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The effects of the patchiness and the nest location
on mean flight distance: a model

Z. Barta

Barta, Z. 1992. The effects of the patchiness and the nest location on mean flight distance: a

model. - Ornis Hung. 2:37-44.

One of the advantages of colonial breeding may be the enhanced foraging efficiency through the

location of colony. In a patchy environment a colonial breeder may experience a shorter distance
between the nest and an average food patch than an average dispersed breeder. How are this

¥ distance influenced by nest location, and varying patchiness? To develop a model of a predator

distance.

¥ moving by random walk in a patchy foraging area I found that: (i) the nest location in a bounded
area influenced sufficiently the mean flight distance and (ii) the growing patchiness increases this
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1. Introduction

Although colonial nesting may have dis-
advantages, many bird species breed in
colonies throughout the world, (Lack
1968). A cost of this behaviour may be
high infection rate by ectoparasites
(Brown & Brown 1986) or increasing
competition for food, for nest materials
and for mates (Hoogland & Sherman
1976, Maller 1988).

Coloniality may have some advantages
as well. One type of the gains is anti-
predator behaviour such as mobbing or
early detection of predator (Kenward
1978, Bertram 1980, Brown & Brown
1987). The other main advantage of
coloniality may be the increased forag-
ing efficiency (Brown 1988). One of the
ways of the efficiency increasing may be
the effect of colony location on the
mean flight distance from the nest to a
food patch as Horn (1968) has argued.
He assumed that average individuals
who breed in dispersed location over the

foraging area could experienced an in-
creased mean patch distance in a patchy
environment than those breed in a sin-
gle location, in a colony. On the basis of
this model we should predict that the
colony must be situated in the centre of
the bounded foraging area. Witten-
berger & Dollinger (1984) however,
showed out that the acentric location of
a colony do not influence the benefit of
a colonial breeder over the disperse
breeder upt o 60% of acentricity. All
Horn (1968), Wittenberger & Dollinger
(1984) assumed that the birds know
about the location of food and they use
all food patches in equal proportion, al-
though the birds do not behave in this
way. How do the search and the location
of nest influence the mean flight dis-
tance? What is the effects of the different
degree of patchiness on this distance?

In this paper I try to answer to these
questions to develop a model of foraging
area and of a search behaviour in this
area.
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Tab. 1. Parameters of the models

Parameters: Meaning

AF: amount of food in a patch

dtN,i: distance between N (nest) and ith squares
E(FP): number of food patch on the area

F: amount of food on the area

fkN,i: probability that random walker arrives first
from N to ith square at k time unit

n: total number of squares

pi: probability that ith square becomes food patch
Pi: probability that the bird finds a food patch in
ith time unit

P(food): probability that a square becomes food
patch on a homogeneous area

Pi(toi): probability that the bird gets at least once
from N to ith square

Rf: ratio of food patches

t. maximum searching time

tF: average distance of food patch in time units
t§: average searching time

2. The model

2.1. The model of the foraging area

The foraging area is considered as a
two-dimensional surface divided into a
grid of equal-sized squares. For each
square i, p; is the probability that square
contains food (see the list of parameters
in Tab. 1). There is at least one square
which has p; >0 in the foraging area.

A main feature of the area is the num-
ber of food patches LE FP thich is
equal to the expected value of the num-
ber of food patches on the area.

i Pr(x=k) k

E(FP)Z =2 — 1)
Y Pre=k)
k=0

where n is the total number of squares
and Pr (x=k) is the probability that
there are k food patches on the area.

n
n-k

k k
Prix=k)= 9 [IIp ] (1-p) ] @
1=0 S=1 i=1

and the indices in the parentheses run
so that all kth-class combination of n are
arisen.

The area is homogeneous when

pi=pj=P <food) foralliandj, (3)

namely there are no differences
among the squares. In this case E (FP
will equal to the mean of binomial distri-
bution:

E (FP) =n P(food) (4)

If we divide the number of food
patches by the total number of squares
we get the ratio of food patches (Rf).

Rf=E§rI;'P)

If the ratio of food patches is great
(Rf=1), then the food is evenly distrib-
uted. On the other hand its small value
(Rf <<1) shows us that the food is
clumped.

A food patch contains the following
amount of food (AF) in average:

F

AF = Rfn (6)

where F is the total amount of food on
the area.

1=Rf >0 (5)

2.2. Random foraging of single predator

In this case the predator has no informa-
tion about the location of food, so its
foraging path is a random walk. No pre-
vious events influence the next step of
the predator. Since the bird has no mem-
ory the process can be represented by a
Markov chain. To define the process we
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have to give its matrix of transition
probability which contains the prob-
ability of moving from one square to an-
other. A normal element of this matrix is
the following:

— 025 (1—p,-) if ith and jth

squares are
neighbouring
Pij=——pi if i=j )
L0 otherwise

On the basis of this model the bird re-
mains the ith square if it has found a
food patch there, otherwise it moves to
each of the neighbouring squares with
an equal probability. The process was as-
sumed to be reflection. From this matrix
we can determine the probability of

ka,,' which gives us the chance a bird
would be first in ith square at kth time
unit if it was in N (nest) square when k
equalled to O (for details see Karlin &
Taylor 1975).

To sum ka,i up by k we can calculate
the probability that the bird gets at least
once from N to iith square.

Pi (toi) =ki i (8)
=0

where ¢ is the maximum time of
search, for example one day.

The average distance of food patch
(¢tF) is an important feature of the move-
ment of a what Orians & Pearson (1979)
call central place’ forager. We assume
that it is equal to the means of distance
of each square weighted by Pi(to i) and
pi- (The distances are in time unit.)

n
P; H RN Sepp
—l.__zl 1([01>P1d Nj

IF=—7 %)
i=§:1 i (Ol ) pi
For homogeneous area:
n
Y. Pi (toi) d' N
=1
tp’ = (10)

;P,- (toi)

where d'n; is the distance of iith
square from N in time unit.

A significant parameter of predator’s
foraging is also the average time of food
finding (or searching time ¢ ). Let this
time equal to the mean of time of ran-
dom steps at the end of which the bird
finds a food patch. But it is not certain
that a bird finds food in under ¢ time
units, so we must weight this mean by the
inverse of probability that the bird find at
least one food patch in ¢ time unit.

t -1
>iB[1(1-Pi)
=0 =0

1s=

1

1y

!

> P H (1-P) 1—113)(1—1’,-)

j—1
j=0 j=0

where P; is the probability that the
bird finds a food patch in i th time unit.

The expression of P; H (I—Pi) gives
the probability that the bird first finds
food in time unit j.

Let Pj equal the mean of probability of
pi weighted by probability of the first
visit.

fINipi

M=

1

F= j>=1 (12)

fINj
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Fig. 1. The average distance of food patch from the nest and searching time, when ratio of food patches

was manipulated from 1-— 1076 (evenly distributed) to 0.001 (clumped). Area size was 9 x 9 squares
and the nest was in the centre of the area. The maximum searching time was 30 units.

where f/n; is determined from a tran-
sition probability matrix of a same-sized
areca which has no square with p; >0.

For an homogeneous area equations
(11) and (12) become the following:

P’ = P (food) for allj (13)
and
t .
> iP (1-F)
rs =0 L (19)
> 5 (-py 1 (7F)
j=0
3. Results

On the basis of the model, I determined
the parameters of random walk on a ho-
mogeneous area sized 9 x 9 squares un-
der different ratios of food patches (Fig.

1.). The maximum searching time was 30
units.

When the ratio of food patches is de-
creased the average distance of food
patch from the nest (¢f) is increased
(Fig. 1.). When the food is evenly dis-
tributed the simulated bird used the
squares near the nest (Fig. 2a). On the
other hand when food is clumped it ex-
ploits more frequently the farther parts
of the area (Fig. 2b). The searching time
(¢s) is also increased strongly (Fig. 1).

To study the effects of nesting place
on the predator’s movement, I changed
the location of the nest — as showed by
Fig. 3. - on a homogeneous area where
the distribution of food was clumped
(Rf =0.001) and the maximum searching
time was 30 units. The distance of an av-
erage food patch from the nest (¢f) was
first decreased then increased when the
nest was moved from the centre of the
area to the edge (Tab. 2). The distance
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Probability

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

(2)

Probability

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

(b)

Fig. 2. Probabilities of at least once getting. The basis of figures is the area, and the surface represents
the probabilities. The nest is in the centre of the area. (a) Food is evenly distributed, ratio of food patches
equals to 0.9; (b) Food is very clumped, ratio of food patches is 0.001.

was the smallest when the nest was in
the middle position, although the un-
weigthed mean of distance of squares

(d'Nj /n) was greater than in the case of
the nest in the centre (Fig. 4a and 4b). It
may be that the bird used the closer
squares more frequently because of the
nearness of edge of the area. When the
nest was on the edge, the unweigthed
mean of distance of squares (see above)
was greatly increased and the bird could

not use many near squares because of
the location of nest, so the average dis-
tance of food patch (fr) was increased
too (Fig. 4¢).

Furthermore I investigated the move-
ment of a predator on an heterogeneous
area. On this area all squares had a
pi =0.001 except of one which had a
pi =0.8, so there is a stationary food
patch in the area. This stationary patch
was further from the nest. The maximum
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Tab. 2. The average distance of food patch and
the unweighted mean distance of squares from
the nest, when the nest was placed in the centre,
ina middle position and on the edge. (See also Fig.
3.). Area size was 9 x 9 squares and the food was
clumped (Rf=0.001). The maximum searching
time was 30 units.

Place of the Distance of  Unweighted
nest food patch distance of
from the nest  squares from
the nest
centre 3.865 360
middie 3.715 396
edge 3.992 504

searching time was 30 and the nest was
in the centre of the area. The searching
time (zs) decreased strongly compared
to its value on a homogeneous area
where all squares had a p; = 0.001
(Tab. 3). On the other hand the aver-
age distance of food patches (zr) was
increased. The ratio of food patches
(Rf) on this area was also greater than
on the similar homogeneous area.

4. Discussion

To improve a model of foraging bird in a
patchy environment in this paper I in-
vestigated the effects of patchiness and
nest location on the mean flight distance
in a bounded foraging area.

With decreasing patchiness the mean
flight distance increased from which we
may conclude that birds living in a

Fig. 3. The nest site in three investigated cases, the
dots represent the nests. In baseline case, the nest
is in the centre.

patchy environment may collect and
carry to their nest more food than those
living in an even environment. On this
basis we may expect that species forag-
ing on clumped food has relatively
larger bill or stomach compared to a
relative species at evenly distributed
food.

The location of nest influences
strongly the mean patch-nest distance.
Surprisingly a nest placed close but not
on the edge of the area is the best for a
breeder from the viewpoint of mean
flight distance. This result may explain
why the colonies are not located in the
centre of the foraging area (Witten-
berger & Hunt 1985). The insufficiency
of my model is that it does not account
the competition for food so it cannot

Tab. 3. The effects of a stable food patch of hetergeneous area on the predator’s movement compared
a homogeneous area. All squares have p;=0.001 except of one which has pi=0.8 in the heterogeneous
area. On the other hand in the homogeneous area all squares have pi=0.001. Both area size were 9x
9 squares and the nest was in the centre of the both area. The maximum searching time was 30 units.

Area Distance of food patch Searching time Ratio of food patchess
from nest

heterogenous 4.832 68.749 0.0109

homogenous 3.865 521.662 0.0010
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Probability

0.05
0.04
(a) 0.03
0.01
0.00

Probability

0.05
0.04
(b) 0.03
0.01
0.00

Probability

0.05
0.04
(c) 0.03
0.01
0.00

Fig. 4. Probabilities of at least once getting when the nest place was changed. The basis of figures is the

area, and the surface represents the probabilities. The food was clumped, Rf=0.001. The nest was @)
in the centre, (b) middie and (c) on the edge of the area.
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compare the solitary and colonial breed-
ing.

The long search time in a patchy envi-
ronment predicted by the model may
show the importance of information
transfer at a central place in such envi-
ronment (Ward & Zahavi 1973).

In an heterogenous area the nest is ex-
pected to be placed near the most sta-
tionarious patch, otherwise the mean
distance in this area increase consider-
ably.
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Osszefoglalds

A tdplélék foltossdganak és a fészek elhe-
lyezkedésének hatdsa az dtlagos repiilési
tavolsdgra: egy model

A telepes fészkelének egyik oka lehet, hogy a
madaraknak az id6ben és térben valtozo6 helyzetd
téplalékfoltok miatt rtvidebb tavot kell megten-
nitik a fészek és egy atlagos tdpldi€kfolt kozott,
mintha a terileten szétszérva fészkeInének. Mitdl
fligg ezen tdvolsdg? Hogyan befolydsolja
nagysdgdt a fészek terdleten beldli helyzete, a
tdpldlék "csoméssdgdnak" (aggregdltsdgdnak)
foka? A kérdésekre a vélaszt egy modell kifejlesz-
tésével probdlom megadni. A modell egy véletien
bolyongdassal keresd preddtor mozgdsit frja le egy
négyzethdlén, ahol a tdpldlék eloszldsa a
csomostol az egyenletesig valtoztathatd.

Akapott eredmények: A fészek €s a folt kdzotti
tdvolsag a tdplalék csomésoddsdval egyre hosz-
szabb4 vélik. Egy korilhatdrolt teriileten a fészek
helyzete jelentGsen befolydsolja a tdv hosszdt. A
modell alapjdn a kissé excentrikus fészekelhe-
lyezés az optimdlis.
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