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IMPROVED DECISION MAKING BY MIGRATING DIURNAL
RAPTORS DURING MORE INTENSE MIGRATION

MARTIN A. THAKE

The possibility that decisions made by flocks of animals, includinag birds, might
be the product of a concensus was first stated explicitly by Lorenz (1952), but his
comment did not elicit any research effort, although Condorcet (1785 ; see also Grofman
et al. 1982) had shown that majority decision making should lead to distinct statistical
advantages. There is every reason to believe that majority decision making could evolve
in natural populations (Thake 1984-1985b),

In this paper, positive correlation is demonstrated beiween the accuracy of a deci-
sion to migrate made by certain rapfors, and the total number of raptors on migration
at the time.

Methods

The data used in this paper were obtained during visual watches maintained at Buskett
during the autumns of 1976-78. For detalls of the observation methods, the reader is re-
ferred to earlier papers (lhake 1977, 1980). Although the period and duration of observa—
tions varied slightly from year to year, coverage during September was very uniform, and
data for this month alone were used in the calculations.

Detalls of local weather were recorded at hourly intervals. Additionat data were ob-
tained from the records of the meteorological stations at Luga and Qrendi. Regional weather
maps were supplied by the Deutscher Wetterdienst and by the Hellenic National Meieorologi~
cal Service.

Results

ALl calcutations were performed on a Casio Fx 801P programmable calculator, using
ad hoc computer programs devised and tested by the present author.

Wind strength data recorded at hourly intervals at Buskett were used to calculate
the mean wind strength during a given watch. Wafches were scored for suitability of mig-
ration conditions on the basis of wind strength alone. 'Good' conditions were considered
to have prevailed on days when mean wind strength during a watch was less than 10 knots,
while 'Bad’ conditions were characterised by a mean wind strength of more than 10 knots.
Data for September of each year were tabulated by date, forming the raw data for the
analyses which followed.


smica06
Cross-Out


IL-MERILL No. 24 1986-87

Data for each date were qrouped, and the fraction of individust birds of each species
migrating during 'Bad’ conditions calculated as a fraction of the total number of indivi-
duals miqgrating over Buskett on that date over the three years. The correlation of this
fraction with fthe total number of individuals migrating on this date was investigated
graphically, and by calculating a correlation coefficient. Data for the three species were
then combined, and the analyses performed for all three species together. The results of
these analyses are tasbutated in labte 1.

TABLE 1 : Correlation of the fraction of individuals migrating during 'Bad' conditions
with the total number of individuals sighted. Data for single dates analysed individually.

Species Correlation Coefficient | Sample Size
Honey Buzzard -.3172%% 30 {
Hobby ~.,3535%% 25

Marsh Harrier ~.2341% 25 i
ALl species —~.5256%%* 30 !

*EX 5 <01
** 05 < p = .10
* 01 < p

the data were next grouped in periods spanning five dates (e.q: 15*.f0 Sth September;
s total of 15 days over three years), and the proportion of birds migrating under each of
the two weather cateqories was calculated for all three years +ooefhef. The Tofa% number
of pirds seen during this period was also calculated. Linear corre%a*loq coerf!ctevfs vere
determined for the variation of the fraction of individual birds mlgrgf\ng‘durlng _Bad
conditions with fthe totat number migrating during the period in aguestion. in addition, the
mean number of birds migrating during both types of condition, and The raTLo.of Tne means
signted per day for each weather cafegory were catculated. Correlation coefflc»gnfs were
calculated for variation of this quantify with fthe fotal number of birds m:grff|ng during
the neriod in question. The results of fhese analyses are presented in Table 2.

TABLE 2 : Correlation of the fraction of individuals migrating during 'Bad’ conditions
with the total number of individuals sighted. Data grouped in intervals spanning five
dates (see text).

Fraction in Mean no. in 'Bad’'
'Bad’ Mean no. in 'Good’

Species Correlation Coefficients

simple rank simple rank
Honey Buzzard —.B939%* ~.BB857*¥ -.8116%% ~.7143
Hobby -.6715 -7 -.3882 -7
Marsh Harrier -.5069 -.3 -.5877 -.3
ALl species —-.9108%*% -.B857** -.8696%% ~.B857*¥

*¥* 01 = p < .05
®E <01

A further analyses was performed using the same dats. lhe total proportion of birds
seen during 'Bad' conditions during the first n date periods to produce a 'n date moving
proportion'. The calcutation was performed for n= 1 fo n= 23, Correlation petween this
quantity and the total number of birds seen during the period in question, was investi-
gated for each value of n. Again the analyses were perfurmed for each species in turn,
and on all three species combined to produce Figure 1.

Sightings of flocks of Honey Buzzard Pernis apivorus were analysed for randomness
as follows. Only data collected betwesen 1200 and 1800 CET were used in the analyses. The
number of Honey Buzzards miqrating over Buskett during this period varied Llittle with time
of day during the study period (Thake 1981). Data for the last ten days in September 1976,
when weather over Malta was anticyclonic and varied Little from day to day, were stored
on computer tape. These data were sampled using intervals of variable duration to deter—
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Fig. 1. Correlation of an 'n date moving proportion' of individuals migrating during 'Bad’
conditions, with the total number of individuals sighted during the n date interval, plot-
ted against the length of the interval (n) (see text for explanation). At low values of n,
all five graphs show a pronounced tendency to become more negative with increasing n. This
suggests that a source of variance is being removed by combining data for contiguous dates,

Key 1 All three species totals combined
2 Honey Buzzard
3 Hobby
4 Marsh Harrier
5 Honey Buzzard flocks consisting of one or two individuals.

Fig. 2. Coefficient of dispersion (variance/
mean) of the number of sightings per interval
plotted against LOglO of the length of the
sampling interval in  ‘minutes.




IL-MERILL No. 24 1986-87

mine the most suitable sampling Intervat for detecting patchiness (see Figure 2).

A sampling interval having & high coefficient of dispersion (the sixty minute |n+eryaL)

was selected (for rationale, see Sokal & Rohlf 1969). Data for the entire study period

were then usec to extract fwo sets of data for low and for high migration intensity (3 - &
locks sighted during each six hour period versus 24 - 37 during high migration intensity)

These two sets of data were then analysed separately using a sixty minute sampling inter

val. The results are tabulated in Jable 3.

lable & lists fhe numbers of flocks of various sizes which were seen during 'Bad
and 'Good' conditions respectively,

TABLE 3 : Analysis of Honey Buzzard sightings for randomness.

Number of flocks per interval Intensity of migration
High Low
0 7 30
1 6 20
2 12 7
3 8 2
4 10 1
5 9 0
6 9 0
7 4 0
8 4 0
3 4 0
10 1 0
11 1 0
12 1 C
13 ¢} 0
14 0 0
15 1 0
16 1 0
Poisson fit : Cht squared =  21.59 . 1095
G = 19.22 . 1099
p<.005 Sewp<.75
significantly not significantty
non random different from random

TABLE 4 : Sightings of flocks of various sizes during weather belonging to each of the
two classes.

Flock size 1 2 3 4 5 6
Number in 'Bad' weather 33 9 3 2 3 1 1
Number in 'Good' weather 298 100 65 31 35 12

None of the proportions differ significantily (p = .10), Various combinations of flock
size were tested for significant differences. No significan® differences were found.

Discussion

Il-We jbs, Buskett, has been used as a watch point for studying raptor migration
since 1966 (Galea 1969, Beaman and Galea 1974), and the general features of raptor miara-
tion through the islands are well known, Honey Burzzards (Thake 1977, 1981}, Marsh Harriers
Circus aeruginosus (Thake 1983a) and Hobbys Falco subbuteo (Thake 1978a) leave Sicily
during anticyclonic weather wher wind sfrenath a* low levels in the early morning is lLow,
Hobbys converge orn Buskett throughout the day, apparently to hunt small passerines (Thake
1978a, 1978b). Both Honey Buzzards and Marsh Harriers converge on Buskett in “he late
afternoon, and Honey Buzzards usually attemp* fo rocost there (Beaman & Gales 1974).
A leading line effect due to southeastwards trend of the southern coast of Malta operates
io s varisble extent depending on wind strength (Thake 1981, 1983b, 1984-85a), High totals
of Honey Buzzards coincide with Light southerly winds even 1f these are only sea breezes.
the three species discussed in this paper thus decide to make the crossing to Malta on the
basis of much the same criteria. Migration of the Kesirels Falco naumanni and Falco tinnun~-
culus  through the islands follows a rather different pattern (Thake 1982), and these
species are not considered in this paper.,
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Consider the followlng hypothetlcal situation. On a given day, there are 2 number
of raptors in Sicily deciding whether or not to cross the central Mediterranean on that
day. Weather conditions are 'Bad' but some cross nevertheless. lhe ones which remair are
reinforced by new arrivals and decide agein on the following day. (n such a situation, the
number of birds on migration provides an index of the degree of socialisation which the
birds may experience before deciding whether to migrate. The various analyses summarised
in lable 1 and 2 utilise modifications of this index.

The correlatinns reported in lables 1 and 2 clearly indicate & relationship between
the accuracy of decision making and the number of birds on migration at the time. The
retationship was present in all species examined but only reached significance in the
Honey Buzzard (the most numerous species), and when the tofals of all three species were
combined.

The correlation coefficients calculated for the 'n date moving proportion' show &
strong tendency fo become more negative as the length of the moving interval employed
increases (Figure 1), lhis suggests that a source of variance is being removed when cata
from contiguous dates are combined,

The graphs for flocks of size 1 and 2 irn figure 1 (line 5}, and the results listed
in lable 4 strongly suggest that the accuracy of decision making s not being influerced
principatly by flock size as recorded at Buskett., Previous studies (lhake 1980) had shown
that flocks are labile and could not represent the unlt waich had originally mede the
decision fo migratfe.

Besides decision making in flocks, another plausible way in which reptors might
interact is by observing one another's migratory behaviour at a distance. This could be
done most effectively if the birds showed a clumped distribution in space, and hence in
time as recorded at Buskett. lable 3 shows clearly that Honey Buzzards flock sightinas
wsre clumped temporally during high intensity of micration, but were not clumped when
migration intensity was low., There was thus more scope for visual interaction between
birds on days of intense migration.

There are three principal ways in which social decision making might occur
(1) lThe behaviour of superior decision makers migh* serve as a model for other birds.
Experienced adultfs should be superior decision makers to first autumn birds and a hierar-
chy  based on plumage discrimination might occur. (2Z) Birds might pool information about
their environment with other flock members, and ther decide individually on the basis of
an improved knowledge. (3} Birds might evaluate the intentions of other birds and decide
on a simple majority basis.

The datas avaliable do not allow one to decide confidently which of these methods is
being employed by the birds. Indeed, they are not mutually exclusive, and various combi-
nations of the principal methods are conceivable. Nevertheless, it is clear from the date
and the analyses that decision making of better quality was produced when many birds were
on migration together. The occurrence of some form of social decision making Is thus
strongly indicated.

Although there are no clear records to date which show that soclal decision making
is advantageous, animals have frequently been observed performinc some types of behaviour
simultaneocusty (Birke 1974, Colgan et al. 1979, Dauphine & McClure 1974, Deputfte 1979,
Kisimoto et al. 1982, Kramer & Graham 1976, Mathieu 1970, Meixner & Shaw 1979, Richman
1978, Sambraus 1973, Siegfried et al. 1975, Voisin 1976, Weidmann & Darley 1971}, and
there is evidence that communication is taking place in at least some such instances
(2.g, Clifton 1979, Orcutt 1974, Siegfried et al. 1975, Walker 1969). Much of the exfen-
sive Literature on socially faclilitated behaviour is retevant to this Topic.
Clayton (1978) provides a recent review of this subject. The Investigation of social deci-
sion making in animals remains a promising and virgin field of research.

Summary

Previous studies had shown that Honey Buzzards Pernis apivorus, Marsh Harrier
Circus aeruginosus, and Hobbys Falco subbuteo make the sea crossing from Sicily to North
Africa via Malta during anticyctonic weather. Such behaviour minimises the risk of encoun-
tering bad weather while over the sea. Low wind strength is fhe weather factor which
allows the best prediction of daily totals., Dafta for three years (1976 - 1978) were analy-
sed to determine the relationship between the accuracy of decision making and the number
of individuals migrating on migration. The fraction of individuals migrating during bad
waather (winds stronger than 10 knots) during infervals of 3 and 15 days ( over 3 years)
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was negafively correlated with the total number of blrds seen during that Interval. This
relationship was present In all three species, but only reached significance (r = -.8939;
p<.05) in the Honey Buzzard, and when data for all three species were combined (r = -,91
08; p=<.01). There was no relationship between the accuracy of decision making and flock
size, but flocks are labile, and do not necessarily represent the units which made the
decision to migrate, The rapfors might have observed one another's migratorv behaviour
at & distance. The observed clumped distribution of flocks during high migration intensity
would facilitate fthis. The occurrence of decision making of better gquality when many birds
were on migration simultaneously is e strong indication that some form of social decision
mak ing was taking place.
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