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Why...do rooks manouvre in such immense numbers,
and crows fly only in pairs? The simple truth is that
birés, like men, have a history. They are unconscious
of it, but its accomplished facts affect them still
and shape the course of their existence. Without
»doubt, if we could trace that history back there are
good and sufficient reasons whye...

Richard Jeffries (1879) Wildlife in a Southern County
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Abstract

In part one, the winter use of habitats available to
four corvids (carrion crow, jackdaw, magpie and rook),
synpatric in the mixed agricultural landscape of Keele,
Staffordshire, is examined. Grassland, especially per--
manent pasture, was the dominant crop, and a majority of
each species was found there. Selection between the dif-
ferent habitats available occurred. Carrion crows and
magpies were found mostly on permanent pasture or grazed
temporary leys, while jackdaws and rooks occurred mostly
on permanent pasture. Rooks foraged mostly for below-
surface invertebrates, especially earthworms. Jackdaws
took small invertebrates from the surface, and beneath
surface litter and dung. Carrion crows took mainly medium
invertebrates and large earthworms above the so0il surface,
and medium invertebrates from dung. Hagpies took both
small and medium invertebrates above the soil surface, and
from litter or dung. ‘

The overlap of the four species in space, time, forag-
ing microhabitat and prey types taken is examined.
Discriminant function analysis showed that each species was
significantly separated from every other on at least one of
the functions derived, but magpies were found to occupy
little unique niche space. Based on the observed overlaps
and some negative or facilitative effects of other species'
absence or presence on short-term prey intake rate, predic-
tions are made about the possible behavioural mechanisms
which might occur to reduce the impact of these effects.
Computer simulation indicated that in general overlap
between the four species was less than would occur by a
chance utilisation of the available resources, suggesting
that the species did differ in their use of the habitats
sufficiently to cause some partitioning of resources. 1In
addition certain species avoided foraging on a site when
other species were present. Some interspecific aggression
was seen, mainly by carrion crows against the other
species. Data suggested that this was probably due to the
presence of other birds disturbing large earthworms down
their burrows, thus making them unavailable to foraging
carrion crows, rather than to true 'interference' competi-
tion directed against species competing for the same
resources.

In part two, functional interpretations of avian
grouping are reviewed, and field observations of rook
flocks foraging for earthworms described. The data sug-—
gested that social attraction to larger flocks increased
the efficiency with which patches of earthworms were
located, since larger flocks built up on the denser prey



patches. This effect may also have occurred within flocks
_foraging on a single field. - SRS

A field experiment was conducted in which levels of
prey density were manipulated. Wild rooks showed changes
in behaviour in response to variation in prey densities
vhich were consistent with the field observations. LHow-
ever, in addition to showing social attraction after an
individual bird's 'giving-up time' on a patch had been
exceeded, birds may also have monitored the size of other
flocks available in the vicinity, and moved on before their
'giving-up time' was exceeded if a larger flock were forag-
ing elsewhere. Since larger flocks tended to occur on the
densest prey patches, this mechanism may further increase
the efficiency with which prey patches are located.

%
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General Introduction

The western palearctic Corvidae form an interesting
group. Apart from the two jays (Garrulus glandarius and
Perisoreus infaustus) and the nutcracker (Nucifraga caryo-
catactes) they all inhabit open country to a greater or
lesser extent, and many are sympatric over mnuch ofbtheir
total range. Within Britain it ié theoretically possible
in some parts to see six out of the seven resideﬁt species
(i.e. excluding the woodland-inhabiting ngzgigﬁ glan-
darius) foraging oh the same fiela (7illiamson 1960 has
recorded this in the Isle of Maﬁ). In the mixed agricul-
tural landscape of so much of lowland southern Dritain four
species are sympatric - the carrion crow (Lorvus gg;gﬁg),

the rook (C. ﬁ:ggllggﬂg), the jackdaw (C. monedula) and the
magpie (ngg ngﬁ).

These four species are all 'omnivores' in the broad
sense of the word, foraging in mainly open areas for
invertebrates, grain, and to a limited extent liVe small
vertebrates, carrion and miscellaneous vegetable ma£ter
(e.g. Holyoak 1968, Lack 1971). Yet these clﬁsely related
species differ greatly in their social orgaﬁisétions, both
in a grossbdifference of general degree of gregariéusness:

and in several more subtle ways.
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This situation throws up many issues which, for the
purposes of this thesis, have been reduced to two basic

questions::
(a) What are the niche relationships of the four species?
(b) 7hy are there such differences in social organisation?

The thesis considers two main issues arising from
these two questions. 1In part one, measurement of the
winter niches of these four species is presented, based on
quantification of gross (crop type) and fine (above-beneath
soil surface, dung, stones or clods) habitat choice; of
the use of space in time; and of a fairly crude estimate
of prey type. &An analysis of the possible relationships
between the overlaps revealed and certain aspects of social
organisation is made. 1In particular the effects of the
niche relationships on short-term behaviour in terms of
interspecific interference or exploitation competition are

considered.

These observations suggested certain hypotheses con-
cerning the function of different patterns of social organ-
isation. One of these is tested in part two - a possible
food-finding function of the rook flock is tested by field
observation of wild birds foraging for a naturally-
occurring prey. These observations identified prey density

and dispersion as the likely key exogenous variables con-
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trolling behaviour changes. A field experiment controlling
levels of prey density artificially was therefore conducted

to test this.



Methods

M.l Study Areas

llost observations were made on farmland surrounding
Keele, North Staffordshire. Some subsidiary observations
were carried out at Blore Ileath, near larket Drayton,
Shropshire, and at Farmoor, Oxfordshire (inset to figure

Ii.1a).

Keele is situated on the Trent-llersey watershed a few
niles west of Stoke-on-Trent (figure IM.la). The landscape
is gently undulating on gley soil with a base of (and
occasional outcrops of) red sandstone. Its position on the
watershed means that only a few small streams run through
the area. The gley soils keep the ground moist or water-
logged for much of the year but can become hard and dry in
sunmmer (see further chapter 1.3). There are small areas of
copse and buildings at Keele, giving the landscape the
‘patchwork' appearance comncen to much of lowland southern

Britain (figure M.1lb).

M.2 Dates

lHost cata were recorded between January 1979 and Harch

1981, though related work was carried out beginning in



Figure M.1

laps of Study Areas

(a) Position of three study sites within Dritain and position
of the main stucy area at Keele, north Stafforcshire.

(b) Field unite and 'patchwork' appearance of the Keele study
area., Treec indicate copses, houses indicate built-up areas.
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January 1976 (Waite 1976, 1978).

Although»some data were»recorded in ell montho, all
behavioofaiwdata reported here, except where speoifically
stated otherwiée,lwere recorced betweeh Novembef ls£ ané
february 28/29th. This wés dooe bec;use’the behaviour and
eoology of each speoies varied seasonéliy. ﬂovembere
Feofuery was a reasonably homogeﬁeous 'éeason'.withiﬁ ehe
annual;cycle’for eaoh species (jﬁstifioation.for ehis may
be found 1n\chapter 1.3 and hao already ap?eered in more
detail in Vaite 1976 and 1978, see also Feare et al. 1974).
Mo new trends in the data recorded fof this‘study have
altered theee conclosions. Datavwefe reoorded between 0900

and 1700 GMT in winter.

M.3 Corvid Species

Behavioural data were recorded from three congeners,
the carrion crow (Corvus gg;gne), the rook (C. frugilequs),
and the Jackdaw (c. mgnﬁgﬂla) and from the magpie (Pica

Ilga).

M.4 Recording Behaviour

Observations were made on actively foraging birds
only. Flock size and nearest-neighbour distances were

recorded at the beginning and end of each separate
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observation. ' An individual bird was chosen arbitrarily and
a continuous commentary of feeding attemﬁts, prey eaten,
agonistic interactiops and flights waé spokén into a tape
fecoréer, aioﬁg with én‘insténtaneoﬁéréime saﬁple Qith a
five—second'ihterval for ceréain béhaviours (see list
beiow).i ﬁean 1eng£h of re¢6r65/was‘212;2 sécondst(é.d. =
S3;l£; records lasting less than two minutes were dis-
carded. Recording was stopped after 10 minutes if the
subject bird was still.visible; in practise there were very
few records exceeding c.6 minutes. Observations were made
from field edges; ;sing a vehiclé as a hide, with é zoon
telescope (25460x60) moﬁnted bn a tripod, at ranges not

exceeding ¢.50 nmetres (depending on weather conditions).

M.5 Recording Meteorological Data

Daily recordings were made for the ﬁeteorological
'office by the mcteorological officer of tﬁe Department of
Geography at the University of Keele. The recording sites
vere poéitioned in the centre of the main study area.
Further background data on the climate of Keele were avail-
able in Beaver & Shaw (1970). Meteorological data for

Blore Heath and Farmoor were not sought.

ow e T
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M.6 Sampling Prey Densities and Dispersion

Only measurements of grassland invertebrates were made
(sections 1.3.6 and 1.4.1 explain why). Due to a limit on
time and equipment available, the sampling programme was

designed to sample only earthworms (Lumbricidae) with known

confidence. (*)

M.6.1 Sampling Method.

Samples were taken as a series of soil'cores (7cm
diameter by 7.5c¢m deep). Cores of this depth were taken-
since the birds were presumably unable to exploit prey
below a few centimetres depth. Total bill length in the
rook (the species with the longest bill of the four) is
between 5.5 and 6cm (table 1.2.1); when digging birds can
go somewhat deeper than this in the soil. Thus cores of
7 .5cm depth probably covered all prey potentially avail-

able.

It is of course unknown how closely the samples
reflected what was actually available to a foraging bird.
The main prey type which cores will have underestimated

were large lumbricids inhabiting permanent vertical burrows

(*). A project investigating prey availability, prey fed to
nestlings, and social organization of carrion crows and
‘rooks included correct sampling procedures for other inver-
tebrate groups, but was not completed within the thesis
period due to the extent of the task (see appendix 8).
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down which they were able to escape as the core was taken.
The cores were driven and removed as quickly as:possible to
alleviate this. Worms within permanent burrows did occur
in the cores (4.04% of all worms sampled), often broken in
two at the bottom or side of the core. The birds, of
course, had a similar sampling problem - though they were
no doubt more efficient at catching‘such prey than I (see
section 1.4.5.2). Permanent burrows could be several feet

in depth (Gerard 1967, Edwards & Lofty 1976) .

However ﬁuch this methoé intfoduced_error, it was felt
that cores weréla better alﬁernative than chemical éxtrac—
tion (thé other‘commonlylused‘method), since the latter
techniques are kﬁown to bring worms up from depths at which
they would undoubtedly be unavailabie tb foraging rooks
(e.g. see Hordstrom:& Rundgren 1975, Raw 1967a, Saﬁchell
1%67a, and sumnaries in Edwards & Lofty 1977 and Southwood‘
-1978). Since Gerard (1967) has shown thét in winter the
majority of earthworms 1i§e beneath 7.5cm, such error would
be ﬁnacceptable. Dunnet & Patterson (1968) drew similar
conclusiohs when Studying rooks foraging for earthworms in

IE Scotland.

M.6.2 Sorting Method.

Cores were removed to the laboratory and handsorted.

The number of different invertebrates and the live wet
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weight of earthworms were recorced. Handsorting combined
acceptable accuracy with the possibility of noting from
which part of the core invertebrates were recovered (e.g.
Edwvards & Lofty 1977, Satchell 1971, and Southwood 1978

summarise the literature on comparative efficiencies.of

different sorting methods).

M.6.3 >Sampling and Sorting Dung.

Samples from dung were téken by femdving a core
through the pat, and a'seéarate core of ﬁormal depth from
beneath the pat; The soil‘cores wefe handsorted in the
usual way, whilst the dung was sorted by using a combina-
tion of haﬁdsorting and floﬁation in a 25% solution of
magnesium suiphate (Laurencé61954). The absolute éffi-
ciency of this method is uﬁknown, thoﬁgh Southwood's (1978)
sumnary of studies indicates that efficienciéé areAaccept-
able for active invertebratés but iowér for eggs‘and pupae.
It is likély that bifds wbuld have a sémpling bias in a

similar direction,

M.6.4 Number of Sample Units.

Preliminary samples using the corer of the said size.

indicated that any number pf cores in excess of about 10

v

would usually produce no further worthwhile reduction in
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sampling error of earthworm numbers and biomass. (*) An N
of 42 cores was decided on since a major purpose of the
sampling programme was to investigate whether the inver-
tebrates weré distributed randomly, regularlf; or in aggre-
gétions. This number allbwed aksymmetrical 6x7‘grid, with
2m befﬁeen éach core, to be taken andrtﬁe dispersibn
pattern’to be examined. ;Whén such a gfid was notvlaid out,

42 cores were taken over a similar area at randon.

The estimation of population mean and variance from
samples where cores were taken at éxact fixed intervals is
of course not strictly statistically valid, since a truly
unbiased population estimate can only be,aSSumed if every
area Qithin the habitat ﬁo be.estimated had an equal.
probability of being sampled. However, since detection of
aggregation patterns was.one of the aims of samples, a
number of the samples could not be taken at random. One
methoa éommonly used ié that of‘stratified random sampling
(e.g. Southwood 1978) where the habitat to be sampled is
divided ﬁp into equal areas and then one samplé is taken at
random within each area. Again, however, the deteétibniof
aggfegation patterns is not pOSsiblé with this meﬁhod

unless the habitat is divided into a large number of small

(*) As determined by plotting sample size against popula-
tion estimate; and also by applying a formula for estimating
the N of samples required to give confidence limits to the
population estimate of 10% or less (Milner & Hughes 1968,
Southwood 1978). . S
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areas - in fact only as the sample becomes more 'fixed' in

its nature.

Hughes (1962) describes a method 6f napping aggrega-
tions by taking paired samples across a hebitat, chooging
thé fifét sample site by random process, and then taking
the paired sample at a fixed distance from the first in a
random direction from it. However, the method works best
for discrete aggregations and was practically difficult to
manage. The 6x7 fixed grid method was the only practicable
nethod of quasi-mapping of areas, which could reveal any
coherent aggregation patterns existing over an area mean-
ingful to a foraging bird. Since the method involved
pacing an estimated two yards, and an estimation of right-
angles by eye, the method in a sense approximated to a

stratified randon sample. (%)

Strictly speaking, therefore, the calcﬁlation of stan-
dard errors of estimates derived from such fixzed samples
are problematical. However, no systematic differences in
means or variances were found between samples taken by the
fixed method and at random, and.there was not enough time

available to sample enough fields at random to use only

(*) fThere were scientifically trivial, but practically
important, reasons why this method was the only viable one
(lack of time, lack of permissions for anything time-
consuming on some fields, lack of an assistant for measuring
and keeping inquisitive stock from scattering the contents
of previously-bagged cores, etc..etc.).
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those samples for estimation of population densities across
the study area. It was felt that in this instance the end
(detection of whether coherent aggregation patterns
existed) justified the means calculated from such sam-

Plesoono

The relaticnship between sample size and population
estimate for three of the subsequent samples (arbitrarily
chosen for illustration) is depicted in figure !.2. 1In
each case the variance about the final mean tends to level
out well before the final sample size of 42 cores. As a
double check, the ! of cores required to estimate the
population mean with 10% confidence, calculated by applying
the formula retrospectively to the estimate and variability
of the complete sample of 42 cores, were in each case well
below the actual sample size of 42 (the arrows in fiqure

M.2 indicate these calculated sample sizes).

Dung sanples were taken with an N of 10 cores. 1In
addition, occasionally the full sample of 42 cores of
normal open grass areas could not be taken, and 10—cofe
randon samplés were substituted. Figure M.2 indicates that
in general samples of this size will estimate the true
populétion with acceptable confidence on only some occa-
sions. The important cdata in part two of the thesis on
differences in the Keele study area over a three-week

period, and on subsequent shifts, were all taken as full



Figure M.2

Population estimates of earthworms using different sample unit
N's

Lecults for three arbitrarily selected samples. The circles
indicate the mean rniumbers and biomass of earthworms in cores
1-5, then 1-1C,...1-42, The arrows indicate the number of
cores required to give 10% confidence to the population esti-
nate given the mean and variability of the actual sample of 42
cores (see texnt). "All" and "Obs." refer to the different size
classes recognised during scrting (see text section [1.9.2).
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42-core samples. The summary table in appendix one indi-

cates which samples were of size 10 cores.

It was necessary to do this on occasion because taking
and sorting the samples was a very time-consuming.activity.
Sometimes a sample would be taken and no birds would then
use the field. Hence a policy was adopted at some times of
the year of sampling several fields with only 10 cores
taken from each to increase the chances of being able to
subsequently relate bird behaviour to prey densities and

dispersicns.

Thus an unknown amount of error may have been intro-
ducéd into some of the relationshipé betwéén pfey density
éﬁd dispersion, and bird behaviour. It may be reésonably
aséumed that this will have made true relatiohships between
véfiables more difficult to trace, by increasing error
variance, rather than providing a source‘of any sYstematic

bias.

. Finally it should be noted that when in later chapters
it is stated that field 'x' contained more or less inver-
tebrates than field 'y', this is a shorthand for "a partic-
ular area of c.1l20 square metres in field 'x',.."; data
presented later (section 1.3.8.2) shov that there are often

significant differences in invertebrate populations between

t&o’such areas within the same field.
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M.6.5 Samples Taken Close in Time

Samples‘were taken throughout the year, but one set of
14 samples were taken during a 26-day period between 20th
llovember and 15th December 1979 (see section 21.3.8.1).
The location, significance and results of this programme
are described later. Since earthworm densities (in the top
7.5cm of the soil) vary seasonally and with short-term
changes in temperature and rain (summary and references in
Edwvards & Lofty 1877 and Vaite 1978), the samples were
taken within as short a time period as possible. The
26-day period was one of fairly uniform mild and wet
weather with no days of frozen soil, and with rainfall and
air temperature variations spread quite evenly across the
period (figure M.3a & b). There was no significant rela-
tionship between air temperature and éarthwprm numbers, nor
was one crop type sampled at systematically differing
climatic conditions to other crop types (figure l1.3c).
Hence differences between samples were not sinply the
result of systematic biaé in sampling different areas on
different cdays. Any variation introduced by climatic vari-
ability would therefore seen to be randomly distributed

amongst the samples.

' M.6.6 Invertebrate Samples and Bird Behaviour

Soil invertebrate data were not available for all



Figure M.3 -

Climatic conditions during a 26-day invertebrate sampling
programme in November-December 1979

(a) Frequency distribution of mean 24-hour air tenpera-
tures. :

(b) Air temperatures and rain days.

(c) Air temperatures and ecarthworm densities
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observations of birds. To ensure an adequate sample N of
observations, individual observations of birds were
assigned data from a soil sample if they foraged on the
relevant field within +/- five days of the invertebrate
sample, unless climatic conditions changed dramatically
during this pefiod. Again; Any értot introduced by this

procedure is likely to be random rather than systematic;

M.7 Censusing Birds and Habitats-

Routine fortnight1y4cehsuse; of paft éf the main study
area at Keelevwere carried out throﬁghout\the year for
three years (naturally some were missed when the author was
not at Keele). The arearsaﬁpled is shown in‘figure l.1b.
An additional 15 fields moving off the south-west corner of
the mép were added td the census during the final year.
Unfortunately at the beginning field numbers were not
always recorded, simply the habitat type and the number of

each species present.

The census included walks past all of the small copses
and through the larger wood at the S.E. corner. Any
corvids seen were recorded, but the areas were not sys-
tematically searched nor were birds flushed (e.g. see
Dunnet & Patterson 1968). Birds in rookeries were not

counted. Because of this, the census can only be used to
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indicaté habitat selection and the relative numbers of four
species present in open habitats, and not absolute popula-

tion densities.

,;The census took c.2-3 hours to céﬁplete; o attempt
could be madé to adjust for birds moving frém field to
field and thereforevbeing counted more than once (unless
they were specifically observed to do so).éince birds were
not marked. Censuses were begun at different pointé and
carried out in different directions on different days to
attempt to preclude any systematic errér introduced by bird
mévéments.k Censuses were conducted between lOOO and 1600
GﬁT. All’birds occupying the censused habitats were
counted, whether actively foraging or not (no distihétioﬁ.
was made between the activities of birds in the census).
The timing of the censuses ensured that neither pre- nor

post-roost gatherings were included.
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M.8 List of Recorded Variables'

1. Date

2. Time

3. Place

4. Habitat (Crop Type)

5. leteorological

6. Prey Density and Dispersion
7. Length of Observation

Social

1. Flock Size :
2. llearest Neighbour Distance
3. Flock Sizes of Other Corvids

17

Continuous:

1.
2.

4.
Se
6.
7.
8.

9.
10.

11.

Paces .
Feeding Actions:

Surface 'Pick

Surface Probe

Pounce L

Junp

Stone=-Clod Turn:

Dung Turn

Dung Crumble-

Deep Probe

Dig -

Jab
Prey Type & Size:

Grain

~Earthworms:

Small

Medium

Large ,

Other Invertebrates:

Small

lledium

Short Flight

Leave Field
Displace Conspecific
Displaced by Conspecific
Leave Field after Attack
by Conspecific
Displace Other Corvid
Displaced by Other Corvid
Leave Field after Attack
by Other Corvid

Tine Sample:

11.
12.
13.
14.
15.
l6.

Look Up (Vigilance)
Look Food

Peck

Interact

Rest-Preen
Fly
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M.9 Definition of Environmental Variables

M.9.1 Habitat

Behaviour was not recorded when birds were foraging in
woodland, aroﬁnd buildings, or on other 'ﬁarginal' land -
all of which they rarely did (see sections 1.7 and 1.4.1)

- but birds' presence waé recorcded when in these habitats'
duringléensuses. "Habitats were defined b§ a éombination of
'cfop' type and by the current state of the crop, though
many of these categories were later mergeé in ﬁhé>ana1yses
présented in this thesis. Except for thé‘firét category

the habitats are all agricultural. Ch
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5.
6.

7.
8.
9.
10.
11.
12.

13.
14.
15.
16.

17.
18.

19.
20.

21.
22,

lNon—-agricultural grass

(sports fields, verges, etc.)

Ungrazed tenporary ley
(less than 10 years since
last ploughing)

Grazed temporary ley

Ungrazed permanent pasture
(more than 10 years since
last known ploughing; in
practise most were much
older)

Grazed permanent.pasture -

Other grass

Wheat
Barley
Oats

Rye

llaize

Other grain

Potatoes
Sugar beet
Swede

Other root

Kale
Other brassica

Oilseed rape
Marginal

Woodland
Other

19

States

1.
2.
3.

4.

5.
6.
7.
8.
9.

1l0.

11.
12.

13.

14.
15,

Sown broadcast

-Sown drilled

Sown drilled through
stubble

Sown drilled through
grass

Sprouted (braird)
Standing less than 6"

Standing greater than 6"
Hay laying cut

lay or silage cleared
less than two weeks
previously

Stubble
Burnt stubble
Mucked stubble

Plough

‘Harrow-tilth

Fallow

When recording behaviour of birds foraging on gkass-

land, an attenpt was made to record birds on all crop

types. However, the rarity of use of some crops made this

impossible. In reality, the number of observations of each

species reflected the relative abundance of each crop type

fairly closely, except in the case of the magpie which was

under-recorded on grazed temporary leys and over~recorded
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on non-agricultural grass and uncrazed tenmporary ley (table
M.1). The significance of these patterns is discussed in,

for example, sections 1.4.1, 1.4.5.3 and 1.4.5.4.-

M.9.2 Prey Density

TThen sorting soil cores the different invertebrates
occurring in each core were recorded and the live wet
weight of earthworms (Lumbricidae) in each core measured.
On occasion some of the other invertebrates were weighed
but this was not done as standard due to the infreqﬁént
occurrence of invertebrates other than earthworms in most
of the samples. Earthwormsiwere further classed by four
size categories - large, mgdium, small, and thqse con-
sidered too small to be identified by an observer if taken
by a foraging birdr(the firs; three size categories are
defined in section M.11.3.2 below). "~ Because of lack of
time, each earthworm was not classified by species = in
any case, earthworm species could not have been determined
whilst observing foraging birds. Because of the infre-
quency of occurrence of invertebrates other than earthworms
in winter samples at Keele (where most samples were taken),
these items were classed only as occurring above or below
the soil surface, and not taxonomically or by size. If
there was some cdoubt as to where the invertebrate occurred,

it was classified as 'other'.



Table M.1

Proportion of behavioural observations from each grass crop

type compared to proportional use of that crop type by
birds determined by census

NAG = non-agricultural grass, TLU = ungrazed temporary
ley, TLG = dgrazed tenporary ley, PP = permanent pasture.

C.Crow

Rook

Jackdaw llagpie
NAG 9% Observations 7.8 l.4 - 22.9
$ Usage 3.8 1.3 0.7 6.2
TLU % Observations 13.3 1.4 - 17.1
% Usage 1.9 - - 3.7
TLGC % Observations 35.5 15.9 15.0 5.7
% Usage 38.5 11.8 16.8 39.4
PP % Observations 43.3 8.2 85.0 54.3
' % Usage £5.8 86.8 g2.5 50.6
N Birds Observed o0 69 60 70
1l Birds Censused 244 1219 655 214
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As stated in section 11.6.4 the sampling procedure was
standardised on earthworms. Hence while earthworm figures

are legitimately transformed to population estimates those

of other groups are not, although mean numbers per core are

given in appendices one and two, and are sometimes used as
ranks in statistical analyses, on the presumably not unrea-
sonable assumption that there will be some unspecified

positive relationship between the numbers found in a sample
and true population densities (*). Hence the following

prey density variables are employed in the thesis:

1. Number of very small earthworms per square metre

2. 11 of small earthworms / square metre

3. N of medium earthworms / square metre

4. 11 of large earthworms / square metre

5. llean N of 'above surface' invertebrates (other than
earthworms) per core %

6. Mean N of 'below surface' invertebrates (other than
earthworms) per core

These may be sumned and referred to as:

7. 1 of all earthworms / square metre (sum of 1-4)
8. N of 'field observable' earthworms / sguare metre (sum of 2-4) |
9. Bicomass (g) of earthworms / square metre (sum of biomass of 2~¢|

10, llean I of invertebrates other than earthworms / per core (sunm
%ﬁ-eplus any unclassified by position in core) ,

Since the main point of the invertebrate sampling

(*) Phillipson (1971) has discussed the problem of sampling g
rare and/or very aggregated invertebrates, and detailed the .
difficulties of devising reasonably cost- and time-effective g
sampling programmes which provide anything better than con- d
fidence limits of 30% to estimates of population nmeans -

yet the use of such data is considered justified in the
absence of any alternative methods of data collection. This

approach is followed here, with the use of numbers or
biomass 'per core' to act as a reminder of the degree of
error potentially involved in these data. -
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programme was to relate such prey measures to the behaviour
of foraging birds, the second of the two estimates. of
earthworm numbers (i.e. "field observable") is used
throughout  the rest of the thesis except where specifically
stated otherwise., Qualitatively similar relationships
exist between behaviour and N of all earthworm numbers per
metre square in any case, since the two variables were
highly correlated both between samples, (N._all EW per metre
square with I 'field observable' EW per metre square for
the set of 14 fields sampled in liovember-December 1979 -.r
= 0;92;;.N all EYW per core with Il 'field observable' EW per
core for 14 separate samples of 42 cores each - mean r =

0.75'(range = 0.59 to 0.8%); see further section 1.3.8).

M.9.3 Prey Dispersion

The.disﬁersion of invertebrates within soil samples
was tested by two methods - the mean-variance ratio test
for statistical heterogeneity, and a test for the spatial
pattern revealed in 6x7 grid samples (see section
1M.12.2.4). Both methods could test whether invertebrates
Qithin séﬁples differed significantly or not from a random
distribution, either in the direction of greater evenness
than expected by chance (‘'overdispersion') or greater con-
tagion ('aggregation').. However since, as stated above,

the sampling procedure was not standardised on inver-
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tebrates other than earthworms, a significance test inves-
tigating the relationship between the mean and variance of
such samples would not be appropriate, and hence this
procedure is used only to test the dispersion of
earthworms. Testing the 6x7 grid pattern shown by these
other invertebrate groups is however considered valid since
the test employed is not based on tﬁe continﬁoué vériabil—

ity of the samples (see section M.12.2.4)} It is hoped
that thé probability of récofding the presence or absehce
of such inVertebrates in any one ébre is hdt proportional‘
to the true populétibn densities in‘the afeas from which

cores were drawn.

The values resulting from these tests are labelled:

V/1 Ratio lethod o
GCrid-Pattern Method «

in appendix one.

M.10 Definition of}Social Variables
M.10.1 Flock Size

The number of birds present was recorded at the begin-
ning and end of each separate observation of a foraging
bird, and the mean used. The 'loose' structure of foraging

groups of each species made this a little ambiguous. Usu~



Methods 24

ally the definition of Patterson et al. (1971) was adopted,
which states that birds in different fields are taken to be
in different flocks. However, on the larger fields birds
more than c.200 metres apart were treated as separate

groups.

Where more than’one species occurred togetherlgn a
field, the flock sizé'of eachkspecies was fecorded
Separately;. In some analyses the flock sizes of one'or
more Speciés Gefé added tbgether ~ when this hés béén dohe

it is of course clearly indicated in the text.

M.10.2 Mean Nearest Neighbour Distance

A measure of flock density was calculated as the
average distance between flock birds.  This .was determined
for each observation by estimating the distance (with the
naked eye) of each bird in the flock from its nearest
neighbour at the beginning and end of each separate
behavioural obsér&ation;'ahd<tékiﬁ§ the mean. 'Above 6.20
metres END's were only estiﬁaiédwat large intérvaié (i.e.

25, 50, 75, 100 and 100+ metres).

This method must be open to error, particularly along
the line of sight on flat fields, and as distances between
birds increased. Known distances between landmarks on most

of the fields used for data collection enabled errors for
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larger distances to be lescsened.’ The assumption is made
that error was standard between observations. Only one
ogséééerifeéaiéea éhéée data. MNND figures in the thesis
should not be taken as accurate measures of absolute dis-.
tances, and comparisons between the data presented here and
data in other studies employing flock density measures
should be done with this in mind.. Only non-parametric
(ranking) statistics were performed to avoid bias intro-
duced by error rate increasing as distance increased, and
the use of fixed non-equal intervals at the’greater*dis-

tances.

Because error-rate increased as distance increased,
and because the larger distances were estimated at non-
equal.fixed intervals, the median would have been a more

appropriate description of central tendency. However, by

the time this was realised much of the original data on

which the means were based had been discarded.

Additionally, it was discovered too late that first-
neighbour distance was not a good measure of overall flock
déﬂsié& for jackdaws in all seasons and for the other three
species in spring, summer and autumn, since paired birds or
dependent youhg;following an adult kept closer together

than the true average flock density. Second-neighbour

distance would have been a better measure,
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M.1l1l Definition of Behavioural Variables
M.11l.1 Feeding Actions

Ten different foraging behaviours were recognised for
birds searching for and taking prey. lNost of these fol-
lowed Lockie (1¢56a) with some modifications. Dung Crumble
and Jab were not listed by Lockie. Holyoak (1974b)
desgribgd magpies scratching litter aside with one foot but
né ;éecies‘was observed to do this during the present
study. Pinowski's (1959) description of:rooks 'rooting'
sounds rather like the Dig action-described here (section

11.11.1.9).

M.11.1.1 Surface Pick

This was a simple action, the bill being lowered to
the ground, the prey item picked up if located and caught,

and the bill lifted up again.

M.ll.1.2 Surface Probe

The‘bird either pushed its bili into a tuft 6f Qréss’
énd‘openéawit,;or used;its;bill as é\lever, fitSt flatten-
ing dowﬁ grass bladesvto one side’ahd then mqvihg its head
over in an arc Sso thatffhe'other éidé was fiattened also

(*)., It was usually quite straightforward to distinguish
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between this action and the similar action of Deep Probing,
where the bill was pushed beneath the soil surface and not
simply into the grass-mat layer. However the distinction
was not always obvious and an unknown proportion of true

Surface Probes will have been misclassified as Deep Probes,

and vice-versa.

M.1ll.1.3 Pounce

This action was distinguished from Surface Picking
mainly by the speed of its execution. Pouncing was seen.in
two forms, depending on the nature of the prey. Firstly, a
foraging bird could run-hop-fly quickly for a short dis-
tance and.catch a prey item by moving its bill very quickly
to the ground surface. This was most often observed in the

sunmer nonths and was probably directed at adult dipterans.

The second form of the action, when successful, almost
always resulted in the capture of a large earthworm which
had been caught partly out of its permanent burrow. A
foraging bird would suddenly pounce to one side - some-
times after a period of peering at the ground while stand-

ing still, rather like a blackbird (Turdus merula) - and

(*¥*) This was easily distinguished from the often-observed
'bill-wiping' as in that behaviour the head is not moved
from one side to the other in an arc, but first one side of
the bill is laid against the grass and the head noved so as
to wipe its entire length, and then the same is repeated for
the other side of the bill.
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drive its bill quickly down to the soil surface. -Fre-
guently after pouncing the bird then leant back and slowly
pulled a length of earthworm out of its burrow. Sometimes
the bird would lean back as far as it could without
extracting the entire length of the earthworm, at which
point it would let go and quickly grasp the earthworm again
near the ground surface and continue pulling until it had
extracted the rest. Blrds probably did not always withdraw
the whole earthworn, but broke them in two - large
Lupbricus terrestris, Allolobophora longa, and A. pocturna
(the three large permanent burrowers present at Keele) all
extend their setae into the burrow wall, and expand their
posterior segments to grip the wall of the burrow, if
caught partly out on the ground surface, and may often be
broken in two rather than relinquish their grip (see e.q.

Edwards & Lofty 1977).

This latter form of Pounce may at times have been
confused with Jab (11.11.1.10), where the bill is driven
down qulckly but goes beneath the soil surface. The confu-
sion is 11Le1y to have been serlouo only when the actlon’
was unsuccessful; since then the bill coulé be mev1ngbw1th
such séeed’that it might finiéh SOmewhat beneathkthe seil
surface. ‘Unsucces sful feedlng actlons are not analysed in
the theéis. Successful actlons were probably dlfferen-
tiatedvcorreetly most of the time, since when a pounce was

successful the prey was grasped with the bill remaining
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above the surface, whereas a successful jab left the bill
below the surface. Pounce was used mostly by jackdaws
\taking small invertebrates (the first form of the action)
or by carrion crows taking large earthworms (the second

form) , whereas Jab was mostly used by rooks taking small

earthworms (appendix 7.9)..

M.1l.1.4 Jump (or.Snap)

A foraging bird took a flying insect. Aalthough the
bird did not always leave the ground to do this, the action
is referred to only as jump in the analyses as a shorthand.
The key dlfference betveen this and urface Pick or Pounce
for an aoult w1nged 1ngect is that in the former‘action the
insect was in the air, whilst in the 1atter two it wes on

the ground surface.

M.11l.1.5 Stone-Clod Turn
A foraging bird used its bill to turn over a clod of

earth, tuft of dry grass, small stone or plece of wood,

leaves, etc., and fed on the 1nvertebrates thus exposed.
The actlons used to catch the prey after moving the object
(often by plcklng or pouncing) were not recorded as Surface
Pick or Pounce in addition. If a single movenent of an

object resulted in more than one capture of a prey item,
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then.each capture was termed a Stone-Clod Turn, even though

only one actual movement of the object may have occurred.

M.1ll.1.6 Dung Turn

Thé movement Qf animal dung by a biré to expose
invertébrates. As ﬁiﬁh Stone-Clod Tutn,”actiéns used to
take items after the movemeht ofqthé'dung were no£ classed
as seéarate Surface Picks (etc.) but each prey capture was

a separate Dung Turn.

:‘Avbira}exploiting a large cow pat could make many
separate turning or scattering movements in a short space
of time. These vere treated as.but one Dung Turn until the
bird moved its fecet and therefore began to exploit another

part of the pat.

M.ll.l.? Dung Crumble

. A rarely used action performed by a few carrion crows,
which took pieces of dry dung between the mandibles of the
bill, which were then closed to crumble the dung into small
piéceé:> Invéitebrates thus exposed coculd then be eaten.
"As with the two previocus actions, one crumbling movement:
followed by more than one prey item capture were designated

as: separate Dung Crumbles.
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M.11.1.8 Deep Probe

The bill was inserted into the ground and opened, and
often twisted and turned from side to side. If an
earthworm or other soil invertebrate was exposed, the bill
was closed and the invertebrate extracted. As with the
previous thfee actions\énd Surfacé Probe, mdrevthaﬁ one
probing movement at the éamé épot was coﬁﬁted’as oﬁe”Déep

Probe.

M.11.1.9 Dig

The bill waé used as a hammer to dig ééfthe grouﬁd;
pieces of eérth being scattered)kand an’oftén:subéﬁantiéi
excavation made. As with some of the other actions,
several digging movements at the same spot were treated as
one Dig, but more than one prey capture following the
digging movements were treated as separate Digs. Deep
Pfobé could séﬁetimes develop into Digging. When this

occurred a Dig was recorded.

M.11.1.10 Jab

A swift movement, often (but not always) following a
bout of peering, as with Pounce (11.11.1.3), but where the
bill was driven beneath the ground surface and a prey item

extracted. A small amount of earth was often flicked off
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the end of the bill following a Jab.

M.1ll.2 Microhabitats

32

In some analyses feeding actions were sunmed to

represent foraging in different microhabitats.

ing four microhabitats were defined:

1. Above Soil Surface being the
2. Beneath Stone-Clod . ‘being the
3. Within-Beneath Dung being the
.4..Beneath Soil Surface being the

M.11.3. Prey Items

sum of:

sumn of:

sum of:

sum of:

The follovw-

Surface Pick
Surface Probe

Pounce
Jump

Stone-Clod Turn

Dung Turn
bung Crumble

Deep Probe
Dig
Jab

Ahf‘of the above feeding actions could result in the

4

cépture of a prey item. The following prey items are

recognised in the thesis:

‘Grain
Small Earthworm

Medium Earthworm
Large Larthworm

- Small Invertebrate (other than earthwormn)
Medium Invertebrate (other than earthworm)
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These rather broad categories are all that the recording
technique (direct observatiohréf foraging birds) would
allow. 'Earthworms could readily be idenﬁifiéd through the
telescope, but only some other invertebrate types could be,
and those not reliably on every occasion. .'Small' items
which could barely be seen were recorded if a bird was seen
to make a swallowing motion following a feeding action -
a distinct movement in which the bill, head and neck are
jerked pack, sometimes several times, as the prey is swal-
16ﬁea;‘ Observationé»byfFeare et al. (1974) on captive
birds confirmed that such a swallowing:'action did

correspond to one food item ingested.

M.11.3.1 Grain

Birds foraging on sown or stubble fields took cereals
one grain at a time. Birds were observed foraging on
barley, oats and wheat fieldsf Grains on fields were
idehtified by referencé to.the fafmer or to Robinson

(1951).

M.l1.3.2 Earthworms

Earthworms (any Lumbricid species) taken by birds were

assigned to one of three size classes:



llethods 34

1. Small = up to one bill length
2. lediun = between one and two bill lengths
3. Large = greater then two bill lengths (%)

Obviously some misclassification will have arisen with such
gross categories, especially since earthworms are able to
adjust their total length by expanding and contracting

segnents (see e.g. Edwards. & Lofty 1977).

M.1l1.3.3 Other Invertebrates

Since only some of the other invertebrates taken by
foraging birds could be identified through the telescope,
these were assigned only by size.and taxonomy was ignored.
A list of some of the invertebrates positively identified
as taken by foraging birés, and of some found within winter

soil samples, may be found in section 1.3.7. The size

categories enployed were:

1. Small

negligible length compared to the bill
(and often too small to be seen)

about 1/2 the length of the bill or more

2. Medium

An unknown number of small earthworms will probably have
been misidentified as medium, or even small, other inver-

tebrates.

(*) Bill length of carrion crows or rooks, which are roughly
similar (table 1.2.1)., Since bill-lengths of jackdaws and
nagpies are about 2/5ths esmaller, errors could arise - but
in practise the latter two species were not observed to take
other than small earthworms. = .
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M.1l1.4 Foraging and Feeding Rates

The rates per minute, or per 507paces; 6f feeding
actions and prey tyées taken could be calculated using the
nunber of paces taken during each separate observation and

its duration.

Since the'préYfitgms differed in size and chemical
compositidn, foraging rates expressed simply in terms of
numbers ingested are limited in value. Hence average
weights and chemical composition values were assigned to
each of the prey classes recognised, anq average:energetic
and nutrient intake rates céuld be calculated. The values
assigned are listed in table M.2. The average weight
values were obtained by weighing invertebrates f%omlwihter

coil samples taken at Keele.

For cereals, 50 grains of each type were collected
from stubble at the end of December, weighed, and the mean
weight of an individual grain calculated. For earthworms,
iﬁdividuals were drawn from‘Samples'(erm winter<core
sanples) preserved ih forﬁalin, dried on blotting paper,’
and assigned to one of the three size classes. When 25 of
each class had been assigned they were weighed and the mean
calculated for each size class. For the other inver--
tebrates, individuals were again extracted from preserved

(*) samples at random, and assigned as small or medium,

(*) Invertebrates preserved in formalin can lose a Vvarying



Table M.2 °

Average weights, calorific and gross nutritive values of

different prey available to birds foraging on agricultural
land in lowland southern Britain in winter

Values for average weights were derived from samples taken
during this study (see text); sources for the other
colunns were Allen et al. 1974, Bolton & Phillipson (1976),
Feare et al. (1574), Grant(1955), Lakhani & Satchell
(1970), Lawrence & Ilillar (1945), LAFF (1942), MAFF (1852),
Satchell (1967a). ' N

Calorific = = Protein

et Water - Value " Content
h VVeight Content (kcal/q) (31 x 6.25)
Prey Type (g) (%) Dry et Dry = Wet
Invertebrate: : : v ‘
small © 0.007  75.0 3.83 '0.96 46.87 12.69
ledium ‘ 0.183 "") 4.02 1.00 (as above)
Earthworm: _ v _ ) 4
Small " 0.276  85.0 "4.42 0.66 @ 67.10 11.69
Lledium o 0.634 ‘ (as above)
Large =~ l.470 7 " (as above)
Grain: , , : — ; :
Barley 0.033 14,9 ‘4,10 3.49 6.80 5.79
Oat ~ ‘ 0.041 ~ 13.3 4,25 3.68 8.00 6.04
Wheat 0.037 . 13.4 4.29 3.71 10.30 8.92

Acorn  3.310  50.0  4.10 2.05  9.10 4.55
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until 40 items of each size class had been selected. . Thus
the different invertebrate types were represented in the
samples to be weighed in proportion to their abundance in
winter soil samples. Invertebrates belonged to the follow-

ing groups:

Arachnida
- Coleoptera.imagines and larvae
Diptera imagines and larvae
Lepidoptera larvae
Rates of ingestion of calorific and protein-céntaininé

material were calculated since prey items differed not only
in size but in relative value. Cereals were good sources
of energy . but. lower in protein content than invertebrates.
Earthworms had higher dry weight calorific values and
contained a higher percentage of protein-containing
material than other invertebrates.. However, because of:

their greater water content, they had lower wet weight

calorific value and about equal protein value.

Further, very little of earthworms' body make-up is in

amount of their fresh weight - e.g. Satchell (1971) showed
a loss of around 10% after 7 days and 18% after four months.
Earthworms may lose more weight than arthropods. The max-
imum storage period before weighing in the present study was
about 7 months; but since the samples from which individual
items were drawn had been stored for varying lengths of
time, no attempt was made to adjust for this loss of weight

during preservation. However, since all invertebrate groups
were drawn at ‘random .from the same pool of samples, Com~

parisons of weights between invertebrate types will not be

systematically biased. Weights given will however probably
differ from true fresh weights by a factor of around 10-20%.
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the form of chitin (only the setae and qut wall), whereas
other invertebrate types can contain between c.5 and nearly
50% chitin (e.g; Turner 1982, Zach & Falls 1978). Chitin
is probably iﬁdigestible by bifds (chitin parﬁs often occur
in faeces and pellets). Counterbalahcing this, around 20%
of the fresh weight of earéh&orms may cohsiét of soil in
the gut (Raw 1966). éecéusé ﬁhesé two facfors could not be
estimated during the present‘stuay, no atfemét was nade to

adjust the values further to account for these differences.

Handling times weré’not incorporated into the calcula-
tions since they pro%ed difficult fb reéord accufately.
Interest in the theéis is not on ihe econonics of pfey
selection, but méfely’on the compafisbn within and between
species of the reality of what was actually ingested. The
iongesﬁ observed hahdling times (¢.15-20 secondsAfor large
earthworns) were shorter than the average inter-catch time

of c.40 seconds for rooks and carrion crows (appendix 7.1).

M.11.5 Short Flight and Leave Field

;If a bird took flight, relanded within the same field,
and recormenced foraging, this was recorcded. Similarly, if
an ébservational bout ended with the bird leaving the
field; this was recorded. Average flight rates per minute

could then be calculated.
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M.11.6 Agonistic Interactions

Agonistic interactions wvere r?corded when they
occurred.l Prolonged fights were‘very rarely obéerved in
winter, almbét ail intefactions consisting simplybéf‘dis-
placemehtS'frdm‘an aréé (e;g.;éjdung pat) which was fol-
lowed by’the aggressor foraginé‘at the spot vaéatedwin a
proportion‘of the cases observed.‘bThe attacked éird noved

avay, usually only a few metreé; and contin&ed foraging.

Somé attacks by carrion crows on’othef birds weré
followed by tﬁé atfacked!birds leaving the field; Thisvwés
recordéd separ;tély. Hence for each foraginé bird ﬁhe’ |
number of times it displaced, or was displaced by, coh-
specifics or other corvids; and whether or not itllefi the
field if‘attacked by anéther bird; was recorded. Rates
per minute of agonistic interacéidns could then‘be calcu-

lated.

M.1l1l.7 Look Up‘and Look Food

Vigilance data was recorded by measuring the
occurrence of looking up in birds actively foraging. All
four corvids foraged by walking around a field making
occasional pecks at the ground. While walking, birds were
either designated as looking for food or looking up. The

definition of look up adopted was:
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While searching for food a bird would often stop
and look up and around. Sometimes the bird would
not stop pacing, but the change in direction of
its gaze from the ground immediately beneath and
to the side of it, to the whole of the field and
surrounds was obvious by the change of the bill
from below the horizontal to above horizontal, as
the bird held its head up. There were usually no
grades in between: the bill when walking was
either held at varying angles below the horizon-
tal, towards the ground, or it was quickly
brought up until above the horizontal as the head

was brought up, held, and then quickly returned

below horizontal once more as the head was

lowered to continue searching for food.
This discrimination was in practise most difficult for the
jackdaw, possibly because of a combination of the compara-
tive shortness of the bill and the grey nape; however, the
distinction between look up and look food was sometimes not
uﬁéﬁbiéﬁéﬁé féf/the other species also, and data from such
birds were discarded.: The'low variance found for all
speqies (that for thg jackdaw does not differ from the

other species) suggest that the distinction the observer

was making was a valid one.

The recording method used to collect the data was an
instantaneous tiﬁé sanple wiﬁh a ff&e second interQal. On
hearing a bleep the observer decided which of several
behavioural categbries fhe bird was curreﬁtly engaged in
(éee list‘in 11.8) ; ’this was.spékén into a cassette
recorder. The‘pfopbrtion of the £otal time epent looking
up céuld then bé calculated and expressed asva.percenfage.

Any birds which spent in excess of 5% of total time in
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activities other than foraging or looking up were not

included in the analyses reported here.

Instantaneous time sample was)theuonly practicable
recording nmethod availagie fo; this behéyiour. Criticisn
of the method and an évaluation of the adéquacy of the
particular time iﬁter&al u;ed; giveh‘meah’bbutblength
duration of the behaviour, is reported in Vaite (1978). It

was concluded that the behaviour was adequately described

by the recording method employed.

M.12 Statistics
M.12.1 Descriptive Statistics
M.12.1.1 Niche Overlap Index

The overlap index of Schoener (1968a) was used:
n

(1) Alphar = 1 - 0.5 :E IPé, - Pbx ]
J x=1

where P is the proportion of species i or j utilising-
resource state x, and n is the total number of states along
the resource gradient, Alphaq is the area conmon to the
utilisation curves of the two species i and j along the |

resource gradient:
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Miche
Overlap
Alpha

Resource Gradient

This formula is not a competition coeffigignt since it
does not take into account resource availabilify (e.q. |
Hurlbeft 1978, 1982, Schoener 1974a & b). éincéﬁavailébil—
ity coﬁld only be accuratély measured for habitat in the
present study, overlap indices are used in the thesis and
not competition coefficieﬁts. Given the nature of the
measurements, Schoener's index was considgred the most
suitablé aQailable.‘vLinton et al. (198l;nsee aléo Abranms
1982) haQe demonsﬁrated by simulation that Schoener's is
the mostiacéurate 6f the indices available when true over-
lap is between 7 and 85% (as almost all the values are in
the thesis), and as accurate as the others when overlap was
less than 7%‘(as‘some of the values are in the thesis).
Schoener's index is more erratic when true overlap exceeds
85%, but few values in the thesis (and no important ones)

exceed this.

llatrices of pairwise overlaps for four species are
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presented along with pictorial representation of overlap by
dendogram. The true overlap is used for the intial species
pair (or pairs), then highe:-order relationéhips are calcu-
lated as average overlaps between the remaining species and

those already entered onto the dendogram (see e.g. Cody

1974a).

M.12.1ﬂ2 Niche Breadth

An index of the variability of eaCh species utilisa-
tion of a particular resource gradient was calculated from

the formula of Levins (1968):

(2) Bp = 1/ &py,x*
where By is the niche breadth of species i and P(,x and n
"are as defined for equation (1). Since the maximum of this
index will vary depending on the value of n, a standardised
value of B was calculated (see e.g. Hespenheide 1975) as:

(3 Bepgy = (B-1) / (n=1

This index varies between 0 (extreme specialist) and 1

(extreme generalist).
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M.1l2.1.3 Electivity

As an indicator of selection for the different crop

types available, index four of Cock (1978) was_used:

H

(4) Cow = Mew / W

where Cg¢x is the iﬁdeﬁ o£>éiéctivity for crop x by species
ir Mg tﬁ; number of birds of species i on crop x, Ngw
the number of birds of species i on all other crops |

available, A, the area qf crop x and Aﬁ the area of all

other crops available. Thié index was considered to be the
nost appropriate for the present study of those assessed by
Cock (1978) since the value of the index is not affected by;
the relative abundances of the different crops or birds, so

C's for different crops may be directly compared both

within and between the different bird species.

Since the basic index will vary from 1 to 0 for

avoidance, but from 1 to virtual infinity for preference,

the index was transformed as follows:
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(5) If: Nex 7/ HQ} is less than unity
Ax /Dy
Then: C = -2 (6.5-(1/ (1 + [ﬂg, -/ My } )))
A,/ Ay
(6) IE: N, 7/ Ni», equals unity
Then: c =:0
(7) I1f: New 7 th is greater than unity
D / By
Then: cC = 21/ (1 + [ﬁﬂﬁL-i-ﬁﬁﬂ-] )) - 0.5)
Ay / By

This gave an easily interpretable scale ranging from -1 to
+1, with -1 indicating complete avoidance, 0 no selection,

and +1 complete preference.

In. addition, figure 1.4.3 plots:

(8) N':'¥ / I "
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so that selection may be illustrated in conjunction with
relative abundances of bird numbers and crop area. the
graph is divided into areas of different strengths of
choice =~ points falling within the same segment indicate
similar choice of the crop type, whilst the position of the
points relative the x and y axes indicate the actual

abundance of crops and birds using them.

The value of such indices as desériptive statistiés
may be reduced if certain conditibns occur. “Firstly;Aa
single very large flock recorded on a rare habitat could
give a false impression of strong choice for that crop.
Secondly, if a crop is proportionally very abundant, it
will be‘difficult for selection to be denonstrated even if
it oécurs. However, in the pfesent study, the index used
found rare crops to be avoided, and the most abundant. crop
(permanent pasture) represented less than 50% of the total
grass types available. Thus neither of these potential
situations affected the value of the index as a descriptor

of habitat selection in this study.

M.12.1.4 Mean Crowding

Lloyd's (1967) mean crowding index was calculated as:

*
(9) x = x+ ((s*/ x) -1 * (1 + (s¥/ nx))
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where x is the particular earthworm sample mean, s?* the
variance, and N the sample size. The index is used when

computing Iwao's Patchiness Regression (see e.g. Southwood

1978) to describe the dispersion characteristics of an

invertebrate type from a series of sampies at different
population densities. The index will equal nought when the
variance is equal to the mean (i.e. when the distribution
doés not deviate from a random (Poisson) distribution).
Positive values imply aggregation, negative ones over-

dispersion.

M.12.2 BAnalytical Statistics
M.12.2.1 Data Checking and Transformation

Hany of the behavioural variables violated the assunp-
tions of normality, homogeneity of variance, or linearity
of relationship, on which parametric statistical tests are
constructed. Barris (1975) gives the following limits to
the robustness of such tests to violation of these assump-

tions:

(a) If the test is based on the product-moment correlation
coefficient r, then any unimodal X and Y population
for a sample size greater than 10 is acceptable; if
the test is based on t or F, even bimodal distribu-

tions are acceptable as long as 2-tailed tests of
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significance are used.

(b) The ratio between the smallest and largest samnple

variances should not exceed 20:1.

(c) The.relationship between Y and residual Y scores

should be linear.

(d) The ratio between the largest and smallest sample size

shouldvnot exceed 4:1.

(e) Total degrees of freedom for the error term should

exceed nine.

Harris states that when violations of assumptions are
close to these bounds, then a test at the 5% level might
actually come close to a 10% probability of yielding a
false rejection of the null hypothesis. This is the case
for univariate tests. The only difference between univari-
ate and multivariate tests relevant to this issue is
whether the process of linear combination of variables to

maximise multiple r (or t or F) could be an additional
source of nonrobustness. Harris concludes that this is
unlikely.

Checking (d) and (e) for each analysis in the present
study was straightforward. Tests of (a) to (c) for each

variable were then conducted. In addition, for the vari-

ables to be entered into the discriminant function ana-
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lyses, both parametric and non-parametric univariate ana-
lyses of variance were conducted. Variables failing to
meet the criteria demanded by (a) to. (c), or which showed -
badly different p levels on the parametric and non-
parametric difference tests, were transformed. Which
transformation was suitable was determined by examining the
relationship between the sample mean and variance or stan-=
dard deviation (see e.g. Sokal & Rohlf 1969 or Ferguson

1876) .

The transformed variables were checked again. Vari?
ables which still failed to meet the criteria sét wvere
dropped from analyses inQolving parametric tests. These
mainly involved very infrequent behéviours‘or those whicﬁ
were not recorded at all for at . least one of the species.
Thié meant that several variables which were clearly bio-
logically important in separating the species could not be

included in statistical tests of separation - however,
these variables were retained when calculating the descrip-

tive statistics of niche overlap and breadth.

M.12.2.2 Discriminant Function Analysis

The program used was that provided by the SPSS package
(Nie et al. 1975). A stepwise algorithm was adopted with
the selection criteria being to minimise Wilk's lambda.

None of the variables entered into analyses were
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intercorrelated beyond 0.50. Discriminant analysis is a
technique (rather similar to multiple regression in con-
cept) which combines a set of dependent variables to maxim-
ise the difference between a number of groups (rather than
maximise the nultiple correlation of a group of predictor
variables with a dependent variable). It is of particular
use in the present thesis where species take several dif-
ferent prey types from several different microhabitats, and
may differ from one another on one or several of these
dimensions. It is the most appropriate test available of
the null hypothesis of equal use of the set of resources by
the four species, and is, in its initial stage, simply a

multivariate analysis of variance (see e.g. Harris 1975).

Pimentel & Frey (1978) advised against the use of a
stepwise procedure for the kind of situation existing in-
the present study. However, direct—-inclusion analyses
entering all variables simultaneously made only slight
changes to eigenvalues and the percentage of variation
explained by each derived discriminant function, and no
change to the significance of Wilk's lambda. There vere
only slight changes to the classification table. However,
some of the variables retained had low loadings (< 0.20) on
each of the derived functions or they loaded high on the
final function in a way which was made biological interpre-
tation af the function difficult. Their exclusion by the

stepwise procedure indicates that their partial F ratios
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were less than unity - i.e. they: were not helpful in
successful discrimination between the species in any mean-

ingful waye

One ascumptlon of this multlvarlate parametric test io
that the sanple variance cevarlance natrices are equal. It
was expected that this would be violated (it was) since
many similar studies have shown that come species have wide
(generalists) and some narrow (specialists) niche breadths
(e.g. see Lack 1971, Morse 1971, Schoener 1971). Strictly
speaking this renders the test of the null hypothe51s of
equality‘ef the groep cener01du 1nva11d. However, the use
of discriminant enalysis in this situation is jﬁstifiea
beceuse of the robustness-of the ﬁethod, especially follow-
ing appropriate transformation of‘variebles (see u.lé;z.l):
In addition Green (1974) gives two more justifications =
proceed if each derived function can be interpreted in a
biologically meaningful and consistent manner via the pat-
tern of variable ioadings; and if each derived function
provideé significane separation between two or rniore species
cenéistent.with the biological interéretation of the func-
tion. ©Both these proved to be the case in the present

study.

M.12.2.3 Path Analysis

Path analysis is introduced in Nie et al. (1975), and



Methods 51

other references are cited in section 2.4.2 below.
Reciprocal pathways in causal path analysis require special
treatment compared to simple models which are analysed:by
ordinary multiple regression analysis. The method:of two-
stage generalized least squares regression was enployed

utilising the SPSS routine G3SLS (UMRCC 1979).:

M.12.2.3a Other Statistical Tests

Explanéfion of 6thér tests maykbe fouﬁd in4sténdafé
texts (e.g. Ferguson 1976, Sokal & Rohlf 1969). The use of
ganma énd’péttial éamma in the ahélysis of freéuency déta
is‘discuééed‘iﬁ Nié et al; (1875) . éluster éhéljsis is

discussed in, for example, Dixon (1975) and Wishart (1978).

M.12.2.4 Tests of Invertebrate Dispersion:

The variance-mean ratio method tests for deviation
from a Poisson distribution and may be found described in

e.g. Southwood 1978.‘ The formula is:

(10) D

variance (n - 1)

where n is the number of sample units and D is distributed

as chi-square with n - 1 degrees of freedom. The signifi-
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Cance of deviations from the null hypothesis of a random
distribution can therefore be obtained. Althouéh the use
Of tests of biological dispersion based on deviation from a
Poisson or approximation to a negative binomial series have
recently been criticised (e.g. Taylor et al. 1979, Getty

1981) no viable alternative method was available.

The method for testing for coherénce of clumping in
the regular 6x7 grids was based on a method described in
Pielou (1977) p.l144f. Unfortunately this test is conserva-
tive.since it demanded the classification of cores only as
'dense' or 'sparse' such that a fairly equal division of
Cores inﬁo dense and‘sﬁaiseiresultéd. rThe number of dense=
@epse joins is then éouhieé and ébmparedktb the mean and
Vafiance of the distribution of’the number of dense-dense
j°in56n the ﬁuil hy?bthesié of a rahdom ningling of dense
andvsparse’coies. Thus the test made no distinction |
befween the following two distributions (taking values of
greater than one as densei even though (a) cleafly has a
More coherent patterﬁ of élumping of higher and iower |

actual values than (b):
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Actual distribution:

(a) 44300 (b) 42310

: 13011 ' 12010

2200 2 230014
Distribution for significance test:

(a) DDDS S (b)) DDDS S

SDSSS SDS S S

DDSSD bDDSSD

M.l12.3 Statistical Routines

Data were analysed by the following computer packages
-~ BLIB at the University of Keele Computer Centre; DBIDP
(Dixon 1975) at the University of lanchester Regional
Conputer Centre; CLUSTAN 1C (Wishart 1978) at the Univer-
sity of Nottingham Computer Centre; Nottingham Unix Sta-
tistical Routines at the Department of Psychology, Univer-
sity of Nottingham; and SPSS (llie et al. 19675) at UERCC
and the University of Nottingham Computer Centre. Addi-
tional programs were written by Dr. D.F. Chantrey of the
Department of Psychology, University of Keele, and by the

author.



PART ONE

BEHAVIOUR of FOUR CORVID SPECIES in SYMPATRY



Part One Chapter One - Introduction

l.1.1 Four Corvid Species - a Guild?

The first part of the thesis describes the winter
behavioural ecoloqgy of fcur Corvid species and the overlap
in utilization of the available resource base between thecm.
The four sympatric species occupy an apparently structur-
ally simple environment (open agricultural land) in a
similar way (by foreging rainly for agricultural foods or
for invertebrates on the ground), and have done for a
considerable period of time, more or less stably. This
situétion means that if the species differ in their use of
the available resources, then this must be by sone
behévioural rneans other than a simple choice of (for exanm-—
ple) gross habitat difference (such as deciduous or coni-
ferous woodland), or yertical hcight(of fgraging (ground,
trunk, canopy), etc., :Alternatively (or ih addition), the
‘species hight oVérlap‘but show airect beﬁaviourai means of
dehying 6ther'species access to the reéodrces; or.of allow-
ing Ehemselves access to resources éespite another species'
éttembts’to ekclude théﬁ: Thus this part of the thesis
seeks‘to link behavioural interactions between four sympa-

tric Corvid species (carrion crow, rook, jackdaw and mag=-

pie) to ecological conditions.
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Data are only presented for the four Corvid species
comnonly foraging on open agricultural land in lowland
southern Britain. There are of course other birds and
animals which inhabit this environmeﬁt and which may over-
lap to varying extents with these species. The winter bird
fauna of Keele (excluding exclusively aquatic birds) were
classified (with reference to Witherby et al. 1938 and

other standard texts) on nine habitat and 11 diet vari-

ables:
F.atzjt? t nlot
Grassland Live Vertebrates
Plough Carrion
Cereal Human 1laste
WJood Floor EBarthworms
Trees or Ehrubs Above So0il Surface Invertebrates
[ledges Below Soil Surface Invertebrates
Long Grass or Scrub Grain
Danp lleadows Wild Seeds
ater llargins Fruits
Huts
Leaves

Each species was simply coded on each variable depending on
whether it utilised that resource frequently (2), occasion-
ally (1), or not at all (0). 1In addition each species was

coded on a variable with the three levels of diurnal,

crepuscular or nocturnal.

Figure 1l.1.1 illustrates the results of a cluster
analysis (using Ward's hierarchical method of linkage with
standardised variables) of the species on these gross

classifications. Of course similarity between species will



Figure 1l.1l.1

Dendogram of relationships between the winter bird fauna of
Keele, classified on one temporal, nine habitat, and eleven
diet variables '
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depend on the relative proportion of utilisation of dif-
ferent habitats and prey, and the gross level ofuclassifi—
cation enployed here would be replaced by measures of the
exact proporticn of time spent on each habitat and the
proportion of each food-type in the diet, were precise
classification reguired. However the dendogram serves to
indicate‘that the four Cofvid~éﬁeciés concéggéd‘fbrm a
cluéter’early on which is’well éepatated from ahy otﬁer
élustér; (*) The grduping of these coexisting species
which used resources in a similar fashion, and where the
largest distance between any two members in resource use
was mﬁch less than the distance beﬁwéeh any grou? menber
and otherkclusfers of species, agrees with the comnmon
definition of a 'quild' (e.g. Cody & Walter 1976, Joern &

Lawlor 1981, Root 1¢67).

1.1.2 Competition and Coexistence (1): Conditions’

WWhether the four species form a co-evolved comnunity
where conpetition past and present has caused the species
to occupy their present niches, or whether separate evolu-

tion to different ecological conditions preadapted then to

(*) Overlap is .also possible with some of the larger
vertebrates, particularly fox (Yulpes fulva) and badger
(lieles meles) which are known to take invertebrates, partic-
ularly large earthworms, though they are mainly nocturnal in
habit and take prey from woodland as well as open land (e.g.
Kruuk 1978).
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the possibility of coexistence in sympatry, is unknown and

is not an argument which will be investigated here (see

e.g. Connell 1975, 1980, Diamond 1978, Viens 1877; a rather

similar topic, the investigation of weak and strong func-

tion, is considered in some detail in chapter 2.2).

Strictly speaking, the following conditions must be

satisfied before one can talk of preSent conpetition,

rather than coexistence:

(1)

(2)

(3)

(5)

"Extensive” overlap in resource use should exist.

At least one species has a major impact on resource

abuncdance.

At least one species is resource-limited (rather than,

for example, kept below the carrying capacity of the

~environment by predation).

The abundance of species.A is negatively correlated

with the fecundity of species B..

Population density of species A is negatively corre-

- lated with that of species B.

llacArthur & Levins (1967) and May & HacArthur (1972)

have formulated boundaries to the overlap between species

permissible for stable coexistence. IHowever, it has been

pointed out that resource-use overlap coefficients based on

the anount of similarity between the proportional use of
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resources by two species are not necessarily good indica-
tors.of competiticn since overlap could actually be total,
and 'yet coexistence stable, if species A exploited one part
of the resource spectrum better, and species B exploited a
separate part of the resources better (Abrams 1975, Colwell
& Fuentes 1975, Schoener 1874b). .Schrdder & Rosenweiq.
(1975) have added another potential (though not well docu-
mented) criticism of the concept of limiting similarity -
that tolerable and optimal overlap may differ, .and that one
may not, therefore, necessarily expect to find species

coexisting at tolerable overlap.

Conditién ili is quantifiéd and examinéd ih the fol;
lowing chaptégs for the:fbur Corvid spécieéAuﬁdervcbn%
éideration.l Condition (2) has‘nét béen quantifiéd bu£ is
élmostucertain.tb éccuf. Itwéertainly occurs for stubble
graih in wintérv(Féafe:éﬁ al. 1974) and ié iikely to occur
fbr inveftebrgteslsiﬁée almost all are repréduétively inac-
tive during wiﬁtef; hBengtson et al.’(1976) have shown by
exéiusibn expériments that éolden plovefs (ngyiglig apri-
caria) £educed earthwvornm densities in an Icelandic hayfield
by‘about 50%’in oniy three weeks, ahd D.B.A. Thbmpson
. (pers. comm.),has.found comparable resﬁlts in ibwland

Britain in winter.

Condition (3) must occur since if resources are super-

abundant then there can be no competition even between
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species which overlap conmnpletely. Resources of'man& ten-
perate birds are limitihg in winter. (%) Eowever, Eolyoak
(1971) has shown that although mortality is quite high in
wintér fot-éach of the Corvid species in question, mortal-
ity in thé breediﬁg season is higher, éné aiso higher in
ﬁhe sﬁmmer for rooks; Earthwbrms; a4major brey'type 6ff
rooks and céérioh‘crowé (chapter 1.4), aré at highér levels
in wi;ter éhah SUIMETr , and‘winter gees an immigration inﬁo
lowland Britain of graséland foraging Corvidae, Turdidaé
and Chéradridae from Europe, and moveménts from upland and
coastal éfitain of Coryidae, Laridae, Charadridae and
Scolopacidée. This may beAindicative of a relative abun-
dance of prey. However, numbers of birds in the study are
changed greatly over the winter in response to climatic’
conditions (appendix 8) as did earthwornm densities in the
soil. In addition, densities of all other invertebrate
types were lower in winter than at any other season (appen-
dices 1 and 8). Thus the sometimes abundant prey source of
earthworms probably fluctuated between levels of scarcity
and abundance, and the levels of other invertebrate prey
were almost certainly limiting. Jackdaws and magpies d&id

not utilise earthworms much (chapter 1.4) and thus at least

(*) For example: small insectivorous woodland passerines -
Betts 1955, Gibb 1954, Haftorn 1956; nuthatches, Gittidae,
and woodpeckers, Picidae - Stallcup 1968; finches, Fringil-
licae - HNewton 1967; hawks, Accipitridae - Opdam 1975;
waders, mainly Charadridae and Scolopacidae - Baker & Baker
1573).
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two of the four species vere probabiy resource limited.

Two other additional mechénismé réther than absolute
levei of pﬁey abundance may ha&e képt bird.numbers‘below
the caffying capacity of the environmént.‘ The first ié
ﬁigh ieveis of predation on the coexisting speéies (e.qg.
Connéll 1975, Harfiston 1980, Lawtonr& Strong 19¢&1, Wisé
1981). ‘This is highly unlikely to be ﬁhe caéé for ény of
theVCorQids in the areas useé féf datg éolléétionbin éhis
study (more discussion on this point may be found in
chapter 2.2 below), and in fact the references cited above

were .all invertebrate examples.

A second reason could be that the A-territoriality of
carrion crows:in éarticular, and magpies to a lesser extent
(see next chapter), which persists in the winter, may mean
an excess of fooa available for territorial members of
these speciesvif ﬁerritory size is governed by the maxinun
need duringrthe réaring of’a brbod. The inéreaséd anount
of’food needéd theﬁkwill be offset by increased summer
abundahce, but it isvunkﬁown.whether the combined effect is
‘tb caﬁse less of nore préy tﬁan is necessary‘for survival
tb exist in thé winter tétritory. The fact tﬁét sone
territories:of carrion crows support extra birds in wintef
kﬁexé chaptei) may suggest that there is an excess of food
-  bﬁﬁ’the fact that sdme territories do not hold extra

birds}aﬁd 6thers hold more than one, coupled with changes
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(usually an extension) ‘of home range size in winter, sug-
gests that range size and the numbers of birds within a
territory in winter is dependent on prey abundance. liagpie
A-territoriality is more likely to break down in winter and
the gregarious behaviour of rooks‘and jackdaws, with shift-
ing flock size and no overt territoriality (next chapter)
suggests that the social system of.these three species is

unlikely to reduce the effects of resource limitation.

There 1q no direct ev1dence fron this study on condi-
tlons (ﬂ) or (5) but evidence from other studies on these

Corv1d spec1es is oescrlbed below.

1l.1.3 Competition and Coexistence (2): Behaviour

'Given é‘degfee of overlép bét@ecn two species in
’resource utilisétion} various beﬁavioural mechanisﬁs ore
p0931ble whlch nay nodlfy the overlap or the resultlng
1mpact of one species on the other. A species may change
its foraging behaviour to alter overiép (many referénces -
eXaﬁple Eeviewkin Horse 198¢C, referenceo élso lisﬁed in
chaptét 2.2 below). Ifkit is behaviourally dominant it may
use agonistic behaviour to reduce another species' contact
with, or foraging success on, the resource in question
(again, many references; see llorse gn. cit. for a review;
see e.g. Case & Gilpin 1874, Gill 1874, and Volf 1978 for

theoretical considerations of when to expect such
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behaviour; see e.g. Stamps 1577 for a demonstration that
the anount of aggression can.vary in proportion to the
amount of:overlap between species). In the extreme case a
species may permanently exclude other species by inter-
specifit territoriality (see liorse op. c¢it. for review of
occurrences and Dow 1977b for an extrene exanple; see €.9.
Cody 1973 for a consideration of evidence that inter-
specific territoriality occurs predictably under certain
éonditions’of overia?kandrspécieé'tterritory siée; éée
Gill é Volf 1979 forbthe best exémple of proven‘adaptiver
coﬁsequences of iﬁtérspecific territoriality;’ bﬁt see e.qg.
lurray 1951, 198lvfor’ah alternative cdnsideration of most
interspecifickterritoriality as‘a non—adaptiQe trait. Also
éee €eg. Hinot 18l fdr a demonstration that; despite'high
ovérlap in resource use and a ?roven‘deleterious effect of
one‘speciestdn a éecond's bregdingvsuccess, yet inter-
speéific territériality did not occur e&en thoﬁgh it’
résulted in individual pairs éf bne‘spéciés being>in‘moré
direét food competition with individual pairs of the other
species than with other conspecific péirs, since both

species were intraspecifically territorial).

if a species is behéviouraily subordinate, it may
aQéid contact ﬁith the bthér épecies or use behavioural
ﬁeéhanisﬁs.to‘redﬁée thebeffect of overlap - for exanple,
grouping to ailow teeding iﬁ thé presence of the other‘v

species through a "strength in numbers" effect, or a
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"selfish hera" effect through dilution of attack-rate (see
list of references in chapter 2.2), or various forms:of
cryptic or stealthy avoidance in an attempt to escape

detection.

‘Almost no data have been published on modification of
foraging behaviour in.the presence or absence of the dif-
ferent species under consideration here, and little quan-
tification of overlap in resource use (though see llogstedt

1980a, Loman 198Cb; these studies are described below).

True interspecific territoriality has never been reported
between the four Corvid species under consideration, though
varying degrees of aggression within mutually exploited
habitats has (e.g. Baeyens 1981, Bossema et al. 1976,
llogsted 1%80a, Roell 1578, Rowley 1973, Vines 1981, Vaite

1978).

The aggression reported was almost entirely directed
by carrion crows against the three other species. Dossema
et al. 1976 and Roell 1978 described some evidence that
rooks and jackdaws demonstrated a "strength in numbers"”
method, and magpies behaviour designed to escape detection
or the receirpt of aggression, in order to forage within

carrion crow territories. Waite (1978) however failed to
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Genonstrate an advantage of flocking by any of these
species in terms of a reduction in the effect of carrion
crow aggression, nor any behaviour by magpies to attempt to

avert carrion crow aggression by avoiding detection.

This part of the thesis quantifies the winter niches
of these four species, predicts what short-term behavioural
mechanismsrmight be expected to occur on the basis of this
quantification, and what the long-term effects on social
organisation might be, and describes the actual béhavioural

interactions observed and their consecquences.
4



Part One Chapter Two - The Birds

- The thesis presents data on four members of the family

Corvicae:

Carrion (or Eurasian) Crow corvus gg;gng

Rook C. 10 s
Jackdaw . : C. ponedula
liagpie Dica pica

Genetal introductions to the natural history of these
speciesrare available in Coombs (1978) and Goodwin (1876) .
This chapter introduces the species and shmﬁarises aspects
of theitbﬁotphology, aistribution and social orcanisation
that ate reievant to later ehaptere. Some of the materlal
in thls chapter w1ll be descrlbed only briefly here, ‘but
the information 1e more eonvenlently presented together

than scattered throughout the rest of the text. Reference

will be made back to this chapter.

1.2.i Merphology |

The four specieé are large passerines with a walking
gait,bthough each speeies hops'oeeasionally, the magpie
perhaps nore than the three ggxygg °pe01es. Bills are
large and heavy. The carrion crow and nagpie have tearing

edges to the upper mandible. The rook has a comparatively

longer and thinner bill, whilst the jackdaw's is shorter
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and stubbier. The carrion crow is the largest of the four,
with the rook averaging about a fifth lighter. The jackdaw
is slightly heavier on average than the magpie, but has a

shorter bill.

These characteristics are illustrated in figure 1.2.1
and measurements afe sunnmarised in table 1.2.1. Table
1.2.1b indicates that these four species form two groups
(carrion crow-rook and jackdaw-magpie) in terms of size
when a number of measurements are taken, rather than being
equally spaced in size. Figure 1.2.2 illustrates that the
three Corvugs species have similar ratios of wing—to-tarsus,
with Rigg pica differing; but that the ratio of bill
length-to-depth does not follow a similar generic pattern.
These characteristics are likely to be implicated in the
foraging behaviour of the birds which is to be discussed

later (e.g. sece Karr & James 1875).

1.2.2 Distribution

The three Corvus species are old world, north and
(nainly) temperate birds. Picg pica has a similar old
world distribution but also occurs in wvestern llorth America
at similar latitudes. The extent of north-south ranging of
the species varies however, in ways which will be discussed

later (figure 1.2.3).



Figure 1.2.1
Portraits of the four Corvid species with which the thesis is
mainly concerned

Fron Goodwin (1276)

Carrion Crow (orvug gorone

Rook C. frugilecus
Jackdaw C. ponedula

llagpie Pica pica
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Table 1.2.1
Morphological characteristics of four corvid species

Data are nean values from scurces with the best available
sample sizes and/or the most epprcpriate population samples.
(Unfortunately indices of variability were not zlways given.)

Latics in (b) were calculated by dividing the value for the
larcer species by the cmaller for cach paired comparison, and
then averaging the ratios from several different norphrological
characteristics. The ratios for each individual cheracteris-—
tic are given in appendix six.

(a) Data for Four &pecies

Carrion Jack=-
Crow ook Gaw lLiagpie Reference
feight 556qgn 458 245 227 Ceel (1576)

Length (minus tail) 561nmn 303 206 227 Coombs (1978)

| |
I I
I !
I !
I I
I I
I I
: I I
Tail I 1&5mm 166 132 230 | uitherby et a3,
I |
! I
I I
I I
! I
! !
I I
I I

(193g)
T7ing 324nm 308 235 187 (as tail)
Tarsus 5Sni 53 a4 49 (as tail)
Bill Length (%) 52.5mm 56.9 33.1 37.0 (*)
ill Depth (*%) 1.0 17.5 13.5 13.9 (**)

(*) Lase of skull to tip; references: Creen (19¢€l), logstedt
(1860b), Clzson & Persson (1879), Picozzi (1975)

(**) At nostril; refercences: logstedt (1880b), lolycak (1%70C),
Olsson & Persson (19572)



(b) Size-ratios between Four Species

Liverage of:

Carrion Crow

Rook
Jackdaw
llagpie

Welght

Length (minus tail)

Tail
Ving
Tarsus

Bill Length
Bill Depth

lAverage
IRatio
It7ith 3
IOther
ISpecies

1.47

!
I 1.38
I
I 1.46

Average of: Wing

Carrion Crow
Rook

Jackdaw
liagpie

Tarsus
Bill Length
Bill Depth

|Average
IRatio

fi7ith 3
I0ther
| Species

Ratio Between
Species Pairs

C R J M
1.2 -
1.73 1.45 -

1.70 1.47 1.21 -

Ratio Between
Species Pairs

100.8 -
1043 1038 -
1.43 1.38 1.13 -



Figure 1.2.2

Relationship between morphological features connected with

foraging

The configurations of wing-to-tarsus and bill length-to-

depth are often important indicators of differences in
foraging techniques (e.g. Karr & James 1975).

Replacing Wing measurgments\by Body Weight gives a qualita-
tively similar picture.
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Within Britain, the Eurasian crow is represented by
its two races, Corvus cecrone corone in the south, and C.
corone cornix in the north and west. There are few areas
where this species was not recorded breeding during the
period 1968-72 (figure l1.2.4b). The other three species
are restricted to varying degrees in northern and western
upland areas, whilst the magpie is absent from parts of
Bast Anglia. These distributions show some relation to the
distribution of cattle and sheep (figure l.2.4a), relation-

gships which will be analyzed later.

In the study areas these four species were sympatric
and common. The data in this section, except where specif-
ically stated otherwise, come entirely from the main study
area at Keele, an area of mixed farmland with cattle the

predominant 'crop' (figure 1.2.4c).

l1.2.3 Social Organization

Waite (1978) has indicated some links betwecen social
organisation and ecolegical factors within the British
Corvidae. The social organisation of the species in the

study area in winter is described here.

Carrion Crow

Breeders retain exclusive A-type (Hinde 1956)



Figure 1.2.3

World breeding distribution of four corvid species

From Goodwin (1976)
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Fiqure 1.2.4
British distribution of four corvid species, the study
areas, and some relevant agricultural crops

(a) Distribution of oats and wheat, sheep, and dairy or
beef cattle (from Anon. 1976).

(b) Confirmed breeding distribution in 1968-72 (from Shar-
rock 1976). '

(c) Location of study areas with predominant farming types
(from Anon. 1976)
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territories, thouch the size and therefore overlap of héme
ianééskﬁéy increase, and territorial birds may rarely join
flocks at abundant food sources. 'Third' (and infrequently
fduréhwor fifthﬁfgiréé -foften ju;éﬁiles 6f‘the éfeviéus |
breeding season (Charles 1972, Loman 1%&Ca, Tompa 1975,
this study appendix 8), but sometimes adult birds of unk-
nown relationship persistently intruding from a nonbreeding
flock (Charles 1972), are resident in a proportion of
territories in winter. Birds without access to territories.
appear in flocks which mainly inhabit areas unsuitable for
the éstablishment of bfeedihé tetritorieé but éhich intrude
onto the territorial area to yarying eztents. Both the
territorial ahd non—tefritorial biéds nééﬁa11y4f1y4to comn~
ﬁdnal roosts each evening.{ in thé,mainfééudy area birds
tended to‘forage mainly on their own on both grassland and
arable. Small flocks (6-20 birds) occurred at low Ere-
quency on arable, but most of the study area was divided
between territorial pairs or family groups (table 1.2.2 and
later discussion).

References on vhich the above description is

based: (Bohmer 1976, Charles 1972, Houston 1977a

& b, Loman 1980, Picozzi 1975, Spray 1978, Tonmpa
1975, Vittenberg 1968, this study.)

Rook

Overlapping group home ranges, not apparently defended



Table 1.2.2

Proportion of birds found foraging at different flock sizes
on grassland and arable during routine censuses of the main

study area at Keele in winter.

Percentages within cach species and habitat type.

Flock Size Total
1 of
1 2 3-5 6-20 21-40 >40 pirds
Carrion Grass 46.,4 27.5 23.2 2.9 - - 156
Crow Arable 48,06 35.1 5.4 10.8 - - 35
Rook Grass .9.3 11.6 17.4 30.2 19.8 1ll.6 996
hrable - 16.7 16.7 41.7 8.3 16.7 223
Jackdaw Grass 10.8 16.2 16.2 35.1 16.2 5.4 441
Arable 18.2 18.2 9.1 27.3 2.1 18.2 214
Arable 43,8 6.3 25.0 25.0 - - 54
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(Coombs 1961, P.T. Green pers. conn., Patterson et al.
1971). Large communal roosts containing birds from mnore

~ than one group area. There is some evidence that juveniles
nay ét times form separate feeding groups frem adult birds
(P.7. Green pers. comm., Patterson et al. 1971).: In the
main study area birds tended.to forage most frequently in
flocks of 6-20 birds on both grassland.and arable, with.
only c.20% of birds being recorded foraging on their own or
in pairs. Solitary birds were not recorded . on arable‘land
during routine censuses. (table 1.2.2).

(Coonbs 1961, Feare et gl 1974, Green 1982,
Patterson et al. 1971, this. study.)

Jackdaw

Apparently similar to the rook, but studies of indivi-
dually marked birds in Britain are lacking. 1In Holland
breeding pairs usually foraged together in winter, and
birds from the same nesting colony tended to forage
together, in overlapping areas with other groups (Roell:
1978). Connunal roosts formed. In the main study area
jackdawvs, as.rooks, occurred most frequently in small
flocks of 6-20 birds on both grass and arable. Somewhat' .
fewer large flocks, and more solitary birds and pairs, were

recorded than for rooks (table 1.2.2).

(Coombs 1961, Gyllin & Kallander 1976, Roell
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1978, this study.)

Magpie

As with the carrion crow, breeders tend to retain
exclusive A-type territories, although home range size and
overlap tends to increase. Territorial birds leave their
territories and join flocks perhaps more frequently than
carrion crows (Vines 198l). There is no evidence of 'third
birds' resident in territories in winter. Non-breeding
flocks partly inhabit areas unsuitable for breeding and
partly trespass on territorial areas - these intrusions
elicit less frequent agonistic response in winter (Vines
1981) and in general appear to elicit less response from
the resident birds than cdo the corresponding intrusions in
the carrion cfow. Birds roost comnunally but these roosts
appear to be smaller than those of the other three species;
these roosts usually contain only magpies whilst the other
three speciés frequently roost near one another. 1In the
main study area most birds occurred solitarily or in pairs
on grassland, whilst on arable birds were either solitary
or in flocks. llagpies were nore frequently recorded in
flocks in the main study area than were crows, but as with
the latter species, these flocks were smaller than those of

the rook and jackdaw (table 1.2.2).

(Baeyens 1979, 1981, Gyllin & Kallander 1977b,
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llolyoak 1974b, Vines 1881, this study.)

71



Part One Chapter Three - The Resource Base in Winter

This chapter, like the previous one, collates informa-
tion which will be referred to in later chapters but which

may not be fully analysed here.

1.3.1 Habitats

The areas of lowland Dritain used for the study
represent a.mosaic of open agricultural land intersected
with hedges, small copses (both deciduous and coniferous),
with the occasional small village or cther built-up area.
Siﬁée aii fé&f species only rarely used habitats other than
the agricultural‘land for foraging cduring the winter (sec-
tion 1.4.1), only the availability of crop types within
this habitat and non-agricultural grassland (sports fields,
verges, parks), and the prey within them, will be con-

sidered.:

- .

ihere was nore grassland avéiiabié‘at Keele thah
arable, both in térms of ngmber of fiélds and total area of
crops. The proportion of aréblé’fields providing cereai
prey Was higher at fhe beginning‘of winferyfhah aﬁ the end,
by whicﬁ time:most stubbie fields had been‘piéughed.and the
wintef sowingé had sﬁrouted far‘énqugb tdrexhausﬁ their

seed éontents. Ploughed fields provided high invertebrate
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intake rates at the £ime of ploughing, but were hardly uced
at'all by birds after this (section 1.4.1), procbably a
feflectioﬁ‘ofithéif5ldw levels of bermaﬁeﬁtiy aVéiiable
invertebrate prey (see below section 1.3.4). Within the
Q:as;lénaqaygilabie;?fig}dsiérézéd by‘Stock'Weté more
abundant than'u?grazed field;f Table 1.3.1 sunmarises
aYétagg'relativeicrop'§§aila5ility,oveflthe;stuay;ﬁé:iodéat
(éelé, while figute 1.3.1 illustrates the patchwork nature
of the crops available at Keele, although most of the
arable fields were available in a block at the north-west

of the area.

1.3.2 Climate o }:: 25

CertainHC1ima£ic‘factors{havefimportant’effects on:'f
prey availabiiify ﬁhichﬂwillkbe‘féfér;ed tokiﬁ“later Wj:f::
' chapters.?:Figdre 1.3;23 presentsi§§mmaries §§%metereol§gi-
1.3.2b presents’a mean annual wind rose for 12 years data.’
Table 1.3.2 gives the mean number of frozen soil days for
thekwintef ménthé; Aé miéht be exéééted, teﬁ?é%atures éd@i
sun hourstfollow1seasqng;(patter@s{ibut raiéfqil did npé;{
vary consistently vith scason. However, higher tempera-
tures and trénspiration'rateS“in“summer‘led‘to a“ seasonal’
paﬁtern bfméoii‘moisture content. fWinters dufing the sﬁudy

differed in their severity - 1980-81 was the mildest,



Table 1l.3.1

Crop availability in winter at Keele, Staffordshire.

Percentage of each crop available at the beginning, end and

on average during the winter.

Since the area of each crop available was very closely
correlated with the number of fields of each crop (r =
0.97) only the proportion as number of fields available is

given in the table.

November February Nov-Feb
ARABLE Barley Sown 0.5 0.0 0.4
Barley Stubble 21.5 2.2 11.6
Oat Stubble 1,9 1.3 1.4
Wheat Sown 6.5 0.0 3.4
Wheat Stubble 2.8 3.1 2.9
Total Grain 33.2 6.6 19.7
Barley Sprouted 1.9 3.5 3.4
Wheat Sprouted 1.9 4.0 2.0
Plough/Harrow 5.6 26.5 15.1
Total Arable 42.6 40.6 40,2
GRASS- Non=Agricultural 9.8 10.6 10.0
LAND Ungrazed Ley 2.8 9.7 6.6
Grazed Ley 14.9 11.9 17.0
Permanent Pasture 29.9 27.0 26.3
Total Grassland 57.4 59.2 59.9
1lo. of Censuses 4 4 16
No. of Fields Within 57 57 57

Each Census



Figure 1.3.1

Crop availability at the beginning and end of winter at Keele,
Staffordshire

() Censuged on 12-11-306; (b) 2¢-2-C1
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Figure 1.3.2
(a) Monthly meteorological data for Keele, 1977 to 1981

(b) Annual wind rose (average of 12 years)

ey for (a):

(1) Top line = mean 24-hr maxinum air tenperature; bottom
line = ninimum 24-hr air; middle line = goil tenperature
zt 1Gcn.

(2) Eolid bar = percentage of cays with frozen t=oil at 1500
hours GIIT; open bar = § days with frozen soil at C0°C0;
hatched bar = percentage of days on which grcund frost
Was recorced.

(3) ©Solid bar = % days with moist co0il at both COC0 and 1500;
hatched (slcpe from left bottom to top right) = $ days

with moist soil at 09C0; othcer hatched = $ days with
rmoist soil at 1500.

(4) Total monthly rainfall in millimetres.

(5) Iiean daily sun hours.
Y
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Table 1.3.2

Frozen soil at Keele at 10cm depth

Qom e v

Number of days during each month on which the soil was
recorded as frozen. Ileans for the period 1952 - 19%6S (data
frcm Beaver & Shaw 1970). Annual mean (excluding 1962-3) =
7.39. ‘ ' : ‘

Hovember Decenber - January - - February March

0.11 2.44 ] 3.94  0.78
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with the fewest frozen soil days recorded.:

l1.3.3 Prey - General

Since the four corvid species under consideration
spent 1ittle tine en habitats other then non4a§ricultural
grassland or aéricultdral iand in the study arees in‘winter
(section’l.4.l), ehly the evailabilityvofmdifferent éreQA
types in theee 5aeitats is considered here. Similarly,
since prey other than cereals and 1nvertebretes were rately
taken, only the availability of these two major prey types

will be considered.

l.3.4 ‘Prey on Arable Land

No measurements of the densities or dispersion of prey
on arable were made. The analysis in the remaining
chapters is mainly based on observations of birds foraging

on grassland for important reasons which are given later.

.Cereal grains wete avéileble in Winter et ﬁeele in the
forﬁ of ctubbie arain, and to a iimited extent’es winter
sowings. The number of gtubble flClOg decllned over the
winter month as they were ploughed (conpare flcures 1. 3 1a
and b). 1In addltlon, Feare et al. (1974) showed that the
nunber of grains within each stubble fleld 1eft unploughed

oecllned fron November to Febrtary. It is Dos51ble that
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average grain quality also declined, though .this was not
neasured. Sowings had sprouted by early winter and the
content of the sprouted seeds obviously declined with time.

Sowings were not utilised much (section 1.4.1).

Birds were rarely observed to take invertebrates from
stubble fields, though when they did they were (ih each
case where identification was possible) wireworms (Elaterid
larvae) or slugs (Pulmonata). HNewell's (1967) review of
studies indicates that stubble can contain high populations
of the slug Agriolimax reticulatus, whilst wireworms are
probably the second most numerous invertebrate of this kind
associated with cereals (e.g. Robinson 1951). Plough was a
high.source of invertebrate prey often unavailable at other
times (e.g. many large earthworms (Lumbricidae) gsually
too déep in the soil to be acceséibie), but oniyufor the
first few éays afteriploughing,‘and Waé ;afely'ugéd aftef

that (section 1.4.1).

The generally low use of arable land probably reflects
the fact that in general arable land (both under crop and-
ploughed) holds a much lower invertebrate biomass than
grassland (e.g. reviews in Edwarés & Lofty 1977, Raw.1967b,
Waite 1978, Wallwork 1976); in addition a greater propor-
tion of,the fauna of plocughed fields inhabits a lower depth
than in grassland, and thus a greater proportion remains

unavailable to a . foraging bird. (Raw 1967b).
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1.3.5 Invertebrate Prey on Grassland - General

The nmain concluéion to be dfawn from the literatuge on
norﬁherh teméerate grasslanés felevant to the thesis is
that in wintef ¢arthworms (Lﬁﬁbriciaae) form the majoﬁ part
of the tétal in§ertebrate‘biomass, iﬁ the rouéh 6rdef éf
4/5ths or even nore on/non-ac1d 90113 (e. g. Raw 1966). Cn
ungrazed or recently sown leys the percentage is lower, and
in sunmer the 1ncreased biomass of arthropocs} especially
of‘adﬁlt Coléoptera, may reduce Ehié to somewhére in the
region of‘a half (e.q. Churchfield 1982; Hutchinsdn &vKing
19€0). Paw (1966) estimated that c.id% of éliyaithropods
on permanent graséland occurreaiin the top six’inches of

soil.

Almost-jall invertebrate types found on grassland are '
likely to be aggregated in their dispersion (exanple
reviews of“all nen-micro fauna: Edwards & Lofty 12877,
Newell 1067 Ruw 1967b, Satchell 1967a, Southwood 1978,
Waite 1978).v lMany factors have been 1mp11¢ated to account
for this, including slow diséersioﬁ froﬁ reproducti&e‘éen-
'tres; climatic eféects of rainfall, tempefatute, etc.::
sdil type (pH,'organic cohtent;icompacﬁion,‘moisture, éﬁé.)
and situation (slope, exposure;‘ete;);‘and ctopéing
effects, both in fhe sénsé of (for‘example) woodland §s.
agrlcultural use, and w1th1n agrlcultural habltato dlf- “

ferent crOpplng reglmes w1ll affect aen51t1es. wlthln
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grassland most arthropod densities are reduced by grazing
(Beyd 1560, liorris 1868, Vallwork 1976), although liorris
showed that though.in general this was true, the difference
was mainly due to adults, whilst larvae of many species
were found in higher densities on gra"ed land. Eowever,
Pulmonate slugs tend to occur ln higher oensltleg on grazed
land (Boyd 1960C), dung 1nhab1t1ng anlmals obv1ously do, and
- most 1mportant1y - earthworr denultles are Glnoot
always h1gher on grazed graasland conpared to uncraaeo
(e.g. rev1eys in Edwards & Lofty 1977, Satchell 1967a,
Vaite 19785. Since tﬁe presentkauthor'has summdrised the
literature on variation in earthworm densitiesiand disper-
sion, and the causes of variations, in detail iWaité 19%8);
and since data will be‘analysed presently from the‘study
areas, no more detail will be giveﬁ here/on geﬁeral effects

on the invertebrate populations of grassland.

- Given the.fact that most invertebrate types are likely
to be aggregated in dispersion, there are two more related
queutlong whlch will affect a predator of the 1nvertebrate
faunalof grassland. The first concerns whether the aggre—f
gations fornm discrete‘groups with no animals in the space
in between, or mhether continuous areas of dlgtrlbutlon
contain areas of hlgher and lower relatlve denolty. Alnost
all grassland 1nvertebretevtypes are llkely to be dlotrl‘
buted in the latter way though rarer invertebrates mayfbe

preaent in dlocrete aggrecatlons. One common invertebrate
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type with discrete aggregations on grassland are the Pul-
monate slugs which gather in rocsting aggregations during

the dayl(Cook 1981, llewell 1967).

The second question concerns the extent to which
aggregations of the different types overlap, or are
independent of, one znother. 1Imagine a generalist predator
who takes all of the prej items in figure 1.3.3a. If it is
foraging on the first 'field' of the pair, although each
separate prey type is aggregated in dispersion, the effect
as far as the generalist is concerned (if it takes each
type as encountered, an assumption which may of course be
only partially correct) is one of a random distribution.

If however it forages on the second 'field!', iﬁs prey will
be aggregated in dispersion since the different prey types
are aggregated in the same areas. A specialist on prey
type 'x' will encounter aggregated prey when foraging on

either 'field'.

Few field studies report on this. Salt & Hollick
(1946) studied aggregations of wireworms (Elaterid larvae),
and correlated the varying densities of these larvae with
the abundance of other invertebrate types (also of a size
which the four bird species concerned with here could prey
on). They found three significantly asscciated with the
wireworms (Chilopoda, Diplopoda and Hymenoptera (ants)),

and two significantly inversely related (Staphylinidae lar-



Figure 1.3.3

Theoretical distributions of prey types

(2a) two 'fields' with different kinds of patchy distribution
¢f prey.

(b) & series of 'fields' compricing the home rence of a group
of bircs frem the single rookery cepicted in the inset.
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vae and MNematocera (= mainly Tipulid larvae)), -with the
variation in the densities of six other types being sta-
tistically independent of variation.in wireworm numbers,
although two of these (Arachnida and parasitic Hymenoptera)

showed quite large non-significant positive relaticnships.

vThis gives an ovéréll picture whichkwouid be a mixﬁure
éfAthévtwo e#tremes dépicted in figdre 1;3;3a - lil.e. some
aggregations overlapping, some independent, and. others ran-
domly ningled. Thus the degree of aggregation of overall
prey facing a predator would depend on its.degree of
specialisation of diet and on which particular combination

- of prey types made up the diet.

A stylistie represeﬁtation’of the general distribﬁéion
of the prey ﬁypes potentially available to é predatof‘is
given in’figufg 1.3.35. Somé 'fields' might offér>no‘§rey
£o‘é}predééof,‘éerhaps because it is under a habitat (e.g.
woodland) which the species does not exploit. Other fields
offer few prey, others abundant randohly distributed pfey,~
and others abundant aggregated prey which may be distri-
buted as discrete units (field c) or as denser areas in a

continuous distribution (field a).

1.3.6 InVertebrates within Grassland at Keele in Winter

The data on which the following summary and analyses
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are based are listed in appendices one and two. This
eee£i05'6e$cribes nainly data from Xeele in wvinter, except
whe;e specificailvaEated otherwise. The’fields sampled in
the other two study areas in winter (all permanent pasture)
all held loﬁer earthworm deneities than any sampled per-
maheﬁt pasture at Keele, but the densities of other inver=-

tebrates were quite similar (appendix one).

.Tables 1.3.3 and l1.3.4 summarise.ehe‘relative'densi-
ties and dispersions of earthworms and other invertebrates
sarpled at Keele during winter. Table 1.3.3 indicates that
earthworm densities were higher on grazed fields than
ungrazed, and on older fields than on more recently
plouched and resown ones; whilst other invertebrates had
recuced densities en old grazed fields. Both eheseﬁtrends
are similar to those reported elsewhere ie the 1iterature:

(sectidn 1.3.5).

Tablegl.3.4 indicates éhat the»populationsiof
eerthworﬁs in these:fields wererofﬁen aggfegateé iﬁ disper-
sion, whilst other invertebrates,were rather infrequently'
SO. The’latter reselt is ih centraéietion te ﬁbst>other
etudies.feection 1.3.5) and may bé'a resuit of the gross
classificatien technique - different invertebrate types
may have been aggregated in separaee areae (cf.nSalt’&

Hollick 1946 and section 1.3.9 below). 1In addition the

insensitivity of the significance test of dispersion dis-



Table 1.3.3

Invertebrate densities in winter samples from Keele

HAG =

ley, TLG =

ture.

The bicmass of earthworms in each separate core was meas-

non-agricultural grassland, TLU =

grazed temporary ley, and PP

ungrazed temporary

permanent pas-

ured, but although the number. of .other invertebrates in
each core was recorded,

A maximum and minimum weight was calculated from weighed
samples of different sized invertebrates (see text).

TLU
TLG
PP

Dung

Numbers
Bion(qg)

Humbers
Biom(qg)

Humbers
Bion(qg)

Munmbers
Biom(g)

Numbers

Biom(g)

— — — —— — . — — — — —— oy — e m— S G- —

florms

Ilean per Core

Other:
Iiin

0.0026

0.0030

0.0020

0.401
0.430
0.413
0:251

0.351

0.

0.

0.

073

079

0.0029 0.076

066

0.0049 0.064

the biomass in each core was not.

Ratio of
Worms:Other

- (%)

Itin lax

67:33
.78%:1 85:15

60:40
-+ 89:1 76:24

72:28
99:1 84:16

85:15
99:1 89:11
| 88:12
99:1 96:4

N of
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Samples
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Table 1.3.4

Invertebrate dispersion in winter samples from Keele

Percentage of samples within each crop and invertebrate

type which were aggregated:

test;

Grid

11.12.2.4) *

NAG = non-agricultural grassland, TLU

ley, TLG =

ture.

The V/IH test was not appropriate for invertebrates other
than earthworms (see text):

-

grazed temporary ley, and PP = permanent pas-

V/l1 = variance-to-nean ratio

grid-pattern test (see liethods, section

"Either"

= ungrazed temporary

is the sum of above

and beneath surface invertebrates, plus any which could not

be classified by position within the core (see text and

appendices 1 & 2).

Other Invertebrates:

Delow

.16.6

16.7

I
|
| Above
! Soil Soil E o, of
| EBarthworms Surface Surface Either Sanples
------------ | o e e e e e e e e e e e e e e e e e
|
NAG v/ ! 57.1 - - L 7
Grid | 0.0 33.3 0.0 0.0 3
o | V : B
TLU  V/II | (100.0) - (c.0) (0.0) 1
- Grid | (100.0) - (0.0) (0.0) 1
, oo ,
TLG VN | 33.3 - - - 3
' Grid | 50.0 - 50.0 50.0. 2
: o S :
PP v/u | 71.4 L= L= - 14
! | | : |
Dung. V/U | 50.0 - - - 2
l .
L | _ - o
aAll - v/H i 68.0 - - - 27
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cussed in section MH.12.2.4 ray have caused type II errors

- for example scome of the figures in appendix two (e.g.
A2.2c, A2.3c) show coherent patterns of grouping together
of cores with higher numbers of invertebrates, but the
significance test, recognising.only the presence or absence
of invertebrates, fails to show a dispersion siqgnificantly

different from random.

Table 1.3.4 may also show a tendency for earthworms to
be aggregated in dispersion more frequently on permanent
pasture than on grazed leys or ungrazed fields, but the

data are too few to comment with any certainty on this.

‘Table 1.3.3 further indicates that earthworms made up
the major proportion of the numbers and biomass (*) of
invertebrates. The proportion differed between crop typeé,
carthworms forming the highest proportion of the total
invertebrate fauna in permanent pasture. These patterns

are illustrated for a subset of the samples in figure

(*) The biomass of earthworms was mneasured directly, but
that of other invertebrates in cores was not. In addition,
the relative numbers of the different size classes of these
invertebrates was not recorded. Hence a maximum and minimum
biomass estimate for these invertebrates was calculated by
multiplying the number of invertebrates recorded by the mean
assigned weight for a small invertebrate (minimum biomass
estimate) or a mwmedium invertebrate (maximum biomass esti-
mate) (see table 1lI.2 for assigned weights). The fiqures for
the biomass o©of these invertebrate types thus contain much
potential for error, although the disparity between the
contribution of earthworms and other invertebrates is so

great that the general conclusion could not be altered given
the extent of possible error involved.
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1.3.9. Since there were far more grazed than ungrazed
fields a&ailable (table 1.3.1), carthworms were by far the
conmonest invertebrate prey available. Eowever, it is
possible that a greater proportion of the above surface

invertebrates were readily available to a bird predator.

1.3.7 1Invertebrates Other than EarthWorms at Keele in

Winter

Since these invertebraﬁes were rarely sampled by the
rnethod adopted in winter, no systematic record of relative
abundance was taken. Thé ﬁollowing list mentions the
groups more commonly found, of a Size which co&ld be taken
by birds. The list is similaf to thése given in the

general literature (e.g. Raw 1566, Wallwork 1976).
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Enchytraeidae = Present commonly. Their dispersion is
figured in appendiz two. Considered too
small to have been a major prey.

Arachnida - Small spiders fairly frequent.

Isopoda = Infreguent.

Chilopoda = . Infreguent.

Diplopoda - Infrequent.

Dermaptera - Infrequent.

Heniptera - Infrecguent.

Coleoptera - Freguent, but adults usually only small
€eged- s0il or cung dwellers in the winter.
Carabidae - Larvae and fewer adults.

Staphylinidae - Larvac and fewer adults.

Scarabaeidae - Especially Aphodius rufipes larvge and
: ‘adults frequent in dung but often adults also
in the open ground; less frequently
chafer larvae (unknown spp.).
Elateridae - FPrecquent as larvae (wireworms), less
: ~frequently adults. .-
Lepidoptera

- lioctuidae larvae (cutworns) were occasional.
Diptera - Snall adults of many species were frequent,
together with Tipulid larvae (leatherjackets)
o ~and various other larvae in dung.
Hymenoptera - Ants were fairly frecuent.
Pulmonata - =~ Slugs (mostly Agriolimax reticulatus)

were fairly frequent, but snails were rare.

l1.3.8 Earthworms at Keele in Winter

The following species were identified from Keele san-
ples, though the relative numbers in each sample were not

recorded due 'to the excessive time-cost involved:

A

L. lgnsa

4. pocturpa

A. rosea
Lumbricus terrestris
Octolasion cyaneun -

. terrestris,A. lonca,A. pocturna and Q. cyaneunm occurred
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less frequently in the cores, and were often found occupy-
ing a permanent vertical burrow. The other species wvere
mostly found just under the soil surface or amongst the
roots of the grass. This agrees with the description in,

for ezample, Cerard 1667 and Satchell 1%67a & b.

The relative availabilities of these species to birdés
will be affected by crypticity and behaviour in addition to

abundance. There is little information available in the

literature on this, though Bengtson & Rundgren (1978)

showed that golden plovers (Pluvialis agpricaria) demon-
strated selection for A. caliginosa and under~took L.

terrestris on an Icelandic hay neadow in summer, and
Satchell (1967b) demonstrated a weak selection by captive

rooks for the pink form of A. chlorotica over the green

form. The latter is likely to be the result of crypticity
differences, but burrowing behaviour may be implicated in

the former study.

The three measures of earthworm density defined in
section !M.9.2 were strongly intercorrelated. For example,
the correlations of the means for the set of 14 fields
sanpled in lNovember-December 1579 were:

N of 'all' eérthworms per metre square with

'field observable': r = 0.92; 'all' with biomass

(g) per square metre: r = 0.87; and 'field
observable' with bicmass: r = 0.89.

The last relationship is illustrated in figure 1.3.4. The



Figure 1.3.4

Relationship between mean numbers and biomass of earthwornms in
14 separate winter soil samples
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weight and two measures of earthworm numbers within each
core were also strongly intercorrelated within each
separate sample of 42 cores:

for 14 samples: ‘'all' with 'field observable',

nean r = 0.75 (range 0.59-0.89); 'all' with
'biomass', mean r = 0.70 (range 0.42-0.85); and

'field observable' with 'biomass', mean r = 0.82

Unless stated otherwise, reference from now onwards is to

the number of 'field observable' earthworms and total

weight.

1.3.8.1 Dispersion (1): Between Fields

To test whether earthworms wvere aggregated on a large
scale (between fields) 14 separate fields were sampled at
Keele over a short time period (see section !1.6.5). The
sanples were all taken from an area over which a single
bird of any of the four Corvid species could (and certainly
did, in the case of cbserved rooks and jackdaws) forage.
The fields were chosen so that they roughly reflected the
availability of the different grass types (table 1;3.1),
and so that they wvere scéttered over the study area, but
otherwise selection of fields was arbitrary (figure

lo3 osa) .

Déta wcre analysed by analysis of variance.(*) There
were highly significant differences between fields for both

(*) Sumnary tables of this and subsequent analyses of



Figure 1.3.5

Earthworm densities within 14 grass fields sampled between
20th November and 15th December 1979 at Keele, Staffordshire

(a)

(b)

Location of sampled fields within the ctudy area.
llean numbers of earthworms in each sample.
Lezn biomass of earthwerms in each sample.

Spatial pattern of variation in ntmbers of

earthwvorns
across the study area.
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earthworm numbers and biomass (numbers = TF.= 9.766, df‘=
13, 574, p < 0.001; biomass - F = 7.30%9, p < 0.001).
Fields differed by up to 10 times in earthwvorm densities
(figure 1.3.5b & c),v areas of similar density were not
grouped tocether (flgure l 3 Su), Lut some of the variation
was accounted for by differences in crop type between
non-agriculural swards, temporary leys and permanent pas-
tures (numbers -~ F = 10.078, df = 2, 585, p < 0.001;
biomass - F = 7.670, p < 0.001; - figure 1.3.5b & c). For
earthworm nunmbers, there was a.significant polynomial
linear trend of increasing densities from non-agricultural
grass through to permanent pasture, as predicted by the .
results of other studies (see section 1.3.5), but fprv
biomass. the means of non-agricultural grass and temporary

leys did not differ significantly.

Thé lowest density-measﬁred ét aﬁyitiﬁe duriho &inter
was 42.3 earthworns per gquare neﬁré én a'sports fléld oh.;
20- 11-79, the highest 541 5 per square metre on a pernanent
pagture on 1l-2- 80 (appendlx one),. these two flelog wvere
1essvthan O.S km apart (fields 1 and 56 of figure 1.3.1).
Densities under dung were even higher' - on average almost
twice as high in terms of numbers than: in the open grass of
grazed fields, wvith biomass over three times as high (an-

indication.that a greater proportion of the earthworms

variance may be found in appendix 3.
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under pats wvere of medium and large size) (table 1.3.3 and

appendix one).

1.3.8.2 Dispersion (2): Within Fields

As summarised in table 1.3.4, earthworms were often
aggregated on a smeller scale, within the area covered by
an indivicual sample (c.lZQ square\metres). Overall in
winter, 68% ef fields shoﬁed aggregation in thedeense of
statistical heterogeneity (Variance/mean fatio testi and
50% ehowea e cohe;ent elumping of dense aﬁd sparse eores
(grid pattern testi;a 76.5% of fields were aggregated in
one of these two senses, while 35.3% were aggregated in
both. The §rid patterns for all winter samples are given
in appendix two, figures A2.1 to A2.17. Visual inspection
of these again reveals the insensitivity of the grid-
pattern test referred to earlier (e.g. A2.lb, A2.3b, etc.),
with samples classified as random on a dense-sparse basis
clearly showing coherent grouping when variation in numbers

is considered. I .

For seven/large‘fieids eimultaneous sanples Qefe.
obtained frem two sepafatekareae wiﬁhin £he sanme field.
The areas were between 200 and 500m apart. In six out of
ﬁhe seven cesee thete were significant differences éetﬁeenA*
the two areas in.eafthwerm deesities»(eepafate Hanh;Whitneyk

U tests). Three of these differences were very large, one
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area holding over twice as many earthworns as-the other
(table 1.3.5). In four of the seQen fields there was an
obvious difference in slope between the.areas, and in each
case there were more earthworms at the bottom of the slope
(significantly so in three cases), but in the other three
fields there was no obvious visible difference between the

two areas.

Finally, there were significantly more earthworms
berneath dung pats than in the open grass in the two winter
examples where dung and open ¢round were measured simul-

taneously (table 1.3.5).

The genéral pictﬁre of earthﬁorm disPersion from the
complete set of wintef samples’is'given by‘the useréf
Iwao's Patchineés Regression (éee €.qg. Southwéod 1§785>of
the mean pépulation estimate of a sample‘plotted against
Lloyd's (1967) index of aggregation ('mean crowding'), the
formula for which is given in section M.12.2.4. "Earthworms
sampled at different population densities do show a fairly
tight regression,(*) indicating that in grass fields in
winter they haVé a characteristic type of dispersibn pat-

tern described by the regression equation:

(*) The fiqure plots only values from samples of 42 cores.
There 1is much more variability about the least squares line
if samples of 10 cores are plotted, a further indication
(see section l1.6.4) that the confidence limits to population
estimates based on l0-core samples are unconfortably wide.
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mean crewding = 0.0101 + (1.2237 * mean)

The fact that tﬁe line slopes abové alline where the
variance equals the mean (and thus mean crowding equals the
mean) indicates that the characteristic dispersion pattern
of grassland earthworms in winter is an aggregated one

(figure 1.3.6).

There are foo few‘data to Calculate separate regres-
sions for the different crop types, but it wés the case
that theﬁsample furthest towards the overdispersed side of
the randém-line Qas an ungrazed temporary ley, whilst the
most patchy fieids were all permanent pasture. Iliowever,
the data are too few to draw any reliable conglusions abgut
any possiblezcrop differences in the dispersioh/pattern;of

earthworms.

1.3.8;3  Shifts in the Location of Aggfegations (1):

Betweeh Fields

A subseé of the 14”£ieidé was re-sampfed two monﬁhs
after the main sample,ﬂénd the significant:iﬁteraéﬁion
between field and daﬁe,of sanple indicates that earthwornm
densities shiftéd”in the period between the first and
second samplé"(numbers~ﬂ—»“FJ= 6.83, df = 6, 582, p <
0.001; biomass =~ F = 3556, p‘< 0.001). While sone

fields were little different in densities on the two
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sanpling dates, others were considerably so (figure 1.3.7).
The main effect of Date was not significant, probably
reflecting the fact that the sccond period of sampling was
a similarly mild and wet one (see fiqure 1.3.8c). Yet sone
combination of environmental conditions had caused
earthworn densities of some fields to change in a different

pattern to others.

l1.3.8.4 Shifts in the Location of Aggregations (2):

Within Fields

Two separate areas within each of two different fields
were sampled in December 1979 and re-sanmpled (each core
displaced by 1/3 m) two months later. Interaction effects
between date and areas of sample were not consistent. 1In
terms of earthworm numbers, in both fields densities had
shifted significantly. 1In one field both areas held sini-
lar densities in December, but by February densities haad
dropped in one area and risen in the other (Area x Date =~
F =7.24, df =1, 164, p < 0.01; figure l1.3.8a). 1In the
second field the pattern was the reverse, densities éiffer—
ing in December, but in February being nuch more similar,
one area rising and the other dropping (F = 15.93, p <
0.001; figure 1.3.8b). However, in termes of earthwornm
biomass, though the trends were similar, the interactions

failed to reach statistical significance in either case (F



Figure 1.3.7

Shifts in earthworm densities within seven grass fields sam-
pled in December 1979 and February 1980
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Figure 1.3.8

Shifts in earthworm densities within three grass fields

(zb) Chances in dengities in twvo areas within the same field;
data for two fields.

(c) Changes in densities acrecss the winter, with changes in

the abundance of cther invertebratecs, soil tenperature at

10 cm, and intensity of use of the field by four Corvid
species.
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=1,92, p = 0.166; F = 3.78, p = 0.056).

Finally; the éaﬁe area of one field was sémpled at
rmonthly intefvals throughout the winter of 1979-80C (figure
1.3.8). In this field the densities of earthworms changed
éonsiderablybover ﬁhé winter, and in this instance‘itAwas
possibiewto reiéte a cliéatié variabie faifiy cioseiy to
this pattern ofkchange (soil témpératufe at 10 éﬁ);‘ the.
intensity 6f use of the fiéld by four Corvid épecies also
followed a similar pattern. The densities of earthworms
and other invertebrates were in this case almost perfectly
negatively related. This figure indicates that the pattern
of shifts depicted in figure 1.3.7 woﬁld probably have
shown further conplicated patterns of variation were data.
available for all four winter months for all of these .

fields.

1.3.9‘ Dispersion of Earthworms and Other Invertebrates

Compared

.- Between winter sample mcans, there was a significant
negative relationship between earthworm densities and that
of above soil-surface invertebrates (r = -0.37, d&f = 30, p
< 0.05). This implies that fields holding high earthworm
densities held low densities of above soil-surface inver-
tebrates. This will partly be due to the previously men-

tioned tendency for grazed fields to have higher earthworn



1.3 Winter Resources Q2

densities.but lover arthropod densities than ungrazed
fields (sections 1.3.5 and 1.3.8.1). There was no signifi-
cant rélati;nsh;p'begwéen earthworn nﬁmberé and‘tﬁé abun-
dance of below Soil-surface invertebrates (r = -0.02, ns).
Above and below scil-surface invertebrates were positively
related (r = 0.3%9, p < 0.05). The differing densities of
earthworms, above- and 5eloﬁ¥éurféEe‘invértebrates'for 14

separate fields are illustrated in figure 1.3.9.

There were no more significant relationships between
earthworm and other invertebrate numbers within samples
than one would expegt by chance given the numbef of rela-
tionships investigated, except in the case;bf'pérmanent
péstﬁres, where in 11 % of samples there:waé ; Significant
negative rglationship between earthworm ﬁumEeES‘and above
soil—surfa¢e’inVettébrate nuﬁberé péf éo;e.; ihds not only
did fields:holding highleartEWOré numbers ih gene;al tend
to have 10@ hﬁmbers}of abovesoil—sﬁrfécé £hvértebrates,
but within;avhumberlof fiéldé aréas:withmeré‘earthworms
tended to have’fewer'abd§e sur£ace invertebraﬁes, and

vice=-versa.



Figure 1.3.9
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Densities of earthworms and other invertebrates within 14
grass fields of different crop types sampled between 20th
Novemnber and 15th December 1979
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Part One>Chapter Four - Resource Utilisation by Four

Corvid Species

ThlS chapter analyses the ut111sat1on ofvthe resource
base, descrlbed in the 1ast chapter, by the four spec1es
1ntroduced in chapter 1. 2 | The data represent the spec1es'
reallsed n1ches (sensu Vandermeer 1972), slnce they wvere
coliected as‘a random sample with respect to each other
species' absence or presence in the short term. Chapter
1.6.will discuss.any niche changes'associated.with.interac-
tions between species, whilst chapter 1.5 will describe the

overlap of the realised niches between species.

The data used to’‘describe habitat choice were col=-"
lected over several winters, but the data on foraging .-
behaviour all come from one winter (1980-81). .. Sufficient
habitat data are only available if data from all years are
used, whilst systematic recording of the foraging behaviour
of all four species could only be carried out in one
winter. It may be that the winter 1980~ 81 was: not normal
in some respects, and the follow1ng chapters should be read
with this in mind.: It was certainly the case that this
w1nteruwas mllder than others durlng the study (flgure :
1.3, 2), w1th fewer frozen 5011 days. For rooks (the only
spec1es with foragina data avallable from all w1nters),

there were differences between years in various aspects of
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behaviour; for example, the proportion of the diet made up
of earthworms changed from 55.5% in 1978-79, to 76.1% in

1979-80, and finally to 79.3% in 1980-8l.

In addition, prey types taken were only classified as
either earthworms or some other invertebrate type (see
Methods for discussion), with only two size-class divisions
within the latter group. Thus the data are limited in

their detail.

1.4.1 Distribution of Birds Over the Main Study Area

Figure 1.4.1 presents species' distribution maps
within the main study area at Keele on six different
occasions in winter. (*) These maps will be referred to in
later chapters for a number of reasons but may be examined
now to provide the following qualitative summary descrip-
tion of the winter distribution of the four Corvid species

over the available habitats:

(1) Each species was recorded (in these cases, and in

most others) only on non-agricultural grassland -
and agricultural land.

(2) Carrion crows and magpies were dispersed over the

(*) Only six full winter maps could be drawn - on other
census dates some fields were not covered because of lack of
access, human disturbance, or because unique field numbers
were not recorded. More censuses were available for ana-
lyses where recognition of individual fields was not re-

quired.



Figure 1l.4.1

Distribution maps for four Corvid species at Keele in winter

(a) 8-11-79
(b) 6-12-79
(c) 12-11-80
(d) 18- 1-81
(e) 23- 2-81
(£) 28~ 2-81
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whole area reflecting their (mainly) A-type ‘ter-
ritoriality (chapter 1.2), while the gregarious
rooks and jackdaws tended to be clumped within a
few fields at any one time.

(3) Arable land was used less than grassland.

(4) Though the four species were found on the same
fields at the same time, often they were spread
such that rooks and jackdaws foraged together,
but carrion crows and magpies were found less
often with rooks and jackdaws or with each other.

(5) Certain fields often held birds while others
never did.,

(6) Relative flock sizes on fields often shifted
between censuses.

Table 1.4.1 indicates that while carrion crows used
grassland and arable in toﬁal in proportion to their avai-
lability, the other three species all selected grassland
over arable. All four species were found at higher denéi-
ties on grassland. This was the case even for carrion
crows which, although generally using the two main crop

types in proportion to their availability, were found on a

few smaller than average fields at very high densities.

1.4.3 Habitat Selection (2): wWithin Grassland

Four different types of grass crop were available in
the study area - non-agricultural cut grass (sports
fields, vergeé, etc.), grazed and ungrazed-temporary leys,
and grazed permanent pastures (more‘than 10 years since

last known ploughing). The proportion of each species



Table 1.4.1

Proportion and densities of four Corvid species censused on
grassland and arable in winter

(a) Percent of birds on cach gross crop type (percent
within each species) = signficant celcection of crops over
availability is indicated by esterisiks; (L)  density as
numbers of birds per hectare within eaclh species.



£

(a) - Crop
Availability Proportional Use by Speciesm_>
11 of Total

Fields Area ‘Rook* Jackdaw 'Crow ' HMagpie

GRASS ~ 59.8  61.5 81.7  67.3  63.9  74.8
‘*** * ANS ‘ ***
ARABLE ) 40.2 38.5 18.3 32.7 36.1 25.2

e — - " Tt R S (. e s G G s e e | G e 0 G e B e e G S W G T . . S~V —— o~ —— " o= g2 . S o S

— — S— S — " — — - — —— D —  umm v om— e —

Sample M - 411 1219 655 - 244 214
-(b) | Number c¢f Birds per Hectare
R | e SO
| Rook Jackdaw  Crow lagpie
|- : B e
l oy
GRASS 1 °137.9 0 79.7 0 26.3 - 26.4°
!
ARABLE I 36.0 36.4 9.5 10.2
- .y l .
e Lt
B L ’
Sample N I 1219 655 244 214
I
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found on each of these crop types is illustrated in figure
l.4.2a. Most rooks and jackdaws were found on permanent
pasture, with small numbers on grazéd leys and an insigni-
ficant number on ungrazed fields. Most carrion crows and
magpies also occurred on permanent pasture, but this time
only just over 50% of each species. Most of the rest were
on grazed leys, with c.10% of magpies and c.6% of carrion

crows on ungrazed fields.

All four species used crops significantly differently
from their availability (separate chi-square tests, p <
0.001 in each case = on original data with data for
non-agricultural grass and ungrazed leys combined). Exami-
nation of expected frequencies reveals that for the rook
and jackdaw this was due to a strong selection for per-
manent pasture coupled with strong avoidancg of ungrazed
fields and a weaker avoidance of ungrazed leys. The dis-
tribution of carrion crows and magpies was due to the use
of permanent pasture and grazed leys as available (with a
weak selection for grazed ley also demonstrated) while

avoiding ungrazed leys and more weakly avoiding non-
agricultural grass swards. These choices are illustrated

in figure 1.4.2b.

Figure 1.4.3 illustrates habitat selection in relation

to abundance of the habitats. Most rooks and jackdaws werev

found on the most abundant crop (permanent pasture) and



Figure 1.4.2

Grass crop use and selection

(a) Proportion of four Corvid species fournd on diffecrent
grass crop types-in vinter (percent within cach species).

(b) FEabitat selection - the electivity inde: ranges from =1
(complete avoidance) through 0 (no sclection) to +1
(conplete selection).



(a) Habitat Use - preoportion of each species on each crop
type and relative availability

Non-agricultural

Ungrazed Ley
Grazed Ley

Permanent Pasture

0 % 100 0 % 100

Area of Rook Jackdaw Crow Magpie
Crop

(b) Habitat Use - preference/avoidance or use as available?

Non-agricultural
ungrazed Ley

Grazed Ley
Permanent Pasture

Electivity Index -1 0 1

Rook Jackdaw Crow lagpie



Figure 1.4.3

Habitat selection by four Corvid species in relation to habi-
tat availability '

(a) Theoretical values =~ points faelling vithin the san

segrent show similar degrees of selection, whilst points
high on the X axzis represent abundant hebitats, and
points high on the ¥ axis represent & large proportion of
the species concerned.

(b) Actual winter data for four Corvid species:
C = Carrion Crov
J = Jackdaw

I = liagpie
2 = DRook
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this was due to high positive selection. Most carrion
crows .and magpies occu;red on either permanent pasture or
grazed ley (the two most. abundant crops) and this was due
to weaker but also positive selection. 'Permanent pasture
also held the highest densities (numbers of birds per
hectare) of the four grass crops of rooks and jackdaws, but
the highest densities of carrion crows and magpies were

found on grazed leys (table 1.4.2).

. In conclusion, rooks and jackdaws preferred the most
abﬁndant crop and wvere foﬁhd almost exclusively id this
habitaﬁ and wére ét thei£'highestAdensitié; theré{. whilst
carrion crows and magpies preferred the second most abun-
dant crop and occurred at their highest éensities 6n that
crop (grazed temporary leys); but the greater abundance of
permanent pasture meant that just over 50% of the individu-
als of these species were to be found on permanent pasture

and only ¢.40% on grazed leys.

1.4.4 Foraging Behaviour (1): Arable and Grassland Com-

pared

Due to time limitations, very few data on foraging
rates are available for birds on arable fields. For what
they are worth, these data are presented in table 1.4.3.
These preliminary data suggest that stubble grain is an

important source of calories for each species, but



Table 1.4.2

Densities of‘four‘CorVid'speéies‘on'differént grass CrbpS‘

T

 Number of Birds per Lectare

Rook Jackdaw “ Crow  lagpie

Non-agricultural 1.5 - 0.3 1.6 0.8
Ungrazed Ley - =T 40,5 2.4
Grazed Ley - 22.5 17.7 14,2 14.5
Permanent Pasture - '-113.9 61.4 9.9 8.6

A S S . S T Y Y G dem G G T D S TR G GAS GE G WD SR D W AN U D GHS GMS P4 S6S M SN ENL S Sem M) S G G e G T T G

Sanmple N ; .. 996 441 156 160
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particularly for jackdaws given their low calorific intake
rates on grassland. Inyertebrates were taken from stubble
only at low rates. Plough provided high rates; however,
bitdé.only uséd plough on>the day Qf plouéhing ahd for a':
few days afterwards while invertebrates turned up by the
plough were on the surface. Hence over the whole winter
plough was unimportant as a food source and was little
utilised (on average over winter 14% of fields were avail-
able as plough; ~dpring’routine censuses 5% of carrion
crows were recorded on this habitat, 0.5% of magpies, and

no rooks or jackdaws).

Grassland provided a ficher:Source of pfdtein-
containing material than arable (table 1.4.3b), and this,
coupled with the fact that only c.zs% of thewafea provided
grain on average over‘the wintergftable 143;1); probably
explains the high proportion of each species found on
grassland. 1In addition to gross intake rates of nitro-
genous material, a wide range of invertebrates in the dieﬁ
probably provides particular kinds of nutrients necessary
for survival (e.g. Greenstone 1979, Newton 1968; brief

review in Morse 1980).. .

For the remainingAchapters in part one, the behaviour
of the four species on grassland only is considered. It

was decided to concentrate data collection on'grassland

birds for two reasons = firstly, because each species



Table 1.4.3 -~

Préy”intake rates 'on grassland and arable

The data in brackets are given onlﬁ as a’'rough guide to

possible population means-'oample
inverts = ‘

(a)

(b)

invertebrates.:

‘Energetic value of'intake:

Gross

N =4

sizes are given beneath;

kcal'ingested per minute.

n

measure of nutritive value of intake:- grams of -
protein-containing material ingested per minute.

Grass
Inverts.

(a) Iean keal rer ninute
Stubble  Stubble  Plough
- -Grain’ Inverts. “Inverts.
Carrion Crow  ~ (0.144) ' (0.088)" " (0.260)
H =1 1l =1 I = 6
Rook © - - (0.501) ~ (0.027) - (0.456)
=8 N =8 u =,1
Jackdaw (0 308) (0.000) (0 026)‘
R Con =4 ‘M=4 n=1
tagpie’ ""No'Data Mo Data = Mo Data’"
(b) . Protein intake rate (g) per minute
Stubble * ' ¢ -Grassland’
Grain Invertebrates
Rook (0.0083) 0.0401
" Jackdaw " (0.0051) "0.0070°

= 60“
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spent a majority of their foraging time on grass (section
1.4.2). Secondly, overlap between species when on arable
is almost total, given a one-prey (grain) situation
(although the different selection patterns for grassland
and arable shown in table 1.4.1 will lead to some parti-
tioning in the sense of gross habitat selection). The most
important partitioning of resources between species must

occur on grassland.

l.4.5 Foraging Behaviour (2): Grassland
1.4.5.1 Feeding Actions and Microhabitat Selection

Table 1l.4.4a shows the proportional use of the feeding
actions defined in section M.1ll.1 (proportions were calcu-
lated only for actions which resulted in the capture of a
prey item, since Waite 1978 has shown peck rate to corre-
late highly with success rate in most cases). Carrion
croWs mainly used Surface Pick to capture prey, but also
used Dung Turn on 25% of occasions. All other actions were
used on less than 10% of occasions, but all actions except

Jump were recorded for this species.

Jackdaws used Surface Pick in almost identical propor-
tions to carrion crows (¢.40%), but Dung Turned rather more
(34.5%) . Jackdaws were the only species seen to catch prey

by Jumping in the winter, but were not recorded as perform-



Table 1.4.4

Relative frequencies (percent within each species) of success-
ful feeding actions and micro-habitat use by four corvid
species

(2) Feeding actions; (b) Iiicro-habitats. Each cpecies used
the four micro-habitats with °10r1f1cuntlj differing frequen-
cies (p < 0.01) from everj other species (scparate pairwise
comparisons by chi-square on original data).



(a)
Feeding

hction Crow ook Jackdaw llagpie
Surface Pick 41 .6 17.0 41.4 56.0
Pounce . 6.5 0.5 - 8.5
Junp - - 5.2 -
Surface Probe £.5 2.8 5.2 2.2
Clod/Stone Rurn ( 2.3 6.6 12.1 11.3
Dung Turn 25,1 6.6 34.5 12.1
Dung Crumble 0.2 - - -
Deep Probe 2.7 36.3 - .7
Dig ’ 1-9 7.1 — 2.1
I Actions 411 212 174 282
1 Birds S0 (] 60 70
(b)

IMicro Iabitat Crow Rook Jackdaw llagoie
Above Soil ,

surface 58.0 25.0 Sl.7 73.8
Beneath

Clods/Stones : 8.3 6.6 12.1 11.3
Within/

Leneath Dung _ 25.3 6.6 34,5 12.1
Reneath Soil 7

Surface 7.8 - 61.8 1.7 2.8
N Actions 411 212 174 282
I Birds S0 69 60 70
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ing four of the 10 actions at all.

Magpies used Surface Pick 56% of the time, the highest
proportion for one action by any species. Pbunce, Surface
Probe;eCIOd-étone Turn and Dung Turn were‘all used in
rather similar proportions (c.l10%), while threevactions

were not used and two (Deep Probe and Dig) only rarely.

Rooks Deep Probed most (36.3%) and Jabbed and Surface
Picked on 18.4 and 17% of occasions respectively. Other
actions were used on less than 10% of occasions, and two
actions were not recorded at all. These patterns, includ-
ing the g;eate: generalisation of carrion crows, are very

similar to data from an earlier study (Waite 1976).

If one divides thesé different feeding actions intq
those which caught prey from the éame miérohébitat (table
1.4.4b), then the general picture emergeé Sf the4magpie'
concentrating on above surfacé‘prey, the rook»on“below
surface prey, and the carrion crbw énd jackda& catching
c.50%vof their preyAabove the surface of the soil but both
taking a very substantial pioportion of the rest from |
within or beneath animal dung. Howéver, no species wask
entirely specialised on oné microhabitat, but’all took at
least some prey from eaéh. Each species differed signifi-
cantly from every other in their proportional use of the
different microhabitats (separate. chi-squared tests, p <

0.01 or less). Jackdaws and carrion crows, despite
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foraging above the soil surface in similar proportions,
used the remaining microhabitats differently - jackdaws
used dung more than carrion crows and then foraged beneath
litter, but rarely beneath the soil surface; while carrion

crows used dung less than jackdaws and then foraged equally

(c.8% of the time) beneath litter and beneath the soil
surface. These data are an indication of the proportion of
different items caught in différent microhabitats; an
analysis taking into account the relative value of dif-

ferent prey items follows in section 1.4.5.4.

l1.4.5.2 Prey Selection

As mentioned earlier, only a very crude measure of
prey taken was possible. Table l.4.5}1ists the‘propqrtions
of each invertebrate type and size class, recognised during
observations of foréging birds, taken»by the four species.
All four species took more 'other' invertebrates than
earthworms. Carrion crows took somewhat more medium than
small 'other' invertebrates, whilst each of the other three
species took more small than medium. this difference was
most marked in the jackdaw, for whom 88% of the‘diet

comprised small invertebrates.

Jackdaws and magpies took only few earthworms, all
small, but these, though unimportant in terms of numbers of

items, were sufficient to provide 20 and 16% of calorific



Table 1.4.5

Selection of invertebrate prey types and sizes by four
Corvid species

Percentage contribution of each prey type to the diet,

within each species, in terms of number of indivicdual
items, and of calorific and nutritive value.

Lach species differs significantly from every other in the
proportions of earthworms to other invertebrates taken

(separate chisquares, p < 0.05).

3

i

llumbers of prey itens

C = Calories
P = Protein
"lother : |
|Earthworns: |Invertebrates: Itiunber of:
| | ' |
I ITotall [Totall
ISmall liedium LargellormslISmall MediumlOtherlItems Dirdés
| | I ] |
| | | S | |
Car- Ml o13.9 5.2 6.5 1 24.21 34.0 41.8 | 75.81 403 j$14)
rion c 1 13.7 9.3 33.%9 | 56,91 1.3 42.0 | 43.31
Crow P I 15.7- 10.6 38.7 |} 65.01 1.1 34.3 | 35.4]
| : | | ] |
Rook M | 38.6° 6.1 4.5 142,21 31.1 19.7 | 50C.81 208 69
' C | 38.6 14a.4 26.3 | 79.31 1.2 12.5 | 20.71
P | 41,0 15.3 28.0 | 84.31 1.0 14.7 | 15.71
| ‘ | | | |
Jack- | 3.1 - - | 3.11 88.6 8.3 | 96.91 174 60
dawv cC | 20.6 - - | 20.61 22.5 56.3 | 78.81
P 27.1 - - |} 27.1) 21.4 51.4 | 72.8]
| | | \ | |
llag- i 5.2 - - | 5,21 69.4 25.4 | 94.8] 274 70
pie C 1l 16.6 - - 1 16.61 7.7 76.2 | 83.9 ‘
P | 21.8 - - 1 21.81 7.3 71.8 } 78.11
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intake respectively, and even more of nitrogenous material.
Earthworms provided carrion crows with 57% of their ener-
getic intake, and rooks with almost 80% of theirs. Despite
the similarity of the percentage of totalled invertebrates
and earthworms in the diets of jackdaws and magpies (96.9
and 94.8% of 'other' invertebrates respectively), there
were significant differences between each species and every
other in paired comparisons of the frequency of selection

of these two gross prey-type divisions (separate chi-square

tests on original data, p < 0.05 or less). (*)

For carrion crows and rooks it was in addition possi-
ble to test the proportion of different size classes of
earthworms in the diet against the relative abundances of
these classes in soil samples (data for magpies are also
tabulated but no significance test on these data was
applied). Table 1.4.6a indicates that the relative fre-

quency of the different size classes of earthworms in the

(*) There are three ways of calculating the mean values in
table 1.4.5. The total number of invertebrates taken in the
total time summed over all birds may be used; but this will
be biased if very long records are abnormal. The proportion
of each prey type taken by each individual bird may be
calculated, and then these averaged for the species; but
this may introduce bias since short records, and very unsuc-
cessful birds, will have equal weighting with more normal
birds in calculating the species means. This will tend to
underestimate the true importance of the rarer items. Final-
ly, one may express the mean intake rates for a species as
percentages. This method gives more equal weighting to
birds than the first method, but is a more sensitive reflec-
tion of the importance of rarer items. This method was
adopted. In practise, the three methods produced only
trivial differences for most items and most species.



Table 1.4.6

Earthworm size~-class availability and contribution to diets

(Percentage of each size class)



(a) Availability and Predation

Darthvornm Size Category:

|
I
I Small llediumnm Large 11 Torms
——————————————————— I - S Gr ha SR Gie Sme MR GEr TS SIS SRS Gre GRS BEG W T G SEe G T SR Gne Gmb Gmt Gt N D SR Gmn G Gt ADe SN W SPW SEA Gme G S
Availability in !
S0il Core Samples | 75.4 17.¢C 7.7 G25
|
Predation by: |
Rook ] 80.9 13.5 5.6 89
I
Carrion Crow | 56.2 26.6 17.2 G4
|
lNagpie | 100.0 0.0 0.0 - 20
I

Test for Selection (on original data):
Soil by Roock predation - chi-square 1.50, af=2, 1.S.

Soil by Crow predation - chi-sguare = 11.86, df=2, p < 0.C1
Soil by lagpie Predation = chi-square assumptions violated

(b)Y Predation 2Zbove and Beneath the Soil Sufface

Earthwvornm Size Category:

!
|
: Small ledium Large I Viorms
nrbove Soil |
Surface | 100.0 0.0 0.0 16
Rook !
Reneath | 76.7 16.4 6.8 ‘ 73
|
|
Carrion Mbove | 49.0 31.4 1¢.6 51
Crovw | :
Deneath | 84.6 7.7 7.7 13
]

(Assumptions violated for comparisons between microhabitats)
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diet of rooks did not differ significantly from that avail-

able in the soil, whilst carrion crows selected medium and
large earthworms. Since small earthworms were the most
frequent size class in the soil (75.4%), the carrion crow's
selection meant that they were concentrating on the less
abundant size clésses. This was probably the result of an
inability to catch earthworms beneath the soil surface -
table 1.4.6b indicates that rooks took earthworms mainly

from beneath the surface of the soil, and that when taking

them from above the surface, they were observed to catch
only small earthworms. On the other hand the carrion crow,
which does not pdssess the relatively‘slehder probiné bill
of the rook (section 1.2.1), took most of their earthworms
above the surface. When they did forage below the surface
their selection of size classes more closely reflected
relative abundances of the size classes in the soil;  while
their selection for medium and large size classes was even

more marked above the soil surface.

These data suggest that both species take what they
encounter when foraging beneath the soil surface. ' This
probably reflects the fact that until the prey had been
located, caught and removed from beneath the surface, its
size was not ascertainable. However, the fact that carrion
crows showed selection when foraging above the soil surface
compared to total availability does not necessarily imply

selection compared to what they actually encountered above
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the soil surface while foraging. It is in fact likely that
a disproporticnate amount of medium and large earthworms
are to be found above the soil surface, since it is mainly
the larger, permanent burrowers whiqh venture onto the
surface to forage which will be available, often partly in
and partly out of their burrows (e.g. Edwards & Lofty
1977) . These earthworms require speed and stealth to
capture, and the failure of rooks to take such prey is

commented on further in later chapters.

l.4.5.3 Foraging Rates (1): Grass Crop Types Compared

Each prey type could be taken by a different feeding
action and on a different grass crop type. Unfortunately
due to time limitations and the rarity of use of some grass
habitats by some species (section 1.4.3) few data are
available to make comparisons:of ingestion rates between

grass crop types.

For jackdaws, there Qére insufficient data from any
crop other thah permanent pésture to test for significant
differences in foraging fates between grass crop types.
For rooks there were sufficient data to compare grazed
temporary leys and permanent pastures; no significant

differences occurred between these two crop types.

There were sufficient data for all crop types for
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carrion crows. This species caught medium earthworms by
Surface Picking and Surface Probing at higher rates on
non-agricultural grass compared to all other crop types
(Scheffe tests after separate analyses of variance for each
measure); and medium invertebrates by Jabbing and Digging
on the other ungrazed crop type, ungrazed ley, faster than
on all the other crop types. MNone of these rates were very
high compared to others used by carrion crows, except for
medium worms taken by Surface Picking, which was fairly
important to this species in terms of calorific intake
(figure 1.4.5 in next section), and neither habitat was
much used (figure l.4.2 in section 1.4.3 above). With
feeding actions combined into the different microhabitats
one further significant difference appeared (not including
those already covered by a combination of the feeding
actions already discussed) - earthworms (all size classes

combined) from beneath the so0il surface were also taken at

faster rates on ungrazed temporary leys than on any other
crop type; but again, earthworms from beneath the soil
surface were not a very important prey for this species,

and ungrazed leys were little used.

For magpies sufficient data were available to test for
differences between non-agricultural grass, ungrazed tem-
porary leys and permanent pastures.‘ Magpies caught small
invertebrates by Surface Picking faster on permanent pas-

ture than on either of the ungrazed crops (significant only
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for ungrazed leys compared with permanent pasture), but
took both small and medium invertebrates by Stone-Clod
Turning at a higher rate on ungrazed leys, this time,
compared to when foraging on non-agricultural grass and
permanent pasture (significant only for the ungrazed ley-
permanent pasture comparison). Thus they foraged more
successfully for above soil-surface small invertebrates
when on permanent pasture, but for invertebrates beneath .
litter more successfully on ungrazed leys. However, as
with carrion crows, these differences may be of limited
biological importance. Although magpies utilised permanent
pasture a great deal (figure 1.4.2), Surface Picking for
small invertebrates was not a very high soutce of caloriee
for this species (figure l1.4.5); medium invertebrates
taken from beneath litter were the third most important
source of calories fer this speeies, but the crop on whicﬁ
the fastest retes wete recorded = uhgrazed leys - was not

used much (figure 1.4.2).

1.4.5.4 Foraging Rates (2): Average on Grassland

Since insufficient data were available to take the
different grass crop types out as a‘factor, andksince‘the
few significant differences in capture rates between grass:

crop types seemed, on this prellmlnary analysis of - the few

data, to be fairly unlmportant biologically, the data for
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all crop types were combined for each species for the
remaining analyses. Since there was quite close agreement
between the proportion of observations during which forag-
ing behaviour was recorded for each species from each crop
type, and the proportion of time each species spent on each
crop type as measured by routine censusés (except for
under-recording of magpies on grazed temporary leys; see
section M.9.li; it was felt that such a‘method of wéight-
ing, necessary due to lack of data otherwise, actually
represented a kind of species' average for winter»foraging

on grassland.

The data have been summarised in the form of species’
means (with standard deviations and significance tests (%)
for differences between species) in appendix seven. These
data range fron vérious sumnations (by prey type, microha—
bitat, etc.) through to the actual Variables recorded in
the field in table A7.9; For present purposes, data'are

selected from tables A7.8 (prey types taken in different

(*) Since there were so many of these analyses (127 in
all), full summary tables do not appear in appendix 3.
Appendix A7 gives the F ratios and significance levels for
each analysis of variance, and also lists the pairwise
comparisons between species (using Scheffe's test) which
were significant at p < 0.10 (the appropriate level for this
test - see e.g. Ferguson 1976). The author is aware that
approximately 6 or 7 analyses in a set of this number are
likely to yield spurious significant F ratios. Far more
significant analyses than this were found. Within each
separate analysis of variance, the use of Scheffé's test
will, of course, have reduced 'experimentwise' error to
acceptable bounds.
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microhabitats) and A7.9 (prey types taken by different
feeding actions), and presented graphically and analyti-

cally in figqures 1.4.4 and 1.4.5.

Figure l.4.4a compares intake rates per minute of the
different prey types from different microhabitats in terms
of numbers of items taken per minute. Jackdaws took small

prey items quickly from each microhabitat, except beneath

the soil surface; magpies took small and medium inver=-
tebrates at medium rates; carrion crows took mainly medium
items at medium rates; and rooks took small earthworms and

beneath-surface invertebrates at medium rates.

.However, while describing the speed of capture of
items, these data do not reveal much about the value of
such differences in foraging rates, since the different
prey types differed greatly in size, and also in relative
value. Hence the data vere transformed to reflect the
approximate value of intake of the different prey types.
Figure 1.4.4b reveals that jackdaws, despite their fast
rate of foraging, actually ingested a lower quantity of
calorific value than any other species due to the small
size of each individual item taken. 1In addition it indi-
cates that despite catching a large number of items from
dung (table 1.4.4 and figure l.4.4a), most of these were
small, and thus provided a similar»proportion of value to

the diet as did prey from beneath surface litter. 1It



Figure 1l.4.4

Ingestion rates by four corvid species of prey types taken
in different micro-habitats

(a) Illean ingestion rates as nunber of rrecy itcns taken per
ninute.

C = Carrxion Crovu

J = Jackdav

Il = liagpie

R = Look

* = >1 species with sane
5 = fSnall Invertebrate

m = liedium Invertebrate
1 onall Barthvorn

2 = lledium Darthwormn

3 = Large Carthworn

(L) liean incestion rates exprccced in terms of calorific
value of intake (kcal per nin.). ey ac for (a).

(c) Univariate significont differceuces between species jnp
ingestion rates (Scheffe tests after analysis of variance) .
Species not listed together in a cell differ significantly
onh that variable.
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should of course be noted that these comparisons between
species will depend crucially on the weights assigned to
the different invertebrate types (see methods). If jack-
daws selected the larger of the "smail" invertebrates
available in the soil, then their actual weight of intake
rates will be higher than those given here, since every
small item ingested was assigned the same average value
from soil samples. The transformations should be examined
with this in ﬁind. However, although errors are certain,
an attempt to<a§sigﬁ weight was ésséntial since the range
bf.prey sizes (from a large earthworm to an ént).was S0
huge. It is not the actual vélues that are of intefest in
the following discussions.so much as the difféfénces
between species within any one foraging action‘or prey
ty?e. The transformations do ﬁot, of course, affect tests
of significance for differences between species (see

methods) .

Carrion‘crows had high rates of calorific gain from
medium invertebrates and earthworms above the soil surface
and within animal dung; and magpies showed a similar
pattern but without the major contribution from earthworms.
Rooks gained most of their calories from earthworms taken
beneath the soil surface, and from medium soil inver-

tebrates.

Figure l.4.4c indicates that each species was signifi-
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cantly separated from every other species on several Qari—
ables. Further, each species, with the exception of the
magpie, had significantly higher capture rates than any
other species on at least one variable = which suggests
that each species had at least one prey type/microhabitat
combination at which it was more successful than any other
species. These patterns of species differences are dis-

cussed further in the next chapters.

Figure 1.4.5 breaks the analysis down a little further
into each different prey type taken by each feeding action.
The general picture is of course similar to that just
described, but reveals a few of the finer specialisations
shown by particular species, for example the high rates of
foraging in three specialised ways (jumping, litter and
dung turning) by the jackdaw for small invertebrates. The
magpie did this time have significantly higher feeding
rates on a variable than the other three species, pouncing
for small items significantly faster than the other three.
These figures will be referred to in greater detail in the
next two chapters which discuss relationships between the

four species.



Figure l.4.5

Ingestion rates by four corvid species of prey types taken
by different feeding actions

(a) Iiean incestion rates as nunber cf prey itens taken per
riinute.

Pick = Curface Pich C = Carrion Crow
Pnce = Pounce J = Jachkdaw
Jnp = Jump i = Llagpic
EP = Surface Probe R = Look
ST = Stone/Clod Turn * = 3] species with sane
DT = Dung Turn ingestion rate
DC = Dung Crumble
D2 = Deep DProhe
Dig = Dig
Jdab = Jab
8 = Small Invertebrate
n = licdium Invertebrate
l = Small Earthworn
% = liediun Darthworn
- =

Large Barthwvorn

(b) rean ingestion rates cupressed in terns of calorific
value of intake (kcal per min.). Xey as for (a).

(c) Univariate significant differences between species in
ingestion rates (Scheffe tests after analysis of variance),
Species not listed together in a cell differ cignificantly
on that variable.
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(c) Univariate sicnificant cifferences between species in ingestion rates;
species not listed together in a cell differ =ignificantly on that
variable.
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Part One Chapter Five - Overlap and Partitioning of

Resource Utilization

The last chapter described individual resource utili-
sation by four species. This chapter describes the amount
of overlap or partitioning of the available resource base
between these species. Figure 1.5.1 presents comnunity
overlap matrices and individual species' niche breadths for
the four corvid species. Four separate resources have been
detailed - large scale habitat (between grass crops), use
of individual fields at any one time, prey types and sizes,

and feeding actions.

1.5.1.1 Nichee Overlap

Overlaps for grass crop type are quite high for all
species pairs, with two groups (carrion crow-magpie and
jackdaw=-rook) sharing overlaps of c.0.95, with overlap
between these two groups averaging 0.70 (figure l.5.la).
When the use of individual fields within the study area is
investigated at any one particular time, jackdaws and rooks
occurred together on the same field at the same time quite
frequently (alpha = C.65), whilst carrion crows and magpies

overlapped much less between themselves and the other two

species (figure 1.5.1b). Two groups again appear if one



Figure 1.5.1

Individual species' niche breadths, comnmunity matrices (where
A = [alpha(i,3j)]) and community dendograms for four basic
resource states

(

o

) TIzbitat = 1 = fcur categorices, non-agricultural grass,
grazed and ungrazed levs, and pernanent paesturc,

(b) Tine-space = the use of indivicuzl fieldc at any one
time; average alphes for cix scparatce cencuces of 36
grass fields.

(c) Prey type =  snall, nediun and large carthworms, and

small and medium other invertcbrates; projortional use

by number of incivicdual prey itcns ingected.

(d)  Troraging technique - proportional vce of ten different
feeding actions (only actions vhich led to the capture of
a prey item included).
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considers overlap in prey type (different sized earthworms
and other invertebrates), but this time it is carrion
crow-rook (0.73) and jackdaw-magpie (0.8l1) who make up the
two groups, with average overlap between these two groups
of 0.52 (figure l.5.1c). Finally, yet another different
pattern emerges when foraging technique is taken into
account. This time carrion crow and magpie overlap highest
(0.84) and both overlap highly with the jackdaw (average =
0.75); but the rook is well separated from these three

other species (average = 0.37).

Reviews by Cody (1974a) and Schoener (1974a) suggest
that habitat selection is the most frequent mechanism in
temperate areas acting to reduce overlap between species.
Overlap between grass crops was in fact high for these
species (as was overlap between all available habitat types
- figure 1.5.2), although the choice of habitat in terms
of the use of individual fields at the same time did

produce low overlaps for most species pairs.

Hespenheide's (1975) review further suggests that most
species show lower overlap in foraging behaviourrthan in
prey taxonomy - the implication being that prey taken by
different feeding tecﬁniques come from different prey popu-
lations if the behaviours differ in their relative success

rates on different prey. Overlaps in prey (given the crude

measure available) in the present study were generally



Figure 1.5.2

Individual species' niche breadths, community matrices (where
A = [alpha(i,j)]) and community dendograms for habitat use

(a) 211 crop types, both creble and grassland.

(b) TFour grass crong only.
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higher than foraging technique overlap, but this was not
the case in every pair-wise comparison, and in any case the
measure provided only an extremely gross estimate of taxon-

omy.

Neither was it found, as is often the case (e.g. Cody
1974a, Laék 1971, Schoener 1974a), that high overlap on one
resource went consistently with low overlap on another
(though of coﬁrse only six points are available'to‘test
this with), except for prey type and feeding action in
their respective overlaps with individual field use in
time, where this was (more or less) the case. The signifi-

cance of this is discussed in chapter seven.

l1.5.1.2 Niche Breadth

Asymetry in any species-pair overlap is determined by
the relative niche-breadths of the two species making up
the pair. Niche breadths of the rook and jackdaw for grass
crop choice were lower than those for the carrion crow and
magpie (figure l.5.la), reflecting these two species' heavy

use of permanent pasture (section 1.4.3).

At any one time, most jackdaws occupied only a few of
the grass fields available, and rooks also occupied fewer
of those available than did carrion crows and magpies,

which had similar niche breadths (figure 1.5.1b). This
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pattern reflects the A-type territoriality of the latter
two épecies, causing an even dispersion over the available
area, and the gregariousness of the other two species (see
figure 1.4.1 and sectioﬁ 1.2.3). This pattern remains the
sane when arable crops are included in the analysis, except
that magpies show more clumping of use of arable land
(figure 1.5.4c) = perhaps an indication £hat the break-

down of A-territoriality mentioned in section 1.2.3 occurs

more frequently on arable crops than grass ones.

Nichee breadths for feeding actions are rather similar
for all species, but there aré éonéiderable differences on
prey type, with jackdaws showing specialisation and carfion
Crbws and rooks generalisation. However, this could be the
result of the classification of prey types into only a few
categories - it is possible that jackdaws show greater
variation within the category of 'small other invertebrate'
whiéh made up the bulk of their diet (table 1.4.5). It can
bé concluded, though, that of the four spécies jackdavs
were most restricted in their choice of gross size class of

prey and their avoidance of earthworms.

In summary, there was asymmetfy in overlaps between
jackdaws and rooks with carrion crows and magpies in habi-
tat and field use in time, caused by the former two species
great preference for permanent pasture“aﬁd their gregarious

nature; these two combined resulted in most members of
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these two species occurring in only a few of the available
grass fields at any one time. However, with regard to
feeding techniques asymmetries were less, and apparent
asymmetries in prey type may be real or simply the result

of the gross taxonomic classification employed.

1.5.2 Space - Time

Since this is of some importance in later discussion,

the overlap of birds in space in time will be analysed in a
little more detail. Figure 1.5.3 is a stylised representa-
tion of the study area maps of figure 1.4.1 which illus-
trates the use of the different grass fields available.
Only four of the 36 grass fields in the area were not used
at all at the time of these six censuses - all of them
ungrazed grass. Thus most of the available grass fields
were utilised by birds at some time, but mostly at dif-

ferent times, and at different times by different species.

The resulting low overlap of most species-pairs on
individual fields at any one time is quantified in figqure
1.5.4. Rooks and jackdaws tended to occur on the same
field at the same time quite frequently (alphas = 0.65 on
grass fields, 0.64 on arable), bﬁt overlaps for every other
pairwise cémparison were low (figure l.5.4a and c). This
was not due to species using different fields as such, but

to using some of the same fields but at different times -



Figure 1.5.3

Individual grass field use by four Corvid species on six
different census dates
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Figure 1.5.4

Individual species' niche breadths, comnmunity matrices (where
A = [alpha(i,j)]) and community dendograms for field use in
time

(a) Field uge at one tine - averace alrhes for six ceparate
censuses of 36 grass fields

(b) Use of 36 grass fields ignoring tine.

(c) Ficld use at one time =~ average alphas for six separate
censuses of 27 arable ficldas.

(d) Use of 27 arable fields ignoring tinc.
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(c) Field Use at One Time

Iliche | Overlap
IBreadthl Indices
| |

Species (st R C J I
------------ | mmmm——— | c————————————
Rook | O
Carrion Crowl .39 | .28 -
Jackdaw I .05 | .64 .35 =~
(d) Field Use Ignoring Time
INiche | Overlap
IBreadth!l Indices
| |
Species I(BstadI R C J I
------------ Jrm e | e e
Rook I .20 | -
Carrion C:owl .27 | 41 -
Jackdaw I .08 | .66 .47 =~
.”agpie | .21 I .34 .32 .32 -

1.0-1

R

I1

R

I







1.5 Overlap and Partitioning 116

this is highlighted by the fact that if one calculates
overlaps for fields ignoring when they were occupied by a
species, then all overlap values increase considerably
except for jackdaw-rook (on both arable and grass) and

jackdaw-magpie on arable.

Unfortunately it is not possible to calculate the
statistical significance of these species' distributions to
see if species were actively avoiding one another, or
whether the low overlaps occurred by chance given the large
number of fields available in which birds could forage.
There are two reasons for this. Firstly, it is impossible
to know how many of the fields were actually unavailable to
birds due to unacceptably low levels of prey density, human
disturbance, or whatever. Thus the 'absent-absent' cell of
a 2x2 contingency table of species 'A' presence-absence
against species 'B! presénce-absence will bé inflated by an
unknown degree by the inclusion of such fields, tending to
produce expected frequencies in the 'present-present' cell
underestimated by an unknown degree, and thus increasing
the likelihood of producing spurious significant results.
Secondly, cell entries are almost certainly not independent
of one another in each case - for example, given one
rook's choice of a field in respect to carrion crow absence
or presence, a second rook's choice méy not be influenced
solely by carrion crow presence or absence but also by

where the first rook went, given the gregarious nature of
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this species. Similarly, the choice of a carrion crow made
with respect to the presence or absence of other species
will also affect the choice of a second crow, irrespective
of the distribution of the other species, depending on
whether the first carrion crow is an A-territory holder or
not, and if it is, whether it is the second bird's mate or

not.

However, although we cannot test the possible causes
of the behaviour which produces the observed distribution
of these species with respect to one another, we can
portray the consequences of such behaviour. Table 1.5.1
gives the proportion of times each species occurred on a
field at thé same time as a small or large number (or in
the absence Qf) each other species. These data suggest
that jackdaws and rooks almost always occurred together,
but that this was an asymmetrical pattern - jackdaws were
almost never without rooks (only on 5.4% of oécasions),
while rooks were quite frequently to be found without
jackdaws (37.5% of occasions). This may suggest that
jackdaws were more actively flocking with rooks rather than

vice-versa.

Most of the other species' comparisons showed that
each species tended to forage apart from any other particu-

lar species on between 50 and 60% of occasions. However,

carrion crows foraged in the absence of jackdaws on 74.3%



Table 1.5.1

Proportion of foraging time spent in the absence of, or with
differing flock sizes of, other Corvid species on grassland

Percent within cach gubject cpecies and caca other Corvid
species results from 249 ceonuuscd ¢ra ficlus containing
53R roohu, 441 jackdawe, 15%GC carrion crove end 160 magpies



Proporticn of Subject Species
Ceen Vithout or in the Presence

of Other Corvids

|
|
!
|
Species I Subject Species:
Absent or ]
Prescnt I  Rook C.Crow Jackdaw liagpie
_______________ U
, |
Nook “Absent | - 62.9 5.4 63.5
Flock 1-5 | - 18.6 18.9 17.5
Size = 6-20 | - 11.4 35.1 9.5
21-40 | - 5.7 29.7 7.9
> 40 | - 1.4 1¢.8 1.6
|
Crow Mbsent | 53,6 -- 51.3 74.6
Flock l1-5 | 44.6 - 45,0 6.3
Size 6-20 | 1.8 -- 2.7 11.1
21-40 | 0.0 - 0.0 7.9
> 40 | 0.0 - 0.0 0.0
|
Jack- Mbsent | 37.5 74.3 - 50.8
daw 1-5 | 26.8 8.0 - £7.6
Flock €-20 | 25.0 12.9 - 1.6
Size 21-4C | 2.9 4.3 - 0.C
> 40 | 1.8 0.0 - 0.0
| :
llagp-  Absent | 58.9 55.7 56.8 --
pie 1-5 1 37.5 38.6 35.1 -
Flock 6-20 | 3.6 5.7 8.1 -
Size 21-40 | 0.0 0.0 0.0 -
> 40 | 0.0 0.0 0.0 -
!
|
Any Absent | 16.1 41 .4 .0 41.3
Corvid 1-5 | 41.1 30.0 18.9 - 27.0
cpecies 6-20 | 30.4 14.3 32.4 14.3
Flock 21-40 | 8.9 7.1 32.4 G.3
Size > 40 | 3.0 7.1 16.2 11.1
|
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of occasions, and magpies without carrion crows on 74.6%.

In total this meant that jackdaws were never observed
without another Corvid species present. Although one does
sometimes see jackdaws foraging alone, the census results
indicate how rare this was in winter - out of 441
jackdaws censused in 249 different grass fields, none were
in a field empty of other Corvids. Rooks foraged alone on
16.1% of occasions, and carrion crows and magpies on 41.4

and 41.3% of occasions respectively.

These patterns of species' distribution will be
referred to in later chapters, since they will affect Ehe
level of prey aGailability for each species in any particu-
lar field depending on several factors - for example how
much the species overlap in diet and microhabitat use, how
much they disturb or facilitate one another's foraging
effort, and how quickly (or otherwise) prey densities renew

themselves.

1.5.3 Foraging Behavieur

fost data in related studies are collected and
analysed for each resource dimension separately, as was
done in section 1.5.1 above, due to the frequent difficulty
of measuring each simultaneously (e.g. Pianka 1981). How- .
ever, this procedure gives rise to problems when an attempt

is made to synthesise the pattern of overlap on the
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different dimensions to produce some estimation of the
overall degree of overlap or partitioning of the total
resource base between species. Traditionally overlap esti-
mates for separate resources are combined by the simple
mathematical operation of summation and averaging, or mul-
tiplication (e.g. Cody 1974a; or sometimes a combination
of the two, e.g. Rusterholz 1881) of the separate alphas.
Needless to say such an operation is open to considerable
error since to what extent overlap on one dimension deter-
mines (summation method) or is orthogonal to (product
method) overlap on another can in some cases only be judged

by intuition (e.g. May 1975).

Of the four resources in the present study, prey taken
from one crop type clearly represents a separate prey
resource to prey taken from another, since chapter three
has denmonstrated reliable differences between crop types in
prey densities, and since migration other than dispersal
into unfilled habitat is likely to be minimal for these
jnvertebrates in winter (e.g. D[dwards & Lofty 1977, Wall-
work 1976). In addition it may be (as will be discussed in
more detail later) that invertebrate prey taken from a
field at one time are effectively separate to that taken at
another, since these prey are renewing (to some extent) in
their availability, since they were hard to find by a
foraging bird, and one item hidden on one visit could move

and be available on a second. However, it is difficult to
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judge a priori whether the two dimensions of prey type and
size and feeding action are independent or not. There are
two senses in which this should be considered; firstly
whether a prey type taken by one feeding action comes from
a separate population to the same prey type taken by a
different feeding action; and secondly whether some feed-
ing actions are used to capture only certain prey types,

and other actions for other prey types.

The relevance of the latter to the choice of sum or
product alpha as the appropriate description of true over-
lap may be illustraﬁed by the following simple case. Con-
sider a species which uses two feeding actions and which
takes two prey types. In this simple case suppose it can
either take half of each prey type by each feeding action

(table a) or all of one prey type by one feeding action and

all of the other prey type by the second action (table b):

(a) Feeding Action . (b) Feeding Action
A B - : A B
A 025 .25 I 050 ' A 050 .OO l 050
Prey | Prey l
Type | Type |
B .25 .25 | .50 B .00 .50 | .50
| !
............. | mm——— ————— e ——— | ——
.50 .50 | .50 .50 |
| |

In each case if the proportional use of feeding actions and

prey types are considered separately, the species uses each
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action in the same proportion and takes each prey type with
the same frequency (compare the marginal values to each
table) . However, inspection of the table entries reveals
that a product method of combining the marginal scores
would be an appropriate way of describing the true rela-
tionship between the proportional use of each feeding
action to take each prey type for table a (0.5 x 0.5 =
0.25) whilst a summation method would yiéld an éccurate
estiméte fo; table b (0.5 + 0.5 / 2 = 0.5). The same
principle will apply when estimating overlap indices

between two species.

. During the present study prey type and feeding action
were in fact measured simultaneously, and thus it is
possible to investigate the latter situation empirically by
calculating overlap indices for the proportional use of
each feeding action for the capture of each prey type. In
addition, the data could be transformed to weight the
separate prey types by their relative calorific or nutri-
tive value, and then recalculate proportional overlap in
these terms rather than in terms of numbers of individual

items ingested.

These overlap matrices are presented iﬁ figure 1.5.5.
This procedure indicates that in terms of numbers of items‘
ingested by each feeding action, carrion crow-magpie and

jackdaw-magpie overlap quite highly (alphas = 0.62 and 0.66
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respectively), but that the other pairwise overlap coeffi-
cients are less than 0.5. In terms of the calorific or
nutritive value of intake by different feeding actions, all
species except for jackdaw-magpie (where alpha = 0.59)

overlap less than 0.5, with overlaps between the rook and

the other three species being the lowest.

If one calculates sum and product alphas from the data
in figure 1.5.1c and d, sunmation alphas overestimate, and
product alphas underestimate (for every pairwise com-
parison), the true overlap as revealed in figure 1.5.5a.
However, summation alphas in each case overestimated more
than product alphas underestimated true overlap. This
implies that, for the situation investigated during the
current study, independent measurement of these two
resource dimensions will lead to error when synthesis is
attempted by the combination of independently calculated
alphas. When sum and product alphas are calculated for
data transformed to represent proportional intake of prey

of different calorific value, however, sum alpha grossly

overestimates the true alphas given in figure 1.5.5b,
whilst product alpha either produces very close agreement
or slightly underestimates the true overlap. This suggests
that for the most part any of the prey types could be taken
by any of the feeding actions, but that at least one of the

feeding actions was used to catch a restricted range of

prey (e.g. pounce = see description in section



Figure 1.5.5

Individual species' niche breadths, comnnunity matrices (where
A=

[alpha(i,j)]) and community dendograms for prey types

taken by different feeding actions

(a)

(b)

(c)
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Overlap in preporticrnal uze es runbers of individual
itens incested.

Proporticnal use ag relative calorific value of itens
(iical/g).
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(grens of protein-containing raterial).
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1.11 .l .3) L]

Ilaving shown that the two dimensions are mainly sta-
tistically independent, however, does not necessarily imply
that the prey taken by different feeding actions come from
separate prey populations. However, the feeding actions
may be grouped into different microhabitats which are (as
data in chapter three has shown) independent of one another
- i.e. the microhabitats of above and beneath the soil
surface, within or beneath animal dung, and beneath other
surface litter. The overlap matrices are given in figure
1.5.6. In general, the differences between these values
and those in figure 1.5.5 are trivial, though the alpha for

jackdaw-magpie is quite a lot higher when feeding actions

are grouped into microhabitats.

In general microhabitat-by-prey will be the most
error-free measure, since (for example) a small inver-
tebrate taken by a surface probe may well effectively come
from the same prey population as one taken by a surface
pick - whereas one taken from beneath the soil surface
will be in almost all cases from a separate population to
one taken from above (with the possible exception of a few
special cases, such as a particular slug species the same
individual of which may forage partly above the surface and
partly beneath). Medium and large earthworms taken above

the surface by carrion crows but below the surface by rooks




Figure 1.5.6

Individual species' niche breadths, community matrices (where
A = [alpha(i,j)]) and community dendograms for prey types
taken in different microhabitats

(a) Cverlap in proporticnal uce es runbers of individual
tems ingested.

(b) Proportiocnal use as relative celorific value of itens
(kcal/qg).

(c) Proportional uce z& relative nutritive value

c¢f itens
(grems of protein-containing naterial).
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may not belong to different populations as such, but the
predatory behaviour, feeding apparatus and flocking tenden~-
cies which differ between the species (discussed elsewhere)
make them separate prey populations to some extent.
Earthworms below the soil surface may not be available to
carrion crows, those above the surface may not be available
to rooks. However, theré are feeding actions grouped
together by this process which do not necessarily samplé
the same prey population - for example prey taken by
jumping will, in a proportion of cases, form an independent
source of prey to those taken by a surface pick (e.g. an
adult dipteran taken in flight and at rest represent the
same prey population, but a flying dipterankand a surface
larva do not). Thus true alphas will lie somewhere between
those given in figures 1.5.5 and 1.5.6. To be conserva-
tive, further analyses in the thesis are either made by

microhabitat only, or by both and the results compared.

1.5.4 Discriminant Function Analysis

The results presented so far in this chapter can only
indicate pairwise overlap between specieé. Such a descrip-
tion of the data is limited since it does not reveal
whether each species océupies a unique area of niche hyper--
space with varying amounts held in common with each other

species; or whether the area held in common by species 'A'
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with species 'B' is completely separate from the area held
in common with species 'C'. This is clearly very important
when trying to assess the overall position of any one
species in the web of the four species' utilisation of the

total resource base.

Secondiy, alpha matrices provide only a descfiption of
overlap in resource use by the species and not a test4of
whether £he revealed pattern occuréyby chance (though see
section 1.7.1 below) or whether the species differ signifi-
cantly from one another in resource use. Finally, the
relative importance of the different elements of the par-
ticular resource in question is not revealed in an alpha

matrix.

All of these can be érovided by the use of a stépwise
discriminant function énalysis. The results of’two4such
analyses are reported here. The first quantified discrimi-
nation between species in terms of the rate of ingestion
(*) of the different prey types from the different microha-
bitats, the second employed feeding actions in place of
microhabitats. It should be noted that several variables

could not be included in these analyses since one or nore

(*) Since the transformations to express calorific and
nutritive value of intake rates were linear for each vari-
able, the discriminant function analyses (and any other
statistical routine based on sums of squares or ranks) of
course produce identical output for runs on either original
or transformed data. ‘
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of the species concerned did not capture a particular prey

type in a particular micrchabitat, or by a particular E
feeding action. Thus variables which may be very important
biologically in separating species may have been omitted.

In addition, it will be remembered that the prey type

classifications are gross. Thus the degree of discrimina- §
tion between species revealed by these analyses will be a

conservative estimate of true separation between species.

Table 1.5.2 summarises the results of a stepwise
discriminant function analysis for prey types taken by the
four Corvid species in the different microhabitats. Table
1.5.2b indicates that the first two functions derived
account for 99% of the discriminating information available
in the measurement variables, and that these two functions i

discriminate significantly between the four species.

The loadings of the variables on the different func- %
tions allow very clear biological identification of the
functions. The first function is characterised by tenden-
cies to take prey, particularly small earthworms, beneath
the soil surface, with a weaker tendency to take small
earthworms from beneath litter on the soil surface, and an
avoidance of small invertebrates above the soil surface.
Function two is defined by tendencies to catch medium sized

invertebrates above the soil surface and from dung, and to

avoid taking small invertebrates from these two microhabi-



Table 1.5.2

Discriminant function analysis summary table for invertebrate
prey types taken in different micro-habitats

Only those variables

which were inclucded in the discrininant
functicneg by the

cstepwise algorithm are licsted; in acddition
scme variables were not entered into the progran because of
cross viclations of ascunptions (sce llethods).

Cpecies means and univariate cignificance tes
ured variables = both those included in the DF
those onitted -

in ficure l.4.4.

analysis and
are tabulated in appendixz 7.8 and sunmarized

Althouch several variables rccorded for cnly one or some of
the four species - and thercfore probably biolegically impor-
tant (see text discussion) - were omitted from the analysis
beccuse of ¢ross violations of ascunmptions, significant

cteparation betwecn the four cynecies was revealed.

(a) Classification table listing the precpertion of each
.

cspecies predicted as nost ll“oly to be of that =zpecies, or one
of the other threc, based on the Ciscriminating information
available in the measurement variables.

3 - b = 5 - R . .
(b) Standardized, rotated coefficients for ecch variable on

the three derived discriminant functions (only cocfficients of
.20 or greater are included).

(a) Cverall percentage of cases classificd correctly = 55.7%

Predicted Species llenbership

|
!
Actual Species I | Carrion Crow Rook Jachkdaw llagpie
- TR Sl G D S W e Bae S S G S S G i Sy o G '——__-—-———— ————— S o G Y W D N i SV e Sy SAe s G Sup S0 WS Gn G, Ve S Gee Sve S e
|
Carricn Crow ¢0 | 51.1% 6.7 4.4 37.8
|
nook ¢S | 4.3 52.0 5.¢ 31.9
!
Jaciicaw 0 | 5.0 0 ¢5.0 30.0
!
llagpie 70 | 22.9 0 25.7 51.4



(b)

) ing unction
Ilicro-habitat Prey Type DF1 DF2 DF3
DBeneath Soil Sriall Invertebrate .47
Surface Small Earthworm .62
liedium EFarthworm «20
Large Earthworn 34

2bove Soil Small Invertebrate -.48 -.71
Surface llediun Invertebrate .75
viithin~beneath Snall Invertebrate -.30 .80
Dung tlediun Invertebrate <75 -.32
17ithin~beneath Snall Invertebrate .78
Stones/Clods Small LCarthworm .21
Eigenvalue ., 830 L4777 .009
Explained Variance (%) 63.1 36.2 0.7
Cunmulative Variance (%) 63.1 9.3 100.0
v7ith 3 Discriminant Functions Included:

Wilk's Lambda .367

df 30

p * % %
17ith DF1 removed:

11ilk's Lambda .671

af ig

p k%
w7ith DFP1 and DI'2 renoved:

Wilk's Lamnbda .001

af 8

2 p=.96
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tats. The final, non-significant, function is character-
ised by tendencies to catch small invertebrates from dung
or beneath other surface litter, and to avoid taking mediun

invertebrates from dung.

The positions of the four species in 3-dimensional
discriminant space is illustrated in figure 1.5.7a, where
summary labels are given to the three functions derived.
Each species differed significantly from every other
species on at least two of the three functions (separate
t-tests on discriminant scores). Since only the first two
functions provided significant Wilk's lambdas, the distri-
bution of the species on these two functions is analysed
further. Figure 1.5.7b indicates that rooks were mainly
éssociated with function one, which can be seen to consist
mainly of prey taken beneath the so0il surface, and were
more weakly associated with a tendency to take smaller
sized invertebrates from elsewhere. Carrion crows were
just to the negative side of the below-surface function,

but were more strongly positively associated with taking

medium invertebrates above the soil surface and from animal
dung. Jackdaws tended to avoid foraging beneath the soil
surface and showed the same preference for foraging above
the surface and from dung as carrion crows, but took mainly

small invertebrates rather than show the carrion crow's
preference for medium sized ones. Magpies foraged mostly

above the soil surface but were more intermediate in their



Figure 1.5.7

Summary figures of four Corvid species' positions in discrim-
inant space =~ measurement variables were prey types taken in
different microhabitats

(a) Centroids of four Corvid species in 3-dimensional
discriminant space.

(b} Species' centroids on the first tvo discrininant func-
tions (with 95% confidence estimates about the centroids)
superinmposed on a plot of the standardized, rotated
coefficients of the mecasurencnt variables. The non-
overlap of the ellipses indicates the significant separa-
tion of the four species. Each specics pair differed
significantly on at least two of the three functions
derived (see text).

(c) TNiche breadth and overlap of four species expressed as

95% probability ellipses for species' distributions on
the first two discriminant functions; c.95% of observa-
tions for each species fall within each ellipse, hence
their greater size than the confidence ellipses based on .
the standard errors of the mean figured in (a).
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choice of different sized invertebrates from other microha-

bitats compared to carrion crows and jackdaws.

Although species were significantly separéted from one
another in discriminant space, there was still a consider-
able degree of overlap between them, as is shown by figure
1.5.7c and table 1l.5.2a. The figure shows that the three
Corvus species retained a unique segment of discriminant
space to themselves, but that the niche of the magpie is
almost completely contained within the niches of the other
three species. Carrion crows had the widest niche, with

jackdaws and magpies being more restricted, but the varia-

tion in niche breadths between species was not very great.
These patterns are quantified more precisely in the clas-
sification table which shows that overall 55.7% of indivi-
dual birds could be identified to their correct species on
the basis of their rates of foraging for these different
prey types in the different microhabitats. The three
Corvus species tended to be classified as magpies rather

than as another Corvus species if a mistake was made as to

their true species' identity.

The pattern revealed by replacing microhabitats by
feeding actions is very similar. Table 1.5.3b indicates
that the first two functions are virtually identical, but
the third is slightly stronger this time, contributing a

(significant) 9% of the discriminating information avail-




Table 1.5.3

Discriminant function analysis summary table for invertebrate
prey types taken by different feeding actions

Only those variables vhich werc incluuacd in the discriminant
functions by the ctepwise algorithic cre listed; in cadition
gome variebles were not cnterco irto the prooras because of
cross violations of csounptions (cee lethodo).

Species means and univaeriate significence testc for all neas
urcd variables - both thocce included in the [P cralyceis and
those ounitted - are tabulated in cppencin 7.9 and summarized
in figure 1.5.5,

fiilthoush several variables rccorced for only conc or sone of
the four gpecies = and therefere probably biolegically impor-
tant (gSce teut discusscion) - vere cniitted fren the cnalysis
because of ¢ross violations of czsunptions, cionificant
ceparation betveen the four crecies vwas revealed.

4

(a) Classification table lizting thoe preoortion of cach
species predicted as most likely to Le of that species, or one
of the other three, baced on the discrininating information
available in the neasurcanent variableo.

(b) Standardized, rotated coefficients for cach variable on

the three derived diccerimincnt functions (only cocfficients of
.20 or greater are incluced).

() Cverall percentage of ceces clazcificC corrcetly = 55,7%

K¥)

Predicted Species liembership

fctuzl Species n Carrion Crow  Rool Jachdav llagpie
————————— e | e e ——————
|
Carrion Crov o¢ | 51.1% 5.0 6.7 36.7
|
ncon 6o | 2.0 £2.2 5.0 39.1
|
Jechdaw 6C 1 5.0 0 ¢5.0 30.0
|
llagpice 70 | 22,9 0 20.0 57.1



(b) iscripinent Funpction
Ilicro-habitat Prey Type DF1 DF2 DF3
Deep Probe lledium Invertebrate .40
Snmall Earthwvornm .30
Jab Small Invertebrate .29
tmall Barthworm .45
Dig lledium Invertebrate «25
Stone/Clod Turn Small Invertebrate -.41
Small Earthworn <27
Dung Turn Small Invertebrate -.74
liediun Invertebrate .93
Srmall LEarthworm ,
Surface Pick Snall Invertebrate -.33 -.57
Itediun Invertebrate .54
Pounce Small Invertebrate .52
lledium Invertebrate «26 -.31
Surface Probe €mall Invertebrate .y
[lecdiun Invertebrate .42
Eigenvalue .636 <462 .108
Explained Variance (%) 52.7 38.3 2.0
Cunulative Variance (%) 52.7 91.0 100.0
7ith 3 Discriminant Functions Included:
Wilk's Lanbda 377
df 48
p * % %
17ith Drl removed:
Wwilk's Lambda .017
df 3
P k%
7ith DFl and DI'2 removed:
Wilk's Lambda .802
df 14
p *
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able. Its interpretation is somewhat different this time,
being characterised by tendencies to pounce or surface
probe for small invertebrates and to avoid using these
actions for catching medium invertebrates. Figure 1.5.8a
indicates that magpies were positively associated with this
new function and carrion crows negatively associated. Fig-
ures 1.5.8b and c, dealing with the first two important
functions which account for 91% of explained variance, are
very similar to the corresponding figures for microhabi-
tats. The classification tables are also very similar,
except that slightly fewer magpies and slightly more rooks
are incorrectly classified, and that the incorrectly clas-
sified rooks tend to be classed by the algorithm as mag-

pies.



Figure 1.5.8

Summary figures of four Corvid species' positions in discrim-

inant space - measurement variables were prey types taken by
different feeding actions

(a) Centroids of four Corvid species in 3-dimensional
discriminant space.

(b) Species' centroids on the first two discriminant func-
tions (with 95% confidence estinates about the centroids)
superimposed on a plot of the standardized, rotated
coefficients of the mecasurement variables., The non-
overlap of the ellipses indicatec the significant separa-
tion of the four species. Cach species pair differed

significantly on at least two of the three functions
derived (see text).

(c) lliche breadth and overlap of four species expressed as
95% probability ellipces for species' distributions on
the first two discriminant functions; c¢.95% of observa-
tions for cach species fall within each ellipse, hence
their greater size than the confidence ellipses based on
the standard errors of the mean figured in (a).
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Part One Chapter Six - Effects of Other Corvid Species on

Prey Intake Rates

This chapter describes the effects that the absence or
presence (in varying numbers) of other Corvid species had
on the prey intake rates of each species.in turn. Short-
term effects like this may occur due to direct competition
effects (interference or exploitation), disturbance of
foraging behaviour or of prey into anti-predator responses,
or to negative or positive relationships between the densi-

ties of two species' favoured prey types.

IJe may distinguish between a species' fundamental
niche (the niche occupied without any other species
present), its partial niche (the niche occupied when any
other particular species is present), and its realised
niche (the niche occupied when all guild members are
present) (e.g. Vandermeer 1972). This differentiation may
be applied to other species' absence or presence both:in
terms of geographical allopatry or sympatry, or to the
short-term effects of the presence or absence of species!
while the subject species is foraging in a particular
field. The data in this chapter describe the latter situa-
tion. The data in chapters 1.4 and 1.5 described the
realised niches of these four Corvid species and their

resulting overlap with each other species. This chapter
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considers the data available to describe partial and funda-

mental niches.

1.6.1 Changes in Prey Intake Rate

Figure 1.6.1 presents mean intake rates in the pres-
ence and absence of other Corvid species. Few significant
effects were found, but in many cases the number of obser-
vations in either presence or absence meant that a test for
the significance of effects was likely to reveal only the

very strongest of genuine tendencies.

Figure 1.6.1a presents the effect on overall calorific
value of intake rate of each separate species. (*) The
presence of carrion crows and magpies whilst rooks were
foraging was associated with a decrease in the overall
intake rates of rooks; the effect of carrion crow presence
did not reach statistical significance (analysis of vari-
ance: p = 0.108), whilst the mean for magpies was based on
only six observations. Jackdaws had an opposite, facilita-
tive effect; this was not a significant main effect, but

the opposite tendencies of carrion crow and jackdaw pres-

(*) Throughout the rest of the <chapter I wuse the term
raffected by' the absence-presence of other species purely
in a statistical sense. The discussion contains some cir-
cumstantial evidence and argument on the causality of the
observed effects, but it should be remembered that further
designed fieldwork would be necessary to assign causality in
any rigorous sense.



Figure 1.6.1

Effect of the absence or presence of other Corvid species on
prey intake rates

LY
f]

o
t3
(1}
| 81

‘ects on overall calerific value of intake rate.

cects on calorific value of intake rate of each prey type
en in each nicreohabitat: (b) rook intake rates, (c¢) car-

row intake rates, (d) jackdaw intalke rates, and (e)
intake rates.

The bars in figures (b) to (e) should not be niginterpretec:
the join betwveen the black and vhite arcas of cach bar
represents mean intake rate irrcspective of the presence or
absence of other species, whilst the far end of the black area
represents mean intake rate in the preience of the other
cpecies, and the far end of the white arca nean intake rate in
the ebsence of that cpecies, (lio nore correct way of
representing different nicans could be found which conveyed the
nccessary information effectively.) Cignificant cffects

*

(anova: p < 0.05) are flagged by esterisks.
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1.6 Partial and Fundamental HNiches 132
ence did produce a significant interaction (p < 0.05).

Data for the carricn crow suffer from a lack of
observations in the presence of the other species, but each
when present was associated with a similar decrease in
carrion crow intake rate. Jackdaws were less affected by
other species' presence or absence; rooks appeared to have
no effect on jackdaw intake rates, whilst carrion crows
were associated with only a weak negative effect. Illagpies
were associated with a more substantial reduction in jack-
daw prey intake rate, but there were only five observations
in the presence oﬁ magpies. Rooks and carrion crows had
weak (non-significant) facilitative effects on magpie
intake rate, whilst there were no data when jackdaws were

present.

For most species combinations, there were too few data
to seriously investigate whether continuous relationships
existed between the actual flock size of other species and
the prey intake rates of subject species. However, a
summary table of the proportion of positive and negative
relationships for each particular prey type taken by each
feeding action is given in table 1.6.1. This table con-
veniently sumnarises the overall effect of other species on
the intake rates of each species in turn in a slightly more
accurate way than a summary table of the proportion of

increases or decreases in the presence-absence of other



Table 1.6.1

Summary table of direction of correlations between flock
size of other species and prey intake rates of each species

Number of positive:ncgative partial correlations between
the differcnt feeding actions for different prey tyres and
the flock size of other species at the time of recording.
Asterisks indicate significant (colons non-significant)
Gepartures from an even distribution of positive and nega-
tive correlations (binomial test p<0.05).

Proportion of positive-to-negative correlations;
Intake rates correlated with flock size of:

, C.Crow Rook Jackdaw lagpie | All
Species + - + - + - C+ - 1 + -
;;;;;;;f;row - 3%29 7%25 ”10*2;_-:—_-;;;;-
Rook 14:13 -— 15:12 2%¥25 | 15:12
Jackdaw 6:5 3:8 L me—— 3:8 ! 2%9

tagpie 8:6 7:9 Ho Data -—- |~ 8:8
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species, since not only does the inclusion of different
levels allow changes in intake rates at different flock
sizes to be detected, but also these correlations are
partial coefficients for the effect of one species while
the simultaneous effect of other species ié controiled for

statistically.

Carrion crows vere in general negatively affected by
the presence of each species and their combination. Rooks
were negatively affected only by magpie presence. Jackdaws
were (significantly) negatively affected by the combination
of species' presence, whilst magpies were neutrally
affected. It will of course be realised that this summary
table treats all prey items with equal weighting ;k since
prey items varied in value, an analysis based on individual
prey items is necessary to give a more accurate impréssion

of true effect.

Figure 1.6.1b illustrates which particular prey type
intake rates of rooks were affected by the presence of the
other Corvid species. Carrion crows had very marked (and
significant) negative effects on intake rates of small
earthworms above, and large earthworms below, the soil
surface. Since the average calorific value of intake rate
for large earthworms below the soil surface was the second
highest for all rook prey types taken in different microha-

bitats, this effect has considerable biological importance
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for rooks.

Jackdaws, on the contrary, were associated with an
increase in rook intake rate for large earthworms below the
soil surface, though this was not a significant effect.
However, they had an opposite (and significant) effect on
another fairly important prey - medium earthworms taken
below the soil surface. There were few observations of
magpies foraging at the same time as rooks, but for the six
observations recorded, the presence of magpies was associ-
ated with considerable drops in almost all prey intake

rates.

Fiqgure 1.6.1c indicates that rooks were{associéﬁed
with decreases in carrion crow intake rates for thé two
most important prey - large earthworms and medium inver-
tebrates taken above the soil surface (the latter a signi-
ficant difference). However, the means were based on only
eight observations of rook presence. Partly compensating
for these decreases were large inCreases in intake rates of
medium items and small earthworms from dung, the latter a
significant effect. The presence of jackdaws and magpies
was associated similarly with decreases in intake rates of
large earthworms from above the‘soil surface, the most
important prey of all for carrioh'crows - but again these
effects were not significant, possibly, given the con-

sistent trends, because of the small sample sizes for the
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presence of these species (5 and 16 respectively).

The presence of other species tended to have opposite
effects for several important items in the jackdaw's diet,
producing the rather weak overallyéffects of fiqure 1l.6.la.
Figure 1.6.1d shows that the intake rates of four prey
types - small invertebrates and small earthworms from
above the soil surface, and small and medium invertebrates
from beneath surface litter - were higher when other
species were also present (the latter three significantly
so) . Intake rates of several other important prey (small
and medium items from dung, and medium items from beneath
the soil surface) were however much higher when other
species were abéent, though these were not significant

effects.

Rook absence or presence was associated with large
changes in intake rates of only two prey types - a
decrease in medium invertebrates and an increase in small.
earthworms from above the soil surface. Neither effect was
significant, despite the fairly even division of observa-

tions between rook presence and absence.

Carrion crdw presence was associated with a fairly
large reduction in intake rates of small earthworms above
the soil surface = but again this was not éignificant,
despite the even split of sample sizes for carrion crow

absence and presence. Other effects were smaller and
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tended to be in different directions. One consistent set
of differences (though again, small and not significant)
was an increase in intake rates of items from beneath
litter,_and a decrease for items from animal dung, when
céffion é?ows were also present. These were both quite

important microhabitats for jackdaws (appendix 7.4).

llagpie presence was associated with decreases in
intake rates of most items, and with a significant increase
in inﬁake rate of small items above the soil surface, and
important prey item. Ilowever, there were only five obser-

vations when magpies were present.

Figure 1.6.1le indicates that in general magpies were
little affected by the combined presence of other species
(there were no data for jackdaw presence), except for a
fairly large (but not significant) increase in the intake
rate of medium items from dung, an important prey item.
Taken individually, however, carrion crows had some larger
effects - a non-significant decrease in intake rates of
medium items from above the soil surface; a significant
(though biologically less important) increase in intake
rates of small items, and a significant increase in small
earthworms, from above the soil surface; and a large
(though non-significant) increase in intake rates of medium
itens from beneath dung. Rooks were associated with only

one important effect - a large (but not significant)
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increase in the intake rate of medium items from beneath

dung.,

1.6.2 Niche Breadth and Overlap Changes

It would be instructive to compare niche breadths and
overlaps in absence-presence for each pair‘of species.
Such descriptive statistics may be inspected to reveal
whether a species expands or contracts its niche in
fésponse to anbther specieé, and to whether spécies act to
reduce or increase overlap in the presence of one another
(e.g. references in section 2.2.10 'Locating small scale
prey patches', below). However, only two sets of calcula-
tions have been made = carrion crows and magpies in the
absence or presence of one another, and jackdaws and rooks
in absence-presence. There are two reasons for this =~
firstly, since both statistics, and especially niche
breadths, may be biased by the inclusion of data based on a
small number of observations; and secondly since no test
may be made of the significance of the changes in these
descriptive statistics. These two sets of comparisons were
the only two possible with.a reasonable split of sample
sizes between absence_and presence for botﬁ sides of the

comparison.

Carrion crows reduced their niche breadth when forag-

ing in the presence of magpies compared to the general
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carrion crow nean irrespective of which species were
absent-present, whilst the niche breadth of magpies was not
affected by carrion crow presence. Overlap‘between’the two
species was somewhat higher when they were both foraging
apart from the other species. Rooks and jackdaws both had
reduced niche breadths, and reduced mutual overlap, when

foraging apart from one another. € Table LG.;?

- 1.6.3 Discussion (1): How did the Effects Occur?

Facilitative effects of one species' presence on
another épecies' intéke rates are uhlikely fo be-due to
direct behavioural causes, since no flushing of prey or
cooperative hunting occurs. The only direct behavioural
mechanisms which could be involved are local enhancement
effects facilitating the location of dense prey patches, or
a reduction in vigilance leading to more time for foraging.
Since I have no data available to test for the occurrence
of such mechanisms inter-specifically, no further discus-

sion is possible.

Alternatively, facilitative effects may be due to the
fact that high prey densities for one species correlates
with high prey densities for the other; when both occur
together they are likely to both be on good prey areas and
thus have higher intake rates of prey. Thus no direct

behavioural interaction between the two species need



Table 1.6.2

Niche breadth and overlap change when foraging in the
presence and absence of another Corvid species - ©propor-
tional calorific intake of prey types in different microha-
bitats

Data for carrion crow and magpie when together and apart,
and for rook and jackdave.

In Absence In Absence of In Presence of
* or Presence One Another Cne Another
C. Crow Breadcth 0.26 0.25 0.18
Overlap 0.4¢ 0.55 0.46
llagpie Breadth 0.17 0.10 0.18
Rook Dreadth 0.25 0.17 0.21
Cverlap 0.22 0.14 0.28

Jackdaw Breadth 0.28 : 0.18 .25




1.6 Partial and Fundamental Niches 139
necessarily be involved.

Negative effects may be due, as mentionéd at the
beginning of the chapter, to sevéral mechanisms. Some
circumstantial evidence is available to distinguish between
the behavioural mechanisms and the indirect one of a nega-
tive relationship between prey densities for the two

species.

The 30 rooks/observed took no small earthworﬁs above,
and iarge earthworms beneath, the soil surface Qhen cafrion
crows wvere present. Since earthworms are very important
items in the diet of both rooks and carrion crows, it is
highly unlikely that this effect can be due to a negative
relationship between the favoured prey densities of both.
species, particularly since intake rates of other earthwormr
size classes from different micrchabitats were not affected
by carrion crow presence. Carrion crows also had high
intake rates of the affected earthworm classes, but did not
exploit others which rooks favoured, for example small
earthworms from beneath the soil surface. The fact that
the lowering of rook intake rates occurred for earthworn
categories which carrion crows also exploited, but not for
those which carrion crows did not exploit, strongly sug-
gests that the lowering of rook intake rates observed was
the result of superior expléitation of these earthworm

categories by the carrion crows. An alternative interpreta-
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tion, given the carrion crow aggression described in the
next chapter, could be that carrion crow presence was only

recorded when these prey were not available on a field.

If this reasoning is correct, then the increase in
rook intake rate of large eafthworms beneath the‘soil
surface when jackdaws wvere présent (the opposite of the
carrion crow effect) can perhaps be explained to some
extent by‘the fact that jackdaw presehcé and carrion crow
presence were negatively related for £hese observationé of

rooks (rho = -0.298, 1 = 69, p < 0.05).

The intake rate of large earthworms by carrion crows
from above the soil surface was lower when each of the_
three other species, and théir coﬁbination, werékpresent.
Since the favoured prey densities of all theée species
probably do not correlate negatively in each éase, the prey
density explanaﬁion is unlikely éo be the cause of tﬁis.
Since jackdaws and magpies did not exploit this‘prey type
at all, the deéreése whenhthey wére présehtbcould not be
the résult of exploitationkcompetition, and since they are
behaviourally subordinate (see next chapter), nor could it

be the result of interference competition.

As described in section M.11.1.3, large earthworms
caught above the soil surface require stealth and speed to
capture and can easily be disturbed into retreating down

their permanent vertical burrows. The most likely
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explanation, therefore, of the decrease in carrion crow
intake rate on this prey type when other birds were present
is that they disturbed a proportion of this prey into
unavailability. No fieldwork has been done to test this,
but one piece of circumstantial evidence can be offered.
If disturbance is the cause, then one might expect the
effect to increase at high numbers of other birds' pres-
ence. Further, this effect should occur for the larger
earthworms but not the smaller ones which do not inhabit
permanent vertical burrows and have less effective anti-
predator responses; and also the effect should not occur

for invertebrates other than earthworms.

As mentioned earlier, insufficient data from the 1980-
81 sample were available to test for such a continuous
relationship. For this piece of evidence only, data have
been utilised from other winters, since there is no reason
to believe that the proposed effect would differ in dif-
ferent winters. Figure l.6.2a indicates that earthworm
intake rates did decline with the number of birds in the
field. The fact that there was a big difference between
carrion crows foraging alone and birds foraging with one
other bird present, and a slower decline with further
increases in bird numbers, suggests that an explanation
based on the disturbance of earthworms down their burrows
is likely only to be partially correct. One would not

expect the addition of only one extra bird to affect intake



Figure 1.6.2

Prey intake rates of carrion crows when differing numbers of
their own and other Corvid species were in the same field

(z) Intaleo rates of Ciffercnt ¢
nunioers and calorific value., Co
wvith intale rates of

ze clacces of carthworns by
rrelations of bird nunbers

™u

csmall earthvornso: ~C 474 ¥ o de
medium and large earthworns: ~0.253 *
all carthvorns: -0.3¢5 *kk
cnall ew calorific value: ~0.474 *kk
nedes/lge. ew calorific value: -0.246 *
all ev calorific value: -0.329 * &

(b) Intake rates of earthworms and other invertebrates by
nubers ana calorific value. Corrclations of bird nunbers
with intake rates of:

“7,12 ll
earthvorns: ~0.385 * k%
cther invertebrates: -0.176 MY
all invertebrates: -0.246 *
ey calorific value: -0.329 * %
other inv. calorific valuc: -C.107 5
all invert. calorific valuc: -0.354 * %

Points for different bird nunbers have been ¢rouped together
and the ncan plotted (+/= s.c.) for eace of interpretation,
but correlations were carried out on the oricinal cata.
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rates of earthworms to the extent observed if disturbance

were the only factor affecting intake rates.

The slopes were different for small and lafger
_earthworms, thouch not exactly as predicted in the previous
paragraph. Carrion crows in fields céntaining between two
and 20 biras had lower intéke ratés than single carrion
crows, but’intake rates did not vary much betweenrtwo and
20 birds. Intake rates when very large flocks were present
were nil. Intake rates of small earthworms dropped to
nothing when anything above five other birds were present,
however = :since almost all birds in excess of five others
were rooks (see téble 1.5.1), and since small earthworns
were the most favoured prey type of this species, then this
may be the result of superior exploitation competition by
the rooks on this prey type in addition to the disturbance
effect proposed. This may further be indicated by the fact
that carrion crows took earthworms and foraged beneath the
soil surface (favoured prey type énd microhabitat of rooks)

at higher rates on grass crops which rooks did not exploit

much (section 1.4.5.3).

Figure 1.6.2b indicates that the slopes for earthworms
and other invertebrates did differ; however, intake rates
of invertebrates other than earthworms did also decline,
in contrast to the prediction of no effect, although the

decline was not a significant one. Since the other species
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involved also exploited these other invertebrates, the
decline could indicate poorer exploitation of these prey
types by carrion crows. There was some indication that
this might be the case between, for example, carrion crows
and magpies foraging for medium invertebrates from dung
(section 1.6.1 above and discussion below). Other possible
explanations (for example an increase in time spent by
carrion crows in agonistic encounters) are discussed in the

next chapter.

In summary, carrion crow intake rates of all prey
types declined as the number of other birds of any species
on the same field increased. Rates of decline differed,
and that for invertebrates other than earthworms was not
significant; some explanation of these differences is
attempted, although the required fieldwork has not been
carried out to rigorously differeﬁtiate between aiternatiﬁe
explanations. As far as the next chapter is concerned, it
is the fact of the decline that is important and not the

causes.

Carrion crows also showed a large increase in prey
taken from dung when rooks were present. Given the
decrease in intake rates from dung when magpies were
present, an explanation of this could have been a negative
relationship between rook and magpie presence for these

observations of carrion crows - however, there was no
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relationship between the two (rho = -0.087). Alterna-
tively, it could have been the result of high earthworm
densities (preferred rook and carrion crow prey) tending to
occur on the most heavily grazed (and therefore with most

dung) pastures (chapter 1.3).

Since most of the effects for jackdaws were non-
significant increases, any true facilitative effects were
presumably due to prey density correlations, though the
decreases beneath dung and increases beneath litter when
carrion crows wvere present may have been due to superior
exploitation of dung by carrion crows causing jackdaws to

concentrate more on litter.

llagpies mostly had increased intake rates in other
birds' presence, except for medium invertebrates above the
soil surface wvhich decreased (non-significantly) when car-
rion crows wvere present. They were an important prey. The
corresponding increase in intake rates of the same prey
type for carrion crows when magpieé were present may sug-
gest superior exploitation of that prey by carrion crows.
However, in general most effects were facilitative, and
this corresponds with‘a geherally negative effect of magpie
presence on other species' intake kates.. One important
example of this may be the deérease in cafrion crow intake
rates from dung kan important microhabitat for carrion

crows - appendix 7.4) when magpies were present, and a
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corresponding increase in magpie intake rates in that
microhabitat when carrion crows were present. However,
some of these comparisons are based on rather few observa-
tions and more fieldwork would be required to make more

firm decisions.

The niche change of carrion crows when magpies were
present mentioned in section 1.6.2 is probably the result
of this reduction of intake rates of carrion crows from
dung when magpies were present. The decrease in overlap
and niche breadths of rooks and jackdaws when apart may
have been cue to the fact that they so often occurred
together (table 1.5.1), that when apart they may well have
been on specifically good prey areas for their own particu-

lar specialisations of prey types.

1.6.4 Discussion (2): How Important were the Effects?

All of the effects discussed in the last section are
biologically importanﬁ since only those for prey types of
important calorific value compared to other prey types were
diécussed. However, the effects will only be importaht if
a large proportion of time is spent in the absence or

presence of the other species. Table 1.5.1 has shown that

rooks foraged with carrion crows on 46% of occasions, so
the big reduction noted in carrion crow presence of

earthworm intake rates were fairly important. The
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generally facilitative effect of jackdaw presence (figure
1.6.1la) may also be important since rooks foraged in jack-
daw presence on 63% of occasions., llagpie presence was also
associated with an important decrease in rook intake rate,

but rooks foraged apart from magpies on 59% of occasions.

Carrion crows had reduced intake rates in the presence
of each species, but they foraged apart from each species
between 56 and 74% of the time, and from any other Corvid
on 41% of occasions. In addition, the important reduction
of earthworm intake rates at flock sizes above 20 will have
been important on 14% of occasions. It was also shown that
carrion crows' intake rate was highest when there were no
other conspecifics present. Table 1.2.2 indicates that
they foraged on their own on 46% of occasions. lMagpies,
despite the few badly negative effects noted, foraged in
the absence of other species in similar proportions to

carrion crows.

Jackdaws almost always foraged with rooks, and this
species had a neutral effect on jackdaw intake rates. They
foraged with carrion crows and magpies on 51 and 57% of
occasions. In combination other species had mixed effects
on jackdaw intake rates, but the only significant changes
were increases in intake rates for three prey types -
this may be why jackdaws were able to forage entirely in

the presence of other species (table 1.5.1 indicates that
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cduring routine censuses they were never observed on grass

fields without at least one other species present).

The significance of these patterns is discussed

further in the next chapter.



Chapter Seven = Competition and Coexistence: Predictions

and Observations about Short-term Behavioural Options

l1.7.1 Long-term Behaviour and Coexistence: Testing the

Null Hypothesis

Chapter 1.4 described the use of macro- and microhabi-
tats, and prey types and size selection, by the four
species. Since the species were each significantly
separated from one another (chapter 1.5), and since the
described niches appear to be, as far as one can tell,
similar and distinct in other years and other plaées (see
section 1.7.7 below), then one might say that these indivi-
dual patterns of behaviour represent long-term behavioural
mechanisms by which the species can coexist stably in

present sympatry.

Since differences will exist between the individuals
of the different species, one species will be on average
more efficient than another at exploiting certain
resources. lMorphological adaptations, such as the rook's
comparatively long and slender bill, will increase such
differences in behavioural efficiency between species.
Thus we might term the different patterns of foraging for

different prey types in different macro- and nicrohabitats

described in chapter 1.4 as long-term exploitation competi=-
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tion. Mot surprisingly, in this context, chapter 1.5
revealed the magpie Pica pica to be more in overlap with
the three Corvus species than they, congeners, were between

themselves.

| Although the overlap cbefficients given in chapter 1.5
were not truly competition coefficients, since they did not
také resource availability into consideration, it is possi-
ble to test whether the comnunity matrix of overlaps is a
stable structure or-whether the same degree of overlap
could be the result of chance patterns of resource exploi-
tation by the species concerned. Thus we can test the null
hypothesis of a random overlap of species in resource use
against the hypothesis that the observed patterns are the
result of stable differences in species' exploitation effi-

ciencies and preferences.

The method stems from Sale (1974) and has been used
and extended by various authors (e.g. Connor & Simberloff
1979, Grant & Abbot 1980, Hendrickson 1981, Joern & Lawlor
1981, Lawlor 1980, Pianka 1981, Strong et al. 1979, Strong
& Simberloff 198l1). A stochastic model of comnunity struc-
ture is generated by filling a matrix with randomly gen-
erated (*) numbers, where the number of columns equals the

number of species and the number of rows equals the number

(*) Actually pseudo-randomly generated by a ¢omputer. A
listing of the program is given in appendix nine. -
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of elements to the resource in question. Each column is
then converted to proportions and overlap indices between
each species pair calculated in the normal way. The pro-
granm used for the present simultions was written in BASIC
and, as with the field data, Schoener's (1968a) index was
used to calculate niche overlaps after each randomising

rune.

The means of 100 such iterations tended to produce
alpha values of c.0.65 to 0.70 (cf. Joern & Lawlor 1981)
with which to compare actual values. Standard deviations
of course varied with the number of elements to the partic-
ular resource in question. Differences between observed
and randomly generated alphas could be tested for signifi-
cance by the t-test for the comparison of a single observa-

tion against a sample mean.

It is possible to produce null matrices by randomising
the order of actual observed proportions within each column
of the matrix (cf. Lawlor 1980, Joern & Lawlor 1981, who
compared both methods), rather than by generating new
numbers. However, alphas produced in this way will of
course vary depending on how normal the observed utilisa-
tion curves are. If they are skewed due to somewhat higher
use by both species of one or a few resource elements which
are more common in the environment, then overlap indices

calculated from random rearrangements of such skewed dis-
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tributions will in fact on average tend to be nuch lower
than is possible in reality, if resource availability is
also skewed. Results from such random generations will be
biased and not true representations of a null arrangement

of the comnunity matrix.

Skewved distributions of both resource availability and
utilisation occurred in the present study (chapters 1.3 and
1.4) and hence random generations of overlap matrices based
on rearrangement of actual observed proportions were almost
always much lower than observed overlaps and did not pro-
vide a valid test of the null hypothesis (cf. Joern &
Lawlor 198l). 1In fact, given the skew, a test against the
randomly generated sets used here is still likely to pro-
duce type II errors; however, without any obvious way of
deciding how to assign the limits to any weighting of a
random generation to take account of such skew, we are

forced to accept this reduction in sensitivity.

The results of the test are given in table 1.7.1.
Overall, the results suggest that the community's use of
the basic resources of grass habitat, prey type and size,
and foraging technique did not differ significantly from
what one might expect given a random utilisation of
resources by each species. However, when prey types and
sizes taken from the different microhabitats are tested,

the observed overall community alpha was shown to be signi-
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ficantly lower than would be expected by chance. (*) Tak-
ing the pairwise comparisons individually, carrion crows
and magpies did not overlap significantly less than would
be expected by a chance arrangément if numbers of prey
items are used as the measure, but did if calorific value
is the measure used. Jackdaws and magpies overlapped more,
rather than less (but not significantly), than would be
expected by a chance utilisation of the available

resourcese.

In terms of the use of fields in time all species,
except for the comparison of rook and jackdaw (which often
flocked together - chapter 1l.5), showed significantly less

overlap than would be expected by a chance utilisation of

fields - 1i.e. they tended to avoid one another in time.

In conclusion, the results of the test of this neutral
model of community structure suggests that the differing
efficiencies and selection for particular prey types, sizes
and microhabitats of the four species, were long-term
behaviours which resulted in a more stable, structured
community than would occur if each species took prey from

microhabitats without regard to the others.

(*) Another indication of the importance of recording these

two resources together (cf. May 1975 and the discussion in
section 1.5.3 above).
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1.7.2 Short-term Behaviour: the Options Available

Some overlaps on the basic resources were still fairly
high, as revealed in chapter 1.5, and some of the short-
term effects on intake rates of prey of foraging on the
same field at the same time as certain other species,
described in chapter 1.6, suggest that even if a stable
‘community could exist thus, yet there are behavioural
options possible which could improve the position of indi-
viduals of any one particular species still further, some-

times at the expense of these other species.

Behaviourally dominant species could attéﬁpt to
exclude speciesrwhich overlap, or which interfere with
their foraging, from resources by direct agonistic
behaviour (interference competition). Behaviourally subor-
dinate species could attempt to reduce the effects of a
superior exploitation competitor by avoiding foraging in
the same place at the same time (if prey are renewing), and
attenpt to reduce the effects of direct interference com-
petition by behavioural meaﬁs, e.g. crypticity of behéviour
while foraging, or by groupiné to penetrate feeding areas
through aA“strength in numbers” effect or to enjoy a
"selfish herd“ benefit through dilution of the effects of

the aggression.
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1.7.3 Predictions about Short-term Behaviour

Je can make predictions sbout wvhich specieé ﬁight be
expectéd to ghow which of the short-term behavioural
options described in the‘last séction, and to whét extent
they should show them,‘based on the observed resource
utilisation pattern of each species revealed in chapter
1.4, on the overlaps revealed in chapter 1.5, and on the
effects of intake rates of prey of the absence or presence
of other species described in chapter 1.6. The predictions
will be ndmbéred sO that simple éorrespopdenée may be nade

between each prediction and the relevant observations given

in the next section.

(1) Two species which overlap highly on one resource are
likely to have low overlap on another; in particular,
two species overlapping highly on basic resource

states should have low time-space overlaps.

Given the average overlap between a species and the
other three, and the average of the effects described in
chapter 1.6, the following predictions may be made about

the expected abundances of each species in the study area:

(2) Carrion crow. MMean overlap (calorific value of dif-

ferent prey from different microhabitats) with three

other gquild members = 0.37 (calculated from figure
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1.5.6b), and also occupies a unique area of niche
hyperspace (see discriminant function plot, figure
l1.5.7c). Predict medium abundance, but A-
terfitorialit& may reduce numbers somewhat (see sec-

tion 1.1.2 above).

(3) Rook. Mean alpha = 0.20, and occupies a unique area
of niche space. Predict high numbers, especially

since no overt territorial behaviour is apparent.

(4) Jackdaw. lean alpha = 0.45, and occupies a unique
area of niche space. Predict fairly lowvabundance,
though smaller body size than carrion crow and gre-

garious behaviour may increase the numbers of indivi-

duals which may occupy the area.

(5) Magpie. !ean alpha = 0.45, and almost no unique niche
space. Predict low abundance, especially since some

degree of A-territoriality shown.

These are the expected abundances before taking into
account any short-term behaviour on the part of the species
which modifies the effect of the overlaps described in

chapter 1.5 and the effects of other species on prey intake

rates described in chapter 1l.6.

The following set of predictions gives the degree to

which we should expect each species to show the kinds of
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short-term behavioural options described above towards each

other species in turn:

(6a) Carrion crow = rook. The effects of rooks on carrion
crows described in’chapters 1.5 and 1.6 were neutral
or negative. Although overlap in different prey types
taken from different microhabitats was low, the
effects of rook presence on prey intake rates of
carrion crows (and particularly of§earthworm intake
rates) were severe. It is predicted that any
behavioﬁr on the pért of carrion crows directed
towards rooks will be negative in intention; and
because the main negative effect increased in severity
with the flock size of rooks present, behaviour should

also increase with rook flock size.

(6b) Carrion crow - jackdah. All effects described weré
negative or neutral. Overlap between carrion crow and
jackdaw on diet/microhabitat was medium‘(prey numbers,
alpha = 0.34; prey calorific value, alpha = 0.41).
Jackdaw presence was associated with the same effects
as rook presence. A similar negative behavioural
response by carrion crows directed at jackdaws is
predicted, though higher overlap than with the rook
may predict some response irrespective of jackdaw

flock size.

(6c) Carrion crow - magpie. All effects'described were
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neutral or negative. Overlap on diet/microhabitat was

somewvhat higher than for the carrion crow=-jackdaw
comparison (prey numbers = 0.47, calorific value =
0.48). Carrion crows not classed as their own species
during the classification stage of the discriminant
function analysis were mostly classed as magpies.
Inportant effects on carrion crow prey intake rate,
not due fo‘disturbance of the prey, predicts a nega-
tive'behavioural response from carrion crows towards

magpies, irrespective of magpie flock size,

Rook = carrion crow. lost effects were neutral,
except for some important reductions in intake rates
of certain earthworm classes when carrion crows were.
present. Overlap on diet/microhabitat was low. Sone

negative behavioural response towards carrion crows is

predicted.

Rook - jackdaw. :Effects were neutral or positive.
Overlap on dief/microhabitat was low. Jackdaw pres-
ence was associated with some increase in rook prey
intake rates. A neutral or positive behavioural
response on the part of rodks towards jackdaws is

predicted.

Rook - magpie. Effects were neutral or negative.
Overlap on diet/microhabitat was low but individual

birds not.classed as their own species during the
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discriminant analysis classification stage were mostly
classified as magpies. liagpie presence was associated
with a reduction in rook prey intake rates for most
prey types from most microhabitats. A negative
behavioural response from rooks towards magpies is

predicted.

Jackdaw - carrion crow. Effeéts were neutral or
weakly negative. Overlap on diet/ﬁicrohabitat was
medium (prey numbers = 0.34, calorific value = 0.41).
Some negative behavioural response by jackdaws towards

carrion crows is predicted.

Jackdaw - rook. Effects were neutral or weakly posi-
tive. Overlap on diet/microhabitat was low. A neu-
tral or positive behavioural response by jackdaws

towards rooks is predicted.

Jackdaw - magpie. Effects’wefe neutfal or negative.,
Overlap on diet/microhabitat was high (prey numbers =
0.59, calorific value = 0.72). Inkéddition, indivi-
dual jackdaws misclassified durihg the classification
stage of the discriminant function analysis wvere
mostly classed as magpies. HMHost effects of magpie
presence on jackdaw prey intake rates were negative,
though based on few observations. A negative
behavioural response by jackdaws towards magpies is

predicted.
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(2a) Magpie - carrion crow. Effects were mixed. Overlap
on diet/microhabitat was quite high (prey numbers =
0.47, calorific value = 0.48). Birds misclassified
during the classification stage of the discriminant
function analysis were classed as carrion crows oOr
jackdavs. Effects of carrion crow presence on magpie
prey intake rates were however mainly neutral or

facilitative. Prediction not clear.

(9b) Magpie - rook. Effects were‘mainly neutral. Overlap
on diet/microchabitat was low. Effects of rodk pres-
ence on magpie prey intake rates were‘neutréi or
non-significantly facilitative. A neutral respénse by

magpies towards rooks is predicted.

(9c) Magpie - jackdaw. Effects were neutrai«or negative.
Overlap on diet/micrchabitat was high (prey numbers =
0.59, calorific value = 0.72). Birds misclassified-
during the classification stage of the discriminant
function analysis were classed as jackdaws or carrion
crows. There were no data on the effects of jackdaw
presence on magpie prey intake rates. A negative

behavioural response by magpies towards jackdaws is

predicted, on the evidence available.

The general position of the magpie Pica pica is of.

interest within the guild, of which the other three members
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are congeners of a separate genus (Corvus). It is usually
the case that congeners are closer ecologically than they
are to species which are more distant taxonomically (e.g.
Cody 1974a, den Boer 1980). However, these four species
occupy a man-made environment to which they are fairly new
in evolutionary terms. Under these conditions this differ-
ence may disappear (see e.g. Lack's 1971 discussion of the
Fringillidae from different habitats which now all inhabit
farmland). 1In the present case, rather than the difference
disappear, the reverse has in fact becone true, with'a
non-congener overlapping in general more with species from
another single genus than they do between themselves. The
reason for this may be that the modern farmland habitat
which these species now inhabit may quite closely resemble
the ancestral habitats of the Corvus species; habitats in
which they may have come into sympatry before their present
sympatry in the farmland habitat. By definition congeners
are more recently separated from one another than they are
from a species belonging to another genus. The Corvus
species are likely to be basically similar in their broad
habitat but stable differences must exist between them for
them to be able to retain their species' identities in

synpatry.

It seems likely that the Corvus species evolved from
some more jay-like form in the course of adaptation to life

in more open country (Goodwin 1976). The Corvus species
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almost certainly evolved to occupy open country habitats
earlier than Pica species and occupied natural open country
(savanna woodland, natural parklahd, wood edges, steppe,
tundra) before the advent of the modern open agricultural
habitats. Pica species on the other hand probably evolved
as inhabitants of somewhat more wooded country (scrub,
forest edge, riparian woodland amongst more open country).
17ith tke advent of modern farming around the world several
Pica species also became associated with this habitat along
with the Corvus species.. Because of modern farmland's
relative structural simplicity, the natural habitat differ-
ences between the two genera mentioned above were lost and
the two came into sympatry. We would expect, therefore,
the three Corvus species, all eveolved to fairly similar
natural environments, and probably with some history of
synmpatry in them, to have stable ecological differences.
which allowed them to retain species stétus. Pica pica, on
the other hand, has probably only come into sympatry with
the three Corvus species since their move into modern
farmland, and may be expected to show no particular unique-

ness keeping it stably separated from the other species.

Coodwin states that

"The typical magpies show some resemblances to
the genus Coryus. I think...these represent con-
vergent adaptations to ground feeding in rela-

tively open country and do not indicate...conmon
ancestry." (Goodwin 1976 p.172)
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The positions of the foﬁr species in niche hyperspace
depicted in figure 1.5.7c would seem to confirm this expec-
tation., The three Corvus species are significantly
separated from one another and each oc¢upies a unique area
of niche space. The nagpie, however, although it is signi-
ficantly separated from each other species, and tﬁus nay
exist inbthe guild, does not retain a unique area of niche
space to itself - its nicﬁe is almost completely con-
tained within tﬁat of the three Corvus species. .Similarly,
the null test of the basic reéource states described in
section 1.7.1 indicated that it was the pairings of magpie
- carrion crow and magpie - jackdaw which did not have
significantly lower overlap on diet/microhabitat»than would
be expected by a chanée use of resources, suggestihg again
that the magpievin general was not part of the guild which
otherwise proved to be structured by long-term behavioural
méchanisms. Another indication, therefore, of a poten-
tially unstable position in the community.v Thus the fol-

lowing predictions are made:

(9&) ThéAposifion of;magpies within the guild should be
relatively unstable.’ Thé spécies should show ldwer
abﬁndance and a tendency to drop out first when condi-
tions become poorer (e.g. where the proportion of rich
farmland begins to drop in an area). It should show
mbre tendency to display short-~term behavioural

options which allow it to retain its place in the
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guild despite the overlap revealed.

Finally, predictions are made of the type of short-

term behaviours each species should show to each other
species. Bossema et al. (1976) and Roell (1978), based on
observations in Holland, have suggested that carrion crows
show agonistic behaviour towards rooks, jackdaws and mag-
pies due to overlap in diet (interference competition).
They suggest that a function of}rook and jackdaw flocks is
to reduce the effects of carrion crow aggression by a
"strength in nunbers" effect, and that this allows these
species to exist within carrion crow territories. lMagpies
are said te show a tendency to forage near buildings and
field edges to reduce the effect of carrion crow aggres-

sion. Since the present author has already examined this

topic in some detail (Waite 1978), this thesis only
discusses immediately relevant points arising, with the

presentation of new data.

(10a)Cerrien crow - rook. Carrien crows should avoid large
flocks of rooks. -Since carrion crows are behaviour-
ally dominant over individual rooks (Bossema et al.
1976, Lockie 1956b, Waite 1978), they might also
attempt to exclude rooks from their territeries. They

should attempt to exclude larger flocks of rooks more

than smaller ones.
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(10b)Carrion crow -.jackdaw. Predictions as for (l0a),
except that the behaviour should perhaps also be shown

to some extent at lower flock sizes than for rooks.

(10c)Carrion crow - magpie. Predictions as for (10a), but

at all flock sizes of magpies.

(11a)Rook - Carrion crow. Since rooks are subordinate,
they should weakly avoid carrion crows due to the two
negétive effects on rook prey intake rate in carrion
crow presence:noted. Given that carrion crows are
predicted to attack larger flocks more, we predict
that rooks should occur at low flock sizes. Boésema
et al.'g (1976) prediction is the opposite, i.e. that
rooks should occur at high flock sizes, and also
predicts that larger flocks should be able to with-
stand carrion crow aggression better than smaller
ones, and should feed for longer in carrion crow

presence.

(11b)Rook = jackdaw. -Rooks should either ignore or associ-

ate with jackdaws.

(11c)Rook = magpie. Rooks should avoid magpies. Given

that they are behaviourally dominant (Lockie 1956b,

Waite 1978), they could also attempt to exclude theﬁ

from foraging in the same field.

(12a)Jackdaw - carrion crow. Predictions as for (lla).
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(12b)Jackdaw - rook. Predictions as for (11b).

(12c)Jackdaw - magpie. Jackdaws should avoid magpies.
Since body sizes are close (table 1.2.1) and no stable
dominénce relationship has been noted between the two
species (Bossema et al. 1976, Lockie 1956b, Waite
1978), it is not clear whether one predicts much
agonistic behaviour between the two species or none at

all.

(13a)Magpie - carrion crow. Predictions not clear (see

g9a).

(13b)Magpie - rook. It is predicted that magpies should

ignore rooks.

(13c)Magpie - jackdaw. Prediction as for (l2c).

Since the impact of a species on another will depend

not only on the average overlap and effect on prey intake
rates described above, but on the particular prey-

availability conditions at the time and on the numbers of
individuals of the other species present, behaviour may
vary Somewhat from that predicted above. Since aggression
or avoidance behaviour must have some cost energetically,
it is predicted that species will only show such behaviours
when the benefits outweigh the costs. Current prey intake

levels may be the proximate mechanism by which a decision
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on.when behaviour should be shown is made =~ if conéitions
become such that prey intake rates of a species drop below

a certain level, then the predicted behaviour would‘begin

to operate. This leads to a further prediction:

(14) The level of short-term behaviour displayed by any

species should vary depending on the abundance of the
other speciés present and the total calorific value of

prey an individual of the other species consumes.

Finally, since the disturbance effect on carrion
crows' earthworm prey is not dependent on the disturbing
species being food competitors, two more predictions may be

made:

(15) Carrion crows should avoid or attack any ground-
foraging species which occurs in flocks, and this
tendency should be more marked as the flock size of

these species increases.

(16) Carrion crows should not attack larger flocks more on
arable land since carrion crows do not prey on dis-
turbable earthworms in these habitats, and so the

disturbance effect will not exist.
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'1.7.4 Observations about Short-term Behaviour

(1) In general this prediction did not hold for relation-
ships betweeﬁ the basic resources of grass habitat,
prey type and size, feeding action, microhabiﬁat, or
the simultaneous measurement of prey from differént
microhabitats. However, there were indications of
negative relationships between the use of space in
time and these measures (except grass habitat),
althouch with only six species-pair points to each
scattergram, these relationships could not be esta-
blished statistically. Thus in general the gquild
menbers did tend to show the short-term behavioural
.option of avoidance nore towards species with whom
they overlapped more on the basic, "long-tern"
behaviours of diet and nicrohabitat choice. This is -
partly illustrated in figure 1.7.3, where it is shown
that the linear relationship between body-size ratios
between two species and overlap indices is improved by

the addition of the time-space alphas.

(2-5)Rooks, as predicted, were the most abundant species in
the study area during winter censuses.(mean number per
écnsus =’152.4); Magpieé; also as predicted, were the
least abundant (méan = 26.7). The cbmplicatioﬁbof
small‘body size and gregariousness of‘the jackdaw, and

the A-territoriality of the carrion crow made predic-
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tion less obvious for these two species. Their mean
abundance were 81.9 for the jackdaw and 30.5 for the
carrion crow. 2According to the predictions made
before any modifications made possible by short-term
behaviour are considered, there were somewhat more
jackdaws and fewer carrion crows in the study area

than predicted.

The first cdata relevant to predictions 6 to 13 are
presented in figures l.7.1 and 2. These figures present
product alphas for the different prey types taken from
different microhabitats (fiqure 1.7.1) or by different
feeding actions (figqure 1.7.2) multiplied by grass habitat
and the use of different grass fields in time. It has been
argued above (section 1.7.1) that the preference and effi-
ciencies of the different species for diet/microhabitat use
are likely to be fairly fixed. 1Individuals of a species
may be limited in the extent to which they can alter these
behaviours to reduce overlap with other species since their
efficiency at foraging for the different prey types in
different microhabitats may be determined by, for example,
a particular combination of bill shape and size. In addi-
tion, it is likely that choice of grass crop type will be
reasonably fixed since certain crop types will contain
higher prey densities of favoured prey types than others

(see information in chapter 1.3 on differences in the



Figure 1.7.1

Community matrices (where A = [alpha(i,j)]) and community
dendograms for the product of grass habitat, the use of space
in time, and prey types from different microhabitats

(a) Numbers of prey items, (b) Calorific value of preyv itemns,
(c) Liutritive velue of prey items.

The bottom-left triangle to each table is the matrix for the
procuct of the overlap matrix for the differcent prey types

taken from different micrchabitats, multiplied by the matrix
fer the use of different grass crop types; the top-right

triangle is the product of this step further nmultiplied by
the watrix for the use of different grass fields in time. The
original matrices may be found in chapter 1.5.
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Figure 1.7.2

Community matrices (where A = [alpha(i,j)]) and community
dendograms for the product of grass habitat, the use of space
in time, and prey types taken by different feeding actions

(a) I'umbers of prey itens, (b) Calorific value of prey itens,
(c) Nutritive value of prey itemns.

The bottom-left triangle to each table is the matrix for the
product of the overlap matrix for the different prey types
taken from different micrchabitats, nultiplied by the matrix
for the use of different ¢rass crop types; the top-right
triangle is the product of this step further multiplied by
the matrix for the use of different ¢ress fields in time. The
original matrices may be found in chapter 1.5.



Rook
Carrion
Jachkdaw
Ilagpie

(b)

gpecies

OOk
Carrion

Jackdaw
llagpie

(c¢) Protein

— o — G — > Gt = e

carrion Crcwv
Jackdaw
liagpie

—— S e W= mme  ma— — —

Overlap
Indices

B S .

- .00 .15 .C¢6
.30 =~ .06 .16
25 30 - .07
.21 .58 .47 -

Calorific Intake

Cverlap
Indices

- .04 .07 .02
16 - ,01 .12
.10 .25 - 006
olo o45 143 -

Inteke
Overlap
Indices

- .04 .05 ,01
16 - .04 .10
.07 .22 - .06
.10 .3C J42 -

— e - - S —— S o — —

By Habitat

Cy EHabitat

By Habitat

R & C Ii
{-1.0~1 |~
| | I
| I |
| I I
| I I
|=G.5-1 | =
I | I
I | I
| I !
! | |__|,__J l
I-0.0-1 |-
by Eabitat
Dy Tine/Spcce
R J C I
i-=1.0-1 |-
| I !
I | !
I I I
I I I
[=0o5=1 | -
! I |
I ! |
I ! |
| I |
|=0.0-1__ L-——r--—l [ -
By Labitat
Dy Tine/Spece
R J C 1
I-1.C-1 |-
| i ]
I ! |
| I I
I I I
|-0.5-1 |-
| | |
I | |
I | I
| I !
[=C.0-1| |-

v Hebitet
Ly Tine/Space



1.7 ©Short-term Behavioural Options 169

densities of different types of invertebrate between dif-
ferent grass crop types), and thus choosing a different
crop type in an attempt to reduce overlap with another
species may not be an econonic possibiliﬁy if individuals

of the species then found themselves foraging on much lower

levels of prey density.

However, birds did show some tendency to occupy a
different habitat type when certain other species were
present. The data are summarised in table 1.7.2. For the
most part the data show an avoidance of using grassland,
and an avoidance of using permanent pasture within grass-
land, when other species were present. Carrion crows were
significantly more likely to be found on grassland if
jackdaws were absent and on permanent pasture if rooks were
absent. Rooks were less likely to be on grassland or
permanent pasture when carrion crovws were present. Jack-
daws were less likely to be on grassland when carrion crows
or magpies were present, and less likely to be on permanent
pasture if carrion crows were present. Jackdaws were
significantly more likely to be on grassland or permanent
pasture if rooks were present. Rook occupancy of grassland
or arable was not affected by jackdaw presence or absence,
but rooks were significantly more likely to be on permanent
pasture if jackdaws were absent (however, even in jackdaw

presence, 85% of rooks were on permanent pasture).



Table 1.7.2

Comparison of habitat use by each species in the presence and
absence of the other species

Significant diffcrences in pattern of habitat use (chi-sguare
on original data; sce table 1.4.2 for sample sizes for each
species) are flagged by asterisks.

(a) Dabitat choice between grassland and arable in the pres-
ence ana absence of other species

(b) Icbitat choice between different grass crops in the pres-
ence and absence of other species (for significance tests
non-agricultural svards, uncgrazed leys and grazed leys were
combined)



(a) Percentage of birds on grassland (Ab = absent, Pr = present)

theyr Erecies
Crow Rook Jackdaw Ilagpie
Species Ab Pr &b Pr Ab Pr Zb Pr
‘Céfrion Crow - 63 65 71%49 53*%g0
Rook 84*77 -—- 84 ¢l g3 79
Jackdaw 75%58 30%74 - 72%63
lagpie 65*%79 67%92 73 78 -——

(b) Percentage of birds on permanent pasture

Crow Rook Jackdaw llagpie
Species Ab Pr Ab Pr Ab Pr Ab Pr
Carrion Crow ——— 41*81 55 57 47 64
Rook 02%76 -—- . 97#%85 83%56
Jachdaw S0*72 0*E8 —— 7% €6

Magpie 36*56 24%97 39%74 _—
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All of these tendencies are interpretable in terms of
avoidance by overlapping species or by the tendency for
rooks and jackdaws to flock together. However, nagpies
were significantly more likely to be on grassland when
carrion crows or rooks were present, and on permanent
pasture wvhen each of the other three species were present.
These indi&idual patterns are commented upon below. It
will bekremembered that each species foraged in the pres-
ehce ofbother spécies on something less than 50% of occa-
sions (except for the jackdaw-rook pairing), and thus these

effects will not act to change overlap all the time.

In addition to avoidance of gross habitat types, birds
were free to use ény of a number of different grass fields
of any one crop type. Figures l.4.la to f give an indica-
tion'of the number of fields of any one crop type available
in the study area, and of the way in which birds occupied
them on different occasioné. If a species overlaps highly
with aﬁother, then one way to reduce the effect of this
overiap is to forage on a field which does not at that tine
contain members of the other species. The species may
6ver1ap highly in the use of fields as spatial areas (see
figure 1.5.4b) but use them at different times. It has
beeh argued in section 1.5.3 above that to some extent
invertebrate prey within a field may be renewing, even
though few invertebrates reproduced in winter, since the

prey were cryptic and hard to find, and any one item
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invisible and unavailable on one visit could become visible

and available on another due to a change in the spatial
position of the prey item (e.g. due to movements connected
with foraging, or because climatic conditions caused move-

ment away from or towards a certain area, etc.).

Unfortunately the only data available are four samples
taken from the same field at monthly intervals across one
winter (figure 1.3.8c). There were some changes in the
absolute abundance of different invertebrate types in the
top three inches of the soil, and we may expect (though

there are no data on this) that small shifts by individual

jtems on any one occasion will cause a bird to locate an
ijten on one visit where it was unable to do so on a former.
However, there is no quantification of this nor of whether
absolute abundances may shift more quickly than at the

monthly intervals sanmnpled.

Although the use of fields at different times, to
produce a reduction of the effect of overlap in diet, is
dependent on the renewal of prey availability, a reduction
of the direct effects of other species on prey intake rates
noted in chapter 1.6 is not. The use of any field at a

different time to that species will be advantageous.

The use of different fields at different times has

been described in detail in section 1.5.2 above. Since

prey taken from different grass fields certainly represent
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different prey.populaticns (section 1.5.3), and since it
may be reasonable to assume thatAprey taken from the same
field on a different occasion (the censuses were a fort-
night apart) also do, product alphas are a more appropriate
way of combining the separate measurements of these

resource states than summation alphas (see section 1.5.3).

The bottom-left triangle of each table, and the first
of each pair of dendogranms, reveal that the supposition
tﬁat species may not be able to use grass crop choice as a
general method of reducing overlap with other species was
correct. Some species still overlap qguite highly with

others (figures 1.7.1 and 1.7.2).

However; Ehevtop-right triangle of each table and the
second dendograﬁ of each pair show that the species did use
avoidance in time as a method of reducing overlap, and the
fact tha£ all species-pair overlaps are now ruch more
similar (the clusters in the dendograms all fuse at a
similarly low alpha level) shows that the species which
o&éfiapped most on the basic resource states of

diet/microhabitat and grass crop showed most avoidance in

time.

Since avoidance has reduced the general level of
oVerlap to a low level, the role of direct interference
competition is likely to be less connected with reduction

of overlap than with the reduction of the effects described
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in chapter 1.6. It was generally the case that direct
interspecific agonistic behaviour was rarely observed in a
way which could be interpreted as interference competition.
fost interspecific aggression was directed by carrion crows
towards other Corvids. The data are summarised in table
1.7.3, the general conclusion from which is that the data
support an interpretation of carrion crow aggression in

terms of the disturbance of earthworms described in chapter

106.

For each species, and the species combined, carrion
crows were more likely to attack a foraging flock the
larger it was (row 1 of each table; combined data, qhi—
square = 16.92, df = 4, p < 0.01). Almost all of the very
largest flocks - which had the most marked lowering effect
on the earthworm intake rates of carrion crows - were
attacked. These effects were predicted on the basis of the
prey-disturbance effect, but if the aggression were
interference competition, then all flocks should have been

attacked.

On average more rook and jackdaw flocks were attacked
than magpies, again as predicted on a prey-disturbance
hypothesis, since these two species occurred more fre-
quently in larger flocks than magpies, but the opposite to
what would be predicted if carrion crows were using aggres-

sion as an interference competition mechanism against the



Table 1.7.3

Summary tables of carrion crow aggression and frequency of

occurrence at different flock sizes of the other Corvid
species

he data for rows 1 to 3 of each table come frem all obscrva-
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(2)  The proportion of times an attacked flock left the field;
rcent within each flochk cize grouping.

(3) Rate of attacks (Il of carrion crcw agonistic acts per
irndivicdual per hour of foraging tine when a carrion crovw
vVas alsco present on the field) suffercd per individual at
different flock size groupings.

(4) Frecuency of occurrence of flocks of different cizes vhen
a carrion crov was also precent on the field as a
percentage of the total flocks scen.

(5)

Frequency of occurrence of flocks of different sizes when
& carrion crow was not present on the field as a percen-
tage of the total flocks seen.

(6) Proportion of times each Flock size grouping was recorded
with a carrion crov also precent (percentacge within each
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species with which it most overlapped (compare the last
entry to row 1 of each table; the values are ranked
exactly as the prey-disturbance hypothesis would predict,
but exactly opposite to what an interference-competition
hypothesis would predict, since carrion crows overlapped
least with rooks and most with magpies in the important
resource states). Similarly, individual rooks and jackdaws
vere attackeé more frequently than magpies, and these
species were more likely to leave the field aftet attack by
a carrion crow than magpies were (compare the last entry to
rows 2 and 3 of each table), again as would be predicted by
the prey-disturbance hypothesis since more rooks and jack-
daws occurred in larger flocks, but the opposite to what an

interference-comnpetition hypothesis would predict.

A qualitative description of the nature of carrion
crow interspecific aggression also tends to support the
prey-interference hypothesis. The attack-rates in row 3 of
the table are over-estimates of the true rate of attacks
when carrion crows were present on a field with other
species. True attack rates were probably much less.
Attacks were so infrequently observed during general obser-
vations that the only way to collect sufficient data was to

do so opportunistically - i.e. whenever the author hap-

pened to notice species foraging in the same field as
carrion crows, the birds were watched for a maxinum of five

ninutes and the number of interactions recorded.
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Observations in this way revealed very low interacticn
rates, but even so the 5-minute maximum inposed meant that
true rates were greatly overestimated., It was felt that
some arbitrary limit had to be imposed otherwise one might
watch for an hour or more without observing any interac-

tions at all and make quantification impossible.

However, there was another type of interaction which
was rather different in character. Often an attack would
be made by a carrion crow flying from the far side of the
field, from a perch, or from a neighbouring field. The
attack would be brief and either the attacked birds left or
relanded to resume foraging. Often a proportion of the
flock left and the remainder resumed foraging. The carrion
crow would either fly back out of the field, or land and
perhaps display for a while before either attacking again
or beginning to forage. These attacks were often so brief
and unheralded that the observer was often only awvare of an
attack when all the birds in a field suddenly became alert
or took flight, and a carrion crow would then be observed
flying fast across the field towards a flock, often calling
stridently. The carrion crow would fly.through a flock
"putting the birds up" like an attacking raptor, though a
carrion crow was never observed to make actual contact with
another Corvid, and the banking and swerving of the carrion
crow at the last moment seemed designed to avoid this (the

only contact ever observed was in fact when rooks or



1.7 Short-term Behavioural Options 176

jackdaws which had taken flight then "mobbed" the attacking

carrion crow).

This type of attack was clearly very different in kind
to the type of quick displacement of one individual of
another species from, for example, a cow pat, which was the
type of inféequent interaction seen in the situation
described at the beginning of last paragraph. However, the
author could not form any clear cecision rules on how to
differentiate unclear examples, and thus the different
kinds of interactions are not differentiated in the data
presented in table 1.7.3. The actual duration of the
latter kind of attack was often as low as 10 or 20 seconds.
This was the time recorded, though often it‘is likely that
the carrion crow had been present on perch or in the next
field for some time beforehand. Thus the rates given in
row 3 are probably overestimates of the true rates of
attacks per hour of foraging together. The observed rates
of aggression probably did not have any significant effect
on the attacked species' ingestion rates (cf. the effects
of similarly low intraspecific agonistic behaviour between
foraging rooks whiéh Patterson (1975) has cdemonstrated has
a negligibie effect on intake rates), unless the attack was
one wﬁich resulted in the birds leaving the field to forage
elsevhere. The opportunistic method of collecting data did
not allow quantification of this rate - one would need to

record the proportion of all foraging flocks which were the
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victims of carrion crow aggression, and the proportion of

birds which left the field as a result of this. The
author's impression is that the effect of carrion crow
aggression varied from nil to serious disruption, probably
depending on different environmental conditions prevailing

at the time.

The data in table 1.7.3 also generally do not support
the hypothesis ofUBossema et al. (1976) and Roell (1978)
thét rooks énd jackdaws flocked to reduce the effect of
carrion croﬁ‘aggression. Rooks and jackdaws were not less
likely té leave a field when attacked if they were in a
larget flbck - thus there were no "strength in numbers®
effects (row 2 of each table; combined data, chi-square =
4,50, df % 4,}n.s.). Similarly, the rate of attacks
suffered by an individual bird did not decline for any
species with increasing flock size (and in fact increased
for jackdaws), and thus neither was there any "selfish
herd"” dilution effect of carrion crow aggression achieved

by flocking (row 3 of each table).

The results to predictions (15) and (16) also suéport
the prey disturbance hypothesis. Carrion crows were occa-
sionaily observed to attack flocks of black headed gulls
(Larus ridibundus), starlings (Sturnus vulgaris), mixed

flocks of Turdidae, feral doves (Columba livia var. dones-

tica) and woodpigeons (Columba palumbusg) on grassland. The
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latter two species are certainly not in any sense food
competitors, but could disturb earthworms ecqually as much
as the other species. Unfortunately no quantification is
available of the frequency of attacks compared to the
frequency of foraging without being attacked, nor of the
reiative frequency of attacks on different flock sizes of
other species. However, an early field note, written
before any evidence had appeared to suggest that large
earthworns were an important prey of carrion crows and
might be disturbed by the actions of other species foraging
in the field, noted that carrion crows were quite often
observed to fly past solitary corvids to attack corvid
flocks, and flew past solitary corvids to attack flocks of

other species.

No déta are available to test prediction (16),that
larger flocks on arable should not be attacked more fre-
quently. One final piece of evidence is a quite strong
correlation between the overall rate of carrion crow
attacks against any other Corvid, and the density of
earthworms in the field (r = 0.550, N = 16, p < 0.05). 2an
interpretation of this interesting relationship could be
that the more earthworms present, the higher proportion of
ﬁhe’céirion crow diet they form, and the more benefit a
carrion crow could gain by removing other birds from a
field. One last point which also supports the prey distur-

bance hypothesis, but not an interference competition



1.7 Short~term Behavioural Options 179

hypothesis, is that when an attack was obviously intended
to remove birds from a field, the carrion crov almost never
continued the attack beyond the field limits, although the
removed birds were often still within the boundaries of the
carrion crow's territory; this is quite unlike the
description of attacks by resident carrion crows on flocks
of non-breeding conspecifics by, e.g., Charles (1972),
Spray (1978) and Yom-Tov (1974), which were attacked until
they had left the territory. Were the attacks on other
species interference competition, one would have expected
the carrion crows to attempt to exclude the flocks from
their entire territories, and not just from a particular
grass field. Data from the Scottish studies just mentioned
suggested that a territorial pair of carricn crows could
keep their territories free of large flocks of conspecif-

ics.

The individual predictions will now be examined in.

turn.

(6a, 7a, 1l0a, 1lla) Carrion Crow = Rook

It was predicted that carrion crows should avoid or
show aggression towards larger flocks of rooks. Some

weaker avoidance of carrion crows by rooks was predicted.
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The two species did show low overlap in the use of fields
at the same time (time-space alpha = 0.28; figure 1.5.4)
and prpduct alpha was reduced to é very low level (using
prey numbers for the diet component of product alpha, alpha
= 0.08; using calorific value, alpha = 0.04; figure 1.7.1)
by this avoidance. The data cannot distinguish which
species tended to show most avoidance. Carrion crows also
showed the predicted agonistic behaviour towards rooks, and
did attack bigger flocks nore, again as predicted
(although, unlike the combined species' data, this trend
éidénot’reacﬁ statisticél’significance, probably due to the
limited sample size; row 1 of table l.7.3a, chi-square =
5.58, df = 4, n.s.). Larger flocks did not withstand
carrion crow attacks better, unlike Dossema et al. (1976)
and Roell (1978) predicted (row 2, chi-square = 0,16, df =

4, N.eSa).

Rooks tended to forage in large flocks more frequently
when carrion crows were absent, and in smaller flocks when
carrion crows vwere present (though again this trend failed
to reach statistical significance; rows 5 and 6, chi-
square = 3.40, df = 2, p = 0.18). Thus the prediction
that, because of the carrion crow's tendency to attack
larger flocks more, rooks should occur at lower flock
sizes, was supported when carrion crows were present.
However, they did still occur at large flock sizes quite

frequently, although carrion crows were present at fewer
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of the observed larger flocks (row 7), suggesting that
there was some other, unidentified, reason for flocking by
rooks (see part two of the thesis). There was no tendency
for individual birds in . larger flocks to receive fewer
attacks from carrion crows (row 3; correlation on
ungrouped flock size measures, r = -0.018, n.s.), and hence
no "selfish herd" benefit to flocking for rooks of a

reduction of individual attack rate suffered.

(6b, 8a, 10b, 12a) Carrion Crow - Jackdaw

It was predicted that carrion crows should show some
hegative behavioural response to jackdaws, especially at
higher flock sizes because of the prey disturbance effect,
but also at lower flock sizes because of diet/microchabitat
overlép. Jackdavs were predicted to show some weak
avoidance and similar flock size effects to those predicted

for rooks in carrion crow presence.

The two species did show lower overlap in the use of
fields at the same time than did cérrion crow — rook (alpha
= 0.15), which was necessary to reduce product alpha to a
similarly low level (prey numbers = 0.06, calorific value =
0.05). Thus avoidance reduced overlap to near zero, and
little interference competition aggression is expected.

The data in table 1.7.3 for jackdaws are similar in trend

to those described for rooks, and again pointed to carrion
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crow aggression as the result of earthworm interference and
not interference competition. Row 1 indicates that carrion
crowsbattacked larger flocks more frequently (chi-square =
9.51, df = 3, p < 0.05). Larger flocks did not leave after
carrion crow attacks less frequently than smaller cnes (row
2: no test cue to chi-square assumptions violated) and
individual attack-rate suffered by jackdaws actually
increased with flock size (r = 0.426, p < 0.001), thus
there was no benefit derived in reducing the effect of

carrion crow attacks by flocking.

Jackdaws did not however show any clear trend to occur
in smaller flocks when carrion crows were present and
larger ones when they were absent (rows 5 and 6), and
carrion crows were present at a substantial proportion of
occurrences of the larger flocks (row 7). Since aggression
rate was higher on larger flocks, this suggests there was
some other, unidentified reason for jackdaw flocking. The
tendency for jackdaws to associate with rooks (section
1.5.2) also remains an enigma since rooks wvere more‘likely
to be attacked by carrion crows and, since carrion crows
wére not observed to single out one species for attack when
aﬁtacking a ﬁixed flock, associating with rooks will mean
increasing the frequency with which individual jackdaws
will suffer carrion crow attacks (however, there were some
weak’facilitations of prey intake rates when in rook pres-

ence - see chapter 1.6).



1.7 Short-term Behavioural Options 183
(6c, 9a, 10c, 13a) Carrion Crow - Magpie

It was predicted that carrion crows should show a
négative béhavioural response towards maépies at all flock
sizes because of the prey disturbance effect and quite high
diet/microhabitatwaﬁd gréss crop overlaps. llagpies, how-
ever, thouch expeéted to avoid carrion crows because of
this overlap, had increased prey intake rates for some Kkey
brey items when cérrion crows were present. Thus no cleai
predicﬁion about their behaviour could be made. Avoidanée
was quite marked in these two species (alpha = 0.27),
though not as low‘as one might have expected; whether this
was the result of ihe two 8pe¢ies' A-territoriality reduc-
ing the number of élternative fields available, or because
magpies did not avoid carrion crows, cannot be determined
by the data. The a&oidance shown did reduce procduct alpha
to a low level (prey numbers = 0.16, calorific value =

0.12).

Carrion crows attacked larger magpie flocks more fre-
guently (row 1, though no test of the significance of this
trend may be made due to violation of assumptions), con-
trary to an interference competition hypothesis but con-
sistent with the prey disturbance hypothesis, although
magpies rarely occurred in flocks (rows 5 and 6). Rather
strangely magpies were more likely to be in a flock if a

carrion crow was also present (rows 5 and 6, chi-square
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assumption violations), even though there was no indication
that larger flocks withstood carrion crow aggression better
(row 2, chi-square violations), and larger flocks did not
suffer less aggression per individual than smaller ones
(:ow 3, r = 0.977, n.s.). As noted in chapter 1.6, magpies
tenéed éo héve hiéher intake rates for some important prey
types when carrion crows were present, possibly due to
superior exploitation competition but also quite likely due
to a positive relationship between the likelihood of car-
rion crow presence and high prey densities. Thus, since
magpie A-territoriality was less fixed in winter than that
of the carrion crow (chapter 1.2), it may be that larger
magpie flocks occurred when carrion crows were present
because prey were attracted to forage on a field containing

high prey densities.

(7b, 8b, 11lb, 12b) Jackdaw - Rook

Neutral or associative behavioural responses were
predicted on the part of both species, and indeed overlap
in the use of fields at the same time was far higher than
for any other species-pair combination (alpha = 0.65).
However the strength of the tendency to flock together,

described elsewvhere, is in excess of the predictions based

on chapters 1.5 and 1l.6.

Rooks were sometimes observed to displace jackdaws
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during foraging, perhaps especially from cow pats, though
this was so infrequently observed that it could not be

quantified by the methods used.

(7¢, 9b, 1llc, 13b) Magpie - Rook

It was predicted that rooks should show a hegative
behavioural response to magpies but that magpies should
behave neutrally towards rooks. The two species showed the
predicted low over;ap of field use in time (alpha = 0.15),
though the daté'éanﬂoﬁ shbw vhether the avoidance was
mainly due to rook behaviour or not. Product alpha was

reduced to a very low level indeed (prey numbers = 0.03,

calorific value = 0.01).

Field notes kept for the last five years contain only

two descriptions of a rook displacing a foraging magpie.

(8c, 9¢c, l2c¢c, 13c¢) Jackdaw - Magpie

The high overlap on diet/microhabitat and some nega-
tive effects of magpie presence on jackdaw prey intake
rates (there were no data to test for the reverse effect)
led to a prediction of marked negative behavioural response
on the part of both species. Since the two species were
close in weight it was not clear whether one would predict

much interspecific aggression as interference competition,
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or little aggression because its outcome was less predict-

able. Overlap of field use at the same time was very low
(alpha = 0.15) producing a low product alpha (prey numbers
= 0.09, calorific value = 0.08). Thus avoidance produced
the predicted effect. Agonistic interactions were observed

but again so infrequently that their rate could not be

quantified by the methods used.

(9d) The General Status of the Magpie

Several predictions were made based on the fact that
one guild member (the magpie) belonged to a separate genus
(Pica) to the other three (Corvusg), and retained little
unique niche space to itself. The first was that it should
show low abundance. Data described above have shown that
there were fewer magpies in the study area than any other

species.

It was alsb predicted that they would need to show
generally more tendency to display short-term behavioural
optioﬁs than the other three species to retain a place in
the guild. Since they were smaller than two of the other
members, and almost the same size as the other, avoidance
was the most obvious mechanism available. It was the case
that magpies in general showed the lowest mean overlap in

the use of fields at the same time as the three other
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species (table 1.7.4). Thus magpies in general showed more
avoidance behaviour than the other species, reducing their
general product overlap to the same low level as that of
the other three species (table 1.7.4). This is also well
illustrated by the relationship between body-size ratios
between species and resource overlap indices before and
after the addition of the overlap measure of avoidance
behaviour (figure 1.7.3). Since three species are
congeners we might expect, if they are part of a stably
structured conmnnunity, to show a positive linear relation-
ship between overlap in body size and overlap in prey
type/microhabitat/grass habitat use. This is because pre-
dator size generally correlates with the size of prey items
taken (see e.g. Ashmole 1968, J.H. Brown 1975, Hespenheide
1973, 1975, Karr & James 1975, D.S. Wilson 1875); and
thus two species close in size will be expected to show
less overlap on prey type or habitat choice, whilst two
species differing greatly in size can overlap more in prey
type and habitat since differences in prey size choice will
mean they are exploiting effectively separate prey popula-

tions.

Figure 1.7.3a shows that the three Corvus species do
show the predicted linear relationship, but that their
relationships with Rica pica are scattered widely around
the Corvus regression line. Thus in terms of morphological

adaptation and long-term behaviour, macpies were not part



Figure 1.7.3

Relationship between body size ratios and overlap indices for
four Corvid species of two genera

(a) Product alpha: dgrass habitat choice = calorific value of
prey type (not size)/micrchabitat; (L) grass @ prey
tvpe/microhabitat x use of gpace in tine.

Docy-size ratios are the mean of weight, length (minus tail),
tail, wing, tarsus, bill length, and bill depth (see table
1.2.1).

Full lines are the regression lines calculated for the three
peirings of Corvus species (carrion crowv - jackdaw, carrion
Crow = rook, and jackdaw -~ rook). The dashed lines nerely

enclose the outermost points of the Corvugc pairings = they
have no statistical validity as confidernce limits, of course
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of a stable conmunity. However, when the use of the
short-term behavioural option of avoicdance in time is added
(figure 1.7.3b) the magpie points fall much closer to the
corvus regression line, except for the relationship between
magpies and rooks, where the overlap is much less than
predicted by the body-size difference between the two
species. Thus we have another indication of the magpie's
use of short-term behaviour to stabilise its position in

the guild. -

A further indication of the magpie's position is its
use of grass habitat types. Figure l.4.2 indicates that it
showed more tendency to use crops in proportion to their
availability than the three Corvus species -~ again perhaps
an indication either that it entered these habitats later
than the other three species, or that the ancestral habi-
tats of the Corvus species were more similar to modern
farmland than that of Picz pica was. However, table 1.7.2
gives another indication of the kinds of mechanisms which
allow magpies to exist in farmland despite this. Unlike
nost of the other species, which tended to avoid or show no
effect of other species' presence on their gross habitat
choice, magpies were in each case more likely to occur on
grassland (significantly so in two cases) and on permanent

pasture (significantly so in all three cases) when the
other species were present. Since grassland was more

abundant than arable, and since permament pasture was the
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most abundant grass crop, these are beneficial tendencies
for magpies. This may be another indication of magpie's
exploitation efficiency comparéd to the other species which
allows it to exist despite not occupying any unique portion
of the niche hyperspace available. (It will be recalled
that data in chapter 1.6, including niche overlap shift in
carrion crow presence-absence in the favour of the magpie,
suggested that magpies were superior exploitation competi-

tors compared to the other species for certain prey items).

Yet another short-~term behaviour which may help még-
ﬁies to exist is its rarity of occurrence in flocks (table
1.7.3 - 79% of’magpies were on their own or in pairs, énd -
only 6% in flocks of 6-20 birds). Flocks greater than thié
very rarely occurred, and were not recorded duringlroutine
censuses; since carrion crows attacked larger flocks.of
each species more frequently, this was probably the reason
for magpies suffering the lowest average carrion crow
attack rate per individual of the three species (24.8 per
hour of foraging together with carrion crows, compared to
79.1 for rooks and 53.9 for jackdaws), and thus it will

have been disrupted in its foraging less frequently.

In conclusion, short-term behaviour reduced overlap
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between each species pair in their use of resources to very
iow levél;, and table 1.7.4 indicates that bechaviour
reduced fhe éﬁerage overlap between eéch»species and the
other three quild members to almost identical low levels,
suggesting a stable, structured community was formed. It
might be expected that initial high levels of overlap on
basic resources would be modified by behaviour to enable
coexistence, though surprisingly this is not frequently
reported in the literature, apart from the large number of
references which cite interference competition aggression
(see references in section 1.1.3 above) but which mostly do
not calculate its effect on species coexistence (see Gill &
Wolf 1979 for a notable exception); and for studies demon~-
strating niche shifts fo reduce overlap (again see refer-

ences in section 1.1.3; a good example is Alatalo's 1981

study of Parus species in winter).

However, Schroder & Rosenweig (1975) showed that ini-

tial high overlap between two Dipodynus species (c.0.7 to
0.9 in different areas) was reduced by avoidance behaviour
(to c.0.2 to 0.4). They further showed by an exclusion
experiment that in fact the true competition coefficient
was zero because removal of one species had no effect on
the abundance or fecundity of the other despite the fact
that resources probably were limiting. As they point out,
one would expect to find optimal not tolerable alphas in

nature since selection will be expected to select for



Table 1.7.4

lMean overlap between each Corvid species and the other
three guild members

Grass Habitat =
Diet/llicrohabitat x
Time-Space

Overlap in

Time-Space Munbers Calories
Carrion Crow 0.24 0.10 0.07
Roock .36 0.09 0.06

l'agpie 0.1 | 0.09 0.07
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behaviours which will reduce competition as far as possi-
ble, either mutually or at the expense of one of the

species.

1.7.5 Ecological Impact

Prediction (14) stated that the level of short-term
behaviour displayed should vary depending on the abundance
of other species and the total calorific value of prey
which they consumed. This is reasonable since a very
abundant species with which species A overlaps a little
will actually have more overall effect on species A than a
rare, small, species with which it overlaps highly. Pianka
(1974) defined a simple index of ecological impact as:

L = alpha¢ ; . x;

where Xj is the abundance of species j.

Figure 1.7.4 plots the ecological impact of each
species on each other, and the total impact (L) suffered by
each species. Interestingly, despite this weighting by
species' abundances, the general conclusion is not dissimi-
lar to that of the last section - initial impacts are
high but the introduction of short-term behaviour reduces
total impact suffered by each species to similarly low

levels (black bars of the histogram). Figure 1.7.4Db
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Ecological impact of each Corvid species on the other guild
members

(a) Ecolcgical impact = species abundance i alpha; (b) iunpact

= abundance ¥ nmean calorific inteake rate = alghe.
&

Hatch bars: impact wvhere alpha = calorific value cf
Giet/micrchabitat; cross-hatch bars: product alpha =
diet/microhabitat % grass habitat choice; solid bars: pro-
cuct alpha = diet/micrhebitat x habitat  use of space in
time.
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further adjusts L by the average calorific intake rate of
each species (see appendix 7.1). (*) BAgain, total impacts
after avoidance behaviour has been taken into account are
similarly low, except for the jackdaw's, which is greatly
inflated by its tendency to flock with rooks - despite
low diet/microhabitat overlap the sheer numbers of rooks

and its relatively high prey intake rate make its impact on
jackdaws heavier than any other species-pair combination.

since jackdaws seem to actively associate with rooks and
are themselves quite abundant in the study area (see e.g.
section 1.5.2 above) this would seem to suggest that this
level of impact is "acceptable", and that the impacts of
the other species on one another after short-term behaviour
is taken into account become minimal and suggest a stable
comnunity will exist, comprised of a certain number of

individuals of each species.

1.7.6 General Consequences of Overlap and Short-term-

Behaviour

. Since earthworms formed the major part of the biomass
of invertebrate prey available in winter (chapter 1.3), it

is not surprising that rooks, the major exploiters of them,

(*) Without further adjustment by the proportion of the
active day spent feeding, which may well increase with
smaller body size (e.g. Gibb 1954), this adjustment for
consunption is inadequate.
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were the most abundant species of the four in winter in the
study area. Jackdaws were the second most abundant species
despite high overlaps with carrion crows and magpies and
some negative effects of these two species' presence on
jackdaw prey intake rates. They used short-term avoidance
behaviour to offset this, but their persistent tendency to
flock in general, and especially to flock with rooks, may
be connected with their abundance = although this study
could only find negative consequences of flocking (an
increase in carrion crov aggression) and only weak advan-

tages, and a similar disadvantage to conspecific flocking,
to their association with rooks. This aspect certainly

deserves further study.

The results presented in chapters 1.5, 1.6 and the
present chapter have suggested that the carrion crow is the
unhappiest member of the guild = it overlaps quite highly

with jackdaws and magpies, and other species' presence had

a severe effect on intake rates of one of its major prey
types, large earthworms caught above the soil surface.
Other data in chapter 1.6 suggested that in addition car-
rion crows were poorer exploitation competitors than mag-
pies for some shared key prey types. Tables l.4.4 and
1.4.5, the niche breadth measures on most resources, and
the probability ellipse in figqure 1.5.7c, show that in
terms of prey selection and feeding action/microhabitat

use, carrion crows were more generalist than any other
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species. A generalist amongst specialists is likely to be
a poorer competitor on those resources on which overlap
occurs (e.g. lorse 1980). Usually a behaviourally dominant
species' niche breadth is smaller than a subordinate's when
in sympatry, often the result of expansion of niche by the
subordinate to reduce the effect of overlap (llorse 1974).
This was not the case in the present cuild - carrion
crows, the dominant species, had generally wider niche
breadths on most resources than the other three species.
This is a further indication, along with the evidence just
éonéidered in section 1.7.4, that direct interference com-

petition is of limited importance in this quild.

Various evidence has been presented to show how mag=
pies, despite occupying no unique portion of the available
hiche hyperspace, manages to survive in the guild, mainly
through a variety of short-term behavioural options and
apparently superior exploitation efficiency of certain key
preye. Its behavioural plasticity is perhaps reflected by
its recent spread into many cities. It occurs, unlike the
Ccorvus species, in the new world (figure 1.2.3). However,
it must remain vulnerable despite these mechanisms and is
predicted to drop out of‘the guild first as conditions get
worse. Its distribution within Britain would seem to
support this prediction (figqure 1.2.4b). It has a more
restricted breeding range than the other three species and

is the rarest of the four in Britain (estimated number of
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breeding pairs in Britain and Ireland: carrion crow = c.l
million, rook = c.l.5 million, jackdaw = ¢.500,000, magpie
= C.250,000 - Sharrock 1976). The restricted British range
of magpies, mainly in the north, is not a latitude effect -
figure 1.2.3 indicates that it exists further north than
either the jackdaw or rook on the continental mainland.

lNowever, figures 1.2.4a and ¢ suggest that it is more

sensitive to a loss of good quality grazing land.

l1.7.7 Other Studies, Other Areas

A brief comparison of relevant material from other

published studies on these species may give an indication
as to how specific the situation that has been described is
to one winter on the western side of lowland southern

Pritain.

Holyocak (1974b) described the gross habitat choice of
magpies at Tring, Hertfordshire (rather similar:lowland
farmland to that of the current study, but with more
arable). 1In winter, the situation was generally similar to
that described in this thesis. Most birds were on grass-
land, and somewhat more on permanent pasture than on grazed
leys. The proportion of birds on stubble declined from
Hovermber through to February, while the use of other arable
crops (potatoes, fallow, sowings and marginal 1ahd)

increased.
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Feare (1978) showed that most rooks were found on
grassland in Hampshire in winter (59.4%), a lower figure
than the present study (81.7%), but there were somewhat
fewver grass fields available (c.50% compared to c.60% at

Keele). Only 35.8% of rooks were on grass in Aber-
deenshire, an area of very high rook density, even though
c.50% of fields available were grass (Feare et al. 1974).

Rooks foraging on grass in Abercdeenshire ingested inver=-

tebrate prey at a rate of 0,26 kcal per minute. The

average at Keele was a very similar 0.24 kcal per minute,

Holyoak (1970) quantified the usage of different feed-
ing actions by carrion crows. There wefe sone sex differ-
ences, but éomparison with table 1.4.4 of the present study
reveals some interesting similarities and differences. In
both studies carrion crows surface picked the same (c.40%)
but while Holyoak's Tring birds surface probed a great deal
(37.5 = 50%), Keele birds did not (8.5%) but dung-turned
more (25.1%). Rates of the other actions were rather
similar. Olsson & Persson's (1979) data from Sweden were
more similar to Holyoak's than to those of the present
study, with more actions above the soil surface and less

use of dung than at Keele.

Lockie's (1956a) data from mixed farmland in winter at
Oxzford for rooks was almost identical to the data given in

table 1.4.4, if one assumes that Jabs in the present study
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were coded by Lockie as surface probes (Lockie did not
define Jab as an action). The jackdaw data, though not
quite so perfectly similar as that just described for the
rook, were still very similar. Olsson & Persson's data
from Sweden showed jackdaws making much less use of dung
than the jackdaws in Lockie's or the present studies.
Their cdata for rooks were, though not as perfectly so as
Lockie's, still very similar, though instead of deep-
probing 36.3% of the time and digging 7.1%, the Swedish
birds deep-probed. 3.6% and dug 34.3% - probably suggest-
ing a difference in definition by the authors of the

different studies rather than differences in the behaviour

of the birds.

The close similarity of these data on habitat and
feeding action/microhabitat choice from various other loca-
tions perhaps confirms the suggestion in (for example)
section 1.7.1 above that these are rather fixed and
unchanging long-term behavioural characteristics of the
different species. Though the data are, as stated earlier,
rather crude, cbmparisons of the choice of prey types and
sizeskin the present study show nore differencee to those
of other studiee. Indeed, diet composition showed signs of
differences for rooks in the different winters of the

present study, as was stated at the beginning of chapter

1.4,
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The data in Feare et al's (1974) study in Aber-
deenshire indicate that rooks took fewer earthworms than in
the 1980-81 winter at Keele both in terms of percentage of
the diet (Keele = 47.1% by numbers, 79.3% by calories;
Aberdeenshire =A19.7% by numbers, 51.9% by calorieé), ana
in terms of rate of capture per minute (0.65 per minute at
Keele, 6.34‘per minute at Aberdeenshire), but mnore similar

proportions to the earlier Keele winters,

Hogstedt (1980b) showed that in the breeding season
magpies and jackdaws overlapped by only 0.54 in the taxo-
nomic make-up of prey taken, suggesting discrimination
between the species in the present study may have been
improved had taxonomic distincticn been possible within the
category employed of "invgrtebrates other than earthworms."”
Earthworms were more important to magpies than jackdaws in
this study, forming 25% of the biomass of prey fed to
nestlings; earthworms represented 16.6% of the calorific

value of adult magpies' diets at Keele in winter.

Data in Holyoak (1970), and Lockie (1955, 1956a) show
that it was the case that larger species, and even the
larger sex within carrion crows, took significantly larger

invertebrate prey items.

The data from these studies suggest that the propor-
tion of prey types in the diet will vary with availability

in the environment, but that the different species tended
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to take particular major prey types irrespective of the

place of study.

There are few data on behavioural mechanisms.
Hogsteét (1980a) reported that magpies directed more
aggression towvards jackdaws at that point in the breeding
season when they were most in food competition, though he
did not detail whether tﬁis behaviour was adaptive
interference comnpetition which resulted in a reduction of
the effect of jackdaw presence. The fact that magpie
breeding success was significantly depressed in jackdaw
presence suggests it was not én effective behavioural
mechanism. Lockie (1956b) reported low rates of inter-—
specific aggression between carrion crows, roocks and jack-
daws in the samne flock'although, as stated earlier, Bossema
et al. (1976) and Roell (1978) witnessed more frequent
carrion crow aggression. Roell and Vines (198l1) both |
showed that larger flocks of jackdaws and magpies respec-
tively were able to feed on artificially provided dense

clunps of non-invertebrate food.

Higuchi (1879) reported that jungle crows (Coryus
nacrorhvnchog) were behaviourally dominant to carrion crows
at Japanese rubbish dumps, and drove them away; yet in

areas where carrion crows did not occur jungle crows occu-

pied habitats which only carrion crows occupied in areas of

sympatry. This suggests once more in a very different
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situaticn that exploitation competition is important in
determining community structure in these species, and that
the role of true interference competition is limited.

Loman (1980), studying habitat use of the same four species
as considered in this thesis, presented some data which may
suggest that magpies Qere the most likely species to show

avoidance behaviour, as they were in the current study.

1.7.8 Consequences on Long-term Social Organization

It is to be expected that the interaction described
will have some effect on the long-term social organisation

of the species. Almost no work has been done on this,
although Dossema et al. (1976) made some speculations about
the role of carrion’crow aggression in the evolution of
flocking by rooks and jackdaws (which could not be sup-
ported by the presént study), and about the evolution of
colonial nesting by rooks, hole nesting by jackdaws, and
the addition of domes to magpie nests. Baeyens (1981) and
Vines (1981) have reported predation by carrion crows on
magpie nests with some indication that choice of nesting
area and use of a dome could réduce the level 6f this

predation,

One particularly interesting study is that of Eogstedt
(1980a) which showed that magpie breeding success was

adversely affected by jackdaw presence, and that this was
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almost certainly the result of direct food competition.
Jackdaws were not affected by magpie presence because their
gregarious behaviour enabled them to forage further from
the nest as prey were depleted. lagpies, however, wvere
forced by their own A-territoriality, and the threat of
carrion crow predation on an unprotected nest, to forage in

the over-used area arcund the nest.

llogstedt suggests that magpies might be better off
(other things considered) breeding colonially like the
jackdaw. This is rather interesting in the light of the
present study's findings which suggest that in winter the
magpie is not a stable member of the community, that it nay
have come into the habitat more recently than the corvus
species, and that it may not have adapted yet to the guild
in a long-term sense. It is also of interest that the
closely related yellow-billed magpie Pica nuttallji has
evolved to semi-coloniality (Verbeek 1973) where birds hold
A-territories which may vary greatly in size, and the
adults may forage widely from the nest and may join other

pairs to do so (a rather similar social organisation to

that shown, as far as is known, by jackdaws and also

choughs, Pyrrhocorax pyrrhocorax, in Europe).

One area which has not been investigated by the
present thesis is the remarkably different social organisa-

tion found amongst the four species when on arable land.
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Flocks of rooks and jackdaws on stubble are very dense,
compact and large compared to when on grassland. Carrion
crows, though sufficient cdata are not yet available to
quantify this, appear to show less aggression towards birds
of the other species on stubble, and often forage anongst
flocks. VYet overlap on this resource is total. It may be
that the prey is superabundant tenporarily and hence not

liniting, or "new" in evolutionary terms, or indefensible

against the increased number and density of birds which can

forage on it. The situation deserves further study.

Rooks did not gain an advantage in terms of reduced

carrion Crow aggression by flocking on grassland. In fact,

their flocking attracted increaseg interference by carrion

crows. Since rooks were so clearly specialists on sub-
surface earthworms, an aggregated prey, it is suggested
that rooks flocked to enhance exploitation of these prey

This is investigated in part two of the thesis.
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