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Figure 1. The two hornbill 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 National Park study 
areaj showing the main features ~nd marking the areas where 
intensive studies were conductedo Inset shows the position 
of the study area (black)- within the Kruger National Park 
outline . 



Table 1. The monthly rainfall , mean maximum and mean minimum temperatures recorded during the study period at 

~a tara rest camp in ~he Kruger Nat1ona1 Park. 

Year and Month Measurement Jan. t-eb. Marcn Apr; 1 ~lay June July August September uct. Nov. uec. 

Rainfal 1, mm 

1966 10,4 6.5 59,2 29,0 164.2 
1967 31,6 207,9 65,5 42,3 0,0 0,0 0,0 I 

0,0 0,0 43,3 29,0 16,5 
1968 26,5 118,4 77,8 72 '1 9,6 25,8 0,0 ' 3~0 0,0 13,2 69,5 168,4 
1969 55,2 100,0 106,2 25,0 3,0 0,0 0,0 0,0 24,6 132,6 
Average 37~7 142 ~ l 83 '1 46,4 4,2 8,6 0,0 3,4 7.8 62,1 57,7 116,3 

r~ean maximum 
temperature, 0c 

3f. 2 1966 30,9 
1967 31 '7 29,6 28,8 31 '9. 26,6 23,9 26 '1 29,0 30,2 33,9 32,8 
1968 35,3 31 ,8 30 '1 28,8 27,7 24,9 26,4 27,4 29,7 30,6 30,6 32,4 
1969 34,1 34,7 32,6 
Average: 33,7 33,3 30,8 28,8 29,8 25,8 25,2 26 ~8 29,4 30,4 31 ,8 32' 1 

Mean minimum 
temperature~ °C 

1966 18,6 20 '1 
1967 20,0 18,0 16,3 12,4 9,0 7,4 10,0 l2.2 16,3 18,3 17,2 
1968 20,1 20,0 18,2 14,8 15) 1 4,7 8,8 11 '7 12 '9 15,3 16,6 19,2 
1969 21 ,0 19,9 18~8 
Aver·age: 20,4 20,0 18,3 15 ~6 13,8 6,9 9 '1 10,9 12 !16 15,8 17,8 18,8 



Figure 4. Diagram of the Picnic Road transect route 
in the Kiuger National Park, shoWing the main features 
along the road. The grass cover sections (see text) 
are numbered along the sideo The road is marked off in 
miles5 and hornbill nests found along the road are 
marked (n - T. nasutus, e - To erythrorhynchus and 
f - T • f 1 a v i r o s t r 1 s • )· 

lldense woodland 

windmill 

open parkland 

~-++-++++~dense trees and shrubs 



Figure 5. Hi-stograms of the total numbers of three 
species of hornbills recorded i~ each tenth of a mile 
along Picnic Road, for 194 counts covering 17 mont~.-
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Figure 6. His-tog-rams of the _perce-n-t.age _spar-s-e -g·r-ass cove-r 
at each tenth of a mile along Picnic Road at three month 
intervals from the end of October 1967 to the end of July 
1 9 6 8 • Soli d are as a re t h§ percentages of bare ground ( cove r ·~ 
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 hectare 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 percentases of 
Acac1a and thorny trees and bushes with percentages of 
Combretum and Terminalia trees arid bushes, recorded per 
hectare at each tenth of a mile along Picnic Road. 
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Appendix 1. Estimations of average weight of herbivores 
used in calculating the biomass recorded during 
hornbill transects. Weights adapted from 
Smithers {1966). 

Herbivore species 

African Elephant (~oxodonta africana) 
Cape Buffalo (Syncer~$ caffer) 
G i r a f f e ( G i r a f fa c ?.~ e 1 o ~~ d '!..! -~ ~- ) 
Zebra (_E q u us b ~_!' c h ~ 1_1 i ) 

~Ja rth og (P_h a_coch oe rus D:.?!h i opj_~_~s) 

vJ i 1 debe e s t ( C_o n n o c h a e ~ e s ___ t?~!_t ~-'! ~ ) 
E 1 a n d { T.~Q rot _r a _g _ _Y._s _ or y x } 

Kudu (lr_gJJgffi~-~~- sJ~~~j_~_~_ros} 

Roan ante 1 ope (Hi_E_E._()~_r3:_9_us ~-q~i_f!~~J 
Sa b 1 e ante l ope ( Hj_p_£_Q_ t r a 9!'~ !!_i_g e.!:_) 
Wate rb uck ( KQ~_u_s g lJJJ!S i_p_!__Y-m~_~s) 
I m p a 1 a (A~ p~ c e !.Q ~ J!l~! am ~-t!.~ ) 

D u i k e r ( ~.Y: 1 v i_!.:_?_P_r a _g.!'"_~ m m<:__~ ) 
S tee nb ok (.R~~h i __ c_~_!:_f.:' s ~a __ ~_p_e s t r1. s) 

Sharpe • s Grysb ok ( R..~J?l!i.~_g_r_~-~- s_~_pe iJ 

Average 
used in 

weight in kg 
calculations of 

biomass 
4995 

545 

908 

363 

64 

227 
454 

204 
227 
182 
227 

50 

18 

1 1 

1 1 



Figure 9. Histogram of the average biomass of herbi-
vorous mammals recorded per count within eauh 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 mo.ving point average for 
the percentage sparse grass cover for October 1967 (solid 
line) and April 1968 (broken line) along Picnic Road 
t~dapted 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. Hornbi 11 numbers recorded per count per tenth of a mile 
t 

along a transect road in the Kruger National Park in 
"" different seasons and different grass cover ssctic1s, 

from liovember 1967 to i'iarch 196~. The numbers 
were calculated to four decimal places, hut were 
then multiplied by 10 000 to eliminate the decimal 
point for ease of calculation. 

Hornhill species 
Season Grass cover T. nasutus T. erythrorhynchus T. f1 av i ros tf'·~:... 

Early \'Jet 1 133 436 322 

(1967-63) 2 78 802 610 

3 205 JO 235 
4 151 0 172 
5 43 0 344 

Late wet 1 117 10:;9 635 
(1968) . 2 -· 86 638 465 

3 163 0 91 
4 27 27 560 
5 27 27 267 

Early dry 1 129 861 602 
( 1968) 2 59 1364 745 

3 210 33 1075 
4 130 81 1317 
5 0 33 !}55 

Late dry 1 31 218 336 
( 1 ()t: r.) ') 62 1722 31!3 ..-I)<J I_ 

3 169 0 195 
4 38 0 647 
5 0 76 419 

Early wet 1 181 181 498 
(1968-69) 2 173 548 284 

3 244 0 151 
4 205 0 359 
5 85 34 205 

Late wet 1 409 588 614 
{1969) 2 82 646 4~-6 

3 277 0 158 
4 203 0 261 
5 llG 0 C.-06 

I Only the two months of February and f~arch \,,ere 

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 alon~ 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 

Early wet 
(1967-68) 

Late wet 
( 1968} 

Early dry 
(1968} 

Late dry 
( 1968) 

Early wet 

(1968-69) 

Late wet 
(1969} 

Tree and bush sections 
A B C 

98 85 141 

120 84 77 

73 103 116 

48 60 85 

103 135 189 

319 29 191 



Table 4. Means used in one way analyses of variance to 
test for significant differences 1• h~rnb111 
numbers recorded in different grass cover 
sections and in different seasons~ with the 
results of the analyses. 

Hornbill species 
T. nasutus T. erythrorhynchus T. flavirostris 

Means §f grass 
cover sections 

1 1020 3343 3007 
2 540 5720 2898 
3 1268 63 1905 
4 754 108 3316 
5 271 170 2096 

Results . 
F4,25= 4,4-9 F4 , 25 =15,5 F4 , 25=0,84 . 

p = 0,01-0,005 ++ P=< 0, 005+++ p => 0,1 

r·1ea n s for 
Seasons. 

Early wet 610 1268 1683 

Late wet 420 1751 2018 
Early dry 528 2372 4194 

Late dry 320 2016 1945 

Early wet 888 763 1497 

Late wet 1087 12 34 1885 

Results : F5 , 24 =2,66 F5:~24 = 0,29 F5,24= 4,3 

p = 0,10-0,05 p =>091 
. ++ 

p =0,01-0~005y .. 

T The number of asterisksdenotes the degree of significance 



Figure 11. Diagrams showing the movements recorded 
of r1nged hornbills from the plac~ of ringing 
A- Tockus erythrorhynchus and B = Tockus flavirostris. 
Open c1rcles - s1ght1ngs of ringed b1rds~ SOT1d small 
circles ~ recoveries cf rin~ed birds~ solid large circles = 

areas of human habitation. 
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Figure 12. The position, within the Wankie National 
Park~ of the two transect roads. studied - LRR­
Lukosi River Road, TR - Tchabema Road. 
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Figu~e 13. Diagram of lukosi River Road transect route 
in the Wankie National Park, showing the main features 
of the road. The road is marked off in miles. 
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Figure 14. Diagram of Tchabema •Road transect route in 
the Wankie National Park, showing the main features of the 
~oad. The road is marked off in miles. 
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Table 5. 

Hornbill species 

T. nasutus -
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 road 
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) (April) (October) 

20 18 38 49 77 l26 
305 397 702 27 33 60 

10 18 28 104 213 317 

I 



Fiqure 15. Results of transects done along the 
Lukosi River Road in the first halves of April and 
October 1971. Plotted, per tenth of a mile>l are 
the average biomass of herbivorous mammals per count 
with a moving point average J~en units per point)

9 
the 

average percentage sparse g~~ss cover with a moving 
point average .{ten units per rcint)9 and the total 
numbers of eacri of three species of hornbill recorded. 
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FiDure l6o Results of transects done along the 
Tchabema Road in the second halves of April and October 
1971. Plotted per tenth of a mile~ are the average biomass 
of herbivorous mammals per count with a movinr point 
average (ten units per point)~ the average percentage spars2 
grass cover with a moving point average (ten units per point) 
and the total numbers of each of three species cf hornbi11 
recorded. 
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Fi~ute 17. The total distribution of Tockus nasutus 
(a ter Sanft 1960), plotted over a simp11f1ed vegetation 
map of Africa (a f~e r Keay 1959}. • 



Fifure 18. The total distribution of Tockus flavirostris 
(a ter Sanft 1960), plotted over·a simp1lt1ea vege£ation 
map of Africa (after Keay 1959). 

I 

I 
I 0 

c: B 
tl ~ 0 Ql 

~ {l Ql 

I ... 
]~ 

, 
:! Ql ~ :; ~ 1>0 e Ql 0 

:;:; .!! ~ > u.. 0 , u , ~ 
~ 

0 o<( c: 
] 3: ~-2 "' "' :3 ... .... :c 

c: 1 ., 
~ l 0 ·c; >-0 

0 ._ E Ql 
I: ...J I: o~ 0 

D LJ D 
~ 



Figure 19. The total distribution of Tockus erythrorhyn­
chus (after Sanft 1960), plotted•over a simplified 
vegetation map of Africa (after Keay 1959). 
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~pendix 2. Weights of animal food items identified 
during analysis of hornbill stomach contentso 
The size of the sample collected, the 
weight of the samples and the average weight 
of each food item are given. 

Food i tern Numbers 
collec-

f~-1tU1MA L I A ted 

~1£1> tom ys- s i z e m i c e 51 

REPTILIA 

,~~P_!_~ty_p~!E.P_:i_ sp. about 5 em long 1 

~-~~-~-9 diJ_gps_t~. about 20 em 1 ong 
Atlj PH I B I A 

C!J i rojJ1_an_t_j_~ x_e_raJflQ_?Jj_n_a 

t,10L L US CA 

Basommatophora 2 em long 
ARTHROPODA 

Diplopoda millepedes 
Chilopoda centipedes 

Aranea, about 1 em long 
Nephi 1 i a s p. 
----~~ ... ---· . 

Scorpionida 
Solifugida 
Acal"'ina ticks 
Insecta 

15 

, 
L. 

39 

14 

62 

50 

27 

14 

2 

Tettigoniidae,up to 5 em long 70 

Saginae-sized 
Gryllidae 

11 

35 

A c r i d i do i de a , o v e r 7 c m 1 on g 44 

3:.7 em lana 114 

under 3 em 1 ong 247 
Phasmida 

Blattidae 

r4anti dae 3 adults 

egg cases 
Hodotermitidae 

Te rmi ti dae 
Cecropidae 

24 

67 

125 

1 

34 

300 

6 

~I eight 
in g 

41~90 

251,00 

2,94 

43,61 

52,72 

24~52 

0,06 

20,37 

27,30 

117\)13 

148,48 

2,56 

7~93 

27~09 

0~43 

4~00 

Average 
ltJC i gh t 
in g 

33,00 

33,50 

1,95 

1,75 

0,29 

1,8!) 

0,78 

2,66 

1,30 

0 '17 

0 ') i 1 

0 '12 
0322 

0,43 

0' 12 

0,003 

O;t03 

t-1e mb ra c i dae taken as same as 
Cecropidae 



Appendix 2. (Cont.) 

Food i tern Numbers Weight Average 
collected in g Weight 

in g 
Coccidae 5 Oi8S o~ 13 

Reduviidae 20 Os81 0 )Q/]. 

Lygaeidae 307 7')73 0303 

Phyrrocoridae taken as same as Lygaeidae 
Coreidae 2 1 318 0~59 

Pentatomidae 11 5:~20 0947 
Mantispidae taken as same as Phasmida 
Myrmeliontoidea larvae 11 0!)25 0,02 
Lepidoptera moths , under 65 5 5 58 0:-09 

2 em 1 on g 
Lepidoptera 1 a rvae 50 27')49 0,55 
Lepidoptera _I}_~ rea s p. taken as same as moths 
As i 1 i dae '? 0 '12 O,OG 
Sarcophagidae 63 14')72 0')23 

f4usci dae larvae taken as same as Col aop:.. 
tera larvae 

I c h n e u mo n o i de a 8 1 912 0.,02 

Chalcidoidea 1 0,06 0,06 

Chrysididae 7 0,58 0 3 08 

~1uti 11 i dae 3t1. 2/n 0,07 
Gasteruptiidae 2 0,25 0 913 

Formicidae,large black ants {:2 0,85 0,02 

1 arge red ants taken as same as 1 a rge 
black ants 

small red ants 600 5,17 0')0009 

sma 11 black an ts700 0,35 090005 

• sugar I ants 116 1,70 0,01 

ant 1 a rvae and 55 0/1-6 0,008 
pupae 

Pomilidae 2 0968 0:~31 

Vespidae 12 1,03 0,09 

Sphecidae fl( 0 ~ 13 0,03 
Apoidea 7 0')33 0,05 

Carabidae taken as same as sma 11 
Tenebrionidae 

Staphyl ini dae taken as same as sma 11 
Curcu1 ion i dae 



AeQendix 2. (Cont.) 

Food i tern Numbers Weight Average 
collected in g. weight 

in g. 

Sea rab i i dae 

Cetoniinae 70 68,14 0397 
~1e 1 o 1 on thin ae nr: 12~58 0 91 t; 
Coprinae,under 1 em 121 '~· 26,76 0,02 

1 ong 
(Scarabinae) 

1-3 em 1 ong 301 55,02 0,18 
over 3 em 1 ong """' \).) 1 ·~8, 16 2335 

B up re s t i d a e 18 18~99 l})OF. 
Elateridae 4 0,38 0310 
Coccinelidae l:.i1 0,18 0 ,OQI'. 

Teneb ri on i d?e, under 

1 em 1 eng 129 , 8sll 0;;06 
1-3 em 1 ong 73 70 ~1-4 0314 

·over 3 em long 4 4,73 1 '18 
Meloidae 2~ 21,15 0,74 
Cerrnabycidae 158 30;) 15 0 919 
Ch rys orne 1 i dae other than ~1 10~7P.- 0~12 

Cassidinae 

Cassidinae 12 0!)50 1),04 
1\nth ri bi dae s 0912 0,02 
Curculionidae, under 2 em 133 1967 )/)1 

long 

Curculionidae ever 2 em 17 /!.,68 0,23 
long 

Coleoptera (mainly Tene- 7 3,58 '1,51 
brionidae)larvae 



Appendix 3. A systematic 1 i st of a 11 food i terns recorded 

as diet of three s~ecies of hornbill in 
the Kruoer National Park 9 N-T. nasutus, 

~ -
E - T. erythrorhynchus and F- I_. flavirostris. 

Food item 
AN Ir,1AL FOOCiS 

~1A~11'-1AL I J\ 

Rodentia 

Rb.~.h..99f!I..Y..~. PJ~miJ to. 
REPTILIA 

Lgp_1~o _t.ypb_l..o_p s. s p. 

C~ii_fll<!_?l~JL clJle_p_sj~. 

AMPHIBIA 
a .r~.'Li.fg_p_$ s P • 

C_p_ir:_g.rrrq_rtt is ~-~-rrunp_g_li n. a 
~·10LLUSCA 

Basommatophora 
ARTHROPODA 

Chilopoda 

S co_~ru-Jr.a IJI_O r:s .tt.an s 
Diplopoda 
f1ranea 

f\rgyopi dae 

~-?J?..!li_lj_ a_ s_e n e c a l.e_rts.ls 
A .r. a n _g_y s s p • 

Ge_?.. r_g_~_J.r.i s s P • 
Palpimanidae 

P _q.l.Qi.ma n.us. tr:..a.n..s.v.ru1Jj cu.s 
Lycosidae 

Lye Q~_q_ s p. 

E yj_pp_p, s p • 

Zodariidae 

.CA..Pb ae ri s s p. 

_G.9.~-~e t i tts s p. 

Scorpionida 
Scorpionidae 

C~h e 1 Q.. c t..9 n_ys jQ_n_e_.s L 

OQ i..s .... t.h....o Qb_tha.J mu s gJ a.b.r.if.r_oJJ.s 

Hornbill species 

N E F 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Appendix 3. (Cont.) 

Food i terns 

Buthidae 

U r_QQ]_e_£~~-s QJ J _VAJl.~~~ ~ 
So1ifugjda 

S oJ..Q.!!..9.?.~. £2.~-~~-r-~_? to r_l:Jm 
Acarina 

Rh__1_p_:! ce p_ry_~J..I:J ~ ~I? f.~~ d i c~~~ tiS 
__ R • ~ y_e r t? ~ 

~EJ.Q.n:!9. t_r_~r}£-~-~-l!t:n 
!\ !11Q.YJ...QI11f!l_(=f b.gJ:~.r-~-g~_m 
A. marmoreum 

•••·-·-• r • ,.. --...,.._ •• 

Insecta 

Orth opme ra 

Tettigoniidae 
Saginae 

Gryllidae 
Gryllacridiclae 

Eumastacidae 

I.b . .§.!J~J.?.. s s p • 
Pyrgomorphidae 

_Qch_r_QQ~ .l~_l?_i _a s p. 

Acrididae 

.r\~_ri_Q..~ t~_r1 .. t~ 
~i. ~JJ l.Pb..~ rt R~!!-~- i?. 
R_~_y~i_d_~£ r-.1. .. ~ p_~_n c __ !_a t?l 

Q_~j-~.1~ ':A _s c .1.tdr:t9_. 
A!!!~Yl ph~m~s !'~!>ill~~ 
t:_~~ do a r_c_Y.P..!§.!.~. s p • 

fy_~ta_~!!n ~h a_.f..r_t s. t~ rt9_r_Lk9 
r; • 2~ r__y_gj __ nQ._S a 

G_?_S._~_ri !!]a rgu~ s p. 

G_a_t. 9J .. o i __ p _tJ s _ o ~ JLr Y..tll. i 
_f_a ta]_oi_ P.~s ~ r. 
f\s.rQ."tY.l.u.s s p. 

Qrthq_~_tha d_asycnemi s.. 
Q~_'2.Qhe_t~..1 __ a sp. 

~ .. l_a_!.Y.J2..~? rn o q_? s p__re vi pes 
~at an ~.QP ..... Y. s m~_l an o_~_J; i -~ t _u_s 

Hornb i 11 

N 

X 

X 

X 

X 

X 

X 

X 

E 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

species 

F 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Appendix 3. (Cent.) 

Food item 

Phasmida 

eh.~ec~tantopy_~ g_~~_Qfatus. 

~elopus sp. 
Cyr:t.acanthri_~ aerugipo~g 

Paradontemel ~~ brafh.Y.pt~JJ-~ 

Di ctyoptera 

Blattidae 

1·1anti dae 

Isopter a 
Hodotermitidae 

_tlg_dotermes IJ!Q.Ssambi CU$ 

Termitidae 
i·1acrotermi ti dae 

['1acroterme_s nata 1 f#~S i_~ 
V ukus_ii 

_t)donterm~~- sp. 
.Q_ • .badi us_ 

_Q_. 1 ateri ci us 

A.Dci stroterll}e~ @ti no"t_!l_S 
Amitermitinae 

f1i croceroterme.A sp. 
Hemiptera 

Cecropidae 
~1embraci dae 

Scuttellaridae 
Cossidae 

Asp_idoproctys ? 1ntrabi li.s 
Reduviidae 
Lygaeidae 

Coreidae 
Pentatomidae 

Neuroptera 
Mantispidae 
Ascalaphidae~ adult 

larvae 
~!jyreme 1 eonti dae 

fvlyrmeleQ.D sp larva&;\ 

Lepidopetra 
~eterocera 
t\hopalocera 

Acr.e.a sp 

Hornbi 11 species 

N E F 

X 

X 

X 

X 

X 

X X 

X X X 

X )( X 

X X 

X X X 

X X 

X 

X 

X X X 

X 

X 

X 

X X 

X X 

X 

X X 

X 

X X X 

X X X 

X 

X X X 

X 

X 

X 

X X 

X 

X 



Appendix 3. (Cont.) 

Food i terns Hornbill species 
N E F 

Lepidoptera larvae anc pupae 

Diptera 
r~.silidae 

Sarcophagidae 

~_P.If.QIJ.b 9 g ~ _ s P • 
Muscidae, Stratiomyiidae~ and 
Anisopodisae larvae 

Hymenoptera 

Ichneumonoidea 

Cha1cidoidea 

Ch rys i di dae 

r-·1utillidae 

Gasteruptiidae 

X 

X 

Formicidae x 
Ca_mQ_Q!Lot us n.a? u_t t:t ~ p ~§_t;.j _c§_a x 

_c. ? y_9._q~n ~-9 e 

c. r!JJ 0 9~?- u c ~-s 

CE.JPJ? or_~_q_t._us s p. 

CJl_roQon __ u_t.u? ( ~!y_r_mo.tr~ma) s P. 

~l~.rm i~_a r i a n. a_ t .aJ .e n s i s e u.m.e ~ .:. 
J10J.Ci€S 

A t_q pomy__r~~ -~ mo <;q_y_~-r.Y~.i x 
Q. f_Y~~~rn;,;~-- w_ej. t 4.~ G _k_e r i 
Dor..YJ.~s h Gl.vo_l us 

D. :.ful vus badi us 

QJ~~~~~~~!; h_~-~m()j;odes 
.Pb.i? i _Q.QJ_e_ m~_Qa c_g p_b_q.__l a 

P. teJJ ~iJJ_o d_i_$_ 

e.Qth rp_non~_r_p_ sp. near ~_o_ror 

f:1_.Qn OJ!!.Q_n i _ym QQ 1 ~_g_g_~n_sj $ 

t:L afry_m._. 

T_?_ramo r.iJJm s~rj_ce i_yen. tx.e 
X1§_S s __ q r b~~_rb a_r.Y-? 

Pompilidae 
Vespidae 
Sphecidae 

t~asp nest 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Appendix 3. (Cont.) 

Food items 

J1poi de a 

Coleoptera 
Ca rae i dae 

6r._Q._p~..Q.PE.~~s ~-" c~~-~ ~ 
H ~~e._ a l~-~ s p. 

r~ mf?__l .. Y §_ ~ o ~ u s v 1.!.1i.P ~I! n .1.s 
Histeridae 
Staphylinidae 

Scarabiidae (species below) 

Ce toni i n a e· 

Melolonthioae 
Coprinae 

Scarabiinae--

Rhabdotia aulica 
·--·· ... ·-··-·--··-.. -·- .. --·-.. -
Teph r~~~ fur f~_ro~a. ~ 
s ca __ r~b_gu~ s p. 

QJ}~_i ~e ll .. ~t s R i_ct u~. 

Q_. t. rj_a n gyj_ ~ t _us 

0 l1_th .. ~J2 h .a g u s 9..£~-~-1 J ?1 

Ory_~_h QP_.b_~_g_u_s s p • 

R t.?..~_h_ i_ s t a c.i JJ~.t a 

~~~~y~od~ sing~ta 

Dr_9J~an_Q_~~Lu..s s p. 

I~J~..S.l.9.2 s a IIJ a _r_q g_c;l_in y_s 
S_i__~_yph us_ s p. 

~upresti dae 

p_qJIJJl_r~ i.l a sp. 

~ ~1!19. ~-Q9. e_ r ~ f g.!)_ g_r_ q_~ i 
Elateri dae 

O_l_gpJ'L9~e.!JS pr.ot_e_nsus 

.PJ.9.P __ uo~ us. s p. 
Cantharidae 

Coccinellidae 

.b_QJ'.<! __ -~ n_c_~R s 

Tenebri oni dae 

.Dr ...Q.S.il.ClLr us s p • 

Z_QJ?.b_ o_~ _ _is s p . 

q~~_i.Q.?.._r.:_i s trA9...tJt_~ 

~JJ.rY_QJ_Q ra s p. 

Ho rnb i 11 

N 

X 

X 

X 

X 

X 

X 

X 

X 

X 

species 
E F 

X X 

X X 

X 

X X 

)( X 

X X 

){ 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X 

X X 

X 

X 

X 

X X 

X 

X X 

X 

X X 

X 

X 



Appendix 3. (Cont.) 

Food item 

Lagriidae 
~1e 1 o i dae 

Ce rambyci daG 

L.}J.o_P.l:J s s p. 

.zoo Q_~-~ l_i_:t_y_ri f_g r 
Chrysol mel i dae 

Megascelinae 

G.b~r.Y~ .91"1}? 1 a s p • 
Cassidinae 

Eumolpinae 

C..a ~~ i .ctP ~ i_g_rJ n a 
An th ri bi dae 

H v rn b i l 1 s p e c i e s 
N E F 

X 

X X X 

X X X 

X 

X 

X X X 

X X 

X 

X X 

X 

X 

X 

Curculionidae x X X 

~q_l.t~J.e 1 s e q ue5 t r_i s. 
Coleoptera larvae (mainly Scarabiidae 

and Tenebrionidae) 

P Lt~N T FOODS 

G.rewi ~ R.lG.PJ_gr fruit 

-~~J.G._g d_i_vj_n.Qr_um fruit 

L_grt_!J_e_a s :t~h_lma.DJ i fr u i t 

J~~.t.a ab.b.r_ev.tata flo~Jers 

.C.orall~L<.:_a rpus s p. trui t 

CQf_Cj n. i__Mm reh1Tl.9n.nj_i fruit 

S.P 1 an urn. sp. fruit 

Di.QSJlY..r JlS· 'Q~.~Jj 1. i_ forme s f r u i t 

S ~ ~ Y.r.tn .e g a y_ Lr_o_~. a f r u i t 

C.LQ..till.9.ria aus_tr.9Jj s fruit 

f_i C~~ S_yf_O~Q r~ S fruit 

Trichlia emmetica fruit 
~~ ... - .... "'t.:-...::..::.!2';:~:-~o.· •• ~~ ..... -

~ !!!!~.2.Q_9_Q_n s p • s e e d 

f\!l!JJ_U~QJ1 q u i .Q?_g}1 ~ e. f r u i t 

~JJ>J.~-~v~ llJj cr.an .. .-t:hJ!? fruit 

Commi phQX.9. ? fr:.Lc_~f],.E_ fruit 

H.~_li£ir.2.R.i l! m n ~?-L§_9 !1.5 f r u i t 

lr..g_gu~ q~ rte r .. q,n i a_m._~.~ fruit 

X 

X X 

X X 

X X X 

X X X 

X 

X X 

X X 

X X 

X X X 

X X X 

X X 

X 

X 

X 

X 

X 

X 

X 

X X 



J\ppencix 3. (Cont.) 

Food item Hornbi11 species 

N E F 
Oz o r_oa i f1_~ ]_grt i _s fr u i t 

C_.i_s_~_YJi_ 1 Qn_g_i_ ceri__f_p.Ji _us fruit 

F r u i t s o f a C_Q. c: ~ j n5 .IJ rrt s r . c r e c p e r 

Buds of a small herb 
Flowers of a shrub 

X 

X X 

X 

X 

X 

Yellow flowers of a thick,thorny creeper x 

Red fl O\Mers and sticky fruit of an x x 
epiphyte 

Small bulbs x 

Tt:j_b_ol5J..tJ]1= 1 ike seeds x x 

Buds from terminal shoots of shrub x 

Purple and white coloured cotyledons 
2 mm brown seed wtth style x 
2 mm brown oval seed x 

1 mm brown round seed x 

4 mm pitted~ pale yellow seed x 

6 mm very flat black seed x 

1 mm spherical- white seed x 

2 mm yellow seed9 hairy at one end 
2 mm round cream seed 
7 rnm oval green and brown seed 
5 mm cylindrical brown seed 
12 mm pointed-oval olive seed 
5 mm pointed~ oval elongate seed 
4 mm olive heart-shared SGGd 

8 mm seed like orange pip 
4 mm s pi ra 1 corrugated seed 
3 mm oval mahogany seed 
6 mm sperica1 furry brown seed 
10 mm almond-shaped olive seed 
15 mm almond shaped seed pale pink 
8 mm round mottled~brown seed 
4 mm spherical seed 
20 mm thin pale-green seed 
2 mm fawn seed with style protrudinQ 
3 mm ova 1 tan see d w i th two s t r i pes 

down it 
2 mm brown irregular-shaped seed 
3 mm spherical pale-yellow seed 

X 

X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

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 9 with the numbers 
collected per season. 

SAMPLE SIZE 

SEASON TQ nasutus T. e ryth ro- T. flaviros= 
rhyncfius tr1 s 

0 q Total 6 ~ Total 6 ~ Total Early dry, 1967. 
( ~1 a y , J u n e , J u 1 y ) 2 1 3 5 5 10 5 5 1 0 

Late dry, 1 9 6 7. 5 7 12 1 0 10 20 1 0 10 20 
(August 9 September, 
October) 

Early wet, 1967 6 5 1 1 15 15 30 15 15 30 
(November, December, 
January). 

Late wet, 1968. 8 3 1 1 16 lL!- 30 15 15 30 
{February, f·1arch, 

Ap ri 1) 

Early dry, 1968. 2 2 13 17 30 1 1 19 30 
{f~ay, June, July) 
Late dry , 1 9 6 8 4 7 1 1 16 14 30 18 12 30 
{August, September, 
October) 

OVERALL 27 23 50 75 75 150 71 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 

Early dry Late Early Late Early Late Total 
dry wet wet dry dry 

Rodents 3 3 6 

Charnel eo 1 1 

Chiromantis 4 1 2 1 8 

Centipede l 2 3 

Spiders 2 6 2 10 

Scorpions 1 1 2 

Solifugids 2 3 5 

Tettigonidae 5 3 2 2 12 

Acrididae 2 9 5 8 4 28 
~'1antidae 1 2 1 6 10 

Hodotermitidae 190 190 

Termitidae 5 6 11 

f~embraci dae 8 8 

Coccidae 1 40 3 5 32 81 

Reduviidae 1 1 

Lygaeidae 1 4 22 27 
Coreidae 43 2 14 89 

Pentatomidae 3 6 13 2 1 25 

r~anti spidae 1 1 

Lcpidoptera(larvae) 1 2~, 3 3 2 33 

Chrysididae 1 1 

Formicidae 2 161 63 63 43 332 

Vespidae I) 1 21]. 27 L.. 

Sphecidae 1 1 

Apoidca 1 2 3 

Cetoniinae 5 11 9 

Me1olonthinae 49 50 99 

Coprinae 1 3 3 7 
Buprestidac 7 7 15 25 132 26 212 



Appendix 4. 
cont. 

A. 
Food items 

1967 1967-1968 1968 
Early Late Early Late Early Late Total 
dry dry wet wet dry dry 

Elateridae 2 3 2 10 2 19 

Tenebrionidae 14 5 12 6 37 
Meloidae 4 (j r 

Cerambycidae 5 29 /!.6 6 14 100 

Chrysomelidae 1 8 1 4 4 18 

Curculionidae 2 49 13 64 

Anthribidae 1 3 11, 

Ficus sycomorus 
fruit 13+ -· 2 8 23 

Lannea stuhlmarii 
fruit 95 7 102 

Euclea divinorum 
fruit 20 20 

Corallocarpus sp. 
fru1t 1 1 

Coccinium rehmanii 
fruit 7 7 

2 mm brown seed 
\vith style 1 1 

2 mm brown oval 
seed 1 1 

Diospyros 
mespit1liformes 17 26 43 
fruit 
1 mm brown round 
seed 7 7 
4 mm pitted~pale 
ye 11 O\"J seed 130 130 

6 mm very f1at9 
12 3 15 black seed 

Trichl ia 
emmet1ca fruit 9 9 

1 mm spherical 
white seed 7 6 13 

Securincga virosa 
fruit 147 1!17 
tvhi te tendri 1 s 1 1 

Buds from termi-
nal shoots of shrub 1 1 



Appendix 4o 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 

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

Leptotyphlops 1 1 
r~i 11 epede 1 1 
Centipede 2 2 ~ 6 13 •J 

Spiders l 6 6 6 15 16 50 
Scorpions 1 3 3 5 1 8 21 
So1ifugids 5 4 2 2 26 39 
Ticks 1 2 3 l 25 32 
Tettigonidae 14 28 42 
Gryl1idae 3 1 2 6 
Acrididae 12 11 77 105 162 23 390 
B1attidae 1 1 
Nantidae 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 41J. 
Lepidoptera(larvae) 2 2 2 148 58 2 214 
Asilidae l 1 
Diptera(larvae) 4 116 4 11 135 
Chalcidoidea 1 1 
~1uti 11 i dae 1 1 
Gasterupidae 1 1 
Formicidae 879 3276 631 111 1812 748 7457 



Appendix ~-. 
cont. 

B. Seasons. 
1967 1967 - 1968 1968 

Food i terns. Early Late· Early Late Early Late Total 
dry dry wet wet dry dry 

Vespidae 2 1 3 

Sphecidac 2 1 1 3 7 
Apoidea 2 1 3 

Carabidae 2 3 51 10 11 77 
Staphylinidae 4 3 7 
Cetoniinae 3 3 

f•1e 1 o l onth i nae 1 38 1 40 

Coprinae 25 126 419 557 154 945 2226 

Buprestidac 1 1 6 1 9 

Elateridae 1 1 
-· 

Coccine11idae 6 12 1 2 2 8 31 

Tenebrionidae 52 262 221 416 148~- 1561 3996 

tJ1e 1 o i clae 1 1 

Cerambycidae 3 13 2 18 

Chrysomelidae 15 4 6 14 5 5 49 

Curculionidae 11 91 113 55 105 143 518 

Coleoptera(larvae) 6 2 1 2 67 52 130 

EucJ_~_g qivi nortJ..m fruit 31 18 IJ.9 

Grewia bicolor fruit ____ ..._ _ _, ___ 10 10 

Lan~~~ stuhlma~i fruit 35 92 127 

T_!:9_9~? bgrterfl_IL@mu~ 
fruit 

3 45 3 3 4 58 

Tribolium-like seeds 1 2 1 4 

!?._i ospyrC!~ ~espti l1for_J_ll_§~ 11 11 
fru1t 

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. 

Food items 

2 mm round cream seed 
7 mm oval green and 

brown seed 
5 mm cylindrical brown 

seed 

S9.~~_rj n~_g~ ~i rosa .. fruit 
Croto1aria australis --fru1l ---- ----· ···· · 

5 mm pointed-oval elon-
gate seed 

t;. mm olive heart=shaped 
seed 

3 mm oval tan seed with 
two stripGs down it 

2 mm fawn seed with style 
protruding 

Small bulbs 

1967 
Early Late 
dry dry 

/} 

49 

Seasons. 
1967- 1968 1968 
Early Late Early Late Total 
wet lJJet dry dry 

11 11 

2 2 43 6 57 

1 1931 2266 4247 

20 20 

15 28 43 

1 1 

6 6 

131;- 134 

2 2 

2 2 



Appendix 4. The results of stomach content analysis of samples of 
t 

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. 

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 

Leptgtyph 1 ops 2 2 

Chame].gQ_ 1 1 

Basimatophora 1 1 
Nillipede 1 1 
Centipede 3 1 8 1 13 

Spiders 1 4 8 65 1~ 4 96 

Scorpions 3 3 5 13 1 5 30 

So1ifugids 7 3 2 1 4 17 
Ticks 1 1 3 5 

Tettigonidae l 1 67 11 80 

Gry11 idae 1 1 1 3 

Acrididae 4 16 21 64 79 24 208 

Phasmida 1 3 4 8 

Blattidae 1 1 l 3 

Hantidae 1 7 2 l 11 
Hodotermitidae 83 13 1061} 1221 500 2881 

Termitidae 7 1524 542 321 1071 6979 10444 

Cecropidae 1 1 2 

i~embraci dae 5 5 

Coccidae 3 8 11 

Reduviidae 3 3 

Lygaeidae 4 1 1 6 
Coreidae 7 24 10 43 29 113 

Pentatomidae 2 5 16 6 29 

Myrmeliontidae(1arvae) 1 2 3 

Lepidoptera (moths) 2 1 7 10 



Appendix 4. 
cont. 

c. 
Seasons. 

1967 1967 - 1968 1968 
Food items. Early Late Early Late Early Late Total 

dry dry wet wet dry d; .. y 

Lepidoptera(larvae) 3 2 80 147 16 248 
Lepidoptera (Acrea) 1 1 
Orta1idae 1 1 
Ichneumonoidea 1 1 2 !} 

Cha1cidoidea 10· 3 13 
Chrysididae 1 1 
f·1uti 11 i dae 1 3 1 6 11 
Formicidae 4575 3052 1028 204 53t17 3004 17210 
Pompilid::1e 4 1 1 6 
Vespidae 1 1 66 69 
Apoidea 2 37 39 
Carabidae 1 1 4 24 168 198 
Cetoniinae 2 21 3 2 28 
Melolonthinae 2 20 1 23 
Coprinae 4 1 11 9 1 8 34 
Buprestidae 4 1 26 30 t.•B 8 117 
Elateridae 2 24 26 
Coccinellidae 5 1 9 3 18 
Tenebrionidae 40 39 53 5'1-4 187 382 121!·5 
Ncloidae 1 18 19 
Cerambycidae 1 5 23 8 5 42 
Chrysomelidae 2 24 14 4 9 41 9/f 
Curculionidae 23 88 190 19 5 229 554 
Coleoptera(1arvae) 7 10 1 18 

§!:~w_t~ Pi ~Q_lQ!' f ru i t 48 11 3 106 25 193 
Tribol5~m-like seeds 1 1 2 
Red flowers and sticky 

fruit of an epiphyte 2 2 
Ira gus berteroni am~-~ 

fruit 4 5 9 



ApEendix 4. 
cont. 

c. 
Food items Seasons. 

1967 1967 - 1968 1968 
Early Late Early Late Early Late Total 
dry dry wet wet dry dry 

~uc 1 ~-~- Q_ i v j!!Q.tY.fii. fruit 101 46 147 
Purple and white 

cotyledons 2 13 15 
Lannea stuhlmanii 
----:rr-uit~·----- 95 12 107 

Caflj a abt;>_r_gvi ata owers 114 14 77 205 

Corallocarp~~ spo 
fru1t 15 52 4 182 6 3 262 

C.9-fiGitt!.YlD t_ehm~ni j ru1 43 379 18 440 

~9lil~~m sp. fruit 9 69 29 107 

Di 02.B)!r_os !Jlespi_i1-
1iform~$... 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 96 100 11 207 
seed 

?ecurine_g_~ virq~a fruit 336 336 

Crotalaria australis -rruit · --~ ·- 3 14 7 24 

8 mm seed-like orange 
p1p 8 1 3 12 

tn~eapOSQO 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 



AEpendix 4o 
cont. 

c. 
Food items Seasons. 

1967 1967 - 1968 1968 

Early Late Early Late Early Late Total 
dry dry wet wet dry dry 

4 mm spherical seed 4 ~. 

20 mm thin pale green 
14 14 seed 

2 mm brown irregular 
shaped seed 80 80 
6 mm spherical furry 

bro\vn seed 106 106 
15 mm almond-

shaped seed~ 
pale pink 9 9 

Buds from terminal 
shoots of shrub 4 24 28 



Table 8. 

SEASON 

Early dry 
Late dry 
Early wet 
Late wet 
Early dry 
Late dry 

0 vera 11 

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

SPECIES COMPARED 
T. nasutus·-r .-erythror-hyn·ch·us · T .-n·as·utus·-r ."flavi"ros·tris · .r..·erythrorhynchus-T. fl a vi rostri 

0,17 0,24 0,55 

0,40 0~55 0,54 

0,61 0,55 0,63 
0,49 0,49 0,58 
0,30 0,30 0, 71 
0,52 0,56 0,59 

0,57 0,59 0,73 



Table 9. 

(a) 

.species. 

T. nasutus 

Means. of di. vers i ty 1 ndex per speci:men, taken for the samp 1 e for each season~ in three 
species of hornbi11. 

Mean Diversity indices of the num5ers of food items. 

Seasons. 
Early dry Late dry Early wet Late wet Early dry Late dry 

1~60 1,57 0,93 1 ,21 1,75 1,90 

I· erythrorhynchus 1,20 0,81 1,23 1,37 1,37 1 ,01 

r. f1avirostris 0,89 0,91 1,29 1,24 1,24 1,07 

(b) Mean Diversity indices of the weights of food 'items. 

Species. Seasons. 

Early dry Late dry Early vJet Late wet Early dry Late dry 
T. nasutus O!t39 0!194· 0,95 0,77 1,29 1~27 

T. erythrorhynchus 1 ,20 1,42 1 ,31 1,24 1 ~51 1,33 
T. flavirostris 0:~96 1 '18 1,09 1,05 1,09 1,35 

I 



Tab 1 e 1 0. Significant differences between the overall 
t 

diversity indices of three hornbil1 species, 
using the method of multiple comparison. 

*indicates significance at the 5% level. 

Species compared Numbers of 
food items 

Weight of 
food items 

L _t~as~_!!!s I .I· ~r..Ythror_h_ync_hu$._ ~ 

L_ t:~_asutus I .. I_! ~1 a vi rostr.i__?__ ~ 

~ ~ryth_!'or~_yn_E_tl_!!_s I _I_. fl a vi ros:trj_~ 



Table 11. Significant differences between the diver§ity 

indices of three hornbill species during six 
seasons, using the method of multiple comparison. 
K· indicates si gni fi cance at the 5% level. 

Season Species compared 

Early dry I.. Jl as_y_'t:_M$ I J .. ~th ro rh.Yttc_h__!.~s 

T -· n a~Y.t y s I r. .f1AY i r o_s._ t_r li. 
T_. g_rxtllr.9_rh.YJL<;:b_~_s I .T. fl a vJ ro§_tr..is 

Late dry T. _!l~s~_~.!!_s I T. ~-rY~h ro_rb.Yll_~_y_s 

T. na_~~-~~ I _T. fl~ _ _yir_q_~_:t_r_i_s 

L .? r y _!: t!_r o r:-~-~!1 c h -~ s I T • ~ li!Y_ i _r_~ t_.r i __ ~ 

EarlY wet T. n as~):u_~ 1 T. -~-r~th_ror.~n-~h us 

T •. f!~~!Jt~-~ I J. f_l_E_yi r_Q_~_~r_t~ 
. T • ~ r.Y.thrQ.rb..Y.JJ~ ~ .IJ s I T • fl_~ y i r o s_tr_i_s 

Late wet T. _nasu_~_u_s J.r~~ryJhrorJJYJ1_C.hY..s 

T. nasutus IT. flavirostris -- --~-·------ --~ ..... ------·------· ........ ,.._ 

1_! e_r~.t.b_t.Qt_ll_Y!!.clu.!?l T .. fJ.~ _ _y_i r9_~tr_is 

Ear 1 y dry T. ra.~.E!! t u ~ I .T. •. ~-ry_~h rQ_rb_.YB.~~- ~-~--
I. nasutus I T.-·flavirostr·is 
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Table 12. The percentage contribution by weignt that 11 important animal food items" make to the 
diet of three species of hornbill in different seasons~ compared to that made up by 
11 incidental food items 11

• An 11 important animal food item" is one that contributes 
·over 5% to the diet by weight in any one season. 

Season Numbers of food items~ and percentage contribution by weight. 
T~ nasutus !· erythrorhynchus T. flavirostris 
Important Incidental Important Inci denta!l Important Incidental 
Nos. % Nos. % Nos. % Nos. % Nos. % Nos. % 

Early dry 2 97 9 3 7 88 14 12 5 89 18 11 
(1967) 

Late dry 2 85 21 15 5 77 23 23 4 79 28 21 
(1967) 

Early wet 6 89 13 11 4 72 23 28 8 83 22 17 
(1967-68) 
Late wet 4 79 14 21 5 85 19 15 6 89 22 11 

(1968) 
Early dry 3 .. 85 7 15 5 79 25 21 5 93 24 7 

(1968) 

Late dry 5 74 20 26 6 82 25 18 6 68 31 32 
(1968) 



Table 13. The percentage of the diet which each i~portant food item makes in different seasons for 
three species of hornbill. "Important animal food items" are those contributing over 
5% by weight to the diet, and "important vegetable food items" are those with over 5% 
frequency of occurrence. 

Percentage of food i terns. 
Season and horn- A N I M A L F 0 0 D S p L A N T F 0 0 D S bi 11 species. 
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Early dry(l967) 

l· nasutus 90 7 
I· er~throrh::tnchus 6 24 18 19 8 7 
T. flavirostris 30 5 7 9 38 

Late dry(1967) 
T. ~utus 36 49 
.!_. erythro.!:!!lnchus 7 7 14 21 28 
.!_._ilavirostri~ 36 7 ~-18 18 

Early wet (1967-68) 
l!_ nasutus 40 9 6 8 19 7 20 27 
T. erythrorhynchus 31 26 7 8 
T. f1avirostris 5 11 13 7 12 5 16 14 35 

Late wet (1968) 

.!.· nasutus 42 1g 

l!. erxthrorhxnchus 34 6 26 10 9 
T~ fl a vi ros tri s 6 24 31 11 8 9 ]Q 5 10 

Early dry ( 1968) 
T. ~ 38 8 39 10 
T. erythrorhynchus 27 9 28 6 9 18 
T. flavirostris 20 32 17 13 11 

Late dry (1968) 
.!.· nasutus 24 6 5 7 32 8 
T. e ryth rorhynch us 5 15 8 38 7 9 20 
T. flavirostris 11 5 21 7 13 11 
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Figure 20. Diagrams of the pe~centage by weight which 
"1mportant animal food items" contribute to the diet of 
three species cf hornbill in different seasons in the 
Kruger National Park. Black areas ~ remainder of the 
diet formed fJy the numbers of 11 incidental food items 11

, 

stippled areas- 11 important anim.al food items 11 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 
.!.· nasutus T. er~throrh~nchus .!.·~ .!.· fl a vi ros tri s .!.· er~throrhynchus T. flavirostris 

Early dry go% Rodents 30% 
(1967) 6% Solifugids 7% 

18% Hodotermites 9% 
19% Ants 38% 

Total % 
90% 30% 43% 54% shared 

Late dry 36% Rodents 36% 
(1967) 7% Sol ifugi ds 8% 

21% Ants 18% 
7% Acridids 18% 

Total % 36% 36% 35% 44% shared 

Early wet 9% Acridids 31% 9% Acridids 13% 31% Acrid ids 13% 
(1967- 68) 6% Cetoniinae 12% 

19% Buprestids 16% 
7% Coprinae 5% 
8% Tenebrionids 14% 

Total % 
shared 9% 31% 34% 41% 46% 32% 

Late wet 14% Hodotermites 6% 14% Hodotermites 31% 6% Hodotermites 31% 
/1968) 

6% Cerambyci ds 8% 
9% Tenebrionids 9% 

26% Caterpillars 11% 
34% Acridids 24% 

Total % 14% 6% 20% 39% 75% 75% shared 

Early dry 39% Buprestids 11% (1968) 
9% 17% 

Total % 
shared 39% 11% 9% 17% 

Late dry 6% 15% 
(1968) 

5% Acridids 5% 
38% 11% 

Total % 6% 15% 5% 5% 38% 11?~ shared 
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Table 15. Food gathering niches of three species of Totkus hornbill. The seasons are taken as 

November to April (wet season) and May to October (dry season). 
Hornbill species Where food was obtained Numbers recorded and percent they form, per season~ and overall 

Wet season Dry season Overa 11 
Nos. % Nos. % Nos. % 

T. nasutus 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 2.6 
Short Grass 7 12,5 

7 9,2 
Bare Ground 4 7' 1 1 5,0 5 6,6 

Total 56 100,0 20 100,0 76 100,0 
T. erythrorhynchus Trees 

Bushes 0,9 
1 0,1 

Long Grass 
Medium Grass 7 6,2 113 17,0 120 15,5 
Short Gra~s 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 
T. flavi·rostri s 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 42,8 150 31 '9 219 34,6 

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



Figure 21. Histograms of the foraging niches used by 
three species of hornbill in the ~ruger National Park, 
expressed as the P.ercentage of the times that they are 
used during the wet season (November- April)and dry 
season (May - October). 
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Table 16. How three species of·Tockus hornbi11 obtain their food. The seasonal division is 

November to April (wet season) and May to October (dry season). 

Hornbi 11 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! l 5,0 5 6.6 
Plucking 4 7 '1 8 40,0 12 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 1 0,9 5 0,8 6 0,8 
Hawking 10 9,8 10 1 '2 
Swooping 
Plucking 

113 Total: 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 3t>8 18 2,8 
Chasing 3 1 '9 4 0,8 7 1 '1 
Hawking 12 7,4 12 1 '9 
SvJOop i ng 3 0,7 3 0,5 
Plucking 

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



Figure 22. Histograms of the foraging methods used 
by thre·e species of hornbill in the Kruger National 
Park, expressec as the percentage of the times they are 
used during the wet season (November- April) and 
dry season (May- October). 
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Figure 23o The average weight ~f the stomach fat 
oody (expressed as a perccntuge of the hody weight) fer 
monthly samples of specimens of three speci~s of hornbi11 
collected in thG Kruger National Park 9 to ~ivc an index of 
the condition of the specimenso 
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Fiaure 21. l"ionthly rainfall for the six three-month 
seasons during which hornbills were collected in the 
Kruger National Park for stomach content analysis3 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 day.sintervening between sampleso 
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Tab 1 e 17. 

Hornbi 11 species 

T. nasutus 6 

Q 

T. erythrorhynchus 

T. f1avirostris 

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

Average bill length, mm Range of 1 ength, mm Sample size 

64' 1 47 - 72 27 
50,7 50 - 62 22 

0 63,5 51 - 71 76 
Q 51 '2. 44 - 59 73 
1- 68,7 58 - 75 71 0 

Q 58,3 50 - 64 77 



Figure 26. Number of nests started each day of T. 
nasutus, To erythrorhynchus and To flavirostris during 
four consecutive seasons (1966=67 to 1969 -70) in the 
c e n t r a 1 K ru g e r N a t i o n a 1 P a r k ~ p 1 o t t e d a 9 a i n s t t h e d a i 1 y 
rainfall and maximum and minimum temperatures~ 
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F~gure 27, Number of nests staried each day ofT. nasutusi 
T. monte1ri and T. f1avirostris during the 1970 breeding--­
~eason on Valencla Ranch, plotted against the daily rainfall 
and maximum and minimum temperatures. 
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Figure 28. The rainfall prior to onset of nesting, 
aga1nst the ratio of the number of days. since the start 
of the wet season to the number of days on which 
rain fell ("wetnessu), 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 line), T. flavirostris (f-; broken line) 
and I· monteiri {m~ dotted line). 
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figure 29. The average arthropod biomass recorded at 
three day intervals from two funnel traps, and two 
100-sweep transects, near Satara, Kruger National Park •.. 
Dai1y rainfall, maximum and minimum temperatures~ and nu~ber 
of nests started each day ofT. nasutus, T. erythrorhyn­
chus and T. flavirostris, are-plotted, for the 1968-69 
seiions. Open symbols 1ndicate second broods. 
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Figure 30. Gonad measurements .of specimens of T. 
nasutus9 I· erythrorhynchus and To flavirostris collectec 
in the central K~uger National Park in the middle of 
each month from June 1967 to October 1968. Averaoe testis 
volume (mm3) of males~ and diameter of largest ovarian 
follicle (mm) of females3 are plotted against the rainfall 
since the previous collecting time (or 30 days previously 
if there was no collecting). The solid· bar above each 
graph indicates the recorded span of onset of nesting for 
that species during the 1967-68 breecinQ season. 
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Figure 31. A map of the central regions of the Kruger 
National Park used for a breedin~ study area for three 
species of hornbill, showing the numbers and positions 
of nest holes, except for those in the Satara study area. 



Table 18. Assessment of the habitat within about a 
50 m radius of the nest af three species 
of Tockus hornbill in the Kruger National 
Park. Horn b i 11 species 

T nasutus T. eryth ro- T. fl a vi res~ 
Fhyncfius tr1 s 

Number of nests 20 85 73 
Percentage in each 
habitat alterna1 ive 

1 • Tree density 
A. Scattered parkland so 72 83 
B • Dense woodland 20 28 17 

2. Grass Cover 
A. Sparse grass cover 35 72 t1)3 

B. Longer than --sparse 65 28 52 grass cover 

3. Location 
A. In riparian as so- 15 27 18 ciation 
B. Away from rivers 85 73 82 

and watercourses 



Table 19. Mean dimensions of 178 hornbil1 nest 
holes examined in the Kruger National Park, 0 

used by three species of Tockus hornbills. 
Figures in brackets are the extremes recorded. 

Dimensions recorded 

Height of nest entrance 
from the ground(m) 

No. of nests facing to 
each compass quarter N 

NE 

E 

SE 

s 

Maximum width of nest 
chamber (em) 

Depth of nest floor 
below lip of entrance 
(em) 

sw 
~J 

NW 

Percentage of nests 
with a "funkhole" above 
the chamber 

Height of the entrance 
hole (em) 

Width of entrance hole 
at widest point(cm) 

Number of nests in 
sample 

Hornbil1 species 
Tockus Tockus erythro- Tockus fla= 
nasutus rhynchus v1rostrrs-

3,47 
(0,70-

9 '14) 

7 

0 

2 

1 

3 

1 

4 

2 

23,2 
{15-32) 

8,2 

( 0-20) 

85% 

8,5 
(5,0 -
20 ,0) 
4,0 

{2,5 -
8 ,0) 

20 

3,20 

(0930-9,14) 

15 

6 

9 

7 

12 

8 

13 

15 

20,6 
{5 -38) 

9 '1 

(0 -28) 

72% 

85 

3,88 

(0,76-12,19) 

13 

11 

14 

7 

6 

4 

7 

6 

20,5 
(7 -35) 

11 '5 

(0-27 ) 

77% 

7,0 
(3,5 -19,0) 

4,0 

{2,5 - 6,5) 

73 



Table 20. r.ree species in which three species of 
hornbill occupied ~est holes in the 
Kruger National Park. 

Number of nests recorded 

Percentage of nests in: 
S.c l_e r_Q_c; CJ. ry_?l_ b_i r rea 
£\~ a0 a_ JJ i g_r_~-~~ n s 
c QIDb .. r.e_t_u m tmb e_ r_b~ 
L_Q_iJ ~ tl o c {l_r_p us t: q_f!.~ ~ s a 

L_a_n.l'J -~-a . stu h.l. rna n_ i i 

~-? 1 .tQQ h Q.V:~ m a f rtc an. u OJ 

pi o~_py_r9_s me_~_ptjJ i formps 
~-~.QJ;Jf! rob _y s_t a 
A~acja deJa~oensis 

Ac?t~i 9 b qr_k_ej i 
Acacia j:g_r_t_i]is 

C_o ll}p_r_~t. u m ~ r.fl n.~'Lii;t _ _l ~-"- s e 
K t_g~J i_ a Qj_~_r}9.t9 . 

A 1 P. _; z z j a h g._ r. v.e y i 

Col Q_ph_pspermvm mg_p_qne 

LanJ1ea b_ic_oJQr 
Te_r_n:ti n_gJj a P.run.no i des 

s .. ~J:totj_~ brach_yp_e.l_ta ta 

Horn b i 11 species 
T • n a s u t us T ~ e r y t h r o -- T • f 1 a vi r o s = 

rhynzhus-- - tr1s 

20 

25 
30 

15 

1 0 

5 

5 

10 

85 

27 
22 
11 

6 

2 

2 

22 
2 
1 

1 

2 

1 

1 

73 

25 

27 
27 

3 

1 

1 
1 

4 

1 

1 

6 

3 

1 



Table 21. The number of trees large enough to contain 
a hornbill nest hole counted in the Nwanedzi 
e x peri menta 1 plo.t s of a p p ro xi rna t e l y 1 2 5 
hectares; an ~~ea of typical Acacia ~igrescens­
Sclerocarya birrea parkland. 

Tree species Number Percentage of 
total 

Sclerocarya birrea 86 41 '5 
Acacia nigrescens 62 32 '0 

Combretum imberbe 36 18,5 

LonchocarQus caQassa 4 2,5 
lannea stuhlmanii 3 2,0 

Peltophorum africanum 1 1 '5 
Cassia abbreviata 3 2,0 

Total: 195 100,0 



Appendix 5. 

Hole No. 1966-67 

1 N 
2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

16 

20 

21 

22 

23 

24 

25 

26 

27 

N 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

Use of nest holes examined for more than 
one season or brood3 used by three species 
of hornbills in the Kruger National Park, 
during four consecutive breeding seasons. 
Occupation is indicated by N forT. nasutus~ 

E for .L. ~.rrth ro rh yn ch_!J_~_ and F for T. 

fl a vi rostri s. 
1967-68 

Breeding season 
1968-69 1969-70 

not used not used 
occupied by bees not used 
N F 
N 

N then E 

N 

N 

N ~ s cut out for not used 
specimen 

N not used 

N 

N 

N 

N then E 

not found 
not used 
E ,9 caused to 
desert before 
laying 

E 

tree broken by 
elephants 

E 

E 

F 

E 

N 

N 

F 

examined by E 
but not used 

patr move to 
hole 91 due to 
building opera­
tions at old hole 

tree broken by 
e 1 e ph ants 
E 

occupied by bees not used 
not used E 
not used pair in adjacent 

tree in hole 137 
E E, ¥ dead on nest 

floor, before 
1 a y i n g s t a rt e d 

not used EE {two broods) 

N 

N 

N 

E 
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Hole No. 1966-67 
Breeding season 

29 

30 

31 

32 

33 

34 

35 
36 

37 

38 

39 

41 

1967-68 1968-69 

E 

, E 

E 

E' 
chopped 
open to 

not used 
tree broken by 
elephants 

not found 

not used 

take chicks 
E not found 

E E,chopped open 
to take chicks 

E 

E 

E 

not -·used 

E E ( t \\IO broods) 

E 

E 

E 

not used 

E 

F 

E 

not used 

E 

tree broken 
by elephants 
E 

E 

E 

examination 
wedge fallen 
out 
F 

1969-70 

E 

E 

42 

43 

44 

F then E 
E EE(two broods) 

115 

46 

47 

48 
49 

50 

51 

52 

55 

57 

F 

F 

F 

F 
flooded 

out 

F 

F 

F 

F 

£,chicks all die not used 
?due to death of 
pa rent;s 

E 

E 

E 

not used 
F F 

not used 
inspected by E ~ 
but not used 
not used 

not used 
F 

inspected 
byE, but not 
used 
not used 

net used 
F ~ 9 dead on 
nest floor, 
before laying 

started 

F 

F 



P.;-'E2t1 di X 5 . {Cent.) 
•• 

hole No. 1966~67 1967-68 t 1968-69 1969-70 

92 mud sealing by F 
F, but not used 

95 E £ 

99 F F 
102 F F 

105 F F 

125 N N 

135 used by Glau- F 
cidium perlatum 

136 N F 
138 F then F F 

with second 
brood 

141 E E 

144 E E 

150 E E 

157 F F 

159 N N 

160 E E 

,···· 



Figure 33. The Satara breeding area~ showing the position 
of the nest holes, and the main venetation features of 
the area. The nests occupied by these hornbill species during 
the 1968-69 season (solid circle) are mq.rked as N - Tockus 
nasutus, E - To erythrcrhynchus and F = T~ flavirostris. 
Unoccupied holes are marked with open circles. 

with paldUIS Of lq £f'Cl55 

with long grass throughwt 

trees CU'Id bare ground 



Figure 34. The extent of nesting territories of three 
spec1es cf hornbill within the Satara study area, indicated 
by the ma-ximum distances at which hornbi 11 s were seen from 
the nest (radiating lines). 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; 8 - T. er,vthr-orhynchus; C-T. 
flavirosiris. - -

u 

J 

<( 



Table 22. 

T. nasutus 

Nest no. 

90 
159 

Average: 

Territory sizes for three species of hornb511 in the Satara study area of the Kruger 
National Park. 

Hornbi 11 species. 

I~ erythrorhynchus T. flavirostris 

Territory size in Nest no. Territory size in Nest no. Territory size 
hectares hectares hectares 

64 86 10 111 14 
62 98 7 123 22 

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 

in 



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

Species involved 

T. nasutus and 
f. flavirostris 

T. e ryth ro rhyn ch us 
T. flavirostris 

nnd 

Respective hole 
numbers 

1 1 and 74 

38 and 67 

80 and 81 

133 and 134 

110 and 111 

100 and 99 

121 and 120 

Distance 
apart m 

50 

50 

40 

30 

20 

5 

0, both nests 
in the same 
tree 



. ·,. ,._• .... 

Table 24. 

Species 

T'( nasutus 

The time, to the nearest day, from hornbill 
females entering the nest and the comm~nce­
ment of layingt for three species in the 
Kruger National Park. 

Days ~lapsed Number of 
records 

5 2 
9 1 

T. e r~th ro rhyn ch us 6 2 
6+ 2 r. flavi rostri s 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. 

Hornbi ll species Clutch Days to Laying interval between eggs Days to Hatching interval between chicks 
size 1 ay the hatch a 

clutch brood 
1 & 2 1 & 3 l & 4 1 & 5 l & 2 1 & 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 I 2 4 - 6 under 12 
4 9+ 

4 6 1 3 6 

5 6+ 1 4 6 nh 
4 6 1 3 6 6 1 4 6 

T. flavirostris 4 8+ 
4 8 - 9 6+ 2 6 nh 
5 9+ 
4 9+ 
4 9 9 1 6 9 



Table 26. 

Hornbi 11 species 

T. nasutus -
T. erythrorhlnchus 
T. fl a vi ros tri s 

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 cf hornbi11 

in the Kruger National Park in three 

consecutive breeding seasons. 

Horn bi 11 species Breedino ,, season· 

1966-67 1967-68 1968-60 Overall 

T. nasutus -
Comp 1 e te clutches 

of: 1 egg 

2 eggs 

3 eggs 1 1 

4 eggs 1 3 4 

5 eggs 1 3 4 

P.ve rage~ 4,0 4,5 4,3 

T. eryth rorhynch us 

Complete clutches 

of: 
1 egg 

2 eggs 1 1 

a eggs 2 4 1 7 

~ eggs 4 15 19 

~a e~gs 14 14 

Averagi::: 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 eggs 2 14 16 

5 eggs 2 3 5 

Average: 3,6 3,8 3,7 



Table 28. Incubation periods, _to the nearest day, 
• for three species of hornbill in the Kruger 

Nat i on a 1 Park • 

Species Incubation period Number of records 
in days 

T. nasutus 24 2 

25 2 

26 1 

T. e ryth ro rhyn ch us 23 2 

24 2 

25 2 

T. flavi r_ostri s 24 1 

Overa 11 average 24,3 



1\ppendi x 6 o Details for nests•of three species of 
horn b i 11 s i n the Kruger Nation a 1 Park , 
of clutch size, number of chicks hatched 
and number of chicks leaving the nest, 
where these figures are accurately known. 

A. Tockus nasutus 

Nest 
hole 
number 

2 

3 

4 

5 

6 

7 

8 

10 

11 

19 

60 

90 

103 

117 

125 

130 

Seas'on 

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

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

1968-69 

1968-69 

Clutch 
size 

3 

5 

4 
5 
5 

4 

4 

5 

4 

Ave rage : 4,3 

Number of 
chicks 
hatched 

3 

3 

5 

1 
5 
5 
3 

3 

3 

3 

3 

3 

4 

4 

4 

3 

3 

3 

3,5 

Number of Remarks 
chicks to 
leave nest 

3 

3 

3 

0 

0 

2,4 

Tree o.rowth 
closed nest 
entrance pre­
rna tu re 1 y. 

Tree gro~Jth 
closed nest 
entrance pre­
rna ture ly 

(or 3,4 dis­
counting total 
failures) 
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B Tockus erythrorhynchus 
Nest hole Season Clutch Number of Number of Remarks 
number size chicks chicks to 

hatched 1 eave nest 

5 1967-68 3 

9. J968-69 5 4 One egg 1 OS t 
during incu-
bation period 

1 1 1967-68 3 

13 1966-67 3 
16 .-- 1967-68 4 II 2 Two chicks ~ .. 

die. of star~ 
vation. 

21 1967-68 4 

22 1968-69 4 
24 . 1966-67 3 3 

2.7 1966-67 3 3 

1967--68 4 

1968-69 3 
31 1966-67 3 

. 32 1966-67 3. 2. 2 One egg 
fa i 1 e d to 
hatch 

34 1967-68 3 3 

35 1968-69 4 3 0 One egg 
lost durin9 
incubation~ 
chicks all 
dead, due to 
death of 
parents? 

36 1966-67 4 

38 1967-68 2 2 2 

196.8-69 5 5 

39 1967-68 3· 

1968-69 4 
42" 1967-68 4 4 2 Two chicks 

die of star~ 
vation. 

. 43· 1968-69 5 

44 1967-68 4 0 Chicks all 
dead, due to 
death of 
parents? 



Appendix ·6. {Cont. ) 

Nest hole Season Clutch Number of Number of Remarks 
number size chicks chicks to 

hatched leave nest 

78 1968-69 5 
79 1968-69 4 4 

3 1 Second 
brood. One 
egg in nest 
dried up. 

80 1968-69 4 

82 1968-69 4 

85 1968-69 5 

86 1968~69 4 

88 1968-69 5 5 0 Rotting 
chicks on 
nest floor!> 
flooded outo 

89 1968-69 4 3 One eqo 
broken-by 

91 1968-69 4 observer, 

93 1968-69 4 ~· 

95 1968-69 5 4 One egg 
fa i 1 ed to 

98 1968-69 5 hatch. 

100 1968-69 4 4 4 

1 01 1968-69 5 

11 0 1968-b9 5 

115 1968-69 5 

116 1968=69 5 

118 1968-69 2 

121 1968-69 4 

122 1968-69 4 

124 1968-69 4 

127 1968-69 5 

132 1968-69 4 4 

137 1968-69 4 

144 1968-69 2 

151 1968-69 4 

153 1968-69 4 

160 1968-69 2 

166 1968-69 4 

Average: 4,1 3,3 1 !15 {or 2,4 dis= 
counting.. tot.. 
tal fa i 1 u r-
es) 
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c. Tockus flavirostris 
Nest Season Clutch Number of Number of Remarks hole size chicks chicks to number hatched leave nest 

3 1968-69 4 4 
8 1968-68 ~' 3 0 Nest broken open 

by elephant and 
32 1968-69 3 then preyed on. 

42 1967-68 5 5 3 Two chicks die 
of starvation.: 

1968-69 4 2 2 Two eggs 1 OS t 
during incubation. 

47 1967-68 3 2 
1968-69 4 3 One egg 1 os t 

durinQ incubation. 
53 1966-67 3 2 Dead chick on 

nest floor, due 
to starvati·cn ? 

56 1966-67 2 
57 1966-67 3 

1968-69 3 

58 1967-68 3 2 2 One egg failed 
to hatch. 

60 1967-68 ~· 

61 J.967-68 2 2 

1968-69 ~-

62 1967-68 3 

1968-69 3 3 
63 1967-68 3 

64 1967-68 2 

65 1967-68 4 At least one egg 
failed to hatch. 

1968-69 4 

66 1967-68 5 

67 1967-68 3 

1968-69 5 3 At least one e9? 
infertile: 

68 1968-69 4 3 

73 1968-69 3 
74 1968-69 5 1 1 4 e~gs with 

dead embryos. 
75 1968-69 4 4 3 
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Nest Season C 1 ut ch Number of Number of Remarks 
hole chicks • chicks to 
number size hatched leave nest 

76 1968-69 , 4 

77 1968-69 4 4 0 One emaciated chick 
in nest with rotting 

81 1968-69 3 
remains of rest.· 

3 

84 1968-69 4 

87 1968-69 3 0 Hole flooded. 

92 1968-69 4 

94 1968-69 5 Hole flooded, due to 
work of observerQ 

99 1968~69 3 2 

102 1958-69 3 

104 1968-69 3 3 

105 1968-69 4 

106 1968-69 4 

108 1968-69 4 1 1 3 eggs failed to 
hatch· 

111 1968-69 4 3 
112 1968-69 4 

113 1968-69 4 

119 1968-69 4 

120 1968-69 3 
134 1968-69 4 

135 1968-69 4 

138 1968-69 3 

Average 3,5 3,0 1 ~ 4 (or 2,0 discounting 
total failures). 



Tab 1 e 29. Hatching success for three species of 
hornbill in the Kruger National Park. 

Horn b i 11 spec i e s 

T. nasutus 

No.of 
eggs 
laid 

39 

T. erythrorhynchus 76 

T. flavirostris 72 

No.of Percen-
eggs tage 

hatched hatched 

33 85 

62 82 

53 74 

Ave rage 
size 
of 

clutch 

4,3 

4,1 

3,7 

Average 
size 

of 
newly 
hatched 
brood 

3,5 

3,3 

Aver­
age 

% 
hatched 

81 

so 

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. 

Hornbi11 species 

T. nasutus 

T. erythrorhynchus 

T. flavirostris 

Overall average: 

Records of days from hatching of 
first egg to emergence of female. 

19 

21 

24 

20 

23 
20 

20-22 
21 

Age, in days, of youngest chick 
left in a nest. 

13 

14 

20 

16 



• 
Table 31. The age of chicks when they 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 days9 and 
position in brood. 

Hornbill species 1st 2nd 3rd 4th 5th 
chick(el- chick chick chick chick 

dest) (youngest) 

T. nasutus 43 45 44 47· 48 
43 

45 44 47 49 

T. erythrorhynchus 45 48 ds ds 
45 50 ds ds 
44 49 

39 41 44 44 
T. flavirostris :15 

42 

45 45 

42 

47 
47 

Overall average -V!-,3 46,0 45~2 46,7 48 



Appendix 7. The development of chicks of three species 
of Tockus hornbi11. 

INTRODUCTION: The development of plumage and colouration 

of three chicks of I· nPSU~~J~ L· er~~2rh~~~h~~ and 

I. flav~rostri._s is describedo Development of TQ£.~~-~ 

chicks has been described for a hand-reared T. flavirostris - -· --
c h i ck ( P r o z e s k y 1 9 6 5 ) 9 and for a w i 1 d I . E! o nt e i rJ c h i c k 
(Kemp and Kemp 1972; Section S)o 

The growth curves for wing~ tail9 ulna~ 
bill and tarsus are given in Section 7. They compare 
exactly with the curves for I. _ITI.Qllteir..i (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. ~~throrhynch~ chick are appended. 

THE DAY-OLD CHICK: At hatching, chicks are naked~ pink all 
over but for a white tip to the upper mandible~i ~rey 
colour in the area of the eyes and at the claw budso The 
eyes are closed. The upper mandible is about 2 mm shorter 
than the lower. Dried up egg membranes are still attached 
to the belly. 

PLUMAGE DEVELOPMENT; Rectrices - In the second day 

the rectrices are visible through the skin as a dark 
areag 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 quills on about 
the 15th day after hatching. Rectrix growth is com~ 
pleted about two weeks after the chick has left the 
nest9 when about 60 days old. 

Remiges ~ The same growth 
sequence as the rectrices~ the prim~ries and secondaries 
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emerging at the same time although the inner 
secondaries emerge about a day before the other remigeso 

Wing ccverts - Show first over the 
elbow on the second day~ emerge en the sixth day and the 
feathers begin to break out of the quills on the 13th 
day after hatching. Emerg2nce of the feathers from the 
quills is delayed in all Coraciiformes chicks~ giving 
them a spiky appearance fer a time. This spiky stage 
(~~··porcupine stage 11 of P rozes ky 196 5) 1 as ts from about 
t h e ten t h to the 2 0 t h day aft 2 r h a t c h i n g i n To c ~-~ 

hornbill chicks. The wing coverts cover the wings by the 
22nd day, are about three 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 development. They 
show under the skin on the second day, the qui 11 s 
emerging on the fourth day and beginning to break open 
on the ninth day. The breastj abdomen anc thighs 
are covered by feathers by the 20th day9 being the 
first area to be covered by fe1thers. 

Back Tail coverts show under the 
skin by the second day, anc on the back by the fourth 
day. The back feathers develop cut of phase, those at 
the posterior b8ing abcut two cays more advanced than 
those at the ante~ior. Quills emerge on the lower 
back and tail coverts on the sixth day and the 
feathers begin to break out en the 12th d3y. The feathers 
are about half out on the lower back by the 22nd day, 
cover the lower back by the 30th day, and are completely 
grown by the time cf leaving the nEst. 

Neck The feathers on the tract 
down the throat and frcnt 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 about the 35th day after hatching. 
The feathers at the shoulde~s 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 lares 
which is more advanced than the rest of the head. 
The quills emerge by the fourth day and the feathers 
begirl to break out en the 18th day. The feathers 
cover the head by the 25th day9 but the quills are 
visible on the sides cf the head until at least the 
32nd ~ay. This is due to the slow development of the 
ear coverts. The eyelashes are visible under the 
skin by the ninth day after hatching, emerge on the 
11th day, but are not quite completely grown even 
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 
scapulars. By the secane day these have joined to form 
a single sac which increases in extent until the 15th 
cay. The air sac development is about a day later for 
T. nasutus. By the fourth day the air sac extends - - ". -
down the sides to the ribs and down the back to the an~ 

terior ·e··nd of the pelvis. On the fifth day extensions 
begin along the top cf the wing and neck, and as far 
back as the acetabulum en the pelvis. By the fifth 
day the air sac extends around the lower jaw to the 
base of the bill. By the seventh day the sac extends 
over the shoulders and by the ei~th day joins at the 
point of the sternum. By the ninth day it has reached 
the base of 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. 
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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 ~he 20th day. The legs are pink at hatching, 
a pale grey by four days, purplish by the ninth day, dark 
grey by the 12th days. and b 1 ack by the 18th day. The 
uknee 11 has a calloused area, evident by the second day 

after hatching, but no special tubercles or pads as are 
present in chicks of several Piciformes families. 

Bill The ~ill is pinkish in all 
species at hatching, but develops specific colours 
thereafter. In I· erythrcrhync~~ the bill deepens to c. 
yellow-orange colour 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 
co l o u r 9 u n t i 1 e me r g e n c e from t h e n e s t . I n I . _ n a s u t u $. t h e 

bill becomes black and cev~lops a pale cream line along 
the middle of the upper mandible. In I· flavirostri~ 

the bill becomes a dusky black-browns somewhat mottledi 
until about two weeks after emergence from the nest 
when a yellow similar to the a~ults appears. The bill 
has not attained the adult size by emergence, and may grow 
for at least a year9 by which time the colours of the 
bill are the same as the adult. Possibly the birds are 
mat~re and breed within a year i.e. by the following 
season after they were hatched. 

At hatchinD the upper mandible is several milli~ 
meters shorter than the lower, but they have grown to equal 
length by the fifth day. The bill is also straight at 
hatching, and the curve:._'_ only becomes apparent by the 
eighth day. The white egg tooth on the tip of the upper 
mandible has disappeared by the 28th day. 
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Eyes The eyes are closed at 
hatching, and the future opening is only evident 
as a line en the skin. The ridges of the eyelids are 
obvious by tne fourth day and slowly develop and move 
apart. The eyes can only be considered truly open 
and functional by about the 12th day after hatchingo 
The eyes , as for a 11 T oc k '-:'_~ h c rn b i ll c h i c k s , where i t 
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 of development are 
a v e rage s from s e v e r a 1 b r-oc d s an d a 11 t h r e e s p e c i e s 
and must not be taken as exacto 



Aeeendix 7 • 
cont. 

Stages ;n the development of a. Tockus er:t~rtwnchys 
• ch;ck. Age is given in days. and the tarsus measure-

ment is given to indicate the s;ze of the ehiek. 

1 d~ old; Tarsus 10,7 mm · 5 days old; Tarsus 13,3 mm 

9 days old; Tarsus 20,2 mm 14 days old; Tarsus 30,7 mm 
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18 days old ; Tarsus 33,1 mm 22 days old; Tarsus 36,0 mm 

26 days old; Tarsus 38,0 mm 30 days old; Tarsus 38,7 mm 
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34 days old ; Tarsus 39,5 mm 38 days old; Tarsus 39i5 mm 

42 days old; Tarsus 39,5 mm 



Figure 35Q GrGwth curves from aei1y measurement of 
eldest chicks of three Tockus species. A. - T. nasutus 
from nest 90 ; B. - T. erythrorhynchus from nest lOO and 
C. - T. flavirostris-from nest 42o All were in the 
nest at approcimately the same time during the 1968-69 
breeding season 9 and the nests are in close proximity to 
each other. 
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Figure 36. Weight curves for all members of broods 
of three Tockus hornbill nesting within 1,5 km of one 
another dur1ng the 1968-69 breeding season. The daily 
rainfall and maximum temperature are also plotted for 
the nesting period. N chicks 1 - 4~ T. nasutus 
nest 90; E chicks 1- 4 T. erythrornyncnus nest 100; 
F chicks 1 and 2~ T·. flavi'rostris nest 42; F chick 
lb~ T. flavirostris -nest 108. 
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Figure 37. Weight curves for all chicks in two broods 
of 1ockus erythrorhynchus, in nests 42 (upper) and 16 
(lower} started late 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 hornbi11 Jn the Kruger National 
Park. 

Hornbill Contents of Stage of Duration 
of watch 
Hrsjfv1i ns 

Feeds 
species and nest nest 
nest number 

T.nasutus 11.) ~ 3 eggs 3 days after 8.15 t14 
laying started 

·c·: Ll u chicks E 1 des t chick 11 . 15 14 -1' 

38 days old 17 ¥ -TI 
T. erythro- ¥ /1 eggs 1 0 days after 5,35 24 
rhynchus laying started ----

·~-3 ~ 4 chicks Eldest chick 5,45 t~'-~8 
one egg 5 days old 

0 4 chicks Eldest chick 6,00 70 
9 days old 

~ 4 chicks -I 1 des t chick 6.00 65 
16 days old 

4 chicks E 1 des t chick 6.00 91 0 
23 days old _§_~ 

97 
ll chicks Eldest chick 6.00 [.1 6 . /' 

27 days old 4o -+ 
€5 

4 chicks Eldest chick 6.00 9~ 6 
36 days old ~~ 

100 

85 ~ 
Laying not 5,45 46 
started (24 extra visits made 
with lining) 

8~ •,;. Laying not 6.00 28 -.- started 

fl':" ,, 4 eggs 17 days after 6.00 :.1 ,J,.l + 1 ayi n g started ( 6 defending 
mainly) 

101 v 5 eggs On point of 6.00 15 .. .. ~. 
hatch·ing 

·-~5 :"I L!- chicks Eldest chick 6.00 31 + 15 days old 

38 3 chicks Eldest c:1i ck 4.55 22 6 
2G days old 1() ¥ 

32 

Feeding 
rate 
feeds/hr 

533 

1 ,2 
1 9 5 

2.--;7 
4,3 

8,3 

11 9 7 

1098 

15,2 
____L_Q 
1692 

1 0 '2 
_Q_;J_ 
10,9 
15,7 
____L_Q 

1697 

8,0 
by 0 

4,7 

0..,7 
terri tory 

2,5 

592 

Lt95 

290 

695 



~a~le 32 (Cont.). 

Horn b i 11 
species and 
nest number 

T. flavi-
rostris 

75 

42 

67 

67 

105 

123 

152 

~ 
~ 

~ 

~ 

~ 

~ 

Contents of Stage of Duration 
nest nest of watch 

H rs /f1 ins 

2 days before 6.11 
1 ayi n g sta~tr; 

2 e9gs Eldest chick 2. 06 
3 chicks 3 days old 

5 chicks Eldest chick 9. 1 0 
8 days old 

3 chicks Eldest chick 1 0. 05 
12 days old 

., chicks E 1 des t ch i c k 9.48 '--
25 days old 

4 chicks E 1 des t chick 5. ·~0 
13 days old 

at least Eldest chick 6.00 
2 chicks 17 days old 

4 chicks Eldest chick 6.00 
~10 days old 

Feeds 

17 

8 

52 

94 

34 6 
35 ~ 

69 

64 

. 29 

14 ~&c; 

Feeding 
rate 
feeds/hr 

2~8 

3~8 

537 

9!)3 

3!)5 
3!i6 

7 '1 

11 ~ 3 

4~8 

2~3 



Table 33. 

Details 

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

Hornbill species. 
T. nasutus T. erythrorhynchus T.flavirostris 

Number of nests 22 73 54 
examined 

Pe rcen ta ge 0 5s5 3'j7 
where adults 
were proba-
bly preyed on 

Percentage 0 0 0,9 
where nest con-
tents were 
preyed on 

Percentage 9 '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 rea red 
some chicks 
to fledging 



Table· 34. 

Hornbill species 

T. nasutus 

T. erythrorhynchus 

T. fl a. vi ros tri s 

Nestling success for hornbtlls i_n the Kruger Nati'onal ~ark. 

Eggs laid 

16 

26 

29 

Chicks to % leaving of 
leave the eggs laid~ 

nest 

13 81 

12 46 

10 34-

Eggs Chicks to leave ~ leaving Reasons for 
hatched the nest of eggs chick loss 

hatched 

19 13 68 Six chicks 
lost in two 
nests by tree 
closure 

28 12 43 Four chicks 
died of star-
vation~ seven 
due to death 
of parents, 
five in one 
flooded nest 

25 14 56 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 1 ost. 

Hornbill species Treatment Average size Average Nos. Average Nos. Average percent of chicks leaving ~· 
of clutch hatched 1 eavi ng the Eggs laid Chicks hatched 

nest 

T. nasutus Overall 4,3 3,5 2,4 56 69 

Less total 4:~3 3,5 3,4 79 97 
losses 

T .. erythrorhynchus Overa 11 4,1 3,3 1 ; 5 37 45 

Less total 4 ~ 1 3,3 2,4 59 73 
losses 

T. flavirostris Overall 3,7 3)0 1 ,4 38 47 

Less tota 1 3,7 3~0 2,0 54 67 
1 asses 



Table 36 .. Predation on three hornbtll species 1n the central Kruger National Park recorded from 

1966-1969. 

Predator T. nasutus ·. T. e ryth ro rhyn en us T. fl a vi ros tri s T. erythrorhynchus Overall 
or T. flavirostri~ 

Aquila fasciata 0 5 7 31 43 
Aquila rapax 0 3 3 8 14 
Aquila wahlbergi 1 2 0 5 8 

Terathopius ecaudatus 0 4 6 23 33 
Polem&etus bellicosus 0 2 1 1 4 
Bubo lacteus 0 3 0 20 23 
Falco biarmicus 0 0 1~ 0 1 
Unidentified small cat 
or mongoose. 0 0 1 0 1 

Total 1 19 18 81 



Table 37 •. The percentage of examinations of nests of six large raptors when hornbill 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. 

Rap tor species Year Number of Percentage of visits when hornbills among prey in n~st 
visits when T. nasutus l· erhthro- l· flavirostris l· erhthro- Overall 
prey recor- rhync us rhync us 

ded. 

Aguila fasciata 1967 39 8 10 21 39 
1968 34 26 26 
1969 28 7 11 50 68 

Average overall: 101 5 7 31 42 
Aguila rapax 1967 28 4 4 21 29 

1968 15 7 7 14 
1969 19 5 11 5 21 

Average overall: 62 5 5 13 23 
Aguila wahlbergi 1967 10 10 10 20 

1968 69 1 4 6 
1969 9 11 11 11 

Average overall 88 2 6 9 
Terathopius ecaudatus 1967 34 3 3 6 

1968 35 6 9 37 52 
1969 41 2 7 22 31 

Average avera 11 110 4 5 21 30 
Polemaetus bellicosus 1967 8 13 13 

1968 9 
1969 10 lu 10 

h~~r~ye overall: 27 4 4 8 

Bubo lacteus 1967 23 9 78 87 
1968 2 

1969 20 5 10 15 
Average overall: 45 7 44 51 



FiRure 38. My assist ant (in tree ) and wife (on 
ve icle) pointin g t o the positi on of t wo simultan eo usly 
active horn bill nests, ofT. fl avirostris and T. 
e rythrorhynchus re spe ctiveTy. 

• 



Table 38. The extremes of the duration of various 
phases of the nestin~ 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 4 
Laying peri od 10 8 6 

Incubation period 26 25 23 
Nestling period 50 45 39 

Total 95 84 72 



Fi~ure 39. A brood of four T. nasutus chicks 
ta en fro~ the nest for examinition, to show the gradation 
in size of the members, typical of Tockus hornbills. 



Figure 40. Site cf the only recorded predation of a 
Tockus hornbill nest, where a branch containing the 
nest (a rrowed ) was bent and split by an elephant, 
rendering it unsealed. 



t 

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

Hornbill species. 
Month T. nasutus I· erythrorhynchus T. flavirostris 

No. in %moulting No. in %moulting No. in %moulting 
Sample 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 90 
February 5 100 10 90 10 90 

r~arch 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 7 0 10 20 10 0 



Table 40. 

f4onth 

June 1967 
July 
August 
September 
October 
November 
December 
January 1968 

February 
r-1arch 
April 
May 
June 
July 
August 
September 
October 1968 

Tail rnoult index (average number of rectrices growing 
in per specimen for each month) for three species 
of hornbill in the Kruger National Park. 

Tail moult index for each hornbill species 
T. nasutus T. erythrorhynchus T. flavirostris 

0,0 o~o 0,3 

0,1 0 'l 0,0 
0,0 0,0 0,0 

0,0 0,2 0,3 

2,0 1 '1 3,1 
2,8 1 ,5 4,0 
2,2 1,7 2,8 

1,3 3,6 1 ,6 

0,0 1,2 0,8 
0,0 0,6 0,0 

0,0 oto 
0 '1 0,2 

o~ 1 0,0 
0,3 0,1 0,1 
0,0 0,0 0,0 



Table 41. 

r~1onth 

June 1967 
July 
August 
September 
October 
November 
December 
January 1968 
February 
March 
April 
May 
June 

July 

August 
September 
October 1968 

Wing moult index (average number of remiges growing in 
t 

per specimen each month) for three species of 
hornbill in the Kruger National Park. 

Wing moult index for each hornbill species 

T. nasutus T. erythrorhynchus T. flavirostris 

0,7 1 ,5 1 '1 

0,0 0,0 0,0 

0,0 0,2 0,0 
1,8 0,3 0,8 
7,0 2,1 4,7 
2,6 2,1 6,2 
4,8 3,8 5,2 
2,3 9,4 6,4 
3,0 4,2 5,7 
2,0 4,8 2,9 

0,1 0,0 

0,0 0,0 
0,0 0,0 

0,0 0,0 0,0 
0,0 0,3 0,0 

.--......._ ---- --... ----- ---- -------- .. -- -- -~~----- -----



Table 42. 

Month 

June 1967 
July 
August 
September. 
October 
November 
December 
January 1968 
February 
March 
April 
May 
June 
July 

August 
September 
October 1968 

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. 

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

2~0 1 ,5 1,2 

0.,0 0,0 0,0 

0,4 0,7 0,2 
1,8 0,5 0,8 
5,0 2,6 2,3 
2,0 1,4 3,2 
4,8 1,0 4,8 
7,3 5,9 5,9 
7,7 4,4 5,3 
5,0 4,8 4,0 

0,0 0,2 

0,0 0,0 
0,0 0,0 

0,0 0,0 0,0 
0,0 0,0 0,0 



Figure 41 . Tockus flavirostris female taken from 
nest 3 for examination when found with one egg, all 
rectrices moulted, but none of th e r emiges. 



Fioure ~ 2. Tockus flavirostris fe mal e ta ken out of nest 
58 ~ tor examinat1 on, five days afte r completin g laying of 
a clutch of three e ggs. Th e e ven gr owth cf the new prima ry 
an d tai 1 fe ath e rs is evi dent. 



Figure 43. Tockus flavirostris female from nest 58, 
removed for examination 10 dnys after completing the 
clutch. The simultaneous moult of the rectrices and 
remiges, shown by their growing in evenly, is evident. 



Figure 44 . 
a seed. 

A female Tockus e rythrorhynchus regurgitatin g 



Fiaure 45. 
in i re ct 1 y. 

A male Tockus flavirostris scratching 

.. 



Figure 46. A f emale Tockus erythrorhynchus rubbing the 
head over the scapulars and upper wing coverts during 
oiling preening. 



F1,ure 47. Characteristic position for preening the 
pr maries, shown by a female Tockus erythrorhynchus. 



Figure 48. An immature Tockus flavirostris dustbathin g, 
the head lowered~ and the w1ngs sc oop1ng dust over the back. 



Figure 49. Sunbathing postures. Upper: the sitting 
posture used by .T. erythro rhynchus, and Lower: the all­
out sprawl of an-immature f. nasutus . 



Figure 50. Extreme heat-loss posture of an imm~ture 
Tockus nasutus, panting, with the feathers flattened and the 
w1ngs held away from th e body. 



--------------------------------:c----~- r-----,-------~~~,~---"'"""""'"=-=j 

Figure 51. Territorial displays of Tockus hornbills 
1n d1agrammatic form. A- To bradfieldl type of 
display; B - T. nasutus type of display; C-T. 
hemprichii type of d1splay ; D ~To monteiri type of 
display; E - T. flavirostris type-of d1splay. 
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Fi¥ure sa~ Threat position peculiar t o chicks, als o 
wi h fea~· elements, shown here by a Tockus nasutus chick . 



Figure 53. 
nasutus. 

Inquisitive posture of a t ame immature Tockus 



Figure 54. A male Tockus flavirostris clings at the 
nest hole, bracing on the tail~ while the female waits 
with mud to continue sealing. 



Figure 55. A female Tockus flavirostris bringing 
a lump of mud for sealing up the nest hole. 



Fi~ure 56. Squatting positi on of Tockus flavirostris 
ch1ck as in the nest, resting on the tarsometatarsus, 
and with the tail sticking ve rtically upwards. 



Abdomen 
colour 

White 

White 

Whitish 

White 

~1hitish 

Whitish 

~Jhi ti sh 

Colour of bill Colour of circum­
orbital skin 

Cream with black Dark blue to black 
and maroon tip 

Red Dark brown to black 

Dark red and Black 
black 

Orange Black 

Black Blackish 

Yellowish- ? 
white 

a black with white Blackish 
stripes, ~ maroon 
and cream 

Very pale Cream 
grey 

Black 

Whitish 

Whitish 

Black with cream 
tip 

Red and black 

? 

Dusky flesh 

Colour of gular skin Eye colour 

8 dark blue, ~orange Brown 
to ye 11 owi sh 

0 black, ~yellow to Yellow 
greenish(blue-green 
Ranger 1949) 
6 black, ~ pale Dark brown 
green 

t grey, ~ pa 1 e b 1 ue Ye 11 ow 
green to yellow-green 

Flesh coloured to Dark red 
bluish brown 

? Red-brown 

8 dark grey, ~ light Red-brown 
green 

? Red-brown 

? Red-brmvn 

Dusky flesh Pale yellow 

White Yellow-orange Dark pink(black in~ ~ Dark pink(black in ~ 
T. f. flavirostris T. f. flavirostris) Yellow 

White 

White 

1vhi te 

Red,black stripe 
on base of lower 
mandible in o 
t orange and 
yellow, ~ black 

Dark red 

Pink 

Black 

Blackish 

Pink 

Flesh to rose 
1Moreau & Moreau 1937) 

o dark grey, ~ 
blue-green 

Y e 11 ow i n , T. e • 
rufirostriS, -
brm·m 1 nl. e. 
ervthrorhvncnus 
eiti-ier~i n~ T. e 
damarensis-
Ye 11 O\v 

Dark brown 



of the colouration of Tockus hornbills. 
~ion from skins, and Sa nft(l960), un 1 ess 
;e stated. 

oraging Size Overall Number of Colour of outer Colour of back Marking of uppe 
niche appearance dark cen- rectrix pairs wing coverts 

tral rec-
trices 

1rboreal Large Black & white 4 -Outer pair black Black All black 
rest white 

~rboreal Large Black & white 2 White-tipped Black Black with ligh 
edge 

~rborea 1 Large Sooty-brown & 4 Outer pair black Dark brown Dark brown edge1 
white rest white white 

wboreal Large Brown & white 2 White-tipped Grey-brm-vn Brown with 1 ighi 
edge 

lrboreal? Small Black & v~hi te 4 White-tipped Black All black 

1rboreal Medium Grey-brown & 2 ~lh i te-ti pped Brown Brown edged whit 
white 

~rborea 1 Medium Grey-brown & 2 White-tipped Pale brown with Brown edged 1 i gh· 
white white stripe brown 

~rborea 1? Very Grey & white 2 \~hi te-ti pped Grey Ashy-grey wi.th 
large black tips 

rboreal? Very Grey & white 2 All rectrices Grey All grey 
large ~Jh i te-t i ppe d 

errestrial? Small Brown & White 2 White-tipped Brown Brown with white 
tips 

::!rrestrial Medium Black & white 4 Black with broad Black with white White edged blacl 
white band stripe 

~rrestrial Medium Black & white 4 Black with broad Black with white White edged blac~ 

white band stripe 

!rrestri al r~edi urn Black & white 4 Dis ta 1 half Black All black or whii 
white 

~rrestri a 1 4 .White Brown-black White edged 



Figure 57. Diagrams of the dorsal aspect of all species 
of fockus hornbill to show the plumage patterns, 
especTaTTy of the primaries, secondaries, upper winQ 
coverts and tail, grouped into s~ecies that have similar 
behaviour and ecology. 



Table 4Ll. Table of the ~~erage wing length/tarsus 
ratio for each speci~s of Tockus hornbill, 
arranged in descending orcer of magnitude. 
Calculated from measurements given in Sanft 
(1960). 

Tockus species 

T. fasciatus 7,!1-9 

T. alboterminatus 7')29 
- (!) 

T. hemprichii 6')88 z ._ 

b r a d f i e l c'i- 6,53 arboreal- --1 

T. --1 

-fora gi n __ g 1.LJ 

T. hartlaubi 6,27 3 
Cl 

l· Qallidirostris 6~22 

T. nasutus 6,07 L1..l 
LlJ 

5,29 
cr: r. arise us J-

T. birostris 4,98 -arboreal? 

T. camurus ~· '90 - terre stria 1? 
T. flavirostris I' ,75 (.!; 

z 

T. e r'[th ro rh ~n ch us 4 ,6 7 terrestrial- o.-
z --1 

-foraging ~ --1 

1· deckeni 1},61 ow 
a: 3 

r. montei ri 4,49 (.!.) 0 



Table 1!5. A list of characters of the two species 
groups that form a dichotomy within the 
hornbill genus Tockus. 

1 . 

2. 
3. 

Lj. • 

Forage mainly on the grounc 

Clucking calls 
Head-down territorial 
display 
Walk or run on the ground 

_ 1{~xcept for I_. montei ri 
which bounds) 

5. Direct~ flap~and-glide 

flight 
6. Concealed roosting sites 
7. Lack of contact call 

--
8. Grass, leaf and twig nest 

lining 
9. Outer pair cf rectrices 

largely white 
10. Primaries with small white 

spots half way along their 
length 

11 . 

1 2. 

1 3. 

Up to three inner 
secondaries largely white 
Upper wing coverts mostly 
white edged with black 
(~xcept in some I· deckeni) 
Wing/tarsus ratio less 
than 4~8 
Species concerned: 

T. erythrcrhynchus 
To montei ri 
T. flavirostris 
T. deckeni 

Fora0e mainly in trees 
and bushes. 
Whistling calls. 
Head-up territorial 
display. 
Hop on the ground. 

Undulating~ floppy, but 
dextrous flight. 
Open roosting sites. 
Well developed contact call. 
Bark nest lining. 

Outer pair of rectrices 
only with white tip. 
Primaries lacking white 
spots. 

No secondaries predomi­
nantly white. 
Upper wing coverts dark 
with paler edring. 

Win0/tarsus ratio more 
than 690 

Speci~s concerned: 
T. alboterminatus 
T. fasciatus 
T. bradfieldi 
T~ hemprichii 

T. nasutus 
T. pallidirostris 

Species of undetermined positionll because of lack cf data~ 
T. birostris 
T. gri seus 
T. hartlauhi 
T. camurus 



Figure 58. 

hart 1 aub i 

A. 

B. 

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

0 1000 
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Figure 59. Distribution, in India and Ceylon, 
of tne two non-African species of•Tockus; solid circles~ 
l· birostris and open circles T. gr1seus. From Sanft 
(1960). 
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Figure 60. Distribution, in Af.rica, of the bradfieldi 
spec1es-group. Solid circlesg T. alboterminatus; 
open c i r c 1 e s , T • fa sci at us ; crosses , T . 6 r ad f 1 e 1 d i ; 
solid triangles, T. fiempr1chii. From-Sanft (1960). 



Figure 61. Distribution~ in Africa, of the nasutus 
spec1es-group. Solid circles~ T .. •nasutus; open c1rcles 
T • p a 11 i d i r o stt r i s • F rom S an f t T 1 9 6 0 ) • 
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Figure 62. Distribution, in Africa, of the monteiri 
spec1es-group. Solid circles~ r.·erythrorhynchus; 
open circles, I· monteiri. From Sanft (1960) 
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Figure 63. Distribution, in Africa,of the 
flav1rostris species-group. Solid circles, T. flavirostris; 
open c1rcles$ T. deckeni. From Sanft (1960)7 
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Figure 64o A diagram showing the suggested methods 
of rad1ation of the species and s~ecies groups of the 
hornbill genus Tockus. 
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