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Summary. Pairs of fieldfares breed singly or in col- 
onies. Their breeding season was subdivided into 
an early part, when the trees were still leafless, 
and a late part, when the trees had leaves. Early 
colonial pairs had a significantly higher nesting 
success than single pairs. However, amongst late 
broods the nesting success of both categories of 
pairs was the same. Colonies of only two pairs 
show a weak trend suggesting that it could be ad- 
vantageous for early broods to have a neighbour 
nearby, while the nesting success of late broods 
seems to be highest if the neighbour is farther 
away. The number of neighbours is more impor- 
tant than the distance to the nearest neighbour 
when colonies of different sizes are examined. The 
nesting success of colonial broods is also in- 
fluenced by the time of breeding. Success increases 
with colony size, in early colonies, but the opposite 
applies for the late breeding season. 

A little owl was placed near single and colonial 
nests to show how communal defence contributed 
to the greater success of early colonial nests. Preda- 
tors entering a colony risk being contaminated by 
significantly more faeces due to the higher rate of 
attacks by fieldfares using aimed defecation near 
colonial nests and these could affect the predators' 
flying ability. 

The possibility of fieldfare colonies serving as 
information centres for food finding is also dis- 
cussed. 

I n t r o d u c t i o n  

Fietdfares breed in colonies or in single pairs. The 
question is which breeding strategy is more advan- 
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tageous and why: e.g. because it decreases preda- 
tion and/or supports more efficient foraging. 

The breeding biology of fieldfares in southern 
Germany is well known (Haas 1982). Two-thirds 
of all broods begin before April. The breeding peri- 
od shows two distinct breeding peaks - the first 
in mid April, the second in May. Leaves do not 
emerge before May and the crowns of trees are 
not fully covered until the end of that month. Nests 
of early breeding pairs without the protective cover 
of leaves can be easily detected by potential preda- 
tors. Total brood losses are mainly caused by pre- 
dation, although a few are due to infertile clutches 
and the abandoning of broods during bad weather: 
Total losses caused by starvation of the young were 
not observed, although some individuals do die 
for this reason. The main diet of fieldfares is earth- 
worms (Lfibcke 1975 b; Furrer 1977). Availability 
of earthworms is highest during March and de- 
creases towards summer when they retreat deeper 
into the ground (Kollmannsperger 1955; Wilcke 
1962). 

Fieldfares have a spectacular way of protecting 
their nests against potential predators (Haas 1980). 
They simultaneously aim and defecate when mob- 
bing a potential predator (L6hrl 1983; Mester 
1976). These attacks can, in extreme cases, lead 
to the loss of the predator's flying ability (Bezzel 
1975; Furrer 1975, 1979). 

Clumped cryptically coloured prey without ac- 
tive defence suffers more predation than randomly 
distributed prey, even if it is hidden (Tinbergen 
et al. 1967). In accordance with these results An- 
dersson and Wiklund (1978) found that colonies 
of artificial nests suffer higher predation than sin- 
gle artificial nests. Predation of artificial nests close 
to breeding fieldfares is highest near solitary pairs 
and lowest in the centre of a fieldfare colony. Slags- 
vold (1980) obtained similar results. In Scandina- 
via, nest predation is lower in colonies than single 
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nests (Andersson and Wiklund 1978; Wiklund and 
Andersson 1980; Wiklund 1983). Lfibcke (1975a) 
did not find this in a German fieldfare population, 
nor did Hogstad (1983) in Norway. 

I investigated whether the nesting success of 
colonial and single broods in southern Germany 
differed with the breeding period. 

Materials and methods 

Population. Fieldfares, Turdus pilaris L., were studied at differ- 
ent localities spread over an area of approximately 600 km 2 
north of Lake Constance, from 1976 to 1979 (for map and 
further details see Haas 1982). 758 broods were recorded, of  
which 684 could be used to compare the nesting success of 
colonial and single breeding pairs. 

The breeding season was divided into an early period con- 
taining broods where the first egg was laid before May 1 and 
a late one containing those where the first egg was laid later. 

Active nests within 100 m of one another  were defined as 
colonial, nests further away as single. The greatest distance 
observed between two nests whose owners " a i ded"  one another  
in nest defence was 98 m. Colony size was recorded for each 
nest separately, counting all active broods within the given 
range (colony s i ze=number  of active neighbouring n e s t s + l )  
during its active phase from egg laying until the young fledged 
or it was preyed upon. This method has one disadvantage: 
nests which survive for a long time may have a higher colony 
size (due to the addit ion of later breeding pairs) than nests 
which were preyed upon earlier. However, this method seems 
to be the most  appropriate way of estimating colony size when 
nest survival time is so variable and the colony structure is 
more often chain-like than clumped. Ali nests with a colony 
s i ze>6  were grouped in one size class to minimise this disad- 
vantage. This also increased the number  of nests in the largest 
colony size class and thus aided statistical comparison of the 
nesting success in relation to colony size of early and late nests. 

Nesting success was studied at three brood stages: the 6th 
day after the start of egg laying (FC = full clutch), when the 
young were due to hatch (YH) and when the young were 
8-10 days old and due to be banded (YB). A nest was consid- 
ered successful up  to the brood stage at which it was last ob- 
served regardless of partial predation. Most  nests were checked 
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Fig. 1. Frequencies of single and colonial broods (at beginmng 
of egg laying) in 5-day intervals (pentades), numbers give pen- 
tade of the year 

at intervals of 2-3 days until the third brood stage, unless they 
had been destroyed by predators. Nests were inspected by using 
a mirror at the tip of a telescopic stick and/or  by climbing 
up the tree to check the full clutch and to band the young. 
Other inspections were made from the ground by watching 
the parents visiting the nest. 

Brood defence. The defence behaviour of the fieldfares was mea- 
sured by placing a live little owl (Athene noctua) below the 
test single or colonial nest within 10 m. The little owl was placed 
in the middle of a hexagonal green board, 1 m z in area, divided 
into a 1 cm 2 grid. During a 15 min period (commencing from 
the first attack) all attacks with and without defecation and 
the defecated area of the board were recorded. Only single 
breeding pairs and small colonies (up to three pairs) were tested. 
All tests were performed at nests containing young between 
April 20 and June 28, 1979. 

Results 

Success of  single and colonial-nests 

The ratio of single to colonial nests is significantly 
lower in the early than in the late part of the breed- 
ing period (Fig. a; Z2=18.6, P<0.001). The 
number of single nests increases only slightly while 
there is a great drop in the number of colonial 
nests from the early to the late season. In the early 
breeding period nesting success is significantly 
higher for colonial than for single nests at all three 
brood stages (FC: P<0.001;  YH: P<0.002;  YB: 
P<0.01).  No such difference is found in the late 
breeding period (Fig. 2). The only difference be- 
tween early and late nests is found in single broods, 
which are significantly more successful in the late 
breeding period (FC: n.s.; YH: P<0.006;  YB: 
P < 0.02). 

Effect o f  neighbour distance on nesting success 
within colonies 

The distance to the nearest neighbour increases sig- 
nificantly (Fig. 3; rs=0.79, P=0.01)  as the year 
proceeds. Figure 4 shows the nesting success of 
nests with only one neighbour within a radius of 
100 m. The influence of the five distance classes 
and the time of breeding on nesting success was 
examined using the 3-way contingency test, two 
tailed (Sokal and Rohlf 1981). Interaction between 
all three factors is only indicated for full clutches 
(P = 0.056), all possible interactions of this test are 
not significant. 

Effect o f  colony size on nesting success 
in early and late broods 

To test whether colony size and nearest neighbour 
distance affect nesting success independently, all 
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Fig. 2. Nesting success at three brood stages, FC full clutch; 
Y H  young hatched; YB young banded. Vertical lines give the 
95% confidence intervals 
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Fig. 3. Annual variation of nearest neighbour distance in 5-day 
intervals 

three were analysed separately for early and late 
colonies (Fig. 5, 3-way contingency test). No sig- 
nificant interaction between all three factors is 
found in either the early (P=0.19) or the late (P= 
0.31) colonies. The only significant interaction of 
interest occurred betWeen colony size and success 
(P<0.003), in early colony broods. As expected, 
there was also a highly significant interaction be- 
tween colony size and nearest neighbour distance 
for both periods (P<0.001). Figure 5 shows the 
tables used to conduct the test, plus graphs to facil- 
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neighbour distance, dn nearest neighbour distance; s nesting 
success; cs colony size 

itate interpretation of their results. Early broods 
with three or more neighbours are more successful 
than those with only one or two, irrespective of 
the nearest neighbour distance. No significant cor- 
relation was found between nesting success and 
colony size in late broods. This may be due to 
the adverse effect of small and large nearest neigh- 
bour distances on nesting success (Figs. 2 and 5). 
There is no other indication that nearest neighbour 
distance within colonies influences nesting success. 

Figure 6 shows how colony size affects nesting 
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Table 1. Reaction of colonial and single breeding pairs towards 
a little owl. n no. of tests; m median 
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No. of mobbing No. of attacks Defecated 
attack flights with defecation area in cm z 

Colonies 40-160 10-22 322-1137 
n = 1 0  m = 9 9  m=13  m=636 

(n = 8)  

Single pair 6-149 I 8 84-424 
n = 8  m = 7 4  m=5.5  m=201 

Mann- P = 0.12 P < 0.001 P < 0.002 
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Fig. 6. Colony size and nesting success. FC, YH, YB see Fig. 2 

success in early and late colonies. The low success 
of the few nests with a large number of neighbours 
was found in one particular study area with excep- 
tionally large colonies where most broods were 
preyed upon. The five colony classes used for anal- 
ysis were: 2, 3, 4, 5, > 6. The difference between 
the influence of colony size on nesting success for 
the early and for the late period was significant 
(3-way contingency test, FC: P=0.034; YH: P <  
0.001 ; YB: P <  0.001). With one exception the suc- 
cess of all three brood stages correlated significant- 
ly in both breeding periods with colony size (2-way 
contingency test, early colonies: FC, P=0.239; 
YH, P = 0.026; YB, P < 0.002; late colonies: FC, 
P--0.049; YH, P=0.013; YB, P=0.019). Success 
increases in early colonies and decreases in late 
colonies as colony size increases (Fig. 6). 

Defensive defecation in fieldfare colonies 

Table i gives the results of the experiment with 
the little owl near single and colonial broods. The 
number of attacks with defecation and the defe- 
cated area is significantly higher for colonial 
broods than for single broods with only one de- 

fending pair. Only the number of attacks without 
defecation does not increase significantly. 

Discussion 

Nest predation should be highest in colonies which 
are not hidden by leaves, unless the anti-predator 
attacks of the parents compensate for the higher 
vulnerability of a breeding colony. 

If the combined anti-predator behaviour of col- 
onies compensates for the negative effect of 
clumped prey then the nesting success of colonial 
broods should be equal to or higher than that of 
single nests. If it does not have this effect, nesting 
success in colonies should be equal to or lower 
than that of single nests. The effect of coloniality 
on the survival of fieldfare nests in southern Ger- 
many would not have been found without distingu- 
ishing early and late broods. Environmental condi- 
tions change dramatically between these two 
breeding periods. Early nests have less protection 
against detection by predators than later nests, 
which are started after leaves have emerged at the 
end of April and early May. The inverse effect 
of colony size and, eventually, nearest neighbour 
distance upon the nesting success of early and late 
colonial broods explains why Lfibcke (1975 a) did 
not find differences in nesting success for colonial 
and single broods. 

It can be concluded that coloniality in fieldfares 
evolved under a high predation pressure and the 
need to breed as early as possible. Once they had 
evolved their effective anti-predator behaviour in 
the form of aimed defensive defecation they could 
breed earlier and exploit the higher availibility of 
earthworms. The high nesting success of early colo- 
nial broods is quite probably achieved through the 
increased costs to predators of the specialised mob- 
bing behaviour with aimed defecation from a 
larger number of attacking birds. A predator enter- 
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ing a colony risks having its feathers glued together 
by significantly more faeces (Table 1), which could 
affect its flying ability. Wiklund and Andersson 
(Wiklund 1983) drew the same conclusion from 
a similar experiment using a magpie (Pica pica), 
an important nest predator of fieldfares. The spe- 
cialised defence behaviour with aimed defecation 
makes it most unlikely that the high nesting success 
of early colonial broods lies merely in the colonia- 
lity itself, i.e. that there is a repellent effect of colo- 
nies upon predators without some sort of rein- 
forcement. The results presented here and those 
of Andersson and Wiklund (1978), Wiklund and 
Andersson (1980) and Wiklund (1982) demon- 
strate the different effects of colony size on nesting 
success when environmental circumstances change. 
The only protection of early broods comes from 
the colony. A trend within the smallest colony class 
(two nests) indicates that breeding close together 
might be advantageous. Nearest neighbour dis- 
tance no longer has any influence on nesting suc- 
cess when all colony classes are considered togeth- 
er. The fact that nesting success in late broods de- 
creases as colony size increases could be explained 
by a reduction in the effectiveness of mobbing 
behaviour due to the many leaves. It could also 
be that the predators, especially crows (Corvus cor- 
one), approach a colony in the late breeding period 
more carefully, using the cover the leaves provide 
(L6hrl, personal communication). 

Ward and Zahavi (1973) postulated that all 
kinds of aggregations in birds were primarily for 
food finding, whereas systems with a defensive 
function against predators evolved secondarily. 
Crook (1964) and Lack (1968) provide good eco- 
logical arguments in favour of Ward and Zahavi's 
hypothesis. However, the data presented here and 
the fledging success (no. of fledged young, as op- 
posed to the subject of this study, which is nesting 
success) of  colonial and single broods in fieldfares 
(Haas 1980) do not support this; neither does Wik- 
lund and Anderssons' result (1980). Colonial nests 
never had a higher fledging rate than single nests. 
Indeed the opposite seems to be true. Single pairs 
with late broods show a tendency to raise on aver- 
age more young than colonial breeders (Haas 
1980). 

Earthworms are the staple diet of adult and 
nestling fieldfares (Liibcke 1975b; Furrer 1977). 
Availability of earthworms in the upper layers of 
the soil decreases as the soil becomes drier as sum- 
mer approaches (Kollmannsperger 1955; Wilcke 
1962). Otto (1979) found that eggs in dense colo- 
nies weigh less than those in spread-out colonies. 
This result does not support the hypothesis of the 

colony acting as an information centre for food 
finding, if one accepts the assumption that lighter 
eggs are the result of a lower availability of earth- 
worms. This could itself be the result of more field- 
fares from one colony exploiting the same food 
resource. 

Fieldfares can exploit the greater abundance 
of earthworms near the surface in the early breed- 
ing period. The communal anti-predator attacks 
allow them to nest as successfully as late broods 
and give breeding pairs the chance to breed a sec- 
ond time in the same year. The wide range of spac- 
ing patterns, from dense, through spread-out colo- 
nies, to single breeding pairs, and the same shift 
from colonial to single breeding between early and 
late broods is probably "a result of a compromise 
between selection for clumping to allow joint de- 
fense against predation and selection for dispersal 
of cryptic broods to avoid detection by predators" 
(Horn/968).  The bimodal distribution of the start 
of egg laying in fieldfares (Haas 1982) might reflect 
this. Possibly there are already two genetically dif- 
ferent populations with reduced outbreeding: one 
with a majority breeding early and colonially, us- 
ing the high abundance of lumbricidae; the other 
breeding late and carrying out territorial defence 
of a reduced food supply against conspecifics. Fu- 
ture studies will have to show whether early colo- 
nial breeding pairs breed singly in the late breeding 
period, remain colonial or do not breed again at 
all. 
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