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Introduction.

_ 'Black Eagles occur in .th'e Matobo Hills 1n such--nur.r.'lb.crs f:hat thls ;ioptilaﬁon is known as
_béfing one of the highest concenirations of large rﬁptors_ énywhere 111 the world.  The arez
provides suitsble habitat for these birds with numerous cliffs for nest sites and hyrax for
ool _ _ S _

' Ben*q terntonm s and because they often use the same nest site from year to year they | |
lend themselves well to 1ong term populatlon studies. Black Eagle nests sites in the area ha.ve :
been ]mown smce 1912 and since 1959 contmuous records of site occupauon have been cht |
A conmd&rablc amount of :lnfonnatlon o the Black Eagie pnpulauon, theu' numbers and
breedmg success has been collected over the last 28 years, and durmg this time thete was a
decline eVldEa « in the number of Black Eagles breeding successfully from 1974 - 1979 and
again in 1980 - 1984, These observations have prompted many questions as to what factors .
- might be limi'ing the population, and what the future holdg for these bird with human activity
becoming more and more evident in the areas around the National Patk. |

My uutlal aim was to use the information oollecte.d by the Black Bagle Survey team, and ..
in particular by Valene Gargett and attempt fo des1gn and construct a model wh1ch might
| aid understanding of fluctuations in the Black Eagle population. However, on closer |
ingpection of the data, it was found to be lacldn'g essential information required for- |
developing a useful " Wori;ing_ model; Black Eagle Idn‘gevity_, survival- fates for birds of

different ages. and a measﬁre. of immigration and emigration wefe ndt_. available.
As an alternative, an attsnipt-was made to identify some of the environmental factors
which may be Timiting the Black Eagle pbpulaﬁon by cdmparing numbefs and breeding

success of resident eagle pairs in three different land-use areas in the Mziobo Hills, National



Park, farmiand and communal land.

Thié nianuscript is writtén in the form of a scientific paper and has 'been' prepared with

 foture pubhcaﬁon in thind. The format foﬂows that set out by the South Afnca. fournu of -

 wildlife Reseamh and is entifled:

. "An analysls of the changes in the Black Bagle (Aquila vermauxu')

populanon of the Matobo Hﬂls, Zlmbabwe" :
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| An Analysxs of Changes in the Black Eagle (Mmla veﬂeaux:i) populatmn

of the Matoho I-Illls, anbabwe.

Abstract.

‘Data on the Biack Fagle pephlation_ in the Matobo Hills, Zimbabwe has been collectec_l
~ for 28 years (1964 - 1991). These data were used to compare fluctuations in the percentage.

of occupied tﬂnitories : breediﬁg avtempts and Su.ccess. in three diff ‘rent land-ltse areas. w1t1un

the Matobo Hllls A correlation between these parameters atd rainfall was also mvesugated o

| _ The percentage cf occupled ten-ltones in the three areas was mgmﬁcantly correlated but
breedmg attempts and success were not There was 11ttle correlation w1th ramfa]l Gverall
e(wzronrnental influences have a limiting effect on the percentage of occupied terntones but |
' ._their effect on breeding attempts and success is buffered or accentuated by local conditions

in each of the land-use areas. -

Intvoduction.

The Matobo Hills provide ideal habitat for Black Eagles (Aquila verreauxii) with many
cliff sites for nests and hyrax for food. The area now compﬂées a National Park, commercial
farmland (hereafter refen'ed to es fzttmland) and communal Jands. Nest sites in the Hills have
been recqtded since 1912, and continuous records of territory dccupatien have been kept

from 1959 (Gargett 1990),



. There was a decline in the percentage of Black Eagles breedmg successfully durk:y 1974

- 1979, and to & greater extent during 1980 - 1984 (Gargett 1990). This observation has

' prompted questions on what factors might be timiting the Black Eagle population in the

. Matobo Hills. -
‘In his paper on population iimitat_ioh in raptors, Newton (1991) states that raptor
populations are ﬁormally regulated rather than fluctuating at random. In a habitat where nest

sites are freely avaﬂable, breeding density is hmlted by food supply, while in other areas,

breedmg denmty may be restricted by a shortage of nest sites toa lower level than would -

normally occur w1th the ava;lablt. food supply. Hence, in any one region of sulta.ble habitat,
breedmg denmty is naturally hlmtcd by food supply or nest sﬂ:esl _whlchever is most |
_ resmcting. In the absence of human intervention, regulatlon in many species is the result of
- competition for breeding _spaoe, with surplus adults only forming new pairs and atte_mphng
to breed _wﬁcﬁ oﬁe of an existing resident pau' dies or a territory becdme,s vacarit.

The density of Black Eagles in thé Métobo Hills can .be. as high as one pair/10.3 km?
(Gargett 1990), with CDllt.lguOllS herntones covenng almost all the National Park area This
suggests that nest sites may be the hnntmg factor on eagle breedmg densxty However, it has
been also sug_gested that hyrax (the Black Eagle’s main prey) were not ag abundant i in the |
.198053 aﬁ during the 1970'5 (Gargett 1990) and thﬁt' food nﬁght be the limiting factor. The
tiyrax population is dependant on vegetation for food which, in turn, is limited by rainfall
| (Ski‘nner & Smithers 1990). As well as natural factors, the hyrax population is also affected
by human intervention through huntmg and poachmg, destruction of the vegetanon through | '
delil“-'ate ﬁres and overgrazing by domestic am-nals (Gargett 1990). Low hyrax numbers
w' we an adverse effect on the Black Eagle population and its breedmg (Figure 1). Human

actlvity in the Matobo Hills and ity effect on the eagles is of great concern to ormthologmts
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- and consérvat_ioﬁists ahke 'Hbévever,- the extent to. which mese accentuating 'faétors affect the
eaglé ﬁumbers andbreedmg in the three different land-use areas has never been carefully
amined, . o S _
The ﬁrst objectwe of this study was to compare population fluctuations in the farmland
and r-ommunal Iands with- those in the protected area of the National Park Assumlng that
environmental factors 'affect all th'-ee equally, any asynchronous ﬂuctuanons mlght mdlcate_ |
that human mtervennon is havmg an impact on the Black Eagle population. |
The Second nbjectxve was to analyze changes in the Riack Eagle populatwn and breedmg

success e’ 1ted to ramfall

The Matobo Hills. . -

The Matobo Hills are in the Matabeleland prbvince of Zimbabwe between 20“25 and
' 20°45° South and 28415'}and 28°45" East, extending 80 kilometres east-west and 32
 kilometres north—south The survey area conmsted of 620 km"‘ 65% in the Matobo Hills
| Natmnal Park, 25% in communal Iands (Kumalo to the south and Gulati to the north-east), |
and 10% farmland in the north-west corrter, |

The area is a granite batholith prot_rﬁding from older surrounding areas and is tilted to the
south. 'i_‘he bét_holith 'lia.‘; been éroded .along_.reptangula: jointin’g,:.-resulting in ma_ﬁy low hills
- cavered with trees and dotted with large and often precariously balanced gxaniw boulders.
‘There ate also many baté rocl;:-faces; especially on “dM“ (smooth fsﬁ"}und bald hills) __
(Tredgold 1956, Vemon 1965). | - E |
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and conservanomsts ahkae However, the extent to whmh these aocenmaung factors affect the
eagle numbers and breedmg in the three different land-use areas has never been carefully
exammed

The first objective of this study was to compare populatmn fluctuations in the farnﬂand.

' and communal lands thh those in the protected area of the National Park Assuming that_

envzronmental factors affect all three equally, any asynchronous fluctuations might indicate

. that human intérvention is having an impact on the Black Eagle pop’ulétion. |

The sec_ond. objective was to analyze changes in the Black Eagle population and breeding _

success related o rainfall,

The Matobo Hills.

The Matobo Hills are in the Matabeleland province of Zimbabwe between 20°25” and *

23°45° South and 28°15° and 28°45° East, extending 80 kilometres east-west and 32

: kiioniét:res north-south. The survey area consisted of 620 km?, 65% in the Matobo 'iiius

National Park 25% in oommunal lands (Kurnalo to the south and Gulati to the north-east), |

_ and 10% farmland m the north-west oomer
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Plant cover in tms diverse topography ranges from tthk forest and dense woodland to |
open grassland and bare rock The oharacterlsuc mixed vegetatlon of the hx]ls ig of open'
woodland with a shrub Iayer or fmedium to tali .grasscs in between, mcludmg stretches of
open grassland associatéd' with former areas of cultivation (Gargett 1990), o
- Most rain falls in summer (December to March) with occasional thunder stormas - m:- :
October and November and light showers in April and May. For the 28-year panod analyzed'
~ in this sb dy, 1964-- 1991- the average annual rainfall (July - June) measured at four local
._meteorologlcal stations (Matobo Sandveld Matobo Natlonal Park Matobo Nursery and
Matobo Park) was 592 mm (range 324 mm to 1043 mm) (Table 1), - |
Abovo average rainfall 1mproves the grass cover, maintains vlers, replemshes the nine
dams built between 1942 and 1956, -and keeps tl-e six main rivers ﬂowing during the dry :
Season of Apnl to -October (Gargott 1990). In years of below average ram_fa]l -grass cover
- becomes sparse and dams and rivers sometim- dry out; hoWover vegetation ol_: the bsse of
' oorcrops and hills is little affected due to the gutt_r:r effect around the bare rock surfaces. |
Fires usuail& .occur before the rains and burn fiercely through flat wood~ and grassland
| The denso growth on and at the base of rocky outcrops is less susceptrble io bummg and fires

'seldom roach far up the sides of the hills (Gargett 1990)

The Black Eagle.

Adult Black Bagles are generally found in pairs. The pair bond is strong, with birds
presumahly remaining together for life; should a bird lose a mate it is soon replacod from

the reserve population of .unpaired adults.
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'I‘he Black Eagle is extremely prey speclﬁc and in the Matobo Hﬂls they feed almost.
--exclumvely (98 % by numbers, Gargett 1990) on two spemes of hyrax or dassm, the Rock'- '
- Hyrax (Procawa capens:s) and the- Yellow—spotted Hyrax (Heremhymr bmcei)
Adult pairs are resident and texritorial. They egiablish and defend a territory which alfows
 them socess to @ dasme population large enough to support themselves aad any effsﬁring they "
- _maﬂr ré_'_isc_é_ throughout the year, A 'paif 'ef eagles and their eaglet ecce'unt for approximately
400 hyrax in-a:.ye_arﬂ(‘swyn 198 - | |
7 An adult pair w:Il build or re-build a nest in a prefelred site during the breeding seeson_, =
- although altematwemtesmﬁun a tenitﬁry are 6cca'sionai1y used Two eg_ge are'uéu;ally laid o
during Aﬁﬁl'; June, altl.mug:h.one egg clutches are sometimes observed (15%, Gar'gett. 1990). -
| The ﬁrst egg hatches after an mcubatwn penod of about 45 days and four to ﬁve days later _. .
B | the: second—lzud egg will hatch. By this stage the first chick has a]ready develoPed its strength.'-
. and co-ordmatmn and 2 pcnod of relent]ess mb]mg aggressmn follows until the second cmck
dles from a combmauon of its injuries and starvanon This phenomenon is referred to as the. |
“Cam and Abei struggle" (Gargett 1990)
The- nesthng sbage tasts for 90 - 98 days, durmg August - October whﬂe the post--
'ﬂedglmg stage is estimated at4-5 moriths, usua]ly September - February and excepnonaily
to March Tuveniles then leave the parenml territory and are chased ' "t of every othter

. territory into which they wander (Gargett 1990), These juveniles, along with other unattacned -

- sub-adults, must find unoccupied areas of 1ai_1d in which to survive until they reach adulthood -

at around five years old.. Even theﬁ, they can enly take up residence in a territory that has

peen vacated or that has lost one of its pau‘ (Newton 1379).



Methods.

The Black Eagle Survey in the Matobo Hils.

'ObSefvations of 35 Black Eagle eyries in the Rhodes mmpos National Park were first
_ mmphed by Ron Thomson in 1959 and 1960 These were extanded by Carl Vernon who

by 1964, had iocated amther 18 pairs (Gargett 1990). | |

 In 1964 1t was decided to use Thomson s and Vernon’s work .é.s a basis for a 'Sﬁrvey of
the Biadk:Eagle in the Matobo. I-I.il'ls...’I'_he aim of the 's'méy was _m'estab_ﬁsh the total
pgpmaﬁon; ’popumﬁan density, breeding frequency and success, fuctors regulating numbers,
and a complete life histq_fy_of t‘-h’é eagles.-withi'n a seiected area of the Iivfatobo.mus (Vernon
1965). Oﬂginauy this work was .m'ad'e. possible by the cb4operation of mefnbérs 'of tﬁe "
Matabcleland sub-branch of the Rhodesian Ornithological Society (now the 0m1tholog1ca1

'Associauon of mebabwe) | |

| In 1965 Wlth a greater number of members partlclpanng in observations, the size of the -
survey area was mcreased t0 620 ke, of which 440 km® consisted of National Park, By 1970

an additional 600 km? 'wﬁs being monitﬁréd. However, during the liberation war (1974 -

1980) and dissident incursions (1984/ 85) pbéervatibns. were curtailed for ;ecurity reasons, and

after 1974 it was not even possible to monitor the original 620 kan as thoroughly as in the .

ﬁrst.eleven years (Gargeit 19_90).



Soureces of data on the thk-Eagles. of the Matobo Hills,

All information on territory boundaries, ﬂest site_s,.}fes.ident'pairs, breeding.att@mﬁts and -
breeding success was obtained from: - | | ) _

1) individual. records made by mermbers of the Black Eagle Survey team and stq:ed. at the
_Naturai I-Iistory- Museum, Bulawayo, ;‘Zimbabwe. All field observaﬁort procedures wére
| carefully outlined and dlsuussod to ensute credlbmty and uniformity, Fach Teport was further

scrutlmsed by the survey leaders befare mclusmn into the records (Gargett 1990)

2) the. annual Black Eagle Breedmg Reports (1984 1991) wntten and compiled by George
Banfield, Breedmg Report Orgamser ’

' 3) Valerie Gargett’s book on the study *af the Black Eagle (1990)

Records used in aﬁalyses. _ |

‘A tofal of 121 separaie .eaglc ternhones were ideﬁﬁﬁEd during the Black Bagla.shtvey. |
It was assumed that each terrifory was occuﬁed by a monogamous pair, E‘lghty'_sevén eaglé
territories wére selected for analysis in this study, all being territories in the 620 kn? core
area desctibed above. Althd_ugﬁ breeding records for some of these territories were recorded
: before 1964, only r@ﬂs fi';)ifl- the start of the full survey in 1964 were used in this study.

To observe population trends in areas of varying land use, each territory selected for
.analysis.. was 'noteﬁ as residing in Nétional Park, fé_ﬁnland or communal lands. A territory

was defined as being occupicd when two adult birds were observed flying within its
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- boundaries, ten'itories béihg secured ahd intruding Eap. 3 chased out hy _'Fébruary each year |
A temtury was not oonwiemd occup1ed if only one adult was seen |

A resident pair was considered to have attempted to breed 1f they were observed buﬁdmg
a new nest, repairing an old one, if a nest was lmed with fresh leaves, if they were seen
' “mating or if there were eggs or a chick in the nest, A b’réédin_g succes_.s was regmtered when
a chick survived to ﬂedgﬁng s’tagé,. was seen lea\}ing the nest or was seen l'atéf- and presumed

to have flown from the nest.-

' Analyses undertaken.

Because of the variahle sample sizes in the threo arcas, (National Park 26 - 44 occupied
| ten‘itoﬁes, fan'nland 2 - 8, communal 'lands 0 - .10) the .followiﬁg indices of | occupied
ténitories, breeding attempts and success were calculated and used for _;mmpaﬁson: -

1) OcCupied ferritories - expressed &s a pércentage of territories examined.

2) Breedmg attempts - expressed asa perccntagc, of occupled temtones

3) Breeding success - expressed as 4 percentage of a) occupied territories and b) attempts
4) Rainfall - correlated with 1), 2) & 3)

5) Ngsnng density ~ to examine effects of density on breeding' success; the location df’ each

- active nest was mapped for each year of the study. The distance from every active nest site |
to its_.threé nearest nieighbours was determined. An index of density was calculated as the
meén bf the three nearest neighbour distances. Some nests, particularly those 'closé'bo the
boundsry of the survey area, liad only two realistic nearest neighbours. In these situations

the mean of two mensured'distaﬁdes was used as the third _distaﬁce and_ziny_ distance over
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7.0 kms. was not regarded as a neighbour, being more than the diameter the largest territory

and considered too far away to have any effect on another nest.

" Resulis.

| The actual number of territories checked, resident pairs observed, breeding attempts and
sﬁccess in each land-use area are ai'ailable for the breeding seasons 1964 - 1991

(Table 2 - 4).

Occupied territories.

The percentage of occupied territories in eaci. area remained fairly stable from 1965 to
1976 (Figure 2. National Park and farmland >97 %, communal lands around 80 %).
Fafml_and and communal lands expeﬁénced a declme in ﬁﬁcu_pied ferritoﬁes in 1976 and 1975
respecti\}ely, then fecove.red in 1977, but after 1978 all areas had reduced occupancy. A
further decline was seen in all areas in 1982, most obviously in the comrﬁunal lands which

contained no cceupied territories by 1984. Occupancy in farmland was only 40 % in 1985
" but recovered to 80 % by 1991. Lawest occupancy in the National Park was in 1989 (69 %),
recovering by 1991 to 77.5 % but still below levels prior to 1984, |

A Peérsdn correlation inély’sis '(SYSTA-'I‘-, Wilkinson 1990) on ail 28 years of data shm&_ed
a significant correlation. in the number of occupied territories in the Naﬁonal Park and

farmland (0.549 p < 0.03). Correlations with communal lands were petformed on 20 years
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of data (1964 - 1983) and were also significant (Nahonal Park & communal lands, 0 658,

P < 0.01; farmland & c0mmuna1 lands, 0.743,p < 0. 01)

- Breeding auemprs.' |

Breedmg attem;sts were expressed asa percentage of the number of remdent pau's CI'abIe -
- 3) and fiuctuated thmughout the study period (Figure 3). | | o
In the National Park, breedmg attempts declmeci from 1980 (6‘? 5 %) to 1988 f36 T %)

but then seemed to show a shght recovery -laowards the end of t.he stuﬁy, with the average for

whole study penod be.mg 76. D %) Farmlan,d pairs showed ne dlstmct trends mat the two

years in wluch breeding attempts were IOWest in 1978 (42 ) %) and 1982 (40 0 %) were well
.belew. the av_erage of _'?5.3_- %. From 1964 - 1976 breed:mg attempts in the communal !and__s
~ averaged 62,6 %, but dmpped from 71.4 % (5 attempts from 7 re_sident pairs) in 1976 t 04 |
(0 from 2) in 1977, No pairs attempted to breed in 1980 (0 from 3) and by 1984 resident |
pairs were absect from the area. Pearson cozre_latien_ analysis between each taaduse showed .-

no significant correlations.



u
| Breeding success.

| Breedmg sucteﬁs as 4 p'ercentagé of attempts in ail areas ﬂuctﬁatéd w1thm s1m11ar ranges
from 1964 1973 ’Plgum 4a), but subﬂequfmt years preduccd greater and more varied "
differenoes | | | | N | o
Breeding success as a'petcenmgé 6f occupied teritaries (Figure 46) in the National Park
dectined from a tigh in 1968 (78.8 %) to tﬁé Io'wést’ lovel in 1985 (16.7 %) and"'then rose
0323 % by 1991, rather below the amage of 47, 2 % (1964 1991) Breedmg suct:ass m' '_
 the farmland averaged 46.2 % similar to the National Park, also with lower success during
5 ._ | _:1980 1985 when there were three years thhout a chmk ralsed The avera,ge suocess rate. ._ '
(inthe commun& Iands was 38.8 % (from 1964 1983), __> 10 % below the Natmnal Park and |
fnrmland avetages with the ﬁrst noticeable dechne in breedmg success in 1974 o
Breedmg success asa percentage of occupled temtones (Flgure 4b) followed a similar .
ﬁend to that of atr.empts (Fxgure 4a). | _
Pea:son correlatmn analysis showed no s:gmﬁcant correlattons between the breedmg_ :

success in the three land-use ! area_s
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| Correlations with rainfall. |

Pearson corrclatton :malyms fm' occupwd temtones, breedmg attempts and success in the -
three Jand-use areas were compared with ramfall for' _ |
B 1) ramfall closest o the Black Eagle winter breedmg season (summer rmnfall

season July June, bretxlrrxg penod Apnl February),

) ramfall of the previous year ana

| '3) ramfall frt 0 two years prewously
The percentage occupwd terntones shuWed no elgmﬁcant correlatmn with any of the

ramfail patterns (’I‘able 5). Pe.rcmtage breedmg attempts and rainfall produced two sxgmﬁcant -

correlatwns, _1) attempts in fannland Wlﬂ'l rmnfall from 2 years premously (©. 415 p<

0. 05), 2) attempts in communal Iand and ramfall of the previous year (-0 509 p < 0 05), |
| and 3) attemnts in communal laud and ramfall from 2 years prevmusly (0 426, p < 0.05),

S1gmﬁcant correlatmns were also observed betWeen breedmg success in- the communal

' land with ramfah of the prévious year (-0.465, p < 0. 05) and in the Natijnal Park with

rainfal} of that year (-0 530 P < 0.05). Although most of the corre.latmns were not
significant, there was & trend in the figures showmg a negauve correlation with ramfa]l of

that year (Table 5.
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Change in correlazions.

Corrélatioﬁs i.n breedmg atfcmpts and then in Success in .the three land-use areas Werc
. identified at different years through the study Pearson correlauons were pe:formed on tbe
first five years of data, 1964 1968 and then on. the rcmmmng 23 years | |
_'1969 1991, This was repeated usmg the ﬁrst six years and the next 22 and S0 of unt.tl the
- first 23 years and the last five. The difference hetween these correlauons was plotted agamst
-the year i.e from 1968 to 1087 (Fagt_xras 557 A notxceable mffexencs_ in correlation
Bétweeﬁ one half-'.ni-‘ thé data imd the other might iﬁdicate the year in ﬁvhi'ch-a change in the '

' envmmmental concritions i one of the areas affected the bfeedmg succeess. |

The number of occumed terntones in the three areas showed sxgmﬁcant correlatmn T

thmugh the study For example, usmg the years up to 1991 the correla.tlon was 0.549 (p < |
0.03) but was as high as 0.814 (p < 0.01) in the years up to 1985, | |
Most of the cotrelations i in breading attempts and also in success in the three areas were
not mgmficant and the ﬁgures ‘produced were only used to look for.tr_ends in correlauon'
changes. The breedmg attempts in the 'éommunal tand and the National Park showed _similarf '_
correlations until 1977 after which tiﬁle the correlation decrgased; Br-eédi_ng _Suocess showed
a slight rise through time. The trend in oorr_el_aﬁons in both breeding a_ttempté and success -
between the farmlﬁnd and c_:omniunai land show litile chan_ge.. Corféiations .in _breeding
attempts betwesn the National Park and the farmland deoreased from 1971 - 1978 but

increased after this and by 1983 the correlation was significant (0.616, p < 0.05).
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" Effect of rainfall on Black Eagle breeding. |

Normal hnear fcgreésions_ were pérfonned (SYSTAT, Wilkinson 1990) between
percentage occupied territories, breeding attempts and success and the rainfall of the same -
year, prévious year and 2-years previously. Significant regressions were breeding attempts
" in the farmland with .i'ainfali of 2-years pfeviously_(P = 0.035) and in the communal lands
with the previous year .(P = (.022), and breeding success in the National Park with rainfall
of the same yéar @ = 0.004). | These ré.sults sﬁpport the signiﬁcant cor‘relations producéd by -
the Pearson correlanons w1th the excepuon of breedmg suceess in the communal lands with
 tainfall of the prevxous year and 2-years previously which may be spurious results due to

small sample size.
Nesting denstty.

Inter-nest distance indices for occupied feni';d‘xies,. bfeeding attempts and successes for
each land-use area were calculated (Yable 6). In ¢ ses where 1 nest Qas built or repaired,
a known nest sits from previous“yearls was ﬁsed for measuring inter-nest distanbe; the'
Iassumption being -that.no nest was built due to high density of neighbours. There was no
- significant difference in the inter-nests distances between breeding and non-breeding rosident
pairs or their sudcess in any of the three land-use areas @ > 0.05, paired sample t-test).

The average inter-nest disfance between all nest sites in each of the three areas was
calculated, There was a significant differencé in inter-nest distance between each area;
National Pack s farmiand (p = 0.048), Natioral Park vs communal land (p = 0.011) and

farmland vs communal lands (p = 0.042).
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‘Discuossion,

'I'here seems little ciqubt_ that; as 'suggésted byﬁeWton. -(1991), the Rlack Bagle ﬁopul_aﬁon‘
in the Matobo Hills is regulated iﬁ_ sdme way and is not ﬂuctuating at random. Bvidence for
th_is is the significant and synchronised correiaﬁdns in the i}érceﬂtage of occupied territories
in the National Park, farmiand and doinmunal land areas, indicating th'a= vardless of land
use the percentage of occupied temtones and resident pairs are ail subject to some snmﬂar .

genaral env:ronmental mﬂuenccs Whlch are responmblc for the synchronous fluctuatlons
E Rcynolds (cited b_y Lawton 1988) demonstrat:d fluctuations in bréféd:hl_g density in a grey |
.heron (Ardea cinerea) population which shbwed_'af 10 yeéur period of small variation in the
number of Breeding‘ pairs foilo*&'ed by 10 years of ﬂ'mch greater ﬂuctuﬁtions atounid the mean' a
-whlle overall the population remams relanvely stable. It is possxble that a similar natural
process is occumng in the Black Eagle p0pulatmn and in time, and with no unnatural _
_changes m the enwronment there may be a return -to the high densities of resident pairs
experienced during the mld 1970’s,

No oceupied territories were .Obsmr'edh the co’fm‘nunal Mds after 1984, The number
of resident pairs m the area may have been bob' small to _sui'vive decline cansed by the generﬁl
influences and the population experieniced a natoral extinction. However, a similar number

of ocoupied territories were found in the farmiand area and this populatioﬁ_sufvived and was
still present in 1991, This suggesi:s that within each area the degree to which the general
| inﬂuences Limit each populatioﬁ ‘may ﬁe buffered or accentuated to some extent by specific
Jocal envirotimental conditions, The local environmental conditions in farmland possibly

Jessened the effect of the factors lmntmg the populauon while in the communal Jand these
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“conditions -only added to the negative influences. |
Ev1denoe that 1oca1 conditions have a hmltmg efi.ct comes from the lack of any-
mgmﬁcant correlation in breedmg attempts and SUCCESSES between the three areas. The

influence of an overall limiting factor would appear to be dampened but not altogether

- excluded; this influence was observed when all three areas experienced a similar period of

-~ below average breeding attempts and succ_esses_ fr_ori_i around 197? to 1985, ’but within th_is
overall downward trend breedmg efforts varied between areas from year to year
" The extent to whlch local enwronmental condmons Limit breedmg presumably depends
on the vations land-uses, Tt has been well docurne.nted- that overstocking of the eommunal _
landsin _Zimbabwa, with goats in particular, h#s resulted in these areas Beihg devoid of grass
and the'hé’:bacec)us Qeéetation‘bec@ﬁng sparse (Whitlow 1988), This loss of vegetation hés
* probably had a deleterious effect on the nﬁmber of hyrax in the area. B'reeding is dependant-
-on food supply and usually only takes place when food is readlly avmlable (Nt.wton 1979) '.
and a female bird w:ll only attempt to breed when she has built up sufﬁclent reserves and |
come into breeding condmon (Hustler & Howells 1990). Therefore a shortage of food in thc_=.
communal lands will Suppress Black Eagle breeding attempts. This problém is 'flmher_
arﬁpliﬁed by unconfrblled' ﬁunting of the a]’r'eady.reduced hyiax population by the communal
land people. . | | |
A breeding attempt is theréfore more demanding than just surviving as a resident pair,
If the particular land-use of the three areas creates slightly different habitats for hyrax then
this may be reﬂected in the Black Fagle numbers and breeding attempts. Likewise tobreﬁ:d
suécessfu]ly a Black Eagle pair faces .aﬂded complications along with those in breeding
attempts. For exampie',' apart from ﬁatural pfedators such as Wﬁite-necked iﬁvens (Corvus

albicollis), Rock pythons (Python sebae) and baboons (Papio ursinus) (Gargett 1990), man
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is a major oontnbubor to the loss of eggs and chicks resulting in breedmg failure (Flgure 1.
The impact of man wﬂl be greatest in the unprotected aroas outstde the Nauonal Park and. |
will further add to tho negahvc factors wh1ch gove.m the breedmg and existence of eagle
pau-s With the gveater protectlon of vegetauon and hyrax in the National Park, it follows that .'
thl area should have greater breedmg SUCCESS. The Iarmland too will be less suscepnhle than .
t‘ne communal lands to Joss of vegetatlon and the 1mpact of humans on the hyrax populauon
This i3 demonstrated by the higher average breeding attempts and successes in the Nanonaii- |
Park and farmiand. compared to the communal lands and further xllustrates the effeot of local .
.onvuonmental condmons | | |
It is mtemstmg to note from the graph of the change in correlauons between the Nauonal
Park and communal lands (F1gure 5), that unt:d 19’7’7 breedmg attempts were fairly well |
.. correlahed although not mgmﬁcantly, but ftom 1978 onwards t.hls 'a'end in correlahon :
decreased. This poses the question that although the major dr_op- in occupancy was not seen
until 1982 was thls the ﬁme'that' the degradation of the communal lands started to have a
| greater _negative effect on the breeding success of this._B_laok Eagle population? Many of the
other correlations remained relotively stable, suggesting that iocal onvironmentai oonditions-
-~ in the Natlonal Park and. farmland showed no dramatic changes and mdxcate little or no
alteration to the area or its particular land-use One exception was the mgmﬁcant correlatmn
botween breeding attempts in the Natlonal Park and the farmland which decreased after 1983,
It might be that changes in fanmng practices or- mamt.enance of vegetatxon, th;ough go_od- :
manag'ement irrigaﬁoﬁ, possibly sustained Black Bagle food supplies during the -drooght
period of the mid-80’s, accounting for the difference in breedmg attempts between the '.
‘National Park and farmland
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As menuened the populatton may be ulhmately linnted by some overall influences which o

- affect envuonmental centhwns In this study the only mﬂuencmg factor on which there wis |
- sufficient data was ramfall dominantm lmntmg many populatmn systems., 'I'here is no doubt
that ramfall affects the coudltmn of the cwera]l environment by dictamxg vegetauon growth -
This in turn limits the hyrax population upon which the Black Bagles are so dependant. |
However, fhe lack of significant correlation between reinfall and the number of occopied

| temtorles in _eacill aree-_.demenstrat'es the complexity ef -the relaﬁon'ship' beﬁﬁn rai:,_?au',- and :
| ' .'i.lumber of hyrax and their effeet on the Black Eagie pbpulaﬁon |
| Ona local scale, the effect of xamfa]l may vary quite conmderably In the Nanonal Park -
_fer example good vegemmm growth usually follows seasorial ramfall while in thn communal
. lands ove_:grazmg can leave the vegetation in su_ch_poor_ oon_d;_uon that seasonal pIOdUthY;ty :

' will be very lew As a result the density of hyrex and the extent of vegetation cover will. be
grea'rer in the Nattonal Park. The mgmﬁcant negatlve relatlonshlp between breedmg success
in the Natlonal Park w1th the rainfall of that breedmg season, along with the general trend
of negatwe corre_lauon with rainfall of that year, indicates that the important feature of thie _
hyrax pepulat.ion' is not just th_eir-nﬁmbers but their availability to the Blacﬁ Eagles.'This
supports Gargett (1950) who suggested that if good rains fall and the vegetation cover is
~ high, hyrax do not venture far from the safety of rock crevices to feed and are less |
vulnerable to Black Eagles. Skinner and Smithers (1990) describe how hyrax, in particular
the Rock Hyrax (Procawa cqpen.s‘is), seek out warm spots in which to sufs themselves when
not feeding. This period ef expo'sure coincides with the time of day when Black Eagles kit

the greatest proportion of their prey; 0Sh00 - 12h00 (Jenkins 1984, Gargett 1990), and .

_ illustrates the constraint of dense vegetation cover on Black Eagle hunting times and success; o E
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An ideal 'situa_tiori; for example, might be two or three years of good rains to-eﬁcdu_rage

an increase in hyrax numbers followed by one or two drought yeara resulting in Tess -

vegetahon cOver. Tius presumably would lead to large numbers of exposed hyrax and an '

.ample food supply leading to good breedmg success, Thc above average ramfa]l expenenced
from 1974 - 1981 seems to COincxde with an overall drop in breeding attempts and success.
When below average raing occurred, from 1982 - 1988 breedmg suocess mcreased _
However the cmly s:gmﬁcant correlatlon in ramfa]l of two.seasons prev:ous was found w1th
breedmg attempts in the farmiand. The Nauonal Park showed the most correlation wzth this

_ ramfall pattern and suceess but 1t was low and non—mgmﬁcant Itis poss:ble that breedmg is

a more stable prooess and less suscaptlble to change than othe.r areas, so local envxronmcntal -

condmons affectmg breedmg success in the Natlonal Park take ionger to res;aond tcl the ._ o

general mﬂuences _ _
Simmons (1992) founcl that in Wahlbarg 8 Eagles almost all t.he variation in breedmg
success was ,Apiamed by populauon densny, the lower the density the greater the number |
of offspnng produced However, inter- nest dlstances calculated for thc Matobo Hills found: |
~that breeding success bore no relahonshp to the proxm'uty of nelghbounng nests, Thisis
probably due to the physical' features such as large hills which can mean that while the
straight-fine disténces between nest sites may be short they remain in ﬁSuaI iéolation from

| other nests (Hlustler & Howells 1986' Gérgett 1990). The larger average inter-nest distancé
in the oommunal Jands is probably a reflection of the area’s poorer pnmary productmn, with
less. vegetatlon and fewer hyrax Black Eagle pairs will need Iar"er territories. This behaviour .

and relattonslnp is found in many other rapto: spemes (Hustler and Howells 1990)



" Conclusion,

The pementage of o(:cupwd terntones in the National Park farmland and ocmmunal land
each year seems detemuned by some overall mﬂuenoe affectmg each area {0 a similar extent, -
Tiu: breedmg success of rcsident paz:s in the three areas is depe.ndant on this overall
. inﬂuén@é, Whl(‘.h hiay‘ be buffered_br accenmated by the loc_ai enm'onmmtal cbhditibn's.‘ . i |

Thls study_ hig‘h-*lights the fact that While'- ramfa]l is essential to the 'sur_vival of Black -
‘Bagles in the Matqbo Iﬁll_s,'.i.ts' éfféct..on.the-polamaﬁon- is.-ﬁot'- always épparent'_and' only
.j_;_vqus in cqnjt_inction wi_t‘h a number of other factors. Rainfall has a Iﬁore du‘ect effect on thé S
 hyrax population vi_.a ?e_gcﬁtioﬂ _gfowt_h and &ﬁ_ta on their n umbefs and populati_o_n: ﬂucm:_iﬁons

nught lead to a better -understanding of _t_hé, ﬂﬁctuati_ons in the Black Eagle population,
: Iﬁforﬂiaﬁoﬁ on individual 'birﬂé, survival rates. in different age classes, ldng'a.vlifty', and their

movements m and-out-bf the ama would .'enabize the dé\}elopnienf of pﬁpﬁlaﬁbn models whidh "

' may prove mvaluable in thc management of thie area. Human intervention may be havmg a .

nouceable effect on this population and onty contmued or gven mcreased protection of the

envitonment, may be necessary ensure the survival of the Black Eagle population in the

Matobo Hills,
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TABLE1. * Annual rainfall (duly - Juie) in the Matobo Hills
: - -and percentage deviation from the mean.

IR % deviation
Year . mm . frommean

1963/64 ¢ - 31 5764
1964/656 406 68.62
. 1965/66 . . 605 - 10228
- 1986/67 - 658 122 -
1967/68 40 . 6778
“1ige8/68 860 . 11156
1989/70 - - 842 - 578
197071 - 521 - 88.06
1971772, 703 11882
1972/73 890 . .65.92
1973/74 - 1009 - - 17054
1974/75 . 848 - 14350
- 1978/76 | 743 . 12558
... 197ef77 708 . 119.87
- 1977/78 . 1048 178289
1978/79 - 446 75.38
fg7efe0- - -s77 .. . 9753
- 1980/81 - 83 141143
1981/82 - 410 - S 8930
ST - 19B2/83 420 70,99
. 1es3ma 419 - 70.82
L 1984/85 638 107.84
1985/86 . 559 | - 9448
1986/87 324 5476
- {es7/e8 819 - 188.43
- 1988/89 ' 575 ' - 97.18
1989/90 - 554 93,64
- 1990/91 | 611 10327

 Meat = 592



Table 2, Number of territories checked occupied temtories.
- breeding attempis and success inthe Natlonai Park
areas of the Matobo Hills. anbabwe : :

Year -' Terﬁtoﬁes - Qc_:dupied: Bresding - Breeding
Checked .Terrtories  Attempts Success

1964 - 28 28 24 . . 19
1965 e 2t 23 16
{986, - 80 80 21 8
1987 - 82 8 29 17
- 1968 . 34 . .83 8 28
1969 - 85 .- 84 . 33 .20
- 1970 . 8 . 34 - 8 28
Coqem . 34 B P < .20
Codgrz Ecl: B -85 2 17
S 1978 8% - 8% 34 - 25
1974 S < .38 19
o764 .40 8 16
1976 4 4 a0 -
1977 8 8 33 - 18
1978 42 . 4. . 290 . 18
1979 a4 A . 38 23
1980 42 40 2 15
1981 . 44 42 28 B <
1982 4 40 - 26 . 15
1883 44 4 27 16
e84 29 28 15 -9
1985 84 80 S | ' 5
1986 _ 85 31 18 18
1987 3% 2 - 18 12
1988 000 2 15 7
1989 42 29 16 12
1990 43 30 | 19 - 18
o199t . 40 S - 16 10




Table 8. Number of territories checked, ocoupled teritories,
. breeding attempts and success in the farmland -
area of tha Matobo Hills, Zimbabwe. '

Year * Territories " ccupied - Breeding i Breeding
' Checked . Teritorles ~  Atfempts ~ Success

1964
. 1965
1966
- 1967
1968
1969
- 1970
1971
1972
1973
1974
- 1975
4976 .
1977
1978
1979
1980
1981
1982
1983
1984
1985 .
1986
1987
1988
1989
1990
1991

OO NNNATONODODNOCOTRODPDOD DD
WERUOANBOIPDADNDAINNONDTONN NG GG O

BPNPORONIPOINONONRD DO OORADDH O QN
GENARLONNOROONORENOWLRADEAGDDGADN




Table 4. Number of territories checked, occupied territories,
breeding attempts and success in the communal lands
- area of the Matobo Hills, Zimbabwe, = '

Year Territorles - Occupied Breeding  Breeding -

Checked .~  Temitories = = - Attempts Success

1964 - 6 B 4. 4
1965 - 7 7 5 3
1966 9 7 4 2
1967 11 9 8 3
1968 11 9 5 3
1969 12 10 9 6
- 1970 12 - 10 10 8
L 1e7m 12 i0 7 4
1972 1 g 8 4
1973 11 g 7 5
1974 1 9 5 1
1975 I 8 4 2

- 1976 10 7 5 1
1977 2 2 0 0
1978 7 5 4 3
1979 (2} 6 5 1
1980 4 c} o 0

- 1981 7 5 2 1
- 1982 7 - 2 1 1
1983 5 1 1 0
1984 1 0 0 0
1985 0o 0 0 0
1986 0 0 0 0
1987 0 0 0 0
1988 0 0 0 0
- 1g8g 0 0 0 0
- 1990 0 0 0 0
0 0 0 0

- 19814




Tabie 5.

Correlations between 6c:cu’p‘:ed territories, bfee’ding :

attempts and success, and rainfall,

.29

Raind

-0.258

Raint  Rain2

- % Occupied territories
National Park 0018 0069 - 0114
Farmland_ 007 . 0422 0278
Communallands 0063 0815  0.05

% Breeding attempts h
National Park 042 0295 0207
Farmland 0007  -0089  0415%
Communallande  -0.253 -0,509%  0.426% -

% Brsading success
National Park «0.530* -0.048  0.291
Farmland 0054 0212 0.19%
Communal lands -0.465*

..0_{]68‘ .

* significant correlation
Raini = rainfall of same year
Rain2 = rainfall of previous year

Rain3 = rainfall of two years previously



TABLE 6.

Inter-nest distances between breading Black Eagle

pair and prisvously known nests of ricm braedlng pairs.

" in each of the three Iand-use areas. _

30

inter-nest distance

Resident pair " Broeding attempt - Breeding success
 National Park
Ave,imter-nest . 2683 2657 2610
distance S =
Maximum = 6494 4827 4885
 Minimum 1264 1207 1246
_ 8b. L 780 670 822
Overall average = 2650
inter-nest distance ' .
. Farmland
" Ave.lnter-nest - 2961 2889 3085
distance. : o
Maximum 5057 - 5804 6034
~ Minimum ' 1609 1552 1552
sb. 686 995 932
Overail average - 2978
inter-nest distance
Gommunat Land
Ave.inter-nest 8748 4101 3678
 distance - . o
‘Maximum 8953 6953 6896
Minimur 220 2356 2241
8.0, _ ' : 1185 1255 1338
Overall average = 3842

Inter-nest distante = meters
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Captions to Figures.

Figure 1. Conceptual Model showing the inter-action of factors affecting Black Eagle
umbers and breeding success, Arrows show di'fection of inﬂufmoe. and 4 or - itidi_c;ate a
positive or negative influence with an increase in the factor. e.g. inoreased rainfall has

positive effect on vegetation cover. | |

Figure 2. Change in percentage of occupied tersitories in each area with time.
 Figure 3. Change in percentage breeding attempts in each area with time.
Figure 4a), Change in breeding success as a percentage of attempts in each area with tirne. |

Figure 4b). Change in breeding success as a percentage of occupied territories in each area,

Figure 5, Change in correlations in bi‘eadiﬁg attempts and success between National Park

& farmland through the study. Plot of difference in cor~* 0 from two halves of study
. etiod _ _ .
Figure 6. Change in correlations in breediﬁg attempts and success between National Park

& communal Tands through the study. Plot of difference in correlation from two halves of

study pér‘iOd.
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Figure 7. Chahge in oorxélhﬁohs'_in breeding attempts and stccess between farmland_ &
communal lands through the sﬁxdy.' Plot of différmcé in cotrélatibﬁ from two halves of study

period.
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