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Foraging and singing are amongst the most
important activities of Blue Tits Parus

caeruleus and Great Tits Parus major when
breeding.1,2 Whereas tits spend much of their
time searching for food throughout the year,1,3�5

singing occurs chiefly in spring. Bird song has
several purposes (which are not mutually
exclusive), such as territorial defence, mate
guarding, or attraction of extra-pair mates.6,7

In this study we analyse whether tits differ-
entially select microhabitats for foraging and
singing just before starting breeding. Tits
should select the tallest places for singing 
(to be heard from farther away) whereas they
should forage in places of higher food avail-
ability. Field work was carried out in a mixed
woodland of Umbrella Pine Pinus pinea, Holm
Oak Quercus ilex and Prickly Juniper Juniperus
oxycedrus located near San Martín de
Valdeiglesias (40°19′N, 4°21′W), Madrid
province, Central Spain. The relative abun-
dances of each tree species are 58.3, 31.86 
and 9.78%, respectively. We measured tit
behaviour from 27 April to 5 May 1993, just
before the main breeding period for both
species (pers. obs.). 

For each focal bird, we noted the micro-
habitat it was occupying (ground, shrub or tree
branch), activity (singing or foraging), the
height of the tree or shrub where the animal
was performing such activity, and the height at
which the bird was located at 30-s intervals,
taking a maximum of nine samples per 
individual and never more than three in the

same microhabitat.8 We recorded bird activity
in the morning, from dawn to 09.30 hours
(Greenwich Mean Time). The average number
of records per individual bird was 2.08 and 2.18
for Great and Blue Tit, respectively. The selec-
tion of tree species by tits was analysed by
means of the Savage index9 (wi = Ui/pi) defined
as the proportion of used units (Ui), divided by
the proportion of available units (pi). See Illera
& Atienza10 for further details.

Both Blue and Great Tits selected different
tree species to sing and to forage (Fig. 1). 
Holm Oaks supported the largest arthropod
abundances in their canopies10 (7.54 ± 1.05 mg
dry weight of arthropods/100 g of branch); 
as expected, they were strongly selected by 
foraging tits. Umbrella Pines had the lowest
arthropod availability (2.35 ± 0.43 mg dry
weight of arthropods/100 g of branch); they
were negatively selected by Great Tits and used
according to their availability by Blue Tits
(Table 1). Both tit species preferred pines, the
tallest trees, for singing, although this prefer-
ence was significant only for the Great Tit
(Table 1). Prickly Junipers were barely used by
Great Tits and never by Blue Tits (Fig. 1).
Further, the mean singing height for both tit
species (Table 1) was greater than the mean
height of Holm Oaks (�xoaks = 4.85 ± 1.80 m, 
n = 65; U = 598.5, P < 0.05 and U = 325.5, 
P << 0.01, for comparisons with the mean
singing height of Great and Blue Tits, respec-
tively; Mann�Whitney test).

Results suggest that the proportion of time
spent by tits in each tree species was related to
both food availability and tree height. Birds
selected the microhabitats supporting most
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food (oaks) for foraging whereas they selected
the tallest ones (pines) to sing. This decoupling
of activities in space suggests a conflict of 
decision for birds. For instance, Ydenberg &
Houston11 found that hunger might affect how

a Great Tit balanced feeding against defence, as
a well-fed Great Tit would be freer to allocate
time to territorial defence. Further, food-
supplemented Blackbirds Turdus merula showed
increased singing activity at dawn and dusk.12
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Figure 1. Distribution of foraging and singing activities performed by Blue and Great Tits according to the 
substrates available.

Table 1. Mean height (± se, in metres) at which Blue and Great Tits were located while foraging and singing, as
well as those of trees where such activities were performed (number of observations in parentheses). Differences
in mean heights between foraging and singing activities were explored for each tree species and for all substrates
by means of a t test.

Umbrella Pine Holm Oak Total

Foraging Singing Foraging Singing Foraging Singing

Blue Tit
Activity 8.15 ± 3.01 8.37 ± 1.5 3.85 ± 2.05 4.30 ± 2.47 5.34 ± 3.69 7.30 ± 2.58 

(17) (19) ns (24) (5) ns (37) (25)*
Substrate 12.63 ± 4.53 11.68 ± 2.24 4.98 ± 1.85 4.70 ± 3.01 8.61 ± 5.37 10.06 ± 3.75 

(14) (19) ns (23) (5) ns (32) (25) ns
wi 0.72 1.38 1.81 0.63
χ2 4.82 ns 4.67 ns 13.92� 1.75 ns
Great Tit
Activity 7.11 ± 3.82 7.60 ± 3.80 2.94 ± 1.15 3.57 ± 1.71 2.55 ± 3.17 6.97 ± 3.81 

(9) (21) ns (16) (4) ns (45) (25)**
Substrate 11.44 ± 5.67 10.16 ± 4.88 4.61 ± 1.43 5.50 ± 1.29 3.92 ± 4.81 9.31 ± 4.78 

(8) (25) ns (16) (4) ns (44) (32)**
wi 0.57 1.34 1.99 0.49
χ2 7.73�� 5.5�� 13.69�� 3.71 ns

*P < 0.05; **P < 0.01; ns, not significant. wi, Savage9 selectivity index for tree species. χ2, statistical significance. 
�P < 0.025; ��P < 0.016.
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The trade-off between singing and foraging
in the best places could also explain the 
relatively high use of Umbrella Pines for 
foraging in spite of the low food availability
they provide, since birds could have benefited
from foraging near their singing perches.13

Birds feeding on pines would have minimized
the energetic cost of travelling from singing
perches to farther, albeit richer, foraging 
patches. Overall, birds would have sacrificed
foraging efficiency to perform territorial 
behaviours, although they seem to have been
able to adjust their behaviour to minimize 
costs derived from the compromise between 
foraging and territorial activities.14
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