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Abstract. In spite of the huge potential impact of floaters on population processes, their biology remains 
poorly understood. This review, based on ornithological literature, highlights the need for a better 
understanding and outlines topics for future studies on the biology of floaters. The presence of floaters may 
be a key factor affecting sexual selection, reproductive strategies, the evolution of territoriality and 
population dynamics in the majority of birds. Generally, floaters have lower survival rates than territorial 
birds. Male and female floaters may reproduce with territorial birds, becoming helpers or nest parasites. This, 
however, may give rise to numerous sexual conflicts, as resident birds may copulate with floaters. It seems, 
though, that floating is more a contingent ‘making the best of a bad job’ response than an evolutionarily 
stable strategy. The impact of floaters encompasses numerous territorial birds because each floating 
individual may use much more space than the residents. As floaters exhibit greater mobility, It is possible 
that they may affect landscape-level processes such as patch colonization and extinction dynamics and 
habitat patch occupancy patterns. As yet, little is known regarding how the presence of floaters affects 
population survival rates and hence, population regulation. This may be of particular significance in the case 
of endangered species. 
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I. Introduction 
 
Usually, floaters are known as non-territorial birds 
during breeding season (Newton 1998, Penteriani 
et al. 2011). Apparently, though, this term is also 
applied in referring to the winter period for birds 
that form territories at that time (Winker 1998, 
Brown & Long 2007). The presence of floaters is 
usually evidenced by removal experiments (New-
ton 1992, 1998, Winker 1998, Githiru et al. 2006, 
Wiebe 2011) with the simultaneous counting and 
marking of territorial birds in control areas, radio-
tagging, capture-mark and recapture techniques 
and molecular methods (Newton 1992, 1998, 
Brown & Long 2007). Using these or similar meth-
ods, floaters were found not only in many bird 
species (review in Newton 1998), but also in rep-
tiles (Duffield & Bull 2002), mammals (Wauters & 
Lens 1995, Hung et al. 2004), and insects (Field et 
al. 1998, Pedersen & Boomsma 1999, Nagy et al. 
2011). However, this review focuses on floating in 
birds, as this phenomenon has been most com-
monly addressed in ornithological literature. Al-
though floaters are a common phenomenon in 

bird populations, there is surprisingly little knowl-
edge of their biology. The presence of floaters is 
believed to be one of the most important indica-
tions of the regulation of population density by 
territorial behaviour (Newton 1998). Furthermore, 
most bird and other vertebrate populations have a 
skewed adult sex ratio, with an excess of males in 
the population in the majority of cases (e.g. Don-
ald 2007, Kovács & Sas 2010, Rosa et al. 2011). This 
finding implies that territorial behaviour may not 
be an obligatory factor underlying the occurrence 
of floaters. With a skewed sex ratio in the popula-
tion, even the presence of high quality territories 
might not guarantee breeding, because both the 
presence of a mate and its quality is what brings 
about breeding success (see also: Marra & Holmes 
1997). Therefore, in this review, the term ‘floater’ 
is used in a wider context to mean not only indi-
viduals with limited access to territories for breed-
ing, foraging, wintering and/or to mates, but also 
individuals for which floating may be a alternative 
living ‘strategy’, as compared to the usual territo-
rial tactics used by individuals. The review will 
show that the more usual, narrower definition 



Floaters in bird populations 
 

 

395 

fails to include all the possible tactics used by 
floating individuals.   

The paper reviews the ornithological literature 
on floater behaviour and the interrelation between 
this behaviour and habitat, as well as between 
floaters and individuals with access to territories 
and mates. It begins with an outline of floating 
frequency, presented in terms of males and fe-
males and age classes, as well as spatio-temporal 
differences in the occurrence of floaters in bird 
populations, covering survival rates of floaters 
and territorial residents and the occurrence of 
floaters during the non-breeding period. The tac-
tics used by floaters to gain reproductive suc-
cess/territories are then described and the ways in 
which these tactics affect the evolution of repro-
ductive strategies and behaviour of 
paired/territorial birds are discussed. Following 
this, the possibility that floater behaviour may 
strongly affect local population dynamics and the 
functioning of the metapopulations in fragmented 
landscapes is demonstrated. The final section 
shows the importance of floaters to conservation 
biology, when dealing with endangered species.  

 
 
II. Floaters in bird populations 
 
(1) Variation in sex and age classes 
Male floaters are more often noted than female 
floaters in bird populations (Newton 1998). Most 
studies report that the proportion of male floaters 
during the breeding season varies between 30 and 
70 % (Newton 1998). However, some studies posit 
an even higher proportion, reaching 83 % in Pied 
Flycatcher Ficedula hypoleuca (Sternberg et al. 
2002). The proportion of female floaters is usually 
lower than that of male floaters (Newton 1998). 
The populations of some species, though, also dis-
play an excess of females and female floaters were 
found, for example, in Montagu's Harrier Circus 
pygargus (Arroyo et al. 2007), Eagle Owl Bubo Bubo 
(Campioni et al. 2010), Starlings Sturnus vulgaris 
(Stutchbury & Robertson 1987) and  Mexican Ant-
trush Formicarius moniliger (Kirshel et al. 2011). In 
Red-billed Gull Larus novaehollandiae and Goshawk 
Accipiter gentilis the proportion of female floaters 
was almost twice as high as that of male floaters, 
reaching 59 % and 62 %, respectively (Mills 1989, 
Kenward et al. 1991). 
 Most floaters, both males and females, are young 
birds (Newton 1998, Penteriani et al. 2011).  In 
Lanyu Scops Owl Otus elegans, 50 % of floaters 

were less than two years old, and 37 % were three- 
to four-year-olds (Severinghaus 2002). In Eurasian 
Sparrowhawk Accipiter nisus in southern Scotland, 
almost all the floaters were one-year-old birds 
(Newton & Rothery 2001). In another raptor, 
Black-Kite Milvus migrans, the average age of 
floaters was 2.4 years and the average age of terri-
torial birds, 6.8 years (Sergio et al. 2009). 

 
(2)  Survival rates for floaters 
The survival rate of floaters is usually significantly 
lower than that of territorial birds (Smith & Arcese 
1989, Orell et al. 1994, Cam et al. 1998).  In Great 
Horned Owl Bubo virginianus, territorial birds 
showed a better annual survival rate, at 90.5 %, 
than floaters, at 70.1 % (Rohner  1997 a). In the 
Hawai‘i ‘Elepaio Chasiempis sandwichensis sand-
wichensis, survival rates in territory holders varied 
between 81 % and 87 % , while in the floater 
group, they were lower, varying between  32% 
and 51 % (VanderWerf  2008). However,  it seems 
that, within a floater group, there are no differ-
ences in survival rates between sexes, as has been 
reported for  Green-rumped Parrotlet Forpus 
passerinus (Sandercock et al. 2000) and Hawai‘i 
‘Elepaio (WanderWerf 2008). 

 
(3) Floaters during the non-breeding period 
Brown & Long (2007) provide a broad review of 
winter floating. Thus, only a few of the most im-
portant topics are outlined in this paper. Winter 
floating is characterized by a variety of tactics em-
ployed by birds and it is often substantially differ-
ent from floating during the breeding season. The 
presence of floaters during winter has been ob-
served in species that form winter territories and it 
may be related to the abundance and distribution 
of food (Snow & Snow 1984, Skórka & Wójcik 
2005, Skórka et al. 2006, Towsend et al. 2010). 
Brown et al. (2000) used radio-telemetry to meas-
ure the movement and territoriality of Hermit 
Thrush  Catharus guttatus and found that the 
thrushes saturated suitable patches in the area un-
der study. A few non-territorial birds (14%) 
moved between occupied territories, but most re-
mained within a larger area, apparently awaiting a 
territory vacancy.  

 Contrary to breeding period territories, win-
ter territories are often formed by groups of birds, 
such as, for instance, Tits Parus sp., which form 
flocks occupying a resource-rich area and floaters 
have been observed in those populations (Smith 
1987). Flocks of Willow Tit Poecile montanus  oc-
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cupy territories during the non-breeding season, 
but many juvenile floaters roam around or switch 
between several flocks (Hogstad 2003). When they 
are among flock members, the floaters foraged in 
the less favourable parts of trees and were more 
vigilant than the lowest-ranked juvenile flock 
members. The daily growth bars of induced feath-
ers in male and female floaters, laid down under 
winter conditions, were significantly narrower 
than those of the lowest-ranked flock members. 
These results suggest that, in winter, juvenile 
floater Willow Tits have a poorer nutritional status 
than low-ranking juvenile flock members (Hog-
stad 2003).   

Data on the behaviour and body condition of 
adult floaters and territory holders during winter 
are scarce, simply because most floaters are young 
birds (Brown & Long 2007). In Ovenbird Seiurus 
aurocapilla, the body condition of winter floaters 
was similar to that of territorial birds when there 
was a shortage of food but, surprisingly, the body 
condition index was also lower in floaters than in 
territorial birds when surplus food was provided 
(Brown & Sherry 2008). This result may be ex-
plained by the differential space use for the two 
groups (Brown & Sherry 2008). 

Interesting floating behaviour related to food 
accessibility and abundance has been found  in 
Eurasian Woodcock Scolopax rusticola  (Duriez et 
al. 2005) and the existence of three types of indi-
vidual strategies has been noted during winter for 
this species (Duriez et al. 2005). During daylight 
hours, 34% of the birds remained in a unique core 
area of approximately 1 ha during January and 
February, while 18% used several core areas suc-
cessively, never returning to a previously used 
core and 48% alternated between several core ar-
eas, displaying exploratory movements around 
several core areas, which were visited several 
times. The successive core-use strategy was con-
sidered a subset of a distinctive strategy whereby 
the birds were forced to change sites because food 
had become less abundant after depletion (Duriez 
et al. 2005). 

Winter floating is, inevitably, a phenomenon 
requiring further study. Winter conditions are of-
ten crucial in shaping successive breeding success 
( Lehikoinen et al. 2006, Guillemain et al. 2008,  
Robb et al. 2008) and one important, but as yet un-
answered, question is the role played by winter 
floating in subsequent breeding tactics and suc-
cess. The variety of floaters types during winter 
indicates that their influence on later reproduction 

may be significant. First, at the population level, 
winter floaters decrease the average fitness by de-
pleting resources and increasing competitive in-
teractions, essentially acting to lower average 
habitat quality and thus, survival (Davies & Hous-
ton 1981, Brown & Long 2007). However, if winter 
floaters have a lower survival rate than territorial 
birds, then, during the subsequent breeding sea-
son, competition for territories and mates should 
be low (Brown & Long 2007). Surprisingly, there is 
no study showing the correlation between the 
proportion of floaters during the non-breeding 
and breeding seasons. Moreover, under this sce-
nario, a low rate of extra-pair paternity is ex-
pected, a topic which is discussed further on in the 
paper. Second, if floaters survive the winter better 
than territorial birds, then floating individuals 
may take up vacant breeding territories but, ow-
ing to their generally lower social rank and body 
condition, average breeding success in the popula-
tion should again show a decrease. However, 
these hypotheses have yet to be put to the test. 

 
 
III. The reproductive ecology of floaters and  
its consequences for paired or resident birds 

 
(1) How can male floaters reproduce? 
Male floaters may apply two types of behaviours. 
They can try to seduce paired females and engage 
in extra-pair copulation, or they can attempt to set-
tle in the vicinity of a territorial pair, or male, and 
then do everything possible, including helping 
and learning, in order to inherit the territory in the 
future. 

Male floaters may reproduce with paired fe-
males (Pearson et al. 2006, Stapleton et al. 2007, 
Brekke et al. 2011). Usually, male floaters’ success 
in gaining the possibility of copulation with paired 
females is low. In Eastern Kingbird Tyrannus tyr-
annus, Cooper et al. (2009) estimated that only 6.7 
% of male floaters sired young. However, the 
breeding success of male floaters may be high 
when offspring from extra-pair fertilization is 
more heterozygous than in their maternal half-
siblings, which accords with the genetic compati-
bility hypothesis (Stapleton et al. 2007). In Tree 
Swallows, the high heterozygosity of extra-pair 
offspring was explained by females who were en-
gaging in extra-pair copulations with geographi-
cally distant males which were predominantly 
floaters (Kempenaers et al. 2001). They did so to 
increase the likelihood of being inseminated by a 
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more compatible mate, which, again, accords with 
the genetic compatibility hypothesis (Møller 1992, 
Tregenza & Wedell 2000). Moreover, if males vary 
in sperm availability then females may benefit 
from pursuing extra-pair copulations as a fertility 
insurance (Lombardo et al. 2002), opening the op-
portunity for male floaters to reproduce.  

In cooperatively breeding species, floater 
males may become helpers. Helping can  improve 
survival, owing to the benefits of group living and 
might provide a learning experience that improves 
reproductive success once the helper becomes a 
breeder  (Emlen & Wrege 1989, Heppell et al. 1994, 
Baglione et al. 2002, Ryder et al. 2011). Helpers are 
not necessarily related to paired birds. It has been 
shown in Hoopoe Upupa epops that some unre-
lated, non-territorial males may carry food to fe-
males, as well as to chicks (Martin-Vivaldi et al. 
2002). However, the food loading appeared to be 
lower than in the case of pair-males, so the under-
lying reason for this help could be an attempt at 
convincing the female to accept extra-pair copula-
tion (Martin-Vivaldi et al. 2002). 

In Wire-tailed Manakin Pipra filcauda in the 
Amazonia lowland rainforest (Heindl 2002), terri-
torial males maintain dispersed territories at lek 
sites in the forest. These sites are visited by other 
territorial, non-territorial and immature males. 
The majority of the territorial visitors were never 
seen to engage in joint displays with the territory 
owners, whereas the non-territorial male visitors 
attempted displays with the resident bird during 
more than half of the interactions observed. The 
coordinated displays between the two types of 
males may have a cooperative function of attract-
ing a female or inheriting the territory (Heindl 
2002).  

Occasionally, floaters are linked to the territo-
ries of high-quality individuals referred to as ‘tu-
tors’, from whom they may learn song repertoires. 
This has been found to be the case for Song Spar-
row Melospiza melodia (Nordby et al. 1999) and it 
may enhance the future establishment of territory 
and attraction of a mate on the part of floaters.  

It is also possible that male floaters use mim-
icry in order to enter a territory for extra-pair 
copulation. In some species, delayed plumage 
maturation has been observed in younger age 
classes (Rohwer et al. 1980, VanderWerf & Freed 
2003, Schwarzová et al. 2010). VanderWerf & 
Freed (2003) tested the hypothesis that, in first and 
second year Elepaio Chasiempis sandwichensis, 
males mimic the coloration of older birds. They 

presented model birds to territorial males and 
noted the aggressive behaviour which resulted. 
Models of both first- and second-year sub-adult 
males were subject to less attack than those of 
adult males and the aggression increased linearly 
with the age of the models. However, sub-adult 
plumage appeared not to function in sexual mim-
icry (VanderWerf & Freed 2003).  
 
(2) How can female floaters reproduce? 
Female floaters may gain reproductive success by 
engaging in intraspecific brood parasitism, settling 
within the territory of a paired male and breeding 
as a secondary female or forming a female-female 
pair. 

An experiment showing that female floaters 
reproduce by brood parasitism was performed on 
Grey Starling Sturnus cineraceus (Saitou 2001). The 
late breeders mainly consisted of new immigrants 
which had not bred in the early breeding season 
and this suggested that these new immigrants had 
probably been floaters at that time. Because in-
traspecific brood parasitism occurred frequently, 
with the percentage of intraspecific parasitized 
nests varying from 33 % to 79 % in different years, 
it is possible that the parasites were floaters with-
out nesting boxes. To check for the presence of 
floaters, Saitou (2001) conducted two field ex-
periments. Floaters were captured with the use of 
traps and additional nesting boxes were provided 
during the breeding season. All the new boxes 
were quickly occupied by floaters for the incuba-
tion and hatching period in the early breeding sea-
son, but were not occupied by floaters during the 
egg-laying period of the late breeding season. The 
addition of boxes before the start of the breeding 
season significantly decreased both the parasitic 
rate and the number of parasitic eggs per nest. The 
removal of the boxes led to an increase in the 
parasitic rate again. As regards the capture of 
floaters with traps, the number of birds trapped 
per day was also related to nesting-box occu-
pancy. The floaters trapped between the incuba-
tion and nesting periods of the early breeders be-
came the late breeders.  

In another study, Sandell & Diemer (1999) ob-
served female floaters in a population of European 
Starling Sturnus vulgaris in order to determine 
their identity and potential parasitic behaviour. 
Females were caught after being attracted to nest 
boxes with artificial nests. None of the females 
were known to have a nest of their own at the time 
of their capture, but almost half the females either 
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laid an egg in the nest or carried a fully developed 
egg within their reproductive tract, indicating that 
they were intraspecific brood parasites. The float-
ing females were significantly younger and 
smaller than the breeding females. Almost all of 
the thirteen female floaters fitted with radio-
transmitters and followed daily started a breeding 
attempt of their own after 3 to 8 days and the ma-
jority either settled as secondary females or mated 
with males where the original female had disap-
peared.  

Intraspecific nest-parasitism is, however, a 
low-return alternative to non-breeding, rather 
than a specialized, equal-fitness alternative to 
nesting. In American Coot Fulica americana in Can-
ada, the annual reproductive success of floater fe-
males was 16 times lower than that of the territo-
rial, nesting females (Lyon 1993). Moreover, para-
site’s eggs may be recognized and removed by the 
nest owner; however, typically, conspecific para-
sitic eggs are accepted in the majority of hosts 
where conspecific parasitism was detected (Lyon 
& Eadie 2008, Honza et al. 2009).  

As an alternative to nest parasitism, female 
floaters may settle within the territory of a paired 
male and breed as a secondary female. Kem-
penaers (1995) found that secondary females of 
Blue Tit Cyanistes caeruleus  needed less time for 
nest building and incubation and laid smaller 
clutches, which increased the probability of their 
young hatching early, relative to the primary 
brood. Moreover, breeding success was positively 
related to the help received by a male (Kem-
penaers 1995). However, secondary females such 
as these often fail to reproduce successfully if the 
male redirects his parental investment towards the 
primary female (Kempenaers 1995). 

It is also possible for female floaters to form 
female-female pairs. This behaviour is often noted, 
for instance, in gulls and terns (Conover & Hunt 
1984, Betleja et al. 2007). The eggs of the females 
from such bond may be fertilized by males 
through extra-pair copulations and the parental 
care provided by both females may guarantee 
breeding success. However, this is usually lower 
than in a heterosexual pair (Shugart et al. 1988, 
Nisbet & Hatch 1999). 

It is also interesting to note that, to the au-
thors’ knowledge, there is no evidence that float-
ing males may interact sexually with female float-
ers. In a situation where the number of territories 
is the limiting factor and territory owning is neces-
sary to the achievement of any breeding success, 

both male and female floaters would appear in the 
population. In such a situation, the female floaters 
could copulate with the male floaters and then 
parasite the broods of territorial pairs. 

 
(3) The effects of floaters on territorial behaviour 
The presence of floaters in a population means 
that the territorial birds have to cope with several 
problems, such as the probability of their mates’ 
extra-pair copulation with floaters, the stealing of 
resources on the part of the floaters and higher 
competition for the territory itself. One of the most 
probable effects of floaters on territory defence is 
that the increasing number of competitors de-
creases the area that each individual occupies 
(Both & Visser 2000, Penteriani et al. 2009). 

Floaters can contribute substantially to extra-
pair copulation and paternity (Leisler et al. 2000, 
Conrad et al. 2001). Therefore, it should be ex-
pected that, in populations with a higher propor-
tion of floaters, the guarding of both mate and ter-
ritory guarding will probably be intense (Fishman 
& Stone 2002, Horiuchi 2007). Indeed, in Tawny 
Owl Strix aluco, the vocal activity between May 
and September fluctuated in accordance with the 
variation in the density of juvenile floaters (Sunde 
& Bolstad 2004).  

 Interestingly, the effect of the floater intrusion 
rate on territory defence may be modified by in-
teractions with the owners of neighbouring terri-
tories. As a result of floater pressure, the males of 
some species face higher competition for females 
than they do for nest sites and benefit more by 
guarding their mates, rather than their nests. 
However, the opposite may be true when territo-
rial neighbours are main intruders. In a study 
conducted by Beasley (1996), two congeners, Vio-
let-green Swallow Tachycineta thalassina, and Tree 
Swallow T. bicolor, were compared in order to 
identify the factors that influence how males avoid 
being cuckolded. Males of each species were tem-
porarily detained to test whether they faced dif-
ferent levels of competition for nest sites and fe-
male mates. The caged male violet-green swallows 
were more likely to be cuckolded than lose their 
nests. Numerous non-territorial male floaters tried 
to gain access to each unguarded female violet-
green Swallow by following her, but they did not 
try to take over her nest. The captured male tree 
swallows suffered high risks of both nest loss and 
cuckoldry, because the male intruders, which were 
usually territorial neighbours, tried to usurp the 
nest and copulate with the unguarded female 
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when she was there. The female Violet-green swal-
lows which had been caught were not replaced by 
unmated female floaters, but the female Tree swal-
lows were (Beasley 1996).   

Phenotypic traits or signals may reliably in-
form opponents about individual familiarity 
(Møller & Pomiankowski 1993) and there may be 
differences in the response of a territory owner to 
floaters and neighbours. Thus, these traits may be 
predictive of aggressiveness during a contest 
(Andersson 1994). Indeed, in many species, terri-
tory owners show reduced aggression towards 
familiar neighbours at their territory’s border 
compared to the aggression shown towards unfa-
miliar floaters, something which has been dubbed 
the ‘dear enemy phenomenon’ (Ydenberg et al. 
1988, Temeles 1994).  

Because the number of floaters is directly 
linked to a surplus of territory, there should be 
strong selective pressure to enhance mating, 
which may be achieved primarily by earlier arrival 
(Kokko 1999). Generally, a bird arriving early at 
the breeding ground has both a higher probability 
of territory acquisition and higher breeding suc-
cess (Møller 1994, Lozano et al. 1996, Kokko 1999). 
In the highly male-biased Common Eider Somate-
ria mollissima population, floaters tend to arrive 
earlier than pairs in order to maximize the time 
available for extra-pair copulation in the breeding 
grounds (Lehikoinen et al. 2008). In extreme cases, 
both male and female floaters may even kill an en-
tire brood in order to rebound the mate or nest 
hole (Veiga 1990, Martin-Vivaldi et al. 2002). The 
intrusion rate by floaters may indicate that a terri-
tory is set to be overtaken in the future by a floater 
(Bruinzeel & van de Pol 2004, Piper et al. 2006). In 
this case, the territory owners need to increase 
their territory defence and chase all the floaters 
away. In Common Loons Gavia immer, there is a 
tendency for territorial breeders to conceal their 
chicks from flying intruders, perhaps in order to 
avoid a future takeover of the territory (Piper et al. 
2006), as the presence of chicks may serve to indi-
cate its quality.  

 
(4) Floaters and sexual conflicts  
The presence of male and female floaters in a 
population may give rise to sexual conflicts in 
paired birds. A strong surplus of male floaters in a 
population may also cause increased harassment 
of females during the pre-incubation period 
(Steele et al. 2007). Male floaters may copulate 
with paired females and a paired female may ac-

tively seek contact with floaters, thus causing the 
paired male to take care of the floater’s offspring. 
It is to be expected that, in populations with a high 
proportion of non-breeding adults, the guarding 
of mates may be more pronounced and frequent 
than in populations with a lower proportion of 
floaters. At the same time, extra-pair forays on the 
part of paired males should be less frequent 
(Hamao & Saito 2005). Moreover, territorial males 
can be expected to guard their females with par-
ticular intensity during the fertile stage (see: Evans 
et al. 2008) because their within-pair paternity is 
most at risk then. However, these hypotheses re-
quire further tests.  

As with paired males, paired females can also 
be threatened by female floaters. Males might in-
crease their chances of becoming polygynous by 
actively attracting floater females (Kempenaers 
1995). Female floaters may lay their eggs in other 
birds’ nests causing the nest owners to invest in 
alien genes. As outlined previously, a female 
floater may settle near a nest as a secondary fe-
male and, as a result, paired males might appor-
tion their parental investments between two fe-
males (Kempenaers 1994, 1995). This division of 
parental care may be modified by the hatching in-
terval between the two broods. Kempenaers (1995) 
showed that, if a hatching interval was small, the 
males divided their effort between the primary 
and secondary nest. If the hatching interval was 
large, the males only fed the nestlings of the pri-
mary female (Kempenaers 1995). In a study on 
Song Sparrow Melospiza melodia, Arcese (1989) 
showed that females in polygynous groups often 
raised their young without the aid of a male and, 
consequently, raised fewer young than monoga-
mous or male-assisted females. Thus, paired fe-
males should be expected to guard their mates 
even more intensively than floating females, as the 
potential costs linked with the presence of floater 
females is probably higher for paired females than 
that of the presence of male floaters for paired 
males.  

An important aspect of sexual selection in 
which floaters may play a significant role is the 
cost of searching for a mate (Real 1990, Milinski & 
Baker 1992). The presence of floaters may greatly 
lower the cost of seeking reproductive mates. In 
an experiment conducted by Dunn & Whitting-
ham (2007), female Tree Swallows were handi-
capped by having some of their flight feather 
clipped off. This manipulation increased the cost 
of flight and searching for extra-pair mates. De-
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spite this, the handicapped and control females 
displayed the same level of extra-pair mating, 
which is to say the percentage of extra-pair young, 
the percentage of broods with extra-pair young, 
and the number of extra-pair sires per brood. 
However, the handicapped females were more 
likely than the control females to have young sired 
by extra-pair males living closer to her nest.  

 
(5) Sexual selection. Is floating a strategy? 
Floaters were previously thought to be young, 
lower quality or subordinate individuals which 
were unable to compete with adult males for terri-
tory, a nest, or a mate. Interestingly, Fedy & Stu-
chbury (2004) found that some territorial white-
bellied antbirds Myrmeciza longipes temporarily 
abandon their territorial behaviour and become 
floaters for periods of two to thirteen months. 
Moreover, Kempenaers et al. (2000) found that 
some floaters are fit enough to breed. They dis-
covered that tree swallow male floaters were re-
sponsible for up to a quarter of extra-pair off-
spring. Kempenaers et al. (2001) also found that 
single floating males reproduce more than stay-at-
home, faithful males, but less than unfaithful, 
straying males. This is unexpected, since most ar-
guments in respect of the benefits to females of 
having extra-couple offspring focus on possible 
genetic benefits and it is counter-intuitive to have 
females being fertilized by sub-optimal males. In 
another study, Peer et al. (2000) compared relative 
investments in reproductive organs and sperm 
volume in Tree Swallow floater and territorial 
males. Floater males which father extra-pair 
young face intense sperm competition. Theory 
predicts that, under intense sperm competition, se-
lection favours males which produce more sperm 
(Møller & Briskie 1995, Petrie & Kempenaers 
1998). The authors found that floater tree swallows 
did not differ from resident males in any of the 
characteristics measured, including testes size, but 
the floaters had significantly larger cloacal protu-
berances. Furthermore, the floaters showed a high 
variation in the volume of the cloacal protuber-
ance, reflecting sperm numbers, which suggests 
that they engage in copulations. They thus con-
cluded that the results do not confirm the general 
assumption that floaters are lower-quality indi-
viduals which do not reproduce and suggested 
that Tree Swallow floater male invest heavily in 
sperm production, as do resident males, in order 
to exploit breeding opportunities through take-
overs or extra-pair copulations (Peer et al. 2000).  

However, the lack of morphological differ-
ences between floaters and resident birds does not 
contradict the notion that floaters are subordi-
nates. It is possible that floaters may invest more 
in reproduction because they do not invest in pa-
rental care or territory defence. The costs of paren-
tal care and territory owning might be high (e.g. 
Andersson et al. 2002, Low 2006, Ryder et al. 
2011), and thus resident birds could be superior to 
floaters, as residents invest also in other aspects of 
reproduction and not only the production of 
sperm.  

 Moreover, body mass and other morphologi-
cal traits may be a poor indicator of social status. 
According to the optimal body mass hypothesis, 
floaters should be heavier, storing more fat than 
residents. This hypothesis was tested on Coal Tit 
Periparus ater by Broggi & Brotons (2001). As ex-
pected, the fat scores were higher in floaters than 
residents during the non-breeding season. Thus 
morphological differences may be linked with 
lower resource predictability as regards food and 
a mate. However, this hypothesis has not been 
tested on birds during the breeding season.  

Being a floater could thus be posited as an 
evolutionarily stable strategy, maintaining popu-
lation if a male sired, on average, the same num-
ber of offspring from extra-pair copulations as a 
paired male does (see: Parker & Schwagmeyer 
2005). However, it does not match the data from 
real populations. It would thus seem that floating 
is more a contingent ‘making the best of a bad job’ 
response than an evolutionarily stable strategy 
(see also: Sandercock et al. 2000, Hogstad 2003, 
Emlen & Wredge 2004, Sol et al. 2005, Blas & 
Hiraldo 2010).  

 
 
IV. Floaters and the evolution  
of social behaviour 
 
One of the unexplored phenomenon of floater bi-
ology is the possible effects of floaters on the evo-
lution of flocking or altruistic behaviours among 
birds. Being a helper is well described and may be 
a good alternative to floating, as previously dis-
cussed, but the effects of floaters on the evolution 
of flocking is unknown. Individuals which are 
forced to become floaters may gain by flocking, as 
it is well known that this behaviour may enhance 
individual fitness (Krebs & Davis 1993). This can 
be particularly obvious during the winter period. 
To the authors’ knowledge, the only study outlin-
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ing how floaters may gain from flocking was con-
ducted by Sol et al. (2005) on Zenaida Doves 
Zenaida aurita. Approximately half of the doves at 
territorial sites were floaters which held no one 
territory but wandered between several. Com-
pared to the territory owners, the floaters were 
smaller and had shorter wings, traits that, in this 
species, mediate territory defence. Yet the floaters 
did not differ from the group feeding doves in 
these morphological traits. This suggests that the 
group feeders are floaters which have shifted to an 
alternative resource. The new resource appears to 
be suboptimal, as is indicated by the fact that the 
group feeders were in a worse physical condition 
than the territorial doves (Sol et al. 2005). The 
floaters may also gather together into non-
breeding groups in order to improve their chances 
of surviving long enough to have the opportunity 

of inheriting or taking over  territories (Ridley et 
al. 2005). These examples show that competition 
for territories and floater behaviour influence the 
emergence of flocking behaviour and should be 
addressed in further research. 

 
 
V. The use of space by floaters  
 
(1) Movement and habitat selection in floaters 
Floaters are usually more mobile, using more 
space and a greater diversity of habitats than terri-
torial birds (Bylicka et al. 2010, Campioni et al. 
2010). Recent studies carried out on radio-tracked 
birds indicate that floaters may have specific 
home-ranges (Prawiradilaga 2006). In a study 
conducted by Tobler & Smith (2004), Starling 
floaters moved within a specific area which was 
approximately seven times larger than that used 
by territorial birds. The non-breeders may remain 
in specific areas in order to gain local information 
about nest sites, which may improve their ability 
to compete for them in the forthcoming breeding 
season (for example, Eadie & Gauthier 1985, 
Stutchbury & Robertson 1987). The information 
thus gained may include the location and number 
of suitable nest and foraging sites, the perform-
ance of conspecificsand so forth (Boulinier et al. 
1996, Danchin et al. 2001, Pärt & Doligez 2003).  

In Great horned Owl Bubo virginianus, floater 
home ranges were about five times larger than de-
fended territories (Rohner 1997 b). Floaters in-
truded regularly into territories and their locations 
overlapped broadly with those of territory owners 
and other floaters, but were concentrated on the 

periphery of defended territories (Rohner 1997 b, 
see also Eason & Hannon 2003). 

The inferior position of floaters in contests 
with territory owners implies also that floaters 
should be expected to occupy habitat types differ-
ent from those of residents (Sherry & Holmes 
1989, Holmes et al. 1996, Latta & Faaborg 2002, 
van de Pol et al. 2007). However, this also suggests 
that, in floaters, ‘habitat choice’ is, in fact, con-
strained. This habitat segregation may coincide 
with human management practices. In North 
America, dense shrubs or young trees in early-
successional forests, created by clear-cutting, may 
provide habitat for floaters and post-breeding, mi-
grant forest songbirds in the Missouri Ozarks, as 
opposed to the older forest stages in which mostly 
adult birds were captured (Pagen et al. 2000). 
Floaters may also shift habitat depending on envi-
ronmental conditions, such as, for instance, the oc-
currence of the dry season (Latta & Faaborg 2002).  

 
(2) How do floaters acquire a territory? 
There is little information available on the way 
floaters become territory owners. Behaviour-based 
theoretical models on territory acquisition (Ens et 
al. 1995, Stamps & Krishnan 1999) assume that 
time spent in a specific area increases the likeli-
hood that an individual will be successful in that 

area. This assumption is widely accepted but has 
rarely been tested (Stamps 1987, 1995). To the au-
thors’ knowledge, only a few studies have ex-
perimentally tested whether floater site attachment 
is associated with territory acquisition. Bruinzeel 
& van de Pol (2004) scrutinised the intrusive be-
haviour of floaters in an Oystercatcher Haematopus 
ostralegus population by successively removing 

breeding birds and then observing the floaters as 
they took over those vacancies. Birds familiar with 
the area and its inhabitants filled 80% of the ex-
perimentally created vacancies. They were mainly 
floaters with a close proximity intrusion record. 
The floaters which obtained experimentally va-
cated territories had intruded significantly nearer 
to the territory before removal compared with the 
floaters which were unsuccessful in taking over a 
vacancy. In general, the vacancies which were not 
occupied by intruding floaters tended to be lo-
cated in areas where fewer intruding floaters had 
been seen prior to removal. Similarly, in Purple 
Martins Progne subis, floaters settled within the in-
trusion area in experimental vacancies created by 
adding new nest-boxes in the breeding season  
(Stutchbury 1991). Moreover, an interesting study 
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conducted by Piper et al. (2006) on Common 
Loons Gavia immer showed that the information 
required by floaters may consist of expected future 
breeding success linked with territory quality. The 
increase in intrusion rate after a year of chick pro-
duction supported the habitat-copying hypothesis, 
which states that floaters use the presence of 
chicks as a cue in respect of which territories to 
target for future attempts at territorial takeover 
(Piper et al. 2006). 

As regards establishing their own territories, 
former floaters may more often switch territory 
site and/or mate, as compared to permanent terri-
tory owners, as was demonstrated with the Buff-
breasted Wren Thryothorus leucotis (Gill & 
Stutchbury 2006). However, Ens et al. (1995) found 
the opposite situation to occur with Oystercatcher 
floaters, which often wait several years for a va-
cancy at sites with high-quality territories. They 
(Ens et al. 1995) posited the queue hypothesis, pos-
tulating that low- and high-quality territories 
might have equal fitness pay-offs, since the bene-
fits of breeding in a high-quality territory were 
presumed to be counterbalanced by the later onset 
of breeding at these preferred sites (however, see 
van de Pol et al. 2007). Moreover, other studies in-
dicate that the delayed dispersal of young birds 
from their parents’ territory may be related to the 
future chance of territory heritance, survival and 
other benefits (Eikenaar et al. 2007). 

 
 
VI. Floaters, habitat fragmentation and  
metapopulation dynamics 
 
Habitat fragmentation is thought to create a bar-
rier to individual movement and is a cause of the 
formation of a system of discrete patches, inhab-
ited or uninhabited by the local population (Fahrig 
2003). Nowadays, this system, which is known as 
metapopualtion, has a central place in ecology and 
conservation science (Hanski 1999). Floaters could 
play a crucial role in metapopulation persistence 
because of their higher mobility and, hence, a 
higher probability of empty/extinct patch coloni-
zation. They can also act as rescuers when encoun-
tering a small and/or isolated population and may 
enhance higher gene-flow among subpopulations. 
Surprisingly, only a few authors address the 
above-mentioned problems and, to date, the ma-
jority have not been investigated in detail. Fraser 
& Stutchbury (2004) studied movement patterns in 
Scarlet Tanager Piranga olivacea in fragmented for-

ests in North America. They found that the birds 
made extensive and frequent movements between 
different forest patches. Paired males were less 
likely to leave their capture fragment, and trav-
elled shorter distances. Unpaired males in forest 
fragments had two distinct tactics, dubbed ‘seden-
tary’ and ‘mobile’. ‘Sedentary’ floaters moved 
mostly within one fragment and sang at high 
rates, while ‘mobile’ floaters spent 58% of the total 
time away from their captured fragment and trav-
elled more than a kilometre from the capture site 
over open fields and through forests. They also 
sang in different habitat patches during movement 
(Fraser & Stutchbury 2004). This study shows that 
floaters may enhance the colonization rate of 
empty habitat patches in fragmented habitats.     

 At the same time, habitat fragmentation itself 
may have an enormous influence on the number 
of floaters in a (meta) population. The loss of con-
nectivity among forest fragments reduced both the 
mating success in male Chucao Tapaculos Scelor-
chilus rubecula and the probability of juvenile dis-
persal (Willson 2004). Over 20% of the chicks in 
poorly connected fragments stayed in their natal 
fragments, as compared overall to only 3% in well-
connected fragments. The frequency of floater, 
non-mated males was consistently higher in 
poorly connected fragments, as compared to well-
connected fragments (Willson 2004). Lower nest-
ing and pairing success in small habitat fragments 
may cause individuals to disperse permanently in 
search of new territories (Bayne & Hobson 2002). 
In Ovenbirds Seiurus aurocapillus, the males dis-
played a higher probability of mating in continu-
ous forest and in the interior of forest rather than 
in fragmented landscape and near the forest edge 
(Bayne & Hobson 2001). This was owing to the fact 
that the females avoided forest edges, probably as 
a result of increased predation and brood-
parasitism (Van Horn et al. 1995, Burke & Nol 
1998).  Bayne & Hobson (2002) also found that, at 
34%, the survival rate was lower in small forest 
fragments of <15 ha in an agricultural landscape 
than in forestry fragments or continuous forest, at 
56% and 62%, respectively.  

The differential habitat occupancy in floaters 
may also generate a source-sink metapopulation. 
Floaters may be forced to live in worse habitat 
patches, which can act as sink habitats, where the 
net reproduction rate is low. Such systems occur 
in birds (see: Kauffman et al. 2004, Gardali & Nur 
2006, Moga et al. 2010). The question as to whether 
floaters, as inferior individuals, settle in poor habi-
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tats and how this changes the local population 
dynamics requires answering by means of future 
studies 

 
VII. The role of floaters in the regulation  
of population dynamics 
 
The nature and extent of population regulation 
remains the cardinal unanswered question for 
many types of organisms (Rodenhouse et al. 1997). 
Recent theoretical and empirical studies have re-
vealed that the presence and survival rate of float-
ers has an enormous impact on population persis-
tence, regulation and density-dependence (Lopez-
Sepulcre & Kokko 2005, Penteriani et al. 2005, 
2006, 2011). Territory holding is the foremost de-
terminant of fitness in territory animals and parti-
tion space can have crucial implications for the 
population dynamics (Gordon 1997, Newton 1998, 
Both & Viser 2003, Morrell & Kokko 2005, Moga et 
al. 2010). As only limited space and, therefore, re-
sources, are available to birds, those that do not 
hold territories must become floaters and thus 
population regulation appears. Also, as popula-
tion size increases, so does the number of floaters 
and, as they do not breed, the average per capita 
growth rate decreases and this results in density 
dependence, a phenomenon known as the Moffat 
equilibrium (Moffat 1903, Hunt 1998).  

An interesting theoretical study by Lopez-
Sepulcre & Kokko (2005) indicates that two differ-
ent modes of population regulation emerge from 
the same evolutionary process. Density depend-
ence arises through the expansion and reduction 
in territory size. If fecundity is low, breeding suc-
cess is positively correlated with territory size and 
territory defence is inexpensive. On the other 
hand, when fecundity is high, breeding success 
gradand defence thus becomes costly. The model 
predicted fixed territory sizes and regulation by 
floaters (Lopez-Sepulcre & Kokko 2005). One of 
the assumptions of this model was that the habitat 
is homogeneous, in other words, its quality is con-
stant. This is a rather unrealistic simplification 
which requires elaboration in future models for 
population regulation by floaters (Lopez-Sepulcre 
& Kokko 2005), but predictions from this model 
may constitute a wide arena for field tests.  

Some field data partially fits into the scenarios 
outlined above. A study carried out in Spain on a 
large data set for Spanish Imperial Eagle Aquila 
adalberti (Penteriani et al. 2005) showed that the 
dispersing individuals were highly dependent on 

the number of available settlement areas, as de-
termined by prey availability. Environmental sto-
chasticity had a strong influence on population vi-
ability when it occurred synchronously between 
breeding and settlement areas, and an increase in 
floater mortality had a negative influence on the 
stability and dynamics of the breeding segment of 
populations in reproductive areas. 

The negative effect of floaters on the reproduc-
tion of territorial pairs may be visible at the level 
of population growth. Carrete et al. (2006) studied 
Bearded Vultures Gypaetus barbatus in Spain in or-
der to evaluate the consequences of population 
growth on reproductive performance. The mean 
annual productivity decreased with an increasing 
population size, but was also negatively related to 
the distance between the nearest conspecific 
breeding pair and the supplementary feeding 
points where floaters congregated. These results 
suggest that vulture populations are regulated by 
site-dependency since, as the population in-
creased, the average productivity was observed to 
decrease because progressively poorer territories 
were used. The combined effects of territory 
shrinkage and the presence of floaters around 
supplementary feeding points seem to be the main 
causes of productivity decline and are therefore 
the main determinants of territory quality (Carrete 
et al. 2006). 

 
 
VIII. Floaters and conservation implications 
 
The occurrence of floaters may have great implica-
tions for species conservation (Penteriani et al. 
2011). Endangered or threatened populations 
could crash without warning because traditional 
measures, such as the counting of nests or mating 
pairs, do not provide a complete picture of species 
health and could lead to false, and potentially fa-
tal, conclusions in respect of the stability of criti-
cally endangered species (Bart 1995, Penteriani et 
al. 2011). In Eastern Imperial Eagles Aquila heliaca 
nest counts showed a relatively stable population 
but, when adult survival dropped , they were re-
placed by new birds from floater populations 
(Katzner et al. 2007, Rudnick et al. 2008). Such un-
attached, non-mating birds can constitute up to 
half of the total eagle population. Similar results 
were found for farmland birds in the UK (Durell & 
Clark 2004). The buffer effect of floaters means 
that there can be a time lag between the start of a 
total population decline and a detectable breeding 
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population decline. Differences in the timing of 
declines in closely related, farmland birds could 
therefore be due to slight differences in their 
population dynamics, rather than differences in 
their response to agricultural change (Durell & 
Clark 2004).  

The great influence of floaters on population 
dynamics raises a question as to how floaters in 
endangered species can be protected. Knowledge 
of floater population size and of their movement 
may greatly enhance conservation of endangered 
species by identifying the sites where the indi-
viduals gather. A very promising approach was 
applied by Rudnick et al. (2008). They used ge-
netic analysis of non-invasively collected feathers 
to investigate the population biology of non-
breeding Eastern Imperial Eagles. The microsatel-
lite profiles of the shed feathers indicated that 
these eagles roost communally with other raptors. 
Given that 287 non-breeding Eastern Imperial Ea-
gles were detected. The natal origins of these indi-
viduals were investigated by comparing their mi-
crosatellite profiles to those available for >90% of 
the eastern imperial eagle chicks hatched previ-
ously during the study. Only 4% of the individuals 
genetically matched a chick, suggesting that the 
reserve may serve as a critical refugium for pre-
adults and itinerant floaters. As floaters usually 
have a higher mortality than territory owners, in 
the case of an endangered species, conservation ef-
forts may be applied to increasing the survival 
rate of this part of population (Newton 1998, See-
mans & Gutierrez 2007).  

 Paradoxically, in the case of restricted avail-
able habitat, density dependence arising from the 
presence of floaters may also increase the prob-
ability of population extinction. The higher the 
competition for territories and intrusion of float-
ers, the more negative the density dependent ef-
fect on reproduction may become. This may be an 
important and unrecognised threat to endangered 
species inhabiting small habitat islands with a 
large proportion of floaters (Kelsey & Collins 2000, 
Githiru et al. 2006, Hockey et al. 2011). This prob-
lem is one requiring a great deal more attention in 
future works. 

 
 
IX. Conclusions 
 
(1) It is surprising that, although they often consti-
tute such a large part of a population, the biology 
of floaters has not been studied more thoroughly. 

There is a mismatch between the theoretical pre-
dictions on space use and competition for territo-
ries among territory owners and floaters and some 
of the empirical data, especially those obtained 
from experimental tests of model predictions.  

(2) Floaters have lower survival rate than terri-
torial birds. The differences in survival rates be-
tween territory holders and floaters may influence 
the evolution of dispersal, migration, partial mi-
gration and delayed dispersal. All of this is known 
primarily from theoretical deliberations. Empirical 
data, however, primarily in the form of experi-
mental studies, are rare.  

(3) Both male and female floaters try to attain 
reproductive success by copulations with territo-
rial birds, or by becoming helpers or nest para-
sites. It has been suggested that floating may be a 
strategy in response to sexual selection. What re-
mains unanswered, however, is whether floating 
may be a genuine evolutionarily stable strategy or 
is simply a ‘make the best of a bad job’ one.  

(4) There is lack of data on behavioural inter-
actions between individuals in floater fractions, 
for example, between male and female floaters. 

(5) Presence of floaters may arise sexual con-
flicts and influence behaviour of territorial birds 
that have to use different tactics to defend terri-
tory, nest and the mate. However, the knowledge 
about these tactics is unsatisfactory. Moreover, it is 
unknown how the presence of floaters affects evo-
lution of territory defence and mate choice. 

(6) Floaters use much more space than territo-
rial birds. However, it seems that they do not 
move randomly and often posses specific home-
ranges. This also indicates that the potential be-
havioural influence of an individual floater may 
extend to many territorial birds. Future studies 
should focus on the tactics of territory acquisition 
by floaters. 

(7) The greater mobility of floaters indicates 
their potential influence on landscape-level (meta) 
population processes such as extinction and colo-
nization probability, patch occupancy patterns 
and mobility between habitat patches. Surpris-
ingly, data on these phenomena are very rare and 
this is very promising subject for future studies.  

(8) A area for wide-open for future examina-
tion is the obtaining of a better understanding of 
the role of floaters in population persistence prob-
ability in the case of endangered species. The 
presence of floaters may be both beneficial and 
harmful. The floaters may constitute a ‘buffer 
zone’ against population size changes. however, 
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this may, in turn, lead to, inter alia, a delay in con-
servation actions. Thus, the presence of floaters 
should be included in any population monitoring 
or conservation programme, in particular, those 
concerning endangered species.  

 (9) Knowledge in respect of floater ecology 
can be advanced by using molecular techniques 
and radio tagging, which substantially improve 
our understanding of the role of floaters in sexual 
selection. However, the enormous difficulties in-
herent in the study floater biology should stimu-
late researchers to seek for new methods of exam-
ining this unexplored area of bird life. 
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