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Abstract

Extra-pair offspring were found in 57% of the studied orange-tufted sunbird (Nectarinia
osea osea) breeding pairs. This fact suggests that females may alter their first choice of
social male with extra-pair copulations with other males to produce the offspring. The aim of
this study was to identify those behavioral characters that may allow distinction among
sunbirds, according to which extra-pair copulation and paternity are chosen. The study
focused on collecting behavioral data on territorial males and females, including daily
investment in territoriality and in pair bond, according to the fertility stages of each female,
in the breeding season and in the non-breeding season. The behavioral characters were
collected by: 1. annual observations on the breeding pairs using the Time Activity Budget
method; 2. examining pair bond and territoriality in the presence of an artificial intruder

during the non-breeding season, and following temporary male removal before egg laying.

The main results were as follows:

® Frequency of extra-pair paternity (EPP) in the population

Out of 299 ringed sunbirds, parentage analysis was made for 41 chicks using DNA
fingerprinting with multilocus R.18 probe. 57% of the breeding pairs had at least one extra-
pair chick. Of the nestlings, 20% were sired by extra-pair males, in a total of 27% of the

broods.

® Non-breeding season territoriality

The total presence of couples was 25% of the time; one of the partners was present 16%
of the time; both partners were present 10% of the time; male only was present 13% of the
time; female only was present 3% of the time. The variance among sunbirds was high: 30%
of males and females were absent during this period; of the females — 30% were present
25-30% of the time, and 40% were present only 5-15% of the time; of the males — 50%

were present 40% of the time, and 20% were present 7% of the time. Males did not sing the



full song, and spent 74% of the time in the bush, 3 times longer than in the breeding
season. However, male total vocalization was 83% of the time, similar to the values in the
breeding season. The female was twice as vocal as in the breeding season. Sex ratio of the
floaters in territories was liemae:5-6maes. EXpOSing the owners of territories to an intruder,
and thus inducing reaction, reduced the time taken to locate a sunbird by the observer — %2
that of the control for males, and % that of the control for females. Exposing the territory
owner to an intruder did not affect the presence, confirming confidence in the presence data
collected. There were no significant differences between experiment and control in position
within the territory (center-borders), vocalization of males and females, and the number of
floaters in the territories. Reacting to the decoy, or remaining close to it, may not directly
reflect territorial aggressiveness, since other limiting factors, such as mate guarding, are

functional and change with the season or among birds.

® Mate guarding

The distance between males and females was not significantly different among the
fertility stages (before fertile, fertile, after fertile) and out of the breeding season. The female
spends most of the time (91%) in the bush, but the male can find her according to her
vocalization (11%-43%). Lack of vocalization may thus be one of the means for the female
to evade her guarding mate and disappear out of territory. During the three fertility stages,
the number of invading females was zero, while out of the breeding season there were on
average 0.3 females per territory. During breeding, 0.4 invading males per territory were
present, but this rose 4-fold during the out of breeding season. Out of 150 male decoy
experiments, those experiments that took place after nests were already built did not
succeed in removing the territorial males, since these were following their mates and
ignored the decoy. This period would appear to be the peak time of mate guarding.
Behavioral parameters of the female after removal of its mate, and of both partners after
releasing the male, were not significantly different from those of the control. The parameters

examined were presence, position, location, vocalization and distance between partners.



During the absence of the territorial males, 5-6-fold more invading males appeared than in
control, and 10-fold more females. Courtship and copulation attempts between the partners

were observed after releasing the male.

® “EPC windows” — the opportunity for extra-pair copulations

The high rate of a partner’s absence during one of the fertility stages, may indicate an
extra-pair copulation opportunity, in which the benefits outweigh the cost. “EPC windows”
for the female are during the “before fertility” and fertility stages, which significantly differ
from the “after fertility” stage in the following: before and during fertility stages, the female
was absent 65% of the time, but after fertility only 34% of the time; the female remained on
the borders of her territory 4% of the time during the fertility stage, and 2.6% after fertility;
female vocalization was 40% before and during fertility stages (similar to out of breeding
season — 50%), but only 10% after fertility; the female remained in an exposed location 17%
of the time before fertility and during fertility, but only 3% after fertility. During the out of
breeding season, females approached the decoy males, even though their mates were
chasing them, in contrast to the breeding season, in which females avoided the decoy.
"EPC windows" for the male are during the fertility stage and after fertility of its mate: before
fertility, male absence was 24% of the time, but during and after fertility male absence was
40% of the time; the female remained alone in the territory 24% of the time after fertility, 4-
fold more than before and during fertility; the male sang the full song 50% of the time before
and during fertility stages, but only about 30% of the time after fertility; males were found in
an exposed location 85% of the time before and during fertility, but only 66% after fertility;
males were located on the territory border 2.3% of the time before fertility, but 11% and

15% of the time during and after fertility, respectively.

® Female choice
Comparison between pairs that had extra-pair chicks and those that did not, revealed the

following: 1. There were significant differences in territoriality periods of males — cuckolded



males were territorial 75% of the year, in comparison with hon-cuckolded males, which were
territorial 50% of the year. 2. There were no significant differences in body measurements of
males, females, and females in relation to their mates. 3. There were no significant
differences in breeding success (number of breeding attempts, clutch size, brood size,
number of fledglings and young, and the number of offspring as adults). 4. No significant
differences in life span (average 2.7 years for males, 2 years for females). 5. No significant
differences in “bachelor” time of males (average 20-23% of the year without a female mate).
Only one case of a single female was found. 6. No significant differences in territoriality
periods of females (average 60% of the year). This latter value does not include a false
absence of the females, thus making the actual territorial time longer than the calculated
one. 7. No significant differences were found in behavioral parameters between cuckolded
pairs and the averaged pairs in the population. Comparison with the non-cuckolded pairs
was not possible because of the small sample size. Thus, caution should be taken in

drawing conclusions.

In summary, in this study we found that:

Males invest in territoriality and in the pair bond also during the out of breeding
season. Out of the breeding season, females are also territorial. The frequency of
territorial behaviour and pair bond is lower out of the breeding season. However, among
48 breeding pairs, 20% continued to hold the same territory, with the same partners,
from one breeding season to the next. These findings may suggest that mate guarding
has another role, in addition to parentage insurance: it may be a means for the female
to test the fitness and quality of her mate. The high variance in behavioral components
of the out of breeding season territoriality may express the individual variance in pair
bond and territorial investment. This variance may provide the basis for changes in
female decisions during the following breeding season — whether to maintain fidelity,
ensuring that the social mate will sire the chicks; or whether to broaden this option by

extra-pair copulation.



The fertility stage is crucial in determining parentage. However, both males and
females are mostly absent from their territory during this period, thus offering an overlap
in their individual “EPC windows”. In addition, another “EPC window” for the male
occurs after the fertility stage, and another “EPC window” for the female before the
fertility stage. Another “window” for females to visit neighbours is during the out of
breeding season, at which time they remain 17% of the time on the border rather than in
the center of their territory. The high rate of absence of the female from the territory may
offer indirect evidence that they leave the territory and initiate extra-pair copulations.
Mate guarding may not be a limiting factor for the female, since during the male removal

experiment females remained in their territories, probably because of other costs.

Behavioral differences were not found between cuckolded males and non-cuckolded
ones, except for the length of territoriality. Thus, the advantages for females seeking
extra-pair copulations are not yet understood. However, the high rate of extra-pair
parentage in sunbirds may suggest that it is an important means for females to broaden

their original choice of a social mate.
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NON PN N 29 19T DYNMIVIIV DPNY DMDT — NPHRONVLMIL AT TYN TIVND [ INSD)
NPNIAN NN NNV MNN-NAPID PNITD NN NORYN DY NNYD PXTY 1) XD )P AD900Nv
NPANNA MND IWPY IND MNIAN DY MAN NYWN 1,900 1N TX ONIIN 1932 NOY MHINYRIN

O30 N2 5W NPNIAN PPIND ,NAPIN NIY O NMIVIUNI SYNNIN INPD NN GPYY vy

NYONIIIVIV NAPIN ON,N1PN NNYY YINK DI NAPIN NNV NPONITNIVIIVI DIWPYN DN
DNOVP NPPN TYD HINKD NPNTN TOINNVIIVN NNNMNNN DY 1111290 MDN .IN N9PNIA
THPONOINVIIOVN NNNINNN 222D DY NN MPTNN MIND NPPN NNY NNIYD PN 19N
,IIY0 NN NP TN NVY NPON NN PXINND DYWNN NNRNN 20% ,)NPPN T NINH
DY1’0992 DRV ,NMAN NMYN .DNTIPN NOPN IIYaAY MY NN PRIV DN 2590
NNV NYPYNA DDRIPDTPRD ODTINN DR XVIAD NIVY )NOPN INYD XINND DONNMININ
NAPIN NN DMWY DIOIN NN DMVY 1IN NYPYNA NONX DIDTIAN NN MINVIIVN
YNIAND ANV T ,TNYNIN NPNIAN DY NNIYO ORD - IV ,NIAPIVD NOPN T Mi-)1a
DM AVPD NIND NPNNTIN YT-DY 1T TNIYNI NN JPNY IN,IPIRINED YVNN ARN O) 7P
NPNRY 2 ,NIYYNN NYXIN 1T NTIAY NN NNVIAND TNN YINN NPN IRDD NIAPIN NPNY
NNYY NINNY NMHPNL INTPWI INT-12 MODNX NN )INAY NIAPIN DY SYSNHN NPNY VY NaAPIN
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