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input matching rule (indicated by dotted lines). At the second arrow, the patch
profitabilities are reversed, and the fish distribution soon approaches the new prediction
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Fig. 11.3. Although the size of the territorics of the golden winged sun-
bird (Nectarinia reichenowi) varies enormously, cach torritory eontains
approximately the same numbor of Leonotis flowers (from Gill & Wolf
1975). The cnergy expended by a sunbivd during o day can he deter-
mined by time budget analysis (Wolf & Hainsworth 1971, Wolf et al.
1975) and this can then bo compared with the energy content of the
flowers in tho torritory. The result found is that tho number of flowers
defended yiclds just. enough nectar to sapport tho sunbird’s daily energy
roquirgments.
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Box 5.1 The economics of territory defence in the golden-
winged sunbird (Gill & Wolf 1975).

(a) The metabolic cost of various activities was measured
in the lab:

Foraging for nectar 1000 cal/h
Sitting on a perch 400 cal/h
Territory defence 300Qcal/h

(b} Field studies showed that
territorial birds need to spend
less time per day collecting
enough energy in the form of
nectar to survive when the
flowers contain more nectar:

Nectar Time to

per flower (ul}]  get energy (h)
1 8
2 4
3 2.7

{c) By defending a territory a bird excludes other nectar
consumers and therefore increases the amount of nectar
available in each flower. The bird therefore saves foraging

time because it can satisfy its energy demands more rapidly. It
spends the spare time sitting on a perch, which uses less
energy than foraging. For example, if defence results in an
increase in the nectar level from 2 ul to 3 ul per flower, the bird
saves 1.3 h per day foraging time (from (b}). It therefore saves:

(1000 x 1.3) — {400 x 1.3) = 780.cal =, B o C""’

foraging resting

(d) But this saving has to be weighed against the cost of
defence. Measurements in the field show that the birds spend
about 0.28 h per day on defence. This time could otherwise be
spent sitting, so the cost of defence is:

(3000 x 0.28) — (400 x 0.28) = 728cal = C_ 6&+

In other words, the flowers are just economically defendable
when the nectar levels are raised from 2 to 3 pl as a result of
defence. Gill and Wolf found that most of their sunbirds were
territorial when the flowers were economically defendable.
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Fig. 5.7 (a) A rufous hummingbird weighing itsclf by sitting on a perch
attached to a balance. Photo by Mark Hixon. {b) The daily weight gain of one
territorial bird plotted against its territory size (measured as number of
flowers defended) for five successive days. The bird started with a small
territory on the first day, cnlarged its territory on the third day and then
gradually moved towards an intermediate size at which daily weight gain was
maximal.
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Fig. 11.4. Cost-bonofit analysis of torritoriality in & noctar- feedmg bird,
the Hawaiian honeycrecper, Vestiaria coccinea. A model, described in
the text, predicta that the birds should defend a territory between two
threshold levels of resourco abundance (dotted lines). Ten birds were
observed and their bohaviour was classod as intensely-, moderatoly-,
or non-territorial, depending on their degree of defence of the food
resources they were exploiting. The behaviour of nine of the ten birds
(solid circles) fitted the predictions of the madol whilo one bird (open
circle) did not (Carponter & MacMillen 1976n).



