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ASPECTS OF '?nE ECOLOGY OF PISCIVOROUS BIRDS 

OF LAJill KYLE, RHODESIA 

1. INTRODUCTION 

From an early period in the lake's history research was 

undataken to determine the potential of Kyle as a source of edible fish, 

In such a study, knowledge of the number and weight of fish consumed by 

piscivorous ci-:-ds would seem to be an obvious consideration. Accordingly 

special investigation was undertaken into th2 food requirements of fish 

eating birds which live in the lake area. 

The method employed, on this occasion, to obtain the required 

information has differed radically from that more generally used by 

investigators working vri th similar objects i>1 vie'i'l. 'l'he common practise 

has been to examine the stonach contents of a considerable number of birds 

of the s~e species, which have been destroyed in order to. make information 

available. Examples of this method appear in reports by Berry '(1936), 

Jones (l959),0lney and blills (1963) and Mills (l965)working in Scotland, 

Hartley (1948) in England, Figgins (1959) in Ireland, ~.fu.dsen and Sparck 

(19 50) in Denmark, Davies (1955) in South Africa, and Bowmaker (1963) in 

Zambia. The number of birds destroyed when research is conducted on these 

lines is considerable. 1fu.dsen and Sparck, for example killed 218 White-

breasted Cormorant, Da,nes 37 Trek Cormorant Phalacrocor~aEensis, 

Bowmaker 66 Reed Cormorant and Mills 129 White-breasted Cormorant. 

The bird population at Kyle was t oo small to consider 

"sampling by shooting" over a long period as this would'have. so drastically, 

affected the number of fish-eating birds as to invalidate the investigation. 

The method of " sampling by shooting" was, however, actually employed in a 

minor way over a period of eight years in order to determine whether 

part icular species of piscivorous birds had a marked preference for 

parti cular species or size of fish . The nlli~ber of birds destroyed in this 

way, however was negligible • 

.. "- · 
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To determine the specific food requirements of different species 

of piscivorous birds at Kyle -both in nature and quantity- a protracted 

series of hand-rearing experiments was carried out during the period July 

1961 to February 1968. The method is time consuming and has been adopted 

by few of t hose engaged in research with a similar object in view -by 

du Plessis (1957) in his work on White-breasted Cormorant, by Davison 

(1961 unpublished) in co~~ection with his study of the Darter. An account 

of experiments on the same lines which dealt with the Fish Eagle, the 

Darter, the Reed Cormorant ~ the White-breasted Cormorant, the Grey Heron 

and the Night Heron was published by Junor (1965). The intention in the 

present instance was to repeat the former investigation but on a larger 

scale, in order to check the results previously obtained. Birds were again 

reared literally "ab ovo", and careful records were taken of the amount of 

food ingested, of variation i n body weight (up to one week - in some cases 

five weeks or longer after the flying stage had been reached), of plumage 

development, and of tho time interval between hatching and the first 

flight. Laborious as the method may be ,it would appear to produce results 

which, if not of greater accuracy, are at l east comparable in value with 

those obtained by the examinati on of a host of slaughtered birds. Its 

reliability was further ensured by comparison of the data obtained in the 

hand-rearing experiments, with information provided by observation of the 

development of chicks which had been left to the care of parent birds. 

Some way of reaching a reliable estimate of the number of 

piscivorous birds in each species inhabiting Lake Kyle was obviously of 

basic importance, and fortunately the configuration of this l ake made it 

comparatively easy to devise means by which accurate counts could be made. 

During my absence, after transfer, members of my former staff, trained in the 

methods previously used, continued to make reliable counts for May and June 

of 1969. 

As the investigation proceeded it was realised that in addition 

to a reasonably accurate assessment of the amount of fish consumed by birds 

it was necessary to know the type and size of fish which wer e the main items 

in their diet. Further information on the seasonal abundance of both bird 

and fish species had to be incorporated to assess the overall impact of 
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of bird prl:dation on ·cho fish. Coupled --.Ji th this \L~S the adequc..cy of bird 

roosting si t.::s, and, still more i ;.1port: .nt thooc f :.ctors -,,hich e.ffe:cted 

recruiting such ::~s clii:J.'-tic concl_itions , the e.xi.Jtcnce of s:.tisfactory 

nc~stin; si tl)s c..nd incrc2.scd Jcm2.11d for food durinG breeding . 

In r :,vio· rin.:_; thcso foc t ors :1s a HholC this '70rk hc.s :-·. dirc: ct 

bo'l.r ing to tho th-.:ori...:s ~~dv::-.nccd by L_;_ck ( 1954) roL:.tinc to density­

dq.:mdc.mcy c..nd Wynno-:Cd·!t:Lr ,Ls (1962) relntin~. to homeost_,.sis. 

Nomenclature o..doptcd is th.:~ t usod by Roberts 1957, 11 Bircls 

of South Africu 11 r evisod by l :ctnchLm ;me_ Livorsidce , o.nd Jubb 1957, 

11Freshvmt er FishGs of Southern Africa", 

2. STUDY AREA 

(a) ~~~~~~~ ~~~~~~~· 
Lake Kyle, (see Figure 1) form~d in 196C by the construction 

of a dan w· .. ll 8..t thu confluence of the Utilik·, o .~.nd Umshag.;.shi rivers, is 

ono of s<::veral lake s in Rhodosit which have boon brought into being in 

r e cent yea rs. It lies o t ;:..n d ti tude bot·. 'c"n 1,000 and 1,040 r:1cters n.bove 

so2. level, on the Cch t r nl .African pl:::. tcau c..t l .::. titudo 20°15'S, longitude 

31°0'E and its cg tchLlon t extends ove r 399,000 hect::r es (1,540 squo.re mi l es). 

At its maximum i t h.J.s e surfa cE.: il r c-. of 9,105 he cta r es (22 ,500 

acres), ancl.. its carryin;; co..pr'.city is 1,330 million cubic me t ers (293,000 

million gallons). The; -::xtent of i ts shorJlin~ , --·hich ha . rema ine d devoid 

of all <1quc tic vcgotc .. tion, is 238 kilomoi;ers ( 14C miles ). To the south 

on the 1:-'.ke n:~rgin there is r succe ssion of l A.I'JG grani k dOElCS , while 

extending a long cJ.ch r..r"1 for 2.bout five milos thoro is a profusion of 

minor eminences ( kno ·n ~--s kopj cs) .:-.nd bnuld::rs. The Boza mountr.:.ins o.nd 

the Glon l ive t r an ge - both forma tions of banc~ed i r onstone, - run in ::-. genor:' l 

diroction --rest South '.'!est t o :Co.s t North E.:~st to border thG upper :1rns. 

Gorges occur whe r e tho l::tkc pcmc t r n tes on~.: o:c oth-.:r of the sG ironstone 

. r:mgcs and also in the domod <'-reo. ncar tho O"':l ,,:-J .l, n.s ~1oll o.s -.t o. point 

six miles fron the entr ,,.nco of the Htilik· :o ri v0r . 
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Kyle is a V-shaped lake, The easterly arm was the course of the 

Mtilikwe river prior to the formation of the lake and reference will be made 

to this section as 11the r.ltilikwe arm". Its tributary rivers are the Popoteke, 

the Miari and the Bevumi. The westerly arm, formed by the course of the 

Umshagashi, is named after this river and has t wo main tributaries; the 

Mucheke and the Umpopinyani . When reference is made to particular i slands 

or bays, names are used, v1hich, as yet, appear in no official nomenclature, 

so that some change i s possible in the later designat ion. 

The main purpose of the lake ' s construction was to provide water for 

extensive irrigation. In 1967, however, Kyle was proclaimed part of a 

National Park, and in addition to its main function as a reservoir, now 

provides facilities for boating, angling and, to a minor extent, commercial 

fishing by means of gill nets . 

The use of its water for irrigation, naturally implies very 

consider abl e variation in w~ter level, (see Figure 2) particularly during 

the "Dry Season" from mid-May to e11rly November . 



3 4 04 

3 400 

3 3 9 

__. 3 3 B 
UJ 

> 
LU 
....J 

<! 

~3370 
u 
> 
) 

0 

t 3 3 6 

J 
.J 

3350 

3 3 4 0 

- 6 -

- - - - - - - - - - - - - - - - - FULL SUPPLY LEVEL - ---

1 9 61 62 63 64 65 66 

--·--- ..... -"-·-

I 
I 

L ·----

J J J J D 
u u E u E u E u E u E 

N N N c N. c N c N c c 
E E E E E E' 

Figure · 2 . Water levels, from·the initial stages of filling- Lake Kyle ­

(Information supplied by the Hydrological Branch of the Ministry of Water 
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AS already indicated, Kyle consists of two sections • 

an easter ly and a westerly, ench of ··,hj_ ch ca...YJ. be <leal t with as a separnte 

entity, as the connection between the t'.70 arras is very narrow~ Comparative 

study of the bird population 11.as ;therefore gr<.::: .. tly · f~cilita.tE::d. 

It is to be noted that the lake basin was bush cl eare d during 

1958-1959 and all trees present in inundated ar~as are the result .of 

regeneration, 

(b) Climate 

Although Kyle is sit uat ed well wi t hin the tropics, its climate is 

t empered by its altitude. The degree to which temperature and rainfall vary 

with t he season is indicated in Table I and Figure 3 below. 

TABLE I 

DETAILS OF \VEATHER CONDITIONS AT KYLE 

Maximum T t ~tt . d Lo;;est t emperatures! empera ures al.ne Att · d l 
Period 

· i aJ.ne 1_ 

I Surface Atmos- I Surface Eos- I i Water pheric Water he.£i.£ "i ' 

I 19 .5°C 27 . 2°C 
D Cool Approximately 1965 I 

12.2°C 2.2°C 
1966 18.1°C I 26 .7°C 11. 7°C I 3.9°C 

Season Mid-May to 1967 21.1 °C 28.9°C 14.5°C 

I 
3.9°C 

I R !\lid-August 1968 20.0°C 30.0°C 11.1 °C 2.2°C I 
I 
I Approxi ma t e ly 25.0°C 35.0°C 15. 5°C I 6 .7°C l 1965 i Hot y Mid-August to 1966 26 . 7°C I 35.5°C I 15.0°C I 4. 4°C I 

I 
' Season Early November 1967 I 24 . 5°C 35.5°C I 13.4°C 5.6°C 

1968 i 26 . 1 °C . 36.7°C i 13.4°C 6 .1°C 

I 27.2°C I 35. 5°C i l I w Early November 1964-65 I I -
I 

Wet to approximate ly 1965-66 I 27.2°C 37 . 2°C I 15.5°C i 14.5°C 
1966-67 

0 
J5 . 5°C 18 . 9°C I 0 

. 27.2 c I 12.8 C I E Season Mid-March 1967-68 : 27 .8°C I 36 . 6°C 

I 
16 . 7°C ! 11. 7°C 

1968 -69 
I 0 

32.2°C 18.9°C 11. 7°C i 30.0 c T 
·-- -

I 

25.5°C 31.6°C 16.6°C 6 .6°C D Autumn Approximately 1965 I 
Mid-1furch to Mid- 1966 I 26~7°C 32 .2°C - 5.5°C 

R Season 1967 29 . 5°C l8. 4°C 10.0°C 
May 1968 I 23.9°C 29 . 5°C 15. 6°C 8 .9°C 

y j to Mid-April l96~__L25.6°C 27.8°C - -
-

There is great varia tion in the rai nfall at Kyl e as between one 

area and another and a l so in the rninfal l occurring duri ng differ ent r a iny 

seasons of differ·en t yen.rs. (see Figure 4) . A rain gauge at the dam wall 

recording station showed t, t otal r ainfall during December of 388 mm in 1964 , 

42 rnm i n 1965, 232 rnm in 1966, 59 rnm in 1967 c..nd 261 rnm in 1968 . At th!:! Fish 

Rainf~ Weather in general 

mm 

12 
53 
96 
35 

37 
81 

106 
37 

548 
528 
700 
215 
675 

14 
48 

116 
22 

114 

inches ! 
I O:o 51 

2.1 l 
3.8 
1.4 

1. 5 i 
3.2 j 

4. 3 ! 
1. 5 j 

-
' 21. 6 ; 

20.8 I 
27 .6 j 

I e. 5 : 
26.6! ' i 

0 . 61 
1.9 ! 
4 . 6 i 

0 . 9 i 

Fine and Bri ght 

Fine - tempe ra.turee rise 
and September during August 

Skies cloudy , r ain t~e rule 
ception from r a ther than the ex 

November on. 

Temperatures 
. slight fall i n Apr 

temperature drops 

fairly constan 
iL In May 
further . Cool 

season approaching . Occa .. i onal 
I 4. 5 : showers . 
J.._ __ __ l_ _ _ - ··- - --------
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Research Centre, some 5 kilometers away from the dam wall station, the 

recordings for December each year were 314 mm in 1964, 82 mm in 1965, 195 mm 

in 1966, 49 mm in 1967 and 216 mm in 1968. 

I I 

I l'... 1 
/1 ,, 

t,' ,, 
I I 

,,' 
\ '\ I I 

I I 
\ ',, I '....... . , 

\ I 
\ I 

\ I 

\j 

1964 

Figure 3. Mean monthly maximum and minimum water temperatures (-- --) 

at a depth of 1 meter and a tmospheric temperatures (------·) recorded at 

the Fish Research Centre, Lake Kyle, over a period of five years. 

The "wet season" is usually marked by very heavy downfalls of rain 

while at other times of the year rain occurs as a light drizzle. The time 

of year when the heavy rains may be expected vari es from one year to 

another. In the period 1964/65, they occurred in December, in 1965/66 in 

February, in 1966/67 in January, in 1967/68 in February, and in 1968/69 

in March . Rainfall for the "wet season of 1967/68 (see Table I) in total 

was l ess than a thi rd for the same season of the other years . 

----- - ·------·-- ------- - - ------
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Again in 1967 there was a brief but heavy downfall of rain in October 

which is normally a dry, hot month. 

(a} 

(b) 

·-·- __ .._ 

!Q 
w 
f­
w 
~ 

f­
z 
w 
u 

Figure 4 . Showing monthly r ainfall for the period November, 1964 to March 

1969 

(a) at the research laborctory 5 kilometers North Nort h West of the 

wall, and 

(b) a t the wall . (Information for rainfall a t the wall supplied by 

the Hydrological Branch, Ministry of Wat er Development). 
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3. PISCIVOROUS BIRDS OF LAKE I~ 

The fish-eating birds of the lak0 fall within the following 

categories:-

I. Purely fish eaters 

Anhingidae 

i) 

ii) 

Anhin~ ·-~ (Lacepede et Daudin), 1802 . Darter or 
Snakebird (R) 

Phalacrocrax afri.£<1~ ( Gmelin) ~ 1789. Reed Cormorant(R) 

iii) ~ ~ (Linnaeus),l758. White-breasted Cormorant (R) 

.Alcedinidae 

iv) Ceryle _rudis (Linnaeus), 1758. Pied Kingfisher 

v) Magacery)o .maxi ma (Pallas ),l769 . Giant Kingfisher 

.Ardeidae 

vi) Ardea cinerea ~innaeus 1 1758. Grey Heron (R) 

vii) ~ golia th Jretzschmar , 1826 . Goliath Heron (R) 

viii) A. Eur2urea Linnaeus , 1766. Purple Heron 

ix) Mezopho~ _int ermedius (Wagler ) , 1829. Yellow-billed 
Egret . 

x) Casmerodius albus (Limmaeus ), 1758. Great-White 
Heron 

Podicipidae 

xi) Podice~ ruficolis (Pal l as), 1764. Cape Dabchick 

( (xi) not exclusively piscivorous under normal circumst~nces 

but subsist a lmost enti rely on fish a t Kyle). 

Four Fish Eagles Haliactus vocifer are present, living in areas 

where rivers enter the lake. Their fishing activi ty, however, i s not 

confined to the lake area and the number of birds is i nsufficient to 

provide r eliable scientific data. 

II. Incidental Fish Eaters, i.e. feedi~~fj~ly if 

a supply is readily available : 

i) N.Ycticor~ leuconotus (Wagler) , 1827. Whi te ... backed Night 
Heron. 

ii) ~ nycticorax (Linnaeus), 1758 . Night Heron (R) 

iii) Ardeola ralliodes ( Scopo1i ), 1769 . Squacco Her on (R) 

iv) Butori des striatus ( LinnacusL 175tL Green-backed Her on (R) 
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v) Alopoc~en aegyptiacus (Linnaeus), 1766. Egyptian 
Goose (R) 

( (R) = reared in capti vity) 

On occasion, the stomach contents of birds listed as incidental 

fish eaters may not shorT fish r emai ns, yet all five species have been 

observed at odd times to f eed on fish. These birds, however, were actual ly 

of minor import~nce in this investigation, as they are not numerous and 

the prey they seize in shallow waters is inconsiderable in quantity. They 

have been incl uded, hormver, as some study of their food requirements 

confi rms the conclusions arrived at in the s tudy of the purely piscivor ous 

types. 

Research ha.s been directed mainly towards the study of birds 

in Category I and in particulRr, to those i n this category which have been 

rear ed in captivity. 

4. Determination of the food requirements £f piscivorous birds 

~ifferent ty]es by the metho~ of ~0lld-rearing. 

The years chosen for starting research on t he lines indicated 

wer e 1965 and 1966 . In this period r eproductive activity among piscivorous 

birds was a loost non-existent (a fact wh:'.. ch will be noted later in the thesi~ 

and it was .accordingly very difficult to find specimens. 

Some twenty-one chicks, however, were secured during these years 

and 1967 from different areas . Four Darter were obtained from Kyle during 

October and November , 1966, three Reed Cormorant from Lake Mcilwaine in 

June, 1967 , three White-breasted Cormorant from Lake Ngesi in July, 1967, 

ten Grey Heron from Kyle over a period extending fron1 November, 1965 to 

1furch, 1967, and a Goliath Heron from Kyle in November , 1967. In all cases, 

unless otherwise indica t ed, feeding was l imi t ed to two meals a day, one in 

the morning, another in the evening, but where the need for more was 

indicated by prolonged twittering or in the c.1sc of the Grey and Goliath 

Herons, by a characteris tic throa ty appeal, the doli1and was met by an extra 

supply. Prior to the f irs t meal at 0800 hours each day, the chicks were 
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carefully weighed. 

The food supplied during 1961 and 1962 consisted of fish 

fillets, but with the development of new techniques in trapping and netting, 

ample supplies of the small Bnrbus sp.and fingerlings of ~~pia sp._ were 

obtained, 

Calcium deficiency in the diet of chicks reared during 1961 and 

1962 (resulting from the extraction of fish bones) was assumed to ba . the 

cause of occasional deformity in the birds and may indeed have had some 

effect on their development, but it is now fairly certain that over-feeding 

is the principal cause of leg-swelling, a condition \/hich occurs mai nly 

in Grey Heron and which is very similar to athritis. Apart from deformity 

due to unsatisfactory diet, other faul ts in development may appear, that 

of \7ing-twisting in Darters being most frequent . Under normal conditions, 

birds so affected would probably be ejected from the nest by parents or 

immature f ello<J occupants and would have little chance of reaching maturity. 

Nevertheless, a Darter deformed in this way survived under hand-rearing 

and when fully feather0d, was as capable of catching fish as its normally 

developed relatives. Indeed, by using beak and claw, it was actually able 

to ascend dead tree- trunks and €stablish its0lf in a selected roosting site . 

(a) Hand- r earing of Darter. 

Figure 5 shows tho amount of food supplied to Darter chicks 

designated D1 and D2 and to another pair named respectively J and M. It 

was possible to be very definite as to the age of Darter chicks D
1 

and D2 

at any stage in their development, as they were act ually first observed 

while ha tching out. With them the process of hand r earing continued from 

25th October, 1966, to 28th December, 1966. With J and Mit l asted only 

from 14th November, 1966 to 12th December, 1966, as these chicks had been 

removed from the nest at agGs estim3ted at 38 days for J and 39 days for M. 

The accuracy of this estimn te ·.vas confirmed when M attempted its first 

flight t wenty days after removal from the nest, J on the following day, 

that is 58 days from hatching, exactly the pGriod required in the case of 

D1 and D2 • 
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Darter D2 at the flying stage. 

Food was supplied t;·;rice daily (morning o..nd bvening) and no attempt 

rtas made at any time to force-feed the chicks. It is interesting to note 

that the amount of food consuJed is initially as great as 50% of body weight. 

From this there is a gradual decline in food requirement (in relation to 

b ody weight) until d0vclopm0nt has reached the stage when the birds take 

to fli;3·ht. It is then in the r egion of 16>~ of body weight and thereafter 

remains fairly constant. 



Figur~. Daily body-wGight prior t o the first meal of the day and daily 

food i ntake ( expressed a:s a percentage of body weight ) of Darter chicks 

D1 1 D2, J and M up to 17 days past the: f lying sto.ge . 
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(b) Hand-~earing of Reed Cormo~ 

Three Reed Cormorant chicles, aged approximately fifteen, 

fourteen and sixteen day3 respectively when collected, wer e ho.nd-rcared 

during the period· 21st June to 14th August, 1967. (See Figure ·6). The 

birds were ringed and bore r espectively the numbers 07753, 07754 and 

07755 . In this experiment ee.ch bird was designated by the number it bore. 

The chicks 07753 and 07755 were supplied twice ddly at 

fixed times with as much food as they could. cc.nsume, '..Jhereas 07754 was 

given food much more frequently throughout the day, the interval betneen 

feeding times varying from t hirty minutes to an hour. The curious fact 

emerged that although 07754 ingested as much as thirty percent of its 

body weight after it had reached the flyin~ stagG (See Figure 6), a 

quantity far in excess of that consumed by the other two birds, yet 

its rate of growth a.nd final body weight v1as no greater than that of 

07753 and 07755. Tho food ingested by the latter chicks amounted in 

the later stage of their development to sixteen percent of their body 

wei ght , obviously the normal supply which would be received from parents 

when the chicks, ne:'l.rin~ the flying stage, were being reared under 

ordinary wild- life conditions. 
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(c) Hand- rearing of -'lhi te-broasted Cormor·"nt 

Three Yfui t c -brcastod Cormom.nt chicks, which had all reach< 

the same stage in development, wer e collect0d from different nests on 

Lake Ngcsi on 20th Jul;r, 1967, and idc:ntific:;.tion rings numbered 

respectively - 81, 82, and 83 were attached. ~vo days were allowed for 

nestlings to become accusto~ed to the presence of humans, and at the 

estim3.ted age of t-:~enty-thrcc days a start •;ms mr.<le with th process 

of r ecording food intake and rate of gro\-:th. 

\~ito-breasted Cormorant chicks 81 , 82 and 83 a t estimated age 

of 25 days. 

Until the ir fortieth day these nestlinGS were fed twice 

daily with as J!luch food as they could c:~nsume . From t heir forty-first 

day until they were 53 days old, the y received daily an amount precisely 

18% of their body~fcight. This was supplied in equal amounts at morning 

and evening meals. After the bi rds had r eached their fifty-third day 

there -.ms a gradual reduction over three d2.ys in th:. quantity of food 

supplied, until the d:1.ily c..mount •;as 16~ of body-rwight and this 

percentage VTas mainkined until tho bil:·ds vwrc fifty- eight dnys old and 
capable of flight . 
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FiGUre 7 Shows cle~rly that there was neither gnin nor loss in 

b.ody weight in the pericd fro!., -;;h~:ri. the birds ;:;en.: forty C!.::ys old 

up t o the tint: ·.lh(::n they 17-..:r\:) c::'..pr-.bl-;; of flight. . Th..., foba 

supplied to them was ther2fore sufficient to 11o.intf.1.in a constm1t 

body-ncight. 

Eleve~ days after the birds reached the flyin0 st~ge further 

experiments were undertaken in which the subjects were sup:_- lied 

continuously with as much food ns they could r ecoive. The results of 

these experiments arc gi"ven belo-:1 in Table II. 

TABLE II ------
White-breasted Cormorants when past the flying s t age - continuously 

: supplied ui th ns much food as they could::....-.:c::..;;o;.:;;n;.;:;s;.;:;um=e...:... ____ _ 

Estimated 
age in days 

' 81 82 83 
1-----~~-------------~~--------------~4-----~1 
· Food intake as a. percentage of body ueight 

~------------4---------------~---------------------------------; 

69 

70 

71 

72 

73 

74 

75 

76 i 

22.0 

21.7 

24.6 

21.5 

Refused 
food 

21.9 

15.7 

24.1 

I . 
~ 

1 Refused food 
; 
I 

~ j Refused food 
! 

~ I 
)Average~ 
) 18.9% 1 

l i 
~ I Not f ed 

~ i 
) I 

19.0 

18.8 

19.7 

20,2 

17.0 

~ 
)Averag() 
~ 11 ,8% 

) 
) 

~ 
~ 
) 

23.1) 
) 

36 .o) 
) 

23.1~ 

Refused )Average 
1 f ood ) 18.9% 
Refused ) 

food ) 
) 

1 26 . 5~ 

17.8~ 
24.8) 

The refusal of feod by chick 82 on the 69th and 70th dny con be 
attributed to tht: largo quantity consumed during the tHo c~ays prior to 

the sta~t of this exporimGnt . s~e Figure 7. 
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A continuous and readily available food supply is not always a 

normal condition for birds in the ;Qld state. When food is offered, a 

young bird nill occasionally surfeit, but subsequently its apctitc 

decli nes, even to the extent of refusing the food supplied. The \Vhite-

breasted Cormorm1t desi gnc.ted 83, consu1ned as much as 36~· of its body weight 

on its seventieth do.y, but only 23.1% on the day following and for the 

next two days it r efused food . 

• -
r -
J 

• 
; .. ~-. 

.. 
" 

Vfui te -breastod Cormorant 83, gorged to absolute C<.'.paci ty when 70 days old, 

food ingested amounted to 365;· of body wei ght . Incapable of flying for 

more than 15 minutes after· the meal and even after t his period found 

difficulty in taking to the air. 

The average combined consunption of all three birds, 81, 82, and 83, 

over the eight day period v1as 15.8% of the total body weight . It ··Jould 

appear , accordingly, that the food requirement of 16% of body weight can 

be accepted as valid for the White-breasted Cormorant . 
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Guy (1961) quotes Ward, Robinson and Collinge's estimate of l5lb 

(6.8 kilograms) of fish as t'1c daily consumption of 2. White-breasted 
z 

Cormorant. The figure is definitely t oo high. Mein8rth~gen (1959 p.52) 

o.rrived 2-t an estimate of 1 T' of body '7oight ·.:hich is very close t o the 

r esult obtained for this bird at Kyle. 

(d) Hand r earing of Grey Heron 

Ten birds were hand-rc~red. Those designated respectively Big, 

Small, T, K, B, 586 - 07747 and 586-07748, v1erc fed until they were 

satiate t wice d::~ily. Birds designated 03488 , No1 , and No2 were again 

fed twice daily, but on a pre ~dcterfiined quantity of food calculated from 

the amount supplied to Sm~ll. 

Five chicks designated P1, P2, M1, M
2

, M
3 

which were under 

parental c~re, were weighed in the nest at 0700 hrs , (prior to receiving 

their first meal) each day. 

Results of these experiments are presented in s~~arised form in 

Table III(a) , (b) ~nd (c). 
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TABLE III 

History of ten hand-reared chicks anct five chicks under parental care 

Grey Heron A. cinerea 

(a) Hand reared birds - fed until satiate at OBOO hrs and 1700 hrs each day. ----- _____ -_ _L 
Date of collection 

from the nest 

15. 9.65 

15. 9.65 

8 . 11.66 

B.ll.66 

9.12.66 
B. 3 . 67 

B. 3 .67 

SMALL 5 
T 7 

K 7 

B 

586 -07747 

~86-0774B i 

Knovm age Age when flying :n;efercncc to figures [ 
(hatching for the first time relating to growth r a t d 
observed) -i- and foo~requi..:.:_ments ~ 

2 
6 

6 

Not capable of I 
flyiiig due t o . Figure Ba 
swelling of joints 1 
on left l eg 

55 days 

Vani shed when 44 
days old 

56 days 

60 days 

57 days 

Figure Ba 

Figure 8b 

Figure Bb 

Figure Be 

Figure Be 

8c ..J. __ 57 days Figure 

(b) Hand reared birds - food rationed and supplied in equal portions twice daily - food required I 
to maint ain a steady growth rate ca lcul.J.t ed from the amount supplied to Small 

~- - . 
7.12.65 034B8 15 - 56 days Fi gure Ba 

25. 10.66 No1 6 Not recorded Figure Bb I 
25, 10 .66 No2 ll Not recorded i Figure 8b __j 

, __ N_o _ _ and No were under fed to start,gTO':Jth over the first 40 days was therefore slower than th~t of I 
biras reare& under the conditions set out in (a) above, final weight attained was however close to __ ·

1

. 
that of SI!!all 
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TABLE III 

(c) Birds under parental care. I 
I Date when 
I r ·_; cor dings 

began 

Name or l Estimated~ Estimated age whenl Reference to Figur.es 
Number ~ge in daysr flying for the r elating to growth rate 

. .; 

first time ~~d f ood requirements. 

10. 12.65 

10.12.65 

15.11.66 

17 

15 

2 

3 

3 

5 

Found dead in nest 
on 33rd day I 

Vanishod on 28th 
day I 

Fotmd dead in nestt 
on l Oth day ! 
Found dead in nest' 
on 21st day 
Found dead in nesl I on 36th day 

56 days 

Figure Sa 

Figure Sa 

) 

~ 
~Figure 

~ 

8c 

It is to be noted that the normal habitat of the Grey Heron is a 

loca lity wher e there is ample aquatic vegetation, for example a farm dam . 

There its food supply will consist l arge.ly of frogs, cr abs and animals 

of similar size. As indicated by Lowe (1954 p.65), this species in 

Britain often exist on such diets as water-voles Arvicola amphibius. 

At Kyle, however, which has been entirely denuded of marginal vegetation, 

the Grey Heron has become entirely piscivorous • 

: .·:,, .. 

'· 

I 
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Figure 8(a~Daily body-weights (prior to the first meal of the day) and 

daily food intake of hand reared Grey Heron chicks 11Big11 , "Small" and 

03488 and body weights (prior to first meal of the day) of two chicks P
1 

and P2 under parental care. (Rearing dates as indicat ed). 
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Figure 8\b).Daily body weight (Prior t o the first meal of the day), and 

daily food intake of hand reared Grey Heron chicks No17 No2, T and K. 

(Rearing dates are indi.cated). 
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Fi gure 8 ( c ). Da ily body- weight ( prior to first meal of the day) and daily 

food intake fo Gr€y Heron chicks B, 586-07747 and 586-07748 under hand-

r earing conditions , and body wei ght ( prior t o first meal of the day) of 

M1, M2' M
3

, and M
4 

under parental care . (Rearing d~tes ar e indica ted) . 
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From the present experi ment in hand-rearing of young birds of this 

species, as well as from experiments recently carried out with the Darter, 

Reed Cormorant and Whit e-breasted Cormorant chicks, it may be gather ed that 

the estimate of their f ood requirements appear i ng in an earlier publicationy 

Junor (1965), was really on the generous side. The information gained, 

however, does show that t he weight of fish consumed daily by adult _pi sci vorous 

birds, amounts generally to 16~ ; of their body weight. In this connection 

it is interesting to note that Bo\~aker (1963) after examining the stomach 

contents of Reed Cormorants ki lled over a protracted period, arrived at an 

es timate of 1~ of body weight as the normal daily food intake. This is close 

enough to provide confirmation of the figure arrived at in this investigation. 

Another noteworthy result ::f the· experiment is t he close correspondence that 

emerges between the development of the hand-reared chicks and that of t he 

young birds left to the care of the parents (see· Fi gure Sc). 

( e ) Hand- rearing of Golia~h He~ 

Results obtained by hand-reari ng a Golia th Her0n chick,(see Figures 9a 

and b) serve to confirm those obtained in experiments with Grey Heron. Food 

requirements at the flying s t r.gc , and nine days ther eafter, approxirrate 

15 to 16% of body weight. 

The close similarity bet~cen the nevelopment of the chick under 

parental car e and th~t of hand-reared speci men indice t es that daily food 

supply was very much the sam8 in each case. Continuous observati on of 

the Goliath Heron nest , from 6 a .m. to 6.30 p .m., carried out on two 

occasions , showed that parent birds supplied food twice during the course of 

of a full day. ~Yo meals a day supplied to hand-reared birds therefore 

closely simulated the f eeding timetable of parent birds . 
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Figure 9·(a) Daily body-wei ght prior to the first meal of the day of t wo 

Gol i a t h Heron chicks, one under par ent a l care , (------), and t he other 

under hand-rearing condi tions,(---), ( t he l att er having been r emoved 

from the nest after being f ed by parent birds for 8 days ) up to and beyond 

flying stage . (Rearing da t es ar c indi ca t ed). 

(b) Food requir ements of the Gol i a t h Her on chi ck under hand rear i ng 
conditions . 
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Hand- reared Gol iath Heron a t age 62 days. 

Gol iath Heron r eared by parent birds at age 62 days . 

(3 weeks before it was capabl e of flying) 



- 30 -

5. Hand-rearing of chicks of partly piscivorous types 

Two White-backed Night Herons and t 710 Green-backed Herons were 

also hand-reared, on a diet consisting entirely of fish. Although the 

birds are not exclusively fish-enting, their gro~th and food requirements 

(expressed as percente.ge of body •:rei ght) bore a close s imilarity to thc.t 

\.'hich h::-d br:; '-'n obst:rvt-:d i n t~w c~.:;.: of puroly piscivorous types , 

(a) The White-backed Night Heron 

Two chicks of known age, desi~~ted White and Night, were 

removed from the nest on 13th December , 1965, and records of food intake 

and body weight were made from 14th' December onwards. No restriction was 

made on the quantity of food which was supplied twice daily - sometimes 

as much as 6~; of body wcignt was consumed. · In the case of White the 

flying stage was reached in forty- one days. Night flew on its fortieth 

day. The finnl food requirements were between 14% - 16~~ of bocy weight . 

(Sec Figure 10) • 

Vfuite and Night - White -backed Night Herons - reared by hand. 

Well past the flying stage 
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Figure 10. Daily body weight prior to t he f i rst meal of the day and foo d 

requirements ( expressed as a percentage of body weight) of two vfuite-

backed Night Herons, White and Night , rear ed by hand during t he period 

14th December, 1965 to 24th January, 1966 . 
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(b) Th~ Green-backed Heron 

TVio Green-backed Heron chicks (738 and 739) of known age 

12 and 13 days respe ctively, when removed from the nest - were reared 

under conditions identical ;1i th those applied to purely piscivorous 

typos. Their hand-rearing continued from 25th November to 22nd December, 

1966, and the same growth pattern was observed es in the purely fish- eating 

birds; but the flying stage w~s reached much sooner. 738 flew on its 

thirt,y-fourth day; and 739 on its thirty-fifth day . 

Green-backed Heron 738 a fe•7 ;1eeks after the flying stage had been reached. 

The young birds v1ere fed entirely on small fish and the food 

requirement at the flying stage was approximately 16% of body weight. 

( Sec Figure 11) • 
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Figure 11 . Daily body woight and food r equirement s ( expressed as a 

percentage of body wei ght) of two GrGen-backed chicks, 738 and 739, 

rear ed by hand. 
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In the case of almost all the birds which have been subjects of the 

present type of experiment, the very froquent occurrence of 16% of body 

weight as the inaex of daily food requirements for adults, suggests that 

the index may have Ytider applico.tion. In general behaviour and in 

fishing method the Yellow-billed Egret and the Great-white Heron differ 

very little from the Grey Heron, it can therefore be assumed that the 

weight of f ish they capture to satisfy daily needs woulCI. be a proportion 

of the body weight similar to that established for the Grey Heron. Again, 

the fishing technique of the Dabchick is very similar to that of the 

Reed Cormorant, as it actively pursues its prey unrlcr water , and 

consequently the relation be~Tcen energy expended and the amount of prey 

seized is likely to be very much the same for both species. 

The Pied and the Giant Kingfisher usually fish from a hovering 

position and are continuously on the move; as a r esult of this greater 

activity their food requirements should be correspondingly greater. 

Their average body weights arc , however, extremely low and the number 

of these birds in r elation to other purGly fish-eating species is also, 

proportionately, very low. P.ny error resulting from tho ap) lication of 

the 16~& index t o those birds is likely to be inconsiderable when the 

index is used to calculate tho total weight of fish consumed by the total 

population of piscivorous birds. 

6. Body weights of purely piscivorous species 

Body weights have been determined from a r cpresentr,ti ve 

sample of birds of each sp0cies which have come to hand in various 

months each year and from hand-reared specimens during the early 

flying •stage whose v7ei ght was invariably noted before the first maal 

of the day. All ·body wei~hts to.J.cen represent the wei.:ht of the bird 

after stomach contents have been d~ducted. A list of these body 

weights as ':Jell as dc:tily food r equirements (calculated as 16% of body 

weight) is presented in TRble IV below . 

. • 
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TABill IV 

BODY WEim1TS OF PISCIVOROUS BIRDS 

-------·- ---------~-· l Av;r::.ge r-Daily fo~ 
Source weight I requirements 

Darter 

Reed Cormorant 

White-breasted 
Cormorant 

Pied Kingfisher 

Giant Kingfisher 

Grey Heron 

Goliath Heron 

Purple Heron 

Yellow-billed Egret 

Great-.lh:;i. te Heron 

Cape Dabchick 

j 
1
1 

{

2
3 adult males ) 

( adult females) 

(5 adult males ) 
(7 adult fem.:tles) 

(1 adult male ) 
(2 adult females) 

(3 
(3 

adult males ) 
adult females) 

( l adult male ) 
(2 adult f~m~les) 

(l adult male ) 
(3 adult females) 

(2 chicks - hand-~ 
roared and under 
parental care +. ~1 adult-Vorheycn 

(Congo 

(l adult male ) 

(l adult fom~le ) 

(4 adult m~les ) 

(4 adult males ) 
(3 adult females) 

Lake 
Kyle 

Lake 
Kyle I 
Lake 
Kyle 

Lake 
Kyle 

Lake 
Kyle 

Lake 
Kyle 

Kyle 
and 

Congo 

Kyle 

Kyle 

Verheye1 
Congo 

Kyle 

! 
l557gmi 

595gmJ 

l897gms 

84gms 

45)0gms 

l217gms 

906gma 

962~ 

l86gms· 

I 

249gms 

95gms 

304gms 

l3gms 

55gms 

245gms 

725gms 

l95gms 

l45gms 

l54gms 

30gms 

As the Goliath Heron is comparatively rare at Kyle, the body weight 

of an average specimen has been assessed by consideration of the 

ascertained weight of t vJO birds at the flying stage, one reared in 

captivity and the other by parent birds. The r esult has been confirmed 

by roference to Verheyen (1953) who gives the weight of a Goliath Heron, 

obtained in the Congo, as 4756 gms. As no indication is given that 

this includes the s tomach contents it can be taken that the result 

obtained for the two birds, namely 4530 gms body weight is fai~ly reliable. 

Further weights which tend to confirm those taken at Kyle are 

those given by Liversidge (1968) - weight of a living Reed Cormorant 

655 gms, by an anonymous author in Ostrich Vol.34(4) 1967 - a Dabchick 

male 197.7 gms, Giant Kingfisher (average for 3 males and 7 females) 
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356 gms, by Britton and Dawsett (1969) Pied Kingfisher, two birds, average 

weight 73,25 gms, Comins (1966) average for t wo male and t wo female Giant 

KingfL..:: ~ers 350 gms, In ncne of these estimates were precautions taken to 

ascertain the weight of the stomach contents, and it would appear that this 

is included with the true weight of the bird. If it is subtracted in each 

case from the weight supplied it will be found that thG figures given differ 

little from those appearing in Table IV. 

7. Fish species (and their size) eaten by the various types of 

piscivorous birds. 

Excluding the Anguillidae, there are sixteen species of fish 

i nhabiting the lake area, these are:-

Cichlidae 

1. T~laRi2 ~0~anopleura Dumeril, 1859 Introduced 

2. Til apia mossambica Peters, 1852 Indigenous 

3. Ti1apia sparmanii A. Smith, 1840 Indigenous 

'T · Ti1a_pia macrochir Boulenger, 1912 Introduced 

5. Ti1aEia Elacida Trewavas, 1941 Introduced 

Cy:J2rinidae 

6. Lab eo 2Ylindricus Pet ers, 1852 Indigenous 

7. Lab eo rubro:12unctatus Gilchrist & Thompson,l913 Indigenous 

e. Bar bus ho1ubi Steindachner, 1894 Introduced 

9. Bar bus trimacu1atus Peters, 1852 Indigenous 

10. Barb us pa1udinosus Peters, 1852 Indigenous 

11. Bar bus lineomacu1atus Boulenger, 1903 Indigenous 

12. Beirabarbus radiatus Peters, 1853 

13. Eng;au1icypris _ breviana1is (Boulenger) 1908 Introduced 

Clariidae 

14. C1arias gariepinus (Burchell) 1822 Indigenous 

Centrarchidae 

15. Micropterus sa1moides (Lacopede) 1802 Introduced 

~.lorm_F.idae 

16. MormYJ;u~ longirostris Peters 1852 Introduced 
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Weekly sampling, over the period M."l.rch, 1367 to r.iurch, 1969, by me<'.ns 

of n seine-net (24m in length, 2 . 25m in depth and of 1.27cms stretch-mesh) 

yie l ded a total of 89,690 fish of total weight 1117 kilogrc:1ms . From this 

srunpling it was concluded that the fish f:.una occupying tho shallow m~~rginal 

zone - to be described more fully, l ater in the thesis (See page 7'R. ) as the 

"Main Fishing Zone of P:i.scivorous Birds" - consists of the species set out 

in T~ble V below. 

TABLE V 

COMPOSITION OF TH.1~ l.IARGINAL FISH FAUNA OF KYLE 

- ! 
%by %by ' Average I 

Species Habits -,,eight 
Numbers ·::.reight g!D.s 

b melcmoEleura 40.7 64.6) ~Free swimming 20 
) widely dispex 

•_r. mossarnbica 29.4 20.2) 1-sed in all 8 
rrts of me.rgir ~l 

zone 
I T. sparmanii 0.2 0.2 11 ' - I ' 

T. macrochir 0.06 0.3 ~ bottom J\loll<r 

108 I 
I 
I 

h c;y:lindricus 11.9 7.2 8 I .tcmd to form 
U<'.r gu shoals i 

I 

I 
I b. rubroEunctatus 0.02 0.1) 

~ree 
54 

) I 

:n. trimnculatus 1.7 0.7) sv1imrning 5 I 
) tend to form j 

B. Ealudinosus 9.7 3.6) large shoals 5.6 ! 
) I B. lineomaculatus 1.7 o. 3) 2 I 

0.7) 
l 

Beirabarbus radiatus 3.4 3 

E. bre:vin.nalis l.l 0.1 Tend to occupy 1 
open vm.ter 

c. gariepinus 0 .05 1.4 346 I - I 
1!. salmoides 0.07 0.6 Small specimen~ 108 

I only occur - 1 ·- I 
i 100.0 100.0 from October t 

I - December I 
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Characteristic morphological features such as opercular bones, 
' . -

serrated or unserrated dorsal spines, the general body shape, the scale 

pattern and the shape of the caudal fin permitted easy identification of 

the fish consumed by different species of piscivorous birds. Moreover, a 

regular supply of fish of all species uas available throughout each month, 

and fish remains from the stomachs of dead birds could be matched against 

fresh specimens. In this way the weight and length of the fish which had 

been consumed by the birds was determined. 

Caudal fin of ~ melanppleura. This is horizontally divided into t wo 
parts differing in colour - the difference being most appnrcnt after 
death. The size of the fish can be determined from the length of this 
fin. · 

Opercular bones of ~ mel anopleura . The only species of Tilapia (at Kyle) 
with operculnr bones hnving a concave outer edge , Again the size of the 
fish can be det ermined from thes e bones. 
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T. mossambica. Caudal fin is not divided and latcr~l spots persist 

after death (even after partial digestion has t aken plnce) . 

Opercular bones of ~ mossambica outer edge is almost strai ght. 
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', . ,/ l -. 
/ 

Remains of ~ trimaculatus found in the stomach contents of a piscivorous 

bird. Caudal spot persists aft er death. Size of fish can be determined 

from the l ength of the caudnl fin. 

Unserrated dorsal spine ( x 7) of ~ trimaculatus . The only Barbus 

species with such n he~vy single dorsal spine :: Length of spine is related 

to the length o.nd weight of the fish. 
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B. paludinosus. The only fish in Kyle which has a serrated dorsal spine 

It also has a uniform silver colour which assists in identification. 

Serrated dorsal spine of~ paludinosus ( x 5). As many as e l even spines 

of this type have been found in the di gestive tract of one Dabchi ck. The 

length of the spine bears a defini t e r el a tion to t he size and weight of 

the living fish so t hat it i s c~sy to assess the weight of food more 

recently consumed by the bird. 
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ThE. applic2.tion of lmowlcdge of thi s t ype h:1s m:->.de possi bh. the 

quantitati ve analysis of food r emains in the sto~chs of a number of 

birds , each of which belongs to one of six different species. These 

hnve become available for examination during one season or another over 

the past eight years , through a vnriety of circumstances. Some species 

have been caught in gill-ne ts, some have been killed by predat ors, a f ew 

have been shot for t he purpose of this study. The result of their 

examination appGars in Tnblc VI below. 

TABLE VI 

LENGTH AND ''I.;IGHT OF FISH SPECIES OCCURRI NG IN THE STO?:liCH CONTENTS OF SOME 

PISCIVOROUS BIRDS AT LAKE KYLE 

(The r;umber of the bi r ds exami ned i n each s pecies is given in parenthesi s ) __ 

Type of fish JARTER (5) REED C0ill:10RANT PIED IITNGFISHER GREY HERON ( 4) 
YELLOW.:...BILL'JD 

consumed (12) (6) EGRET (1) 

- SIZE RANGE - I- -SIZE RANGE SIZE RANGE SIZE RANGE SIZE RANGE 

--· 

DAB CHICK 

SIZE 
No T.L. in 1Jt. i n No rf.1 . i n Wt . in 1: T. 1. i n Wt . in No T.1 . i n Wt . ir: Nj T. 1 . i n Wt . in No If, 1 . in 

mm . mns , mm. mns. MM. gms . mm. _@lS. rnm . gms. ID.r.l • 

T. melanoEleura 14 60 to 4 to 6 58 to 3. 0 to 6 68 to 6 . 2 tc 6 74 to 8 t o 
228 2..29__ _122 82_0__ 10'5 2'5 . 0 120 38 

T. mossambica 9 59 to 2 .6 to 8 52 to 2 .4 tc 1 84 11 
I 93 15. 5 79 7 . 9 
' 

B. triJJacule. tus 6 62 to 3.8 tc 5 62 t o 3.3 to I 67 . 5 4 . 6 98 12.4 -
B. pal udinosus 33 56 . 5 2 . 3 tc 6 50 to 1.5 to 2 52 . 5- 1.9 to 1 64 9 ~5 50. 5-- to 90 11 . 0 97 12 . 1 82 . 0 6 . 6 77.5 

B. lineomaculc.tus 2 44 t o 
Not 

45 . 6 
deter 

I mined 

1. c;ylindricus 1 79 140 - • 
.Q . gariepinus 1 Onl y skin and 

parts of the 
head present . 
Unable to de-
t ermine size 

1- of specimen 

M. sal moide s Found t o be 
present among 
r egurgit at ed 

! 
f ish r em.:!.ins I 

belo·'l the 
nests of these 
bir ds during 

I October 

-
(8) 

RANGE 
Wt . in 

,gms. 

-

1. 55 -
5. 5 
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Examination of t he stomach cont ents of four Grey Heron destroyed 

for the purpose of thi s investigation gave no evidence that Tilapia ~· 

had been consumed, Close observation, however, of the birds while they 

were fishing indic<J. t ed that the fish mentioned ar e actually nn item in 

their diet and this conclusion ·.-r:w conf irmed by exaninc.tion of the food 

renains under their nests. 

Fish of the ~ cylindricus species are slightly more abundant than 

those belonging to the 1h_ paludinosus species yet it c..ppcars that the 

lat ter ar c much more frequently encountered in tho di et of piscivorous 

birds. There is, however, o. marked differ ence in th0 appearance end 

general behaviour of the tHo species. The former i s :m algal -feeder, 

remaining close to the l ake bed ·,vi th which its dark colour blends 

perfectly, so thnt it is not easily seen even by cre2.turcs with as 

shar p eyesight as fish-eatin~ birds. ~ paludinosus ar e bright 

silver in colour, are primarily i nsec tivorous, ~d they arc to be 

found ·:iC..cly dispersed :'..t various depths in .the marV..nJ.l zone. It is 

reasonable to assume therefore , thJ.t the markedly ,g-rc.".ter number of the 

B. paludinosus s pecies r.rhich i s· found in the bi r ds ' di et can be ascribed 

to the fact tha t this f ish i s very easily obse:r.ved under wat er. 

In tho absence of aquatic vegetation at Kyle t he Cape Dabchick 

inhabiting the a r ea would appear to subsist almost entirely on 

B. paludinosus. With this exception, however, r esults obtained up 

to the present i ndicat e th0..t piscivorous birds sho~ J no preference for 

a~y species of fish. 

As there ·;1as no preference sho1Vl1. by free living bir ds for f ish 

of certain species, experimcmts were conducted to determine the maximum 

size of fish that can be in6~stcd by birds of cert J.in types . Three of 

those selected for study hc.d been hand-reared - Whi to-breasted Cormorant , 

Grey Heron and Golie.th Heron - the latter bc.ing tho largest type of 

piscivorous bird inhabiting tho lake . In addi tion, information ·.-n.s d(;rived 

from the examination of th~ stonach contents of birds of the Darter, 

the Reed Cormorant and the Pied Kingfisher species . (See Table VI). 
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The maximum size of fish of certa i n speci es knovm t o be consumed 

by a bi rd belonging to one of the s i x speci es sel ected is shown i n 

Tabl e VII . 

T;.,ELE VII 

Species I Maximum Weight Determined 
! ·:ri dth* f r om 

- ·---
Darter ~ mclnnoElcura 80nun 250gms Stomach 

contents 

Reed Cormorant ~ melanoEleura Not 89. 5grns Stomach 
measured contents 

White-br east ed T. ID0SS8.JLlbi CD. 83mm 376 . 5gms Feeding 
Cormorant t rials 

Pied Kingfisher T. melo.nopleura Not 25 . 0gms Stomach - measured content s 

Grey Heron T. mOSSD..t:lbica 66mm 154gns Feeding - tri a l s 

Goliath Heron M. salmoidcs 7lmm 333gms Feeding 
t r i al s 

*(As t he size of fish which can be swallowed is det ermined mor e by its 

maxi mum rridth t han by its length, t hi s measurement has been used i n 

thi s case) . 

I n all cases, the bi rds used in feeding trials showed signs of 

marked discomfort after swall owi ng specimens of t he size indicated. The 

Goli~th Heron, though offered lar ger fish, did not attempt to swallow any 

above 333 gms in weight . A ~lliite -breasted Cormorant, actually retained 

the fish it had swallowed in its buccal pouch for eighty mi nutes before 

i ts neal was ingest ed. An attempt to ingest prey of such size would 

se ldom be made by a bi rd of this typo under natural conditions. 
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FEEDING TRIALS. Grey Heron 03488 when well past the flying stage is 

offered a T. melanopl curn of 269.1 gms and width 84 mo. 

An attempt is made to s,·,allow the f i sh. 
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It i s too large so it is reject~d. 

03488 . After swallowing a 1'.!._ melanopleura weighing 154 gms 

and 66 nun in width, showing !ilD.rkcd signs of discomfort. 
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Chicks and adult birds occupying nests at breeding sites, when 

disturbed by the approach of a bont , ;•Jill r egurgitate their previous 

meal . Examination of fish collected under nests of Grey Heron and 

Reed Cormor~~ts served to confirm the results obt~ined in the 

experiments just described. 

Regurgitat ed fish found below three Grey Heron nests a.t a 1967 

breeding site . Note Tilapia melnnopleura forocd the bulk of the food 

consumed in this inst~nce . The largest fish, a ~ melanopleura . 

which was regurgitated by a bird in full adult plumage, measured 61 mm 

in maximum width - the estimated weight of the living fish 165gms 

(5.8 oz) was 11 gms (0.4 oz) heavier than the largest fish which 

could be consumed by a young bird at the flying stage . 
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Fish rem~ins collected below_elevcn Reed Cormorant nests, holding chicks, 

still a t the downy stage and others feathered, at the 1967 breeding 

colony. All fish were small and no narked preference for any particular 

species was evident . 

It would appear that the pisciv_or~-qs birds of the types which 

inhabit Kyle h3ve no marked preference for fish of a definite size. 

There are limits howevcr,rthich determne the suitability of a fish as 

prey for t ho birds . Obviously the 'gape' of n bird must be one of the 

l i miting factors , and gener~lly it has been established that the fish 

consumed by the piscivorous birds _inhabiting Kyle are invariably 

small, ranging in length from 44 mm to 583 rnm and from a bare 2.3 gms 

to 376 . 5 gms in weight . Table V (page 37) shows that the great 

majority of f i sh inhabiting the marginal zone arG of dimensions which 

lie within these limits, so that they are suitable as prey for 

piscivorous birds . 
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8. Numbur of Eiscivorous bi~ds inhabiting Lake Kyle with bri ef 

preliminary account of ~~th~d of assessmGnt. 

In the case of most of the piscivorous birds already named, 

conditions were very favourable for obtaining a reliable estimate of the 

number present on lake Kyle . The rocky or stony nature of much of its 

border precludes the development of plant life, while the variations of 

water level and the presence of the herbivorous ~ mGlanopleura 

Part of the rocky shoreline typical of Lake Kyle, within 

a distance of 5 miles from the wall - taken from photograph 

point l. (See Figure 1). 

(Pink bellied or Sabi Bream), as described by Wager (1968) and Junor 

( 1969), further i nhibits the gro7rth of aquatic vegetation. When the 

lake margin r ecedes, as it did after the seasonal rains (usually 

occurring mid-November to mid-1U\rch) of 1963/64, 1964/65, 1965/66 

and 1967/68, the shore appears as a barren open expanse. 
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The upper part of the Mtilikwe Arm - showing the barren t;,'pe of 

shoreline which exists at Kyle, taken .from photographic point 2. 

(See Figure l). 

Shoreline on part of Mtilikwe Arm, June 1966 - barrenness is 

accentuated by water reces~ion during the dry season. Taken from 

photographic point 3. ( See Fi~e 1). 

Birds are thus easily seen from a consic.lerable distance and 

monthly patrols operating simultaneously in open boats , on each of 

the two arms of the lake, found that their task of making accurate 

counts of all types of fish-eating birds in the areas concerned, 

was easily accomplished. 
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Supplementary to the boat patrols, observers were stationed at 

fixed points on the shore (points marked O.P. on the key to figurel4 , 

page 6!1) who have made note, at ten-minute intervals, of the number 

of Reed Cormorants (which is usually the predominant species), that 

have appeared in their vicinity on the way to, or from, their roosting 

sites . These birds do not make the journey to their r esting place 

overland, but fly over the lake approximately three fee t above its 

surface. This characteristic behaviour had the result that the birds 

flew through narrow gorges, which were used as fixed observation posts~ 

and offered an auditional advantage in making precise counts of the 

passing Cormorants . 

Observations made as early as 1964 and repeated in the following 

years, indicated the Bevumi area as the roosting site favoured by the 

Reed Cormorant. The presence of these birds was noted during most of 

1966 (with the exception of August, September and October) and on until 

11ay 1967, then again from mid-December 1967 until l~ay 1968. Definite 

evi~ence of their special preference for the area was provided on 22nd 

May, 1966, when patrols remained out till well after sunset, visiting 

other possible roosting sites and finding all unoccupied. 

On the 24th May, 1966, boat patrols assessed t he t otal number of 

Reed Cormorants on Lake Kyle to be 356. On the following day, field 

station observers (first counting the birds on their feeding grounQ in 

the Bevumi area, prior to the evening flight) estimated the number to 

be 357. T~e fact that the t •.vo methods provided counts so close to 

each other makes it reasonable to assume that counts of other species 

made by boat patrols are equally reliable - especially those made of 

the nunber of Darters , White-breasted Cormorants and Herons . 

Seasonal distribution and number of piscivorous birds at Kyle each 

month for the period November 1965 to June 1969 are given in the graphs 

(a) to ( e ) under Figure 12. 
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Figure 12 ( a ) Distribut ion and number of a l l purely f i sh-eat ing birds 

on Lake Kyle each mont h . (Counts made by patrol boa t s ) . Separat e count s 

wer e made on the t wo arms of the lake . Umshagashi (o'-----o) and 

Mtil i kwe (------ -). 
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Figure 12 (c) Distribution and number of Grey Heron, Golia th Heron, Purple 

Heron, Great White Heron and Yellow-billed Egret. (Scale i ncr eased x 10 

of that used in Figures l2(a) and (b). 
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Umshagashi PIED KINGFISHER 
(d) GIANT Kl NGfl SHER 

Figure 12( d) Distribution and number of Pied and Giant Kingfisher. 

(Scale increased x 10 of that used in Figure l2(a) and (b) 
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Figure 12(e) Distribution and number of Dabchick. (Scale increased 

x 10 of that used in Figures l 2( a ) and (b) ). 
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It is obvious from the gr~phs 12 (a to e) that the population of 

piscivorous birds at Kyle is by no means static from year to year or 

from month to month within any one year. Yearly peak population levels 

attained were : 1860 in December 1965, 1455 in December 1966, 1297 in 

Dece~ber 1967 ·and. 932 in October 1968 (in 1968 the number declined to 

873 in November and this was folloned by an increase to 920 in December). 

Lowest ascertained totals each year were: 632 in April 1966, 348 in 

March 1967, 655 in June 1968 and 208 in April 1969. 

9. Stu~y of some of the (more important) factors which determine the 

distribution of fish~eating birds at Kyle and which also cause 

considerable variation in the piscivorous bird population. 

(a) l:ishing Methods. 

Fish eating birds differ gre~tly in the manner in which they capture 

their prey, and the methods employed by certain typos have at l east the 

appearance of special efficiency, so that greater fishing pressure 

should result from their activity or at l east the catch per unit of 

fishing effort should be greater. Darter, Reed Cormorant and Vfuite­

breasted Cormorant, are among the more skillful, for they swim on the 

surface of the water but with the head immersed in search of prey. 

When it i s si ghted they dive and pursue . 
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A White-breasted Cormorant swinuning on the surface of the r:Clter 

but with head immersed in search of prey. 

A fish is s i ghted. 

Diving to pursue. 
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Dabchick act in a manner which is very similar, but apparentl y 

they are able to see fish in the water without immersing the head. 

They may, however, dive to search for prey. Most of these birds 

prefer to search for food close inshore or in thG vicinity of partly 

exposed dead trees, usually where the lake: bed slopes gradually. The 

White-breasted Cormorant, honever, being a stronger type of bird, 

exploits the deeper part of the marginal zone. The herons, on the 

other hand, may be described as static hunters, since, v1hen seeking 

food, they stand immobile for long periods until their prey comes 

within striking distance. Only ve r y occasionally hns the Gr ey Heron 

been seen in water deep enough to cover any of the feathered por tion 

of the leg. Its fi shing activity therefore, is obviously confined 

to very shallow watGr. 

A young Grey Heron fishing at its normal maximum depth. 
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The Yellow-billed Egret and Great-White Heron are approximat ely 

equal in size and neither fish in wat er of any depth. The Goliath Heron, 

however, because of its longer legs, can operate at rather greater 

distance from the shore and can seize prey of greater size than is 

available to the smaller types of bird, 

Kingfishers also choose the shallows f or t heir feeding ground, 

wher e the depth of wat er seldom exceeds two met ers, as i n water of this 

depth fish can be captured while swimming near the surface . The Giant 

type i s very r ar e a t Kyle but Pied Kingfishers ar e seen i n cr eeks or on 

trees in the lake margin wher e the ground falls preci pitously t o the 

water . Their method of fi shing is t o dive on their prey directly from 

their perch perhaps from a branch as hi gh as 4 met ers above t he wat er -

or from a position maintained by hovering. Unlike most other piscivorous 

birds, they do not immediat ely swallow t heir catch but carry it t o some 

suitable object against which it is forcibly struck before being ingested. 

They usually fi sh in t wos or threes and appar ently pat rol in search of 

food. If a large source of fish is found they will fish in a gregarious 

manner. · During 1966 and 1967, ponds a t the Research Station, which were 

heavily stocked with Large-mouth Black-bass fingerlings and other small 

fish , attracted t he att ention of one or t wo kingfishers , which were 

rapidly joined by others, till as many as nine unwel come visitor s were 

present. 

Several typos of piscivorous bird seem to prefer to fish in co1npany 

with other birds of their own species . A group of Dabchick will consist 

of two or three birds - occasionally as many as fivoi usually Reed Cormorant 

arc associat ed i n twos or throes, while as many as five or more ~~to­

breasted Cormorant will be seen fishing cl ose to each other. In spite 

of this minor grouping, piscivorous bi rds are seen to maintain a 

proprie t ary interest in a particular fishing area , and resent intrusion 

by other birds . Fishing territories in the case of the Herons wil l 

often be separated by as much as four hundred yards, and the birds are 

often seen to r e turn, each to its selected fishing site, day after day. 
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Darters which are not afton soon in groups (out of the breeding season) 

also show a strong t endency on the part of each bird to claim its own 

territory. The distribution of species - particularly those with the 

same fishing technique,- is naturally influenced by the aggressive 

attitude of each bird or group of birds within its ovrn t erritory. 

Different species of piscivorous birds on the lake very definitely 

exploit different zones and the zone a particular group will occupy 

while fishing is clearly determined by its physical make-up and general 

expertise in capturing prey. As a whole the fish-eating species may be 

divided into three categories :- (a) The waders (b) the free swimmers 

and (c) those that dive from above the surface of the ~ater. 

(a) The waders ( which arc static in their method of fi shing) are 

limited to shallow areas, on or near thu shoreline, which vary in dept h 

according to the l ength of the bird 1 s legs. In certain types of bird 

the l ength of neck permits penetration into slightly deeper water. The 

extent of the fishing zone exploited by "statia: wadcrs 11 is shown below:-

Goliath Heron - from water's edge to a dcpth of 43cm + 

Grey Heron -from the water's edge to a depth of 25cm + 

Great White Heron and Yellow-billed Egret 

from the water's edge to a depth of just under 25cm 

+ Purple Heron - from the water's edge to a depth of - 15 em. 

(b) The free swimmers on the other hand, although, at times when 

food is abundant they invade the zone fished by the Herons, generally fish 

in deeper water. The table below shows the maximum and minimum depth of 

water at which fishing activity was observed on tho part of each of the 

birds named. The measuromcnt of depth was made in tho precise locality 

where fishing activity had taken place so that they provide the true 

depth of water. In tho case of three of the birds the time is given 

for the period during which they remained immersed in pursuit of their 

prey. The figures supplied arc the r esult of observation extending 

over throe years . 



- 62 -

Minimum Maximum Aver~gc time of 
de:E1h.._ depth prolonged ir~ersion 

Darter l.2m 2.1 m * Not taken(4 recordings ) 

White-breasted Cormorant 2.4 m 5.5 m 21.3socs. (16 recordings) 

Reed Cormorant 0.6 m 4.25'Jl 20.4 secs .(20 recordings) 

Dab chick + - .15m l.5m 20.7 secs.(27 recordings) 

*(Depth to which these birds can descend is probably greater than 2.1 m) 

A sub-adult, hand-reared White-breasted Cormorant when pursuing 

small fish 'in a pond,of 0.04 hectares in surface area, was observed to 

swim underwater for a distance of 30 meters (91 feut) in 20 . 0 seconds. 

This ir.dicates that these birds can descend to fair depths and can cover 

a wide area in a relatively short time . On the other hand, the area 

cove:;·.ed by the l ess powerful Re~d Cormorant will bo l ess and will be 

even more restricted. The zone - or area of definite depth which 

birds of particular species of th8 free swimming type find most suitable 

for fishing activity, woul d scorn to b&· determined oainly by the distance 

which the bird can s·:~it" at spoud under 1ator in pursuit of prey , 

R. Jubb (1968) reported on an interesting variation in the fishing 

method adopted by a group of free swimmers at North End Lake in Port 

Elizabeth. A number of 'fhi to-breast ed Cormorants vms seen to swim in 

line abreast over the small lake and to approach the shore in phalanx 

formation, .then Gulls and Herons gorged on the mass of small fish 

which became stranded on tho shore: in an attempt to evade the Cormorants. 

Reforming, the Cormorants then 1~do another purposeful advance towards 

another sector of the shallows. Similar higly organised method of 

fishing has not bean observed at Kyle, but the incident shows how 

difficult it is to ID3ke any investigation really exhaustive. 

Tho third category (c) Includes birds that dive on their prey 

from some height above tho surface . These operate mostly over shallow 

\later but occasionally arc active over deeper water if fish arc near 

tho surface. Generally they ~rc confined to tho shoreline or the 
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very shallow marginal zone. 

The different zones fished by the seven species of piscivorous birds 

on Lake Kyle; it would appear, r esults in a minimum of interspecific 

conflict •. 
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Figure 13. Schoraatic di agrrun indicating various fishing zones of 

piscivorous birds at Kyle. P = Purple Heron: G = Grey Heron; G H = 

Goliath Heron; D C = Dabchick; R = Reed Cormorant ; W = White-breasted 

Cormorant ; P K = Pied Kingfisher. 
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Members of the same or different species in the community of 

piscivorous birds utilizing the fishable area therefore settle the problem 

of appointment of living space. The different species are occupying 

different niches , as determined by their fishing methods and are therefore 

not competing for space or food. But for birds of the same species~ 

which occupy the same niche, adjustment is a delicate matter and a host of 

compromises must be Horked out through the formation of fi shing territories. 

(evidence for this fine adjustment is given in section (f) of this thesis), 

Lack (1966) in his interpretation of the principles postulated by 

Gause (1934), indicated thct related species of birds in the same area 

are normally separated by habitat ~ fe;ding habits or size of prey, and 

such isolation has presumably been evolved because there is competition 

for food, In the case of the seven speci~s of piscivorous birds for 

which fishing methods have been described, there is no separation by 

habita t or size of prey (see page 48) but by the size and general body 

sh3pe of the bird which dictates depth a t which fishing activity can 

take place. Gauses hypothesis does not appear to hold true in the case 

of the piscivorous birds. What they are uoing is to utilize the 

environment or habitat in different ways. Excursions into the areas 

occupied by other speci es can happen from time to time with minimum 

of conflict. 
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b. Roosting Habits. 

The White-breasted Cormorant and the Reed Cormorant are gregarious 

in habit and roost in colonies. Tho roosting area for which marked 

preference was shown was the Bevumi area (see Figure l) which is 

protected from strong winds by high banks rising steeply from the water 

and by the Glenlivet range. Here, dead trees surrounded by water, one 

to two meters deep, were favoured as roosting sites fairly continuously 

until F0bruary 1967, though on occasion circumstances would force the 

birds to find other quarters, as in October and ear ly November, 1966, 

when a marked drop in level (see Figure 2) left the previously occupied 

trees fully exposed. During those two months the birds made their 

roosting sites in trees offshore in the Gifford's Landing Stage ar ua 

of the Umshagashi Arm. From 8th February to 20th March 1967, when a 

rapid rise in water level flooded the favouri te roosting area, the 

Cormorants were satisfied with any trees in the vicinity surrounded 

by water more than one meter in depth, which offered suitable roosting 

accommodation. From March to May 1967 these birds roosted at the 

entrance to the Bevumi area and after this date nesting began on the 

Umshagashi Arm and roosting took plGce at the nest sites, Lake level 

dropped continuously from December 1967 to November 1968 and trees 

used in the Bevumi area were no longer surrounded by \Ia tcr by 

mid-November, so that these birds again sought roosting accommodation 

elsewhere. Tho area chosen in this case was the entrance to Bompst 

Bay. No trees were available but a granite boulder and a large termite 

mound on r1hich there were many short stUTips and twigs, which protruded 

approximately 5 meters above \Jatorlevel provided roosting facilities ... 

this site was in use up to mid-April (when recordings were discontinued). 

In noting these part.iculc.rs of behaviour in roosting, an interesting 

feature emerged, as it was evident that there was marked segregation of 

species when the same roost site was occupied by different types of birds. 

It was seen that tho upper parts of trees and boulders wore occupied by 

White-breasted Cormorant, the lower by Cattle Egret Bubucus. ibis 
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(on brenches or rock faces sometimes as low as 30 ' cr.::s 

from the water). The o.rea in between was :thG preserve of the Reed 

Cormorant. 

Part of the roost site at Bompst Bay. January 1969. White­

breasted Cormorants occupy the uppermost position (Egrets 

had not arrived and light was fading when the photograph 

\las taken). 

The choice of roost sites by the Reed Cormorants in the Bevumi 

nnd Bompst Bay areas - is of spccinl interest, •·:hen its distance from 

the most remote fishing-grounds of these birds is t Qkcn into consideration. 

Fron the Bevumi to the upper reaches of the Umshagashi arm the distance 

is 27 kilometers (17 miles); from Bompst Bay to the upper r eaches of the 

Mtilikwo arm the distance is again 27 kilometers, This distance therefore 

between roost and fishing area would appear to be the greatest which is 

practicable for birds of this species and may b~ a factor in the selection 

of a roosting site. 

Piscivorous birds, other than thos8 just described, are not markedly 

grogaTious. Provided they can find suitable trees, surrounded by wat er, 

near their feeding area, Dcrter will roos t anywhere in its vicinity. The 

Grey Heron prefers dead trees above granite boulders (or large stunps) 

that protrude from the lake surface and not infrequent ly will be content 

to perch on the boulders themselves. The Goliath Heron will actually 
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sleep st.?.nding in the lo.k~ Hargin while t he habit of the D~bchick is 

to rest at night on the surfcce of the water itself. Since 1963, indeed, 

'ilhen the disappe.J.rance of marginal vegetation robbed them of protection 

.against pred~tors (such ns th~ crocodile, leguaan and otter) the se birds 

have tended to sp:::nd roosting t i m& furhter c..nd further from the shore , 

resting on th.; surface; ·ahere the ,-,ater is deepest ro1.cl returning to 

I!larginnl waters to feed during daylight. Pied Kingfishers roost on trees, 

showing "· preference for si tu£1. tions where the bo.n.~s of river or l r- ke go 

sheer to tho water. As e, rule they nrc found in small groups of five or 

loss. On two occasions, however, - in the first instnnce , be twee-n 24.th 

and 28th May 1967, - as many as eight een of theso birds - o.lmost the full 

tota l of Pie d Kingfishe r inhabiting the etilikwe Arm at tho time, were 

seen to be roosting in one tree ~ nhich stood complot e ly surrounded by 

wnter in the Uti likwe Gorge . In tho second instance during early June , 

1968, sixty-four of tho birds .-rere found tO\,ards sunset to be occupying 

a group of trees protruding above water l evel, in a large bay opposite 

to Gifford 1 s Landing Stage on ·cho Unshe.gashi Artl. (Sec Figure l). This 

number was a lmost l.-hc full total for the lake at tha t time. 

Certaii1 birds thich are night feeders seek shol tered quarters 

during the dr;.y and pr8for situations '.'I hi ch arc s crocnod by high banks, 

brushwood or dc,,d tre:es , The 1.Thi tc-be.cked Night H0ron nnd Night Heron 

and tho Green-backed Heron b elong to this class. 

The number of roosting sites ~hich Qr c accopt~bl~ to tho birds 

appear to be adequ~tc for the present bird population. It will be 

noted, howeve r , that there is a pre carious quality in these sites a s 

their suitability may be seriously affect ed by a change in tho surface 

level of the lake. 
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In coamuonl roost sitos there is active competition for tho bighcst 

perch between individuals of tho sane species, such as the White -brecsted 

Cormorant. Reed Cormorant behave in a similar manner in the restricted 

roostL'1g accom.;aodation which they occupy between the Whi to -breaste d 

Cormorants and tho Cattle Egrets. Evidently thoro exists among these 

three species what may be described as a definite social grading or 

dominance of typo rmd a dominance also within tho group . Whi to-breast ~ d 

Cormorc.n ts are not challenged for possession by Rc8d Cornorants ~ -. .,hich 

a.ro sme.lLr birds, and Rood CormorE\nts arc not cha.llongcd by Ca ttle 

Egrots. Thoro is, ho·rov...:r~ very active compe tition f or pe.rticul~r sites 

bct;tcen birds of the; same spe cies. On one occasion for instance ~ a '7hi to­

breasted Comorant occuppying the highest perch in t he roosting site ·.1as 

disturbed by an approaching pe.trol boat and took to th~- air . Its perch 

was ir:nnediatoly occupied by a bird_ of tho srune species which had j ust 

arrived .from the fishing area, The original occu pont of th8 perch 

attempted on thzee occasions to dislodge the tresp~ssor by forcibly 

trying to alight on th0 occupe.nt and emitting threa t ening sounds. It 

finally landed on tho w::.tor, vent through the motions of a ctivo fishing 

until its cOL1pdi tor descended to investigate . It them imrnediC'.toly t ook 

to flight and regained its original position above tho other r oosting 

birds . 
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c) Evening flights of Rocd Cornorant and time ~veilnblo for 

fishing activity. 

In assessing the food potential for piscivorous birds on e stre tch 

of vmtcr such as Kyle - the tine: available to the birds for fishi!').g 

ncti vi ty 1Tould appear t o be relevant subj oct for consi0.erc:.tion. Earlier 

in this report mention ~as rnD,dc of tho characteristic flight of t he Reed 

Cormorant over water on what was practic:1lly a fixed route between 

fishing a~d roosting sitos. Observations made by members of tho staff 

occupying vantage points at thu narrows and olsewhur o have provided 

inforoation which is presented in Figure 14 with.~ explanatory key. 

Key to 
Figure· 14 

PASSING FROM THE UMSHAGASHl ARM TO THE. MT I LIKWE ARM 

.. " .. .. ·· AND THATSECTI ON OF THE MT I L IKWE 

BETWEEN THE WALLAND THE MTILIKWE GORGE TO THE 'BEVUMI ROOST SITE 

PASSING FROM THE MT l LIKWE ARM II ,, It 
,, /I 

II IN TO THAT SECTI ON OF THE MTI LIKWE 

0. P. (OBSERVATION POINT) 
OPPOSITE THE WALL 

0. P. 
MT I L IKWE GOR.GE 

P. 
NEAR ENTRANCE TO BEVUM I 

Q.P. 

BETWEEN THE MTl LIKWE GORGE AND THE WALL. I THE. MTILIKWE GORGE I 
OP 

PASSING FROM THE MTlLIKWE ARM TO THE UMSHAGASHI ARM OPPOSITE .THE WALL 

NR =NOT RECORDED NF= NO FLIGH TS 
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The following brief table indicates the tine of day when the 

maximum number of birds passed observation points close to the Bcvumi 

entrance - from tho Mtilikwe and from the Umshagashi and from that part 

of the l!ltilikwe - between the Mtilikwo Gorge and. tho vmll - . during the 

coldest and also during ono of the warm months of t ho yoar. 

COLDEST MONTH 

Mid-June 1964 between 1645 and 1705 hrs. 

Late June 1966 between 1635 and 1655 hrs. 

Early June(31/5) 1967 between 1555 and 1615 hrs , 

A WARM MONTH 

Late March 1966 be~veen 1715 and 1725 hrs. 

kqte March 1967 be t ween 1645 and 1725 hrs. 

Tho time of day when the greatest number of birds is observed to 

be returning to their roosting-place during any one ~onth of the year 

varies from y8ar to year, but it is clear that tho time of r eturn becomes 

later as the wec..thcr becomes rmrmor. It has been noted also t hat 

practically all species of piscivorous birds suspend fishing activity 

at approximately the same time of the day . 

It can be accepted that tho earlier occurrcnc~ of evening flights 

during the colder months implies earlier cessation of f ishing activity. 

It is significant that the shorter fishing period occurs during tho 

season when fish normally occupying the shallower mcrginal zone are 

influenced by the drop in >w.tcr temperature to move into deeper wat er. 
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( d} Fish dens:iJ.y in the ma.rgjn~ zone taken over the :e_eriod 

March 1967 to Ma:.rch _1969. 

This is related to monthly assessment of the total weight of 

piscivorous birds present on the lake and to examination of 

the factors affecting fish concentrations in the main fishing 

zone during the period mentioned. 

!~~-~~!~_fi~~i~-~2~2-~~-~f~~~~e!~-~E~a" 

A protracted period of sampling in which various techniques hnve 

been employed (gill netting, baited conical trapsy seine netting and 

setting off of explosive charges) has establ ished that the fish fauna 

of Kyle, occupy only the marginal zone to a depth of 6 to 1 meters 

(20 feet). Fish have been captured, on r are occasions~ in water upto 

12 to 13 meters (40 feet) but this is usually shortly after there has 

been a sudden rise in water level, Soon after this occurs levels again 

become static or start to drop and fish again confine themselves t o the 

7 meter zone. The greater concentrati on of small fish, occurs, normally 

in water less than 2 meters in depth. This shallower area is the main 

fishing zone of most piscivorous birds, although some of the larger 

types, which actively pursue t heir prey (such as the "lhite-breasted 

Cormorant and the Darter) do fish in the deeper areas . The marginal 

fish-i1Lhabited water extending to a depth of 1 meters has, for the 

purpose of this account, been term0d the "fishable area". 

Fish density in the main fishing zone 
----------------------------~--------

The principal concentration of mar ginal fish occurs in areas 

where the lake bed is one or other types -either basalt, or granite sand 

in association with red soil (of ironstone origin) and these areas are 

equally distributed through both arms of the lake. Seine netting (with 

a net of dimensions already mentioned on page 37) was undertaken, weekly, 

in fish habitats of both types and the result in each case expressed in 

average weight, in kilograms, of fish captured per hour of active haul 

each month (See Figure 15). 
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1967 

Figure 15. .Average weight of fish, in kilog:rruns, cuptured per hour 

of active haul each month. 

Area of fishabl e water 

As already indic~ted water over 7 met ers in depth is not 

inhnbi ted by fish nt Kyle . The surface o.rea of the . 11 fishable wo. te~ 

as cnlculated for eGch month is presented in Figtire l~ . 
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Fi gure 16. Aver age .area of nFishable water" each month in hect ares 

As the maj or part of the population of smaller fish is confined 

t o the shallower part of t~c m~rginal zone, nny r i se or f all in lake level 

( see Figure 2, page 6) naturally c~used either nn increase or decrease in 

in the size of t he "fishable areo.11 thus cnusing dilution or increase in 
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fish density. Shrinkage of the lake, due to lowering of \/Cl.ter level, 
- ~. 

from January to November 1968, caused the fishable ~roc to reduce from 

2200 hectares to 1550 hectares. This marked reduction in the area 

occupied by all species of fish at Kyle resulted in a fer higher density 

of f ish occurring in Nove~ber ~d December of 1968 than during these 

months in 1967. 

Mean monthly mJrgino.l water temperature 
---------------------------------------
Continuous recordings of maximum and minimum m~rginal water 

temper~tures at a depth of l mGter wer e m~de by me.:ns of a thermometer 

susponded from a bouy anchored in water of 2 meters depth. The 

thermometer was re~u daily ~t 0800 hrs. ?rom r esults obtained in this 

mo.nner mean monthly temperatures~ for the middle section of the .ma.in 

fi shi ng zone, were c_~l C'.lla ted (see Figure 17) • 
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Fieure 17. MGan monthly marginal water tempera tures tc.ken at a depth of 
1 meter. 
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Wat er temperature has a marked effect on the fish 

population parti cularly on the number of smaller fish occupying 

shallo r .mt er . Seasonal .lo,.•eri ng of temperature (see Figure 17) 

caused fish to move L1to t he deeper part of the "fishable ar ea" 

thus diminishing the quantity of food which was available to piscivor ous 

birds . 

~~!~~-!~~~~~-~~-~~~~~-~~-~~~-~~~ 

Fran monthly counts taken of piscivorous birds pr esent on 

the lake it has been possible to calculate the total 17eights of each 

species of purely fish-eatinc birds fishing the lake at specific t i mes, 

s~ .nce the noru1al wei g·ht of a sin.:;le bird in each species has been 

previ ously deter nined by mothod.s already described ( See Table I V page 35) 

and the process is one of simplG ~rithmetic (See Figure 18) 
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Figure 18. Average wei ght of birds, in thousands of kilograms, on the 

lake each month . (Weight of birds = mean daily wei Ght of all birds x 

the nlli~ber of days in each month). 

As the concentration of small fish (see Table V page 37 

for average ;~eights) increased (see Fi.:;u.re 15) so did the weight of 

piscivorou.s bir ds in· the area concerned (see Figure 18). 

As are3 of fishable water has a fir Lct bearing on the 

concentration of piscivorous bird prey and on the aroa available for 

occupation by the birds durinc fishing activity the degree of utili zati on 
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of the fish resource is better expressed in weight of bir ds per 

hectare of fishabl e water than in total we i ght of birds on the lake 

each month (see Figure 19) 
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Figure 19. Weight of birds~ i n kilograms, per hectare of fishable 

water each month. 

From Figure 19 it can be seen that fishing pr essure was actually 

lower in November and December 1967 than during November and December 

1968. The form of this graph closely approximates that relating to 

fish density (see Figure 15) indicating a close relationship hetween 

the density of prey and density of bird predators. 

Predation pressure by birds was far lower in the period March 

to July -1967 than during March to July 1968 . An cxpl cnation for the 
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greater fishing pressure during these months in 1968 is given on page 

7S of thi s thesis. 

~~~!:~~~12 

During monthly netting-oper a tions to ascertain the density of 

fish in the marginal zone it was established that temperature has a 

marked effect on the fish populati on in the fishable zone. Fish of 

the type that usually occupy t he shallow zone were found in deeper wat er 

when there was a marked drop in temperature . Indeed during the colder 

months the migration of small fish into the deeper part of the fishable 

area had a definite effect on the densi ty -of the f i sh popul?tion in 

those areas normally exploited by the birds. As a result the availability 

of t heir food supply was adversely affected, and these periods of scarcity 

coincided with the temporary annual migration of the major part of the 

population o ~ certain species (see Figure 12 a, page 52) to other feeding 

grounds. The habit of temporary migration to whi ch reference is now made 

is common in the Darter, the Cormorants and the Herons. It appears that 

the desti nation of the Darter, Reed Cormorant and vfuite-breasted Cormorant, 

in particular, during their brief migration is somewhere in the lower 

reaches of the Mtilikwe River or in the upper reaches of other tributary 

rivers a t a tine when river flon is diminishing. They are normally 

least abundant on lake Kyle f r om March to July and there is e-ood evidence 

(which in the interest of relevance is not presented here) that the 

habit of yearly migration is due to some innate pattern of behaviour 

as well as the t emporary scarcity of prey. 
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The Mzari River during the wet season cf 1966/67 (25th February7 1967) 

The fast flowing and turbid water pr event piscivorous birds from fishing 

successfully. 
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The Mzari River, at the end or the 1967 Cool Season 7 (August7 1967). 

It becomes broken up into a series of pl aci d pools - a typical 

condition on most Rhodesian rivers. 
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The rainfall for the wet season of 1965/66 was bolo~ normal and as 

a result of draw-off of water from Kyle, for the purpose of irrigation, 

lake level dropped continuously during 1)66. Rivers, honever, though 

holding considerably less water than in years preceded by normal r ain 

(700 mm or more) did not dry up and in addition farm dams held water 

throughout 1966. Shrinkg,ge of rivers in v1hich fishing activity is 

conducted during the colder months, as indicated on page 76 was probably 

the reason for more birds bei~g present on Kyl e during these months in 

1966 than in the following year. Birds leaving the lake area found 

riverine fishing grounds overcrowded and thus returned to Kyle, 

Many of the smaller dams and the majority of Rhodesian rivers dried 

up completely, for the f irst time in living history, during the dry-season 

of 1968 (see Figure 4 page 9 for rainfall for tho 1967/68 rainy season). 

Many birds, finding it impossible t o fish elsewhere, had no other 

alternative than to remain on Lake Kyle. 

The piscivorous bird population, therefore, on the lake - as 

expressed in their total weight and in particular kilograms per hectare 

of fishable water each month - was far greater during the dry season of 

1966 and. 1968 than in 1967. Reduction in the area of '.Jater occupied by 

fish, was probably the reason for~ greater density of prey available to 

the birds during 1fuy to September, 1966 and 1968 than during this period 

in 1967. 

Rivers were again in full flow in November ancl Dec£-mber 1968 and by 

February/March 1969 all farm dams were filled v1i th water and a r apid 

decline in the total weight of birds utilizing the lake ~ms very apparent 

durinG these months in 1969. It would appear that a certain amount of 

overcrowding occurred during th0 period February to September in 1966 .and 

1968 (se€ FigUre 12a page 52 r elating to nwnber of birds and Figure 19 

page 7b for ·1eight of birds per hectare of fishable water during these 

periods), as a large number of birds left the lake area ·soon after tho 

1966/67 rains and the departure from the lake was even more marked, when 

other resources became available soon after the lake b~ge~ to rise in 

December 1968. 
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(e) Notes made during observation of the breeding of certain species 

i) Egg production and chick surv~val 

From periods as early as 1961 and 1962, breeding colonies of 

Darter, Cormorant and Grey IIeron on the lake have received attention 

and though complete investigati on of all colonies was impossible, a 

certain amount of information has been obtained. 

From May to September, and again in November, 1961, large breeding 

colonies containing Darter, Reed Cormorant and Grey Heron were scattered 

throughout the lake area. A single colony of Reed Cormorantj which was 

closely observed, had an egg production of 58 and chicks which reached 

the flying stage numbered 35. A colony of White-breasted Cormorant 

containing eight nests produced 23 chicks which all reached the flying 

stage. Dabchick also br ed on the lake, as well as a pair of Black-headed 

Heron A. melanocephala. The general level of chick production and 

survival for the year was very high. 

In 1962 breeding occurred from June to November and birds confined 

their nesting activities mainly t o the Umshagashi Arm. Again the level · 

of chick production and survival was high. lklxed Darter and Reed Cormorant 

colonies containing 17 nests produced 55 chicks all of which survived. 

7 scattered Grey Heron nests (situated on small regenerated trees protruding 

from semi-s~b~erged termite mounds) kept under close observation, produced 

19 chicks which all survived. The existence of a considerable number of 

nests other than those for which precise details could be taken was also 

observed, and from these numerous chicks emerged. 

During my absence from Kyle on duty elsewhere no accurate records 

of nesting activity were obtained but reports received from staff on the 

station did, however, confirm that nesting activity amongst Darter, Reed 

Cormorant and Grey Heron was at a fairly high level but no ¥fuite-breasted 

Cormorant bred on the lake during 1963. 
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In 1966 nests on the lake occupied by 28 Grey Heron and 8 Darter 

were all under close observation. Each one was nunbered and its 

contents e:xauuned at regular intervals. It was very evident however, 

that reproductive activity had markedly declined from what had been 

noted in the period 1961-62. Information, for either period, is lacking, 

in respect of Kingfishers because of their habit of nesting at the end 

of long tunnels, but records indicate that no Darter, Reed Cormorant or 

indeed any piscivorous bird inhabiting the lake, with the exception of 

one Grey Heron and one Green-backed Heron was able jo r 0nr their young to 

the flying oto.gC: during 1966. (Rct;d Cormorant shm-:cd no signs o.f ini t,.. 

i~ting breoding. nctivity~ It was clear that the cause of high mortality 

among the chicks w~s starvation, for when they were checked for any 

damage that might have been caused by predators or carelessness on the 

part of the parent birds, no marks giving indication of serious hurt 

were discernible on any of the chicks' bodies. Four Darter and six 

Grey Heron chicks were reQoved from their nests to be hand-reared and 

these survived. 

1967 presented a very different picture. After an initial rise 

the lake l evel remained fairly constant for the rest of the year (see 

Figure 2, page 6). The available area .of fish-inhabited water increased, 

but the piscivorous bird population was actually lower than during the 

same months of the previous year . Grey Heron began to congregate on the 

Umshagashi island in late Jw1e ~nd had constructed 17 nests in July. 

Egg~laying continued till 26th August when their nests were deserted 

and the site abandoned - possibly as a result of interference by 

anglers fishing near the colony. In early September nesting again 

began but this time along the Umshagashi Arm of the lake. The same 

area was chosen by Darter and Reed Cormorant as offering a suitable 

nesting site. The following table indicates the reproductive activity 

of five species during 1967 anc shows the high survival rate for that 

year. 
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TABLE VIII 

1967 BREEDING RECORD 

! NO. EGGS CHICKS Vfl:!ICH REACHDD j : SPECI.bS OF PERIOD 
NESTS 'PRODUCED THE FLYING STAGE I 

' ' i Mid-August to late 

Darter 15 48 36( *) ! November ( + one late 
I nest in December -
j av.= 3.2 later abandoned). 

I 

Reed 62 I 160 68( *.) i Mid-August to late 
I Cormorant j av. = 2.6 1 Eovember 

i 
! 

Grey Heron 11 I _50: 
(Umshagashi Island) 

Site abandoned July to 26th August I 

I 
Grey Heron 65 161 85 Hid-July to early 

av.= 2.5 December 

Goliath 1 3 1 under parental care !lid-October 1967 to j 

Heron 1 under hand-rearing late February 1968 · 
I 

( *) : Birds reaching the flying stage could have been far more numerous but for 

the death of 26 "downed" and 32 feather ed Reed Cormorant chicks during late 

October and 9 "dovmed" Darter chicks in the last week of november • . 

·- · ·-

During 1967 no nests WGre constructed on the Mtilikwe Arm -

per·haps because of a lack of sui table sites, resulting l.'rom consi r~erable 

rise in lake l evel above that of th~ previous year (see Figure 2 page 6). 

There was, moreover, a very high rate of mortality among Reed Cormorant 

chicks between the brief period 29th October to 31st October, even when 

the nestlings had reached the advanced woolly-do•vn stage of development 

wi th wing and tail feathers already present. Batches of four or five 

chicks were found dead in many nests. Chicks had obviously gone from 

their mm nests into others as large groups of 4 to 5 would indicate, 

probably in an attempt to get food. The unseasonal rain bet ween 25th 

to 30th October, did indeed cause a rapid drop in mar ginal temperature, 

but the survival of chicks still at the naked stage on Crane Island, 

supplies very definite indication that the cause of death was not 

unusually cold weather but lack of sufficient food.. At a time when 

large clutches in the nests mNL: g;T·:' ... •.t cr C.,:;rr:r .. n~1.s~ there: ·. ·0.10 a serious 
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falling off in the available supply of fish (see Figure 21) and so the 

nestlings starved. Rain fell again on 14th November and again during 

the period 19th to 25th November, causing a drop in lake surface temperatu~P 

(See Figure 20) . Three days later (24th November) three Darter out of .a 

clutch of five were found dead in a nest in the Giffords Landing Stage 

area, and six in three nests in the Sikato Bay area . 
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1967 . 
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The obvious deduction to be made from these nesting fatalities 

is that fishing pressure is at a critical level during the particular 

periodvinn chi cks are being reared, and that a considerable drop in 

temperature must have very serious consequences for the young birds. 

The shallower part of the fishable zone is much more liable to a sudden 

drop in temperature than the deeper portion when unseasonal heavy rain 

results in an influx of colder i7ater. The area- most productive .of food 

for the birds is the shallower zone and whn a. considerable part of its 

normal fish population is forced to move to deeper '.;ater, the effect on 

the availability of the birds' food supply is obvious. 

It is to be noted that rainfall for the rainy season 1967/68 was 

very low (see Figure 4 page 9) and as a consequence all farm dams and most 

rivers were dry by February 1968 , As a result, Dabchick moved into river 

courses on the Kyle catchment area but did not find suitable breeding sites 

and consequently returned to the lake area. The number of these birds on 

Kyle showed marked oscillation therefore during the period January to 

May 1968 , 

As the result of good rains, dams in the Kyle catchment filled in 

December 1968 and during this month all Dabchick l eft the lake (see Figure 

12 e, page 56). It is to be noted that these birds only began to return 

to the lake during late May 1969, indicating that the breeding period had 

been prolonged, perhaps to make u.p for the lack of recruitment during the 

1968 season. 

Water level dropped continuously during 1968 (1030.2 meters A.S.L. 

on lst January to 1023 meters A.S.L. on 30th November), and, as already 

indicated, drought conditions existing during late 1967/early 1968 

prevented any rise in level during that "rainy season". The only 

piscivorous birds which nested successfully and produced young during 

1968 were Darter and Grey Heron. Ege; production and chick survival is 

indicated in Table IX. 
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~CABLE IX 

12_68 BREEDING RECORD 

----------------------------------------~---------------
prcrEs 

1 
NO. OF 

1
• EGGS CHICKS -_,r!UCH r:t:CACEED 1 PT"RIOD 

t_ J.J NESTS PRODUCED THE FLYING STAGE I ~· 

. , I I I 

;Di\Rl'ER j 10 ! 20+ 2 Mid-August to l ate 
J • ! ~ 2+ I September 1968 

t 51 I 
:GREY HERON l 16 I av = J.2 9 !Mid-August to early 
: ! ( l l October 1968 

Investigation into the r.spect of bird life no• ; under consideration 

was adversely affected by the destruction of Darter nests by African 

children during late Au~Yllst. Chicle production would in all probability 

hJ.ve been slightly higher than it actually wa.s , total egg production 

however WJ.S very low throughout the lake a.reH. Again no nesting occurre d 

on the Mti likwe Arm. 

The Yellow-billed Egrets and the Groat rfuito Heron do not nest on 

or near the lake. I\l..>..rkod decrease in the number of Yellow-billed Egrets 

frequenting the L 1ke area is appar ent from April to May each year. Gree.t-

Vlhi te Heron were totally absent durin]' the puriod ~Ic:cch to November 1966, 

May to November 1967 and ;..fay to September 1968. The purposu of their 

temporary desertion of tho l.J.kc: area wc.s not due to food shortage but to 

nes t in their breeding grounds clsev1hcre . 

Breeding n.ctivi ty of these birds was observed on the Kafue Fl ·:;ts , 

Zambia, in Uarch and August, 1964, by D<~wsett .::nd de Vos ( 196c:;) and it 

is not unlikely, jud1in2 by their long period of absence from Kyle , that 

they trzwcl to places as c1istant as Zambia for the purpose of brecdinc. 
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According to \'!ynne-E(~_wards ( 1962) ''the e.ctual r egdo.tion of populntion 

density is l argely a ma tter of exercising control over recruitment an, . loss 

in population , Ther o is usuc.lly an annu.el breeding season 9 the br,sic 

function of which is in the first c:1se to me.ke up losses of the preceeding 

year and in the second to create a new generction to succeed its progenitor. 

He further refers to experiments which demonstra ted that recruitment is 

densi ty-depenc'.ent; and it is obvious th,'.t the feed-back part of the 

machinery will h.we to be e.spocially a ctive just before bro::cding corrunenccs , 

in order to elici ~ the required response from tho brooding stock and produce 

the quota of recruits thct current economic conditions dictate". The density 

of birds per hectare of fishable water ( express0d in Kilograms of birds) 

sho\vn on p~ge 76 of this thesis, was far lower during the period May to 

August 1967, th, __ y .. . r in ~7hich r ocrui tment \l.:ts ~Y ~ .(a:i,.rly high level, 

than in tho same months of 1968 a year in which recruitment was extremely 

low . The obvious deduction to be drawn from those observations is t hat 

bird density durinc 1368 was above th<-t for which current economic conditions 

would dictate. The comple t e lack of br~cding amongst Reed Cormorant 

the most abundent species of birds on Kyle, during 1968 gives fur thGr 

support to these theories enunciated by Wynne-EdVJC'!.rds. 

Nicholson ( 1933) st.:: ted 11 if an ;mimal popul<:. tion continue s to 

fluctuate in numbers over a lon~ poriod bet~ccn r estricted limits (see figure 

12(a) page 52 of this thesis) it follows th2.t it is controlled by fc.ctors 

which produce an incroase after low density ( c.s in May to August 1967) and 

" a decrease after high density (as in May to AuJUst 1968). 

Lack (1967) in his stu~ of the Great Tit found that these birds laid 

l arger clutches in the yor>.rs when they had a greater chance than usual of 

r aising large broods. There is no statistical evidence to shov1 thA..t there 

was any significant change in the number of eggs laid by piscivorous birds 

during any breeding period at Kyle, However the· complete ce·ssation of 

breeding by Reed Comorant anr' m:: rked r eduction in bre0ding activity of other 
/ 

species docs indicate that density-dependent factors have a very marked 

influence on the reproductive activity of the piscivorous birds of Kyle. 

(sec t able VIII p--1go:: 82 anl'. table IX p~:..ge 86 for the breedincs records of 
1967 and 1968). 
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ii) Relationship b~een water levels and breeding seasons 

E. paludinosus which is the main component of tho diet of 

Dabchicks is an nnadromous type and is noted for rapid colonization of 

newly Jilled dams. Rising lake lGvels are preceded by full flow in the 

rivers and generally fairly good rain in the Kyle cntchnent. These fish 

therefore move into rain-filled dams and flooded areas at the same time 

as Dabchick leave tho lclce area to breed , Food therefore is ensured 

during and after the bTceding season of Dabchick. 

It -,,auld appear thnt mnny of the birds with which the present 

study is conccrn8d? thc..t is? the Darter? the Rood Cormorn",t 7 the White­

breasted Cormorant? the Grey Heron and the Goli~th Heron, start egg 

laying only when l~ke levels are static or fallinG (see Figure 22). 

Nesting of n pair of Grey Herons took pL:cco in January 1967 when 

lake level was rising, t y;o chicks hatched in early lfurch and thc;sc were 

taken from the nest to be hand-reared. Again in Jan~~ry 1969 a pair of 

these birds nested on a high granite dome surrounded by water and from 

this nest two chicks survived, When considering the total number of 

nesting birds over tho period 1961 to early 1969, the occurrence of 

two nesting incidents may be regarded as tho exception rather than the 

rule. 

-
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In the case of the Dabchick, egg laying during 1961 began in May, 

after vegetation ashore had been heavily flooded and provided suitable 

nest-sites. At this time of the year, fish . of anadromous typo such as 

]. paludinosus have already returned to the lake area. In subsequent 

years chick production had already been accomplishen by the end of May. 

A substantial rise in lake level during 1961 resulted in successful 

spavming of all species of indigenous fish inhabiting lake Kyle, and tho 

virgin ground newly covered in the lake's expansion provided a wealth of 

food and cover for the fish fry produced. Circumstances were s i milar in 

the period January to April 1962 and also from December 1966 to June 1967. 

(See Figure 2, page 6). Subsequent reduction in vmter level during ez.8h 

of these years resulted in higher density of fish i n the marginal zone 

particularly from July onwards \then the marginal water became progressively 

warmer. 

Breeding of all t y~es of birds indicated in Fi~ure 22 would appear 

to have taken place as the density of fish began to increase (see Figure 15, 

page 71>). Simultaneously there '':as a· shrinkage in area ol' fishable water 

and a rise in water temperature (see Figure 3 page 8), From the breedi. g 

records obtained, it would a] pear that the t riggering influence, in breedi~0 

activity of piscivorous birds, may be the food supply rather than the level 

of the lake per se -whether it be static or falling. I t is noticeable 

that 1966 and 1968 were preceded by falling lake levels. This directly 

a .::·rected the fish recruitment and no Reed Cormorant, the most abundant 

of fish-eating bird species on the lake, bred in the Kyle area during these 

two years. 

The fishir,gactivity of Reed Cormorants is confined to the marginal 

zone extending from a depth of 25 ems to 4. 25 m. (See Figure 13 page 63). 

"lifhen weight of birds is related to area of''fishable water" (water down to 

7 meters in depth), which in turn is related t o the levol of the lake at 

the time, on index of bird density is obtained. The weight of Reed Cormoran+ .. 

per hectare of fishable water on lake Kyle during the period ~ .. ~arch to August 

during 1966, 1967 and 1968 indicated that the density of t hese birds was high.~ 
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during these months of 1966 and 1968 than durinG' 1967, a year in which 

breedinr activity took place. (Sec Fi gure 23). 

Fit;ure 23 . Weight of Reed Corr.10rcmt per hectare of fishable water 

durinG the period Novcnb0r 1965 to June 1969. 

It would. a:)pear therefore, that food availability during the dry 

scas.:m of 1966 and 1968 was sufficient only to support the needs of those 

Reed Cormorant occupying the lake at the time. Suffici...mt food was not 

available to allow for chick production as the density of these birds, 

it \Jould seem, was already at optimal level. 

Breeding of all t ypes of piscivorous birds indicctcd in Figure 22 

would appear to take place as the density of fish begins to i .1crcase . 

Temperature and the state of the lake level ( which determines the area 

of "fishable uator") are the main factors which in particular combination 

affect fi sh density and in so doing influence piscivorous birds in their 

breeding behaviour. - This sc,;ms a v::tlid conclusion ii1 spite of Tienhoven' s 

(1961) light-stimulus theo:r.r, Hhich asserts that stronger sunlight has a 
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definite influence on the endocrine system nnd especially on t he 

hypothalmus ancl t hat tl:ri.s in turn affects the gonads of birds~ ·creating 

an impulse t o reproduce. As a result breeding ~L~cs plo.cc only in cert~:~ 

definite months . It is to be noted, however, that although observat:i o"' 

over a protracted period doe::s indica to tha t mo.ximUL1 eg;s layine; activi t y 

occurs in th· se months during ·. rhich the mean d<:dly period of sunshine i s 

sensibly on t he increase, (sec Figure 24) neverthe l ess it must also be 

noted t hat - as s!1oYm previously in this report - tho Dab chick has 

altered its breeding time , o.ncl the Reed Cormorant durin0 t .10 years has 

shmm no tendency to breed o..lthough thor:J was no signifi cant change 

from the normal eith8r in duration or i n the int ensity of sunlight 

during the ordinary breeding period of the bird. 
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Comparable information on thL. effects of food supply on nesting 

success has been presented by Schuz (1942) for the ~Vhite Stork (Ciconia 

ciconia), Owen (1960) for the Grey Heron and Kahl (1964) for the Wood 

Stork (Uycteria americana). In each case it has been indicated that 

change in photo-period doe$ not seemr·to be a regulator of breeding 

activity. 

(iii) Nesting Sites 

The successful production of offspring by ·.lhite-brcastcd Cormorants 

in the lake area was accomplished only during the early stage in the le,L·) ' : 

history - 1961-1962. It would appear that a prerequisite for nest con-

struction with these birds is fc::.irly high trees, as nests constructed ar 

usually three or four meters above water level and theBe must be surro'J.llde ;~_ 

by water . Early in the lake's history, regenerated trees sent out long 

supple branches, and vegetative growth was extremely rP.pid as a result of 

a constant moisture supply. Th.3se tr0es, when partially flooded, proY"' 

sui table nesting sites . By th:c time that vmter recession bagan in late 

1962, all these trees had Jied and their branches \lore extremely britt~ _ 

and weak. Lack of suitable nesting sitss may thus be the reason for 

those birds moving elsewhere to breed. 

A change in conditions from those of 1961 to late 1962 were 

particularly apparent when flooded grassbeds and other forms of marginal 

terrestrial vegetation became exposed during water recession after this 

pE:.riod. In view of the fact that no semi-aquatic, or truly aquatic, 

vegetation has everbecome established at Kyle, Dabchick \'Jere unable to 

find suitable sites on which to anchor their floating-type nests; they 

therefore, as in the case of tho Vfuite-breasted Cormor~nts, sought 

sui table breeding sites elsewhere. 

r-
·~ 

Darter,Reed Cormorant a.nd Grey Heron would also appear to prefer 

breeding sites surrounded by wat er - a possible precaution against land 

predators. Supple stemmed (regenerated) trees surrounded by water were 

plentiful in the early stagDs 1961-1962, and for these a high degree of 

preference was evinced (see photograph overleaf). 
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A small Reed Cormornnt breeding site typical of those chosen 

during 1961 and 1962. 

It became apparent, however, that ,-,hen the impulse to mate and 

produce offspring was triggered by favourable ecological conditions, any 

si tc on ·.vhich nests could be constructed (even on bare ground) was chaser 

provided it was surrounded by water. Nests during 1967 were constructed 

on broken br anch:Js lying on the ground, (on flat to~.:>pcd rocks in the; case 

of the Grey Heron) or even on the ground itself. 

rA 

The main 1967 breeding colo~y of Reed Cormorant and Grey Heron. 

note the tremendous chunge in tho type of nGsting site nvail~ble 

compared with those existin,3 in 1961. 

During nesting activity, it again became app~rent in various mixed 

colonies t i1at a very dcf ini te social grading existed. Gr~.y Heron occupied 

the majority of uppermost nest sitos immixed Grey IIeron/Roed Cormorrnt 
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colonies , and Darter the uppermost in mixed Dartor/Re~d Cormorant colonies, 

The ~-lhi te-broasted Cormorant used tho uppermost branches uhen they shared a 

nesting-site with other species, Darter would nest lor:or down and below 

them Ggain the Reed Cormorents. 

(f) Total ;-wight of pi sci vorous birds in kilogx:ams on eitch _9-rm of Lake Kyle 

and weight of birds per hectc.ro of 11 fishable water" in onch month from November 
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Figure 25. (in kilograms) of piscivorous birds on each arm of 

Lake Kyle each month. 

(b) Weight (in kilograms) of piscivorous birds per hectare of 

fishable water on each arm of Lake Kyle each month . 

{Period covered- November 1965 to Juno l9G9). 
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The weight of birds carried, eech month (see Fi-~c 26.') wi th the 

exception of April and May, 1966, April and December, 1968, is higher on 

the Umshagashi Arm than on the less extensive ~.1tilikue section. Figure25(b) 

indicetcs the avers.ge weight of bir ds per hectare of fishc.ble '.'later carrL"·d 

each month on each arm. A ilbouncc 11 or pendulum effect is noticeable. 

Fishing pressure was higher on the i.Itilikwe in November 1965, this was 

follo.wd by higher fishing pressure on the Umshagashi in December of that 

year, Greater pressure on the Htilikwe occurred in January and February 

1966, and equal pressure on both arms in March 1966. During April to 

August 1966, pressure was greater on the Mtilikwe, while in September and 

October 1966, it was higher on the Umshagashi . In November 1966, pressure 

nas fairly equal on both arms. 

Although fishi r.g in tonsi ty was higher on the Mtilikwc from April to 

August 1966, during the corresponding period in 1967 the position was 

reversed. In 1968. a pattern emerged during April to J1me similar to that 

of 1966. Fishing pressure on both u=ms of the l ckc was far higher from 

March to Auzust 1968, thEm for the s ·:n2 period in c-:ny other year. As has 

already been indicated, (page :1~) severe drought conditions caused dams 

and most rivers to dry up completely; it would thus appear that birds were 

forced to remain in the lake aroa during the dry season of 1968. From 

August to necember 1967, nesting activity and chick production amongst 

Darter, Reed Cor1noran t and Grey Heron was confinGd to the Umshagashi Arm 

and a s a result, bird concentrations were higher on this arm. This was 

followed by an increase in fishing intcnsi ty on the Mtililmc during Murch 

to June 1968. 

The months of ~hrch and April saw a drop in lake level in 1966, a 

rise in 1967, a drop in 1968 and again a rise in 1969. Great 'variation 

in fish density occurs during these months, which precede the cold season of 

the year. There is also a considerable drop in the total number of fish­

eating birds, and it is possible that those that continue to r eside in the 

lruce area pass frequently from one arm to the other . 

Over the period of 44 months, during which close stu~ was made of 

variation in piscivorous-bird populat ion and the extent and state of the 

I 
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fish~blu area, it ·~·as found that the extent of 11fishG.ble area" on the 

Umshagashi section amounted on the average to 59.4% of the total, while 

on the Mtilikwe it was 40.6% of the total. At the same time, it was 

established that the total w0ight of piscivorous birds on the t wo sections 

was rcopocti vely 58, 9?~ and. 41.1% of the tobl. The signifi cance: of the 

close correspondence botwe:en the.: figures obte:.ined for the extent of the 

"fishable area" in t he two ,'.rns :md for thu piscivorous bird population 

on each receives 0-ttcntion later in this thesis 

The number of birds of each speci es occupyinG the lake area shows 

great variation, as has been indica t ed i n Figures 12a to e. The fact 

that fishing pressure per ncr': of "fishable water" is_, in g,-ner al , equal 

on both arms of the lalw defini tcly implies that no typo of piscivorous 

bird present on the lake onn bo e:icclud...:d f rom tho present study if sound 

conclusions arc to be reached i7i t h respect to the area of the lake 

suitabl~ for expl oitation by the piscivorous birds. It seems evident 

that thoro is definite co-ordinat ion of th0 fishing activity of the 

birds as a ·._ ,hole, :mel the number of birds of any opecics inhabiting 

either area is determined no t only by the extent of the: fish supply, 

but also by tho competiticn provided either by birds of different type 

or by members of i ts o···n species. The birds studied sho·-, grc~t variety 

in size and 17eight, ye t the total '·eight of <' 11 birds ( Hhose fish 

consumption is 16~~ of body ··.mi ,:~ht oo.ch day) - bears a defini t c f i xed 

relation to the acrcD.gc of fi :::hablc water each month. 

In tables X a and b, tho nutibcr of birds in c ch species 1:hich 

occupied one or other ~rLl of thG lake during tho pvriod of study i s 

expressed as a pcrcent:::.ge of the total mrn.ber of its o.:n kind found on 

tho l ake. Herons have been grouped together as the method of fishing is 

the same for all types of HLrona and the area occupied during fishing 

act ivity is less exbnsivc than that used by the free-svlinmling types. 

Kingfishers have also been grouped bcc~use the Giant Kingfisher is 

relatively rare. 



SPECIES 

1. Darter 

2. Reed Cormorant 

3. White-breasted Cormorant 

1, 2 and 3 
Pied Kingfisher and 

4· Giant Ki.ngfisher 
Grey, Goliath, Purple and 

5· Great-White Herons and 
Yellow-billed Egret 

6. Dab chick 

1· All piscivorous birds 

8. Avai l able acres of 
fishable water 

LAKE LEVELS 

TABLE X (a) 

PERCENTAGE EY Nill:'lEERS OF EACH SP::JCIES OF PI SCIVOROUS BIRD ON EACH AID/I OF LAKE KYLE 

FOR THE LAST ~VO MONTHS IN 1965 AND OVER SIX MONTHLY PERIODS UNTIL JUNE 1969 
U = Umshagashi Arm M = Mtilikwe Arm 

1965 1966 1967 1968 

Nov-Dec Ja.n-jun Jul-Dec Ja.n-Jun Jul-Dec Ja.n-Jun Jul-Dec 

u M u M u M u M u M u M u M 

64.7 35.3 54 . 2 45.8 59.3 40.7 58.2 41.8 62.5 37 .5 57.2 47.8 60.0 40.0 
-

55.2 44.8 51.4 48.6 56.7 43.3 63 .5 36.5 78.0 22.0 58.6 41.4 53.5 46.5 

62.0 38.0 57.8 42.2 51.0 49.0 65.0 35.0 54.4 45.6 45.3 54·7 35.0 65 .0 
-

59.4 40. 5 53.0 47.0 56.8 43,2 63.1 36.9 72.6 27.4 55.6 44 .4 54.5 .45.5 

46.7 53.3 67.0 33.0 63. 1 36.9 66.8 33 .2 69.7 30.3 64.3 35.7 48 .8 51.2 

54.2 45.8 57.5 42.51 55.0 45.0 58.8 41.2 74.9 25.1 60 .5 39.5 60 .7 39.3 

40.1 59.9 65 .1 34 .9 ' 49.1 50.9 84 .1 15.9 63.9 36.1 58.8 41.2 36. 1 63.9 

57.3 43.7 55 .0 45.0 56 .2 43.8 63.7 36.3 71.6 28.4 54.8 46.2 52.8 47 .2 

60.1 j 39-9 60.6 30.4 58.4 41.6 59.3 40.7 58 .8 41.2 60.2 39.8 58 .6 41.4 
I 

Drop Jan-Feb, r~s~ng Rising January to end of Drop from January to end 
slo~ly to end of ~Aarch - May, fairly static there of November. Slight rise 
drop until mid-December, aft er - very slow drop in December 
followed by sudden rise . September to December 

-

! 

1969 Percentage 
over the 

Ja.n- Jun total per iod 
of 44 months 

u M .U M 

56.5 43.5 58 .2 41.8 

59 .7 40. 3 59.7 40 .3 

58 .2 42.8 55.2 44.8 

58.6 41.4 58.7 41.3 
I 

67.6 32. 4 63.0 37.0 ' I 

56 .9 43.1 60.3 39.7 

68 .9 31.1 55.2 44.8 

70.2 29.8 59.0 41.0 

59.6 40 .4 59.4 40.6 

Ri si ng Jan-
stntic in Fel: 
!Rising March 
to April 
f airly static 
thereafter 

-



TABLE X (b) 

PERCENTAGE BY NLU~!B~~S OF EACH SPECIES OF PISCIVOROUS BIRD 

ON EACH ARH OVER FULL-YEAR PERIODS 

SPECIES 1966 1967 1968 · Percentage over ·full 
thrf!f! _year DP.ri nc'! 1-----=::::----r--- - ·- --+--------~--------+---~ -- -:-----;;;-----r-.Jl.!.,l,,~~~-jll~~~---4 

f--------- --------------+-----...;;U __ ~--.;.;;;M;.___-+----U..;;__-1: ____ M;.;;,..__-+---U __ -t ___ M __ 4 __ ___Q___ _ M 
! 

1. Darter 56.5 61.1 j 
I 

38.9 43.3 57.4 42.6 
.1 

l . I 
,_2_. _R_e_e_d_c_o_r;_Jl_or_an_t ____________ t---_5_4 _· 3--+-!! __ 4_5_. 7 72 .2 I 27-8 56 ~4--t- ·- 43_:_6--r-- ~-0-.l- ___ 3_9_. ~ _ 

. 55.2 40.0 53.2 46.8 
r---------------------------------~------- -------+- -----+---

1, 2 and 3 54.9 31.2 55.1 44.9 41.3 
I -- - ...... -----+-------+-------~ 

4. Pied Kingfishers & Giant Kingfishers 35.7 68.0 32 .0 57.1 42.9 36.6 
------------------------------------~--------~----------~--------+----------r---------~-- - ------r---------+-------~ 

Grey, Goliath, Purple, Great White 
5. Herons and YelloTI-billed Egret 56.1 43.9 66.7 33.3 57-7 42.3 61.5 38.5 

6. Dabchick 53.8 46.2 66.8 33 .2 45.5 55.6 44 .4 
--------------------------------~--------r--------~----·--;---------~,---------+-------+--------t--------~ 

1. All piscivorous birds 55.7 44.3 68.4 31.6 53.8 46.2 59.2 40.8 
--------------------------------ti---------;--------+-------+--------lt-------r---·------t------~--------4 

8. Acres of fishable water 59.6 59.0 41.0 59.4 40.6 59.3 

_g 
,. 
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Breeding of Reed Cormor~t and Grey Heron, on tho Umshagashi lxLi 

during July-DecembGr 1967, · 1as at a high l eve l comp:cred \"Ji th that .1hich 

occurred during the same period in 196~ and 1968, (no Reed Cormorant bred 

in the lake area in 1966 or 1968) and the proportion of these birds was 

thus far greater on the Umshagashi section than on the; r.:tilikwe section 

during this period. Do.bchick l eave the lake ar8a to breed in fnrm dams 

and. i n reed or rush fringed pool!:l from Janue.ry to Harch i n most years . 

Before se tting out the birds assemble, in gr oups, in the forr::n.tion of 

·.-:hi ch there is considero.blc movonent f rom one arm of the lake t o tho other, 

<1nd of course tho popula tion incidence in ei thor arm is consid'-r<tbly 

disturbed in the process. Th. ... re .;a s a Liass exodus of Dabchick from the 

lake, for the purpose of breeding in 1966 and again in 1967. As the 

route prefe.rred by the::: birds, when water i s to be found in farm dams~ is 

along the Ur.1shngashi Arm t o the arJa a t whi ch most of the local f arm 

dams exi st, the percentage populL"'.tion on the Umshagcshi il.rm from .Janmry 

to June 1967, w.J.s naturally grc:ater than on tho Htilik.m . From Janu..:.1.ry 

to ?.k.rch 1968, there was a m-:1rked coming and goine on the part of Dabchick 

bet ween the upper r eaches of e~ch ~rm and the main bo~y of t he lake. 

Duri ng these months, hom::vcr , in 1968, dams wore dry 2-nd river banks 

unsuitable as brL:eding sites so that the: birds ulti mately r~mc.ined in 

tho lake itself. Neverthel ess throughout each p~riod indicated in T~ble 

X (b), the number of each spacics of piscivorous bir<l on each arm would 

~ppear to remein in farily const~~t proportion . JJt8r any departure 

from the r atio of 3 to 2 tho proportion would a-;,1~.::2-r to bo r estored 

Y'i thin a r ulati V:)ly short tin'-:. 

.. 

It has been shown earlier in this r eport th:-t ther: is a l!l::trked 

oscillation in the number of bir<ls of each speciC;s '':hich o.r0 a ctivo at 

different tines on the t·.!o :-.rrJs of the lake . Over a sufficiently prolonged 

period of time (such as th~t devoted to the present study) ther e emerges a 

very definite proport ion, n-:..aGl;r 3 t o 2 (59 .o% to 4l.O~j) between piscivorous 

bird population on the t ·.vo sections. Fish-::;ating birds , therefore , do not 

crowd at random into any ar c..o. . It \JOuld appear that th~rc i s actually 

sol!le co-ordinated regul ation of the number and \Ieight of the species 

occupyinc definite ~reo.s. 
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10. Discussion. 

In the course of the investi..;ation no\7 described it has been 

possible to become rcli~bly informed of the different types of fish­

eating birds which inhabit Lake Kyle, and also of the number in each 

species - sixteen in all, eleven of which ?.re entirely piscivorous. 

A marked variation in tot£tl bird popula tion ho.s been noted as occurring 

from year to year, and also at different periods within the year -

partly as the result of a temporary impulse to migrate from the Kyle 

area which is characteristic of cert::tin species. Since 1965 there has 

been a definite decline in the total number to be found in the area. 

The peak pupulation of piscivorous birds at Kyl e was 1860 for the year 

just mentioned. Diminishing totals follo· •ed in each succeeding year, 

until the peak was as lo<; as 920 in October 1968. It would appear that 

the continued occupation of the lake area by certain birds, especially 

of the Cormorant species, is to some degree r endered precarious by 

certain factors. The chief of these is probably the inconstancy of lake-

level in conjunction with vagaries in. climate. Tho withdrawal of v;a ter 

for irrigation an0 extremes in weather conditions such as drought or 

un-seasonal rainfall, produce conditions whj_ch are very unfavourable to 

aquatic bird life , as they can have an immediate adverse eff ect on food 

supply, and can seriously interfere with nestin[{ a ctivity and the rearing 

of chicks. The years 1966 and 1968 for example, ~<ere m?-rked by an almost 

complete cessation of breeding activity by the piscivorous birds at Kyle, 

(see Table VIII p~ge 82 and T ble IX page 86). 

Hand-recring experiments fro~ 1965 to the enJ of 1968 have 

permitted close study of the food requirement and development to semi 

maturity of young birds bclon~~ng to five species of purely piscivorous 

type and of two r:pecios belonging to partly piscivorous type. As a 

result, apart from the precise information gained with ~espect to their 

food requirements, it vms possible to deduce from the overall results an 

index for the daily consumption of food by the aver age adult piscivorous 

bird - 16% of its body '.::eight. l!urthcr experiments on different birds 

indicated that, with ono exception - the Dr.bchick - fish-eating birds, 

showed no preference for 811Y particular fish species, but that there wore 

definite limits to the s i ze of the fish which ·'/ere acceptable as prey. 
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These limits as expressed in terms of length in n.n. and weight in gos . 

vary from SOi"Je thing ovE:r lOOrlr.! to e pproxim:. t oly 50 nn and from approximately 

376 gms to a.weight as low as 4 gn. Rare exceptions occur in which 

dioensions arG outside this rnnge. 

Results such as t hoso doscribGd indicate that the pre sence of 

piscivorous birds is a very advenk.geous circumstance for establishing 

satisfactory fish-production. The prey consumGd is of snnll dinensi ons 

and the nnin component of their diet consists very largely of !· melanopl eura 

which as descri bed by Wager (1968) and Junor (1969) b0sides attacking fry 

of desirable species is mainly responsible for the disappearance of 

aquatic vegetation from its environment , In so far as the birds t end to 

limit the proliferation of Tib.pia they ar: giving good opportunity to 

more desirable types of fish to reach dimensions snti sfnctory to the 

angler or the lessee of conoercia l fishing rights. By cal culation using 

information obtnincd during tho investigati on (numbGr and nornal weight 

of birds in each speci es and index of daily ~dult food r equirements) it 

has b(;en possible to assess tho ruaount of fish taken fror.1 the lake in 

different years. The figure for 1966 was 55,900 kilogrnms (61~ short tons) 

for 1967 39,600 kilogra~s (44 short tons) and for 1968 48,200 kilogran~ 

(53 short tons). In vivw of the good service the birds give in many ways 

this is far fron excessive. 

In addition to the materi al which has just been r eviewGd much 

information has been gained uhich is of int~rest in the study of bird 

ecology, There is for ex'1.I!lple, the inforn.:ttion that has emerged with 

respect to the various methods enployed by piscivorous birds to secure 

their prey - the proprietary interest of various 3TOups in definite 

fishing areas - the evidence of an exclusive or dooinant at t itude of 

certain types of bird towards those of other species - of dominance al so 

within a group during roosting or nesting . Further, conparison of the 

relative incidence of bird populati on on the t wo P-r ms of th~ lake reveals 

constant proportion between tho nunber of birds occupying each of the t wo 

areas. There is considerable evidence that continued hJ~lthy existence 

and the prolifer ation of piscivorous birds depends on the state of their 
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food suppl y a t certain critical periods e.g. I t s eems to be sufficiently 

c st.-.blishod by the pr~.: s ent invostig.- tion th.·~t a period nhen the l:tke-lc vel 

is risinc; is very unsui t ::-.ble for n esting a ctivity, bcco.us o of thE:' dilution 

of tho fish::tblG a rJ:t and thG cons·AUG:n t scarcity of food for tho nestlings. 

The main ch::r ::>.ct•Jristic of modern bi olo:=-:i c.:l li tc.:r-.. cturo ·uould s eem 

to be a strong compulsion on the a uthor to gencr,lise. Prominen t ecolog-ists 

hnve ovolvt::d c::~ch his 0 ' i11 theory t o cx pl':'..in · •hat has emerged from his 

rcse:trch or from thoJ invcsti ·;ati on of others, In c-.lmost every cas( there 

has been no lack of infonned criticism ~nu of fuirly successful attempts 

to inv:1 lido.te the hypothesis presented . Mi lne ( 1957) notes "the ecological 

deficiencies and stc..tistical inadequacies 11 in the bes t fi elds o~ study 

and "the consequent variety and contrariety of t h eories of na tura l control". 

Even in the minor sphere of tho present study it h~s been found that n o 

generalisation ccn be made that is not subject to exception. Frequ ent 

experiments h."..d confi:cmed th:1.t the index of 16% of body- weight f or daily 

adult food consumption w::ts sufficiently reliable o.s to be us &d a s an 

instrument in further research . Yot clea rly i t is not 7.pplicnble in 

certain instances ( e.g. ;.rhen an unlimited supply of food is ~v-:dlable -

Reod Cormor~nt 07754 Fi~uro 6 page 16), Ag~in 1 close obscrv~tion seemed 

to indicate very dofini t e ly that breeding c ctivi t y of the piscivorous 

birds at Kyle was limi tod t o periods when t ho l evel of the l nke · vms 

falling or c. t l east stP. tic - yet exceptions to the rul3 <:1-re noted (see 

page 88) in on..: of 11hi ch heal thy progeny w.- s procJucod. Obviously ;:my 

,'1,spect of bird life is extrcr:wly complico.ted c,n<-1 it i s n~ cossary to be 

w2.ry of dogmntic assertion. In these circuiustnnccs , '7hen considering 

v:hcthcr there may be :-ny Git?llific:-mce in the D1 .teria l n ow pro.sGnted 1 I 

hc.ve thought it bettor to rol[',te such f :.1cts :->.s heve emergod in the: study 

to the work of AndroY<.:!.rthn c..nd :Birch ( 1954) ' .. 'ynno-Edwcrds ( 1962) 1 Lc..ck 

( 1954 & 1966), G:o..uso ( 1934). Such V"'luo o.s tho m::-terial mny h:we, s hould 

be found in its agree-ment or disagreement '.7i 'Ch the conclusions onunci:..1.ted 

by those experts. 

It must be notod, hO\Jever 1 th .. t t in publishing ·."n account of work 

in tho field., or in ::i; ter,lpt.ing to est,.bli...;h the validity of a hypothesis 
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ecologists 2;enero.lly assume th~:t the anim .. ls they study exist under 

n::. tur:~l conc'l i tions. 

Most of them seem to be .J.t no gree- t pains to define the term 

11 natural11
• Andrewo.rth.:l r.nd Birch name four CO!:.lpon~nts which dem<nd 

consider?.tion in 2.n <:mimu.l environment (i) Jer.thcr (ii) Food (iii) 

other o..nim"·.ls, c:.nc' orgc:misms c.:>.using dise~~se (iv) a :;l ace in which to 

live -For the present study it would bc nocosso.ry to c..dcl a fifth 

component - the vari0bi~ity of tho l~ke-level, since this is so definitely 

affe cted by the occc.sion.:·;l wi thdrs:.val of we. t er (which is not entirely 

dependent on the wec.ther in the a ctual lake u.re~) that s~ecial conditions 

are cree:.ted for the piscivorous birds in Kyle .:: .. rc.·· . A ch·.mgc in lake­

level m.::y load to overcro·.1di ng of the fishable e>.re ~~ during dre .. w·do m in 

the dry se1.son or substancb .. l decrease in the o.v .':'.ilabili ty of food Hhen 

a sudden rise in level during the rainy season results in r rapid 

expansion in the area occupied by those fish whi ch are of suitable s ize for 

consumption by piscivoJ~ous birds . In ~ddition ~ change in lake -level 

may seriously intGrfcre · ·i th tho recruitment of those fish on which tho 

birds feod end m:' y m:ll~e the place 11 in which thoy live11 (e.g. roosting 

or ne sting sites) tempor8.rily untem .. blG. 

AndrC\mrtha o..nd Birch in conducting investig-:tions on 

Thysenoptcr a insects Thrips imaginis found that over n 14 year cenSus, 

in a ll, 78 per cent of tho observed fluctuc-.tions ii-.Jrc a ttributod to 

vtca ther f a ctors - a situati on .:m.:J.logous in mo.ny ··re..ys to tht' .. t of 

tho piscivorous birds, if l.~ .. kc-level is accepted .'J..s being 11eo.thcr 

i nduced. However in de f oncG of density depcmdancy, Lack ( 1966) 

quotes Solomon ( 1967) :--.s quoted by Nicholson ( 1968) follo~·;ed by Smith 

(1 961) Klomp (1962) and Varley (1963) who .1.rgued the P .. nnu::l fluctu::tions 

in numbers obs .)rved by Andro, ,.::;rthn.. and Bi rch, r10uld not h·wc been so 

closely correl.:tted with ''lea ther f a ctors unle ss, in addition, there ha d 

been e. dGnsi ty-depcn<~Gnt controlling f a ctor in oper .. tion , with this I 

3.STCC , 

The theory ·ch:. t ::.nimo..l popuL;. tion is d::msi ty-de pendent hns m8.11y 

a dherents today arr.ong ocolo,sists of est, blished r e put2tion. Andrewc.rthr:: 

and Birch, however, re j oct the theory 11 in toto11 :~s d.od!la 11 n hypothesis 

not to be t 0sted b;}r empiri co.l f :J.cts. T'ney ad.v.~.nco the vi c::r,, t hn. t in a 
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"natural" popul:J .. tion numbers may be limited by shortage or inaccessibility 

of food or other m::;. teric .. l resources such o.s nesting facilities. Of even 

(Sre~ter influence than these concli tions, ho· ~ver e.re p .::riocls ·,,,hen 

recruitm.:mt to a species f.:-ils to Gqual its loss in numbers . Nesting 

facilities mey be rejected on the grounc~s th.:J.t piscivorous birds 

at Kyle utilized any site e..vaile..ble, when the impulse to mate was 

triggered by sui t .t.blc ecoloc;ical conditions. (sec page 94). 

It r1oul d ini ti;: lly appce.r that information supplied on page 

52 of my thesis would add empho.sis to the import~.nce of the le.st factor 

mentioned by Andrey;artha rmd Birch. During the forty-four months 

onCinz, in June 1969 thure w_·.s '- mc.rked docrease in the scason8.1 

abundance of pi sci vorous birds inhabiting le.lce Kyle and part reason for 

this decline \ID.S definitely the lack of succe ssful nesting activity. 

'lbis in turn could be r.ttributed to a short3.t,re of food consequent on 

alteration of tho l akc-l0vel. Lo'.7erinG of l<:.lm -level however and 

consequent ovorcronding of the "fishable area11 (see pa6e 79) durin]' dry­

seesons preceeded by belo\7 normal r ainfall in ;re<'-rs when mic;ration to 

o thor fishing grounr s (sec p~.gc 77) \J~'-S iHlpossible, was the me1.in r enson 

for reduction or compl ~tc lack of breeding activi ty amongst the 

piscivorous birds. It can be accepted tht>..t during periods of ''ovorcro .!ding11
, 

such as those just mentioned, food sup;,·ly wc-.s only suffi cient to meet the 

needs of e.dul t birds '.-:i thin the Lake area. AC!.di tional demands made by 

chicks in the nest would have jeopardised tho very existence of the adult 

birds. Piscivorous birds therefore react to overcrO\<ding by curta ilment 

or marked reduction in breeding activity ancl this I interpret as most 

certainly being density-dependent. 

The conclusion reached by 'Jynnc-E<kcTds ( 1962) is somewhat 

st.c~rtling on first acqucintc;.nce. In his mm '·ords "it is pr.trt of our 

Darvlinian heri t ... go to e..cccpt the view thn t ncl tural selection operates 

at trJO l evds, discrimina.tir..g on the one h.;.nd. in f t:>.vour of individua ls the t 

_re better adapted, and. consequently l eave more surviving progeny than 

their fellows, and on the other hnnd bct•.:eon ono species 2nd another 

where their interests over lap and conflict1
' ::md l::>.tcr he affi rms 
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that when the two conflict, Group scLction is bound to win. As a 

prercquisi te for group sele ction he postulc.tos the need for 11 a control 

system in me.ny rospccts :.~n<'.loc:ous to the r,hysiolo~·ical syst0ms th:1 t 

regulate the intcrnr.l cmvironm<.:.nt of th:J body11 and 11 popul.~.tion 

homeostasis 11 tends to :-c·each its grc ::>tcst effi ciency a11.d p~rfection in 

tho hi _;host eroups 11
• Av:;.i~Etbili ty o.t' food he .-:-.ccepts 2.s th0 ul timA.to 

determining fn.ctor. 'l1he rt~.:',ul.?.ting mcchc::.nism, hoi·,evcr , ensures tha t 

anima.l population rem;.- ins much low..::r th;>.n th0. t f or '.Jhich the nvo.il~- ble 

food ·.1ould bG ndequa to. This restriction of numbc:rs to n safe limit 

is secured b·- dispersion - behaviour m; ·.1ell .:-.s by the.; capacity to limit 

roproC.uction - both fnctors .... volv,.u by e,Toup cclcction, 

As noted c.:<.rlior (soc pc.ce 77) corto.in species of piscivorous 

birds inho.bi ting tho h.kc.. crea wore lmovm to h;..vv a habit of migrc.ting 

for brief pGrio~s c~ch yoar. This as well as the ~ lmost comple te 

cesso.tion of brecdin3 :tctivi ty in 1966 anc~. in 1968 w:.re phenomena which 

uero not inconsist8nt Hith .. iynn0 -Ed1 .. ards obscrvr.tion, a s they cc:rtainly 

tended to pr.Jvont an ovcrdrnin on tho food supply of tho species ns a 

whole. 

It i s not ir·.~ol :vant o.t this s k gc to note, 1~lyrmc-E(l\:ards 

r 0jection of tho theory origina ted by G::mse ( 1934) tb{1t a.nimP.ls of 

similar ocology cannot survive toJcthcr in tho sc.mc hnbi t(~t. 

Ex 'urination of the fec d.in.:?; 2.nd ne s ting boh:w i our (bee page 64) of the 

piscivorous bird f ::.unc. at Kyle \:ould scorn to provide strong Jvidcnce 

in favour of hio point of view . ThorG is •. :.:noth .... r c..roa in 1:hich I :t~oc 

with Wyrme-Ed\·mrds intGrprot,o.tion, and thc.t io in the signific2,nce 

nhich he attaches to domin.:1nt beh.wiour (pock-or t1or to usc hi s o·.m term) 

on tho p!?,rt of piscivorous bi rds - both toHr:Lrds mombcrs of other spc.c±cm ·. 

e.nd c>.lso to .. . 1.rds momb0rs of their O'.m kind. Ol>sorva tion of tho m.::t!ill8r 

in which groups of <liLcr.-nt bird sp<: cios :: :cr::.n ::;o themselves in ',; ' 

f ·,...h · bl ,.,.., ·-- ,..:,• n~ · ·- ···- ·· ···n <· f· '. ,., · .·- , ( -· n r · .... 6 ~" to 68) ~., .• .. , L ~-- j ~." c .. li :· )n. r ;.;o.., ,.J.u o .. · .. J.I.l.· .. _ . ~..ves .,,_ ,_ 1 :.··· •J J 

l ends ::;trone; · CU:;:J I"~ :. ~ ·\;0 .'·:.is th, or·: th - t ·: .. c ·: ··:c· --r : ·· · :~ opcr" t-- un'~' :r 

. -roup control to e liminate less dosir~blc ncmbcrs of the popule.tion. 
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Those \ lhO O..CC,Jpt \·lynne-Edwards hypothesis of homeostasis as 

affected by group control e.ro very much c. minority ns compared i n number 

·,;i th those thP.. t ::ill proceod no further in th0 interpretation of animal 

behaviour than donsity-ucpendcnt re:ulction, (Pynno-Ed·;nrds :-tccepts 

tho concept of densi ty-dop:mdoncy). The point of vi0w of this group is 

clearly oxpr osscd by Lack ( 1966). "All pupul:' tions except those -~bout to 

become extinct ::1.re: rc .~uL·.tcd, and this can only como : bout through 

dcnsity-dopcnclont f2.ctors 11
• With Lm exceptions biolot_;ists ·:rho Agree 

with La ck reg::1.rd th:: :-•.vr.ilo.bili ty of food ;,,s tho ul timo.to determining 

factor in thG ma.intcm~nce of anima l popul<'.tion, .J.nd indicr•.tions A.rc 

gi von of m.:1ny mc2.ns by ·.·hi ch the: ndvcrso effect of food shortage may 

be countered by a spucies. r:igration, dispersion, r:...duction in the rate 

of reproduction, incrcc.sed mortn.li ty amoung n c·-:l y fl c:dgcd offspring ho..ve 

all been mention::d as mc:ons to prevent the over utiliza tion of n-tural 

resources. The si tuv.tion o.t Kyle 'iJaS very different however, from one 

in which th.::ro ·:•:-.s ah•ays ample food r esources . Ui(:,r :ltion of certain 

typos of bird to other fee din[:, grounds took pl£~cc annually, rli th marked 

r e duction in the number of migrants during the dry sea s ons of 1966 and 

1968, ·!Then, as a result of long spe lls of very dry '·''"·'?.thor ~ the normal 

impulse , particul::.rly of tho Reed Cormorant, to n1igr.s.te ";J · s a lmost 

completely chocked. In Febru·~.ry n.ncl lf.arch of 1969, ho¥Jovcr, Reed 

Cormorant deserted tho l~kc en bloc, pvrmitting ~t l oast some mea sure 

of recovery in the food I 'sources . 

The proj e ct no\! completed WHS origi nally somwhat limited in 

its scope . In its forme>.l implementation ho· rover it has r equired careful 

investigation of m~ny .:tSFJCts of piscivorous bird e cology. In 

general, the subj e ct oolccted for study ·:10uld mnko Andrewartha and Bird 1 s 

requirement of close o.ttention to four components in 8-n nnimals environment 

n ecessary - but there io . (.~n exception, r~s n cJi thor predat ors or dese;r.se 

caused high morta lity in the adult piscivorous b ird popul ation at· Kyle. 

In vi .. ;w of the s poci<.l condi t ion under which fish-ea ting birds uxist 

at Kyle, it would be futil e to sec k for any ,::-·cncraliz.:ttion 1hich ·,wuld 

apply to birds of tho ::n.co s pecies li vine; mlC:tor "na tur~l" conC~ i tions. 

It has been possibl..: l1o•:;ovcr to hrwe obta ined a. f ::drly compl e te r e cord 
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of their lifo as it is and to note their surprising ~bility to a ccommodate 

t 10msclvcs to their condi t i ons, In n fe··: ins tc.nces ho-tever oxpl~mntion 

of bird bch:1viour i s difficult if ~;!ynn-: -Edwards concept of group control 

must be <..ntirGly r cjuctod . The unusua lly com:r;lc tG desertion of Kyle 

aroa by Ree d Cormorant in 1969 could very c~.sily be attributed to a 

spe cial impulse aff ectinG tll<.: spo cios a s o, whoL; nnd ::1rising from the 

need to prevent over u t iliz:J.tion of food resources. In the s Gcond inst.:>.nt, 

when ca lcub.ting independently tr.~ total b i omass of pis civorous birds, in 

terms of weight ~nd numbers, in . ~cl~tion to fish~ble a r ea ( soo figure 

2S(b) pn.go 95 and tables~~ an~)p::tgos 90 am~. 99 ) there i s a strong 

sugges tion of self imposed discipline in th~ closu roln tion bc t w0cn 

t he tota l weight of birds on the one hand and th0 total number on the 

other hand, found i n one or othe r ~rm of the l~kc and the extent of the 

fish~'.ble aroa in eD.ch. 

The explanation for such even utiliz.J.tion of the fisheri e s 

r esource can only be explained in t erms of densi t y-dependency. But 

density-dependency would not h i"Ve been accomplished in such a controlled 

manner unles s some f c od-bnck or homoostn.tic mechanism was operating at a 

·level whereby piscivorous birds, 1:ithin eo.ch s p cics and amongst ;:,ll 

spe cie s, could r espond . 

As mentionod. a t the beginning of t his discussion the validity 

of many t heories formulated by exports in biolo;:.ical study still r equire 

confirmation, but ther e alw~.ys r emnins in gr.1.s. t er or l oss dvgree the 

possibility tha t c<~.ch hypothe sis m:1y b~ sound, '7ynnc:: -Edwtrds may wait 

long before his concc;pt of homeostasis dcnw.nds full a ccepta nce , 
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