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Population Biology and Breeding Success of
Rlackshouldered Kites Elanus caeriileus

John M. Mendelsohn

ABSTRACT

The study investigated factors affecting the population density and breeding success of Black-
shouldered Kites, Males established territories on which they either lived aione or paired with a
sucession of mates: as a consequence there were always more resident males ihan females in the
se.:]y area. Males resident for long periods spent proportionately more time paired and breeding
than shose occupying territories for shorter periods. The area was saturated with territories, so
most new males only occupied territories when resident males left. The success of males thus
depended on their ability to find and oceupy werritories for long periods on which they could pair
and breed. Some parts of vacated territories were incorporated into those of neighbouring males,
resulting in a decline in the number (and density} of territorial males and an increase in average
territory size.

Female success depended on moving around to find resident males occupying territories with
the best breeding prospects and food supply; proportionately more [emales paired and bred with
territorial males when prey was most available. As a result the behaviour of males and femaleshad
divzrent effects on population density. The behaviour of resident males limited the density ofter-
ritaries, while the density of pairs depended on females as they either paired or left resident males
in response to fluctuations in food supply.

Males participated in each successful breeding cycle for an average of 25 weeks, while most
females spent only 16 weeks breeding, leaving their mates once their young siarted flying. Some
males bred twice 4 year and females may have bred three or more iimes a year. Cluiches avernged
3.4 goes, while average broods of 3.05 nestlings and 2.9 post-nestlings indicated low rates olloss in
successful nests. However, productivity was low because of high rates ol complete nest [ailure
throughout the cycle; anly 6 of 58 atternpts produced independent young, Some males madeup to
seven breeding attempis in 19 months but there was much individual variation in the number ol
independent young they produced.

INTRODUCTION

The success ofa population depends on the pooled achievements ol its constituent individuals.
Fachindividual contributes to the parameters of the population according to its ability to occupy
an aren and use its resources, obtain a mate, breed, and survive, The behaviour required to meet
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these individual goals was, for present purposes, described by five lactors that largely accoungeq
for the performance of a population of Black-shouldered Kites Elanus caerufeus, Population size
and composition was determined largely hy (1) territoriality and (2) pairing, while breeding per.
formances depended on (3) clutch and broo sizes, (4) success rates, and (3) numbers of bropgs,
This paper describes these co mponents and attempts to account [or some of the variation in thejr

contributions to papulation success. I follow wnany other studies (reviewed by Newton [979) in

exploring how the variable qualities of individuals, different areas, times of year, etc., account for
variation in success. However, individuals may pursue the same goals in different Ways using g
variety of options or strategies that will, cumuiatively, have different consequences for the sucepgs

of the population.

Black-shouldered Kites are small, diurnat raptors, widely distributed in North and South
America, Africa, southern Europe, southern Asia and Austraiia. They typicaily occur in open
grasslands, cultivated areas and clearings in woodlands. Males are smaller than their mates and
while breeding do the great majority of hunting to provision far themselves, their mates angd
young. Breeding females very seldom huni. The results reported here were obtained at Settlers
(247578, 28" 33E) in South Africa in g 19-month study of several aspects o their genera) biology:
The study area was occupied by between 19 and 35 residents at different times. All residents fiv:
on territories that were actively defended against any intruders. Males usually established +
tories where females joined thern as mates. Unpaired residents had the poorestand breeding birds
the best food supply: paired residents were intermediare. The territories were exciusive areas cop-
taining the nesting and foraging areas of residents who sometimes joined communal roosts ejse-
where at night. Residents frequently deserted their territories or mates, but also often later
returned. Many aduits and sub-adults were nomads and ringing recoveries showed that they often
moved long distances. They fed largely on rodents, especially three species that made up 92% of

= 0

prey biomass, that fluctuated widefy and unpredictably in availabifity, Intervals between suc-
cessive prey captures were ofien long, so lunting suecass varied substantially from day to day.
Breeding occurred throughout the vear, some individuals breeding more than once. Each cyrie
lasted an average of 25 weeks from the start of nest building 1o independence of the young, Manv
nests failed to produce young, and failures occurred at any stage of the breeding cycle, In suceess-
[u) nests, clutches of 2.3 egas yielded I-4 young, bui because not all g5 gave rise {0 young, mean
brood size was lower than mean clutch size. More information can be found in Mendelsohn (1981,
1982a, 1982h, 1983, 1984).

STUDY AREA & METHODS

The study was conducted in a 6900 ha area at Settiers (24° 378, 28° 33E; 1.048m a.s.l) in the
Springbok Flats, South Africa, from I March 1977 to 30 September 1978, Most ofthe area was ctil-
tivated with grain crops, while the remainder consisted of smail patches of deacia woodland and
grassland, road and field verges and [armyvards (Mendelschn 19 82a).

The presence or absence of birds was determined by recording the identity and position ofall
kites sighted. Sixty-seven birds were colour-marked (Mendelsohn 1981} and each individual was
seen an average of nine times per month, Dates on witich kites became resident or [eit the area
were taken as the dates on which they were first or last seen, respectively, Sexes were identified by
behaviour or from a diseriminant analysis of body measurements (Mendelsohn 1981). Residents
were placed in one of three mating classes according to their status or behaviour: nupaired, paired
(but not breeding) or breeding Not all breeding birds were paired because some [emales left their
mates before the young hecame independent. A bird that first occupied a territory was function-
aliy termed a territorv-holder. while one that joined it to form a pair was called a mate. A kite seen
only once in an area was classed as a nonad, but residents that ineruded on neighbouring terri-
tories were not placed in this category. Ali sightings were plotted on 1:30,000 maps. After August
1977, compesite maps were drawn attheend of each month to determine territory boundaries and
sizes.

All breeding activity in the study area was recarded and some data from elsewhere were used,
especially information from the Southern African Ornithological Society's (SAOS) nest record
cards. Nests were usually checked every second day and dates on which breeding staried were nor-
mally taken as the dates on which breeding activity was first seen. In some cases average incuba-
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ianand nestling periods were used to estimate dates, Nestlings were ringed at about three weeks
of age; most were later trapped and marked with patagial tags.

Changesin food supply were monitored by trapping rodents, weighing pellets, and counting the
number of birds seen with prey; there were good correlations between these three measures.
Methods of obtaining these other data on food%upply and hunting behaviour were obtained using
methods described by Mendelsohn (1982a,b).

- RESULTS

T:rritorial occupancy

Changes in the occupants, sizes and nuinbers of territaries were largely due to the presence or
absence of males, which established and occupied most territories. Each marked male occupied
only one territory during the study on which it usually had a number ol mates in succession.
Females, by conirast, paired successively with different males on different territories; no female
nssociated with more than one male while she was on one territory. Thirty-two single males were
resident for 3,222 bird-days, whereas only nine females heid territories alone for 751 bird-days.
Five of these females were resident alone for substantial periods {53, 91, 102, 17% and 249 days
respectively). These differences meant that there were always more resident males than femalesin
the area. The proportion of males varied between 33% and 71% (X=60%) in different half-manths
during the study. There was probably a similar sex rativ among nomads since 13 (65%) of 20 sexed
birds were maies.

New territories were established 25 times in areas that had recently been vacated by territory-
holders that left the study area, while 10 other new territories were formed in poorly-frequented
parts of very large occupied territories, The interval between a territory being vacated and oceu-
pied by a new bird averaged 25.7 days (range I-58 days). There was a positive correlation between
the monthly incidence of territories being deserted and new territories being formed (Table 1), so
most new territories were only formed when vacant areas became available. There was thus a
shortage of suitable territories and existing territories were indeed vigorously defended against
neighbours and intruding nomads. Nevertheless, kites probably did not settle inunediately and,
1 -haps, indiscriminately in areas becoming vacant. Of 24 birds marked when first seen in vacant
ar:us, 5ix (25%) were present for 1-7 days only. They then disappeared for 3-9 weeks before return-
imy 1o become permanent residents in these areas. Some nomadic kites were seen visiting the same
areas repeatedly, suggesting that they did not move around at random. Furthermore, more
nomads were seen on the study area when prey were abundant than at other times (Mendelsohn
1983).

Table 1. Correlations between monthly rates of movements by {erritory-ltolders and mates inte or ot of the
study area, numbers of pairs starting io breed, nembers active breeding at all stages, and [ood supply
{alter hendelsohn 1983).

Hates Territory- Mates Territory—
CATEGORY arrive holders arrive leave holders arrive

Territory-holders Ks

arrive

Hates leave NS5 -t

Territory-holders L - -+

Ieave

Zpalrs start + - _— ——
breeding

Xpairs breeding 21 — - ——
Food supply HE — _— —vn—

Pesitive correlations ++ p<0.05; +H+‘p<.0.Dl)5
Inverse correlations - p=0.1; —- p=<0.05; — p<0,025; ——~ p=0,005
HS - not slgnilicant




‘Territories were probably deserted as a result of food shortage, since most desertions occurred
when feeding conditions were poorest {Table 1). Furthermore, none of the territo ry-holders that
left their territories was ever seen on another territory, bur 10 were seen as nomads that were in
poorer condition than residenis (Mendelsohn 1981,1983).

Territory-holders deserted territories 72 times during the study. and 41 of these kites were never
seen again, their territories being taken over by other birds. In the Temaining 33 cases, the birs
returned to their areas an average of 35.2 days (SD=22.9 days} later. For nine kires, resider: inp
more than 200 days and, between them, making 23 temporary desertions, there Was an inverse
correlation between the length of time that each occupied its territory and the frequency wity
which it temporarily tefi the terrizory (Mendelsohn 1983}, Thus the lonzer a kite held a territory
the less likely it was to [eave temporarily,

Some areas were occupied continuously by the same males throughout the study, while others
had a succession of occupants. Of a total of 60 territory-holdears, 44 (73%) were resident for less
than 200 days; two birds even held territories {or less than 5 days (e.g. Fiz 1). Three of the remain-
ing 16 (27%) kites were resident for fongerthan the 579-day census period. The longera kite held g
territory, the greater the proportion of tine it spent both paired and breeding (Fig 2). This s
largely attributable to the fact that long-term territory-hoiders had a greater number of mates ii.n
shorter term kites, and not because their mates staved with them for long periods {(Mendelsuin
1983).

Most territories covered [ to 7 km?, average sizes varying between 2 and 4 km?at different times
of the study. The boundaries and sizes of thosa cccupied by the same birds changed little from
month to month, although somerepeated disputes fed to boundaries moving 100-300m over a few
weeks. Territorial birds often adoprted parts ol neighbouring territories when they became vacant,
o some small territories in 1977 were included in larger ones presentin 1978 (Fig3). Thisled ioa
decline in the number of territories and increase interritory size during the study, the inverse rela-
tionship between these variables being significant (Mendelsohn 1983). Furthermore, cerain
areas that were vacant in 1977 were occupied in 1978, as shown by changes in the total occupi:
area, Territaries hield by unpaired residents were smalier than those held by pairs, and the longe:a
territory was occupied by the same bird(s). the larger it apparently became,

Pairing

The presence or absence of pairs was usually dependent on the behaviour of females since itwas
they who joined males on territories and remained there for variable periods before moving else-
where. New females joined established territorial males 29 times but only three males settlad with
territorial females. In 18 instances in which a pair was temporarily separated, females arrived back
1o refoin their mates 10 times while mates moved away temporarily 5 times. Pairs broke up 48
times afier females left, but only twice as a resulr of males leaving,

Most mates were present for short periods: 33 {(39%) staved less than 50 days and only five (920
more than 200 days. Unlike territory-holders. females that spentlong periods paired did not spend
greater proportions of the time breeding than those resident for shorter periods. Insiead, two
trends were apparent, ane in which there was iniense breeding activity for the duration of the
female's stay, and the other in which females paired for long periods without spending much time
breeding (Fig 2). The behaviour of € 6&iliustrates the contrast between the two kinds ofbehaviour.
She spent 3 [/2 montbs with &5 and they only occasionally copulated. Then on 2] March she left
and paired with 549, They started breeding activity that sane day and [our days tater had started a
nest which they abandoned after 10 days ofbuilding. They continuad showing signs of breeding by
copulating and dispiaying at nest sites and after 16 days started a new nest. This was also aban-
doned and on 3 May she returned and remained with &3 for at feast five more months, She showed
breeding activity on at least 46 (83%) ofthe 54 days she spent with d49, butsigns of breeding were
seencnonly 33 (9%) ofthe 367 days spentwith 63, She and other lemales probably remained with
males for long periods without breeding because feeding conditions were 100 poor to attempt ir.
Most ofthem started breeding when other pairs started breeding as feeding conditions were about
to improve (Mendelsohn 1984). Their behaviour was probably functionally equivalent to the fow
females that held territories alone, since they also paired when others started breeding.

. Several observations suggested that the presence of females and their movements were related
to breeding prospects. Firstly, most females arrived 1o pair with territory-holders during monaths
in which most pairs also started breeding (Tabla 1). Secondly, most pairs broke-up as females left
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when there was a shortage of food (Table 1), especially of diurnal rodents. Kites were only paired

when diurnal prey was abundant {(Mendelsohn 1982a}and a regular supply of prey throughout the

dlay was probably necessary for breeding. Females thus appeared to Jeave when this was no longer
available. The fact that their mates remained as unpaired residents, and fed more on nocturnal
rodents active at dawn and dusk, showed that there was sufficient food to support the daily food
requirements of adults. Thirdly, rapid movements by females between males appeared to be asso-
cisted with breeding. In each case, the female had poor success with one male and then immedi-
ai=ly artempted breeding with the new male, as illustrated by the movement of @68 between di
and d49. W hile all territory-holders that left their territories were never seen on otherierritories,
most mates probably soon moved to other territories.

Oniy two mates were seen as nomads and seven that left their ferritories were subsequently
observed paired with other males. These seven represented 11.5% ol ali the desertions by mates
and many others may have paired on territories outsidethe study area. Finally, females that moved
away once their young fledged (see below) probahly attempted to breed with other males (see D15-

CUSSION).

Pepulation dynamics

Changes in territorial behaviour and pairing had substantial effects on the dynamics of the
pepulation. There were 19 to 35 residents (X=26) in the study area in the 38 halF-month counis
(Fig 4). Numbers of territory-hoiders, and thus territories. varied between 12 and 22 (X=17.1),
while rumbers of paired kites, i.e. 2x number of pairs, ranged from 10 to 23 (X=17.6). Any relation-
ship berween changes in population size and food supply was confounded by the effects of the
numbers of territory-holders and mates on population size. The proportion of paired birds in the
resideni population varied in direct relation to food supply. reflecting the attraction of mates when
fzeding condisions were good. However, this response and its effeci on population size was oflset
by the decline in number of territories (which varied inversely with food supply) and thns num-
bers of both territory-holders and mates, during the study (Fig 4).

ithough 49% ofarrivals and 36% of the desertions involved the same birds leaving and return-
inz. kites arrived to settle in the area a total of 124 rimes and 135 desertions werc recorded. Over
the 19-month study and against a population of 26 residents, an average of 6.5 arrivals and 7.1
desertions, or a turnover of about 25%, was recorded each month. As (liscussed earlier, these tur-
novers or rates of movement changed from month to menth in refation to changes in prevailing
feeding conditions, availability of vacant territories and brecding activity (Table I).

Number of breeding birds
The number of kites breeding in the area depended on the number of occupied territories and
i-z. However, it also depended largely on fluctuations in food supply since most pairs were

pa
brozfing when prey was most abundant {Fig 4). Seasonal changes in other cnvironmental factors,
sit..1 as temperature and day-length, were probably irrelevant because breeding started in all

moaths of the vear. Comparing changes in food supply with changes in the proporiion of birds
starting to breed suggesied that kites anticipated increases in prey populations, perhaps in
response o the breeding activities of rodents {Mendelsohn 1984).

Number of broods

Kiies could breed more than once a vear. The frequency with which this happened depended on
the duration of suitable feeding conditions and length of time needed 10 complete each breeding
cycle,

L:ch cyvele lasted an average of 172 days (about 23 weeks or just under six months) from the
start of the pre-laying period to independence of the young. There was limited variation in the dur-
ation of incubation and nestling periods, but great difTerences between the shortest and longest
pre-laying and post-nestling periods (Table 2). Adding the cbserved minimum and maximum
periods for each stage of breeding, shiows that the whole cycle could have taken as littleas 125 oras
lo_ﬂg 15 224 days. Food supply was the only factor | could relate to some of the variation. Pairs that
laid quickly produced larger pellets than those that laid after long pre-laying periods (Table 3).
Food supply was also apparently related to lower growth rates, so long nesiling periods might have
been due 1o poor feeding rates (Mendelsohn 1981).
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Table 2 The duration ofstages gf the hreedin cxcloand the iumber of cyeles 05sihe cacl year if breedin, wis
o g - p !2
cantinhons,

. Maleﬁ Femzles
STACE Mean Ranga Mean Ranga

Pre-laying 24 10-44 24 10-4p
Incubatfgn KD 29-33 31 22-33
Nestling 35 . 32-38 35 32-38
Post—nestling 52 34-107 20 0-83
\__ﬁm
TOTAL 173 123-224 110 2

2,1

While mnles contributed 1o ha breeding cycle for s entire duration, most fo

5001 after their chicks lefi the nest. Females at eight nests leg an average of 20 {range g-.
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away for 50, 36 agd 61 days fespectively, Tivo ofthem rejoined thejr unpaired mates, while the thirg
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Tabje 3 Vieights of pellets prodiceq by different Broups during the pre-laying ang incubatipg periods.

Zgos: Period before laylng: Cluteh
laid ot laid £33 days =33 days hatchad desertad

1 . 1.27 1.33 1.18
5D 0.79 0.48 0.76 0.59
No. 78 55 27 &

Difference p<0.05
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Table d. The sizes of clutches, nestling broods and pust—nesﬂing broods observed at Settfers and elsewhere in
southern Africa.

Number Clutches Nestlinpgs Fost—nestlings

eggs/young Settlers 5. Africa Setrlers s. Afriea Settlers

1 0 0 1 4 1

2 3 4 4 7 2

3 6 18 7 21 2

4 9 25 5 8 3

5 1 4 0 3 1

[ 0 1 0 0 u]
Number 19 52 17 43 4
Mean 3.4 J.6 3,05 3.0 2.9

Ciutch and brood sizes

Clutch sizes at Settlars varied between 2 and 5 eggs, witha meanofl 3.4 eggs (Table 4). This was
similar to a targer sample from elsewbere in southern Affica {mean=3.6 egzs). Brood sizes at Set-
tlers area {mean=3.05 young) were also similar to those elsewhere (mean=3.0 young). Post-nes-
tling breods at Settlers consisted of an average of 2.9 young. These figures indicate that few eggs
and young were lost from successful nests during the cycle. However, overall success rates were
tow (Tabie 5) because compiete clutches and broods were lost in a high proportion of nests.

Table 5. Percentage success rates for nests, cluches and Dbroods in this study at Seftlers and others elsewhere in
the Transvaal, Seuth Afriea by W. R, Tarboten {(MS) and A. C. Kemp (pers. comm.). The second col-
unnnn shews the number of attenipts that remained gt each stage after starting with 100 hreeding

atiempts.

Stag.e Settlers Tarboton Kenp

% success No. surviving % success % success
Pre-lay 60 100 - -
Hest building 50 60 62.5 84
Incubatlon 59 30 L0 37.5
Mescllng 67 18 B3
Post-nestling 73 12 - -
Independence 9 - -

Success rates
The following success and faiture rates (summarised in Table 5) were recorded at Setilers:
- Or40 pairs that started copulating and displaying at nest sites etc,, 24 (60%) built nests and 16
(40%) failed to buiid.
- Of 40 nests seen being buili, eges were iaid in 20 (50%) and 20 (50%) were abandoned.
- Of22 clutches, 13 (59%) produced nestlings and nine (41%) failed. Inthose clutches in which at
lzzst one egg hatched, 43 eggs produced 37 (86%) chicks.
- Of18 broods, 12 (67%) produced flying young and six (33%) died. In those broods that produced
flying young, 30 (88%) out of 34 nestlings left the nest.
- Of 11 flying broods, 8 (73%) produced independent young and 3 (27%) whole broods died.
Excluding complete broads that died, 22 (96%) out of 23 fledglings became independent.
Sirmilar high overali failure rates have been found by A.C. Kemp {(pers. comm.) and W. Tarboton
(MS) (Table 3). Kemp found 19 nests, 16 clutches were laid, but only six nests survived to produce
14 flying young. In Tarboton’s study. 24 nests were built, 15 clutches (45 eggs) were laid, six clut-
ches {19 nesilings) hatched and five broods (14 young) fledged.
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Two peaks of breeding activity were observed during this study, one starting in Tuly 1977 and e
otherin March 1978 (Mendelsahn 1984). Within each peak, the small samples (Table 6) suggestag
that those pairs which started breeding earliest had the best success.

Tuble 6. Nest success in redation to when breeding started in each of two peaks of breeding activity

Yoar and month No. pairs start Ho. {2} o, (%)
breeding laying produclng young

1977

July 2 1 {50) 1 (30)
August 6 1 (17} 1 (17
September 5 Iz o
1978

Harch 10 6 (60) 3 (30
April 4 1 ¢23) oo
May 3 0 () o (0)
June 2 0 ({0) 0 (D)

Many [ailures were probably due to food shortages, Smaller pellets, indicating lower [bod
intakes, were produced by pairs that [ailed ta lay ordeserted clutches duringincubation than those
that were successful (Table 3). Several obseryazions indicated that females becanie inaitentive
towards their nests {see similar results for Tawny Owls Strivalicoby Hirons 1983a), followed their
ntates foraging away from the nest, or hunted themseives when feeding conditions were poor. This’
allowed various predators access to their nests, resuiting in the loss ol nest contents. Seasonal dit-
[erences in success rates also suggest that kites were most productive when [ood was most abus-
dant.

Between March and June 1977, eight breeding amempts produced only two {ledglings; betwee
Tuly and Sepiember 1977, 10 astempts produced only three fledglings; and i3 attempis staried
berween March and May 1978 resulted in 13 fledglings. The greater success rates coincided with
better feeding conditions in 1978 than in 1977 {Mendelsohn 1982a),

Soime failures were also associated with stro ng winds. Three eggs, in two clutches, were broken
after a strong wind in October [978. In the SW Cape, South Africa, at least 10% of 6] nests wera
destroyed by wind (SAOS nest records).

Productivity

The productivity of the popuiation was low, mainly because the poor success rates (Table 3)
meant that only about 9% of all nests srarted produced independent young. If each successful
atternpt produced 2.9 independent young. 100 breeding attempts would have produced about 26
young, Only |5 independent younyg were produced in the study area during the 19 monih census
period; equivalent to %.5 young/yvear. Againstan average population of 26 residents, produciivity
was 9.5/26=0.365 independent young/resident/yvear,

These calculated rates represent the whole population, but most kites produced no young,
Twenty-nine territory-holders did not breed, [0 territory-holders made one attermnpt to breed, 4
made {wo. | made three, 2 made four, 2 made five, 2 made six, and | territory-holder made seven
breeding attempts. Ol these 58 differant breeding attempts during the 19 months, oniy six pro-
duced young. The majority were thus repeat attempis following previous failures. The extent of
individual variation in productivity is shown in Table 7 for seven males who were monitored for
most ol the study and whose total productivity during the 19 month period was therelbre known.
Five ofthe males produced no young, although each had a number of mates and tried to breed sey-
eral times. Both males that produced voung had wwo successful breeding attempts each. The
fathers of the remaining four independent young produced during the study left the area after
much shorter periods and could have bred elsewhere,
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 Taisle 7. The productivity of seven males whose breeding perfornince throughout the 19-mounth study was

known.
Male Days Number Kumber Kumber
ohserved of mates breeding attempts Independent young
5 579 2 5 0
15 579 3 & 6
L9 484 5 5 0
51 516 ] 3 7
59 559 2 5 8]
63 579 3 3 o]
71 595 3 4 0
DISCUSSION

Population size

Tbe densities of many raptors vary from place o place and year te year according to prey availa-
Bty (Newton 1979). It was therefore surprising that papulation size did not vary in a direct and
simple way with changes in [ood supply in this study. This was true whether population size was
expressed as the totad number of residents ar as the number ofterritories { Fig 4). The saturation of
the study area with large territories defended by males meant that other males had little oppor-
tunity to estabiish new territories which would have increased the density. Similar results were
obtained for Tawny Owis (Hirons 1985h) and Commeon Kesirels falco tinnencnius {Village 1983)
whare terfitorial behaviour limited aon-residents from esiablishing their own ferritories and
breeding. Furthermore, territories expanded as some males lelt, leading toa decline in the density
ofrerritories and number ol tesidents in the area. The overall trend in the population was therefore
downward. nunibers dropping wher food shortages caused desertions but not increasing when
ey became mare abundasnt. Ifone male could conceivably have defended the wbole G9kny” study
v rea, the process might have ended in a population consisting of that maie and perhaps its mate,

Although male territoriality fimited density, movements by females led to changes in the size
and composition of the population which were directly related w food supply. As prey availabilisy
inereased. more females became resident in the area, the total number of residents increased and
the sex ratio became more balanced. By contrast, when feeding conditions were poor, femalesleft.
population size declined and males further outnumbered females. The behaviour of males and
females thus had dilferent effects on the dynamics of the popuiation.

The success of males and females

Males of many other raptors usually establish and occupy territories, on which females then
~entle (Newton 1979: Mendelsohn 1983). These roles in kites, [unctionaily described as territory-
holders and mates respectively, were not invariable. however. Some females held terpitorics alone
where a few males infned them as mates (o form pairs. Male and female roles were thus nat fixed.
but were probably llexible responses to prevailing opportunities (or acquiring territeries, pairing
and breeding. The sawration of the area with resideni males was probably a major factor in this
respect. While some males and their territories may have heen less attractive than others, females
nevertheless had the opportunity of choosing between different territories. Had the area been
saurated with fermales, they would have had fawer opportunities for making atternative choices, as
was the case for males, although other factors may have aiso mitigated against them making [re-
cuent moves (see below).

The availability of ‘choices’ to females was also related to their behaviour in seeking the best
breeding prospects by pairing with established males. Although famales sometimes probably
sought and occupied better feeding areas, they would have comypeted directly with territorial
males if that was their sole requirentent. The area would then have been saturated with unpaired
residents of both sexes, each holding its owi territory, Femsales could not have settled on occupicd
lerritories if mrales did not anticipare breeding with them,
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Differences in hunting success berween males and females might also have contributed to their
different behaviour, [f females hunted less efliciently than maies they niight have been forced g
leave their territories more frequently and move around in search of beiter feeding areas,
Although comparisons of the hunting success of paired males and females (Mendelsohn 1982a)
Suggest that there was lirtle difference in hunting skceess, more data are required to test this possi.
bitity,

Having established a territory, a male’s performance evidently improved the longer itstayed:th
size of the territory probabiy increased, it obtained mates rapidiy and spent much of its 1
breeding, This doubtless reflacted a continuous good food supply, both of the territary and pich
ably the mmale’s improved expariencea in finding the best hunting areas. Rijhnsdorp et al. (1987
found that Common Kestrels hunsed according to the times that their prey was active and that
they returned to areas on which they had hunted profitably during the past one or two days. This
suggests a susbtantial capacity <o learn borh when and whare to hunt. The ability o find prey will
be most important during breeding. when males hunt to provide all the food for their mates and
young. A strong need for famikiacity with feeding areas might explain why nales that provide
paternal care usually establish and hold territories (Ridley 1978). Moreover, males that rapidly
provide their mates with food to lay down body reserves and produce eggs early in the seasnn
sheuld have the best breeding success (Table 6; Drent & Daan 1980). These factors suggest t1.a¢
evenifthey found alternative areas. males that move might take somne time before achieving ade u:-
ate levels of competence on their new erritories,

Males obtained two probabla advantages by expanding their territories, First, by preventing
other males from acquiring territories and breeding, rersitoriai males would have contributed pro-
portionately more oflspring ta future generations (Verner 1977). Their offspring would, in turn,
have greater access to resourcas since here would be fewer unrelated competitors. Second, the
expansion of territories maximised the area thev defended and =nsured greater reserves for peri-
ods offood scarcity {Hixon 1980). This is particularly relevant 1o kites that ofien eNncounter unpre-
dictable changes and shortages of prey. These changes oceur seasonaliy, as a resuit of irregular
fluctuations in rodent density, and from day to day because hunting success is so variable (Me:-
delsohn 19824, b).

The behaviour of females appzared o be Opportunistic, as suggested by the {requent moves and
attempts to breed with diflerent males. Since successiul breeding accurred on refatively few terri-
tories, there was perhaps strong competition among females for these areas, Their success prob-
ably depended on their ability 1o compare breeding prospects on their awn territories with those
available elsewhere, and to select and move to those offering the best opportunities. This might
explain why most females moved onto zsmablished territories when prospects for breeding
improved, few females moved as naomads, and some birds were seen changing territories within a
day ar so. Although I noted that females wera often temporarily absent for a few days or weeks,
they might have made frequent short trips (undetected by e for a few hours oniy) in search of

alternative prospects. Telemetny studies of females should provide wsefui information on how,
when and where they move.

Productivity

The very low productivity recorded during this stedy was similar to that recorded elsewhers
(Table 5), suggesting that such rares might be usual in Black-shouidersd Kites, [n terms of overall
strategy, their poor success was probably balanced by the ability to attempt breeding repeatedly
and at any time of the year. Much of thair breeding thus appeared to be Opportunistic, most likely
in response to unpredictable fuctuations in rodent densities.

The tow productivity, as the pooled result ofa number of factors, was largely due to high failure
rates. Very few kites bred as often as th ey could and there was relatively little variation in the sizes
of successful clusches and broods, so these components had lite effect on productivity, Even
though the number and proporion of breeding pairs varied substantially (Fig. 4), this, too, had
little effect, since the great majority of the many breeding attempts made during the study failed.
Clearly, then, very little of the porantial productivity of the population was realised.

Most failures during the pre-laying and incubation periods were probably attributable to food
shartages which might also have impaired the growth rates of nestlings. Successful nests were
therefore those at which there was a satisfactory supply of food throughout the breeding cycle,
This depended ultimately on the hunting success of maies and prey density, since this was closely
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reiated to food intake (Mendetsohn 1982a). While it seems plausible that food shortages would
interrupt breeding behaviour, it is not clear what proximate processes were involved. On the one
jsand, shortagas might imit energy expenditure on demanding activitics such as nest building, egg
formation and additionai hunsing to feed nestlings. However, kites might also "voluntarily” cease
hreeding ifa shortage of prey indicates that the breeding cycle has a poor chance ol success any-
way. Similarly, fewer eggs might be laid i feeding conditions indicate that only small broods will be
fzd adequateiy. These freultative and predictive processes have heen suggested to play a role in

‘determining clutch sizes of Dunnock Pruselia modularis {Davies 1985} and Eastern Kingbirds

Trvannus tyrannus (Murphy 1986).

The number of breeding pairs was limited by the number ofterritories and declined as male tes-
rizaries expanded. However, the proportion ofbreeders was largely determined by the presence or
absence of lemales and related changes in food availahility (Fig 4). This relationship was due to
two responses. Firstly, kites started breeding in anticipation ofincreasing [cod supply, so the num-
bers of kites hreeding increased sharply before food supply peaked, as in March 1978, Secondly,
the numbers ol breeders dropped as feeding conditions diminished, both asa result of failures and
because successful pairs reached the end of their cycles when food supply dropped.

Few raptors breed more than once a year, so this component ol productivity is not relevant to
most species. The average duration of male and female participation in each breeding cycle, 172
and 130 days respectively, suggests that if they bred continuously, males could produce two and
lemales three broods each vear. Perhaps fortuitously, this ratio (2:3) was the reciprocal of the aver-
sgc sex ratio {3:2) among residents in the stu dy arca; three males, each breeding twice would have
produced a total of six broods with two females that each bred three times. I found that maies
could indeed breed twice a vear successfuily and argue that females may also breed continuously.
Ifcontinuous breeding was possible, the numiber of broods produced each year micht depend on
the duration ol each cyele. Minimum periods over whicha cycle could be completed {Table 2) sug-
gest that males might breed about three times and females five times each year. Good evidence of
such breeding rates has et to be found, but there are indications in the literature of repeated, con-
tinuous breeding when food is superabundant {Malherbe 1963; see also Hollands (1977) for the
simifar Letierwinged Kite Efanus scriprus).

The observations of eight out of nine femates leaving their mates and fledglings suggests that
i::is occurs regularly. Similar behaviour has been observedin Black-shouldered Kites in California
(‘Waian 1973, pers. comm.; Henry pers. comim.), Snail Kites Rosudiamus sociabilis (Beissinger &
Sayder 1987) and Tengmalm’s Owls Aegolins finereus {Solheim 1983). Desertions in all these
species probably cccurred because [emales could breed again with other males and there are
indeed [our records of this for Tengmalm’s Qhwls, one [or Snail Kites, and one probible record for
Biack-shouldered Kites in California. These observations support the idea that females at Settlers
also lefi 1o find new males with whom they could breed. Further evidence flor this is as follows.
First, the female that paired with a neighbouring single male would doubtfully have done so il
Lreeding was not intended, given the functionat relaiionship between pairing and breeding. Sec-
cnd, if females had no chance of improving their reproductive fitness elsewhere, they would prab-
iy have not left their young, considering the additional costs of paternal care ta their single
mates (as shown by Beissinger (in press)} and reduetion in leve!l ol proteciion lor the oflspring.
Third, if either onc of the pair was unable to leave and [ind a new maie once the chicks fledged.

females had the best chance of finding new maies because there was an excess of males. Selection
for continued occupation of their territories also meant that males were unlikely to leave. Femajes
thus behaved as expected in terms of the prevailing sex ratio and male territorinlity. The paucity ol
observations of repeat breeding in the study arca and elsewhere is doubtiess due to the diflieulty in
tacking the movements of individual females, ofien over considerable distances of up to 10km
{Tengmalm's Owls) and 160km (Snail Kites).

{wverall Patterns

Although there were many residents and [fequent movements in and out of the study area, the
general impression of the dynamics ol the population at Sertlers was onc of relative stability. The
population density was comparatively low. Males that atiracied a succession of mates and bred
successfully were dispersed on large territories which they occupied for fong periods. Many
fzmales, too, stayed several months and many breeding attempts lasted substantial periods, some
of them producing a few young. The [requency ol breeding was low, new aitempis being made only
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alter previous broods became independent. This stability was probably related to comparaiively
smali changes in food supply. Populations ofthe three specizs ofrodents that dominated their prey
did not fluctuate synchronously (Mendelsohn 19820), so a decline in the density of ong species
may have been compensated by increases in others.

The relative stability wus especially evident when compared to events recorded elsewhere,
There are many records of quite different conditions when rodent densities luctuate widely ang
prey is sporadically superabundan (reviewed in Mendelsohn 1983). Kite densities may be severa
times greater than those observed at Settlers, and populations are often irruptive. Great numbrs
suddenly arrive in an area and leave just as quickly. The birds alse ofien join large comm
roosts. Such high densities suggest that territories must be very small if any areas are defendes ag
all. Adjacent nests may be as close as 100-200m and second ciuiches are probably started when
previous broods are stili being fed (Malherbe 1963).

These conditions, and those observed in this study, differed substantially and show [eatures sug-
gestive of r and feselected strategies. However, they are probably opposiie ends of a spectrum of
responses that varies according to leeding condiiions. Some elements ol irruptive kinds of behg-
viour were observed at Settlers, For example. the high turnover rate was largely due io rapid move-
ments o and off territories that could not provide a stable food supply (Fig |: Mendelsohn 1983),
The presence of nomadic kites suggested that the study area offered cpportuniiies for these bi;
to exploit sudden changes in food supply. Communaf roosting was probably refated to feed: -
conditions, since those that stept in these roosis had a poorer food supply than kites that spenti:
night alone on their territories (Mendelsohn [981).

The behavioural responses of kites to different feeding conditions will have quite different con-
sequences for population parameters, resulting in different populition densities, dispersions. sex
ratios, chances of acquiring mates or territories, and repraoductive rates. My obscrvations at Set-
ifers probably show just one of the many ways in which variabla opportunities and responses can
aflect populazion size and productivity in Black-shouldered Kites.
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AN SVALUATION OF THE USE OF TRITIUM FOR ESTIMATING DAILY
EXPENDITURE FOR WILD BLACKSHOULDERED KITES

\ERULEUS ARND GREATER KESTRELS FALCO RUFICOLOIDES

by
C.W. Sapsford & J.M. Mendelsohn
SUMMARY

A tritium dilution technique was used to investigate the relationship between
water turnover and Existence Metabolism (EM) of captive and wild
Blackshouldered Kites and water turnover of wild Greater Kestrels. Ino the
igberatory, water turoover determined by this mathod and independently
czlculated from food and faeces anzlysis agreed to within 2,8%, EM for kites
was 986,85 kJ/kg/day (28 C). For non-breeding wild kites DEE was 1,10EM and
for breeding males, 1,44EM. The lowest DEE (0,99EM) was for a female xite
prior to egglaying; the greatest {1,53EM) for a bresding male tending a single
fledgling. Based on 2 ‘minimum energy wastage factor' and an assimilation
efficiency of BO%, it was estimated that to satisfy DEE, 2 non-breeding kite
would need to capture 66 g of fresh rodent/dsy and a breeding male 81l g. There
was mno significant difference in mass specific water turnover between
non-breeding kites and kestrels.

INTRODUCTION

Merhods for directly estimating Daily Energy Expenditure (DEE} for freeliving
animals are faw and have been reviewed by Gessaman (1973). As a consequence,
attempts to quantify DEE freguently rely on indirect methods of assessment.
This is particularly true for raptors whzre time budget analyses are generally
coupled with a variety of metabolic coefficients associated with wvarious
activity states (Tarboton 1978; Wakeley 1978; Koplin et al. 1980; Mendelsohn
1982). Energy budgets constructed in this way can be extremely useful but
suffer two seTious disadvantages. Firstly they presuppose & high degree of
behavioural znd physiological infleribility which rarely exists and secondly
they depend on metabolic rate cosfficients derived largely from laboratory
studies on passerines. It is therefore imporiant teo cest the validity of
these estimates by more direct and stringent medns.

in this regard, doubly labslled water has been used for measuring oxygen
consumpticn indirectly for =z number of =animal species and has provided
valuable insights into the energy reguirements of some freeliving birds
(Weathars & Nagy 1980; Bryant & Westerterp 1980, 1982, 1983). Although the
technique provides reliable data it, is costly, particularly where large
animals &re to be investipated. it also requires that hydrogen and OXygen
turnover rates be determined over a pericd of a few days. For these reasons,
its application is limiced to studies where (i} the chances of recapture
within & short time peried are high, and (ii} body weights of animals aTe
relatively low.

Green et =l. (1983) used the tritium dilution technique described by Lifson &
McClintock (1966), Lo measure water turnmover in the marsupial carnivote,
Dasyurus viverrinus. Since this species and most other carniveres drimk little

Troe water, they related turnover to energy reguirement. This conversion
requires that body waterl and mass speacific energy content of prey items is
predictable, that free water intake is minimal and that the mass specific body
water pool remains comstant.
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Since many raptor species appear to be relatively independent of free water
(Kabayashi & Takei 1982}, we investigated the velatiomship between water
turnover and energy requirement in Blackshouldered Xites Elanus caeruleus, a
species that has never been observed to driok in the wild. In addition, water
turnover was investigated in the Greater Xestrel Falco rupicoloides, another
species not known to drink (A.C. Kemp pets. comm. ).

This paper reports on the preliminary findings of an ongoing study and
suggests that this relatively inexpensive method may provide a reliable means
for determining DEE in raptor species which drink infrequently or not at all
and whose diet is known. In additiom, the technigue is suited to monitoring
DEE over relatively long periods of time, an important consideration where
recapture of isotopically labelled animals shortly after release is unlikely.

MATERTIAL AND METHODS

The study was carried out in the Settlers area (24 575, 28 33E) of the central
Transvaal during April/May, 1982 and February/March, 19B3.

Total body water and water turnover rates were obtained for nine wild-caught
kites and nine kestrels using tritium.

Birds were captured using Balchatri noose-traps bailted with either laboratory
white mice or lzboratory-reaTed Mastomys coucha. On capture each bird was
weighed and injected intraperitoneally with 10 mCi of sterile tritium solution
and the isotope allowed to equilibrate with the body water space for a period
of four hours. A 1,0 @l blood sample was then withdrawn from a brachial vein,
and stored in a sealed polythene tube. The bird was then released at the site
of capture. 0On recapture, three to four weeks later, the bird was weighed
again and a second blood sample obtained and stored as before.

“Jurer was extracred from blood samples by vacuum sublimation in liquid
ai-Te7en, sealed in polythene vials and stored in the refrigerator at & C.
frizium activity was measured within two days of extractiom.

Radipactivity was measursd by diluting 20 ul of the sample with 2,0 =@l of
Beckman =P scintillation fluid and the samples counted in a Beckman LS7500
scintiliation counter. Total body water was determined by comparing the
activity of the sample with that of a standard (10 mCi/100 ml distilled
water), treated in the same way as the sample. Water tuTrnover was then
calculazted accordimg to the method of Lifson & HMeClintack (1966), which is
based oo the dilution of tritium in the body against time.

In order to compare water turnever rates using tritium with turnover rates
determined from an analysis of food, excreta and pellets and to relate water
turnover and Metabolised Energy (ML}, a wvalidation trial was run using three
captive hand reared kites in the laboratory. The birds were housed separately
in cylindrical wire-mesh metabolism cages fitted with removable plastic sheet
floors. Each trial lasted eight days during which food consumpticm and pellat
and excreta production were measured. Ambient temperature was maintained at
28 &£ 1 C, Pellets and excreta samples were separated into a white urinary
fraction and a dark, egesta fraction. These fractions were analysed
separately in order to determine the metabolic water content of egesta. Silnce
the urinary fraction comprised largely uric acid with a high non-protein
nitrogen content, protein determinations were carried out on pooled egesta
samples only. Total energy of food, pellets and excreta were determined using

a ballistic bomb calotimerer {Galleakamp).
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Water turnover from food, pellet and excreta anzlyces was deterwmined by
sumning metabolic water of assismilated carbohydrate, lipid and protein amnd
iree water of inpested prey. Total metabolisable energy assimilated was then
determined by subtracting the energy content of pellets and excreta from total
energy ingested.

«During these energy balance trials, kites were fed laboratory~reared M. coucha
after the gut contents had been removed (wild kites seldom eat rodent guts —
Mendelsohn 1382), In order to determine free water and metaholic water
content the following conversion constants were used: protein - 0,5 wl/Dg;
lipid - 1,07 wl/Dg and carbohydrate - 0,56 ml/Dg (Schmidt-Nielsen 197Y). Each
bird was weighed after regurgitating a pellet in the morning before the start
of the triz]l and again at the end.

During the energy balance trials on the three captive kites, water turmover
was also measured using the tritium dilution technigque. Each bird was
injectad intraperitomeally with 0,3 mCi of tritium and total body water and
water turnover determined as before. Water turnover rates obtained in this
way were compared with turnever rates obtained from food, faeces and pellet
analyses.

In order to obtain realistic values for energy and water comtent of natural
prey items fed on by kites in the field, a sample of five adult M. coucha and
two adult Otomys aagoniensis were trapped in the study area and analysed for
free water, metzbolic water and total energy (Table 1). Based on these
analyses, the relationship between water and energy content of prey items was
established and used to relate water turnover and metabolisable energy for
wild birds, Kestrels were observed feeding largely on locusts and simce no
prey ltems were collected and analysed from the study area, no attempt was
made to relate water turmover and energy requirements for this species,

The t~statistiec for two means was applied to appropriate data sets and the 95%
level considered to reflecr a sipnificant difference.

TABLE 1. Water and energy reletions of field-ceught and laboratory—reareé

rodents.

SPECIES n Lab (L) % Free Body % Totsl KJ ki/g
Field (F) Water Body /DG Fresh

Mastomys couche 3 F 72,60 88,35 23,13 6,34
Otomys angoniensis 2 F 71,98 - 22,86 6,41
E 72,29 23,00 6,38

Mestomys couche 6 L 67,90 - 24,05 7,72
Lab, white mice 10 L 66,85 - 25,20 B,35

Ed 67,38 24,64 8,03
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RESULTS

In the laboratory validation trials using captive kites, measurements of water
turnover based on food consumption, pellet and egesta apalysis were similar to
those obtained by the tritium method (Table 2). Although Do consistent trend
was apparent, mean turnover rates based om tritium dilution weTe 2,8% lower
than estimates based on food, pellet and epestz analysis.

gince individual body masses during these trials varied by less than 5%, and
ambient temperature remained constant at 28 + 1 G, Metaboliisable Energy (ME)
was equated with Existence Metabolism {EM). Hean mass specific EM for the
three kites was 986,85 + 69,09 kJ/kg/day.

For estimating Daily Energy Expenditure (DEE) from water turnover tates of
wild kites, water and enmergy values for field-caught H. coucha were used
(Table 1). This was necessary since the water content of wild rodents WwWas
found to be 4% greater than that of laboratory-reared mice, while mean eNeTgY
content was 18,9% lower. These differences wWeIe due largely to the higher
1ipid content of laboratory mice. For wild M. coucha, total body water {free
+ metabolic) represented 88,35% of total wel mass after discarding gut content
(Table 1).

Mean energy assimilation efficiency based on the results of the validation
trial apnd other emergy budget studies carried out on the three kites was BOZ.
Thus in transposing water Lurnover into ME, a conversiom factor of 5,98 kJ/ml
was used, which took into account non-metabolised energy of excreta and the
metabolic water potential of egesta.

DEE estimates derived in this way are shown in Table 3., Mean wmass specific
DEE for breeding males (142%,67 + 121,86 kJ/kg/day) was significantly greater
than that for non-breeders (1141,09 + 104,32 kJ/kg/day :p<0,02). The highest
value (1533,13 kJ/kg/day)} was for 2 breeding male tending a single fledged
young, while the lowest (825,34 kJ/kg/day) was for a female (# 091) just prior
to egglaying. Comparing these data with mean E#(28 C) for the captive kites,
mean DEE for non—breeders was 1,16 * 0,0LEM and for breeding males, 1,44 +
0,10EM. -

Using the allometric equation of Lagiewski & Dawson {1967) for SMR, mean DEE
for breeding males wWas 2,35 + 0,215HR while for non-breeders it was 2,89 +
0,235MR. Since kites exhibit little sexual size dimorphism (Biggs et al.

1979), no attempt Wwas made to differentiate between male and female
non-breeders.

Although absolute water GUrnover rates for non~breeding kestrels were
generally higher than for non-breeding kites (Table 4), mno significant
difference was observed at the mass specific level (p > 0,1).

DISCUSSION

The Blackshouldered Kite is a common inhabitant of open grassland savannah
where it preys almost exclusively on small rtodenis (Mendelsonn 1982). In
addition, kites appear to be independent of drinking water and have never been
observed to driomk in the field. This apparent independence of drinking wateT
accords with observations on the three captive kites which thrived for a
period of more than two years on a diet of day—-old poults and laboratory mice
but without access to drimking water. For these Teasons, kites constitute
ideal study animals for jinvestigating the relationship between watel CUTIOVET,
metabolisable energy and food consumption using tritium.
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TABLE 4. water turnover estimated for wild non-breeding Greater Kestrels
vsing btroitium,

Kestrel Date Min- Mean Water turnover
No. Max body ml/day ml/kg/day
Temp C mess {(kg)

213 April/ 3..33 0,260 41,59 159,96
May
215 1982 0,253 47,93 189,45
228 Feb/ 15-36 0,254 51,89 204,29
March
224 1983 0,261 41,77 160,04
223 0,257 61,39 238,87
222 0,249 46,42 186,,43
221 0,232 37,29 150,73
154 0,246 48,72 198,05
213 0,258 54,64 211,78
X 0,252 47,96 189,96
5.D. 0,01 7,38 26,83

The ohserved similarity between water turnover based on food, pellet and
egesta analysis and independently by tritium dilution in captive kites
supports this view and for the purposes of this study, it was assumed that
wlld kites derived water solely from prey items, The precision with which the
relationship between water turnover and metabolisable energy can be
established depends largely on the accuracy of water turnover measurements
using tritium and on the predictability of the water and energy content of
Ingested prey. We considered that the various assumptions relating to water
turnover assessment using tritium as outlined by Lifson & McGlintock (19663,
were met. However, mean body masses of kites varied by 8,02 + 2,38% between
initial capture and recapture and thus total body water estimates were based
on the mean body mass for each individual. This served to reduce any body
masg variation which may have been due to prey held in the stomach. This is an
important consideration since captive kites may increase body mass by 10-12%
after feeding (unpublished results}.

Another source of potential error may occur when relating water turnover and
metabolisable energy, since this relationship depends on the predictability of
the water and energy content of prey items. It has been shown in a number of
studies that the lipid content of rodents may undergo considerable seasonal
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variation (Jameson & Mead 1964; Perrin 1981) which in turn affects body wa
content. For this reason, known prey items collected during the study per
weTe analysed in order to minimise this potential source of error. In ¢t
regard, kites were observed to prey almost exclusively on M. coucha and Otor
angoniensis during this study. It is also clear from the data (Table 1Y ti
both species had similar water and energy contents and that some measure
confidence can be expected when relating water turnover and ME.

Male kites are known to provide food Ffor the female during courtship ¢
incubation and for the female and nestlings during the nestling peri
(Mendelschn 1982). Thus the high DEE value for breeding males probat
reflects increased energy demands associated with braeding. Although t
sample size was small, DEE for all three males excesded the maximum DEE £
non-breeders and on average they expended approximately 28% more energy th
non-breeders. Based on an assimilation efficiency of 80% and a minimum ener
wastage factor of 15% during feeding (Sapsford, unpublished data), it
estimated that non-breeders must capture at least 66 g of rodent per day whi
breeding males require a minimum of 8l g per day in order ta satisfy their o
energy needs. These estimates are probably conservative, since duri
feeding, captive kites discarded between 15-35% of the total energy of a giv
prey item (Sapsford, unupublished data). Wild kires too discard so
broportion of their prey. For very large prey items, Mendelsohn (198
estimated that on a wet mass basis the discarded fraction may be as high
50%. Therefors since the above estimates of prey requirement are based ¢
minimum energy wastage, it seems likely that the actual mass of prey requir
may in some instances considerably exceed these predictions.

Since minimum ambient temperatures were considerably lower during April/M:
than during February/Harch, the higher DEE values for breeding males may j
part reflect an increase in thermoregulatory demand. This however sear
unlikely since water turnover rates for the breeding female and kite # 2¢
during April/May were similar ta or lower than those for non-breeders duric
February/March when minimum ambient temperatures were comsiderably higher.

The observation that mass specific DEE for the breeding female (# 091
Table 3) was 27,7% lower than the mean value for nom~breeders and 16,4% lowe
than EM(28 C) is of interest since absolute water turnover rate was similar t
the mean value for non-breeders (Table 3). This suggests that the mas
specific DEE estimate may be wmisleading. It 1s therefore of interest tha
body mass on recapture was 17,5% greater than on initial capture and that a
least part of this difference can be ascribed to the presence on recapture o
a shelled egg in the oviduct. If mass specific water turnover rate and DE
however are based on the ipirial body mass (275 g), then wvalues g
164,64 wl/kg/day and 984,40 kJ/kg/day are obtained. Since this body mass i,
probably more realistic, it is likely that DEE for this bird was closer t
0,99EM and approximately 14% lower than the mean for non—breeding kites.

Based on the DEE value for the female (275 g), and DEE estimates for breedin;
males, it is suggested that a breeding male kite would need to capture ai
least 146 g of rodent per day in order to satisfy the combined needs of the
breeding pair. 1In addition, this reguirement would probebly increase during
the nestling period when the male provides food for both the femala anc
nestlings.
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Since no locusts from the study area were analysed Il is unwise to attempt to
assess the snergy and food requirements of kestrels now. However, since ne
significant difference was observed between mass specific water turnover rates
for non-breeding kites and kestrels, it may be tentatively suggested that
their energy requirements were similar., This however presupposes that the
relatlonship between body water and energy content of locusts and mice are
similar and that assimilation efficiency for both species is similar too.

From the analysis presented in Table 5, where for comparative purposes DEE is
expressed for a 244 g bird (the average mass of a Blackshouldered Kite)}, a
considerable degree of interspecific variation is apparent. Whether these
differences are Teal or =a consequence of using different methods of
assessment, remains an open question. However, since DEE estimates, based on
three separate studies, are available for Blackshouldered Kites, it may be
valuable to compare these results directly. DEE estimates based on water
turnover for non-breeders, breeding males and the breeding female presented in
this study agree well with estimates based on time—enecgy budget amalvsis
(Mendelsohn 1982). However these independent estimates for non~breeders are
33% lower than the value estimated in a third study using time—energy budget
data (Tarboton 1978). His wvalue is 1,71EM, while DEE based on tritium
dilution suggests that for breeding males, DEE exceeds EM by a factor of only
1,47 and 1,15 for non-breeders.

TABLE 5. A comparison of Daily Energy Expenditure (DEE) for raptors from
time-energy budgets (B) and tritium dilutiom {(T):
(DEE scaled to a body mass of 244 g).

kJ/daey kd/day
non-breeders breeders
Both sexes Male Femele Class Species and Reference
368,03 B AK - Koplin et sl. {1980)
348,21 B WIK -~ Koplin et sl. (19B0)
281,58 341,16 249,07 B BSK - Mendelsohn (1982}
411,44 B BSK - Tarboton (1578}
255,06 424,51 B EK — Vulink (1982)

309,85 151,74 B FH - Wakeley (1978)

278,43 348,84 240,19 T BSK ~ this study
240,79 T BSK - EM - this study

AK - American Kestrel; WIK - Whitetailed Kite; BSK - Blackshouldered Kite;
EK ~ European Kestrel; FH — Ferruginous Hawk.
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It is of interest at this point to compare DEE and EM estigataes from the
present study with values predicted using existing allametric equations which
Predict EM and DEE on a basis of body mass. Sionce mo distinetion is drawn
between breeders and non—breaders in these equations, the mean DEE value for
non-breeding kites is used in this comparison. Observed EM is 21,2% less than
that predicted using the equation of Koplin er al. (19B0) and B85% greater thap
the value derived from Kendeigh's (1570) equation. 1In addition, our mean DzE
estimate is similar to that predicted for a 244 g non—vwing forager according
to the equation proposed by Walsberg (1978), while the equation of King
(1974}, predicts a value 44% greater tham our estimate.

From this brierf comparison it is clear that the use of allometric equations tg
predict ME must be approached with caution since there is little dgreement on
either the noumerical constants Or exponents of the various equations. For
EM(30 €), Kendeigh (1970) proposed an exponent of §,7543 for non-passerines
while an exponent of 0,6256 is used by Koplin et al (1980). Similarly, in
predicting DEE, exponents of 0,7052 (King 1974) and 0,653 (Walsberg 1978) are
proposed. It therefore becomes a matter of importance to establish realistie
exponents and numerical constants if equations of this nature are to have any
predictive vaiue. In a study of water turnover on nine species of raptors
covering a body mass Tange of 4,5 kg, the exponent for the regression of
turnover rate on body mass was shown to be 0,60 (unpublished results). Thug
for non=drinking raptors, if it is assumed that water turnover is directly
broportional to ME as suggested by the present study, then the exponent of the
equation relating DEE and body mass should be similar, Tt seems therafore
that this exponent is probably close to 0,60 and not 0,70 or ¢,75. Thus the
EM equation of Kendeigh (1970) and the DEE equation of ing (1974) probably
overastimate EM and DEE Tespectively, particularly for larger birds, while the
equation of Walsberg appears to provide more realistic astimates of DEE for
diurnal raprors,

In conclusion and based on the results of the present study, we beleive thar
the tritium dilution technique can provide a useful means of estimating energy
and food requirements for wild Taptors which drink little or no water and
whose diet is knowm. However, it is important to base ME estimates on a
Tealistic assessment of the water and energy content of Ffood Preyed upon at
the time of the study, since variable lipid conteat of Prey may seriously
influence both total body water and energy content of prey. This in turn
would influence estimates of ME based on water turnover alcne.
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