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Summary. Five definite and nine suspected cases 
of infanticide were documented in the swallow Hir- 
undo rustica. Unmated males visited neighbouring 
nests and removed entire broods during the first 
days of the nestling period, preferentially from 
nests owned by young late-breeding individuals. 
Infanticide followed the disappearance of the male 
nest owner in 11 of the 14 cases. The unmated 
infanticidal male later mated with the female vic- 
tim although renesting during the same season only 
took place in 12 of the 14 cases. The fraction of 
unmated males increased with colony size, and in- 
fanticide was relatively more common if unmated 
males were abundant. Females did not engage in 
extra-pair copulations in order to avoid infanti- 
cide. Intense guarding of the nest and its contents 
prevented infanticide. Nest guarding intensity was 
higher in colonial compared with solitarily breed- 
ing swallows, and guarding intensity increased with 
colony size. Experimental removal of male swal- 
lows during the early nestling period reduced the 
nest guarding intensity and increased frequency of 
visits from unmated males in colonies, but not 
among solitarily breeding swallows. Colonial nests 
from which the male was removed suffered from 
infanticide more often than solitary nests, and 
nests where infanticide was recorded were guarded 
significantly less intensely than other nests before 
the infanticidal incidents. 

Introduction 

Unmated males are relatively frequent in many 
monogamously breeding birds and make up a large 
part of the so-called floating population (e.g. 
Crook and Shields 1985). The reproductive options 

of such males are either to attempt to attract a 
mate or to engage in alternative reproductive stra- 
tegies without a pair-bond. Mortality rates are 
high among many passerine species, so the option 
of postponing breeding until the following year is 
not really available. Extra-pair copulations are fre- 
quent in many bird species (Ford 1983; McKinney 
et al. 1984; Birkhead et al. 1987), and one would 
suppose that unmated males especially should en- 
gage in such behaviour. However, experienced 
mated breeders practice extra-pair copulations 
more often than young unmated males. Experi- 
enced males start to breed early and thus have 
finished mate guarding while neighbouring females 
of pairs in an earlier breeding stage are still fertiliz- 
able (references as above). 

In addition, it has recently been realized that 
unmated males may commit infanticide and thus 
break up already established pair-bonds (e.g. 
Hausfater and Hrdy 1984; Crook and Shields 
1985). If the breeding season is relatively long, in- 
fanticide could lead to a new breeding attempt in- 
volving the unmated male. The female would not 
generally benefit in such a situation unless she 
mated with a male apparently of a better quality 
than her previous mate. The superior quality of 
the unmated male could be revealed by his ability 
to practice infanticide and by the inability of the 
male mate to prevent the killing of his own young. 
Alternatively, infanticidal males may strike oppor- 
tunistically or take advantage of the resident males' 
busy breeding schedule and sneak in to kill the 
young. This explanation, however, does not ex- 
plain why females suffering from infanticide mate 
with the infanticidal male rather than disperse and 
mate elsewhere. Sexually selected infanticide has 
been reported in a number of polygynous mam- 
mals (review in Hausfater and Hrdy 1984), but 
only in a few bird species (Crook and Shields 1985; 
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F r e e d  1986;  G o l d s t e i n  et al. 1986). A l t h o u g h  sex- 
ua l ly  selected in fan t ic ide  has  n o t  been  r e p o r t e d  in 
o t h e r  b i rd  species ( M o c k  1984), it c o u l d  have  g o n e  
u n n o t i c e d  in m a n y  cases ( C r o o k  a n d  Shields 1985), 
be ing  c o n f u s e d  wi th  nes t  p r eda t i on .  

I n  this p a p e r  I e xa m i ne  the causes  a n d  conse -  
quences  o f  in fan t ic ide  o n  the  basis  o f  w o r k  o n  the  
E u r o p e a n  swal low Hirundo rust• rust• w h i c h  
is a m o n o g a m o u s  species l iving in single pa i rs  o r  
in co lonies  (Mol le r  1987c).  F u r t h e r m o r e ,  I de-  
scr ibe an t i - in fan t i c ida l  strategies,  a n d  finally,  I re- 
p o r t  an  e x p e r i m e n t  o n  the effect  o n  in fan t ic ide  o f  
the  de t en t i on  o f  m a t e d  males.  

Methods 

Study area 

The study took place at Kraghede (57~ 10~ Den- 
mark, in a 15 km 2 study area. A detailed description of the 
study area is given in Moller (1987c). 

Observational procedure 

Swallows were caught upon arrival in spring during 1983-1986 
and given individual combinations of colour-rings and/or dyes 
on their belly feathers. More than 90% of all adults were thus 
colour-ringed. The behaviour of individuals was recorded dur- 
ing (sunrise to 1200 h) 2-h morning observations throughout 
the breeding season (May to early September). More pairs were 
watched simultaneously in the colonies. All males established 
nesting territories, and I attempted to record the activities of 
unmated males in particular. Visits at nests by unmated males 
were recorded in 1985 in relation to stage in the nesting cycle 
of visited nests. Extra-pair copulations and extra-pair copula- 
tion attempts (see Moller 1985 for a detailed description) were 
recorded 1983-1985. Nest guarding, which was recorded during 
the 1985 breeding season, was defined as the percentage of 
observations every second minute during daily observations of 
a nest owner being within 2 m of its nest. Mean nest guarding 
intensity was then calculated using the values for the first 5 
days of the nestling period. Nest guarding was split up into 
(1) total nest guarding (at least one owner near the nest), (2) 
total male guarding (time spent by male owner near the nest), 
(3) total female guarding (time spent by female owner near 
the nest), and (4) male and female guarding together (both 
male and female owner simultaneously near the nest). 

Experimental procedure 

During the 1986 breeding season I transported experimental 
males (10 colonial, 5 solitary) away from their nests after cap- 
ture late at night (2400-0200) on a randomly chosen day during 
the first 5 days of the nestling period. Experimental males were 
released around 0800 h and later returned to their nests during 
the capture day. Control males were matched with experimen- 
tals in relation to start of egg laying (colonial controls : 53 • 5 
(meaniSD;  day 1= I  May), colonial experimentals: 53• 
t-test, NS ; solitary controls : 46 • 9, solitary experimentals: 
45 • 12, t-test, NS). Both control and experimental males were 
from the same colony in the colonial experiment. Experimental 
and control status was assigned randomly to males. During 
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Fig. 1. Visits by unmated male swallows at neighbouring nests 
in relation to time in nesting cycle (day 0 is the first day in 
the nestling period) during 1985 

removal days I recorded the activities at experimental and con- 
trol nests during a 2-h morning observation period: visits by 
unmated males, infanticide (removal of nestlings by unmated 
males), and nest guarding intensity as described above. During 
the 1987 breeding season I made similar experiments on 5 con- 
trol and 5 experimental solitary pairs. Start of egg laying was 
similar in these two groups (control: 43+9,  experimental: 
44 • 8, t-test, NS). 

Statistical procedure 

I used non-parametric and parametric statistical tests in accor- 
dance with Siegel (1956) and Sokal and Rohlf  (1981). All tests 
are two-tailed unless otherwise stated. Data are given as mean • 
SD. 

Results 

Inf anticidal behaviour 

U n m a t e d  co lon ia l  ma le  swal lows visi ted neigh-  
b o u r i n g  terr i tor ies ,  a n d  such  visits were  pa r t i cu l a r -  
ly f r equen t  du r ing  the  first days  o f  the nes t l ing  
pe r iod  (Fig.  1). Visits were  n o t  d i rec ted  at  a n y  p a r -  
t icular  nests,  b u t  u n m a t e d  males  usua l ly  t r ied a 
n u m b e r  o f  nests  ( range  0 -5 ,  m e a n  2 . 1 _  0.7 nests,  
N = 10 males) .  I n  s o m e  cases,  visi t ing g r a d u a l l y  be-  
c a m e  c o n c e n t r a t e d  o n  specific nests  where  live 
nest l ings were  r e m o v e d  by  the  u n m a t e d  male .  I 
have  di rec t ly  seen infant ic ide  t ak ing  p lace  at  three  
nests  where  three  d i f ferent  u n m a t e d  males  r e m o v e d  
all nest l ings wi th in  a single h o u r  b y  visi t ing the 
nest  w h e n  it was  u n a t t e n d e d ,  p ick ing  up  a nest l ing,  
f ly ing a w a y  a n d  d r o p p i n g  it o n  the  g r o u n d .  T w o  
o the r  cases were  r e p o r t e d  b y  f a rmer s  w h o  saw two  
adu l t  c o l o u r - r i n g e d  swal low males  r e m o v e  live 
nest l ings f r o m  a nes t  du r ing  the  ear ly  nes t l ing  peri-  
od.  Final ly ,  I have  9 cases whe re  all nest l ings du r -  
ing the  first  days  o f  their  lives d i s a p p e a r e d  f r o m  
one  d a y  to  a n o t h e r  p r o b a b l y  as a resul t  o f  infant i -  
c idal  activities. Al l  these nests  were  f r equen t ly  
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Fig. 2. Cumulative time of start of egg laying for infanticide 
(N= 14) and other swallow clutches (N=462). The time scale 
is in 5-day periods where 0 is the period of maximum laying 
for each of the years 1978-1986 

visited (more than 5 visits per hour) by unmated 
males during preceding observation periods where- 
as none of  the 299 nests without disappearing nest- 
lings had such a high visit frequency (G 2 = 81.54, 
P<0.001) .  Nestlings disappeared on days 1 to 4 
(2.3 + 1.0, N =  14), of  their lives. 

In the 14 cases reported here, the male swallow 
of the pair disappeared in 11 cases before infanti- 
cide took place (probably died, as was in fact 
known in 4 cases), and the unmated male which 
visited the nest and apparently practised infanti- 
cide later mated with the widowed female. In the 
other three cases, the female was still mated when 
the putative infanticide occurred, but subsequently 
mated with the killer of  her previous brood. Ren- 
esting took place in 12 cases, and all these resulted 
in fledged swallows. 

The start of  egg laying in the nests that were 
subjected to infanticide was significantly later than 
in other swallow nests (infanticide: 58 + 1 I, N =  14, 
others: 52-t-21, N = 4 6 2 ,  t,~74=2.00, P<0.05) .  The 
relatively late breeding start of  infanticide victims 
(Fig. 2) shows that such swallows are generally 
young first-time breeders which start to lay rela- 
tively late following a late arrival. 

Males should only attempt to practice infanti- 
cide if female victims can renest soon afterwards 
(Rohwer 1986). Infanticide is thus only predicted 
to occur in first broods. Infanticide took place in 
14 of 298 first broods, but never in 179 second 
broods, differing significantly from numbers ex- 
pected according to the number of  broods (first 
broods: 8.74, second broods:  5.26, GZ= 13.19, P <  
0.001). 

Infanticide was a major cause of  mortality 
among nestling swallows in my study area. Nearly 
one-third of  the nestling mortality recorded could 
be attributed to infanticide (Table 1). Other major 
causes of  death were starvation and infection by 
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Table 1. Mortality of 131 nestlingsin 308 swallow broods ~om 
1982-1986 

Cause ofdeath % ofdeaths 

Infanticide 32.1 
Starvation 29.0 
Mite infection 13.7 
Female dead 6.9 
Nest fall 6.1 
Unknown 12.2 
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Fig. 3. The relative frequency of unmated males (%) in relation 
to the size of swallow colonies. Numbers indicate number of 
colonies 

the haematophagous mite Ornithonyssus bursa, 
whereas death caused by predation was not re- 
corded during the years 1982-1986. 

Infanticidal activities involved a relatively large 
fraction of  unmated males (33%, N=42) .  Only a 
small fraction of  all nests suffered from infanticide 
(2.9%, N=476) .  

Infanticide and coloniality 

The probability that at least one widowed swallow, 
and thus a potential infanticide victim, is present 
should be greater in a colony since colonies are 
made up of  many pairs. Unmated  male swallows 
for this reason alone should concentrate in large 
colonies. If  unmated males were distributed in an 
ideal free fashion they should make up a similar 
fraction in all colonies irrespective of  size, i.e. the 
fraction of  unmated males should not be signifi- 
cantly related to colony size. The fraction of  un- 
mated males in fact increased significantly with 
colony size (Fig. 3; rs=0.70,  Go=7.0,  P<0.001) .  



368 

20! 

g 

Z 10 
w 

_o 
I-. 
Z ,,< 
z 

33 e 2 3  , , , ,  

0 10 20 30 

UNMATED MALES (%) 

Fig. 4. The relative frequency of infanticide nests (%) in relation 
to the relative frequency of unmated male swallows (%). 
Numbers indicate number of colonies 

The fraction of nests suffering from infanticide 
should increase with the fraction of unmated 
males, and with increasing colony size per se if 
some other property of colony size was responsible 
for the relationship. The relative frequency of  in- 
fanticide nests increased significantly both in rela- 
tion to colony size ( r=  0.40, tso = 3.1, P < 0.01) and 
the fraction of unmated males (r=0.78, tso = 8.9, 
P < 0.001 ; Fig. 4). A partial correlation analysis re- 
vealed that only the fraction of unmated males 
was important ( rpa r t i a  I = 0.74, tso = 7.9, P <  0.001) 
whereas the relation to colony size was not signifi- 
cant ( r p a r t i a  I = - -  0.16, t50 = 1.1, NS). The infanticide 
risk per nest increased significantly with colony 
size (rs=0.53, tso =4.40, P<0.001).  

Extra-pair copulations as anti-inf anticidal behaviour 

Infanticide is apparently a major cause of  death 
among nestlings of colonial swallows, and there- 
fore there should be strong selection for any activi- 
ty minimizing this loss. 

Extra-pair copulations are relatively frequent 
in swallow colonies, making up 8% of  all copula- 
tions (Moller 1987b), and by engaging in such ex- 
tra-marital copulations females may confuse pater- 
nity and thus reduce the infanticidal incentive of  
males (Altmann et al. 1978 ; Hrdy 1981 ; Crook and 
Shields 1985). I recorded extra-pair copulation at- 
tempts. Female swallows were able to accept these 
attempts by staying put or to reject them by behav- 
ing aggressively towards importunate males. None 
of 12 attempts by unmated males was successful 
(cloacal contact) whereas 18 out of  64 attempts 
by mated males led to successful extra-pair copula- 
tions. This difference is statistically significant 
(G1 z = 7.15, P < 0.01), but in the direction opposite 
to that predicted from the anti-infanticide hypoth- 
esis. Neighbour males are more successful than 

others in achieving extra-pair copulations (Moiler 
1985). The relation between extra-pair copulation 
success and male mating status was not caused 
by unmated males having older and more experi- 
enced neighbours than mated males (Mann-Whit- 
ney U-test, NS). All males attempted extra-pair 
copulations at the same time in the nesting cycle 
of  neighbouring females (Mann-Whitney U-test, 
NS), and extra-marital copulation success was 
therefore not related to differences in timing of 
attempts. 

Nest guarding as anti-infanticidal behaviour 

Swallows have small breeding territories of a few 
square metres. One would expect infanticide to be 
impossible in the presence of at least one nest 
owner within the territory. The probability of  at- 
tack on an approaching unmated male was related 
to the distance between a nest owner within the 
territory and an intruder, and intruders within a 
distance of 2 m were always attacked (G ] = 63.51, 
P <  0.001). I thus considered a nest to be guarded if 
a nest owner was present within a distance of  2 m. 

Nest guarding at 20 randomly chosen nests 
during a randomly chosen day in the nestling peri- 
od in the morning (between sunrise and 0800 h), 
around noon (1100-1300) and in the evening (1800 
to sunset) was studied in order to check for tempo- 
ral consistency in nest guarding intensity. Extra- 
pair copulations are known usually to take place 
in the morning, probably because fertilization 
probability appears maximal at that time (Moller 
1987b), and nest guarding intensity therefore may 
vary relative to other behavioural options. Nest 
guarding intensity, however, was very consistent 
within pairs in the course of  the day (comparison 
of  guarding intensity in the morning, around noon 
and in the evening: total guarding: W= 0.84, Z29 = 
47.7, P<0.001;  male guarding: W=0.78, Z29 = 
44.6, P<0.001;  female guarding: W=0.82, Z29 = 
46.6, P<0.001;  male and female guarding togeth- 
er: W=0.70, X29 =39.6, P<0.01).  Morning obser- 
vations can thus be considered representative of 
the intensity of nest guarding during the entire day. 

If efficient nest guarding prevents infanticide, 
one would predict than infanticide nests were 
guarded less often that nests without infanticide. 
This was also found to be the case (infanticide 
nest: 44.7 -t- 12.7%, N =  3, other nests: 81.4 _+ 9.5%, 
N=32 ,  t33=4.9, P<0.001).  

Since unmated male swallows tend to concen- 
trate in colonies, nest guarding during the first  5 
days of  the nestling period should be more intense 
in colonially compared with solitarily breeding 



Table 2. Swallow nest guarding intensity (% time) during days 
1-5 of the nestling period in relation to social dispersion 

Nest guarding Nest guarding intensity t36 P 
~ariable (% time) (mean +_ SD) 

Colonial Solitary 
N=32 N=6  

Total guarding 81.4-f- 9.5 67.8-f- 9.1 3 . 3 3  <0.01 
Male guarding 22.0+13.9 18.9+_13.5 0.52 NS 
Female guarding 73.2___ 9.1 58.2+_ 10.9 3 . 1 6  <0.01 
Male and female 13.8___13.0 7.8_+10.6 1.23 NS 
guarding together 

Table 3. Correlations between swallow nest guarding intensity 
(% time) during days 1-5 of the nestling period and colony 
size and relative frequency of unmated males, respectively. N= 
10 colonies 

Nest guarding Colony size Unmated males 
variable 

F /'partial /' / 'partial 

Total guarding 0.73 * 0.17 0.86 ** 0.68 * 
Male guarding 0.55 --0.25 0.82** 0.75* 
Female guarding 0.70" 0.05 0.88"** 0.75" 
Male and female 0.57 -0.38 0.88*** 0.84** 
guarding together 

* P<0.05, ** P<0.01, *** P<0.001 

swallows. Total guarding and female guarding 
were also found to be more intense at colonial 
compared with solitary nests (Table2). Male 
guarding and male and female guarding together 
also tended to be more intense in the colonial 
breeding situation, although not significantly so. 

If the fraction of  unmated males increased with 
colony size, as suggested by the data shown in 
Fig. 3, one would predict that nest guarding inten- 
sity would increase with colony size. This relation 
should follow from the increasing number of un- 
mated males rather than from colony size per se. 
Nest guarding intensity increased with colony size 
and with the fraction of unmated males (Table 3), 
but when partial correlations were calculated and 
the effect of  colony size was separated from the 
effect of  unmated males, it became clear that the 
fraction of unmated males was the single important 
factor (Table 3). 

A detention experiment 

Data from the observational study suggested that 
infanticide was practised at infrequently guarded 
nests by unmated male swallows, especially in colo- 
nies where such males were abundant. In order 
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Table 4. Nest guarding intensity (% time) in experimental (male 
detained) and control swallow pairs 

Experimental Social Total nest N U P 
status dispersion guarding 

intensity 
(% time) 
(mean + SD) 

Experimental Colonial 69.2 +- 19.6 10 
22.5 

Control Colonial 85.6 +_ 12.5 10 
Experimental Solitary 50.0_+ 7.5 5 

0 
Control Solitary 77.2 + 13.0 5 

0.018 

0.0038 

to test these ideas experimentally, I detained males 
temporarily both in colonies and among solitarily 
nesting pairs to reduce nest guarding intensity. 
Since unmated males primarily concentrated in 
colonies (Fig. 3), I predicted that such males would 
visit and practice infanticide at experimental nests 
in colonies, but not at solitary experimental nests. 

Detention of males for a single morning during 
the first 5 days of  the nestling period caused a 
decrease in total nest guarding intensity. Removal 
of  the male reduced nest guarding intensity both 
among colonially and solitarily nesting swallows 
(Table 4). 

Unmated males visited all 10 experimental co- 
lonial nests whereas none of the 10 experimental 
solitary nests were visited during the observations 
(Fisher exact one-tailed test, P<0.001).  Similarly, 
all experimental colonial, but none of the control 
colonial nests, were visited by unmated males 
(Fisher exact one-tailed test, P =  3 x 10-6). 

Nestlings were removed by unmated males 
from 4 of 10 experimental colonial nests (1, 1, 1, 
and 3 nestlings) but from none of  the control nests 
(Fisher exact one-tailed test, P--0.04). Nestlings 
were not removed from solitary nests, differing sig- 
nificantly from experimental colonial nests (Fisher 
exact one-tailed test, P = 0.04). Infanticide colonial 
experimental nests were guarded less intensely than 
other colonial experimental nests (infanticide 
nests: 51.3_+17.2%, others: 81.2_+9.3%, U=0.5,  
P<0.01).  

Discussion 

Infanticide is apparently a common alternative re- 
productive strategy among unmated male swallows 
of the North American erythrogaster and of the 
nominate subspecies (Crook and Shields 1985; this 
study). A total of  14 cases of observed or circum- 
stantially evidenced infanticide was recorded in my 
study and 8 cases by Crook and Shields (1985). 
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Predation was absent from the swallow colonies 
because all nests were inaccessible to potential pre- 
dators like cats, and nearly all within buildings 
which prevented predation by corvids. Starvation 
does not explain brood mortality in colonies, be- 
cause entire broods disappeared when nestlings 
were aged 1-4 days. Starvation did, however, take 
place when nestlings were 7 days or older. Nest- 
lings that had died from starvation were left in 
or below the nests. 

Infanticide is a cost of coloniality and is higher 
for individual swallows breeding in large rather 
than small colonies. The risk of infanticide per ca- 
pita increased with colony size. Alternatively, soli- 
tary pairs may be inherently difficult for other 
swallows to detect and thus suffer lower risks of 
infanticidal than colonial nesters. This is highly 
unlikely because unmated males can easily cover 
the relatively small study area and because solitary 
nests regularly had visits by strange males (Moller 
1987c). Female swallows could minimize the risk 
of infanticide either by breeding solitarily or by 
adopting anti-infanticide behavioural strategies. 
The cost of infanticide for the female may, how- 
ever, be balanced by other benefits of coloniality 
(Moller 1987c). Unmated male swallows did not 
settle in an ideal free fashion, but tended to aggre- 
gate in larger colonies. Unmated males benefited 
from settling in colonies because of the larger 
number of opportunities to practise infanticide and 
gain access to widowed females. 

Female promiscuous behaviour is a potential 
anti-infanticide strategy because the certainty of 
paternity will then be obscured (Altmann et al. 
1978; Hrdy 1981; Crook and Shields 1985). Even 
though female swallows in general and infanticide 
victims in particular had the opportunity to engage 
in extra-marital copulations with unmated males, 
females only accepted extra-pair copulation at- 
tempt from older mated males. Extra-pair copula- 
tions are not accepted by females as a component 
of an anti-infanticide strategy. The fact that un- 
mated male swallows were unsuccessful in obtain- 
ing reproductive success by getting a mate or by 
means of extra-pair copulations may make infanti- 
cidal takeover of a female the only strategy left. 
This strategy will thus also pay such males relative- 
ly more than any other strategy. 

High nest guarding intensity of nests by a pair 
seems likely to play a role in reducing infanticide. 
Unmated males were frequent in colonies, and pre- 
sumably in order to defend the nest against their 
infanticidal propensities, the time spent guarding 
nests during the first days of the nestling period 
was higher in colonies, and more so in large corn- 

pared with small colonies. This activity probably 
competes with other activities like foraging, feed- 
ing of nestlings, and extra-pair copulation behav- 
iour. If infanticide takes place at nests with low 
guarding intensity, there may be selection for in- 
creasing the intensity of nest guarding as much 
as possible. Therefore, division of the guarding ac- 
tivity between pair members will be important for 
maximising its efficiency. While female nest guard- 
ing increased by 15% from solitary to colonial 
nests, time spent guarding together with male 
mates increased only by 6% (Table 2), suggesting 
that guarding was intensified by one of the sexes 
rather than by a higher frequency of guarding by 
the pair members. Overall, colonial breeding will 
have the cost of nest guarding during the critical 
first days of the nestling period. 

Experimental detention of male swallows dur- 
ing the first days of the nestfing period caused a 
decrease in total nest guarding intensity. The atten- 
tion of unmated males was directed towards exper- 
imental colonial, but not towards experimental sol- 
itary nests. Subsequently, infanticide was only re- 
corded in experimental colonial nests, and only in 
those nests where the experimentally 'widowed' fe- 
male failed to compensate for the loss of nest 
guarding by the mate. The results of these experi- 
ments thus support the observations and confirm 
that unmated males preferentially visit unguarded 
nests in colonies and attempt to practice infanticide 
if given a chance. Thus, the risks of infanticide 
inherent in colonial life are greater for certain fe- 
males than for others, as a result of their different 
capability of defending their nests. Experimental 
removal of males in Palestine sunbirds Nectarinia 
osea similarly led to infanticide (Goldstein et al. 
1986). 

Sexually selected infanticide has previously 
been reported in swallows, purple martins Progne 
subis, cliff swallows Hirundo pyrrhonota, house 
wrens Troglodytes aedon, and Palestine sunbirds 
Nectarinia osea (Crook and Shields 1985; Allen 
and Nice 1952; Emlen 1952; Freed 1986; Gold- 
stein et al. 1986), but is likely to occur also in other 
species. The most important factors favouring its 
evolution are (1) colonial breeding which provides 
more opportunities for unmated males to locate 
inadequately guarded nests (see also Crook and 
Shields 1985), (2) asynchronous breeding allowing 
successful breeding following an initial nest failure 
(caused by infanticide), (3) a long breeding season 
with more than one brood per pair per season (for 
the reasons mentioned in (2), (4) a skewed sex ra- 
tio, (5) low relatedness between colony members, 
i.e. absence of kin selection (Crook and Shields 
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1985), and (6) high annual adult mortality rates 
which will discourage postponement of breeding 
to a following year. Potential infanticide candi- 
dates in the European avifauna include house mar- 
tin Deliehon urbica, sand martin Riparia riparia, 
fieldfare Turdus pilarus, house sparrow Passer do- 
mestieus, tree sparrow Passer montanus, and per- 
haps jackdaw Corvus monedula. 

My experiment revealed that male participation 
in nest guarding is important because it will in- 
crease the guarding intensity to a level which will 
prevent infanticide. The importance of male partic- 
ipation in the rearing of offspring is thus enhanced 
by the reproductive tactics of other males. Nest 
guarding in the swallow is also important in order 
to prevent intra-specific nest parasitism (Moller 
1987 a), and one might speculate that the increased 
paternal share of the breeding activities may reduce 
the male's opportunity to seek extra-pair copula- 
tions. In general, the outcome of sexual selection 
and the variance in male life time reproductive suc- 
cess will be determined in part by the reproductive 
tactics of conspecifics. 

Acknowledgements. A. Lundberg, K. Martin, W.M. Shields, 
and S. Ulfstrand commented on earlier versions of this paper. 
The research was supported by a grant from the Swedish Natu- 
ral Science Research Council. 

References 

Allen RW, Nice MM (1952) A study of the breeding biology 
of the purple martin (Progne subis). A m  Midl Nat 
47: 606-645 

Altmann J, Altmann SA, Hausfater G (1978) Primate infant's 

effects on mother's future reproduction. Science 
201 : 1028-1030 

Birkhead TR, Atkin L, Moller AP (1987) Copulation behaviour 
of birds. Behaviour 101 : 101-138 

Crook JR, Shields WM (1985) Sexually selected infanticide by 
adult male barn swallows. Anim Behav 33:754-761 

Emlen JT (1952) Sociol behavior in nesting cliff swallows. 
Conder 54:177-199 

Freed LA (1986) Territory takeover and sexually selected infan- 
ticide in tropical house wrens. Behav Ecol Sociobiol 
19:197-206 

Ford NL (1983) Variations in mate fidelity in monogamous 
birds. Curr Ornithol 1 : 32%356 

Goldstein H, Eisikovitz D, Yom-Tov Y (1986) Infanticide in 
the Palestine sunbird. Condor 88 : 528-529 

Hausfater G, Hrdy SB (1984) Infanticide: comparative and evo- 
lutionary perspectives. Aldine, New York 

Hrdy SB (1981) The woman that never evolved. Harvard Uni- 
versity Press, Cambridge, Mass 

McKinney F, Cheng KM, Bruggers DJ (1984) Sperm competi- 
tion in apparently monogamous birds. In: Smith RL (ed) 
Sperm competition and the evolution of animal mating sys- 
tems. Academic Press, Orlando, pp 523-545 

Mock DW (1984) Infanticide, siblicide, and avian nestling mor- 
tality. In: Hausfater G, Hrdy SB (eds) Infanticide: compara- 
tive and evolutionary perspectives. Aldine, New York, pp 
3-30 

Moiler AP (1985) Mixed reproductive strategy and mate guard- 
ing in a semi-colonial passerine, the swallow Hirundo rus- 
tica. Behav Ecol Sociobiol 17: 401-408 

Moiler AP (1987a) Intraspecific nest parasitism and anti-para- 
site behaviour in swallows Hirundo rustica. Anim Behav 
35:247-254 

Moller AP (1987b) Behavioural aspects of sperm competition 
in swallows Hirundo rustica. Behaviour 100:92-104 

Moller AP (1987c) Advantages and disadvantages of colonia- 
lity in the swallow, Hirundo rustica. Anim Behav 
35:819-832 

Rohwer S (1986) Selection for adoption versus infanticide by 
replacement "mates" in birds. Curr Ornithol 3 : 353-395 

Siegel S (1956) Nonparametric statistics for the behavioral 
sciences, McGraw-Hill, Kogakusha, Tokyo 

Sokal RR, Rohlf FJ (1981) Biometry. Freeman, San Francisco 


