siow development of the
ear coverts. The eyelashes are visible under the
skin by the ninth day after hatching, emerge cn the
11th day, but are not quite completely grown cven
by the time of leaving the nest.

ORGAN DEVELOPMENT: Air sac = At the end of the first
day the air sac is visible as two bodies over the
scapuiars. By the second day these have joined to form
a single sac which increases in extent until the 15th
day. The air sac develcpment is abcout a day later for
I. nasutus. By the fourth day the air sac extends

down the sides to the ribs and down the back to the an-
terior @nd of the pelvis. On the fifth day extensions
begin along the top ¢f the wing anc neck, and as far
back as the acetabulum cn the pelvis. By the fifth

day the air sac extends arcund the lower jaw to the
base of the bill. By the seventh day the sac extends
over the shoulders and by the eigth day joins at the
pocint ¢f the sternum. By the ninth day it has reached
the base c¢f the tail. By the 15th day, the air sac
covers the whcle back, back of neck and bottom of lower
jaw, top of humerus, ribs and furcula and part of

upper sternum,



Appendix 7 (cont.)

Legs and claws =~ The claw buds are
evident at hatching. They begin to grow immediately,
and to darken from light grey to black, being fully
developed by the 20th day. The legs are pink at hatching,
a pale grey by four days, purplish by the ninth day, dark
grey by the 12th day, and biack by the 18th day. The
"knee" has a callcused area, evident by the second day
after hatching, but no special tubercles cor pads as are
present in chicks of several Piciformes families.

Bill - The bi11 is pinkish in all
species at hatching, but develops specific colours
thereafter. In T. erythrcrhynchus the bill deepens to a
yellow=-crange cclour by about the 20th day, at which
time a black line develops along the bottom of the lower
mandible. The black line intensifies, as does the orange
colour, until emergence from the nest. In T. nasutus the
bi1l becomes black and develops a pale cream line along
the middle of the upper mandible. In J. flavirostris
the bill becomes a dusky black-brown, somewhat mottled,
until about two weeks after emergence from the nest
when a yellow similar to the acdults appears. The bill
has not attained the adult size by emergence, and may grow
for at least a year, by which time the colours of the
bill are the same as the adult. Possibly the birds are
mature and breed within a year i.e. by the following
season after they were hatched.

At hatching the upper mandible is several milli-
meters shorter than the lower, but they have grown to equal
length by the fifth day. The Dill is also straight at
hatching, and the curve.. only becomes apparent by the
eighth day. The white egg tocoth on the tip of the upper
mandible has disappeared by thc 28th day.
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Eyes - The eyes are closed at
hatching, and the future opening is only cvident
as a line ¢n the skin. The ridges of the eyelids are
obvious by the fourth day and slowly develop and move
apart. The eyes can cnly be considered truly open
and functional by about the 12th day after hatching.
The eyes, as for all Tockus hornbill chicks,where it
is documented, are a light blue-grey colour. They
develop into the adult colour within about a year of
leaving the nest.

N.B. The duration of the stages cf development are
averages from several brocds and all three species
and must not be taken as exact.












Figure 35. Growth curves from daily measurement of

elcdest chicks of three Tockus species. A, - T. nasutus
from nest 90 ; B. - T. erythrorhynchus from nest 100 and
C. - T. flavirostris from nest 42. ATl were in the
nest at approcimately the same time cduring the 1968-69
breeding season, and the nests are in close proximity to
each other.
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Figure 36. Weight curves for 311 members of broods

of three Tockus hornbill nesting within 1,5 km of cne
another during the 1268-69 breeding season. The daily
rainfall and maximum temperature are also plotted for

the nesting period. N chicks 1 = 4, T. nasutus

nest 90 3 E <chicks 1 - 4 T, erythrorhynchus nest 100;
F chicks 1 and 2, T. flavirostris nest 42; F chick
1b, T. flavirostris nest 108.
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Figure 37. Weight curves for all chicks in two broods

O0Ff Jockus erythrorhynchus, in nests 42 (upper) and 16
(lower) started Tate in the 1967-68 breeding season.

The daily rainfall and maximum temperature are also plotted
for the nestling period.
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Table 32. Feeding rates recorded at nests of three
species of hornbill jn the Kruger MNational

Park.
Hornbill Contents of Stage of Duration Feeds Feeding
species and nest nest of watcnh rate
nest number Hrs/Mins feeds/hr
T.nasutus 15 ¢ 3 eggs 3 days after 8.15 na 5,3
- laying started
54 chicks Eldest chick 11.15 14 = 1,2
38 days old 17 ) 1,5
31 2,7
T. erythro- ¢ 2 cgas 10 days after 5,35 24 4,3
rhynchus laying started
12 g 4 chicks Eldest chick 5,45 488 8,3
Crd
one egg 5 days old
¢ 4 chicks Eldest chick 6,00 70 11,7
9 days old
g & chicks "Eldest chick 6.00 65 10,8
16 days cld
4 chicks Eldest chick 6.00 21s 15,2
23 days old 69 1,0
97 16,2
%4 chicks Eldest chick 6.00 t1a 10,2
27 days old _;ﬁg 0,7
£5 10,9
4 chicks Eldest chick £€.00 9nd 15,7
3¢ days old _ﬁQ. 1,0
100 16,7
25 9 Laying not 5,45 46 8,0
. started (24 extra visits made by g4
with Tining)
as 5 Laying not 6.00 28 4,7
? started
as g 4 eggs 17 days after 6.00 4 0,7
laying started (3 defending territory
» mainly)
181 ¢ 5 eggs On pcint of 6.00 15 2,5
' hatching
“05 g 4 chicks Eldest chick 6.00 31 5,2
15 days old
38 3 c¢hicks Eldest cnick 4.55 N2 2 a.5
25 days old 19 9 2,0

(O3]
™
-
w
(85 ]



Tzscle 32 (Cont.).

Hornbill
species and
nest number

T. flavi-
rostris
—“ 75

42

67

67

105
123

152

Contents of Stage of Duration

nest

2 eqggs
3 chicks

5 chicks

3 chicks

[BS]

chicks

§ 4 chicks

at least
2 chicks

4 chicks

nest

of watch

Hrs/Mins

2 days
lTaying

Eldest
3 days

chick
old

Eldest
8 days

chick
old

£ldest chick
12 days old

Eldest chick
25 days old

Eldest chick
13 days old

Eldest chick
17 days old

Eldest chick
20 days old

2.

9‘

10.

()}

before 6.11
starys

06

10

05

.48

.40
.00

.00

Feeds Feeding
rate
feeds/hr

17 2,8
8 3,8
b2 5,7
924 9,3
34 8 3,5
35 ¢ 3,6
69 7,1
64 11,3
- 29 4,8
14 0&g 2,3



Table 33. Factors causing total loss of all chicks
or eggs in nests of three species of hornbill
in the Kruger National Park.

Details Hornbill species.
T. nasutus T. erythrorhynchus T.flavirostris
Number of nests 22 73 54
examined :
Percentage 0 5,5 3,7

where adults
were proba-
bly preyed on

Percentace 0 0 0,9
where nest con-

tents were

preyed on

Percentage 92,1 1,4 0
where tree

growth closed

off the en-

trance hole

Percentage 0 2,7 3,7
flooded
Percentage 90,9 90,4 91,7

that reared
some chicks
to fledging



Table 34. -

Hornbill species

T. hasutus

. erythrorhynchus

[~

[~

. flavirostris

Nestling success for hornbills in the Kruger National Park.

Eggs laid Chicks to % leaving of
leave the eggs Tlaid-

nest
X 16 13 81
26 12 46

29 10 34

Eggs

Chicks to leave

hatched the nest

19

28

25

13

12

14

% leaving
of eggs
hatched

68

43

56

Reasons for
chick Toss

Six chicks

* Tost in two

nests by tree
closure

Four chicks
died of star-
vation, seven
due to death
of parents,
five in one
flooded nest

Three chicks
were predated
four died due
to death of
parents, two
starved,

two unknown.



Table 35. Nestling success of hornbill nests in the Kruger National Park, estimated overall, and
then excluding those nests where all chicks were lost.

Hornbill species Treatment Average size Average Nos. Average Nos. Average percent of chicks leaving ég
of clutch hatched leaving the = Eggs 1a1d‘ Chicks hatched
' nest '
T. nasutus Overall 4,3 3,5 2,4 56 69
Less total 4,3 3,5 3,4 ' 79 97
Tosses
T. erythrorhynchus Overall 4,1 3,3 . 1,5 37 45
Less total 4,1 3,3 2,4 : 59 73
Tosses
T. flavirostris Overall 3,7 3,0 1,4 38 47
Less total 3,7 3,0 2,0 54 67 .

Tosses




Table 36. Predation on three hornbill species in the central Kruger National Park recorded from
1966-1969.

Predator T. nasutus 'T. erythrorhynchus T. flavirostris T. erythrorhynchus Overall
or T. flavirostris

Aquila fasciata 0 5 7 31 43

Aquila rapax 0 3 3 14

Aquila wahlbergi 1 2 0 5 8
Terathopius ecaudatus 0 4 6 23 33
Polemeetus bellicosus 0 2 1 1 4

Bubo lacteus 0 3 0 20 23

Falco biarmicus 0 0 12 0 1
Unidentified small cat | -
0or mongoose. 0 0 1 0 1

Total : 1 ' 19 18 81




Table 37.. The percentage of examinations of nests of six large raptors when hernbill prey was found
in the nest, out of visits when any prey was found, for three consecutive years in the
central region of the Kruger National Park.

Raptor species

Aquila fasciata

Average overall:

Aquila rapax

Average overall:
Aquila wahlbergi

Average overall
Terathopius ecaudatus

Average overall
Polemaetus bellicosus

Average overall:
Bubo Tlacteus

Average overall:

Year

1967
1968
1969

1967
1968
1969

1967
1968
1969

1967
1968
1969

1967
1968
1969

1967
1968
1969

Number of Percentage of visits when hornbills among prey in nest
visits when T. nasutus T. erythro- T. flavirostris T. erythro- Overall
prey recor- rhynchus rhynchus
39 8 10 21 39
34 26 26
28 7 n 50 68
101 5 7 31 42
28 4 4 21 29
15 7 7 14
19 5 n 5 21
62 5 5 13 23
10 10 10 20
69 1 1 4 6
9 11 11 11
88 1 2 6 9
34 ’ 3 3 6
35 6 9 37 52
41 2 7 22 31
110 4 5 21 30
8 13 13
9
10 [V 10
27 4 4 8
23 9 78 87
2
20 5 10 15
45 7 44 51






Table 38. The extremes of the duration of various
phases of the nesting cycle of three
species of Tockus hornbill in the Kruger
National Park.

Nesting phase Duration in days.

Maximum Average Minimum
Pre-laying period 9 6
Laying period 10 8 6
Incubation period 26 25 23
Nestling period 50 45 39

Total g5 84 72









Table 39. The percentage of spécimens collected each month with
any active moult in progress, for three species of
hornbill in the Kruger National Park.

Hornbill species.

Month T. nasutus T. erythrorhynchus T. flavirostris
| No. in Z%moulting WNo. in %moulting No. in Zmoulting
Sampie Sample Sample

June 1967 3 100 10 100 10 100
July

August

September 7 14 10 10 10 0
October 5 40 10 60 10 10
November 4 100 10 40 10 50
December 2 100~ 10 100 10 100
January 1968 5 80 10 90 10 20
February 5 100 10 90 10 S0
March 3 100 10 100 10 90
April 3 100 10 80 10 90
May 2 100 10 100 10 100
June 10 0 10 20
July 10 10 10 10
August 10 10 10 0
September 4 25 10 20 10 10

October 1968

~
(e}

10 20 10 0



Table 40. Tailmoult index (average number of rectrices growing
in per specimen for each honth) for three species
of hornbill in the Kruger MNational Park.

Tail moult index for each hornbill species

Month T. nasutus T. erythrorhynchus T. flavirostris
June 1967 © 0,0 0,0 0,3
July
August .

September 0,1 0,1 0,0
October 0,0 0,0 0,0
November 0,0 0,2 0,3
December 2,0 1,1 3,4
January 1968 2,8 1,5 4,0
February 2,2 1,7 2,8
March 1,3 . 3,6 1,6
April 0,0 1,2 0,8
May 0,0 0,6 0,0
June 0,0 0,0
July 0,1 0,2
August 0,1 0,0
September 0,3 0,1 0,1

October 1968 0,0 0,0 0,0



Table 41. Wing moult index (avergge number of remiges growing in
per specimen each month) for three species of
hornbill in the Kruger National Park.

Month Wing moult index for each hornbill species
) T. nasutus T. erythrorhynchus T. flavirostris

June 1967 0,7 1,5 1,1
July

August

September 0,0 0,0 0,0
October 0,0 0,2 0,0
November 1,8 0,3 0,8
December 7,0 2,1 4,7
January 1968 2,6 2,1 6,2
February 4,8 3,8 5,2
March 2,3 9,4 6,4
April 3,0 ' 4,2 5,7
May 2,0 4,8 2,9
June 0,1 0,0
July 0,0 0,0
August 0,0 0,0
September 0,0 0,0 0,0

October 1968 0,0 0,3 0,0



Table 42. Index of the body moult each month for samples of hornbills
collected in the Kruger National Park. Areas of
body moult (head, neck, back, flanks, breast) were
scored 1 - 3 according to degree of moult. Average
score for the sample gives the body moult index.

Month Body moult index for each hornbill species.
T. nasutus T. erythrorhynchus T, flavirostris

June 1967 2,0 1,5 1,2
July

August

September 0,0 0,0 0,0
October 0,4 ) 0,7 0,2
November 1,8 0,5 0,8
December 5,0 2,6 2,3
January 1968 2,0 1,4 3,2
February 4,8 1,0 4,8
March 7,3 5.9 5,9
April 7.7 4,4 5,3

May 5,0 4,8 4,0
June 0,0 0,2
July 0,0 0,0
August 0,0 0,0
September 0,0 0,0 0,0

October 1968 0,0 0,0 0,0
























Figure 48. An immature Tockus flavirostris dustbathing,
the head lowered, and the wings sccoping dust over the back,










Figure 51. Territorial displays of Tockus hcrnbills
in diacrammatic form. A - T. bradfieldi type of
display; B - T. nasutus type of display; € - T.
hemprichii type of display 3 D - T. monteiri type of
displays E - T. flavirostris type of display.




Figure 525 Threat position peculiar to chicks, alseo
wi%ﬁ fear elements, shown here by a Tockus nasutus chick.
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of the colouration of Tockus hornbills.
jon from skins, and Sanft(1960), unless

e stated.

oraging Size
niche

rboreal Large
rboreal Large
rboreal Large
rboreal Large
rboreal? Small
rboreal Medium
\rboreal Medium

rboreal?  Very
large

rboreal? Very
large
errestrial? Small
arrestrial Medium
arrestrial Medium

rrestrial Medium

rrestrial

Overall
appearance

Black & white 4
Black & white 2
Sooty-brown & 4
white

Brown & white 2
Black & white 4
Grey-brown & 2

white

Grey-brown & 2
white

Grey & white 2
Grey & white 2
Brown & White 2
Black & white 4

Black & white 4

Black & white 4

Number of Colour of outer
dark cen-
tral rec-
trices

rectrix pairs

-Quter pair black

rest white
White-tipped
Quter pair black
rest white

White-tipped

White-tipped

. White-tipped

White-tipped

White-tipped

A1l rectrices
white-tipped
White-tipped
Black with broad
white band

Black with broad

~ white band
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white
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Black

Black
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Black

Brown

Pale brown with

white stripe

Grey

Grey

Brown

Black with white
stripe

Black with white
stripe

Black
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A1l grey
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Figure 57. Diagrams of the dorsal aspect of all species

0F Tockus hornbill to show the plumage patterns,

especially of the primaries, secondaries, upper wing
coverts and tail, grouped into species that have similar
behaviour and ecoloqy.
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Table 44, Table of the average wing length/tarsus
ratio for each species of Tockus hornbill,
arranged in descending order of magnitude.
Calculated from measurements given in Sanft
(1960).

Tockus species

T. fasciatus 7,49

T. alboterminatus 7,29 .
T. hemprichii 6,88 =
T. bradfielci 6,53 | _arboreal- . =
T. hartlaubi 6,27 | foraging =
T. pallidirostris 6,22

T. nasutus 6,07 e
I. griscus . 5,29 =
T. birostris 4,98 —arboreal?

T. camurus 4,90 . terrestrial?

T. flavirostris 75 =
I. erythrorhynchus : 4,67 | _terrestrial- =
1. deckeni 4,61 foraging §gu'_;
I. monteiri 4,49 s



Table 45. A 1ist of characters cof the two species

w
.

10.

11.

13.

groups that form a dichotomy within the
hornbill genus Tcckus.

Forage mainly on the ground Forace mainly in trees
and bushes.

Clucking calls Whistling calls.
Head-dcwﬁ territoriai Head-up territorial
display display.

Walk or run on the ground Hop on the ground.

HExcept for T. monteiri
which bounds)

Direct, flap-and-glide Undulating, floppy, but
flight dextrcus flight.

Concealec rocsting sites Open roosting sites.

Lack of contact call " Well developed contact call.
Grass, leaf and twié nest Bark nest lining.

lining

Quter pair c¢cf rectrices Outer pair of rectrices
largely white only with white tip.

Primaries with small white Primaries lacking white
spots half way along their spcts.

length
Up to three inner No secondaries precomi-
secondaries largely white nantly white.
Upper wing coverts mostly Upper wing coverts dark
white edged with black with paler edging.
(except in some T. deckeni)
Wing/tarsus ratio less Winc/tarsus ratio more
than 4,8 than 6,0
Species concerned: Species concerned:
T. erythrcrhynchus T. alboterminatus
T. monteiri T. fasciatus
T. flavirostris T. bradfieldi
T. deckeni T. hemprichii
T. nasutus
T. pallidirostris
Species of undetermined position, because of lack of data:
T. birostris
T. griseus
T. hartlaubi
T. camurus



Figure 58.
hartlaubi

The total distribution of A - T.
and B - T. camurus. (After Sanft 1960),.

0 1000 1
Km




Figure 59. Distribution, in India and Ceylon,
oF the two non-African species of'Tockus; solid circles,

I. birostris and open circles T. griseus. From Sanft
(1960).




Figure 60. Distribution, in Africa, of the bradfieldi
species-group. Solid circles, T. alboterminatus;

open circles, T. fasciatus; crosses, 1. bradfieldi;
solid triangles, T. hemprichii. From Sanft {1960).

-]

4 A \
°°° o o .‘i a |
g 0° o 00 HEYN
) o0 24

008 ) °°° 9 o ° ° ) 7Y |
Do 9 o o°8° 0 00 40 oo LY A
o o ) A
p%0 2 00008 %08 % °
o° B2 © 9% “o0o0 e G s
0 - =00 O .’. . ®
o .:o °o° 0 .. %
&P M 00{:' L
? oc°;oo - o
(] o0 : ‘...
. .
.. ;% ..’.’.0. \'
LIPS ® ° :.. LI
A L ] .. .. .s....
L ] [ XY
0 1000 o Wx ° [ ) L) ..
Km. 0, 0*
X X X oce
[ B
o.'
R/
)



es

circ

pen

From Sanft {1960).

Distribution, in Africa, of the nasutus
Solid circles, T. 'nasutus; o

Figure 61.
species-aroup.
pallidirosiris.
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Figure 62.
species-group.
open circles,

Distribution, in Africa, of the monteiri
Solid circles, T. erythrorhynchus;

J. monteiri. From Sanft (1960)




Figure 63. Distribution, in Africa,of the
fTavirostris species-group. Solid circles, T. flavirostris;
open circles, I. deckeni. From Sanft (1960).




R diagram showing the suggested methods

Figure 64.
hornbill genus Tockus.
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