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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
bird with emphasis on its seasonaIC%ty 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
settlemients whereas the distribution of terri-

torial adults bore no significant relationship

to this habitat factor.

A 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 conspecifT 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 1.0A% 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

Channel, a pair had from O-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 iIn 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 (%f strong correlation between rainfall and
breeding seasonality, birds preferentially laid

during the rains. The breeding interval averaged



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-eqg
clutch being the commonest and the 3-egg one the
rarest. The fresh egg averaged 133.3 g and it
declined iIn 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

1
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).
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The influences nf brood size, hatching order and the
sex of the young on 1its 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 iIs described. They
included sleeping, panting, defaecation, reactions to
other animals and birds, and iInteractions 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-flight exercises and was made without parental
coaxing. The post-fledging young fed largely on

prey remains which, during the early post-fledging
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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 tie l-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,
infertility/addling intermediate and egg breakage
the least iImportant. Larger clutch sizes favoured
the production of young. Although nestling

survival was highest (75.8%) iIn the 1-young brocd,

9
intermediate (69.7%) iIn 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/successftul

pair. Increasing territory size and numbers of
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mature trees In the territories increased, although
not significantly, the production of young.
Additionally, 1increasing 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.
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CHAPTER 1

INTRODUCTION AND OBJECTIVES OF THE STUDY

0
1.1 GENERAL ITJTRODUCT TON

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 «

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.im.ly 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 iIn modern times.
1.2 THE AFRICAN FISH EAGLE

1.2.1 Classification and distribution

TheI African Fish Eagle is classified by Brown

(1976a & b) as follows:

Order: Falconiformes

Family: Accipitridae

Sub-family: Ha liaeetinae

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
sea and Tish eagles and the fishir?g 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 leucocephalus, the European or White-tailed
Sea Eagle H. albicilla, White-bellied Sea Eagle H.
leucogaster. Sanford"s Sea Eagle II. sanfordi, Pallas~
Sea Eagle I leucoryphus, Steller"s Sea Eagle H.
pel ag 1cus , the African Fish Eagle . vocifer, 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-bellied and Steller®s Eagles
are found iIn both Europe and Asia. However, the o
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.1).

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.1). 1in this area, 1Its widespread

tribution is, however, restricted by the presence



Pig. 1.1 Kan of Africa showinr distribution of ik- African
Fich Za™le Hal iaaetus vocifer k-udin The
species occurs south of She uotteu liue. Tie

. distribution of the c>ma:ceric T-lab™~s* r Fish Engle
L. vociferoiden i3 also shown.
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of water. Thus, iIn the Ogaden Province of Ethiopia
and In northern and northeastern Somalia, and in

the Kalahari Desert it is absent. Where water 1is
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 1is

also absent from the northeastern part of the country

(Fig.1.2) . y

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 e comm.1975; s.K. Eltringham pers. comm.

5 Thi., is at least true of populations at Lakes

Naivasha and Barm%g in I{ﬁe(nya and in Queen Elizabeth



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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0
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 1in
different habitats. The need for these studies are
clearly stated by Brown (1980) himself. However,
the findings brought forward iIn 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

Fis? Eagle in the Queen Elizabeth Park and

assessing the population structure and its

distribution in relation to various habitat
variables,
2. describing territoriality in the bird andwI
appraising its role in population regulation
in the species,
3. examining the feeding habits and evaluating
the role of the Eagle iIn 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,



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-fledging period of
the eaglet, describing its behaviour and

determining how it leaves the parental

territory, and
o

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 iIn 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.



1.3 THE STUDY AREA
1.3.1 General

This study was carried out iIn 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 iIn 1934 and uplifted
to National Park status in April, 1952. Tim Park
covers 1978 km2 and lies between latitudes 0° 15°N
and 0° 35S and longitudes 29° 35" and 30 207E.
The Rwenzori Mountains (Mountains of the Moon), with
its 5100 m peak, lies to the northwest of the Park,
Just outside 1iIts boundaries. The Park varies 1in
elevation from 913 m on Lake Edward to 1364 m a.s.l.
in the Crater Area (Flg.1 .3). It borders on two large
lakes: Lake George, with a surface area of approxi-
mately 260 kn , 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 iInto 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 t 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.



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 iIn them.

The Kazinga Channel, which connects Lake George
to LakelEdward, 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
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and rate of flow are hardly detectable to a casual
observer because of its insignificant drop 1iIn
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, 1its 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 et al. 1969, Burgis 1969, Ganf 1969 & 1972,
Gwahaba 1973).

1.3.3 Climate

The i1mportance of climate iIn 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



- 13 -

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 iIn October to 18.8°C in May fTor minimum (Table 1.l1a)
and 27 .9°C iIn 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, 1in
April and May, and highest, 1i.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. Thz)s,
in this Park, Edroma (1974a) demorstrated that solar
energy was the primary factor which caused competition
and, therefore, resulted iIn 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 3.3.7.5
& 9.3.2).

Data collected during 1965-72 indicate that the

amount or sunshine received iIn this Park varies

little from one month to another, i1.e. 5.0 hours 1In



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

Tear Jan. Feb. Mar. Apr. Khi June Aug. Sept Oct. = Dec.

1964 18.3 18.5 19.1 18.7 18.8 17.9 16.9 180 182 17.9 175 17.0
1965 17-6 18,3 18.9 18.6 18.3 17-7 17.8 182 17.7 18.4 182 17.8
1966 18.5 18.8 185 188 18.5 17-7 17.6 180 175 17.4 100 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 18.7 191 17.9 17.6 183 18.0 16.6 17.8 17.2
1969 17.6 18.3 19.2 17.0 16.9 18,2 19.1 186 17.7 17.0 188 19.0
1970 16,5 17-3 18.0 18.3 10.1 17.4 18.0 109 17.9 17.6 18.3 18.1
1971 17.4 19-0 19.0 185 21.4 20.3 205 185 18.1 184 196 183
1972 18.7 185 185 184 10.8 10.4 10.8 184 10.3 10.7 18.9 18.1

Mean 17.9 18.4 18.6 18.4 18.8 18.2 18.2 183 17.9 17.7 18.3 17.9

Table 1.1 () Mean monthly maximum temperatures (°C) for Mweya, Queen
Elizaboth National Park. Dash iIndicates no record available.

Tear J Feb. Mar. Apr. Mar Juno July ph<« Sept Oct. Nov. Dec.

1964 294 28.4 296 27.3 285 289 27.8 28.3 27.9 27.7 28.2 28.2
1965 289 29.3 2.1 276 20.7 20.9 20.0 29.4 29.3 279 279 28.1
1966 294 29.1 28.6 28.0 292 259 28.4 29.1 272 955 27.9 29.4
19%67 303 31.6 203 29.8 278 28.3 27.9 295 295 27.8 276 305

1963 30.3 30.0 271 30.3 30.0 28.3 295 283 30.6 20.3 27.9 27.7
1969 28.5 28.8 258 256 28.7 - 291 9297 28.8 30.0 30.3 27.0

1970 29.4 31.0 27.6 28.8 28.2 30.3 28.6 31.2 269 29.0 295 28.2
Iorl1 8.0 296 2.1 26.8 28.4 28.6 26.9 26.6 27.9 28.0 27.6 28.5
1972 27.3 287 28.8 o755 26.5 276 30.1 26.5 27.3 26.6 26.2 27.1

Mean 29.1 206 28.3 28.0 28.4 283 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/cmE£/month iIn August to 382.0
cal/cm2/month in September (Table 1.3). Although not
stronglylcorrelated with rainfall (r = 0.061, dr = 10,
P~ 0.1), i1t was maximum during the rainy season. This
clearly suggests that incoming solar energy is reduced by
-haze which 1is 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 iIn 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



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 59 6.2 71 79 6.7 68 7.3 53 56 75
1966 6.5 5.0 5.0 5.2 40 51 7.2 6.4 5.0 6.0 50 6.6

1967 6.7 63 44 51 71 57 59 73 6.6 4.9 43 7.9
1968 6.1 44 4.2 3.1 48 54 6.7 4.8 6.8 4.5 4.0 6.0
1969 49 4.2 42 48 40 53 59 64 40 4.2 54 57
1970 3.8 6.6 4.6 4.3 53 64 64 33 57 46 7.8 5.6
1971 5-2 6.7 59 54 58 6.2 53 52 6.1 g7 48 3.3
1972 6.2 56 7.0 55 52 6.0 79 58 7.1 4.0 5.6 5.8

Kean 59 57 52 50 54 6.0 65 58 6.1 5.0 53 6.1
+S.d. 1.2 1.1 1.0 09 1.2 09 0.8 1.3 1.1 09 1.2 1.4

M
Table 1.3 16 total monthly Bolar radiation (cal/cnz/day) for Mueva

Queen Elizabeth National Park. ya’

Tear J n. Feb. Mar. Aj2. May  June Juljr Aug. Seft Oct. Nov. Dec.

1968 412 333 348 348 311 318 318 288 374 396 U7 R’31

1969363 340 375 31 3 33 318 300 zm 343 33 32

1970 304 371 388 316 309 360 346 301 397 384 367 357

1971 3% 435 344 . 335 385 379 358 344 426 431 438 339

1972 337 327 406 351 345 369 426 339 382 352 3P1 350
+56d 323%_;1 329:: 366.2 354.2 344.2 355.8 353 5 335 4 382.0 381.2 361.6 339.3
25.3 27.3 27.6 23.3 44.3 402 34.7 354 459 14.1



Table 1.4 Th«

Tear Jap.
1965 ®m 21530
1966 631446
1967 566751
1968 3780)2
1969 428161
1970 56719)
Main = 435852.2

43.d.  225511.6

17 -

Monthly wind run* for Mueya, Qu«on Elizabeth

IsS -
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trees used for nesting (section 5.3.1) were they not

to have been protected by the tangling Capparis tomentosa

and flzima 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 1is 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 iIn the over-grazed

areas where the soil _is compacted by animals and there



Pig. 1.4 Isohyets showing the average monthly rainfall (mm) in Queen
Elizabeth National Park.
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1.5 Tho MUI Monthly rainfall (an) for atationa In Queon Eliiab.lh Parle, Data for 1974 1914

inclusive. Altitude In o in paxontheoea.

_ Doc.

Station Jen Fab Hot. Apr. 521 Jtine ., Au<w sopt oct. Pot.

824.7
R\HHWM)OO) 324 456 84 .6 99-6 78.4 37.3 40.1 67.7 57.8 115.1 123.7 42.4

750.9
Kmulllevoil(920) 32.6 21.1 88.3 118.8 go.7 36.7 27.3 47 .1 57.6 92.1 87.7 51.9
Ea.,ajoa(920) 16.3 35.1 95-0 109-9 87.6 51.0 28.7 43.9 g1.9 104.6 06.0 44.1 784

666
JjunAuani(920) 25.2 30.6 749 90 .2 57.6 35.1 31.4 51.0 791 67.0 73.2  43.6

Idﬂlm) 42.1 372 95-4 99 .3 92.0 41.9 30.1 01 .1 91 .5 88.0 118.7 46.1 882.
EdJ’lt[IO(%) 23.1 53.1 772 97 .2 65.3 37.0 39-8 771 67.7 92.4 111.8 50.4 792

Keaonijl(930) 36.9 25.4 74.7 100.7 54.9 31.7 24.7 55 .4 29.3 95.6 97-7 47.7 6/4*
W) 48.0 48.9 88.0 124.7 72-7 54.7 26 .4 72.2 65.2 111.9 113-7 57.0 863.
Klkorongo(930) 24.3 45-6 96.7 121.8 80.2 52.1 38.7 56.8 80.2 109.6 96.6 54.4 857.
Kjondo(930) 27.6 24.3 97 .9 152.0 9 32.6 19.9 64 .4 79.6 121.0 113.7 74.1 934.
H«eya(930) 35.6 46.7 77.3 132.2 70.6 38.6 37.2 90.0 64.0 77 .2 119.4 47.1 835
W—@) 38.1 45.5 79.8 114.0 85.0 50.0 29.3 79 .3 91.0 89 .6 95-.1 '48.0 844
Klkaro(960) 24.6 46.7 80.2 109.7 100.0 30.2 21.3 59.4 67.9 120.2 135-2 53.1 866
llyereveru(960) 38.2 46.8 77-7 100.8 79-4 53.6 26.4 77.0 80.7 96.9 96.2  49.2 825
Ilyaounuka(960) 37.4 56.1 101.3 123.5 81.7 49.3 36.2 66 .5 73.5 102.0 116.4 62.0 906
Xanjranpara(990) 49-2 47.9 103.1 159.9 86.1 55-6 45-7 60.6 99.6 141.6 127.6 65.6 1042.
Karanaganbo (990) 27.9 51-4 102.8 146.1 116.1 54.8 29.7 95-6 122.6 132.9 109.3 c8.0 1077.
Npond.a(990) 41.2 37-2 98.9 110.0 78.1 38.6 41 .4 64.0 83.8 137.3 103.4 67.3 896
Hml(%) 37.4 64.6  123.6 353 09 145-3 57.7 29.7 88.1 159.7 137.0 112.4 75.7 1185.

nglrx(990) 44.3 65.0 106.6 135.6 117.0 g7 .9 31.2 104.0 133.2 146.2 142.4 72.3 1167.
Kiln 11(990) 38.6 64.2 86.6 123.8 71-4  31-4 36.7 75-0 105.2 98.3 113.7 58 .0 902.
Mowi 34.3 45.1 91 .4 120.2 87.0 44.7 32.0 70.8 82.9 108.4 109-2 57.0 884 .



is little vegetation cover to trap the wil."r. Ihe
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 [1.angdale-
Brown (1960), 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, how/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 iImportant pasture community for the
large mammals. In most of the grasslands II. fjlipendula
.k the dominant species with Themeda triandra as the
co-dominant and the other species like Bothriochloa
inscul pta, lleteropogon contortus , 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 tomentosa and the trees

mainly of Euphorbia candelabrum and E. daweil.

Trees were rare 1iIn the grasslands of this Park
(Edroma 1975a). Stands of Ficus spp. and Phoen ix
reellnata swamp forest exist in the wet areas in the
north; atI the mouth of Nyamugasani River there 1is 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. gerrardii.
Balanites aegyptlacn, Ficus ficus and F. gnaphal ocarpa
are also iImportant components of some of the above ;\;ood—
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 lunatus jimela 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.



- 23 -

Reserve In the east (Fig-1.3). The dominant tree species
is the Uganda Ironwood Cynometra alexandrie with
Maesopsis eminii, Fycnanthus angolensis, Warburgi -
ugandensis, Dlospyros abyssinica, Celtis sp. being the
other component species. Along the rivers Pterygota,
Pseudospondias and Treculia spp. are also common .

(Osmas ton 1960) .

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 197, Edroma 1975a).
These are due to heavy grazing pressure from the
hippopotamus. Sections of shorelines are fringed by
papyrus swamps and forests; iIn such places, e.g. no.rth

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 cn iIn height. This grazing prohibits
the accumulation of dry grass and, consequently, Tfire 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 tortus occur as
the main species. In deep gullies the vegetation
becomes dense and dominated by Cynodon dac tylon,
Panicum maximum, Capparis tomentosa, 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
stapf lanus , Altertianthera pungens and S. pyramidal 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
tomentosa but shrubs Ulike Securi nega virosa, Terenna
graveolens . Erythrococcus bongensis, Hoslundia opposi ta

and Pavetta albertina are common (Langdale-Brown et al .

196A*Lock 1967»Edroma 1975a).

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



swamp of makindu palm between Territories 49 and 4
(F1g-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).

The shore of the Peninsula oppositoe 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

o4
and 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 1iIn

Lake George alone (Gwahaba 1973,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 Hippopo tamus amphi bius , 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-0jok 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, Tor example, species like zebra Equus burcbelli,
giraffe Giraffa came lopardus, and black rhinoceros
Diceros blcornl3 are absent. Spinage (1967a) suggested
that the low species diversity may be due to the heavy
human settlement iIn 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 al.(1975) 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 1980"
Buffalo 18040L 2037
Elephant 7042 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 Halpas (1980).
Eltringham (personal comunication).
Modha and Eltringham (1976).

S. M. Yoaciel (personal communication).

61 Eltringham and Din (1977).

7- Douglas Hamilton £t al. (1980), sample count for all species
except the elephant.

8. mEdroma (Unpubl. data) later in 1980 recorded 12840 by the total
count method.
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from colonizing the area because of the dense human populatior

The major species of large mammals iIn the Park are
the elephant, the hippopotamus and the buffalo. Currently
the hippopotamus Uippopotamu s amph ibius is the most
numerous of the very large mammals. At A,569 animals
(Table 1.6), the population 1is only about one-third
or the 17,000 animals the Park contained iIn 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 198Q (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 iIn recent years due to commercialized
poaching. By March 1980, the population was as low 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 iIn the Park, the

"J y of which immigrated from the neighbouring



Virunga Park, Zaire (Edrorma pers .com.,P . Ssali-Naluma

pers. comm.).

The buffalo Syncerus caffer is another large mammal

which suffered from poaching during 1979-1980 (Van Orsdol

1979). Maipas (1980) and Dougl as-Hamilton, gt al . (198n)

estimated the Park population at 2037 animals. During

the early 1970s, Eltringham & Woodford (1973) estimated
the population at about 18,000 animals and this Tfigure

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,

bushbuck Tragelaphus scriptus, reedbuck Redunca redunca,

and topi Damaliscus lunatus jimela. 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 iIn the Maramagambo,

the riverine forests as well as the forests on the steep

walls of the craters. Sitatunga Tragelaphus spekei was

seen, Iin the swamps of Lake George iIn 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 I_a, the

red forest duiker C. harveyi, and C. silvicul tor, are

forest dwellers.

Several species of primates occur. Olive baboon
Papio anubis and vervet monkey Cercopi thncus ae th iops
are the most conspicuous; the former inhabits the
southern bank of the Kazinga Channel but is absent on
the northern side, except iIn the Crater Area. Ihey are
regularly found in Euphorbia 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 thecus mitis and the red-tailed monkey C.
ascaius .

4
The lion Panthera 1leo 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

15_.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"”tthur. givinp, a total of about 250 animals
for the whole Park (Myers 1976). The spotted hyaena
Crocuta crocuta 1is 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 Canis
adustus, the African wild cat Felis lybica, and the
serval F. serval. Viverrids include the African Civet

Civettictus civetla, the African Palm Civet Nanmdinia
bInotata, the large spotted genet Gene Ita tigrina.
Several species of mongooses are present: the grey
mongoose Herpestes ichneumon, the black-tipped mongoose
H. sangu lneus . the \hite-tailed mongoose Ichneumia
albicauda, the banded mongoose Mungos mungo, and Mne
marsh mongoose Atilax paludinosus. Three species of
insectivores, Crocidula spp. (Delany 1964), the pangolin

Man 1ls temmiucki i, and the ant bear Orycteropus afer also

occur bth in small numbers.

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 iInsignificant individually, the effects
of their presence are not Spectacularly apparent, for
example, iIn the form of destruction to trees and over-
grazing Iof grasslands. Nevertheless, Eltringham (1968)
found that the increased population of Marabou Storks
Leptoptilos crumeniferus in the 1960s led to destruction
of Euphorbia dawei 1in 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 iIn 1969. The role of the African Fish
Eagle was appraised by Eltringham (1975) and has been
one of the main objectives of this study (section 1.2.2

and Chapter A). in the bushed grasslands, for every



km2 , there are ca. 16,000 individuals/species of
insectivorous birds. These birds, in preying largely
on "lake flies®™ (Chironomidae), return to the Iland
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 1is probably tfre equivalent of at

least 5 to 8 buffaloes/km2 .

The appearance of much of Queen Elizabeth Park
owes a lot to birds. The seeds of most of the trees
and shrubs iIn the thickets, woodlands and forests,
which are important and distinctive components of the
ecosystem, are dispersed by fruit-eating birds such
as barbets (Capitonidae), bulbuls (Pycnonotidaél),
mousebirds (Coliidae), turacos (Musophagidae), parrots
(Psittacidae), and hornbills (Buccerotidae). Additionally

birds, especially those feeding on nectar, are iImportant

agents of pollination.

The diversity of habitats iIn 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 iIn 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 i1Is a transition zone



between the humid lowland forest of Zaire and the dry

savannahs of East Africa, the avifauna is extremely

rich. OFf 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 fTamilies.

Queen Elizabeth Park is also rich iIn 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 1us niloticus, which existed iIn the
region but became extinct following volcanic errﬂuptions

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



Clarias lazera 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 1s an abundance of both diurnal and nocturnal
species of Insects, each of which fjiass an ecological role
to play iIn 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,
Torm important sources of food for iInsectivorous 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

mthe butterflies and moths. Occurring in great numbers
which rleach outbreak proportions in some years, they

are iImportant 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 leafthoppers.



1.3.6 Human nnd wildlife history

The history of the area now iIncorporated iInto 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 snow the Park

in the late 19th century. Stanley (1890), the Tfirst
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 1839, 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.)
descrilc:ed 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;but 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 Y-————- deserted villages
surrounded by hedges of cactus------- " Perhaps the

present abundance and distribution of Euphorbia 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 iIn this region between 1889
and 1891 1is 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 1is still accepted (Ford 1971).

The high cattle mortality precipitated a famiﬁe
among the pastoralists. 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,



Kazinga, Mweya, Katunguru, Kayanja and Mpondwe 1in 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 iIncrease.

These precipitated a second evacuation, in 192A,
during Iwhich all but a few people remained only iIn Katwe

and Katunguru villages.

By 1931 wildlife had repopulated the region and
were once again roaming in large numbers (Worthing)ton &
Worthington 19331 Tempie-Perkins 1965). The area was
gazetted a game reserve iIn 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 iIn 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



Ishasha, but little was known about its effects on their
numbers. OFf the other wildlife diseases whicli occur iIn
the Park, bovine tuberculosis deserves mention. It is
endemic north of Maramagambo Forest where associations

between wild and domestic bovids were frequent iIn 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).

Human interests have been an8 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 1977) _ Tp]

and markets for thei
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trophies®™ (Eltringham & Malpas, op.cit.). Two of these
villages ,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 induscltri—
alisation are essential for the continued exploitation of
the fTisheries 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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CHAP rJ3 2

IOMLETION. DIoTRI U 10N AMD STKiJCAJaB

21 ©r?.ouwonci

This Chapter presents data on population distribution
and structure of the 7?1 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 pattermns of the adult nirds are

exruined. Iron. dvta on population strictures, the adult and
total life expectations In the species are estimated.

2.2 <KATVSIALO WD) ITTT 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 CGrater Lrikes Nyamusingire, Kasanduka and Kikorongo
was oonduoted. Lakes Edward and George, the Channel and
Crater Lake Kikorongo were surveyed between 25-30 July 1977

Birds on Lakes llyanusingire nd K sanduka were counted on
12 August 1977.

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

ewas stopped. In the stud, area counts were made between the
entry of tue K zin™a Channel into Lake Edward and Katunguru
Fishing Village, 25 kn 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.



Fig. 2.1 African Fish Eagle population density along the ahorelinea of

Lakes Edvard and George and the Kazinga Channel in

Queen Elizabeth National Park as per count conducted betuefil
25th to 30th July 1977.

II{I#S{V g | _7*>-yA _SJ

Q M P 1 A
1D
M o* b4
PL Y < ©
- pe »* e #
4«a < *

e Jtu»* mm*
e I r* *4r*l

at ¢V LM er—
al

a* p . o<
s i.ium »Htel*
KK

(tU .« *n

[

(s roi.-i*

1
«x Kjultk*,

ikjT *ksT f*

r*1



Counts in c.nd around Uweya Peninsula were carried, out
alone the 9 I shoreline of the Peninsula between joints A
and D, and 5 isn shoreline on the southern bcuik of tho Channel
between points C and D (see Fig, 2,1). Seine an area with
high huridn influence, data on population density and structure
filan this area "-"ee collected with the aim of comnaring them
with thoce of birds in tjo main study area.

a<d #ion orgies, including young of tue various age
classes, <=ore recorded a u » ieir positions entered on mans,
okotch virgswo e n: od d” euj counts in the nin std,, area.
During the park—. mde count, however, a man with a s: ]e of
1:50,000 was used, During the latter count the sko olinos
were divided into 5 Jn sec .ions in order to ease counting
ardcorrect 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 lIculated, The population structure of
birds was detor. ined using the ageing method divised by lk-own
& CGi"ce (1972). 1 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 (297'1)j ithout the aid of the above
method, successfully aged adult, subadult and juvenile bids
in this Park. Eltringham (1975) used this metJ.od but,
apparertly, lumped all young into the juvenile age clnssO
ftran & Hoperaft (1973) expanded the method by separating the
subadult class Into 2 sub-classes of early and late subadults.
In mis 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
AN A™* Diamond (pors. comm.):

where s

adult lifespan in year's,
mortality out of 100 adults.

m



2.2.2 Habitat preference >y adults

Ab population and “.roadin;; surveys progressed It was
realised that adult birds were more common alone certain
sections of shorelines of the Channel than iIn others. To
find out the causos of these uneven population distributions,
both the northern r.d southem banks of the Channel were
divided into a) 3 classes according to Gradient: very steep,
steep, and flat; b) 4 classes according t vegetation cover:
forested, well-wooded, few trees, and treeless zones; and c,
5 classes of combinations of gradient and their vegetation
cover: ver stooo mn. "0 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 were 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. com.):

Preference Index

m & of territories occurring in a habitat feature
< of shoreline covered by that habitat feature

Preference index of 1.0 indicates no choice by Fish
Nagles, an index oi less than 1.0 siloxs 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 2.21).

2.3 RESULTS
231 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



those that wore low-lylnc, h-d few treos and were fringed by
sc.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 rac."c own or ten. Ot! r u.iGt
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 iIn the whole Park,
therefore, remain t be studied.

C.oro

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
& IV-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. Owverall,
there wefre 2.5 adults/km and 0.4 young/Zkm of shoreline. The
coefficients of variations indicate how widely the densities
of both ad™.It md young birds varied along the shorelines.

Table 2% clearly sivons that Crater Lakes llya lusingire
and Xasanduka, in Haranegarao 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.
11" _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
hi“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 4.8 42 48.8 1.09

Steep 17.05 31.1 28 32.6 1.05

Flat 13.20 241 16 18.6 0.77

Total 54.85 100.0 8 100.0

Table 2.2 The preference indices of territorial Fish Eagles

in relation  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 assessment
of a preference index.

Nature_ of Shoreline Territories Preference
Shoreline length (km) No it index
Forest 11.40 20.8 23 26.7 1.28

Nel I-wooded 14.75 26.0 5 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 territorial 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-
fore, do not provide rigorous assessment of the prefe-
rence indices.

Shoreline Territories Preference
Nature of shoreline length (km) O No. Kk index
Very Bteep & forested 9.50 17.3 20 23.3 1-35
Steep & well-wooded 12.75 23.2 19 22.1 0.95
Flat it well-wooded 6.90 12.6 11 12.8 1.02
Steep & almost treeless 16.50 30.1 25 29.1 0.97
Flat & almost treeless 9-20 16.8 11 12.0 O76

Total 54.85 100.0 86 100.1



Table 2.4 Population

Lnd. young
shorelines.
Ho. of Fish Eagles
Length id. All
Water body M - N Adult young young
Kazinga Ch. 83.6 18 204 6 15
L. Edward 8.3 18 225 25 6
L. George 112.7 24 109 8 10
Islands 42.0 53 2 2
Craters 17.2 92 1 6
Total 341.8 683 42 69
Mean + S.d.
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Adults

2.35+1*05

2.64+1.04
0.99+0.80

1.26
5.35

2.52+1.73

0.
0.

Ho. of birds/km

Ind.
young

0.28+0.72
0.07+0.13

05
06

0.11+0.10

donation of tbo Pinh Eagle in Queen s iizabath Park.
Independent young, H = number of 5*® sections of

All
young

c.17+0.16
0.40+0.76
0.88+0.13
0.05
0.35

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
lake length (km)
Hyaousingire 11.0
Kasanduka 2.6
Kikorongo 3.6
Total 17.2
Mean

8 v & X

Number of birds

adults young

6

0
0
6

total

8 v BB

adult

7.00
5.00
0.56

5.35

Birds/km
young

0.55
0.00

0.00

0.35

all

7.55
5.00

0.56

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 significantly
higher density than that of the Channel (t m78.378, df = 3,
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 iIn the densities
along the shorelines of these water bodies were due largely t©
differences iIn 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.

Probably due to habitat preference; (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 southermn 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. Theilr influences on the distribution and

density pattermns of the Eagle iIn 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 water 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<0,05, 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 Shoreline Total Adult bird/km
compared length (km) N  adults range ~ Meant 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 6.4827**
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 A 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_orf Length Total NumboT of birds/km
shoreline ) N adul ts range Mean + S.d. t-value
Inhabited 67 14 124 0.0-3.8 1.87 +1.22  0.207NS

Uninhabi ted 215 45 46 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 Hexwukun ,u Fishing Villages (Fig.2.1).

2.3*3 uen-ity in tie st area

There ~.ae 3 surveys iIn the main study area and 21
additional ones in the Mweya Peninsula area,, The results
of countB iIn 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 - 52.00, df = 22; T<0.001 for the years 1975/6, 1976/7
& 1977/8 res ectively). The apparent increase iIn 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. » further evidence
that the increase In the population was not real iIs 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 northerm bank

having a higher density than the southern one is because it
is better wooded than the southerm bank.

Table 2.9a-0 demonstrate howv lov 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 southerm shoreline (t - 9.756, df = 14 for 1975/6;

t = 20.00, dfF = 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 (@ 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 580 km shoreline of L. Edward
surrounding Mweya Peninsula, total distance = 30km;

Date of
count

5-6.75
19.6.75
18.7.75

4.8.75
18 .8.75

5.9.75
16.9.75
3.10.75
Total

Mean
+5.d.

» C.V.

SS = 25km southern shoreline of the Channel.

During 1975/6, NS had a maximum of 100 territorial
birds while S3 had 72 of them.

Number of adults

NS SS Total
75 53 128
84 58 142
8 67 155
92 63 155
86 59 145
63 62 125
80 64 144
88 59 147
656 485 1141
82.0 60.6 142.6
9.3 4.3 11.1
11.3 7.1 7.7

NS

2.5
2.8
2.9
3.1
2.9
2.1

2.7
2.9

Adults/km

SS

2.1
2.3
2.7

2.5
2.4

2.5
2.6

2.4

2.3
2.6

2.8
2.8
2.6
2.3
2.6
2.8

N
N o



Tablo 2.8 (b) Population density of adult Fish Eagles in the main
e study area in Queen Elizabeth Park, April 1976 -
March 1977* Abbreviations and distances as iIn 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 Adult/]an
count NS SS Total NS SS Mean
26.4.76 R 64 156 3.1 2.6 2.8
14.6.76 3 63 156 3.1 2.5 2.8
26.8.76 8 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 25
30.9.76 %5 70 165 3.2 2.8 3.0
5.10.76 86 72 158 2.9 2.9 2.9

28.10.76 0 70 160 3.0 2.8 2.9

15.11.76 a3 67 160 3.1 2.7 2.9
14.12.76 88 67 155 2.9 2.7 2.8
28.12.76 0 66 156 3.0 2.6 2.8
24.1.77 97 68 165 3.2 2.7 30

8.2.77 % 72 167 3.2 2.9 3.0
25.2.77 g7 63 150 5.9 »s 57
15.3.77 8 61 149 2.9 2.4 2.7

Total 1359 036 2345

_“fgag 90.6 65.7 156.3  3.03  2.63 2.83

4.1 7.0 0.18 017 0.14
% C.V. 5.6 6.2

4-5 5.9 6.5 4-9



Table 2.8 (0) 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 a1 62 153 3.0 2.5 2.8
20-4.77 R 71 163 3.1 2.8 3.0
10.5.77 89 66 155 3.0 2.6 2.8
13.6.77 5 64 159 3.2 2,6 2.9
30.6.77 B 56 149 3.1 2.2 2.7
16 .8.77 R 67 159 3.1 2.7 2.9
30.8.77 al 69 160 3.0 2.8 2.9
7.10.77 A 68 162 3.1 2.7 2.9
19.10.77 %5 69 164 3.2 28 3.0
27.10.77 a 70 161 3.0 2.8 2.9
8.11.77 eil 74 165 3.0 3.0 3.0
29.12.71 a7 69 166 3.2 2.8 3.0
Total 1111 805 1916
i 96;% 67.1 159.7  3.08  2.69 2-9
4.7 5.1 0.08 0.20 0.1

0
% c.V. 25 7.0 3.2 2.6 7.4

»



Table 2.9 (@ Population density of young Fish Eagles in the main

Date of
count

56.75
19%6.75
18.7.75

4.8.75
18.8.75

59.75

16.9.75
3.10.75

Total

Mean
+S.d.

% C.V.

study area in Queen Elizabeth Park, April 1975 ”

March 1976.
Table 2 .8a.

Abbreviations and distances as iIn

Humber of young

6

P O 00w o WU

24

3.00
3.38

112.7

SS

A NN OB PO NP

=
»

2.00
1.69

Total HS
6 0.17
11 0.30
11 0.20
4 0.10
1 0.00
0 0.00
2 0.00
5 0.03
40
5.00 0.10
4.21 0.11
84.2 110.0

Birds/km
SS

0.4
0.08
0.20
0.4
0.4
0.00
0.08
0.16

QB
OCH

87.5

Mean

0.11
0.20
0.20
0.07
0.02
0.00
0.04
0.09

0.11
0.08

72.7



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 iIn 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 12 0 2 0.07 0.00 0.4
5.9.76 0 0 0 0.CO 0.00 0.00
24.9.76 0 2 2 0.00 0.08 0.4
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 1 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 1 2 13 0.37 0.08 0.24
15.3.77 5 0 5 0.17 0.00 0.09
Total B3 16 109
Mean 6.2 1.07 7.27 0.21 "
S mr ar g 8
- - 9.1 104.8 175.0 92.3
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Table 2.9 (0) Population density of young Fish Eagles in the main
study area in Queen Elizabeth Park, April 1977 -

Date of
count
7-4.77
29.4-77

10.5.77
13.6.77

30.6.77
16.8.77
30.8.77

7.10.77
19.10.77
27.10.77

8.1L77

2.12.77

Total

Neon
*Seth

%C.V.

NS

March 1978. Abbreviations and distances s
2 .8a.
Number of young__ Birds/km
ss Total NS ss

9 3 12 0.30 0.12
9 5 14 0.30 0.20
4 0 0.13 0.00
4 3 7 0.13 0.12
4 6 10 0.13 0.24
4 4 8 0.13 0.16
3 5 8 0.10 0.20
3 2 5 0.10 0.08
6 1 7 0.20 0.04
4 7 11 0.13 0.28
3 0 3 0.10 0.00
8 0 8 0.27 0.00
6l H 97

5.08 3.0 8.08 0.17 0.12
2.31 2.45 3.26 0.08 0.10
45.5 81.7 40.3 47.1 83.3

in Table

Mean

0.22
0.25
0.07
0.13
0.18
0.15
0.15
0.09

0.13
0.20

0.05
0.15

Se
o X

40.0



A comparison of the density of independent young in
the main study area -.;ith that of Mwveyc Peninsula indicates
that the study area had significantly fewer iidc th.n tue
Mweya area (fable 2,10), The scavenging opportunities at
Kizinsa Pishing Village and in Mweya probably resulted in
more of these birds being encountered in the -8 ar<oa refer

(section 2.3*2 above'.
2,3.4 Population structure and longevity

During the whole Tar'c survey, ad It ~Lsi. es made up
90,0,0 of the 752 birds encountered, subadults 2,5. j -year
olds 3.1,« and recent Lrinaturon 3*™ (* ble 2.11), e numbers
of adults and young differed significantly from shore to
shore (Table 2.12) indicating that both wore not evenly
distributed ’.long the various banks (Fig.2.1). Table 2.12
(also Fig.2.1) clearly indicates Ih?t the southsrn bank of
L. Edward had all age classes of young while the northern had
only the young of the year; northern Kazinja Channel had all
age classes of young while the southern bank had largely
recent immatures. It is interesting to note that the tiny L.
Edward lelands and the small Crater Lakes K sanduka and
Kikorongo had no young at all. Perhaps because of their small
sizes any young that visited 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 i1t takes 4 years for a young t become adult (Brown &
Cade 1972), tre bird would therefore, have a total lifespan
of 43*5 years. A reasonably good adult longevity estimate
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Table 2.10 Population densities of independent young Fish Eagles in
the main study area and Mweya Peninsula.

Shoreline No. of Total young Numbers of

Area length(km)  counts resighted young/km t-value
Mweya 14 21 21 0.07+0.12 16.677*
Study area 5 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.

Length Full Sub- 2-year Recent Total Percent
Area &M  adults adults olds \ousr Bjrdor Yminir irdnl . yh —
Kazinga Ch. 83.6 204 5 1 9 219 15 93.2 6.8
L. Edward 8.3 225 9 16 11 261 36 86.2 13.8
L. George 112.7 109 3 5 2 119 10 91.6 84
Islands 42.0 53 1 1 55 2 96.4 3.6
CraterB 17.2 92 1 0 5 oS 6 93-9 6.1
Total 341.8 683 19 3 27 752 69
% ago
olasBes 90.8 2.5 3. 3,6 90.8 9.2



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
Chamel o 11 (41.8) 84 1 0 6 s 7 923 77
1
Lake North (44.0) 95 0 0] 5 %5 5 95.0 5-0
South (42.3) 130 9 16 6 130 31 80.7 19.3
Islands (&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
GEOr® south €2)) 51 1 3 0 51 4 92.7 7.3
Islands (38.0) 45 1 1 0 45 2 956 4.4
fgiter Nyamusigire (11.0) 77 1 0 5 77 6 928 7-2
es
Kasanduka (2.6) 13 0 0 0 13 0O 100.0 0.0
Kikorongo (3*6) 2 0 0 0 2 0O 100.0 0.0
Total (341.8) 683 19 2B 27 683 69
% age
Olasses 908 25 3.1 3.6 X2=,27.40% 908 9.2
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of 17.4 years, 21.4 years total lifespan, 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.-¢). 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'rea Peninsula area the percentages of subadults
were still lov (Table 2.14a-c). Only the 3.8/ (1975/6) and
2% (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 year%
respectively.

Jte 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.O0/) were 2-year olds, and 244
G.5/) were recent immatures. “Tre 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 all areas where it has been studied, the African
Fish Eagle shows distribution patterns which are closely
related to the habitat features along the banks of the

r bodies. It prefers well-wooded and steep banks to



Table 2.13 (a) African Fish Eagle population structure in the main
study area in Queen Elizabeth Park, April 1975 -

March 1976.

Date of Full Sub-  2-year Recent Total Percent
count adults adults olds young Eagles Young Adults Young
56.75 128 5 1 134 6 95.5 4.5
19-6.75 141 4 2 5 152 11 92.8 7.2
18.7.75 154 2 4 5 165 11 93.3 6.7
4.8.75 155 0 1 3 159 4 97.5 2.5
18.8.75 144 1 0 0 145 1 99.3 07
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 1.6 100 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 1400 o7 87 : .0 1

£ a0

olasses  96.6 1.1 0.7 1.6 96.6 34
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Table 2.13 (b) African Pish Eagle population structure in the «ain

Date of
count
26.4.76
14.6.76
26.8.76

5.9.76
24.9.76
30.9.76
5.10,,76

28.10.76
15 .11.76
14.12.76
28.12.76
24.1.77

8.2.77
25.2.77
15.3.77

Total

Mean
13 ede

Jc.v.

% age
classes

study area in Queen Elizabeth Park, April 1976 -

March 1977-

Full

adults

154
156
157
151
140
165
158
160
160
155
156
165
167
150

149

2343

156.2
7«0

4.5 1125 22

95-6

Sub-

0

0
0

O oONMNNMNONOOONMO®PNDNDO

0
12
0.8 0
0

0
0
0
0
3
1
0
0
0
2
0
6
0.9 f
5,

4
9
0

0.5 0.2

2-year
adul ts olds

Recent
YOUTLIK

=
© O M W OO0 OO0 Ww®e

H
aohk R

91
6.1
6.4

104.9

377

Young Eagles

Total
Eagles
173 19
161 5
159 2
151 0
142 2
165 0
158 0
163 3
169 9
162 7
167 11
184 19
181 14
163 13
154 5
2452 109
163.5 7.3
10.8 6.6
6.6 0904

Percent

89.0
96.9
98.7
100.0
98.6
100.0
100.0
98.2
94.7
95-7
93.4
89.7
92.3
92.0
96.8

9576.

Young

11.0
3.1
1.3
0.0

14
0.0

0.0
1.8
5-3
4.3
6.6
10.3

7.7
8.0

3.2

4.4



Table 2,13 (c) African Fish Eagle population structure in the main
study area in Queen Elizabeth Park, April 1977 -
March 1978.

Date of Full Sub-  2-year Recent Total Fercent
count adults adulto olds young Eagles Young Adults Young

7-4.77 153 2 3 7 165 12 92.7 73
29.4.77 163 2 5 7 177 14 92.1 7-9
10.5.77 155 0 0 4 159 4 97.5 25
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 8 952 48
7.10.77 162 1 0 4 167 5 97.0 3.0
19.10.77 164 1 0 6 171 7 959 4.1
27.10.77 161 2 2 7 172 11 93.6 6.4
8.1L.77 165 0 0 3 168 3 98.2 1.8
29.12.77 166 0 1 7 174 8 95-4 ,, 4.6
Total 1916 12 2 63 2013 97
Mgag 155;_; %).% 1.8 5.3 167.8 8.1

- - 1.7 1.5 5-4 3.3
Jfc.v. B2 900 914 283 3.2 407
% age
Olasses 9.2 0.6 1.1 3.1 - 95.2” 438



Table 2.14 (@ 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 fullts 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
/75 23 1 3 2 29 6 79-3 20.7
8/75 20 1 0] 1 22 2 90.9 9.1
/75 23 0 0 0 o 0 100.0 0.0
10/75 24 0 0 2 26 2 92.3 -7
/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
fCV. 7.1 130.0 155-6 57-1 14.0 77.5
£ age
classes 84*8 3.8 304 8.0 84.8 15.2

M

Table 244 () African Fish Eagle population structure in Mweya
Peninsula, Queen Elizabeth National Park, April 1976 -

1977.
Date of Full  Sub- 2-year Recent Total Percent
count  adults adults olds young Eagles Young Adults Young
4/76 23 0 0 5 28 5 82.1  17.9
6/76 3 0 0 5 28 5 82.1 179
7/76 23 1 1 2 27 4 85.2 14.8
8/76 23- 0 0 I 24 -1 95.8- 4.2
9/76 24 0 0 0 24 0 100.0 0.0
12/76 2 0 0 5 27 5 81.5 18.5
3/77 3 0 0 1 24 1 95.8 4.2
Total 161 1 1 19 182 21
Mean 230 014 014 57 2.0 3.0
+S.d. 0.6 0.4 0.4 2.2 1.9 2.2
JeG.V. 26 2857 285.7 815 7.3 733
£ age T

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 Fel cent
count adults adults olds young Eagles Young Adults Young
5/77 22 0 0 0 22 0 100.0 0.0
6/77 2 0 0 0 2 0 100.0 0.0
8/77 24 0 0 4 28 4 85.7 143
osr7 24 0 0 2 26 2 92.3 7.7

12/77 17 1 0 0 18 1 94.4 5.6
1/78 22 3 0 2 27 5 81.5 18.5

Total 131 4 0 8 143 12

Menn 21.8 0.7 0 1.3 ?3-8 2.0

oSade 2.6 102 1*6 3.8 2.1

£C.v. 11.9 171.4 123.1 16.0 105.0

fage

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.

Length Distance  Total  Subadul t5 Lifespan (yrs)

Survey area —(0 Gm) birds No. h Adult Total
Whole park 342D 342 752 19 2.5 39-5 43.5
L. George (north)  78(1) 78 64 2 31 31.8 358
Kazinga (north) 42(D) 42 128 4 3.1- 31.8 358
L. Edwvard (south)  42(1) 42 161 9 56 174 21.4
Mweya (1975/6) a(® 72 221 8 3.8 25.8 29.8
K*eya (1977/8) 9(6) 54 143 4 28 3.2 392
Total
522(18) 630
1469 46

+“'ea's_ d'_ 3.5~ 30.3 343

1.1 7-7 77

* This Tigure, ysed on its omn, . _
therefore, a longevity of 30 191Ves an adult lifespan of 28.1 years and
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those which have few or no trees ud 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
Tish has been sug ested as a habitat factor that influences its
distribution pattermns along the s o.elines of water bodies on
which the Eagle is sedentary (Brown & Hopcraft 19737 iltringharo
op.oit., Green 1964). fhe depth, turbidity and wavineus of the
water bod/® contribute towards the hunting and breeding success
of the 1gla rd. cle; r, still ar.u si.allov waters gre oati il In
these respects (-dromn 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 L. lbert,

a fact which he relates to the deep offshore water carrying
few fish.

During this study, Fish Eagles were markedly more co.rmon
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 ‘Peen
measured but in L. George fish distribution has been shown to
decrease from inshore .to offshore sites and fron the south-
western tonards the northeaster:: parts of the lake (Gwahaba
1973). Hie lov uenwity of fish In the north-eastern section
of the lake, cer s, cannot explain the low density of Fish
Eagles In that area. Phere are enough fish in the area
(13,000 fishvhaj G/ahaba, op.cit.) to support a higher
density of Eagles than was recorded, ifrat 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 southermm shoreline of L. Sdward, papyrus
swamps also fringe sections of the bank but the swamps are
not as extensive as those in north-eantom®l. George Tort



they exe b..ded by o.-ested <nd well-wooded hinterlands (Pig.
2.1). Thus, the southern bank oT L. kiwnrd bid the hi JnexE
density of Tables in the -ole Pirk. Mona the Channel, the
northern haric 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 ore.

The findings that Fish clan are fewer lorn; swampy and
treeless who eUne:. t v s: .rr.py but wcl lw.. Jded barks,
and less a: ;m 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 patterms of the birds In @ is
Park. Tho axtrer.ioly high densities of S glee along the banks
of Crater Lakes Ila .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 (197/5) end Greenspan & Torre-Bueno
(1971) made similar observations on this population earlier
on. These observations do indicate that trees are an

important resource t the Fish Eagle, and are probably more———-—
bo as neslting rather than perching sites.

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 In 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 owers 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 (Bromn 1*80). During this~study, adult
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"birds showed no significar.t di Tore 1ces iIn their densities
between inhabited and uninhabited banks. Furthermore, _.he
densities of adults ard independent young were c™nifiotmtly
correlated, thus iIndicating that tsuch young did not
necessarily avoid sidelines "iti high densities of adult
birds, gubadults wove, however, -cgularly encountered on the
rubbish dumps in liweya Peninsula mile along other shorelines
they tended to con rebate at the fishing villages (’1f.2.1d
Tablo 4*9)» In this Tavk young Pa Ins ore attracted t
Tishing villages because of the improved scavenging
opportunities they offer, .t all of them, large iu niltins

of partly rotter, fish er.l fish offals ore discarded daily.
Both young and non-territorial adults made use of this regular
carrion. In thare vil”".gs, especially at ilwenshama (Fig.2.1),
large numbers of other birds, namely Ma.raoou Storks Le rtoptilos
crumeniferous, vultures (Aegypiiiiae), Pied Grons Gorwus alba,
Black Kites Milvug r.igruns, lar-iekglG -moous mnbretta, herons
(Ardoadoe), Yellow-billed utorks Ibis ibis, Saddle-bdilled
Storks Pohipaiorhynchus sene ;alensi3, Sacred Ibises
Threskiomis aethiopiftus, Hadada Ibises Hagedashia lingedash,

and African Spoonbills Platalea rJla 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 (Bromn &
Hoporaft 1973y The similarities iIn 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 AT

8pS°leS” ihe presdn<: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 (Bromm 1976 a fk b). At L, Mrivasha, Brown * Hopcraft
(1973) reoorded 83,". adults, 9.2.5 subadults, 3 2-year olds,
and 6.&/c recent i.matures In the 1960-69 Fish Eagle population.
During 1970-71 study, these authors recorded 85<%5 adults,

6.1, ® subadults, 2.@" 2-yoar olds, nd 5.- 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 I Cade’s (1972) finding that the normal replacement rate
of bereaved >dil ts lies between 4-6,.. At the above rel-"-e...at
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 Fgles (7-29 July
1971), Greenspan & To. re-Bueno (1971) reported 168 bird
resi_htings. Of ti.ee, 106 (6355 were adults, 12 (7e<T;*were
subadults, and SO (B.38,.*) were juveniles. The 7%7,® subadults
would give the Fish Slagle an alilt life of 12.5 years fird a total
longevity of 16.5 years. In _nother 2r.ioith study of the
sare population, Thiolloy & lieger (1978) reported 70.2™ adults,
5«7 j subadults, 6 .90 2-year olds, and 17»2> recent I;matures.
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-'eor

(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, <oftie improbable estimates
-0 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.30years 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 southermn 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
lov 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 (Brom 1930, Greenspan « Torre-Bueno
1971). These habits, therefore, make them difficult to spot,
especially in wooded habitats. Thirdly, both adult and young
scavenge (Bromn 1930). Frobably beca\ se of this behaviour,
many independent young could have been scavenging in the
hinterluK. and were, therefore, minced during nutwrys. 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.). 1t 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 t© reach a great age (Drown,op.cit.).

More carefully planned population structure studies are
still required t establish how long the wild Afrir n Pish
Eagle lives in order to perpetuate i1ts kind. Such tudios
should, however, be supplemented * both ringibg”

“7 LAIOt * U hel> o» — 1 th. pattems of movements
“ d spersal of the independent imsature* bird.
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CHATTER 3
TERRITORIALITY AND ACTIVITY PATTERNS

3.1 INTRODUCTION

The concept of territorial iy in birds of prey is as old
aa Aristotle (drom, 1970a). Although age-old, serious study of
ue cuoject atested only .oc tly 15 10 r.d’c (1920) treatise
on "Terri tory in bird li"o." ~Ine orad'r. -or:, "0 ‘tudy of

iamioor aliwy i.suro*m t cover virtually all forms of aninal
life.

Torri toriali ty is a videsprecd. phenomenon In birds e.g.
—>choerer 1968; J, Brown 2969 for reviews), md especially so
aorw birds of prey (Crown 1970a, 1975a, b ¢, 19(0). Despite
serving .0 apportion, in an orderly .u.imor, resources like food,
nates, nest cite, activity space, etc. whose efficient utilizatior
has no. boon savoured by _,rejariousnoss (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. ”Jo;ih 1969).

In the African Pish Ea.le, She e:,ly studies of 3fro/\n
(195D, 1970a) tended to play dowmn the Fiercely territorial nature
" n° Jird, <t°bfbly bec Il ‘He Population studied was Email,

ax] lo°lated> ?nd apparently migratory. However, recent
oyu o©os by bobh crom and ot er authors, esoecist-ly-"enenan-dr-

=Torre-ueno (1971), have snown th--t the Fish Eagle is intensely
terribOiial. This study, therefore, sought toi

3)  confimm the existence of territorial ity in the
Fish Eagle In *ueen Elizabeth Park,

b) Scribe ih. diumal activities of the Ea™le and
evaluata their rolationship -,:zith ihe territorial
habit of the bird,

0)

aeeess the importance of territoriality i,, the
Pieh —e;le, os.eciMly iIn relation

to population
regulation in the species
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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 (1937)> simply labels a territory as "any defended area."
however, Pitelha (1959) —as su jested that a territory be defined
as "an exoluJive area” boc.iuse "‘the fundanental importance of
territory lies not in the nee ..isn (overt defense or any other
action; by which tio territory becomes idontilled .t its occupant,
tut the decree to which it is iIn fact used exclusively by its
oocupcnt."” i"uth 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.-hich occupied it, and by their youny durin the nost-

Ffledcing period when tho youn; wore still dependent on .;he adults
(Chapters 11 12).

3.2.1.2 Ca’le—dry

An ea™le-dry describes the period of time from dawn, when
the Pish 3a_le .ras its first call, to dal:, .la. the bird
retires to its roost and n?lzes the last cull. Its lon th varies
with habitats, probably depending on the 1 titr.de and the seasons
of tae area. At L. Uaivash.a, Drorm (17Go) used an ea.le-day

spannirvs about 13 hours, starting at o560 ,nd ending at 1C:30.

In Viueen Elizabeth Parly, J‘F‘Q _ish " Wle was also active for 13

hours, the day starting around Ce:30 and ending at 19 ,30.

3.2.1.3 Distinction O0f sexes

In rela-_ine a particular behaviour to a speoific Pish Ezele,
U wae important to differentiate bet_,eon the sexes of S pair

under ebeervation. An ai.lt female iIn bicser than her mate by

. J V \ UnOnSions t* 1980; Brown 4 Amauon
«968; -«fc."°rth-Fr=ed 4 Ora* ,**, Frontispiece Plate 1). she

am 2<;o0 © 3000 * "°° e "lule tk aale ;,el)''= between 2000
. J °h® i“ “ ”ean sl » -ins length of about 58 cm
r r*r>* - b3- _* > » <»«. 980,. 1, "
, oecauca of hon T ) s )
*, size> fiss slowrer wins beats (4-5
-roes/second) than B n-Ts fc / .. _
(G 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 iIndividuals 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 maps
the positions of the birds, during surveys, in relation
to the principal features of the territory, 1i.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 p'@g;hed inland 1in
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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 iInterfaces. This measurement gave part of the

width cf the territory on the land section of it.

On the Channel, |1 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 iIn 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 glf a
territory was obtained by adding the two measurements of

the widths of the land and water sections of it
0

The method used iIn 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-to habitat

preference by the bird (section 2.2 .2).

All diurnal activities of Fish Eagles were identified,

and they fitted iInto 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.



soaring (also subdivided into low and high soaring)

flights, ordinary or perch to perch flights, and TfTishing
(subdivided into perch to water and circling) flights.
Included under "others®™ were such activities like drinking
and bathing, preening, mating, andochasing other birds.
Since all these activities, apart from high soaring flights,

took place within the territory, 1 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 i1nvolved were noted.
|

3.3 RESULTS

3'3,1 Distribution and sizes of territories

The territory of a pair of African Fish Eagles is 3-
dimens ional iIn 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 i1t 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 iIn the African Pish Eagle in Queen

Elizabeth Park. Twenty territories, selected frait a table

of random numbers, were measured.

Width () Length (M)
Pair No. Land Water Whole Shoreline Land
8 200 300 500 650 13.0
15 200 300 500 650 13.0
17 300 300 600 400 12.0
.23 100 400 500 350 3.5
25 150 300 450 600 9.0
29 150 400 550 200 3.0
31 150 300 450 150 2.3
4 200 400 600 400 8.0
- 38 300 400 700 350 10.5
43 200 300 500 900 18.0
46 200 400 600 650 13.0
48 200 300 500 250 5.0
59 250 400 650 600 15.0
62 300 400 700 700 21.0
64 300 300 600 750 225
69 900 200 1100 300 27.0
73 500 200 700 300 15.0
78 300 200 500 900 27.0
83 200 200 400 600 12.0
85 200 200 400 800 16.0
Total 5300 6200 11500 10500 265.8
Mean 265.0 310.0 =
#$.d. 1725 788 %gg iﬁfjﬁ 13;:2
% C.V. 65.1 25 4 27.0 a1 51.9

Area (ha)
Water Whole
19.5 32.5
19.5 32.5
12.0 24.0
14.0 17.5
18.0 27.0

8.0 11.0
4.5 6.8
16.0 240
14.0 24.5
27.0 45.0
26.0 39.0
7.5 12.5
24.0 390
28.0 49.0
225 45.0
6.0 33.0
6.0 21.0
18.0 45.0
12.0 24.0
16.0 32.0

318.5 584.3
15.9 29.2
7.3 12.1

45.9

41.4



- 79 -

0

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 iIn extending 1its 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 ab?ve mean acreages were great (Table 3.1 & Fig.3.1)
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 iIn 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



Fig. 3.2 The influence of vegetation on territory size in
the Fish Eagle iIn Queen Elizabeth Park.  On the
X-axis, 1 represents forested bank, 2 well-wooded
shoreline, 3 shoreline with few trees, and 4 21
almost treeless bank. Because trees were not
physically counted, the classes of tree abundance
are, therefore, not rigorous.

@CCM EQHQR(‘Z?

Df?crcasinr; tree? abundance

Ne* 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
ad almost treeless banks. Because both gradient and tree
abundance were not physically measured, the classificaticn
of the shoreline is, therefore, not rigorous.

nootorrilj 3] C/p ot



- 81 -

intruders and the water for opportunities to catch fish

and i1t 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 iInto by conspecifics,
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 occurred throughout the day

(Fig-. 3.4a) but s
w.re significantly more common from 09:00

t eopecially m the afternoon, between 12:00 and

17:00 (Tables 3.4 & 3 T
e e 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 @inin) spent on activity

Sex Sit. Terr.  Soar. Ord. Fish. Eat. Other Total
Male 9136 121 565 % 209 271 42 10440
W @-5 €2 ¢G4 @©9 .00 @6) (0.4 (©00.0)
Fenale 9563 81 283 62 76 351 24 10440
w ©@.6 ©8 @7n @©6) (@©.7) @4 (©.2) (©00.0)
Total 18699 202 848 158 285 622 66 20880
w @6 O @1 @©8 ¢4 @GO (0.3 0.2

x2 = 196.031%* (df = 6)

<l

Table 3»3  Intraspecifi ¢ encounters in the Fish Eagle in Queen Elizabeth
= Tigures in parenthesis are percent frequencies. Chi-
square was performed on raw data.
. Frequency of use of method
Status oi intrudor call3 egmsgsy Fights Total
Territorial adult 51 (73.9) 9 (13.0) 9 (13.0) 69 (9.9

Non-territorial adult 11 (39.3)
Non-territorial young 55 (30.3)
Total

13 (46.3) 4 (14.3) 28 (99.9)
%8 (63.0) 31 (16.8) 185 (100.1)
18 120

44 282
% frequency 41.8

2.6 15.6 100.0
2
x T = 42.337#% (dF = 4)
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Table 3.4 The frequencies of all territorial encounters in the Fish
Eagle iIn 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 Observation 0b3 ./hr Exp./hr
day(hr) time (hr) Obs. Obs./hr x 100 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 1

09-10 53.33 24 0.45 45 41

10-11 60.58 35 0.58 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 0.58 58 41

16-17 57.17 27 0.47 47 4

17-18 56.25 17 0.30 30 41

18-19 49.83 7 0.14 14 4

19-20 21.67 0 0.00 0 4

Total 659.08 282 5.74 574 574

*¥** P< °'00l (do.ooi,574 = °*°7757)e



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.

Iduaor of Incursions

Time of Observation Obs ./hr  Exp./hr
day(hr) time (hr) Obs. Obs./hr x 100 x 100 D-value

06-07 1542 2 0.13 13 26.4 0.16280>»*
07-00 48.33 13 0.27 27 26.4

08-09 50.17 16 0.32 32 26.4

o~-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 0.46 46 26.4 ot
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 659.08 185 3.69 369 369.6

— p< 0.001 (DO#001>369 = 0.09675).
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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 showmn in Table 3.7. During 35 counts iIn the study area, the
rate of occupancy (residence) for 86 pairs averaged 76.2%. If 3
pairs which later abandoned their terri%)ries were excluded from
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 iIndicates 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
since ﬂlle 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.



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 Bxp. = expected values.

Number of incursions

Time of Observation Obs./hr  Exp./hr
day(hr) time (rs) Obs. Obs./hr x 100 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 .
15-16 52.08 6 0.12 12 10.3

16-17 57.17 6 0.10 10 «10.3

1718 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 1442

e P < 0.01 (00-O1>1IM . 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 Ocoupancy

prosent

o RRRE S IBBER LY R

12

Total

pairs Present Absent Total rate(&)

% 910 0 910 100.0
18 612 18 630 97-1
19 627 33 665 .3
5 160 15 175 91.4
4 124 16 140 88.6
4 120 20 140 85.7
1 29 5 82.9
1 28 35 80.0
1 27 8 35 77.1
2 52 18 70 74-3*
1 25 10 5 71.4
1 22 13 35 62.9
1 21 14 35 60.0"
1 15 20 35 42.9
1 12 ) 35 34 3*
86 2784 26 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, (0) territory occupied from 33-34 times,
Kg tfr(reglglg occupled from 30-32 times, (@) territorv occuDied



Fie- 3-6 The relationship between territory size and

occupancy

Percent

its occupancy bv African Fish Fagles in "luscn
Fli7.ubeth National parl-:. Twenty territories
were used in this analysis. The graph shcu.s
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——————— 5+ O—T

(0] (0]
95

o 0O o (o}
0
80
(0]
85
of
~00 600 6GC 1000

Territory length (m)



- 92 -

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 omed 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 owmers of neighbouring territories. Thus Territory No.75 was
completely annexed by Pair No.76. Territories 4 and 73, honever,
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, ad
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
4at the roost tree, and 20 such calls made between 06:25 and
06:46 had their mean time at 06:38.



During 17 dawn-dunk observations, the M Fish
Eagles made 23«1 calls, averaging ca. 69 cal 1s/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 1is 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 Fllghts

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 mingttes the
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 iIn 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



Table 3*8 The frequencies of calls made by the Fish Eagle during 17
pair -days in Queen Elizabeth Park in relation to the time
of the day. Dis the statistic of the Kolraogorov-Smimov
goodness of fit te3t (Zar, 1974)* Obs. = observed and
Exp. = expected values.

Time of Observation Humber of calls
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 2012 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 N
17-18 17.00 70 4.12 4 10.4

18-19 17.00 61 3.59 “ 4 10.4

19-20 6.83 29 5.71 6 10.4

Total 215.00 2341 145.84 146 145.6

*P< 005 (g g5 145 3 0-11119).
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Table 3.9 The frequencies of territorial flights mado by the Fish
Eagle iIn 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 Observation Obs./hr  Eip./Ziir D-value

day(thr) time (hxs) Obs. Obs./hr x 100 x 100
06-07 15-42 4 0.26 26 54.9 0.15447*+*
07-08 48.33 23 0.48 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 0.72 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 4 0.72 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 00 54.9
Total 659.08 387 7.69 769 768.6

0.001 Sdo.001 =769 0 0.06702).



young Eagles (r = 0.960, df = 12, P 0.001) but not
significantly correlated with those of intrusions by
territorial adults (r = 0.344, df = 12, P _50.1). 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

{section 1.1.2.1).

Depending on weather, the Fish Eagle performed
soaring flights almost daily. These flights accounted for
4.1% oftme 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 19:00, but was significAntly
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 Hlow 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 fTlight 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 ailrspace and never
went higher than about 100 m up in the sky. This type
of soari'ng fli'ght was performed 0repeatedly, even up to

8-10 per day, and they usually occurred within a few



Table 3.10 The frequencies of soaring flints made by the Fiali Eagle in Queen
Elizabeth Park in relation to the time of the day. D is the
etatietic of tho Kolmogorov—Smirnov goodness of fit test (Zar,
1974)= Obs. a observed and BExp. = oxpectcd valuee.

Time of No. of all flights No . of low flights No. of high flights
day(hr)  0b3 .Bp. 1"~alue Obs. Exp. D-value Obs. Exp. D-value
06-07 0 7.93 0.28571*>** 0 4.86 0.28571*** O 1.93 0.28571*
07-08 0 7.93 0 4.86 0O 1.93

08-09 0 7.93 0O 4.86 0O 1.93

09-10 0 7.93 0O 4*86 0O 1.03

10-11 14 7-93 8 4.86 6 1.93

1-12 15 7-93 6 4.86 8 1.93

12-13 2 7.93 10 4.86 4 1.93

13-14 17 7.93 10 4.86 3 1.93

14-15 18 7.93 12 486 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 2 486 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 21 27.02

» P < 005 (D0>05j27 . 0.25438),

*ox P < °.001 (110.C01,68 * °*23289),
**x«p< 0001 (VOOI.IN - 0.18304).



Table 3*11

Bird
Kale
Female
birds

Total

Overall
Mean + S.d.
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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
n Mean + S.d. Range

55 9.1 +5<5 2-24
5 7.2 + 4.9 3-13

8 12.0+5.6 4-18

68

9.3+ 55

n

14
3

10

27

High soaring flight

Moan = S.d. Range

33.9+H .2 21-%4
39.7 + 24.7 17-66

30.8 + 18.0 22-65

33.4+ 15.2

X2 - 9-103* (df = 2)

Total

69
8

18

Overall
Mean + S.d.

14.1 + 12.2
19.4 + 21.7

2.4 +17.2

16.0 + 14.2
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Table 3.12 Tho frequencies of ordinary and fishing flights made
by the Fish Eagle during 18 Mair-days (dam-dusk) of
observations. D is the statistic of the Kolmogorov-
Smimov goodness of fit test (Zar, 1974)*

Time of Observation IHubor 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 8L 53.3

09-10 18.00 58 53.3

10-11 18.00 3l 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 a2 53.3 *
16-17 18.00 62 53.3

17-18 18.00 60 53.3

18-19 18.00 _ vy 53.3

19-20 6.83 %

< 0,05 (0.05,640 > 0-04839).
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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.lwas
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 1irregular or of very short durations,

thus 1 combined them iInto one sub-heading.
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Table 313 The durations (minutes) of feeding, drinking and bath-
ing in the Fish Eagle in Queen Elizabeth Park.

o Tj-ile (minutes)
Activity  Sex n Mean + S.d. Range t-value df
0

Feeding Male 23 26.7+12.4 7-53 0450 I 44
Female 23  24-7 +13.9 7-50
Both birds 46 257+ 13.1 7-53

Drinking  Unknown 6 35+1.4 2-5

Bathing  Unknown 7 184 +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 i1nduced 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. OFf 298 incidences,

293 (98.3%) of them involved other birds and the remaining 5 (1.-7%)



Involved mammals (Table 3.1A). Interactions initiated by the
Eagle predominated (8?.9%) over those iInitiated by the other birds

and mammals (17.1%).

Breeding Fish Eagles, especially those with nestlings, chased
all large birds which overflew or alighted iIn their territories
(section 10.3.7). 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
in the telrritorial wafers or overflying the airspace of any pair of
Fish Eagles. Wultures, especially Hooded Vultures Necrosyrtes
monachus, were driven away as they were mounting thermals iIn 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). Vultu_lies were
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 t 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 3.1A). They normally Eid so by repeatedly buzzing
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 iIncidences iInitiated 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 specie® Territorial Piracy Molestation Not clear Total
Vulture 24 0G) 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] 0 1
Peregrine 0 0 0 0 0@
Egyptian Goose 15 0 0 16 31
Marabou Stork 74 0 0 4 78
Pelican 0 21(D) 0 0 21D
Pied Kingfisher 0 4 0 6 10
Saddle-billed Stork | 20 0 30 6(5)
Goliath Heron 0 52 0 1, 62
Long™tailed Cormorant 0 1 0 0 1
Yellow-billed. Stork 0 2(4) 0 1 34
Hammorkop 0 1)) 0 3 3®
Sacred Ibis 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 » 012 2 2(12)
Pied Crow 0 0 8(5) 0 8(%)
Hippopotamus 0 0 0 2D 2D
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 8f these iIncidences did

the Eagle leave behind its prey as it flew anay.

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 | suspected that such iInteractions

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 t emerge about 3 minutes later. On the same day,
while retuming 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.I In both cases there were no follow up dives at the hippos.

As | 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
fron me by a bush. A few seconds later a subadult leopard lept into
an open area and the birds continued to dive at 1t until it
disappeared into dense thickets some 50 m away from where It emerged.
Soon after the leopard disappeared, the birds settled dowmn.

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 tonards them. About 10 m from the birds it diverted its
course, apparently to avoid walking straight onto them. Nevertheless,
both birds attacked §t, swooping on It In tums. 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 anay.
Standing at the edge, the Mongoose repeatedly reached into the water
with 1ts 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. Rromn 1969)and is especially common among birds
of prey (Bromm *970a, 1976a, b & c, 1980). Despite early and
prptracted studies of the African Fish Eagle (e.g- Brown 1955,
19733), 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 (Brom & Hopcrafl
1973, Eltringham 1975, rhiollay & Meyer 1978). And Browmn (1980) states

that the Fish Eagle "is the most intensely territorial bird of prey”
he ever knew. >

J. Bromn (1969) postulated that territorial species tend t©
occur in regular dispersion pattermns rather than in random or
clunped ones, and that their territories abut extensively instead
of overlapping. Apart from the 7 pairs of Fish Eagles Bromn (197/0a 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 pattem
proposed for territorial species. Thus at Lakes Naivasha and Baringo
(Brom 1980) and along the Kazinga Channel in this Park (Eltringham
19/, Thiollay 4 Meyer 1978), the Fish Eagle is regularly dispersed.
Duiing this study, to, Fish Eagles were regularly distributed and

their territories abutted rather than overlapped.
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The regular distribution patterm 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 aid they covered 20-50 ha. At L. Naivasha the
territory length averaged 300 m but varied from 180-400 m, and it
covered 34 ha of water (Brown 1980).

Duripg this study, 20 territories averaged 525 m of shoreline
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 lad 13.3 ha, or 45.5%, of the area (Table 3.1). Thus P"ish Eagle

territories iIn this Park are considerably larger than those of birds

o
at L. Naivasha, Kenya.

Brown (1980) stal.es that the amount of time spent by the Fish
Eagle on various activities differ fron one habitat to another. Thus,
at L. Naivasha, pairs inhabiting lagoons were more active than those
living on the open lake. Although Brom found that the male was more
active than the rermmale, 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 iIn 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 freguent 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) fou%d that Fish Eagle calls
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 iIn the partner, these authors
hypothesized that a main function of calls Is a sorial one related
o 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, ad
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 iIntrusions 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

~oaring 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 iIn
territorial defence, the frequencies of these flights showed a
higher correlationwith those of intrusions by young (r = 0.661,

daF =12, P 0.01) than with those of territorial adults (r =-0.035,
df =12, r-1> 0.1). This is iIn 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
territoriial adults (26% of cases). The coefficients also conform
with the results that calling alone deterred 73.9% of the iIntrusions
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 iIn 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 attenpts (r = -0.091, df = 12,

N *2or ' 1°w ad high soaring flights) supports the above
view. Soaring flights in the Fish Eagle probably served functions
other than those connected with fishing.



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