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Public Information and Breeding 
Habitat Selection in a Wild Bird 

Population 
Blandine Doligez,l 2* Etienne Danchin,1 Jean Clobert1 

According to the "public information" hypothesis, some animal species may 
monitor the current reproductive success of conspecifics to assess local habitat 
quality and to choose their own subsequent breeding site. To test this hy- 
pothesis experimentally, we manipulated two components of public informa- 
tion, the mean number of offspring raised locally ("quantity") and their con- 
dition ("quality"), in the collared flycatcher Ficedula albicollis. Immigration rate 
decreased with local offspring quantity but did not depend on local offspring 
quality, suggesting that immigrants are deprived of information regarding local 
quality. Conversely, emigration rate increased both when local offspring quan- 
tity or quality decreased, suggesting that residents can use both components 
of public information. 

Whenever resource quality and/or quantity 
vary in time and space, individual animals 
need to gather information on the environ- 
ment to make optimal choices (1-3). Infor- 
mation and decision-making processes are 
major factors constraining the evolution of 
behavioral (4) and life-history traits (5). 
However, the nature of the information used 
by individuals in decision-making is poorly 
understood (6, 7). The task is complicated by 
the temporal and spatial scales involved [e.g., 
in breeding habitat selection (8)] and by the 
multiplicity of cues that can be used in a 
context-dependent way, especially in species 
with large cognitive abilities [e.g., (9)]. Iden- 
tifying one or several integrative cues ex- 
plaining a large part of the variance in indi- 
vidual decisions is often a challenge (10). 

Theoretical (8, 11) and empirical (5, 12- 
14) evidence exists for the use of public 
information [in the sense of (15), i.e., the 
performance of conspecifics] in breeding 
habitat selection, where the mean reproduc- 
tive success in a breeding patch may function 
as public information about its quality. Fur- 
thermore, prospecting for breeding sites [i.e., 
gathering information about potential future 
breeding sites (7)] appears to include gather- 
ing public information in several species (4, 
7, 16, 17). However, current evidence that 
individuals cue on public information in 
breeding habitat selection is only correlative 
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and thus cannot be used to reject the altera- 
tive hypothesis that individuals use some oth- 
er cues of habitat quality that are linked to 
reproductive success of conspecifics. Exper- 
iments are therefore needed to assess the 
relevance and generality of the use of public 
information in breeding habitat selection. 

We manipulated local reproductive suc- 
cess of collared flycatchers (Ficedula albicol- 
lis), a small migratory passerine bird, on the 
island of Gotland, Sweden (18), from 1997 to 
1999, by transferring 7-day-old nestlings be- 
tween nests among breeding plots. Thus we 
created plots where the mean number of 
fledglings per breeding pair was increased (I), 
decreased (D), or left unchanged, by moving 
nestlings within plots from brood-removed to 
brood-increased nests (C1) or by no manipu- 
lation (C2) (19). All plots contained unma- 
nipulated nests. We recorded subsequent 
movements of individuals to compute immi- 
gration and emigration rates. One immigra- 
tion rate was defined for each age and sex 
class as the ratio of the number of immigrants 
(19) on the number of nest boxes available to 
them (19), thus accounting for interspecific 
competition with tits (Parus spp.) (20) and 
occupation by residents. Emigration was de- 
fined as a change of plot by an individual 
between one year and the next one(s) (13, 
19). Based on the public information hypoth- 
esis, we predicted that immigration should 
increase and emigration decrease when mean 
reproductive success was experimentally in- 
creased, and vice versa (19). 

As for previous brood size manipula- 
tions (21), our experiment affected both the 
mean number of fledglings per breeding 
pair per plot and their mean body condition 
at fledging (Fig. 1). Mean fledgling number 
was increased in I plots and decreased in D 
plots, compared with control plots; Cl and 
C2 plots did not differ (Fig. 1A). Mean 

body condition was decreased in plots con- 
taining enlarged broods (plots I and C1), 
compared with plots where no nest received 
additional nestlings (plots D and C2, Fig. 
1B). These differences in measures of plot 
reproductive success between treatments 
were due to the sole effect of the experi- 
mental manipulation, because when com- 
paring unmanipulated nests, the mean num- 
ber and body condition of fledglings in a 
plot a given year did not differ between 
treatments [mean number: F(3,29) = 0.61, 
P = 0.62; condition: F(3,29) = 0.87, P = 
0.47; accounting for year and replicate]. 

Both fledgling number and condition have 
been shown to covary with local recruitment 
of breeders the following years (20, 22). 
Thus, individuals could potentially use both 
local fledgling quantity and quality to predict 
their expected fitness in various plots in the 
following year(s). Because our manipulation 
reversed the natural positive correlation be- 
tween local fledgling quantity and quality due 
to individual phenotypic quality [supporting 
online text (19)], it is possible to disentangle 
their respective roles in breeding habitat se- 
lection. If birds use only the quantity of fledg- 
lings (or give more weight to this cue), we 
expect their assessment of breeding plot qual- 
ity to decrease from I plots to control plots, 
and from control plots to D plots. If birds use 
only the quality of fledglings, their assess- 
ment of plot quality should increase from I 
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Fig. 1. Effects of the experimental manipulation 
on two components of local reproductive success 
in the collared flycatcher: (A) mean number of 
fledglings per breeding pair per plot (+1 SEM); 
(B) mean body condition at fledgling (+ 1 SEM), 
computed as the mean value of the residuals of 
the linear regression of weight on tarsus length 
both measured at day 13 [F(1,3937) = 
1792.47, P < 0.0001; R 2 = 0.313]. Experimen- 
tal treatments: I: increased plots; C1: control 1 
plots; C2: control 2 plots; D: decreased plots. 
Numbers above bars are sample sizes; the sam- 
ple unit here is one plot in one year. 
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plots to D plots. If birds use fledgling quan- 
tity and quality as two separate cues, and if 
they give more weight to the cue with the 
highest numerical value, their assessment of 
plot quality should be higher for both I and D 
plots than for control plots. Finally, if birds 
use both fledgling quantity and quality but 
give more weight to the cue with the lowest 
numerical value, their assessment of plot 
quality should be lower for both I and D plots 
than for control plots. 

Local immigration rates strongly differed 
among treatments (Fig. 2). Immigration was 
higher in increased (I) plots than control 
plots, and lower in decreased (D) plots than 
control plots; it did not differ between C and 
C2 plots (Fig. 2). This pattern is expected if 
individuals use only fledgling quantity, and 
not quality, in their settlement decisions. 

Adult emigration probability also dif- 
fered among treatments (Fig. 3). After con- 
trolling for the effect of sex and breeding 
experience (13, 23), we found that adult 
emigration probability was higher in "in- 
creased" (I) and "decreased" (D) plots than 
in control plots (Cl and C2), whereas it did 
not differ between I and D plots, or be- 
tween C1 and C2 plots, respectively (Fig. 
3). This pattern suggests that adults use 
both fledgling quantity and quality when 
making emigration decisions: when either 
local fledgling quantity or quality is low, 
adults assess the quality of their breeding 
plot as low, and they leave it. The alterna- 
tive hypothesis that individuals cue on the 
number of juveniles at independence, 
which integrates the effect of condition at 
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Fig. 2; Immigration rate (+1 SEM) of collared 
flycatchers in the different experimental treat- 
ments. The y axis represents values corrected 
for the effect of sex [F(1,118) = 17.27, P = 
0.0001] and change in the number of nest 
boxes within plots between years [F(1,118) = 
6.37, P = 0.0129; immigration rate increased 
with the number of nest boxes in the plot]. 
Immigration rate was not affected by year 
[F(2,118) = 2.47, P = 0.09], replicate within 
treatment [F(8,118) = 0.88, P = 0.54], age 
[F(1,118) = 1.36, P = 0.24], and breeding den- 
sity the previous year [F(1,118) = 0.37, P = 
0.54]. Both sexes responded the same to the 
treatment (interaction treatment by sex: 
F(3,115) = 0.05, P = 0.98]. One immigration 
rate was computed per age (yearling versus 
older) and sex category, thus giving four values 
per plot per year. 

fledging through early survival (24), is not 
supported by the immigration pattern. 

These results could only be explained by the 
use of public information, and they imply that 
flycatchers, like many avian species (7), pros- 
pect to gather public information (25). Obser- 
vations confirm that prospecting is linked to 
public information in this species (26). The 
difference in the cues that affect emigration and 
immigration is likely to reflect constraints in 
such information-gathering processes. Al- 
though information on the current breeding or 
natal plot is easy to acquire (and thus a mis- 
match between fledgling quantity and quality is 
easy to detect) for resident individuals (i.e., 
potential emigrants), information on the current 
quality of other breeding plots is probably dif- 
ficult to gather by breeders and newly fledged 
juveniles (i.e., potential immigrants) because of 
spatial and temporal constraints. However, as 
both quantity and quality of fledglings are pos- 
itively correlated in nature, each measure brings 
sufficient information by itself. 

Settlement decisions of dispersers also 
differed according to their previous brood 
treatment [N = 108, X2(2) = 13.49, P = 

0.0012]. After accounting for sex differences, 
the brood-removed individuals were more 
likely to disperse to I plots than were unma- 
nipulated individuals [53.8% and 18.7%, re- 
spectively; contrast: n = 93, X2(l) = 4.36, 
P = 0.0367], and brood-increased individuals 
were less likely to disperse to I plots than 
were unmanipulated individuals [0% and 
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Fig. 3. Adult collared flycatcher emigration 
probability (+1 SEM) according to experimen- 
tal treatment. The y axis represents residuals 
from the logistic regression of emigration on 
sex [X2(1) = 54.09, P < 0.0001 (13, 23)]; 
interaction treatment by sex [X2(3) = 2.03, P = 

0.57] and previous breeding success [X2(1) = 
40.02, P - 0.0001 (13, 23)]. Emigration prob- 
ability was not affected by year [X2(2) = 0.26, 
P = 0.88], replicate within treatment [X2(7) = 
10.35, P = 0.17], density of breeding pairs the 
previous year [X2(1) < 0.00, P > 0.99], breed- 
ing time [measured by hatching date; X2(1) = 
0.57, P = 0.45], or individual manipulation 
[brood-removed versus unmanipulated individ- 
uals in plots D and C1: n = 118, X2(1) = 0.59, 
P = 0.44; brood-increased versus unmanipu- 
lated individuals in plots I and C1: n = 155, 
X2(1) = 0.67, P = 0.41]. Thus the perturbation 
induced by the manipulation per se is not re- 
sponsible for the observed emigration pattern, 
whereas individual breeding success strongly 
affects emigration probability. 

18.7%, respectively; contrast: n = 95, 
X2(1) = 7.12, P = 0.0076], independently 
from the manipulation on the plot scale 
[X2(3) = 3.31, P = 0.51; no difference in the 
probability to settle in plots C1, C2, or D was 
observed]. These percentages significantly 
differ from a random distribution of dispers- 
ers among available plots [X2(3) = 13.97, 
P = 0.0029]. Thus, individual breeding ex- 
perience, i.e., "personal information" [in the 
sense of (15)], also influences both departure 
and settlement decisions, and the meaning of 
public information cues may differ according 
to the individual's previous experience. 

Both individual departure and settlement 
decisions were affected by our manipulation 
of local reproductive success, providing ex- 
perimental evidence that birds use public in- 
formation in breeding habitat selection. The 
use of public information was particularly 
expected in species with high breeding den- 
sities (11, 12, 14), high survival prospect (8), 
and open nests (11) and for failed breeders or 
juveniles that cannot rely on their own repro- 
ductive success (12). Our results, obtained for 
all breeders of a noncolonial, short-lived, and 
cavity-nesting species (18, 20), show that the 
use of public information in breeding habitat 
selection may be much more widespread than 
previously thought. In addition, this also 
shows that birds can use separately fine com- 
ponents of public information. 

Our results emphasize the complexity of the 
cognitive processes involved in the use of pub- 
lic information. Different decisions are based 
on different cues, and individuals with different 
phenotypes use these cues differently in relation 
to their own skills and experience. This com- 
plex context-dependent use of public informa- 
tion has implications both in evolutionary ecol- 
ogy [e.g., the evolution of animal aggregation 
as a consequence of gathering knowledge on all 
the commodities needed to breed (27, 28)] and 
conservation biology [e.g., the management of 
reintroduced populations accounting for indi- 
vidual strategies of breeding habitat selection 
(29, 30)]. To address such implications, more 
data are now needed on information-gathering 
processes (7). A recent experimental study in a 
colonial sea-bird species provided evidence that 
breeder attendance and presence of prospectors 
were affected by the manipulation of local re- 
productive success (17). Our results show that 
varying constraints on information-gathering 
among phenotypes are likely to shape the use of 
public information in dispersal. 
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C-1027 is a potent antitumor agent with a previously undescribed molecular 
architecture and mode of action. Cloning and characterization of the 85- 
kilobase C-1027 biosynthesis gene cluster from Streptomyces globisporus re- 
vealed (i) an iterative type I polyketide synthase that is distinct from any 
bacterial polyketide synthases known to date, (ii) a general polyketide pathway 
for the biosynthesis of both the 9- and 10-membered enediyne antibiotics, and 
(iii) a convergent biosynthetic strategy for the C-1027 chromophore from four 
building blocks. Manipulation of genes governing C-1027 biosynthesis allowed 
us to produce an enediyne compound in a predicted manner. 
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C-1027 is a chromoprotein antibiotic pro- 
duced by Streptomyces globisporus and com- 
posed of an apoprotein and the C-1027 chro- 
mophore (1) (Fig. 1) (1). It belongs to the 
enediyne family of antibiotics, structurally 
characterized by a unit consisting of two 
acetylenic groups conjugated to a double 
bond or incipient double bond within a nine- 
or 10-membered ring, as exemplified by 1 or 
calicheamicin yi, respectively [see support- 
ing online material (SOM) (fig. S1)]. The 
enediyne antibiotics are potent antitumor 
agents with a previously undescribed molec- 
ular architecture and mode of action (2-5). 
Although the natural enediynes have seen 
limited use as clinical drugs mainly because 
of substantial toxicity, various polymer-based 
delivery systems or enediyne-antibody con- 
jugates have shown clinical promise and suc- 
cess in anticancer chemotherapy (4-7). A 
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great challenge will be to develop ways to 
make new enediynes for mechanistic and 
clinical studies. 

Genetic manipulations of genes governing 
secondary metabolism offer a promising al- 
terative to preparing complex natural prod- 
ucts biosynthetically (8-11). The success of 
this approach depends on the cloning and 
genetic and biochemical characterization of 
the biosynthetic pathways of the metabolites. 
The enediynes offer the opportunity to deci- 
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pher the genetic and biochemical basis for the 
biosynthesis of structurally complex natural 
products and to explore ways to make anti- 
tumor agents by manipulating genes govern- 
ing enediyne biosynthesis. Here, we report 
the cloning, sequencing, and characterization 
of the complete C-1027 biosynthesis gene 
cluster from S. globisporus, revealing an it- 
erative type I polyketide synthase (PKS) with 
a previously undescribed domain organiza- 
tion and a convergent biosynthetic strategy 
for 1 from four biosynthetic building blocks. 
Manipulation of genes governing C-1027 
biosynthesis allowed us to engineer enediyne 
compounds, as exemplified by deshydroxy- 
C-1027 (2). 

We have previously cloned the sgcAB 
genes and demonstrated that they are essen- 
tial for C-1027 production in S. globisporus 
(12). Because antibiotic production genes 
commonly occur as a cluster in actinomyce- 
tes, we set out to identify the C-1027 biosyn- 
thesis gene cluster by chromosomal walking 
from the sgcAB locus. An 85-kb contiguous 
DNA from S. globisporus was sequenced and 
analyzed, revealing 67 open reading frames 
(ORFs) (see SOM) (Fig. 2A). To determine 
the boundaries of the C-1027 gene cluster, 
ORFs at both ends of the sequenced region 
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Fig. 1. Structures of the C-1027 (1) and deshydroxy-C-1027 (2) chromophores and their aroma- 
tized products (3) and (8). 
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