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ENGLAND

SWEET changing Seasons! Winter cold and stern,
Fair spring with budding leaf and opening flower,
And Summer when the sun’s creative power

Brings leafy groves and glades of feathery fern,
The glorious blossom of sweet scented May,

The flowery hedgerows and the fragrant hay,

And the wide landscape’s many tinted sheen.

Then Autumn’s yellow woods and days serene;

And wvhen we’ve gathered in the harvest’s treasure,
The long nights bring us round the blazing hearth,
The chosen haunt of every social pleasure.

Land of green fields and flowers! Thou givest birth
To the shifting scenes of beauty, which outshine
Th’ unvarying splendours of the Tropic’s clime.

Alfred Russel Wallace 1878



For Mum and Dad



List

List

List

List

of

of

of

of

GENERAL

CONTENTS

figures

tables

plates

appendicies

INTRODUCTION

Theoretical background

Improved foraging efficiency

Improved predator awareness

Dispersion

Genetic composition

Cause and consequence

The study

Study components

1) Interspecific association

ii) Intraspecific competitiveness

iii) Group kinship

The species

Evolutionary history

Behavioural properties

Species description

Rook literature précis

Jackdaw literature précis

ix



1 GENERAL METHODS AND MATERIALS

1.1 The study site and habitat

1.1.1 The study area

1.1.2 The roost

1.1.3 The study site

1.2 Trapping, tagging and bleeding

1.2.1 Trap construction and use

1.2.2 Individual marking and recognition
1.2.3 The removal of blood samples

1.3 Nestbox construction and positioning
1.4 Data collection

1.4.1 Circuit recording

1.4.2 Focal bird sampling

1.4.2.1 Continuous sampling

1.4.3 Scan sampling

1.5 Recording methods

1.6 Statistical methods

2 DNA FINGERPRINTING - PROCEDURE

2.1 Introduction

2.2 Detailed procedure

2.2.1 DNA preparation

2.2.1.1 DNA extraction from red corpusles

2.2.1.2 DNA concentration and condition determination
2.2.1.3 Restriction digestion

2.2.2 Fingerprint preparation

2.2.2.1 Gel electrophoresis

29

29
29
29
32
34
34
36
40
41
43
43
45
49
49
50
50

53

53
55
55
55
57
58
61
61



2.2.2.2 Southern Blotting
2.2.3 Probing

2.2.3.1 Preparation
2.2.3.2 Pre hybridisation
2.2.3.3 Hybridisation
2.2.3.4 Nylon filters

2.3 Analysis

2.3.1 Scoring bands

2.3.2 Segregation analysis

2.3.3 Acquiring jackdaw families

3 DIURNAL HABITS, HABITAT USE AND SEASONAL VARIATIONS

3.1 Introduction

3.2 Dispersion and philopatry
3.2.1 Empirical data

3.2.2 From the literature

3.3 Population estimates

3.3.1 Observations

3.3.2 The Lincoln capture/mark/recapture index
3.3.2.1 Procedure

3.3.2.2 Assumptions

3.3.2.3 Justification

3.3.2.4 Conclusion

3.4 Vinter diurnal activity
3.4.1 Procedure

3.4.2 Results

3.4.3 Resumé of daily activity

3.4.3.1 Assemblies

61
66
66
68
70
71
72
72
73
78

79

79
79
79

81
84
84
85
85
86
87
88
89
89
91
93
93



3.4.3.2 Foraging 94

3.4.3.3 Flock dynamics 95
3.5 Vinter habitat use 98
3.5.1 Procedure 98
3.5.2 Results 99

3.6 Seasonal variations in flock size and composition 103

3.6.1 Flock size 103
3.6.2 Breeding season 105
3.6.3 Summer 109
3.6.4 Late summer and autumn 110
3.7 Functional flocks 110
3.7.2 Evidence for ’‘information centres’? 111
3.7.2.1 Rook foraging return times 111
3.8 Summary 114
4 INVERTEBRATE PREY DISTRIBUTION AND ENERGY CONTENT 115
4.1 Introduction 115
4.2 Soil invertebrate analysis 115
4.2.1 Sampling 115
4.2,2 Preparation and classification 117
4.2.3 Energy evaluation 121
4.2.4 Vertical distribution 123
4.2.5 The effects of temperature 126
4.2.6 The effects rainfall 127
4.3 Prey avaiability 127
4.3.1 Flock size 127
4.3.2 Rook age distribution | 129

4.4 Summary 129



5 INTERSPECIFIC ASSOCIATIONS

5.1 Introduction
5.2 Frequency of association

5.3 Social attraction

5.3.1 Intra flock species distribution

5.3.1.1 Results

5.3.2 Index of interspecific mixing
5.4 Foraging niches

5.4.1 Niche overlap

5.4.1.1 Results

5.4.2 Competition free overlap
5.4.2.1 Results

5.4.3 Conclusion

5.5 Resource distribution
5.5.1 So0il analysis

5.5.2 Temperature

5.6 Interference

5.6.1 Published information
5.6.2 Empirical information
5.6.3 Conclusions

5.7 Vigilance

5.7.1 Overall flock vigilance
5.7.2 Intraspecific vigilance
5.7.3 Interspecific vigilance
5.7.3.1 Percent time spent vigilant
5.7.3.2 Flock proportions
5.7.3.3 Vigilance rates

5.7.3.4 Response times

132

132
133
135
135
138
141
145
147
148
148
149
150
153
153
155
157
157
159
159
162
162
164
164
164
164
166
166



5.7.4 Vigilance conclusion
5.7.5 Consequences
5.9 Experimental tests

5.10 Discussion

6 AGE RELATED FORAGING STRATEGIES

6.1 Introduction

6.2 Methods

6.2.1 Field identification

6.2.2 Procedure

6.2.3 Prey identification

6.2.4 Evaluation of errors

6.3. Results

6.3.1 Individual time budgets
6.3.2 Prey choice

6.3.3 Handling times

6.3.4 Prey intake rates (PIR)
6.3.5 Feeding success

6.3.6 Resumé

6.4 Energy assimilation and expenditure
6.4.1 Intake

6.4.2 Energy requirements

6.4.3 Net intake

6.4.4 Energy intake and flock size
6.5 Immatures dispersion

6.6 Discussion

167
167
168
170

173

173
175
175
177
179
180
182
182
185
192
192
194
196
196
196
198
199
202
205
205



7 THE GENETIC AND SOCIAL STRUCTURE OF JACKDAV FLOCKS

7.1 Introduction

7.2 Colonial relatedness

7.2.1 Procedure

7.2.2 Overall results

7.2.3 Sex differences

7.2.4 Conclusion

7.3 Intra colonial flock composition
7.3.1 General procedure

7.3.2 Intra flock co-occurrence
7.3.3 Overall results

7.3.4 Sex differences

7.3.5 Close co-foraging

7.3.5.1 Analysis

7.3.5.2 Close co-foragers

7.3.5.3 Female/female band sharing
7.3.5.4 Male/female relatedness
7.3.5.5 Male/male relatedness

7.4 Conclusions

7.5 Discussion

7.5.1 Hypothesis

8 BREEDING BEHAVIOUR

8.1 Introduction
8.2 Nestbox aquisition
8.2.1 Nestbox success

8.2.2 Nest site competition

210

210
212
212
213
215
215
215
215
218
218
218
221
221
223
226
227
228
228
231
234

236

236
236
236
237



8.3 Colony composition
8.3.1 Age structure
8.3.1.1 Identification

8.3.1.2 Breeding age

8.3.2 Occupation of traditional nest sites

8.3.3 Conclusions
8.4 Breeding success
8.5 Male foraging ability
8.5.1 Background
8.5.2 Hypothesis
8.5.3 Procedure
8.5.5 Results

8.6 Mate guarding
8.6.1 Background
8.6.2 Procedure
8.6.3 Results

8.7 General discussion

9 SEXING JACKDAVWS

9.1 Introduction

9.2 Discriminating features

9.3 Biometrics

10 SUMMARY

APPENDICIES

BIBLIOGRAPHY

239
239
239
240
241
241
241
245
245
246
246
247
250
250
250
251
253

257

257

257

258

262

272

303



LIST OF FIGURES

GENERAL INTRODUCTION

A The evolutionary divergent history of the Corvidae

B The distrbution of rooks in Britain

o The distribution of jackdaws in Britain

CHAPTER 1

1.1 Location of the study area within Britain.

1.2 Map of the study area.

1.3 Trap design and dimensions.

1.4 The design and positioning of wing tags

1.5 Nestbox design.

1.6 Nestbox positioning.

1.7 The change in behavioural variance in relation to
focal bird sample times.

CHAPTER 2

2.1 Diagrammatic representation of minisatellite
structure.

2.2 Human minisatellite probe 33:15.

2.3 Diagrammatic representation of the DNA
fingerprinting procedure.

2.4 Process of Southern blotting.

2.5 Configuration of DNA sugar-phosphate polynucleotide.

18
22
23

30
31
34
37
42
44

46

54
54

56
64
65



2.6 Cloning and isolation of human minisatellite probe. 67
2.7 Diagrammatic representation of band linkage, allelism

and homozygousity. 74
CHAPTER 3

3.1 Percentage occurrence of tagged jackdaws in three

regions of the study area. 80
3.2 Distribution of tag records about the study area. 83
3.3 Behavioural event catergorisation for individual

birds (§ 1.4.2) and for flocks. 90
3.4 Tﬁe mean diurnal partitioning of time by mixed

flocks of rooks and jackdaws. 92
3.5 Diurnal variation in size of mixed-species flocks

of rooks and jackdaws. 96

3.6 Simultaneous short term variations in flock size

following the initial post-dawn build up. 97
3.7 Utilisation of farmland by flocking corvids. 101
3.8 Seasonal variation in the use of arable land. 104

3.9 Seasonal changes in the utilisation of fields

by rooks. 106
3.10 Seasonal variation in flock size and composition. 108
3.11 Groups size distribution of rooks departing from

and returning to the rookery on foraging forays. 113

CHAPTER 4

4.1 Diagramatic representation of invertebrate soil

sampling. 116



Berlese-Tullgren funnel extraction.

Variation in dry weight and unit energy content of
earthvorms, as a function of earthworm length.

The vertical distribution of invertebrate abundance
and energy content within 5cm deep core samples.
The regression of invertebrate energy content and
biomass on flock size.

Earthworm biomass with respect to adult and

immature foraging positions.

CHAPTER 5

5.9

Percentage of flocks comprising mixed species, and
single species only.

Breakdown of single species flock sizes into flock
size classes.

Regression of jackdaw numbers on rook numbers in
mixed species flocks.

The percentage of rooks or jackdaws foraging and
landing in the vicinity of conspecifics.

A diagrammatic representation of the probability of
obtaining rook/jackdaw combinations in mixed flocks
of faithful rook (RR) and jackdaw (JJ) pairs.

The winter diet of rooks and jackdaws.

Comparing the major winter food items of rooks

and jackdaws.

Rook and jackdaws numbers as a function of biomass
in the top 2cm of soil.

The variation of potential rook and jackdaw food

118

122

124

128

130

134

136

137

139

140

146

152

154



resources in the top 2cm of the soil.

5.10 Intra and interspecific interference in and between

rooks and jackdaws.

5.11 Comparison of three components of rook and jackdaws

vigilance.

CHAPTER 6

Facial characteristics of rooks in relation to age,
and the wing feather sequence.

Comparing the facial characteristics of young

rooks and carrion crows.

Regressions of % time spent feeding in adult and
immature rooks.

a) encounter rate and b) the % time spent looking
up in adult and immature rooks in three flock size
classes.

a) Handling time and energy content, b) prey
profitability and ¢) unit handling time per second
as functions of earthworm length.

Comparing rook earthworm size selection with a)
availability in the soil, and b) in relation to
flock size.

The differences between adult and immature rooks in
their prey a) handling times, and b) intake rates.
c) illustrates the trade off between a) and b).

a) Gross energy intake, b) adult immature ratio

and ¢) immature numbers in relation to flock size.

156

160

165

176

178

184

187

188

191

193

204



6.9 A diagrammatic representation of the costs/benefit
pay-offs to adult and immature rooks as a function
of flock size.

CHAPTER 7

7.1 Dendrogram of most frequently and least frequently
recorded co-foraging jackdaws.

7.2 Dendrogram representing the 15 most closely
co-foraging jackdaws from 144 flocks.

7.3 Compostite summary graphs of band sharing levels.

CHAPTER 8

8.1 Clutch, hatching and fledgling success of seven
breeding males compared with male foraging return
times.

8.2 Mean distance between the male and female
jackdaws at three points before, during and after
the females ‘receptive’ period.

CHAPTER 9

9.1 The comparison of male and female jackdaws for

five biometric parameters.
The discriminant analysis of male and female

jackdaws on the basis of wing and tarsus length.

208

220

222
229

249

252

259

260



LIST OF TABLES

CHAPTER 2

2.1 Segregation analysis of single fragment paternal
hypervariable loci in a family of jackdaws (male

and 3 offspring).

CHAPTER 3

3.1 The mean winter 24 hour partitioning of time by
mixed flocks of rooks and jackdaws.

3.2 Agricultural land usage as a proportion of the
study area and corvid flock usage within the same
area, over a two year period.

3.3 The percentage distribution of group sizes among
rooks departing from and returning to the rookery

during foraging forays.

CHAPTER 4

4.1 Unit energy values of earthworm size classes with
full gut contents and emptied gut contents.

4.2. Spearman rank correlations (rs) between earthworm
quantity and quality (energy) with respect to other

miscellaneous invertebrates.

77

92

100

113

120

125



CHAPTER 5

The nearest neighbours of both foraging and

incoming rooks and jackdaws amongst mixed species
flocks. 139
A summary of the progression through Busse’s (1977)

formula for calculating interspecific mixing within

foraging flocks of rooks and jackdaws. 144
5.3 Overall flock vigilance in foraging rooks. 163
CHAPTER 6
6.1 Error accumulated while attributing lengths of

6.6.

string to five length classes: simulating observer
error in field prey length identification. 181
Spearman rank correlations (rs) relating the time

spent on specific behavioural activities to flock

size, in foraging rooks. 183
Regression coefficients (b) and t-test values (t)
comparing the relationship between ’'percent time

spent feeding’ and flock size in adult and immature
rooks. 186
Earthworm soil abundance and selection by

foraging rooks. 190
Handling times, feeding rates, success rates and

the ratio of adult and immature rooks in relation

to flock size. 195
Estimated winter 24 hour energetic* intake and

expenditure of free living adult and immature rooks

Vi



at 0°C (mean day length of 9.5 hrs). 201
6.7 The relative proportional gross energy intakes of
adult and immature rooks in small medium and large

flock sizes. 203

CHAPTER 7

7.1 Mean (%) fingerprint band sharing a) in two
populations of jackdaws and b) in flock foraging
jackdaws. 216
7.2 Analysis of mean DNA fingerprint band sharing in

closely affiliating, foraging jackdaws. 224

CHAPTER 8

8.1 Jackdaw population breeding data for two seasons,

1987 and 1988. 242

8.2 Mean return rates and the corresponding clutch

successes of seven breeding male jackdaws. 248

vili



LIST OF PLATES

CHAPTER 1
1.1 Corvid roost, Billesdon Coplow. 33
1.2 Study site, the rookery at 'Tom Spinny’. 33
CHAPTER 2

2.1 Concentration and condition analysis of a) genomic

DNA and b) restriction digested DNA. 59
2.2 DNA fingerprint gel after 28 hours @60 volts. 62
2.3 Autoradiogragh of isolated 32P labelled probe

following electrophoresis through a 0.6% agarose

gel @100 volts for “1% hours. 69
2.4 DNA fingerprint of a male jackdaw and 3 offspring. 76
CHAPTER 7

7.1 DNA fingerprints of, a) arbitrarily selected

jackdaws from two separate colonies and b)

co-flocking jackdaws from the Billesdon colony. 214
7.2 DNA fingerprint of close co-foraging jackdavws. 225
CHAPTER 8

8.1 DNA fingerprint of a female and three offspring,
the third offspring shares relatively few

bands with the sibship. 255



A (Chapter

1)

LIST OF APPENDICIES

Tagging practicalities

i) Bird welfare

ii) Practicalities

iii) Selection for or against tags

B (Chapter

Table

C (Chapter
Table
Table

D (Chapter

Table
Table

Table

Table

2)

1 The pairwvise band sharing coefficients x of

3)

1
2

4)

one parent and three offspring.

Daily activity.

Early morning, and evening (pre roost)

corvid assemblies.

Earthwvorm dry weights.

Handling times (seconds).
Invertebrate biomass (wet weight)/m?
from soil samples.

Soil sampling data.

of

272
272
273
273

274

275

276

277
278

279
280



E (Chapter

Table

Table

F (Chapter

Table

Table

G (Chapter

Table

Table

Table

Table

H (Chapter

Table

Table

Table

5)

1 Winter foraging niche overlap of rooks
(RK) and jackdaws (JD).

2 Jackdaw time budget data.

6)

1 Adult time budget data.

2 Immature time budget data.

7)

1 Band sharing data for Plate 7.1la.
2 Tag record matrix of close co-foragers.
3 Mean intra colony band sharing, plate 7.1b.

4 Plate 2 close co-foragers.

8)

1 Breeding success at Tom Spinny fo; two
consecutive seasons.

2 Male jackdaw return times to nestboxes when
feeding incubating females (minutes).

3 Male/female distance (at nestsite) in

metres at 10 minute intervals.

'

281
282

284
288

291
293
295

296

297

298

299



I (Chapter 9)

Table 1 Band sharing analysis for Plate 8.1. 300

Table 2 Tagged jackdaw biometrics : 300

.



GENERAL INTRODUCTION

Modern evolutionary theory accepts that natural selection
(Darwin 1889) favours individuals that maximise their
reproductive contribution to future generations. Thus,
it has become established to express group behaviour in
terms of the per capita costs .and benefits that effect
individual inclusive fitness (Hamilton 1964). Inclusive
fitness encompasses the reproductive potential, not only
of the individual wunder scrutiny but of all other
individuals that are related to the first, relative to
all individuals that are unrelated to the first (see
Grafen 1984). In other words the reproductive potential
includes all those 1individuals that share genotypic
traits with the first. In consequence, flocking
individuals may tolerate exploitation by conspecifics
vhen the observer might expect otherwise, especially
where conspecifics are close kin.

The decisions made by individuals are paramount to our
continued understanding of grouping behaviour and social
evolution. The objectives of this study were therefore
to identify competitive heterogeneity (Barnard 1978;
Caraco 1979; Rohwer .and Ewald 1981) within £flocks of
rooks and jackdaws, from which the adaptive function of
flock foraging may be explained in terms of subsequent

individual decisions.



Theoretical background

A great deal of attention has been attributed to the
evolutionary function of flocking in birds (e.g..
Wynne-Edvards 1962; Crook 1965; Krebs et al 1972; Krebs
1974; Barnard 1980; Caraco 'and Pulliam 1980; Caraco
1981), for which the two major benfits are considered to
be,

i) improved foraging efficiency and/or

ii) improved predator awareness and avoidance.
Improved foraging efficiency

Patchy, transient food resources are located more
efficiently by foraging groups than solitary individuals,
because by chance, groups are more 1likely to 1locate
ephemeral food reserves than single animals (Caraco
1979). Krebs et al (1972) and Krebs (1974) demonstrated
that great tits Parus major and great blue herons Ardea
herodias respectively, were able to improve their
exploitation of unpredictable food reserves, when
foraging in groups. However, foraging improvement relied
upon the ability of individuals to receive and utilize
information from conspecifics, and to subsequently be
attracted to a discovered food patch (’'local
enhancement’, Thorpe 1963). One extreme manifestation of
local enhancement was the ’'Information centre hypotﬁesis'

proposed by Ward (1965) and Ward and Zahavi (1973). The



Information centre hypothesis suggests that assemblies of
animals, such as bird roosts and colonies, allow
unsuccessful foragers to identify successful foragers so
that the former may follow the latter to better foraging
sites on future forays. The hypothesis is intuitively
attractive, and there 1is evidence for its functional
value (e.g. Krebs 1974, Andersson et al 1981, DeGroot
1980; McCracken and Bradbury 1981, Greene 1987). For a
variety of reasons, the hypothesis is notoriously
difficult to test (Bayer 1982; Elgar and Harvey 1987;
Mock et al 1988). The inability to demonstrate that a
previously unsuccessful individual gains a net advantage,
as a result of following a successful animal, is perhaps

the most difficult aspect to verify.

It is possible that successful foragers have 1little
choice than to accept exploitation, as a delay in
foraging may be costly to competitively successful
foragers. They might also lose the protection of the
flock that is normally afforded to them (see following
section). Alternatively, previously unsuccessful
foragers, would seem to have much 1less 'to 1lose by

delaying their departure and biding their time.



Whatever the outcome, the information centre debate
clearly demonstrates that in flocking systems costs are
introduced, and that the discovery of a food patch by one
individual may result in exploitation by other group

members.
Improved predator awareness

That flocking can operate as an anti-predator strategy
for avoiding or detecting predators, hés" been
demonstrated on several occasions (e.g. Pulliam 1973;
Powell 1974; Lazarus 1979). For example, woodpigeons
Columba palumbus were <clearly shown to respond more
quickly to the attacks of goshawks Accipiter gentilis
when foraging in larger groups (Kenward 1978).
Meanwhile, Lazarus (1979) showed that larger flocks of
quelea Quelea quelea responded more quickly than smaller
flocks, both to the approach of a predator, and to an
artificial alarm stimulus.

Such early detection of predators is now recognised as
a consequence of increased overall flock vigilance with
increased flock size, despite a simultaneous decrease in
the per capita costs of vigilance (Hoogland 1979; Barnard

1980).

Hamilton (1971) proposed that many groups act as

"selfish herds’, where individuals attempt to place as



many others between themselves and potential predators as
is possible. Individuals vie for <central positions
within the groups, and as peripheral flock positions are
more exposed to predators than central ones, vigilance
rates vary accordingly (Jennings and Evans 1980). Not
every individual secures advantages to the same degree,
though each may try to maximise their energetic intake
relative to the vigilant constraints placed upon them.
The result is inevitably a trade off between the need to

forage and the need for alertness.
Dispersion

Cost /benefit compromises highlighted above, are
familiar features of flock foraging (and indeed all
biological systems) (Caraco 1979). The net benefits
accrued by individuals affect the fitness and decisions
of others, and ultimately the distribution of individuals
within the habitat. Hence individual decisions are not
independent of other participents, but continually vary

relative to them.

That the subsequent decisions of foraging birds
(according to the presence of others) could influence
group composition and dispersion was illustrated
theoretically by Fretwell (1972). Fretwell proposed that
for two habitats of wunequal quality (A= superior, B=
inferior) individuals will continue to land and forage at

A until, because of increased density and interference,



the quality of A = B, and the fitness of the next bird to
land will be equal on whichever patch it chooses.
Finally, one more individual appears and lands at B as
the quality B > A. The net fitness of the individual at
B is equal to each of those at A, while the fitness of
the first bird to arrive at A declined to the mean level.
As no individual «could nowv improve its fitness by
svitching patch, the distribution assumed that of an ESS
(Evolutionary Stable Strategy, Maynard-Smith 1974).
Fretwell’s (op cit.) model was termed the ’'ideal free
distribution’ because it assumed that individuals were
free to choose between patches. Some studies have
demonstrated that animals may distribute themselves
according to the ideal free distribution (e.g., Harper
1982), although others have found discrepancies
consistent with the idea that individuals must sample
patches before decisions are made (Milinski 1984; Inman

pers. comm.).

Certainly, some flocking costs are associated with
intraspecific interference, as has been demonstrated in
various wader species (charadriformes). For example,
Goss-Custard (1976) showed that disturbance of prey by
foraging redshanks Tringa totanus significantly reduced
the prey intake rates at high flock densities.

Oystercatchers Haematopus ostralegus too were subject
to lower prey intake rates due to mutual interference
(Vines 1980; Goss-Custard et al 1983a&b; Sutherland and

Koene 1982), while in other wader species, prey depletion



and reduced prey intake rates were further <costs of
increased flock density (Goss-Custard 1985).

However, in only a few cases has it been demonstrated
that intraspecific interference significantly alters the
foraging distribution and composition of flocks
(Ulfstrand 1979; Goss-custard and Durell 1981, 1983a).
Thus it was of interest to know whether such interference

wvas significant in promoting the dispersal of young.

Genetic composition

Many of the social ties and constraints that an
individual bird must consider before joining a group, may
not be immediately detectable. One such component, that
has not received so much attention, is that of the
genetic composition of flock groups. In contrast to the
agonistic behaviour discussed above, kin selection may be
important in retaining immature flock members, which
because of their ties with parents and close kin, are
afforded greater tolerance, and succumb to a lower than
average rate of interference. In social systems where
altruistic foraging behaviours are adaptively favoured,
kinship can be expected to flourish and form a major part
of the social matrix (Dawkins 1979). This is because
altruistic strategies will invade a population of passive
flock foragers, as in the 1long term, the former will
benefit from the general flock strategy as well as from
their own altruistic investment. Non altruists will

subsequently accrue fewer benefits than altruists and



support less viable offspring than the latter. However,
the question remains as to whether kinship and intra

flock relatedness are an advantage in the first place?

Cause and consequence

There are problems in trying resolve the causal and
consequential mechanisms of behavioural systems because
not all behavioural traits may have selective value
(Gould and Lewontin 1976). Some traits may appear as a
consequence of selection for more fundamental
requirements. For example, foraging efficiency can
increase in flocks as a result of either increased prey

density or because of decreased per capita vigilance.

High prey Avoidance of
density predation
More Larger More
efficient —_— flock —_ efficient
feeding size vigilance

¢

Observation

Both effects vary concurrently and result in similar
consequential observations. That is, that larger flocks

are selected for on both counts.

Thus, it 1is often difficult to ascertain the true
evolutionary causes of the flock development because it

happened at a time in the past. However, one can throw



some light on the matter by isolating the factors which
still maintain flock form and function. The following

questions therefore formed the basis of the thesis.

1) Did intra (or inter) specific competition exist in
and between such highly social species as rooks and

jackdaws and if so did it truly affect flock composition?

2) Was there a significant genetic component required

for the maintenance of the flock structure.

The study

In the first field season I experienced considerable
difficulties in trapping a large enough sample of rooks
to enable sufficient data to be collected, to formulate
accurate foraging relationships, and more importantly to
identify individual differences in competitive ability.
A further problem was acquiring enough offspring to
implement rigorous DNA fingerprinting segregation
analysis (explained in section 2.6). During the approach
to the spring of 1987, after having spent much of the
winter trying to improve rook trapping results, I decided
to switch emphasis towards jackdaws.

Jackdaws were advantageous in that their nests were
often more accessible than those of rooks, while their
semi-colonial nature would save time when searching for

nests. However, having realised that the breeding rook



colony was host to many jackdaws I suspected that a
nestbox scheme might also be feasible. This proved to be
the case, and with the breeding colony established and a
centre for activities, jackdaw trapping was completed
with much greater success than before.

In consequence, I used one or the other of the species
to investigate different principles in flocking
behaviour. It was therefore necessary to look at the
relationship between the two species in some detail and
to formulate an opinion 9on the justification of
extrapolating principals across from one species to the
other. In the event, the inclusion of interspecific
information proved invaluable by providing comparative
explanations for flocking associations, without need or

cause to revert to genetic or altruistic explanations.

Study components

Prior to the main body of work general aspects of the
study population are discussed, along with the techniques
used to acquire more specific information. The
investigation subsequently revolves around three basic
components that analyse aspects of social behaviour
across inter and intraspecific flock mechanisms. The

study format is therefore arranged as follows:

i) Background information.
ii) Interspecific association.

'y

iii) Intraspecific competition.
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iv) Intraspecific genetic composition.

i) Interspecific association

Despite their familiarity, at present there is no clear
evidence indicating the precise ecological forces
responsible for the maintenance of rook/ jackdaw
aggregations. Tentative explanations have been
suggested, that include the ability of jackdaws to dilute
the harrying, agonistic attentions of carrion crows
(Rdell 1978; Waite 1984a). Territorial carrion crows
Corvus corone L. did habitually disturb corvid £flocks
(R6ell 1978; Vaite 1984a; pers. obs.), perhaps because
the latter represented a competitive <cost on the
territory. However, this subtle modification of the
*dilution affect’ (Hamilton 1964) did not explain

heterospecific, as opposed to monospecific, aggregations.

Other investigations of mixed species flocking have
shown that increased vigilance is often afforded to one
species by another (Barnard and Stephens 1983; Barnard
and Thompson 1985; Henderson In press) and can play a
significant role in the readjustment of the time budget,
by providing more time for other activities.

As in single species flocks, a species méy also be
drawvn to new feeding areas by heterospecifics (Krebs
1973; Barnard and Stephens 1983) or the disturbance of
prey by one species might increase prey availability to a

second (Morse 1978; Rubenstein et al 1977).
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Alternatively costs may be associated with significant
interspecific niche competition. To this effect HOogstedt
(1980) demonstrated that the presence of jackdawvs
significantly reduced reproductive success of local
magpies Pica pica. However, despite some claims (Lockie
1956; Hoéglund 1986), significant levels of inter sﬁecific
aggression have never been shown to exist between rooks
and jackdaws. Furthermore, while niche dimensions have
been investigated on the basis of micro-habitat
requirements (Loman 1980; Waite 1984) and morphological
similarities and differences (0Olsson and Persson 1979),
strict quantitative comparison of the diets of the two
species has not yet been made. This fundamental aspect
of their ecology was subsequently investigated in this

study.
i1i) Intraspecific competitiveness

Since jackdaw foraging behaviour closely resembled that
of rooks, many original features of the investigation
could be continued. However, jackdaws selected prey that
was small and difficult to identify from field
observations. Thus, while feeding rates were calculable,
reliable estimates of energy intake would have been
difficult to formulate.

For the sake of studying energy budgets, I continued
instead, to monitor prey selection in rooks. But, rather

than compare individually tagged birds, I decided to

12



exploit the easily identifiable differences in age to
investigate age related decision rules. Since this work
vas implemented from the beginning of the study it seemed
economical to continue to utilise already acquired data.

As the success or failure experienced by immature animals
may determine the future structure of the social group
(Goss-Custards and Durell 1981) this point was also

investigated.

The manner in which adults and immatures acquired food
was assessed by estimating energetic accumulation and
expenditure of both parties. Energy intake evaluations
were based on techniques used by Barnard and Stephens
(1983) and Barnard and Thompson (1985), by assessing prey
size according to length relative to the birds bill. Such
estimations were to some extent crude, but it iﬁ hoped

that good comparative information was acquired.
i1ii) Group kinship

One of the factors central to the theme of social
behaviour and the evolutionary development of social
communities is kin structure. Many of the apparent costs
associated with group foraging (intraspecific competition
and interference) might well be explained in terms of
inclusive fitness so that successful foraging individuals
tolerate exploitation by related subordinates. However

previously, kinship has been difficult to study in field
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situations because years of study were required to follow
the fate of known offspring within the population. Even
then, true parentage was not certain. Recently though,
developments in DNA fingerprinting have meant that these
problems can be solved.

The human minisatellite probes wvere originally
developed (Jeffrey et al 1985a) to indentify multiple
minisatellite 1loci (see Chapter 2) for tracing human
parental lineages. Since then Burke and Bruford (1987)
were able to demonstrate that these same human probes
could also be used successfully to study relatedness in a
variety of Dbird species. This success was then,
supported by a demonstration of the applicability of the
technique to investigate aspects of social behaviour in
birds. Thus, Burke and Bruford (op. cit.) were able to
show that from a family of house sparrows Passer
domesticus (male, female and eleven offspring) one
offspring deviated from the expected probability of band
sharing on the paternal side. This enabled them to
conclude that the putative male was not the biological
father of that offspring and that the most 1likely
explaination was that a second male had successfully

copulated with the present female.

The power of DNA fingerprinting to disentangle the
complexities of avian mating systems Qés | further
demonstrated in a study of the dunnock Prunella modularis
(Burke et al 1989). The dunnock has a variable mating
system comprising monogamous, polygynous and polyandrous

combinations, depending upon habitat and resource quality
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(Davies 1985). Burke et al (1989) were able to show that
in polyandrous situations, of the two males present, the
most dominant (alpha) sired a slightly greater proportion
of offspring, than the subdominant male (beta). However,
both males continued to feed offspring regardless of
vhether they were the biological father or not, so long
as each male had copulated with the female. If for
example, the B male failed to copulate with the female
then he invested no further effort in the offspring.
Male nestling investment was therefore judged according
to female access and the chance that some nestlings were
his. Females meanvhile had a higher reproductive success
wvhen two males fed the brood, and so, encouraged the B8
males to mate.

Hence the power of DNA fingerprinting to unravel
complex kin relationships and add rigorous quantification
of reproductive success to field studies could hardly be
overstated.

Nevertheless, real limitations to the technique exist,
and need to be appreciated (but see Chapter 2 for a more

thorough account).

Though multilocus DNA fingerprinting is very powerful
at identifying the parentage of closely related
individuals (siblings and offspring) it does not have the
power to discriminate Dbetween less <closely related
individuals such as cousins and half siblings. This is
because, as the level of relatedness decreases, there is

an increased 1likelihood that the fingerprint band
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pattern could have occurred simply by chance mutation,
because fewer matching minisatellite loci are involved.
Thus the chance of misidentifying a closely related pair
of individuals is less than one percent, whereas similar
misidentification of half relatives is of the order of

50% (Brookfield pers. comm.).

Howvever, DNA fingerprinting can be used to investigate
relative interrelatedness of selected groups (such as
within flocks). Thus, by random coqparison of
fingerprints one can establish mean population levels of
relatedness, against which, selected groups within the
population can be statistically compared for higher than
average levels. Significance then relies on group sample

size and the level variance of intra group ‘relatedness’.

The species

Evolutionary history

Recent DNA-DNA hybridisation studies (Sibley and
Alquist 1986) suggest that the Corvida (a large group of
families including flycatchers, warblers, and thrushes)
had evolved some 55 million years ago (55 mya) in
parallel with similar Afro-Eurasian passerine groups
(Sibley and Alquist 1982; Sibley and Alquist 1986). Thus,
like the marsupials and placental mammals, the Corvida
produced convergent forms with Passerida. One group of

the Corvida, the Corvini (magpies, jays, crows) are
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thought to have subsequently invaded and radiated £from
Eurasia some 30 million years ago. The genus Corvus
(true crows including rooks and jackdaws) then diverged
from the ancestral Asian stock, and except for South
America, spread to all parts of the world, including
Australia.

It is plausible that the ancestors of the Corvini were
arboreal species, as much of Eurasia and even regions as
far north as Canada and Greenland were temperate and
afforested 60-30 mya (Sibley and Alquist 1986). For
those species that adapted to thrive in more open country
(for example the plains and steppe regions of central
Asia) despite eventual persecution by man, their success
was guaranteed with the spread of agriculture and the
consequential thinning of the forests.

Rooks would appear to epitomise the latter situation as
their distribution in Britain at least, “closely
correlates to the activities of agriculture. Jackdaws
too are well adapted to exploit the spoils of mans
activities. However, their ability to nest on cliffs and
ledges, and their being less dependent on earthworms and
grain has allowed them to colonise areas more open and
less inhabited than those utilised by rooks. Breeding
rooks nevertheless, outnumber breeding jackdaws by
approximately 2:1 in Britain (Lack 1986). This may be a
consequence of the overall relative scarcity of nest
sites for hole nesting species (see Chapter 8), but may
also reflect pre-adaptation in the ability of rooks to

successfully exploit the agricultural environment.
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Behavioural properties

Both rooks and jackdaws were in many ways convenient
species in which to study social behaviour. The
following list lays out the properties applicable to both
species that made them suitable for this behavioural

study.

i) Highly gregarious and social
ii) Diurnally active species
iii) Relatively large size
iv) Conspicuous
v) Sedentary
vi) Reasonably predictable in their daily movements
vii) Common in Britain
viii) Used to human presence, therefore observer effect
reduced.
ix) Familiar species, with much background ecological

and physiological information available.

Both species are, therefore, relatively easy to locate,

observe and study in the wild.
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Species description

Rook Corvus frugilegus, Linnaeus 1758.

Length: 55cm Average weight: f 420g m440g (this study).

Description: Nominate race C.f.frugilegus has glossy
black plumage with metallic green/purple sheen. Face
unfeathered and pale. Bill grey black, slender and
pointed. Legs black. Immatures - see Chapter 6. East

Asian race C.f. dastinator has a more feathered face.

Moult: Juvenile summer partial, the flight feathers are
retained for one year. >1 yr summer complete moult

beginning in April (Seel 1976).

Habitat: Lowland farmland comprising arable and pasture

land use with sporadic concentrations of mature trees.

Food: Especially grain, earthvorms and other

invertebrates, particularly tipulid larvae.

Breeding behaviour: Nests usually in treetops,
colonially in clumps of trees or small woods. Nest
material comprises twigs, lined with dried grass, leaves
and strawv