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Summary 

The It1terrelationships het\\e~n species composition. resource-use and availability. breeding and 

(ompetition \\ere studied in two hill habitat raptor communities in a conser\'ed reserve and an 

unprotected communal land in Zimbabwe in 1995 ana Il)C)6 

The conserved Lonestar Study Area (LSA) and the unprotected Communal Land Study 

\rea (C LSA) had -' Rand -' 1 raptor species. high and normal diversities for the area sizes 

respectivelv An estimated 147 pairs of 21 raptor species bred in 40km~ in the LSA. compared 

to onlv 2() pairs of 22 raptor species per 40km~ in the CLSA Six species (African Hawk Eagle 

111t'/W/t'IIIS ,\/"/()gu'\/(T Black Eagle .4.(//(//([ \'I.!rrl.!(/I/XII Crowned Eagle Sll.!phw/()(/t'//ls CfWO/l(//lfS. 

Little Banded Goshawk .i.cClIJlII.!!' hudll/.\'. Barn Owl (rIo a/h(/ and Barred Owl (;/([IIC1dll/n/ 

((f/JI.!II.\I.!) made up 6C)()() of breeding raptors in the LSA. while African Hawk Eagles. Little Banded 

Goshawks. Barn Owls and Barred Owls made up 58% of the breeding raptors in the eLSA The 

abundance of Black. Crowned and African Hawk Eagles in the LSA was linked to abundant 

hvrax. Hl'It'roliyrax hmcl.!l and Procal'ia capl.!/lsls (3 8 per ha) and juvenile bushbuck 

/'ragt'/aphIlS\CnpllfS prey. and the high reproduction rates of Natal Francolin Franco/lll1fs 

l/ow/ensls (() 7 per ha when not breeding) Little Banded Goshawk and Barn Owl abundances 

were linked to their ability to change prey preterences according to prey availability 

A fairlv high rate of breeding attempts by eagles in the LSA in both years (60 - 76% of all 

pairs per year) ,vas probablY also linked to prey abundance, Most breeding failures were predator 

related. and \vere more common in areas of relatively low nesting densities indicating lower 

parental vigilance there High eagle breeding densities were associated with small mean territory 

sizes in the LSA (7 7 - 1 0 7km~ for the main eagle species) Eagles in the LSA usually nested 

closer to another eagle species than a conspecific. resulting in regular distributions of nests and 

no territory overlap within species. Differences in daily tlight activity of eagles in both study 



.lreas. and in the onset of breeding between lSA eagles probablv reduced Interspecific aggression 

Interspecltic competition tt)r tt)od and nest sites amongst LSA eagles was possibly lessened by 

slight ditferences in resource selection 

Raptor reSOUIces \vere mostly unaffected by human activities in either study area during 

the studv period Differences in the raptar communities were probablY as a result of natural 

habitat difterences The elSA raptors potentially face resource loss through farest clearing and 

hunting An expansion of the present CAMPFIRE program will protect the ClSA raptors 
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Chapter One: Introduction & Aims 



1.1 Introduction 

Rartor. and other. communities exist in habitats where sutlicient food. nesting and space 

resources occur (Ricklefs : ~)XO) Habitats with abundant resources should thus support dense 

[arlor communities which mav also be diverse The identification of a dense and diverse raptor 

(Ol11l11Ul1ltv In the granite !\fatobo Hills. Zimbabv,;e (!\1acdonald &. (Iargett IlJX_+) and a high eagle 

nesting densitv 111 a small hill area in Kenya (Brown 1(52) indicates that these hills have abundant 

resources Hartlev ( 19(3) has also described a diverse rapt or community in the precipitous. hill­

like habitat of the Batoko Gorge on the Zambezi River It is probable that most hill areas in 

Zimbalm e potentiallv supr0rt similarlv dense and diverse rartor communities This has important 

IInplicatlons t(X raptor conservation in Zimbabwe where vast areas (c./. 78()()Okm~) of granite hill 

habitat are largelv unprotected from over-settlement and over-farming (Hartlev ('/ o/. 1996. 

\Vhitltn\ I qXO) 

With the exception of the Matobo Hills. hill raptor communities in Zimbabwe have been 

unstudied until recently (Davison 1(95) An understanding of the relationships between raptors. 

hill habitat resources and man has been limited to Black Eagles A(/lft/o \'('/Ti!(//(XI/ and their 

resources in the \1atobo Hills (Auman &. Chiweshe 1995. Barry I l)94. Barrv &. Barry 1996. 

Gargett I ql)O. Gargett ('/ u/. 1(95) Resource utilization and distribution of raptors in 

microhabitats is better understood in African savannas and forests than in hills (Bataamba 1989. 

Brandl ('/ ({I. I (8). Hustler &. Howells 1990. Simmons 1986. Smeenk 1974: Snelling 1969: 1970. 

Sorle\' &. Anderson 1994. Thiollay 1975. 1(88) 

Studies outside Africa have used the concept of guilds to describe the ecology of raptor 

and other bird communities (e g Adams 1985: I-lav.kins & MacMahon 1989. Holmes ('/ al. 1979: 

\1arti L'/ ul. 1993a&b. Simberloff & Dayan 19(1) Guilds are sets of organisms. within a 

communitv \vhich use the same important resource in a similar way (Root 19(7) Food is 
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(,lINdered to he the IU11ltmg resource for most raptors. and prey-based guIlds are \Ievved as the 

i110st ec()lo~lcally meaningful. although food may not he limiting f()r some :\fro-tropical birds 

\ lurph\ 1')7l) Steenhof & Kochel1 I <JRX) Guilds describe communities in terms of processes of 

! esolllce utIlizatIon. rather than rnereh' the component species ,\prlying this concept to hill 

I aptor cornImll1llies should explain the structure of community in terms of resource availability 

~lI1d utriization a more ecologically meaningful explanation than the species lists and densities 

\\ hich are uSllalh given Lnderstanding raptor - resource dependency and interactions is vital for 

j aptor conSCl\atlon (\V,ltson I i)() 1 ) 

Bel\\cen Februarv 1995 and \:ovember 1 ()l)() I studied the raptor communities in two hill 

~ueas one a conselyed area and the other an unprotected communal hlrming area in the south-east 

of Zimbalme I attempted to describe the community structures in terms of resource availability 

and utilizatIon and interactions with man 

1.2.\ims 

1) Enumerate the diversity and densllv of raptors In both study areas. to test if distinct 

(omtl1unities occur in hill habitats 

:2) E\alume the resources utilized in terms of nesting, prey and space resources 

1) Studv the nature. extent and effects of resource sharing on competition and resource 

pal11tioning 

-+) II1\'estigate the eHects of human activities in and around the hill habitats in the study areas on 

laptor resources and community structure. and suggest land management strategies in the two 

stud\ areas to enhance raptor community conservation 
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Chapter Two: Study Areas 
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2.1 Lonestar StUlh ;\rea (LSA) 

The Lonestar ReSelye was formerly a cattle ranch. and is nO\\ a prIvatelv owned resef\'e 

managed for toullsm game sales. education. and limited hunting rile reserve covers .. WOkm~ in 

the south-eastern lov..\eld of Zimbabwe (Fig 1(1) and the terram is seldom more than 3)0 metres 

a m s I except 111 the hills The average rainfall is approximatelv :"()O - :":"Omm p a (Stalmans 

1 ()94) 

The studv area \vithin the reserve is made up of ca -H) km~ of Stormberg sandstone 

outcrops, knO\\ll as the :'v!alilangwe Range (Fig 1 b) The terrain in the LSA consists of ridges 

of sandstone oLltcrops about :'0 metres above the floor of the \allevs which are narrow and 

Incised. or broad and sandy The !\Iyamasikana River cuts through the mountains in a north -

sOLlth direction and most of the larger incised valleys are associated with this river and its 

tributaries On top of some of the ridges nat areas form small plateaus In other areas not 

associated with ri\'er drainage. undulating areas of rocky outcrops exist (Fig 2) 

The vegetation on the ridges and rocky areas is mostly Hrw .. 'hys/{!R/(( R/alfcescells and 

A//dms/(fchys j()hll.\l()lI11 thickets. interspersed with Adal/.\o///(( d'.l!:llala 011 the slopes where 

kIrk/([ a('///JII//ala. (;\rr,cw!Jlis amet/C(fI/IfS and !Vell'lOli/({ !,,!dehralldllLl are also sometimes 

common li.:r/1/I/I(///(/ .\CF/CCU and Acacia IIIxresn'lIs . . -1, lorI/lis. {aherllael1lolllulI(f elexuw. 

\I)froslacl~r.\ afF/calla are sandveld trees which are commonly associated with the broad sandy 

yalleys in the hills I n the northern section, .Jlflhemardw R/ohtjl()r(f - j)lo.\PYros Ifs({/1/harell.'iIS 

assemblages exist (Stalmans 1(94) The plant species occurring in the communities mentioned 

are listed in full in Stalmans ( 1(94) 

The hills receive higher raintall on average than the plains to the south and east of the hills 

Between 19:' I and 1977. a weather station in the south-eastern portion of the hills received on 

average :'6) ml11 per annum compared to an average of 363 mm per annum between 1968 and 
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! e)/: on the ISolated IIanebeest Hill in the southern ponion or" the reserve. the ditference possiblv 

due to orographic ram in the eastern section of the hills rhe south-eastern hills ha\e numerous 

"pnngs which !lowed throughout the drv season in 199() followmg an exceptionallv good I ()'l'\-

1<)% rainv season when approximatelv 7-.+,\ mm of rain fell in the hills. \\hereas the surface \\ater 

In the plains disappeared in the dry season except \vhere artdiciallv supplied The hills had one 

large and fOUl small dams \\ hich created aniticial aquatic habitats and int1uenced the river courses 

downstream (J .-\nderson pers comm ) 

2.2 Communal Land Study .\rea (eLSA) 

The stud\ area consists of ca XO kmc of gneissic granite outcrops 111 communal fanning 

;[reas and C\\'lPFIRE conservation areas in the Ndowovo and Sang"ve Communal Areas of 

Chipinge and Chiredzi districts of Zimbabwe (Fig Ic) The ClSA lies on the bank of the Save 

River The lmver catchment area of this river has been quoted as being some of the most drought­

prone and over-utilized agricultural land in Zimbabwe and it is severelv degraded in places. where 

human densities are tvpicallv -'+0-'\0 people per kmc (Campbell 19(4) Average annual 

precipitation is less than <;()()mm \\ith most rainfall between ~ovember and \1arch 

The terrain is dominated bv the Mutandahwe Hill which rises 220 metres above the 

surrounding plains to a height of <; T2 metres a m s I The Bandai Hills consist of broken rocky 

outcrops The Save River gorge in the Mahenye area is incised 100 metres in places To the east 

of the gorge ridges of basalt hills rise up to 100 metres above the surrounding plains: these have 

no large rock OlltCropS 

The vegetation in the outcrop areas is largely Hrachy,\!eXw x/allcescells. with some 

.-1.lIdrlJ.\/(lchys j()!1II.\/()/lII. Ado/l.\()111({ dlgilalo. NewlolIlll htldehrolldlw and Kirkia OCIIn/lIlohl 

The basalt ridges lack the Hrachl'slegw x/allcescells stands which exist only on sandv. \vell 
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drall1ed sods '\umerous spnngs at the bases of hills exist. and these ha\"e been moditied and 

utIlized l1\ humans and li\estocK 

The surrounding areas are tlat or associated with the riverine habitat along the Save and 

"mailer II\erS The dominant \egetation is ( 'o!()l'hmjJermlflll 1lJ(JII({IIL'. \\ hich in the vicinitv of 

\ lutandalme Hill occurs in stands ()f scrub due to heavy utilization bv the local populace 
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Chapter Three: Raptor Diversity, Density and 

Breeding 
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3.1 I ntrod lIclion 

The assemblage of raptors resident in an area is a result of either random processes or 

historical accident. or because the birds activelv select the particular habitats within the area Hills 

and mountaInOUS areas provide specific prev and nesting resources which ditfer from those in 

other habitats (Gargett 19(0) The diversity of resident raptors in hill habitats should be 

determined bv the abilitv of the birds to utilize the resources available Their densitv should 

depend on t he abundance of these resources. and tolerance bv individuals of conspecitics and 

other neighbours (\!evvton 1(79) 

The questIons asked in this chapter are~ did the hill habitats in this studv contain distinct 

rapto! assell1blaues in terms of diversitv and did they occur at ditferent densities than in -- ~ , -

surrounding habitats indicating ditferences in available resources') I have compared my results 

with other raptor community enumerations in southern Africa and elsewhere. and discussed the 

effect of differences in habitat The structure of the communities were probably limited by 

resource availabilitv and utilization which are investigated in Chapter 4 

3.2 \laterials & l\lethods 

The richness of raptors in the two studv areas was estimated by noting all sightings of 

raptors during trequent trips through the study areas Although more time was spent in the LSA. 

both studv areas were extensively covered on foot. and the surveys in both areas are thought to 

be accurate and comparable 

Breeding densities of large raptors in the two study areas were estimated from counts of 

nests Some of the nests on the LSA were known to the statr of the Malilangwe Conservation 

Trust and were shown to me Kim Wolhuter actively sought eagle nests in the Lonestar Reserve 

in November and December 1994 and had plotted their coordinates using a Garmin Geographical 
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Pnslllomng S\stem ( IPS) \ more systematic search of the LS:\ was conducted 111 an attempt 

to tind all nests alld a tlllther seventeen nest sites \\ere located .\n aerial search ufthe hills from 

J l11ICroligi1l dlrcraft prmided good \isibilitv of nests. although no additional nests \\ere found in 

this lllanner rhe locatl(\n s!atistics of all known nest sites on the Lonestar ResenT are gi\·en In 

. \ppendi\: I 

I3reed1l1g density \\as calculated tix eagles and eagle-Sized raptors breeding \\ithin the hill 

habitat bv dimling the number of known breeding pairs during each breeding season into the area 

ufthe hill habitat III both study areas, to give a Ilrst estimate of breeding density Pairs of eagles 

and adult ll1divlduals '>een regularlv outside the estimated territories of known breeding 

~onspecltics \\ l're assumed to be potential breeders alld added to the estimate of breeding 

densities (ivI11nogenes / '()/r/Jomld('s 1.l/ms were included in the estimates because this species 

is nearlv eagle-Sized. and eagle-like in its tlight territorial and nesting behaviour (Stevn 1(82) 

Barn Owl densities in the two seasons are expressed as the number of known occupied 

roosts instead of nests v,hich were ditlicuit to locate in caves and crevices Roosts were often 

occupied bv single hirds Because raptor densitv indicates the extent and impact of resource 

utilization Single birds must be included in densitv estimates as well as breeding pairs 

Other raptors (accipitrines. owls, falcons and kestrels) were enumerated f(x densitv 

calculations bv noting and mapping sightings or where vocalizations were heard Sightings in the 

same territories were assumed to be the same birds, members of the same pair (if the birds were 

breeding) or replacement birds in the same territory Small raptor nests were ditlicult to tind as 

the nests are often concealed bv toliage since the breeding periods coincided with t he start of the 

rains. or in the case of small owls. were in tree holes and also ditlicult to locate 
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J.J Results 

J.3./ I )/I'('nlf" 

The LS:\ had a Iligher liJversitv of raptors seen during the study period (38 species) 

(lil1lpared to the ClSA (,2 species. Table I) However there \\ere more species which probablv 

hreed in the eLSA than 111 the LSA (23 species compared to 21 species) The difference is slight. 

as the C LSA is appro-.;imately twice the size of the lSA HO\vever. a greater proportion of its 

Taptm assemblage breeds in the area. \vhereas in the LSA manv of the raptors using resources in 

the hill habitat nest elsewhere (26°'0 compared to 7°;) in the elSA) \1any of these used the 

margin of the hills onlv and \vere seldom seer further into the hillsl\ventv-four species \vere 

(oml11onlv seen \\ ithin the lSA boundaries. the rest were seen in margmal or ecotonal habitat 

The scientific names of all raptors seen in the study areas are given in Table I 

The lSA had a greater number of eagle species (including Gymnogenes) in the hill habitat 

(14 species) than the elSA ( II species) but had a lower breeding diversity (9 species) than the 

elSA ( I I species) Bateleur and Black Breasted Snake Eagles nest and probably nest in the 

elSA. but nest outside the lSA Since the study areas differ in size and the ditferences are 

accounted for bv one nestll1g pair per species. these ditferences cannot be regarded as signiticant 

Small accipitrines occur in the same diversity ( I I species) in both areas Seven species 

breed. or probablv breed in the eLSA compared to six in the lSA Bat Hawks were not seen 

in the elSA but were possibly in the Save River gorge. and Rock Kestrels were not recorded in 

the lSA 

Nine owl species have been seen or heard in the lSA compared to the six in the elSA 

Pels' Fishing. Scops. Wood and Grass Owls were not seen in the elSA but were present in low 

numbers in the LSA 
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In the lS:\ "I nest sites belonging to eagles and Gvmnogencs were found These nests 

\\ere ofdiftenng ages and states of repair From observations at these nests and noting when and 

\\here adult birds \\ere seen an estImate of the number of pairs \\as made (Table 2) 

.-\frican Hawk Eagles were the commonest eagle specIes in both areas, followed bv 

CrO\\I1ed Eagles Black Eagles were relativel), common in the lSA but onlv one pair, which 

\\ere not known to nest. were seen in the ClSA The ClSA had more eagle species nesting, but 

fewer abundant species than the lS:\, which was dominated bv African Hawk, Crowned and 

Black Eaules 

There were more eagles nesting in the lSA than the ClSA despite the differences in area 

The totals were cumulative over nearly two years In the case of two of the Crowned Eagle nests, 

no nest use was seen during the study period, although an adult Crowned Eagle was seen close 

enough to a nest to assume that the nest belonged to it Including this sighting, an estimate of 3 I 

pairs or territories, vvhich may have been occupied some of the time during the study, was made 

Three African Hawk Eagle nests, which were probably independent and not alternate nest sites, 

shmved no sign of use One nest had a pair of Airican Hawk Eagles close to it on many occasions 

and aiLl\·enile was seen near the nest in the 1995 breeding season indicating that the pair used the 

nest but the nesting attempt was not noted No breeding was noted at another nest, although this 

nest was not observed trequentlv All Black Eagle pairs were observed to breed, and nesting or 

nest building activity was noted at all but one nest A minimum of 26 breeding pairs of raptors 

was noted in the lSA during the study period 

In the ClSA onlv a fe\v incidents of nesting activity \vere noted in a pair of Gymnogenes, 

Crowned and Wahlberg's Eagles in 1996 
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Pr(lhablv all eagle territories \\ere maintained hetween years during the studv. with the 

exception of a Black Eagle territory which was not defended hv the female atter the male \vas shot 

III Il)\)() '\estll1g \vas a definite 1l1dication that territories were held Crowned Eagles. which 

:lppeared most Iv to breed onlv e\'en' second year in the LSA. \vere infrequentlv seen \vhen they 

\\ere not nesting It \vas therefore ditlicult to ascertain whether some territories were occupied 

\\ hen nests \\ ere not in use In these cases (n=2) it was assumed that the territories were still 

occupied \\ hen an adult was seen or heard within the estimated houndaries of the territories 

The same number of eagle and Gvmnogene pairs attempted breeding in each vear ( 18 ) 

although !lot all pairs bred in both years (Table 3) Sixty percent of eagle and Gvmnogene pairs 

In Il)l):-; and ()2° 0 in 19% attempted nesting The proportion of the population breeding may have 

been as high as no;) and 76 % in each year respectively as it was not known whether breeding 

\\as attempted at three African Hawk Eagle nests which were infrequently observed or were 

ditticult to see onto. Crowned Eagles showed the greatest variation in the number of breeding 

attempts in each season Equal numbers of African Hawk Eagles v"ere thought to nest in each 

of the "ears although not all the same pairs bred between the two vears One pair of Black 

Eagles did not breed in 1 C)c)5, but bred in I c)C)6, and another pair which bred in the I c)c)5 season 

did not breed in 1996 (when the male was shot) 

Fe\ver chicks fledged in I c)95 than I C)C)6 due to more nesting failures at Crowned. African 

Hmvk. Atrican Fish and Wahlberg's Eagle nests (Table 3) Overall, 72% of breeding attempts in 

199:-; \\ ere successfuL and 40% of all the eagle and Gymnogene pairs in the LSA successfully 

reproduced In 1995 only 28% of breeding attempts were known to have been successful, and 

17°;) of the resident pairs successfully reproduced. African Fish Eagles had the highest rate of 

tledgling production in any year, which was due to one pair successfully raising two chicks in one 
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hreeLllrH! attempt III Il)q:' (breeding rare'" I :' \'oung per pair) Of the three main eagle species 

In ! he LS \ \tiican Ha\vk Eagles had the highest rate of sLiccessful breeding attempts and the 

highest productIOn oftledglings per pair (including non-breeding pairs) in each year (():' young 

per pair Irl I l)l):' and (),:; voung per pair in 1 ()C)6) C ro,vned Eagles had a high breeding success 

17 ::"0" or attempts) and attempt rate (66 7 °0 of all pairs) in 1994/1995, \vhen () :' young per pair 

\\ ere plllduced Black Eagles had low breeding success In both years (25~/o and .n o ;) of attempts 

respecti\elv reproducti\e rate = 0 2 young and 0 25 voung per pair per year respectively) So 

did CW\\ ned Eagles in 1996/1997 (an estimated 0° 0 of breeding attempts succeeded) although 

the outcomes urthe breeding attempts were not detinitely known 

3.3. --I .I/I/I}()\'IIJ/(/{C dl'II.\/ftL'S olsmall raj)/or" 

\cclpitrines made up 94 00 of all small diurnal raptor territories counted (Table 4) Little 

Banded (ioshawks \\ere the commonest accipitrines Ovambo 5parrowhawks were more 

commonl\ seen in 1 ()96 than 1995, and overall were about as common as Gabar Goshawks 

:\ii-iean (loshav"ks and Little Sparrowhawks were not commonly seen (Fig. 3d & e) Other small 

diurnal raptor groups such as talcons/kestrels, kites and harriers did not use the Malilangwe Hills 

much. and onlv one Peregrine Falcon. Blackshouldered Kite and Bat Hawk individual or pair held 

territory or home range over the hills Other small diurnal raptors occasionally seen in the LSA 

included Dark Chanting Goshawks and Yellow-billed Kites 

Owl territories were 23% more common than diurnal raptors in the LSA Barn Owls were 

the most numerous raptor in the LSA (Fig. 3i; Table 4) but were only slightly more common than 

Little Banded Goshawks \1any of the Barn Owls counted at roosts may have been non-breeding 

immatures. \\ hereas all the sightings of Little Banded Goshawks were of adults Barn Owl roosts 

which were in current use or had been recently used were actively searched for as part of a 
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,:oncurrent stud\ on thell diet and as a result a higher proportion of their population \\as probably 

,'ound than the other m\l species. which were sighted bv chance Barred Owl territories were 

tl' limes ll10re commonlv located overall than the ecological Iv similar (but slightlv smaller) 

P ';11 i'llolled 0\\ I Both of these species were \ocal dunng the dav and usuallv easIly identified 

.:n Pearlspotted Owls were seen as often as they were heard. while Barred Owls were seen 

)ften than they \\ere heard The difference in the sighting rates between the t\\iO was 

"i)lv not intluenced bv different vocalization patterns Large owls. I.e. Spotted and Giant 

~ )\\ Is and Pel's Fishing O",ls were not abundant in the LSA. although Spotted Eagle Owls 

:itticult to locate dunn~ the dav as thev llsuallv roosted on the ground in dense vegetation 

:,,:\ areas One pair of Giant Eagle Owls nested near the \1alilangwe Hills and possiblv 

\\!thin the hills One pair of Pel's Fishing Owls \vere limited to the Malilangwe Dam (Fig 

With the exception of Ovambo Sparrowha\vks. similar numbers of territories of each 

,pecies \\ere located in both of the study years However, only 62% of territories were 

be occupied in both vears (Table 4) Most territories were probably maintained between 

lut I failed to see "RO o of the territorv-holding birds in each vear The population count 

I raptors which held territories in the LSA was about 68 in each year, but could have been 

as I I () over the two years 

sClIssion 

A positi\e relationship is expected between the size of an area and the diversity of a set 

nisms within the area In terms of African savanna ecosystem raptor assemblages, between 

the equator and 36 i1 south, this increase in raptor diversity is described by the relationship; 
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\' 11513.1 i().S()1 (/I 53) 

\\here r is the raptor diversity of visiting migrants and breeding birds. and x is the logarithm of 

;lrea (data from authors cited in \ lacdonald & Gargett 1 qR4) Raptor assemblages bet\veen the 

equator and 12" north and south. 13') and 24" south. and 25" and 3()') south. show the folknving 

relationships between the loganthm of area and raptor diversltv. 

(0"-12"\:&S) \' O.IIOx 3V.-NV (1/ (J) 

( 13"-24')S) \' O.M-Ix 15.181 (ir l3) 

\ IJ.5l8x 15.0-13 0/ l-l) 

The data for the equation for raptor diversitv/area relationship closest to the equator do not 

Il1clude counts of raptor diversity \vhich omit owls (\1acdonald & Gargett 1(84) There appears 

to he little increase in raptor diversitv with increase in area from locations near the equator. 

although the sample \vas small The greatest increase in raptor diversitv with increased area is 

between 13" and 24" south of the equator. the latitudinal zone within which the two study areas 

lie \1acdonald & Gargett (1984) do not discuss the difterences in these relationships with 

latitude 

The overall raptor diversitv in the LSA is greater than that which would be expected from 

a 40 km~ area in the same latitudinal zone. or in any part of sub-Saharan Africa (Fig 4a) 

Similarlv. the rapt or breeding diversity in the LSA. and in the rest of the Lonestar Reserve. is 

higher than expected tor the size and location of the areas (Fig 4b) The breeding diversity in the 

LSA is exceeded only by one 40 km; area in the Matopos Study Area where 22 breeding species 

\vere found (Macdonald & Gargett 1(84) The overall diversity in the elSA is equal to what 

would be expected for an 80 km~ area in the same latitudinal zone (Fig 4a) but the breeding 

diversity is higher (Fig 4b) 
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rhe 111g.h breedll1g. diversHv 111 the LSA and in sample areas If1 the \ 1atopo Study Area. an 

area \\hlch-Is" the most diverse communitv of raptorial birds that has vet heen described from 

~ln area or comparable size anywhere in the world" (\1acdonald &. (jargett I c)R4. pp 2C)C)) 

strengthens the argument that protected hill habitats support di\'erse raptor assemblages This 

also Sllg.g.ests that complete competiti\'e exclusion does not occur in hills where resources are 

:lbutldant and \\ here there is topographical complexity providing an arrav of habitats and reduced 

111len'lsibilitv between nests Competition probably does not control community structure and 

resource use \\ here resources are abundant (Simberlotr & Dayan 199 I) Howeyer. hill habitats 

are otten spatiallv limited. and raptnrs which are abundant mav limit the distribution of less 

COl111l1on rapror species 

It \\ as not I!1 the scope of this studv to investigate in detail the raptor assemblages in the 

riverine habitat and plains savannas surrounding the hill study areas ~est data were howeyer 

collected lw Kim Wolhuter. and augmented by further incidental observations by stafr visitors and 

the author in these areas and yielded an estimate of 16 breeding species in ca 360km2 This 

diversity is high for an area this size in Africa. which indicates that the hills did not support 

rclatl\elv more breeding raptor species than surrounding plains The raptor diversitv in the plains 

surrounding the eLSA was not studied in enough detail to present results. but indications were 

that nestin~ ea~les were not common. althou~h Tawny, Bateleur and Brown Snake Eagles were 
'"- '- ....... .., '-' 

seen relati\'elv frequent Iv over the plains. and kites and kestrels were commonly seen oyer 

culti\'ated and settled areas Here hills probablv did haye more breeding raptor species than the 

surrounding. areas 



rh~ 11Iuh ~agle rIchness 111 the ('LSA IS Il1 contrast to their low breeding densities. low 

lood I e~OlllC~ <l\aIlabilit\, (see Chapter -+) and human land-use in the area (see ('hapter :;) The 

! l'a~OI1~ Ill! this mav he. 

I) \ decreasing density of eagles. or raptors 111 generaL mav reduce interspecitic 

L'ompelllIOt1 thus allowll1g more speCies to c()e~ist. 

=) Human disruptions causing II1creases in prey may reduce interspecltic competition t()r 

(ood ,dl(l\\ Il1g raptor species to coe~ist Also. an increase of one prey group mav benetit other 

r aptor pre\' species \\hich feed on it (e.g. snakes and mongooses feeding on rodents) :\ decrease 

!Il ahundant prey species may result Il1 other prey species becoming more abundant due to lower 

L'ompC1ItIOIl rhere is then a more diverse prey base and a more diverse group of raptors mav 

~~Isl 

1) The habitat mosaic may increase when wood cutting and cultivation alter the vegetation 

and soils in areas. and more habitat niches become available (Simmons 1994a) 

-+) ,-\ greater degree of habitat alteration and degradation outside of the hill area mav torce 

~agles to abandon territories and seek refuge in the hill habitats 

.;;) Eagles mav spillover from the neighbouring Gonarezhou \'ational Park 

()) The eagle diversity may result from some intrinsic quality of the habitat which has not 

heen influenced directly bv humans. sLlch as soil fenilitv or natural vegetation diversity and mosaic 

(Hustler &. Howells 19(0) 

The raptor assemblages in the LSA and eLSA differed from other areas in southern Africa 

in that the eagle groups were richer than small diurnal raptors (Table:') \1ost areas, including 

the \tatopos Studv Area, appear to be more suited to small diurnal raptor species The LSA and 

C L S ,-\ probably ditler signiticantly from other areas in overall raptor resource availability see 

Chapter -+) The dominance of Little Banded Goshawks and the relatively low densities of other 



~maii diurnal IanlOrs 111 the lSA and eLSA su!!!!ests that the areas were not well suited for most , ~~ 

')mall diurnal :-,pcCles Small raptors. \\Ith small terrnones and needing small amounts of 

resources L~ll1utdize riner scale ditferences in resource distributions. \"hereas eagles \\ith large 

terrltorv needs can not Small diurnal raptors mav be more diverse \"here there is a patchv mosaic 

\If small hahitah The LS:\ and elSA had continuous woodland habitat although the topographv 

and tree species distnhution varied (Stalmans Il)q-+) In contrast. the \1atopos Studv Area has 

about equal proportions of granite outcrops and grasslands which form a mosaic of habitats 

((jargett 1 (F)()) The Lonestar Reserve outside the hills. and the Sabi-SandsiTimbavati-Klaserie 

areas haw sa\anna and riverine habitats. and patches of the savanna habitat in both areas have 

heen altered 11\ burnll1g and bush clearing (Simmons 1')94a) .-\lso. ditferences in soils result in 

a \egetation mosaic in the lonestar Reserve (Stalmans 19(4) These three areas had high 

breeding di\erSllies of small diurnal raptors. possibly caused bv varied micro-habitats and ecotonal 

areas bet\\ een habit ats where prey resources were diverse (Hustler & Howells 1990. Simmons 

Il)l)-+a) 

Owls were fairlv diverse in the LSA and C.-\SA but due to the lack of diversity of 

habitats se\eral species \\hich require specific habitats. such as Grass and Marsh Owls. were not 

present at one or other of the areas As with small diurnal raptors. owls were diverse in areas 

with di\'erse habitat. 1,<.'. Lonestar Reserve and Sabi-Sands/Timbavati Klaserie The breeding 

diversitv of o\vls in the Matopos Study Area is probably an underestimate (S & \' Tarr pers 

comm) as is the estimate for the Botoko Gorges where few breeding owls were seen (Table 5) 

1 have included small owls seen in the Batoko Gorges by Hartley ( 19(3) as probable territorv 

holders and theret()fe breeders. as they hold small territories. but large owls (2 species) which may 

\isit the narro\" gorges from the plateau were left out. 



3. -I.:: / )<:1/.\1 '-1'. cogie.\ ({lid .\l1Ia/l rllpt(),.s 

The dcnsitv or raptors breeding in an area indicates the availability of resources and 

sug.gests the le\e1s of competition Hill habitats in this studv are hvporhesised to be rich in nesting 

and food resources but limited in space The relative abundance of habitat resources \vould be 

accentuated \\ here surrounding habitat is degraded Hill raptor communities are expected to be 

denselv populated \\ ith territories being smaller as t()od and nesting needs are met in smaller 

areas 

The only comparable hill habitat communitv study in sub-saharan Africa is that detailed 

by \Iacdonald &. (iarg.et! ( I 9R4) which listed the community components and estimated the 

breeding densities of raptor species in the 620km: \Iatopos Studv Area in south western 

Zimbab\\ e They did not im'estigate the resource utilization and availability of the community 

The measured and estimated lSA raptor breeding density was high, while that in the 

elSA was about average compared to other areas in Africa (Macdonald & Gargett 1(84) High 

concentrations of raptors often occur in isola~ed wooded habitats surrounded by open habitat 

othemise rich in food (\.;ewton 1(79) The lSA did not, however, provide only abundant nesting 

resources t<.1r raptors teeding in the surrounding habitat. but was a closed. complete resource base 

for many of the raptor species within the area. The density of breeding raptors per unit area in 

the lSA \vas higher than any other reported in Africa for a similar sized area (Table 6) which 

illustrates the intluence of certain resources, and provides an opportunity for the study of 

communitv processes in an unusually dense and defIned raptor community 

The lSA had a substantially larger estimated breeding density than either of the other two 

hill areas in Table 6. \vith an almost six fold greater density than the elSA, and almost seven told 

greater than \Iatopos Study Area (Macdonald & Gargett 1(84) EYen the greatest breeding 

estimate in the \Iatopos. 76 pairs per IOkm2
• where breeding estimates in unstudied areas were 
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lI1c1uded (\ lacdonald & (rargett Il)X-+) is lower than the LSA estimate Ditl'erences in the 

hreeding densities of raptors hct\vccn the lSA. and the ClS.-\ and the l\1atopos probablv 

[epresent real biological ditl'erences_ despite the greater search etl'ort per unit area in the smaller 

IS-\ and elSA \\hich would reveal a hIgher proportion of the raptors This has been recognised 

hy Simmons ( 1 99-+a) \\ ho also indicates that I()nger study periods generallv reveal larger 

di versltie~ and densities of raptors Three smalier areas (-+()km~) in the \1atopos gave a higher 

counted nesting density of between 8 5 and 9 8 raptor pairs per 1 ()km~. nearlv twice as high as the 

count of pairs in the entire Vlatopos Studv Area The higher estimates in the samples were 

pOSSIbly due to the ri\'erine habitats where two of them \vere conducted (Simmons 1994a) 

;!lthough another sample area which included other habitat types also had a high counted nestlllg 

density of 8 5 pairs per I ()km~ The counts from these smaller areas were probably a closer 

estimate ufthe raptor densitv of the entire Matopos area. as river vallev habitat is common in the 

\1atopos (pel's nbs) 

Simmons ( 1 994a) suggests that only the larger. more \-isible raptor species should be used 

III comparisons between areas in order to eliminate biases incurred by incomplete counts of small 

and nocturnal raptors HO\vever. this assumes that the large raptor component of the communit\' 

111 all areas indicates the relative abundance of all raptors In this study. small diurnal and owl 

breeding densitv estimates were higher than these of eagles in both study areas, and Thiollav 

( 1(75) ft)und that small raptors dominated th~ raptor assemblage in the lamto Reserve, Cote 

d'ivoire The Matopos. Sabi-Sands and Timbavati-Klaserie studies estimated eagle breeding 

populations to be larger than the small raptors Using large raptors as indicative of overall raptor 

breeding densities would overlook ecological parameters which affect smaller raptors. and 

therefore the communitv as a ,vhole It is also important to compare the relative abundances 

\vithin areas of all raptor groups. especially when applying the resource utilization based guild 



cunct:pt ll1 dt:scnbin~ communities rhere is no indication as vet that hi~h large rapt or densities 

clllTl'iatt: posltl\elv \\ith high smaller raptor densities \vithin areas For ITlstance. in the lonestar 

,<[\alllla ,lIea t:agle densitIes \vere found to be low. \vhile small diurnal raptors. of the accipiter 

,1l1d Ltlcot1Id groups were seen more frequently. and o\v!s seen and heard at knver frequencies 

thall III lhe LSA. \vhere eagles \\ere commoner .'\ comparison of these two areas using large 

I a[1t01 S as 1l1dicator species would give estimates of the contribution of small diurnal raptors and 

ll\\Is \\hich \\ere dissimilar to those actually seen 

The tinding in this study that small diurnal raptors and owls occur at higher densities than 

cal!ll's is probablv biologicallv real. as smaller birds require less food and space than eagles. 

,ill 0\\ Il1g the slllall raptors to hold more territories \vithin an area The tindings by \1acdonald & 

(jargell ( I <JX-l) Simmons ( 19C)4a) and Tarboton & Allen ( 1(84) as the tirst two authors point ouL 

probably underestimate the small species There was probably less error in the lSA where a 

\Illaller area \\as more intensively sampled. although assigning repeated sightings of single 

individuals to ditlerent territories could introduce errors especially as little is known of territory 

sizes t(n accipitrines in similar habitats 

In the lSA and the elSA. African Hawk Eagles territories were the most numerous large 

raptors \\ hereas Black Eagles were most numerous in the Matopos Study Area (Macdonald & 

(Jargett I l)X4) Of the eagles in the lSA and the elSA Crowned Eagle territories were the 

second most numerous. and Black Eagles were third most numerous in the lSA while in the 

\ latopos. African Hawk Eagles and Wahlberg's Eagles held second and third position 

respecti\elv Wahlberg's Eagles were not common in either of the two study areas in this study 

The difterence in the relative status of Black Eagles between the Matopos and the lSA 

(the breeding of a single Black Eagle pair in the ClSA is uncertain) is probably due to the habitat 

differences between the two areas for the three main resident eagle species. These differences 
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,date to the :-,uper-abundant nestmg resources In the \ latopos Studv :\rea compared to the limited 

neStlrH! resources t()r these birds in the L SA. and the abundant nesting resources for the Crowned 

Ea!.dc III the LS.\ and eLSA compared to the deanh of the same I!1 the \latopos (Gargett 199()) 

\Ithough Black Eagles are not the most common eagle species In the LS.\. the measured 

denslt\ of Ilcstl!1g pairs was 37 7 () () higher than that In the Vlatopos Stud, .\rea This higher 

densl!\ in the LSA is as a result of small territory sizes in the LSA. the large proponlon of areas 

not II1cluded in territories in the lSA indicating that this species is not limited bv space This \vill 

he discllssed in the chapter on resource availabilitv and utilization 

\nother It1dication that there are signiticant ditferences bet\veen the raptor communities 

oj' thc LSA and the \latopos Studv Area i~ the higher densitv of Wahlberg's Eagles in the 

\latopos Studv Area (0 ~03 territories per IOkm') Onlv one pair of Wahlberg's Eagles nested 

on the border orthe lSA hill habitat This mav indicate a difference in prey or nesting resources 

het\\ccn the two areas. or. if there is interspecific e:xclusion of Wahlberg's Eagles in the LSA. a 

hiologically etfective ditlerence between the eagle assemblages and densities Wahlberg's and 

\t'riClI1 Hawk Eagle~ are similar in size and behaviour. and thev occurred in similar densities in 

the \latopos Stud, Area indicating a possible balance between the t\VO [n the LSA. the higher 

densltv of Atl-ican Hawk Eagles may e:xclude Wahlberg's Eagles from establishing territories The 

fayoured nesting habitat of these species is river courses (Steyn 1(82) There is one main river 

course in the lSA the Nyamasikana River. where a high eagle nesting densitv may have e:xcluded 

this small species Acac/({ IIf}..'TescellS and IJJllch()carplfS c({pLlsa. favoured nest trees for 

Wahlber!!'s Ea!!les in the rest of the lonestar Reserve were not common in river courses in the - - ' 

LSA 

Although the elSA had a lower overall density than the lSA. the densities tor all eagles 

other than Black and Wahlberg's Eagles e:xceed those measured in the \latopos Study Area 
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-\frican Hawk and Black Eagles dominated the ClSA and \latopos Studv Areas respectively 

There is perhaps a greater similarity between the \1atopos and the elSA: than between the lSA 

and the \Iatopos. especiallv as the former comparISon is between granite outcrop areas 

Black and Crowned Eagles appear to be restricted to hill habitat (Table ()) vvith a fe\v pairs 

of Black Eagles ill ~hvange '-'ational Park being restricted to atvpical small clitfs along river 

courses (HO\\ells & Hustler 1(84) African Hawk Eagles occurred in lower densities in savanna 

habitat the hill areas The difference between the African Hawk Eagle densities in the lonestar 

hill and savanna habitat areas were notably large The estimate of 0 3 I pairs per 40 km~ of this 

species in the Lonestar savanna area is probablv <1n underestimate as adult African Hawk Eagles 

\vere seen in areas where no nests for them were known Even at double the measured densitv. 

the lonestar savanna African Hawk Eagles would be at almost half the density of those in the 

lSA Other than Wahlberg's Eagles in the two South African savanna examples (both were part 

of the same uninterrupted habitat) which clearly dominated the eagle assemblage in terms of 

breeding densitv. there vvas no clear dominance by density of any other species of eagles. The 

high density of territories or Wahlberg's Eagles in the Sabi-Sands Study Area was similar to the 

level of African Ha\vk Eagle territory densitv in the lSA [t is probably significant that 

Wahlberg's Eagles are migratory, thus not using resources of f()od and space during the dry 

seasons when food availability decreases (Steyn 1(82) African Hawk Eagles however are not 

migratory, which indicates that their high density in both study areas can be supported through 

seasonal fluctuations in t()od, and the density of breeding birds is not set by resource availability 

during periods of abundance 

little Banded Goshawks were the commonest small diurnal raptor in all the hill areas 

compared. \\ hile African Goshawks were the commonest nesting accipiter seen in the Sabi Sands 

studvarea Possiblv their reliance on small reptiles makes little Banded Goshawks suited to rock 
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\)utcrop habitat (Ste\'n IqR2) although in the lSA and elSA they were more often seen taking 

hlrds Their llltermediate size mav enable a wide size spectrum of reptile and bird prey to be 

\.:xploited \\hile lar~er accipitrines cannot etlicientlv meet t(Jod needs on small reptiles 

Barn Owls appeared to he the most abundant raptor in the lSA. and in the elSA along 

\\ith Little Banded (ioshawk This is not surprising given the capacity of this species to 

reproduce, with clutches ofele\'en eggs recorded at t\VO nests in the LSA (Davison 1996, Steyn 

1()R2. P \Iundv - pers comm) Davison (1996) found this species had a wide, and seasonally 

\ariable diet in the LSA Rodents were the commonest prey item. and of all the prey recorded 

!!1 the LSA and eLSA these shO\\ the greatest population tluctuations (pers obs) Barn Owl 

clutch size is determined bv energy availability. and populations should increase with increased 

n)od supplv (P \Iundv - pers comm . Steyn 1(82) It is likely that Barn Owl populations are the 

least stable of the raptors in both of the study areas 

Barred Ov,,1s \vere also common in the lSA and elSA. more so than the physically and 

ecologically similar Pearlspotted Owls The reason for this is not clear, as the Pearlspotted Owl 

is apparentlv more common than the Barred Owl in the Matopos Study Area and the owl study 

area In the Rhodes \Iatopos l\.iational Park (S & V Tarr - pers comm) As with the little 

Banded (ioshawk population. larger size may allow a wider spectrum of prey sizes to be taken 

Food and predation considerations for the Barred Owl will be discussed in Chapter 4 

3, -/, 3 Hrl!L'dlllg £lIId lernlOllL's o/cagles III r.\'A 

The number of pairs of raptors breeding usually does not equal the number of territory 

holders in any one season The proportion of a population breeding, and the rate of young 

tledging should largely be an etfect of resource ayailability (Gargett 1990~ Gargett & Gargett 

J 993a. b. c) In this study. where food and nest resources were abundant the high raptor density 
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IrJ the area may limit breeding, and the maXlITIUm carrying capacitv of raptors mav not equal the 

hreedm!,l capacity of the population 

\ !,lreater proponion of the Black Eagle popUlation bred than any other eagle species in 

the LS.\ Prey (l\ailability is the most IInponant tactor atfecting breeding, \\hich indicates that 

!J\Ta\: \\ ere readily available during the I <)<)~ breeding season, despite high ram fall \vhich increases 

\egetatlon cmer and reduces visibilitv to the eagles and foraging distances of hvrax, and thus their 

susceptibility to predation (Gargett 19(0) Black Eagles in the \1atopos had a high rate of 

hreeding attempts in seasons of below average rainfall. except \vhen droughts reduced hvrax 

ilumbers ( iargett 1l)9()) Breeding failure in one season increases the probabilitv that a pair \vill 

dlte11lpt bn:eding in the next season. and low productivitv in 1994 may have encouraged breeding 

attempts although no breeding records were kept that vear Breeding attempts were reduced in 

19% after a 200mm greater than average rainfall period Low productivity and high rainfall are 

t;lctors which should affect reproductive eifons in opposite manners The proximity of nest sites, 

territory boundary changes and new territories have negative etfects on breeding attempts. 

although no nests \vere inter-visible. and areas of habitat not used in territories indicated that the 

Black Eagles \\ ere not crowded despite small territories (Gargett 1(90) '\eighbollr etlects and 

densit\· are not thought to atlect breeding attempts. as the nearest neighbour of a new pair bred 

m the veal' that a new territory was formed 

A lmver proponion of African Hawk Eagles attempted breeding than Black Eagles in the 

LSA Breeding attempts were made in 60% and 71 % of the pairs in 1980 and 1981 in the 

\llatopo study area. and 58% and 70% of the nesting attempts fledged chicks respectively in the 

t\VO years (Archer 1(81) The ten year average of fledging in Hwange National Park, between 

19n and 108-L 1977 and 1978 not included. was 59% (Hustler & Howells 1(88) Data from 

Howells & Hustler ( 1(84) suggests that 501 breeding attempts were recorded in 1250 pair years, 
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or -+1)0 'l 111 11\\ ange '\atlona! Park between 1971 and Il)S2. I calculations assume that no data were 

collected In 1<)77 and 1 qn (Hustler & HO\vells 1(88) l The proportion of the pairs attempting 

nesting in the LSA \\as comparatively low. although in Il)q~ almost all the nests reared chicks 

This mav Indicate that the high nesting density of this species in the LSA mav reduce nesting 

attempts hllt high food (l\atlabilitv increases the chances of tledging chicks \lost nesting tailures 

in this and all the eagle species in the LSA. were probablv due to predation largely bv other 

raptors. and this should increase with increased raptor densitv and diversity 

Crowned Eagles showed the lowest proportion of the population breeding in either season 

as some pairs had a hiennial breeding cycle in the LSA while others bred in two consecutive vears 

het\\een I (jlJ-+ and 1 ()qh In 1996. t\VO pairs nested simultaneously less than 1 :,km apart. 

although it is 110t thought that either pair successfully fledged chicks Density in this species is 

not thought to atlect breeding attempts. and no instances of intraspecific aggression were seen 
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Chapter Four: Resource Utilization and 

Availability 



~.l Introduction 

[n providing a description of raptor assemblages at the habitat level which is ecologicallv 

mealllngfui. the components of the assemblages should be treated as functional units \vhich 

interact with each other and with other components of the ecosvstem Resource utilization. and 

factors affecting it are the functional processes of an ecological community [n raptor 

assemblages. space. f()od and nesting resources are often shared Root ( 1967) defines guilds. 

\\hich are treated as functional units of communities in this studv. as sets of organisms which have 

large overlap in resource utilization and utilize resources in similar \vavs These organisms often 

do not helong to one taxonomic class \1uch debate has arisen as to how to detine hoVv much 

overlap of resource utIlization should he used to categorise guilds. and what constitutes a "similar 

wav". althou~h food is commonlv reco!.!;nised as the main limitin~ tactor in most communities (e.!.,' . "-' . '"-- '- ( 

.\dams 1985. Hawkins & ]\'lac1\1ahon 1989, laksic 1981. Simberlotf & Davan 1991) 

This chapter details resource utilization, overlap and partitioning, and interactions resulting 

from these in the raptor component of the vertebrate predator community in the two study areas 

Feeding guilds are used to describe the functional role of rap tors in the community mosaic It was 

not within the scope of the studv to investigate resource utilization amongst other vertebrate 

predators which probablv shared feeding guilds with raptors in the study areas. but a description 

of their possible etfects on raptors is given 

-t.2 :\'Iaterials and ;\1ethods 

4.2.1 :Ye.'lfing resources 

:\!ests were found during systematic ground searches K. Wolhuter conducted a search 

for eagle nests in the whole of the Lonestar Reserve in November and December 1994 Thirteen 

nests which had not been found by Wolhuter were found in the LSA during my study 
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DescrIptions of habitat dround each nest. the tree species for tree nest sites. and inter­

\Isibilit\, of other nests were made at each nest site Slope of the ground at nest sites \vas 

estimated hv measuring the interval between contour lines on I 50 (){)() topographical maps. and 

di\ Idlllg this b\ the height change 

rhe height of the nests above t he ground was measured bv one of two methods .\ line 

\\ as dropped trom the nest to the ground and the distance measured "Jests in trees and on cliffs 

\\ ere reached llsing standard rock climbing equipment and fixed-aid techniques The second 

method il1\olved the principles of trigonometry and isometric triangles ,-\ stick. measuring the 

exact height of the observers eve trom his feet when standing. \vas used The observer lay on his 

hack \\llh his teet Hat against the stick and sighted the top of the stick on the nest so a straight 

tine \\ as described between his eve. the top of the stick and the nest The ground distance 

het\\een the position of the observers' eye and a point directly under the nest was measured and 

c10selv approximated the height of the nest above the ground The principles of this method. and 

the mathematical derivation of nest height from the ground distance are giyen in Figure 5 

Error is incurred in this method when the ground around the nest trees is not tlat. so the 

ground distance \vas always taken on the tlattest ground and distances were measured to the 

nearest metre to allow for slight error 

4.2.2 Food re,\Oll Tee,\' 

-1.2.21 I'rcc/o/mll 

Prev remains were identified usmg osteological and skin collections housed in the 

\lammals. Ornithology and Herpetolo~'Y departments of the Bulawayo Natural History Museum. 

Zimbabwe Prey remains were collected from nests after nesting periods. and from beneath nests 

when old prey remains fell out This method is not an entirelv accurate measure of predation as 
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-;d!1le eagles t.g. ('rowned Eagies. Ingest bones. and more durable bones last longer at nests 

When pre\' remall1s are collected frequentlv. these problems are minimised (Jarvis 1(78) Prey 

\\ ere cateuorlzed into the number of individuals identltiable in each taxon from bones The 

ulmposition of prey remains from each eagle species \\<1S expressed as the percentage propomon 

of l1umner of preY individuals per taxon to the total number of prev individuals collected 

The masses of prev individuals were estimated from mean or median adult masses reported 

Ir1 literature e\.cept for hyrax The masses ofhvrax prey individuals were estimated from skull 

lengths using linear equations for H. hmc!'!1 and F. ClIP!.!IISIS worked out for hyrax in the Matobo 

Hills bv HalT\" &. Barry ( I c)96) \Jore hyrax prey individuals \vere identified from \'arious bones 

from each of the hyrax eating eagle species than the number of skulls collected The average 

calculated mass of h\Tax for each eagle species \vas mUltiplied by the number of hyrax counted 

in addition to the number of skulls collected to arrive at a estimate of total mass of hyrax prey 

collected The composition of prey by mass for each eagle species was expressed as the 

percentage proportion of total estimated mass of individuals of each prey taxon to total estimated 

mass of prey individuals collected 

Fresh prey remains were also identitied at eagle nests in the LSA observed during breeding 

pen ods Skull length and femur length of fresh prev remains of hyrax, and tibia-tarsal lengths of 

francolin as well as spur len,gths of male francolin, and masses of fresh, mostly unconsumed hyrax 

and trancolin prey remains were measured. The same measurements were taken from freshly shot 

hyrax and \:atal Francolin sampled from the LSA (Natal Francolin used in the measurements 

\vere also shot near Bulawayo) The regression relationship between morphometric parameters 

alkmed an extrapolation of the masses of the prey at the nests from bone remains 

Predation attempts were witnessed occasionally, and the behaviours of the raptors and the 

prey types \\ ere noted 
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fhe feedmg behavIour of Barn Ov,:ls in the lSA was the focus of another concurrent 

-;tudv. the results of \\hidl are quoted here (Davison 1l)06) This involved the monthlv collection 

\)1' regurgItated prev remains from seven Barn Owl roosts from April 1005 to October 1906 

\lethods of the studv are presented in Davison ( 199()) A similar survev with the same methods 

of analvsis \\as earned out in the elSA Prev specIes of rodents \vere compared to tvpe 

specimens collected hv A Davison 

Prev remains \vere seldom collected from other small raptor nests, few of which were 

found Hunting c\ents seen augmented the prey spectrum quoted in literature 

-1:.:/1 FrLT d,,/rt!l/f/W/I (/1/(/ (fl'utluhtll(r. 

In the LS:\. two transects of 7 and 4 6 km v,ere \valked between 06hOO and 08hOO and 

potential prev species of large raptors were enumerated The transects were straight lines, 

although one followed an old fence line which changed direction once. less than 45 11 Both 

transects ensured independent sampling as they had been laid along fence lines. placed along 

straight lines and not atlected by habitat, or compass bearings The transects were divided into 

quadrats each 200m long The quadrats were measured either using 200m lengths of line. or a 

range-tinder. calibrated each day before the measurements were taken 

The number of potential prey items on roughly 25 m of either side of the transect line was 

counted '\otes were made of the sex and broad age category (adult. subadult or juvenile) of the 

prey indi\·iduals. the number of hyrax colonies as indicated bv hyrax groups and latrines, and the 

relative size of these colonies The average number of hyrax counted per quadrat per habitat over 

tive repeated samples indicated habitat differences in hyrax densities 

The habitat types in the transects were subjectively differentiated by dominant vegetation 

tvpe and proportIon of cover, substrate type and slope 
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The first two measures of transect one were conducted in the later part of 1995. and in 

the second quarter of I l)96 (Table 7) The rest of the measures in both transects were conducted 

in October and \:ovember 1996 Although the sampling penod was a short part of the study 

period. the aim of the transects \vas to obtain the distribution and relative densities of prey in 

different habitats. and the method \vas not capable of monitOrIng temporal changes in densities 

without manv more repeats which would have been time consuming (each repeat took more than 

a day to complete) The repeats were uswilly conducted at least five months after hyrax 

parturition and ~atal francolin hatching, and densitv figures obtained give an estimate of post 

winter survival 

Five I km x I km areas which coincided with the I km~ grids on the I 50 000 topographical 

map of the LSA \vere chosen in four broadly different habitat areas in the LSA and all the hyrax 

colonies \vere mapped The habitat differentiation of the quadrats was as follows, 

I) Flat. sandy with low grass cover over large areas, uniform height Hrachys/exw 

x/ullcescells. rock outcrops scattered and low 

2) Sloping ground. rocky ribs. H. X/UIICt!SU:IIS. springs and drY water courses 

3) Incised rockv river courses. cliffs and steep slopes IO-15m high, Dense mature 

Alldros/achys j()hml()lIlI. tall rock outcrops 25-30111 

-+) Flat open grassland. /ermlll([/ia sencea. isolated rock outcrops. 20m high, rock ridges 

of outcrop 50m high 

The number of hyrax visible in each of three colonies \vas counted on several occasions, 

once a day between 06hOO and 08hOO when the animals were mostly sunbathing, in September 

and November 1906 Hyrax were counted during one count each at 30 colonies during the same 

period up until I I hOO 
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4.2.3 .\'pace re.\"ource.\· 

-1.2.31 Territor/c.'i 

The areas used by pairs of raptors in the LSA were assumed to be defended territories, 

and no difference between territory and home range was assumed Territory boundaries for pairs 

of Gymnogenes, Black. African Hawk, African Fish, and Crowned Eagles were ascertained by 

plotting flight paths on a 1.50 000 topographical map. and the farthest points where the birds 

were seen in flight joined on the map Behaviours such as pendulum displays (described in 

Gargett 1990 and Steyn 1982). 'v'ocalising in flight, and chasing intruders gave good indications 

of where territory boundaries were. This method was suitable for Black and African Hawk Eagles 

which were often in tlight and were strongly territorial. but was not as easy to apply for the other 

species which perched more: only one Crowned Eagle territory was delimited accurately The 

mapped territories were overlaid on a grid on which the area represented by each square was 

known. and the number of squares covered by the mapped territory counted and converted to 

km2 

Aggressive interactions were assumed to be related to defending breeding and food 

resources in space All aggressive interactions, such as vocalization. tandem flight betw'een non­

paired raptors, attacks and chasing amongst all raptors in both study areas were noted 

-/.1.3Ti Nest .'l)(lcillg 

The square of coefficient of variation of squared smallest between-nest -distances (S) and 

the ratio of the geometric mean to the arithmetic mean of squared nearest nest distances (G) were 

employed in order to tests statistically for regularity and randomness of large rapt or nests in the 

LSA and the CLSA 
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The formulae for these are 

lit 

(t,~' ) 
where the distance to the nearest nest from the tth nest in the sample of II nests is d, These tests 

are described by Brown (1975) and Brown & Rothery (1978) These statistics have the 

advantage of identifYing regular spacing even when points are clumped. which other tests are not 

capable of doing as they include the area and density of the points (Bro\\TI & Rothery 1978, Clark 

& Evans 1954) The nearest nest distances were measured to the nearest millimetre on I 50 000 

topographical maps These tests were used to describe the degree of regularity in all large raptor 

nest sites. all nest sites in use during the study period, all nest sites of Black Crowned and African 

Hawk Eagles. and all nest sites of these species in use during the study period. 
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-I : . .f /1/11(' 

-I.:. -II I )w/r 11111(' /J//(('.;(,I 

The tImes at \\hich any raptors \\ere seen in tlight in the two study areas and a description 

\)( the tlight behavIour \\ ere noted during excursions at tI equent random intervals. usually between 

1)7h()() and 17hOO during the study period Gargett ( 1 C)l)()) argues that the purposes of flights in 

Black Eagles \\ere ditlicult to determine as predation occurred during different tlight patterns in 

the \Iatopos study area Dayies (1994) and Brown (]988) describe night behayiours in Black 

Eagles in other areas \yhich usuallv resulted in attempted predation In this study all flight 

heha\iours of raptors other than those directly involved in courtship. aggression, or territory 

,jefence and maintenance were assumed to be associated with prey capture 

The total numbers of large raptors in each species \'yhich were counted in each hourly 

period from ()6hOO to I RhOO were compared. Repeated measures ANOV As were used to test for 

signiticant differences and effects amongst the proportions, after arc-sine transformation, of 

species seen in flight in each time period Paired t-tests were used to test whether there was any 

~igniticant link in activity patterns between species 

-I.:.·hl S('(/.\()J/(tlllJl1(, /J//(('.;('/ -jli;.:hl 

The sightings of large raptors, per speCIes, seen In night per day per month were 

calculated from the recorded daily flight sightings The elSA was not sampled every month and 

monthly sighting rates are thus not presented 

The rates of sightings were compared between the same months in 1995 and ]996 using 

paired t-tests The pattern of sighting rates for each of the main eagle species in the lSA in ]995 

and 1996 \\ as compared using Multinomial tests The monthly sighting rates in 1995 were 

converted to proportions of the slim of 1995 sighting rates and compared against monthly sighting 
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rates Il)r l'(lch main eagle species In 1l)C)() Data from December i l)0'; and Januarv 1096 were not 

comparahle \\ith any other months' data and were not used in any tests 

-7 ~. -1111 .\l'1/.ml/({/ !/JlIl' oj ;'''l't'LllIIg 

The ~lppro\'lI11ate periods of the \arious breeding stages of Gvmnogenes. Black. African 

f-1<1\\1\ (·!Owned .. \frican Fish. and Brovvn Snake Eagles In the LSA in 1995 and 1996 were 

l~stimated hv aging chicks. and deducting the e\.pected period since the start of incubation to 

l'stimate laving dates. or from the dates of hatching at monitored nests Chick ages were 

I.:stimated from the literature In a few easilv-obser\'ed Black Eagle nests the laving date \\as 

recorded to \\ithin a te\\ days. although nests were usually not approached during expected early 

ll1CUhatlOI1 to a\Old disrupting breeding Few breeding records were obtained in the CLSA 

.\'JO\'As were used to test t()r signitlcant differences between the dates of these events between 

species and between vears within species 

-t.3 Results 

-1.3. J Se.\'finK resource.\ 

-1.3. II SC.\!.\I!n 

Crowned Eagles were the most specific in choice of nest sites in both areas, using only 

haobabs \\ hile African Hawk Eagles in the lSA were the most generalist in their choice of nest 

sites All Atrican Hawk Eagle nests in the ClSA were in baobabs which were the favoured nest 

trees in the LSA as \vell Black Eagles rarelv nest in trees. but one nest in a baobab in the lSA 

\\as used in both vears. otherwise this rapt or is one of the most specitic nest site users in Africa 
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i (jar~elt Jl),!(). SmIth Jl)l)()) 

lar~e raptors \vhich nested \\ell \vithin the hill habitat lise baobab nest sites (\ .. ith the 

t:~ceptlon of Black Eagles) \vhile those closer to the margin and in tlat sand\" \'allevs used other 

nest .~ites as baobabs \vere not common in these areas This was noticeable especiallv in Atfican 

Il<l\\l Eagles. which favoured lL'FJllIlI/W s('nn.'a when nesting in sand\" or marshy valleys. and 

;lcaClas \\ hen nesting on the margin of the hills and plains Baobabs were the tallest indigenous 

tree ~pecles in the lSA and ClSA. and were common on sloping ground and rocky kopjes (Table 

S) Several species nested in numbers too low for adequate diSCUSSIOn of their nest site choices 

Small diurnal raptors chose medium sized nest trees all of which had medium to dense 

llliiage \\ hen the birds were nesting. and/or were protected by thorns Only one Pearlspotted Owl 

nest \\as t(lund in the ClSA. in a Hracl~\'sl('gta g/allc('Scclls 

T en types of nest sites occurred in the lSA and three in the ClSA Baobabs were at least 

three times more common than any other nest site type in the lSA. and 2 5 times as common as 

.~ cae/([ IJIgr('Scclls nest sites in the ClSA. Cliffs. {crnlllla/ta s('neca, Acac/([ IIIgrcsc(,lIs and 

8rucll\ O\leg/(/ g/W(ccsc(,lIs were used commonly in the lSA. in fairly equal proportions. although 

L1ift's \\ere lIsed only bv Black Eagles and Hraci7rsl('gw g/alfc('Sc(,lIs mainlv by accipiters (Table 

l)) Other trees were infrequently used. and most of these were more typical of plains habitat and 

plains nesting raptors 

·l3./ (( (;uJ/f/ld ll.\jJccl £II IIcsls lI('sl Irces 

The aspect angles of the slope at Black. Crowned and African Hawk and African Fish 

Eagle nest trees or nests (Black Eagles) in the LSA did not ditfer from equal distributions among 

the eight main compass directions (Multinomial tese Chi:. p>O 05) Small samples of Black and 

Crem·ned Eagle nests meant that apparent patterns of aspect directions did not alter the test 
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\lutcOl11es Fith percent of the Black Eagle nest slles were \vest tacmg (Fig ha) The slope 

aspects at LSA Crowned Eagle nest trees had a narrower range of directions (between west and 

I10nh east) than at Black or African Hawk Eagle nest sites or nest trees \1anv (nearlv 40 0
/
0 ) of 

\frican 1-1<1\\ k Eagle nest trees were on tlat ground \vhidl did not face in anv partIcular direction. 

\\ hereas all ('[(mned and Black Eagle nest trees or nests were on slopes \lore nests or nest trees 

merall (-+() 0 (J) \\ere on \vest tacing ground than on anv other aspect (Fig ()) There were too few 

nests of other eagle species in the lSA to include in the analyses 

There were too tew nest sites per eagle species in the ClSA to compare slope aspects at 

nest trees \\lthin or hetween species The aspect angles of the ground slope at all eagle and 

gVl11nogene nest trees 1I1 the ClSA did not ditfer from equal distributions amongst the eight main 

compass directions (\1ultinomial test. Chi 2=8 ()4, F 0 ()5) 

-1.3.1111 S/()/)C al IIcsllrecs slles 

Most nest trees/sites were on gentle slopes below 0 12 1 (figures are the change in vertical 

distance hOrIzontal distance) Six nest trees/sites were on nat ground (0 I) and eight (Black 

Eagle) nests \\ere on \'ertical rock faces (I about 0) African Hawk Eagles. Wahlbergs', Martial. 

Tawnv. Gvmnogenes. and Crowned Eagles nest trees were typically on gentle slopes or relatively 

t1at ground There are fewer nest trees on slopes between 0 2 I and 0 8 I, with five nest sites of 

CrO\vned. African Hawk. and Black Eagles, occurring on 02.1 and 04 I slopes each. The 

steepest nest site slope, of 0 8 1 was at an African Fish Eagle nest site (Fig. 7) 

-1.3. I fl' .\'CSI /7c I Xhls 

There \\ere no significant differences in nest heights between raptor species and between 

nest tree species (A:--.lOVA, F values <06, F values '0 I) nor between raptor species in different 
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nest trees (T\\(H\av\'.;OVA. F=O 03. j'= I) I h)\ve\er. half of the African Hawk Eagle nests 

were bel\\een 20 and 22m high whereas nearly XO 0 [) \)f Cf()\vned Eagle nests v"ere less than 20m 

high \lore than halfofthe Black Eagle nests (about 60 ( 0 ) were higher than 20 m - this species 

h,iving the hi!.!hest nest sites The majority of all nests \\ere bet\veen 1-+ and 22 metres high ( Figs 

Sa-b) 

-1.3. fl' Se\l\ji({ClIIg ({lid dlslnjJlflwlI 

S-\allleS of () indicate absolute regularity and higher values - increasing randomness of nest 

patterns. \\hile (;-vailles from 0 to 065 indicate randomness and aboye this to I - increasing 

regulantv (BrO\\t1 I (n" Brown & Rothery 1978. :\ilsson L'I (//. 1(82) S is sensitive to olltliers 

especiallY \\ hen small samples are used. which explains the discrepancy between Sand ( ;-values 

for Crowned Eagles in the LSA (Table 10) In these cases (; is the more robust statistic (Watson 

& Rothef\' IlJX() 

Regular nest patterns indicate a tendency towards maximum spacing between nests 

(Nilsson ('I ul. I f)X2) I n each of the study years and in both years combined, the pattern of all 

occupied large raptor nests was random. but tor each of the three main species it was regular 

(Table I () This indicates that the three eagles tended to maximise internest distances 

intraspeciticallv. but not interspecifically~ the differences are statistically significant (Table II) 

Although African Hawk Eagle pairs nested relatively close to one another. they nested 

tt.lrther from other raptors on average than the other main eagle species and all large raptors 

combined did (Table II) Sixty percent of African Hawk Eagle pairs nested in outlying hills. 

broad vallevs and the hill/savanna ecotone where few other raptors nested Black Eagle nests 

were spread out. but were usually in areas where other species also commonly nested \1ost 

(80%) of the Crmvned Eagle pairs nested in the Nyamasikana River valley and its tributaries 
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where an accumulation of other raptors nested, resulting In low inter- and intraspecific nearest­

nest distances for this species (Table II) 

There \\ere signiticant differences in the intraspecific nearest-nest distances between 199:' 

and I ()9CJ for .-\frican Hawk Eagles (One-way Al\()VA. F=() 12, () 25- I)' 0(5) and all large 

raptors (Kruskal-\\'allis test. t=6 06, 0 OI"F-~002) but not for Black Eagles (Kruskal-Wallis test. 

1=294 I' () 0:") Interspecific nearest nest-distances did not differ significantly between I 99:' and 

1996 for an\" species or all large raptors (One-way ANOV As and Kruskal-Wallis tests, VO I) 

Overall intra- and interspecific nearest nest-distances did not differ signiticantly amongst the three 

main species and all large raptors (intraspecific Kruskal-Wallis test. t=4 72, FO I, interspecific 

One-v\a\' .-\\;OV.-\, F=2 72. 0 I PO 05) 

Breeding at nests 1 km from other nest sites in use was typically successfuL but most 

nests spaced farther apart had breeding failures (Table 12) 

4.3.2 Prey re.\"()u rce.\ 

-1.3.::', l)redu/wl/ 

African Havik and Crowned Eagles had similar diversity of prey remains at nests, which 

was approximatelv double that t(mnd at Black Eagle nests (Fig 9a) Despite this, the diets of all 

three species were dominated by one (Black Eagle) or two prey groups. Insufficient prey remains 

were collected from ClSA nests, where few breeding attempts were seen during the study period 

\1ost ClSA eagle prey remains collected were hyrax, while a few giant plated lizard remains were 

found 

:\frican Hawk and Crowned Eagles in the lSA had two main prey groups each, while 

Black Eagles preyed almost exclusively on hyrax, most commonly H hmcel Hyrax made up 94 
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') 0 of Black Eagle and n I () 0 of Crovmed Eagle prey individuals collected in the LSA. but onlv 

::q t) () of lire\' individuals collected at African Hawk Eagle nests '\atal trancolin were the 

commonest prey remains at :\frican Ha\vk Eagle nests (-+8 0 () of prev individuals) Antelope. 

prohablv bushbuck hugc/u/JIIII.\ scnl'(/{.\. were the other common prey group for Crowned 

Eagles There were slg.nificant differences in the composition of prey by proportion of numbers. 

and bv mass. amongst the three eagle species (Wilcoxon Matched Pairs tests, PO I) 

Several difterences in prey composition by numbers and mass occurred amongst the three 

eagle species (Fig l)a & h) .\ntelope (probablv bushbuck) formed a higher proportion of 

estimated prey mass (-+.) t) ()) than prey numbers ( 17 -+ %) at Crmvned Eagle nests An estimated 

~I\eragelll\'enile hushbuck \veighing IOkg [birth mass = 3 ) to -+ ~kg, and mature mass of 

approximatelY -+Okg aiter 12 to 1-+ months (Skinner & Smithers 1(90)1 is four times heavier than 

adult II. hmcL'1 The estimated mass proportions of antelope and hyrax prey were similar (hyrax 

= )-+ o~) of total prey mass) despite differences in the numbers of prey individuals collected The 

estimated proportional mass of hyrax (51 3 %) in African Hawk Eagle diets was greater than that 

of !\atal Francolin (32 8 0 ()). although the latter were the most numerous prey in any taxa (48 % 

of total pre\' individuals) 

\'1ost hvrax skuli remains from LSA Black and Crowned Eagle nests were from individuals 

heavier than :2 kg African Hawk Eagles appeared to prey proportionally more on H hmcL'1 up 

to 2 kg and not on individuals heavier than 3 kg (Fig. 9c) However. the sample of H hmcei skull 

remains from Atrican Hawk Eagle nests was small and comparisons should be made with caution 

Too few intact J>. CU/JL'IISIS skulls (3) were collected from African Hawk Eagle nests for analysis 

and comparison Hyrax prey masses were not evenly distributed for any eagle speCIes 

(\1ultinomial tests, /'=0) indicatmg that selection of certain prey sizes occurred. 

Prey remains at African Fish Eagle nests in the LSA were mostly barbel ('Ianas 
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-;p :llld Largemouth Bass J/IL.,.(}/){Cms .\({/m()fdc.\ \vas the onlv other Identitied tish species Hvrax 

remalI1s \\ere t()lmd in Imv numbers. but were frequent at a nest which \vas shared with Crowned 

Eagles 

Pre\ from a Little Banded Goshawk nest in the LSA included a head of a striped skink. 

alld (\ few unidentified small passerine feathers L' nidentified passerine feathers were also 

l'ollected ti'om a Little Sparrmvhawk nest in the LSA Another Little Banded Goshawk nest had 

IlO prev remains in the nest despite having three chicks, indicating small prev which was eaten 

\\ hole 

Barn Chvls in the LSA had the most diverse prev of anv raptor sampled in the LSA in 

ierms of speCies (2o.+) and taxa (7 orders. Fig 1 Oa-b) There \vas no signiticant randomness in the 

occurrence llf prey species bet\veen prev collection sites (Wald-Wolfowitz runs test; Z=-2 514, 

P () ()5) The commonest prev by number were A/ostomys /lll/a/cllsis (35% of total) while 

('mudlfm spp. /it/c{'(( /clfc{)gas/er and Solifugidae each made up more than 10% of prey 

indi\'iduals. and Orthoptera, S/C({/Of11Ys pra/c/lsl'\" and (jIfC/C([ qlfc/co were each more than 4% of 

prev Il1dividuals (Table 13) 

There were signiticant ditferences in the proportions of ditferent Barn Owl prey species 

collected (A\JOV A. F=61 4, P=O) but these differences were not significantly consistent between 

months (Tv,o-way ANOY A, F=4 57. P=O) This was due in part to increases of Solifugae prey 

between l\ovember 1995 and January 1996 (wet months) to between 58 2 % (SO±263%) and 

()5 :'°'0 (SO===39 %) of prey individuals. and Orthoptera to 23 3% (SO±403%) of prey numbers 

in Februarv 1996 and 12.2% (SD±244%) in April 1996, In the dry winter months between June 

and October 1996 these groups made up less than 1 5 % (SO±O to 4 2%) of prey individuals 

Concurrent to these decreases \vas an increase in the proportion by numbers and mass of 

,\ /ml()I11Ys 1/((la/mSIS prey individuals which comprised between 3 7 1 % and 811 % (SO± 144 -
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~4 ()<l (,) b\ numbers and benveen :' I 8°0 and l)() qoo (SD=S 2 - 3:; 7° ~) of mammal prey mass per 

month Bet\\een September/October I qq:; and Januarv 199() (end of d(\,' to middle of wet season) 

this species comrrised onlv bet\veen 1 () -' 00 and 30 7 0 0 (SD± l-l -l - 22 () 0) of the prey 

Indi\iduals. but between 26 7 and 58 -l () 0 (SD± I S I - .~ I 2 °0 ) of monthl\' mammal prey mass 

(Figs I I a-h) 

Of the prey mammals, ,\1, /lUlu/ewls provided the greatest estimated prey mass in all 

collection months (bet\\een 26 7 and 90 9 (% of total monthly mass) except in November I c)95 

when r iCllc()gusler made up a greater rroportion of the prey mass \1usk shrevis ('mca//(ra 

spp \\ ere a relativelv large part of Barn Owl diet mass between September/October 1995 and 

June I '!% between 4 hand 223 0.,;) (SD::t:4 1 - 16 SO'o) but were less common after this (Fig II a­

b) The contribution of each mammal species to monthly mammal prey mass did not signiticantly 

ditfer from their contributions to monthly prey numbers except for AI /la/a/ellsls (Paired t-test, 

t=5 -l"./' () ()()I) and r /e/(coKasler (Paired t-tesc t=2A3. jJ<:0 05) both of which contributed 

more to mammal prey mass than prey numbers in each month No average prey masses were 

availible for other prev species (Davison 19(6) although arthropod prey had lower masses than 

most mammal prev and were less important in the diet than indicated by their numbers 

Davison ( 19(6) live trapped rodents for 293 trap nights between March and June I c)c)6 

The commonest rodents caught were Aelhomys spp and Ac()mys ,\piIlO,\ISSII11/(S (8 and 5 of 19 

individuals caught) \ieither of these were prevalent in the diet of Barn Owls 

-1.3.]11 1'1'('.1 ({IW/Uhtllly 

(Hymx &II\I/Yl'(''' hahllal- U;A) 

Thirteen and nine different habitat types were identified in transects I and 2 respectively 

(Table 14) Transect I passed mostly over relatively high hills with steep slopes and cliffs, and 
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through large as weli ;1" incised valleys Transect.2 ran ne~lr the southwest margin of the hills and 

the habitat \\ as typicallY low rock OlitCropS giving \Vav to small sandy drainage areas or vleis in 

places 

On Iv hvrax which \vere out of their crevice retuges could be counted in the transects 

\10st hyrax \\ ere probably outside crevices in the early mornings when they sunbathed. and when 

they were undisturbed The highest of five counts of hvrax per quadrat was considered to be 

nearest to the actual number of hyrax per quadrat. This yielded an estimate of about 14800 hyrax 

in the LSA. a densitv of 3 7 hyrax per ha (Table 15) To test the variability in the numbers of 

hvrax counted in relativelv undisturbed colonies. hyrax in two colonies outside the transects \\ere 

counted on at least ti\e occasions when the hvrax showed little sign of disturbance The same 

maximum numbers of hyrax (32 and 9 hyrax) were counted at least twice in both colonies 

indicating that alL or nearly alL individuals had been counted The lowest counts were between 

78 and 84 00 of the maximum counts, indicating that at least 75 % of hyrax in quadrats were 

counted The 25 Do error in uncounted hyrax is lower than the estimated 38% change in the 

\1atobos National Park hyrax population before and after peak parturition (Barry 1(93) theretore 

any error in estimating the LSA hyrax population would probably be less than the temporal 

variation in the population 

The average maximum numbers of hyrax per quadrat differed significantly between 

habitats only at the 10 °/1) level (Kruskal-Wallis test; t=24 2, 0 I>P>O 05) although differences in 

hyrax densities between habitats were apparent (Table 15) Habitats with sandstone outcrops 

(e.g. habitats 2. -l, 5. 6, 8, II, 14 and 17) were typically dense with hyrax, while habitats 

associated with drainage areas (habitats 9, 12, 13, 15) had few or no hyrax The highest densities 

of hyrax were counted on top of cliffs (habitat 8) and on a sandstone ridge with Alldros/achy.,­

/ohm'()fllf coppices (habitat 17) Habitat 8 was typical along the escarpments of the Nyamasikana 
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Ri\·er \alle\· and Its tnhutanes v"here Affican Hav"k. Black and Crowned Eagles nested in 

relati\elv high numbers Ilabitat 17 was less common and most Iv limited to the south-west 

portIon orthe LS.-\ Habitats \\ith high hyrax densities occurred in about )6 % of the quadrats 

and \\ ere assumed to make up the same proportion of the LSA area These contained an 

l'stIlnated ~ I 2 () () of hyrax in the LSA (extrapolated trom h\Tax densities in the transects) or about 

12()()(J individuals in about 22 km~ of "prime" habitat (or about) ) hyrax per ha) and about 2800 

in the remaining I ~ km~ (aboLlt I 6 hyrax per ha.) 

Onlv hvrax outsIde retuges are ayailable as prey t()r raptors The average number of hyrax 

seen per quadrat per sample gives an estimate of the densitv of predator-prone hyrax between 

I)hh()() and ()Xh()() \\l1lch was about I -+ hyrax per ha or about S"()() hvrax in the LSA (about 3]O~J 

oftl1e total estimated h\Tax popUlation) 

rHr/"(/x c()I()/~r de"'llr -I..\'A ({IILI ('I..\'A) 

Hyrax from an estimated 26 colonies were counted in the transects, but only 16 colonies 

were thought to be centred within the transect area (an extrapolated estimate of 27 6 colonies per 

kl1l~) The average number of colonies counted in three randomly chosen I km~ area was 26 3 

(SD::::~ -+) but only R colonies were counted in another I km 2 area which did not haye typical LSA 

habitat The a\erage maximum number of hyrax counted at colonies (n=16 in transects T ) 

randomlv chosen) was 104 (SD±62, counts of<5 hyrax not included) The colonies had too few 

individuals to estimate colony sizes using the Robson - Whitlock technique (Fairall & Crawford 

1983) The counts may have underestimated colony sizes (by 25 %) although Skinner & Smithers 

( 19(0) give fJ c({pel/SIS t~1mily group sizes as 4 - 6 on small isolated outcrops and maintain that 

If. hmc('/ have similar habits Both species occur together in colonies in the LSA thus colony 

sizes mav be between 8 and 12 according to the authors Hyrax densities may therefore be 
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het\\een 2 ~ ISD=I (, estimated from colonIes 111 I km c areas) and 2 () (SD:::I 7. estimated from 

colonies In transects) hna" per ha. llr between about IOl)OO (SD::: about ())OO) and II )00 (SD= 

about (,X()()) hna" respectl\ely in the LSA The estimate gained from hyra" densities In the 

quadrats IS higher than these. but \\ ithin the upper :imits of their error It is probablv more 

accurate as It IS based on actual counts of hna" densities and 110t estimates 

In the ClSA only 23 colOnIes were counted Hvrax in the elSA were easilv disturbed 

,lI1d accurate counts of colonv sizes \\ere not made If colonies were the same size on average 

as LSA. colonies. there \\ere on Iv about 300 hvrax in the eLSA (0 O-l hvrax per ha) Colonies 

In the CLS.\ \\ere probablY larger as thev occurred on larger rock outcrops. but at even three 

times the population Lstlmate. the hyrax densitv in the eLSA probablv did not exceed 10 % of 

; hat In the lS.\ 

(Vu/u/ FroIlC()/11I dellsi/), Iwr haiJl/a/ - (SA) 

:\atal Francolin had home-ranges which otten extended over more than one transect 

quadrat The same individuals were probably sometimes counted in different quadrats during 

repeated samples Data hom each quadrat could not be compared to data from other quadrats 

from other repeated samples \\ithout the risk of the same individuals being counted in both 

During each sample individuals which moved from one quadrat to another after being counted 

were not recounted Data from each quadrat were only independent when compared to other 

quadrats in the same repeated sample The highest numbers of individuals counted per quadrat 

\\ere not accurate estimates of densities because data from different samples were compared The 

average numbers of individuals per quadrats were more accurate indicators of densities because 

all data. \\hich \\ere independent. \\ere used in the calculations 

"atal Francolin were most commonly encountered in sandstone outcrop areas and on hill 
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~Iopes. oricn \\here there were dense stands of shrubs or small trees (t',g. habitats 2.7.8. I L 16. 

17) and also 111 dense rivcrine \'egctatic1!1 (habitat 12. Table I 'i) About 3000 :'\atal Francolin 

\\ere estlillated to OCCUPY the lSA (0 7'i birds pcr ha) On average -l'i °'0 of \:atal Francolin in 

rhe transects \\ere counted in these habitats \\hich comprised about -' I 0 0 of the transect area 

f'his extrapolates to about 13:::;0 birds in about 12 km~ of "prime" habitat (about 1 I birds per ha ) 

in the LSA and about 16:::;0 in the rest of the area (about () 6 birds per ha) As with hyrax. areas 

near clift's (habitat X) had the highest density of Natal Francolin which were usually found in the 

thick shrubs at the base of cliffs or in the Alldm,\!achysj()hll.\()1111 stands above cliffs 

4.3.3 Splice 1IIi/i;:lIlion 

-1,3.3, I t'ln/()rIC's 

Although African Hawk Eagles were the most numerous nesting eagles in the lSA, they 

had the iar!.!est territories on avera!.!;e (Table 16) This was because their territories often extended 
~ ~ 

beyond the lSA whereas Black and Crowned Eagle territories usually did not (Fig 12a-c) and 

because territories 7 and l) were atypically large ( 16 8 and 15 () km~ respectively. Fig 12) These 

1\\0 territorIes covered largely mopane ( '()/()pho,\/)L'f"n1lf111 l11()pallC' and dense miombo woodland 

with scattered rock outcrops or savanna plains \vhich appeared to have relatively low densities 

offrancolin The other territories which were measured were in more hvrax- and Natal Francolin-

rich habitat along the Nyamasikana River valley and tributaries and in the southern portion of the 

hills. and averaged 8 ..:\. km2 which was slightly larger than the average Black and Crowned Eagles 

territories There \vas no signiticant difference in territory sizes amongst these three species in 

the LSA (One-vvav ANOV A~ F=O 69. PO 05) Only one African Hawk Eagle territory was 

measured in the elSA. but it is likely that all ClSA African Hawk Eagle territories were larger 



than those In the LS.-\ as nests were farther apart In the CLSA 

Black Eagle territories in the LSA had more space between them than Crowned and 

African Hawk Eagle territories (which appeared to be compressed) in the LSA (Fig 12a-c) 

.\lthough le\\er Black Eagles nested in the LSA than the other two species. average territory sizes 

were similar t()f all three (if Atfican Hawk Eagle territories 7 and 9 are considered atypical and 

ignored) Black and Crowned Eagles were seldom seen outside of habitats with rocky outcrops 

(and hvrax) in both study areas They also had a large degree of territory overlap in the LSA 

while Atrican Hav.k Eagles usually had larger parts of their territories (usuallv those outside the 

hill areas) \\hich did not overlap with either of these two species 

African Fish Eagles in the LSA spent most of their time near the Malilangwe and 

\:tabazinduna Dams but occasionally they v,ere seen awav from these areas, often Hying above 

about 200 m and vocalising. Areas near the dams were defended by the adult birds. but it is not 

known v"hether the larger areas covered by the birds were defended territories or undefended 

home-ranges 

Territories of Wahlberg's and Tawny Eagles which nested near the margin of the LSA 

were not mapped. but apparently covered relativelv small parts of the LSA and thus had little 

overlap with the three main eagle species. Only a Martial Eagle and a Tawny Eagle pair were 

seen frequent Iv over the central part of the LSA and were often engaged in aggressive interactions 

with one of the three main LSA eagle species and also with African Fish Eagles A Gymnogene 

pair held a territory which overlapped with at least four eagle territories near the Malilangwe 

Dam 
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-I i.311 i 'l\fUhllllllll II/'ll/all dllfrlwi Fap/on 

Of the ti\e aCClpitrine speCIes seen in the LSA Little Banded and Gabar Gosha\d~s and 

(hall1bo Span(1\\h'l\\/.;s were the most common (Fi\.!. 3h-d) Little Banded (Josha\\ks \vere most 

C0l111l10nl\· seen in the south-western and north-eastern section of the hills which ha\·e a fairlv 

diverse illosaIC of habitats (Fig 2) The distnbution of independent sightll1gs \\as not regular 

mdlCatll1g that either this species \vas clumped in a preferred habitat (most sightings. about 52 f)/o. 

\\ere in vallevs or low tlat areas) or occurred randomlv (Table 17) Sightings of Gabar Goshawks 

in the LS:\ \\ere also not regularlv distributed and most sightings (82%) were in vallev or flat 

\\oodland hahItat (hambo Sparrowhawks. \\hich \vere seen more in the central and north­

eastern sectIons of the hills and relativelv more often in outcrop areas. had the most regular 

spacing of :-.ightings of anv of the small raptors in the LSA 

.\ Peregrine Falcon and a Bat Hawk. (or a pair of each) were usuallv seen near the 

\1alilang\\e Dam (Fig 3f-g) Peregrine Falcon sightings were often made in the evenings shortlv 

before the tIme when Bat Hawk sightings were most commonly made (after 18h30) 

Barred and Barn Owls were the most commonlv seen and widespread small raptms in the 

LSA (Figs,h&l) 8arred Owls were seen in all f()Llr of the main habitats but usuallv where there 

was dense vegetation especiallv Alldro.\/aci1rsjo/71IS()fllf The distribution of sightings of this 

species was regular Barn Owls. which were onlv seen at daytime roosts. were recorded only in 

hill and outcrop habitats. and the distribution of sightings was marginally regular Pearlspotted 

O\\/Is. although similar to Barred Owls, were seen in fewer areas, usually in valley habitats where 

sightings \\ere clumped (Fig 3i) Spotted Eagle Owls roosted in low outcrop areas with dense 

\egetation during the dav and known roosts were regularly spaced (Fig 3k) 



-13. -II /11111l1g II/ hrL'L'dlllg - <-'([g/L'S 

In both vears of the study there \vas no merlap in either egg laying or hatching dates 

berween any of the three main nesting eagle species in the LSA (Fig I}. ANOVA-Iaving dates. 

F=106 7!'=() .. \:\{)\'A-hatchingdates. F=6) 4.!'=()) Although African Hawk Eagles laid eggs 

later than Black [agles in both vears. there was no signiticant overall difference in expected 

tledging dates LA,:\OVA. F=2 02. !' () I) African Hawk. Black and African Fish Eagles started 

their breeding to\vards the middle of each year and had generally completed the nesting cvcle (up 

to tledging of chicks) Iw '\ovember which was the start of the rains Crowned Eagles laid in the 

latter half of the dry season (in September and October) and \vere expected to have completed 

the nesting cycle to\vards the end of the rainy season (in February and March) in the following 

year There were no significant differences in the dates of breeding events in each of the three 

main species between vears (ANOYA. F values = () 0 I - 06. J' values 0 I) 

The other large raptors nesting within the LSA were a pair each of Brown Snake Eagles 

and Gvmnogenes (another Gvmnogene pair nested on the margin of the hills) Egg laying and 

hatching dates of Gvmnogenes overlapped only \vith Crowned Eagles. although the nearest 

Crowned Eagle neighbours did not nest in the same year The main breeding events of the Brown 

Snake Eagle pair would not have overlapped with the same events in any other eagle species had 

the pair bred successtllliy Tawny and Martial Eagles which bred on the margins of the LSA had 

similar expected breeding periods to the three main eagle species breeding in the LSA A 

Wahlberg's Eagle pair had overlapping breeding events with Crowned Eagles but did not nest near 

any Crowned Eagle nest 
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-1.3. -III Aggressl()" ([.I!!! '"11l1lg oj aggrcs,\/()II 

Aggressive interactions involving eagles in the lSA \vere seen ata rate of about 0 2 per 

day. /l'. aggression \\as uncommon .\ii-ican Hawk. Black. CrO\vned and African Fish Eagles 

accounted for about 0 I h of these interactions per dav I ntrasrecitic aggression made up about 

13 of) of all aggression seen In the eLSA aggressive interactions \\ere seen at a rate of about () ') 

per day and intraspecitic aggression was seen only once (between Brown Snake Eagles) 

Aggression was not seen otten enough (n= 14)"in the elSA for analvsis 

Afi-ican Hawk Eagles \vere the most commonly aggressive eagle species in the lSA (Table 

I X) Although they \\ere most otten aggressive towards Black Eagles. attacks against Crowned 

Eagles \\ere more sustained and usually involved contact being made Aggression towards other 

species was usually in the t(xm of tlving together or chasing without contact \10st aggression 

\\as seen in July and August in both years and in November in 1995 (Fig 14) which overlapped 

with egg laving, hatching and fledging dates respectively (Fig 13) The monthly pattern of 

aggression was not repeated between vears (Multinomial test, Chi2=21.21, J> (05) although the 

1110nthlv rates of aggression \vere not significantly different between vears (Wilcoxon Signed 

Ranks test. Z= I 0 l. I' 0 I) The tirst peak in aggression in Julv 1995 coincided with increases 

in Black and African Fish Eagle aggression Black Eagles were more aggressive in July 1996 as 

well (during the egg laving period) but did not overlap with a peak in African Hawk Eagle 

aggression 

Other peaks in Black Eagle aggression occurred in March (prior to nesting but during the 

period of territory reinforcement. courtship and nest building) and December 1995, and between 

February and April 1996 (also prior to egg laying). Other than heightened aggression in July in 

both vears. the monthly pattern of aggression was not repeated between years (Multinomial test. 

Chi 2= 161 30. I' 00(1) although monthly rates of aggression were not significantly different 
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hem een \ears (Wilcoxon Signed Ranks test. L =2 ~O. } r- () [) Black Eagles \"ere most commonlY 

aggressive towards Bateleur Eagles which more otten t1ew closer to Black Eagle nests than other 

eagle species (Table 18) 

-\frican Fish and Tav,nv Eagles although uncommon in the LSA. were the only other 

callie speCIes which \\ ere relati\ely frequently seen in aggressive interactions .-\n African Fish 

Eagle paIr \\ere most commonlv aggressive towards Black Eagles and an Osprev when these were 

near the \1alilangwe Dam The pattern of monthly aggression sightings in African Fish Eagles 

\\ as similar het\\een years (Multinomial test. Chi~=() 63, }>=o (9) Peaks around July in both years 

and in February I l)96 coincided with high Black Eagle aggression The Julv peaks also coincided 

\\ Ilh the staI1 of nesting of African Fish Eagles A pair of Tawny Eagles which had part of their 

territory extending into the LSA were sometimes seen to be aggressive towards a Black Eagle 

paIr :\ggressive interactions in other species. which were uncommon in the LSA usually 

occurred near the LSA margin 

-1.3. -1111 Sew()//ullll11lJ1g ofjlighl - eagles 

Eagles in the LSA were more active in Hight in March, April. July. August and October 

in I (J9'; (on av I 9-3 3 tlight sightings per day: Fig 15a) The average daily rates of sightings of 

eagles in Hight per month in 1996 did not difTer significantly from those in [995 (Paired t-test 

t=20-L () I I' () 0\ December [995 and January [996 not included in test) Higher daily rates 

of tlight sightings in [995 were caused by close monitoring of Black Eagle nests which resulted 

in more Hight sightings of these birds 

The tirst peak period of tlight activity of Black Eagles in [995 (March -April) occurred 

\\·hen adults were in courtship, nest building and reinforcing territories The latter peak (July -

August) coincided with hatching of chicks and increased aggression £n [996 the birds were 
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.IC!I\e III tli~ht bet\\ een January and ./une (pnor to egg laving. and coinciding \\ Ith increased 

aggresSion) and to a lesser extent after September .\Ithough they did not exhibit t\\O clear peaks 

of tli!.du actl\Ity III I (jl)(,. the highest peak in June \vas at a similar perIod to the highest peak in 

Il)l)" /('. July The differences in flight sighting rates bel\veen years was largelv due to more time 

heIng spem ohsel\ll1g nests in 10c)" and fewer pairs breeding in 1 99(1 Although there \vas no 

significant ditference in sighting rates per month between vears (Paired t-test. t= 1 -+0. /'0 I. 

December Illl)" and January I ()96 not included) the I (0) night activity pattern \vas signiticantlY 

different to that In Il)l)h (Multinomial test. Chi~=4~ 83. J' () ()()1. December I ()C)) and JanuarY 

1 ql)h data not Included) 

\'frican Ha\\k. Eagles however did show a significant repetition of the 19<,)) flight activity 

pattern in 1 ()l)h (\\ultinomial test. Chi~= 1 827. !'=() l)9. December 19<,)) and Januarv 1996 data 

not included) T \\() periods of increased night activity occurred in each year The first occurred 

between \Iarch and Mav in 1(9) and between january and March in 1996 (prior to egg laying). 

and the second betvveen August and October in 1(9) and between July and November in 1996 

(vvhen chicks \\ere on nests and aggression was high) As with Black Eagles. most tlights during 

these perIods \\ere birlv high cruising flights. often along territorY boundaries Slightly fewer 

birds \vere seen in tlight per day in 1996 than 1(9). although ditferences in the monthly sighting 

rates bet\\een years \vere not significant (Paired t-tese t= I 64. /'0 I. December 1(9) and 

January 1l)C)6 data not included) The tirst peak in tlight activity in each year coincided with peaks 

in Black and Crovmed Eagle tlight activity The second peak in each year occurred a month after 

the largest peak in Black Eagle Hight activity, but coincided with peaks in Crowned and African 

Fish Eagle tlight activitv 

Crowned Eagles were common in the LSA but were not often seen in flight Two peaks 

in tlight activitv occurred in each year around the expected fledging (March - April 1(9) and 

'\8 



F ebruarv Il)l)()) and la\lllg (October 1 \)C)~) or pre-lavIng: (Julv 19(6) periods rhere \\as no 

signiticant repetitIon of flight activity patterns betv,een vears (\lultinomial test. Chi 2 =()3 S 7 

I) () ()() I December 1 l)q 'i and J anuarv 1 C)C)6 not lI1c1uded) There was hO\vever, no signiticant 

difterence in monthlv !light sighting rates bet\veen years (Paired t-lest. t "'-0 123, I) () I, December 

Il)9S and Januarv Il)l)h not ll1c1uded) vlost (X3 () 0, n= 12) Crowned Eagle night sightings at the 

heginning and end of each vear v"ere of adults cruising above about I ()Om and usuallv displaving 

and/or \ocalising at about midday, while all the sightings in June and July 1996 were of birds 

tlving low hel\\een perches, often in the early mornings or evenings It is possible that changes 

in the tImes of observations atlected the sighting rates 

Similarlv le\\ Fish Eagle flight sightings were made as there were onlv two paIrs which 

were localised near t\\'o dams There was a significant repetition of t1ight activity patterns 

between veal's (\1ultinomial test Chi 2= 13 22, FiJ I) although significant differences in monthly 

tlight sighting rates bet\veen years occurred (Paired t-test t=232, OOS P'O (4) The largest 

peak in tlight acti\itv in both years was around July (egg laving period) and another peak occurred 

in October 1l)9'i (fledging period) The largest peaks in 199'i and 1996 coincided with peaks in 

Black and Atrican Hawk Eagle Hight activity respectivelv, and with aggression from both species 

in 1995 and Atrican Hawk Eagles in 1996 The October peak coincided with Crowned Eagle 

night activity 

-1.3, -Ill' I>w/r l'ug/ejllghl ({elll'lly 

Black and AJrican Fish Eagles in the LSA were most commonly seen in tlight during mid­

mornings (09hOO-11 hOO) and mid- to late-afternoons ( 15hOO-17hOO, Fig. 16a) They were more 

active in tlight in the afternoons than the mornings African Hawk Eagles were most active in 

tlight around midday and around I ShOO Crowned Eagles were also most active in t1ight around 
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mIddav. but \vere also otten seen th'ing between perches III the earlv mornings (before 07hOO) and 

late afternoons and evenmgs (after 17hOO) :\Iearlv all (95°0, n=20) Crowned Eagles which were 

seen th'ing bet\veen 1 11130 and 131130 in the lSA were higher than about 100 m and \vere often 

pendulum displaving. \ (lcalismg and sometimes engaged in inter- or intraspecific aggression All 

the main eagle specIes in the lSA had reduced flight activitv between 12h30 and 14h30, although 

African Hawk Eagles were stilliargeiv active in tlight during this time There were no significant 

ditferences between the hourlv rates oftlight sigfitings of African Hawk and Black Eagles (Paired 

t-test. t=() 765./) () I) and of Crowned and African Fish Eagles (Paired I-test, r=1 75, 1'0 I) 

The tirst two species \Aere commonlv seen in night while the latter two were less frequent Iv seen 

In tlight over the lSA 

:\li-ican Havik Eagles in the elSA showed similar peaks in tlight activity towards midday 

and in mid-afternoons ( 15hOO) to conspecifics in the lSA. although a lower rate of flight sightings 

\vere made before 12hOO in the ClSA (Fig. 16b) The slight reduction in flight activity around 

14hOO was also apparent in this species in the CLSA African Hawk Eagles in both areas showed 

no significant difference in rates of flight activity (Paired t-tesC t=207, 0 I >j»0 05) Crowned 

Eagles in the ClSA \vere active in tlight in the early mornings, as thev were in the lSA. but were 

not so commonly seen in tlight towards midday as they were in the lSA Nonetheless, there was 

no significant difference between the hourly rates of flight sightings of this species in the two areas 

(Paired t-tese t=O 742. /)0 I) Brown Snake Eagles which were most active in flight at around 

08hOO and 1 1 hOO and Bateleur Eagles which were most active in tlight around 09hOO and 10hOO 

did not have overlapping periods of peak flight activity There was however no significant 

differences in the hourly rates of flight sightings between these two species (Paired t-test~ t= I I L 

!TO I) nor between any other two eagle species in the CLSA (Paired t-tests; all t values <2 00, 

all/) values 0 05) 
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-i. 3. -II' lI"('utha ('lieu, (III ('aglellight (/t'fll'llr 

:\ti-ican Hawk. :\ti-ican Fish and Black Eagles were more commonlv seen in Hight on clear. 

\\arm dan. \\ hile Bateleur Eagles !lew more on overcast or cool davs in the lSA (Fig 17a) 

Little difterence existed in the number of davs vvhen no eagles \\ere seen in tlight in either weather 

(ondition in the lSA :\ti-ican Hawk and Crowned Eagles were seen in Hight at a greater rate on 

\\,um and clear days in the elSA. while Bateleur and Brown Snake Eagles were sighted more 

Ii-equentlv in tlight on cool and/or overcast days (Fig. 17b) 

-13. -11'1 .\ 1()lIth/1' sightl/igs olslI1ull d,,/I'lw/ r(/!'fO,..,. 

Small diurnal raptors \vere seen at a !2.reater rate in 19c)() than 1,)9S. with the exception of 

Peregnne Falcons and Ovambo Sparrowhawks - the latter being seen at similar rates in both years 

(Fig I Sb) \lost species were sighted at a greater rate between March and September 1996 

.\lthough the monthly sighting rates of some species, I.e. Peregrine Falcons, Ovambo 

Sparrowhawks and little Banded Goshawks, were not significantly different between years 

(Wilcoxon Signed Ranks tests. Z values' I O. P values 0 I) the patterns of monthly sighting 

rates of all the species were signiticantly different between years (Multinomial tests: Chi~ values 

()O. /' \alues ==0 00) 

little Banded Goshawks \vere the commonest small diurnal raptor seen in the lSA (Fig 

I Sa) Other than high sighting rates near the beginning of both years. the patterns of monthly 

sighting rates showed no repetition between years. They were relatively infrequently seen for 

most of 1995 (March to October) and after Julv in 1996 The other commonly seen accipitrines 

were Gabar Goshawks and Ovambo Sparrowhawks which were seen about 16 % and 20 % as 

otten as little Banded Goshawks respectively. A single Peregrine Falcon was seen in April 

and \1av in both years and appeared to move in and out of the lSA at random at other times of 
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the \ear fhe lmd probably had a large home range and occupied the LSA for short periods 

hefore mOVIng to other areas 

Barred and Pear/spotted 0\\ Is \\ere active otten enough during the dav to be considered 

diurnal as \\e11 as nocturnal Hunting. courtship and interspecific aggression were seen during 

davli!.!l1t hours\lthough similar in size and behaviour. Pearlspotted O\\ls were seen only about 

,:; 0 (j as otten as Barred Owls and only in 1996 Pearlspotted Owls were most otten seen between 

\ larch and .Iuh· 1996 with a peak of sighting rates in May Barred O\\ls appeared to be equally 

;!ctiw in most months in 1996 

~A Discussion 

-1.4.1 S('stinK resource.' 

About 28 0;) ofknown breeding attempts of eagles and gymnogenes in the LSA between 

I C)94 and the end of 1996 were thought to have failed due to predation. and a further 14 % failed 

for unknown reasons. possibly predation (n = 37 breeding attempts) It is expected that nest sites 

\\ere selected to reduce the risk to eggs and chicks from terrestrial (mostlv mammalian and 

including semi-arboreal species) and avian predators The selection of baobab A Jall.WJllta J/~II([I({ 

nest sites supports this as the smooth waxy bark and high tlrst branches makes these trees difficult 

for terrestrial predators to climb A common potential mammalian predator. and adept tree 

climber. in both areas were smallspotted genets (rellella Kellella but which were never seen in tall 

baobabs Along with Kirklll a("lIn1lIla/a. baobabs were also generally the tallest indigenous trees 

in both study areas (some ·24 m hil.!h) and nests were therefore hil.!h above the I.!round Baobabs 
- - ~ ~ 

tended to grow thinner and taller on rocky slopes than the more squat individuals on nat ground 

(no eagle nests were tound in the latter type) It is uncertain whether large raptors nested in trees 
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on slopes hecause of the morphology of the nest trees. or because of some property. such as 

effects on wind patterns. inherent in sloping ground Suspected predation of chicks occurred in 

I I 00 of hreedlI1g attempts in baobab nests (IF I ~) and in 33 0 0 of breeding attempts in other tree 

~pecles ( n= 12) PredatIon at baobab nests \vas probably from avian predators. while terrestrial 

predators \\ ere probablv responsible for more breeding bilures in other nest tree species The 

success rates of breeding attempts v,,'ere similar (().f-h6 ° 0) in both nest types as some Crowned 

Eagle breeding attempts in baobab nests tailed in the egg incubation stages (n= 3) Baobab nests 

in other areas of 100\\'eld have been reported for Crowned Eagles and Bat Hawks. but are not 

common nest trees in other parts of southern Africa (Friis I ()85. Hall 1989. Hough 1941) Steyn 

Il)X2) 

Tree nest sites may be selected differently if defence from avian predators is more of a 

criterion than defence from terrestrial predators [n this case behavioural options to nesting pairs 

\vould be. I) to aggressively defend a nest site, 2.) choose a camouflaged nest site, 3) nest away 

from areas where avian predators were common, or 4) nest at different times to when avian 

predators \\ ere common The tirst and last options v.ould not limit where nests could be selected. 

whereas the second and third would, Aggression in African Hawk. Black and African Fish Eagles 

in the LSA did increase during breeding periods, I.i.!. they exhibited the first behayiour These 

species also nested close together (interspeciticallv) indicating that they generally did not follow 

the third behaviour. and nest site selection was not much atfected by avian predation risk 

African Ha\vk Eagles which nested in iermlllu/w sencea and Crowned Eagles nesting in baobabs 

during the rainy seasons had nests camoutlaged from above by dense leaf canopies Crowned 

Eagles were not aggressive towards other raptors and probably relied on camoutlage to protect 

nests This species was possibly limited by avian predation risks in their selection of nest sites 

However thev also nested later in the year during the rains when prey availability for other 
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raptors was probably high and the likelihood of predatior. on chicks was lower Crowned Eagles 

nested lower in trees in the LSA than African Hav.k Eagles \vhich may have afforded the tormer 

more leaf canopy cover and the latter better vantages to watch for other raptors (African Hawk 

Eagles generally nested in the tallest tree in an area) However, the large nest structure of 

Crowned Eagles probably required the birds to build on the larger lower branches of baobabs. and 

baobabs may have been the onlv trees in the lSA large enough to support their nests 

Dominance of one nest tree species lias been seldom reported in southern Africa In 

Hwange :\ational Park. four species of vultures were found to have preferred nesting sites 

(Whiteheaded Vultures Ji-lg()II()CCPS ()ccll't1aIIS preterring baobabs) while Tawny Eagles preferred 

AcaCia spp (Hmvells &. Hustler 1(84) Baobabs were used as nest trees for Wahlberg's and 

African Fish Eagles in the Siabuwa area, Zimbabwe, although Acacta spp. and others were 

commonly used as well (Hartley 19(0) The two most comparable raptor community studies in 

southern Atrica. in the Matopos Study Area and Sabi-Sands Reserve, do not give nest sites for 

most of the raptor species (Gargett 1990; Macdonald & Gargett 1984; Simmons 1(94) The two 

study areas are unusual in that the dominant nest tree species is not the commonest tree species 

in the area There appears to have been a strong selection for baobabs as nest trees as eagles 

generally appeared to nest in other trees only when there were no close baobabs Hrachyslegia 

giallcc.\cCIIS was the commonest tree species in the lSA and large parts of the ClSA, but had no 

used eagle nests It was used by little Banded Goshawks and probably other small raptors for 

nesting This tree is commonly used in the rest of Zimbabwe by eagles as a nest tree (pers. obs, 

R Hartley - pers comm) but in the lSA these trees were not tall as in other parts of the country 

Cliffs were not typically higher than 15 metres in the lSA, and most of those which were 

had Black Eagle nests on them The presence of a nest in a baobab also indicated that cliff nest 

sites were limited (Gargett 1(90) Most cliffs at nest sites were not vertical and all of the nests 
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\,ere easIly accessed, especlallv by baboons Two recently hatched chicks were almost certainly 

eaten by baboons (which \vere chased away from the nest but probablv returned and ate the chicks 

atter the obsef\er left) The parent birds \vere not seen to defend the chicks actively, and similar 

Incidents probably accollnt for t he disappearance of further tiYe chicks out of nine chicks which 

hatched in nests 011 cliffs (another chick disappeared from the nest in a baobab) Only one chick 

111 a nest on a cliff sLllyived to tledging age, and another from the nest in a baobab fledged in 1996 

The c1itrnest \\as \isited every 2-3 days and baboons were often chased away from the area A 

road building crew near the nest mav also have inadvertent Iv kept baboons awav from the nest 

Black Eagle nests in the :vlatobo Hills are on granite outcrops which generallv appear less 

accessible to terrestrial predators, especially primates, than the sandstone cliffs in the LSA 

(pers nbs) Breeding success (to tledging) in the Matopos Study Area has been reported in over 

70% ufthe pairs \vhich laid eggs between 1978 and 1988 (Gargett 1990) Most of the deaths of 

nestlings in the \1atopos Study Area ( 1959-1984) were unexplained and were probably due to 

predation, less than 30 OlO of chick deaths or disappearances could be attributed to causes other 

than predation (',g, sickness Rock pythons may have eaten several nestlings in the Matopos 

Study Area (Gargett I C)l)()) 

-1.-1./11 .i.\fJ('CI 

The aspect of the ground on which nest trees grow may affect the microhabitat of the nest, 

notablv temperature and wind The dominant wind directions in the LSA were from the south­

east and north-west (the latter generally slower) Slopes at nest trees which face the wind may 

have updraughts associated with them which assist in t1ight, especially first flights by chicks 

HoweveL only Black and Crowned Eagles nests showed some pattern of slope aspect in the LSA 

CrO\vned Eagles do not usually soar or glide, and with their powerful wings probably do not need 
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\\ IOJ to aSsist their take-olts (Stevn 1(82) Black Eagle nest sites. as has been pointed out. were 

probabh' IImiled and the birds pmhahlv did not use aspect as a selection criterion :\frican Hawk 

Eagles \\hleh 1110st otten do soar and glide did not select nest trees on anv particular slope The 

selection (If nest sites based on ground slope aspect at the nest trees/sites to gain benefits from 

\\ Il1d patterns probablv did not occur in the main eagle species in the LSA Anv patterns in 

ground slope aspects at nest trees are probablY more as a result of there being more nests in the 

'\\'amasikana Ri\'er \allev which had predominantly north-east and south-west tacing slopes 

\ir temperatures at cliff nests which tace the sun have a higher range than temperatures 

:ll tree nests \\Il1ch are not directlv heated by the sun, Gargett ( 19(0) t()und that the aspect was 

!lot Il11pol1ant III the siting of Black Eagle nests in the Matopos Studv Area. although there were 

no north-racing (most directlv towards midday sun) cliff nest sites in the LSA In both the 

\1atopos Study Area and the LSA. Black Eagle chicks often appeared to suffer heat discomfort 

(panting and seeking shade) at nests which faced the sun Gargett ( 1(90) surmised that they 

were phvsiologicallv tolerant of heat especially as all water needs were met from their food Not 

enough chicks survived to tledging in the LSA to test the effects of thermal environments at nest 

siles on chick growth and mortality The limited number of optimal nest sites for Black Eagles 

(based on height ledge size and accessibility to terrestrial predators) probably meant that aspect 

\vas not an important criterion tor nest site selection in the LSA. Maximum shade air 

temperatures in the LSA during the nestling periods (August to October) often exceed 3511C 

whereas temperatures in the Matobo Hills are usually lower Temperature may haye a greater 

effect on Black Eagle breeding performance in the LSA. 

\io known studies have indicated that African raptors select nest sites to optimise 

microclimates near nests, or that microclimates affect breeding success Some raptor species in 

the Arctic shmv tendencies towards choosing nest sites which are not exposed to harsh (hot or 
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((lId) cOIlditiuIlS \\ hich can cauSt! breeding failure ( Poole & Bromlev 19S8) 

-I -I. 1/1/ Siol JL' 

Sloping ground at nest sites may cause updraughts of \vind \vhich assist take-otTs from 

nests \\ hich I11lght he particularlv signilicant for tirst tlights of fledglings '\'ewly t1edged young 

initiall\" often land on the ground near nests where they are susceptible to predation Sloping 

ground assists in running take-otTs downhill Also higher elevation of nests on slopes affords 

better vantage points 

HO\vever. the LSA nest trees were mostly on gentle slopes or flat ground. and there were 

no nest trees on slopes greater than I (-+,;") \10st of the African Hawk Eagles built nests in trees 

on birly tlat ground Although this species is also typically a plains savanna nesting bird, it tends 

to nest in trees on slopes. especially in valleys (pers obs, R Hartley - pers comm, Miller 1947; 

Steyn 197';. fuer 1973, Wheeler 1970) Pairs mav nest in trees on tlat ground in the LSA 

because they have been excluded from nesting on slopes by conspecifics The high density of 

:".[rican Ha\\ k Eagles nesting in the LSA indicates that some pairs may spill over into less optimal 

nesting habitats. but that there are resources (probablv food) abundant enough to support these 

Crowned Eagle nests were usually in trees on slopes in the LSA and because tall nest 

trees were commonly lIsed, height may be a criterion for nest siting Steyn (1982) gives nest 

height ranges for this species of 12-30 metres. It has already been mentioned that baobabs on 

slopes tended to grow higher than those on tlat ground, and that Crowned Eagles were specific 

to baobabs. while African Hawk Eagles in the LSA also nested in Tamlllalias and Acacws which 

onlv gre\\ on flat ground No other species nested commonly enough to draw conclusions 

concerning slope preferences for nest sites 
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-II / fl' .\est heights 

Possible relationships between height of nests above the ground and protection against 

predators IJa\e been discussed African Hawk Eagle breeding attempts in nests higher than 1 ~ 

Il1 tailed on about 17 0 
() of occasions (n= 6 breeding attempts. ~ attempts in baobabs) while about 

., X 00 of breeding attempts in trees lower than 1) m t~liled (n=8 breeding attempts. 2 breeding 

attempts in baobabs) Onlv line breeding failure was known to be due to an addled egg, the rest 

were disappearances of eggs or chicks probably due to predation High nests tended to be in 

trees which had high tirst branches and tall trunks which were dimcult to climb Tall baobab nest 

trees of all eagle species tended to be found in prev rich areas. which meant that not onlv were 

nests secure. hut the chicks had abundant food resources and good chances of survival Eagle 

densities \\ ere high in these areas and the threat from avian predators was possibly greater in taller 

trees where nests mav be more ubvious 

African Hawk Eagles in the LSA tended to nest higher than is usual for this species in the 

rest of southern Africa \vhere the usual range is 9 to 15 m Most nests tend to be AcaCia and 

other plains savanna species which typically do not grow high Crowned Eagles in the LSA had 

lower nests than the 12 to 30 m range given for this species in the rest of southern Africa. 

although this species is better known for nesting in tall deciduous forest trees (Steyn (982) The 

differences in nest heights of these two species have been discussed. There was possibly a 

significant partitioning of nest resources between these species whereby Crowned Eagles select 

baobabs \\ hich have large branches and nest relatively low in the trees, whereas African Hawk 

Eagles select taller, narrower baobabs with smaller branches Competition between the two 

species tor optimal baobabs was increased by high aggression between the two which meant they 

could not nest close together African Hawk Eagles which could not compete for territories with 

optimal baobab nests were probably displaced to areas where they used less optimal tree species 
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Black Ea~!ies \\ere the onlv diurnal raptors to occupy the cliff nesting niche in the LSA. 

and although nests \\ere higher than other eagle species. nest height afforded little protection from 

predators espeCIally at nests near the top of cliffs and accessible from above Barn Owls were the 

only other rock nesting raptor. but Llsuallv used caves in small rock outcrops, although one Barn 

Owl nest \\as \\ithin I () metres of a Black Eagle nest :\nother Barn Owl pair nested in a house 

I n the \1atopos study area: Augur Buzzards HIII!!O allglf/, Gymnogenes I)o~vhoroldes 'Jplf.\. 

Black Storks ( '{('(Jill({ IIIg/'((. Whitenecked Ravens ( 'on'lfs alhlco//is (one nests is within a metre 

of a Black Eagle nest. pers obs), Peregrine Falcons. Rock Kestrels Falco 11I1Il/lIIcltlIlS. Barn 

Owls and \1ackinder's Eagle Owls Hllho copell."s l1l(/cklllde/'l. and other smaller species also use 

clitf nest sites and potentially compete (Gargett 1(90) Finer differences in nest site choice may 

partition cliff nest resources \Jesting resources in the lSA and ClSA are more tree based 

4.4.2 Prey re.'ifJllrce.'· 

-I .. +' 21 Fredal{()1! 

Food is usually the most immediate need for raptors, upon which almost all activities 

depend (Brown & Amadon 1968. Newton 1 (79) The measure of fitness, in an evolutionary 

sense. for raptors is successful reproduction, and the primary requirement for this is adequate 

food All raptor behaviours are directly or indirectly linked to the need to tind food and 

reproduce (Table 19) The type of prey used by each raptor species in the LSA can be used to 

assign species to feeding guilds As feeding guilds are descriptive of resource utilization, they can 

be used to describe how the components (i.e. species) of trophic level and habitat defined 

communities interact The lSA had a diverse array of feeding guilds (Table 20) Hyrax were the 

dominant prey te)! Black. Crowned and African Hawk Eagles in the lSA and also in the Matobo 

Hills L\uman I 99S. Auman & Chiweshe I 99S. Gargett 1990: Steyn 1973a; Tuer 1(73) African 
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11<1\\ k Ea!,!les had the most !,!enerai diet of the three In both areas, althou!,!h their reliance on hvra\ 

\\as greater in the \Iatobo Hills ("" - "94(% of the diet bv numbers) than in the LSA dunng the 

'>tudv period (2()O () bv numbers) This species preved more commonlv on Natal Francolin, but 

11\'Ll\: made LIp a larger pO[1[On of the estimated mass of prey taken The juvenile bushbuck 

preved on bv ('rO\\ned Eagles LSA \vere the largest pre\' items of eagles in the LS:-\ Bird, reptile 

~lf1d anhropod teeders \vere the most diverse groups, although the bird feeding guild had the most 

raptors not shared with anv other group, and was dominated by accipitrines, Specialist feeding 

!,!fOUpS \vere tlsh and carrion teeders African Fish Eagle prey were limited to available vvater 

hodies ('arrion teeders \,ere limited by the low number of large mammalian predators \vhich 

!1['()\lded car!lon Leopards \,ere common in the LSA but probably ted on small prey thus 

lea\'lI1g little carrion 

Black Eagles are hyra\: specialists, these making up between 49 % and 99 (% of their diet 

in various parts of Africa (Auman & Chiweshe 1995, Barry & Barry 1996: BoshotT eI al 1991, 
- -

Boshotr & Palmer 19R8, Brmvn & Amadon 1968, Brown eI ((/ 1982, Davies 1994, Gargett 1990: 

S tevn IlJR2 ) Together \vith their propensity for nesting on clift's, they are usually restricted to 

the hill habitats 

Crowned Eagles were also restricted within the LSi-\. although their prey was more 

diverse Their preterence for hyrax and bushbuck and for baobab nest trees probably restricted 

their distribution Crowned Eagles appear to be specialists where abundance of one prey type 

occurs, t()[ instance they are monkey specialists in forests (Skorupa 1(89) although prey may be 

diverse vvhere no one prey species is more availible than others (Boshoff el al 1994; Jarvis el (II 

1980, Vernon 1979a) Crowned Eagle diet, and other aspects of their biology, have not been well 

documented in Zimbabwe (Smith & Hartley 19(6) However a nest in the same habitat and 

district as the LSA had a similar array of prey species, with the exception of impala which were 
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not found at nests III the LSA (Friis 1 <)8')) Hvrax. f'. capelisis and j)elldr()f~vrax arhorells. 

tlHlneu ::;;° 0 and .:; ~o () of llrev individuals in forest and savanna biome Crowned Eagle nests 

I espectIveiv and mammalian prey formed 96% of the prey in the Cape. South Africa (Boshotr ('I 

£II. 1 ()l)-l) I n eastern Africa about l)8% of the prey has been estimated to be mammalian, and 

more than half of the prev at t\\O nests \vere antelope. \10nkevs are common prey in east African 

fmesb. \vhile in another area /). ([l"hol"ells and suni N('.WJlraglls m()scha/lls were the staple prey 

specIes (Brmvn 1971. Brmvn & Amadon t968) In the Kibale Forest, Uganda, primates 

constituted 87° 0 of the prev individuals at tour nests, and 89°'~) of the prey killed away from nests 

Colobus monkeys made up :;;8% of the prey (Skorupa 1(89) 

Skorupa ( 1 ()89) equates the Crowned Eagle to the Philippltle Monkey Eating Eagle 

j'/lh('WjJ/lllga jcllc/TI and the Harpy Eagle Harp/(( harp.1)({ as specialised primate predators. 

although other prey is taken outside forests as has been discussed Primates were not common 

as prey in the LSA. as vervet monkeys ('ercopi/heclIs ae/hlOps were not common there 

Although baboons were common, the size of adults and their gregariousness may make predation 

ditticult A pair of Crowned Eagles often hunted hyrax at a tourist camp in the LSA but were 

never seen to hunt the resident vervet monkey troop 

H. hmcel \vere more common prey at Crowned Eagle nests than / '. capellSIS in the LSA 

The former \vere more abundant in the LSA He/erohyrax feed more commonly in trees which 

may make them vulnerable to Crowned Eagles hunting from perches beneath the canopy One 

hunting method of Crowned Eagles is to catch monkeys in trees from underneath, using the 

canopv for concealment, a method which may be modified to catch Heterohyrax (Steyn 1982) 

The larger /'roC({l'f(f would be energetically more economical to feed on as they are well within 

the size range of prey for Crowned Eagles (Daneel 1979, Brown 1(71) 

Bushbuck juveniles occurred less often as Crowned Eagle prey than hyrax, but were 
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he;l\Icr \s bllshhllck hones are more durable at the nest than hvrax bones. the propol1ion of 

hllshhllck pre\ remains mav be an merestimate of their contribution to the diet. as most bones 

\\ere (lid Peaks of bushbuck bil1hs are thought to occur in Februarv/\1arch and 

(ktoher '\0\ ember in southern Africa. the later peak being svnchronous \vith Crowned Eagle 

hreelilllg in September and October III Zimbabwe. suggesting increased availabilitv of young 

hllshbllck as t()od (Skinner & Smithers 19(0) Juvenile bushbuck are lett in dense foliage for the 

tirst t(~\V days atter bil1l1. and may be vunerable to Crowned Eagles hunting beneath the canopy 

The prev spectrum of African Hawk Eagles is wider than the other main eagle species in 

I he LS--\\tj-ican Hav"k Eagles are smaller. and smaller prey items. \vhich are more widely 

:J\adable than Black and Crowned Eagle prevo are energetically economical as prey Greater 

speed in horizontal tlight and aggressive hunting probably results in a wider spectrum of prey 

being caught Smaller prev are usually more abundant than larger prey, (because of lower food 

needs) \\hich coupled with a 100ver food need in African Hawk Eagles possibly results in higher 

densities of this species in the LSA than larger eagles 

African Hawk Eagles may have switched to Natal Francolin due to increased gamebird 

breeding success in two above-average raintall seasons during the study period African Hawk 

Eagles were more catholic in their diet than the other main LSA eagles. and diet varied between 

nests. indicating their generalist teeding which allowed them to also inhabit plains and riverine 

vegetation Their adaptability probably reduces the species' susceptibility to prey population 

tluctuation. unlike Black Eagles whose breeding and popUlation dynamics mirror those of hyrax 

in the \1a1Obo Hills (Chiweshe 1996~ Gargett & Gargett 1993a-c) Elsewhere. African Hawk 

Eagles prev mainlv on trancolin-sized birds in savanna habitats. the propol1ion of birds in the diet 

\'arving from 7-lo. •o to 86% (Brown 1952. 1955. - cited in Smeenk 1974; Steyn 1975, Smeenk 

197 -l. Tarboton & Allan 1(84) \1ammals sometimes form 54% to 70% of the prey (68% in the 
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\latobo Hills. Kinahan 1975, Smeenk 197-+. Tuer 1973) rhe proportion of birds in the LSA 

African H,mk Eagles diet \vas 60%. of which -+8% \vas :\atal Francolin. while mammals made up 

,h'l () llf\\ hich 2l)°o were hyrax, and repttles made up 2°~ Dominance of prey species differed 

bet\\een nests birds and small mammals being commun at nests on the hill habitat margin 

()srrc\s African Fish and Brown Snake Eagles were probably the most specitic feeders 

in the LS:\ I jvrax remains were tound at African Fish Eagle nests, which is an uncommon prey 

item for this species. and indicates an abundance of hyrax (Steyn 1982) Records of African Fish 

Eagles pirating from and preying on water birds are fairly common, and one incident when a pair 

of Ati'ican Fish Eagles attacked a Grey Artiea Cinerea. and then a Goliath Heron A. g()/wlh at the 

\Ialilang\', e Dam was witnessed (Fletcher 1955. Gahamadze 198 1 . Harvvin 1956, Hines & Raats 

1 c)~N. Hov..ells 1 ()R2. Junor 1968, Steyn 1 (82) Fish were stocked in only two dams in the LSA 

and Ospre\"s and African Fish Eagles were often inter-specifically aggressive indicating 

competition it)r limited space, although fish were abundant 

The diets tor Tawny and Wahlberg's Eagles are reported to be fairly catholic, and were 

not Il1vcstigated in the LSA, they probably took mainlv game birds (Boshotf et. a/ 1981, Osborne 

I c)R2. Smeenk 1 ()74. Stevn 1973b; 1980: 1982, Vernon 1979b) 

Davison (1996) suggests that seasonal variation in prey of Barn Owls in the LSA reflected 

seasonal shifts in availability, which considering the seasonal differences in rainfall. and the r-

selected lite history patterns of most of the recorded prey species, is probably valid. The 

proportion of the total prey numbers contributed by arthropods, mostly solifugids, increased 

markedly in December 1995 and January 1996, which was at the onset of the rains when these 

largely nocturnal arachnids were commonly seen. During this period rodents formed less than a 

third of the diet bv numbers which was probably due to little rodent reproduction during this 

period \\-hen grasses and other plants had not vet seeded. Although arthropods are smaller than 
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rodents and thus less energetically etticiem to capture. emer-gences of armoured cnckets and other 

arthropods resulted in high densities of these prey items \vhich Barn Owls could easily pick up ott' 

the ground \\ ithout energetic huntlIlg 

They relied on rodents from Februarv 1996 until the end of the studv in October 1996 

Higher than average lambll during this time caused a grO\vth or grass and grass seeds which 

lasted until the start of the rains in December Il)96 :\ rodent population outbreak probably 

occurred in Il)l)() as thev \vere commonly seen. and rodent outbreaks in other areas of Zimbabwe 

occurred in Il)l)h and at the start of 1997, (P Mundy - pers comm, pers nbs) Rodents f(xmed 

more than Soo " of the prey individuals of Barn Owls which is tvpical of results of other southern 

.\frican Barn (hvl studies (Davison 19(6) Reproductive output of Barn Owls is yariable fiJr a 

raptor species and indicates the level of energy intake of the female owls: two clutches of eleven 

eggs wele found in the LSA in 1996 

The \ariability of the diet of Barn Owls in the LSA is contrary to the belief that they are 

rodent specialists The prey size spectrum utilized by this species contains organisms which have 

life histories Il1 the LSA characterised by seasonal outbreaks followed by popUlation crashes, or 

in the case of quelea. seasonal aggregations and local movements into the LSA tollowing most Iv 

\\ater resources at the end of the rainy season The owls thus sustained themselves on prey which 

was abundant at the time The birds' feeding guild classification changed on a seasonal basis 

Food resource overlap of Barn Owls probably occurred with Barred and Pearl Spotted Owls 

\vhich were probablv largely arthropod feeders at night. and possibly reptile feeders during the 

day Prey spectrum overlap possibly also occurred with Blackshouldered Kites if the two species 

preyed on rodents which were both nocturnal and diurnal Temporal overlap in feeding between 

the t\VO species did not occur as Barn Owls are root diurnal hunters (Steyn 1(82) although several 

individuals \vere seen outside roosts and active during daylight Only one Black Shouldered Kite 
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hunted penodically In I he LSA. so little potential competItion tor food occurred Other kestrels 

and "ites which wcre potential rodent feeders were rarely seen in the LSA \1ore potential 

competition and resource ()\'eriap may have occurred with the several species of snakes in the 

LSA. notably vell()whellied sand snakes Fmml11()phls Slfhl([CIIIlfIIfS. which were abundant in the 

LSA. as \\ell as small pythons /'.1'111011 schac and black mambas / )cllLimwl'ls P(}(riCPIS These 

\pecies and Barn Owls could be considered as part of the same feeding guild as rodents probably 

form the bulk of all their diets during high rodent availability Additionally snakes are active and 

probably hunt at night. and use stealth and surprise to capture prey in a similar manner to Barn 

Owls thus not contradicting Root's ( 1(67) definition of a teeding guild 

-/, -/.:;/1 /',-('r ([\'(fI/([/JlIt'.\' 

Prey availabilitv and dynamics are commonly considered to be the main controlling tactors 

in raptor populations They are also considered to control the diversity and density of raptor 

communities. implying that communities are organized around some limiting or enabling factors 

(\1arti ('I (II. 1993a.b. Poole & Bromley 1988) Few African studies have examined the 

interrelationships between the population dynamics of raptors and prey, habitat distribution of 

prevo and behavioural adaptations of raptors to the dynamics and variables of the prey Smeenk 

( 1(74) is an exception. and studies of hyrax, and hyrax utilization by Black Eagles in the Matopos 

study area have started recently after decreases in hyrax were suspected to have caused a decline 

in Black Eagle breeding numbers (Barry 1993~ Barry & Barry 1996~ Gargett & Gargeti 1993a-c~ 

P \!Iundy - pers comm) 

Black. Crowned. and African Hawk Eagles and Barn Owls in the LSA provided the best 

opportunities to study prey utilization and availability, as their prey distribution and dynamics 

were affected bv habitat-level factors The dominance of hyrax and Natal Francolin in the diets 

75 



llf these eagle specIes pnn'lded correlatIons between predator and prev densities. and between 

these and ffabitat characterIstics It also gave some insights into interactions between predators 

\\ I11Ch had common pre\' The investigation of predation in Barn Owls. coupled with trapping of 

Iodents by Da\lson ( I CN()) demonstrated seasonal changes in prey utilization. compared with the 

a\ailable prey spectrum 

The estimated hYrax density in the Matobos National Park ranges from about 10.3 hyrax 

per ha in general. to an upper estimate of abour 19 hyrax per ha in the 1990's when rainfall was 

below average (BarrY 199 i. ljargett I C)90. Gargett <!l (//. 1995) These estimates are up to 178 

Illl greater and -+9 °'0 less than the estimate for the LSA Gargett's estimate in the 1970's was 

hased on reported hyrax densities in the Serengeti. Tanzania. \"here different raintall patterns to 

the \latobo Hills would cause differences in food availability for hyrax and thus popUlation 

densities benveen the t\\/O areas As shown by the ditference in Barry's ( 19(3) estimate and that 

in this stud\/ extrapolation of densities from one area to another, even within the same climatic 

zone will vield inaccurate results Barrv's estimate was thought to have been of a population at1:er 

a dramatIc decline due to droughts. which probably also caused the decline in the number of Black 

Eagle breeding territories by up to 70% (in communal tarming lands) in the Matobo Hills 

(Chi\veshe 1996. Gargett (!/ (II 1(95) The severe 1992 drought in the south-eastern Lowveld 

probablv caused a hvrax population crash in the LSA The abundance of hyrax at the start of the 

study in 1995 and the numerous old hyrax seen (age judged from size) and shot or occurring as 

prev (age judged trom tooth wear and size) indicated that many hyrax survived the drought The 

population recovered within three years to levels which could sustain eagle breeding. The average 

size of hyrax colonies in the LSA was similar to colonies in other parts of Zimbabwe, e.g 13 in 

central Zimbabwe (Richards 1(91) but was smaller than some colonies in the Matobo Hills and 

in a coastal area of South Africa (N Chiweshe - pers, comm; Fairall & Crawford 1(83) The 
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\)1 t1er mall1 pre\ resource. \latal Francolins. (an reproduce at an e\'en greater rate than hyrax 

('Iutchcs of more than tive chicks \vere commonly seen in the LSA. and one pair raised three 

clutches in I ql)h 

The <L\crage :\frican Hav,k Eagle territor\' in tile LSA had an estimated 3 100 hvrax. the 

;l\erage Cnmned Eagle territory - :<)()O and the average Black Eagle territor\' -2800 The 

;l\erage Black Eagle territory in the \1atobos National Park would hold between 1200 - 1700 

((3am' ! l)9.1) and <) I 00 hyrax (Gargett 1(90) :-\ breeding Black Eagle pair in the Matobos Hills 

teeds on an estimated .1~() hvrax a vear (Gargett 19(0) [n the early 1990's. this equated to an 

estimated :0 () () of hyrax in an average Black Eagle territor\' in the \1atobos :\ational Park, but 

only about 3 7 () () ofhvrax per territory according to Gargett's estimate In the LSA. each Black 

Eagle pailS preyed on an estimated :no hyrax per vear which was II 80,0 orthe hyrax population 

in an average sized Black Eagle territory, or 28 ~o of the hyrax estimated to be out of refuges at 

any time The predation rate on hyrax by African Hawk and Crowned Eagles in the LSA was not 

knO\\n 

The main eagle species in the LSA. which nested more densely in the Nvamasikana River 

\ ailev had territories \vhere prey \vere more dense Food probablv had a greater intluence on 

preterred nesting habitat than any other tactor The eastern margin of the LSA hills was primarily 

sandstone olltcrops with fewer deep tissures providing refuge for hyrax. and had fewer nesting 

eagle pairs 

Parturition of!).capellsis and H hmcel in the Matobo Hills peaks in March and April. 

while H hmcel peaks in May and June in central Zimbabwe (Barry 1994, Wright 1(73) Young 

of both species could be seen at any time of the year in the LSA and the Matopos study area 

(Gargett 19c)O) An abrupt emergence of juvenile H hmcel occurred in the LSA in June in both 

Years. arollnd the time of Black and African Hawk Eagle hatching, Chicks and juvenile hyrax in 
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the LS.\ therefore gre\\ In mass at the same lIme and there was a parallel grmvth in Black Eagle 

t()od need and I(')od a\ailability .\Ithough it is not conclUSively known whether many bird species 

In :\ti-ica time reproduction to coincide \\ith peak food availability (BrcHvn & Brown 19R-1-) the 

tlI11ing of reproductIon in many raptors in variolls parts of the world during peak t()od availability 

has been sl1O\\ n ( largett 19c)(). ~ewton 1970. Poole & Bromley 1(88) Some raptors mav not 

svnchronise Im:eding with peak food availability if food is usually abundant throughout the vear 

(Hartlev & Hustler I ()C).1) The timing of reproduction of eagles in the LSA with peak food 

availabilit\· II1dicates that. I) tood availability was seasonallv variable. or 2) the eagle species did 

not van their breeding times if food vvas abundant throughollt the vear. or 3) that timing of 

breeding \\ as controlled by factors other than t()od availabilitv The close svnchronisation of 

breeding events vvithin species in the LSi\, the repeated pattern of breeding times between years. 

and the similaritv in breeding dates of somt. "pecies between the LSA and other areas of 

Zimbabwe c.g. Black Eagles in the LSA and Matobo Hills. indicates that the onset of breeding 

was controlled by responses to one or more predictable environmental variable e.g. air 

temperature vegetation cover. end of rainfall elc. (dav-Iength varies by less than a 0 ) hour at this 

latitude and is probablv not used as an environmental cue) 

Crowned Eagles however did not utilize peak periods of hyrax availability, although hyrax 

were their main prey species by numbers Breeding periods for this species may have been set 

during their evolution in different habitats, in response to different prey, possibly primates Peak 

prey needs in raptors are near the time of fledging, which for Black, and African Hawk Eagles in 

the LSA is bet\veen August and October, and for Crowned Eagles between December and March 

Crowned Eagles were probably more generalist feeders than Black and African Hawk Eagles in 

the LSA because hvrax were less available during their peak periods of food requirement 

Cro\Vned Eagle chicks had a longer post-fledging dependence period on their parents than the 
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other 1\\0 eagle ~peCll~S which became independent SGoner (Brown & Amadon 1968. Gargett 

19QO. this studv) \Jore abundant food is probablv needed for Black and African Hawk Eagle 

juwniles to learn hunting skills sooner Prey of juvenile Black Eagles is probablv limited to hyrax. 

while CH)\\ned Eagle juveniles mav be more generalist. also scavenging larger prey (antelope) 

from t heir parent s 

Although Atrican Hawk Eagles utilized hyrax. and while their breeding was synchronous 

with peak hyrax ,l\'ailability. breeding was probably geared more to the availability of Natal 

Francolin in the LSA The estimated number of Natal Francolin in an average African Hawk 

Eagle territorv \\ithin the LSA was 630 birds. and a higher number was expected during breeding 

Observations at an At!-ican Hawk Eagle nest over two breeding seasons indicated a maximum prey 

deliwf\' rate of about once in two days. even when the chick was large Approximately 66 prey 

items may have been delivered to the nest in the approximately 112 day breeding cycle, 32 of 

these being \:atal Francolin on average This is equivalent to ::; I % of the estimated number of 

Natal Francolin in an average-sized territory 

Raptors position nests in territories where food is abundant (Newton 1(79) It would 

theretore appear that the high nesting density in the Nvamasikana River and associated valleys was 

as a result of the high density of prey in the cliffs on the escarpments above the valleys (hyrax and 

"atal Francolin) and in the valleys (Natal Francolin and bushbuck) 

Food is often the primary factor affecting raptor communities (Marti e/ o/. 1993a;b; Smith 

& :vlurphv 1979, Poole & Bromley 1988; Steenhof & Kochert 1(88), and the processes of 

interest in this study are those which give rise to dense communities, especially in hill habitat 

Authors ditfer on the tormation of communities. and whether communities are organized or 

random (\1arti ('I (//. 1993a) Two scenarios exist I) communities with diverse, non-habitat 

specitic and sparse resources, where the raptor species are likewise diverse, non-specialised in 
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ieedlng or nesting rCClulrements_ and sparselv distributed. ::) commumtics such as those in the 

LS:\ and probablv the \latobo Hills which have specific and dense t()od and nesting resources. 

and raptor assemblages which are dominated by a few specialised feeding or nesting species [t 

IS possible that in some habitats. such as hills or forests. changing resources can move the 

comll1unitv from one category to the other For instance. as food resources increase due to 

tilCtors such as disturbance. or lack of it. change in climate. or succession. the raptor assemblage 

hecomes less diverse as species utilizing the dominant food resource become more abundant and 

ll1onorolise nesting and space resources which individuals of other species then cannot use [n 

the LSA. protection of the habitat trom destructi ve human activities and high rainfall prior to and 

dUrIng the studv period were probably instrumental in increasing hvrax. Natal Francolin and 

[1ushbuck numbers and protecting baobab nest sites This would promote/reinforce the second 

communitv type characteristics [ncreasing food resources initiallv allows reduction of territories 

to sizes more easily defended. allowing increased densities of raptors As raptor densities 

increase. competition for space may increase to the extent that territories decrease to below 

ortimal sizes Resource driven density increases are then limited through aggression and 

competition even if f()od is super-abundant. [n the lSA. this scenario probably existed as food 

appeared to be abundant despite a probable setback in the 1992 drought The smaller raptors 

were dominated by the small passerine and reptile feeding guild (little Banded Goshawks). the 

nocturnal and diurnal arthropod and small reptile feeding guild (Barred Owls) and the nocturnal 

rodent feeding guild (Barn Owls) The small raptor assemblage in the lonestar plains areas was 

more diverse. and had a wider range offeeding groups, including more owls which were probably 

not prey specific. and kestrels which were largely insectivorous In the elSA the other scenario 

probably existed Few eagle species were typically specific feeders Their breeding diversity was 

higher and breeding density lower than in the lSA No eagle prey species were noticeably 
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domInant. and the array of potentIal prey included \'iverrids. antelope. hvrax. large reptiles. game 

hirds dOlT1estic hestock and poultf\'. and tish There is no reason to suppose that a raptor 

communit\ WIll alwavs move tmvards being a specialist-dominated. dense community. especiallY 

if prey specIes are held in check by some non-dynamic environmental variable such as the geology 

and pedology of an area It is likelv that specialised. dense communities often can change to the 

lirst t\pe of wmmunitv, especiallv due to human alteration of the landscape and resources [f the 

prior conditions returned, the community miglit change back again This mav happen when hill 

areas recover from drought or human land-use. or when forests regrow in cleared areas (and 

primate and small bird feeding guilds return) However. communities which are sparsely scattered 

and generalist in their feeding in natural undisturbed habitats probablv seldom change to the other 

scenario except through human influences, such as turning savanna areas over to cultivation where 

rodent and small bird feeding guilds become dominant. 

-I, -I, 3 .\/ )£IU! 

Black Eagle territories measured in the LSA are the smallest for this species recorded in 

the southern :\frican subregion, along with the Matopos study area. where territory sizes were 

X 9km- on average (n= II) The smallest LSA and Matopos territory was 5 9kmc (Gargett 1990) 

Both study areas had empty spaces between territories indicating that small territories were not 

a result of crowding The Matobo Hills are more rugged and undulating than the Malilangwe 

Hills. and have a greater pr0ponion of exposed rock outcrops than LSA (pers obs) which are 

larger areas of hyrax habitat, and larger surface areas of Black Eagle territory 

Black Eagle densities and territory sizes are not available from other habitats comparable 

to the \Iatobo Hills and LSA. although there are populations along the granite shield of 

Zimbabwe. and in sandstone outcrop areas in the Limpopo valley, Zimbabwe Elsewhere in the 
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southern :\frican subregion. Black Eagles utIlize linear. sometimes high. dins Territories and 

home ranges 111 these areas \vere estimated at 60 <)kmc in the \latal Drakensberg (}9% of each of 

eight home ranges \\(lS suitable hvrax habitat), .15knr' in the \1agaliesberg, 14 2k mc. 24km2 and 

about ()-+kl11~ III the sedimentarv and hasalt difts of the karoo (Allan 1<)88. BoshotY& Palmer 

1 ()XX 810\\ 11 I QXX. Oa\·ies 1994. Siegfried I 9()8) 

:\0 studies to date have measured territorY sizes of African Hawk Eagles This study is 

rrobablv the tirst to use mapped sightings to draw territory boundaries The nesting density of 

this species is one paIr to 22km2 in the \1atobo Hills. one pair to 'i I 'iknr to II Okm in the 

Trans\aal (Ste\'n 1<)82, Tarboton & Allan I C)84) Data from internest distances in Hwange 

:\ational Park in hasaltic and sand substrate areas (half of the mean internest distance are assumed 

to be the mean radius of hypothetically circular territories) give territorY size estimates of 17 7km2 

and 58 8km2 on the t\\O substrates respectively (Hustler & Howells 1(88) The territories in the 

LSA (excluding two lalge territories which extended over the plains) are amongst the smallest 

recorded for anv eagle species in the subregion and for one population. other than Crowned 

Eagles in the LSA The nesting density of Wahlberg's Eagles in the Sabi-Sands Reserve was 23 

per ] (JOkm 2
. or one pair per 4 35krri (Simmons 1994a&b) This species is migratorY and thus 

makes temporallv limited use of prey resources The African Hawk Eagles make use of prey 

resources similar to those of the Wahlberg's Eagles - largely game birds, small mammals and 

reptiles. \'ear round. which attests to the availability of prey resources in the LSA Wahlberg's 

Eagles are not common in the LSA. possibly due to competitive exclusion by African Hawk 

Eagles Wahlberg's appear to be as common, or more common than African Hawk Eagles in the 

\1atobo Hills \vhere space resources are greater. and territories are larger and more spread out, 

f. c:. competition should be less intense (pers obs, Macdonald & Gargett 1(84) 

Crm\ned Eagle territories were more difficult to map from sightings of this largely non-
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,O(!lIl1g hlrd, ,llthollgh one ternton.' of:'i )km~ \\as accuratelv mapped Bnm n and Amadon 

( 19(JS) gl\e home range sizes of Crowned Eagles in forests as benveen I () :-t and :5 6km­

R 1 Llrtle\' (pers comm ) reports that these eagles can nest close together III Zimbabwe, and the 

closest Itllernest distance between t\VO current nests of ditferent pairs in the LSA was I 65km 

rhe Importance of kn()vving the territories of eagles is to indicate the area in which 

sulticient t(lod resources and adequate protected nest sites can be maintained. and the interspecitic 

dfects of space utilization. I,I.!, are territorv boundaries \vithin a species tixed bv the borders of 

conspecitics onlv, or other species as well '\ewton ( 1(79) describes three tvres of nesting 

disperSIon in rapmr populations territorial. looselv communal and stron[!lv communal The 

hreedll1g raptor specIes in this studv were all territorial and areas of foraging overlapped between 

speCIes ,\t the community level. however. partitioning of territories did not occur between eagle 

specIes although regular spacing of nest sites within species did occur in the study areas Time 

of foraging showed more separation between species and mav have indicated active avoidance of 

competition and aggression. or incidentally resulted in lower aggression Brown ( 1(88) reported 

overlap of Black Eagle territories in montane habitat where up to 6(Y~) of the habitat was not 

suitable t(lr prey while in the Matopos studv area and the LSA where habitat is more 

homogeneous. territon.' overlap within a species was not seen in anv of the main nesting eagle 

specIes 

Despite size and feeding ditferences in the main eagle species in the LSA territory sizes 

were remarkablv similar Although more numerous than other eagle species, African hawk Eagles 

in the LSA were able to have slightlv larger territories by incorporating plains areas in their 

territories Black Eagle territories were similar in size to those in the Matopos Study Area This 

mav indicate that territory sizes are not set by food availability when food is abundant, but have 

a minimum size set bv the tleed to protect nest sites 
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\;est spacing patterns ha\'e often been lIsed to Indicate space resource utIlization and 

partitionll1g Il1 \arious species of birds. especially when nests are assumed to be the centres of 

nesting terntorles (Brcmn 1l)7~, Brmvn & Rothef\' I (>78. Clark & EYans 1 C)~-l. Poole & Bromle\' 

1 ()X8) Black Eagles in the ;\,Iatopos Study :-\rea. and the main nesting eagle species did not 

always nest in the middle of their territories. nor \\ ere most of the territories roughly circular The 

centres oftemtories are thus not equi-distant from all points on the territory boundary (Gargett 

1 ()90) The interpretation of nest spacing patterns in this study therefore must deal with inter-and 

intraspecitic interactions in choosing nest sites. and not with territory formation around a nest as 

a marker Intraspecitic nest spacing in African Hawk. Black and Crowned Eagles in the LSA \vas 

regular, Black Eagles tending towards very r'~gular. \vhereas the nest site pattern of all these 

'ipecies together \\ as random. and apparently clumped in the Nyamasikana River valley The 

siting ofne~,;ts thus appeared to be int1uenced by the proximity of conspecific nest sites. but not 

of other eagle species despite interspecific aggression The staggered start of breeding periods 

of the LSA eagle species probably meant that interspecific aggression at the start of the breeding 

season did not disrupt nesting Black Eagles and Cape Vultures (;JjJs (;oprolhaes nesting near 

each other in the southwestern Cape. South Africa and \vhich \vere interspecifically aggressive. 

also had staggered starts to breeding None-the-Iess. breeding success for the Black Eagles was 

lov" (Robertson 1(86) 

The higher proportion of nest failures at nests which were more than a kilometre from the 

nearest conspecitic nest in use in the LSA indicates that interspecific aggression. which should be 

higher at higher densities. had no detrimental effect on reproductiYe performance. Close nesting 

between species occurred more frequently in the Nyamasikana River valley which. as has been 

pointed out earlier. is richer in food resources than other parts of the LSA and thus benefits 

breeding Higher densities of breeding eagles probably deter predators, especially avian ones. due 
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to more \lgilance \fric£ln Hav,;k. Black and African Fish Eagles \vere all seen to respond 

aL!L!ressi\e/v to\\ards a \Iartial Eagle at the same time over the Nyamasikana River vallev. 
"'-~ '- - -

\vhereas this beha\iouf \\ as never observed near the hill margins \1ainly African Hawk Eagles 

nested on the outlving areas of the LSA and were usuallY more than one kilometre from the 

nearest non-conspecitic nest site These outlying areas were frequently overtlmvn bv Bateleur. 

Tav,nv. Steppe and Lesser Spotted Eagles which \vere less commonly seen flying over the more 

central parts of the LSA At least four nest failures in African Hawk and Brown Snake Eagles 

in these areas were probably due to predation bv other raptors. baboons or snakes Predation 

probablv resulted in most. if not all nest tailures after hatching as weather and human etfects were 

negligible and food \\as abundant Competition etfects on reproductive success were therefore 

probablv not direct and v"here food availabilitv and raptor/predator densities were high. high 

densities of breeding raptors probably had a deterrent etfect on predators 

Regular nest spacing indicates an abundance of nest sites (Newton 1979) Black Eagle 

nest sites were however probably limited resulting in a large variation in nearest internest 

distances The Im\ number of nesting pairs of this species with relatively large internest distances 

resulted in a high (; statistic which was less affected by variation than larger samples Low 

internest distances are usually correlated with high food abundance (Newton 1979) The food 

resources of the three main LSA nesting eagle species have been shown to have been abundant 

during the studv period 

Where there is a dense community of territorial raptors. the question is whether high 

density is a cause. or an effect. of small territories Empty areas between Black Eagle territories 

in the \1atopos study area and LSA indicate that territories were not limited by crowding, and 

high densities resulted from small territories being held. No empty areas would be expected if 

high densities were compressing territories African Hawk Eagle territories in the LSA had fewer 
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cmpT\' areas. and the bmls \vere more aggressive intraspeciticallv than Black Eagles While their 

~eneralist diets increased food a\'ailabilitv in the lSA. territory size may have been restricted by 

densIty The slllall territof\' sizes of this species may have intluenced nesting success~ Wahlberg's 

Eagles had reduced breeding performance when nesting densities were high, perhaps because 

more time \\ as spent It1 territorial defence at the expense of nesting activities (Simmons 1994b) 

and telTltories Illav hil\'e been below the optimal size The regular spacing of nests in this species 

also mdicates that habitat preference of territories within the lSA did not exist. territories being 

placed according to available space Crowned Eagles were mostly restricted to vallevs and 

haobabs. It1dicating that territories \vere chosen on habitat critena. and small territories then 

;1110\\ ed more birds to nest 

-!. -I, -I FIIJ1L' { !I/il;al/()II 

-1.-1. -II JlI11L' ,\ilal'llig 

The period during which hunting, territory defence and courtship occurs in flight 

determines the potential for contlict with other raptor species Black Eagles spend two to three 

hours in tlight in the \ 1atobo Hills. and 24(~/o of daylight hours in tlight in the Karoo National Park. 

South Africa. more than half of which was engaged in territorial defence (Davies 1994, Gargett 

I C)C)()) This typicallY soaring species is highly visible in Hight and evokes aggressive responses 

\\ hen territory boundaries of conspecitics or others are crossed during the breeding period 

The other common soaring raptors in the lSA were African Hawk Eagles, and contlict 

between the two was often seen African Hawk Eagles were aggressive and regularly attacked 

other large raptors in Hight such as Martial, Bateleur. Crowned. and Tawny Eagles, and various 

\ulture species. all of which occasionally soared over the lSA The ClSA had more soaring 

raptor species including Brown and Blackbreasted Snake Eagles, AtI'ican Hawk Eagles, Martial. 
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L1\\ Il\ and Bate/eur Eagles There \\as sharing of air space between species, and differences in 

lime pel10ds budgeted for tlight probablY etIected partitioning of activities and resource 

utIlizatIOn The alternatives for each raptor species are, to tlv \\ hen tewer other potentially 

.lg'gr-essl\e species are III tlight. to t1v in different areas to other raptors, or to tolerate sharing of 

;m space 

Competition and interspecific aggression is evident in the Vlatobo Hills raptor community 

((jargett I l)C)()) Aggression was usuallv not evident between non-paired eagles when one fle\\ 

close to the other, even during breeding periods Aggression was also most commonly expressed 

:lS paired fh'ing or chasing, and phvsical contact between birds \vas rare This indicated a high 

It\d of tolerance in the LSA There was extensive overlap of periods of tlight activity amongst 

the eagle species in both study areas, although differences in peak periods of flight occurred in 

some species Flight activities were probably not affected by the need to reduce competition, but 

bv species-specific requirements fc)r territory defence and hunting The activity patterns of prey, 

and hunting strategies of the raptors probably dictated the timing of flights 

Crov, ned and African Fish Eagles tend to fly in the early mornings and late evenings, and 

midday and late evenings respectively (Steyn 1982, this study) This is possibly because flight for 

1 hese birds \vith large broad wings is easier in calm conditions High wing loading birds make 

hetter lise of winds, and African Hawk and Black Eagles possibly fly in the midmorning when 

winds are stronger and thermals tc)rm, and are reluctant to fly when there is no wind African Fish 

Eagles rnav use thermals over land next to water bodies at midday to gain height for more 

perpendicular views into the water \1id-morning and afternoon breezes could obscure views of 

tish below the surface of the water 

The difterent periods of flight may also relate to prey availability Crowned Eagles hunting 

in the early morning from perches use camouflage from the canopy and possibly the low angled 
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..;un to catch !Jvrax sunbathing in the early morning and feeding, as they cannot use the technique 

of soanng rapidlv along a slope and capturing exposed hyrax as has been seen III African Hawk 

Eagles and Black Fagles (Gargett 19(0) The morning sunbathing period of hvr<lX is apparentlv 

not l'\:ploited In Black and African Hawk Eagles, plobably because there is no breeze in the 

1l10rnIl1!.!s 

-I. -I. -III .\ /()"Ihh ,('am"a/ III11e 1I!1I!:;a!WI/ 

The Importance of night in hunting, protecting territory and performing courtship is 

greater dUrin!.! t he breeding period of raptors. when night activities are expected to increase 

Flight acti\it\ peaked in the tirst half of the reproductive cycle from nest building to hatching, in 

the comll1onest nesting eagles in the LSA 

[n the small diurnal raptors, increased sightings of birds before breeding were not evident 

Little Banded Goshawks were seen more often between the two breeding periods in the LSA 

possiblY \"hen the attachment to nest sites is less. 

The breeding periods in the LSA resulted in partitioning of activities related to breeding 

(terriwf\' t()fll1ation and protection), and space. food and. in some cases, nesting resource use 

The onset of breeding is when most aggression occurs in raptors (Hammond & Pearson 19(3) 

Overlap of these periods between species increases the time spent in territory defence against 

conspecitics and other raptors In the LSA the onset of breeding periods of the commonest 

eagles in 199'; did not overlap The latter parts of African Hawk and Black Eagles breeding 

overlapped. and coincided with peaks in emergences of juvenile hyrax and Natal Francolin chicks. 

The laying dates of African Hawk Eagles were later than Black Eagles, and peaks of aggression 

in the t\\O species did not oyerlap The onset of Crowned Eagle breeding started near the end of 

the breeding periods of these two species Othtr eagles which had overlapping breeding periods 
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\vith A.triciln H<1\\ k and Black Eagles v'ere scarce. and their nesting territories were usuallv av.av 

trom these species 
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Chapter Five: Human Impacts and 

Conservation Issues 
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3.1 Introduction 

rhinv of the X2 resident and migratory raptor species in the southern African subregion 

arc listed as \ ulnerablc. rare. threatened or endangered in all or part of their range (Maclean 

I ()l)) ) In South Africa. raptors make up more than 16% of the threatened birds listed in the 

\011 {Ii .1/,.,('(/11 Hed I )u{a Hook but make up onlv about 8° 0 of t he breeding population of all 

South .-\frican bird species (Tarboton & Allan 1(84) Raptors in Zimbabwe are generally not as 

threatened as South African raptors. probablY because of less intense land pressure in commercial 

tilrll1lng and conservation areas (Hartlev e{ ([/. 19C)6. Zimbabwe Department of National Parks & 

\\'ildlire \Ianagement 19c) I) Species under threat at the population level in Zimbabwe usually 

iJa\e naturally low densities. such as the Ayres's Hawk Eagle and Taita Falcon. or are specialized 

in diet and thus susceptible to poisoning (Hartley & Douthwaite I c)94. Hartley e{ o/. 1 c)9S~ 1(96) 

HO\vever. raptor assemblages in traditional farming areas in Zimbabwe and other parts of Africa 

have been altered by the effects of human land-use on their resources (Brandl e{ o/. 1985~ Sorley 

& Anderson 19(4) Generalist feeding or scayenging raptors may benefit from high agricultural 

land-pressure \\hile conserved areas maintain the resources for rare and/or specialist raptors The 

high human growth rate and overpopulated communal/traditional farming areas in Zimbabwe. 

making up ,,()Oo of the land area. threaten raptor assemblages at the population level, although 

conservation management in CAMPFIRE areas and game ranching conservancies benefit raptor 

populations (Hartley e{ aI. 1996~ Whitlow 1 c)80) Few studies besides this one haye looked at the 

eftect of habitat alteration and ditferent land-uses on raptor assemblages/communities (Brandl el 

u/. 1 C)8S. Gargett 1990: Hartley e1. a/. 1996. Simmons 1 c)94a~ Sorley & Anderson 1994) 
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5.2 .'Iethods 

The land management regimes of the two studv areas were ascertained bv talking to 

members of I he land management structures in the two areas. name Iv the \1alilangwe 

Consenatlon Trust in the lSA and members of the :\dowovo CAMPFIRE (Communal Areas 

\ lana\2.ement Programme for Indigenous Resources) committee 

The human impact in the two areas was ascertained largely subjectivelv bv looking for 

signs of wood cutting. hunting, trapping, and erosion I looked especiallv tor signs of direct 

persecution of raptors In the lSA the possible impacts of man-made structures. and tourist 

actI\Il ies \\ ere e\aluated qualitatively 

5.3 Results and disclIssion. 

The habitat in the lSA was mostly unatlt:cted bv human activities. although constructions were 

more common than in the ClSA where environmental alteration because of human land use was 

more noticeable The lSA contained roads, tourist camps, residences, workshops, one large and 

four small dams Roads have the greatest potential negative etfect on raptors in the LSA as 

Spotted Eagle (hvls and Grass Owls in the plains perch in roads at night The construction of 

roads can disturb nesting raptors and destroys potential nesting trees In one case, explosives 

\Vere used \\ithin 100 metres of a Black Eagle nest The chick was fairly mature. but had the 

blasting taken place during the incubation or nest building phases the nest might have been 

abandoned. or later the chick might have left the nest Gargett (1990) reports that Black Eagle 

chicks are little affected by loud noises, although disturbance of adults at the beginning of the 

nesting cvcle can cause nest abandonment Roads used tor tourism went close to one Black Eagle 

nest which reared chicks to the early nestling period in both years of the study period I n both 

vears of the studv the chicks at this nests were probably eaten by baboons A hide near the nest 



and the obser\ers' frequent presence at the nest may have drawn the attention of the baboons to 

the nest. although the nest \vas not particularly well hidden. and it is likely that baboons could 

have t<-)und it \\ ithout assistance 

The risk to nesting raptors from human disturbance is real. Black Eagle nests have been 

abandoned in the \1atobo Hills after they were visited by tour operators (W Goodwin - pers 

comm) '\esting eagles were not a tourist attraction in the LSA. other than to a few specialised 

interest groups. and attempts were made in each case to reduce the affect on the nesting birds by 

taking people to nests where the adults had been habituated to having their nests watched The 

\isits were brief and the tourists did not approach too closely 

The building of tourist lodges and residences in the hills will potentially affect raptors by 

displacing small raptors from nest sites, and disrupting hyrax and Natal Francolin groups. At the 

end of the study period. three tourist camps and six houses with gardens existed in the LSA one 

camp being under construction It is likely that the negative effect of construction on hyrax 

numbers will be short term. as in both of the completed camps and at one house, irrigation of 

lawns and trees appeared to enhance hyrax numbers, and the animals became habituated to 

humans t:1irly quicklY A pair of Crowned Eagles often hunted hyrax at one of the camps. and 

Tawny and Black Eagles hunted near the camp as well A Little Sparrowhawk pair nested near 

the camp and hunted within the gardens All of the tourist camps have been built with the aim of 

protecting natural fauna and flora in the vicinity of the camp 

The stocking of two dams with exotic and indigenous fish for sport fishing has had a 

beneficial effect on African Fish Eagles and Ospreys, while the perennial seep from the dams 

maintains thick riverine vegetation downstream of the dams which is used by bushbuck and hyrax 

as habitat and food I saw Crowned Eagles do much of their hunting in thick riverine shrubs A 

Peregrine Falcon and Little Banded Goshawks were seen hunting quelea flocks which drink at the 
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dams in the e\'enmgs The smaller dams attract antelope which drink at the \vater source 

Leopards. which are verv common in the lSA and also present in the elSA. have been seen 

hunting in the vicinitv of these and other water sources. and the remains of the prev are possibly 

scavenged bv Bateleur and Tawny Eagles An immature Bateleur was once seen feeding on the 

remains of a baboon killed bv a leopard 

Gardens in the lSA were all well irrigated and contained large exotic and indigenous trees 

which possibly supported at least one pair ot little Sparrowhawk and probably other small 

accipiters and small O\vls A pair of Barn Owls nested under the eves of a house and preyed on 

rodents living in the building 

O\'erall the direct human activities in the lSA had small and localized negative and 

positive eHects. except for dams which had a larger positive influence The potential exists for 

future impacts on raptors in the light of a planned increase in tourism and road building Road 

planning did not take raptor nest sites into account. although knowledge of nest site locations was 

poor Plans should be put into place not to disturb nests during early breeding periods. and some 

ordered approach to visiting nest sites used if it is ever decided to use raptor nests as tourist 

attractions The attitude of the land managers towards protecting raptor nest sites has been 

healthy. and no plans have been made to turn raptor nest sites into tourist attractions 

For many years the lSA has been protected from over-utilization of trees and animals for 

food. and a limitation on construction. which has ultimately resulted in protection of rap tors and 

raptor resources Simmons (1990) points out that areas of high raptor densities. especially 

dominated by one species. may reduce reproductive peIiormance as more time is spent protecting 

resources and less time in the care of chicks, In the lSA. production of Black Eagle chicks was 

low. while African Hawk Eagle's production was about average, and Crowned Eagles produced 

a high number of chicks tor this slow-breeding species Plans have been mooted to attempt to 
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holster the existing population of raptors by releasing captive-bred birds such as Peregrine Falcons 

or eagles. - and hand rearing and later releasing Abel chicks in the lSA These should be 

approached cautiously as increases in avian population pressure on raptors would have a negative 

effect on hreeding pertcJrmance and other beha\'iour in the raptor assemblage Captive bred 

raptors have successtlIilv repopulated areas in North America. but where natural raptor densities 

are much lower than in the lSA (Snelling 1975) 

The elSA suftered to a greater degree trom habitat alteration due to tree cutting, Mining 

has also occurred in the elSA hills in the past, and a mine may be reopened in the area, but the 

environmental eftects of this appear to have been weakly negative in the immediate vicinity of the 

1l1lnes At this stage. wood cutting has affected the surrounding plains to a greater degree than 

the hills v"here access for transport is more diflicult Much of the plains is covered in mopane 

scrub stands. which coppice after cutting and grow fairly quickly These are also drought resistant 

and provide slow burning, etlicient firewood, and these areas are used more extensively for 

tirewood and building wood A large number of mature Hrachystcxta XIOIlCCSCClIs in the ClSA 

hills \vere dead, presumablv from the 1992 drought These dead trees are not used by raptors for 

nesting. nor hy their prey. and the utilization of this resource for human needs would not affect 

raptors 

limited trapping and hunting with dogs was witnessed, Hyrax numbers were low 

compared to the lSA, which may be a result of less habitat and hunting pressure Cracks and 

crevices were not as common in the ClSA as in the LSA, with rock outcrops often low and flat 

gneissic granite Harassment by dogs and humans possibly makes hyrax more nervous and alert, 

reducing their susceptibility to raptor predation Hyrax were less approachable than those in the 

lSA. where in some areas they probably had never seen humans and could be approached to 

within four or fiYe metres 
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\t present. the Save River gorge part of the elSA is under CArY1PFIRE principles 

management. although in the rest of the C lS A there is uncontrolled communal use of resources 

1 ntenle\\ s \\!th local inhabitants and CAMPFIRE managers indicate a willingness to conserve 

are'as which could be used t()r tourist activities Commercial hunting occurs in the south eastern 

part ()f the elSA. and this area has had \'illa!!es moved from it and is uninhabited The Save 

gorge has a relatively high number of raptors. and is conserved. although resource utilization is 

stili practised in a low but presumablv uncontrolled fashion Direct persecution of raptors is non­

existent according to local inhabitants. and knowledge of raptors and nest sites is low 

South of the elSA. two luxurv tourist camps exist. and both use raptors in their 

:Idwnlsing. presumablv protiting from the raptor assemblages of the area The conservation of 

raptors \\ould therefore benetit these commercial ventures. and because they are part of the 

('.\\IPFIRE scheme and return a portion of their earnings to the local populace, local people 

\\ould also benetlt Areas near the elSA are used for birding safaris (D Solomon pers comm) 

in which eagles are potentially important. and direct protection of nest sites could benefit tourism 

A potential threat to the raptor assemblages of both study areas is the planned introduction 

or increase oflarge herbivore populations (C AMPFIRE personnel and J Anderson pers comm) 

(jargett ( 19(0) has pointed out that the increase of large herbivores in the Rhodes Matopos 

\:ational Park mav have effects on the vegetation which reduce the habitat and food availability 

for prey species This is pertinent in both areas of this study, especially the lSA where increases 

in elephant numbers are likely Elephants in the lSA have been observed to feed on and damage 

H. g/UIfCt.'SCt.'IIS which are fed nn commonly by H hmcei. The potential damage to trees by 

elephants has been well documented. yet in Hwange National Park only one Tawny Eagle nest 

tree \vas pushed over in 12 years despite the high population of elephants (Hustler & Howells 

1(86) Preterred nest tree species were not the most common in the lSA and could be seriously 
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atlecled bv elephants. especiallv haobabs I,vhich are eaten bv elephants during droughts 
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Chapter Six: Conclusions 
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6.1 Conclusions 

The LSA has a high density of raptors. higher than that expected from the usual 

relationship between area and density in sub-Saharan Africa. and this has been attributed to the 

abundant resources. mainlv food The hill habitat is thought to be richer in food resources than 

most plain S(1\(1nna and riverine areas in southern Atiica. but limited in nesting and space 

reSOllrces The high density results in resource overlap and partitioning of food and breeding 

times resulting in temporal separation of peak food needs The diversity of raptors mav exclude 

certain species sllch as Wahlberg's Eagles and Martial Eagles which competed for food \vith the 

existing raptor species Hill habitats probably withstand the negatiye etfects of droughts better 

since the gutter dfect of rock outcrops increases the etfective precipitation 

The eLSA has a slightly lower density of eagles than would be expected from an area of 

its size. but still compares Ii1vourablY with conserved areas in Africa, despite sharing its resources 

with humans The elSA is under more threat than the lSA unless conservation measures are put 

in place The difterence between the raptor assemblages and densities in the elSA and the lSA 

is probably due to ditlerences in prey availability The lower densities of hyrax and Natal 

Francolin. the t\VO principle food resources in both areas, are probably due to ditlerences in 

topographY which provide different amounts of crevice habitat. Food possibly atfects the 

difterences in the hyrax populations as the differences in geology and drainage between the two 

areas may atlect vegetation 
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.\ppendix l. Location sites and breeding attempts at eagle and gymnogene nests in the LSA (del 

= delapidated nest. a n = alternate nest) 

Species 'I est '10. Location ~est Site Breeding 
attempts 

.\frican Hawk Eagle C1 21" 00' 27/1S f\/I-k1U UUIIIII//o/a 1995 
31" 56' 59/1E 

14 20° 59' 23"S ,i. cac/({ IIIgresce //s 1996') 
3 I 0 57"" 0" E 

I () 21° 03' 33/1S Adal/su//I({ dlgltala 19C)5 
31{) 51' 4C)/IE 1996 

.26 21 ° 03' 13/1S .-leac/([ IIIgrescel/s 19C)5 
31 ° 53' 37/1E 1996 

.27 21°Q3' 21"S Adal/sol//({ dlgl/alo del 
31°51'58/1E 

53 11"03' 06/1S Ferl11l11a/1({ senceo a.n. 
31° 52' 54"E 

58 11 ° 00' 31/1S Adw/(../ollla dlg/lala 19C)6') 

31 0 54' II/IE 

';9 11° 00' 30/IS Adoll.\(}//f({ dlgllalu a.n 
31" 54' 03/1E 

61 11" 0 I' 01/1 S Adol/sol//({ dlgllaw del 
31° 53' 12/1E 

64 21" 01' 11/1S FerlJ1l1w/w sencea del 
31" 55' 02/1E 

65 21" 01' 06/1S Termillu/ia sencea 19C)6 
31° 54' 55"E 

101 21" 01' 18/1S Adol/s(}l/w digtlala 1995 
31" 49' 52/1E 1996 

lOS 21"01'30"S AdollsolllU dig!lalo 1996 
31" 52' 11"E 
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lOS 21" 01' ~~"S .J dall.WJII/({ dlgl {([fa 1995 
11" 53' -W"E 1996 

110 21" OI'25"S A dall.\( JI /I a (lig I/(II ({ del 
3 I" 5 I' 15"E 

III 21"OI'55"S term/J/(/I/({ SL'F/cea 1995 
_, II) :,:,' 33"E 

1 13 20" 59' 29"S A cac/([ IIIgl'CS("CIIS 1996 
.11" 59' 20"E 

Black Eagle 21" 00' 36"S Cliff 1995 
31" 55' 22"E 1996 

') 20" 59' 3 I "s Clitf 1996 -
0; I" 59' 23"E 

21a 21" 02' 41/1S Cliff 1996 
31" 51' 34"E 

21b 21" 01' 39"S Cliff alt. 
31" 51' :;5"E 

25 21" 02' 46/1S Cliff 1995 
31"52'3rE 

54 21" 02' 20/IS Clitf del 
3 III 53' n/lE 

56 21" 01' 08/1S Adall.wJl/w dlglfala 1995 
31" 52' 20/IE 1996 

106 21" 01' 25/1S Cliff 1995 
.3 til 56' 48/1E 

Crowned Eagle 17 21" 03' It'S Adallsollia (/igilala 1994 
31" 51' 06"E 1995 

1996 
22 21" 02' I7/1S Adalls()f/l(/ dlgllala 1996 

31" 51' 52/1E 

34 21"OI'53/1S Adallsollw diglla/a 1994 
31" 54' 06/1E 1995 
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38 

()() 

hI 

()3 

67 

112 

[ I7a 

II7b 

African Fish Eagle 16 

'j" 
":,,l 

2~ 

34b 

38 

Tawny Eagle 3 

2I"()I'2~/IS A dal/s(J1I1([ dlglfalu 
) I" ';6' 2~"E 

21" 01' 2:/IS .-lduJI.\()1I1il dlgllula 
3 I () )]' I8/1E 

21" 01' 2)"S _-ldal/sull/a dlglfula 
31" 'i3' ()lr'E 

2 I" () I' 2 ')/1 S .-4dwlsOIl/u dlgllula 
3 [" )2' )9/1E 

20" )9' 49/1S Adal/sOIl/a dlgllulu 
31 l

) )4' ))"E 

21" 0 I' 08/1S AduJI.\()/l/u dlgllula 
31" 'i2' n/lE 

21" 0 I' )6/1S .,lduI/S(J1I1([ dlglfulu 
') I" ) I' I7/1E 

21" 0 I' )6/1S Adall.\()/I/u dlgllalu 
31" ) I' I7/1E 

21" 03' I3/1S Adal/s()l1/({ dlg/lalu 
31" )2' 14/1E 

21" 02' 14/1S A cac/({ IIIgrcscc liS 

31" )2' 30"E 

21" 02' 14/1S A dal/s(J1I1({ dlglfalu 
31" )2' 36/1E 

21" 02' 21"S AdallsOIl/a dlgllulu 
31" )2' ))"E 

21" 01' 24/1S AdwlsOIl/u dlgllula 
31" 56' 24"E 

21" 0 I' )5"S Acac/(IlIIgrcscclls 
31" )6' )9/1E 

2 I" 02' I 8/1 S A cac /(f IIIgrescc liS 

31" )6' n/lE 

III 

1994 

an 

an. 

1')94 

1996 

del 

,) 

none 

an 

del 

1996 

del 

1995 

1995 

1996 

1995 



12 21" 02' 18/1S .-1 caCf([ IIlgresce liS an 
., I ":,7'25/1[ 

Wahlherg's Eagle 109 20" ()3' -l:'''S r( JIIc1u JCUII)/f.\ (upa.\.\u 199:' 
) I" '\2' 38"[ 1996 

\Iartial Eagle 107 21" 02' -l:'''S .··IJ=e/w (1IwlI=el/.\/.\ 199:' 
31"'\:"05"[ 

(;ymnogene 
,.., 

21" 02' 21"S .i dUI/.\()lIta d,gIIU/U 1995 .) .,a 
31" '\2' 5'\"E 

114 2 I" () I' :7/1 S .i cactall IIIgresce liS 1995 
31" 57' 27/1E 
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,\ppl'ndix 2. ,\hrevlatlOns ~)f \\ords used in Figures 1-17 

\c -
,,\FE &. FE -
\HE -
\n-
An -
\iP _ 

\s­
BA­
Ban -
Bat -
Bb -
Bd -
BE-
80 -
BSE -
CLS,\ -
CO­

CR­
(iab -

Gym -
Hb -
Hr-
Lr -
LSA -
\IE -
Vlg -
\11 -
\In -
'.; f -
OR­
()vam -

PA -
Pereg -
Pc -
PSO -
RI-
Se -
SO -
Sp -
Sq -
TE­
TI-
Tp -
L'h -
Ln-

"lel/UIIIlI'S clln's('/I/ll/11.' 

,\friean Fish Eagle 
\friean Hav .. k Eagle 
,-4l' Ilu lillI'S 11([1110/ Ille IISIS 

Antelope/ bushbuek 
'\erididae/ Pamphagidae 

,-4 ('()lIln S/JIIIOSISSIIIIIIS 

Bathyergidae 
Barred Owl 
Bateleur Eagle 
baboon 
mise bird spp 
Black Eagle 
Barn Owl 
BrO\vn Snake Eagle 
Communal Land Study Area 
Coleoptera 
( 'roC/dllnf spp 
Gabar Goshawk 
GYl1lnogene 
If. h 1'1/ C {'f 

hare 
1.l'I1III1SCO/11rS rosa//(( 

Lonesrar Study Area 
Martial Eagle 
mongoose 
\liehroehiroptera 
,\ /asl(JIIII 'S lIala/ell.\/s cOllclla 

:\atal Francolin 
Orthoptera 
Ovambo Spanowhawk 
passennes 
Peregrine Falcon 
/', {'(f!JeIlSIS 

Pearlspotted Owl 
Giant plated lizard 
Sacc()slot11l1S C([l11peSI ns 

Solipugidae 
Sleal( 1111) 'S pralellsis 

tree sqirrel 
Tawny Eagle 
{u/era /eIlC()xaSler 

fha//(,m)'s Fuedll/clls 

unidentitied hyrax 
unidentitied 
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Table I. Raptors III and around the lSA and elSA and the::- status. (81 - breeds lI1s1de or 011 the margll1 

of th,~ study area and therefore uses space and food resources. 80 - probabl\ breeds outside. 1+ - uses 
spacciiixxJ resources. breeds dse\\ here. 1- - llltmdes docs not usc resources. \i BM - non breedll1g 1l1lgralll) 

Spel'ies 

Eaglcs & cllglc\i:.cd 
Steppe Eagle 
.il/Ili/O 1I1/lo/('nSIS 

Lesser Spotted Eagle 
.-1L/III/0 /IIIII/OrIl10 

Ta\\11\ Eagle 
AL/lli/o m!I(/.\" 

Black Eagle 
AL/llllo \'('I"-CO/IXII 

Wahlberg's Eagle 
Al/lIllo \t(/h/hcrgl 

Bro\\ n Snake Eagle 
( ''''C(/Cl/II ell1erCII.\ 

Blackbrcasted Snake Eagle 
( " rCOl'I/{S /1l'CWro/ls 

:\fncan h;h Eagle 
HU//(fcCIi{S \'()C1/cr 

African H;l\\k Eagle 
HIL'ruoc 1/1.1 S/i!lUg(/S/c r 

\1arl1al Eagle 
j'u/cil/(/CI/{S he/licu.ms 

Cro\\ned Eagle 
.<..,'/l'!I/W/1IIOCIIiS C(1f"lI/UIIII.I' 

Bateleur Eagle 
/i:rol/7u/i//{S CCOllc/OliIS 

Osprey 
j'ol1£iUJi/ /7U/IUCIi{S 

G\ n1llogene 
j 'uil nuruf({cs I\{J/IS 

Vulturcs 
Hooded Vulture 
Vcc/"( IS l'rlcS 11/( I110(j7llS 

lappet-faced Vulture 
/iJl"gus Iroche/iulliS 

Wlllte-backed Vulture 
( ;l'{Js (/ In C(//11IS 

WlllLe-headed Vulture 
fng()J1(lcc{Js (lcci{Jlwlis 
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lS.-\ elSA 

\lBiv! 

\i B1'.1 

BI BI'I 

BI BI'I 

BI BI 

BI BI 

BO.I- BI'I 

BI BI'i 

BI BI 

BI BI 

BI BI 

BO.l+ BI 

\iBM. h· 

BI BI 

1- 1-

1- 1-

1- 1-

1- 1-



Small/)iurnal 
LIttle BallJ~J (josha\\" BI BI 
.·leufiller nl/dllil 

Black Sparro"ha"h BI') 
.·ju.lllller !!Ie/wllIlclIUII 

LIltle Spano" 11:1\\ k BI BI') 
·leu/lller 111111111/111' 

(h ambo Sparnl\\h:mk Bl') Bl') 
.·leu/lller (1\'(/III/lellll' 

.. \ I"ncan (Josha" h Bl" Bl'1 
·leU/1i fl' r /(/ch I /'(I 

(jabar (josha"k Bl'1 Bl" 
.\/tcrll/7/I'IIS ,!!,ohor 

Dark Chanllng (josha" k BO.I--'-
.\lc/lcrox 11/('/(/1701('.1 

Bat H:1\\k Bl'1 
. \ lucile I r(/ III [I/7l (I (/ / CII71/,I 

DICkll1son's K~strcl BO".I+ 
/-U/CII diC/.:1II1'1I171 

jl~r~gnll~ Falcon BO.I- 1+ 
j.(//CII /1L'I'e,!!,rllllll' 

Ellrop~an Hobb\ Falcon It .. 
/-l//CII "l/hlmlclI 

Rock K~strcl Bl" 
j.U/CII 1II1Il1I1l!..'I//I/\' 

BlacksholllJ~red KIte BO')..!..;... BO').I+ 
F/(//1I/\' cucrl//cl/\' 

Yello"bdkd KIte 1+ 1+ 
.\/t/\.'I/.1 IIIl,1;rOl1.1' 1'0r(/.II/1I1' 

( )w/., 

Barn 0" I BI BI 
il/lI (//17(/ 

Grass 0" I BO 1+ 
/\w UI[lCI1.1/I' 

\Iarsh 0" I BO') 
.~.I'/(J ((IflL'I1.1'/1' 

Spotted Eagle 0\\ I BI BI 
HI/nil 0/1'1('(1/111.1 

GIant Eagle 0,,1 BO') 1+ BP 
HI/nil /oclell\' 

Barred 0,,1 BI BI 
(ilul/ClcllIlIll CO[lCI7.IC 

Pearispotted 0\\ I BI BI 
(ill/IIUdllllll [ler/mllm 

Af'ncan Scops 0\\1 BO 
( hilS ,ICI1C,!!,O/CI1.1'/.I' 

Pel's Fisilll1g 0,,1 BJ'I 
.\clI/(}()c/i(/ f)cit 

\Vood 0\\1 BI 
.\/I'IX \!'(J(i(//il/'c!11 
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rable 2 '-'umber of nesllng pairs of eagles and Gvmnogenes 111 the lSA and ClSA in 1l)l)5 and 

Ea21e species 

Sc.\f.\ imide tire Irills 

Black Eagle 
Crowned Eagle 
African Hawk Eagle 
.-\frican Fish Eagle 
Bnm n Snake Emde 
\ lamal Eagle 
( j\l11nogene 

Total 

.\'('.'its on Irillmargin 

Crmvned Eagle 
African Hawk Eagle 
Tawnv Eagle 
Wahl bergs' Eagle 
\Iartial Eagle 
Blackbreasted Snake Eagle 
Bateleur Eagle 
G\'mnogene 

Total 
Total - all nests 

116 

:'i o. nesting pairs 
LSA eLSA 

) 

=' 
=' .., 

19 

12 
31 

I ,) 
'"l -
=' 
I ,) 
!') 

1(+"1')) 

9 (+5?) 

I') 

I 

2 (+1?) 
II (+6?) 



rable 3 '\umbers of breeding pairs of eagles and Gvmnogenes in the LSA in I \)9" and 1996, and 

[he llumber of territories per species III each year estimated from ne:-,ts and repeated sightings of 

adults 

Speries 

Black Ea!!le 

Crowned Eagle 

\frican Ha\\1 Eagle 

:\ti-ican Fish Eagle 

8ro\\ n Snake Eagle 

Tawny Eagle 

Wahlberg's Eagle 

Gvmnogene 

Total 

Year 

1994/9" 
1995/96 
I 99()/'-n 

1995 
199() 

1995 
1996 

1995 
1996 

1995 
199() 

1995 
1996 

1995 
1996 

"0. nesting 

pairs 

-l 
, 
,1 

4** 
,.., 

) 

6( + )')) 

6(+3')) 

'1 -
J 

0 
1 

'1 

'1 

2 
0 

18 (+3?) 
18 (+3?) 

( )ne adlllt kIlkd. parIllt:r lIoi seell to he ellron':lIlg tenito[Y 

"0. ('hicks "0. territories 

fledged 

5 
4* 

:; 6(+1")*** 
6 (+1')) 

') 6 (+ I')) 

.:; 10 
, 

10 , 

, J ,1 

J 

0 J 

0 2 

') 2 
') 2 

0') 

'1 J 

() J 

13 30 (+ I?) 
5 29(+1?) 

I lala hOlll lel'<lrts from K. \Volhllter & J Andersoll. and from assumed nesting "hell lu\'elllks seen near nests 

,me! 1Il',1 II ees .;, l\ ereel III IlIl1les. and reeent preY al lIest. 

,\SSIUlIl'l!<lll IS IlIade that temtones III I 'J'J" alld I 'J')(, sallie as I 'J')'+ as lH) lie" lIests huIlt. lIor empty \cnitones (\\ ith 

dISused nests I I; llIml. 

.... I 'J'I""I(, CIO" ned Eagle data IIIduded In cakulatlollS . 

..... I'I'I(,/'n Cro" lied Eagle data IIlduded III caklllatl<l!Is. 
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Table~. Estimated !1umber of territories of small diuriial raptors and o\vls in the LSA in 1995 

and 1 qq() based on sightings The total count of territories per species over two vears did not 

Include 1 erritones recounted in 1996 The averages of territories per species per year were 

calculated jf-OI11 \eadv totals, and included territories recounted in 1996 

Species 

.\'1111111 diurnlll 

Little Sparrov,havv'k 
Little Banded Gosha\vk 
Gahar Ciosha\vk 
Ovambo Sparrowhawk 
-\frican (;osl1av.'k 
Peregrine Falcon 
Blackshouldered Kite 
Bat 1-1<1\\'k 

Total 

Ow/.\ 

Barred 0\,,1 
Pearispotted Owl 
Barn Ov,1 
Spotted Eagle Owl 
Pel's Fishinl! Owl 

Total 

Estimated number of 
territories 

1995 1996 

16 
4 , 

() 

I 

28 

10 
-+ 

18 
5 
I 

38 

15 

" 7 

32 

12 
6 

19 
I 
0 

38 
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Total no. 
territories 
counted 

~ -, 
27 

g 
<) , 

52 

21 
7 

30 
5 

64 

.-\v. no. 
territories 

counted per yr 

, 
16 

" " .., 
-

33 

II 
5 

19 
3 

39 
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Table 5 Percentage contribution to total area raptUl dl\ ersit\ or eagle small diurnal I aptol,~ 0\\ b \ uitures alld otllci ~ ~pC\..'ll'~ III 1(llll <II ca~ (ll 

limhalme and one area orSolith Allica Three hill areas, one g(lIgc system (analogous to hill and I i\ CIIIIC hahitat} and t\\ () "a\ allila C((l~\ ql'm I aptol 

a~semblagcs arc included (n number or species) 

,\ rea Eagles Small diurnaln Owls \'ultut'es Others 

I~, II (~. n (~. Il (~. n I~. n 

lIiII habitat 
LSA' 429 9 28 () 6 286 6 
eLSA' 479 II .10 :; 7 21 7 :; 
I\latopos Study Area, 344 II 4.1 8 14 188 6 3 
limbab\\e 

(Jorge 

Botoko Gorge, 294 5 ,P I 8 !' -
-,) ) ~I 

Zambezi Ri\'er' 

Sa)'{lnllll 
Lone Star Reserve, 267 8 300 9 267 8 13 3 -l '" , 

.) .} 

Zimbabwe' 
Siabuwa Communal "', , 6 -l-l 4 8 !! ! -l -'.} .} 

Lands, Zimbabwe I 
Sabi Sands/ 28 I 9 31 -' 10 ,-

-) S 12 5 -l 3 I 
Timba\'ati- Klaserie, 
South Africa' 

I<dl'rcnees, I This stud\' 
: 1I.1acdonald & (iargL'lt. I ')X~ 
'1Iartlc\,I()'n 
I Ilart In I ()')(' 
, Simlllons. I,)()..ja 



Table 6. Compansons of the counted or estimated breeding densities of raptors in pairs per 

-+Okrn~ (the largest area \\hich would not result in e\:trapolation of densities) in seven areas In 

Zimbabwe and South .\frica The Zimbabwean study areas are the lSA ClSA. lonestar 

Reser\·e (lSK K Wolhuter. unpubl data~ this studv) \ latopos S tudv Area (\:latop . \1acdonald 

& Gargett IlJR4) and I!\\ange '.;ational Park (HNP. Howells & Hustler Il)R4). and the South 

.-\t'rican results are from Sabi-Sands Study Area (Simmons 1994a). and the Timbavati-Klesene 

study area (Tarboron & .\lIan I ()R4) Complete owl and small diurnal raptor censuses were not 

conducted in the SOllth :\trican. Hwange and lonestar sa\·anna examples 

Species Breeding densities (pairs per 40km') 

Hill Savanna 

LSA eLSA :Vlatop. LSR Sabi- Timb.- HNP 

Sands Khlseri 

EII;:les & ell;:l£' si::ed 
Black Eagle " () 5 ) () () () I 
African Ha\"k Eagle 10 2 5 ..., ..., 

() -' I ' -) 07 (J4 
CrO\"ned Eagle 7 () -' 
T awnv Eagle I 01 14 0.3 06 05 
Wahlberg's Eagle 05 16 1 5 9') 47 01 
Martial Eagle 05 01 02 03 03 o 1 
Brown Snake Eagle 1 05 03 pres 
Blackbreasted Snake Eagle 'J 01 02 03 01 pres 
Bateleur Eagle 05 02 I 3 09 pres 
Atrican Fish Eagle I 05 01 03 004 
Gvmnogene ') 1 06 1 3 01 

pres 
Total 31 8.5 9.3 14.6 7.8 1.2 

3.71 

3.82 

Smllll diurnlll 
Ovambo Sparrowha\\ I.. l) 05 OJ 
little Sparrowhav,k 3 0.5 03 pres. 03 
little Banded Goshawk 27 5 5 03 0.6 
African Goshawk ') 05 OA 0.8 
Black Sparrowhawk 05 05 2.8 
Gabar Goshawk 8 01 01 
Bathawk pres 

Total 50 8.5 3.0 1 pres. 4.41 0.11 
7.22 6.12 OS 
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( )H'/.\ 

Barn 0\\ I 3() :' :' 06 pres t) 3 
(jrass (h,1 pres man\' pres 
\frican Scops Owl pres pres manv 
Pearlspoti ed 0\\ I '),) 09 pres man\' 
Barred (h\ I 21 .. r> pres several 
S potted Eagle 0\\ I :' I') ()6 man\' several 
(iiant Eaule 0\\ I () :' () 1 () R () 7 

Pels Fishing (h\l several 
Wood (h\l pres pres 

Total 65 13 2.41 1.1 0.7 

3.0' 
Area Totals 1-'6 25.9 14.61 19.71 8.4 

21.9' 22.6: 
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fahle '7 Dates of r':'peat measures conducted on transects one and t\vo in the 

LS:\ 

Repeats 
Tl 

3 \iov - () Dec ()S 

2-+ Apr - 7 \1av 96 
I :\ov - "Nov ()6 
7 ]\;ov - 8 Nov 96 
12 Nov - 13 Nov 96 

Period 
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T2 

19 Oct - 2 I Oct l)() 

23 Oct - 27 Oct '>6 
28 Oct - I Nov l)6 
14 Nov - IS Nov ()6 
19 Nov - 22 Nov \)6 



Table 8 \'est SiteS llf raptors in the LSA and CLS:\ in ll)q5 and I QQ6. and the number of nest 

sites found some of \\ hich became dilapidated or fell down during the studv 

Species 

Black Eagle 

Crmmed Ea~le 

African H,mk Eagle 

.\frican Fish Eagle 

Tawnv Eagle 

Wahlberg's Eagle 

BrO\\l1 Snake Eagle 

\1ar1ial Eagle 

Bateleur Eagle 

Gvmnouene 

L nidentitied nests (eagle) 

Little Banded Goshawk 

Little Spam)\vhawk 

unidentitled nest (accipiter) 
:\",1 ,h:lr.:d 1\ Ilh :111(llh.:r 1:II'IClr 'P':CICS. 

: Rq)(Ilkd 

LSA 

Site 

cliff 
Adal/.\oll/a dlglfll/(/ 

Adall.'Wll/a dlgllu/a 

Adall.\Dl/w dlgltala 

Tamlllalla seneca 

A cac/({ II/g/"(;.\('CI/.\ 

AcuCia /or/iI,s 

f\ I rk /([ ({C II mlliU /(f 

A da/l.\(}11 /(f (ligl/ll/a 

.-lcaCia IIlgr('s('ells 

A cac/([ IIIgres('(: liS 

1-ollcho('(tllJIIS (,£lI}(lsa 

Termlllalia scncea 

A UlllI.\{)1II a (fig If a ta 

AcaCia IIIgrcscells 

HracllYSlegw glallccs('clls 

AuwlsOIl/a (flgllala 

Tamlllalm senCL'a 

AcacJa IIIgrL'SCL'IIS 

eLSA 

\To. Site 

7 

I 

9 

-+ 

-+ 
I 

3 

Auall.\'()l1/a (liglla/a 

AuaflsOIl/u (liglla/a 

AcaCia Il/grc.\('cl/.\ 

AuallsOIl/a dlgilald 

AcaCia IIIgrescclIs 

Auall.\'{ JI//(f dlgl {(l1a 

Hrachyslt!gJa glallcL'scL'IIS -+ Kirkwacl/l11l1wla 

Ternllllalia sL'ricL'a 

AcacI(I sp. 

Hrachyslt!gta glalfcL'scL'IIS 

I ,"' --' 

AcaCia IIIgrL'SCL'IIS 

\To. 



fable 9 Proportion of total of each nest site type in the lSA and elSA in 1 C)C)~ and 1 C)C)6 

\est site eLSA LSA 

clitT 

. JduJls()/lIu £llgllulu 

fl'rlJllllu//(( S(,I"I(,(,({ 

. JUICI(( IlIgr('scl'II.\ 

.!cUC/(( I()""/IIS 

.!cuc/(( sp 
/)ruc/lI'sl('gl£l g/u 11('(',\('(' liS 

A.'lrkw UCllIl1l1ll1la 

I ()lIch()('( II/ J/I.\ UII }(fSS(f 

.. J i::eilu (/IIW/::('/I.\(,\ 

.~ 

~o. 

7 

26 
6 

8 

,., 

6 
I 

124 

'~;., ~o. %, 

II q 

-f-f 1 10 667 

102 
136 267 

1 7 
3 .f 

102 
I 7 67 

17 
1 7 



Table 10. Results of (J and S statIstics testing tor regularitv and randomness in large nest 

"pacll1g 111 the LSA The tests \\ere for all nest sites. all nest sites used in the study period. for 

three most common nesting eagle species nest sites. and these species' nest sites in lise during the 

stud\' period 

Test assumptiolls S G n 

-J/I lIl'slS //I IIS(, 

1995 227 () 44 21 
1')96 0.79 058 19 

All used nests 1.07 0.56 29 

( '()I/.\!). lIL'sls III IIS(, 

African Hawk Eagle 
Il)')) 008 () 97 7 
I ()96 0.31 () 90 l) 

All used Ilests 0.26 0.89 It" 

Black Eagle 
1995 048 087 5 
1996 065 081 4 

All used nests 0.28 0.89 6" 

Crowned Eagle 
All used nests 1.10 0.73 5 

: \\(1 Ih.:,h III ,)11": klntllr\ lh~d 111 dilkl~llt \...;:11' .... Ih)lh IIlcllh.kd III :l1lal\""'I~. 
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Table II. \ lean IIltra- and interspecltlc nearest used-nest distances of African Havik. Black and 

Crowned Eagles and all large raptors in the LSA in 1 C)q~ and 1 C)C)6 Crowned Eagles did not -

hreed in annual cvcles. thus yearlv breeding tlgures are not included P values are for. I) Paired 

t-tests and :2) \\'ilcoxon Vlatched Pairs Test testing t()f significant ditferences in nearest internest 

distances het\\cen inter- and intraspecitic pairs 

Species :Vlean nearest internest distance in km (±SD) 
Intr:tsilecitic Intersllccitic n P (tcst) 

,\friean Hawk Eagle 
1<)9~ 3 14 (::to 45) 1 83 (±I 02) 7 . 0005 (I) 
1 C)()() :2 45 (::to (3) 1 67 (±O (5) 9 0025(1) 

Combined 2.6 (±O.66) 1.61 (±0.88) If <0.005 (I) 

BI:u:k Eagle 
199~ 3 54 (.= 1 1 ) 1 02 (=0 (3) ~ () 05 (2) 
Iqq6 4 83 (= I 9) I 29 (::::0 9) 4 =() 02 ( 1 ) 

Combined 3.54 (±I.I) 1.02 (±0.93) ::; <0.05 (2) 
Crowned Eagle 

All lIsed nests 2.28 (±1.09) 0.83 (±0.3) 5 <0.05 (2) 

All large raptors 
1c)95 427 (±I (0) 1 50 (±\l8) 17 ·-0001 (2) 
I ()96 314(±193) 121 (±O (9) 18 000 I (2) 

Combined 3.38 (± I. 79) 1.03 (±0.59) 26 =0.000 (2) 

ill (l lit:sh lil (Jlit: !cIIII(Jn lilcillticd 
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Table 12. \'umber of breeding successes and failures at eagle and Gvmnogene nests in the LSA 

at nests less than_ and further than I km from nearest non-conspecitic nest site in use during the 

~tudv period in the LSA Onlv breeding attempts \vhere the out \vas known were included 

Internest dist. <: I kill Internest dist.> 1 km 
\' o. successes \'0. failures :\f o. successes :\f o. failures 

12 12 

'Y.. of total attempts 

10 R 24 :; 324 
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Table 13. :--.Jumber Df individuals. and percentage of total number of prey individuals made up 

by each prey categorv from Barn Owl diets in the LSA (from Davison 1996) 

Species 

Mammals 
lillera lellc()gus/cr 

S/ea/()I11Ys p,.otellsls 

.\'acC( }S/( )111 liS ('wJI!Jest I'IS 

,\ !o,\'/()/11\'s l/a/all'IISIS C()IIc!W 

A l'Ih()I11Y,\' /lwnw/"ell.",\' 

.iet/1Om)',\' cllI:r,\'()I'/lIll1,\' 
!'hllll(J/I1YS !JoeL/llluls 

.i ('( )111)'S .'pi /I( ),\'1,\',\'1 mils 

l.el11/1ls(,()II1)·s /'{ ).,olio 

Bathyergidae 

Crocidura spp 

Michrochiroptera 

Sub-total 

Birds 
(Jlfdea {life leo 

Ploceinae 
Estrildinae 
Viduinae 
Laniidae 

Sub-tot.d 

Invertebrates 
Solipugidae 

Orthoptera 
Acrididae 
Pamphagidae 

Scarabaeidae 
T enebrionidae 
(' erambycidae 

Sub-total 

Total 

No. 

128 

of Individuals 
Collected 

339 
14() 
)9 

()l)4 
35 

3 
12 

1 
3 
'1 -

421 

~ 

.1 

2012 

116 

6 
~ 

.l 

127 

463 

209 
5 
9 

7 
2 

696 

2835 

%. of Total Prey 
Individuals 

12.0 
50 
2.1 

350 
1.2 
0.1 
04 
'0.1 
o I 
·0 I 

149 

01 

71.0 

4.1 
0.2 
0.1 

~>O I 
>0 I 

4.5 

16.3 

74 
0.2 
03 

OJ 
>0,1 
>0.1 

24.5 

100.0 



Table I ~ Habitat tvpes identitied in the prev Transects I and 2 in the LSA 

lIabitat 
type 

7 

l) 

10 

II 

12 

Transect 

1-2 

1-2 

1-2 

1-2 

Description 

Steeply sloping., grass, small trees/shrubs, 
few boulders 

Rockv slope, dense shrubs/understorey, few large 
trees 

Clitf (5-1 Om high, cracks and crevices) 

Dense grass, scattered large boulders, !laL 
scattered shrubs 

Low, long, bare sandstone rock outcrops, gullevs 
with dense A IIdroslachysjo/lIIsolll1 

Flat open, sand v usually, mature trees (usuallv 
Hmchys/egw g/alf(,(!,\CCIIS) forming fairly to verv 
open canopy, sometimes scattered rocks 

Flat, sandy, scattered boulders or low sandstone 
outcrops, dense shrubs and small to medium trees. 

Flat rock, deep cracks/crevices, little vegetation, 
some A IIdr()stachys j()hl/.\'()I If I shrubs, HrachJ'sleglU 

g/olfccscells 

Flat to gentlv sloping, ( 'o/()ph().\permlfl11 l11()pOlle, 

AdallS()1I1U dlgllala, ('omhrellllJ1 spp, little or no 
grass cover, dense and scattered stands of shrubs, 
basaltic soils and rocks 

Slope, grass dense, scattered trees, AdaJlso/lia dlgiIO/({, 

Kirkia OClfl11l11ala, ('omhrellfl11 spp, no Hrachyslegw 

x/olfcescells or Alldroslchysjohllsolllf 

Flat to undulating, low outcrops of sandstone rocks 
up to 5rn high, Hrachyslegta g/alfcescells cover only, 
medium to dense. 

Dense riverine. 
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13 

14 

1 :' 

16 

17 

InCIsed small vallev, thick grass, small drainage 
lines, rock outcrors, some large, often dense, 
mature tree stands 

Scree slope of large koppie. large HrachyslL'gw 

g/OlfCL'SCL'II.\, scattered houlders, some large 

Small river valle\', !lat dense grass cover. mostly 
termllw//({ .\L'r1CL'O, sandy substrate, scattered low 
sandstone outcrops 

Sloping, stony ground or jumbled rocks. little 
grass cover. dense shrubs. often Amiroslachn J()hIlSOIlIl 

Sandstone ridge, dense medium trees, often Alldm.\/achys 

JOhIlS()fIIl 
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Table 15 .-\verage and average maximum numbers of hyrax (H hruc!!1 and P. CLIP!!IISI.\,) and 

~atal Francolin F. JIll/a/('1/s/S counted per quadrat (over S repetitions) per habitat class in 

transects I and :2 in the LSA 

Habitat Est. 'Yc. area HynlX Natal Francolin 
class of LSA 

Av. max. Est. no. Av. no. Est. no. 
no. hyrax hyrax per francolin ~.Francolin 

per quad. habitat in per quad. per habitat 
LSA in LSA 

847 2.2 745 06 203 
'-

J S09 4.3 876 06 122 
3 S 09 2.7 550 09 189 
4 847 6.6 2236 05 169 
S 10 17 62 2510 04 163 
6 () 78 3 8 1017 03 68 
7 11 86 27 1286 I I 522 
8 848 66 2239 I 3 434 
9 1 () 17 00 0 0.2 69 

10 I 70 00 0 00 0 
11 13 S6 40 2170 1.I 618 
12 170 00 0 12 82 
13 I 70 1.0 68 08 54 
14 170 60 408 08 54 
IS 170 00 0 06 41 
16 170 2.0 136 17 116 
17 I 70 8.0 544 10 68 

Total 14785 2972 

Av no individuals per quad, hyrax 3 76 (SD±267) 
Natal Francolin 074 (SD±092) 
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Table 16 \1ean estimated territory sizes of eagles in the lSA and ClSA 

Species Locality n 

African Hawk Eagle lSA 7 
ClSA 1 

Crowned Eagle lSA ., -, 

Black Eagle lSA .f 

.\frican Fish Eagle lSA ! 

.\1 <:r;If!.<: kIll1<Ir\ ,II': III(l! (clTl(OIll:S 7 ami () c\duded 

I .,? 
-'-

Mean 
(km1 ) 

107(84), 
230 

78 

77 

338 

±SD 
(km1

) 

3 5 

14 

10 

10 

Range 
(km!) 

58-16.8 

58-96 

59-88 

32.8 - 348 



Table 17. Results ofS and (; statistics which test for regularity of the spacing ofsightings of 

small raptors in the LSA in 1995 and 1996 Where more than one sighting of a bird or a pair _was 

thought to have been made, measurements to the nearest conspecific sighting were made from the 

central area of the sightings 

Species S (i 

Little Banded Goshawk 1048 o 596 
Gabar Goshawk 0.988 0488 
Ovambo Sparrowhawk ..::, 0341 0839 

Barred Ov,,1 0523 0804 
Pearlspotted Owl 2.128 o 192 
Barn Owl 1038 0677 
Spotted Eagle Owl 0766 0652 
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Table 19 :\ctivitie~ of raptors in the continuum of survival requirements from meeting energy 

requirements to reproduction, and the activities and requirements involved in each stage 

Highlighted factors indicate direct reliance on food 

Function 

I) Energy 
provIsion 

2) Securing 
resources 

3) Procurement 
of mate 

.f) Reproduction 

:;) Chick 
reanng 

Activities involved 

Hunting, recognition of 
prey, capture, 
ingestion, digestion. 

Territory formation & 
" maintenance. 

Courtship, assessment of 
territorial resources 
and mate titness, 
defensive aggression 

Courtship, nest 
building, incubation 

Incubation, feeding, 
fledging, juvenile 
independence. 

135 

Requirements 

Hunting skills, morphological 
adaptations to hunting 

Aggressive defence of prey 
territory, physical condition. 

Territory maintenance, 
sexual maturity, aggression 

Nest site, gamete and egg 
production, instinctive 
response to environmental 
variables. 

Energy, food procurement, pair 
bonding, feather development, 
learning of flight and hunting 
skills. 



Table 20 Feeding guilds of raptors in the LSA Species are assigned to guilds based on the 

dominant prev overall Parelltheses indicate that the guild prey designation occurred often in the 

species' diet. but was not dominant overall Question marks indicate the category was based on 

predation attempts seen. and/or from the literature records Species in more than one guild. 

vvithout parentheses or question marks, indicate equal proportions of more than one prey type in 

the diet 

Guild description 

Hvrax feeders: 

Antelope feeders. 

Bird feeders. 
- francolin 

- small (mainlv Passerine) 
birds 

Reptile feeders. 
- snakes. 
- large reptiles 

- small reptiles 

Fish feeders: 

Rodent/small mammal feeders; 

Raptor species 

Black Eagle 
Crowned Eagle 
(African Hawk Eagle) 

Crowned Eagle 

African Hawk Eagle 
Tawny Eagles') 
Little Sparrowhawk 
Little Banded Goshawk 
Ovambo Sparrowhawk 
Gabar Goshawk 
African Goshawk 
Peregrine Falcon 

Brown Snake Eagle 
Brown Snake Eagle 
(Crowned Eagle) 
(African Hawk Eagle) 
(Tawny Eagle'7) 
(Wahlberg's Eagle')) 
(Bateleur Eagle')) 
Little Banded Goshawk 
Barred OwP 
Pearlspotted Owl" 

Osprey 
African Fish Eagle 
Pel's Fishing Owl 

Barn Owl 
Blackshouldered Kite 
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Arthropod feeders, 

Generalists; 
(no/variable prey preferences), 

Carrion feeders; 
_:l.. 

Grass Owl') 

Barred Owl') 
Pearlspotted Owl') 
Barn Owl 
Wood Ow!') 
European Hobby 
Spotted Eagle Owl 

Wahlberg's Eagle 

Bateleur Eagle 
Tawny Eagle 



List of Figures. 

Figure I a-c location of the lonestar Reserve and the CLSA in Zimbabwe, and the two study 

areas with nest sites (dots~ lines join alternate nest sites) 

Figure 2. Habitat areas of the LSA 

Figure 3a-m Mapped sightings of small raptors and owls in the LSA (dots = sightings in 1995, 

crosses = sightings in 1996) lines encircling points of sightings indicate estimated repeated 

sightings of birds 

Figure 4a Raptor diversity versus log area in three latitudinal zones in Africa (data from 

\ 1acdonald & Gargett 1984) Regression lines are given for data from each latitudinal zone 

Figure 4b Raptor breeding diversities versus log. area in three latitudinal zones in Africa (data 

from Macdonald & Gargett 1984) Regression line and 955 and 99 9% fudicial limits are given 

Figure 5 Triangulation method of estimating nest heights. 

Figure 6a-b Aspects of ground at nest trees or sites in the LSA (a) and ClSA (b) 

Figure 7 Slope of ground at eagle nest trees or sites in the LSA 

Figure 8a. Heights of all eagle nests above the ground in the LSA 

Figure 8b. Nest heights of the commonest eagles and Gymnogenes in the lSA 

Figure 9a Proportion of eagle diet (by numbers) made up by different prey species. 

Figure 9b Proportion of total mass of eagle prey remains made up by different prey species. 

Figure 9c. Proportion of hyrax sizes in eagle diets in the LSA 

Figure IOa-b Proportion of total prey (by number) of each prey species of Barn Owls in the 

LSA (after Davison 1996) 

Figure lla-b Proportion of total prey mass made up by each Barn Owl prey species in the LSA 

(after Davison 1996) 
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Figure 12a-e. \1apped estimated territory boundaries (broken lines) of eagles in the lSA and 

elSA (triangles =used and circles = disused nest sites) 

Figure 13 Breeding chronology of eagles in the lSA from 1995 to April 1997 (lit=from 

literature I./.!. Maclean 1993; Steyn 1982) 

Figure 14 Mean daily rates of aggression sightings per month of eagles in the lSA 

Figure ISa Mean daily sighting rates of eagles in flight per month in the lSA 

Figure ISh Mean daily sighting rates of smaifraptors per month in the lSA 

Figure 16a-b Mean hourly t1ight sighting rates of eagles in the lSA (a) and elSA (b). 

Figure 17a. Mean daily rates of sightings of eagles in different weather conditions in the lSA 

(12a) and the elSA (17b) 
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a 

Little Banded Goshawk 

b 

Gabar Goshawk 

c 

a 
Figure 3. 

Ovambo Sparrowhawk 
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d I 
! 

African Goshawk 

e 

Little Sparrowhawk 

f 

PeregrIne Falcon 
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Black Shouldered Kite 
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Bat Hawk 

~ 
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Barn OWl 
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Barred Owl 

k 

Pearlspotted Owl 

Spotted Eagle Owl 
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m 

Pel's Fishing Owl 
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Breeding Diversity 
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Figure 4b. 
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E 

o 

Figure 5. 

A = Observor point 
B = Base of siqhtinq rod 
C = Top of siqhtinq rod 
B = Nest 
DE = Nest heiqht from qround 

AB = BC 
Anqle ABC = 90 0 
Therefore anqles BCA , CAB = 450 
Anqle ADB = gOa 

8 A 

Therefore anqle DBA = 45° (internal anqles of a trianqle = 1800) 
Therefore AD = DB (tvo internal anqles equal) 
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