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SUMMARY

This thesis presents the findings of a 3-year 
field study of the African Fish Eagle Haliaeetus 

vocifer Daudin 1858 in Queen Elizabeth National 

Park, Uganda. The primary objective of this study

was to investigate the breeding biology of the
0bird with emphasis on its seasonality and nest 

productivity. The study also assessed the popu­

lation distribution and its structure, the 

territorial habits and diurnal activity patterns, 
and the food supply of the Eagle.

Habitat variables, especially the vegetation 

cover and topography, along the banks of the 
water bodies influenced the Eagle's distribution 
patterns. Young birds were attracted to human 

settlements whereas the distribution of terri-i
torial adults bore no significant relationship 
to this habitat factor.

IA pair of adults maintained a territory 

of about 29 ha. from which they excluded 

conspecifics and other large birds. Although 

the Eagle sat for about 90% of its daytime, 

it continuously scanned the Sky for other Fish 

Eagles and other birds intruding into their 

territory. The other activities, although 

taking small percentages of the Eagle's daytime, 

were all keyed to its territorial way of life.
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Fish comprised 99.7% of the bird's diet in 

this Park. Although most of the fish was caught 

by the Fish Eagle, it also pirated from neigh­
bouring pairs and also from wandering conspecif ics. 

Piracy attempts on other fish-eating birds were 

common. An adult bird ate about 275 g of fish 
daily, the equivalent of 10.5% of its body weight. 

The Eagle took fish comparable in size to that 
harvested by man. In removing only 1.0 A % of the 

amount of fish harvested annually by man from 
the Lakes Edward/George water system, the bird is 

not seriously competing with man for the fisheries 
resource and nor is It playing a significant role

in the nutrient cycles of the area.
0

In the main study area along the Kazinga
H

Channel, a pair had from 0-A nests. Both mates 

participated in nest building and repairing. 

Alternate and frustration nests were built and 

maintained. About 15,000 kg of dry vegetative 

matter was locked up in their nests in the whole 

. Park at any one time.

The breeding seasonality was correlated with 

a number of environmental variables of which only 

temperature and water levels significantly 

influenced the observed seasonality. Despite the 

lack of strong correlation between rainfall andi
breeding seasonality, birds preferentially laid 

during the rains. The breeding interval averaged
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about 10.7 months Tor all successive clutches 

and 12.6 months for 94 normal ones.

The Eagle laid 1-3 egg3 with the 2-egg 

clutch being the commonest and the 3-egg one the 

rarest. The fresh egg averaged 133.3 g and it 

declined in weight with progressing incubation.

The conversion efficiency of the egg materials into 
the body materials of the chick a.eraged about 70%. 

Both adults participated in incubation but the 
female did so significantly more than hor mate.
Eggs were incubated for 95.5% of the daytime and 

at 34.8 °C, well above the 25.7 °C ambient 
temperature. The incubation period is about 41 
days. Because incubation started with the first 
egg, chicks were also hatched asynchronously.

This resulted in sibling aggression in which the
i

first chick dominated its siblings, especially 

during feedings, for the first half of the 

approximately 76-day nestling period. Chick 

losses were probably largely due to vertebrate 

predation and mortality decreased with age.

The nestling grew and exceeded the weight 

of the adult of its respective sex. The growth 

curve conformed with the sigmoid form of animal 

and other bird species and was best fitted by 

the Gompertz equation (Ricklefs 1967a & 1968a).

x i i i



The influences nf brood size, hatching order and the 

sex of the young on its growth rate are discussed.

The growth rates or the Temur, tarsus, humerus and 

the standard wing and the plumage changes during 
the nestling period are described. Nestling mortality 

decreased with age and was largely due to chick 
disappearance, most probably due to vertebrate 

predation.

The behaviour of the chick is described. They 
included sleeping, panting, defaecation, reactions to 
other animals and birds, and interactions between the 

chicks, especially sibling aggression.

The nestling was brooded intensely and for 
about 93% of the observation time during the first 
week of its life, and for a decreasing amount of M 

time thereafter. Brooding stopped by the sixth 

week of the nestling period. It was almost solely 

undertaken by the female, the male being released 

from this duty in order to hunt and provide for his 

expanded family. Although he caught most of the 

prey at this time, the female delivered most of them

and did most of the feeding of the brood.
t>

The nestling period averaged 76 days and was 

not significantly influenced by brood size or the 

nest site. The maiden flight was preceded by 

pre-f1ight exercises and was made without parental 

coaxing. The post-fledging young fed largely on 

prey remains which, during the early post-fledging

xiv



period, were usually delivered on the nest, and 

which, during the late post-fledging period, it 

grabbed from the parents. The eaglet dispersed at 

about 112 days after its first flight or 188 days 
after hatching. Parents apparently did not drive 

away their young.

Increasing clutch size significantly decreased 

hatching success with tlie 1-egg clutch achieving 

100%, the 2-egg clutch 82.3%, and the 3-egg clutch 
67.2% hatching successes. Egg disappearance was 
the most important cause of hatching failure, 
inferti1ity/addling intermediate and egg breakage 

the least important. Larger clutch sizes favoured 

the production of young. Although nestling 
survival was highest (75.8%) in the 1-young brocd,

•9
intermediate (69.7%) in the 2-chick brood, and 

least (66.7%) in the 3-young brood, brood size

did not significantly affect the annual survival

of young. Food shortage was apparently not

important in the survival of broods but chick

disappearance, probably due to predation, was.

Annual nest success was low, averaging 31.2%

for pair-years present and 44% for active nests.

The annual production averaged 0.46 young/pair,

0.65 young/active nest, and 1.49 young/successful

pair. Increasing territory size and numbers of

xv



mature trees In the territories increased, although 
not significantly, the production of young. 

Additionally, increasing human disturbance about 

the territory affected the breeding success of the 

bird by reducing the numbers of nesting attempts 

made. Annually, 56.1% of the breeding attempts 

failed to fledge young, 23.U% fledged 1-young 
broods, 19.5% fledged 2-young broods, and only 

1.0% raised 3-young broods. Eaglets reared in
1-young broods accounted Tor 36.3%, those raised 
in 2-young broods for 59.5%, and those in 3-young 
broods made up 4.2% of the total number of young 

fledged during this study. Overall, 68% of all the 
pairs present during the study bred, 32% did not.

Of 202 breeding attempts made, 26 (13%) of them 
were replacement clutches.

0
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C H A P T E R  1

INTRODUCTION AND OBJECTIVES OF THE STUDY

01 .1 GENERAL IfJTRODUCT T ON
For thousands of years, eagles have both

fascinated and impressed mankind. It is not hard 

to see why for an eagle's riight is both skillful 

and graceful, and can hardly be surpassed by any 

other bird. At rest, the majestic pose, the 
piercing stare, and the strong foot and talons are 
eloquent evidences of an eagle's power over the 
other lesser creatures - birds and all else. An 

eagle is definitely at the top of the avian tree. 
Because of their power, eagles have for long 
featured prominently in fables and legends, have 
become national emblems, and, usually in heraldic •f
attitudes, appear on many coats-of-arms, gateposts, 

and both company and public letter heads, magazines 

and advertisement charts.

Notwithstanding the admirable way in which 
the eagle enriched mankind's everyday life, man, 

as always, turned round and persecuted the eagle 

largely for allegedly preying upon his domestic 

animals. He also persecuted it for stealing fish 

and game birds from protected grounds. He robbed 

large numbers of the eagle's eggs just to stow away 

in personal and museum collections. Because of man's 

high rate of population increase and development



efforts, hr unui U.i n̂ .l y destroyed most nr the 
eagle’s habitat through bush and forest clearing 

and also chemically contaminated its food chain. 

Through man's activities, deliberate or otherwise, 

many species of eagles have suffered unprecedented 

population declines in modern times.

1.2 THE AFRICAN FISH EAGLE

1.2.1 Classification and distribution
The African Fish Eagle is classified by BrownI

(1976a & b) as follows:
Order: Falconiformes
Family: Accipitridae
Sub-family: Ha 1iaeetinae
Genus: Haliaeetus.

All birds or prey are classified into two .• 

orders: Falconiformes and Strigiformes. The order
Falconiformes, to which the Fish Eagle belongs, 

comprises all diurnal birds of prey while the order 

Strigiformes includes the nocturnal ones. To the 
latter belong all owls. The family Accipitridae 

encompasses such birds as snake eagles, harriers 

and hawks, buteos, old world vultures, kites, and 

sea and rish eagles. The sea and fish eagles are, 

however,more closely related to the vultures and

kites than to the other eagles in the family. The
0

sea and fish eagles and the fishing eagles are

grouped in the sub-family Hal iaeetinae, a collection

of raptors whose diet consists substantially of fish 
(Brown, op. cit.).



The genus Haliaeetus, to which the African Fish

Eagle belongs, has 8 species comprising all the sea 

and fish eagles. They are: the American Bald Eagle 

Haliaeetus 1eucocephalus, the European or White-tailed 

Sea Eagle H. albicilla, White-bellied Sea Eagle H. 

leucogaster. Sanford's Sea Eagle II. sanf ordi, Pallas' 
Sea Eagle II. leucoryphus, Steller's Sea Eagle H . 

pel ag 1 cus , the African Fish Eagle II. vocif er, and the 
Madagascar Fish Eagle II. vociferoides.

Of these B species, only the Bald Eagle is a 
new world species and it inhabits only the northern 
continent. The White-tailed Sea Eagle inhabits 
Europe while the White-bel1ied and Steller's Eagles 
are found in both Europe and Asia. However, the • I
range of the White-bellied Eagle extends into Austra­

lasia as well. Pallas' Sea Eagle lives on the lakes, 

swamps and rivers of Central Asia. The Ethiopian 

Zoogeographic Region are inhabited by two species, 
the African Fish Eagle which occurs on the main 

continent and the Madagascar Fish Eagle which lives 
on the island of Madagascar (Fig.l.i).

The distribution of the Fish Eagle, in Africa, 
does not cover the whole of the continent. Brown 

& Amadon (1968) described it as being south of a

- from Senegal through southern Sudan to Mogadishu, 
Somalia (Fig.l.i). in this area, its widespread

tribution is, however, restricted by the presence
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Pig. 1.1 Kan of Africa showinr distribution of i.k.- African 
Fich Za^le Hal iaaetus vocifer k-udin The
species occurs south of She uotteu l iu e .  '.’lie 

. distribution of the c >na:cneric T-ladô-rŝ  r Fish Engl e 
L_. vociferoiden i3 also shown.
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of water. Thus, in the Ogaden Province of Ethiopia 
and in northern and northeastern Somalia, and in 

the Kalahari Desert it is absent. Where water is 

available, the Eagle can be found along rivers in the 

thick ti'-opical forests, and on inland lakes and swamps 

and along the shorelines of the oceans. It can also 
be encountered up mountains at altitudes as high as 
2100 m although it is unlikely to breed above 1200 m 

(Mackworth-Praed & Grant 1952).

In Uganda the Fish Eagle occurs along all the 
major rivers and on all swamps and lakes except those 

high up on Mts. Rwenzori and Elgon, and in the Kigezi 

and West Nile Highlands. For lack of water, it is 
also absent from the northeastern part of the country 
(Fig.1 .2) . M
1-2.2 Objectives of the study

By 1975 when this project started, Brown's (1980) 

book: "The African Fish Eagle", which brings to light 

most of the aspects of the bird's way of life had not 

come out, nor were his books: "Birds of Prey, their 

biology and ecology" (Brown 1976a) and "Eagles of 

the World" (Brown 1976b). At that time, too, there 

was a strong need for detailed studies of the Fish 
*gle anywhere in its range but more so in East 

ri_a wher. the bird occurs "at capacity populations"

° n pet ’• comm.1975; s.K. Eltringham pers. comm.

5 Thi., is at least true of populations at Lakes
Naivasha and Barineo in if«go in Kenya and in Queen Elizabeth
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Figa 1,2 Map of Uganda showing the location of the four National
Parks (stippled) and the other main geographical features©
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National Park, Uganda. Despite Brown's book on the 
species, the need for the study of the Fish Eagle 

still remains high, especially so of populations in 

different habitats. The need for these studies are 

clearly stated by Brown (1980) himself. However, 

the findings brought forward in Brown's (1980) book, 

including those of other authors, are appraised in 

the relevant chapters of this thesis.

Thus, this study was conceived with the main 

objectives of:
1. estimating the population of the African 
Fish Eagle in the Queen Elizabeth Park andI
assessing the population structure and its 
distribution in relation to various habitat 
variables,

M
2. describing territoriality in the bird and 
appraising its role in population regulation 
in the species,

3. examining the feeding habits and evaluating 
the role of the Eagle in the nutrient cycles

in the ecosystem of the Park,

4. assessing the breeding biology of the bird 
in the Park with the view of:

4.1 describing the nesting habits and 

measuring the breeding seasonality and 

finding out which environmental factors, 

if any, influence the observed seasonality,

0

Ci
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A.2 describing the egg of the Eagle, 

measuring its incubation period, and 

ascertaining the role of each adult in 

incubation,
A.3 measuring the growth rates of nestlings, 

determining the mortality factors influencing 

chick survival and measuring the nestling 
period,
A. ̂ observing the behaviour of nestlings 
and those of their parents in relation to 
their influences on brood survival,

A.5 measuring the post-f1 edging period of 
the eaglet, describing its behaviour and 
determining how it leaves the parental 
territory, and

• I
A.6 measuring the nest productivity and 

assessing the influences of population 
density of the birds and of other habitat 
factors on the observed productivity,

5. availing the findings of the study, through 

recommendations and publications, for the 

improved management and conservation of the 

African Fish Eagle in Queen Elizabeth National 
Park in particular and in Uganda and Africa
in general, and

6. availing the findings, through publications, 

to science for consumption and debate.
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1 .3 THE STUDY AREA
1.3.1 General

This study was carried out in Queen Elizabeth 

National Park, whose location, as well as those of 

major geographical features of Uganda are shown in 

Fig.1.2. The area now constituting the park was 

first gazetted a Game Reserve in 1934 and uplifted 

to National Park status in April, 1952. Tim Park 
covers 1978 km2 and lies between latitudes 0° 15'N 

and 0° 35'S and longitudes 29° 35' and 30 20'E.
The Rwenzori Mountains (Mountains of the Moon), with 

its 5100 m peak, lies to the northwest of the Park, 

Just outside its boundaries. The Park varies in 
elevation from 913 m on Lake Edward to 1364 m a.s.l. 
in the Crater Area (F l g.1 . 3). It borders on two large 

lakes: Lake George, with a surface area of approxi­

mately 260 km , to the northeast and Lake Edward, 

with an area or about 2160 km2, to the west and 

southwest respectively. The Headquarters of the 

Park and Uganda Institute of Ecology, and Mweya 

Safari Lodge are situated on a 4.5 km“ piece of land 

the Mweya Peninsula, which juts out into Lake Edward

Bordering onto Lake George, to the northeast of 

the Park, are large swamps which cover about 160 km 

The swamps and the adjacent grassland are connected 

southwards to the remainder of the Park by a narrow 

strip of land between Muhokya and Kahendero Villages 

(Fig.1.3). To the southwest is the Crater Area of



Pig. 1.3 Map of Queen Elizabeth National Park showing the 
important geographical features.
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the Park, a region which underwent intensive 
volcanic activity only about 10,000 years ago 
(Beadle 197*, Bishop 1970). Several volcanic craters 

were formed during this period, a few of which now 

have salty lakes in them.

The Kazinga Channel, which connects Lake George 
to Lake1 Edward, almost bisects the Park. The bushed 
grassland on its southern shore gives way to the 
Maramagambo Forest, a semi-deciduous forest of about 

450 km2 . This forest partially precludes the 
movement of many species of animals between the 
northern and southern sections of the Park.

To the south of Maramagambo Forest lies the 

Ishasha Sector of the Park. Along the eastern 
border of Ishasha Sector is the Kigezi Game Reserve, 

a buffer zone separating the Park from the heavily 

settled area further east. The Ishasha River, which 

also acts as the international boundary between 

Uganda and Zaire, forms the southwestern border of 

the Park. Because of its large herds of antelopes 

and tree-climbing lions, Ishasha Sector has 

traditionally been the life blood of tourism in 

the Park.

1.3.2 The main study area

This study was largely conducted along the 
Kazi.ngn Channel, between its confluence with Lake 

Edward and Katunguru Bridge at Katunguru Fishing 

Village (Fig.1.3). The Channel, whose direction



-  12 -

and rate of flow are hardly detectable to a casual 

observer because of its insignificant drop in 
gradient (1:33,600 m ) from Lake George to Lake Edward, 

has been likened to a narrow lake (Eltringham 1975).

It is AO km long, 0.8 km wide and about 5 m deep.

Because the Channel almost purely drains the 
waters of Lake George into Lake Edward, without major 
additions along its course, its waters are limnologi­

cally similar to those of Lake George (Beadle 1932). 
There have been no other limnologiCal studies of the 
Channel and Lake Edward whose findings could be compared 
with those of the well-studied Lake George (Dunn 1972, 

Dunn e_t al. 1969, Burgis 1969, Ganf 1 969 & 1972 ,
Gwahaba 1973).

1.3.3 Climate

The importance of climate in determining the 
ecology of the Park was realised by the Nuffield Unit 

of Tropical Animal Ecology (NUTAE), the predecessor 

of the Uganda Institute of Ecology (UIE).

Consequently, routine records of climatic factors 
were started in 1963. A meteorological station 

was established at Mweya and 21 storage rain gauges 

were installed throughout the Park. Lock (1967) and 

Field (1968) report on the earlier records, and 

indicate that fluctuations in daylength are negligible 

due to the equatorial position of the Park (Figs.1.2 

& 1.3). Sunrise varies from 0644 hours at the end oT 
October to 07:15 in mid February. Sunset is between
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1846 and, 1915 hours respectively.

1.3.3.1 Temperature: The ranges for both the daily
minimum and maximum temperatures are very low, from 

17.7°C in October to 18.8°C in May for minimum (Table 1.1a) 

and 27.9°C in October to 29.6°C in February for maximum 
temperatures (Table 1.1b). The differences between the 

monthly means of daily minima and maxima for any month 
are small;for 1964-72 they were lowest, i.e. 9-2°C, in 
April and May, and highest, i.e. 10.6°C, in January and 
February. Such small temperature variations clearly 
reflect the equatorial position of the Park.

1.3.3.2 Sunshine and solar radiation: Even under
equatorial conditions where the sun is directly over­
head at mid-day twice a year, the amounts of sunshine
and solar energy available for primary production by

*»
plants can become deciding ecological factors. Thus, 

in this Park, Edroma (1974a) demorstrated that solar 

energy was the primary factor which caused competition 

and, therefore, resulted in the ousting of some short 
grasses and annuals shaded by tall ones from an area 

.protected from grazing and burning. On the other hand, 

sunshine can cause serious stress to both plants and

animals, especially during the dry season (sections 3.3.?.5 
& 9.3.2).

Data collected during 1965-72 indicate that the 
amount or sunshine received in this Park varies 

little from one month to another, i.e. 5.0 hours in

l
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Table 1.1 (a ) Mean monthly minimum temperatures ( C) fo r  Mweya, Queen
Elizabeth National Park.

Tear Jan. Feb. Mar. Apr. Kfil June Aug. Sept Oct. 1! • Dec.

1964 18.3 18.5 19.1 18.7 18.8 17.9 16.9 18.0 18.2 17.9 17.5 17.0

1965 17-6 18,3 18.9 18.6 18.3 17-7 17.8 18.2 17.7 18.4 18.2 17.8
1966 18.5 18.8 I8.5 18.8 18.5 17-7 17.6 18.0 17.5 17.4 10.0 17.9
1967 18.1 18.4 18.9 19.0 18.9 18.2 17.6 17.9 17»4 17-6 17.0 37-9
1968 18.8 18.3 17.7 18.7 19-1 17.9 17.6 18.3 18.0 16.6 17.8 17.2
1969 17.6 18.3 19.2 17.0 16.9 18,2 19.1 18.6 17.7 17.0 18.8 19.0

1970 16.5 17-3 18.0 18.3 10.1 17.4 18.0 10.9 17.9 17.6 18.3 18.1

1971 17.4 19-0 19.0 18.5 21.4 20.3 20.5 I8.5 18.1 I8.4 19.6 18.3
1972 18.7 18.5 I8.5 I8.4 10.8 10.4 10.8 18.4 10.3 10.7 18.9 18.1

Mean 17.9 18.4 18.6 18.4 18.8 18.2 18.2 18.3 17.9 17.7 18.3 17.9

••
Table 1.1 (b) Mean monthly maximum temperatures (°C) for Mweya, Queen

Elizaboth National Park. Dash indicates no record available.

Tear J Feb. Mar. Apr. Majr Juno July Ahs« Sept Oct. Nov. Dec.
1964 29.4 28.4 29.6 27.3 28.5 28.9 27.8 28.3 27.9 27.7 28.2 28.2
1965 28.9 29.3 29.1 27.6 20.7 20.9 20.0 29.4 29.3 27.9 27.9 28.1
1966 29.4 29.1 28.6 28.0 29.2 25.9 28.4 29.I 27.2 25.5 27.9 29.4
1967 30.3 31.6 29.3 29.8 27.8 28.3 27.9 29.5 29.5 27.8 27.6 30.5
1963 30.3 30.0 27.1 30.3 30.0 28.3 29.5 28.3 30.6 20.3 27.9 27.7
1969 28.5 28.8 25.8 25.6 28.7 - 29.1 29.7 28.8 30.0 30.3 27.0
1970 29.4 31.0 27.6 28.8 28.2 30.3 28.6 31.2 26.9 29.0 29.5 28.2
1971 28.0 29.6 29.1 26.8 28.4 28.6 26.9 2 6.6 27.9 28.0 27.6 28.5
1972 27.3 28.7 28.8 27.5 26.5 27.6 30.1 26.5 27.3 26.6 26.2 27.1
Mean 29.1 29.6 28.3 28.0 28.4 28.3 28.6 28.7 28.4 27.9 28.1 28.3
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April and October and 6.5 hours in July (Table 1.2),
and probably from day to day. However, it is low
during the wet season (April and October) and high

during the dry season (July), the correlation between

sunshine and rainfall being negative but significant

(r = -0.656, df = 10, P <  0.05).
The monthly totals of the incoming solar radiation

varied from 332. 4 cal/cm£/month in August to 382.0 
2cal/cm /month in September (Table 1.3). Although not

I
strongly correlated with rainfall (r = 0.061, dr = 10,
P ^  0.1), it was maximum during the rainy season. This 
clearly suggests that incoming solar energy is reduced by 

.haze which is characteristic of the dry seasons when dust 
and smoke from grassland fires are pronounced.

1.3.3.3 Wind: The prevailing wind is largely nortfcwesterly
and westerly. During 1965-70 inclusive, wind speeds varied 

from 353884 wind runs per month in July to 55*900 wind runs 
per month in December (Table 1.*).

In plants high wind speeds result in high losses of 
water through evapotranspiration. However, the effects 
of this water loss would be ameliorated by the water 

received during the rainy season. The repercussions of 

high winds on the Fish Eagle remains to be studied but 
they probably had some negative effects on the water 

gets or the birds, especially on nestlings during 

P g (sections 9.3.2 & 9.4). Furthermore, high winds 

P bly could have destroyed more of the weak Euphorbia
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Table 1.2 The mean monthly sunshine hours at Mwoya, Queen
Elizabeth National Park.

Tear Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec
1965 7.5 6.8 5.9 6.2 7.1 7.9 6.7 6.8 7.3 5.3 5.6 7.5
1966 6.5 5.0 5.0 5.2 4.0 5.1 7.2 6.4 5.0 6.0 5.0 6.6
1967 6.7 6.3 4.4 5.1 7.1 5.7 5.9 7-3 6.6 4.9 4.3 7.9
1968 6.1 4.4 4.2 3.1 4.8 5.4 6.7 4.8 6.8 4.5 4.0 6.0
1969 4.9 4.2 4.2 4.8 4.0 5.3 5.9 6.4 4.0 4.2 5-4 5.7
1970 3.8 6.6 4.6 4.3 5.3 6.4 6.4 3.3 5-7 4.6 7.8 5.6
1971 5-2 6.7 5.9 5-4 5.8 6.2 5-3 5.2 6.1 6.7 4.8 3.3
1972 6.2 5.6 7.0 5.5 5.2 6.0 7.9 5-8 7.1 4.0 5.6 5.8
Kean 5.9 5-7 5.2 5.0 5.4 6.0 6.5 5.8 6.1 5.0 5.3 6.1

±S.d. 1.2 1.1 1.0 0.9 1.2 0.9 0.8 1.3 1.1 0.9 1.2 1.4

Table 1.3
M

The total monthly Bolar radiation (cal/cmZ/day) for Mweva
Queen Elizabeth National Park. ya’

Tear J n. Feb. Mar. Aj ?. May June
1968 412 333 348 348 344 318
1969 363 340 375 391 337 353
1970 304 371 358 316 309 360
1971 396 435 344 . 365 386 3791972 337 327 406 351 345 369
"6“  362-4 361.2 366.2 354.2 344.2 355.8
+S.d. 43.7 44*6 25.3 27.3 27.6 23.3

JuJjr Aug. Se£t Oct. Nov. Dec.
318 288 374 396 347 331
318 390 331 343 335 322
346 301 397 384 367 357
358 344 426 431 438 339
426 339 382 352 321 350
353.2 332.4 382.0 381.2 361.6 339.3
44.3 40.2 34.7 35*4 45.9 14.1
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T a b le  1 .4  Th« M onthly w ind run* f o r  M ueya, Q u«on E liz a b e th  n a t io n a l  P a r k .

T e a r J a p . I s S - M a r . A $ r . » 2 Z J u n o J u l j A 'J  f t . S o p t O c t . H o v . J v > c .

1 9 6 5 ■ 2 1 5 3 0 .  7 6 2 1 5 2 7 4 6 ) 7 5 4 6 4 7 2 0 4 2 2 9 6 3 8 4 2 9 5 0 9 0 2 8 4 8 4 2 9 3 3 9 1 1 5 1 5 0 0 5 6 9 5 0 7 8 9 8 4 0 1 8 4 8

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

1 9 6 7 5 6 6 7 5 1 4 4 6 2 4 2 6 6 0 4 1 8 3 ) 7 8 / 7 0 4 4 4 5 7 4 ) 7 6 7 3 4 9 2 7 ) 7 5 5 5 7 8 7 5 1 7 3 3 6 5 0 1 6 1 4 4 4 2 0 6 4 9 5 9 0 4 4

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

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

1 9 7 0 5 6 7 1 9 ) 2 9 7 4 4 1 7 6 3 0 9 4 3 4 7 9 ) 1 3 5 7 9 7 4 3 4 2 1 4 0 3 5 0 9 1 9 5 5 6 2 9 3 4 2 0 7 1 3 6 7 1 1 7 1 2 3 5 0 1 7 7 7 4 0 3 6

M a i n 4 3 5 8 5 2 . 2  3 7 7 5 9 6 - 5  5 1 1 8 1 8 . 2  5 3 6 0 5 9 . 8  4 8 9 5 6 1 . . 3  4 6 4 6 5 8 . O  3 5 3 8 8 4 . 2  4 0 5 9 0 4 . 0  5 1 1 5 5 7 . 7  4 9 5 6 2 7 - 3  4 2 2 0 7 7 - 3  5 5 4 9 0 0 . 0

4 3 . d . 2 2 5 5 1 1 . 6 1 7 9 1 2 3 - 9 2 7 0 4 2 9 . 8  1 9 7 7 5 8 . 5  2 5 2 4 6 1 . . 4  I 6 4 4 6 7 . O  1 5 6 6 0 7 . 0  2 1 2 3 3 3 . 5  2 4 6 9 7 8 . 2  2 4 4 6 0 5 . 7  1 3 8 5 3 1 . 4  2 5 5 2 6 6 . 4



trees used for nesting (section 5.3.1) were they not 
to have been protected by the tangling Capparis tomentosa 

and fl z i m a tetracantha thickets.

1.3.3.A Rainfall: According to the Thornthwaite
System (Thornthwaite 1948), Queen Elizabeth Park is 
semi-arid with potential evaporation exceeding the mean 
monthly rainfall throughout the year (Spinage 1967a).
This is attributed to its position in the Western Rift 

Valley, the rainfall pattern changing abruptly at the 
escarpment to one of lower intensity (Fig.1.4). Annual 
precipitation is highest near the eastern rift, wall and 
lowest over Lakes George and Edward and along a belt 
almost directly over the Kazinga Channel (Fig.1.4).

The annual means of monthly rainfall during 1964-1974 
range from 667 mm at Nyamugasani to 1167 mm at 
Nyamusingire (Table 1.5). Typically there are two 
dry seasons, December to February and June to mid­

August, and two wet seasons, March to May and September 

to November. The bimodal pattern is associated with 

the Intertropical Convergence System (Griffiths 1972).

Because potential evaporation exceeds monthly 
rainfall throughout the year (Spinage op. cit.), this 
results in higher evapotranspiration rates. Thus, in 
the dry season, the rainwaters dry up too quickly.

Even during the wet season, since the rains occur in 

violent thunderstorms, a substantial proportion of it 

is lost as run-off water, especially in the over-grazed 

areas where the soil .is compacted by animals and there
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Pig. 1.4 Isohyets showing the average monthly ra in fa ll (mm) in  Queen
Elizabeth National Park.



20 -

1 .5  Tho M U I Monthly r a in f a l l  (a n ) f o r  atationa  In Queon E l i ia b . lh  Parle, 
in c lu s iv e .  A lt itu d e  In o in  paxontheoea.

Data f o r  19^4 -  1914

Station J e n . F a b . H o t . A p r . 5 2 1 J  l i n e M i A u < % S o p t O c t . Pot. D o c . Total
Rvansh%aa(9 0 0 ) 3 2 . 4 4 5 . 6 8 4 . 6 9 9 - 6 7 8 . 4 3 7 . 3 4 0 . 1 6 7 . 7 5 7 . 8 1 1 5 . 1 1 2 3 . 7 4 2 . 4 8 2 4 . 7

K m u 1 1 I c v o i 1 ( 9 2 0 ) 3 2 . 6 2 1 . 1 8 8 . 3 1 1 8 . 8 8 9 . 7 3 6 . 7 2 7 . 3 4 7 . 1 5 7 . 6 9 2 . 1 8 7 . 7 5 1 . 9 7 5 0 . 9

E a , a j O a ( 9 2 0 ) 1 6 . 3 3 5 . 1 9 5 - 0 1 0 9 - 9 8 7 . 6 5 1 . 0 2 8 . 7 4 3 . 9 8 1 . 9 1 0 4 . 6 0 6 . 0 4 4 . 1 7 8 4 . 1

]l j  u n ^ u  a n  1 (  9 2 0 ) 2 5 . 2 3 0 . 6 7 4 . 9 9 0 . 2 5 7 . 6 3 5 . 1 3 1 . 4 5 1 . 0 7 9 - 1 6 7 . 0 7 3 . 2 4 3 . 6 6 6 6 . 9

Iahaiha(930) 4 2 . 1 3 7 . 2 9 5 - 4 9 9 . 3 9 2 . 0 4 1 . 9 3 0 . 1 9 1 . 1 9 1 . 5 8 8 . 9 1 1 8 . 7 4 6 . 1 8 8 2 . 3

Eabntoro(930) 2 3 . 1 5 3 . 1 7 7 . 2 9 7 . 2 6 5 . 3 3 7 . 0 3 9 - 8 7 7 . 1 6 7 . 7 9 2 . 4 1 1 1 . 8 5 0 . 4 7 9 2 . 9

K e a o n j l ( 9 3 0 ) 3 6 . 9 2 5 . 4 7 4 . 7 1 0 0 . 7 5 4 . 9 3 1 . 7 2 4 . 7 5 5 . 4 2 9 . 3 9 5 . 6 9 7 - 7 4 7 . 7 6 / 4 * 7

ltitunguru(930) 4 8 . 0 4 8 . 9 8 8 . 0 1 2 4 . 7 7 2 - 7 5 4 . 7 2 6 . 4 7 2 . 2 6 5 . 2 1 1 1 . 9 1 1 3 - 7 5 7 . 0 8 6 3 . 4

K l k o r o n g o ( 9 3 0 ) 2 4 . 3 4 5 - 6 9 6 . 7 1 2 1 . 8 8 0 . 2 5 2 . 1 3 8 . 7 5 6 . 8 8 0 . 2 1 0 9 . 6 9 6 . 6 5 4 . 4 8 5 7 . 0

K j o n d o ( 9 3 0 ) 2 7 . 6 2 4 . 3 9 7 . 9 1 5 2 . 0 I I 6 . 9 3 2 . 6 1 9 . 9 6 4 . 4 7 9 . 6 1 2 1 . 0 1 1 3 . 7 7 4 . 1 9 3 4 . 0

H « e y a ( 9 3 0 ) 3 5 - 6 4 6 . 7 7 7 . 3 1 3 2 . 2 7 0 . 6 3 8 . 6 3 7 . 2 9 0 . 0 6 4 . 0 7 7 . 2 1 1 9 . 4 4 7 . 1 8 3 5 . 9

Katolgr.(9S0) 3 8 . 1 4 5 . 5 7 9 . 8 1 1 4 . 0 8 5 . O 5 0 . 0 2 9 . 3 7 9 . 3 9 1 . 0 8 9 . 6 9 5 - 1 ’ ’ 4 8 . 0 8 4 4 . 7

K l k a r o ( 9 6 0 ) 2 4 . 6 4 6 . 7 8 0 . 2 1 0 9 . 7 1 0 0 . 0 3 0 . 2 2 1 . 3 5 9 . 4 6 7 . 9 1 2 0 . 2 1 3 5 - 2 5 3 . 1 8 6 6 . 5

l l y e r e v e r u ( 9 6 0 ) 3 8 . 2 4 6 . 8 7 7 - 7 1 0 0 . 8 7 9 - 4 5 3 . 6 2 6 . 4 7 7 . 0 8 0 . 7 9 6 . 9 9 6 . 2 4 9 . 2 8 2 5 . 9

I l y a o u n u k a ( 9 6 0 ) 3 7 . 4 5 6 . 1 1 0 1 . 3 1 2 3 . 5 8 1 . 7 4 9 . 3 3 6 . 2 6 6 . 5 7 3 . 5 1 0 2 . 0 1 1 6 . 4 6 2 . 0 9 0 6 . 2

X a n j r a n p a r a ( 9 9 0 ) 4 9 - 2 4 7 . 9 1 0 3 . 1 1 5 9 . 9 8 6 . 1 5 5 - 6 4 5 - 7 6 0 . 6 9 9 . 6 1 4 1 . 6 1 2 7 . 6 6 5 . 6 1 0 4 2 . 5

K a r a n a g a n b o  (  9 9 0 ) 2 7 . 9 5 1 - 4 1 0 2 . 8 1 4 6 . 1 1 1 6 . 1 5 4 . 8 2 9 . 7 9 5 - 6 1 2 2 . 6 1 3 2 . 9 1 0 9 . 3 C 8 . 0 1 0 7 7 . 2

N p o n d . a ( 9 9 0 ) 4 1 . 2 3 7 - 2 9 8 . 9 1 1 0 . 0 7 8 . 1 3 8 . 6 4 1 . 4 6 4 . 0 8 3 . 8 1 3 7 . 3 1 0 3 . 4 6  7 . 3 8 9 6 . 4

Hukorobozl(990) 3 7 . 4 6 4 . 6 1 2 3 . 6 3 5 3 . 9 1 4 5 - 3 5 7 . 7 2 9 . 7 8 8 . 1 1 2 9 . 7 1 3 7 . 0 1 1 2 . 4 7 5 . 7 1 1 8 5 . 1

Kjrctaiua l n g l r * (  9 9 0 ) 4 4 . 3 6 5 . O 1 0 6 . 6 1 3 5 . 6 1 1 7 . 0 6 7 . 9 3 1 . 2 1 0 4 . 0 1 3 3 . 2 1 4 6 . 2 1 4 2 . 4 7 2 . 3 1 1 6 7 . 1

K i l n  1 1 ( 9 9 0 ) 3 8 . 6 6 4 . 2 8 6 . 6 1 2 3 . 8 7 1 - 4 3 1 - 4 3 6 . 7 7 5 - 0 1 0 5 . 2 9 8 . 3 1 1 3 . 7 5 8 . 0 9 0 2 . 9

M o w i 3 4 . 3 4 5 . 1 9 1 . 4 1 2 0 . 2 8 7 . 0 4 4 . 7 3 2 . 0 7 0 . 8 8 2 . 9 1 0 8 . 4 1 0 9 - 2 5 7 . 0 8 8 4 . 3

4 3 . d . 8 . 6 1 2 . 4 1 2 . 6 2 0 . 3 2 1 . 9 1 0 . 7 6 . 9 1 6 . 6 2 5 . 1 2 1 . 8

ccV-n

1 2 . 5
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is little vegetation cover to trap the wnl.'-r. I he 

effects of this evaporative demand on the lives of 

plants and animals oT the area eje still to be studied.

1 . 3.u Vegetation 

1 .3.4.1 General

The vegetation of the Park is described by l.angdale- 

Brown (I960), Lock (1907, 1977), Field (1908) and Fdroma 
(1975a). It consists of four main types: papyrus swamps,

grassland types, wooded savannah and forests. Swampy 
vegetation occurs in small patches along the shorelines 
of the lakes and rivers. It is, hov/ever, particularly 
extensive along the northern and northeastern shores of 
Lake George (Fig.1.3). The dominant species are Cyperus 
papyrus, wild date or makindu palm Phoenix reclinata and 

the borassus palm Borassus aethiopum.

The commonest and most wide-spread plant community 
in the Park is the Hyparrhenia grassland (Edroma op.cit.). 

It is also the most important pasture community for the 
large mammals. In most of the grasslands II. f j 1 i pendu 1 a 

.is the dominant species with Themeda triandra as the 

co-dominant and the other species like Bothriochloa 

inscul pta, lleteropogon con tortus , and Chlor is gayana as 

the major constituents (Edroma op.cit.). The majority 

of the grasslands are fire climax communities (Osmaston 

1971, Edroma op.cit.). Closer to the banks, especially 

those of the Channel, due largely to heavy grazing pressure 

from the hippopotamus Hippopotamus amphibius, Sporobolus
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grassland, usually dotted with thickets or trees, begin 

to replace the Hyparrhenla grasslands. The thickets 
comprise largely of Capparis tomen tosa and the trees 

mainly of Euphorbia candelabrum and E. dawei.

Trees were rare in the grasslands of this Park 
(Edroma 1 975a). Stands of Ficus spp. and P hoen i x 
reellnata swamp forest exist in the wet areas in the

I
north; at the mouth of Nyamugasani River there is a

woodland dominated by Croton macros tachyus; and there
are almost pure stands or Euphorbia dawei along the

northern shore of the Kazinga Channel, mid-way between
Mweya and Katunguru, along the Kamulikwezi River
immediately south of Kasese Town, and south of Rv/enshama
Fishing Village. Acacia sieberiana , A. ge rrard i i .
Balanites aegy p t lacn, F i cus ficus and F. gna phal ocarpa

• «
are also important components of some of the above wood­
lands. However, since the decline of the elephant 

population (section 1.3.5), there have been extensive 

regeneration of trees, especially Acacia spp., all over 

the Park. Die formation of woodlands in areas of former 

grasslands, if not halted and reversed, will result in 

loss of habitat for strictly grassland species of mammals 

(e.g. topi Damaliscus 1una tus j imela Matchie, Yoaciel &

Van Orsdol 1981), the reduction ofOthe touristic potential 

of the Park due to impaired visibility, and loss of 
diversity of habitats.

Maramagambo Forest is the largest wooded area in 

the Park and is contiguous with the Kalinzu Forest.
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Reserve In the east (Fig.1.3). The dominant tree species 

is the Uganda Ironwood Cynometra alexandri• with
Maesopsis eminii, Fycnanthus angolensis, W a r b u rgi - 

ugandensis, Dlospyros abyss in i ca, Celtis sp. being the 

other component species. Along the rivers Pterygota, 

Pseudospondias and Treculia spp. are also common .
(Osmas ton 1 960) .

1.3. 4.2 The vegetation of the main study area
Up to about 5 km from the shorelines of Lakes George

and Edward, and of the Kazinga Channel, Hyparrhenia

grasslands become increasingly replaced by an overgrazed
mosaic Sporobolus grassland (Lock 1 967, Edroma 1975a).
These are due to heavy grazing pressure from the

hippopotamus. Sections of shorelines are fringed by
papyrus swamps and forests; in such places, e.g. north••
of Lake George, the grazing pressure is low.

The vegetation on both sides of the Kazinga Channel,in 
the main study area, consists of the overgrazed grassland 

type (Edroma op.cit., Lock 1967). Along the shoreline 

the heavy grazing pressure maintains a short grass sward 

of no more than 5 cm in height. This grazing prohibits 

the accumulation of dry grass and, consequently, fire Is 

rare. The dominant grass species are Sporobolus 

£yramidalis, S. stapfianus and Microchloa kunthii which 

in some places occur in pure stands (Edroma op. cit.).

ose to the shores, depending on the topography, 

osaic composed of several grassland types are

nguishablc. On the steep eroded slopes scattered
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Cenchrus cllinris nnd He teropogon con tor tus occur as 

the main species. In deep gullies the vegetation 
becomes dense and dominated by Cynodon dac ty1 on,

Panicum maximum, Capparis tomen tosa, Euphorbia 

candelabrum and other shrubs. In such gullies, the

steep topography excludes grazing by hippopotamus, 
elephant Loxodonta africana, buffalo Syncerus caffer 
and other large herbivores. On the ridges, Sporobolus 
s tapf 1 anus , A 1 tertian the r a pungens and S. py ram i dal is 
grasslands occur and are separated by large patches 
of bare ground.

In all the above grassland communities, thickets 
occur. They are large and numerous, and in some places, 
especially on steep slopes where grazing is excluded, 
they coalesce to form continuous stands of woody • «
vegetation. These thickets are dominated by Capparis 

tomen tosa but shrubs like Securi nega vi rosa, Te renna 

graveolens . Erythrococcus bongensis , Hoslundia opposi ta 
and Pavetta albertina are common (Langdale-Brown et al .

1 96A * * Lock 1967» Edroma 1 975a).

From among the thickets, all along the shoreline,

Euphorbia candelabrum and E. dawei trees are found.

On the northern bank of the Channel, a relict of almost 

pure stand of E. dawei woodland occurs between 

Territories 20 and 40a (Fig.3.1)? The other main woody 

components of this woodland are Cordia ovalis and

Terenna graveolens. Almost opposite the E. dawei 

woodland, on the southern shore, occurs a fringing
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swamp of makindu palm between Territories 49 and 54 
(Fig.3.1). In gullies and other low-lying areas along 

both shorelines are round isolated Acacia sieberiana 
and Albizin. sp.trees. In the main study area, the above 

trees, apart from the makindu palm, provide the main 
nesting sites for the Fish Eagle and the thickets form 

the main source of nest materials.

The vegetation of the region may have been 
considerably altered by the regular bush clearings 
earlier in this century in an effort to control the
tsetse riy Glossina palpalis (Hale-Carpenter 1921).

0
The shore of the Peninsula opposite Kazinga was cleared, 
as was that from Kazinga southward towards Lion Bay. 
Spinage (1970) suggested that such intensive bush 
clearing, rather than hippo grazing, started the sheet

• Iand gully erosion which is common along the shorelines 
of the region.

1.3.5 Animals in the Park

The diversity of habitats in Queen Elizabeth 

Park explains the diversity of animals in the area.

Many species of mammals, birds, reptiles, amphibians, 

fishes, Insects and microfauna are found. There are, 

for example,at least 66 species of mammals, 545 of birds 
(UNP 1971) and between 30 to 40 species of fishes in 

Lake George alone (Gwahaba 1 973,Beadle 1974).

Until the mid-1970s, the Park supported one of 
the highest large mammal biomass in the world
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(Petrides 4 Swank 1965, Talbot. 4 Talbot 1963, Field 1968, 
Field & Laws 1970). This high biomass was largely 
attributable to the originally high densities of three 

species of mammals: the elephant Loxodonta africana
africana, the hippopotamus II i ppopo tamus am phi b i us , and 
the buffalo Syncerus caffer. With the population declines 
of these and other species (Table 1.6, section 1.3.6), 
the biomass of the Park has been significantly reduced 
(G. Laker-Ojok pers. comm.). Although the Park supported 

a high biomass, there is a paucity of the large mammal 
species compared to what occur in the other parks, 
especially in Kidepo Valley and Murchison Falls Parks. 
Thus, for example, species like zebra Equus burcbelli, 
giraffe Giraffa came 1opardus, and black rhinoceros 
Diceros blcorn13 are absent. Spinage (1967a) suggested 
that the low species diversity may be due to the heavy 
human settlement in the region until recent times.
When human population declined at the turn of the 

century (section 1.3.6), animals m 'ved into and 

recolonized the vacated area. Others, such as those 

mentioned above, may have been excluded from the area 

by physical barriers like forests, large rivers or 

mountains. Laws et a_l_. ( 1 975) have argued that the 

paucity of grassland species of large mammals in both 

Murchison Falls and Queen Elizabeth Parks are largely 

due to the (act that much of western Uganda was once 

heavily wooded. After man had cleared the woodlands, 

grassland species of large mammals were still prevented
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Table 1.6 Estimates of numbers of large mammals in Queen 
Elizabeth National Park.

Total number
Species Before 1980 March 1980̂
Buffalo 18©40L 2037
Elephant 2704 150

Hippopotamus looeo5 4569
Kob 12500* 19802°
Topi 31005 1513
Marthog 40004 1135
Waterbuck 35606 2095

Sources!

lo Eltringham and Woodford (1973).
2. Eltringham and Hal pas (1980).
3.
4*
5.
6.
7­

8.

Eltringham (personal communication). 
Modha and Eltringham (1976).
S. M. Yoaciel (personal communication). 
Eltringham and Din (1977).
Douglas Hamilton £t al. (1980), sample count for all species 
except the elephant.
■ Edroma (unpubl. data) later in I98O recorded 12840 by the 
count method. total
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from colonizing the area because of the dense human populatior

The major species of large mammals in the Park are 
the elephant, the hippopotamus and the buffalo. Currently 

the hippopotamus U i p po po tamu_s amph i b i us is the most 

numerous of the very large mammals. At A,569 animals 

(Table 1.6), the population is only about one-third 
or the 1^,000 animals the Park contained in the late 
1950s (Bere 1959). During the 1970s the population was 
about 10,000 and probably fluctuated minimally. However, 
the number was reduced by about one-half between 1979 
and 1 98Q (Van Orsdol 1979). Because of their restriction 
to the shorelines, the 16,000 hippos of the late 1950s 
were responsible for overgrazing which resulted in 
severe sheet and gully erosion along the banks. Between 
1958 and 1967 about 7000 of them were culled. Thi$ 
considerably aided the recovery of the vegetation.

During the scheme, hippos were completely eliminated 

from Mweya Peninsula but they have since recolonized it.

The numbers of elephants in the Park have fluctuated 

widely. The mean of 22 censuses between 1963 and 1971 is 
2375 + 870 animals(Malpas 1977). Numbers have 

substantially declined in recent years due to commercialized 

poaching. By March 1980, the population was as 1ow as 150 
animals (Malpas 198a Douglas-Hamilton el al. 1980).

However, because of the reduced poaching pressure since 

mid-1980, the population is building up again. Presently, 
there are at least about 900 animals in the Park, the 

'J y of which immigrated from the neighbouring
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Virunga Park, Zaire (Edrorna pers . comm., P . Ssali-Naluma 

pers. comm.).

The buffalo Syncerus caffer is another large mammal 

which suffered from poaching during 1979-1980 (Van Orsdol 
1979). Mai pas (1980) and Dougl as-Ham i 1 ton , ejt al . ( 1 98n )

estimated the Park population at 2037 animals. During 
the early 1970s, Eltringham & Woodford (1973) estimated 
the population at about 18,000 animals and this figure 
apparently prevailed during the rest of the 1970s. This 
would indicate that between mid-1979 and mid-1980, about. 

90% of the buffalo population was poached. The trauma 
of this massacre has lingered on these animals up to 

the present moment.

The other large herbivores In the Park include Uganda
kob Adenota kob thomasi, Defassa waterbuck Kobus defassa,-----------  ----- ------------ ------ -

bushbuck Tragelaphus scriptus, reedbuck Redunca redunca, 
and topi Damaliscus lunatus j imela. Topi are restricted 

to the part of the Park south of Maramagambo Forest.

Three species of pigs are present: warthog Phacochoerus 
aethlopicus, the giant forest hog Hylochoerus meinertz- 

hageni, and the African bushpig Potamochoerus poreus.

The bushpig is found only in the Maramagambo‘Forest 

while the giant forest hog can be seen in the Maramagambo, 

the riverine forests as well as the forests on the steep 
walls of the craters. Sitatunga Tragelaphus spekei was 
seen, in the swamps of Lake George in recent years but 

their present status remains unknown. Four species of 

duikers inhabit the Park: one, the yellow-backed duiker



Sylvlcarpa grimmla, lives in the grassland; and the 
other three, Blue duiker Cephalophus nontico_l_a, the 
red forest duiker C. harveyi, and C. silvic_ul_tor, are 

forest dwellers.

Several species of primates occur. Olive baboon
Papio anubis and vervet monkey Cercopi thncus ae th i ops

are the most conspicuous; the former inhabits the
southern bank of the Kazinga Channel but is absent on
the northern side, except in the Crater Area. I hey are
regularly found in Eu pho rb i a trees, browsing the young
shoots (Lock 1972a), and thereby causing a rugged
appearance to trees on the south as compared with those

on the northern banks of the Channel. Because of this
habit, they have been suspected to prey upon the nest
contents of the Fish Eagle (sections 7.A & 8.A). Other

• »
species of primates which are restricted to the

Maramagambo and riparian forests include the Chimpanzee

Pan troglodytes, the black and white colobus monkey

Colobus guereza, the red colobus C. badlus, the blue
monkey Cercopi the cus m i tis and the red-tailed monkey C.
a s c arti u s .--- *--

4
The lion Pan thera 1 eo population in the Park was 

estimated at 150 (Grimsdell 1969). A recent study by 
Van Orsdol (1981) does not give a population estimate 

but showed that the biomass of lions in Ishasha, at 

1 5.A5 female equivalents/pride, was about three times 

that of Mweya (6.2 female equivalents/pride) . Leopard 

Panthera pardns is estimated to occur at a density of
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0.13 an imal s/km'’t thur. givinp, a total of about 250 animals 
for the whole Park (Myers 1976). The spotted hyaena 
Crocuta crocuta is very common but its population is 

largely unknown. The hunting dog Lycaon pictuj;, which 

was common earlier in the century, was eliminated from 

this Park and the last of them to be seen were shot in 
1955 (Annual Reports of Uganda National Parks, 1952-1955). 
Other predators include the side-striped jackal Can is 
adustus, the African wi1d cat Fe1i s lybica , and the 
serval F. serval. Viverrids include the African Civet 
Civettictus civetla, the African Palm Civet Na n̂d i n i a 
blnotata, the large spotted genet Gene l ta tigri na .
Several species of mongooses are present: the grey
mongoose Herpes tes i c hneumon, the black-tipped mongoose 
H. sangu 1 neus . the VJh i te-ta i 1 ed mongoose I chneumia 
albicauda, the banded mongoose Mungos mungo, and Mne 
marsh mongoose Ati1 ax paludinosus. Three species of 
insectivores, Crocidula spp. (Delany 1964), the pangolin 

Man 1s temmiucki i, and the ant bear Orycteropus afer also 
occur but in small numbers.I

Small mammals, especially rodents are abundant.
The role of these small members of the mammal- community 
in the Park ecosystem has largely been ignored. However, 

Neal (1967) and Cheeseman (1975) have both demonstrated 

that their grazing impacts on grasslands can be as 
great as those of large mammals. Another common small 

mammal of the short and overgrazed grassland is the 

African Savannah Hare Lepus crawshayi. Its role in
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the ecosystem of the Park is currently under investigation.

In an area dominated by large mammals, the importance 

of other smaller animals tends to be overlooked. Because 
birds appear to be insignificant individually, the effects 

of their presence are not Spectacularly apparent, for 
example, in the form of destruction to trees and over-

lgrazing of grasslands. Nevertheless, Eltringham (1968) 
found that the increased population of Marabou Storks 
Leptoptilos c rumen i f erus in the 1960s led to destruction 
of Euphorbia dawei in and around Mweya Peninsula. Edroma 
(1976) reported that birds, largely weavers (Ploceidae), 
plucked substantial quantities of leaves of grasses, 
especially Cymbopogon afronardus, for the construction 
of their nests, and thereby significantly reduced the 
productivities of the affected grass species.

Birds are part of a much greater pathway for the 
flow of energy than are the large mammals (NUTAE, 1971).

A few assessments of the role of birds in the energy 

flow of the Park have been made. Thus, Din (1970) 

found that the amount of fish consumed by White Pelicans 

Pelecanus onocrotalus formed 0.06% of the productivity 

of Lake George or approximately 7.8% of the 5 million 

kg of fish harvested by man in the Lake Edward/George 

water system in 1969. The role of the African Fish 

Eagle was appraised by Eltringham ( 1 975) and has been 
one of the main objectives of this study (section 1.2.2 

and Chapter A). in the bushed grasslands, for every
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km2 , there are ca. 16,000 individuals/species of
insectivorous birds. These birds, in preying largely
on 'lake flies' (Chironomidae), return to the land

substantial amounts of nutrients 'lost' from it to the
aquatic part or the ecosystem through grazing by hippos

and through sheet and gully erosion (NUTAE, 1971)-

Considering the high metabolic rates of such small
birds relative to those of the large mammals, their
consuming biomass is probably tfre equivalent of at

2least 5 to 8 buffaloes/km .

The appearance of much of Queen Elizabeth Park 
owes a lot to birds. The seeds of most of the trees 
and shrubs in the thickets, woodlands and forests, 
which are important and distinctive components of the 
ecosystem, are dispersed by fruit-eating birds such

• Ias barbets (Capitonidae), bulbuls (Pycnonotidae), 
mousebirds (Coliidae), turacos (Musophagidae), parrots 

(Psittacidae) , and hornbills (Buccerotidae). Additionally 
birds, especially those feeding on nectar, are important 

agents of pollination.

The diversity of habitats in and around the 
Park is greater than that of any other Park in Africa.

The habitats range from water, papyrus swamp, savannah 
and lowland forest in the Park itself to intermediate 

forest on the eastern escarpment overlooking the Park, 
and montane forest, heath forest and alpine moorland 

on the Rwenzoris. As a result of this diversity of 

habitats, and because- the area is a transition zone
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between the humid lowland forest of Zaire and the dry 
savannahs of East Africa, the avifauna is extremely

rich. Of the 74A species of birtfs occurring in the 

three oldest National Parks (Murchison Falls, Queen 

Elizabeth and Kidepo Valley), Queen Elizabeth Park 
registers 545 (73%) species, which are distributed in

65 families.

Queen Elizabeth Park is also rich in species and 

numbers of reptiles and amphibians, accounts of which 
are given by Pitman (1971). The reptiles include 
chanelions, lizards, snakes (both poisonous and non­
poisonous), and tortoises and terrapins, while the 
amphibians are represented by frogs and toads. 
Conspicuously absent from the list of reptiles is the 
croco,dlle Crocodi 1 us niloticus, which existed in the

ft

region but became extinct following volcanic erruptions 

some 10,000 years ago (Beadle 1974, Bishop 1970).

The fish fauna of the region is a remnant of a 

previously richer stock whose chequered history involved 

two part but catastrophic destructions (Beadle 1974). 
Nonetheless, there are between 32 and 40 species 

representing at least 11 genera and 8 families 

(Gwahaba 1973; Beadle, op. cit.). These are, however, 

predominated by the 21 species of cichlids of which 

only 2 species of Tilapia are exploited by man and none 

of the 17 of Haplochromis ever utilized. Some of the 

other important and harvestable fishes include the 

African Lungfish Protopterus aethiopicus, two catfishes
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C1 arias 1azera and Pagrus docmac, the barbel Barbus 
altlanalls, and the snoutfishes Hormyrus spp. Nile Perch 

Lates niloticus became locally extinct from the area 

during the volcanic eruptions. Although present along 
the Semliki River, it is being prevented from recolonizing 

the waters because of the presence of rapids at the exit 
of the above river from Lake Edward on its course to 

Lake Albert.

There is an abundance of both diurnal and nocturnal 
species of Insects, each of which fjias an ecological role 
to play in the ecosystem of the Park. The termite and 
dung beetle are important in the mineral cycles because 
of their feeding on and breaking down dry vegetative 

matter and dung. Swarms of lake flies, large Chironomidae, 
which blow from the lakes in thick clouds onto the land,• I
Torm important sources of food for insectivorous birds. 

Biting flies, especially the tsetse fly and the mosquito, 

are very common and are economically important because of 

the diseases they transmit. Of direct and great 

ecological significance to the plants of the Park are 
■the butterflies and moths. Occurring in great numbers 

which reach outbreak proportions in some years, they
I

are important agents of pollination. Whilst some research 
has been undertaken on the insect fauna of this Park, a 

lot still remains to be done. For example, recently 

Einyu (1978) described 22 new species from only two 
families of typhlocybine leafhoppers.
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1.3.6 H u m a n  nnd w i 1 cl 1 i f e h i s t o r y

The history of the area now incorporated into Queen 

Elizabeth Park is relatively well known (Beadle 1971, 
Posnansky 1971). The abundant archaeological remains 
indicate that the ar^a has long been the site of human 

settlement. Discoveries of Middle Pleistocene hunting 
tools at Mweya and Katwe show that the shores of Lake 
Edward have been inhabited for over 50,000 years 
(Posnansky, op.cit.). Since about 1000 years ago, the 

predominantly hunting way of life had largely been 
replaced by a pastoral system supplemented by fishing
and trading salt from Lake" Katwe and Kasenyi.

6
Several explorers traversed what is now the Park 

in the late 19th century. Stanley (1890), the first 
European to visit the region in 1879, noticed about2000 
huts in Katwe, and he found Mweya Peninsula had 81 huts 
which.he described as "rich in goats and sheep." Scott 

Elliot (1896) passed through the area in 1889, the year 

Stanley returned. Both explorers testified to the 

material wealth of the people, particularly their large 
numbers of cattle.

Travelling from Kichwamba to the Kazinga Channel 
in 1891 , Lugard (1893) noticed that the "great lake 

plain" was empty. Both Lugard and Scott Elliot (op.cit.)
i

described the catastrophy which befell the region; and 

Lugard wrote "The great lake plain spread out before us 

must have swarmed at one time with elephants and buffaloes 

for their tracks were everywhere; bu t the former had left
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and the latter were dead." He described the plain as 
"good pasture, no fuel or timber, no villages." The 
good pasture must have resulted from the reduced grazing 

pressure for he remarked "animals had left and dead;
___  Tew waterbucks ------" and "------  deserted villages

surrounded by hedges of cactus-------" Perhaps the
present abundance and distribution of Eu phorb i a candelabrum 
in the Park is evidence for human occupatlon of the area 

(Aerni 1Q7n) and that the trees probably originated and 

spread from these settlements.

The depopulation of man in this region between 1889 
and 1891 is attributed to an epidemic of smallpox 
(Posnansky 1971) and to rinderpest killing off their cattle. 
Lugard (op.cit.) suspected rinderpest originated from Italy, 

a theory which is still accepted (Ford 1971).
• f

The high cattle mortality precipitated a famine 
among the pastora1ists. Weakened by famine, the population 

easily succumbed to the continuing scourge of smallpox and 

to a newly detected disease, trypanosomiasis (sleeping 

sickness). Although sleeping sickness was first thought 
•to have entered Uganda from the Semliki Valley in Zaire 

with the Stanley expedition of 1879, it probably was 

present around the Lake Edward shores earlier because of 
the salt trade which had been going on with Zaire (Morris 

1960). Because of the movements of fishermen and salt 
trader^, control of the disease was difficult. During 

1910-12 a severe outbreak occurred, reaching as far as 

the western and eastern shorelines of Lake George.

Extensive bush clearing was undertaken around Katwe,



-  38 -

Kazinga, Mweya, Katunguru, Kayanja and Mpondwe in an 
effort to prevent a recurrence of the disease (Hale- 

Carpenter 1921). In addition, between 1913-1'*, the 
authorities partially evacuated Lake Katwe, leaving 

only a few people to maintain the salt anl fishing 

industries.

In 1919, a second and virulent rinderpest epidemic 
struck the area, resulting in heavy losses of both 
cattle and wildliTe. And despite concerted efforts to 
control sleeping sickness, the disease was on the increase.

These precipitated a second evacuation, in 1 92A , 
during which all but a few people remained only in KatweI
and Katunguru villages.

By 1931 wildlife had repopulated the region and
were once again roaming in large numbers (Worthington &• »
Worthington 1 933i Tempie-Perkins 1 965). The area was 
gazetted a game reserve in 1934. In 1952, when the area 

became a park, the wildlife populations were high; and 

under the new conservation status which stopped hunting, 

the populations increased rapidly. Under the new set-up, 
cultivation and cattle ranching were prohibited but the 

few people permitted to remain in the numerous villages

to carry on with salt-mining and fishing were allowed 
to keep goats and sheep.

Since the late 1920s, only one epidemic, of blue- 
tongue (malarial catarrhal fever), occurred in the 

park in 1961. It only affected the topi population in

I
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Ishasha, but little was known about its effects on their 
numbers. Of the other wildlife diseases whicli occur in 

the Park, bovine tuberculosis deserves mention. It is 

endemic north of Maramagambo Forest where associations 

between wild and domestic bovids were frequent in the 

past.

In the last decade, the large mammal populations of 
the Park suffered two human-induced declines (F.drona 

1975b), The first, involving the elephant, was reported 
by Eltringham & Malpas (1980). The second affected the 
hippo, buffalo and topi populations during and immediately 
after the 1979 war of liberation of Uganda, and lias been 
reported rully by Van Orsdol (1979), Malpas (1980) and 
Douglas-Hamilton £t al. (1980).

u 0Human interests have been and still remain high 
in this region and, consequently, pose significant 

threats to the continued survival of the Park. There 

are currently 11 fishing villages within the Park. Most 

of them were present when the Park was established and

were permitted to remain. All of them have increased 

in size, well beyond their stipulated limits. This

undue expansion increases the demand for land and 

firewood. Their livestock, presently including cattle 
as well, which enter the Park to graze accelerate 

habitat destruction (Field 1968,Musoke 1980). The

domestic stock may also act as reservoirs for diseases
(Woodfprd 197?) Tho .• • ne villages are sources of poachers
and markets for their iii„ ,, .r ^legally acquired meat and
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trophies' (Eltringham & Malpas, op.cit.). Two of these 
vi11 ages,Muhokya and Kahendero (Fig. 1.3), at their 

current rates of expansion, threaten to cut the Park 
into two in the very near future.

Industrialisation is another significant threat to 

the survival of the Park. The threat of chemical pollution, 
especially from Kllembe Mines, to the Park and the 
surrounding area is real and potentially dangerous (Edroma 
1974b , c & In press). Yet, now a giant salt factory 
stands right inside the Park. The factory will sub­
stantially increase the population of Lake Katwe as well 
as the effects of illegal human activities in the surround­
ing. The pollution effects of this factory are potentially 
great and remain to be seen once it becomes operational.

Whilst some form of human habitation and industri-
• I

alisation are essential for the continued exploitation of 

the fisheries and mineral wealth of the area, the present 

situation seriously undermines the survival of Queen 

Elizabeth National Park and, therefore, ought to be a 
matter of concern for the conservation ethics that the 
country presently upholds.
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C H A P  r J 3 2

lOmLtTIOi. DIoTRI JU 10W AMD STKiJCAJaB

2.1 i:r?..ouuonc:i
This Chapter presents data on population distribution 

and structure of the ?i sh Eagle in sueen Elizabeth Vejrk. The 
effeots of the differences in vegetation cover, gradient and 
human disturbance along the s orelines of water bodies on 
the distribution ' nd density patterns of the adult nirds are 
ex ruined. Iron. dvta on population strictures, the adult and 
total life expectations in the species are estimated.

2.2 •KATVSIALo .V»T) IT !T 0D3
2.2.1 Measurement of population parameters

To find out the total number of Fish Eagles present 
along the shorelines of all the major .;ater systems in the 
Perk (Fij.2.1), a survey of bakes Edward and George, Kazinga 
Channel and Grater Lrikes Nyamusingire, Kasanduka and Kikorongo 
was oonduoted. Lakes Edward and George, the Channel and 
Crater Lake Kikorongo were surveyed between 25-30 July 197?*• 
Birds on Lakes Ilyanusingire nd K sanduka were counted on 
12 August 1977.

Fish ->agles were counted from a canoe powered by a 25 hp 
outboard motor,, fhe boat, steered by an assistant, cruised 
at about 10 kniph and at between 20-30 m from the shoreline.
If, for ary reason, prolonged viewing was needed the boat 

• was stopped. In the stud, area counts were made between the 
entry of tue K zin̂ a Channel into Lake Edward and Katunguru 
Fishing Village, 25 Ion upstream (Fig.2.1). Eagles were also 
counted along the snoreline of Lake Edward bordering Kweya'’ 
Peninsula to a point at the neck of the Peninsula, This 
area was occupied by Fish Eagle Pairs No.82-86 commonly 
referred to in various Chapters. Fair No„7 also had part of 
its territory stretching along this shoreline (Fig.3.1).
Each shore was counted separately, the northern bank 
being covered first.
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Fig. 2.1 African Fish Eagle population density along the ahorelinea of 
Lakes Edvard and George and the Kazinga Channel in

ri*1

Queen Elizabeth National Park as per count conducted betuefil 
25th to 30th July 1977.
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Counts in c.nd around Uweya Peninsula were carried, out 
alone the 9 Ion shoreline of the Peninsula between joints A 
and D, and 5 isn shoreline on the southern bcuik of t’no Channel 
between points C and D (see Fig, 2,1). Seine an area with 
high huridn influence, data on population density and structure 
fi-orn this area '-'ere collected with the aim of comnaring them 
with thoce of birds in t:jo main study area.

a-«-1 *■'ion orgies, including young of tue various age 
classes, ••ore recorded a .u »_ieir positions entered on mans, 
okotch v.r.gs wo e n: od d” • uj counts in the nin stud,, area. 
During the park--. ■ de count, however, a man with a sc: ].e of 
1:50,000 was used, During the latter count the sko olinos 
were divided into 5 Jan sec .ions in order to ease counting 
ar.d correct entry of birds s on. Details of whether adults 
and younj ..ere prononl in p irs, singly or in bands were also 
included. From these counts, the densities of both adults 
and young were c lculated, The population structure of 
birds was detor. ined using the ageing method divised by Ik-own 
& Ci'de (1 9 7 2) . I hod been thoroughly briefed by brown on the 
applicability of this method to Fish Eagle population studies 
before the comencemcnt of this research programme,
Greenspan « forre-bueno (297"I )j ithout the aid of the above 
method, successfully aged adult, subadult and juvenile bi^ds 
in this Park. Eltringham (1975) used this metJ.od but, 
apparently, lumped all young into the juvenile age clnss0 
ftrown & Ilopcraft (1973) expanded the method by separating the 
subadult class into 2 sub-classes of early and late subadults. 
In nhis study, for ease of identification of the birds, tho 2
olasBes were treated as one-- the subadult class. The
Percentages of subadults were used to calculate the bird's 
^ult lifespan according to the following formula suggested 
^  A"'* Diamond (pors. comm.):

where s = adult lifespan in year's,
m = mortality out of 100 adults.
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2.2.2 Habitat preference >»y adults
Ab population and ‘..roedin;; surveys progressed it was 

realised that adult birds were more common alone certain 
sections of shorelines of the Channel than in others. To 
find out the causos of these uneven population distributions, 
both the northern r.d southern banks of the Channel were 
divided into a) 3 classes according to Gradient: very steep, 
steep, and flat; b) 4 classes according to vegetation cover: 
forested, well-wooded, few trees, and treeless zones; and c,
5 classes of combinations of gradient and their vegetation 
cover: ver stooo ■ n:. "o ested, ver steep and well—wooded, 
flat and well-wooded, steep nd almost treeless, and flat and 
almost treeless. All territories occurring within each of 
the above classes of shoreline features were recorded. The 
distances covered by the respective classes were measured.
From these data the percentages of total shoreline length 
covered by territories occurring in each class we re calculated. 
From the percentages obtained, the preference shown by Fish 
Eagles for each shoreline feature was calculated according 
to the method suggested by A..'. Diamond (pers. comm.):

Preference Index
■ d« of territories occurring in a habitat feature 

i* of shoreline covered by that habitat feature<

Preference index of 1.0 indicates no choice by Fish 
âgles, an index oi less than 1.0 siiows avoidance, and that 
of more than 1.0 demonstrates that the birds preferred that 
habitat feature or combination of features.

During .he park—wide count, however, the Eagle’ 3 choice 
for shoreline type was not determined by use of preference 
index. Rather it was determined ty the differences in the 
densities of birds along the 5 km sections of the shorelines 
(section 2.2.1).

2.3 RESULTS

2»3»1 Habitat preference by adults

The Fish _iagle population distribution patterns in the 
raxk (iig.2.1; show that the birds were more abundant along 

elines bac ed by high and well-wooded ground than along
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those that wore low-lylnc, h-d few treos and were fringed by 
sv&c.ps. In the study area, the birds shoved no clear preferences 
for gradient although flat ground was clearly avoided (Table 2.1). 
Adults strongly favoured forested shorelines, well-wooded ones 
were slightly preferred, and those that had few trees and were 
treeless were avoided (Table 2.2). Very steep and forested 
shorelines were very hi hly favoured while flat and treeless 
ones were clearly avoided (fable 2.3). Steep and well-wooded, 
flat end well-wooded, and steep and almost treeless banks had 
no clear prof .rouc.'.c own or them. Ot! _r -u . it;.t C.oro 
like water depth, turbulence and turbidity, and tre 
distribution of fish in the Channel were not measured, The 
influences of these factors on the distribution patterns of 
the birds in the study urea, and indeed in the whole Park, 
therefore, remain to be studied.

2.3*2 Distrib- tion an' density patterns in the Pa k

Only one park-wide Fish Eagle survey was conducted during 
this study. The results indicate th t the birds occur along 
the shorelines of all the fresh water bodies in the Park but 
were distributed at different population densities (Fig.2.1 
& lV-ble'2.4). The crater lakes had tho highest densities,L. 
Edward and the Channel intermediate densities, while L. George 
and islands had the least densities of adult birds. Overall, 
there wefre 2.5 adults/km and 0.4 young/km of shoreline. The 
coefficients of variations indicate how widely the densities 
of both ad'.It md young birds varied along the shorelines.

Table 2»5 clearly si vows that Crater Lakes Ilya lusingire 
and Xasanduka, in Ilaranagarabo Forest (Fij.2.1), attracted 
far higher numbers of adult Fish Eagles than Crater Lake 
Xikorongo. Although slightly smaller than L. Xikorongo,
L. Kasanduka had 9 times the number of adults/km than the 
fonner. This was most probably because the barks of 1. 
Il'.mluka is thickly forestod while that of L. Kikorongo 
is poorly-wooded. Thus almost solely becatise their shorelines 
are forested, Lakes Nyamusingire and Kasanduka attracted the 
hî iost numbers of adult birds in the whole Park.
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Table 2.1 The preference indices of territorial Fish EagleB 
for terrain in the study area along the shorelines 
of the Kazinga Channel, Queen Elizabeth Park. Pre­
ference index defined in text. Note that gra­
dients along the shoreline were subjectively 
measured and, therefore, do not provide rigorous 
assessment of the preference indices.

Cradient along Shoreline Territories Preference
shoreline length (km) ft No. > index

Very steep 24.60 44.8 42 48.8 1.09

Steep 17.05 31.1 28 32.6 1.05

Flat 13.20 24.I 16 18.6 0.77
Total 54.85 100.0 86 100.0

Table 2.2 The preference indices of territorial Fish Eagles
in relation to the abundance of trees in the study
area, Kazinga Channel, Queen Elizabeth Park. Note
that tree abundance was estimated subjectively and,
therexore, does not provide a rigorous assessmentof a preference index.

Nature of Shoreline Territories PreferenceShoreline length (km) No. it index
Forest 11.40 20.8 23 26.7 1.28
Nell-wooded 14.75 26.0 25 29.1 1.08
Few trees 21.70 39.6 29 S33-7 0.85
Treeless 7.00 12.8 9 10.5 0.82
Total 54.85 100.1 86 100.0
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Table 2.3 The preference indices of te r r ito r ia l  African Fish Eagles 
in  Queen Elizabeth National Park, for combinations of 
terrain and vegetation cover in the study area along the 
shores of Kazinga Channel. Note that both gradient and 
vegetation cover were subjectively estimated and, there­
fo re , do not provide rigorous assessment of the prefe­
rence indices.

Shoreline Terri tories Preference
Nature of shoreline length (km) 9* No. k index

Very Bteep &. forested 9.50 17.3 20 23.3 1-35
Steep & well-wooded 12.75 2 3 .2 19 2 2 .1 0.95
Flat it well-wooded 6.90 1 2 .6 1 1 1 2 .8 1 .0 2

Steep & almost treeless 1 6 .5 0 3 0 .1 25 2 9 .1 0.97
F lat & almost treeless 9-20 1 6 .8 11 12 .0 O.76

Total 54.85 10 0 .0 86 10 0 .1
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Table 2.4 Population 
Lnd. young

donation of tbo Pinh Eagle in Queen S i i zabath Park. 
„ Independent young, H = number of 5*® sections of

shorelines.

Ho. of Fish E
Length lnd.

Water body M  - N_ Adult young

Kazinga Ch. 83.6 18 204 6
L. Edward 86.3 18 225 25
L. George 112.7 24 109 8
Islands 42.0 53 2
Craters 17.2 92 1

Total
Mean + S.d.

341.8 683 42

agles Ho. of birds/km _
A ll

young

15

Adults
lnd.

young
All

young

2.35+1*05 c.17+0.16

36 2.64+1.04 0.28+0.72 0.40+0.76

10 0.99+0.80 0.07+0.13 0.88+0.13

2 1.26 0.05 0.05

6 5.35 0.06 0.35

69
2.52+1.73 0.11+0.10 0.2L+0.16

Table 2.5 Population densities of adult and young Fish Eagles along the 
shorelines of crater lakes in Queen Elizabeth Park.

Crater Number of birds Birds/km
lake length (km) adults young total adult young all

Hyaousingire 11.0 77 6 83 7.00 0.55 7.55
Kasanduka 2.6 13 0 13 5.00 0.00 5.00
Kikorongo 3.6 2 0 2 O.56 0.00 0.56
Total
Mean

17.2 92 6 98
5.35 0.35 5.70
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Of the main water bodies, L. Edward h?.d the hi he:-t 

density of adults, Kazinga Channel was intermediate, and L. 

George the least (Table 2.4). L. Edward had a s ig n ifica n tly  

higher density than that of the Channel (t  =■ 78.378, df = 34,
P< 0.001 , Table 2 .4 ), and than that of L. George (t = 51.887, 
df = 40, ?< 0.001 , Table 2.4). The Channel had a density 
significantly higher than that of L. George (t = 39*193, 
df - 40, r< 0.001, Table 2.4). The differences in the densities 
along the shorelines of these water bodies were due largely to 
differences in the vo station covers along their banks. Of 
them all, L. Edward has the b.st wooded shorelines and L.
George the lea.st wooded banks.

k'
Probably due to habitat preferences (section 2.3.1), the 

flat, poorly-wooded, and extensively swampy northern and 
western shorelines of L. George had significantly fewer adult 
Eagles then did the steep, well-wooded, and non-swampy 
southern and eastern bank (Table 2.6). Similarly, the be ter 
wooded southern bank of L. Edward had a higher density of birds 
toan the poorly wooded north (Table 2.6). The negative effect 
the swamp fringes along the Bouthem shoreline would have had 
on the density of birds was probably offset by the presence'of 
a forested end well-wooded hinterland (.Fig.2.1)

The distribution :nd density patterns of adult birds 
were not affected by the presence of fishing villages (Table 
2*7). ifater turbidity, waviness and depth, and the 
distributions and densities of fishes in the water bodies 
were not measured. Their influences on the distribution and 
density patterns of the Eagle in the Park could not, there­
fore, be assessed,

The densities of both th9 independent and all age 
classes of young along the shorelines of the vrater bodies 
were extremely low and highly variable (Table 2.4). Lake 
Edward had a higher density of independent young than L.
George (t - 3.043, df =» 40, P<0.01, Table 2.4) and than 
the Channel (t = 2.341, df = 34, P<o,05, Table 2.4). The 
Channel and L. George, however, had similar overall 
densities of independent young. Data from the 5 km sections
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Table 2.6 Population densities of adult Fish Eaglos along the shorelines 
of Lakes George and Edward (islands excluded) and the Kazinga 
Channel, Queen Elizabeth Park. N = Number of ^  sections of 
shorelines.

Shorelines
compared

Shoreline 
length (km) N

Total
adults

Adult
range

bird/km 
Mean t  S.d. t-value

L. George 
North & West 78 16 58 0.0-2.7 0.79+0.66 »#»57-143
South &. East 35 7 51 0.2-3.2 1.43+0.96

L. Edward
North 44 9 95 0.4-3.4 2.16+1.08 6.482***
South 42 9 130 1.8-4.0 3.12+0.78

The Channel
North 42 9 122 0.0-4.6 2.67+1.30 1.952NS
South 42 9 84 0.8-2.6 2.02+0.66

$

Table 2.7 Population densities of adult Fish Eagles in relation to the
presence or absence of fishing villages along the shorelines of 
the main water bodies in Queen Elizabeth Park. N = Number of 
5km sections of shorelines.

Nature of Length Total NumboT of birds/kmshoreline (km) N ad ul ts range Mean ± S.d. t-value
Inhabited 67 14 124 0.O-3.8 1.87 + 1.22 0.207NS
Uninhabi ted 215 45 416 0.0-4.8 1.92 + 1.21
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of shorelines (Table 2.4) indicate that the densities of 
adults :nd independent young axe significantly correlated 
(r =• 0.291, df = 58, P < 0.05). This result, therefore, 
shows that independent young did not necessarily avoid 
shorelines ..ith hiah densities of adult birds. Their 
distribution was, however, not even; on L« Edward they notably 
clumned on the southern shoreline at dwenshama and Kisenyi 
Fishing Villages, and on L. leorge they were attracted to 
Kashaka and Hexnukun ,u Fishing Villages (Fig.2.1).

2.3*3 uen-ity in ti:e stuû  area
There ’..ere 35 surveys in the main study area and 21 

additional ones in the Mweya Peninsula area,, The results 
of countB in the main study area are presented in Table 
2.8 a-c. The percent covariations (C.V.s) indicate how little 
adult Fish Eagle numbers and their densities fluctuated 
aroiuid the m*an values. However, during all years of study 
the no.rt.iem shoreline had si.jnificantly more birds/km than 
the southern bank (t = 16.48, df = 14; t = 571.43, df = 28; 
and t - 52.CO, df = 22; T<0.001 for the years 1975/6, 1976/7 
& 1977/8 res ectively). The apparent increase in densities 
along both shorelines with the progress of the study was not 
an actual increase in the population of the territorial birds 
(section 12.3.6); rather it was largely due to an improvement 
in detecting birds resting in shades of trees with thick 
foliage during hot periods of the day. A  further evidence 
that the increase in the population v/as not real is the fact 
that during none of the surveys was the full compliment of 
territorial birds ever roalised along any of the shorelines 
(see Table 2.8). The probable reason for the northern bank 
having a higher density than the southern one is because it 
is better wooded than the southern bank.

Table 2.9a-o demonstrate how low and highly variable the 
densities of young were in the study area. Furthermore, the 
results indicate that, throughout the study period, the 
orthem shoreline had significantly higher densities of young 
than the southern shoreline (t - 9.756, df = 14 for 1975/6; 
t = 20.00, df = 28 for 1976/7; and t = 62.50, df = 22 for 
1977/8; P<0.001 in each case).
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Table 2.8 (a) Population density of adult Fish Eagles in the main 
Btudy area in Queen Elizabeth Park, April 1975 “ 
March 1976. NS » northern shoreline of Kazinga 
Channel including 5®0 km shoreline of L. Edward 
surrounding Mweya Peninsula, total distance = 30km; 
SS = 25km southern shoreline of the Channel.
During 1975/6, NS had a maximum of 100 territorial
birds while S3 had 72 of them.

Date of
count

Number of adults Adults/km
NS SS Total NS SS Mean

5-6.75 75 53 128 2.5 2.1 2.3
19.6.75 84 58 142 2.8 2.3 2.6
18.7.75 88 67 155 2.9 2.7 2.8
4.8.75 92 63 155 3.1 2.5 2.8

18.8.75 86 59 145 2.9 2.4 2.6
5.9.75 63 62 125 2.1 2.5 2.3
16.9.75 80 64 144 2.7 2.6 2.6
3.10.75 88 59 147 2.9 2.4 2.8
Total 656 485 1141
Mean 82.0 60.6 142.6 2.74 2.44 2.6+S.d. 9.3 4.3 11.1 0.31 0.18 0.21
1» C.V. 11.3 7.1 7.7 11.3 7.4 8.1

(
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Tablo 2.8 (b) Population density of adult Fish Eagles in the main 
• study area in Queen Elizabeth Park, April 1976 - 

March 1977* Abbreviations and distances as in Table 
2.8a. During 1976/7 NS had a maximum of 102 terri­
torial birds while SS had 74 of them.

Date of Number of adultB Adultn/]ancount NS SS Total NS SS Mean
26.4.76 92 64 156 3.1 2.6 2.8
14.6.76 93 63 156 3.1 2.5 2.8
26.8.76 98 59 157 3.3 2.4 2.9
5.9-76 89 62 151 3.0 2-5 2.7
24.9.76 78 62 140 2.6 2.5 2.5
30.9.76 95 70 165 3.2 2.8 3.0
5.10.76 86 72 158 2.9 2.9 2.9

28.10.76 90 70 160 3.0 2.8 2.9
15.11.76 93 67 160 3.1 2.7 2.914.12.76 88 67 155 2.9 2.7 2.828.12.76 90 66 156 3.0 2.6 2.824.1.77 97 68 165 3.2 2.7 3'.08.2.77 95 72 167 3.2 2.9 3.025.2.77 87 63 150 2.9 2.5 2.715.3.77 88 61 149 2.9 2.4 2.7
Total 1359 986 2345Mean
+S.d. 90.6 65.7 156.3 3.03 2.63 2.83
% C.V. 5.6

4.1
6.2

7.0
4-5

0.18
5.9

0.17

6.5
0.14

4-9
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Table 2.8 (o) Population density of adult Fish Eagles in the main 
study area in Queen Elizabeth Park, April 1977 - 
March 1978. Abbreviations and distances as in 
Table 2.8a. During 1977/8, NS had a maximum of 102 

, territorial birds while SS had 70 of them.

Date of Number of adults Adul ts/km
count NS SS Total NS SS Mean

7-4.77 91 62 153 3.0 2.5 2.8
29-4.77 92 71 163 3.1 2.8 3.0
10.5.77 89 66 155 3.0 2.6 2.8
13.6.77 95 64 159 3.2 2,6 2.9
30.6.77 93 56 149 3.1 2.2 2.7
16.8.77 92 67 159 3.1 2.7 2.9
30.8.77 91 69 160 3.0 2.8 2.9
7.10.77 94 68 162 3.1 2.7 2.9

19.IO.77 95 69 I64 3.2 2.8 3.0
27.10.77 91 70 161 3.0 2.8 2.9

8.11.77 91 74 I65 3.0 3.0 3.0
29.12.77 97 69 166 3.2 2.8 3.0
Total 1111 805 1916
Mean
•fSfdf 92.6

O *) 67.1 159.7 3.08 2.69 2-9<*0 4.7 5.1 0.08 0.20 0.1
% c .v . 2.5 7.0 3.2 2.6 7.4 3.4

»
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Table 2.9 (a) Population density of young Fish Eagles in the main 
study area in Queen Elizabeth Park, April 1975 ” 
March 1976. Abbreviations and distances as in
Table 2.8a.

Date of Humber o f young Birds/km
count NS SS Total HS SS Mean

5-6.75 5 1 6 0.17 0.04 0.11

19*6.75 9 2 11 0.30 0.08 0.20

18.7.75 6 5 11 0.20 0.20 0.20

4.8.75 3 1 4 0.10 0.04 0.07
18.8.75 0 1 1 0.00 0.04 0.02
5-9.75 0 0 0 0.00 0.00 0.00

16.9.75 0 2 2 0.00 0.08 0.04
3.10.75 1 4 5 0.03 0.16 0.09

Total 24 16 40
Mean
+S.d.

3.00
3.38

2.00
1.69

5.00
4.21

0.10
0.11

co r*- 
0 0 
# •

0 0 0.11
0.08

% C.V. 112.7 84.5 84.2 110.0 87.5 72.7



-  56 -

Table 2.9 (b) Population density of young Fish Eagles in the main 
area in Queen Elizabeth Park, April 1976 -  March
1977. Abbreviations and distances as in Table 2.8a.

Date of Number of young Birds/km
count NS SS Total NS SS Mean

26.4.76 17 2 19 0.57 0.08 0.35
14.6.76 2 3 5 0.07 0.12 0.09
26.8.76 1 2 0 2 0.07 0.00 0.4
5.9.76 0 0 0 O.CO 0.00 0.00
24.9.76 0 2 2 0.00 0.08 9. 04
30.9576 0 0 0 0.00 0.00 0.00
5.10.76 0 0 0 0.00 0.00 0.00
28.10.76 3 0 3 0.10 0.00 0.05
15.11.76 3 6 9 0.10 0.24 0.16
14.12.76 6 1 7 0.20 0.04 0.13
28.12.76 11 0 11 0.37 0.00 0.20
24.1.77 19 0 19 0.63 0.00 0.35

8.2.77 14 0 14 0.47 0.00 0.25
25.2.77 11 2 13 0.37 0.08 0.24
15.3.77 5 0 5 0.17 0.00 0.09

Total 93 16 109
Mean
+S.d. 6.2

6.54
1.07
1.71

7.27
6.62

0.21
0.22 0.04"

0.07
0.13
0.12

$ c .v . 105.5 159.8 91.1 104.8 175.0 92.3

t
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Table 2.9 (o) Population density of young Fish Eagles in the main 
study area in Queen Elizabeth Park, April 1977 - 
March 1978. Abbreviations and distances r s  in Table 
2.8a.

Date of ____ Number of young____ _______ Birds/km
count NS ss Total NS ss Mean
7-4.77 9 3 12 0.30 0.12 0.22
29.4-77 9 5 14 0.30 0.20 0.25
10.5.77 4 0 4 0.13 0.00 0.07
13.6.77 4 3 7 0.13 0.12 0.13
30.6.77 ‘ 4 6 10 0.13 0.24 0.18
I6.8.77 4 4 8 0.13 0.16 0.15
30.8.77 3 5 8 0.10 0.20 0.15
7.10.77 3 2 5 0.10 0.08 0.09

19.IO.77 6 1 7 0.20 0.04 0.13
27.10.77 4 7 11 0.13 0.28 0.20

8.II.77 3 0 3 0.10 0.00 0.05
29.12.77 8 0 8 0.27 0.00 0.15
Total 61 36 97
Neon 
♦S • da 5.08

2.31
3.0
2.45

8.08
3.26

0.17
0.08

0.12
0.10 0 

0
kb% c.v. 45.5 8I.7 40.3 47.1 83.3 40.0

I
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A comparison of the density of independent young in 

the main study area -.;ith that of Mveyc Peninsula indicates 

that the study area had sig n ifican tly  fewer iidc th. n tue 

M'.veya area (fable 2 ,10 ), The scavenging opportunities at

Kizinsa Pishing V illage  and in Mweya probably 
more of these birds being encountered in the 

(section 2.3*2 above'.

resulted in 
-,/eya. ar<oa refer

2,3.4  Population structure and longevity

During the whole Tar’c survey, ad I t  ^Lsi. es made up

9O,0,o of the 752 birds encountered, subadults 2,5. j -year 

olds 3.1,« and recent Lrinaturon 3*̂  ̂ (* bl e 2 .11), v>’e numbers 

of adults and young differed sign ifican tly  from shore to 
shore (Table 2.12) indicating that both wore not evenly 
distributed ’.long the various banks (F ig .2 .1 ). Table 2.12 

(also F ig.2.1) c learly  indicates lh?.t the southsrn bank o f 
L. Edward had a l l  age classes of young while the northern had 
only the young o f the year; northern Kazinja Channel had a ll  
age classes of young while the southern bank had largely  

recent immatures. It i s  interesting to note that the tiny L. 

Edward Ielands and the small Crater Lakes K sanduka and 

Kikorongo had no young at a l l .  Perhaps because of their small 

sizes any young that v is ite d  them were probably quickly 

detected and evioted by the resident adults. Crater L, 

liyamusingire, on the other hand, had largely  the young of the 

year. The distribution and density patterns of the birds have, 

however, already been discussed (seotion 2.3.2). This section 

discusses the population structure of the birds.

Since bereaved adult Fish Eagles reczxiit replacements 
from the subadult segment of the population, this Dortion 
effeotively represents the adult mortality experienced by 
the population. According to the 2. %  subadults in the Park 
population (Tables 2.11 & 2.12), the Eagle would have to 
live for 39*5 yoaro as an aiuit in order to replace itself. 
Since it takes 4 years for a young to become adult (Brown & 

Cade 1972), the bird would therefore, have a total lifespan 
of 43*5 years. A reasonably good adult longevity estimate



-  59 -

Table 2.10 Population densities of independent young Fish Eagles in 
the main study area and Mweya Peninsula.

Area
Shoreline
length(km)

No. of 
counts

Total young 
resighted

Numbers of 
young/km t-value

Mweya 14 21 21 0.07+0.12 16.67***
Study area 55 35 73 0.04+0.04

Table 2.11 African Fish Eagle population structure in Queen Elizabeth 
Park during the park-wide survey, July -  August 1977.

Area Length
(km)

Full
adults

Sub­
adults

2-year Recent 
olds vounsr Total PercentEajrl or Yminir irlnl f. y m̂,.-..

Kazinga Ch. 83.6 204 5 1 9 219 15 93.2 6.8
L. Edward 86.3 225 9 16 11 261 36 86.2 13.8L. George 112.7 109 3 5 2 119 10 91.6 8.4Islands 42.0 53 1 1 0 55 2 96.4 3.6CraterB 17.2 92 1 0 5 98 6 93.9 6.1
Total 
% ago

341.8 683 19 23 27 752 69

olasBes
90.8 9.290.8 2.5 3.i 3; 6



-  60 -

Table 2.12 African Fish Eagle population structures along various shorelines 
in Queen Elizabeth Park during the park-wide survey, July - 
August 1977*

Shoreline Full Sub- 2-year Recent Total Percent
Area (length,km) adults adults olds young £dults young Adults younf

Xazinga North (41.8) 120 4 1 3 120 8 93.7 6.3
Channel South (41.8) 84 1 0 6 84 7 92.3 7-7

Lake
1

North (44.0) 95 0 0 5 95 5 95.0 5-0
Edward South (42.3) 130 9 16 6 130 31 80.7 19.3

Islands (4«0) 8 0 0 0 8 C 100.0 0.0

Lake North (78.0) 58 2 2 2 58 6 90.9 9.1
George South (34.7) 51 1 3 0 51 4 92.7 7.3

Islands (38.0) 45 1 1 0 45 2 95-6 4.4

Crater Nyamusigire (ll.O) 77 1 0 5 77 6 92.8 7-2Lakes Kasanduka (2.6) 13 0 0 0 13 0 100.0 0.0
Kikorongo (3*6) 2 0 0 0 2 0 100.0 0.0

Total (341.8) 683 19 23 27 683 69
% age
olasses 90.8 2.5 3.1 3.6 X2=,27.409» 90.8 9.2

I
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of 17.4 years, 21.4 years total lifesp an , is  obtained when the 
population structure along the southern shoreline of L. Edward 

is  used (Table 2.12)»
In the main study area, the results of the population 

structure8 revealed very low numbers of young with extremely 
high covariations around the means (Tables 2.13a.-c). During 
the 1975/76 period subadults avera ,ed only 1.1/ of the total 
birds resighted. This figure gives a very low mortality rate 
in the Eagle and, consequently, an unlikely adult lifespan 
of 9°«4 years and a total longevity of 94*4 years. In 1976/7 
the subadults averaged only O.p/ and this figure gives the 
improbable adult lifespan of 195*5 years and total life of
203.5 years. The 0.6/ subadult propoi'tion in the population 
of 1977/8 gives the bird the unlikely adult lifespan of 166 
years and a total longevity of 170 years.

In the I'vreya Peninsula area the percentages of subadults
were still low (Table 2.14a-c). Only the 3.8/ (1975/6) and
2*9/« (1977/8) subadult proportions give the Fish E gle the
reasonable adult lives of 26 aid 34 years respectively.
These figures would result in longevities of 30 and 33 years*1respectively.

j.he whole park survey, the 35 counts in the main study 
area and the 21 counts in the Peninsula area gave a total 
of 6927 bird encounters. Of these, 6547 (94.5$ ware adults, 
69(1.0/) were subadults, 67(1.0/) were 2-year olds, and 244 
(3.5/) were recent immatures. 'The 1.0/ subadult proportion 
in this population would give tho Fish Eagle the improbable 
adult lifespan of 99.5 years and a longevity of 103.5 years. 
Using the host estimates of population structures obtained 
during this study, the African Fish Eagle in this Pork 
probably has to live for about 30 years as an adult, 34 
years in total, in order to replace itself (Table 2,15).
2.4 DISCUSSION

In a ll  areas where i t  has been studied, the African 

Fish Eagle shows distribution patterns which are c lo se ly  

related to the habitat features along the banks o f the 

r  bodies. I t  prefers well-wooded and steep banks to
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Table 2.13 (a) African Fish Eagle population structure in the main 
study area in Queen E lizabeth Park, April 1975 -  
March 1976.

Date of 
count

F ull 
adults

Sub­
adults

2-year
olds

Recent
young

Total
Eagles Young

Percent 
Adults Young

5-6.75 128 5 1 0 134 6 95.5 4 .5
19-6.75 141 4 2 5 152 11 92.8 7.2
18.7.75 154 2 4 5 I65 11 93.3 6.7
4.8.75 155 0 1 3 159 4 97.5 2 .5
I8.8.75 144 1 0 0 145 1 99.3 0.7
5.9.75 125 0 0 0 125 0 100.0 0.0
16.9.75 144 0 0 2 146 2 98.6 1.4
3.10.75 143 1 0 4 148 5 96.6 3 .4

Total 1134 13 8 19 1174 40
Mean 141.8 1.6 loO 2.4 146.8 5 . 0+5.d. 10.7 1.9 1.4 2.2 12.8 4.2
#.V. 7.5 118.8 140.0 91.7 8.7 •C

O 0
• 1

£ a«0
olasses 96.6 1.1 0.7 1.6 96.6 3 .4
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Table 2.13 (b) African Pish Eagle population structure in  the «ain 
study area in Queen Elizabeth Park, April 1976 -  
March 1977-

Date of Full Sub- 2-year Recen t Total Percent
count adults adul ts olds yOUTLfK Eagles Young Eagles Young

26.4.76 154 0 0 19 173 19 89.0 11.0

14.6.76 156 2 0 3 161 5 96.9 3.1
26.8.76 157 1 0 1 159 2 98.7 1.3
5.9.76 151 0 0 0 151 0 100.0 0.0
24.9.76 140 2 0 0 142 2 98.6 1.4
30.9.76 165 0 0 0 165 0 100.0 0.0
5.10„76 158 0 0 0 158 0 100.0 0.0

28.10.76 160 0 0 3 163 3 98.2 1.8
15.11.76 160 2 3 4 I69 9 94.7 5-3
14.12.76 155 0 1 6 162 7 95-7 4.3
28.12.76 156 2 0 9 167 11 93.4 6.6
24.1.77 I65 2 0 17 I84 19 89.7 10.3
8.2.77 167 0 0 14 181 14 92.3 7.7
25.2.77 150 1 2 10 163 13 92.0 8.0
15.3.77 149 0 0 c; 154 5 96.8 3.2

Total 2343 12 6 91 2452 109
Mean 156.2 0.8 0.4 6.1 163.5 7.3+3 • d • 7«o 0.9 0.9 6.4 10.8 6.6
5fc.v. 4.5 112.5 225.0 104.9 6.6 90.4
% age
classes 95-6 0.5 0.2 377 — — 9576. 4.4
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Table 2,13 (c) African Fish Eagle population structure in the main 
study area in  Queen Elizabeth Park, April 1977 - 
March 1978.

Date of 
count

Full
adults

Sub- 
adulto

2-year
olds

Recent
young

Total
Eagles Young

Fercent 
Adults Young

7-4.77 153 2 3 7 165 12 92.7 7.3
29.4.77 163 2 5 7 177 14 92.1 7-9
10.5.77 155 0 0 4 159 4 97.5 2.5
13.6.77 159 2 1 4 166 7 95.8 4.2
30.6.77 149 1 4 5 159 10 93.7 6.3
16.8.77 159 0 3 5 167 8 95-2 4.8
30.8.77 160 1 3 4 168 8 95-2 4.8
7.10.77 162 1 0 4 167 5 97.0 3.0
19.10.77 I64 1 0 6 171 7 95-9 4.1
27.10.77 161 2 2 7 172 11 93.6 6.4

8.II.77 I65 0 0 3 168 3 98.2 1.829.12.77 166 0 1 7 174 8 95-4 ,, 4.6
Total 1916 12 22 63 2013 97Mean
♦S.d. 159.7

5.1
1.0
0.9

1.8
1.7

5.3
1.5

I67.8
5-4

8.1
3.3Jfc.v. ■3.2 90.0 94.4 28.3 3.2 40.7

% age
0lasses 95.2 0.6 1.1 3.1 - 95.2” 4.8
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Table 2.14 (a) African Fish Eagle population structure in Mweya
Peninsula, Queen Elizabeth National Park, April 1975 ” 
March 1976.

Date of Full Sub- 2-year Recent Total Percent
count adults fiulnl ts olds young Eagles Young Adults Young

4/75 20 1 0 2 23 3 86.9 13.1
5/75 22 1 1 3 27 5 81.5 18.5
6/75 23 4 3 3 33 10 69»7 30.3
7/75 23 1 3 2 29 6 79-3 20.7
8/75 20 1 0 1 22 2 90.9 9.1
9/75 23 0 0 0

2 l
0 100.0 0.0

10/75 24 0 0 2 26 2 92.3 7-7
3/76 24 0 0 4 28 4 85.7 14.3
Total 179 8 7 17 211 32
Kean 22.4 1.0 0.9 2.1 26.4 4.0
+S.d. 1.6 1.3 1.4 1.2 3.7 3.1
fcC.V. 7.1 130.0 155-6 57-1 14.0 77.5
£ age
classes 84*8 3.8 3o4 8.0 84.8 15.2

M
Table 2.■ 14 (b) African Fish Eagle population structure in Mweya 

Peninsula, Queen Elizabeth National Park, April 1976 - 
1977.

Date of 
count

Full
adults

Sub­
adults

2-year
olds

Recent
young

Total
Eagles Young

Percent 
Adults Young

4/76 ?3 0 0 5 28 5 82.1 17.9
6/76 23 0 0 5 28 5 82.1 17.9
7/76 23 1 1 2 27 4 85.2 14.8
8/76 23- 0 0 l 24 —  1 95.8- 4.2
9/76 24 0 0 0 24 0 100.0 0.0
12/76 22 0 0 5 27 5 81.5 18.5
3/77 23 0 0 1 24 1 95.8 4.2
Total 161 1 1 19 182 21
Mean 23.0 0.14 0.14 2.7 26.0 3.0+S.d. 0.6 0.4 0.4 2.2 1.9 2.2
JeG.V. 2.6 285-7 285.7 81.5 7.3 73.3
£ age . —
classes 88.5 0.5 0.5 10.4 88.5- - 11.5
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Table 2.14 (c) African Fish Eagle population structure in Kweya 
Peninsula, Queen Elizabeth National Favk,
April 1977 - March 1978.

Date of Pull Sub- 2-year Recent Total Feicent
count adults adul ts olds young Eagles Young Adults Young
5/77 22 0 0 0 22 0 100.0 0.0
6/77 22 0 0 0 22 0 100.0 0.0
8/77 24 0 0 4 28 4 85.7 14.3
9/77 24 0 0 2 26 2 92.3 7.7
12/77 17 1 0 0 18 1 94.4 5.6
1/78 221 3 0 2 27 5 8I.5 I8.5

Total 131 4 0 8 143 12
Menn 21.8 0.7 0 1.3 ?3-8 2.0♦S a d • 2.6 lo2 1 *6 3.8 2.1
£c.v. 11.9 171.4 123.1 16.0 105.0
£age
classes 91.6 2.9 0.0 5.5 91.6 8.4

Table 2.15 Adult and total Fish Eagle lifespans from the best estimates of 
population structures in Queen Elizabeth Park, Uganda. Best 
estimate of population structure is one whoso subadult seg­
ment gives an adult lifespan of not more than 40 years, 
figures in parentheses ar9 numbers of counts.

Survey area

Whole park 
L. George (north) 
Kazinga (north)
L. Edward (south) 
Mweya (1975/6) 

K*eya (1977/8)

Total
Mean

Length
--(k°0

Distance
(km)

Total
birds

342(1) 342 752
78(1) 78 64
42(1) 42 128
42(1) 42 161
9(8) 72 221
9(6) 54 143

522(18) 630 1469

Subadul ts Lifespan (yrs)
No. h Adult Total
19 2.5 39-5 43.5
2 3.1 31.8 35-8
4 3.1- 31.8 35-8
9 5.6 17.4 21.4
8 3.8 25.8 29.8
4 2.8 35.2 39-2
46

+S.d. 3.5* 30.3 34-3
1.1 7-7 7-7

* This figure, 
therefore, a used on its own,

longevity of 32.1gives an adult lifespan of 28.1 years andyears.
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those which have few or no trees ;u;«l are flat (Eltringham 1975> 
Thiollay & Meyer 1978), Although there has been no practical 
demonstration of any correlation bjtween xhe distriowtion 
patterns of the bird end those of fish, the distribution of 
fish has been sug ested as a habitat factor that influences its 
distribution patterns along the s o.elines of water bodies on 
which the Eagle is sedentary (Brown & Hopcraft 1973? iltringharo 
op.oit., Green 1964). fhe depth, turbidity and wavineus of the 
water bod/' contribute towards the hunting and breeding success 
of the 1 sjla nd. cle; r, still ar.u si.allow waters ejre oati ial in 
these respects (-drown 3-. ilopcraft, op.cit.; Thiollay & leyer, 
op.cit.). 3uch water bodies would therefore be proferred to 
deep, opaque and turbulent ones. Thus, Green (op.cit.) found 
that Fish Angles were rare along the steep banks of I.. lbert, 
a fact which he relates to the deep offshore vrater carrying 
few fish.

During this study, Fish Eagles were markedly more co.nmon 
along steep, well-wooded and non-swampy shorelines than along 
flat, treelens and swampy ones. The productivity and distribu­
tion of fish in L. Edward and the Kazinga Channel have not been• t
measured but in L. George fish distribution has been shown to 
decrease from inshore .to offshore sites and from the south­
western towards the northeaster:: parts of the lake (Gwahaba 
1973). Hie low uenwity of fish in the north-eastern section 
of the lake, oer _se, cannot explain the low density of Fish 
Eagles in that area. Phere are enough fish in the area 
(13,000 fish/haj G/ahaba, op.cit.) to support a higher 
density of Eagles than was recorded, ifhat seem critical in 
explaining the low density of birds along this section-of-L. 
George are the extensive Cyperus papyrus and C. latifolius 
swampB bordering its shoreline and the consequent lack of 
robust trees within reasonable distance from the shoreline 
for the G -gles to perch and nest upon. This observation is 
supported by the fact that where Ficus sp. trees are 
available, the 5 gles. are locally more numerous.

Along the southern shoreline of L. Sdward, papyrus 
swamps also fringe sections of the bank but the swamps are 
not as extensive as those in north-eantorn'I. George Tort
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they exe b..cked by o.-ested <nd well-wooded hinterlands (Pig. 
2.1). Thus, the southern bank oT L. klwnrd bid the hi Jne.vfc 
density of Tables in the -hole Pi rk. M ona the Channel, the 
northern baric is better wooded than the southern one,
Probably because of this ra' or then any other hob? t t factor, 
the northern baric had a hifjier po.ul tion density of adults 
than the southern one.

The findings that F ish  clan are fewer lorn; swampy and 

tr e e le s s  who eUne:. t v . s: .rr.py but wcJ. l-w... Jded barks,

and less co: ;on along treele.s shorelines as compared to 
well—wooded, ones clearly demonstrate tlieoimportance of orees
in the distribution of the bird. The. a results further 
indicate that the presence of trees within reason?.ole distances 
of tho shorelines probably overrides food availability in 
influencing the distribution patterns of the birds in ti is 
Park. Tho oxtrer.ioly high densities of S glee along the banks 
of Crater Lakes Ilya .usin„ ire and Kasanduka, in Maratnagambo 
Forest (Fig.2.1), further emphasize the importance of trees 
to the Eagle.

Trees are not necessary as perching sites. Along tree­
less shorelines Fish Eagles .will perch on low bushes or even 
sit on dense mais of floating fistia sbratiotes or directly 
on the ground. Sltringham (1975) end Greenspan & Torre-Bueno 
(1971) made similar observations on this population earlier 
on. These observations do indicate that trees are an
important resource to the Fish Eagle, and are probably more----
bo as nesting rather than perching sites.I

Along a 209 km shoreline of L. Albert, Green-(1964)----
reported that the overall Fish Eagle density was 0.8 birds/ 
km, but in one 2 lan stretch where there was a fishing village 
the density rose to 11 birds/km. Although Brown & Eopcraft 
(1973) did not give densities for the L. Nrivasha Fish 
Eagle population, they reported that the birds were not 
resented by the riparian land owners or fishermen. They 
alBo found that the young favoured and congregated in the 
lagoons where there were few or no pairs of territorially 
aggressive adults (Brown 1*80). During this~study, adult
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"birds showed no significar.t di Tore ices in their densities 
between inhabited and uninhabited banks. Furthermore, .he 
densities of adults ar.d independent young were c^nifiotmtly 
correlated, thus indicating that tsuch young did not 
necessarily avoid sidelines "iti high densities of adult 
birds, gubadults wove, however, -cgularly encountered on the 
rubbish dumps in Ilweya Peninsula mile along other shorelines 
they tended to con rebate at the fishing villages (’if. 2.1 d 
Tablo 4*9)» In this Tavk young Pa Ins ore attracted to 
fishing villages because of the improved scavenging 
opportunities they offer, ..t all of them, large i.u nil tins 
of partly rotter, fish • r.l fish offals ore discarded daily.
Both young and non-territorial adults made use of this regular 
carrion. In thane vil’'.ges, especially at ilwenshama (Fig.2.1), 
large numbers of other birds, namely Ma.raoou Storks Le rtoptilos 
crumeniferous, vultures (Aegypiiiiae), Pied Grovrs Gorvus alba, 
Black Kites Mil vug r.igruns, Ilarr-ierkopG -mo ous mnbretta, herons 
(Ardoadoe), Yellow-billed utorks Ibis ibis, Saddle-’oilled 
Storks Pohipaiorhynchus sene ;alensi3, Sacred Ibises 
Threskiornis aethiopiftus, Hadada Ibises Hagedashia lingedash, 
and African Spoonbills Platalea rJlba also scavenged alongside 
the Fish Pagles (Table 4.9).

At L. Kaivasha, the Fish Ba.jle was not persecuted by 
man and, therefore, human interference was not an important 
reason for tr.o variations in its breeding success (Brown & 
Hoporaft 1973)• The similarities in the densities of adults, 
along inhabited and uninhabited shorelines, and the clumping 
of young around human habitations clearly demonstrate the 
impartiality of man towards the bird in this_park. Despite 
this, however, pairs at the foci of human activities' suTTered 
reduced breeding success through, probably, inadvertent 
ratner than deliberate human interferences with their 
nesting activities (section 12.3.4).

The usefulness of studying the population structure of 
any apeoiss is to to. more abou* it„ nfe ^  ^

. 8pS°leS’ ihe pres9n<:s "any subadults in its
reeding population is indicate of the instability of the
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population and Tor a raptor the population concerned Is not 
healthy (Brown 1976 a fk b). At L, Mrivasha, Brown * Hopcraft 
(1973) reoorded 80.3,'. adults, 9.2.5 subadults, 3 2-year olds, 
and 6.&/c recent i.nmatures in the 196O-69 Fish Eagle population. 
During 1970-71 study, these authors recorded 85•6;'5 adults,
6.1, ® subadults, 2.(■>' 2-yoar olds, nd 5*7.- recent immatures. 
Using the 1970-71 data they found that the subadults comprised
4.2, ) of the population on the lake. Thi s fijure agreed with 
Brown 1: Cade’s (1972) finding that the normal replacement rate 
of bereaved >.dul ts lies between 4—6,.. At the above repl-'-ce...ent 
rate the Fish Eagle would have an adult lifespan of between 16 
end 24 years end a total life expectancy of 20-28 years®

For 5 counts of Kwoya Peninsula Fish F gles (7-29 July 
1971 ), Greenspan & To. re-Bueno (1971) reported 168 bird 
resi_htings. Of ti.ese, 106 (63.5.=) were adults, 12 (7•T;*)were 
subadults, and SO (28.8,.*) were juveniles. The 7*7,® subadults 
would give the Fish Slagle an alilt life of 12.5 years find a total 
longevity of 16.5 years. In .nother 2-r.ionth study of the 
same population, Thiolloy & lieyer (1978) reported 70.2̂  adults, 
5«7,j subadults, 6.9,0 2-year olds, and 17»2> recent i;nmatures. 
Tne percentage of subadv.lts gives the Eagle an adult life of 17 
years and a life ex ec’.ancy of 21 years® Thiollay & I-'eyor 
(op.cit.), however, reported an adult lifespan of 25 years 
and a longevity of 29 years®

Because Oi the extremely low overall percentages? of * 
subadul bS in counts during my study, softie improbable estimates 

. 0i adult and total lifespans of the Fish Eagle have been 
made. However, using the best estimates of the population 
structure, the E gle would have to live ca.30 years as-an • —
adult, and therefore 34 years total life, in order to replace 
itself (Table 2.13). in the course of this work only the 
population structu e along the southern shoreline of L.
Edward gave adult end total life expectancies which fell 
within Ine ranges of life expectancies given by Brown &
Cade (1972). Counts in the ilweya area in the 1975/6 study 
period gave adult and total life expectancies which agreed 
..ith those obtained by Thiollay & Meyer (1978). -
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The following factors probably contributed to the very 
low numbers of independent young during the present surveys. 
Independent young are not as vociferous as recently fledged 
ones are (section 11.3*3)• Secondly, independent young adopt 
oryptio and retiring habits (Brown 1930, Greenspan « Torre-Bueno 
1971). These habits, therefore, make them difficult to spot, 
especially in wooded habitats. Thirdly, both adult and young 
scavenge (Brown 1930). Frobably beca\ se of this behaviour, 
many independent young could have been scavenging in the
hinterluK b  and were, therefore, minced duri ng nut wrys. jue 
to these considerations the numbers of independent young in 
all the surveys should have been hitter than what were 
reoorded, thus giving the 3 gle a lower expectation of life 
than has been estimated. The 17-year adult lifespan calculated 
from the population structure along the southern bank of L. 
udward probably represents the minimum age requirement for the 
Park Fish Eagle to replace itself. The maximum adult lifespan, 
on the other hand, may be close to the 24 years calculated by 
Brown <& Cade (op.cit.) and the 25 years obtained by Thiollay 
& Meyer (op.cit.). it io, however, unlikely that the adult 
lifespan can exceed the 30-ycar mean estimated during this " 
study. Perhaps their generally idle wa, of life (section
3.3.2) permits them to reach a great age (Drown,op.cit.).

More carefully planned population structure studies are 
still required to establish how long the wild Afrir n Pish 
Eagle lives in order to perpetuate its kind. Such tudios 
should, however, be supplemented *  both ringibg^

“ 7  ,Ai0t * U  hel> ♦» — 1 th. pat terns of movements 
“ d ̂ spersal of the independent imsature* bird. _
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C H A T T E R  3

TERRITORIALITY AND ACTIVITY PATTERNS

3.1 INTRODUCTION

The concept of territorial i ‘,y in birds of prey is as oldl
aa Aristotle (drown, 1970a). Although age-old, serious study of 
uhe cuoject a tested only .oc tly it; i’o r.rd'c (1920) treatise 
on "Terri tory in bird 1 i "o." ~ln~e ora-d'r. -or:, ' o tudy of
i<erri oor .al i uy :i..s uro*m to cover virtually all forms of aninal 
life.

Torri toriali ty is a. videsprecd. phenomenon in birds e.g. 
->choener 1968; J, Brown 2969 for reviews), md especially so 
anorvy birds of prey (Crown 1970a, 1975a, b c, 19(70). Despite 
serving .0 apportion, in an orderly .u.imor, resources like food, 
nates, nest cite, activity space, etc. whose efficient utilization 
has no. ‘boon savoured by _,re jariousnoss (Schooner op.cit.), the 
evolutionary importance of territorial behaviour in birds, 
especially in regards to regulation of populations, has become 
a matter of controversy (e.j. lynne-Eduards 1959, 1962, 1963*
Lack 1966; J. ”,l'o;ih 1969).

.jrownIn the African Pish Ea.le, She e:,ly studies of 3t 
(195D, 1970a) tended to play down the fiercely territorial nature 
°' n° Jird, -°r°b£bly bec llse ‘;-ie Population studied was Email, 

an<J lo°lated> ?nd apparently migratory. However, recent 
oyu os by bobh crown and ot er authors, esoecist-ly-^enenan-dr-
•Torre-3ueno (1971), have snown th-.t the Fish Eagle is intensely

a )

b)

terribOiial. This study, therefore, sought toi

confirm the existence of territoriality in the 
Fish Eagle in *ueen Elizabeth Park,

Scribe ih. diurnal activities of the Ea^le and 
evaluata their rolationship -,:ith ihe territorial 
habit of the bird,
aeeess the importance of territoriality i„ the 
Pieh -e;le, os. eciMly in relation 
regulation in the species

o)

to population

6
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3.2 M3Z.0DS

3.2 . 1 reiminoloy

3.2.1.1 Terri lory

There axe two principal definitions of territory. The first 
by 17oble (1 9 3?)> simply labels a territory as "any defended area." 
however, Pitelha (1959) --a.s su jested that a territory be defined 
as "an exoluJive area" boc.iuse "the fundanental importance of 
territory lies not in the nee ..ism (overt defense or any other 
action; by which t.io territory becomes idontilled ..it. its occupant, 
tut the decree to which it is in fact used exclusively by its 
oocupcnt." i'uch as the territory of the Pish 3a_le du -inc this 
Btudy was a defended area, it was exclusively used by the pair 
of birds i.-hioh occupied it, and by their youny durin the nost- 
fledcing period when tho youn; wore still dependent on .;he adults 
(Chapters 11 1 2).
3 .2 .1 .2  Ca^le—dry

An ea^le-dry describes the period of time from dawn, when
the Pish 3a_le .rices its first call, to dual:, ..her. the bird
retires to its roost and n?I:es the last cull. Its Ion th varies
with habitats, probably depending on the 1 titr.de and the seasons
of tae area. At L. Uaivash.a, Drorm (l?Go) used an ea.le-day
spannirvs about 13 hours, starting at 0 5 6 0 ,nd ending at 1C:3 0.
In v̂ ueen Elizabeth Par!-. llio ^ o ,• > *ne . ish .wle was also active for 1 3

hours, the day starting around C6 : 3 0 and ending at 1 9 ,3 0.
3 .2 .1 . 3  Distinction 0f  sexes

In rela-.ine a particular behaviour to a speoific Pish Eaele, 
U  wae important to differentiate bet-.,eon the sexes of S pair 
under ebeervation. An ai.lt female in bicser than her mate by
. J V ‘\ 'Un0nSions t * 1980; Brown 4 Amauon
•968; -«fc.'°rth-Fr=ed 4 O r a *  ,**, Frontispiece Plate 1 ). she

aiwl 2<;oo ° 3000 *° '̂ °° e "lule t!le aale ;,eiJ"= between 2000
„  J  °h° i“  “ ”ean sl“ ^  -ins length of about 58 cm
r  r * r *  - 53 -  * > » <»«. .980,. i„ ^remade, oecauca of hon i ̂ T ,
*. / size> fias slovrer wins beats (4-5.roes/second) than thB n-Ts fc / .. , V(5 6 times/second) (Brown op.cit.).
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The calls are characteristically different, the male's 
being higher-pitched than the female's. Although the 

calls can vary, the variation between individuals is 

greater than it is for an individual (Greenspan & Torre- 

Bueno 1971). This point is significant in identifying a 

Fish Eagle, by calls, from several others that might be 
soaring high up in the sky. Thus, using the above 
characteristics it was possible to distinguish between 

the male and female of a particular pair and to identify 

a specific male or female from a flroup of soaring birds.

3.2.2 Sampling methods

To determine the distribution of the territories 
in the main study area along the Kazinga Channel, their 
approximate boundaries had to be known. For each 
territory, this was achieved by noting on sketch mapsM
the positions of the birds, during surveys, in relation 
to the principal features of the territory, i.e. the 
large trees upon which the birds perched, ridges and 

gullies along the slopes of the territory, and sand spits 

and bays along the shorelines. The positions of nests, 

when present (section 5.3.1), and of favourite perch trees, 
and the regular territorial disputes betweein neighbouring 

pairs helped to fix the boundaries of a territory relative 
to those of the neighbouring pairs. Having estimated the 

approximate limits of territories, the shoreline lengths 
of 20 territories, selected from a table of random numbers, 
were measured. During the whole study period, for the 20
territories, the farthest positions birds perched inland inr •*
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their territories wore noted by marking the trees upon
I

which they sat and later measuring the distances from the 

land-water interfaces. This measurement gave part of the 

width cf the territory on the land section of it.

On the Channel, I noted that any 2 pairs, on the 
opposite banks divided it virtually in the middle, between 
themselves. Where the Channel was too narrow, 500 m or 
less, the boundaries of territories on the water coincided. 
However, where it was wider than 500 m there existed a 

narrow band of water, running almost mid way along the 
Channel, which could appropriately be termed no-man's-land 
(Fig.3.1). Thus the width of the territory in the water 
was dependent on the width of the Channel. Nowhere was 
this distance more than 400 m, and was estimated by dividing 
the width of the Channel. Thus, the total width of a

• I
territory was obtained by adding the two measurements of
the widths of the land and water sections of it

0
The method used in determining the relationships 

between territory size and the vegetation cover along the 

banks, and between territory size and the combinations or 
gradient and vegetation cover along the banks of the

nne_ has already been described in reference— t-o habitat 
preference by the bird (section 2 .2 .2).

All diurnal activities of Fish Eagles were identified, 
and they fitted into 4 main classes: sitting, flying, 

ting and others . Flights were further subdivided 

to territorial flights (in defence of the territory)
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Pig. 3.1 Territories of African Pish Eagles in the main study area 
along t..e Kazinga Channel, Queen Elizabeth National Park. 
Stippled territories were those abandoned during the study 
period and cross-hatched ones were those taken up after 
the commencement of the study.
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soaring (also subdivided into low and high soaring)
flights, ordinary or perch to perch flights, and fishing

(subdivided into perch to water and circling) flights.

Included under 'others' were such activities like drinking
0

and bathing, preening, mating, and chasing other birds.

Since all these activities, apart from high soaring flights, 
took place within the territory, I decided to treat them 
in the context of the territorial way of life of the species.

During the course of the day, all activities of each 
member of a pair were noted, the times they were oerformed 
and the amount of time spent on them were recorded. In 

intraspecific activities involving the defence of the 
territory, the age and territorial status of the birds 
against which territorial behaviours were directed were 
recorded. During interspecific encounters, the names of 
birds or animals involved were noted.

I
3.3 RESULTS

3 ‘ 3,1 Distribution and sizes of territories

The territory of a pair of African Fish Eagles is 3­
d imens ional in shape, extending inland, offshore and sky- 

 ̂ from any stretch of shoreline that the pair controls. 
Territories were regularly spaced (Fig.3.1 ). Twenty 

territories averaged 525 m of shoreline length (Table 3.1 ). 
Because the territory extended both inland and offshore, 

area under it included both land and water. However, 

the area on land depended on how far inland the nest or 

favourite perches and roost trees were, and that under water 

the width of the Channel (Table 3.1). Because nests
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Table 3.1 Territory size in the African Pish Eagle in Queen
Elizabeth Park. Twenty territories, selected front a table 
of random numbers, were measured.

1 Width (n) Length (m) Area (ha)
Pair No. Land Water Whole Shoreline Land Water Whole

8 200 300 500 650 13.0 19.5 32.5
15 200 300 500 650 13.0 19.5 32.5
17 300 300 600 400 12.0 12.0 24.O
.23 100 400 500 350 3.5 14.0 17.5
25 150 300 450 600 9.0 18.0 27.0

29 150 400 550 200 3.0 8.0 11.0

31 150 300 450 150 2.3 4.5 6.8

34 200 400 600 400 8.0 16.0 24.O
• 38 300 400 700 350 10.5 14.0 24.5
43 200 300 500 900 18.0 27.O 45.0
46 200 400 600 650 13.0 26.0 39.0
48 200 300 500 250 5.0 7.5 12.5
59 250 400 650 600 15.0 24.0 39wO
62 300 400 700 700 21.0 28.0 49.0
64 300 300 600 750 22.5 22.5 45.0
69 900 200 1100 300 27.O 6.0 33.0
73 500 200 700 300 15.0 6.0 21.0
78 300 200 500 900 27.0 18.0 45.0
83 200 200 400 600 12.0 12.0 24.O
85 200 200 400 800 ft 16.0 16.0 32.0

Total 5300 6200 11500 10500 265.8 318.5 584.3
Mean
+S.d. 265.0

172.5
310.0
78.8

575-0
155.2

525.0
231.4

13.3
7.3

15.9
7.3

29.2
12.1

% C.V. 65.1 25.4 27.0 44.1 54.9 45.9 41.4
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averaged only 110 m from the nearest shoreline (section 
5 .3 .1 ), the width of the land section of the territory, 
averaged only 265 m (Table 3.1), thus clearly indicating 

that it did not extend far inland and also not far beyond 

the nest. For the area under water, the width averaged 

only 310 m (Table 3.1). The percent coefficient of 
variations (C.V.s) of these two widths demonstrate how 
little a pair can do in extending its territory offshore 
compared to doing so inland.

The territories averaged 29 ha, with an average 15.9 ha 
in water and 13.3 ha on land (Table 3.1). Variations from 
the above mean acreages were great (Table 3.1 & Fig.3.1)I
and probably depended on factors like the aggressiveness 
of a pair of Eagles, the fish productivity of the water 
under the pair's control, the topography of the banks, 
and on the number of trees in the territory. How" most 

of these factors influenced territory size was .not studied. 
However, territory size increased significantly from 

forested to almost treeless banks (Fig.3.2) and also it 

increased, although not significantly, as the banks

became flatter and more devoid of trees (Fig.3.3, see also 
section 2.3.1 ).

3.3.2 Diurnal activities and their relationships
with the territorial behaviour of the species

The time spent by birds on various activities are 
given in Table 3.2. Overall, the male was more active 

than his mate in all activities they undertook. The 

Eagle spent most, 89.6%, of its time perched. During 

this period, however, it regularly scanned the sky for

0



Fig. 3.2 The influence of vegetation on territory size in 
the Fish Eagle in Queen Elizabeth Park. On the 
X-axis, 1 represents forested bank, 2 well—wooded 
shoreline, 3 shoreline with few trees, and 4 2111 
almost treeless bank. Because trees were not 
physically counted, the classes of tree abundance 
are, therefore, not rigorous.

S'-X*COi:or*i
* > If O 4i•**luuc»E-*

Df?crcasinr; tree? abundance

^6* 3-3 The influence of the nature of the shoreline on the size 
of t..e territory of the Fish Eagle in Queen Elizabeth 
Park. On the X-axis, 1 represents very steer? ar$ forested 
shoreline, 2 steep and well-wooded, 3 flat and well- 
wooded, 4 steep and almost treeless, and 5 reoresents flat 
and almost treeless banks. Because both gradient and tree 
abundance were not physically measured, the classificaticn 
of the shoreline is, therefore, not rigorous.

11 " r ' * ’ i l  j  3 j  '  l/ p  -r> t !
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intruders and the water for opportunities to catch fish

and it also rested.

3.3.2.1 The defence and dynamics of the territory

The territory of anv pair of Fish Eagles, during this 
study, was ideally an activity space (see Schoener 1968). 
Because it was regularly intruded into by cons pecifics, 
the incursions made the territory an area of intense terri­
torial activities. Its defence against trespass, however, 
occupied only 1% of tae time of the owners, the male 

spending significantly more time in this activity than 
his mate (Table 3.2 ) . D

In all the trespasses, the age and the territorial 
status of the intruder featured significantly. Or 282 
Intrusions, young Fish Eagles trespassed most frequently 

and non-territorial or wandering adults trespassed-least 
so (Table 3.3). A pair defended its territory by calling 
at the intruder, chasing it and, if overrun, by buzzing 

and taloning it. Fights were used least often compared 

with the other methods of discouraging territorial 

in.ursions (Table 3.3). The percent frequencies clearly 
show that Tor each category of trespass, chases were 

P oyed most frequently on young and non-territorial 

adults while calls sufficed to discourage most of the 
incursions by territorial adults.

Territorial encounters 
(Fig. 3.4a) but

occurred throughout the day 
w.re significantly more common from 09:00

t eopecially m  the afternoon, between 12:00 and
17:00 (Tables 3.4 & 3 T

• • Incursions by territorial adults
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Table 3.2 The amount of time the Fish Eaglo spent on various activities.
Observations made on 10 non—breeding pairs for varying periods 
of time totalling 26.8 eagle-days. See text for activities 
included under "others". Chi-square was performed on raw data. 
Sit. => sitting, terr. =* territorial, soar. =» soaring, ord. = 
ordinary, fish. = fishing, and eat. = eating.

Timo (iinin) spent on ac tivi ty
Sex Sit. Terr. Soar. Ord. Fish. Eat. 0 ther Total

Male 9136 121 565 96 209 271 42 10440
W (87-5) (1.2) (5.4) (0.9) (2.0) (2.6) (0.4) (100.0)

Fenale 9563 81 283 62 76 351 24 10440
w (91.6) (0.8) (2.7) (0.6) (0.7) (3.4) (0.2) (100.0)

Total I8699 202 848 158 285 622 66 20880
w (89-6) (1.0) (4.1) (0.8) (1 .4) (3.0) (0.3) (100.2)

x 2 = :196.031*** (df = 6)

Table 3»3 Intraspecific encounters in the Fish Eagle in

• 1

Queen ElizabethPark• figures in parenthesis are percent frequencies. Chi-
square was performed on raw data.

Frequency of use of methodStatus oi in trudor Call3 Chases Fights Total
Territorial adult 51 (73.9) 9 (13.0) 9 (13.0) 69 (99.9)
Non-territorial adult 11 (39.3) 13 (46.3) 4 (14.3) 28 (99.9)
N on-terri tori al young 56 (30.3) 98 (53.0) 31 (16.8) 185 (100.1)
Total 118 120 44 282
% frequency 41.8 42.6 15.6 100.0

x:2 = 42.337#** (df = 4)
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Table 3.4 The frequencies of all territorial encounters in the Fish 
Eagle in Quoen Elizabeth Park in relation to tho time of 
the day. D is the statistic of the Kolmogorov-Smirnov 
goodness of fit test (Zar, 1974)* Obs = observed and Exp = 
expected values.

Number of encounters
Time of 
day(hr)

Observation 
time (hr) Obs. Obs./hr

0b3 ./hr 
x 100

Exp./hr 
x 100 D-value

06-07 15*42 6 0.39 39 41 0.13763***
07-08 48.33 19 0.39 39 41
08-09 50.17 19 0.38 38 41
09-10 53.33 24 0.45 45 41
10-11 60.58 35 O.58 58 41
11-12 57.25 23 0.40 40 41
12-13 48.33 24 0.50 50 41
13-14 43.17 27 0.63 63 41
14-15 45-50 24 0.53 53 41 • t

15-16 52.08 30 O.58 58 41
16-17 57.17 27 0.47 47 41
17-18 56.25 17 0.30 30 41
18-19 49.83 7 0.14 14 41
19-20 21.67 0 0.00 0 41
Total 659.08 282 5.74 574 574

*** P <  ° ' 001 (do. ooi,574 = °*°7757)•
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Table 3*5 The frequencies of territorial incursions by young Pish
Eagles in Queen Elizabeth Park in relation to the time of 
the day. D is the statistic of the Kolmogorov-Smirnov 
goodness of fit test (Zar, 1974)* Obs. = observed and 
Exp. = expected values.

IJurabor of incursions
Time of 
day(hr)

Observation 
time (hr) Obs. Obs./hr

Obs ./hr 
x  100

Exp./hr 
x  100 D-value

06-07 15-42 2 0.13 13 26.4 0.16280»»*
07-00 48.33 13 O.27 27 26.4
08-09 50.17 16 0.32 32 26.4
0 -̂10 53.33 15 0.28 28 26.4
10-11 60.58 23 0.38 38 26.4
11-12 57.25 15 0.26 26 26.4
12-13 48.33 15 0.31 31 26.4
13-14 43.17 17 0.39 39 26.4
14-15 45.50 21 O.46 46 26.4 • t

15-16 52.08 17 0.33 33 26.4
16-17 ' 57.17 21 0.37 37 26.4
17-18 56.25 6 0.11 11 26.4
18-19 49.83 4 0.08 8 26.4
19-20 21.67 0 0.00 0 26.4
Total 659.O8 185 3.69 369 369.6
—  p <  0.001 (D0#001>369 = 0.09675).

0
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also differed significantly with the time of the day (Table 3.6), 

but there were no marked peaks and troughs as for those of all 

birds and of young (Fig. 3.4a).

The Tacts that the Fish Fagle called at, chased and physically

fought with intruding conspecific demonstrate that it is strongly
territorial. The strength of attachment of a pair to the territory
is shown in Table 3.7. During 35 counts in the study area, the

rate of occupancy (residence) for 86 pairs averaged 76.2%. If 3
pairs which later abandoned their territories were excluded from

0
this analysis, the rate would go up to about 81%. These were 
high residence rates and indicate that the Fish Fagle has a 
strong attachment to its territory. Since the male soared more 
than his mate (Tables 3.2 & 3.11), most birds which resided in 

their territories at the times of the counts were probably females.

Although Fig. 3.5 indicates that small territories albng 
densely populated shorelines had higher residence rates than large 
ones along sparsely populated banks, territory size was not 

significantly correlated with territorial occupancy (Fig.3.6).

This finding, therefore, suggests that a pair occupying a small 

territory resided in it and, consequently, defended it just as 
much as a pair holding a large one. This finding was expected

i
since the very high density of birds in the area would indicate 

that both small and large territories were probably similarly 

covetted by non-territorial birds and those in marginal
territories.
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Table 3*6 The frequencies of territorial incursions by territorial 
adult Fish Eagles in Queen Elizabeth Park in relation to 
the time of the day. D is the statistic of the Kolmogorov- 
Smimov goodness of fit test (Zar, 1974) • Obs. = observed 
and Exp. = expected values.

Number of incursions
Time of 
day(hr)

Observation 
time (hrs) Obs. Obs./hr

Obs./ hr 
x 100

Exp./hr 
x 100 D-value

06-07 15.42 3 0.19 19 10.3 0.13690**
07-00 48.33 6 0.12 12 10.3
00-09 50.17 3 0.06 6 10.3
09-10 53.33 8 0.15 15 10.3
10-11 60.58 8 0.13 13 10.3
11-12 57.25 5 0.09 9 10.3
12-13 48.33 7 0.14 14 10.3
13-14 43.17 6 0.14 14 10.3
14-15 45.50 2 0.04 4 10.3 • t

15-16 52.08 6 0.12 12 10.3
16-17 57.17 6 0.10 10 • 10.3
17-*l8 56.25 7 0.12 12 10.3
18-19 . 49.83 2 0.04 4 10.3
19-20 21.67 0 0.00 0 10.3
Total 659.08 69 1.44 144 144.2
•• P <  0.01 (00-01>llM . 0.13431).
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Tablo 3.7 Territory occupancy by the Fish Eagle during 35 counts 
in the study area along the Kazinga Channel, Queen 
Elizabeth Park. Number of times present indicates 
at least one member of a pair was resident on their 
territory. Four pairs which took up territories 
after commencement of the study were excluded from 
this analysis. Occupancies marked with asterisks 
are of 3 pairs which abandoned their territories dur­
ing the study. Occupancy rate = Number of pair 
visits bird(s) was(were) present in territory divided 
by total number of pair visits made to the territory.

No. of times No. of Number of pair visits Ocoupancyprosent pairs Present Absent Total rate(&)
35 26 910 0 910 100.0
34 18 612 18 630 97-1
33 19 627 38 "665 94.3
32 5 160 15 175 91.4
31 4 124 16 140 88.6
30 4 120 20 140 85.7
29 1 29 6 35 82.9
28 1 28 7 35 80.0
27 1 27 8 35 77.1
26 2 52 18 70 74-3*
25 1 25 10 35 71.4
22 1 22 13 35 62.9

. 21 1 21 14 35 60.0*
15 1 15 20 35 42.9
12 1 12 23 35 34.3*

Total 86 2784 226 3010
Mean + S.d.

76.2 + 19.3
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Fig. 3.5 Territorial occupancy by the African Fish Eagle in the main
study area along the Kazinga Channel, Queen Elizabeth National 
Park, during 35 counts (April 1975 - March 1978), Fairs which 
took up territories after the commencement of the study are 
omitted from this analysis. (•) indicated territory was 
occupied by at least one member of the pair on nil 35 occasions 
when counts were made, (o) territory occupied from 33-34 times,
K) territory occupied from 30-32 times, (a) territorv occuDied 
29 times or less.
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Just as the population of Fish Eagles remained stable 
throughout the study period (section 2.3.3), so did the numbers of 

territories. However, minor changes occurred. Thus, during 1975/6, 
Territory No.4 was abandoned while Nos.73 and 75 were vacated during 

the 1976/7 study period. The birds which owned these territories 
abandoned them because they were so marginal that they all lacked 
trees which the occupants could have used as nest sites (Fig.3.1).

The abandoned territories were not occupied by other new 

Fish Eagles, rather they were annexed, shortly after being vacated, 

by the owners of neighbouring territories. Thus Territory No.75 was 
completely annexed by Pair No.76. Territories 4 and 73, however, 
were partitioned by Pairs No.3 and 5 and Nos.72 and 74 respectively 
(Fig.3.1).

The vacated territories were, however, compensated by the 
establishment of 4 new ones by 4 new pairs: Nos.13b, 40b, 55b, and 
70b; the new territories being named so for fear of complicating 
the numbering system that was already in use (Fig.3.1). Residence 
in Territory No.40b was taken up in September 1975 while the 

remaining ones were all occupied during the 1976/7 study period.

3.3.2.2 Calls • ‘

The Fish Eagle started its day by calling and continued to 
call throughout the day (Fig.3.4b). The first calls were made i
4

at the roost tree, and 20 such calls made between 06:25 and 
06:46 had their mean time at 06:38.
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During 17 dawn-dunk observations, the .Vi Fish 
Eagles made 23'«1 calls, averaging ca. 69 cal 1 s/bird/day. 
Fish Eagles called significantly more between 10:00 
and 15:00 than at other times of the day (Table 3.8 & 
Fig.3.4b).The notion that the Fish Eagle's call is an 

integral component of its territoriality is supported 
by the fact that calls were significantly correlated 
with territorial incursions (r = 0.579, df = 12,
P <  0.05).

3.3.2.3 FIlghts

The Fish Eagle made 4 types of flights: the
territorial, the soaring, the ordinary or perch to perch, 
and the fishing flights. Territorial flights, like perch 
to perch ones, were short and were for attacking 

intruders, especially conspeciftfcs. Of 16P3 minutes the
• t

Eagle spent in flight, 13.5% of the time was for 
territorial defence, 56.8% for soaring, 10.6% for perch 

to perch, and 19.1% for fishing flights. Three hundred 

eighty seven territorial flights were recorded in 50.7 

eagle-days, giving a mean of 7.6 flights/day. Territorial 
flights occurred throughout the day, but were 

significantly more common between 08:00 and 17:00 than 

during other periods of the day (Table 3.9) and their 
temporal frequencies were significantly correlated with

those of territorial encounters (r = 0.916, df = 12, 

P <  0.001). However, their frequencies were highly 

significantly correlated with those of intrusions by
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Table 3*8 The frequencies o f c a lls  made by the Fish Eagle during 17 
pair -days in Queen Elizabeth Park in  relation to the time 
o f the day. D is  the s ta t is t ic  o f  the Kolraogorov-Smimov 
goodness of f i t  te 3 t (Zar, 1974)* Obs. = observed and 
Exp. = expected valu es.

Time of Observation Humber of c a lls
day(hr) time (hrs) Total Calls/hr Obs./hr Exp./hr D-value

06-07 4.17 26 6.24 6 10.4 0.13112*
07-08 17.00 103 6.06 6 10.4
08-09 17.00 120 7.06 7 10.4
09-10 17.00 155 9.12 9 10.4
10-11 17.00 237 13.94 14 10.4
11-12 17.co 342 20.12 20 10.4
12-13 17.00 379 22.29 22 10.4
13-14 17.00 257 15.12 15 10.4
14-15 17.00 230 13.53 14 10.4
15-16 17.00 177 10.41 10 10.4
16-17 17. co 145 8.53 9 10.4 • 1

17-18 17.00 70 4.12 4 10.4
18-19 17.00 61 3.59 “ 4 10.4
19-20 6.83 39 5.71 6 10.4
Total 215.00 2341 145.84 146 145.6
* P <  0.05 (D0.05,146 3 0.11119).
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Table 3.9 The frequencies of territorial flights mado by the Fish 
Eagle in Quoen Elizabeth Park in relation to tho time of 
the day. D is the statistic of the Kolmogorov-Sraimov 
goodness of fit test (Zar, 1974)• Obs. = observed and 
Exp. = expocted values.

Number of flights
Time of 
day(hr)

Observation 
time (hxs) Obs. Obs./hr

Obs./hr 
x 100

Eip./iir 
x 100

D-value

06-07 15-42 4 0.26 26 54.9 0.15447***
07-08 48.33 23 O.48 48 54.9
08-09 50.17 33 0.66 66 54.9
09-10 53.33 37 0.69 69 54.9
10-11 60.58 44 0.73 73 54.9
11-12 57.25 36 0.63 63 54.9
12*13 48.33 35 O.72 72 54.9
13-14 43.17 37 0.86 86 54.9
14-15 45.50 35 0.77 77 54.9
15-16 52.08 37 0.71 71 54.9
16-17 57.17 41 O.72 72 54.9
17-18 56.25 16 0.28 28 54.9
18-19 49.83 9 0.18 18 54.9
19-20 21.67 0 0.00 OO 54.9
Total 659.O8 387 7.69 769 768.6

0.001 (d , v 0.001;769 0 0.06702)•
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young Eagles (r = 0.960, df = 12, P 0.00I) but not 
significantly correlated with those of intrusions by 

territorial adults (r = 0.34 4, df = 12, P _ 5 0.1). These 
findings are consistent with the results that, as amethod 

of discouraging territorial trespass, chases were most 

frequently employed against young than against territorial 

adults whose incursions were mostly repulsed by calls 
{sect ion 1. 1.2 . 1 ) .

Depending on weather, the Fish Eagle performed 
soaring flights almost daily. These flights accounted for

t
4.1% of the Eagle's time (Table 3.2). Soaring began from 
10:00 and continued until evening. They were significantly 

more common between 10:00 and 15:00 than during other 
periods ofthe day (Table 3.10). The Eagle made 2 types 
of soaring flights. The low soaring flight which was 
undertaken from 10:00 to 1 9:00, but was s ign i f i c A'n tl y 
more common between 10:00 and 17:00 and the high soaring 

flight which was performed almost exclusively between 

10:00 and 15:00 (Table 3.10). The low soaring flights 
were significantly shorter than the high ones (t = 2.356, 

df = 93, P <1 0.05; data in T ible 3.11). Additionally, 
the low flight was more frequently performed than the 

high one and more frequently by the males (Table 3.11).

During the low soaring flight the Eagle remained

largely within their territorial airspace and never

went higher than about 100 m up in the sky. This type
. . 0of soaring flight was performed repeatedly, even up to 

8-10 per day, and they usually occurred within a few
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Table 3.10 The frequencies of soaring flints made by the FiaJi Eagle in Queen 
Elizabeth Park in relation to the time of the day. D is the 
etatie tic of tho Kolmogorov—Smirnov goodness of fit test (Zar, 
1974)• Obs. a observed and Exp. = oxpectcd valuee.

Time of No. of all flights No. of low flights No. of high flights
day(hr) 0b3.Exp. I'-value Obs. Exp. D-value Obs. Exp. D-value
06-07 0 7.93 0.28571*** 0 4.86 0.28571*** 0 1.93 0.28571*
07-08 0 7.93 0 4.86 0 1.93
08-09 0 7.93 0 4.86 0 1.93
09-10 0 7.93 0 4*86 0 1.93
10-11 14 7-93 8 4.86 6 1.93
11-12 15 7-93 6 4.86 8 1.93
12-13 22 7.93 10 4.86 4 1.93
13-14 17 7.93 10 4.86 3 1.93
14-15 18 7.93 12 4.86 4 1.93
15-16 8 7.93 8 4.86 0 1.93
16-17 10 7.93 9 4*86 1 1.93
17-18 • 4 7.93 2 4.86 1 1.93
18-19 3 7-93 3 4.86 0 1.93
19-20 0 7.93 0 4.86 0 1.93
Total 111111.02 68 68.04 27 27.02

» P <  0.05 (D0>05j27 . 0.25438),

*** P <  °-001 (II0.C01,68 ’  °*23289), 

* * « P <  0.001 (Vooi.in - 0.18304).
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Table 3*11 The types, frequencies and durations (in minutes) of soaring 
flights performed by the Fish Eagle in Queen Elizabeth Park® 
Chi-square tost was performod on frequency data.

Low soaring flight High soaring flight Overall
Bird n Mean ± S.d. Range n Moan ± S.d. Range Total Mean ± S.d.
Kale 55 9.1 +5<5 2-24 14 33.9 + H .2 21-54 69 14.1 + 12.2
Female 5 7.2 + 4.9 3-13 3 39.7 ± 24.7 17-66 8 19.4 + 21.7
Both
birds 8 12.0+5.6 4-18 10 30.8 + 18.0 22-65 18 22.4 +17.2
Total 68 27 95
Overall
Mean + S.d. 9.3 ± 5-5 33.4 ± 15.2 16.0 + 14.2

X2 - 9-103* (df • 2)
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Table 3.12 Tho frequencies of ordinary and fishing flights made 
by the Fish Eagle during 18 âir-days (dawn-dusk) of 
observations. D is the statistic of the Kolmogorov- 
Smimov goodness of fit test (Zar, 1974)*

Time of Observation Ilumbor of flights
day(hr) time (hrs) Observed Expected D-value

06-07 4.17 18
07-08 18.00 51 53.3 0.05312*
08-09 18.00 81 53.3
09-10 18.00 58 53.3
10-11 18.00 31 53.3
11-12 18.00 52 53.3
12-13 18.00 43 53.3
13-14 18.00 40 53.3
14-15 18.00 48 53.3
15-16 18.00 42 53.3 • 1

16-17 18.00 62 53.3
17-18 , 18.00 60 53.3
18-19 18.00 _ . 72 53.3
19-20 6.83 26

* A 0,05 (D0.05,640 ’ 0.04838).
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Two types of fishing flights were undertaken by the 
Fish Eagle: the perch to water flight or fishing sortie 
(Drown 1980) and the low circling flight which was made 

directly above and close to the water surface. The 
importance of these methods in the fishing efforts and 

success of the Eagle are discussed in section 4 .3.2.1.
Like perch to perch flights, fish’ng sorties were very 

short, lasting no more than a few seconds. However, 14 
circling flights averaged 4.3 minutes (range: 1.6-9.8 

minutes). The male spent 2% of his and the female 0.7% 
of her daytime on fishing flights; for both members of 
a pair, this activity occupied only 1.4% of their combined 
daylight time (Table 3.2).

3.3.2.4 Feeding

The Fish Eagle started to eat soon after prey was• I
caught. Host prey were eaten while still alive and 

twitching. The time taken to finish a meal did not differ 

significantly between the sexes of a pair (Table 3.13).

For both birds 46 meals took an average of 25.7 minutes 

to complete. This time would represent only 3.3% of the 
13-hour eagle-day (cf Table 3.2).

3-3.2.5 Other diurnal activities

In addition to those already described, the Fish 
Eagle exhibited other behaviours. These included drinking, 
bathing, mating, preening, and chasing other birds. These 

activities were either irregular or of very short durations, 

thus I combined them into one sub-heading.
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Table 3*13 The durations (minutes) of feeding, drinking and bath­
ing in the Fish Eagle in Queen Elizabeth Park.

Tj.iie (minutes)Activity Sex n Mean + S.d. Range t-value df
Feeding Male 23 26.7 + 12.4

0
7-53 0.450 IIS 44

Female 23 24-7 + 13.9 7-50
Bo th birds 46 25-7 ± 13.1 7-53

Drinking Unknown 6 3.5 + 1.4 2-5
Bathing Unknown 7 18.4 + 9.0 11-35
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Occasionally, a Fish F.agle drank water and took a 
bath. On 6 occasions drinking lasted between 2-5 minutes, 

averaging 3.5 minutes (Table 3.13). While drinking the 

bird stood by the shoreline and dipped its beak into the 
water a few times and then left. On the other hand, baths 

took longer than drinking. Seven timed baths averaged 18. 4 
minutes (Table 3.13). When bathing, the Eagle waded knee 
or bell.y-deep into the water and then dipped its head and 
tail regions successively into the water and splashed it 
all over itself by beating its wings and dipping its tail 
into it. The bird then waded ashore or flew to a perch 
where, normally facing into the sun, it opened both wings 
and dried itself. Since most drinking and bathing took 
place during the afternoons and evenings, they could have 
been induced by excessive heat loads experienced during 
the day (see panting, sections 9.3.2 & 9.4).

Mating and preening were so brief or so irregular that 
records were not kept of the time the Fish Eagle spent on them. 

Copulations occurred throughout the year, during both the breeding 

and non-breeding cycles of the birds, and it will be described in 
detail in section 5.3.8. Preening occurred any time of the day.

It was especially common after an incubation or brooding stint, a 

bath and after copulation (section 5.3.8). No social preening was 
ever observed during this study. D

Apart from interactions with conspecifics (section 3.3.2.1 
above), the Eagle also spent some or its daytime interacting with 

other birds and animals, usually chasing them. Of 298 incidences,

293 (98.3%) of them involved other birds and the remaining 5 (1.7%)
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Involved mammals (Table 3.1 A). Interactions initiated by the 
Eagle predominated (8?.9%) over those initiated by the other birds 
and mammals (17.1%).

Breeding Fish Eagles, especially those with nestlings, chased 
all large birds which overflew or alighted in their territories 

(section 10.3.?). Additionally, large birds, especially Marabou 

Storks Leptoptilos crumeniferus, were displaced from roost trees. 
Egyptian Geese Alopochen aegyptiacus were chased from eyries which 
they frequently investigated (see section 5.3.7) and while they were

Iin the territorial wafers or overflying the airspace of any pair of 
Fish Eagles. Vultures, especially Hooded Vultures Necrosyrtes 

monachus, were driven away as they were mounting thermals in order 
to soar. However, attempts failed to chase away the White-headed 
Vulture Trigonoceps occipitalis while they were appropriating the 
prey of bands of young Fish Eagles (section A.3.2.2). Vultures were• I
also displaced Trom roost trees, especially on days when they fed on 
carcasses in the territories of the Fish Eagles.

The Fish Eagle also chased and grounded several species of 
birds in piracy attempts (Table 3.1A). On the other hand, some of 

the birds on which piracies were attempted also tried to rob the
Eagle of its prey. Both types of piracy are discussed elsewhere 
(section A.3.2.2).

The Peregrine Falcon Falco peregrinus. the Spurwing Plover 
Hoplopterus spinosus and the Pied Crow Corvus alba molested the 

Fish Eagle (Table 3.1 A). They normally did so by repeatedly buzzing
k

the Eagle wherever they found it. The Plover, however, carried this 

molestation further than the others. On 3 of the 12 occasions it 
as o.en buzzing the Fish Eagle, it forced the Eagle to temporarily
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Table 3*14 Interspocifio interactions between the Fish Eagle and other 
birds and animals in Qucon Elizabeth Park. All first or 
singlo entries are of incidences initiated by the Fish 
Eagle, those in parentheses were started by the species of 
bird or animal involved in the interaction.

Affected bird or ______Nature and frequency of interaction
animal speciê Territorial Piracy Molestation Not clear Total

Vulture 24 0(5) 0 0 24(5)
OBproy? 0 3 0 0 3
Tawny Eagle 3 0 0 0 3
Bateleur 1 0 0 0 1
Kite 1 0 0(2) 0 1(2)
Peregrine 0 0 0(4) 0 0(4)
Egyptian Goose 15 0 0 16 31
Marabou Stork 74 0 0 4 78
Pelican 0 21(1) 0 0 21(1)
Pied Kingfisher 0 4 0 6 10
Saddle—billed Stork l 2(2) 0 3(3) 6(5)
Goliath Heron 0 5(2) 0 1, 6(2)
Lonĝ tailed Cormorant 0 1 0 0 1
Yellow-billed. Stork 0 2(4) 0 1 3(4)
Hammorkop 0 0(8) 0 3 3(8)
Sacred Ibis 0 0 0 3 3
Hadada Ibis 0 0 0 7 7
White—winged Elack Tern 0 0 0 8 8
Little Egret 0 0 0 1 1
Watet birds (various) 0 0 0 23 23
Spurwing Plover 0 0 » 0(12) 2 2(12)
Pied Crow 0 0 8(5) 0 8(5)
Hippopotamus 0 0 0 2(1) 2(1)
Long-tailed Mongoose 0 0 0 1 1
Leopard 0 0 0 1 1
Total 119 30(22) 8(25) 82(4) 247(51)
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discontinue feeding. However, on none of these incidences did
0

the Eagle leave behind its prey as it flew away.

For no obvious reasons, the Fish Eagle also chased or dived 
at several species of birds. The majority of these birds were 
small ones which the Eagle could easily have killed were it to have 

caught them. For this reason I suspected that such interactions 

probably had predatory intentions (section 4.3.1).

On 23 November, 1975, one of the post-fledging young of Fair 
No.6 made a dive at the head of a lone hippopotamus. The hippo 
ducked, only to emerge about 3 minutes later. On the same day, 

while returning from an intense border clash with Pair No.5, the 
male of Pair No.6 dived at the head of another hippo which also 
ducked. In both cases there were no follow up dives at the hippos.I

As I watched Pair Mo.6 on 4 September 1976, for the role of 
each adult during brooding, the two birds suddenly started ,,to make 
the "ook-ook" alarm call and repeatedly swooped at something hidden 
from me by a bush. A few seconds later a subadult leopard lept into 

an open area and the birds continued to dive at it until it 

disappeared into dense thickets some 50 m away from where it emerged. 
Soon after the leopard disappeared, the birds settled down.

On 20 November 1975, as members of Pair No.7 sat on the ground 
by the shoreline, a Long-tailed Mongoose Herpestes ichneumon 

emerged from a nearby bush. The birds watched the animal as it 

advanced towards them. About 10 m from the birds it diverted its 

course, apparently to avoid walking straight onto them. Nevertheless, 

both birds attacked it, swooping on it in turns. Each time an Eagle 

approached, the Mongoose lept high up in the air as if to bite it.
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About 2 minutes later the Eagles abandoned the attack and flew away. 

Standing at the edge, the Mongoose repeatedly reached into the water 

with its muzzle. Eventually it dragged out a large fish, probably a 

dead one because there was no flapping by the prey. As it retreated 

into the bush, no Fish Eagle ever attacked it again.

3. A DISCUSSION
Territoriality is a widespread phenomenon in birds (e.g.

Schoener 1968; J. Rrown 1969)and is especially common among birds

of prey (Brown ’970a, 1976a, b & c, 1980). Despite early and
prptracted studies of the African Fish Eagle (e.g. Brown 1955,

1973a), territoriality in the species has only recently been
definitively demonstrated (Greenspan & Torre-Rueno 1971) and has

since been accepted as being a habit of this bird (Brown & Hopcrafl
1973, Eltringham 1975, rhiollay & Meyer 1978). And Brown (1980) states
that the Fish Eagle "is the most intensely territorial bird of prey"

• »he ever knew.

J. Brown (1969) postulated that territorial species tend to 
occur in regular dispersion patterns rather than in random or 
clumped ones, and that their territories abut extensively instead 
of overlapping. Apart from the 7 pairs of Fish Eagles Brown (1970a 4 
.1980) studied on the Raboor Islands, Winam Gulf, L. Victoria, whose 
territories overlapped extensively, the dispersion patterns of Fish 

Eagles in other habitats have conformed with the general pattern 
proposed for territorial species. Thus at Lakes Naivasha and Baringo 
(Brown 1980) and along the Kazinga Channel in this Park (Eltringham 
1975, Thiollay 4 Meyer 1978), the Fish Eagle is regularly dispersed.
Duiing this study, too, Fish Eagles were regularly distributed and 

their territories abutted rather than overlapped.
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The regular distribution pattern and the vigorous defence of 

the Fish Eagle's territory facilitate the mapping out of the defended 
area (Noble 1939) and, therefore, the determination of its size. Thus 
the single pair that Greenspan & Torre-Bueno (1971) intensively studied 

in this Park had a territory measuring 800 m long and 325 m wide. It 
covered an area of 26 ha, 30% of which was under water. Thiollay & 
Meyer (1978) found that the diameters of territories along the Channel 
varied from 200-900 m arid they covered 20-50 ha. At I.. Naivasha the 
territory length averaged 300 m but varied from 180-400 m, and it 
covered 3-4 ha of water (Brown 1980).

During this study, 20 territories averaged 525 m of shorelineI
length and 575 m in width. They ranged from 6.8-49.0 ha, averaging 
29 ha. The portion under water averaged 15.9 ha, or 54.5%, and that 
on land 13.3 ha, or 45.5%, of the area (Table 3.1). Thus P'ish Eagle 
territories in this Park are considerably larger than those of birds

• I
at L. Naivasha, Kenya.

Brown (1980) stal.es that the amount of time spent by the Fish
Eagle on various activities differ from one habitat to another. Thus,
at L. Naivasha, pairs inhabiting lagoons were more active than those
living on the open lake. Although Brown found that the male was more
active than the rernale, the Eagle spent 90-95% or its time sitting,
"most of it certainly just loafing". During this study, too, the

male was more active than the female. Much as the Eagle sat,
apparently doing nothing, for a very highly disproportionate amount

of its daytime, this time was not necessarily spent idle. As it sat,
the bird continuously scanned the sky, clearly in anticipation of

intrusions by conspecifics into their territory. This almost day-long
I

watchfulness, the conspicuous perching, accentuated colouration
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(Frontispiece Plate 4), the all-day calling and the frequent perch 
to perch flights definitely advertised and, therefore, greatly 

enhanced the chances of a pair of Fish Eagles to defend their 

territory against intruders.

Greenspan & Torre-Bueno (1971) found that Fish Eagle calls6
were significantly associated with certain activities like flying 
and mating but not so with others. Because the calls by one member 

of a pair strongly evoked responses in the partner, these authors 
hypothesized that a main function of calls Is a soriaL one related 
to the maintenance of the pair-bond (section 5.3.8) and the 
coordination of mutual activities. Tney also noted that calling 
was particularly associated with the presence of flying intruders, 
and that the calls of a pair were stimulated, although not so 
strongly as those of a pair, by calls of other pairs. These findings 
suggest that calls served a territorial function as well.

During this study, the Eagle started its day by calling, and 
did so throughout the day. The temporal frequencies of calls were 
significantly correlated with those of territorial incursions 
(Fig.3.A), thus indicating that, apart from serving a social function, 
calls were also used during territorial interactions. The advantages 

of using calls to deter intrusions by conspecifics are discussed below.

At L. Naivasha, Brown (1980) found that Fish Eagles spent 2.7% 
of their 750-minute eagle-day soaring and that these flights were 
not connected with feeding or territorial defence. During this study, 
the birds soared for 4.1% of the 780-minute day and they made two kinds 

of soaring flights: the low and short, and the high and prolonged 
ôaring flights. When performing the low soaring flightfwhich was
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limited to the territorial airspace of the pair, no other birds, 

apart from the young of the pair, were tolerated nearby. In fact, 
the Eagle frequently used the low soaring flight to catch up with 
and drive away conspecifics and other large birds that trespassed 

their airspace. Probably because of using low soaring flights in 

territorial defence, the frequencies of these flights showed a 
higher correlation with those of intrusions by young (r = 0.661, 
df = 12, P 0.01) than with those of territorial adults (r =-0.035,
df = 12, P ~ l >  0.1). This is in agreement with Greenspan & Torre- 
Bueno's (1971) results that Eaglets intruded for longer periods and 
they entered the core area of the territory more than adults. 
Furthermore, the above correlation coefficients are consistent with 
the findings that chases and fights (Table 3.3) were more frequently 
employed against young birds (69.8% of cases) than against 
territorial adults (26% of cases). The coefficients also conformI
with the results that calling alone deterred 73.9% of the intrusions 
by adults whereas it discouraged only 30.3% of the incursions by 
young birds. The fact that the male performed significantly more 

of the low soaring nights than the female (Table 3.11) suggests that 
he was more active in the defence of the territory than his mate.

Fish Eagles, during this study, also caught fish from soaring 
flights but they did not use this method of hunting regularly. That 

the temporal frequencies of soaring flights were not significantly 
correlated with those of fishing attempts (r = -0.091, df = 12,

 ̂ * ôr t,r" l°w ar,d high soaring flights) supports the above
view. Soaring flights in the Fish Eagle probably served functions 
other than those connected with fishing.
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The high soaring flights, however, were performed well 

above the airspace of any pair and were highly social. The 

participating Fish Eagle joined or was joined by other conspecifics 
and other large birds. These flights probably served both as a 

social display and as an exercise (Brown 1980).

The Fish Eagle spent about 3% of its daytime feeding, a very 
large percentage of its time compared to other activities. 
Considering the highly piratical habit of the bird (Brown 1970a, 
b & c & 1980;), it would have been more adaptive for it to bolt 
its prey rather than eating it piece-meal (section 4.3.3). It 
was not surprising that the comparatively long time spent feeding 
resulted in many conspecifics and other birds being attracted to 
and, therefore, attempting to pirate from the feeding bird 
(section 4.3.2.2). However, the Eagle greatly reduced the chances• I
or losing its prey through piracy by its vigilance and the strong 
territorial disposition.

The evolutionary significance of territoriality in birds 
is a controversial one (e.g. Wynne-Edwards 1959, 1962, 1963;
Lack 1966; J. Brown 1969). However, Hinde (1956) argued that 
■territories in birds conferred several advantages to the owners:

a) familiarisation of the owners with the environment in the 

area under their control; b) the advantage of prior ownership 

during aggressive encounters; c) protection of nest and nest site; 
d) prevention of epidemics; e) reduction of loss to predation for 

cryptic species; f) prevention of inbreeding; g) facilitation of 
pair formation and the maintenance of the pair-bond; 

hi prevention of interference with breeding
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activities; and i) all advantages accruing from the restriction 
which territorial behaviour imposes on the number of individuals 
using a limited food resource, including both short term advantages 

to the individual, e.g., in ensuring enough food for the young 

during critical periods, and long term advantages to the population, 
e.g. in density control.

Kalela (1954 in J. Brown 1969) and Wynne-Edwards (1959, 1962,
1963) proposed that territorial behaviour has evolved because of its 
limiting effects on population densities by preventing overpopulation 
and the resulting depletion of prey populations. Howard (1920) also 
considered regulation of populations an important function of 
territoriality. This hypothesis has, however, been criticised by 
several authors (e.g. Lack 1966; J. Brown 1969) for the reason that 
the proponents argued that it evolved through intergroup selection 
(Wynne-Edwards 1963) rather than via individual selection (J.Brown
1964) .

According to J. Brown (1969), the most important function of 
territoriality in population regulation is its effect of excluding 
some individuals from breeding at all, and thereby resulting in 

non-breeding floaters. To conclusively demonstrate that territorial 
behaviour regulates a population, he argued that it is necessary to 

prove that a) the breeding population is stable, b) non-breeding 

floating adults or surpluses are present and make up a significant 

proportion of the population, and c) individuals are being prevented 
from taking up new territories, and therefore from breeding, in the 

defended area by the aggressive behaviour of the territory owners.
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Like the L. Naivnsha population (Brown & llopcraft 1973,

Brown 1980), the breeding Fish Eagle population on the Kazinga 
Channel was stable (sections 2.3.3 & 12.3.6), thus conforming with 

J. Brown's (1969) condition for territorial behaviour to regulate 
the population of a species. Although a much lower proportion than 
was found in other studies, 32% of all pairs, during this study did 
not breed (sections 12.3.6 A 12.A). Much as this high proportion 
of non-breeding birds might have greatly reduced reproductive success, 
and therefore contributed significantly to population regulation in 

the species, the non-breeders were not the ecological equivalents of 
the floaters of J. Brown (1969). Nevertheless, floaters were present 
in the population but their number was not determined. Although pairs 
which acquired new territories accounted for only a small fraction of 
the total number of pairs studied (A out df 259 pairs), the fact 
that paired birds forced their way into and took up new territories■ I
in an already tightly packed shoreline is eloquent evidence that 
floaters probably constituted a substantial proportion of the Fish 
Eagle population in this Park. Consequently, they were probably 

excluded from taking up new territories, and therefore from breeding, 
along the shorelines by the aggression of territory holders. 
Furthermore, it is Inconceivable to think that, during the 3-year 
study period, no birds were bereaved. The fact that no bird, except 

the female of Pair No.75 (Fig.3.1), was resident alone in their 

territory for any detectable period of time is another evidence for 
probably a large number of floaters to have existed in the Fish Eagle 
population of this study.

Brown (1980) has suggested that the high rate of non-breeding 
among established pairs of Fish Eagles, constituting from one-third
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to one-half of the populations (section 12.A) is the main mechanism 

by which the birds regulate their populations, and that it operates 

through social behaviour. He argued that if Fish Eagles, in being 
spaced regularly along shorelines, are at capacity population and if 
every pair spent at least 80% of its time defending its territory 
against conspecifics by vocal challenge or actual combcL would have 
such distracting activities interfere with its breeding drive or make 
it less successful. Because of having larger territories, and 

therefore experiencing fewer territorial encounters, than Fish Eagles 
in other habitats, Brown (op. cit.) reported that the 7 pairs at 
Winam Gulf, I.. Victoria, fledged more young (0.87 young/pnir/year) 

than those at L. Naivashn (0. 47 young/pair/year, Brown K Hopcrart 1973, 
Brown 1980) and than those on the Kazinga Channel (0.42 young/pair/year, 
Thiollay & Meyer 1978). The above argument (Brown 1980) is consistent 
with J. Brown's (1969) view that territoriality, apart from excluding
ôme individuals from breeding, can also depress reproduction through 
other density-dependent behaviours. Thus, at high population densities 
the increased frequencies of agonistic encounters resulting from the 
compression or territories and the presence of floaters continually 
attempting to establish t<>citorir? in already occupied areas depress 

' * productive success. Depression of reproduction .at high population 
densities in mammals is well known (Christian 1963). in birds, too, 

it has been reported Tor many species other than the Fish Eagle (e.g.
Kluijver 1951 & 1963, Lack 1958 & 1966, Perrins 1965, Carrick 1963, 
Jenkins 1961 a A b).

During this study, the Fish Eagle had an annual productivity of 
• young/pair, ard if increased ̂although not si gni fi can' ly, with 

increasing territory size (section 12.3.4 ft|1?.4). Although a
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correlation between territory size and the frequencies of territorial 

encounters is not available, the above finding is consistent with 
Brown's (1970a, 1980) suggestion that pairs which are close together 
tend to have more territorial encounters which, consequently, result 
in their breeding less successfully than those which are farther apart. 
The positive correlation between reproductive success and territory 
size during this study conforms with J. Brown's (1969) view that, at 
high population densities, other density-dependent territorial 

behaviours ,can depress reproduction.

Thus, the stability of the breeding population and the presence 
of floaters in the whole population during this study were suggestive 
of the view that territoriality in the species probably evolved to 
regulate the population (J. Brown 1969). It probably did so through 
the aggressive exclusion of some individuals from taking up new 
territories in the defended area, and therefore from all other benefits, 
including breeding, that individuals enjoyed after having acquired 
territories (Hinde 1956). The high proportion [3?.%) of non-breeders 

among the established pairs and the positive correlation between 
reproductive success and territory size were manifestations of the 
other effects of territorial behaviour, at high densities, in 

depressing reproduction (J. Brown op. cit.). Notwithstanding Lack's 
(1966) view that the above density-dependent effects of territorial 

behaviour have not been shown to be the primary factors responsible 

for reducing populations from high levels, the high proportion of 

non-breeding birds in an established population of Fish Eagles probably 
plays a significant role in the regulation of population in the species. 
Brown (1980) considered it the most important population regulation 

mechanism in the Fish Eagle. However, the extent non-breeding plays
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in population regulation in the species in this Park still remains 

to be quantified.
Apart from territoriality probably contributing significantly to

regulate the population of the Fish Eagle in this Park and elsewhere, the
roles of other environmental factors like nest site and food supply in this5
population control process need not be overlooked. Lack of nest sites and 
the collapse of badly built nests and of those built in insecure limbs of 
trees can stop eagles from breeding or from realizing high reproductive 
successes (Brown 1970b, 1974a A b, 1980). Thus, in Ayres' Hawk Eagle 

Hleraaetus dubius, Brown (2974b) concluded that the rarity of the species * *
was probably attributable to its poor reproductive success which, in turn, 

was due to the persistent collapse of the nests. However, the lack of 
nest sites for some pairs of Fish Eagles and the collapse of a few of 
their nests during this study (sections 2.3.1, 8.3.4 & 12.3.4) could not 
have been major regulatory factors on their population.

In temperate regions, food supply has been known to control the
*1

population densities of predators like the Short-eared Owl Asio flammeus 
in Britain (Lockie 1955) and in Alaska (Pitelka et al. 1955a & b); the 
Pomarine Jaeger Stercorarius pomarinus in Alaska (Lack 1966); the 

Spanish Imperial Eagle Aquila heliaca (Lack op. cit.); the Sea Eagle 

Hallaeetus alblcllla in Sweden (Halander 1983); Cooper's Hawk Accipiter 
cooperli, the Marsh Hawk Circus cyaneus, the Sparrowhawk Accipiter 
col laris and several owls (Strigidae) in Michigan and Wyoming

(Craighead & Craighead 1956). Unlike the above temperate predators, 
the African Fish Eagle, in all habitats where it has been studied, 

especially at L. Naivasha (Brown 1980) and in this Park (section 3.3.2.31, 
hunts for such a very small proportion of the day that food supply 
cannot be considered as a factor that plays a significant role in the 
regulation of the population of the species.



-  117 -

C H A P T E R  4

THE POOD SUPPLY OP TiiE F I S ii  EAGLE

4.1 INTRODUCTION
The Fish Eagle is largely a fish-eating bird of prey (Brown 1980). 

Howevery it is known to take eg,,s and young and even adults of water- 
birds, and occasional carrion (Brown, op.cit., Porter 1903,
Roberts 1958, Clancy 1964) . It is also reported to eat such unusual 
prey as rats (Roberts, op.cit.) and frogs (Bannerman 1953)*

Although it will readily pirate from conspecifics and otner 
pisoivorous birds, the Eagle largely eats prey it has caught 
(Brown, op.cit.). Despite hunting tiiroughout the day, the fishing 
effort is more concentrated at certain times of the day than during 
others (Brown, op.cit.; Greenspan & Torre-Bueno 1971)• Turbulent and 
murky water (Brown, op.cit.) and the position of the bird's shadow 
(Pavaloro 1944, Greenspan & Torre-Bueno, op.cit.) are all thought to 
influence the fishing success.

Whitfield & Blaber (1978), working at Lake St. Lucia, So*th 
Afrioa, gave the first account of the numbers of fishes the Fish 
Eagle ate and they showed tnat fishes shoaling at the surface were 
caught most. However, they did not relate the numbers of the fishes 
taken to their abundance in the lake. Apart from the above study, 
quantitative examinations of the food of the Fish Eagle in relation 
to types, abundance and sizes of prey exploited, and in relation to 
seasonal fluctuations of prey are still lacking.

Using a captive bird, Stowell (1958) estimated that the daily 
food requirement of the adult is about 1 lb (454 g) of fish.
Brown (1980) estimated it at only 225 B or about 8% of the bird's 
body weight. Green (1964), using Stowell's figure, found that the 
Fish Eagle population on L. Albert would take only 0.5% of the annual 
catch made by fishermen. Eltringham (1975), also using Stowell's 
figure,, calculated that the Fish Eagle population of L. George would 
catch only 0.2-0.3% of the total annual fish production of the lake 
or only 0.8-1 .1% of the amount harvested by. man.
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This study, therefore, aimed toi
(a) identify and quantify the food of the Fish Eagle in this Park,
(b) describe the hunting methods used and assess their successes, 
(o) examine the effects of the feeding habits of the bird on the

fisheries resource of the area and to appraise the extents of 
competition for this resource between man and the Fish Eagle, 
and,

(d) evaluate the role of the Eagle in nutrient transfer from 
water to land.

4.2 METHODS
4.2.1 The food and hunting methods

The types of food the Fish Eagle ate were assessed by observing 
live prey caught and by collecting prey remains dropped under feeding 
perches. Territorial birds obtained prey largely by hunting. How­
ever, both intraspecific and interspecific piracies were practiced. 
Birds, especially non-territorial adults and young, also scavenged.

It was not possible to separate the hunting activity of the Fish 
Eagle from that of a resting one, especially in birds whose nests 
(Beotion 5.3.1) or hunting/resting perches were close ±0 thershoreline 
(Brown 1980). Thus it was not possible to measure, in terms of time, 
the amount of hunting the Eagle did in the course of the day 
(seotion 3.3.2). The hunting efforts of the birds were therefore 
measured in terms of the hunting attempts (dives) they made.

The Eagle mounted its fisning attempts from perches, soaring 
flights and from lowsearching or ciroling flights made close above the 
water surface. During 7 dawn-dusk observations the numbers of all 
fishing attempts that 5 pairs made were recorded and whether a dive 
was initiated from a porch, a soaring or circling flight was noted. 
From these records the importance of each of the above fishing methods 
was assessed.

Adi dives and catches the Eagle made were recorded. Where possibl 
birds making dives and catches were sexed. From these data, the 
hunting efforts and successes of the sexes and of the pair were calcu­
lated. Hunting success was calculated as followsi

Hunting success =. No. of catches made 
No. of dives made

and was expressed as a percentage.
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The time of the day when dives and catches were made were noted.
From the numbers of dives and catches recorded for each hourly interval,
I could assess, by the Kolmogorov-Smirnov or the D-test (Zar 1974)> if 
the Fish Eagle made greater hunting efforts and successes during certain 
hours of the day than during others.

Incidences of iutraspecific piracies and their successes were 
noted. The status (territorial, non-territorial, adult or young) of the 
pirating or victimised bird was recorded. These data allowed for the 
determination of the status of birds using piracy more frequently than 
the others. All observed intersoecific piracies and taeir successes 
and the species of the victimised birds were recorded. Piracies by 
other species of birds on the Fish Eagle were also noted.

4.2.2 Predation pressure on fish
Sinoe fish constituted the staple diet of the Fish Sagle in the 

Park, it was necessary to assess the predation (exploitation) pressure 
tha L'agle exerted on this resource. Live prey was generally identified 
as Tllapia sp. or catfish (Clariidae or Bagridae)• From prey remains, 
however, I was able to distinguish between Cl arias and Bagrus specimens. 
The numbers of each of the 3 types of fish w^re determined from these 
remains. Using these numbers and the densities of fish per heotare of 
L. Qeorge (Gwahaba 1973), an evaluation of the predation pressure the 
Fish Sagle exerted on the types of fish was made. Gwahaba's data were 
used because of the lack of similar information on the Kaziuga Channel 
despite the fact that tiie two water bodies may have contained different 
densities of fishes. Perhaps Beadle's (1932, 1974) findings that 
L. George and the Kazinga Channel are 1imnologically similar further 
justify, although not wholly, the use of the L. George data.

The practice of using body organs in determining the ages, weights 
and growth rates of animals is widespread (e.g. Dasmann 1966, Taber 1963, 
Larson & Taber 1980). Both skeletal features and specific body organs 
can be used. Thus, for example, Laws et. al. (1967, 1975) successfully 
predicted the weights, ages and conditions of elephants Loxodonta africana 
in Uganda by use of hind leg weights, shoulder heights and jaw lengths.
Mai pas (1977) in addition to the above methods, used the eye lens 
weights to predict ages of elephants in Murchison Falls and Queen 
Elizabeth National Parks.
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Eruption sequences, wear patterns and cemontum lines of teeth have been 
widely employed to age ungulates in this Park (Spinage 1967a & b, 
Orimsdell 1969, Kodha 1971)- In fishes, the techniques of oxamining 
Beales, operculi, vertebrae, otoliths and other structures for age and 
weight determinations are also rommon (e.g. Balon 1971> Oarrod 1959)* 
Similarly, during this study, the operculi of Tilapia spp. and the heads 
of Clarias and Bagrus spp. recovered from the territories were used to 
predict the sizes of fish the Fish Eagle ate.

The fresh weights and head-tail lengths of 315 Tilapia spp. landed 
at Mweya Pier on 18 August 1976 were recorded. Their operculi were 
removed, cleaned, sun-dried and measured (Fig. 4»l)» Similarly, the 
freBh weights and head-tail lengths of l6l Clarias and 234 Bagrus spp. 
were noted. Their head lengths were measured (Figs. 4*2 & 4.3). These 
data permitted the categorisation of the prey fishes, represented by 
the operculi and heads recovered from prey remains, into size classes. 
From the numbers of collected operculi and heads, I could evaluate pre­
dation pressures the Fish Eagle exerted on fishes in the various size 
olasses.

To find out whether predation pressure shifted from wet to dry sea­
sons the respective types of fish remains were placed into seasonal col­
lections which covered 3 wet and 5 dry seasons. For each fish type the 
Spearman's Rank Correlation Test (Zar 1974) was used to ascertain if 
there were seasonal shifts in the frequencies of fish taken by the Eagle 
in relation to thoir sizes.

That overlaps existed between man and the Fish Eagle in the exploi­
tation of the fisheries resource of the area was realized at the begin­
ning of the study. There were overlaps in the types of fish exploited, 
and for each fish type, in the sizes taken. The degree of overlap for 
the sizeB of each fish typo exploited was once more examined by the above 
Correlation Test.

The daily and annual amounts of fish the Fish Eagle removed from 
the waters of the Park were estimated from the numbers of fish an Eagle 
oaptured during dawn-dusk observations. The daily food requirement of 
the bird was estimated from the fishes it landed and which were sub­
sequently recovered after it had finished eating.

UNIVERSITY OF N *,KOB’ illRAP
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Fig. *».1 Line drawings of Tilapin sp. (top) and its
operculum (bottom) to chovj the measuremerits used 
in deriving the weights (V-t) arjd head-tail lengths 
(HTL) of the species from the lengths of the 
opeculi (OPL) v/hich were recovered from Fish Eagle 
territories in the study area.
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fig. J|,3 i.inr drawing of he.grus r.p. (top) und the head (bottom) 
to show the measurements used in deriving the weights 
(V/t) and head-tail lengths (UTL) of the species from 
lengths of bonds (HI.) recovered from the Fish F.egle 
territories in the study area. Hoad-tail length was 
measured only upto the fork of the tail because in 
most freshly landed fishes one or both lobes of the 
tail wore frequently damaged.

A
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Using the above dala, the fish productivity data for L. George (Din & 
Eltringnam 1974, Gwahaba 1973), and the known numbers of Fish Eagles 
on that lake, estimates of the annual fish harvests were made. These 
were then compared with the annual human harvests from the same lake.

4*3 RESULTS
4.3.1 The food of the Fish Eagle ?

The territorial adult Fish Engle in this Park feeds almost exclu­
sively on fish. Predation on oird or any other animal species was not 
observed during this study, and if it occurs it probably does so very 
infrequently (Table 4.1). Because body parts and feathers (also contai­
ned in pellets, section 4*3*3) were found under feeding perches, it was 
Buspected that the birds holding the respective territories captured 
and preyod upon the birds concerned (Table 4»l). Mammalian prey is pro­
bably occasionally taken. Hair of the African Savannah Hare Lepus 
crawshayi (identification by A. A. Ogen—Odoi, pers. comm.) found in the 
guts of two 8—week old nestlings of Pair No. 86 (section 8.3*4 for 
cause of death) provided evidence for this speculation.

If the bird and mammalian predations listed in Table 4*1 are 
authentic, they bring to 3480 the number of prey remains recovered from 
the territories. Of this total, fishes represented 99.7̂  (1470 speci­
mens), birds comprised 0.26̂  (9 specimens), and mammals only O.Oyfo 

(l specimen) of the prey remains.
I

4»3«2 Hunting methods and hunting success 

4.3*2.1 Food procurement by hunting

■In this Park, only two authentic cases of the Fish Eagle feeding 
on prey other than fish exist (Table 4*1). The Chief Warden's Report 
for August 1973 reported a Fish Eagle eating a White-browed Coucal 
£entropus susperciliosus. However, the Report does not describe how the 
Eagle obtained this prey. Rood (1975) also reported seeing a pack of 
Banded Mongooses Mungos mungo bunch and drive away a pair of Fish Eagles 
from the carcass of a freshly killed hare Lepus crawshavi. which carcass 
the Eagles failed to repossess despite attempts to do so. Here too no 
detail;- of how the Eagles obtained the prey was given.



-  125 -

Table 4*1 4. record of prey items other than f is h  suspected taken by the
Fish Eagle in Queen Elizabeth Park.

Date Name of prey Comment and source
18.3.75 White—winged Black Tom 

(Chlidonias leucoptera)
Left wing and feathers recovered 
under feeding perch (Pair Ho. 7)»

23.11.75 Unidentified bird Feathers in pellets under feeding 
perch (Pair Ho. 6).

18.1.76 Unidentified bird Feathers in pellets under feeding 
perch of (Pair No. 3).

28.4.76 White—winged Black Tern 
(Chlidonias leucoptera) Feathers under feeding perch of Pair 

Ho. 6 (N. Okurut L'Otai, pers. coinm.
16.12.76 White-winged Black 'fern 

(Chlidonias leucoptora) Feathers under feeding perch 
(Pair No. 6).

19.12.76 Savannah Hare 
(Lepus crawshavi) Hair found in gut contents of two 

8—week old chicks (Pair Ho. 87) 
which ‘were probably eaten by a 
leopard.

12.1.77 Crowned Plover 
(Stephanibvx coronatus) Fresh and pinkish left leg and 

feathers under feeding perch 
(Pair No. 8).

I8.I.77 Pied Kingfisher 
(Ceryle rudLis) Feathers under perch (Pair No. 82).

21.1.77 Pied Kingfisher 
(Ceryle rudis) Mandibles and feathers in pellets 

under feeding perch (Pair No. 6).
27.2.77 White-winged Black Tejn 

(Chlidonias leucoptora) Feathers under feeding perch 
(Pair No. 6).
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During this study trie te rrito ria l bird normally otu fish  which i t  

caugnt. Such prey w:.s usually hunted by s ittin g  on favourite perclies 

and watching the water. From such perches fishing sorties o. brief 

f lig h t durations, usually lasting no more than a minute, were made 

(section 3 . 3 . 2 . 3). However, prey were also captured from soaring and 

searching or circling  flig h ts . Hunting by c irc lin g  was usually employed 

during windy conditions, at a time when hunting by s it l i iu  on perches 

haul apparently become d if f ic u lt  because then the wind shook noth the 

Eagle and its  perch. During such weather, Fish Engles r ’ "d.ir>cent 

territories could bo se n̂ fly in g  to and fro over tneir respective te rr i­

torial waters and turning roumd just at the borders. Dives ..d’a most 

frequently launched from perches and least so from soaring flig h ts  

(Tablo 4.2a). A lt hough the hunting successes of tho 3 methods did not 

differ significantly (Taole 4*2b), fishing attempts from perches suc­

ceeded more often t..an those from soaring and circling  flig n ts .

During tuis study, 436 dives were observed (inclusive of those by 

young), of which 288 succeeded, hence giving the Barie a hunting suc­

cess of ca. 66/d. For 353 sorties whore the sexes of ahe birds making 

the divas and catcnes were known, the male fnade significantly more dives 

than the female (Taole 4*3a)» He succeeded:in 65W of his fishing attempts 

while the female did so in about 78> of hers (Table 4.3b). However, 

these successes did not d iffe r  significantly between the sexes (Table 

4 »3b). O verall, about 6j/o of a ll the sorties of the pair succoded

(Tade 4.3d), a success rate which compares well with the 66£ registered 
for a ll observed dives. .

Records for 7 dawn-dusk w- tones on 5 pairs of birds showed that - 

dives are made at any time of tne day and with fa irly  equal frequencies 

(Tanks 4 .4  & 4.5) • For west bank pairs, however, significantly  more 

fishes were caugnt between 07i00-12:00 and 18iOCKL9:CC than at other 

times of the day (Table 4*4). For east bank pairs, however, catches 

occurred equally well during a l l  hours of the day (Table 4 . 5 ).

4.3.2.2 Food procurement by piracy

Piraoy is  another method by which the Fish Eagle obtained prey.~

Both intraspecific and interspecific piracies were practised (Tables

4.6 & 4 . 7 ). In the former case, any pair of Eagles deprived their 

neighbouring pairs and both non-territoria l adults and young of prey 

that these birds obtained.
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Table 4.2 (a) The frequencies of fishing attempts (divesj 
•f the Fish . âgle in Queen Elizabeth lark 
in relation to the hunting methods used. 
Five pairs were observed for 7 dawn—dusk 
days .

Dive3 in it i ated from
Humber of Perch Soaring C ircling Total

Observed dives 56 1 14 71

ilxpeoted dives 23-7 23.7 23.7 71.1

X2 ,  69.733***, df = 2

Table 4*2 (b) The hunting successes of the Fish ISagle in 
relation to the hunting methods used. Five 
pairs were observed for 7 davm-dusk days.

1
Number of

Dives in itia ted  from
Perch Soaring Circling Total

Observed dives 56 1 14 71
Observed catches 35 0 6 41

X2 = 1.168 NS, df = 2

Hunting success {$ > ) 62.5 0 42.9 57.7
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Table 4.3 (a) The hunting e ffe rt, as measured in terms af fishing  
attempts, af the Fish Eagle in  Queen Elizabeth lark 
in relation ta the sex af the bird. Birds were 
•b3erved far 659*0 haurs.

_______ Sex af bird______
Number af Male Female Tatal

Observed dives 254 99 353

Expected dives 176*5 176*5 353

X2 = 68.059***, df = 1

Table 4*3 (b) The hunting success of the F ish  Eagle in Queen 
Elizabeth Park in  re la tio n  t® the sex of the bird .

Sex of bird
Number of Male Female To till

Observed dives 254 99 353
Observed catches 16 5 77 242

X2 = O.9 7 5  NS, df = 1

Hunting success (%) 6 5 .0 77*8 6 8 .6
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Table 4.4 The munbers of fishing attempts and catches west bank 
Fish Nagle Tairs No. 5 and 6 made during 7 dawn—dusk 
observations. D is  the s ta t is t ic 'o f  the Kolraogorov- 
Smirnov goodness of f i t  test (Zar 1974)* I11 calcula­
ting D, the data for 06-07 and 19-20 hours were 
excluded because observations during them were shorter 
than during the other time intervals. Obs. = obser­
ved, iixp. = expected values.

Time
IlSE l

06-07

Obs. time 
(hrs)

K 0 . of dives ITo. of Oat. dies
Obs. hxp. D-value Obs.. ilxp. D—value

4*6 4 3
07-08 14 .0 10 9 .3 0.09643 IIS 8 6 .0  0.18056J

C8-09 14 .0 15 9 -3 11 6 .0
09-10 14.0 11 9 .3 9 6 .0
10-11 14 .0 12 9*3 8 6 .0
11-12 1 4 .0 9 9»3 7 6 .0
12-13 1 4 .0 4 9 .3 1 6 .0
13-14 14.0 9 9 .3 3 6 .0
14-15 14.0 6 9 .3 : 4 6 .0
15-16 1 4 .0 8 9 .3 3 6 .0
16-17 1 4 .0 9 9 .3 5 6 .0
17-18 14.0 10 9 .3 5 6 .0
18-19 1 4 .0 9 9 .3 8 6 .0

19-20 5 .4 0 0

NS = not significant (D0>1 112 =» 0.11411),
* P.C0.05 (d0#05>72 = 0.15755).
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Table 4.5 Tl̂ e numbers of fish ing  attempts and catches east bank Fish 
Eagle Pairs No. 72, 73 and 74 made during 7 dawn-dusk 
observations. D is  the s ta tis tic  of the Kolmogorov-omimov 
goodness of f i t  te3t (Zar, 1974)* In calculating D, the 
data for 06-C7 and 19-20 hours were excluded because obser­
vations during them were shorter than during other time 
intervals. Obs. = observed, Exp. = expected values.

Time
.̂ £.1

06-07

Obs. time 
(hrs)

No of dives
D-valuo

No. of catches
D-valueObs. Exp. Obs. Exp.

6.9 2 2

C7-08 21.0 10 10.3 O.C5484  NS 5 6 .9 0.06506 NS
08-09 21.0 11 10.3 9 6 .9

09-10 21.0 15 10.3 11 6 .9

10-11 21.0 12 10.3 8 6.9
11-12 21.0 8 10.3 6 6 .9

12-13 21.0 4 10.3 4 6.9
13-14 21.0 12 J.0.3 6 6.9 • 1
14-15 21.0 10 10.3 6 6.9
15-16 21.0 14 10.3 11 6 .9
16-17 21.0 7 10.3 3 6.9
17-18 21.0 17 10.3 12 6.9
18-19 21.0 4 10.3 2 6.9

1 9 -2 0 8.1 0
------------ r—

0

NS « not significant for dives (D̂   ̂ ^  .  0.10852), 

NS - not significant for catches (D _ =, 0.13226).Oolj 03 '
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Table 4 . 6  (a) Intraspecific piracy in the Fish Eagle in Queen 
Elizabeth la rk . For each entry the f ir s t  rep­
resents frequencies of piracy attempts, and ti«e 
second, in parentheses, frequencies of succes­
ses® Chi-square test was performed on fre­
quencies of attempts*

Fir-te  and froquencies of piracy
Victim Adult Young Total

Adult 17(2) 7 2 (1 2 ) 89(14)

Young 16(6) 10(6) 2 6(1 2 )

Total 33(8) 82(18) 115(26)

J? - 17.510***, df = 1

Pirating success (£) 24.2 22.0 22.6

Table 4-6 (b) The frequencies of successful intraspecific
piracies in  the Fish Eagle in  Queen Elizabeth 
Fark. For each entry the f i r s t  represents 
frequency of success, and the second, in pare­
ntheses, percent success of respective piracy 
attempts in Table 4.6a above. Chi-square test 
was performed on raw data.

P ira te and frequencies of success
V ictim Adult Young Total

Adult 2(11.8) 12(16,7) 14(15.7)
Young 6(37.5) 6 (60 . 0) 12(46.2)

^  - 3.843*, df = 1
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Table 4*7 Interspecifio piracies between the Fish Eagle and
other bird species in Queen Elizabeth Fark. Numbers 
in  parentheses represent frequencies of successful 
piracy attempts on the Fish Eagle by the respective 
species of bird. Asterisk indicates bird managed 
to pick morsels, but not whole prey, after Eagle had 
jumped o ff.

Victim or pirate

Pelecanus spp.

Ardea goliath

Sphipplorynchus Senegalonsis 
Ibis ibis

Phalacrocorai africanus 

Ceryle rudis

Leptoptllos crumeniferus 

Trigonoceps occip ita lis  

Soopua uabretta

No. of piracy attempts
By the Eag] On the Eagle

21 1(0)

5 2(1)

2 2(0)

2 4(0)

1 0

4 0

0 14(4)
0 5(5)
0 8(0»)

Total 35 36(10)
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Neighbours were rob.od uuen they k ille d  nroy at the boundaries of tneir 

contiguous territories (Fig. 3.1, section 3 - B l) .  However, wandering 

adults and yodng vero robbed when t::ey caught prey in the territoria l 

waters of adults whoso areas t.ey trespassed in  order to suDsist.

Although seemingly a compulsive pirate (Brown 1976a o: b, 19SC), 

the adult Fish ^aglc .irated o .ly  when good opportunities veiled.

Thus, piracy was more commonly employed by young than adults and that at­

tempts were significantly nig..or on adult tnan on young birds (Table 4 . 6'';. 

Attempts on young were few compared to those on adults probably because 

of thoir cr.yjtic i.a it s  (s..c u i^ji 2.4) io. -urhapu res i:j t-.d .. few of 

their citches being detected. The 10 piracy attempts on jouiig by oV.er 

young (Taola 4.6a) were made on recently fledged birds that were s t i l l

dependent on tueir parents fo r  botn food and protection. A ll tne 16 r.ira-
*

oies on young by adults were on independent birds which cau «.t prey in 

the territoria l waters of tns adults who consequently tried to deprive 

them of tho prey. Both the adult and young had sim ilar pirating successes 

(Table 4.6a). Only 26 of 115 attempts succeeded; thus giving an overall 

success of only 22.6?.* Compared with the hunting success rate 66 ,̂ hunting, 

therefore, is  a more successful method of prey procurement t^an pirating 
from conspeoifics.

• I
The ages of tne pirate and the victim s ign ificantly  influenced 

pirating succssb (Table 4 . 6b). Thus both young and adult birds succeeded 

less often ir. depriving adults of prey tnan when they robbed young. The 

experience of tne victim in defending its  prey probably exjlains wiiy 

piracy was more successful against young tnan against adults. Thus, adult 

and paired Fish î a l̂es defended each other woll when attacked by pirates, 

vhetner by tho members of a neigubouring pair or wandering birds. Iio suc­

cessful piracy on a pair by a neighbouring pair was observed tnroughout 

the study. The 2 successful piracies by adults on other adults (Table 

4*6a) were from wandering adults that caught prey in the territories of 

established birds. Of tne 12 successful piracies young made on adult 

birds, 7 (58?“) of them succeeded because the young were moving in bands 

of 2 or more birds. During such a robbery, the f ir s t  young attacked the 

adult with the prey, and i f  i t  did not remove the prey then the second or 

third young usually succeeded. The mate of the victim normally did l i t t le  

to recover the prey because i t s  defence efforts were usually overwhelmed 

by having to chase tne young birds out of their territory.
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Bv the time the victim had su ffic ien tly  recollected i t s e l f ,  the pirate 

waa already out of their territory or had dropped down and had retre­
ated into the recess of a thick hush, and probably had already begun to 
consume the loot. When there were only 2 young, the advances of the 
second young to pirate after the f ir s t  had fa iled  were at times success­

fu lly  blocked by the mate o f the prey owner.u
Prey obtair.od by a band of wandering young Eagles changed hands a 

lot among the members. However, beacuse none of them successfully  
appropriated the pro;., all members of the rrouc participated in the real. 
This rode of existence probably conferred upon e-cii member of the group 
advantages which enhanced it s  chances of survival relative to living  
solitarily (section 4>4)«

The Fish Eagle also robbed otuer species of birds of their prey 
(interspecific piracy, Table 4 .7 ) • No success rates are given because 
no bird t-.at t_e Eagle tried to victimise ever dropped or disgorged 
prej which t_e pirate subsequently recovered (Brown 198 0 ) .

The Goliath Heron Axdea goliath and the Saddle-billed Stork 
Ephicpiorynchus senegalensis did not take to flig h t nor did they drop 
or disgorge their prey when attacked hy the: FiBh Eagle. Instead they 
quickly swallowed their prey anu then directed their dagger—lik e  b ills  
towards the pirate in self-defence. However, no bodily contaots were 
witnessed between the Fish Eagle and any of these birds because the 
Eagle never came so close as to talon then.

The white Pelican Pelecanus onocrotalus and Pink-backed Pelican P. 
rufescena, and the Yellow -billed Stork Ibis ib is  normally took o ff well 
before a r ish ^.agle reached them, although at times they were surprised 
suoh ti.at they oould not take to the wing. There were also instances 
when the Eagle overtook the pelicans and forced them to the ground or on 
water. However, in a ll attacks observed, no Fish Eagle ever alighted 
beside the victim nor did i t  catch in mid-air prey that an affected bird 
dropped or disgorged.

It is  interesting to watch to what lim its the Fish Eagle can go on 
with its  piratical tra it and, therefore, to note how compulsive the 
habit iB in the species. During the study, on many occasions the Fish 

Eagle chased the tiny Pied Kingfisher Ceryle rudis when these birds had 
no fish  in their b il ls .
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Such chases were interpreted as having had predatory motives (aection 
3 .3 .2 .5 ) .  However, should a Kingfisher that had originally oeen 
ignored hy an „agle catch prey, it  was attached immediately. During 
the chase, the two Girds turned w^ird corners but the iight and agile 
Kingfisher outrun th»» Eagle in all attempts witnessed (i.able 4«
And none o f the Kingfishers ever dropped the prey i t  had cau 'i.t.

The single piracy attemrt on the Long^-tailed Cormorant Fhalacro— 
corax africanus happened as the male of Pair Ho. 6 was c irclin g  above 
the water where t*.o cormorant v;?.s hunting. Just as the cormorant 
emerged to swallow a i'is i t  naci cau t ,  the Le made a strike whicr 
the cormorant successfully evaded by submerging; I t  re-surfaced by 
the shoreline about 8Cm away from the place o f attack. The Eagle 
apparently ignored i t  for i t  did not attack i t  again after i t  re­
surfaced.

Piracy Is normally not a one vray a ffa ir . Much as the Pish Eagle 
■attempted to pirate from oh.v-r species of birds so did some ox' the 
affected birdB try to de rive t..o Eagle of i t s  prey (Table 4 .7 ) .  
Whenever, t.i6 Pish Eagle alighted to feed on t«.e ground by the shore­
lin e , the Hammorkop Scopus umoretta, Marabo.u Stork Leptoptilos 
oruneniferu3. Saddle-billed Stork, Yellow -billed Stork, Goliati^ Heron, 
Saored Ibis Threskiornis aethiopicus and the Hadada Ibis H age dash i a 
hagedash were attracted to t. e scene and could be seen waiting on or 
moving around the Eagle. The Marabou Stork, Saddle-billed Stork and 
the Goliath Heron sometimes came so close that the Eagle was forced 
to f ly  away with its  prey. During such hurried take-offs prey at 
times dropped and both the Eagle and the pirate-to-be scuffled over 
i t .  The Eagle retrieved most of its  booties but twice the Marabou 
Stork and once the Goliath Heron successfully grabbed the prey arid 
swallowed them (Table 4 .7 ) . At Rwenshama (P ig . 2 .1 ) , twice again the 
Marabou Stork pirated successfully from post—fledging young whose 
parents fa ile d  to retrieve the prey.

As they approached the f seeing Fish Eagle, the Yellow -billed Stork 
and the Hammerkop were usually easily scared o f f .  However, they at 
times made quick dashes at unsuspecting Eagles which, in surprise, lept 
high in the air leaving the prey on the ground. In a ll such incidences 

(Table 4«7)» the Eagles recovered their prey. As the Storks fumbled 

to swallow the large fish es, the Eagles attacked and forced them to 
drop the prey.
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Normally, both birds waited until tho £agle had finished i t s  moal 
and had moved away before scampering to t^e s ite  to pick up discarded 

parts of the prey.
On 22 July 1976, the male of Pair ilo. 12 (Fig. 3*l) caught a 

very big fish  close by the. shoreline but i t  was too heavy to carry 
away. The ISagle dragged the prey ashore but before reaching dry land, 
5 pelicans rushed, cn masse, towards the iiagle apparently ready to 
pirate. The iJagle surrendered the fish  which apparently escaped.

Cn p occasions vi.cn ba..ds of young Fish 2ag’ es successfully rob­

bed prey from territorial adults and the members were scu fflin g  over 
the spoils, th« ..'hito-hcaded Vulture Trif.onoceps occip ita lis  dropped 
onto the bands (Ta>le 4»7)» After brief struggles with t^e young 
iagles, these Vultures usually assumed conti’ol of the pray. However, 
no prey was wholly appropriated by the Vultures because, as the food 
item changed hands among the Vultures, tho Fish ISagles also assumed 
brief controls over the disputed prey and, therefore, f»d too.

4*3 .2 .i Food procurement by scavenging

The Park provides regular game animal carcasses for a ll scaveng­
ing animals. The fishing industry, which is  permitted in this**Park, 
also offers regular additional carrion. The Fish Sagle and many 
other scavenging birds make use of t^is daily  and readily available 
oarrion (Table 4*8). It i s ,  however, evident that tue young are given 
to scavenging both in the fish ing villages and other areas o f the 
Park. Because territorial birds hardly leave their areas (section
3 .3 .2 .1 ) , any' adults found scavenging were probably non-territorial 
birds.

4*3 .2 .4  The capturing of prey

Fish is  caught by a fa st  dive with the i5agle momentarily checking 
just before the k ill  is  made or water is  touched. Prey is caught in 
the fir s t  5-10 or so cm of water. The fish is  grasped by the powerful 
but opposing gripB of 4 long, curved and sharp talons at the end of 
each tarBus and iB normally carried by both fe e t .
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Table 4®8 Incidences of scavenging by the Fish ISagle in Queen Elizabeth Park.
For each v is it  to Hwenshama Fishing V illage , the single + sign in­
dicates presence of adults while young birds were always present in 
great numbers.

Area of No. of Fish Eagles
Date the Paik Adul ts Young Carcass Comment

16.4.75 Mweya 1 0 Animal matter On rubbish dump

10.6.75 II 0 3 I I I I I I  I I  I I

18.6.75 It 0 2 I I I I I I  M I I

18.2.76 Hwenshama + +++ Scraps of Fish Flenty of other scave­
nging birds

11.3.76 Rwenshana + +  4  + 3cr-i-t o f fish Flenty of other scave­
nging birds

19.3.76 Rwenshama + +++ Scraps of fish Flenty of other scave­
nging birds

15.11.76 Kazinga 0 5 Scraps of fish Plenty of other scave­
nging birds

28. 12.76 Kweya 0 2 Animal matter On rubbish dump
25.2.77 Kazinga 0 2 Scraps o f fish Plenty of other scave­

nging birds
29.4.77 Kazinga 0 4 Scraps of fish Plenty of other scave­

nging birds
13.6.77 Kazinga 0 3 Scraps of fish Plenty of other scave­

nging birds
30.6.77 Kazinga 0 4 Scraps of fish Plenty of other scave­

nging birds
30.8.77 Kazinga 0 3 Scraps of fish Plenty of other scave­

nging birds
27.10.77

18.7.75

Kazinga 

Area of

0 3 Scraps of fish  

0

Plenty of other scave­
nging birds

5.7.76

Pair No. 8 

Area of

2 2 Lung fish 1 Marabou Stoik, 2 Sac­
red Ibises & Hammerkop 
around.

Pair No. 72 0 8 Unidentified but 
probably pirated 
fish

4 White-headed and 1 
Hooded Vultures, & 
Marabou Storks around.

Cont'd



Table 4*8 cont'd
Area of No. of Fish Eagles

Cate the Park Adults Young Carcass Comment
20.7.76 Area of

Pair No. 73 2 9 Unidentified but 
probably pirated 
fish

No other birds

22.7.76 Area of
Fair No. 73 0 2 Unidentified but 1 Wliite—headed Vulture

probably piratod 
fish

presont.

22.6.77 Area
Pair

of
No. 82 0 11 Hippopotamus calf

2 White-headed, several 
Hooded & White-backed
Vulturc3 & Marabou 
Storks present.
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4.3.3 Feeding methods and food sharing
Once prey wr.s captured a Fioh Eagle normally returned to a 

favourite feeding perch. Heavy prey, however, forced the Eagle to 
alight anywhere along the shoreline where the prey was partly eaten 
before being taken to a feeding perch.

When ea.ting on a perch, the Eagle held do'..'n its prey with the 
talons of oi.o foot, those of the other foot served to grip the branch 
and to maintain balance. Horizontal branches wero preferred. On the 
ground, however, both foot could bt; us_d to hold down tha troy. Small 
pieces of flesh were torn off the prey with the aid of the powerful 
and hooked beak. During feeding balance was maintained by regular 
spreading and half opening of wings and the tail.

Field anu laboratory observations on a captive juvenile showed
that a Fish Hagl̂  feeding on a cichlid usually started to dismember
the prey from the base of the neck first, the opercular or pectoral
fin joints seiving as the initial points of attack. From either of
these places the Eagle devoured the head of the prey before proceeding
to tne trunk and tail regions. When feeding on a catfish, however,
it usually attacked the anal or pelvic regions of the prey first, the

*1

joints of the anal or pelvic fins serving as the initial points of
dismemberment. The Eagle discarded the gill apparatus and gut of all _ . . . types of fish. Bones, scales and whole or fragments of fins and
operculi were also swallowed; the bones and bony fragments being
aligned base first to facilitate swallowing.

When feeding on tne ground, grasses' and other vegetative materials 
were also swallowed with pieces of flesh. However, these materials 
and-undigested bones and scales w;ie regurgitated in pellets. Once 
the captive Sagle wc.s offered a dead stripped grass mouse Lemniscomys 
sp. (A. A. Ogen-Odoi, pers. comm.), and the next day two pellets of 
undigested hair, teeth and claws were found in the cage. On another 
occasion the bird was given a dead Black-headed Weaver Ploceus 
cuculatus bohndorffi and the following day pellets containing undigested 
feathers, claws and mandibles of the bill were again found in the cage. 
Pollets containing fish scales and feathers were also found under feed­
ing perches of Fish Eagles (Table 4.1). Since the regurgitation of 
pellets by adults was not observed, their production by the adults was 
inferred from the fact that the captive juvenile produced them.
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Food sharing between the sexes of a pair occurred during both the 

breeding and non-breeding periods. Cf ~]C observed feeding boui,s,

54 (71.15») of the trey were shared. For the 54 cases or sharing,

31 (57*45») of them occurred during the breeding and 23 (42.6‘'c) during 
the non-breeding phases of the .air. For the 22 cases of non—sharing,
15 (68.25.) of them happened during the breeding and 7 (31 -8/«̂) during 
the non-breeding cycles, iiow-ovsr, tee frequencies of sharing and non­
sharing of prey did not differ significrntly with the breeding status 
of tae pair (a  ̂- t.7^4, di' = 1 , F>C.i: n = 7 6 ).

There Here ti:.ies ;;hen a pair of Eagles captured a fish that was 
too big to satiate their appetites. After failing to finish a prej, 
an Eagle took the remains to the nest or left it on the feeding perch. 
From either places h.e mate of the oiru ti.at had already fed retrieved 
tho left-over and fed on it. If it, also failed to finish the food,
.the remaining pieOe w s still left on t .e nest or tho feeding perch.
In turns, botn birds returned to foed on the left-over until it was 
exhausted. Occasionally several drying pieces of partly oaten prey 
could be found on tae feeding perches or nests. In breeding birds, 
such pieces of fish can be seen strewn about the nest odge, esjjpcially 
during the early part of the fledging period when the young were not 
yet voracious enough to consume such larders of prey (section 10.3*3 & 

Plate 5).

4*3.4 Predation pressure on fish

4*3.4.1 Predation pressure relative to fish types and their abundance
• During this study, no assessment was made of the relative abundance 

of the fish  types occurring in  the Kazinga Channel. The fish  catch 

sta tistics  in  the Fisheries O ffice, Kichwamba, are biased towards the 

commercially exploitaole species only and were, therefore, of l i t t le  

use for th is  work. 3eadle (1932 & 1974) reports that limnologically 

the Channel is  more similar to L. George th&n to L. Edward. For these 

reasons Gwahaba's (1 9 7 3 ) data on fish species in L. George were used 

to assess the predation pressure Fish Eagles in the Park exerted on 

each species of fish they preyed upon relative to its abundance.
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Ov.?h ba (1973) lists 32 species of fish occurring in L. George 
and that these species represented 12 genera and 8 families (Table 4*9)* 
Howovcr, Dunn (1972) reports that there are about 20 other species of 
fish in addition to the 21 cichlid species occurring in the lake. This 
study found that the Fish Eagle regularly exploits only 4 of the 32 
species present in L. George and, therefore, in the Kazinga Channel as 
well (Table 4*9)* The Table also shows that both the 2a le and man 
are basically exploiting the same species of fish.

Gwahaba (op cit.) reported that ca. 55222 fishes/ka occur in 
L. George. Of these there are 49730 iiaplochromis spp., 171 Tilapia spp., 
11 Clarias lazera, 11 Dagrus docmac, 6 Protoptorus aethiopicus, and 
5293 Aplocheilichthy3 spp. Only 3 of the above 6 genera were represen­
ted . in the 3470 fish remains collected from the Fish Eagle territories 
during this study. These included 2872 (82.̂ o) Tilapia spp., 327 
(9*4fa) Clarias lazera, and 271 (7«8®o) Bagrus docmac. A Chi-square test 
bn the numbers of fish taken by the Eagle and those of fish present in 
each hectare of water suggests that Fish Eagle predation pressure was 
proportional to the densities of the respective fishes which the Eagle 
was catching (Table 4.10). .

• I
4-3.4.2 Predation pressure in relation to sizes of fish

Figs. 4-4i 4*5 and. 4.6 attest to the reliabilities of using the 
bony remains of fishes for estimating the total lengths and live 
weights of fish caught by the Fish Eagle in this Park. The results 
show that there were direct and significant relationships between the 
opercular length and total length (Fig. 4«4a)» opercular length and 
live weight (Fig. 4*4b), and live weight and total length (Fig. 4«4c) 
of Tilapia sp. There were also significant linear relationships' 
between the head lengths and head—tail lengths, head lengths and live 
weights, and live weights and head-tail lengths of both Clarias and 
Bagrus spp. (Fig. 4®5 & 4*6 respectively).

The sizes of fish taken by the Eagle and the predation pressure 
exerted on the respective size classes are shown in Figs. 4.7—4.9. in 
the genus Tilapia the smallest fish represented in the prey remains 
weighed 240 g and measured 24 cm (Fig. 4.7).
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Table 4.9 The types of fish occurring in Lake George and probably in the 
Kazinga Channel as well. This list is adopted from Gwahaba 
(1973) with slight modifications. The asterisk (s) outside 
parentheses indicates’ exploitation by the Fish Eagle. One 
asterisk shows infrequent exploitation and two asterisks regular 
exploitation. The asterisk inside parentheses shows that the 
fish is commercially erploited by man as well.

Family Genus

1. Lepidosirenidae Protopterus
2. Mornyridae Marcusenius

Kormyrus
3. Cyprinidsve Barbus

4. Bagridae iiagrus
5- Clariidae Cl aiias
6. Cyprinodontidao Aplocheilichthys
7. Anabantidae C tenopoma
8. Ciohlidae Astatoreochronis

Haplochronis
Hemihaplochromis
Tilapia

No. and name(s) of species

1 sp. aethiopicus »(*)
1 sp. nigricans 
1 sp. kannume
3 spp. '•(*) altiajialis, kerstenii 

and neglectus
l.sp. docm.MO»*(»)
1 sp. lazera **(*)
2 spp. eduardcnsis and purailus 
1 sp. muriei
1 sp. allaudi
17 spp. (various names)
1 sp. multicolor
2 spp0**(#) nilotioa and

leucosticta.

Table 4»10 The predation pressure exerted by the Fish Eagle 
on fish types relative to the abundance of the 
respective fishes. Density data for fish were 
obtained from Gwahaba (1973).

Nuaber/ha 
Number predated

Type of fish
Tilapia Clarias Bagrus Total

171 11 11 193
2872 327 271 3470

2X => 4.574 NS, df . 2
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Fig. 4-4a The relationship between opercular leogtha 
head-tail length of Tilapia spp. in ̂  
Elizabeth National Park*

Fiff» 4.4b
frr onchip betwoon opercular lengti-■
Ki *J t o f  T ila pia  s d d. in Cueen

-izabetn National*"Park.
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pig. h . h c  The relationship between head-tail length and 
fresh weight of Tilnoin spp. in ^ueen Kli^a— 
beth National park.
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Fi-G* '* • ' / The sizes cf l'i lnnin spp. harvested by the 
African Kish i,ario and man in Queen Elisa­
beth National park. (-- ) represents fish
Eagle predation and (__) represents predation

i by nan. Belov/ the Fir:* are data used in 
deriving the si 7 0 s of f ish  preyed 
upon by the Fish Eagle. Thus n-j = number 01 
prey remains (o rcrcu li)  recovered from the 
te r r ito r ie s ;  and np = number of fresh ly  loaded 
T ila n ia  whose -..eights (V/t) , and o p e icu li (OPJ,) 
and h ead-ta il (ET1.) lengths were taken.
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Fig-

Fig. U.

.8 The sizes of Claris Inner;- harvested by the 
* African Fiah Eagle and man in Queen Elizabeth

National park. (----) represents predation by
the Eagle and (---- ) by man. (ldow the Fig. are
data used in deriving the sizes of fish preyed 
upon by the Eagle. Thus n, = number of prey 
remains (heads) recovered from the territories; 
and np r= number of freshly landed fishes whose 
weights (W t), and head (ML) and head-tail (HTL) 
lengths were taken.

The sizes of Rnrru.
African Fish — - —°CIB*r harvested by the
National Park * ',n<1 man 1° Queen Elizabeth 
the Eagle and *( ~~^ represontr. predation by
are data used i n i ;. by man • Relow the Fig. 
Preyed Upon b,'lh C” VlnK thc Rizes of fish
frey remains (head~V âcle * Thuc nl = number of 
tones; and n-, recovered from the terri-
flGhes whose weI-Sl?;b®r ?f freshly landed
iead-taii (HTL) lengths* * ’ a°d head andwere taken.
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Pradntion Centred on fish woi.i'.ing between 327-021 G inou-.uring
25-35 cm, with the peak occurring on fish weighing 405 5 an(̂  measuring 
27 cm. Fish of over 1CC0 g were rarely taken althougn specimens 
weighing 1650 g wore still represented. Such large Tile-pi a spp. were 
rare among prey remains not because they could not be caught and cai- 
ried away bj the Eagle but probably because they are few in the water 
system.

In Cl arias predation started with fish weighing well below 400 g 
and measuring under 37 cm (Fig. 4-d). Freuation on Glorias rose and 
declined gradually with *- . ; cccurri. , o. fish wci., hing o r . b)8C 
and measuring ca. 51 cm. Recovered prey remains also represented fish 
woighing 3000 g and above (I’ig. 4.0'. ouch very large prey wore pro­
bably not caught by the Eagle but could have been scavenged from rot­
ten fishes discarded by fishermen or those that died. Once washed 
ashore, such prey wore probably partly consumed before being carried 
to the feeding perenes or nests.

Predation on Bagrus commenced with fish weighing well below 2C0 g 
and measuring under 25 cm (Fig. 4*9). Peck predation centred on fisli 
weighing ca. 570 g and measuring ca. 37 cr.n Predation on this fish 
declined rapidly with increasing size and almost ceased with fish• I
weighing ca. 1440 g and measuring ca. 49 cm. However, as in Clarias, 
Bagrus .feigning 3000 g aid above were also represented among nrey 
remains. Such large fishes, although rare among prey remains, could 
once again have been obtained hy the Eagle through scavenging.

No experiments were conducted on the weight carrying ability of 
the Fish Eagle during this study, however, field observations showed 
that there were times when the Eagle caught very heavy fish which it 
could not lift out of water and carry away (Table 4.11). Once, on 
18 Kay 1977> the male of Pair i.o. 72 caugut such a heavy fish and lifted 
it well above the water but dropped it back. On 19 August 1975, how­
ever, the incautious female of Pair To. 6 was pulled right below the 
water surface and the bird swam ashore, without the prey, probably be­
cause her feathers were too wet. On six occasions, various Fish Eagles 
managed to bring heavy .pixy ashore by swimming while once an attempt 
was made to drag out such prey after having caught it in shallow water 
(Taole 4.11). Estimates of the weights of some of these fishes were 
made using the relationships between their body parts as described ear­
lier on. The weights suggest that prey weighing more than 2 kg can 
hardly be lifted and carried away by the Eagle.
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Table 4.11 Estimates of the weight carrying ability of the Pish Eagle in Queen 
Elizabeth Park. HL = head length, HTL = head-tail length, -ft = 
weight. Where appropriate, the first entry represents derived weight 

. or head—tail length (see text) and that in parentheses represents
actual weight or head-tail length.

Pair Name and size of prey taken
Date No. Sex Name 1LL( cm) Wt(g) HTL(cm) Comment

18.5.75 ■5 Male Clarias 12.6 2055
(1750)

65.3
(65.O)

Brought prey ashore by 
swimming ca.50m.

5.9.75 65 Male Bagrus 15.3 2150
(2160)

56.2
(56.5)

Swam ca.20m. Recovered 
whole prey. Weight and 
head-tail length are from 
actual measurements.

22.7.76 72 Male ? D “ Could not lift prey it 
caught in shallow water, 
dragged it ashore but lost 
it due to piracy attempt 
by pelicans (see section 
4.3.2.2).

5.8.76 74 Male ? Brought prey ashore by 
swimming. Prey remains 
not recovered.

16.9.75 60 Female Clarias 13»4 2409
(2120)

69.5 Lifted prey with great 
:(70«0) difficulty and landed alon

shoreline ca.30m away from 
sito of captdte. Prey vir 
tually touching water sur­
face as the bird flew.

18.3.76 6 Female Bagrus 16.4

15.8.76 72 Femalo Clarias 13-0

17.5.77 8

1

Female Clari as 13.6

19.8.75 6 Female 7

18.5.77 72 Male 7

2628 60.1 
(2400) (60.5)

2228 67.4
(1900) (67.8)

2501 70.6
(1750) (70.8)

Prey brought ashore by 
swimming ca.50m, Rortiains 
recovered after it was 
partly eaten.
Brought prey ashore by 
swimming ca.80m, rested 3 
times with wings spread 
over water surface. Rgjna-W& 
recovered after being 
partly eaten.
Swam ca.50m to bring prey 
ashore. Rested twice en- 
route with wings spread 
over water surface. Prey 
remains recovered after 
being partly eaten.

• Bird swam ca.30m ashore 
without prey.
Prey lifted out of water 
but dropped back.
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4.3.4.3 Predation pressure in relation to seasons
During 5 dry and 3 wet seasons, 3186 prey remains were recovered 

from Fish Eagle territories. They consisted of 2872 (9O.I/0) Tilapia,
185 (5.8̂ ) Cl arias, and 129 (4.0;i) Bagrus 3pp. A Chi-square tost showed 
that the numbers of each fish type taken by the Eagle did not differ 
significantly between tne seasons (Table 4*12).

For each of the 3 fish types taken during the seasons, there was 
no seasonal shift in predation pressure on the various size classes.
The agreement between dry and wet season size classes nredated was 
highly signific Jit for Tilapia spp. (Table 4.13), for Clarias lasera 
(Table 4.14) and for Bagrus docr.iac (Table 4.15) •

4»3»5 Comparisons of human ana Fish Eagle fish predations

4»3*5.1 Overlaps in tho sizer, of fish oxoloited

It was shown in Table 4*9 that there was an overlap between man 
and the Fish Eagle for tne types of fish they exploited. However, 
there was yet another overlap in the sizes of fish the two predators 
harvested from the waters. In Tilapia tho overlap in the sizes of 
fish taken was highly significant (Table 4.16 & Fig. 4.?). The..over­
lap was slignt and not significant for Clarias lazera (Table 4.17 &
Fig. 4.8). Although slight, the'overlap was- significant for Bagrus 
docmac (Table 4.18 & Fig. 4.9).

For Tilapia the peaks for both human and Fish Eagle predations 
coincided in size class 5 (Fig. 4*7)« However, human predation on 
Tilapia had a more restricted spread than that of the Eagle probably 
becuuse of regulations imposed on tho sizes of gill-nets used by man. 
Whereas in the Fish Eagle no similar regulations are operative, the 
spread in the predation pressure on the sizes of Tilapia reflected the 
ability of the Eagle to exploit the available sizes of fish. Very 
small fishes wero apparently more difficult to catch than medium and 
large-sized ones while the very large specimens were probably too 
scarce to be taken frequently.

For Clarias, peak human and Fish Eagle predations were one size 
clasB apart (Fig. 4.8). Because of the restrictions on the sizes of 
gill-nets used by man, comparatively the Eagle took small-sized Clarias 
more often than man did.
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Table 4.12 Seasonal Fish Eagle predation on the most fre­
quently taken types of fish in Queen Elizabeth 
Park.

Type and number of fish taken
Season Tilapia Cl arias Bagrus Total

Dry 1606 114 75 1795
Wet 1266 71 54 1391
Total 2872 185 129 3186

X2 = 2.484 NS, df = 2

Table 4*13 Seasonal Fish Eagle predation on Tilapia spp. in Queen
Elizabeth Park in relation to the sizes of tho fish. For 
the live weignts, and total and opercular lengths of fishes 
In tho different size classes see Fig. 4.7.

Season
Numbers of fish token in respective size classes1 2 _L 6 _L_ 8 _2_ 10 11 Total

Dry 24 34 94 275 414 266 260 151 54 28 6 1606
Wet 10 21 58 239 329 226 177 131 58 9 8 1266
Spearman's r = 0.998,
Student'b t = 48«574*»*, df = 9.

-  i" !  *■ 1 ^ <- +* *• J ^  - •

I
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Tablo 4.14 Seasonal Pish Eagle predation on Clarias lazera in  Queen 
Elizabeth Park in  relation to the sizes of the f is h .
For live  weights, and total and head lengths of fishes 
in  the different sizo classes see F ig . 4«8«

Numbers of fish taken in respective classes
Season 1 2 _3_ 6 JL _8_ _2_ 10 11 Toteil

Dry 17 16 17 17 18 14 7 4 3 1 0 114
Wet 4 12 11 17 7 9 6 3 1 1 0 71
Spearman's r a O.77O,
Student's t = 3.626**, df = 9.

Table 4*15 Seasonal Fish Eagle predation on Bagrus docmac in
Queen Elizabeth Park in relation to the sizes of fish. 
For live weights, and head and head—tail lengths in the 
different size classes see Fig. 4.9.

Numbers of fish  taken in respective classes
Season L_ __2 -JL _5_ 6 1 8_ J L 10 11 12 Total

Dry 5 13 7 20 11 12 3 1 1 2 0 0 75
Wet . 6 7 8 13 9 5 5 1 0 0 0 0 54
Spearman's r =» 0.888,
Student's t = 6.110***, df = 10.



-  158 -

Table 4*16 Overlaps in human and Fish Eagle predations on Tilapia 
epp. in Queen Elizabeth Park in relation to the sizes 
of the fish. For live weights, and total and opercular 
lengths of fishes in the different size classes see
Fig. 4®7*

______ numbers of fish taken iu respective classes____
Predator _1_2__6_ _J_ _8_ 9 10 11 Total
Human 2 3 5 63 157 65 25 6 5 3 1 335
FiBh Eagle 34 55 152 514 743 492 437 282 112 37 14 2872
Spearman's r «» O.986,
Student's t = 18.002***, df = 9.

Table 4»17 Overlaps in human and Fish Eagle predations on Clarias lazera 
in Queen Elizaboth Park in relation to the sizes of the fish. 
For live weights, and total and head lengths of fishes in the 
different size classes see Fig. 4*8.
1 Numbers of fish taken in respective classesPredator 1 2 3 _5_ 6 _ L _8_ J L 10 11 Total

Human 0 7 5 33 44 24 23 11 9 2 3 161
Fish Eagle 40 43 45 64 42 34 20 14 ll 4 10 327
Spearman's r » 0.382,
Student'b t = 1.239 NS, df =. 9.
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Table 4.18 Overlaps in human and Fi3h Eagle predation on Bagrtis —  
Queen Elizabeth Park in relation to the sizes of the lish. 
live weights, and head and head-tail lengths of fishes in ohe 
different size classes see Fig.

Numbers of fish taken in respective classes
Predator 1 2 3 _4_ 6 _L 8 _L 10 11 12 Total

Human 0 4 23 27 54 47 24 25 17 9 1 3 234
Fish Eagle 21 35 32 65 58 34 15 4 2 2 1 2 271

Spearman's r = 0®594,
Student’s t = 2.337*, if = 10.

Table 4.19 The food requirement of the Fish Eagle. Data from fish which the 
Eagle landed by swimming and prey remains recovered after the 
bird had eaten. Actual = weight of prey remains and derived = 
weight calculated from head—tail length measurement (see section 
4«3*4*2). Calculated amount of food consumed = derived weight 
less actual weight of prey, and actual weight of food*1 consumed = 
calculated weight less 1Ĉ ® wasto factor. Three adult Entebbe 
Zoo male Fish Eagles averaged 2250g, and 2 adult females averaged 
2835g» Entries marked with asterisks are weights of food as fo of 
2542.5g, the average of male and female weights.

Sex of 
■ bird Fish taken

Weight of nrey(g) Food consumed(g} Food a3 fo body weighActual Derived Calculated Actual Calculated Actual
Kale Clarias 1750 2055 305 274.5 13.6 12.2
Female Clarias 2120 2409 289 260.1 10.2 9.2
Female Bagrus 2400 2628 228 205.2 8.0 7.2
Female Clarias 1900 2228 328 295.2 11.6 10.4
Female Clarias 1750 2501 375.5 337.9 14.8* 13.3*
Mean
♦3»d» 305.1

54.0
274.5
48.6

11.6
2.7

10.5
2.4
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Human and Fish haglu prtdation p̂ .akn in Jagrus were also one size class 
apart (Fig. 4-9) and, once again, the 3<-gle took small-sized Bagrus 
more frequently than nan.

4• 3• 5• 2 Consumptions of fish
An estimate of the daily food requirement of the wild adult Fish 

Bogle is given in Table 4.19* Although few, the data show that the 
adult bird ate about 279 fc of fish daily, an equivalent of ca. 10.5r> 
of its body weight.

A recently fledged young, probably a female, which was leapt in 
captivity between 1C February, 1978 and 30 September, 1980, was weighed 
on 15 occasions prior to using giv_-n food (fish) during a feeding 
experiment wliich ran for the whole of 1978. During the period, the 
growing bird averaged 2873*7 P, although its weight fluctuated between 
2475 S time oi capture and 30^0 g by the end of September 1978.
Ii. was fed on altero;. ;e days, and its food consumption averaged 415 S 

(320-580 g) of fish, an equivalent of ca. 14,5̂  (lO.7-i9.35,) of its 
body weight. The lowest amount of food it ever ate was I50 g and the 
highest was 690 g, which amounts respectively corresponded to 5.2̂  and 
24*0̂3 of its average ••eight. Since it ate every other day and still 
gained weignt, its daily food requirement probably must have been 
around 7̂  of its weight or ca. 210 g of fish.

In 78 eagle-days of dawn-dusk observations, the 78 Fish hogles 
captured 58 fishes (Table 4*20). They lost 3 of the 58 fishes through 
piracy. The 55 fishes which they retained represented O.71 fish/ 
nagle/day or 259 fis.ies/ivigla/year. From the recovered prey remains 
it was found that the 3ngl_ mostly preyed upon Tilania weighing 405 g 
(Fig. 4*7)» Clarias weighing 977 g (Fig. 4.8), and Bagrus weighing 
573 g (Fig. 4.9). The data, therefore, suggest that the I3aglo took 
prey weighing, .on average, 651.7 g (357-7 - 945*7g ) most frequently. 
From the rate of predation (0.71 fish/Sagle/day) and the average 
weignt of prey (651,7 g) taken most frequently, each adult bird, con­
sequently, harvested from the waters ca.462.7 g (254-671.4 g) of fish 
daily or 168.9 kg (92.7 — 245*1 leg) annually. For convenience, it was 
assumed a juvenile bird consumed as much food as an adult.
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Table 4®20 Daily fish catches by the Fish Eagle in Queen Elizabeth Park.

Date Pair llo. Sex Catch made Ca.wt(g) Birds feeding on it

13.7-76 6 Hale 2 Tilapias 800,500 Both male & female
73 Hale Unidentified - -

Female II - -
8 Kale II Large Both male & femal e
72 Hale It Large Both inale & female-
74 ? II - -

14.7-76 6 Hale 2 Unidentified Both small Hale alone
73 Female Unidentified Small Female alone

8 ? II — —
. 72 ? II - -

I6.7.76 6 Hale Clarias 700 Both male & female
8 Hale Unidentified — —
72 Hale II : —

Female II — s*- •»
5 Hale II —

• Female II 9 -

22.7.76 6 Hale 2 Tilapia 400,900 Both male & female
Female Bagrus - Female alone

72 Hale Catfish? Large Lost due to piracy
5 ? Unidentified — —
73 Hal 0 II — —

Female 2 Unidentified - -

29.7«76 6 - — — Neither fed all day
73 Hale Unidentified — ~

Female 2 Unidentified - 1 lost due to piracy
5 Female Unidentified 1 _ —
74 Hale II — Hale & female
8 ? II - —
72 Hale II — Male & female

Cont'd
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Date Pair No• Sox Catch made Ca,• wt(g) Birds feeding on it
31.7.76 6 Hale Unidentified Ate alone

Female Tilapia 400 Ate alone
73 Hale Unidentified - Both male & female
8 Male II - Ate alone

Female II - Ate alone
74 Male II - -

6*8.76 6 Male 1 catfish 
1 Tilapia

500
300

1 taken to nest with
2 one-’.joek old chicki 
1 lost (piracy)

8 Female Unidentified — ~ f
72 Male II — —

73 Halo II —
5 Male II —

Female II — _

74 ? Unidentified - -

16.8*76 6 Male 2 Tilapias 200,300 1 to nest with 2 two- 
week old chicks.

Female Tilapia 500 Taken to nest
72 Male Unidentified - Both male & female
74 Male 2 Unidentified — Both male & female
5 Male II —

Female Unidentified —

73 Male II
—

8 Male Unidentified - —

Total 39 pair-days 58 kills, 3 lost
78 eagle-days =>55 kills retained

Kills/Eagle/ day = 0.71 fish «• 259 fish/Eagle/year.
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Thus the 752 Fish Eaglos counted in the whole Park (section .'.U*?), 
therefore, removed from the waters 127,012.8 kg (69,71°«4 - lS4>315°2 kc) 
of fioh annually.

Data in the Fisheries Office, Kichwamba, indicate that between 
1975 and 1978, man harvested, on average, 12,240,000 kg of fish annually 
from Lakes Edward and George and the Kazinga Channel (o. Katuramu, pers. 
comm.). Thus the amount of fish taken annually by the 752 Fish Eagles 
in the Park represents only 1.04*/° (0.57 - 1.51/°) of the quantity 
harvested by man.

Din & Lltringham (1974) estimated that the fish produc .ivity of 
L. George is ca. 18,5CC,CGC kg/year. Gwahaba (1973) found that the 
lake had a mean productivity of 23.3 f/m2, thus giving a productivity of 
14,706,960 kg of fish/year (lake area = 263 kra2). The 119 Fish Eagles 
found on that lake (section 2.3.2), therefore, harvested from it ca. 
20,099*1 kg (ll,031 - 29,166.9 kg) of fish annually. This amount repre­
sents only 0.11>o (0.06—C.l65>) of the total annual fish production esti­
mated by Din & Eltringham (op cit.) or only 0.1451, (0.075-C.2C%) of that 
given by Gwahaba (op cit.),

Between 1974 ar.d 1978, man harvested from L. George an average of 
3»757,720 kg fish/year (s. Katuramu, pors. comm.). Thus the amount of 
fish harvested annually from the lake by the Fish Eagle is only 0.53?i 
(0.29-0.78%) of the amount exploited by man.

4*4 DISCUSSION

The main food of the African Fish Eagle is fish (Brown 1970a & 1930). 
However, eggs and young and oven adults of waterbirds, and carrion are 
also eaten (drown, op cit.). In South Africa, the Fish Eagle is reported 
.0 take fish, ratB, young of other birds and occasional carrion 
(Porter 1903, Roberts 1958, Clancey 1964). In West Africa it is reported 
to take frogs as well (Bannerman 1953)*

In exceptional habitats like alkaline ^akes and seasonal swamps 
where there are no fish or are present in inadequate quantities, the 
Fish Eagle can make a staple diet out of the adults and also of the eggs 
and young of waterbirds that might inhabit or breed in them (Brown 1970a, 
b <& I98O5 Urban 1975} Cunningham-van Someren & Richards 1977).
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Nevertheless, even in areas where there are a p p a r e n t ly  adequate fish prey 
to meet its food requirements, the Eagle can 3till raid nests of other 
birds of their eggs and young. It plundered the heronries of the Lireau 
White Egret Casmerodius albus and Sacred Ibis Thrrskiornis aethiopicus 
in the Kano Plains, near L. Victoria, Kenya (Parsons, pers. comm.). In 
Akagera National Park, Rwanda, it would wait for long periods around the 
colonies of African Darters Anhinga rufa and cormorants Fhalacrocorax 
spp. whose nests it eventually robbed of eggs and young (Tliilollay, pers. 
comm.).

Brown (l970a) reported Fish Eagles as subsisting on the adults of 
watorbijds, especially flamingos Fhoenicopterus rubor and rhoeniconaias 
minor, on alkaline Lakes Eogoria (Hannington) and Elmenteita, Kenya.
Evans & Campbell (1977) saw a Fish Eagle knock down and eat a Ringed 
Plover Charad jus hiaticula which they had just released after having mist- 
netted it during their Tana River Expedition in 1976. In this Park, 
Eltringham (1975) and II. Ckurui L'Ctai (pers. comm.) reported seeing

> P

Fish magi ea eat a i.hite-browed Coucal Centro pus super ciliosus and a White­
winged Black Tern Chlidonia3 leucoptera respectively. In both cases, 
however, how the birds were obtained were apparently not witnessed.

At L. Naivasha, Clapp (1976) found a pair feeding on a carcass of 
an African Hare Lopus capen3is which he suspected the birds killed. He 
also quoted his friend witnessing two birds fight over a dead Kirk's 
Dik-dik Rhyncho tragus kirkii, which probably one of the combatants killed. 
In this Park, Rood (1975) saw a pack of Banded Mongooses Mungos Mungo 
appropriate, from a pair, most of the meat of a freshly killed African 
Savannah Hare Ij. crawshavi.

. During this study, territorial birds almost exclusively preyed 
upon fish. No live prey other than fish was seen taken by them. Never­
theless, feathers and other body parts of birds found under feeding 
perches suggest that birds are probably eaten occasionally. Additionally, 
the motives for which the Eagle chased small birds in this Park
(section 3.3.2.5) remains unresolved unless explained in terms of pre­
dation. I

The territorial Fish Eagle largely caught its own prey although 
piracy was also practiced. Fishing dives were attempted from perches, 
from soaring .flights and from low circling flights made close above the 
water surface.
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Fishing attempts made from perches were the most common while those from 
soaring flights the least so. Brown (1980) also states that most fish 
are caught by slurt flights made from perches. I-Iuch a.s fishing attempts 
are made while birds are soaring, this is a most unusual way of hunting. 
Such soaring flights are probably connected with social and territorial 
displays (section 3*3.2.3) rather than with hunting. Brown (op cit.) 
believes that they are purely territorial.

In tiie related Bald Eagle aaliaeetus leucocephalus, Southern (19&3) 
distinguished 4 methods of hunting., Firstly, dives are made from 
perches and, as in tne Fish Slagle, this is the most commonly used fish­
ing method. A second method is by making dives after a short circling 
flight over the water. A third hunting method, which very few Bald 
Eagles use, is to stand by tue water edge and to reach into water for 
proy by their beaks or talons. This probably is a method that i3 used 
to pick up dead or live but trapped prey. Such method of fishing was 
not recorded for the Fi3h Eagle although It could have been employed on 
dead, or small live prey when fishing in shallow water. Fourthly, both 
adult and young 3ald Eagles waded in shallow water and caught fish with 
the beaks. Southern (op cit.) found this method to be the most success—• I
.ill technique o. fishing. No such method of fishing was practised by 
the FiBh ~.agle during this study. All prey captures witnessed involved 
the use of talons. On San Juan Island, Retfalvi (1965) also found that 
the Bald Eagle used all the above hunting methods but the most commonly 
employed was the steep dive from the perch.

3rown (1980) reported that Fish Eagle spend from 90-95$ of their 
time perched on trees, surveying the water or merely resting. He also 
concluded that males are always more active than the larger females. 
During this study, the hunting efforts of the birds, as numbers of dives 
made, indicate that the male is more active than the female (sections
3.3.2.3 & 10.3.3)

Fish Eagles in this Park succeeded in about two-thirds of all their 
fishing attempts, with both sexes scoring similar successes. Probably 
using records largely from L. Haivasha, Brown (1976b) reported that the 
birds made from 2-10 dives per kill.

At L. Naivasha and at Mida Creek, Kenya Coast, Brown (1980) found 
that Fish Eagles made greater hunting efforts and succeeded better when 
the water was wavy and murky.
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In oalm and dlear water, drown argues that Fish Eagles seem to know 
that prey would detect their approaches more easily and, therefore, 
evade them. Birds in this Park also hunted during windy conditions 
and most of the dives made from circling flights were undertaken during 
Buch conditions. The small sample size, however, precludes a firm 
conclusion on whether or not sorties made during windy conditions are 
as successful as 3rown (op cit.) suggests.

Favaloro (1944) obsei-ved tho White-bellied Sea Eagle lialiaeetus 
leucogaster fishing against the sun. This, he argued, is explained by 
the fact that a fish at the surface of water or just rising to the 
surface would dive back into the depths on seeing an Eagle's shadow 
pass over it. It would, therefore, be an advantage for any fishing 
eaglo to hunt while flying into tho sun so that its shadow is behind 
it and would not scare away potential prey. In assessing this sugges­
tion, Greenspan & Torre-,tueno (l'J7l) found that the pair of Fish 
Eagles tiiat they extensively observed in this Park made more dives in 
the afternoon, a period when the birds were flying into the sun, than 
at other times of tne day. However, the hunting success of the birds 
during this period was not significantly different from those recorded 
at other times of the day. • I

During this study Fish Eagles nade dives during all hours of the 
day and with fairly equal frequencies. Althpugh more work is needed 
on tnis aspect of the Eagle's biology', available data suggest that 
some birds were more successful in the morning (07:00-12:00) when 
their shadows were behind them and in the evening (18:00-19:00) when 
their shadows had disappeared, than at other times of the day. Thus, 
whilst the positions of the shadows of the birds may be important in 
thefr hunting successes (Favaloro, op cit.), other factors like the
wavineso of Uo water and its clarity (Brown 1980) need to bo considered 
as well.

Brown (1980) suggests that adults arc more piratical than young 
birds. Because young birds become particularly affected by this habit, 
they tend to move away from areas where adults are more plentiful to 
congregate in those where they are fewer (Brown 1980, Brown & Hopcraft 
•1973). Contrary to Brown's suggestion, young Fish Eagles in this Park 
used piracy more often than adults.
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The facts that the densities of young were significantly aiiu positi­
vely correlated with those of adults indicate that young biids ao not 
necessarily avoid shorelines with hi,_,h densities of tiie adults 
(section 2.3.2). Congregations of young birds were witnessed in this 
Park, and these were apparently in response to better scavenging 
opportunities at the fishing villages rather than in avoidance of 
adult birds which persecute them (sections 2.3.2, 2.3*3 & 2.4).

Although similar, the pirating successes of beta adult and young 
birds were low (24% and 22,; respectively), averaging 22.6%. At such 
a low rate of success, piracy from consyecifics is, therefor' , a inure

4

inferior method of food procurement than hunting whose rate of suc­
cess was ca. 66%. Since piracy is also a great risk to the pirate, it 
should not have been evolved at all!

Doth adult and young Fish Eagles succeeded less often when pira­
ting from adults tuan when they did so from young birds. These find­
ings suggest that the experience of the victim—to—be in important in 
defending the coveted prey. Young birds succeeded morn often when 
robbing adults when tney are in bands of 2 or more individuals than 
when they tried so singly. Thus, by associating itself with a wander­
ing group of other young, the young bird greatly enhanced its chances 
of survival than by living solitarily. As a team the band more easily 
acquires prey, both by piracy and hunting, than would single birds. 
Secondly, whatever prey the band obtains would be better defended by 
the members for the sole use of the group. If the prey has been 
pirated from adults, the owners usually failed to re—possess it just 
as other adults failed to take it away from the group of young. Prey- 
obtained by hunting by a member of the band would hardly be removed 
from the group through intraspecific piracy. Thirdly, this mode of 
existence stops tne White-headed Vulture Trigonoceus occipitalis which 
usually drops onto any band of young Fish Eagles that has just acquired 
prey from appropriating the food. Fourthly, membership of any young 
into the band spreads the risks of attacks by adults during both
piracy and territorial (section 3.3.2.1) enJouters to all members of 
the group.

Brown (1980) lists several species of other birds that are dep­
rived of their prey by the Fish Eagle, and asserts that such large 
birdB as the Goliath Heron Ardea goliath and pelicans Pelecanua spp. 
are forced to abandon their orey ox1 disgorge them.
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A Hamnorkop Scopus umbrotta was several times successively robbed of 

its  prey by a Fish Eagle. It ouly managed to feed after having iirs t  

satisfied the appetite of tuo voracious Eagle (Brown, op.cit.)®

Although the Fish Eagle tried  to doprive several other species of 

birds of the ir prey, none of teem dropped or disgorged prey that the 

Eagle subsequently picked. Birds like  the Saddle-billed Stork 

Ephippiorynchus sonogr.lcnsis and the Goliath Heron defended their prey 

successfully against the Eagle. They, in addition to the Marabou 

Stork Leptootilos cruj.mnifl "u s , also turned on t.iu Fish ..agio : nd suc­

cessfully deprived i t  of its  prey.

At Lake St. Lucia, South Africa, W hitfield and iVLnber (1978) 

identified 88 of 101 fishes caugnt by the Fish  Eagle. Tnc specimens 

included 5 8  mullet (nullus spp.), 1} catfish (Clariidae and Wagridae),

8 spotted grunters (Theraponidae), 5 fjarfish (Belonidae), end 4 river 

■ bream (Cyprinidao). They also demonstrated that the Larle largely 

took surface—feeding fish  or fish that shoaled on the surface. They, 

however, did not show whether or. not the numbers of fishes taken by 

the J*agle were proportional to the densities of the fishes in  the lake.

^hiring this study the predation pressure exerted by the Fish
• l

Eagle on i t s  prey was proportional to the densities of the fish  types. 

Thus T ilap ia  spp., the most abundant of the prey fishes, was caugr.t most 

and oagrus spp. least so. Both Tilapia  n ilo tica  and T. leucosticta 

feed on phytoplankton (Worthington 1929a, Fish 1 9 5 5 ) and ^re, there­

fore, frequently at or near the surface. TPo n ilo tica  also shoals near 

the surface of water (Worthington, op c it .) .  Apart from being com­

mon in  shallow waters (Worthington, op c i t . ) ,  a ll Clarias spp. 

habitually come to the water surface for additional supplies of atmo­

spheric oxygen (ureenwood 1 9 6 6 ). Additionally, Clarias are largely 

carnivorous fishes (Worthington 19 3 2 , Poll 1939). Apart from preying 

on other fishes ('Worthington, op c it . & 1929a, Graham 1 9 2 9 , Hulot 

1956, Corbet 1961), Bagrus docmac is common in  the shallow waters of 

the L. Edward/L. George water systems (Worthington 1932). Thus, the 

l i fe  habits of the above fish  types ronder them highly vulnerable to 
predation by the Fish Eagle.

In th is Park, the Fish Eagle preys upon fishes similar in  sizes 

to those taken by man. In T ila p ia  spp. the agreement in the sizes 

taken by the two predators is  higiily significant (Table 4 .13 &, Fig. 4 . 7 ).
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According to Gwahaba (1973), the smallest maturing T. n ilo tica  

measures ca. 1 8  era total length, and at 24 cm v irtu a lly  al.l f ish  are 

mature* Whan fish mature, their growth rates are considerably slowed 

down (Lowe—I-icConnell 1958) • This can cause an accumulation in  numbers 

of fish  varying minimally in size and yet varying greatly in  age.

Thus, just as man, the Fish Eagle in this Park is  almost exclusively 

preying on T ilap ia  which axe seria lly  mature arid have perhaps many 

tii.es reproduced themselves.

The agreement between the sizes of Cl arias spp. taken by the 

Eagle and man is  not significant (Table 4.14 & Fig. 4.8) but that for 

the predation of Bagrus docmac is  significant (Table 4.15 <i F ig . 4*9)* 

For both types of fish , the sizes at sexual maturity are not known. 

Thus, in case of feeding on sexually immature fishes, both man and the 

Eagle aro to blame because the small—sized fishes which the Eagle is 

taking are within tno range of sizes exploited by man. However, in 

the event o f damage to tne stock of each fish  type, the degree of 

blame would depend on the amount of such prey that are taken by each 

predator. By preying upon Cl arias and Bagrus, large and small, the 

Fish Eagle is  s t i l l  being beneficial to man in  that i t  is  helping to 

reduce the populations of fishes which are carnivorous upon other 
fishes (Brown 1970a <3: 19 8 0).

In South Africa, Jubb (1 9 6 8 ) and Junor (1 9 6 8 ), by use of skulls 

of catfisbes, estimated that the Fish Eagle can carry fishes weigh­

ing from 400 g to 1140 g. Tomkinson (1975), using freshly caught 

fish, found that the heaviest fish , a catfish , that the Eagle carried 

weighed 2340 g. This fish was, however, landed with d if f ic u lty  

although i t  was caught near the shore. In tests with 55  stunned bait 

fiBhos, the Eagle lifte d  and carried away f is h  weighing 2000 g and 

less without d iffic u lty , but fish  of over 2000 g was not moved more 
than 50  m.

Six times during this study the Fish Eagle brought prey, a ll 

catfishes, ashore by swimming. Once, on 19  August 1 9 7 5 , the female of 

Pair No. 6 was pulled right below tho water surface by an apparently 

.too heavy a f is h . It had to swim ashore ca.30 m, without tho prey, 

probably because her feathers had become too wet.

t
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On yet another occasion on 18 May 1977 > the male of Pair No. 72 caught 

a fish  which he lifte d  well above the water surface but dropped i t  

back probably because the prey was too heavy or struggled too strongly 

or both.
Five out of the six  prey landed by the F ish  Eagle by swimming 

weighed from 2055-2628 g (Table 4.1l)* Probably because of h is smal­

ler size, the male landed comparatively smaller prey than his mate. 

Although few, these results indicate that the Fish Eagle can hardly 

carry prey of 2000 g and above but can s t i l l  catch and land prey as 

heavy as 2 6 2 8  g, probably heavier, by swimming.

Helander (19 8 3) found that too Sea Eagle Haliaeebus a lb ic i l la  in 

Sweden has a.wido food spectrum. Although primarily associated with 

aquatic prey, the Eagle took a ll  sorts of food and vras opoortunistic.

It shifted between different prey in accordance with their availabi­

l i t y  in space and time. A sim ilar conclusion is  apt for the Bald 

Eagle K. leucocephalus (Snow 1973a). Although the types of food 

taken by the Fish Eagle have been well documented, quantitative as­

sessments o f them have generally been lacking. The numbers of prey 

items taken by the Fish Eagle during this study indicate that its  food 

did not vary with time. The lack of soasonhJL sh ift in  the Eagle’ s 

predation pressure on its  prey would demonstrate that its  food base, 

in this Park, is  relatively stable throughout the year.

Because the Fish Eagle is  generally inactive for 8 5- 95  ̂ of the 

daytime and a ll  night, and is  a tropical bird, Brown (19 8 0) estimated 

its  daily food needs at only 4 .85  ̂ of its  body weight or ca. 1 3 5  g of 

fish . On the basis of food requirements of temperate birds of prey, 

Brown (op c it .)  calculated a revised daily  food consumption of 255 g 

of fish  or of the Eagle's body weight. Stowell (1958), using a 

captive adult, estimated that the F i3h Eagle eats about 1 lb  (4 5 4  g)

°- fish  d a ily , with another 1 lb being allowed as wastage. Brown 

(op c it .)  considers Stowell's finding a gross over-estimate. During 

this study, I found that the adult bird comsumed ca. 2 75  g of fisfy/day, 

which amount represented ca. IO.55; of it s  body weight. Greenspan & 
Torre-Bueno (1971) once saw an adult bird clnsume almost completely a 

27 cm T ila p ia  sp. This fish  probably weighed about 400 g (Fig. 4 .7  & 

Beotion 4.3.4.2). Allowing fo r considerable wastage of about one- 

fourth the prey, the Fish Eagle in question must have eaten no less 
than 300 g of the fish .
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A captive juvenile which was fed on alternate dajs duiing thio study, 

ate an average of 210 g of fish  daily. This food consuls .opre
sented about 7f° of its  body weight. Since i t  gained weight, this amount 

of food sufficed for its  daily energy reouirements probably because of 
its  idle l i f e .  Until :.:ora data are presented to the contrary, i t  is , 

therefore, safe to assume that the daily foo?. requirement of the wild 

adult Fish Eagle ranges between j—L0,i of its  body weight or ca. 150~300g 

of fish .
On L. Albert, Green (1 9 6 4 ) estimated that the 16/ adult eagles ho 

counted along the 2C9 kn shoreline consumed only 0.5/c of the annual 
catch mad<_ by fici:or;..cn. -1 trir..:ham (3 975) calculated that the 123 
Eagles he found on L. George harvested only 0.2-0.3> of the total annual 
fish production of the lake or only C . . 8 - 1 . 1 %  of the amount caught by man. 
Both authors used Stowell's (1958) figure of 1 lb for the daily food 
consumption of the Eagle for calculating the amounts of fish taken by the 
Eagle from the above lakes. Accordingly, Brown (op cit.) revised the 
above findings and suggested that for L. Albert the Fish Eagle removes 
only 0.135* of the annual catch while for L. George the bird takes only 
0.05-C.C75/® of the annual fish production and only 0.2-0.3/o of the 
fisherman's annual harvest.

Comparing the weignt of prey captured by the Fish Eagle per day 

(4 6 2 .7  g) with the daily  rood consumption (2 7 4 .5  g), one realizes that 

there is a considerable wastage of about 4C/°, which amount is  far in ex­

cess of the lOjo wastage assumed by Brown (1 9 8 0 ). For this reason the 

amounts of f ish  harvested by tne Fish Eagle during this study were cal­

culated using the weight of prey captured (4 6 2 .7  g) rather than the

amount consumed (274*5 g) per day. Thus the 752 Fish Eagles counted in  
the whole Park (section 2.3.2) removed 127,012.8 kg of fish  annually.

This is  only 1.045* of tne amount harvested by man. For L. George whose 
annilal fish  production was estimated at 1 4 , 7 0 6 ,9 6 0  kg (Gwahaba 1973) and

18,500,000 kg (Din & Eltringham 1975) > the 119 Eagles I found on i t  

would harvest only 20,099 kg of fish annually. This amount represents 

only 0.145* of the annual production estimated by Gwahaba (op c it .)  or only 

O.llJ* °f that determined by Din & Eltringham (op c it .) .  Data in  the

Fisheries O ffice , Kichwamba, indicate that between 1974 and 1978, man 
harvested from L. George an average of 3,757,720 kg of fish  annually ( s .  
Katuramu, pers. comm.). The amount of fish  taken annually from this lake

by the Eagle would, therefore, represent only 0.535b of that exploited by 
man. At such low rates of removal of fish  from the water systems, the 

African Fish Eagle cannot, therefore, be in serious competition with man 

nor can i t  be playing a significant role in the transfers of nutrients 
from water to land.
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C H A P  T !•; II 5

Tin: rr.nT itainhhtauc : op pair-bond

5.1 introduction

-.'r'yrle nests arc platforms of sticks and^grasses which are uned 

yn?r after :.-c.er(c.~. Brown 1970, 1976 ft 1980} i1rown ft An-Aon 1965} 

licCnhnr 19 6 8} Sprwnt c b» a l. 19 7 3 ). A1 terna.to and frustration nests 

are comon (Po.n tur>al r .x y  1972; MnGah-n, o p .c it .;  Snow 1973) ’ll though 

nor.t eagles build their own nontn, the;- frorjuently an ropriato other 

hirrln* neolrs and t.eoir own non hr, ,are often arnropri atod ir- other 

npeeies (Brown I97db, 1976a ft b; rostuu.ulsky, o p .c it .) . ;I-ry - nailer 

.’ivdn, eaverti (Plocineae), associate their nontn with

those of raptors (Brown 19 7 6a ft b ft 1980).

In most temperate ZOne raptors, the pair-bond is probably d is-
*7 l it

eolved an the birds nitrate to wintering grounds (Brown 19 7 6a, b ft c; 
Brown ft Amoxlon, o p .c it.; Rotfalvi 19 6 5 ; Snow, o p .c it .) . Various 

behaviours lik e  courtship displays, ford in;;, copulation, nest lia is in g  

and repairing, te rr ito r ia lity  and mutual preening have been associated 

with the maintenance of the Pair-bond(Hindo 1 9 6 4 , Brown, o p .c it.;

Brown ft Anvadon, op .c it.; H ctfalvi, o p .c it.; Greens nan ft Torre-Mono

1971).

Tins Chapter describes the nest of the Fish Magic and assesses 
its uses in the life of the bird. An estimate of dry vegetative 

materials locked up in the nests is given. Nesting .associations and 
appropriations between the Fish Ragle and other birds arc examined. 
The maintenance of pair-bond in the species is described.
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5.2 MET] [OLG

In the study area I counted a ll nests in  each territory  of a 

pair, recorded the n^st trees used, and noted the positions o f nests 

in the trees. Tho distance between a nest tree and the nearest shore—
I

lino was measured. In 20 randomly selected te rrito rie s , nest trees and 

other mature trees within 1 km of the shoreline were counted. Trees 

were identified at least to generic level, to determine whether or not 

the Eagles selected certain types of trees as their nest s ite s .

Host structure and dimensions were observed and measured from 4 

nests whose trees blew down and from tlioso whoso trees could be climbed. 

Only 4 species of woody plants were common in the destroyed nests. It 

was d if f ic u lt  to indentify the other species because they hud decayed 

extensively. The spocieg compositions, by weight, of tho identifiable  

plants and of those which could not be indentifiod (referred to as 

others) were calculated. These were then expressed as noroontages of 

the total weight of undeenyed materials. This mode of expression per­

mitted comparisons of the species compositions of the nest materials 

with those from 40 bushes chosen from the v ic in it ie s  of the destroyed 

nests. Bushes were by laying tv;o 100m line transects in  each

territory containing a destroyed nest. The transects orginated at tho
. }

nest tree and ran at right angles to each, other. Along each transect

5 bushes wore examined, 1 at the source and the other 4  at 20m intervals. 

The nearest bush at each of the intervals was examined. The total number 

of times a plant species occurred in the 40 bushes divided by tho total 

number of species recorded gave the frequency of each plant type. This 

frequency was then expressed as a percentage o f the total number of 

species counted.
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The typcn o f materials used for nost lining; were also identified but 

v;ero not weighed individually. Any other odd items found in the nest 

were also recorded.

Host building and ropiirin-; activities were observed with the

aims of cst:\bli.chiing:

a) the ro l | of each sex

b) the —ate of nest bui1 ■

of lbuil din,- matcri als

c) the rate of nest bull

Bi rdr. 0 f prey have ul

yearly or between brooding

multi pie nests, I tried to 1

nate and frustration nests which they use 

enpts (Poshupalsky 1 S?7-4) - In pairs with 

-ublish tlio patterns of their use because 

nestling Mortalities among birds ,ore sometimes attributed to nost infes­

tations by arthropods (.Ucklcfs 1969, section 8 . 3 . 4). k'ith -created 

repair and use raptor nests acquire distinct' 1 oyorg (drown 1976a. b & c 

* I960). The number of layers a Fish Ingle eyrie contained could not 

be easily counted from intact nests but wore determined from the fallen 

ones.

The amount of dry woody materials locked up in eyries in  the whole 

park was estimated from the neon weight of the destroyed nests. This 

waj. only no..... i bl n after having determined the numbers of -airs of Fish 

,a£lCa (RRR,,lnn ?*3.2), end therefore te rrito ries  (section 3 .3 .1 ), in 

the whole Park and having calculated the averse number of nests per pair.

Nesting associations between Fish Kaglcs and any other birds were 
noted. Investigations and appropriations of eyries by other large birds 
were also recorded.
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Various behaviours of raptors lik e  those mentioned in section 5*1 

have been associated with the maintenance of pair-bonds, Airing thi3 

study any behaviour v/hich war. displayed by the Pish 'agio and ur3 

thought to function in m int a’ ning the pair-bond was recorded.

5.3 arsui/iD

5.3*1 The r.ua.bor 'P nest:; ■ er ■•■.i.r

During a survey between 16—19 Hcrtenber 1975» 90 nests wore counted 

in 79 of the 86 terrotories in  the study area. The birds had from 0-4 

nests/pair, averaging 1 . 1 4  nests,'pair overall, and 1 .2 4  ncsts/pair with 

with a nest (Table 5 . l) .  Pairs No. 4, 44, 45 and 75 (Fig. 3.1) bail no

nests probably because they had no nature and t a l l  enough trees on v/hich 

to site  them.I
Neste were built on trees situated right from the shoreline up to

* 1

a distance o f ca. 1 km inland. The number of nests declined significantly  

with increasing distance from the shoreline (Fig. 5.1). Eighty-one nests 

averaged 0 . 1 1  + 0 . 1 4  km from the bank with 75 (9 2 . 6$) o f them being loca­

ted within 0.25 km of the shoreline. Counts o f a ll mature trees in 20 

territories selected from a table of random numbers indicated that the 

Eagles used any mature tree as a nest s ite  (Table 5.2). Nevertheless, 

selection indioos showed that Acacia sieberiana and Hnwhorbia dav/ei 

were more strongly selected for than the other species of trees (Table

5.2) . Crown nests predominated over those in the forks of trees (Table

5 .3 )  . The majority of nest trees could not be climed and their heights 

could not, therefore, be measured. Twenty four nest trees, however, 

averaged 5.96 + 1 .3 6  m (3 .6  -  9 .8  m).

5*3.2 Nest structure, dimensions and Shane

The nest is a platform of dry sticks and grasses.
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Table 5»1 The numbers o f nests  per p a ir  o f  F ish  Eagles in  Queen
E lizabeth  Park during a survey from 16-19 September 1975

P a irs  w ith fo llo w in g  
numbers o f  nests Total Mean (+SE) n est/p a ir

0 _ 1 _2 ^ 4 p a irs nest3 w ith  nest o ve ra ll
7 64 1 2  2 1 86 98 1 .2 4  + 0.06 1.14 + 0 .07
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Fig. 5.1 The relationship between African Fish Eagle nests and their 
distances from the nearest shoreline. A total of 8l nests 
was used in  this analysis.
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Table %2 The d is tr ib u tio n  and the s e le c t io n  in d ices o f  nest trees m  re la ­
t io n  to the abundance o f  the re sp ec t iv e  tree  spec ies  in  20 ran­
domly se le c ted  t e r r i t o r ie s  o f  Fish Eagles in  Queen E lizabeth  Park 
S e le c tio n  index = p roportion a l (P r o p . )  U3e o f  a tree  species as 
nest tree  d iv id ed  by the p rooortiona l abundance o f  the species.

Tree species
Numbers in 

20 territories
Numbers used 
as nest tree

Prop.
abundance

Prop. use 
as nest tree

Selection
index

Euphorbia
candelabrum 486 14 0.763 0.609 0.798

Euphorbia
dawei 126 7 0 .19 0 0.304 1-535

Acacia
sieberiana 14 2 50.022 0.087 3.955

Cordia 
ovalis 9 0 0.014 0.000 O.OCO

Phoenix
reolinate 2 0 0.003 0.000 0.000

Total 637 23 1.000 1.000 -

X2 =» 5.794 NS (d f  = 4 )

T a b le  5*3 Nest p os it io n s  in  the A fr ic a n  Fish Eagle 
o f  Queen E lizabeth  N a tion a l Park as per 
Burvey conducted between 16-19 September
1975.

Nest position T o ta l
Nest tr e e Crown Fork No. ---------£—

Euphorbia oandelabrum 43 6 49 5 0 .0

Euphorbia dawoi 28 3 31 31.6
Acacia  spp. 7 4 11 11.2
A lb iz z ia  spp. 0 3 3 3.1
Cordia o v a l is 1 0 1 1.0
Bush and tree-stumps 3 0 3 3.1

Tota l 82 16 98 100.0

x2 = 2 0 .9 5 8 »** (d f = 5)



-  179 -

Tlio ba3 0  and cidcn consist o f  .stronger anti larger dry branches with 

lig h te r  materials towards the centre. During nest building, the bran­

ches are simply placed and pressed down on top of one another. Some 

c riss-cr o s sin g  occurs, e s p e c ia l ly  at the periphery, and i t  i s  this inter­

lacin g  o f  materials which g iv e s  the nest a firm structure.

Nests bu’ lt  on Euphorbia trees wore sim ila r  in width, but thoseI ——— —— ——
s ite d  on N. csnd'’i a brum were s ig n if ic a n t ly  dcopar than t^osn on I , 

dawei (Table *3./!). 'Hie nest floor depths and widths were, however, 

comparable (Table p*4)« Nests on other trees could not bo measured 

although nest dimensions and shape varied with the nest tree type and 

with their  positions on the t r e e s .  Crown no3ts were in varia bly  rjeucer— 

Bhaped v/hilo those in the forks of trees cup—shaped. With repeated use 

the cup-shaped nest slow ly transformed into an inverted cone. Nests in  

the forks o f  trees were normally cone-shaped and they probably assumed 

this shape r ig h t  from the s t a r t  since the "V" formed by the branches o f  

tho nest tre e s  haxl to be f i l l e d  in before the nest was large enough to 

comfortably accorr.iodn.to the breeding birds.

5*3.3 Nest materials

Fish Nagles selected branches of parti w la .-  species of nl ants for 

nest construction (Table 5*5)* Canparis tomentosa, a bush with the 

highest frequency in the study area, formed the major source o f  nesting
tv

material. Azima tetracanthai Krythrococus bongensis and Tercna g ra v e d ens 

wore used in  sim ilar proportions. Other species o f  plants were also 

used (Table 5*5) end the Eagle used both thorny and non—thorny branches. 

Both C. tomentosa and A. t ctracantha bear thorns. Despite th eir  fa ir ly  

equal frequencies in the study area, C. tomentosa was more used as nest 

material than A. tetracantha probably because the la tte r  bears much
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Table 5*4 The dimensions o f  13 Fish Eagle n ests  in relation  to the types 
of Euphorbia species on which they were b u i l t .  In each case 
student's t was calcu lated using the formula for small sample 
size s ;  df = 11 fo r  each t e s t .

No. of Nest dimensions (cm) Nest floo r dimensions (
Nest tree nests width depth width depth

E. candelabrum 7 89.4+7.8 127.3+15.0 25.4+1.9 4.8+0.5

(66 .3 -128 .9 ) (71 .8 -196 .4 ) (18 .6 -35 -7 ) (2 .2 -7 .1 )

E. dawei 6 IO7 .O+9 .3 23.5+3.4 27.7+2.8 5* 3+0.6

(89 .4 -122 .6 ) (1 1 .5 -3 6 .4 ) (1 7 .8 -3 8 .9 ) (2 .9 -7 *3 )

t-value -1 .654  NS 5 .7 86 **» -0.645 NS -0.467 NS
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Table 5*5 The percent frequen cies  o f  neet m ateria ls  and 
th e ir  com position by weight in 4 nests o f  Fish 
Eagles in  Mweya Peninsula. The 0 .3^  shortage 
in  the % com position is  made up f o r  by the l in in g  
m aterials which were la r g e ly  grass spp.

Nest m ateria l
'fa frequency in  

study area
9o composition 

in  4 nests

Capparis tomentosa 19.5 88.3

Azima tetracantha 1 6 .4 2.4

Erythroccocus bongensis 10.7 !>0 4 no

Terena graveolens 6.9 2 .0

Other species 46.4 4.8

Tota l 99-9 99-7

X 2 = 96 . 408* * * , (d f  = 4 )

Tab le 5*6 The r o le  o f  each s e i  o£ the Fish
Eagle in  the bu ild ing wr rep a ir in g  
o f  the n es t.

P a ir  No. Date Nest material/min/sex
Male Female

86 3 .1 .77 0.27 0.22
4 .1 .77 0.23 0.54

7 .1 .77 0.24 0.33

8 .1 .77 0.17 0 .1 2

x2 =. 0.119 NS (d f  -  3)

82 1 8 . 1 0 .7 6 0.29 0.31

19.IO.76 0.22 0.34

20.lO.76 0.24 0.29

X2 =, 0.009 NS (df = 2)
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longer and more formidable tlioms than the former specieg, Erythrococus

bongensis. T. gravcolcrs and the other bushes however, bear no thorns*— £
Occasionally Phragmites sp. (Arundineao) and Cyperus spp.

(Cyperaceae) were incorporated in the nests. Odd items like broken 
pieces of fishnet, polythene sheets and pieces of barbed fencing wire 
were also found in eyries. Those were embedded in the nest floor as 
lining materials or simply strained around the nest edge.

I
Grasses and forbs of various species were used as lining materials* 

but tufts of SporoboTus spp. v/ere the major item. Nile cabbage Pistia 
stratiotes was another plant commonly used for lining nests. Dung 
boluses, especially those of elephants Loxodonta africana were also• ^ i .  -- - -

found in tho nest floor. Nests of other bird species, especially those 
of woavors (Plocineac), were regularly encountered as lining materials.

Fish Eagles added green branches or leaves, particularly those of
• I

T. g _ayeolens, to their nest floors; and theso materials were incorpora-
• I

ted and leaves of C. tomentosa, a . tetracantha. Sepurine/ta virosa and other 
plantB were also used. The Eagle simply broke off branches and leaves 

with its talons as it flew past a bush and immediately brought the spray 
to the nest. Both sexes brought the green materials to the nest, usually 
when relieving each other from incubation or brooding.

5*3*4 Nest building and r epairing

Observations on 2 pairs showed that both sexes brought similar 
amounts of building materials to the nest (Table 5.6). Usually leafless 
branohes were used, and such twigs were normally carried to the nest in

* r# • .the talons.
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The birds also nicked up twigs in their bills but these were immediately 
transferred to the feet on take-off. They normally flew directly to the 
nest after picking up the materials, end flapping flight Jnd landing 
were encumbered by the materials.

The ratoc of nont-building measured in terms of building materials 
brought to the r.csto by Pairs Mo. 82 & 86, did not differ significantly 
between the pairs in relation to their times of egg-laying (t = 0.027, 

df = 5, P> 0.1; data in Table 5.6). Thus Pair Ho. 82 which had only
3.5 weeks to laying its clutch brought materials to its nest at about
tho seme rate as Pair Ho. 06 which h.ad a much longer tirab (9 weeks) to 
egg-laying.

Any pair that had a nest visited it regularly, oven during the 
brooding period. Since it was visited 30 often the nest occasionally 
had a Sv,ic.: added to it or the existing materials re-arranged. Serious 
and protracted repairs were, however, made on nests only once a year. 

Pairs with multiple nests tried to repair all their nests, but usually 
only ono wan filly repaired.

non-

Prior to and during nest repair both partners of a eaj.r spent vary­
ing amounts of time standing on tho nest or nest-tree (Fig. 5.2). The 
time spent on the nest was significantly but unexpectedly inversely 
rolated with the proximity to egg-laying although it would havo been ex­
pected that pairs which were about to lay should have stayed longer on 
the nest than those whose laying times were further away. The female, 
howover, spent significantly more time on tho nest than her mato
(Table 5.7).
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o

Fif> 5.? Tim tii.io spent on tin. iiv.nt by male :ncl female 
Fish Uagles in relation to proximity to egg­
laying. Solid circles represent male and 
open ones female.
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Table 5*7 The time spent by each sex of Fish Eagles 
on the nest prior to commencement of 
breeding in the species.11 » indicates time 
pair la id  after completion of nest.

Pair Observation i<> time on nest Time*
No. time (min) Female Male (weeks)
87 750 70.6 36.5 9.0
82 360 63*6 28.6 3.5
10 660 17.9 10.6 2.0
14 660 37.7 7.4 4.0
5 225 96.9 77.3 10.0
72 390 50.3 3.0 6.0

Mean 56.2 27.2+ SB 10.2 10.3
t—value = 5.5385**» (df = 10)
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Materials in the Fish Eagle nests became layered with each 

repair or breeding attempto Of 4 nests examined, two on Euphorbia 
candelabrum had 9 and 13 layers each and another 2 on E. dawei contained 
6 end 8 layers respectively. Since the repairs preccod egg-laying 
which is usually annual (section 6.3.3), the layers are good indices of 

tho approximate a ;cs of the nests.

5.3.5 A1 tuni -.tc av r -vs brat ion nests
Fish Engl eg in this Park had both alternate and frustration nests. 

Eighty six pairs had on average 1.14 nests/pair overaJ 1 (Table 5»l)» The 
origin of these multiple nests was realised as the study progressed.
Pairs whose breeding a.ttempts failed sometimes built new nests or rep­
aired old ones (alternate nests) for their next breeding attempts while 
those which bred successfully still used tho old nests. Use of alter­
nate nests during subsequent breeding attempts did not enhance the 
breeding success of the bird (Table 5.0). „

Pairs .which lost clutches or broods sometimes replaced them almost 

inmediately (section 6.3.3). Twenty six  such replacement clutches were 

recorded during this 3tudy, o f which 11 were la id  in the old nests in 

which the original breeding attempts failed and 15 were laid  in newly 

built or repaired (frustration) riest3. Thus, a frustration nest is an 

alternate nest bu ilt, repaired or frequented by a pair of birds subse­

quent to a nesting fa ilure at another one during the same breeding cycle 

(Postupalsky 1974). Using frustration nest3 did not sign ificantly  

improve the breeding success of the Fish Eagle relative to laying in the 

old ones (Table 5*9).
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Table 5*8 An assessment of whether subsequent breeding attempts of the
FiBb Eagle were more successful in old tnan in alternate nests.

Number of breeding attempts Young Mean no. young/nest
Nests Total Succeeded Failed fledged Ac tive Success

ful
Old 62 32 3* 49 0.79 1.53
Alternate 47 24 23 36 0.77 1.50

Total 109 96 53 0 85 - -
X2 = 0.018 NS (df = 3)

Table 5*9 An assessment of whether re—nesting 
in the Fish Eagle was more success­
fu l in old than in  frustration nests.

No. of breeding attempts which
Nests succeeded failed Total
Old 6 5 11
Frustration 10 5 15
Total 16 10 26

2X 0 0.395 NS (df = 1)
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Because frus hrn.ti.on nonts and re—nesting attempts were common, 

one would have expected that pal >-r, that failed in all th e " breeding 

attempts would have ore ner; ts and brooding attempts than those that 

succeeded in all their nest ng attornr-ts. However, the numbers of nests 

built and breeding attempts nadc b.y these two categories of naira did 

not d iffer significantly (Table b.10).

5.3.6 Ve ctati ve mat'- i Is Lae1 ■! un in ne; to
Pout nests v/ere weighed to ont:matc tl’.o "•nroanL of woody materials 

locked up in Pin*' ’logic eyries in t'if' wh.ol.e Park, The A nests aver.agcd 
3f'.r)8 + 14«50 kg (1 (’. A — 88. P k • . llio nest survey of in—19 8 oat ember 
1975 C-ave on avenge 1.14 nests/; air overaLl. (Table 5.l). .luring the 
-./ —August 1977 park—wide survey, (>83 adult Fish jlaglcs were counted

along the shorelines of Lakes :idward and George and the Kasinga Channel, 

and Crater Lakes yamusingire, •sanduka and Kikorongo, a total distance
• 1

of 342 km. During the survey, ,-i tota,l of 35 4 territories wore estimated 
for both paired Tidu 1-0 ired birds. The 354 terri tories ’.nuld ;i.ve a 
total of 404 r.csts. Doing the average r.cst weight of 36.58 + 14.50 kg 
the estimated 404 nests would account lor ca. 14,778 + 5,858 kg of dry 
vegetative materials locked up in eyries at any one time in the whole 
Park. This is a omservative estimate because only undccaycd materials 
wer-o used ta cal -,l it-' e aver - o nest weight and Fisli ,:laglcs along 
the many rivers that traverse the Park were mot counted. Including 

birds that inhabit all the rivers in the Park would probably increase 
the above weight by about 10-15$.
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Table 5*10 An assessment of whether Fish Eagle pairs 
which failed in all their breeding 
attempts built more nests than those 
which succeeded in all their breeding 
attempts.

Humber of
PairB Pairs Nests Attempts Total

Succeeded 13 18 26 57
Failed 18 37 30 85
Total 31 55 56 142

X2 = 2.2225 NS (df = 2)

• I

*Table 5.11 The association between Fish Eagle 
nests and weaver colonies in Queen 
Elizabeth Park.

Number of
Eagle W eavor
nests colonies

Associated 5 5
Not associated 93 19
Total 98 24

X2 - 6.322* (df = 1)
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5.3*7 Nesting association and nest appropriation
The most common type o f nesting association between the Pish 

Engle and other birds involved the social wcavorbirds. Nests of single 

and mixed colonies of Ploceus molanoccohalus fis h e r i. P. intermedius 

intermedius. and P. cucnlatus bohndorffi were built on Fish 'Ingle nest 

trees. The association between the weaver colonies and Fish Eagle 

ncst3 was sign ifican t (Table 5.11).

Observed nest appropriations involved the Marti a]. Eagle' Polemaetus 
bellicoBUs« the Egypt ion Goose Alonochcn cagyotiacus end the Fish Eagle. 
In April 1975 -a pair of Martial Eagles was found incubating in a small 
nest in an Iluphorbia candelabrum tree. By mid-May the breeding attempt 
Was presumed a failure because the nest was abandoned. On 2 9 November 
1977 Fish Eagle Tair No. 2 was incubating a 2-egg clutch in the same 
nest. The nesting attempt of these birds also failed because between 
late December 1977 and 6 January 1978 both birds were regularly encoun­
tered on the opposite shore and the nest was empty. Which pair of birds 
built the nest was, however, difficult to determine.

On 24 January 1977 an Egyptian Goose was seen incubating in the 
nest of Fish Eagle Tair No. 14 (Fig. 3.1). The nest was sited on a 
10-12 m tall E. dawei tree. From a vantage point, some of the dirty- 
white eggs and feather lining could bo clearly seen. On 14 February 
1977 no Geeso we re seen on the nest nor in the vicinity, and there were 
no eggshells in the nest or under the nest tree. I, however, assumed 
that the eggs had hatched, and that the aduft Geese and their brood had 
gone. This record confirmed why Egyptian Geese regularly alighted on 
Fish Eagle nests and why they also investigated them.
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On 24th April 1977 nn interesting observation was made of a lone Goose 
that was actively scooping, with its bill, a hole in the eyrie of Fish 
Eagle Pair llo. 82. On 30 July 1977 two canes of Fish Eagle nest inves­
tigations by Egyption Geese were recorded. However, none of these in­

cidents resulted <n the Geese breeding in the investigated nests.

5.3.8 The pair-band

There was year-re-and contact botrrccr the sexes of a Fish Eaglel

Patr. This contact nay have reduced the frequencies of such courtship 
displays as cartwheeling which were regularly observed in'the Bald 
î agle (Retfalvi 1965) end the Sea Eagle (Brown 1976 a). Regular court— 
ship displays are associated with the maintenance of pair—bond in raptors 
generally (llindo 1964} Retfalvi, op.cit.; Brown 1976a ft c & 198O} Brovm 
& Amadon 1968).

Year-round territoriality, vocalization, sharing of food, copular- 
tion, visits to the nest and the occasional adding of building materials 
to it probably function to maintain pair-bond in the Fish Eagle. 

Territoriality and vocalization are described in section 3.3.1 and visits 
to and the adding of materials to the nest in section 5.3.4. This sec­
tion, therefore, only concerns itself with the description of copulation 
and the vocalizations associated with it, and courtship feeding. Copula­
tion and courtship feeding have been observed in the context of each 
other and are, therefore, treated as a unit.I

5»3«8.1 Permissive courtship feeding and copulation
Copulation in the Fish Eagle occurred at any time. Coition took 

place on the ground, the nest, the nest tree, and on other perch trees.
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Tho male was observed to brine remains of or whole rrey to the female. 

After feeding on the prey, ho flow straight to whore the foi.io.Lc was 
perched. At tines ho took the prey to one of the feeding porches or 
the nest whci] tho female was on the far end of their territory and 
sometimes out of view. In such a case he called until she arrived or 
flew and delivered the trey to her. Tho female then a.-' roachcd "nd 
tool: the erey without *'n.y r^is fc-pro f̂-'n Tho birds n.ojTnnlly called
(soft duets) immediately before or after .he food—pass. Invariably the 
male left to hunt or soar uhi le the fenvilo fed. Occasionally such a 
food—pans was acc w.inaniod by mating. '"l:o coition was no anally proceleri 
and i oil owed by soft duotting. The for’alo frerfuontly allowed lier mate 
to partake of her ]rrey Iwt she did not take it to him. She normally 
left it on a feeding perch where ho came for it. Tho nolo sometimes 
begged for a shore in tho female's prey, but he never forcefully stoked 
a claim to it as the female did with his srey. ,,

5«3«8.2 Forced eourtshin feeding and copulation

In this type of feeding the female flew to the male that had 
caught prey and was cruict'y eating it. She sat beside him in a 

soliciting posture: head forward and low and tail raised. As she begged 

for food, she also emitted a series of soft .out high-pitched infantile 
calls similar to a dove-like coo (Greenspan <5: Torre-Bueno 1971) and 
similar to thooe uttered by dependent young begging for food. She care­
fully and submissively moved nearer and nearer the male. He, in turn,

often moved further away or flew away. At times he soared for some 
moments before alighting and she invariably followed.
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Poroistent begging and attempts to forcefully grab the prey resulted in 

the male relinquishing the prey to her. Loss often she succeeded in 
grabbing the quarry from the incautious nale. Once she grabbed the prey 

the male usually left it to her but occasionally a tug-of-war ensued 
resulting in the prey being torn between the contestants. Airing such 

food-passes the birds occasionally mated. The copulation was immediately 
aftor the food—pass or a little while later. In the former case the 
made simply al.igb.tcd on the female'n bach '•no they mated as i f the 3oli—

i

citation for food was enough, stimulus for coition, tihen cone moments 
elapsed between the food—pass and copulation both birds assumed cowered 
postures, made infantile begging calls (the soft dove-like coo or the 
1- or 2-<jyllablo duet ending in a coo), almost in unison, and mated.

t

In this case solicitation for mating could again have been initiated by
the female probably to forestall an attempt by the male to regain his 
prey.

• I
5•3*8*3 Pro- and post-couulatorv behaviour

Three types of vocalizations were associated with coiul.at.ion. 
iliey were given from a few seconds to about one minute prior to and after 
a mount and during copulation itself. The first type was a dove-like 
coo which was normally given loss than 10 seconds before mating. Once 
this, soft coo was given by a pair copulation was inevitable. It was 
difficult to discern which of tho sexes gave it. The second type of 
vocalization was a soft cry; a moaning or cawing type of sound. This 
call was given when the male had mounted end it was not possible to 

identify the sex giving it. From about 20 seconds before or after a 
mount there was a third type of call.

*
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This wps tho duet hut it warj more muted than the normal one. It in­

variably ended in the soft dove-like coo after the first or second 
syllable.

Mounts lasted from 5-30 seconds. Only when the female deflected 
her tail to facilitate cloacal contact was copulation considered success­
ful. There were times when the female did r.ot do so ->nd the ale dis­
mounted shortly after mounting.

i i

Croons pan V. Torre—Bueno (1971) observed mutual preeuin- between 
tho mombors of a pair some half hour or so before or after a mount. No 
such social preening was witnessed during this study. Bill-touching of 
a partner’s forehead occurred only tv/ico in tho adults of pair No. 6 and 
in both cases the birds duottod instead of preening. In neither case 
did they mate.

Immediately after coition both birds vigorously shook thorn elves 
and each preened itsolf for varying lengths of time. The birds, espe­
cially the male, usually flew to another perch or soared within 5 min­
utes or so after coition.

5.4 DISCUSSION

Along tho Kazinga Channel Nuphorbia spp. abound and, therefore, 
provide secure nesting sites for any large birds. Fish Cagles nesting 
within 1 km of the shores took advantage of these trees but should 

—c-acia SPP* be available they were preferred to other trees. Normally 
the tallest trees were used. With the exception of 2 dry Albizia spp.
aJid 8 E. dawei trees with drying tops, all other nest trees were live
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In Michigan Oopreys Pandion haliaectug built nest 3-4 miles away from 

the nearest water body and preferred dead trees as their nest sites 

(Postupalsky 1972).

The colonial nesting habits of Pink-backed Pelicans Pclocanus 
rufcscens (Din 1970) in this Park and of Marabou Storks Lentoptilos 
crumeniferua olsewhere (Kahl 1966, Pomeroy 1977) considerably damaged 
nest trees. Although the ey.Lent of damage to nest trees was 11nt mens—

r

ured, terminal shoots crowing through dis-used Fish Eagle ne3ts, how­
ever, proved that treo growth v;as hampered, "robably by the v/cight of 
the accumulated nest mater■ als and the actual activities of the birds 
during breeding. The amount of damage done was probably too little to 
warrant concern.

The biggest raptor nests are found in temperate regions probably 

because tho nest materials rot more slowly than those in  the tropics 

(Brown 1976a & b). The size o f any Fish Viable nest in this Park depen­

ded to a great extent on the nest tree and how long it  had boon in use. 

Some of the largest and probably the oldest nests in the Park were on 

candelabrum. Those in the crowns of E, dawei could not last long 

because the supple branches would not stand extended accumulations of

materials; they broko or simply tipped over the nests or portions of 
them,

. Many raptors species arc known to add green branches or loaves to 
their nest floors (Brown 1955, 1970a, 1976a, b & c; Brown & Amadon 1968, 
Postupalsky 1972). This normally happens at the end of nest building 
or repairing. Brown (1976a, b & c) suggested that these materials are 

used to receive the eggs. Fish Eagles also incorporated green materials 
into their nests and this occurred throughout the breeding cycle.
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In so doing they could have been coverin'; the messy remains of prey 

and the faeces of fcw-woek-old chicks (section 9.3.3).

Apart from sna!:e eagles, most raptors occupy their nests for
several years, and many sjecics also have one or more alternate nests

0
which they repair n̂d sometimes use (Drown 1976a). In temperate regions 
eagles socr.i to build many more nests per pair than related Ironical
specie's. il'.e ler. :-v;le in orwny built 1—11 nests, aver.a ; n, ■ n#/|. nests

i
per pair (Drown, n p .c it.) . The Bald Ingle is  ’nownto move to alternate 

ne3t sites between breeding seasons (Srrunt ot a l . , 1973), md McGahan 

( 1968) described them as having supernumerary nests. Vorroau':'s Eagle 

Amula yerreauxi in the Hatopos H ills , ".inbabwe, built 1 . 4  nests per 

pair whilo in  Scotland the related Golden Ingle A. chrysactos built on
average 2.3 nests per pair (Brown, op.cit.). In America the Golden 
Eagle is reported to build 1-14 nests although 2-3 is usual (Snow 
1973a). In this Park, the Pish Eagle had 1-4 alternate nests, averaging
1.1 ncst3 per pair overall.

ftiilding of new nests by any pair of eagles may coincide with 
changes of mates or may be related to hazards to clutches or broods in 
old nests (Brown 1955). During this study, building of now nosts wa3 

moro common among Pish Eagle pairs that had more brooding failures than 
those which succeeded. Building of new nests as a result of mate change 
was not observed nor was mate change ever witnessed.

Many birds, notably raptors, appropriate nests of other species 
for their own use. All falconets and pygmy falcons Pol i older ax and 
Hicrohierax spp. breed in other birds* nosts (Brown 1970a, 1976a & b).
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Ayre's Hawk Eagle Ilieraeetus dubiua appropriated the old nest of 

Harrier Hawk Polyboroides tynus in Embu District, Kenya (Drown 1974b)•
In Michigan Postupalsky (1972) and in Ontario Grier (1974) found Ospreys 
taking over old Bald Ragle nests. During this study breeding Fish 
Eagles were not tolerant of any large birds investigating their nests 
or intruding ir. their territories (section 10.3.2). Despite this 
defence, a pair o f  -rs "o w n  bred, ■■obo.bly srnnoss f  ■1 1 'r, in the
nest of a pair of Fish agios. This, howevor, happened during the non­
breeding period of the rair concerned. J. Jumbe (Unpubl. IS) reported 
that a pair of Fish Ragles appropriated tlic nest of a pair o f  Egyptian 
Goeso in tho rark. nccause Egyptian Gecso normally nest on the ground 

but can do SO in trees by acquiring the abandoned nests of other large 
birds (Haclaiorth—Praed A Grant 1952), tlte reverse of Jun.be»n claim is 
rrobably true.
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C H A P T E R  6

17112 /TRENDING SEASONALITY

6.1 INTRODUCTION

Animal breeding eyelea are determined by proximate and ultimate 
control mechanic (l.oftn * Hurt on 1% 8). A proximate control mcchcm- 
nism is a causative factor that immediately precedes the effect where­
as an ultimate one is remotely causative but does not lend i nroedlately 
to the effect (Thomson 196/j).

Urn. in temperate regions seasonal changes in photonorind ant as 
reliable environmental cues, proximate foolers, to which many species 
ef bird, immediately respo, d by breed,ns. In many north temperate 

P s photoetimulation triggers full gametogenesis in the male but 
only partial ovarian development in the female (immelmann ,971. Lofts * 
llurton, op.oit.). In the tropics, equatorial regions particularly,' 

changes in photoperiod are not suffioicntly large to be used as proxi­
mate factors and many birds have evolved to respond in their breeding 
oycloe to other environmental cues such as rainfall and the conditions 
ef the vegetation (Toons 1950, Moreau 1950, Marshall * Disney 1957) .  

Apart from immodioto environmental control, mutual stimulation between 
the members of a pair or group (Immelmann, op.oit.) has boon found to 
exert some additional influenoes on the timing of avian reproduction.
In some species only the presence ef the male, through courtship dis­
plays and other behavioural activities, leads the female to full 

ovarian development, which consequently results in the synchronisation 
of breeding activities of the members of a pair (Marshall 1936,. Burger 
1949, Lehrman 1959, 1964a & b & 1965, Ilinde 1967).
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Female courtship has boon observed to influence gumetogenosin in the 
male too, but on1;/ to lesser extent than male courtship influencing 
avarian development (burner 1 993, Lehman 1959)*

In this study an attest lias boon n«dc to linl: the breeding 
seasonality of the African Wish .la le with. a. variety of factors, both 
environmental and r .n c .i -1 ,

6.p i'_r,noin I

6»2.1 Tho environment and r-eedin. maconality
Seasonality in og-g— laying by the rich I e was assessed by rec­

ording all breeding attempts wh? ch ha/1 cl.utihcs. In inaccessible ncst3 

.the presence of a cTutch was assumed when the pair commenced incubation* 
Fortnightly brooding surveys revealcd Much, month a iviu started incu­
bation. These records permitted the determination of the breeding sea­
sonality of the birds during the 1975-1970 study period. • I

In or^cr io determine the causes of breeding seasonality the 
seasonality in egg-laying was correlated uith a variety of environmental 
factors: i.e. rainfall, tenrerature, wind velocity, rnmshine hours, 
solar radiation, changes in v/ater level and moan monthly fish catches 
by local fishermen as indices of monthly fluctuations in food supply in 
tho ntudy area.

Climatic data were obtained from tho Meteorological Station in 
Ilweya (Fig. 1.3). ftrcnkdowns of equipments, however, necessitated the 

use of climatic data collected well before this research programme com­
menced. Water level records from 1975-1978 inclusive were obtained for 
Kiscnyi Fishing Village. (Fig. 1.3) from Entebbe Hydrometeorological 
Office, Ministry of Lands, Mineral and Water Resources.
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During tho study no determinations of monthly fish productivities 
wore carried out in Kr.zinga Channel or in Lakes Edward anil (icorge. For 
this reason the monthly fluctuations in fish catch.es at Katunguru 
Village (Fig. 1.3)j which harvests its fish solely from tlie Channel, 

were used rs indirect measures of fluctuations in the food supply of 
the Fish Eagles in the study '■rnp., Fish, catch statistics for 197/,~
1[}CO inclusive ’./ere obtained i'<~n 1 the '.e ional Fisheries Office,

1

Kichitamba.

6.2.2 Tho social a:i'Ocb of breed: n.1;

The role of infcranair stimulation in tho timing of breeding in 
the Fish iagl.c was not measured because- the birds maintained year- 

round pair-bonds and territories. However̂  an attempt war. made to 
measure the effects of interoair or group stimulation on the timing and 
synchronization of brooding. As breeding surveys progressed it was 
realised that some pairs of birds, from 2 up to a maximum of 6 pairs 
per breeding group, wore nesting at about the same time in particular 
sections of the shoreline. They wore within both sight and vocal con­
tact with one another. Such a group of pairs, all breeding synchro­
nously, formed a discrete breeding group. The possible influence of 
interpair stimulation on the breeding of tho birds wos measured by 
calculating tho moan laying interval (in days) for each group and 
correlating the intervals with the breeding group-sizes.

6.2.3 The breeding interval

For 'pairs which laid successive clutches, including re-laid ones 
(defined below), the dates when incubation commenced were determined 
from the fortnightly surveys.
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Prom these records the interval between any 2 clutches of a T,air was 

calculated. :?c-laying in the Fish Ilagle wan a frequent phenomenon end 
a re-laid clutch was one resulting from a nesting attempt made n̂ 6 

months or less of an original clutch or brood being lost.

6 . 3  flTTsur.TS

6.3.1 The environment and h •eedjng s oasonal.i t y

Pish dairies in the Pari: laid year-round (Fig.6.1). lie eluding re­
laying attempts the breeding seasonality shows that the 7 months from 
November to Ilay, each year, wore- lens favourable for commencement of 
breeding. This resulted in a pronounced peal: in egg—laying o»m»»iiir 
every year and the peak centering on the period from June to October.

Data on environmental factors \nV' which breed:nr seo-.mality of 
the Pish Enel on wore correlated are given in Tables 6.1-6.3. The re­
sults of correlation analyses relating the time of egg-laying to environ­
mental variables in Table 6./|, show that only temperature and changes 
in water level were significantly correlated with breeding seasonality. 
Tho coefficients were negative indicating that more pairs of birds laid 
v/hen temperatures and water levels were low.4

It is interesting to note that egg-laying was not significantly 
correlated with tho rainfall seasonality (Table 6.4) dosritc the distri­
bution of pairs laying during the wet and dry seasons of the area being 
significantly different from one another with more pairs laying during 
the long wet and short dry seasons than during the other tv/o seasons 
(Table 6.5). The distribution of pairs laying during each year (Table 

6.5) show that the birds exhibited a clear preference for breeding during 
the long wet season (Pig. 6.2a t\ b).
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F i g .  6 . 1
T h «  •C8-l«yln6 B f a s o n a l i t y  o f  
p a r k ,  A p r i l  19 7 5  _  K a r c h  lq ? 8  
r e - l a i d  c l u t c h e s .

t h e  A f r i c a n  F i s h  E n c l o  i n  Q u o c r f  E l i s a b e t h

D a s h e d  l i n e  r e p r e s e n t s  t h e  t o t a l  o f  n o r m a l  a n d
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Table 6.1 Monthly rainfall (mm) for Mweya, Queen Elizabeth Farkj during 
the months of the 3-year study period on the Fi3h Eagle.

Year Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Total

1975 31.4 14.1 51.4 163.2 83.9 17.2 25.0 117.9 96-5 131.1 54.8 27.8 814.3
1976 2.8 54.6 14.7 45.1 160.2 14.O 6.7 63.0 104.3 108.2 100.5 53-8 727.9
1977 46.2 46.7 85.I 132.2 65.3 72.9 99*5 111.3 63.4 43.4 157-8 70.4 994.2
1978 3.0 28.8 97-5 93.6 128.1 15.O 23.3 71.3 24.3 132.5 90.4 17.0 724.8

Table 6.2 Mean monthly temperatures (°C) for Mweya, Queen Elizabeth Park, 
during the months of the 3-year study period. A dash indicates 
no record available.

T 3LT Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
1975 24.1 24.6 22,7 23.9 23.7 23.2 23.6 23.6 21.7 23.8 23.3 23.7
1976 24.6 24.3 24.8 24.1 24.6 24.1 23.8 23.7 23.5 24.3 23.3 24.0
1977 24.2 24.2 24.3 24.1 24.6 22.9 22.5 23.2 22.9 - — —
1978 - - - - - - 23.9 25.1 27.6 25.5 23.4 23.3
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h i .• ( . )  Data on environmental factors with which the breeding seasonality of the Fish Eagle in Queen Elisabeth Fork 
w e r e  correlated. '

f a o t o r J a n . F e b . M a r . Apr.

■mat m a n t h l v  r a i n f a l l  

l a ,  1 * 5 - 7 8 ) 2 6 . 7 4 9 - 0 7 4 .4 1 2 3 .2

| m  a f  m b j i  M o n t h l y

■ ■ ^ a r a ’. u r a  ( “ C ,  1 9 6 4 * 7 4 ) 2 3 - 5 2 4 .0 2 3 - 5 2 3 .2

• w i  e f  m o n t h l y  w i n d  r u n s  

(la s i l l  i o n s ,  1 9 6 5 - 7 0 ) 0 . 4 3 6 0 . 3 7 8 0 . 5 5 3 0 .5 4 0

• * —  W  M M  M o n t h l y  

• a a h l i M  L o u r s  ( 1 9 6 5 - 7 2 ) 6 . 0 5 . 0 5 . 4 5 . 2

■ ea rn  e f  m e a n  m o n t h l y  

■ m e n t i o n  ( c a l / c m " / d a y ,

IJO-P)
3 6 2 . 4 3 6 1 . 2 3 6 6 . 2 3 5 4 . 2

I m  a f  M «a ji  M o n t h l y  w a t e r  

l e v e l  ( a . ,  1 9 7 5 - 7 8 ) 4 . 7 0 5 4 . 5 7 8 4 . 5 5 3 4 .5 6 5

S e e m  m o n t h l y  f i s h  o a t o h  

( t » ,  1 9 7 4 - 8 0 ) 3 5 - 2 3 8 . 6 2 9 .0 4 2 .6

H a y J u n e J u l y A u g . S o £ . O c t . B o v . D e c

8 7 . 1 4 2 . 9 6 0 . 6 7 3 . 3 7 6 . 4 7 8 . 8 1 0 9 .2 39.*

2 3 .6 2 3 .0 2 3 . 4 2 3 - 5 2 3 i l 2 2 . 8 2 3 . 2 23. :

0 .5 1 1 0 . 4 7 2 0 . 3 3 3 0 . 4 1 1 0 . 5 2 7 0 . 4 9 6 0 . 4 2 5 CbS-

5 . 6 6 . 1 6 . 5 5 . 7 6 . 1 5 . 1 5 - 5 6 .

3 4 4 . 2
u

3 5 5 - 6 3 5 3 . 2 3 3 2 . 4 3 8 2 . 0 3 6 1 . 2 3 6 1 . 6 3 3 9 .

4 . 5 8 3 4 . 5 6 7 4 - 3 7 5 4 . 4 4 0 4 . 5 5 0 4 . 6 1 7 4 . 7 5 0 4-SI

2 6 . 1 2 6 . 0 2 5 . 5 3 8 . 2 3 8 . 1 4 5 - 1 3 3 - 6 39.

l e h l e  6 . 4  R e e u l t e  o f  c o r r e l a t i o n  a n a l y s i s ,  r e l a t i n g  t h e  t i m e  o f  e g g ' - l e y i n g  

i n  t h e  F i s h  E a g l e  t o  e n v i r o n m e n t a l  v a r i a b l e s ,  r  •  c o r r e l a t i o n  

c o e f f i c i e n t ;  r  -  c o e f f i c i e n t  o f  d e t e r m i n a t i o n ;  1 0 0  r 2  «  

v a r i a t i o n  e x p l a i n e d  b y  t h e  a s s o c i a t i o n  b e t w e e n  b r e e d i n g  s e a ­

s o n a l i t y  a n d  a n  e n v i r o n m e n t a l  f a c t o r ;  d f  -  1 4  f o r  e a c h  f a c t o r .

f t n r l r o n s e n t a l  f a c t o r  r  r 2  1 0 0  r 2  ( g )

• e o n  m o n t h l y  r a i n f a l l  ( 1 9 7 5 - 7 0 ) 0 .2 7 3  n o 0 . 0 7 5 7 . 5

■ s e n  o f  m e a n  m o n t h l y  r a i n f a l l  ( 1965 - 7 8 ) 0 . 1 6 0  U S 0 . 0 2 6 2 .6
■ • • f t  o f  m o  a n  m o n t h l y  t o r n  p o r n  t u r o  ( I 9G 4 - 74 ) - 0 . 4 0 4 * 0 . 1 6 3 1 6 . 3

■ ea rn  m o n t h l y  t e m p e r a t u r e  ( 1 9 7 5 - 7 8 ) - 0 . 3 8 2 * 0 .1 4 6 1 4 . 6

■ e e n  o f  m o a n  m o n t h l y  w i n d s p e e a  ( 19 6 5 - 7 0 ) - 0 . 1 7 1  H S 0 .0 29 2 . 9

o f  e e a n  m o n t h l y  s u n s h i n e  ( 196 5 - 7 2 ) 0 .0 0 5 4  U S 0.00005 0 . 0 0 3

■ • • f t  o f  m o  o n  e x > n t h l y  r a d i a t i o n  ( 1968 - 7 2 ) 0 .1 7 6  I I S 0 . 0 3 1 3 . 1

• s e n  e f  e e a n  m o n t h l y  w a t e r  l e v o l  ( 1 9 7 5 - 7 0 ) 0 . 4 4 8 * * 0 .2 0 1 2 0 .1

■ • m n  m o n t h l y  f l s b - c a t c h  ( 1 9 7 4 - 8 0 ) 0 . 2 2 3  B S 0 .0 50 5 - 0
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Table 6.5 Seasonal frequencies of Fish Eagle pairs commencing incu­
bation of normal clutches in Queen Elizabeth Fark. For 
each entry, the first number represents raw count, and the 
number in parentheses the percent frequency of clutches. 
Chi-square test was performed on raw data.

Numbers of pairs laying during
Season 1975/6 1976/7 1977/8 Total
Short wet 2 (3.7) 2 (3.6) 12 (18.7) 16 (9.2)
Long wet 33 (61.1) 45 (80.4) 38 (59.4) 116 (66.7)
Short dry 18 (33.3) 7 (12.5) 13 (20.3) 38 (21.8)
Long dry 1 (1-9) 2 (3.6) 1 (1.6) 4 (2.3)
Total 54 (100.0) 56 (100.0) 64 (100.0) 174 (100.0)

2
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ric* 6.2 Frequencies of clutches in the African Fish |;;.glo 
in Queen Elizabeth National park: a) the percent
frequencies of Y/h normal clutches j.n relation to 
the seas tins of each year of the study; h) the 
percent distribution of the above clutches in re­
lation to seasons for the whole study period 
April 1975 - tiarch 1978.

KEY:

1975/6 (ti = 5'i clutches)

1 9 7 6 / 7  ( n  =  5 6  

[ ]  1 9 7 7 / 8  (n = 6 '<

KEY:
'short vet season, March-May 
(n = 16 clutches) 
short dry season, June-July

=rT-~j (n = 58 clutches)
long wet season, August-NoV' 
(n = 11b clutches) 
long dry season, December- 
February (n = 6 clutches)
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6.3»2 The breed: a , season •] i by and social factors
Some pairs of Fi.sh Halos orod ir. discrete groups. A correlation 

of the mean laying intervals (in day's) of the groirs with the jroup 
sizes demonstrates that the levying intervals increased -./it!’, increasing 
group sizes and, therefore, with the distances between breeding pairs 
(Fig. 6.3). The limited data, show that the {within- roup bi’coding synch— 
ronics, as indicated by th° variations fror the mean laying ûtorvols 
(Table 6.6), are lov;. All th.es e indica.te that inter pair or group sti­
mulation wan not important in the breeding biology of the Fish Fogle 
in this Pari: because if it were, youps containing more pairs should have 
been more synchronous than those with fev;or pairs.

6«3»3 The breeding interval

Observations on 94 normal clutch.cs indicated that successive 
clutches were laid an average of 12.4 months apart. However, a clutch 
was sometimes lost early in the breeding season and another one was 
laid to replace it. Twenty six such clutches were replaced an average 
of 3.6 months after the original ones wore lost (Table 6.7). Fig. 6 . An. 

shows that 5 ^  of all the 120 successive clutches were laid 0.75-1.25 

years of one another while the same time period accounted for 73$ of 
the 94 normal clutches (Fig. 6.4b). .Although the laying Interval varied 
the mean interval of 12.4 months between normal clutches clearly shovra 
that the Fish î agle in this Pari; had an approximately annual breeding 
cycle. Thus any pair that laid successive normal clutches had them in 
almost the same month yearly.

6.4 DISCUSSION

Food supply had been suggested ao the moot likely agent that ini­
tiates the breeding seasons of African birds of prey (Drown 1955,



-  208 -

Fig. 6.3 The relationship between breeding group size and
laying interval in the African Fiwh Eagle in Queen 

i Elizabeth National park. N = breeding groups 
with 106 breeding attempts.



Table 6.6 The intervals between clutches in breeding groups of Fish 
Eagles in Queen Elizabeth Park, April 1975 — March 1978*
N = 38 breeding groups with 106 breeding attempts.

Group size Laying interval (days)
Fairs/group No. of groups /o of total Mean ± SE Range

2 19 50.0 14.7 ± 4.7 0-44
3 12 31.6 25.7 + 10.1 2-62

4 4 10.5 30.2 + 17.5 8-54
5 2 5.3 30.0 + 23.1 16-44
6 1 2.6: 52.0

38 100.0

Table 6.7 The laying interval, in days, 
between re-laid and normal 
clutches of Fish Eagles in 
Queen Elizabeth Park, April 
1975 - March 1978.

Breeding attempts
Re-laid clutches 
Normal clutchco 
All clutches

N Mean ± SE
26 IO9.6 + 7.0
94 377-8 + 13.2

120 321.7 + 14.5
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Fig. 6.h The percent, frequencies of successive African Iifh 
Jingle clutches in (,'ncon Elizabeth national park in 
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1970a, Brown *. A mad on 19*50, Brown ft Britton 19fiO, Moreau 19*5*5) , but 

it would bo most useful ns a timer ’ n i laces whore prey populations 

experience wide seasonal flu ctu a tio n s. The most favourable breeding  

coanon and uhat factors i n i t i a t e  breeding in tropical African raptors 

are s t i l l ,  therefore, noorly known.

Africa-”. 1 a:v.i birds have breedia ; atterns that are associated
with rainfall an' she ■ a v-riety of :ofcr oncer; in (different areas;
breeding may taho dace before, dur’n,; or after the rainy season (Moreau
1950, Bonn on 19*53, interbottom 1963). In the dri or parts of .Africa,
dose to the equator, •.;hcro there are two rainy seasons, most bird sic—
cic3 exhibit two breed’ll- so as-ms (Moreau 1964). Many species that

nost in river banks nest early in the dry season, Then the water is low,
sandbanks are e::l0s-d as nest sites, holes in the basics ore unlikely
to flood due to rising water (Moreau, op.cit.); and for piscivorous

*1
species fish may be easier to catch (.lanncrman 1953, Moreau, op.cit.). 
Many birds arc .noun to breed during the short rains whilst avoiding 

the long ones (Moreau 1950). Because of the irregular rainfall pattern 
in Hast Africa, a rather erratic breeding pattern occurs among 
several bird species of the region (llaylock 1959). In West Africa, 
however, whore the pa’ ns occur at about the same time every year, birds 
have more regular breeding seasons (hard 1965).

I
In most of its range the Pish Eagle breeds both in the wet and 

dry months (Brown 1980, Brown ft Britton 19C0). Earlier studies of the 
species, however, suggested that a predilection for dry season breeding 
existed (Bannerman 1953, Brown 1960 ft 1970a, Brown ft Hopcraffc 1973,
Benson ft White 1957, Stowell 1958).



-  212 -

Thi3 preference for tlry season breeding has been confirmed by Brown 

(1980) for the northern and southern tropical regions of Africa in 
which there are distinctly two long seasons, one dry and one wot.
Thu3, according to Drown (op.cit.), in Senegal, northern'ligcria, Chad 
and the Sudan, the scanty breeding records suggest that the Pish Eagle 
starts egg-laying early in the dry season and probably breeds solely in 
the dry months. In the southern tropica.1 region, :,v>crc the breeding 
seasonality of the Eagle has been better studiod in Zambia, fralawi and

I
Zimbabwe, the bird breeds in both dry and wet seasons. However, peak 
egg-laying occurs in April—July, a dry season. In Botswana and S.VJ. 
Afrioo/Nomibia, the Eagle breeds during April-July, in the cold but dry 
winter months. In the Transvaal area of S. Africa, the bird breeds 
during April-August, solely in the cool but dry winter months. However, 
in the Cape region in S. Africa breeding occurs during May-October, in 
the cold but wot winter period. The wet winter breeding along the Cape 
region and,the eastern coastal areas of S. Africa has been reported as 
early as the turn of the century (Porter 1903, Roberts 1958, Clancey 
1964).

In the equatorial regions of Africa, the Pish Eagle breeds during
both dry and wet seasons. In the rift valley lakes of southern Ethiopia,
just outside the 5CW latitude, it breeds during August—January, mainly

in the dry season (Brown, op.cit.; Brown & Britton, op.cit.; Brown &
Hopcraft, op.cit.). In northern Tanzania along the Mwanza to Musoma
shoreline of L. Victoria, the scanty records show that the Eagle breeds
. . 8during May-October, wholly a dry season period (Brown op.cit.; Brown & 
Britton, op.cit.; Stowell 1958).
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In the Winam Gulf, L. V ictoria , in wen tern Kenya brooding occurs in 

most months, with the main peaks in May and August and a minor one in 

December (Brovm, o p .c it.; Brovm & Britton, o p .c it .) .  At L. Haiv-asha, 

Kenya, breeding takes rlace throughout the year with pc-d: Irving occur­

ring during the wettest months, April-Juno (Brovm, o p .c it .;  Brotm ft. 

Britton, op. c it .;  Brown ft. Ilopcraft, o p .c it .) . At the I'onyen coast, 

breeding occurs in most months with peak egg—laying Burin • Mi’ —July, a 

dry season (Brotm, op. c it . ;  Brovm ft Britton, o p .c it .) . In Uganda, 

along the R. Mile in Murchison Falls Park, breeding is a- ’-arently yeejr- 
round; a peak probably occurs during October—November, at the beginning 

of the dry season (Brown, o p .c it .;  Brovm ft. fr itto n , o p .c it .) .

African Fish âgle in hieen .Jlisa.botli Pauk lays eggs almost 
year-round. (Fig. 6.1). During each of the 3 years of study, however, 
peak egg-laying centered on the longer rainy season, August-! To vember 
(Fig. 6.1 & 6.2). Despite the preference for wet season breeding 

(Fig. 6.2 & Table 6.5), rainfall was not significantly correlated with 
the breeding seasonality (Table 6.4). This suggest- that rainfall is 
not a proximate cause of breeding in the species in the area.

In A frica  the breeding seasons of birds—of—prey are particularly  

complicated and it  is  not clear yet what environmental releasors, i f  

any, trigger brooding. The bigger species tend to have young in  the 

nestH during the dry seasons when, at least in  some cases, vertebrate 

prey and carrion are probably more numerous and accessible when cover 

is reduced (UBP 1971- Moreau 1974, 1966; Lack 1968). At his time hun­

ting is  not regularly interrupted by bad weather (Brovm 1976a & bj 

Moreau, o p .c it .) .
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Brown & Britton (1980) stated, that the breeding seasons of the Fish 
Eagle were difficult to correlate with the food supply. They suggested 
that the preferenco shown for dry season breeding indicated that climatic 
faotort. probably overrode food supplj in influencing the breeding of the 
Eagle. Banncrman (1953) and Moreau (op cit.) suggested that piscivorous 
birds should breed when water levels are low and prey more easily caught. 

This would enable the female to have enough food while laying eggs and 
the adults to catch enough prey to raise the young. The fact that more 
pairs of Fish eagles in this Park laid when water levels were low 
(Table 6.4) would tend to agree with the above theory and would suggest

!
that food supply is probably one of the most important factors that in— - 

1
fluence tho ti .ing of breeding in the species. Ilowover, the facts that 
.the adult Fish Cagle is inactive for ca. 9^  of the day (section 3.3.2) 
and has a high hunting success rate (section 4-3.2) would negate the 
above contention and, therefore, indicate that it has no problems catch­
ing prey in this area. According to the above theory, the breeding sea­
sonality perhaps favours the recently independent young more than it 
favours the adult in that tho majority of such young appear in the study 
area during the long dry season, December - February, and the short wet 
one, March - May (section 2.3.3, especially Table 2.9b & c). During 

these dry months the receding water level probably enables the inexperienced
.young to obtain prey more easily than they would have during the wet 
months.

More pairs of birds laid when temperatures were low. Because the 

fluctuations in both the mean monthly and mean of mean monthly tempera­
tures in Nweya do not normally exceed 5°C (Tables 6.2 & 6.3 respectively), 
.there are no obvious advantages the Fish Eagle would derive by breeding 
when temperatures are low.
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In many scabirdn and other colonial nesting species, courtship 
and bthcr social activities have been shown to have stimulating and 
synchronizing effects within the breeding colony. In these species, 
the onset of egg-laying is highly synchronized within the colonies or 

different parts of the colonies (Lack M.cn 1939» Lees 1946, Disney 

& Marshall 1956, Medway 1962, Ward 1965, Snow & Snow 1967i ITolson 1968,l
Brown & Urban 1969). When nesting communally pairs of these birds do 
oo earlier than those nesting outside the colonies. The performance 
of courtship or nesting behaviour by one pair or group of pairs imme­
diately stimulates other pairs to do the same and, therefore, leads 
to closoly synchronized breeding activities. This group r:tiT.ilation 
(tho Fraser Darling Jffect: Darling 1930) has been demonstrated experi­
mentally for the Wing Dove Z tre. to noli a. risoria (Lehr man 1964a <5; b,
1965) and tho budgerigar Mol ope ittacus undul at us (Brockway 1964-).

Social stimulation of adjacent pairs to display exists in the 
Fish Lagle (Brown 19C0), In tho birds that nested semi—colonially in 

the dinam Gulf, L. Victoria, and accomplished breeding within a short 

time (Brown 1960), social stimulation for synchronizing breeding acti­
vities probably existed. This was, however, not acknowledged by Brown 
(1980). Despite some pairs of birds laying in discrete groups, synch­
ronization of breeding activities was not demonstrated during this
9tudy. This suggests that interpair or grotip stimulation for breeding

t
doeg not exist in the population studied.

Although severed environmental variables have been examined in 
relation to the breeding seasonality of the Fish Eagle during this study, 
none of them has sufficiently explained the observed seasonality. How­

ever, in future studies of the species the influences of such factors 
as social stimulation, ago and experience of the breeding birds
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(Lack 1968), condition of the vegetation ('/oous 1950, t'oreau 1950j 
Marshall & Disney 1957) .md, probably, limitations in nest sites 
(Brown 1970b <?-. 1974, Fostupnlsky 1974; nee also section 5«3.1) need 

oloser investigations.

During this study, the Pish Pagle exhibited an approximately 
annual breeding cycle which is reasonable for a bird of its size. Two 
successful breed: rw; o"c]os cau w>t occur in any to:.;rerate e-y;lc because 
of restrictions imoosed by the climate, and even in the tropics it isI
unlikely whoro there are 6—month narked dry and wot seasons (Brown 
1976b). At I j .  ila.ivasha the bird reared 2 broods per year and in one 
pair 3 broods in 1o months (Brovm Hnpcraft 1973) • However, this was 
•not witnessed c’uring this study.

Re-laying in the Fish .agio war, common during the nresont study 
with 26(135:-.) of all breeding attempts being replacement clutches.
These clutches were laid an average of 3.6 months after the original 
ones were lost (Table 6.7). In the Kafuc Plats, Zambia, a. pair from 

whose nest Colerook-Hobjent (1974) collected 3 eggs laid another clutch 
of 3 eggs 30-40 days after the loss of the original clutch. Fentzloff’g 
(1977) captive European Sea Eagle female re-laid after a 19-dny inter­
val in 1973 and a 29—dn.y one in 1974 when her original clutches v/ere 
either removed for arti ficial incubation or accidentally broken* Such 
short re-laying intervals are probably only possible under the ideal 

conditions of captivity. Bent (1937) reported that when a clutch of 
the American Bald Eagle is taken early enough in the breeding season it 
can be replaced in a bout 4 weeks. The Crowned Eagle Stephanoaetus 
coronatus. Verroaux’s Eagle Acruila verreauxi and Ayre's Hawk Eagle 

Hieraaetus dubius all replace lost clutches and broods but they also
do so in weeks or months (Brovm 1976a & b).
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Breeding eagles re-lay for a number of reasons. Their clutches 
could have been removed by egg-collectors and almost all temperate 
birds of prey are affected in this regard (Snovr 1973a & b). The Fish

O
Eagle, like most African raptors, iss';ill. safe as far as egg—collect/on 

is concerned. Eagles may also re-lay './hen they lose their clutches 
or broods to natural disasters like rod at ion, inclement weather and 
diseases.
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C H A P T E R  7 

THE EGG

7.1 INTRODUCTION

Raptor are laid at intervals and, consenuentl”, hatch
asynchronously, if incubation started with the first egg (Rent 1937; 
Brown 1970, IST'̂ b , b ft c, 19P0; Brown ft Arandon 1?6P; 'eyfurg l'rM ; 
Moll 1970), Both day and night layin; have been reported1 by Brown 
(1955). Earle eggs are generally dull white, either marked with 
brown or unmarked (Brown 1976a). In the genus ‘laliaeetus the eggs * 
are usually chally-white wi th rough, unstreaked shells (Wackworth-Praed 
& Grant 1952: Brown 1955, 1970a, 1976a, b & c ft 1980; Brown &
Amadon, op.cit; Mebs 1972). Eggs varv in size depending on the 
species, but normal clutches are from 2—7$ of the female's weight 
(Brown 1976b). Successive clutches with a constant number of eggs
in a particular pair ma” indicate that mate change involving the
female has not occurred (Brown 1955).

In eagles laying 1-egg clutches the female invariably incubates
alone and in those with larger clutches the male takes a small share 

I
in incubation (Brown 1976a). Nest relief ceremonies during breeding 
have not been recorded in entries although reliefs of and visits, to 
an incubating/brooding mate are common. The efficiency of conversion 
of the nutrient materials of the egg into the body materials of the 

chick varies with the species of eagle. The'incubation period also 

depends on the species of raptor but for related ones it is slightly 
longer in the tropics than in temperate regions (Brown 1976a ft b;

Brown&Madon,op.cit.).
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This study of th.p F'sh Ragle, therefore, aimed to:

a) ascertain the role of the sexes during incubation,
b) establish the length of the incubation period,
c) find out whet-er or not errs were laid and hatched 

at invtervals and to observe the hatching: procedure,
d) assess w etler or not adults assisted clicks during 

hatching,

e) establish wv et’̂er or not successive clutches1 of 
particular pairs had constant numbers of eggs,

f) det ermine the efficiency of conversion of nutrient 
materials of the egg into the body materials of the 
chick, and

g) assess mortality rate of eggs cluring the incubation 
period and identify the possible causes of the observed 
mortality.*

7.2 MATERIALS AND METHODS

7.2.1 The roles of the sexes during incubation

The role of each sex durinr incubation was investigated by 

observing 6 breeding pairs for varying lengths of time. Adults 
were distinguished by their relative sizes and calls (see section

3.2.1,3). Night observations were carried out on only one pair
(No.6, Fig. 3.l). Since an adult incubated throughout the night, 

the sex of the bird that incubated during a particular night was 
determined by the calls it made at dusk before it settled for night

I
incubation. Prior to leaving the nest the following morning the 
birds duetted and these calls were once again û cd to confirm the 

identity of the sex of the b rd that had been made the previous evening.



220 -

j

7.2.2 Incubation period and laving and hatching intervals

The incubation period was determined from eggs for wMch 
laying and hatching dates were known to within 24 hours. In 
nests with 2 or 3 e gs all th- eggs w:*re marked b'- scratching Homan 
numerals on t"em in the order in ■•■hich the’- we>e lhid. The la'ing 
and hatchinr intervals were determined from the marked eggs while 

the -late/.ing Drocedure and duration were observed from the eggs of 
Pairs No. 1 and 3 whose eggs were checked at 3-hour intervals 
during the day.

7.2.3 Egg measurements

■'-'8K length.and brpadth were measured with Vernier Callipers.
The length was measured as the maximum distance between the two 
poles and the breadth as the maximum widt1 at the broadest portion 
of it. Din (1970) used the same method for measuring the dimensions 
of Pink-backed Pelican Pelecanus refescens ergs in this Park. Fresh 
Bgg weights and weights of newly hatched chicks were taken using a 
>00 g capacity spring balance. Eggs and chicks were placed in a 
pre-weighed perforated polythene bag for weighing.

Behaviours associated with incubation

Various behaviours are associated with incubation in birds of 

prey. These include bringing food to the nest or feeding perch 

for the incubating partner, bringing of nest materials, visits to 

the incubating bird and the relief of the incubating bird by the 
other (Brown 1970a & 1976). All such behaviours that were seen 
in connection with incubation were recorded.

»
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7.2.5 Incuhatinn tem'-'cra ture

Temperatures of t' e e g, air and nest-edge were recorded 

from ti:u nest o!' '•'air "o. 1 (Fig. ^.l). records were made at 

hourly intervals ard f<"- all t p o m-s of the day. Temperatures 

were reco'dcd using a si*—way electronic f en’istor w* ich allowed 

the recording of t. e t ree tense tvs tires in one operation without 

undue di. stertancr to t (- 5 ".c,:hr t* n ■ hi»-d. 7 ncuh.nt: on teMneraturc 

was taken with t'-e black body of t p t.remistor touching one of 

the e-gs and its position was ad’tinted fro at time to time during 

periods w.en the hirds ••ipt,p relieving eac' other. Air t m— 

peratores were taken in t-e sonde of tin nest tree at about 1 m 

above ground.; Nest—edge temperatures were recorded with the 

black body placed at the rim of the nest and so positioned a3f
to avoid direct solar radiation.

7.2.6 Egg mortality

mortality was studied by noting all egg disappearances 

as incubation progressed. The probable causes of the losses 

were recorded. Calculations of mortality rates, as percent losses 

day t followed Ricklefs’ (1969a) method:t
(logg P)

m == ■ t , where m = instantaneous mortality rate, 

p = proportion of eggs surviving, 

t = time in days,

e = base of the natural logarithm.

7.3 RESULTS

7.3.1 Egg-laving interval and egg colour

In Pair No. 1 the first egg was laid on 23 February 1977
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Subsequent daily checks -evenled a second egg at 1830 hoxirs on 

27 February 1977. This clutch gave an erg— la'rinc interval of 
4 days. In an ther nest (Pair ho. 40b) the ergs had a la-'ing 
interval of 3 days. Th*-* fir-3t egg was lav' on  ̂October 1977 
and not until 6 October was t;’e second err, •'repent in the nest.
With additional data from other nests, a mean era-laving interval 
of 2.8 days wan es1cm la ted (Table 7.l),

A freshly laid erg was chalky-w ite wit!: a rough, unsbreaked
shell, and as incubation progressed the shell became dirty—white.

:
The first e--g of Pair K’o. 1 had irregular pale bluisv> dots on its 
broader end w ile the second egg w"3 pure white. Ho other case 
of marking on ergsuells was observed. Upon hatching, the insides 
of the shells we-e pale blue.

7.3.2 The clutch size

The clutch sise ranged from 1-3 eggs, averan; ing 1.94 eggs/
. . 1nest for the study period. There was no significant ''ear-to-year 

variation of the frequencies of the respective clutch sizes 

(Table 7.2). Overall, the ?-egp clutch was commonest and the 
3-egg one rarest. Ho 4—err clutch was recorded.
. The successive clutch sizes of individual pairs varied 
considerably (Table 7.3). In only 1 (Wo. 6) out of 8 pairs with 

3 and 4 successive clutches did the clutch size remain constant 
at 2 eggs/ciutch.

7.3.3 Egg measurements

Length and breadth measurements of 16 eggs averaged 76.74 x 59.75 

respectively and 7 fresh e; gs weighed an average of 1^3.3 g (Table 7.8) 
Brown & Amadon (19*58) give a mean weight of 3400 g for 2 adult female
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Table 7»1 The incubation period and Laying and hatching intervals
(in days) in the African Fish Eagle (* chick died at hat­
ching; total eggs checked = 17, in parentheses)

Pair
No.

Egg
No.

Date
laid

Laying
interval

Date
hatched

Hatching
interval

Incubation
period

6 1 6.6.75 15.7.75 40
2 8.6.75 2 17.7.75 2 40
1 26.6.76 4.8,76 40
2 29.6.76 3 7.8.76 3 40
1 7.10.77 I6.ll.77 402 9.10.77 2 lO.ll.77 2 40

■ 1 1 23.2.77 4.4.77 412 27.2.77 4 Lost -

82 1 13.11.76 24.12.76 42
2 15.11.76 2 26.12.76 2 423 ,18.11.76 3 Chick died» -

87 1 16.9.76 25.lO.76 402 19.9.76 3 28.10.76 3 • 40
1 22.4.77 1.6.77 412 25.4.77 3 4.6.77 3 41

40b 1 3.10.77 Clutch lost _

2 6.IO.77 3 - -

3 1 17.10.75 - 27.11.75 - 41
Total 
Mean +

(17)
SE

25
2.8+0.2

15
2.5+0.2 40.6+0.2
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Table 7*2 Clutch size frequencies for 68 Fish Eagle breeding attempts 
in Queen Elizabeth National Park.

Number Frequency of clutchSs Total Mean
Year of nests _1_ _2_ eggs laid clutch size
1975/76 22 8 7 7 43 1.95
1976/77 22 6 13 3 41 1.86
1977/78 24 3 18 3 48 2.00

Total 68 17 38 13 132 1

Overall 
Kean + SE 5.7+1*5 12.7+3.2 4.3+1.3 1.94+0.04

x" => 9.351 No (df = 4)

Table 7®3 Successive clutch sizes of the Fish Eagle 
in Queen Elizabeth Park. Forty-three 
clutches from 19 pairs considered in this 
analysis.

Successive No. of Successive No. of
clutch sizes pairs clutch sizes pair
1-1 1 2-1-2 . 1
1-1-2 2 2-2 2
1-2 1 2—2-2-2 1
1-2—2-2 1 2-3 1
1-3-2-2 1 3-2 1

1-3-2-3 1 3-2-2 1
2-1 2 3-2-3-2 1

3-3 2
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Fish Eagles but 2 adults in Entebbe Zoo averaged 2^~5 g. Durinr 
this study, clutch si?e wan significantly correlated with the Zoo 
female v»eisht (Fig, 7,l). The mean weight of ?-e r clutches was 
significantly lens than that o the 3-egg ones (t = 11.Pi'll, 

df = 6, P <  0.001; data in Table 7.4) and therefore accounted for 
far less of the female *-'r>irht than f"e 3—egg rluV^ns,

In bot'' t: e 2- -md 3—erp clutches, lr inr order >'id not si^ni-l
ficantiv influence the weights of the eggs (Table 7 .  A). Only the 
first eggs of 2-err clutches vê -e signifirentl" ' eavier than the 
the third on°s of 3_egg clutches (t = 3.200, df = 6,.P<̂  0.05).

7.3.4 The roles of the seres durinr incubation

In 55°.7 hours (43 eaglo-d ays) of day and ni«-ht observation 
on 6 pairs in 8 breeding attempts, total male and female incubation 
averaged 95.5% of the observation time (Table l . ' y ) . The male took 
part in only 31% of the total incubation load and the female about 

of it. Ergs were exposed for 4.5% of the total observation 
time.

During the night the female apparently incubated alone (Table 7.5) 
Eggs were incubated all night, the b>rd occasionally getting up briefly 
Daytime incubation involved both sexes. In 474.2 hours of observation 
the male incubated for about 37% and the female for 58% of the period. 
Eggs were exposed for about 5% of the time (Table 7.5). The results 
in Table 7.6 further show that during the day total inoubat>on varied 
insignificantly from pair to pair. However, the female took a signi­
ficantly larger proportion of the incubation burden than the male 
(Table 7.6, see also Fig. 7.2). Occasionally, however, bis share 
exceeded thAt of the female (e.g. Pairs No. 74 -fc 10, Table 7.6). 
Throughout this period, incubation exceeded 90% of the observation
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Fig. 7*1 The relati or.nhip between clutch size 
and the female weight in the African 
Fish Eagle in Queen Elizabeth National 
Park. Mean weight of 2 Entebbe Zoo 
females = 28.33 g; n = 1 clutch for 
C/1, n = 3 clutches for k;/2, and n = 5 
clutches for C/3, ranges are shown. 
Note that clutches arc from wild birds 
while mean female weight is from
captive birds.

Clutch size
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Table 7.4 The relationship between clutch size and female weight 
in the Fish Eagle. Note that clutches are from v/ild 
birds whereas female weights are from captive birds. 
Mean weight of 2 Entebbe Zoo females = 2835s*

Clutch Fresh wt. (g) of Clutch Clutch wt. as
size Egg 1 Egg 2 Egg 3 wt. (g) /« female wt.

1-egg 127 127 4-5
2-egg 140 140 — 280 9.9

133 131 - 264 9.3
139 133 - 272 9.6

Total 412 404 816 28.8
Kean 137.3 134.7 272.O 9.6
+S.E. loB 2.2 3.8 0.1

x2 , 0.069 NS (df = 2)

3-egg 140 138 135 413 . 14.6
127 128 126 381 13.4
127 126 125 378 6 13.3
129 127 126 382 13.5
126 126 125 377 13.3

Total 649 645 637 1931 68.1
Mean 129.8 129.0 127.4 386.2 13.6
+S.E. ■ 2.3 2.0 1.7 6.0 0.2

X2 = 0.049 NS (df = 8)
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Table 7.5 The roles of the sexes of tho Fish Eagles in Queen Elizabeth Park 
in day and night incubation. Observations on 6 pairs during 8 
breeding attempts. Obs. = observation; figures in parentheses 
are observation times in hours.

Incubation Share in incubation
period Obs. time % Male /. Female /» total % Mil

Daytime 474.2 36.9 (174.8) 57.9 (274.5) 94.8 5-3 (24.95)
Night 85.5 0.0 (o.o) loo.o (85.5) 100.0 Trace
Total 559-7 31.2 (174.8) 64.3 (360.0) 95.5 4.5 (24.95)

Table 7*6 The share of daytime incubation according to sex by vdtious 
Fish Eagle pairs.

Pair Year of Obs. time Percent share of incubation
No. breeding (min) Female Male Total NIL

74 1975 4616 39.2 54.5 93.7 6.3
74 1 916 6070 51.7 43.5 95.2 4.8
72 1976 5155 54.2 42.3 96.5 3.5
6 • 1976 9713 72.4 20.9 93.3 6.7
6 1977 460 81.3 16.3 97.6 2.4

8 1976 625 56.4 42.5 98.9 1.1

10 1 916 1285 45.8 52.1 97-9 2.1

87 1977 530 75-5 21.7 97.2 2.8

Total 28454 1
Mean 59.6 36.7 96.3 3.7
+S.E* 5.0 4.9 0.7 0.7

t = 14.313***(df = 14)
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T i c -  7-?- T h e  e h a r i n p ;  o f  d a y t i m e  i n c u b a t i o n  i n  t h e  A f r i c a n  
F i s h  E d r I c  i n  r e l a t i o n  t o  t h e  a e e  o f  t h e  c l u t c h .

D a t a  f r o m  ** p a i r s  o b s e r v e d  f o r  a  m i n i m u m  o f  75 h o u r s  

e a c h ;  1 r e p r e s e n t s  t o t a l  i n c u b a t i o n  b y  b o t h  m a l e  a n d  

f e m a l e ,  2  f e m a l e ,  5  m a l e ,  a n d  't n i l  i n c u b a t i o n  l o a d s ;  

c i r c l e s  r e p r e s e n t  m e a n s  a n d  b a r s  s t a n d a r d  d e v i a t i o n s .

»
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time (Fig. 7.2). In relation to the time of t day, t* ■ male's 
share of the incubation load dt'Ô OL’sed hi? about IPT* Trom morning 
towards the evening wKile t'at if l.v<- female romrensntirv ’y 
increased by about 157- ( Fi 7.V.

7.3.5 Food-n^arin; dn~:n. breed nr

A Fis *!aric brought f od to U •* incubatin'- partner. '•’ood 
remains were freouent'v hr urht to the r.est or 1» ft on fi''d’nrrI
perches (section 4.'5!.'0. Onc° food was brou l to the runt t̂ e 
incubating bird immediately received it and soap nfhor flew away

*

leaving toe partner .to irr ubate. 7o set hereviour .pattern was 
exhibited j.n ronnerlion ■■■ i f- bringing f 'Od to t 1 incubating nnrtn r%. 
The male, however, ilelive'-ed prey 6 times more oTton t''lnn the female

r
(19 as against 3 prey delivnH.es respectively).

7.3.6 Nest-relief dutin- incubation • »
In the course of the day Fish Fables relieved each other several

l

times. During 1/1 dn--3 of whole-day observations on  ̂pni -n 

(Nos. 6, 72 A 74), the number of reliefs averaged P.2 chan e-over 
per day (4-12 reliefs/day). The numbers of reliefs vari(d ac­
cording to the time of the day (Fig. 7.4). The early and mid 
morning peaks were associated with more frequent territorial disuites 
due to instructions by "onspecifics (section 3.7.2.1). The numbers 
of reliefs increased from early afternoon to"ards pvening arain 
because of an increase in territorial encounters. Tie bird that 
incubated through the nirht, normally the female, flew off the nest 
.just before or soon after sunrise. Occasional]” it stayed up to 

almost 09:00, especially on cold mornin-s. One" an incubating bird 

got off the nest it was almost immediately replaced, although at times
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Fip. /*3 Tlie roles of the sexes of African Fish Eagles ir 
daylime incubation in relation to the time of the 
flay. Data from h pairs observed for n minimum of 
O  hours each; 1 represents total incubation bv 
both male and female, 2 female, 3 rale and h nil 
incubation loads; circles represent, means and 
bars standard deviations.
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Fig. 7,4 The mean number (+s.d.) of reliefs made by incubating pairs of 
Fish Eagles in Queen Elizabeth Park in the course of the day.
N = 224 reliefs made by 4 pairs; for each pair the no. of re- 
liefs/hour = no. of reliefs recorded in a particular time 
interval divided by the observation timo (hours) for the paif 
in that timo interval; the mean no. of reliefs/hour was 
obtained by averaging the data calculated for the 4 breeding 
pairs.
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the relieving bird took longer than ur.nal t.o come.

With or without fond, the relieving bird, especially the male,I
approached the incubating bird in a typical submissive oosture 

(head forward and lowered, wings h a l f - o p e n e d  and drooped and the 

body s lightly  raised). This was so especially w en the incubating 

bird did not readily respond by getting up and stepping aside.

If the incubptinr fo'-nle was r luctartt t.o met off, t, •’ r often 

flew away. On the other hnnd i f  the female came to relieve, the 

male was prompt in getting o ff and did not suend much time by the 

nest edge. When t 'e  female took long t.o relieve im the male 

sometimes flew off and ioined her.

During a cbam e-o"er the pair normally duetted. This could 

bo with the b i ’-d-to-be— reliev°d st.ill s it t in g  ô  after i t  had 

gotten up, and often a seri ‘s of duets were made. The relieving  

bird then cautiously -approached the egg and standing astride it ,  

moved the egg with it s  b i l l  and then sat. It t-en moved itse lf
l •

from side to side a few times, as i f  to ensure that the egg was 

actuallv in  contact with i t s  skin. Twigs and other nest materials
ft

were often re-arranred before the bird settled down to serious 

incubation. Meanwhile, the relieved partner flew off to a perch. 

On the perch i t  very vigorously shook i t s e l f  and initiated comfort 

activ it ies  such as preening, scratching and shaking i t s e l f .  These 

activ it ies  spanned several minutes. Frequently the bird made a 

short reconnaisance f light over the territo ry  immediately i t  left 

the nest but more often i t  alirhted nearby to preen before under­

taking the flight. Then i t  settled to rest or began hunting.
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7.3.7 Visits to en ircuuR - • ____L
An incubating bj rrl was frequently 'r i  r;i. t ■ ■ 1 •■ fit.'.out actually 

being relieved. A bi "d that '■ nd been r-ocei.tly relieved would 

fly  back to the rest, in i t ia te  a d iet and f ly  avray a -ain after 

a very brief stay at the nest. It mi^ht a li  -t mi the nest 

itse lf  or- on some con enient branc'" of t t nnrt tree or a 

nearby perch. It us sally brou,- t no food o • n -at arteria l

along. In soir.t e a s e s  t • incubatiiw bird >' i.' and flew away1
too, as t ie  visitirir bird firs.* off. rnhi s war pore common w’ en 

the male was visited b” t.»e r ona) r. This nnr pt f i  in,; o ff by 

the male, after a very b r ie f  incubation s t in t ,  1 d to the female 

taking on an a;‘ded incuba t i on burden.

V is it in g  birds at times cant: to the tusl wi'th rone kind of 

ne3t material: reen leafy branc es, dry brano s or water weeds.

This was usually deposited bv t' e nest—edge after v ich t -e vis1 tor 

flew off. No partlc la r  patterns of be' a v ic r ,  like receiving tie  

nest material, were s'own by t era. The material so brought was 

added to1 the nest structure, normally sons time after being brought, 

and usually by t- e sitting- b rd.

7.3.8 Incubation te- ..ratqre

• Er-gs were incubated at a moan toiapeiat re of 34.P° C which was

about 9.0 C above the mean a ir  te.werature of ?5.7 C. The incu­

bation temperature was less  variable than a ir  and nest—edge tem­

peratures (Fig. 7.5). The latter temperatures were similar and 

both were constantly below the incubation temperature.
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7.3.9 Incubation period and the hatching process

The incubation period for 14 ergs varied from 40-d? days, 
averaging 40.6 days (Table 7.l). Matcbinr began -if the younr 
calling and pecking the eggshell. The hatchling then cracked a 
tiny hole in f"e b-oader end of f e shell wit1' tve aid of the eye­
tooth and widened it. omolete rapture ■of t o s el.I — na o^obsblv 
achieved t "r> > y body move-'erts. Eve'tun 11 •• t e o' ic> detac edI
i tse lf  from t'-e shell and embryonic p™hranes. Durin ■ f ’ e 

process t ■>e chick in Eg g  1 of Pair No. 1 made an ini t i n t  crack in 

the eggshell, abandoned th is  and made another on° sorie IS mm from 

the f i r s t .  T e 5 small holes were .joined to form a large one  

through which the chick extended its  hvid each time i t  called.

Once out of t-.e sse ll ,  the embryonic membranes rapidly dried on 

exposure to a ir  and fe l l  from the chick. From f-e time ca lls  

were f i r s t  beard from 2 eggs the hatchlings took 4 .25 and 46 

hours respectively to free t 1 emselves from the eggshell and 

membranes.

Large pieces of eggshell were frequently found under nest
I

trees where they bad probably been so disposed by the adults. 

Smaller pieces often remnined in the nest and were eventually buried 

intact in the nest.

There is  apparently no parental assistance to chicks during 

hatching. Egg 3 of Pair No. 82 had a tinv hole on i t  at 15:00 

on 30 December 1976 while the 2 older s ib lings were about 6 and 4 

days old respectively. At 17:00 on 1 January 1977 the chick had 

died with the head well out of a fa ir ly  large hole in the eggshell.
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7.3.10 The laying and hatching intervals

The hatching intervals wê -e the same as the la - ing intervals 

for respective egf$ (Table 7 . l ) .  This would indicate that incubn- 

tion in t^e Fish i-.nrle sta rts  with t*e f i r s t  egg laid.

7.3.11 The conve-sion efficiency

Eggs declined in weight wit'"1 intubation and towards the end 

of the incubation tpriod t l'c-- were c1.4$ of hi e ir  fresh weights
i

(Fip. 7 .6 ' .  T'si nr the mean weight of 1-da" old chicks, ’however, 

the hatchling was 70.5$ of t mean weight of the fresh npps 

( i.e . a mean conversion effic iency of '70.5$ from erg materials 

to the body materials of the chick).

7.3.12 Matchling wei lit relative to adult weirht

Eleven chicks, weighed at hatching, averaged 91.8 g (72—106 g).

The chicks were therefore hatched at 3.2$ of t’ e Entebbe Zoo female

weirht (mean weirht = 28̂ 5 g for 2ndults) as compared with 2.7$

of the female weirht of 3400 g reported by drown ft Amndon (1968).

Since the weight of the male (2241.5 g) given by Brown ft Amadon
(op.cit.) is  similar to that of th~ Zoo male (mean of 2250 g

for 3 adults), the chicks averaged 4.1$ of the male weight.
♦

7.3.13 Egg mortality------------ a

The mortality rate of t'-e Fish Earle egg during t’ is study 

was low, averaging 0.74$ day-1. The mortality rate was fairly 

uniform during the first 5 weeks of the 6—week incubation period 
(Fig. 7.7). Because of disappearance, probably, due largely to 
predation, it greatly increased during the last week. In 

accounting for 21 (70.0$) of the 30 eggs which failed to produce
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Fig. 7.6 The decline in egg weight in the African Fish Eagle in
re la t io n  to the ago of the c lu tc h .  N = 95 weight records 
with a minimum o f  6 recorde fo r  each age group ( i . e .  0-5*
6-10, ,<4 1-I»5 days). The f igure 1 represents the mean
(+ s.d.) weight of 7 fresh eggs, and 2 the mean (+̂ s.d.) 
weight of 7 hatchlings.
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Fig. 7.7 The mortality of African Fish Eagle eggs in Queen 
Elizabeth National Park. Open circles and solid 
line represent mortality rate, and solid circles 
and dashed line represent the numbers of eggs 
surviving with progressing incubation.
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young, egg disappearance was t,»r‘ moat s irn if ien n t ca'ino of egg 

mortality and chick d e a f ’ dw in  ■ pipping the least so (Table 7 .7).

F.gg mortality d iffere d  s ig n if ic a n tly  in relation to clutch 

size (Table 7.7) w it1’ the 1 -e rr  olutcv,on incurring no losses.

While the 2- and "'-egr c lu tc h 's  respectively  lost 21. lr' and 55.9!  ̂

of twoir  e~gs.

7.4 H  ' m :■ ::

Brown (1955, l^O a, l*'76a k b) and Brown *. Amadon ( 1Q68) state 

that eagle eggs are en era lly  laid, at in tervals  o f 2-4 days, 

occasionally longer, o so °cia lly  in ' a b ita ts  were the food supply 

nre limiting to t>’ >? br-x'd i nr females. Under probably ideal 

a a p it iv ity  conditions a caged Sea Eagle Ualiaeetus a lb ie i l l a  

laid eggs 1—2 days apart (Fcntzloff 19~7). A South African pair 

of Fish Eagles had a 6-day interval between i t s  two egrs (Porter 1905). 

Brown (1980) reported a 2—1 day interval between eggs in t'-ffe species. 

During th is  study the second and third Fish Eagle e gs were laid 2-4 

days apart, with a mean interval of 2.8 days.

Brown (l976a) s ta tes  f 'a t  eagles la y  1-4 ergs, with the sea 

and fish  eagles la v ’ ng the largest f-lutc-'cn. No clutch sizes are 

given fo r  t :’ e Fish Eagle populations of Winam Gulf, L. Victoria, 

and L. Naivasha by Brown (i960) and Brown k  Noncraft ( l 9 75) respectively 

A mean clutch s ize  of 2.35 eggs for 9 breeding attempts in a South 

African pair was reported (Steyn 1972). Brown (l980) also gave a 

mean clutch size of 1.95 eggs for 68 clutches from Eastern and 

Southern Africa. With a mean clutch s iz e  of 1.94 eggs, the Fish 

Eagle in  th i3 Park conformed with the clutch size of the genus and 

the 2—egg clutch is  normal for the species (Table 7.8). No 4-erg
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0

Table 7*7 Egg mortality in the Fish Eagle by clutch size 
for known clutches during the st.udv oei’iod 
1975-78.

Il(eggs laid)

Clutch size
m .

17
sZT"
76

£ 1 1

39
Total
132

Mortality factor
Egg breakage 0 0 2 2
Chick death 0 0 1 1
Infertility/ addling 0 1 5 6
Disappearance 0 15 6 21
Total eggs lost 0 16 14 30
% of individuals 0.0 21.1 35-9 22.7
i° of losses 0.0 53.3 46;7 100.0
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Table 7*8 Comparisons of the clutch s iz e ;  egg dimensions and fresh egg weights in t pi Afr t
related sea and fish  eagles, the fishing eagle and the VultuiiutPish Eagle. For -hit s ' - i j  ■■ 
n = 7 for fresh  egg weights.

Clutch size Length (mm) Breath (mx) Fresh . 0 1  r)
Bird Name Country range normal range mean rai® mean range mê n

Haliaeetus vocifer Uganda 1-3 2 71-85.c 76.74 56.018.5

53-51

59.75 125-14C 133.3 Thl*
fl If Nest & Zouat- 

orial Africa 1-2 2 70-76 — Bam
II 11 S. Africa 1-2 ? - 76.2 - 57.15 - - P o p ’
II II 11 II 1-3 2 - - - - - — ota;
II It II II - 2 67-77.5 70.7 5C.8-T7.3 54.5 -  _ Hob
It II Zambia 1-3 7 . - — " - - - Col
11 11 Africa 1-4 2 63.5-8C.O 72.2 48.2-57.0 54.5 - 120 Br<
II If It — 2 - 73.0 - 55.0 — — Mm

H. vociferoides Madagascar 1-3 2 - - - - - _ 3r
H. albicilla Eurasia 1-4 2 - 73 , - 58 — — BrII 11 Germany 1-3 - 73-78 75.4 52-68 55.6 112-130 123 Fe
H. leucoceohalus N. America 1-4 2 - - - - - _ Bi
H. oelagicus 1*.E. Asia 1-3 2 - 80 — 6C - _ B]
H. leucogaster S As is & 

Australia 1-3 2 - — - — mm
3

H. leucoryphus Eurasia 1-4 2+ - - - - — — a
Ichthyochaga
ichthyaetus S.E. Asia 2-4 (2.5?) - - - - —

1
Gypohierar
angolensis Africa 1 1 - 69 - 52 — _
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clutch was found, whic' p-obably rurports the view t at tropical 
eagles lay smaller clutcht’3 than t’e’r temperate relatives 
(Brown 1955, 1970a, 1976a ft b; irown ft. Otmadon 1968),

Fish L'’.a/.le elute ea in this Park averaged -1. of t e female's

body weight, and each elute" size took significantly different 
proportions of her wei ht. (Fig. 7.]). The 2-e-g clutch, weiried 
9.6/i w >ile t p ?—eg/ on>- 1?.6> of t e female's wei t. These 
weights are much ''i* her than those su nested by Brown (l9̂ 6b), 
i.e. that normal ciutcnes oi' various eagles weigh from 2-1% while 
tne exceptionally large 4-egg elute! eo of t e Golden '•laglo Aouila 
chrysaetos only wei. h up to 9/ of t. ie fezaie weight.

Fis^ :iagle egg dimensions riven by Porter (190'), Mackwortn-Praed
& Grant (1952)# Bannerman (195‘)» Koberts (1956), and Brown (1976b
& 1980) were not significantly different from the ones of this study 
2

(X = 0.0y>7, df = 5* P 0.1; data in Table 7.8). Fresh erg
I

weights we>'e not given by these authors. An egg of a wild Sea 
Sagle measured 74 x 60 mm and ? eggs of a captive female averaged 
76.7 x 55.3 cun and 12? g (Fentzloff 1977). Although the. Sea Kaple 
female is nbout 47/“ heavier t”an the Fish rlagle female (Rrown 1970a 
& 1976a, b ft c), they laid eggs of similar dimensions and weights.
'This is in agreement with Brown's (1976a) and Brown ft. Araadon's 
(1968) suggestions that smaller raptors generally lay heavier eggs 
than their larger relatives.

Brown (1955) suggested that in most, eagles a constant clutch 
size in a pair was indicative of the same female laying the succes­
sive elute es. During this study, in 42/’ of all breeding attempts, 

with successive clutches the clutch sizes changed. pecause of the 

strong pairbond eŷ ihi ted by Fish -lagles (section 5-?.8), it is
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Inconceivable to expect such n big* rate of mate change involving 
only the female. It would, tbe'-efore, be difficult, to n?p elute*' 
siees as an indication of wet*er or nota female laid particular 
clutches. The naintenanep of a constant elute size bv the 

female of any oair of wild Fish Varies or other raptors during 
successive broodin' attempts n.r1 h* rendered unlikelv by factors 
3uc’n as variations in I'oo'i sypnlv, direases a n d  ot* r environ­
mental conditions* The - ea Eagle female in Fentzloff’s (1977) 
study laid ?-erg clutches 6 times successively probably because 
of tee ideal feeding and veterinary conditions availed to it 
during captivity.

As in the related Sen Eagle and the Raid 'Ingle Haliaeetus
leucoceohalus, incubation in the Kish Eagle started with t.be first

This phenomenon resulted in asynchronous hatching of the
young, the effects of which are discussed in section 9.3.5.
The female incubates for from 75**£?5/̂ of the total incubation
in most species of eagles and often alone in snake ea*les which

normally lay 1-egg clutches (Hrown 1976a &  b). In the Fish
Eagle, too, the male taken only « small share in incubation ♦
(Brown 1976b) A 1980). Roberts 1̂959) reported that the female 
incubated alone. This study, however, showed that both sexes 
incubated although the female did so singificantlv more t'-an her 
mate. His share of thp incubation load was, nevertheless, large 

by eagle standards, i.e. ’37% of daytime incubation. Only in the 
Sea Eagle does the male's share of ? 5 - o f  daytime incubation 
(Brown 1976a A c) approach that of t e Kish Eagle. The constantly

high total incubation time exhibited by the Fish Eagle and the 

small variations in it are important in ensuring the fairly uniform
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temperature (Fig. 7.5^ t'̂ nt is reouired by the developing embrvos.
It is also important in ensuring that erg3 are not lost to predators.

Total incubation declined th ronr*hout the da”’ for tv r> male while 
it increased fo1* t.~e female (?'ip. I.'*). This decline co'-T*esponded 
to periods of increased territocial activities of the birds 
(section 3. .̂7.1). Tv-̂ se changes in f<e s'aces of tvo ’-espective 
sexes are only cynlicabl e by their rol s in territorial defence in 
which fee maLe is more active f’an '.is mate. The fact t’cat the
female incubated significantly more than him also c l e a r l y  points

r
to his role in activities other than incubation.

Special nest relief ceremonies occur in birds that follow sot 
incubation patterns, e.g. 'nrnbou ."tor-lea heritortilos crumcp.iferu3 

(Kahl 196R), Pink-backed Pelican Pclecanus rufoscens (Din 1770), 
shags Phalacrocorax sp, (Snow I960), and gannets flu la sop,
(Nelson 1967). In engle3 this behaviour is laokinr and it is 
not mentioned in Brown (1995, 1970, *. 1Q80) or Irown /Vnadon

• i

(196ft). , No elaborate nest relief ceremonies have been described 
for the Fish Eagle nor has it been observed d'lrinr this studv.
Visits wi th or without nest material or food to f>e incubating-

I
bird probably helps to maintain the pair-bond and to erJmnce the 

8ynchrQnisation of breeding activities. Brown (1965) interoreted 
auch visits as being merely habitual.

In- the Verreaux's Eagle Vxiila verreauxi the conversion efficiency 
of nutrient materials of the egg into the body materials of the chick 
is about 82$, it ranges from 82.6-87$ in the Golden Eagle A. chrvsaeto3 
(Brown 1976b), Brown considered these to be very efficient conversion 

ratios. With a ratio of only 70.5$ the Fish Eagle has a much lower 
conversion efficiency than those of the above raptors.
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The mortality rate of t* ** Fish Engle egg during t1 i s study 
was low, averaging 0.7 4'. day This is in agreement with
Ricklefs' (1969a) eonelusi on that the mortality rates of eggs and

1 _  j

nestlings of  mentors "re gene^all^ l e s s  t * in 1 . 0^ day . This 

mortality rate i s  not too d i s s im i l a r  to the rate, \ . 7 ‘r  day 

calculated for  t*r  egg nf  tk- aid Eagle in Alaska (Hansel ft 

T-oyer l b M ) .  In or te re ,  1 ^'lahan (lufin^ found that t v e OoJden 

Earle suffered an egg m orta l it y  r ate  of only  0.58^ day * . ,

Inability of eggs to hatch due to causes like egg breakage 
by sitting birds, addling and chick death during pipping can he 
a ma.lor tell-tale for an environment highly contaminated with 
toxic substances such ns orgnnochlomine compounds (Oilbe^tson 
1975* And«-r3on ft 1 ickey 1974, ‘'elander 198?). Benaigs of thin 
eggshell syndrome largely due to contamination by DDT, egg breakage 
becanea significant rause of population crashes In most rantors 
and many other birds in V'orth America and Europe (e.g. Oilbertson,

1

op.cit.; Anderson ft Tickey, op.cit.). During this study, however,
egg breakage accounted for only 2(6.7$) of the 30 ergs that did not 
produce young.

The fact that the 1-egg clutch was xiot affected b’r any of the 

mortality factors is important in that it shows that either all 
these ergs were fertile or that during incubation they were all 
properly covered by the sitting birds so that embryo death could 

not occur. Secondly, the finding that egg breakage was one of the 
least important factors and that it never affected the 1- and 2-egg 
clutches precludes it as a significant cause of hatching failure.

The two eggs which broke during the study were apparently cracked 

by the departing birds as I approac'-ed their nests for clutch size
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determination and ot. cr erg records. Both eggs subsequently 

disappeared without trace and were prob-blv nr dated by t'-e 
incubating birds. Although not witnessed during t’ is studv, 
canibnlistie tendencies in raptors ' ave been reported (Meyburg 
1974). It was not established whet or the infertile/addled eggsI
did not hatch due to actual infertilit" or enbrvo deaf" during 
incubation. The ?] •<' re- aining e-r s d i sa prion r.-'H vi t. out trace

and were probably lost to predation.
These results should not imoly that the waters and the environs 

of the Park are not chemically poL.luted, but simply that chemical 
contamination is not Mgh enough to cause erg mortality. Edroma 
(197Aa & b In press) demonstrated that rone areas of the Park 
and its waters, especially L. heorre, and its wildlife suffer from 
copper and other environmental pollutants. Some organochlorines 
and oreranophosn̂ ates-pave been and are still being used in intensive 
agricultural and livestock farms which surround the Park. TheI ,
effect of these o' emicals on the reproductive potential of the Fish 

Eagle and t ôse of other fish-eating birds in the Park remain to be 
studied.

Predation of both eggs and nestlings is thought to be a negligibl 
mortality factor in raptorial birds because of the abilities of the 
adults to defend their nest3 (Ricklefs 1^69a). I recorded no pre­

dation on eggs durinr this study but-it was suspected for most of 
the egg disappearances. Olive Baboons Papio anubis, Vervet 

Monkeys Cercorithecus aethiops. Monitor Lizards Varanus nilotica 
and unidentified snakes were probably responsible for most of the 

egg losses (see section >̂.4 for a discussion of mortality factors

among nestlings).
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C H A P T E R  8

GROWTH AND MORTALITY PATTGRNo OF N.-STLINGS 

B.l INTRODUCTION

The in crease  in t~e  vrei h t o f  an organism i s  t f sum o f  many 

simultaneous -rocesses (R i c k l e f s  l i6 r :p ) ,  There a^e marked c an/ 

in t*e  proport ions  o f  basic rod ”  corwti tuen.rs l ik e  rot.ein, water,
' ' 5 ■

aan and l i p id  (B a i le y ,  .ax. I ' ) "* ' .  R ick le fs  1967a) and in the

re la t ive  s i z e s  o f  the hody nrrnns (Brody 1945, R ick le fs  1967a) durinp

the course o f  growth. P a tte rn s  o f  woi- t inorease  vary considerably

among species of birds dne to t~o select ve forces produc’n'j t* e 
•

adaptation f o r  breeding (R i c k l e f s  l ^ R a ) .  For instance tue ■'■oang 

of la rge  sp ece is  usua lly  need m >re t in e  to reach ad.ilt s iz e s  than 

those o f  sm all ones, and young w i c 1- a re  fed by th e ir  narents grow more 

rapidly than those »»■ ion  feed themselves (R i c k l e f s  1968a). Growth ra tes  

can also be in flu enced  by c lu tch  s iz e  (Lack 1948 ft 1954);- f lu c tu a t ion s  

in the a v a i l a b i l i t y  o f  food supply fo r  rlmus (Thonas 1964), the 

P ro ce l la r i i fo rm es  (Lack 1948), Common S w if t  (Lack  -ft Lack 1951) and fo r  

passerines (W i l ls o n  1966); sexual dimorphism (R ic k le f t s  1960a); and 

probably the lack  o f  p reda t ion  pressure f o r  b ird s  nesting on oceanic 

islands (Dorward 1962).

According to R ic k le fs  (1967b) there are 3 equations by which the 

growth ra tes  o f  b irds can be mimicked, namely l o g i s t i c  (Robertson 1923), 

Gompertz (L a i r d ,  _et̂  £ l .  1956), and von B e r ta la n f fy  (von B e r ta lan f fy  I960) 

growth curves. These growth curves tend to be s p e c ie s - s p e c i f ic  (R ick le fs  

1968a ) .
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The causes of nestling mortality in the population of Fish 

Eagles were identified. The observed mortality rate was low and 
is discussed in relation to the advancing ape of fie younr and its 
increasing capability to defend i'self and t at of adults to defend 
their n st (Ricklefs 1969a).

8.2. MATKRIALS AND MiT’IODSi
8.2.1 Patterns of growth by weight" - - - - -  ,

Chicks from 10 accessible nests were weighed at various stages 
during the nestling periods. Three t,rpes of "Pesolas" with capaciti 
of 300 g, 1000 g, and 50OO g were used. Chicks of 1000 g or less 
were weighed while tucked into a pre-weighed and punctured polythene 
bag. Nestlings of over 1000 g were carefully tied up with a strap 
before weighing. Such large chicks were hooded using a bag made 
from black clothing. Weights were taken when the chick3 stopped 
stru gling. From these weights the proportions of adult weight 
attained by the young and the forms and rates of their growth 
curves were determined.

8.2.1.1 The growth curve

The' net increase in the bodv weight of the younr during growth 
must equal the body weight of the adult (Ricklefs 1968a). Because 
the female chick attained a higher asymptotic weight than the male, 
their sexes were distinguishable. Thus the proportion of adult 
weight attained by each chick was calculated bv expressing the 
chick's weight at a given age as a percentage of the adult weight 

of its own sex. The ratio of the asymptote of the growth curve 

to adult body weight was calculated for each nestling by dividing 

its asymptotic weight by the weight of the adult of its own sex 

(Ricklefs, op cit.).
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In determining the growth rates of nestlings, weights of adults 

and measurements of their body parts were used as standards. These 
measurements were obtained from 5 birds ("5 males and 2 females) at 

Entebbe Zoo. Data from such sources as Brown (1970a, 1976a, b -fc c), 

Brown & Amadon (1968), Grzimek (l97?), Mackworth-Praed & Grant (l95?)» 
Ricklefs (1967b, 1968a & 1969a) we-e also used.

8.2.1.2 The growth rate ,

(i) The overall growth rate. K
The overall growth rate, K (g/day), is the mean growth 

rate over the Whole nestling period (Ricklefs 1967b). For each 
chick it was calculated using the Gompertz equation (Ricklefs, op cit.). 
Thus: dWiK = e— — , where e = base of the natural logarithm, 

dt
dWi •

~ slope of growth curve at inflection point (i), dt

, &nd Wi = weight and t = time (days) at inflection point.
From the values of K the rates of growth of various chicks are

directly comparable. However, only chicks whose K were calculated
by the same equation can have their K values compared.

(ii) The t
____ 10=39.

The t^ gQ is the time interval required to complete 
growth from 10-90$ of the asymptotic weight (Ricklefs, op cit.). 
Thus:

t
10-90

C90 - CIO where C = the conversion factor
dW/dt * of o*1 of theasymptotic weight,

CqO = the conversion factor
of 0.9 of the asymptotic 
weight, and

dW = slope of the growth curve.
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Accordin- to Ricklef3 (l-)6tfa), t can also be calculated from
X U *  7VI

the fledging period of the brood. Thus t = 0.57 x fledging10— )0
period. Using ^iq_oo n̂e rrow '̂ rates of chicks, even if fitted 
by different growth equatons, can be compared.

(iii) The absolute growth rate
The aLSolutc -rowth rate is an index of the daily weight 

increases of th- rowin. organism over t. e w ole growt ■ period and 
is expressed in g/day. Using t: is index, chicks of similar â es

I
or the growth rates at tne points of inflection could be compared. 
Absolute growth rate was calculated as follows:

Absolute growth rate (dw./dt) = K.7 (logeW), where
K = overall growth rate in p/day,
V/ = asymptotic weig* t in g.

8.2.2 Growth of other body parts
While weighing chicks, their tarsi, femur, humeri and standard 

wings we -e Also measured using- a 5 m flexible metalic tape measure.
The standard wing was the distance from the end of the folded wing at 
the carpal joint to the tip of the ion, sst primary feat icr (when 
feathers present). Lengths of the tarsus, femur and humerus were 
taken as the lengths of the respective bones, from one joint to the 
other. From these measurements the proportions of adult sizes attained 
by and the forms of the growt,. curves of the respective body parts were 

determined.

8.2.3 The nlumare and age of the nestling. , *
The nestling was classiflied into plumage t;pes and age classes 

from hatching till leaving the nest. This was achieved by recording 
the age of appearance or disappearance of a particular feather type,



viz. the fi-st ar.o S"cond downs and feat iors of t1.. -nr.i t’ grants

Ti.e colours of t t: "kin, hi . , caruncle, cere, e; , , tiwis, foot 
end talon wo>o -■■oo dud. Additionally, t’'e rci henin/ of the 
foot duo to the ricve omrnt of spioul^s and t e lommotory he- 
haviour of the 01 n- noted.

8.2,4 .i-st t n i QT-t,ri ■ j k-
"’■'RtJ'n "  r*r it ip", r' -1 i f d * ■ uotiri all c i ] oo.rea

as the fledcin- period pro'reused. The probable onuses‘of tre
losses were rrco -ded. Onlci Inti one of mortality rates, ns per­
cent losses dny ffoL ov"d ^‘eklcfs' method:

m
( 1 or b ) e

t L

where m - inat»".tR?eouR •cortnlitv rate ('/■ > dny *), 
p = proportion of cicks surviving end 
t = time in days during t. e fledging period.

8.1 Ki'.SUL fSI *

8.3*1 ’.'ei ht ?ain arc! t- c »o :t cu ve
Fig. 8.1 s'ows wri -1 '.nins by nestling Fish /a'les with 

increasing ape. both male and female chicks exceeded tie wei lit 
of Entebbe Zoo ad;its. Tre female nestlings, ''owever, did not 
reach the adult female wc’ ht of 3400 p reported by Brown • Amadon 
(1968). The ratios of t'̂ e asymptotes of the growth curves of
nestlings to adult body wei hts (llicklefs 196°a) clearly indicate 

that male cricks fledged at adult male weights w ile female nestlings 
did so at weights above those of adult females (Table 8.l). The 
growth curves conformed with the sigmoid form of animal and bird 

species (Needham 1964, Ricklefs .'969b).



- 253 - U

Fig. 8.1 (a) Weight gain in J male nestling Pish Sagles 
in Queen Elizabeth Park. Sample size, 
n = 29 weight records, ranges rre shown . 
appropriate; ZM represents mean weight 
(_ 2250 c) °r  ̂adult Entebbe Zoo males.

Fig. 8.1 (b) Weight gci:i in 6 female nestling Fish Eagles 
in Queen Elizabeth Park. Sample size, n = 
47 weight records, ranges are shown where 
appropriate; SF represents mean weight _ 
(= 2835 & ) of 2 adult Entebbe Zoo female') - 
represents the 3400 g female weight given 
by Brown & Amadon (1968).
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Table 8.1 Indices of growth rate for 9 nestling Fish Eagles in Queen 
Elizabeth Park. F = Female, M = Male, i/l *= 1—young brood, 
J}/2 = 2-young brood; definitions of ratio of asymptote, K, 
tlO-90 and absolute growth rates are given in text; analyses 
based on methods of Ricklefs (1967a & 1968b).

Pair Brood Sex of Ratio of Chick grow th rates
Ho. size young asymptote K tlO-90 Absolute
82 B/2 F 1.13 0.068 45*4 * 81

F 1.13 O.O67 46.3 72
86 B/2 F ld3 0.082 37-7 82

F lo02 O0O77 39.8 78
87 b/i F 1 .09 0.063 49.1 86

87 B/2 F 1.13 O0O54 57.6 69
M 1.00 0.078 39.7 70

23 B/l M 1.00 0.106 29.2 72
82 B/l M 1.04 0.098 31.5 72
Mean 1.07 0.077 41.8 75-8
+SE 0.02 0.005 2.8 1.9

Table 8.2 The influence of brood size on the growth rates of nestling 
. Fish Engles in Queen Elizabeth Park. Student's t was calcu­

lated using formula for small sample sizes, df - J for all 
comparisons. Abbreviations as in Table 8.1

Brood Ratio of Mean (+o.d.) growth rates
size N asymptote K tlO-90 Absolute

B/l 3 1„ (4+0.04 O.O89+O.OI9 36.6+8.9 67.7+6.6
B/2 6 I0O9+O.G6 0.071+0<,009 44.4+6.7 75.3+5.2

t-value 1.222 US 1.701 NS 1.300 NS 0.306 NS



Crowlh rate data Tor and t1() (Table 8.1)indicate that 

chicks grew and attained adult weights at different rates.

Brood size (Table 8.2) and hatching order (Table P.3) did not 

significantly affect growth rates but the sex nf the mine did.

Male chicks » rew si nificantly faster t’an the fena 1 es (Table S.'O. 

Sexual dimorphism resulted in differential gr^wf rates between 
male and f°ma 1 o nestlinr African Fi'->, fables as well as tl,e n°stlin

0
of other raptors Table P.5 . A comparison of t](1 qf) as 
calculated from the fledring periods of the broods, for the Fish 
Knglo and ot.hcr m''nbrr:: of the genus dal i ace tun is .also given 
(Table 8.6).

At the inflection point of its growth curve each chick gained 
weight fastest (Fir. 8.?). A comparison of the absolute growth 
rates at these points shows that brood size (Table 8.?), hatching 
order (Table 8.3) and the sex of the young (Table R.d) respectively 

had no significant influence on daily weight gain.

8.3.2 The growth of body narts
The tarsus, femur and humerus reached adult sizes by fledging 

time (Fig. u.3̂  w1 ile the standard winr had not. It was only 
about 75^ of th< adult magnitude by the time the chick left the 
nest (Fig. 8.3). The growth curves of these body narts were also

sigmoid in form.

8.3.3 The plun.qge and age of the nestling
The changes in plumage, colours of the various body parts and 

the locomotion of the young are summarised in Table 8.7 and illus- 

strated in Plates 5-7. Age classes, largely based on plumage, 

and their approximate durations are also shown in the Table.
The ages are approximations because the criteria invol/°d in th
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Table 8.3 The influence of  h a tc h i n g  order on the growth r a t e s  of
nestling Pish Eagles in Queen Elizabeth Park. Student's t 
was calculated using formula for small sample sizes, df - 4 
for all comparisons; C-| = first and C2 = second chicks of 
2-young brood. Other abbreviations as in Table 8.1.

Batching Ratio of Mean (+S.d.) growth rates
order N asymptote K tlO-90 Absolute

C1 ' 3 1.13+0.00 0.068+0.011 46.9+8.2 77.3+5-9
c2 3 1.05+0.06 0.074+.0.005 41.9±3.1 73.3+3.4

t-voluo 1.980 US 0.674 NS 0.808 NS 0.830 NS

Table 8.4 The influence of sex on the growth rates of nestling Fish 
Eagles in Queen Elizabeth Park. Student's t was calculated 
using the formula for small sample 3izes and df = 7 f°r 
comparisons. Other abbreviations as in Table 8.1.

Sex of Ratio of Mean (+S.d.) growth rates
young N asymptote K tio~90 Absolute

Male ' 3 1.01+0.02 0 . 094+0 .0 1 2 33.5-M.5 71.3+0.9
Female 6 1.11+0.04 0.069+0.009 46.0f6.5 78.0f5.9

t-value 3.381* 3 . 088* 2.644* 1.735 NS

b
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Table 8«5 Influence of sexual dimorphism on the growth rates of 4 species 
of raptors. See text for definitions of K and tlC-90; M • male 
and F =■ female.

Adult Growth rate
Species N Sex woight(g) K tlQ-90 Source
Fish Eagle 3 i»; 2250 O.094 33.5 This study
(Kaliaeetus vocifer) 6 F 2835 O.O69 46.0 I I

Golden Eagle 1 M 4136 0.078 39.1 Ricklefs (1968b)
(Aquila chr.ysaetos) 2 F 5050 0.078 39*1 It

Cooper’ s Hawk 4 M - O.257 17.1 M

(Accipiter cooperii) 1 F 471 0.187 23.5 I I

Red-tailed Hawk 4 H 882 0.208 22.2 I I

(Buteo jamaiccnsis) 4 F 1275 0.168 26.3 I I

Table 8.6 The timo interval required to complete growth from 10-90?o of the 
asymptotic weignt (̂ 10-90) in the African Fish Eagle and its 
temperate allies. According to RicklefB (1968b) IC-90 = 57^
the fledging period; weignt records are from 3i'own (1976a, b & c) 
Brown & Ainadon (1968), and Grzimek (1968) ; mid fledging periods 
(days) from Brown (op.cit.).

Name of bird Distribution
Adul t 
wt.(g)

Haleaeetus
vocifer Tropical 2542.5
Haliaeetus
vocifer ft 2820.8

H. leucocephalus Temperate 500c. 0
H. albicilla I f 4650.0
H. pelagicus I I 7500.0

H. leucogaster I t ?

H. leucoryphus I I ?

Fledging
period

tlO-90
(days! Source

76 43.3 This study

70 39.9 Ricklefs (1968b)
75 42.8 II H
70 39-9 Estimated an abo'
70 39.9 11 11 •»
70 39-9 II II '•

90 51.3 11 11 n
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Fig. 8.2 The absolute growth rate (g/day) of the 
single chick of pair Wo. 82 (1977). The 
graph is representative of all chick 
growth patterns.
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Fig. 8-3 The growth curves of body parts of nestJing Fish Eagles 
in Queen Elizabeth National park. Solid circles and 
dashed lines represent growth curve of humerus, adult 
size = 225 mm; open circles and solid lines represent 
growth curve of femur, adult size = 190 mm; solid 
circles and solid lines represent growth curve of tarsus, 
adult size = 110 mm; open circles a.id dashed lines 
represent growth curve of standard wing, adult size 
= 5^5 mm; circles represent means, and ranges are 
indicated.
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Table 8.7 Ago criteria and plumage description of the nestl Fish Eagle. ng African

Afie class Ago (weeks')
Downy I 0-1

Downy II 1-1

Feathering 1 3—4

Feathering II 4-6

Feathering III 6-10

Plumage and o tn e r  body j'iu-t d es c r ip t Lons

Sparse, light and white down; skin fleshy 
pink; bill dark gr y; caruncle creamy 
white; cere light grey; eyes olive-brown; 
tarsus and talons pale fleshy pink; foot 
fleshy pink and smooth; chick nropols it­
self by tarsi and wing tips.
Thick, woolly and -hi to down; bill dark 
grej ; talons grey black; foot g re j -me begi 
ning to roughen. Chick moves on tarsi at 
first then on tne feet proper. Dark feat­
her plugs of primaries, scapulars and fox’e- 
hoed begin to appear by the end of ti.is 
stage (Plate [>).
Thick, woolly and white down;patches of 
black featuers just after follicular stage 
appear in areas of primaries, secondaries, 
tnu head, tapper neck, scapulars and rump; 
tail feataers still in follicles or just 
after pin-stage; first and second rows of 
primary and secondary coverts begin to ap­
pear; talons black; foot grey and rough 
(Plate 6) .
Thick woolly down still present on areas 
away from major feather traiots, especially 
on the v ntrui , dorsum, neck, head, under­
side wings and thighs. Chick in transitioi 
from largely white to almost black. Priinar 
secondary and tail feathers growing rapidly 
and i.he coverts begin to cover downy areas 
on the upperwing and the chick becomes pro­
gressively darker when wings are closed. 
Foot vory rough as spicules grow. Tail 
feat..ere banded brownish black, brownish 
white and brownish black again.
Thick and woolly down almost entirely rep­
laced by feathers exoepton dorsum, ventrum, 
groin and thighs. On head and neck it per­
sists but is interspersed with feathers. 
Flight and tail feathers almost full length. 
Tail feathers banded as above. Feathers 
largely black, brownish in some regions like 
the scapulars, chest, neck and head. Young 
streaked black and white; conspicuous V- 
shaped collar of white area on cuest and 
back just below the neck. Bill grey black; 
cere grey; eyes olive brown; tarsus pale 
flesy pink; talons grey black; foot with wel 
developed spicules (Flate 7)» Young flies 
at end of this stage.
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P l a t e  5 . Downy younR,  ago  c l a s s  1.1 . N o l o  t h o  gap ing  
b i l l  o f  tho c h i c k  due to pant i ng  and the  
remains  o f  f i s h  in t lie n e s t .

P l a t e  6 .  F e a t h e r i n g  young,  age c l a s s  I.
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P l a t e  7 . The young o f  F i sh  E a g l e  P a i r  No. G 
( 1 0 7 f>) , o n e  week  a f l . o r  c o m i n g  on I o f  

1 he nest. ,  in i t s  f i r s t  year  mol l  l ed 
b l a c k  and wh i t e  plumage.

P l a t o  8 . A subadul t .  Fi sh Eag l o  in i Is Grd year
j)l milage. Note l lie i n c r e a s i n g  wh i t en i ng  
o f  1 lie neck and c h e s t .  Thi s  i s  t rue  
a l s o  o f  the shou l de r s  and hack.
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P l a t e  D. A l a t e  subadi i l l  A l r i c a n  F i sh Fug l e  in 
------------ i t s  4th y e a r  plumage.  No t e  the almost

pure w h i t e  head and c h e s t .

'J
&
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*

ageing of the young are rontinjoir- processor? w'ich are difficult 

to divide into distinct stages.

8.3.4 Nestling mortality

At various stages durin the fledging period some nestlings 

disappeared (Fig. 8.4). Chick losses were highest during the 

1st and 2nd weeks after hatching, fluctuating minimally there­

after. During t ese two we -ks alone, chick death accounted for 

46$ of all losses or for 17$ of the total number of voung 

(Tahle 8.8). Mortality was lowest among B. / *> young, rrobably due 

to the small sample size, and highest but similar in the R/l and 

B/2 broods (Table P.8). Mean mortality, for the whole period, 

averaged only 0.5T'* per dav (Table 8.8). Chick mortality, 

however, did not differ significantly with respect to brood size 

(Table 8.9).
Brood losses were due to di sease/starvat1 on and disappearance/ 

predation (Table 8.10). From scratches on the nest tree a leopard 

was once suspected to have killed and eaten the 2 eight—week old 

chicks of Fair No. 86. In t e remainder of the chick losses it 

was not possible to ascertain whether disease, starvation or 

predation were the causes of mortality. Olive Baboons Paplo 

anubi3 which live on the southern bank of the stud” area and ervet 

Monkeys Cercooi thecus aethiops often climbed -.uphorbia an  ̂other 

trees upon which Fish Kagles nest. Unidentified snakes and Monitor 

Lizards Varanus niloticus were found in nests and nest trees on 

several occasions.
Six nest trees blew down during rainstorms during this study 

but the nest mortality due to this cause could not be determined 

because the nest contents were not know#h. Badly built nest and
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t » k . «  1 . 8  K o i t l l n g  m o r t a l i t y  i n  t h e  F i n h  E n g l e  i n  Q u e e n  E l i z a b e t h  P a r l e  b y  b r o o d  s i z e  i n  r o l n t l o n  t o  t h e  a g e  o f  n o n t l i n  

T a t a  f r o m  n e e t a  w i t h  k n o w n  c l u t c h e s .  C a l c u l a t i o n ! !  f o l l o w e d  R i c k l e f a  ( 1 9 6 9 a ) .

-----------------------------------------------------------

U a  1 *  > M k a 0 1 2
1 4 I 6 1 8

2
1 0 1 1 1 2 I X

T o t a l M o a n  ♦  S E

l / l  d i c t a  a u x r i T l n g 2 3 2 2 2 1 2 0 1 7 1 6 1 6 1 5 1 4 1 4 1 4 1 4 1 4 1 4

\  ■ a - c a l l t j / d n j 0 . 6 0 . 7 0 . 7 2 . 3 0 . 9 0 .0 0 . 9 1 . 0 0 .0 0 .0 0 .0 0 . 0 7 . 1 0 . 5 9 + 0 .2 4

■ L I  d i c t a  a u r r l v l n g 7 0 6 5 5 8 5 4 5 2 50 5 0 4 8 4 6 4 6 46 4 5 4 5

\  ■ r t a l l t j / d n y 1 . 1 1 . 6 0 . 5 0 . 5 0 .5 0 .6 0 .0 0 . 6 0 . 6 0 .0 0 .0 0 . 3 6 . 3 0 . 5 1 + 0 .2 0

V I  a k l c k a  a u r v i v i j i g 9 9 6 6 6 6 6 6 6 6 6 6 6 6

t  a a r t a l l t j r / d i i y 0 .0 0 . 3 0 - 0 0 .0 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 0 .0 0 . 3 0 . 025+ 0 . OG

i l * a  a a r v l v l n g 1 0 2 9 6 8 5 0 2 7 7 7 4 7 2 7 1 6 8 6 6 6 6 6 6 6 5 6 5 6 5

H a a a *  o o r t a l l t y / d n y 0 .9 1 . 7 0 . 5 0 . 9 0 . 6 0 .4 0 . 2 0 . 6 0 . 4 0 . 0 0 . 0 0 . 2 6 .4 0 . 5 3 + 0 . 2 0

I t l a l  c h i c k s  l o s t 6 1 1 3 5 3 . 2 1 3 2 0 0 1 3 7

%  i f  f a t a l  l o o o c f l 1 6 . 2 ? 9 . 7 8 . 1 1 3 . 5 n . i 5 . 4 2 . 7 n.i 5 . 4 0 . 0 0 . 0 2 . 7 9 9 . 9

t  a f  f e t a l  y o u n g 5 . 9 1 0 . 8 2 . 9 4 . 9 2 . 9 2 . 0 1 . 0 2 . 9 2 . 0 0 . 0 0 . 0 1 . 0 3 6 . 3
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Table 8.9 The numbers of nestling Pish Eagles lost by brood
size in relation to the numbers hatched. Data from 
known clutches only, April 1975 - March 1978.

Brood size
B/l B/2 Ml To tal

Ho. of young hatched 23 70 9 102
Ho. of young lost 9 25 3 37
Total 32 95 12 139

x2 = 0.057 NS (df = 2)

Table 8.10 The probable causes of Fish Eagle nestling mortality by brood 
size for known clutches, April 1^75 - March 1970*

Brood size Fercent of
• Ml B/2 Ml Total Chicks losse;

N(eggs hatched) 23 70 9 102 — —

Mortality factor
S tarvation/disease 1 7 0 8 7.8 21.6
Disappearance/predation 8 18 3 29 28.4 78.4

Total losses 9 25 3 37 36.3 100.0
% of hatchlings 39.1 35.7 33.3 36.3 - -
% of all losses 24.3 67.6 8.1 100.0
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those built on insecure trees caused 5 out of the 202 breeding 
attempts to fail; and again nest contents were not known. One

type of fly Stomoxvs sp. sucked U'P blood of feathering voting1* '

but was not observed feeding on the downy chick. The effects 
of its blood-sucking habit on the nestling mortalitv of the Fish 
Eagle was not studied.

8.4. DISCUSSION

The increase in weight of an organism results in a growth 
curve which can be described bv its magnitude (i.e. the proportion 
of adult weight attained with the age of the young\ the form of 
the curve, and its average rate of increase (Ricklefs lQ68a).
The average rate of increase of the curve for all species of 
birds can be calculated by one of the following equations: 
logistic (Robertson 192̂ ), Gompertz (Laird, ei al 1965) and von 
Bertalanffy (von Bertalanffy I960). Ricklefs (1968a) further 
found that large and more slowly growing species of birds show 
a preponderance of Gomperts- and von Bertalanffv-t’pe growth 

curves. In this study the growth curve of the African Fish 
Eagle was best fitted by the Gompertz equation probably because 
it is a large and slow growing bird.

Nestling Fish Earles fledged at weights higher than those 
of adults. The ratio of the asvsmptote of the growth curve to 
the adult body weight (Ricklefs, op cit.) averaged 1.07. In 
some raptors like the Golden Eagle Aouila chrysaeto3. Screech 
Owl Otus asio and Snowy Owl Nvctea 3candiaca this ratio is 
below 0.9 (Ricklefs, op cit.). In small land birds this ratio 
is important in demonstrating whether or not a b'rd feeds on the 
ground, aerially, from among foliage or from a perch. A ratio 

of 1.0 or higher indicates that the bird’s flight locomotory



-  270 -

apparatus is well developed and that huntinr bv flight. is an 

important means of obtaining prey (litcklefs, op cit.). The 
rather high ratio, although based on few adult wei'ht records, 

would similarly indicate that huntinr bv flight is an important 
method of securin - prey in ti.e Fish Eagle. However, the Fish 
Earle hunts mostly bv sittinr on p^rc’-es arid wntchinr the water 
for prey (section 4.3.?.l). Fis>- ’a"le you nr should, therefore, 
have exhibited a ratio similar to those of the Golden Earle and 
Screech and Snowy Owls. Perhaps the rather high ratio is a 
result of hiph amounts of reserved fat.

The growth curve of the Fish Earle was best fitted by the 

Gompertz equation (Laird, et a_l_. 1 1631. This in in agreement wit*’ 
Ricklefs1 (op cit.) finding that 1-irge and more slowly growing 
species of birds show a preponderance of Gompertz- and von 
Bertalanffy— type growth curves.

The overall growth rate, K, of t* e nestling was quite low,• l
averaging 0,077 g/day. It is similar to the growth rate of the 
Golden Eagle (Table 8.5), yet the Golden. Earle is 1.8 times 
heavier than the Fish Eagle. Temperate passerines and raptors

I
generally prow more raoidly than tropical species, and they raise 
"more than two young ner brood (Ricklefs 1958a 4 19/5). Ihe 
Golden Eagle (Brown 1976b 4 c, Snow 1973b) and the Fish Eagle 

(Brown 1970a, 1976b 4 c) lay similar clutches and raise less 
than 1 young per Dair. Despite their generic differences the 
similarities in their growth rates could have arisen because the 
smaller tropical Fish Eagle grew more slowly than the much larger 
temperate Golden Earle. However, similar data from the genus 

Haliaeetus are not available for comparison.
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The time needed to complete growth from 10-9O# of the 

asymptote in most m ptors ranpes from 16.7-32.9 davs (Ricklefs, op c it .  

From clutch size and flodging period given b v  B r o w n  ( i 9 6 0 ) ,  Ricklefs 

estimated that the ^10-90 ôr *'"'e Eagle wa3 40 days and that

for the Bald Eagle 43 days. D

The the Fish Earle during this stud” ranred from
29.2-57.6 days, averaging 41.8 davs (Table 8.l). Using the m«an

fledging period of 76 days (section 11.3.l) the t is.4̂  days.
There is ,  therefore, agreement in this growth rate of the Fish 

Eagle of this study and that of the Winan Gulf, I.. V ictoria .

This growth rate of the ■‘ucen Elizabeth Park Fish Eagle is  also 

sim ilar to those of the other members of the genus Ilaliaeetus 

particu larly  to that of H. 1eucoceahalus (Table 8 . 6 ).

Several families of birds show sexual dimorphism in adult 
body weights, and in. the families Accipitridae and Icteridae 
some members exhibit sexual dimorphism in their growth patterns 
(Ricklefs, op cit.). In Cooper's Hawk Accipiter cooperii and

I
the Red—tailed Hawk Buteo .iamaicensis the smaller maies grow faster 

than the females (Ricklefs 1968a <9- 1976). During this study the 
Fish Eagle also showed dimorphism in the growth rates of the sexes 
with the smaller male growing significantly faster than the female 
(Table 8.4). Only in the sexually dimorphic Golden Eagle did the 

sexes grow at the same rates (Table 8.5). Using weights gained 
by chicks without calculating the actual growth rates Brown (1976c) 

wrongly concluded for raptors generally that female chicks, which 
when adult might be twice heavier than males, grew faster.

The absolute growth rate (g/day) of the chick (fig. 8. ■) was 
rapid during the early part of the fledging period, reached a maximum
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at the inflection point and then decreased until it was almost zero 

at the time tle eaglet left the nest. The inflection point was 
reached at about a tiird of final weirht and thin arrets with 
Ricklefs1(1968a) find inr that growth rates fitted by the Gompertz 
equation have their inflection points at about 37$ of the asymptote.

The tarsus, femur and humerus were fully rrown between 55 and 
60 days of ape (Fir. 5.3', ?-* weeks before the mean fledging period 
of 76 days. It is important that these parts, esncoi n 1 1 •/ the 
tarsus and femur, reach ad ■ 11 sizes before fledging because of the 
bird's method of feeding. From about 50 days of ape till indepe­
ndence, the 'munp feeds itself by tearing pieces of flesh from prey 
delivered by one of the parents (section 9.3.5.2). It is, there­
fore, imperative that the ’'oting develope-d the bones and, probably, 
muscles which help it during feeding prior to leaving the nest.

The standard wing was only 75^ of the adult size when the 
young fledged (Fig. 8.3) and its slower rate of development

i *

probably explains why there is minimal and clums*- flying by the 
bird immediately after fledging. ‘lowever, it must 1 ave reached 
adult dimensions during the post-fledring period, a time during 
which the eaglet was still fed and protected by the parents.
.By the time nestling fledpod, its standard winp was only
69-87$ of the adult measurements (469-595 mm) given by 
Mackworth-Praed Grant (l95?). Since one of the most important 
wing hones, the h u m e r u s ,  had already achieved full growth by 

fledging time, the standard wing probably did not because of the 
flight feathers not attaining adult dimensions by this time.

As an adaptation to life in open nests, chicks of snake eagles 

(Circaetinae)and the Rntelenr Terathonius ecaudatus. grow feathers 

first on the dorsum, and the heads and wings become feathered before
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the under—sides. This mode of feather development has been shown
to protect the nestlings against heat stress (Brown 1976b). Fish 
Eagles we-e also reared in open nests and their feathering 
sequence conformed to thr; same trend. However, the role played 

by this mode of featl er development in the protection of young 
against h*'at remains to be studied. Nestlings were skidded 
from heat and rain by their parents and otherwise avoided heat 
stress thro«!•**• thermoregulatory behaviour (section 9.’5.l).

Ricklefs (1969a) Quoted the following factors as causes of 
mortalities among birds: hatching failutre due to infertility,
death of emhr"o and death during hatching, brood parasitism, nest 
infestation by arthropods, competition for nest sites in adults, 
adult mortality, desertion, starvation, predation and inclement 
weather. Brood losses during this study were due to disease or 
starvation and disappearance or predation. Predation is thought 
to be a negligible mortality factor in raptorial birds becuase of 
the capabilities of both voung and adult:? to defend themselves 
and their nests (Ricklefs, op cit.). Although predation on 
nestling Fish Eagles wns not observed, it was still suspected as 
the cause of most chick losses. From scratches on the nest tree
aa leopard Pant' era pardus was once suspected to have killed and 
eaten the 2 ei ht-week old chicks of Pair No. 06. In the 
remainder of the losses, it was not possible to ascertain whether 

disease, starvation or predation were the causes of mortality. 
Primates have been increasingly shown to be partial carnivores 
despite their being largely vegetarian (Van Lawick-Goodall 

1971, T. Butynski, pers. comm.). Olive Baboons Papio anuhi_s_ 
(Rowell 1966 & pers. domm. ) and Vervet Monkeys Cercopithecus 
aethiops (Stmhsaker 1967 pers. comm.) have all been known to
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supplement their vegetation diets with animal matter. These 

species, all of w .îvi have been observed climbing nest and other 
trees in the study area, could have been responsible for some of 
the Fish Eagle erg and chick disappearances. The Monitor l<izard 

Varamus niloticus. a sc.-venĝ r with predatorv tendin''5 “s 
(Edroita & Ssoli 198̂ , 0. l.akor-Oiok, pers. comm.) and unidentified 
snakes, both found in nf,st trees, orobably rent ~i bu ted towards

Isome of the egg and nestling martalities.
Predation and inclement weather are alike in their effects 

on nesting mortalities in that they usually result in destructions 
of whole clutches and broods and they can occur at any point in 
the nesting period (Ricklefs 1969). During this study six nest 
trees blew down during rainstorms, but the mortality due to this 
cause could not be determined because the nest contents were not 
known.

Badly built nests and those sited in insecure trees are 
significant causes of poor nesting success among eagles in general 
(Brown 1970b). In Embu District, Kenya, badly built nests was 
the ma ior cause of breeding failure in the Ayre's hawk F.ao-le 
Hieraaetus duhius. These two mortality factors caused 5 out of 
202 Fish Eagle breeding attempt.3 in this studv to fail. Because 
the nest contents were not known, their effects on egg and chick 

losses could not be ascertained.
Blood-sucking flies were responsible for the deaths of seven 

out of 15 Red-tailed 'lawk Buteo iamaicensis chicks in California 
in a year (Fitch et al. 1946). One t;pe of biting fly Stomoxys sp. 
sucked the blood of feathering voung Fish Eagles but was not observed 
feeding on downy chicks. The effects of the blood-sucking habit

rtalitv in the Fish Eagle was, however,of the fly on nestling mo
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not studied.

Lack (1954) emphasized asynchronous hatching and selective 
starvation as being common features of raotorial nesting behaviour. 
Starvation can be s spect^d as a cause of mortalit*’ wl en mortalitv 
rates are greater du>~in the nestling than the egg periods and 
when wvt'lin-brood losses are high (liicklefs, op cit.l. From 
Brown's (i960) data Ricklefs (1960a) calculated that the Fish 
Eagles of Winara Gulf, L. Victoria, lost vourip 0 times mor§ rapidly 
than eggs, thus surgesting that starvation was a si-nifieant factor 
in the losses of the -'oung. In Alaska the Bald Earle had a lower 
nestling mortality rate of 0.65# per dav than the egg mortality 
rate, 1.27# per day (Ilennel % Trover 1964). In Montana the 
Golden Eaglenlso had a lower chick mortality rate than that expe­
rienced by the egg, i.e. 0.28# and 0.5ft# per day respectively 
(McCahan I960). During this study asynchronous hatching and 

selective starvation were observed (Suraba ft Pomerov, In press ft
l ■

section 9*3.5) but the chick mortality rate of 0.53# per day was
lower than that of the egg, 0,74# per day. Furthermore, when
starvation plays a prominent role in nestling survival mortality

D '
rates increase continuously during the nestling periods as the 
.young grow in size and require energy at more rapid rates as for 
many species of marsh-nesting icterids (Petersen ft Young 1950*
Young 1963). In this Park, the findings that Fish Eagle nestling 
mortality was lower n egg mortality and that nestling mortality 
decreased with the age of the young clearly suggest that starvation 
was probably unimportant in the observed nestling mortalities.



-  276 -

C H A P T E R  9

BEHAVIOUR OF THE NESTLING

9.1 INTRODUCTION

The behaviours exhibited b.v the nestling Fish Eagle depended 

on the situations to which it was exposed. ‘'Thus, the day to day 
veatr.er conditions, and d i strirbances by man and other animals and 
competition for parental care, especially feeding, elicited diffe­
rent reactions which seemed of survial value to the growina ĉ ick.

9.2 METHODS

9.2.1 Nest behaviour
The sleeping and resting times of the young were not measured. 

However, the time spent by the young of Pair No. 6 (1975) at the
neat edge as they matured was recorded. This was done by noting,

*

to the nearest minute, the time the chicks moved to and from the nest 
edge and expressing it as a percentage of the observation time.
The prevailing weather conditions during observations were recorded.

9.2.2 Panting
Panting in the Fish Eagle occurs in both young and adults. It 

consists of the hird rapidly inflating its lungs with its bill agape. 
The tongue is uaially lifted clear of the floor of the lower mandible 

and pushed forward (Plate 5).
Panting was observed in the 11—week old chick of Pair No. 6 

from 07:30-19:50 on 26 September 1975- Only the larger chick 
(Ĉ ) of the 2-young brood was observed. The duration of panting 

was recorded as the time when the chick opened its bill, in the
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typical panting manner, and when it closed it. For each hourly 
interval the time the bird panted was recorded and panting duration 
expressed as a percentage of the respective hourly intervals.

9.2.”5 Def aecation
I

The method the chick used in defaecating and the distance 
from the nest floor, the watery faeces were discharged were noted 
as the young matured. The distance the stream of faeces was

I
discharged was noted in qualitative terms as a) in the nest floor, 
b) on the nest rim and c) outside the nest.
9.2.4 IntersnecifLc behaviour

Any reactions of attraction, indifference, fear and aggression 
on the part of the nestling towards human being on the nest were 
recorded whenever weight and other body measurements were being 
taken. Similar observations were made of their reactions to other 
birds on the nest or flying past and to animals walking or grazing 
below.

9.2.5 Intrasrecific behaviour
In 2- or 3-young broods intraspecific interactions were largely 

sibling.aggression in which the older chick showed overt aggression 
towards the younger chick (s). For this reason sibling aggression

•  ft

was studied in detail, especially with respect to its effects on 
the feeding behaviour, growth patterns, and survival of the young.

The effects of sibling aggression on the physical and behavioural 

development of the young were observed in all accessible nests, but 
most closely in those of Pairs No.6 and 82. The feeding pattern 
was assessed by recording the number of morsels each chick received 

and observing the feeding behaviour and the food proffering sequence
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during each meal. Fledging successes for Ĉ , and C were 

calculated from 52 nests whose contents were known at hatching.
Ten of these nests were accessible for measurements and closer 
observations of the young for signs of sibling strife.

9.3 RESULTS

9.3*1 West behaviour

During t’.e downy stage, when a n°stlinr was uncovered it slept 
and rested for considerable periods of time. u The resting posture 
consisted of lying on the tarsi and belly with the head laid down 
to ono side or propped up and directed straiht forward and the 
stumpy wings half opened. Nestlings also lay on their sides with 
the upper legs. - The talons of such legs were normally fully opened. 
Gradually the nestling became more and more active; it crawled about 
the nest floor largely on its tarsi while occasionally being supported 
by the wing tips as it moved.

* - •»
Chicks ldjr in one of two positions in the nest; on the nest

floor or at the edge. Nestlings of all ages moved to the nest edge 

to rest although the time spent at the nest edge was not significantly 
correlated with age (Fig. 9.l). Whenever a downy young was left 
exposed by the brooding parent, and there was strong sunshine, it 
crawled away from the centre of the nest. Older young* i-n tbs 1 
feathering and feathered stages, also moved to the nest edge during 
the hot periods of the day. Although there was no significant correla­

tion between movement to the nest edge and the age of the young, the 

gradual reduction in the amount of time spent at the nest edge with 
maturity might be due to the increasing capability of the young to 
thermoregulate its body heat. Exposed as nests normally are (section 5*
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FiC* 9#-1 pcrccr. 1. of observation tine the elder young (d) of 
• Kich r-^le Pair ||P. 6 (1975) Rpent at the nest edge

° . C T'.* L5 °r: °* uGe • Total observation time= ?5.05 iiourc*



It was not unusual to record nest floo r temperatures of 40° to 45° C 
while the corresponding values for the nest edge were 32° to 37° C. 
The following observation illu s tra te s  what probably happened often 

in nests in  this Park:

28 November 1975. a very hot day, at about 11:30 an unusaually 
high nest flo o r temperature of 51.0 C was recorded in nest 
of Pair No.3. the corresponding nest edge temperature was only
32.5 C. The only chick in the nest, about two days old, 
called incessantly when momentarily placed in the ne3t floor 
and struggled to the nest edge in the shade of a leafy branch 
where i t  immediately stopped ca llin g . It panted heavily both 
at ttie nest edge and in the nest f lo o r.

During measurements, care wan taken not to expose i t  to the 

excessive heat of the flo o r . Additional leafy branches were used 

to provide i t  with complete shade by the nest edge before the brood­

ing parent returned. The parent, fortunately, returned to shade it  

(section 1 0 . 3 . 1 ) immediately I le f t  the nest.

9.3,2 Panting * t
Panting in the chick was observed from the f ir s t  week of l i fe .  

Since i t  was observed only during hot weather, panting must be in­

duced by heat stress (Fig . 9.2). When a cloud gathered in the sky 

on a hot day, panting momentarily stopped or proceeded at a reduced 

intensity. On a hot day i t  started at about 09:00 and continued 

t i l l  about 17:00 and it s  intensity depended on temperature, reaching 

a peak during the hotter afternoon period. Since hourly temperature 

readings were not taken on the day of observation, a quantitative 

relationship between panting and temperature could not be established. 

However, the panting behaviour of the nestling and the brooding 

behaviour of adults were s ig n ifican tly  correlated (Fig. 9.2).

During panting the chick lost a c lear salty flu id  from its  

beak. This liqu id  probably originated from a pair of nasal
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Fig- 9-2 The panting behaviour of an eleven week old nestling 
Fish Eagle a s observed on 26.9-75- P = Panting 
behaviour of young; B = mean brooding behaviour of 
parents as in Fig. 10.1.

S
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salt glan'ds which the Kagle poasessos (Cunningnan van Someren, pers. 

comm.).

9.3.3 Defaecation

The chick defaecated in a characteristic posture, with the hind­
quarters elevated and t*->e fore-quarters depressed. With the cloaca 
raised, a stream of whitish fluid was squirted, usuallv well out 
of the neat. This mode of defaecation was exhibited rirbt from 
hatching. Because the newly hatched chick was still weak,to raise its 
hind-quarters properly all faeces produced at this stage did not 
get over the rim of the nest. Hpto about two weeks of age much 
of the faeces ended in the nest floor although- some of it reached 
the nest rim. . From about three weeks of age until leaving the 
nest the nestlings were strong enough to e.iect faeces out of the 
nest. In all raptor nests, faeces white-washing materials at 
the nest rim and the vegetation below the nest are a good indica­
tion of the presence of young in otherwise unsusDected nests 
(Brown 1976).

9.3-4 Interspecific behaviour
9.3.4.1 Reactions to human beings

From hatching to about 10 days of age the chick was attracted
to a human observer. Between 10 and about JO days it was neutral,

and it showed fear responses like freezing or moving away from a
human being between 30 days of age and leaving the nest. A few
days prior to flight, however, it became aggressive and threatened

any human observer in the nest as evidenced below:
At 59 days of age, on 21/2/77, the only chick of Pair No. 8?, 
lying by the nest edge, was approached for measurements. As 
soon as it saw me it .jumped from the far end of the nest in 
a typical spreadeagled threatening attitude. It stopped



right in front of me, the eyes glaring, the feet out­
stretched with the talons spread out, the wings half- 
opened, the mouth gaping as if ready to bite, and the 
bird reared as if it was going to fall on its back.
I retreated down the ladder and it went bank to the 
very place it had been lying. A second climb up 
the nest did not elicit any further aggression but it 
was difficult to dislodge for it held strongly onto 
nest materials with its talons and bill. Clear signs 
of fear were then displaced. Three days later, when 
I came to ring it and take additional measurements, 
the eaglet flew away, probably prematurely.
Several eaglets were handled duringuthe last stages of

l
their fledging periods and no problems were encountered with 
them. Most of them froze when being approached for measure­
ments but a few threatened before freezing. In such circum­
stances they bit and taloned whatever came close to the head 
and the feet and they made high-pitched squeaking cries as they 
were handled.

9«?*4.2 Reactions to other birds and animals
• *,

The reactions of t^e nestling to other birds and animals 
can only be described generally and non—quantitatively, and only 
for young not being brooded or closely guarded by the adults. 
When adults were on the nest few birds alighted or flew close 

(section 110.3.2).
■ / Many species of small birds, e.g. House Sparrows Passer
domesticus.weavers (Ploceidae), bulbuls (Pvcnonotidae), sunbirds 
(Nectariniidae), kingfishers (Alcedinidae) and canaries 
(Fringillidae) alighted on Fish Eagle nests, with or without 
young, when the adults were not around. They picked up pieces 
of prey and nesting materials like grass and feathers from the 
eyries. Downy chicks were indifferent to all these birds,none 

of-which molested them. Feathering and feathered young watched
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them with in te re s t  ns they  jumped about but did not d r iv e  them 

away. When large  b ird s  l i k e  k i t e s  M ilvus spp .,  crows Corvus s p p .t 

vultures ( A c c ip i t r ld a e ) , Marabou Storks L e p to n t i lo s  crum eniferus. 

pelicans Felecanus s p p . ,  and Egyptian geese  Alopochen 

aegvptiacus flew past o r  c i r c l e d  above the  neat downy young 

remained unperturbed, but lar.ee ch ic k s  f r o z e .  Normally large 

chicks appealed a t t r a c te d  bv t Ke i r  parents  soaring  above them.

Only large young e r h ib i t e d  in t e r e s t  in large  animals grazing
i

below o r  walking post the  nest t r e e s ,  and thev showed no signs o f  

f r ig h t .  Encounters between t r e e - c l im b in g  animals and young were not 

w itnessed.

9-3.5 Intraspecific behaviour (sibling aggression)
In the Fish Eagle one o f  the most fa s c in a t in g  behaviours o f  

n e s t l in g s  was s ib l in g  a g g re s s io n .  I t  was suspected to  be one o f  

the most important n e s t l in g  m o rta l ity  f a c t o r s  because i t  occurred 

in a l l  broods with more than one young.
i •

Beca^.se o f the asynchronous h a tch in g  o f  eggs ( s e c t i o n  7.3.10) 
by the time the second (C£) and th ird  (C^) ch icks  hatched the o ldest  

young (C^) was a lready  s t r o n g  and a g g re s s iv e  towards them. Overt 

aggression  only occu rred  during the f i r s t  30 days or so o f  the 

b rood 's  l i f e ,  the c o r r e l a t i o n  between numbers o f  a ttacks  and the 

age o f  the brood being  s i g n i f i c a n t  (F ig .  9-3). From then on the 

younger ch ick  s u c c e s s f u l l y  r e s i s t e d  fu r th e r  attacks o f  the older 

brood-mate.

During the early part of the fledging period Cj attacked and 
tore the head and/or back of its sibling. Siblings with wounded 
heads and/or backs were recorded in 6 out of the 10 accessible nests, 
and the effects of this aggression on the Physical and behavioural
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development of s ib lin g s  are described in  Tables 9 . 1  ft 9.2.

The elder young showed aggression towards the younger chick both 

in the presence and absence of the parents, and when the adults 

were present thev wc-c unconcerned as the "ounr fought. The 

nestlings also fought during both feeding and non-feeding 

periods. The repeated attacks resulted in the younger nestling 

withdrawing on Cj ' s  abroach, and in the c 1 ic'<s eating different 

amounts of food.

The effects of s ib lin g  aggression on the survival of the 

brood and the related adaptive behaviour shown bv the affected 

young in  its  e fforts to survive are further described below:

9.3.5.1 The number of food pieces eaten

In 1975 the two chicks of Pa ir No. 6 were noted to receive 

different amounts of food (Fig. 9-4). Because i t  was sore active
• f t

than and because of i t s  attacks on the latter, was usually 

fed f i r s t  and had the bigger stare in almost a ll meals. TheirA
shares began to equalise onlv from about 40 days of age. Every 

time a parent arrived with food knocked down C .̂ It was not 

until was satiated that C? could feed (Table 9.1; records: 

22.7-13.8.75).

9.3.5.2 Feeding strategies

Having survived up to about 30 days of age, (-p effectively  

resisted the attacks of Cj and henceforth, was rare ly  attacked. 

Both chicks then employed d ifferent strategies in securing the 

larger share at each meal. They took advantageous positions 

during feeding times, usually  by being very near to the feeding 

parent. Thus, pieces of food destined, say, for Cj could be 

grabbed by Ĉ , and vice versa, before the farther chick had got i t .
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Table 9.1 The effects of s ib lin g  ag session  in  a 2-chick brood (Pair No. 6 ) 
on the feeding behaviour of the nestlings. Ape ref Qrs to that of

Sate
Age

(days)
Attacks 

on C?
U

Comments

22.7.75 7 0 Female feeding; chicks slow at eating; 34 morse! 
to and only 3 to C2 .

25.7.75 1 0 2 Female feeding; chicks slow; C; ate 52 morsels 
and Cp 6 morsels; C2 withdrew after second 
attack.

27.7.75 1 2 3
1

Female feeding; C-| ate 32 morBels and C2 11 
morsels; C2 withdrew after th ird  attack.

29.7.75 14 0 Female feeding; chicks on either side of parent 
C; swallowing morsels faster than C2 ; C1 ate 
73 morsels and C2 45 morsels.

31.7.75 16 . 1 Female feeding; C2 withdrew to side of parent. 
Order in  which morsels were offered C-j 1 
4 2 . 1 . 1 . 1 . 2 2 . 2 5  ( 9 2  morsels) and C2i 4 *7 .8 . 6 . 0  
( 2 5  morsels).

1 .8 .7 5 17 2 Female feeding; C2 withdrew when assaulted 
twice before sta rt of feeding; tiny remains of 
fish ; ate 4 3  morsels and C2 none.

3.8.75 19 3 Female feeding; C; ' s crop f u l l ;  C2 's crop not 
showing and withdrew after th ird  attack. C; ati 
86 morsels and C2 1 1  morsels.

4.8.75 20 2 C-] fu l l  crop; C2 crop not showing; C2 resisted  
attacks and tore morsels from prey as parent 
held i t .  ate 9 7  morsels and C2 ate 6 s e lf­
fed morsels.

9.8.75 25 1 Female feeding; Cp withdrew after attack at 
start of feeding bpt fed after C; was satiated 
and wandering about; ate 86 morsels and 
C2 29 morsels.

13.8.75 29 2 Female feeding; C2 withdrew after second attack, 
fed when C; was satiated and wandering about;
C-j ate 76  morsels and C2 ate 21 morBels.

16.8.75 32 0 Female feeding; alternate feeding sequence C-j « 
4 7 . 6  (5 3 ) & C2 » 7.13 (2 0); adult between young 
but C-) hearer adult; C2 tore some morsels from 
prey as parent held i t .

Cont'd
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Table 9*1 Cont'd

Date
Age

(daw*)
Attacks 

on C? Comments

17-8.75
1
33 0 Female feeding; alternate feeding sequence C; 1 

18.14.17.2.18.0 (69 morsels) and C2 > 4.10.8.9.10 
(41 morsels); competitive feeding but C; nearer 
adult; Cg tore morsels as parent held down prey.

19.8.75 35 0 C2 self-feeding on remains of prey; C-) un­
concerned.

1 Female feeding; C2 withdrew after attack; remain 
of bony head part of C larias so. C1 ate 22 * 
morsels while C2 ate none,

21.8.75 37 0
1

Female feeding; C;t 8.13.5.9*16.12.10 (73 morsel 
and C2 » 10.11.6.4.5*3.5 (44 morsels); competition 
between young.

C2 se lf—fed on 25 morsels torn from prey .13 
parent held i t  down.

25.8.75 41 0 Female feeding; chicks competitive; C; 1 
8.10.9.16.13 ( 5 6  morsels) and C2 * 6 . 1 2 . ) . 1 2 . 2  
( 4 1  morsels).

C2 3elf—fed on 30 morsels which i t  tore for i t ­
s e lf  from prey which i t  struggled to hold down; 
feeding done in  presence of parent.

31.8.75 47

1

0 Female feeding; chicks highly competitive 
(twice pulled at same morsels); C; 1 3*12.4.6.3 
(24 morsels) and C2 « 5*17.4.2.3 (31 morsels).

' 7.9.75 54 0 C2 self-feeding in  absence of parent; ate 1 1  
morsels from dry remains of prey which it  
struggled to ho*.d down.

8.9.75 . 55 0 Female feeding; s t i f f  competition between young; 
C; » 3.5.11.15.12.2 (48 morsels) and C2 * 
4.6.11.10.3.2 (36 morsels).

Self-feeding during presence of adult; tiny 
remains of prey, each chick tore morsels for i t ­
s e lf;  C1 ate 7morsels and C2 ate 13 morsels.

C2 se lf-fed on 3 0  morsels before offering 3 
morsels to C1 a fter prolonged begging by C; j 
feeding dono in  absence of adult.

Female feeding; s t i f f  competition between young; 
C; 1 2.7.11.14.7.8.9 (59 morsels) and Cg» 
3.4.6.11.10.8.7 (49 morsels).

17.9.75 64 Parent brought prey and the young fed themselves; 
f i r s t  young to grab prey fed u ntil satiated.
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Table 9*2 The physical and "behavioural developments of C; and C2 (Pair
No» 82) in the early part of brood life in relation to sibling 
aggression.

Age (days) Weight (g)
Date C l C2 Cl 9Z Food remains "

28.12.76 3 1 120 84 Tilapia sp. (200g)

30.12.76 5 3 182 128 Tilapja sp. (l42e)

31.12.76 6 4 212 126 Bagrus sp. (llOg)

Comments
Crop of Ĉ  fuller than of C2; 
both chicks active.
Head of C2 wounded; bill 
marks and blood dots indica­
tive of sibling aggression.
C-j active and healthy, crop 
very full; C2 aggressed and 
head still with fresh wounds.

Tilapja sp. (410g) Area of wound on C2's head
increasing, withdrawal be­
haviour intense, crop empty 
(hand-fed l8g morsels of fish)? 
C2 amaCiated compared With 
healthy C-i.

3.1*77 9 7 334 138 Haplochromis sp.
(50g & 20g)

6.I.77 12 ,10 56O 150 Tilapja sp. (40g)

C1 strong and healthy, crop 
full; C2 weak and thin, crop 
empty (hand-fed 2Cg morsels), 
bare head still extending; 
intense withdrawal behaviour 
on C;'s approach*
Ĉ  active and healthy, crop 
full; C2 very weak, crop 
empty (hand-fed 26g morsels), 
head badly wounded, with­
drawal behaviour more intense.

9*1*77 15 13 790 320 - C.j active and healthy, crop
full; C2 regaining strength, 
wounded head healing, crop 
full.

11.1*77 18 - 865 - Tilapja sp. (l20g) Ĉ  aotive and healthy, crop
full; C2 disappeared without 
trace.
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F ig .  9*1* The percent oi' total morsels eaten by each 
nestling in a 2-young brood of African Fish  
Knglc Pair No. 6 (1975)* The disparities 
.in amounts of food eaten were due to sibling 
aggression in the 6pecies (see text). C^= 
older young, and » younger sibling.



-  291 -

The young nearer the feeding parent, therefore, ate many more 

morsels than the other (Table 9.1; records: 16-31.8.75).

The second strategy the competing chicks employed was to 
supplement their number of morsels by self-feeding (Table 9.1; 

records: 4—25.8.75). Here, as the feeding parent held down
the prey the chick getting fewer morsels tore for itself pieces 
from the prey. This behaviour was first noted when the young 
of Pair No.6 were about 3 weeks old and C regularly did so.

i

A third method was for the young to feed themselves when 
food was available, usually in the absence of any of the parents. 
The chick simply held the prey and tore pieces from it for itself. 
This type of feeding appeared by the 35th day of life (Table 9 . 1 ;  

records: 19.8-7.9.75). During such feeding the young without
prey begged and chased the one with it and both nestlings moved 
round and round the nest, with the one holding the pre.v walking 
as if wearing an oversized boot on one foot. Occasionally the 
chick without the food item grabbed it and a tug-of-war with legs 
ensued. Fragile prey once broke and separated the contestants. 
Such tugs-of-war were rare because the chick holding the prey 
often successfully defended it by half—opening the win^s to rover 
it and by threatening the approaching sibling. When threatened, 
the brood-made resorted to begging rather than forcefully staking 

a claim.
Competitive feeding appeared between nestlinrs from about 30 

days of their life, the time when successfully resisted the 
assaults of During such feeding fast swallowing of the

pieces of flesh profferred by the parent was important; the 
average time taken per morsel by two nestlings being significant 

in relation to their age (Fig. 9.5). Any chick that took morsels 
from the parent's bill and swallowed them fast drew the feeding
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Fig. 9*5 T'*6 tine taken by a 2-young brood of Fish
«■ Eagle Pair No. 6 (1975) to swallow pieces 
of food proffered to them by one of the 
parents.

• 9*6 The growth curves of 2 young o f Fish Eagle pair 
No. 82 in  the e arly  part of the n estlin g  period 

, C2 disappeared on the 1 8 th day of the brood's
l i f  e .



attention of the parent wi ich offered many more morsels to it before 
giving to the other c-.ick (see alternate f eed i nr sen .enres. Table l.l).
however, the significant relationship between t e tin,o PPr cornel 
and the age of the brood mipht not be due to sibling competition 

alone; normal maturation of the chicks might have contributed to 
it too.

Another interesting interaction, which was observed only once, 
occurred between the 2 chicks of Pair No. 6 when the brood was 53 

days old:

Between 06:50 and 07:10 the female fed the chicks;
07:10—07:35 she held the prey without feeding the voung 
and all along the chicks begged to be fed; 07:75 she flew 
off to help the male drive away a 3—year old intruder; 
durinr the fight which lasted almost 70 minutes, C_ got hold 
of the prey and was feeding itself; as C_ fed, Cjr constantly 
Bogged to be fed too; they moved around the nest but C_ 
successfully protected the prey from Ĉ ; after prolonged and 
persistent begging played the par^ of a parent by offering 
some pieces to Ĉ , which morsels Ĉ  teadilv swallowed; the 
whole scene, wan, however, interrupted by the female returning 
at about 08:07 and resuming the feeding herself.

9.3.5.3 The growth and fledging success of siblings

Sibling aggression, acting thro\:gh "accentance of intimidation" 
and causing artificial food shortage and starvation in the younger 
sibling (Heyburg 1974), was thought to have been the cause of the dif­

ferent growth patterns of and in the early part of their 
brood life (Fig, 9.6). grew more slowly than due possibly
to the "artificial starvation" it experienced despite the abundance 
of food in the nest (Table 9.2). It regularly had an empty crop 
and when hand-fed it readily took the morsels offered to it. At 
13 days of age, when it was last weighed, its crop, iust as of Ĉ , 
was full apd its badly wounded head was healing. It seemed to 

have passed the critical stage in its life and would have survived 
the effects of sibling aggression. But by the 18th day of the 

brood18 life it had disappeared without trace.
Despite C2 growing more slowly than ^  during the early oart 

of their brood-life their mean fledging weights were not significantly



-  294 -

different (Table 9.3). Thin would indicate that the effects of 

sibling agression were probably limited to the earlier part of 
brood-life. During this Deriod its most significant effect is 
apparently to eliminate the ounger siblings. After t is period, 
once sibling agression .ms failed to eliminate the oum er Clicks, 
fledging weights. rJven in l- and 2—young broods t- e mean fledging 
weights we>-e similar (Table

Data are presented in Table 9.4 on sibling survival in 5? 
nests with more than one young in relation to the hatchim sequences 
of the chicks and brood sizes. The fledring successes of nestlings 
did not differ significantjy with respect to both .latching order 
and brood size (Table 9.4). These result's indicate that sibling 
agression wan not ari important brood mortality factor, boca 'se if it 
were far fewer and C? and B/2 chicks than recorded would have 

survived. .

9.4 DISCUSSION
i  * *

Din (1970) recorded a temperature of 111° F (43.9 C) in the 
open nests of 'ink-backed Pelicans in this Park and commented on 
the dan era of disturbing the brooding adults. The naked 
(p8ilopnedic) young could easily be killed by prolonged exposure 

to such high nest temperatures. King & Farner (1961) observed 
that behavioural thermoregulation by wnich the bird seeks a cooler 

place and reduces activity during the hot part of the day is 
important in reducing heat stress. Nestling Fish kafles probably 
avoided -excessive heat stress by moving to the nest edge which was 
cooler and perhaps better aerated than the hotter and structurally

leas ventilated nest floor.



-  295 -

Table 9.3 The mean fledging weights (g) of nestling Fish Eagles in
relation to thoir hatching orders and brood sizes. Student's 
t was calculated using formula for small sample sizes.

Hatching order Flodging weight (g)
or brood size Mean + S.d. Range n t-value df

Cl 2775.0+188.7 2500-2950 4 O.574 NS 6
C2 2558.8+624.5 1900-3410 4

V -&/1 2282.5+92.5 2190-2375 2 1.021 NS 8
B/2 2666.9+473.8 1900-3410 8

Table 9*4 The fledging successes of nestling Fish Eagles 
in relation to their hatching orders and brood 
Bizes.

Hatching order Number of young ^ fledging
or brood size Hatched fledged success

Cl 52 39 75.0

c2 52 37 71.2

r. c3 3 2 66.7

X2 = 0.040' NS, df = 2

B/l 23 12 52.2

B/2 70 47 67.1

X2 = 0.395 NS, df = 1

I
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The role of panting in temperature regulation ps h >n if;h- 
lirhted for - onn - White Pelicans (Bartholomew et al_. ] 05 . for

young pelicans, herons and gulls ( Rart’iolomnw <5: lawson ]">54); and 
for the Sooty T-rr (Rowell ft 'art.’-nl omew 196?). Tn d : r.n ssionn 

on t ermore&uLation t e importance of t e respiratory tract as oru 
of the means of heat, loss for birds is stressed (Salt ft ''eut'.en 
1961, Kiri- i-'/irnr r, op cit. and '-TutehimOn 1 r,54 ■ 'rd'. T ,at
the importance of heat loss t rou. the evaporation of wnber from 
renpiratory tract increases vfith temperature was demonstrated in 
the pigeon (Ka.ser ]o?9)» the n'lisl; T.parrow (Kendal; ]Q44) and
in toe domestic hen (Hutchinson 1954).

King ft Farrier fop cit.) state that "As t>e environmental
temperature nppronc es and exceeds t'e upper critical temperature
heat loss by evaporation from respirator'/ surfaces becomes relatively
more important and is finally t e sole method of heat lô s. In

*

this range, panting and also gular fluttering be* in and provide a 
marked increase in exchange of air over moist surface, primarly 
over the non-respiratory surface of the respirator - s-steci, i.e. 
the mouth cavity, pharynx and bronchi (and possibly air sacs)."
In the o -en nest of tie Fish. Nagle the environmental temperature 
.probably regularly exceeded the upper critical temperatures of the 
breeding adults and the young. By panting, both aduits and chicks 
undoubtedly rid themselves of considerable heat. Dur'ng panting 

a nestling lost a clear salty liquid from its beak, and this liquid 
probably originated from a pair of nasal (supraorbital) salt glands

which the bird possesses (G. R. Cunningham-van Someren, pers. comm.). 

This hyp'ertonic salt solution ran along the inner surface of the 
upper mandible and appeared as a bead on the curved tip of the mandible
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The sinuses in t'-.i* nasal cavities of birds are m  net-ally good 

heat excianrers (. F. i. 9. Knyan.-'n, ners. conn.). Probably 
through the eva ■•oration of some or t-iis fluid ip the nasal 
cavities bot i ad '1 r. and o\>* i-’is- ,n> les lost some of f’̂ ir 

heat loads. Thrnu--h V e excretion of t in solution birds aLso 
rid themselves of e-'eear. ral * 3 a i t ° evt.ent to v: t' is

liquid loss serves to »»m d e  t-.c f;r.l ts is st.i.Jl to hi Lnve..t i« at* d.
I

Oceanic birds \pve b*:r>n known to r d t enseives of e cess salts 
by a similar process (ochnidt-liielsen t_t al.. 1958, Fange e_t lL_.. 
1958a 4b). . O .

'•iarJ v in t,h* fled i ng , • rod young Fish Iterles vere attracted 
to hui'.an observers probnhiy because they bad not learnt to dis­
tinguish between t cir parents ar.d other animals. During mid- 
fledging, however, the indi.ffe-enc** showri comd be because they

9
» .

were already able to differentiate between the parents and other 
animais but had rot nrobahly ex rri^nced fri<> toning stimuli.
This is a stage when Lae young could be highly vulnerable to 

predation since they were physically incapable of defending them­
selves (Ricklefs 1969«). iowever, one of the parents was usually 
on guard although not necessarily on t e nest (section 10.3.2K 
During t' e last part of the nestling period, the exhibition of 
both fright and threat could deter a potential predator from

I
attacking tnem. Additionally, the physical capabilities of the 
nestlings at these later sta* es made them better able to defend them­

selves against predation (Ricklefs, op cit.).
Because raptor eggs are laid at intervals they consequently 

hatch at intervals too. This is. because incubation invariably 

starts with the first egg before the full complement of the clutch
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has been laid. Meyburg (1974), hoover, recorded synchronous 
in some pairs of the Spanish Imperial Eagle Aquila haliaca 

which indicated that incubation started after the last egg had 
been laid. Asynchronous hatching has also been recorded in the 
Lesser Spotted Eagle A. oomerina. African Hawk Ea»rle i'ieraaetus 
spilogaster. Spanish Imperial Earle and White-tailed Sea Earle 
Haliaeetus albicilla (Mevburg, cp cit.); in the Golden Earle 
A. chr-^aetos (hgrara 1969); in the Raid Ea le (Bent 1937 ;

I
and in the African Fish Earle (Steyn 1972).

Aaynchronous hatch! nr has been thought to ensure t*>e survival 
of the older chick durinr times of food shortage (Lack 1966).
It operates through aggressive subordination of the younger sib­
ling and/or denial of adequate feeding. 5Meyburg (1974), how­
ever, concluded that food shortage was not involved in the death 
of the younger sibling. In fact, in most cases, there was 
enough food to sustain the chicks. In the Queen Elizabeth Park 
FiBh Eagle population food shortage could not have been involved 
in the deaths or disappearance of the second or third chicks.

Pood was always abundant, at least in the early part of the 
nestling period (Table 9.2). An important cause of death or 
disappearance among second or third siblings could also have been 
the denial of adequate feeding resulting from excessive attacks 
by the older siblings as was the case in Meyburg's study.

In some species of raptors sibling aggression has been known 

to result in the fledging of only one chick, usually the oldest, 
at the expense of others. In the Golden Eagle it is believed 
the second chick was usually killed by the first (Ingram, op cit.). 
Meyburg's observations on the Spanish Imperial, Lesser spotted,
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African Hawk and the White-tailed Sea Eagles, however, showed 
that actual killing of one chick by another happens very rarely, 
if at all. He suggested that the critical factor in the 
elimination of the younger chick was the hatching interval wMch 
operated through "acceptance of intimidation" to cause artificial 
food shortage and starvation in the . ounger sibling. In the 
Leaser Spotted Eagle he witnessed the remains of a Cp which died 
as a result of sibling strife being fed to Cj and the remainder 
devoured by the feeding parent. Second and third siblings which 
disappeared from broods of Fish Eagles in this Park may have died or 
heen killed by their'older young; tneir bodies could have, sub­
sequently, been eaten by the surviving chicks and the feeding 
parents, because any other causes of death, like predation, should 
have involved both the oldest chicks and their young siblings too.

In the Spanish Imperial and the Golden Fugles the elder young 

attacked and tore the backs of the younger one (Meyburg op cit.).
t

A South African Fish Eagle chick delivered twisting pecks to 
various parts of the body of its younger sibling (Steyn 1972),
In this study, the older nestlings largely attacked the heads of 
the younger chicks although the backs weje also wounded.
. The reasons for this aggression are not clear but Lack (1966) 
interprets asynchronous hatching as being of value in ensuring the 
survival of the older chick during periods of food shortage. It 
would therefore be of no advantage to the older chick in food-rich 

areas or during periods of food abundance. Furthermore, according 
to the theory of sociobiology (Hamilton 1964) relatedness should 
reduce competition or fights among full—sibs. It is therefore 

paradoxical that Fish Eagle or any other raptor siblings should
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fight, even to the points of killing each other, w .en the ter­

ritorial behaviour of the breeding pairs should have ensured their 
full-eibship or relatedness through monandrous insemination of 
their mothers. Nonetheless the sibling aggression shown by 
nestling Fish Kagles may be an inherited trait of the genus that 
has persisted with time in the species. But its advantages in

l
ensuring food supply for and the survival of the first chicks as 
postulated by lê k (op cit.) has not come out clearly during this

I
study.
’ Sibling strife in birds i3 not confined to birds of prey 
alone. It has been reported, for example, in the Blue-faced 
Booby Sula dactvlatra personata (Kepler 1969). In this Park it 
has also been observed in the Pink-backed Pelican (Din 1970).

.
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C H A P T E R  10 

, PARENTAL CARE OF NESTLINGS

10.1 INTRODUCTION

In eagles parental behaviour varies according to 
species and among individuals within species. Brown 
(1976b) generalised that if the female icubated alone 
she will normally brood alone. In some species like

i
the Golden Eagle A q u i1 a chrysae tos the male took a 
greater’ share in brooding than in incubation, and in 
others such as the Crowned Eagle S bephanoaetu3 coronatus 
the male shared in incubation but seldom or never brooded 
young. In yet other species, e.g. the Martial Eagle 
Polemaelus bellicosus, Ayre's Hawk Eagle Hieraaetus 
dublus, all snake eagles (Circaetinae) and the Bateleur 
Terathopius ecaudatus the males do not brood at all 

(Brown ', op. ci t. ) .

Both sexes in the African Fish Eagle Haliaeetus
Avocifer incubate and brood. As in the related Bald 

Eagle H. leucoccphalus (Herrick 1933) however, much of 
. the brooding was done by the female. Because she did 

much of the brooding the female also guarded the young.

The amount of food brought to the nests or most 

raptors always sharply increased immediately after 

hatching and the killing rates of the males normally 

doubled or trebled at this time (Brown 1976a ' )

Usually the female fed the chicks and normally on
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prey collected From or brought into the nest by the 
male.

10.2 METHODS

10.2.1 Brooding of youngI ~ '
The role of the sexes in brooding young was assessed 

largely by watching Pair No.6 (1 975 & 1976) and, to 
varying extents, other pairs. The times each sex started 
and stopped brooding were noted. From these records the 
amounts of brooding done by each sex and the amount of 
time the young were loFh exposed were determined.

During the first 8 weeks of the nestling period, 
the total time parents brooded young was obtained for 
each hourly interval during the day. These were then 
divided by the total observation time for the respective 
hourly intervals and expressed as percen tages. These 
data gave the temporal pattern of daytime brooding in 
relation to the age of the brood. Mean daytime brooding 

pattern was calculated by averaging the data for the R 

weeks .

10.2.2 Guarding of young «

During both incubation and fledging periods all 
observed interspecific encounters between breeding pairs 

of Fish Eagles and other animals (birds, mammals and 
reptiles) were recorded. Notes were made as to whether 
an interaction was in probable defence of the nest and/or 

young, or mere molestation of the pair of Eagles by tl 

intruder. Whether an adult of the brooding pair was 
guarding the young or not was assessed by estimating its
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position and entering as: on the nest or nest tree, 

near the nest (50-100 m away), and far from the nest 
(1 00+ m away ) .

10.2.3 The feeding of young

The hunting activities of breeding pairs were 
investigated by documenting:

t
10.2.3.1 Food procurement

During both incubation and brooding periods the 
durations of flight hunting were continuously recorded 
for each adult. Hunting duration, in this sense, i3 the 
amount of time spent by a member of a pair hunting by 
low flights and low and short soars over the water 
surface; otherwise Fish Eagles normally hunted by 
watching the water while perched by the shoreline 
(section 4.3.2.11. Perch hunting was impossible to 
separate from rest and was therefore not measured. The 
duration of all bouts of flight hunting during an 
observation period was expressed as a percentage of that 
observation time. Stinson (1978) used the length of the 
hunting trip to measure the hunting efforts of Ospreys 

Pand ion haliaetus but this method could not be employed 

here because Fish Eagles hunted virtually all the time 
because of their nests being almost at the water fronts 

(section 5.3.1 ) .

A stoop is a dive or sortie (Brown 1970a, 1976 &1980
Brown & Hopcraft 1973) made by a bird, usually raptor, at 

an object at a lower level. During hunting, Fish Eagles 

made stoops and killed prey, usually fish, at the water
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surface. The number or shoops/adult/ day was the number 

of dives made by each adult divided! by the observation 

time (in days) while the number of prey captured/adult/ 
day was the number of successful stoops divided by the 
observation time (in days) during which that number of 

dives was made .

10.2.3.2 The frequency of feeding young

The number of prey delivered to the brood/adult/day 
was the number of food items brought to the nest by each 
adult divided by the observation period (days). The 
number of times each sex fed young was also recorded.
Prey availability to the brood was assessed by noting 
the typos, numbers, and weights of all food items found 
in the nest of Pair Ho.82 as the breeding cycle progressed.

The daily frequency of meals offered to the brood as 
a function of its age was calculated by dividing the 
number of observed feedings by the amount of time the 
Eagles were watched. The number of pieces of flesh 

proffered by the feeding parent to the brood at each 

meal was also recorded. The times when young wi 1 1
were noted. These records permitted the analysis of 
the distribution of the meals, on hourly basis, for the

whole eagle-day.

10.3 RESULTS

10.3.1 Brooding of young

Table 10.1 shows that as 

advanced in age the time the

a nesting Fish Eagle 
parents spent brooding it
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able 10.1 The proportion of daytime brooding according to sex 
in the Fish Eagle Pair llo. 6 in relation to the ago 
of the brood. Student's t was calculated using for­
mula for small sajnplo sizes and tested the means of 
male and female shares of brooding. Note that the 
results for only one pair of birds may not have 
necessarily reflected a true picture of the Fish 
Eagle's behaviour.

Age
(weeks)

Obs. time 
(min)

$ share of brooding by sex /o nilMale Female Total brooding

6.71 1700 2.5 90.8 93.3
2 3486 0.4 74.4 74.8 25.2
3 2455 4.5 57-4 61.9 38.1
4 5151 0.0 43.9 43.9 56.1
5 680 0.0 22.7 22.7 77.3
6 1280 0.1 6.4 6.5 93.5
7 430 0.0 0.0 . 0.0 100.0
8 850 0.0 0.0 0.0 100.0
9 345 0.0 0.6 0.6 99.4
10 525 0.0 0.0 0.0 100.0
11 705 0.0 0.0 0.0 100.0

Total 12971
Mean+SE 0.7+0.4 26.9+?.8

t =1 2.551*, df =. 20
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ft

during the day was gradually reduced until brooding 
ceased altogether by the 7th week of brood life. The 
temporal patterns of daytime brooding in relation to 
the age of the brood show that during the first week 
the chick was brooded for almost all the daytime period 
(Table 10.2 & Fig.10.1).

From the 2nd to the 6th week the young was brooded 
largely during the colder and hotter parts of the day, 
the amount of parental care in this respect being slowly 
scaled down as the young matured (compare weeks 3 and 6, 
Fig. 10.1). The mean temporal brooding pattern shows 
that brooding reached a peak during the hotter afternoon 
period, between 13:00 and 16:00. This behaviour probably 
underlines the importance of heat stress in the survival 
of the nestling (section 9.3.2). .

During brooding adults provided warmth by sitting 
on the tiny young, 'while shading was done by the parent 

standing between the chick and the sun such that its 
3hadow was cast onto the eaglet. During early fledging, 
warmth- or shade-seeking young went beneath the partly 
fluffed feathers of the crouching adult. By mid-fledging 
onwards the chick had become too large to comfor tably f 

under the crouching or standing parent. It probably had 
to rely largely on its down and feathers, and behavioural 
and physiological thermoregulation to keep warm or avoid 

excessive heat loads.

pish Eagles brooded young by night for much longer 

than during daytime. At dusk one, parent, usually the



- r e n ­

table 10.2 Temporal patterns of daytime brooding in Fish Eaglo pair
no. 6 in Queen Elizaboth Park in relation to the age of the 
brood. Data from 1975 an(l 1976 breeding seasons combined; 
Observation time is in hours and total observation time *• 
189.93 hours. However, observation of only ono pair of birds 
could have biased overall Fish Eagle behaviour.

Time of Age of young (weeks)
day (hours1 1 2 3 4&5 J&8 Mean -t SE

0600-0700 100.0 60.0 - 0.0 0.0 0.0 32.0+18.4
0700-0800 95.0 910 7 18.9 0.0 0.0 0.0 34.2+17.3
0800-0900 98.3 100.0 3.9 0.0 2.5 0.0 34.1+18.8
0900-1000 85.0 100.0 0.0 0.0 0.0 0.0 30.8+17.9
1000-1100 91.7 50.0 49.6 5.6 1.7 0.0 33.1+13.8
1100-1200 78.3 50.0 72.9 20.6 31.1 0.0 42.2+11.4
1200-1300 100.0 50.0 89.6 50.0 25.6 0.0 52.5+14.1
1300-1400 100.0 98.0 100.0 100.0 0.0 0.0 66.5+19.2
1400-1500 83.3- 92.9 93.3 100.0 0.0 - 73.9+16.7
1500-1600 95.8 98.5 88.3 lOOiO - 0.0 76.5+17.2
1600-1700 100.0 68.7 77.2 100.0 0.0 0.0 • 57.7+17.3
1700-1800 95.0 42.4 22.2 53.3 0.0 0.0 35.5+13.5
1800-1900 87.5 40.2 36.7 - 0.0 0.0 32.9+14.4
1900-2000 78.4 91-4 71.7 - 50.0 - 72.9+ 7-5

Kean 92.0 73-9 55*7 44.1 8.5 0.0 -
+SE 2.1 6.2 9»5 12.5 4.3 0.0
Obs. time 28.33 58.10 40.92 19.92 21.33 21.33



US* 10.1 The temporal patterns of daytime brooding in the Fish 
Eagle in Queen F.lizabeth National Park in relation to 
the age of the brood. 1, 3 and 6 respectively represent 
the 1st, 3rd and 6th weeks of the nestling period; and X 
represents the mean brooding pattern of the adult6 for the 
fiî st 6 weeks of the 11-week fledging period.

5
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female, returned to the nest and stayed with the young 

till day-break. Night brooding continued up to about 30-/. 
days of lire, by which time the eaglets were almost fully 
Teathered. From this stage onwards the young were not 
brooded, although one of the parents slept on the nest 
beside, them. Once fully feathered the eaglets slept on 
the nest alone, the parents sleeping on nearby roosting 
perches or on the nest tree itself.

Right from hatching till fledging the female took 
a significantly larger share in brooding the young than 
the male (Table 10.1). Fig.10.2 also clearly shows the 
role of the sexes in brooding in relation to the time 
of the day.

10.3.2 Guarding of young •

Fish Eagles guard their young very zealously.
Fig.10.3 shows how members of Pair No.6 stayed on, near 
and far away from the nest, as its brood matured. During 

the incubation period this Pair occasionally chased 
intruding birds from its territory. However, as soon as 
the eggs hatched, by mid-July 1975, their encounters with 
birds increased in frequency. The adults chased all 
large birds, e.g. Marabou Stork Le p to p t i1 os crumeniferus , 

Egyptian Goose fllopochen aegyptiacus, all vultures 
(Accipitridae) and Pied Crow Corvus alba, which approached 
to within about 30 metres of the nest. Chasing reached 
a peak at about mid-fledging and then dropped off during 

the post-f1edging period (Fig.10.4) Marabou Storks
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Fi~.. 10.2 The pronortion of daytime broo'&ing according to sex in 
the Fish rJaglc Pair No. 6 in relation to the time of the 
day. Total observation time = 216.18 hours. The least 
observation time was 2.5 hrs for 0600-0?00 and the 
highest 2’f. 1 hrs for 1700-1800 hrs. The results for only 
one pair of birds may not necessarily reflect a true picture 
of the Fish Eagle's behaviour.

100

KEY:
N i l  brooding as % of to ta l  observation for the hourly 
i n t e r v a l .

Female brooding as % o f  to ta l  observation fo r  the 
hourly i n t e r v a l .

Hale brooding as % of to ta l  observation fo r  the 
hourly i n t e r v a l .
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Fig. 10.3 Parental guarding of young in Piahg.-
No. 6 (1975) in relation to the age**;'" 
brood. Solid circles and solid lin/. 
parent on nest or nest tree, solid c- 
dashed line parent 50-1CO m from nes-, 
circles and dotted line parent lOOf- 
Distances were subjectively ettinatai 
vation of one pair of birds could ha7« 
overall Fish Sagle behaviour.

Fig. IO.4 Tho numbor of birds, other than Africanft* 
Eaglos, chased by Pair No. 6 during in­
breeding season in relation to the age
2-young brood. Dotted line represents' 
Storks chased, and solid line represents t*- 
bird3 chased. Monthly totals were use' •­
plot graph. Observation of only one / • 
birds could have biased overall Fish Sag-­
behaviour.
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were more commonly chased because this Pair’s territory 
straddled the route between the roosting and feeding areas 
of the storks.

10.3.3 The feeding of young

In assessing the hunting activities and the roles 
of breeding adults in feeding their young all day-to-day 
data on hunting activities were summarized on weekly 
bases (Tables 10. 1,10. 4 & 10.5) in order to reduce any 
biases which could have arisen due to brief observations 
on some of the days during a particular week.

10.3.3.1 Food procurement

The male increased his flight hunting, although not 
significantly, by 1.4 limes from incubation to brooding 

(Table 10.3). Over the same periods the female's flight 
hunting increased two-fold but the mean durations were 

also not significantly different (Table 10.3). Only 
during the incubation period did the male hunt significant­

ly more than his mate (Table 10.3). During the nestling 

period flight hunting decreased, although not significantly, 

in the male ns the young matured while it significantly 

increased in the female (Fig.10.5). There were no 
significant changes i ri the numbers of dives that the male 

and female made per day from incubation to brooding 

(Table 10.4). During the nestling period the male made 

significantly more stoops/day than the female but the 
numbers were not significantly higher than nei s dur g 

ti1*? incubation period (Table 10.4).
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A

Table 10.3 The durations of flight limiting by the sexes of breed­
ing pairs of Fish Eagles in Queen Elizabeth Park 
during incubation and nestling periods. Age with - 
sign is during the incubation period; Student’s t was 
calculated using formula for small sample sizes.

Age Obs. timo Percent hunting duration
(weeks) (eagle-days) Male Female t-value

-4 1.00 1.9 1 .1 1
-3 1.97 0«C\J 1.2
-2 1.67 1.6 0.4
-1 2.79 1.8 0.6

Total 7.43
Mean+SE 1 .8+0.1 0.8+0.2 4.715»*(<lf = 6)

1 1.94 4.0 0.0
2 , 1.50 3.1 1.6
3 2.30 2.3 1.4
4 0.29 1.3 2.0

•

5 O.58 3.5 2.6
6 0.80 1.5 2.6

Total 7.41
Kean+SE 2 • 6+Oa 4 1.7+0.4 1.506 NS (df = 10)
t-value (df - 8) 1.419 NS 1.738 NS

i



-  315 -

Tig. 10.5 The duration of flight hunting in male end female 
African Fish Eagles in Queen Elizabeth National 
Park as functions of the age of their brood. Open 
circles represent male hunting and.solid ones 
female hunting.
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Table 10o4 The numbers of stoops and prey captured by the sexes of Fish 
Eagle Pair No. 6 (1976) in Queen Elizabeth Park. For each 
entry, the first figures are numbers of stoops or prey per day 
the second, in parentheses, are the numbers of stoops or preys 
captured during the respective observation periods} Student's 
t was calculated using the formula for small sample sizes. 
Observation of only one pair of birds could have biased the 
overall Fish Eagle behaviour.

Age Obs. time Numbers of s toops/day Numbers — mof prey killed//(weeks) (eagle-days) Male Female t-value Male Female t-i{&L»e

-6 0.68 5.9(4) 1.5(1) 1.5(1) 1.5(1)
-5 1.97 3-6(7) 0.5(1) 2.0(4) 0.5(1)
-4 2.96 2.0(6) 0.0(0) 1.7(5) 0.0(0)
-3 2.41 2.1(5) 0.4(1) 1.2(3) 0.4(1)
-2 1.67 0.0(0) 0.0(0) 0.0(0) 0.0(0)
-1 2.79 0.7(2) 1.1(3) A 0.4(1) 0.7(2)

total 12.48 (24) (6) (14) (5)
Hean+SE 2.4+0.8 0.6+0. 2 1.9996 NS 1.1+0.3 0.5+0.2 1 .308tf

1 1.94 4.1(8) 0.0(0) 1 .0(2) 0.0(0) 1

2 2.65 ■ 4.5(12) 0.4(1) 2.6(7) 0.4(1)
3 2.30 2.6(6) 0.4(1) 1.7(4) 0.4(1)
4 O.58 5.2(3) 1.7(1) 3.5(2) 0.0(0)
6 0.80 3.8(3) 0.0(0) 3.8(3) 0.0(0)

Total 8.27 (32) (3) (18) (2)
Mean+SE 4.0+0.3 0.5+0.3 6.579*** 2.5+0.4 0« 2+0# 1 4.275**
t-value ■ 1.546 NS 0.255 NS 2.361* 1.124 NS

• df - 9, »» ^  = *** ^
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Table 10.5 The numbers of prey captured and delivered to the brood 
by the sexes of Fish Eagle Pair No. 6 (1976) in Queen 
Elizabeth Park. Figures in parentheses are numbers of 
prey items captured and delivered during the respective 
observation periods; Student's t was calculated using 
the formula for small sample sizes. Observation of 
only one pair of birds could have biased overall Fish 
Eagle behaviour.

Age of Numbers of prey items 1
brood Obs. time captured/ day delivered/ day(weeks) (eagle-days) Male Female Male Female
1 1.94 1.0(2) 0.0(0) 1.0(2) 0.0(0)
2 2.65 2.6(7) 0.4(1) 2.3(6) 0.8(2)
3 2.30 1-7(4) 0.4(1) 1.3(3) 0.9(2)
4 ' O.58 3-5(2) 0.0(0) 1.7(1) 1.7(1)
6 0.80 3.8(3) 0.0(0) 1.3(1) 1-3(1)

Total 8.27 (18) (2) (13) (6)
HeanjCE 2.5+0.4 0.2+0.1 1.5+0. 2 0.9+0.3
t-value 4.275"

COn 1.654 NS
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I

The male captured significantly more prey/day during 
the fledging than during the incubation period (Table 10 4) 

the killing rate rising by more than two-fold. The killing 
rate of the female, however, dropped, although not 

significantly, to only 40% over the same periods (Table 10.4). 

The male captured significantly more prey/day than the 

Temale only during the nestling period; their kills were 
similar during the incubation period (Table 10.4).

i
10.3.3.2 The frequency of feeding young

Prey delivery to the nest occurred with consistency 
only after the eggs had hatched. During the period the 

male delivered to the brood only about one-half the prey 

he captured (Table 10.5). The female, on the other hand, 
brought to the nest significantly more prey/day than she 

actually killed (t = 2.320, df = 8, P <  0.05; data in 

Table 10.5 ) .

During this period 19 (95%) of the 20 fish caught by 
the Eagles were delivered to the brood. Although 4 of fh°

19 fish were collected by the female from Lhe male, both 

sexes delivered to the nest similar numbers of prey/day 

(Table 10.5). The Table further shows that the male 
brought to the nest more prey items than his mate in the 

early part of the fledging period. During mid-f1edging, 

however, their prey deliveries were similar.

Table 10.6 shows the availability of food to a 
in the course of its development. As the young matured, 

iess snd less food in the form of prey remains was 

encountered in the nest and often none at all, especially
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D

Table 10.6 Remains of prey in the nest of Pair No. 82 with the age of the 
brood between 21.12.76 and 2l.2.77. Ago shown with - sign is 
prior to hatching; G2 lost without trace after its 13th day of 
age.

Ci * s age No. of Remains of Proy Prey type Oron rtf' yntincp(days) young No. (g) and portion Cl C2

-3 0 0 Nil — _
3 2 1 200.0 Tilapia sp. , tail full full
5 2 2 442.0 Tilapia sp., tail full £ full
6 2 2 520.0 Tilapia & Bagrus spp. full empty
9 2 2 68.5 Haplochromis? sp. full empty

12 2 1 40.0 Tilapia sp., tail full empty
15 2 0 Nil - full £ full
17 1 1 120.0 Tilapia sp., head full lost
25 ■ 1 0 Nil - full -
28 1 0 Nil - £ full -
31 1 0 Nil - empty -
36 1 0 Nil - full -
39 1 0 Nil - empty -
49 1 0 Nil - empty -
56 1 0 Nil - full -
59 1 1 20.0 Haplochromis? sp., tail k full -
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in the latter part of the ner.tUng period. The state or 

the crop of each young, however, indicated that the youn* 
were not necessarily being starved.

Nestlings were fed almost solely by the female. In 39 
cases of brood feeding by Pair No.6 (1973 & 1976), the 

rcmale fed chicks in 38 (97./,%) of them (Table 10.7). The 

only time the male fed the brood was a rather special one 
and is described below:

21.8.76; sunny bright day; 10:00-1/,:58 remale 
brooding Inn 1 r> - and 17-day old chicks; at 1/,:5R 
she left; 15: 02 male arrived with a ca. 300 g 
Tilapia sp. caught at 1/,:/,3; 15:02-15:19 male 
restless on the nest while chicks incessantly 
begging and moving about; 15:19-15:3/, he fed the 
young, standing for long moments craning his head 
in the direction of the female hunting by the shore;
he fed only 1/, morsels to C, and 38 to C_; C, .1 2 1 reti red
to far end of nest at 15:26 after long waits for 
morsels; 15:35 he flew off ta a nearby perch leaving 
the prey on the nest;15:59 female returned to tnest; 
both chicks begged for feeding; between 16:00 and 16:39 
she fed them until their crops started to bulge; 16:39 
the female flew off and ate the remains of prey on 
nearby perch; 18:13 the femalA caught another Tilapia 
sp.; between 18:15 and 18:/<6 she fed 82 and /»3 pieces 
to C1 and C^ respectively.

The two feedings by the female after the male's 
sugges t that the male fed the chicks inadequately. The 

lon8 intervals between morsels and the craning of his head 

in the direction of the female indicated that he probably 

was uneasy at feeding the chicks in the absence of his mate

On 2/,.8.76, at 10:03, the male brought another 
ca-3°0 g Tilapia sp. and was prepared to feed the brood

when the female arrived, took the fish and fed the chicks 

herself. Several times he was seen to rise from brooding 

and grasp the remains of prey by the nest rim and prepare
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Table 10.7 The rolo of the sexes of Pish Eagle Pair No. 6 in Queen 

Elizabeth Park in feeding their young. Data for age 9+ 
weeks were not used in the calculation of tho Total and 
Mean because by this age the young were feeding themselves 
on prey delivered by either of the parents. Observation 
of only one pair of birds could have biased overall Fish 
Eagle behaviour.

Age Obs. time No. of No. of meals/ Times fed young
(weeks) (eagle-days) meals eagle-day Male Female

1 2.18 6 2.75 0 6
2 4-47 11 2.46 0 11

3-4 4.69 12 2.56 1 11
5-6 2.67 5 I.87 0 5
7-8 1.64 5 3.05 0 5
Total 15.65 39 - 1 38
Mean+SE - - 2.54+0.17 - -

9+ 0.98i 6 6.12 0 0
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as if to feed the young. Suddenly he would turn round 

and fly off with the prey, leaving the chicks crouched 

in feeding postures. Shortly afterwards he returned 

leading or accompanying the female who now carried the 

same prey remains which she proceeded to feed to the brood.

In 216.18 hours (16.63 eagle^days) of observation

in 1975 and 1976, Pair No.6 offered food 39 times to their
0

2 broods of 2 nestlings each. This gave an average of
i

0.18 meals/hour or* 2.35 meals/day. In 3 days of dawn-dusk 

observations during the 1st, 2nd and 3rd. weeks of the 

fledging period, the same Pair fed its brood 2,3 and 2 

meals per day respectively. As the brood matured, it was 
offered a fairly constant number of meals per day (r = 0.06, 

df = 3, P ;> 0 .1 ; data in Table 10.7). From the 9 th week 
until fledging chicks fed themselves on prey deposited in 

the eyrie by either of the parents. During this self­

feeding period the young ate more than twice the number 

of meals as when fed by the parents (Table 10.M.I
The amount of flesh that satiated a growing chick 

at a meal increased, although not significantly, a.

advanced in age  ( F i g . 1 0 . 6 ) .  The
number of morsels ranged

between A0 pieces of flesh when the chick was about 1 w ­

old and ca.110 pieces when it was from 2-6 w„eks
time, however, probablyamount of food eaten at a given

depended on the amount taken during the previous meal
,  ̂ The drop in the numberand how long ago the meal was.

<n the above Figure, of morsels during the 7th week, -

coincided with the onset of self
.feeding by the nestlings
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during parental reeding sessions.

Adults fed their broods beginning a few minutes 

after daybreak almost up to nightfall (Fig.10.7). Of 

45 meals given to 2 broods of 2 nestlings each by Pair 

Ho.6 (1975 & 1976), 42% of them were between 06:00 and 

11:00 and 30% between 16:00 and 19:00. The period between 

11:00 and 16:00 accounted for only 20% of the feedings. 

Feeding peaks occurred in the morning between 07:00-10:00 

and in the evening between 18:00 arid. 19:00 (Fig.10.7).

10.4 DISCUSSION

Throughout the fledging period the behaviour of the 
adult Fish F.agle was keyed to the stage ot development of 

the chick. During this period, brooding by the adults 
decreased with the age of the young. Brooding provided the 

growing chick with both warmth and shade. Temporal 

patterns of brooding showed that a nestling was brooded 

throughout the day during the first and second weeks or 
the fledging period and only during the hot afteinoon 
periods Trom the 3rd - 6th weeks. From the 7th week u n t i l  

fledging, brooding was stopped altogethei .
I

During the 1st week, the early downy stage, the 

was intensely warmed or shaded probably because i • •

and sparse down and its developing thermoregul y

mechanism could not effectively protect it against c 

on heat stress. Of birds of prey in general Brown -

stated "In early downy and second downy stages the young 

must be brooded by one or other parent m •
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and "The female seldom goes far, however, and will return 

almost at once if rain falls or the sun becomes very hot; 

either or these, especially hot sun can kill small chicks 

quickly----- which photographers should remember."

From the second downy stage until the second 

feathering stage, weeks 2-6 of the nestling period, 

brooding was limited to the hotter periods of the day, 
especially the after'noons. This temporal pattern of 

brooding demonstrated two things: 1 ) that the second coat 
of thicker and woollier down probably adequately protected 
young against cold; and 2) that the timing of the brooding 

signified shading whose importance in the life of the 
brood was clearly demonstrated by the high frequencies of 
brooding during the hotter afternoons. The high frequencies 
of brooding during hot periods would also indicate that loss 
of body heat by the chick through the evaporation of water, 

especially from the respiratory surface, was probably not 

fully developed. The importance of shading in the llfp of 

a chick was also pointed out by Brown (op.cit.) wnen h 

reported that the amount of time spent brooding could be 

reduced almost at hatching, and 2- or 3-day old young 
could be left for hours, especially in well-shaded nesl^

in warm countries.

In the population studied b^th sexes brooded young, 

although the male took a significantly smaller 
this role than the female. This could have releas 

for other activities, especially that of providing 

for his expanded family. In the related Raid Eagle
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Mnliaeetus leucoccphalus both sexes incubated and brooded, 

but again much of the brooding was done by the female 

(Herrick 1933). Brown (1970a, 1 976a & b), Brown t, Amadon

(1968) and Brown & Hopcraft (1 973) do not give data on 
the extents to which the Fish Eagle populations they 

studied brooded, but they generally agree that both sexes 

did so with the female taking a larger share than her mate.

During the downy stage most eagles guard their small 

young, and some like the Crowned Eagle S taphanoaetus 

coronatus , African Hawk Eagle H ieraae tus f asc iatus and 
Ayre's Hawk Eagle II. dubius become aggressive to human 

beings (Brown 1976b) . in the Bald Eagle, one or both 

parents remained at the nest constantly for’ the I irst 3-A 
weeks of the chick's life (Snow 1973a) and in the Sea Eagle 

H. albicilla the female stayed near- the nest for most ol 

the time during this period (Brown 1976c). Female Osprey^ 

Pandion haliaetus with unfledged young spent over 95% ol 

the daylight hours at the nest (Stinson 1 9 7 8) . a n ®

Fish Eagle aged, parental brooding was gradually reduced 

but it was still guarded against would-be predato 

•of the parents, usually the female, perched on 
or within view of it while the other hunted or rested 

the far end of the territory. Close guarding of yp 8

continued until they were about 7 weeks old but t
.. or the territory wellcontinued to chase other birds o *

into the post-fledging period.

Overall, the male Fish Eagle was more active than the 

female in all aspects of food-procuring activities during
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both tho incuhnfcion and iipsH  inir i• lnS periods. The durations
or flight hunting went up by and 2 .0 tlme„ lp

,ale and female respectively from incubation to brooding. 

Despite the increase in the male's flight hunting from 

incubation to brooding, it decreased as the brood matured. 

Similar data on the duration or night hunting are not 
available In other rapto-s but Stinson (op.cit.) found that
the length of the hunting trip increased from the fledging

to the post-fledging periods in the male Osprey: He

suggested that this could have been so because of the

male's declining attentiveness to the brood rather than
due to the increasing difficulty of capturing prey.

Although flight hunting declined in the male Fish Eagle
ftwith the maturity of the brood, he still captured more 

prey/day than the female whose flight hunting actually 

increased. Thus whether the male's flight hunting 

decreased because of his declining attentiveness and that 

of the female compensating]y increased due to her 

increasing attentiveness to the brood merit further 

investigations .

Brown (1976b) found that in 7 species of eagles in 
Kenya the killing rates of the males almost trebled from 

•0.3 prey/day during incubation to 0.8 prey/day during the 
brooding periods; in 3 species, Ayre's Hawk Eagle, Mai ' 

Eagle Polemae tus bellicosus, and the Brown Snake Eagle 

Clrcaotus cinercus the figures actually went up fr 
to 0.87 prey/day. He further pointed out that it was clear 

• that male eagles doubled or trebled their rate of killing 

just after the hatch. This was to enable them meet the
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food demands or their enlarged families. The killing 
rate in the male Fish Eagle actually doubled from 1.13 

prey/day during the incubation period to 2.52 prey/day 

during brooding. in the female, however, it decreased 

from 0.52 prey/day during incubation to 0.16 prey/day 

during brooding. This could have been so only because 

the male brooded and guarded young less often than his 
mate.

i
Of great interest is the fact that the Fish Eagle 

killed many mere prey than the eagles Brown (1976b) 

studied. Similar data on killing rates are not available 

for the Bald Eagle and the Sea Eagle, but male Osprey 

brought prey to the nest at the rate of 8 fish/day during 

the fledging period (Stinson, op.cit.). These were, however, 

much smaller fish (mean weight = 2^7.1 g) than those caught 
by the Fish Eagle (mean weight = 651.7 g, section b.3.5.2) 

during this study.

Up to the end of the feathering stage male raptors 

normally bring most prey to the nest, but thereafter the 

females deliver prey at least as much or more than the 

males (Brown, op.cit.). In the Fish Eagle, as in the Sea 
Eagle (Brown 1976c), most of the prey were brought to the 

nest by the male in the early part of the fledging period. 
During the latter part of it, however,both adults delive

prey equally. During the whole nestling Ppr 1 1 "

of the Bald Eagle delivered prey equally to th n.

(Retfalvi 1965). Male Ospreys caught 98 percent of - 

fish which were brought to the nest during the whole
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nestlinfc Period (SUnr.on, op. cit.). Tn other non 

fish-eating eagles like Ayre's Hawk Eagle and Wahlberg's 

F.agle Aquijn wah1_hcrgi the males delivered more prey to 

the nest than their mates throughout the fledging period. 
The male Crowned Eagle delivered more prey than his mate 

only during the early part of the nestling period but much 

less than her in the latter part of it (Brown 1 976b).

Crowned Eagles gorged themselves before taking prey 

to the nest (Brown 1976b). Out of 117 prey delivered to 
the nest by male On prey.-., I OB (0B%) of them were intact 

(Stinson 1978). During this period, unlike in the post- 
fledging one (section 11.3.3), both adult Fish Eagles 

delivered whole prey to their nestlings.

The males of some eagles feed young. In the Bald 

Eagle both sexes fed chicks (Herrick 1933) but the female 

d i d  so more often than the male (Retfalvi op.cit.). The 

male Sea Eagle Ted young almost as often as the female 

(Willgohs 1961) while the Golden Eagle Aquila chrysaetos 

male did so occasionally (Brown 1976c). rhR male Fish 

Eagle was also prepared to feed nestlings but iar.ly 

so possibly because the female did not allow him to. 

Similarly, female Verreaux's Eagle A_. verreauxl grabbed 

Prey from the male and delivered or fed it to the young 

herself (Brown 1976b). The males of some specie, like 

the Ayre's Hawk and Wahlberg’s Eagles never 1 efd c 

at all (Brown,- op. cit.). Just as a11 eagles ar® g6n 
and solicitous while feeding chicks (Brown 1 970a, 1

h & c), so were African Fish Eagles.
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C H A P T E R  11 

THE FLEDGED YOUNG

11.1 INTRODUCTION

The Fish and Sea Earles fledge the ir young in  65-105 days 

(Brown 1976a, b & c ) . A larger brood may take longer to fledge
I

than a smaller one (Brown 1976b). The maiden f l ip h t  is made 

independent of parental coaxing and usually a fter extensive 

preflight exercises (Brown 1076a, b & c; R etfa lv i 1965;

Kussman and Frenzel 1972).

Fledged young remain in  th e ir  parental te rr ito r ie s  for 

varying periods of time depending on the species o f raptor 

concerned, the type of food eaten and habitat occupied.

During this period the young are fed largely on food remains' 

brought by either o f the parents while the eaglets learn to k i l l  

prey for themselves. Depending on the size of preferred prey 

and the d if f ic u lty  o f k i l l in g  i t ,  the eaglets learn to k i l l  for 

themselves early or la te  in  the post—fledging periods (Brown, op c it .  ),

Various behaviours are shown by adults during food deliveries  

to their young and by the eaglets during food procurement from the 

parents (Brown, op c i t . ;  R e tfa lv i, op c i t . ) .  Young hobbies 

.Faldo spp. and sparrov/hawks A cc io ite r  spp. often meet ad"lts and 

receive prey a l i t t l e  distance away from the nest, whereas .ung 

harriers Circus spp. soon learn the aerial food-pass technique 

practiced with such s k i l l  by th e ir  parents (Brown 1976c). 

calls by the adults to the young and hunger c a lls  by the . g 

are common and have been described for the Crowned Eagle Stephanoaet^i



cosonfltu*. Verreau,'a ^ l e  Aguiia v o r r e ^  (Brown and

the Bald Eagle Hallaeetus leucoceph«lnn (Hetfalvi, op c it )

The young or most species leave the parental territories of 

their own accord (Brown 1970, l 976a, b & c). Buzzards Buteo Hpp. 

and African Fish E a - le s J .  vo c ife r. however, regularly attack

their young yet such attacks have been regarded as being regular 

territorial behaviour (Brown 1976b).

Observations on post-fledging Fish Eagles during this study 

were made with the view to:

a) determing fledging and post-fledging periods *nrt comparing 

them with those, of other raptors, especially those of the 

genus Heliaeetns;

b) establishing whether or not the fledging period was affected 

by brood size and nest s ite ;

c) finding out whether or not the maiden flig h t was coaxed by 

the adult birds;

d) assessing the post-fledging feed’ ng of the eaglets and 

describing behaviours of adults and young associated with 

it; and

®) establishing whether or not the eaglet le ft the parental 

territory of i t s  own accord. 0

11.2 METHODS

^•2*1 The fledging and post-fledging periods

The fledging period, i .e ,  from hatching to f ir s t  flight, of 

an eaglet wag determincd by recording the date the young hatched 

and the date it  le f t  the nest. These events were recorded within 

1-2 days of their occurrences. The intervals between them gave 

the fledging periods of 28 eaglets. For 19 young the post-flcdging



periods were s im ila r ly  determined, v iz .  by knowing the dates the 

maiden flights were made and those on which the young disappeared 

from their parental te r r ito r ie s .

How Ion? a p a rt icu la r  younr took to fledge was also assessed 

in relation to whether i t  was reaped in  an open or "closed" nest 

site. A cloned nest was one situated among branehes of trees 

such that 'the nest was over'mnr bv branches. To find out i f

maiden flights were coaxed by adu lts, 3 young were observed to 

determine whether th e ir  f l ig h ts  were made in the presence or 

absence of the-r parents or i f  the adults In any way inducDd the 

"oung to make the f l i r h t s .

The dates fledged young started to roost on perches were noted.

From these records the ages of young at perch-roosting were calculated.

Whether young from larger broods roosted on perches earlie r than

those from smaller s izes  was determined from the above age data.
•

11*2.2 Post-flodging feeding of young

The feeding of eaglets was assessed by observing pairs with 

fledged young for prey items they caught and delivered to the young. 

The observation periods were recorded and the amounts of food a v a il­

able to an adult and to an eaglet per day were calculated.

Behaviours of adults during food deliveries to voting and of young 

during food procurement from adults were recorded.

11 * •  0 The departure of the eaglet

This was assessed by observing eaglets nearing the ends of 

their post-fledging periods for signs of harassment from their 

Parents. Young of P a irs  No.6 (1975 , 1976 ft 1977). 8 (1976), 8T 
Cl977) and 86 (1976) were accordingly observed.



11.3 RKSIJbTS

11,3.1 The fledging period

The fledging puriods of 28 ounf; from the 3 brood Si XRS 

averaged 76 days. Although t e fledgln.- periods were sign ifioantly  

correlated to brood sizes (Fig . 11. l ) ,  brood s izes  did not s ig n if i­

cantly inf mence t: e fled gin*- periods (Table 11 .l) .  The shortest 

fledging period (6? dav.O was recorded for a 1-young brood 

(Pair No. 82̂  from which measurements were regularly  taken. ThreeI
days before it  le f t  the nest th is  young was ringed and other measure­

ments taken. The day i t  f i - s t  flew i t  did so because 1 was ap­

proaching i t  for more records. Thus it s  f l ig h t  could -mve been 

premature.

Another factor that seemed to affect the duration of the 

fledging period was the nest s it e .  Nests sited among branches 

of trees were not ideal fo r nre—flig h t  exercises and eaglets reared 

in such nests seemed hampered in th e ir  practices by branches over­

hanging the nests. 'lowevor, the mean fled.' ing periods of young 

reared in open and "closed" nest s ite s  were not s ig n ifican tly  d i f ­

ferent from each other (Table 11.2).

11-3.2 The first flight
Before making its first flight an eaglet did a lot of wing­

flapping and jumping exercises on the nest or nearby branches of 

the nest tree. On 25 September 1975 the following record was

taken on an eaglet's practice for its maiden flight.
16:00; overcast, cool but strong wind and then drizzle, 
between 16:00 and 16:15 both young of Pair No. 6 were 
lying flat on the nest floor; adult male brought 
elephant Loxodonta africana dung bollus, P ac 1 
nest floor and" eft“T S ^ t e l y s  none of the young stirred, 
about 16:15 both eaglets r°t up, flapped their wingw 
vigorously; at 16:30 one of them was lifted clea 
the nest, about 0.5 m above the nest floor, with the wings
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Pij*. 1 1 . 1  "'bo rftlH "ior.fOvip betweeii {le d p 'n g
,vid brood F.iro i r  the A f  r  i c ; Fit'll *•’*•,
N - *i j r>u nr for n/1, = 1? yii'ir for b/2
nnd :i 6 yoiin.- for P/.5; ir.f*r*:iO ond nt • d ii'd 
dcvi o t ior*r. i«hov/n .
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Table 11.1 The fledging periods of 28 young Fish Eagles in Queen 
Elizabeth Park in relation to brood size. For compa­
ring the means of B/l and B/3, Student's t was calcu­
lated using the formula for small sample sizes.

Brood No. of Fledging period (days')
size young Mean ± SE Range t-value df
Vi 4 70.5+2.5 62-75 B/l v s  b/2 0.473 NS 20
l/2 18 75-7+1-2 66-83 B/2 v s  B/3 0.868 NS 22
B/3 6 81.0+2.4 73-90 B/l v s  B/3 0.422 NS 8

Overall
mean + SE 76.1+1.2

Table 11.2 The influence of nest site on the fledging periods of 
28 Fish Eagle nestlings in Queen Elizabeth Park.

Neat site No. of 
young

Mean (+SE) fledging
period (days) t—value df

Crown (open) 24 75.92+1.3 °-°67 NS 26

Pork (olosed) 4 77.25+1.9



out-spread, the tail feathers too were spread out and 
slightly depressed; both legs were extended and their 
talons outspread; the uplift lasted only a few seconds 
and was performed against the wind; coninr down onto the 
nest was very gentle so that the eaglet looked ns if it 
was hovering; both ehicks tried, almost alternately, and 
a total of 7 such hoverin^s were witnessed in about 20 
minutes; several attempts. 'owever, did not result in 
uplifts; tne latter type of atteur.ts were performed with 
the talons firmly grip ing t.;e nest mate rials so that, 
with t e win s and tail out-spread and the le-s fully 
extended, the ear let looked like resisting forcef'il 
detachment from the nest.
Such exercises we-e wi tr^s^ed after t r feathering stage,<

and they were not limited to windy days. From about nO day3 

of age these exercises became mo^e frequent. 'i’hpse hovprings fore­
shadowed the ea/let’s leavn the nest.

The maiden flights were made »•’ en the adults were away from 
the nests and apparently out of view of the ■our". Two "Oung 

reared in the nest of Pair No. 6 in 1976 made t eir first flights 
on 2? and ?9 October (80th ti 8?rd days of ages respectively).
Chick No. 1 (ĉ ) made a short and clumsy downslope glide from the

nest, sited on a ca. 12 m high .'lunhorbia dawei tree, arid alighted

some 70-80 m away on a bare patch of ground at 15;4̂ .
returning to the nest at about 13:15, it made several short hops
and flapping flights up the siope. At about 17:25 it marie a frenetic

effort and flew up to the lower branches of another J5. dawei, 20--5 ™

away from the nest tree. From 17:25 to 18:15 t e eaglet did n

attempt any more flying, it simply preened its fluffed feath

The parents did not seem concerned; they hunted, rested,
around. Each time a parent passed overhead the earlet looked at it

but only briefly.
The second eaglet of V is pair made its flight at 15-45 on 

29th October 1976. The flight was again downslope, a short g 
°f about 50 m. It landed very clumsily on the crown of n .h



E* dawei tree. 1 went back to the nest at about 18:00, arain 
through a series of s-:ort flights and hops up the slope. It 

ascended to the nest by making a more-or-less down-slope flirht 

from the crown of another E. dawei. the same tree used by Cj on 
its maiden flight.

The single eaglet of Pair No. 82 made its fî st. flight on its 
62nd day of life and tv'is fli ht was thought to have been premature. 
Its flight was fairlv long, a clumsy flapping flight of about 
250-300 m. It consisted of many turns, apparently in search of 
the parents as it eventually alighted by one of them. The initial 

course of the flight was down—slope but this could have been by 
chance since the eaglet re-oriented its flirht path towards the 
parents, a near right angle turn from the initial direction.

Alighting on a bush did not present as great problems to an 
eaglet doing so for the first time as landing on a tree like E_. 
.candelabrum. Eaglets landing on the straight and upward pointing, 

branches of these trees regularly missed the tips of the branches 

and a struggle ensued to regain station. It looked ns if the 

eaglet alighted on the chest; frantically beating its wings, it 

tried to climb the branch and ret to the tip. These frantic 
efforts to regain station on E. candelabrum branches were not 

limited to eaglets only; adults also often failed to make prop r 

landings on such branches.

^•3*3 The feeding of the eaglet 0

In 9.03 eagle-days of observations on 6 pairs wi th post 

hedging young, the 12 adults caught a total of 24 fishes (abou 
15,640 g, Table 11.3). The data would give an average of 2.22 

Prey items (1,447 g)“per pair per eagle-day or l.H prey units



Table 11.3 The amount of prey captured and delivered by 6 pairs of Fi„h
?aSl0^iLltq^nrhPOS t_fi®d*il,e yOUilg* °ne ea€^-day „ 13 hours, i.e. 0630-1930 hours; figures in parentheses are actual
numbers of prey items captured or delivered by the respective 
Bexes during the respective periods (eagle-days) of observa­
tions; figures outside parentheses are prey units captured or 
delivered by respective adult per eagle-day; to change prey 
units into actual weights multiply by 651.7g, the mean weight 
of each prey item (see section 4.3.5.2).

No. of 
young

Obs.
time

Prey captured/day Prey delivered/dayMale Female To Lai Mai- 0 Female Total
1 1.86 0.54 (1) 1.08 (2) 1.61 (3) 0.00 (o) 1.08 (2) 1.08 (2)
1 0.71 0.00 (o) 0.00 (0) C.00 (0) 0.00 (o) 0.00 (0) 0.00 (0)
2 4*67 2.14 (10) 1.28 (6) 3.43 (16) 0.86 (4) 1.28 (6) 2.14 (10)
2 0.64 0.00 (0) 3.13 (2) 3.13 (2) 0.00 (o). 3.13 (2) 3.13 (2)
2 0.42 2.38 (1) 0.00 (0) 2.38 (1) 0.00 (o) 0.00 (0) 0.00 (o)
2 0.73 1.37 (1) 1.37 (1) 2.74 (2) O.CO (0) 1.37 (1) 1.37 (1)

Total 10 9-03 (13) (1 1) (24) (4) (11) (15)
Mean 1.07 1.14 2.22 0.14 1.14 1.29
+SE 0.42 0.44 0.46 : 0.24 0.44 0.45

Table 11.4 An estimate of the amount of food availed to post—fledging 
young Fish Eagles in Queen Elizabeth Park in relation to 
brood size. Mean prey items delivered/pair/day obtained From 

• raw data in Table 11.3; Available prey/adult/day = Mean prey 
delivered/pair/day multiplied by 651«7g» the mean weight of 
1 prey item; Available prey/young/day = Mean prey delivered/ 
pair/day raultipled by the-mean prey weight tnen divided by 2, 
this being so because the adult who caught the prey normal.ly 
consumed about one-half the prey before delivering it to tne 
young; and in a 2—young brood this quantity has to be halved 
again to obtain the food available to each eaglet. igures 
in parentheses are the numbers of broods as in ao e * __

Brood Obs. Mean (+SS) prey items Available prey (g/day)
Blze time delivered/day adult young
B/l 2.57 0.54 ± G*62 351-9 176.0

B/2 6.46 1.66 + 0.57 1081.8 270.5

Total
Overall
aean+sg

9.03

1.29 ± 0.45 840.7



(723  « )  p e r  < W « n  P e r  < ! » , .  O f  f - o  J ,  r l s . t , „ „  M  1 5

o f  t h e m  t o  t h e i r  v o u n g .  a n  o v e r d o  o f  1 . 2 9  p r e y  i l e s i 8  ( 8 4 1  p e r  

b r o o d  p e r  d a y .  I f .  o « e v . . r f nr ,  - m i n l l y  h a p p e n e d ,  o n l y  o n e  o f  

t h e  p a r e n t s  a t e  a  m a x i m u m  o f  o n ° - r m l f  t h e  p r e y ,  a  h r o o d  o f  2 

y o u n g  w o u i d  a v e  a v a i l a b l e  0 . * 5  p r e y  ( i . e .  4 2 0  g ) .  - l ach y o u n g  

w o u l d ,  t h e  e f o r e ,  a v e  a v a i l a b l e  0 . 3 2  p r e  u n i t  ( 2 1 0  g )  t o  i t s e l f ,  

i f  t - e y  s l a r e d  t ' . e  p r e y  e e u a l l y .  A b r o o d  o f  1  y o u n g  w o u l d ,  u n d e r  

t h e  a b o v e  r o n d i t i o u r ,  m v e  n i l  t h e  O . ^  p r e y  ( 4 2 0  g )  t o  i t p e l f .

The derivation of t e a-ove estimates are Bhown in Taele 11.4. 
Depending on the brood nine it probably ranged Trom 0-300 g per 
young/day.

During t'is period both adults captured similar amounts of

prey/day (Table 11.5). 'lovrver, the female delivered significantly
more prey to the young than the male (Table 11.5). Considering the
sexes individually, the result further shows thRt t e male delivered

• ,
significantly far less prey than lie caught (Table 11.5), while his 
mate delivered all t ore she captured. fairs caring for 2- oung 

broods captured significantly no. e prey than t-.ose supporting 

1-young broods (Table 11.6). ALthough tbe 2-young brood was availed 
slightly more prey i te -s than t *.e 1— young brood, the amounts did not 

differ significantly (Table 11.6). Parents did not deliver to their 
young all the prey captured; tbe amounts each brood size received 

did not differ significantly from what the adults had obtained 

(Table 11.6).

Pood deliveries to young were effected on the nest, ground,

feeding perches, and aerially(Table 11.7). At the start of the
• fi

post-fledging period young ber-ged f o r  prey from the nest and o
Waa delivered to them on the nest. As they approached independence,

feeding on tbe ground or pern' es became more regular.



Table 11*5 Comparisons of amounts of prey captured and delivered 
(per eagle-day) to post-fledging young Fish Eagles in 
order to evaluate the roles of the sexes in feeding 
their young. Raw data from which mean data were calcu­
lated axe in Table 11.3.

0
Mean (+SD) prey 
captured/day

Kean (+SD) prey 
delivered/dav t-value df

Male 1.07 + O.96 0.14 + 0.32 3.277** 10
Female 1.14 ± 1.05 1.14 + 1.05 0.000 IIS 10
t-value 1.116 IIS 2.886*
df 10 10

Table 11.6 Comparisons of the amounts of prey oaptured and delivered
(per eagle—day) to post-fledging young Fish Eagles in relation 
to brood size. Raw data in Table 11.3$ for within—brood compa­
risons proceed across the page and down the page for betwoen- 
brood ones; Student's t was calculated using the formula for 
small sample size.

Brood
size Mean (+SD) prey 

Captured/ day
No. of 
pairs

Mean (+SD) prey 
delivered/day

No. of 
pairs t-valuo df

Vi. 0.81 + 0.81 2 0.54 ± 0.54 2 0.277 NS 2

V 2 2.92 + 0.39 4 1.66 + 1.14 4 1.805 NS 6

t-value 3.507* 1.073 NS
df 4 4
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Table 11.7 A record of whore prey were delivered by adult 
Fish Eagles to their post-fledging young in 
Queen Elizabeth Park (N =. 15 prey items).

Pair No. of Number of times prey delivered oni
No. young Nest Ground Perch Aerially

8 1 0 2 0 0
87 1 0 0 0 0
6 2 3 3 1 2 .
1 2 0 2 0 0

88 2 ■ 0 0 0 0
82 2 0 2 0 0

Total 10 3 9 1 2

Table 11.8 A record of whether or not prey were delive­
red whole and with or without struggle by 
adult Fish Eagles to their post—fledging 
young in Queen Elizabeth Park (N =» 15 prey 
items).

Pair No. of Number of times prey delivered
No. young Whole Remains - With struggle

8 1 1 1 1

87 1 0 0 0

6 2 • 0 10 7
1 2 0 2 2

88 2 0 0 0

82 2 0 1 l

Total 10 1 14 11
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in feeding station was largely an outcome of the young following

and incessantly begging from adults immediatelv they made kills.
Eaglets fed largely on remains of prey already eaten by

either of the parents, and they got them after prolonged begging

and chasing of the adults (Table 11.8). An observation on 16
April 1976 on Pair No. 1 and their 2 young illustrates this point:

O'-:30̂ 06:44, adults perched toret^er; both young on a perch 
about 80 m away; 07:45 female killed a ca. 500 g Tilapia sp; 
between 07:45—08:15 she fed on the ground but changed places 
4 times because both voung were incessantly begging And 
attempting to grab prey from her; 08:15 one of the young 
successfully grabbed the prey after a short struggle with 
the adult and fed till about 09:05, end all along the 
second voung made vain attempts to secure the prey from the 
first (cf with behaviour of nestlings, section 9.3.5); it 
apparently got satisfied and left the remains of the prey to 
the sibling Which fed until 09:45.
Fig. 11.2 shows the distribution of meals of post-fledging 

young in relation to the time of the day. Although the sample 
size is small, the figure shows that two-thirds of the meals 
occurred early in the morningbetween 06:00-10:00 and one-fifth

I
of them in the evening between 16:00—18:00. Much as nestlings 

received food throughout the day (Fig. 10.7 & section 10. *.5)» I*10 
timing of their peak feedings were similar to those of post-fledging

young.

There was no sustained observation to ascertain how regularly 

adults supplied th e ir  post-fledging young with prey, 

data, however, would suggest that eaglets obtained remains of prey 

as the parents had them, at least once every two days, 

eagle-dava of observation on 6 pa irs (Table 11.3). the adults caught 

a total of 24 prey items of which the young partook in -

of them. Although these observations were hot ontin o , .

*ive a measure of the proportion of prey in which young took p
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FiG« 11.2 The feeding time of post-fledging African 
fish Eagle in Queen Elizabeth National 
pari: (n = 18 prey) .
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Since paired adults caught prey almost daily, the young must have 
eaten a minimum of 50$ of them.

Eaglets supplemented the food they obtained from their parents 

by making their own kills, especially towards the end of the post- 

fledging periods. By 52 days after first flight (151 days of age), 

both young of Pair No. 6 we-e spending con-iderable proportions of 
their time hunting by per<-hin°' nlose to the s' oreline where they 

made stoops at both living and non-living ob.iects in the water.
At 66 days after the maiden flight (145 days of age), Cj killed 

a tiny fish. Thus by the time an eaglet was leaving the osr*ntal 
territory it must have been capturing most of its own prey.

Food calls by adults to their young were not witnessed.
Instead, an eaglet made begging calls (swii-swii-swii) whenever, 
it saw a parent with a kill and, invariably, followed if the adult 
did not respond by bringing the prey to it. This call was at 

times alternated with a much louder and shriller (ook-ook~ook)
I •

one. The latter call was, however, usually uttered when the 

eaglet was hungry just as post-fledging Bald Eagles made a gull­

like yaap-yaap-yaap "hunger" call (Eetfalvi 1965). Several times 
the young of Pair No. 6 were seen virtually "forcing" their parents 

tb go hunting. They flew to the parents and landed near or circled 
over them while making this call as if alarmed. Both types of calls

were very common in the late afternoons and evenings although they 

could be heard any time of the day. Once a young has had a satis­

fying meal the calls ceased even if it had been very noisy prior to 
the meal. I

Begging for food in the Fish Eagle begun when a young saw one 

of its parents, its sibling, or even an intruder Fish Eagle with p .
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Barging consisted of the young standing in a submissive posture 

with the head almost levelled, the neck extended and the wings 

slightly spread out and drooped. This posture was accompanied 

by the begging call. If no response was shown by the feeding 

bird, then a normal attitude was assumed although the calls often 

continued. Begging continued until food was delivered or finished. 
If the feeding bird tried to fly away the eaglet no-mallv followed. 
Begging was effected from the nest, ground or a perch. On several 

occasions, however, the young flew to the nest to beg although it 
might have started doing so elsewhere when a parent first appeared 
with prey. This indicated that an eaglet still regarded the nest 
as a normal feeding place.

Adults often soared with prey (and also with non-food items) 
in their talons when an eaglet was begging for food. Frequently, 
the young followed tfye soaring adult and occasionally succeeded

• • i

in wresting prey off its talons. The 2 aerial food-passes listed
i •

in Table 11.7 occurred in this context. Although adult mates 

delivered prey to each other, no aerial food-passing between them 
was ever witnessed.

At times both adults and young soared with twigs or pieces of 
fish-nets. Elements of piracy began to appear in the post- 

fledging young during these soars. It approached the adult, and 
when directly below it the eaglet rolled over on its back and extended 

ita !egs and contact was invariably made. The young bird often 
successfully grabbed away from the talons of the adult whatever it 
"as carrying. This involved not only grabbing items from its 

Parents but also objects from its own siblings. This is how 
independent young, usually travelling in bands, pirated and lived off
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the food of territorial adults (see section 4.3.?). As if to 

perfect the pirating technique several such soars, usually of 
short durations, were made almost daily. The fact that I did 

not observe paired adults passing food to each other in this 

Banner, but --e ularlv saw them robbing from adjacent pairs would 
suggest that thin wns apparently the anpcarnnce of the piracy 
trait in the young Eac-le.

11,3.4 Roosting of eaglets

Eight eaglets from 5 broods started roosting on perches when 
99 days old (Table 11.9). The mean ages at perch-roosting for 
the 2 brood sizes were not significantly different from each other.
The intervals between first flight and perch-roosting averaged 22 

days and brood size did not significantly influence it. In both 
cases, however, larger samples are needed on all brood sizes, 
especially B/l and B/3, in order to meaningfully interpret Whether 

or not social stimulation of siblings in 2— and 3—young broods 

caused eaglets to become more exploratory and prying, which could 

have encouraged them to roost earlier than those from 1-young broods.

Wien it stopped sleeping on the nest, the eaglet usually roosted 
°n the same tree ns it3 parents. In late 1976 find early 1977, howvpr 

the 2 young of Pair No. 6 roosted on the lower branches of the nest 

tree some 100 m away from the roost treepof the adults.

H*3.5 The post-fledging period

The post—fledging periods of 19 yo"ng from the ■ brood . z 
averaged 112 days (Table 11.10). There was no significant correlation 

between post—fledging period and brood size (r - 0.0997,
P> 0.1). Larger sa-ple sizes are needed, especially for B/l and b/3,
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Table 11.9 The age of Fish Eagles in Queen Elizabeth Park at the time
of perch-roosting and the interval betv/een maiden flight and 
perch-roosting in relation to brood size. Student's t waa 
calculated using the formula for small sample sizes, df ~ 6 
in both cases; ages of young and intervals between flight and 
roosting are in days.

Brood No. of 
size young

Mean age 
±SE t-value 

0.782 NS

Mean interval 
drSE t-value

Vl 2
B/2 6

10 1.0 + 2 .1  

97,8 + 1.9
25.0 + 0.7 . 
21.5 + 2.2

0.771 NS

Overall
aean+SE 98.6 + 1 .6 22.4 + 1.8
Range 93 - 105 13 - 7̂

Table 11.10 The post—fledging periods (days) of 19 young Fish Eagles 
in Queen Elizabeth Park in relation to brood size.

Brood
81Z9 No. of Post-fledging period dfyoung Mean ± SE Range t-value

Vi 3 115.0 + 3.3 110 - 123 B/l vs B/2 0.095 NS 11
B/2 10 IO9.3 + 3.3 99 - 135 B/2 vs B/3 0.146 NS 14
B/3 6 115.7 + 1.1 112 - 120 B/l vs B/3 0.129 NS 7

Overall
nean+SE 112.2 + 2.0

*
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in order to establish the nature of the relationship. However, the mean 
periods of young from the 3 brood sizes did not differ significantly.

11,3,6 Departure of the eaglet

On 17 August 1976 Pair ho. 83 had 3 newly hatched chicks in the nest.
By late October-early November all 3 young were flying around in the

territory. On 7 February 1977 one of the adults was seen chasing and buz­

zing the eaglets. On 11 February another bout of chasing and buzzing 
occurred, and this tir.10 both adults participated. In the afternoon ofI
15 February yet another attack on the young was recorded. By 18 February 
one of the eaglots had disappeared and was presumed to have loft the ter-I
ritory. On 27 February and 2 March the remaining 2 eaglets were still
being harassed by the adults. On 5 March only 1 eaglet had remained in
the territory but by mid-March it too had departed.

On the evening of 19 January 1977 the female of Pair No. 6 attacked
and chased 1 of their 2 young hatched in early August 1976. The adults

* ■
“ere hunting separately at the borders of their territory when this in­

cident occurred. As the young flew towards the female she attacked it, 

and it retreated to their roosting branch on the nest tree, hotly pursued 

Dy the adult. The other young also took off from their original perch 

Md joined its sibling. The female returned, without any further attack 

on the eaglet, to tho same porch from which it had been hunting prior to 

the encounter and continued hunting. The male however, remained uncon­

cerned during the incident. By the end of February 1977 both eaglets had 
left the territory. This was the only such incident for Pair No. 6 during 

"k0 3-year study period during which it fledged three 2—young broods.
Several other pairs were observed during the post-flodging periods 

hit no attacks on young were ever witnessed!. During attacks by
the eaglets made the ook-ook-ook alarm call, and either dodged or. 

‘"Wad on their basks, with tho logs and talons extended, to parry tho 

attacks.



-  349 -

The adults, on the otner hand, gave the normal duets or i dividual calls 

uttered when pursuing intruders. When being cnased, eaglets tended to 

keep together just as bando of independent young did when passing through 

territories (section 4*3*2.2) . Once the adults were too closo to them 

‘he eaglets alighted, usually on the ground, and retreated into the 
nearest bushes. They also alighted on the lower branches of trees with 

dense canopies from which they were difficult to dislodge.

11.4 DISCUSSION
Brown (1976a, b <1 c) reported that the fledging periods of the Fish 

Eagle Haliaootus vocifer and the White-bellied Sea Eagle H. leucoga3ter 
are between 65-80 days, the Sea Eagle H. albicilla 70-90 days, and that of 
the much larger Pallas' Sea Eagle 11. leucoryphus 70-105 days. Roberts 
(1958) estimated that a South African pair of Fish Eagles fledged its . 

young brood in a period of about 60 days. Nestling Fish Eagles in thi

Park left the nest between 62 and 90 days of age.
In eagles in general, a larger brood takes longer to fledge than a 

smaller one (Brown 1.976b). During this study the fledging period of the

Fish Eagle was directly related to brood size and Joli|S fiom 3

sizes fledged at similar ages.
At Lakes Victoria and Naiva3ha eaglots dispersed 2-3 mont

their first flights or 4-5 r.onths after natenmg (Brown, op ' 1
Hopcraft 1973). The Sea eaglet leaves the parental tern to y '

. . . . „>ien 4_5 months old (Brown 1975°) the months after its first flight or when 4 3 --
io7in̂  The Fish Eagle1 , a ' months old (Snow 1973a;. young Bald Eagle departs when 5“° montns or v,

. , C months after first fLight
in this Park left its parental territory 3- *

on. the eaglet became independent of its
or 5*5-7 months after hatching. Thus th ag

w , Naivasha* It also dispersed
parents 1.5-2 months later tnan that 01 u*

Ea_let hut at about the same
about 2 months later than the related ea
age as the Bald Eagle young (Brown* op.oit.i Sn°“ ’ op.cit.)•
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loung Snake Eagles (Ciroaotinne) , Groaned Sables Stejtometu. 

jjrraato and darny Eafrteo toryyjn are boliovod to have protracted
post-f 1 edging periods in order to bettor prepare thorn to survive tho 

torous periods between independence and sexual maturity (Brown 1976a). 

Since the Fish IS in strongly territoral and highly cimtical (Brown 

1976b; sections 3.3.-.1 4*3.2.2), the late dispersal of its young as

cosnawd with those of the related temperate Sea Eagle may be necessary to 
fcivt* Joiuijj i..or., oimy to better prepare ty fi.nd for itself at indepe­

ndence. It must oe able to kill prey for itself end to defend the prey 

fron conspecifics and otner large piscivorous birds (Chapter 4). It must 
also be able to defend itself against the attacks of other adult Fish 
êglcs through whoso teiwi Luries it lias to pass in order to survive* The 
late dispersal of young may also reflect the apparent ease with which 
parents actually obtain oroy.

The maiden flight of the young Fish Eagle occurred without apparent 
parental coaxing aid usually in the absence of the adults just as in the 

young Bald Eagle (detfslvi 1965; Kassman & Frenzel 1972) and the Sea and 

Golden Eagles (Brown 1976b & c) . Extensive pre-flight exercises were 

necessary precursors to .the flight. Despite these practices tho maiden 

flight was short and awkward compared with those of adults. It looked 

uncoordinated and apoarently aimless as those of the young Bald Eagle 
(Kussman & Frenzel, op.bit.). The landing too was awkward and unco­

ordinated, with the bird clumsily falling, as it were, on the ground, bush 

or tree» again similar to the landing of the young Bald Eagle (Retfalvi,
op.cit.)

Throughout the post-fledging life of the young Verreaux's Eaglo 
AaHUa verreauxi tho adults bring prey to the nest. Both the Crowned and 

"erreaux's Eagles make food calls to the young, and in tho former food is 

Slivered onto the nest only when the young solicits for it (Brown 1976b)
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Adult Fish Eagles did not give food calls to their young during thiB
This could be so because nearly all pre, killed by the adult, ver, 

in full vie. of the young. Earlier in the post-fledging period, food for 

the young was brougut and delivered to it on the nest and the eaglet soli­

cited for feeding from the eyrie. As the young approached independence, 

however, it did not allow adults to bring prey to the nest; it followed 

them and received or grabbed prey wherever the parents had alighted to feed.
As in the Crowned Logie (Brown, op cit.) and the Osprey Pandion

l
haliaeetus (Stinson 1978) » both adult Fish Eagles brought prey to their 

young. In all three species, however, the female delivered significantly 
more prey items than the male, '.forking on the time budget of breeding 
Osprey Stinson (op.cit.) suggested that the increasing length of hunting 
trips by the foraging male with unfledged young appeared to be due to his 
declining attentiveness to hunt and not to the increasing difficulty of 
oapturing prey. The male Fish Eagle could similarly have provided far less 

prey to their post-fledging young than he captured because of his declining 

attentiveness to the young. He caught similar amounts of prey as the 

female and she did not collect prey from him as she did during the nestling 

period (section 10.3.3). In the Verroaux's Eagle the female claims all 

prey items from the male and delivers them herself to the young (Brown,

o p .c i t . ) .

In Crowned Eagle and Verreaux's Eagle only prey remains ar- f,

to post-fledging young (Brown, op.cit.)* The African F i..hi Eagle bo 
similarly. Stinson (op.cit.) does not mention whether or not Ospreys 

gorged themselves before delivering prey to their po-. t fl <g S 7

Post-fledging young of most species of eagles supplement the food 

applied to them by their parents by making their own kills (Brown 1976b), 

^ 8  was also true of Fish Eagles. The earliest observed kill was 

«  ̂ ys after flight, a comparable age with a young Crowned Eagle whose

earliest kill was 6l days after the maiden flight (Brown, op.cit.).
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in Osprey young reportedly killed its first prey within a week of 
leaving the nest (Brown 1976c).

According to Brown (l976b & c) piracy is thought to have evolved 

from the carrion-eating habit and is a common feeding strategy in 

groups of birds such as kites (Elaninao and Kilvinae) , Sea and Fish 

Eagles (llaliaeetinae) , the Bateleur Terathopius ecoudatus, vultures 

(Aegypiinae), and caracaras (Polyborinae). It is almost a compulsive 

trait of the Fish Eagle who will rob prey from all large fish-eating 
birds. It will also pirate from otoer Fish Eagles including its own 

young and mdte. An incubating bird will leave the nest to pursue 

anotner Fish Eagle with prey (Brown 1976b & 1900). Piracy is one of 

the methods immature Fish Eagles uso to obtain prey from largo pisci­
vorous birds and from paired adult Fish Eagles- aG the young wander 
through their territories (section 4.3*2.2). Since almost all kills 
by adults were made within sight of the young, a hungry eaglet could 
not permit adults to feed first. This could have led to the develop­

ment of the prolonged begging behaviour and perhaps piracy in the 

young because adults were not prepared to relinquish prey before they 

themselves have fed. The regular soaring flights performed by adults 

with prey in their talons and the subsequent following and grabbing of 

the prey from the talons of the adults by young probably assisted tho

yoilng in perfecting the pirating habit.
How young raptors leave their parental teriitoiios r.vil • 

to bo resolved. It is often supposed that at the end of ths post 

fledging period the young were driven away by the adults but evidenc 

for this is in most species slight or non-|xistent (Brown 197 )

*11 Probability they simply leave tho parental areas of 

accord although a young V e rre a u x 's  Eagle was seen to
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by the parents (Brown 1976a). The repeated attacks on young buzzards 

Buteo spp. and Fish Eagles by their parents were interpreted by Brown 

as being regular territorial behaviour rather than deliberate expulsion 

of the young. Additional observations are required in order to 

establish whether or not adult Fish Eagles expelled their eaglets from 
taeir territories or tue youi.g left of their own accords. The reason 

for an Eaglet to leave its parents' territory remains unclear, but 

some or all of the following aspects of the biology of the African 
Fish Eagle merit attention in future investigations s

(i) parental attacks and £heir possible effects on the 
dipersal of the eaglet; 0

(ii) the regularity of parental feeding of the post-fledging 
young, especially as it approaches independence;

(iii) the capability of the young toi- (a) defend itself,
(b) catch its own prey, (c) defend its prey and

(d) pirate; and

(iv) the possible influences of other independent young 
passing through the parental territory.
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C H A P T E R  1? 

NEST PRODUCTIVITY

12.1 INTRODUCTION

This Chapter presents data on the breeding stress of the 
Fish Eagle in Queen Elizabeth National Park and appraisee it in 
relation to some environmental factors. The relationships 

between clutch size and hatching success, clutch size and pro­
ductivity, and brood size and nestling survival are examined.
The influences of territory size, density of mature trees in the

I
territories, and of humnn disturbance about the territory on the 
breeding success of the bird are discussed.

12.2 METHODS

12.2.1 Terminol O P T  ,
• *•

The terminology used in this Chapter follows Postupalsky 
• ,

(1974) and is thoroughly' defined there. The terms used here are 

briefly defined as:-

Territory: an area containing one or more nests, used by a mated

pair of birds, usually for many years in succession. Occupi ed.̂

® nest or territory used by a mated pair of birds, regardless of 

whether breeding or not. Active: a nest or territory in which

eggs were laid. Successful: a nest or territory or pair pro­

ducing fledged young. Unsuccessful: a nest or territory o p
not producing fledged young (includes non-breeding, hatching-failure 

end losses of whole broods). Nest success:, the proportion of 

occupied nests or territories producing fledged young. -
t

the average number of fledgling per occupied nest.
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12.2.2 Sampling methods

In seasonally breeding raptors, especially those of temperate 

regions, a minimum of two visits to each occupied nest i*> enough 

to determine which nests are occupied, and to calculate nest 
success and productivity (Postupalsky, 1974). Because the birds 

of this Park breed throughout the vear (section 6.‘5.l), breeding 
surveys on them were carried out fortni-htly. Additional checks 
were made on some occupied nests as and wnen necessary.

In the stud" area, all occupied nests were checked for the 
numbers of eggs laid, and young hatched and fledged. In all nests 
where hatching occurred, minimum clutch size ((section 1?."5.3? was 
determined from the numbers of hatchlings and unhatched eggs.

Fish Eagles showed different population densities along the 
shorelines of water bodies in the Park (see Fig. 2.1 & section 
2.5.2). The influence of varying densities on the breeding 
success of the birds was assessed by correlating productivity data 
with territory sizes. The birds also exhibited different densities 
along shorelines in relation to their woodedness, and mature trees 

were considered one of the vital resources in their nesting requila­
ments (section 2.3.l). Thus nest productivity was correlated with 
the numbers of raaturo trees in the territories. In assessing 
breeding success in relation to the numbers of trees all territorl ft 

were categorised into those having 0-4, 5—9, 10-19, 20-29, 30 49, 
and 50 + trees in them. For each territory all mature trees were

counted.
In the main study area there are 3 human settlements: namely

Hweya Peninsula which harbours the headquarters of t e Park,

Safari Lodge, and the Uganda Institute of Ecology, an K
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and Katunguru Fishing Villsges (see Fig. 1 .3). in increasing 

distances from each of the fish-landine piers of Katunguru Toro, 

Katunguru Ankole and Kazinra, breeding records were kept for f> 

pairs of Eagles. The pairs observed were I!os. 79-84 for Fazlnga, 
40a-44 for Katunguru Toro, and 45-50 for Katunguru Ankole 

(see Fig. 3.l). 1 roductivitv data for t^ese pairs were correlated
with their inc-eas^n- distances from the piers. In assessing the 

effects of human d sturbance on the breeding success of the birds,
I assumed that pairs with territories nearest human centres 
received the highest levels of interference with f ’eir breeding 
activities.

12.3 RESULTS '

12.3.1 Clutch size and hatching success

The clutch size of the Fish Sa<-'le, during this study is dis­
cussed in section 7.3.2. This section, therefore, diecusse's the 

influence of clutch size on the hatching success of the birds.

In t̂ e sample Fish Eagle population with known clutch sizes 

hatching success did not differ significantly between clutch sizes 

and between years (Table 12.l). The 1-egg clutches, however, 
hatched all their eggs, and hatching success decreased significantly 

with increasing clutch size (r = -0.9990, df = 1» F • n-ri 
mean hatching successes also did not differ significantly from year 

to year (t = O .397 for 1975/6 vs 1976/7, t = 0.011 for 1976/7 vs 

1977/8, and t = 0.507 for 1975/6 vs 1977/8; df = 4 and P'- 0.1 

for each test).
Of 132 eggs laid in the known clutches, 30 (2& )  of them did 

not hatch. Egg mortality did not differ significantly with clutch 

sizes and the causes of hatching failure '.Table 12.2).
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Table 12.1 The hatching success of the Fieh -
Park m  relation to clutch aiaV V in *u*on E1izabeth 
clutches; for each entry the first'firn'!"™ ^  k,lown 
cent hatching success and the secon "iT, repr®*;&ntB P®r- 
froquency of clutches; Chi-square te^ w -b^  tH°percent hatching success. Performed on

Period K
T otal
egg's i Clutch s iz e

—
— —

1975/6
1976/7
1977/8

22

22

24

43
41
4«

10 0 .0  ( 8 ) 
10 0 .0  ( 6 ) 
1 0 0 .0  ( 3 )

z

10 0 .0  (  ! )  

69.2 (13) 
77.8 (18)

3

57.1 (7) 
6 6 .7  ( 3) 
77-8 (3)

Moan

85.7
78.6
85.2

Total
Mean

68 132 (17)
10 0 .0

(38)
8 2 .3

(13)
6 7 .2 83.2

x 2 . 8 .5 4 9  NS, df = 4

ia°l0 12'2 frequencies of unhatched Fish Eagle eggs in Queen
•Elizabeth Park in relation to clutch size and the causes 
of hatching failure. For each entry the first figure 
represents the number of eggs and the second, in parenthe­
ses, the percent frequency. Chi-square test ;/as carried 
on percent frequency.

Cause of 
hatching fai 1 n-ra 1

Clutch
2

size
3 Total

Breakage 0 0 # 2 (14.3) 2 (6.7)
Chick death 0 0 1 (7.1) 1 (3.3)
In fertility /addling 0 1 (6.2) 5 (35.7) 6 (20.0)
Disappearance 0 15 (93.8) 6 ON•

CMv—* 21 (70.0)
Total eggs lost
* of eggs laid 0 16 (lCO.O) 14 (lOO.O) 30 (100.0)

X2 a 7.495 KSf df = 4
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the 1-egg clutches incurred no lo sse s  w^ile the 2-egg nnd 3 -e Pe 

clutches lost 2 l . Y ? °  and *5 .9$  o f  t - i r  e r r s ro~PCr t iv e lv .  The 

fact that the 1-egg c lu tch es  were not affected by anv of the 

mortality factory is  important in that i t  shows that either that 

all C/l eggs were a l l  f e r t i l e  or that during incubation thev were 

all properly covered bv the s i t t i n g  birds so ^hat embr’-o death 

could not occur. The finding that egg breakage was the least 

important mortality fa c to r  and that i t  never affected the 1-egg 

and 2-egg clutches precludes i t  an a s ign ifican t cause of hatching 

failure. The 2 eggn which brokr- were apparently nrnrkrrl bv the 

departing birds as I approached th e ir  nests fo r  clutch size  

determination and other egp measurements. Both e r s subseouently 

disappeared without trace nnd were probably predated by the in­

cubating birds. In one nest only the cracked egg disappeared

while in the second nest an in tact egg also d i s a p p e a r e d  leaving
' •

the third egg to hatch. It  was not established whet er the in-  

fertile/addled egr-s did not hatch due to a-tual in fe r t i l i t y  or due 

to embryo death during incubation. The 21 remaining e, gs l is — 

appeared without trace and were probably lost to predators.

12.3.2 Clutch size  and prod’ic t iv l t y

In Fiah Angles whose clutches were kno.-m, ih 

young/successful nest did not d i f f e r  s i g n i f i c a n t ! "

numbers o f  

between years

and between the clutch s izes  (Table 1 2 .3 ) .  In the popU

the whole study area, the numbers o f  y o u n g / s u c c e s s f u l  n

also similar between years and clutch sizes ( "
f * vi tv yp3 s i fn i  1

Comparing the 1975-.78 f r e q u e n c i e s ,  t h i s  produo 1

• .  ̂ thp whole study popula-
ln birds with known clutches and those -

lion (X2 = 0 .0001, df = 2, P >  O . l ) .  Nonethel.- •



Table 12.3 The productivity of the African Pisb Ea*l« ....
Park in relation to clutch nice.
neata^for each entry the firat number repreaents the n^lter 
of young/successful nest and the second, in parentheses, the 
number of successful nests. Chi-square test ca.riod on? on the 
number of young/successful nest.

Source
Period

No. young Clutch size
—

of data J L fledged 1 2 3
1975/6 11 17 1.0 (3) 2.0 (3) 1.6 (5)

Known
clutches

1976/7
1977/8

12

14
19
27

1 .0  (4)
1.0 (2)

1.71 (7) 
2.0 (10)

3.0 (1)
2.5 (2)

1975-78 37 63 1.0 (9) 1.90 (20) 2.0 (8)
x 2 = 0.340 NS, df r, 4

1975/6 26 36 1 .0 (14) 2.0 (7) 1.6 (5)
Whole 1976/7 27 41 1.0 (12) 1.86 (14) 3.0 (1)
population 1977/8 36 56 1.0 (16) 1.94 (18) 2.5 (2)

1975-78 89 133 1.0 (42) 1.92 (39) 2.0 (8)
x 2 =. 0.290 NS, df = 4

Table 12.4 The frequencies of 
Elizabeth Park. 1J

brood sizes 
= number of

of the Fish 
broods.

1 Eagle in Queen

Source No. of Brood size Mean brood
of data Period N chicks _1 _2 1 size

1975/6 21 34 9 11 1 1.62

olutthes 1976/7 20 30 11 8 1 1.50

1977/8 20 38 3 16 1 1.90

Total 61 102 23 35 3
Mean+SE 1.67+0.12'

X2 = 7.396 NS, df a 4

1975/6 36 53 >20 15 1 1.47
Vhole
Population 1976/7 40 59 22 17 1 1.48

1.63
1977/8 46 75 18 27 1

Total 122 187 60 59 3

MeantSE
3.178 N3 df - 4

1.53+0.05
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populations the 2-egg and 3-egg clutches fledged twice na many 

young as the 1-erg clutches. These results, therefore, clearly 

demonstrate that in the Fish iiagle of this Park, laying 2- and

3-egg clutches was more advantageous in producinr -oung than laying 
1-egg clutches.

1 •̂ 3 Brood size snd n^ntlin/y siirvlvfll
i

For birds with known clutches, brood size averaged 1.67 chicks/

nest and the frequencies did not differ significantly between the
years of study (Table 12.4). Using minimum clutch data from the
wnole Fish Kagle population, brood size averaged 1.53 chicks/nest

and the frequencies did not differ significantly between the years
(Table 12.4). The average brood size obtained from known clutches
and that calculated from minimum clutches were not significantly

* *, 
different (t = 1.083, df = 4, P >  O.l).

Nestling survival was highest in the 1-chick brood, inter­

mediate in the 2-chick brood, and least in the 3-chick one 

(Table 12.5). Overall, nestling survival averaged 70.7$.
Brood size did not significantly influence the annual survival 

of young (t = 1.308 for B/l vs B/2 chicks, t = 0.369 for B/l vs b/3 
chicks, and t = 0.09 for B/2 vs b/3 chicks; df = 4 and P > 0.1 for 

each comparison; data in Table 12.5). About 68$ of 127 chicks 

hatched in the 2- and 3-young broods survived as whole broods, 29/°

°f them disappeared as whole broods, and only 1.6$ of them respectively 

survived and disappeared as parts of broods (Table 12.6). None of 

these chicks was found dead in the nest. These findings clearly 

demonstrate that sibling aggression and food shortage were not 

important factors in the survival of 2— and 3-young broods ( 
eection 8.3.4). Although predation was not observed, these re.



3 6 l

fab] a It.) Raatllii« au-»l«il In i U« OM; 1TM. lha Quaan Illubtlb Farit FlabSaxla in ralation to brood alia. Inal yili Vaaai oni afcnla FI ahKiilapopulatew la '

Irood aliai ? __Hillf trialmca-ilM t-wru«i u n u i 41 ad J«_r urv|«a| J II ad̂.i d i fl ad̂ad il-4 l aurrl.a] Haddad dlad £ aural *a]
wv« « 5 13-0 1 9 70.0 0 0 0 3 0.0 36 17 47.9
ltU/1 14 a «}.« u 0 10 70.6 3 0 0 0 ICO.G 41 18 49-5
mi/' It s M.9 36 1 17 «8-5 3 0 0 0 100.0 56 19 14-7
fatal 43 »> 80 2 X 6 0 0 3 133 54

7).a 69-7 <6.7 70-7

*<• •?.< A« fnqiwiulN of aun]vlji( and dl«ifp«a;]r( mill Inj Flab Quion U laiba'.k Fork. I - niabtr of cJilclu.
kaad _ •kola brood Fartbroodills. JL i3»M»4 net f J a dr ad not f 1 adfiod
v> 118 80 34 2 2V) 9 . « 3 0 O
TaUl in 84 37 2 2
t 100.0 67.7. ?9.1 1.6 1.6
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would implicate it as a more important environmental factor in the 

survival of nestlings in this Park than were sibling aggression 

and food shortage (see sections 8.3.4 ft 8.4).

12.3.4 Nest success and productivity

African Fish Xarles in this Park normally bred once a year 

(see section 6.3.3). However, because of losing clutches or 
broods early in their nesting cycles some pairs made replacement 
breeding attempts. For this reason, a pair of Fish Eagles or any 

raptor species occupying a territory for a "ear can be rightly 

described as a pair-year (Brown 1976a ft 1980).
During this study annual Fish Eagle nest success was low 

averaging 44$ for all active nents and 31$ for pair-years present 
(Table 12.7). Productivities did not differ significantly between 
years although the success/pair—year was more varied, as indicated

by percent C. Vs., than success/active pair.
Nest productivities averaged 0.46 young/pair, 0.65 young/actlv 

pair, and 1.49 young/successful pair (Table 12.  1 ) .  

did not differ significantly between the years of study al tho g 

the percfent C. Vs, show that young/pair overall was mô  t var 

while young/succcssful pair was least so.
; The number of young fledged per pair of Fish Eagles increased 

.lth increasing territory sine (Fig. 12.1). Although not statis­
tically significant, the increased breeding success .lth inereasing 

territory sine nonetheless suggests that decreasing population 

densities of the Eagles improved their breeding success.
Breeding success also increased, although not significantly, 

with increasing numbers of mature trees in the Fish Eagle territor 

(Pie. 12.2). Since the Eagles in the Park nested on bushes as well
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Table 1 2 , 7  M e a t  s u c c e s s  and productivity of tho Fish Eagle i n  Quoon IHizaboth Fnrk. Figure lnoido 
p a r e n t h e s e s  a r e  t h e  actual pairs of Fish Eagles proaont i n  the n t u d ^  erea| those o u t s i d e  

p a r e n t h o e e s  a r e  palr-yooro present d'lring the respective years of s t u d y i  B e e  text for 
d e f i n i t i o n  o f  pair-year.

P e r i o d

H i n b e r  o f  p a i r a T o t e d ,  y o u n g  

f 1 o d g o d

56 n e s t

B u c c e o f l  ( p a i r e d  

A l l  A c t i v e

I r o d u o t i v i t y / p a i r

S t u d l o d A o t l v o  S u c c o n o f u l A l l A c t i v e  S u c c e s s f u l

1 9 7 5 / 6 9 2  ( 8 6 ) 6 0 2 6 3 6 2 8 . 3 4 3 - 3 0 . 3 9 0 .6 0 1 . 3 0

1 9 7 6 / 7 9 7  ( 8 8 ) 6 7 2 7 4 1 2 7 . 8 4 0 . 3 0 . 4 2 0 .6 1 1 - 5 ?

1 9 7 7 / 8 9 6  ( 8 5 ) 7 5 3 6 5 6 3 7 . 5 4 8 . 0 0 . 5 8 0 . 7 5 1 .5 6

T o t a l 285  ( 2 5 9 ) 2 0 2 8 9 1 3 3

K e e n 9 5 . 0  ( 8 6 . 3 ) 6 7 - 3 2 9 - 7 3 1 . 2 4 3 - 9 0 . 4 6 O .6 5 1 . 4 9

^ ♦ 3 . 4 . 2 . 6  ( 1 . 5 ) 7 . 5 5 . 5 5 . 5 3 . 9 0 . 1 0 0 .0 8 C e  09

i  C . T . 2 . 7  ( 1 . 7 ) 1 1 . 1 1 8 . 5 1 7 - 6 8 . 9 2 1 . 7 1 2 . 3 6 .0

X Z - 0 . 3 2 3 H 3 f  d f - 2 X i  -  0 . 0 2 4  i s , d f  ■  4

*
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Fig* l 2*1 The influence of territory size on the breeding success of 
the Fish Eagle in Queen Elizabeth Park. In this analysis, 
285 pair-years had 202 active nests with 133 fledged young. 
The graph shows only 8 points because all the active nests 
fitted in the following 8 territory size classes t 300-400, 
400-500, 500-600, 600-700, 700-800, 800-900, 900-1000 and 
1000+ m.

1.0
J
1 . 2

Fig. 12.2 The influence of the numbers of trees in the territories oi
Fish Eagles in Queen Elizabeth Park on their breeding success. 
Twenty randomly selected territories were used in this 
analysis. However, the graph shows only 6 p01l,t“ trees
the grouping of territories according to ie num ,
■they had (see section 12.2.2). Thus each class absorbed more
than 1 of the 20 sampled territories.

0.9

£ 0.7<t

a3o
* 0.5<Ho
os;

r = 0.649 NS (df = 4)

0.3
0.0I

J
50 i»o 50

10 20 . .r frees per territory Number of trees h



a8 stumps of trees (see Table 5.3), increasing numbers of mature 

trees provided them with more secure nest sites which probably 

increased the numbers of their successful breed in* attemnt3.

After the day’s poaching of fish, unlicenced fishermen hid 
their canoes upto rbout 1 km away from the gazetted fish-landing 

piers. As they moved to and from the places where they hid the 

canoes, the fisnermen disturbed both breeding and non—breeding 

birds, F1rv’ Eacles whose territories encompassed the piers were 

disturbed most and they were disturbed not only by fishermen but 

also by other people, especially women and children, washing and 

collecting water for domestic use. Birds were, however, not pelted.
The 18 pairs of Fish Earles inhabiting the fishing villages 

which were observed for the effects of human disturbance on nest 

productivity in this Park made a total of 43 breeding attempts 
and fledged 34 young. Breeding data for them indicate that nest 
productivity increased, although not significantly, with decreasing 
human disturbance about the territory (Fig. IP.3). Since the 

numbers of breeding attempts and of young fledged by these pairs 

were significantly correlated (r = 0.668, df = 16, P< O.Ol), 
human disturbance, therefore, significantly reduced the nroduction 

of young only at the focus of the disturbance (Table 12.8).

12.3,5 Proportions of nests with young

During each year of this study, over one-half of all Fish Ragle 

breeding attempts failed to fledge young (Table 12.9). 
whole study period 56.1* of all the breeding attempts fa: led,

23.4* fledged 1-young broods. 19.5* fledged 2-young broods, and

only 1* fledged 3-young broods. The ftequencies of nesting
t o and "5-voung broods did not attempts failing and fledging l-> 2- and 3 y

differ significantly between the years ( Table 12. ) _
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Pig. 12.3 The influence of human disturbance on the breeding success 
of the Fish Eagle in Queen Elizabeth Park. The graph shows 
only 6 points although 54 pairs which made 43 breeding 
attempts and raised 34 young were used in this analysis 
because from each of the 3 fish landing piers (see last para­
graph, Bection 12.2.2), each year, 6 pairs were observed for 
the effects of human disturbance or. the breeding success of 
the Eagles. The pair at the pier corresponded to distance 
unit (territory) zero, the next to it corresponded to distance 
unit 1 , ----- , and the 6th pair away from the pier corres­
ponded to distance unit 5« The numbers of active nests and 
young raised for each distance unit from all the 3 piers were 
pooled and permitted the calculation of the number of youn^ 
active nest for the respective distance units, and were then 
used in plotting the graph.
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Table 12.8 The observed and the expected numbers of breeding
attempts of Fish Eagles of Queen Elizabeth Park that 
held territories in the vicinities of fishing villages. 
For each Chi-square test, degrees of freedom = 1, and 
for each territory the number of pairs under obser­
vation = 3*

Breeding ____Distanco ( teri'itorios) away from disturbance
attempts 0 1 2 1 4 1

Observed 1 11 7 9 7 8

Expected 9 9 9 9 9 9
I? value 7.11“ 0.44 0.44 0.00 0.44 0.11

Table 12.9 The annual frequencies of active nests that failed and 
fledgod young in Queen ELizabeth Park. !■ or Rich < n ry 
the first figure represents frequency, the second, in 
parentheses, percent frequency} Chi-square tes w. s 
ried out on frequency data.

car-

Teriod

1975/6
1976/7
1977/8

Total

(Mean+S.

No. of 
nests

No o fa c t iv o _ jie s ts _ fle d g ijig _ f^ l2 2 iii l£ -^ 2 £ ^ 2 .-  
~0 1 ~  — ---  — -----

34 (56.7) 16 (26.7) 1° (l6*7> 
40 (59-7) 14 (20.9) 12 (L7,9J 
39 (52.0) 17 (22.7) I8 (24-°>

0 (0.0)
1 ( 1 .5 )
1 (1.3)
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For nesting attempts which fledged young, the frequencies of 

young fledged we-o not si; nif i cantly different between years and 

between brood si-es (Table 12.10). Ear-lets fIndeed in 1-young 
broods formed ^n.3*, those in 2-young broods 59.5/5, and those 

fledged in 3-younr broods 4.2r« of all young raised define the 

study period.

12.3.6 The breedinr franuencv and replacement clutches

The numbers of pai rs nresent durinr each of the 3 rears of 

study ran. ed from 85—88; thus giving a total of ?59 paî s.
The population remained stable at an annual mean of ca. 06 pairs 
(Table 12.ll). Because replacement clutches were common 

(section 6.3.3), there were alto"et 'er 285 pair-years (section 
12.3.4) present du-ing the study period. The frequencies of 
pairs and pair-years did not differ significantly from '.ear to 

year as were also tho~e of their- breeding attempts (Table 12.ll). 

Overall, 68# of the pairs and 71* of the pair-years were active.

Twenty six (13*) of the 202 Fish Ragle breeding attempts 

made during this study were replacement clutches wlile 176 ( 
of them were original ones. The numbers of these clutch - '

not differ significantly with the years of the study (Table 12.1 .

12.4 DISCUSSION

Contamination of the environment, and therefore food 

with chemical pollutants, especially DDE and organoc
i  n f  t h e  r e p r o d u c t i v e

insecticides, has resulted in the impa rm
, v W h  North America and North

Potentials of many raptor species i~
' m A  The r e p r o d u c t i v e

Western Europe (e.g. Anderson & Hickey
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Table 12.10 The ajinual frequencies of young fledged by successful Pish 
Eagle nests in Queen Elizabeth Park. For' each entry the 
first figure represents frequency, the second, in parenthe­
ses, percent frequency; Chi-square was carried out on 
frequency data.

1 No. of Total Humber of young fledged by brood size
Period nests young 1 2 __1_
1975/6 26 36 16 (44-4) 20 (55-6) 0 (o.o)
1976/7 27 41 14 (34.1) 24 (58.5) 3 (7.3)
1977/8 36 56 17 (30.4) 36 (64.3) 3 (5-4)

Total 89 133 47 80 6
(HeaiwS.cL.) (36.3+7.3) (59-5±4.4) (4.2+3.8)

X2 = 3-981 NS, df = 4

Table 12.11 The frequencies of actual pairs and pair-years, breed
ing and non-breeding Fish Eagles in Queen Elizabeth Park. 
Degrees of freedom = 2 for each Chi-squnre te.- .

Year of 
study

Actual
pairs

F a ir-
years

. Number 
actual

of
pairs

Number of 
pai r-year

Bred Not bred Hr«d H U  U UA

1975/6
1976/7
1977/8

86
88

85

92
97
96

54
58

64

32
30
21

60

67
75

32
30
21

Total
% of total 
Mean+S.d.

259

86.3+1

285

.5 95.Q+2.6

176
68.0
58.7+5°̂

83
32.0

27*7+5*9

202

70.9
67.3+7.5

83
29.1
27.7±5-!

.2
* value 0.070 NS 3.280 NS 4.056 NS
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x
i /

Table 12.12 The frequencies of original and replacement clutches 
* of the Fish Eagle in Queen Elizabeth Park.

Number of
Year of 
study

Actual
pairs

Pair-
years

1975/6 86 92

1976/7 88 97
1977/8 85 96

Total 259 285
Mean+S.d. 86.3+1*5 95. CM-2

l } value

Numbers of clutches
Original Re-laid Total

54 6 60

58 9 67
64 11 75

176 26 202

58.7+5*0 8*7+2.5 67 * 3+ 1 •5

0,070 NS 0.652 NS
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potentials of raptors are irrpairod by these chemicals through 

their interference with the metabolism of eggshell formation such 

that eggshells become thin and the eggs readily break during 

incubation. In an affected species, this thin eggshell syndrome 

leads to poor hatching success and an ever dec-easing brood size 

with progressive contamination.

In the genus laliaeetur . the most recent study of the 
reproduction of the Whi to— tni led flea Wagle Haliaeetus albicilla 
in Sweden has shown that the average brood size did not change in 

1-apland (Helender 1083’'. At the Baltic Toast, however, brood size 
was constant until 1950, and then declined rapidly until the mid-Î Ahs. 

Helander attributed the rapid changes in brood size to decreases in 
the hatching success of the eggs due to DDE and PCB contamination.

A South African pair of Fish Eagles that Stevn (197?) studied 

between 1953 and 1964 had an average hatching su'-cess of 77.8#.

However, he did not discuss this success rate in relation to 

environmental pollution. During this work, hatching success 

averaged 83# and it did not differ significantly betw-en th y ■

of study. Egg disappearance was the more important cause of

hatching failure than infertility/addling and egg breakage. 

Although eggs were not analysed for chemical pollutants, the 

findings that egg breakage formed a small fraction (7#) of t 

eggs which failed to hatch, and brood size did not r h n  r > 

cantly from year to year indicate that chemical pollution is pro­

bably not an important environmental factor in the reproduct
r («?ee section 7.4).

biology of the Fish Eaple in this
This study demonstrates that chic* survival >oc— d. 

although not significantly( » i «  increasing breed sive (Table •
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Since chick mirvivnl wan not significantly influenced bv brood 

size and annual average brood survival vuis similar between years 

indicate that food shortage was not an important environmental 

factor in th- survival of nestling Fish Earles in this Park and 
that the prey base was stable. The fart that 97# of all the 

chick9 in 2— and 7—vounc broods s»i"vived and disappeared as whole 
broods rat' er than as parts of broods (Table 12.6) further 
demonstrates t^at sibling aggression, and its attendant artificial 
starvation (Hevburp 1974; sco section 9- '-5). was not, a significant 
factor in the survival of n^stlin s. The hirh rate f 29#) of whole 

brood disappearance, however, implicated predation as a habitat 

factor that significantly influenced brood survival (section 8.7.4).

Nest productivity obtained by Thiollay ft Mever (1978) for the 

Fish Eagle in this Park during 1976 and those of this study are 
not significantly differnnt (X = 0.006, df = 2, P >  0.1; data in 
Table 12.13). Productivities in other habitats are also similar 

to those of this study (X^ = 0.305* df = 12. I >  0.1; data in 
Table 12.13). These results, therefore, suggest that the habitats 

of the Fish Eagle, in areas so far studied, a i °  still s 
pollution. However, recent studies In Zimbabwe ha.e shown tbnt 

• oeetlcide residues are increasingly acrummuln t i ng 1 -
terrestrial and nquntic habitats and consequently in the e*Bs of 

birds inhabiting them (Tannock £t ai- 1983)
/ 1r p-ives t h e  r e p l a c e m e n t  r a t e  of the The number of young/psir gi •

,, rf 107'7) It averaged
1, b ft c; Brown & hopera. t 1...

and is similar to Thiollay *
8fecies (Brown 1976a, b
0.46 young/pair during th is  study

Meyer's (1978) value of 0.42 you 
■Since the Fish Eagle population., of

ng/pair for the sane population.

L. Victoria, l. Naivasha,
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AS-

T r i l l  1 2 . 1 3  T h e  n e a t  s u c c e s s e s  e n d  p r o d u c t i v i t l e e  o f  t h e  A f r i c a n  F i o h  E a ^ l e  i n  7  E a s t e r n  e n d  S o u t h e r n  A f r i c a n  e t u d j  

F i g u r e s  m a r k e d  w i t h  e n t o r i n k n  w e r e  g i v o n  b y  B r o u n  ( 1 9 0 0 )  n n d  n o t  b y  t h e  o r i g i n a l  B u t n o r n .

S o u r c e  

T h i s  i t u d y

A r o n  L  r o r l c - 1  

K e z i n g a  C h a n n e l

( 1 9 7 5  -  7 8 )

A l l

l l o .  o f  

A o t i v o

p a i r s

S u c c o s a f u l

H o .  y o u n g  

f l o d g e d

>0 n e o i

A l l A c t i v e A l l A o t i v o S U C O O B O I p

2 0 5 2 0 2 8 9 1 3 3 3 1 . 2 4 3 - 9 O .4 6 0 . 6 5 1 . 4 9

T t l o l l e j  &  M e y e r  

( 1 9 7 8 )

K e z i n g n  C h a n n e l

( 1 9 7 6 ) 1 0 0 4 7 - 3 7 4 2 3 7 . 0 7 8 . 7 0 . 4 2 0 . 5 3 - 1 . 1 3

I r o r a  ( I 9 6 0  &  1 9 8 0 ) L a k e  T i o t o r i e

( 1 9 5 3  -  5 5 ) 2 1 1 2 1 0 .  1 2 4 7 . 6 8 3 . 3 0 . 5 7 1 . 0 0 1 . 2 0

Brown i  B o p c r e f t  ( 1 9 7 3 )  1
Brown ( 198O )

L a k e  N e i v a o h e  

( 1 9 6 8  -  6 9 ) 56 3 5 2 1 :  28 3 7 . 5 6 0 . 0 0 .5 0 0 . 8 0 1 . 3 4

B r o w n *  H o p c r e f t  ( 1 9 7 3 ) ,  

Brown ( 1980 )

L a k a  H n l v a n h a

( 1 9 7 0  -  7 1 ) 56 3 6 2 0 2 5 3 5 - 7 5 5 . 6 0 . 4 5 0 . 6 9 1 . 2 5

s t e j n  ( 1972 )

B r e w  ( i 9 6 0 )

S o u t h  A f r i c a  

( 1 9 5 3  -  6 4 ) 9 9 9 9 1 0 0 . 0 1 0 0 . 0 1 . 0 0 1 . 1 3 1 . 5 0

S t e m  ( 1 9 7 4 )  

Brown ( i 9 6 0 )

B o t s w a n a

( 1 9 7 1 ) 2 0 1 2 7 C  8 3 5 . 0 5 8 .3 0 .4 0 0 . 6 7 1 . 1 4
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Botswana, South Africa and this Park realized similar productivities 

they, therefore, have similar rat.r>a of replacement of the species.

Brown ft Amadon (1968) believed that close proximity of nests, 

probably acting through internair interferences with breeding 

activities, was th« likely ca se of the lower breeding success 

they recorded for a Kish Ka-'-le copulation the;- studied. Brown 

(1980) reported that in capacit- populations territorial combat 
may be so Tierce that it actually -’olds down the breed ■ nr rate.I
Alone the Kazinga Channel, Fish* v.n«~le population density is higher 

than those in other areas. During this study, increasi nr territory 
size increased, although not si nificantly, the production of 

young. This cl-arly demonstrates that increasing population 

density depresses the breeding success of the birds. 1robably 

because of the higher density and presumably because of more 
frequent territorial dispute., only 44$ of all neatins attempt, in 

this Park fledned young aa compared to 83$ in Victoria, > ■

L. Halvast,a, 58$ In llotawana. and 100$ in South afrira (Tab
Abort, Thiollay * Meyer (1978) under-

estlmsted the number of acti.e neats and. consequently, over-
Because their study was very sho:

ctive n<
3 ('rg?„) of the Kazinga Channel Fish Ea< 1 - 

tv,.-: Kish Earle's breeding

estimated the nest success 

population (Table 12.13).
The effects of density in reducing

succe ss  i n  t h i s  P a r k  - n s  p r o b a b l y  Jn t h e  t a r r l t o r l e s

f a o , o r s - Thus " the p ro v is ,o nincreased  the  p r o d u c t i o n  o . ,  water, iq7Cb) Shallow and calm wf oq ( Drown 19of more secure nesting si - (Thiollay &
. . f  b i r d 3 i n  1 '

a l s o  fa v o u re d  t h e  p r o d u c t i v i t y  o f i s h  than
o h a l l o w  w a t e r  c o n t a i n e d  more

Meyer 1973)  p r o b a b l y  b e c a u s e  .



deer water (Or.™ 1 9 6 4 . Cwmhaba 1971) and Its calmnons eased the 

capture of prey (Banner-man 1967»).

!uo,\rmann '1973) found that Raid Karlcs Halinoetus loncocenhaln* 

nesting in areas relatively more distant from human activities had 

better productivity than tho-e closer to them. Helander (1983) 

demonstrated that human disturbance about the territorv was a 
major ca-ise of nontin • failure in the Pea Ear-lo in Pwedish 
Lapland. Human disturbance, added to the effects of chemical

i

pollutants in the eg.-s, resulted in poor productivity and declining 

populations of tv-r» Pea Enrlr in Europe (Paloknngas ej; al. 1972a ft 
b; Anderson ft Mickey 1174). Road development nto--*red Pteyn's 
(l97?) South African Fish Eagle pair from ever breeding but Brown 

& Hopcraft (l97i) found that L. Haivasha birds werp unaffected by 
human interference. During this study, human disturbance reduced 

Fish Eagle breeding success but its effects were hiphly localised 
to pairs whose territories were at the foci of the disturbances.

Two out of'202 Fish Eagle breedinp attempts fledged 3-«oung 

broods during this study. Only one other case of Fish Eagles 

rearing three young occurred in the Kaf'̂ e Flats, Zambia ( ol.ro 

Robjent 1974). In the eight species of the genus only Haliaeetus 

leucocephalus. H. albicilla and JI. pelaricus. had b ..n k

fledge three voung (Brown 1976a, b ft c; Frown ft 'Won 1968).
i .a > . Park and that ofThe two cases of i-young broods fledged -

. jj n wnnifer to the list ofColerook-Robjent(l974) therefore adds JU vo------

species that can rear 3-young broods.
At L. Brown * Hoporaft found that the total

number of Fish Fa.le pairs ramninod stable during their studies in

1968-69 and 1970-71. Durln* ‘"1, study, too. n similar stabrlrt.
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was recorded. Although the number of pairs remained stable, 

minor changes occurred in both the Queen Elizabeth Park and L. 

Naivasha populations. In t’is Fark, as in the Naivnshn study, 

whenever a pair abandoned a territorv, the area was not taken
over by a m*w pair, rather it was annexed bv adjacent ones.

0
In dense populations of F’ish Earles, high proportions of 

pairs do not breed and non-b ”->ed i ng ma” account for one-tnird 
to one-half of a copulation not breeding each year (Brown 19B0).
In Lakes Victoria and Haivasha respectively 43^ and 3V$ of the 
pairs did not breed. In Botswana 40$ did not breed. On the 
Kazinga Channel, non-breed' n̂- accounted for 6'*!$ of the 100 pairs 
Thiollay & Hever (lÔ fl) observed. Non-breeding averaged only 

32$ during this sttidy. It has been suggested that such a high 
rate of non-breeding helps to limit the Fish Eagle population and 
that it operates throu.-h natural social population regulation 

mechanism (Brown 1900). An appraisal of this and other popula­

tion regulation theories were discussed in section 3.4.
According to Brown ( i976a, b & c), eagles seldom replace lost 

clutches, although those in the tropics will do so more readily 
than those in temperate regions. The Crowned Engle utenhanoaetu 

■ coronatus. Verreaux's Eagle Aoui 1 a. verreauxi and Ayr s In k 

Hleraaetus duhius have been reported to replace In 1 ■
the replacements may take weeks or months (Brown, op i .. 
the Bald Eagle when a clutch is removed or lost early in the breed­

ing season it can be replaced in 4 or more weeks(B.nt 3’ 
captive White-tailed Sea Earle female replaced a clutch in a 9 V 

interval and another in a 29-day interval (Fentzloff 1977). In 
a South African Fish Eagle pair. Steyn (197.) reported one case of a
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replacement clutch, but he did not state the i n t e r v a l  between the 

original and the replacement clutches. In the Fafue F l a t s ,

Zambia, Colerook-Kob.ient (1974) recorded a clutch replaced in a 

3-week interval from the time he removed the original clutch. 
Thirteen percent of all Fish Eagle breeding attempts during this 

study comprised of replacement clutches and the clutches were laid 
on average 3.6 months from t* e loss of the original clutches 

(section 6.3.3)- This finding clearly demonstrates that the 

African Fish Eagle replaces lost clutches, and perhaps do°s so 

more commonly than had been thought.
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c h a p t e r  n

CONCLUDING REMARKS

13.1 Distribution

As in other areas, this study has shown that the 
distribution of the African Fish Earle in Queen Elizabeth 

National Park, and Uganda generally, is very much dependent 

on the presence of water. In parts of the country where, 

in modern times, the rate of swamp drainage has accelerated 
due to high human population growth and diversification of 
agriculture, the habitat of the Fish Eagle is dwindling 
fast. The nationwide creation of fish ponds and dams, 

which had been encouraged by the Fisheries Department 
during the I96Q3 , is the only sure way for man to promote 
the wide-spread distribution of the species. However, • 

since an Eagle would consume about 100 kg of fish annually 

or remove from any such pond ca. 260 good-sized fishes per 

year, its presence on a fish pond would probably be resented 

by most fish pond owners.
The1 study also showed that another habitat variable 

which significantly influences the distribution pattern of 
the Fish Eagle, and to an extent its nest productivity, is 

the presence of trees. Forested and well-wooded shorelines, 

during this study, attracted higher population densities 

of the adult birds than did treeless ones. Thus, any 
national land use practice which encourages woodland forma 

tion in an area will, of necessity, be promoting the coloni­

zation, probably in great numbers, of any water in th -
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provided the water mass concerned has some fish and is not 

above 2100 m a.3.1. IT the conservation of the African 
Fish Eagle is to be assured in the three National Farks 

(Queen Elizabeth, Murchison Falls and Lake Mburo) where it 
occurs, it is imperative that the authorities discourage 

policies which will in the long run lead to complete wood­

land destruction along the banks of the water bodies in 
these Parks.

Human settlements along the shorelines of Lakes EdwardI
and George and the Kazinga Channel, in this Park, did not 

significantly affect the distribution of the Fish Engle.
During the study, both the fishermen and the other people 
were impartial to the bird. There was no evidence of 
persecution of the bird, even of pelting by the children 
of the 11 fishing villages. Nevertheless, a few pairs ofI
birds which inhabited shorelines bordering onto the villages

9

did not breed at all probably because they became too wary 

of the constant presence and activities of the people. 

Non-breeding by such few pairs of birds around the fishing 

villages could not have significantly influenced the overall 
annual nest productivity of the species in the whole Park. 

Evidently, human interference with the breeding activities 

of the African Fish Eagle in Queen Elizabeth Park does not 
contribute greatly to its population regulation and, therefore, 

does not constitute a conservation management problem for the

species.
In providing daily refuse in the form of rotting fish,s 

and fish offals which they discard, the villages attract
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large numbers of young Fish Eagles. The present of those 

villages probably greatly enhances the survival of the 

young birds and, thereby, promotes a healthy population of 
the species.

13.2 Tourism

Animals, especially large mammals, are the main 

attractions for tourists coming into the national parks. 
However, birds and other lesser creatures feature prominently 
for some visitors. I

Of the 545 species of birds present in Queen Elizabeth 

Park, birds of the shoreline are abundant. Few of these, if 

any, rival the African Fish Eagle in beauty and in the 
variety of displays they make. The Fish Eap-le's call, 

uttered throughout the day and with the head tossed right 
onto tha back, is an unforgettable sound of the African bush. 
Its mid-air cartwheeling fight with any other intruding Fish

9

Eagle during territorial defence, although extremely rare 

is an aerial acrobatic display to be marvelled at. The 

steep and fast dive to kill a fish from the first 10-15 cm 

of water, by the powerful grip of talons at the end of the 
feet, is yet an awe-inspiring feat. The bulky nest of twigs, 

usually set atop a Euphorbia tree, is an impressive mark on 

the landscape.

13.3 Nutrient cycle
Dpto mid-1979, between 10,000-12,000 hippopotami 

inhabited Queen Elizabeth National Park. Presently, 
are at least 5,000 of them along the shorelines and in the
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wallows. Daily, these animals remove large quantities of 

grass as their food. However, because they spend the whole 

day in water, over 9<# of their daytime defaecation is done 
in the water and this results in a net drain of nutrients 
from land to water. The African Fish Eagle, although 
contributing insignificantly, in conjunction with other 

fish-eating birds and man, and insectivorous birds which 
largely feed on lake flies, help to return some of the 

nutrients to the land. The more luxuriant and vigorous I
growth of vegetation under the regular feeding perches of 
the Fish Eagle than of the vegetation elsewhere is clear 
evidence that the decay and mineralisation of fish remains 

and bones are responsible for this. However, this is so 

localised as not to have a great impact on the general 
nutrient cycle of the Park.

13.4 Indicator sneni pg

Although this study has s*'own that the African Fish 

Ragle is not contributing significantly to the nutrient 

flow in Queen Elizabeth Park, the Eagle, nonetheless, has 

an important role to play in the ultimate health of the 

Park and the surrounding area as an indicator species.

• Endowed with a variety of mineral wealth, the region
in which this Park occurs is likely to become an industrial 
nerve centre of the country. The rich agricultural and 

livestock, potentials are clearly manifested by the growing 

number of both government and private farms. To boost 

Production, these farms are increasingly using both 
°rganochlorines and organophosphates whose persistent and
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detrimental effects on the environment are already well 

known. The African Fish Eagle, as a top predator on the 
food chain stemming from the aquatic habitat, will have 

a role to play in bringing to light how much chemical 

pollution tre Park in absorbing from the surrounding region.

Although no eggs and Fish Eagle body parts were analysedA *■
for pollutants, this studv showed that egg—breakage was not 
an important factor in the breed inf' success of the birds. 
Furthermore, the lack of significant variation in the annual 
nest productivities indicate that the birds are breeding 

normally. The productivities are also similar to those 
obtained for the species in other habitats such as Lake 
Naivasha in Kenya and along the Phobe and Boro Rivers in 
Botswana. These results would, therefore, demonstrate that 
pollution of the Park with organochlorines and 
orpanophosphates is probably still low. However, it is 
imperative that a research programme be started to continu­
ally monitor the nest productivities of these birds in order 
to follow the rate at which the Park, especially its waters, 

are being polluted and to detect, in time, the threshold 

at which the population will begin to decline. Such a study 

should be corroborated by regular cropping schemes, say, at

5-year intervals, during which a few territorial birds are 

sacrificed to provide samples for laboratory assays of 

various chemical pollutants.
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13.5 In retronpect

Despite the lack of supportive data from laboratory 

assays, the African Fish Eagle of Queen Elizabeth National 

Park may be said to be safe from the detrimental effects 

of chemical pollution which has wrecked populations of 
most birds of prey in Europe and North America in the 
1950s and 1960s. With its high densities of African 
Fish Eagles, Queen Elizabeth Park probably served as 

a source of dispersal of the bird to the surrounding 

repions in the past. It will continue to do so only if 
organochlorines, organophosphates and any other chemicals 
hazardous to man and to the environment are used more 

carefully and wisely.
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