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SUMMARY
The composition of a sward may reflect the food preferences of grazing
animals., These preferences are themselves affected by certain features
of the vegetation including the species present, their relatlive abundance,
growth stage and distribution within the sward.
Some of these aspects of plant-snimal interaction were studied in relation

to selection of food by the rabbit (Oryctolegus cuniculus L.).
A technique of faecal analysis, based on measurement of areas of epidermal

fragments, was used to determine the diets of rabbits feeding on lowland
grasslands.,

Correction factors to allow for the effects of differential digestion of

different grass species were derived by feeding captive wild rabbits kmown
proportions of seven common grasses.

The relestive proportions of different gresses in the faeces of wild rabbits
were found to be positively correlated with their relative availabilities
at eight differing grasslend sites. Distinct preferences resulted in
consistent disproportional selection of particular species,

6. Application of correction factors to the faecel analysis data did not

{e

alter the results qualitatively due to a positive correlation between

palatability and digestibility.

The anmusl grazing pattern of a population of wild rabbits was studied
over two successive years by faecal analysis. Consistent seasonal
variations in species utilization ococurred, including increased selection

for certaingrasses just prior to flowering, followed by substantial
intake of grass seeds.

8. Preferences shown by captive wild rabbits in contrdlled feeding experiments

9e

paralleled the preferences of rabbits in the field.
Controlled choice experiments on domestic rabbits indicated that the

relative frequencles of two food-types in a mixture, pre-feeding and

previous experience affected selection. The behavioural responses were



discussed in terms of conditioning and differentiesl satiation,

10.Computer simulation based on the results of the present study and
further experimental work was suggested as a means of further investli-
gating the interaction between vegetation composition and rabbit
grazing behaviour,
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GEMERAYL, INTRCDUCTICN

It has long been accepted that grazing by herbivores may determine
the relative abundance of species within a sward as well as affecting
physicel characteristics of the vegetation such as height and density.
Early work by Tansley and Adamson (1925) on chalk downlands grazed by
rabbits demonstrated that grazing had a marked effect on the botanical come
position of the sward, Jones (1933) concluded from his extensive work on
cantrolled grazing of sheep on experimental plots that grazing affected

the composition of the sward both directly by differentisl selection of

plant species and indirectly by altering the balance of competitive inter—

actions between plants. There is a great deal of evidence that herbivores

are highly selective in their choice of food and that this plays an important
role in determining the composition of grazed vegetation. The present study
concentrates on a mimber of aspects of food selection with reference to the

grazing rabbit (O_rzctolaﬂs cuniculus L.,). Choice of food is affected both

by its innate characteristics (palatability) and by externsl factors such
as 1ts availability. Particular emphasis is given to this latter aspect of
food selection,

In view of the conflict between rabbit grazing and agriculture it is
surprising that little attention has been paid to the relationship between
rabbit feeding behaviour end vegetation composition. In Britain the emphasis
has been mainly on the anslysis of graged vegetation. In Australia where
damage by rabbits to sheep pasture has been devastating > there has been a
great deal of research into the biology and ecology of Oryctolagus, coinci-
dental with the development of control measures. The Wildlife Division of
the Commonwealth Scientific and Industrial Research Organisation has been
particularly active in this field and a number of papers have appeared in
its Journals over the past 20-30 years (e.g. Myers and Poole 1959, 1961;

Mykytowycz 41958, 1959, 1960). However, only a small proportion of this work
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is concerned with feeding behaviour and food selection.

In the present work eaphasls was placed on investigating those factors
which might influence the response of the rabbit to the species which formed

a major part of its diet., In order to establish these the first requirement
was to find a method of accurately determining the composition of the natural
diet of the wild rabbit. In the literature a number of methods are described
which have been used to obtain information on the selection of food species
by rabbits and other lagomorphs. Direct observation of feeding rabbits has
yielded some data on preferred plant species (Southern 1940: Thoupson 1953;
Mykytowycz and Rowley 1958; Myers and Poole 1961; Lockley 1964). Following
tracks in snow and observing the species eaten en route, has also been used
as a method of diet determination (Delks and Sime 19413 Flux 1967: Hansson
1970).

A great deal of information on selection of food plants has been
obtained indirectly from examination of vegetation which has been grazed by
rabbits. Some of this work is reviewed by Thompson and Worden (1956) and
Sheail (1971 ). Some such observations have been made during large-scale
vegetation surveys and in effect form catalogues of the species grazed,
(e.g. Farrow 1917; Tansley and Adamson 41925; Cameron 1935; Fenton 1940).
Vegetation surveys which have been carried out specifically to investigate
effects of rabbit grazing include work by Gillham (41955, 1963) on a muber
of Pembrokeshire and South African islands, After the introduction of
myxomatosis into Britain in 1954 seversl vegetation aurveyé were carried out
to measure the effects of the resultunt decline in grazing (Ranwell 1960;
White 1961; Thomas 1960, 1963). Similarly, indirect evidence on the food
preferences of rabbits has been gathered by artifically excluding rabbits

from plots within heavily grazed areas (e.g. Watts 1957, 1960). Further
indications of preferences have been obtained from recording successive
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changes in the composition of the vegetation of artifiicially sown pastures
consistently grazed by rabbits (Thomas 1937; Phillips 1953; Myers and Poole
1963). Studies on crop damage caused by grazing rabbits, mostly prior to
1954, provide further information on feeding behaviour (Gough and Dunnett
1950; Church et al 1953; Thompson and Worden 1956; Sheail 1971).

More direct information on food selection by lagomorphs has been

obtained by analysis of stomach contents and faeces, mainly by identification
of undigested epidermal fragments. Analyses of stomach contents have been
carried out by Dalke and Sime (1941) in the study of Sylvilagus spp.,

Hayden (1966) on Lepus californicus deserticola, Bear and Hansen (1966) an
Lepus townsendii, and Flux (1970) on Lepus europgeus. Faecal analysis has
been used in the study of lagomorph diets by Riegel (4 942) on Lepus

gelifornicus melanotis end Sylvilagus spp., Dusi (1949 a and b, 1952) on

Silvil floridamus mearnsi, Flux (1967) and Hansson (1970) on Lepus europaeus
and Stewart (1971) on Lepus and Pronclegus spp.

In Britain preliminary studies on the diet of Oryctolagus cuniculus

using faecal analysis, have been described by Metcalfe (unpublished) and

Oldham (1971)s, Some quantitative data have been obtained by means of faecal

analysis in a study of seasonal changes in cattle and rabbit grazing on

Wood Walton Fen National Nature Reserve (Williams et al 1974). The technique

has similarly been used by Bhadresa (1977) to study quantitatively the food

preferences of rabbits on sand dunes at Holkham National Nature Reserve,
Norfolk,

In the present study faecel analysis was chosen as the method of diet
analysis most suited to providing some quantitative mecasure of the relative

importance of different species in the diets of wild rabbits ,in addition to

qualitative data. This method of diet analysis also has the advantage of not
Causing any interference to the animals themselves,
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Part 1 of this thesis describes the application of faecal analysis to
determining the lmportance of some of the factors influencing the selection
of species forming major components in the diets of wild rabbits feeding on
various types of lowland grassland. This analysis was simplifiied by the
fact that grasses forued the major part of the diet since there was a low
diversity of grass species relative to abundance in contrast with the high
diversity of herb species. By studying the diets of rabbits in relation to
species availability, answers to the following questions were sought:

{1+ Which species form the main dietaxry components?
2. How does the intake of these species relate to their availability?

3. Do seasonal changes in availability and/or nutritionsl quality affect
food selection?

The resultant analyses are described in Chapters 4 and 5.

Since the validity of the results obtained by faecal analysis is entirely
dependent on an accurate methodology, the reasons for adopting the techniques

used in preflerence to various alternative methods are considered in soame

detail in Chapter 1. Technical details of the procedures developed are given
in Chapter 2.

The practicability of calibrating ingested proportions of species with

faecal proportions was determined by controlled feeding of captive wild rabbits

(Chapter 3). This was to allow for possible discrepancies caused by differen-
tial digGStiono

Part 2 of this thesis describes experimental work on food selection
by the rabbit in which various factors affecting choice were investigated

using domestic and captive wild rabbits., Few studies of food selection by
lagomorphs have invaolved experimental choice trials, although the method has

been used extensively with other animals, particularly domestic stock. This



is probably because rabbits and hares do not adjust easily to conditions of

close captivity. Choice trials have been used to a limited extent by Dalke

and Sime (1941) on a few captive cottontails (Sylvilagus floridamus) and
by Hewson (1976) cn captive mountain hares (Lepus timidus scoticus). The
preferences of wild rabbits (Qx_-xctol%s cuniculus ) for certain grass species
were investigated by Oldham (1971) who left boxes containing grass swards

at a site grazed by rabbits, and measured the quantities eaten, Miller (1968)
indirectly measured grazing selectivity on a series of experimental plots

by counting the numbers of rabbit droppings left behind on each plot. In

the present study overall species preferences indicated by the faecal analysis
data in Part 1 were tested by means of choice trials using captive wild
rabbits (Chapter 6).

Some of the concepts relating to the study of food preferences are dis-
cussed in Part 2, together with a brief theoretical consideration of the
Tactars affecting preferences. Although much has been written about the
environmental factors affecting choice of food by herbivores, there is little

but circumstantial evidence to substantiate these ideas. A group of experie-

ments was devised to act as a preliminary investigation into the effects of
manipulating some of the factors affecting selection. The experiments

described in Chapter 7 were specifically designed to investigate the effects

of controlling the relative abundances of food-types within mixtures.

In summary, the presentation of this thesis is in two sections. The

first section deals with the collection and analysis of data relating to food

selection by wild rabbits under natural conditions and the second with the

isclation end experimental manipulation of some of the factors involved in

the process of selection.



PART 1

THE APPLICATION OF FAECAL ANALYSIS TO INVESTIGATE
FOOD SELECTION BY WILD RABBITS UNDER NATURAL CONDITIONS



CHAPTER 1

FAECAL, ANALYSIS AND RELATED FCRMS OF QUANTITATIVE
DIET ANALYSIS: REVISEW AND CONSIDERATICNS TOWARDS
ADOPTING AN ACCURATE QUANTITATIVE METHOD.
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CHAPTER 1
FAECAL ANALYSIS AND RELATED FORMS OF QUANTITATIVE DIET ANALYSIS:

REVIEW AND CONSIDERATIONS TOWARDS ADOPTING AN ACCURATE

QUANTITATIVE METHOD,

The technique of faecal analysis has been used to investigate the

diets of a wide range of plant-eating animals as is indicated by the

selected list of references below.

East African large mammals: Lamprey (4 963); Kiley (1966);
Stewart and Stewart (1970, 1971). Further examples given in
the bibliography of Petersen and Casebear (1971).
Sheep: Croker (1959); Hercus (1960); Martin (1955, 1962); Armitage (1972).
Horses: Stainsby (1973).
Rodents: Hansson (1970); Watts (1 968, 1977); Ferns (1976).
Gamebirdss Peters (1958); Eastman and Jenkins (1970).
Slugs: Pallant (1969); Jennings and Barkham (1975, 1976).
Snails: Williamson and Cameron (1976).

Many additional examples are given in the review by Ward (1970).

Analysis of faecal samples is based on the recognition and identifica-
tion of particles which have survived the process of digestion. The principle
structurally identifieble component of herbivore faeces consists of fragments

of undigested plant epidermis whose cutin-impregnated cell walls render it to

a large extent resistant to the action of digestive enzymes. The structure

and composition of plant cuticle has been described by Skoss (1955)- The cell



configuration of the epidermis is more or less characteristic for each plant
species thus enabling the fragments to be identified with the aid of ref'erence
slides prepared from known fresh material.

Ferennial grasses are particularly suited to this method of analysis
as the cuticle tends to be relatively indestructable compared with anmial and
herbaceous dicots, many of which have a thin, easily distorted epidermis.
The diagnostic features useful for identification include the shape and size
of the undifferentiated epidermal cells, the pattern of lignification of the
cell wells, the range, distribution and structure of the differentiated cells
such as stomatal guard cells, silica cells, hairs and prickles. The taxonomic
importance of these epidermal characters has been demonstrated by Prat (1932)
and Metcalfe (1960) and their use in the identification of unknown plant
material described in some detail by Davies (1959), Martin (1955, 1962) and
Stewart (1965).

Microscopic examinations of epidermal fragments in herbivore faeces can
therefore provide qualitative information on diet composition, Quantitative
data can also be obtained provided that effective methods of sampling are

employed. The following review and discussion describes in some detail the
various methods of quantitative enalysis of diet together with their limitations,

The review includes examples of gut-content a3 well as faecal analysis and
is not strictly limited to herbivores in order to give a more comprehensive
picture of the uses and limitations of quantitative analysis. Methods of

obtaining quantitative data depend a great deal on the availability of time

and material as well as the nature of the material and information required.

1. Frequency of occurrence and relative occurrence

Individual gut contents or faecal samples from a number of animals may

be scored for the presence or absence of each identifiable food item, The



data are then presented as the percentage (or number) of samples containing

each item (frequency of occurrence). The relative occurrence of a particular
item is the number of samples in which it is present, expressed as a percent-
age of the total of all samples containing each identified compwnent.

The method usually involves two sampling stages. Firstly a sufficiently
reprosentative sample of animals or faeces must be obtained. The statistical
requirements of this sample size are discussed by Hanson and Graybill (4956).
Secondly, if each of these samples has to be subsampled to carry out detailed

microscopic examination, the minimum subsample size containing all (except
trace) food items must be determined.

Such frequency data have been obtained in studies of the diet of
Microtus egrestis from faecal samples (Godfrey 1953) and gut contents
(Williams 1962; Evans 1973), of Lepus califormicus deserticcla from stomach

contents (Hayden 1966), of Sylvilagus floridanus mearnsi from faecal analysis
(Dusi 1949 , 1952), of Agrolimax reticulatus from both crop and faeces samples

(Pallant 1969, 1972), of red locusts from crop contents (Chapman 1957) and
of Chorthippus parallelus also from gut contents (Bernays and Chapman 1570).

Quantitative estimates of diet expressed as frequency of occurrence

must be treated with caution since, in terms of overall food selection, they
invariably underestimate major components in relation to the lesser items.

Such deviations will be particularly marked in the case of herbivores inhabiting
relative homogeneous areas of vegetation and whose ability to select food
species is not limited by inherent physicel restrictions. The method there-
fore appears to be most applicable to the determination of food selection

by relatively immobile invertebrates. Relative occurrence data is useful

for detecting seasonal changes and inter-species or population differences 3

but has the disadvantage of producing apparent changes in the occurrence of

a single item which is constant in absolute terms, but changes relative to
other f'ood items,
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Some experimental assessment of the method has been made. Scott {1941)

obtained a rough agreement between the composition of food eaten by captive

red foxes and frequency estimations of faecal composition, Hansson (1970)

performed a more thorough examination of the method by analysing stomach

and caecol contents of trapped Apodemus sylvaticus and Microtus agrestis and
comparing volume estimates (assumed to be more accurate) with frequency data.

The latter were found to give wide deviations of the type desoribed above.

2. Direct volume and weight megsurement
Methods of quantitative analysis involving direct measurement are of
limited applicabllity due to difficulties in separating small fragments of

food in gut contents and faeces, and the problems associated with making
measurements under constant conditions. The method has proved to be : cof

most use for the macroscopic determination of the composition of crop

contents in granivorous birds (e.g. Davison 1940; Peters 1958), but less

successful for quantification of their faecal content (Swanson 1940).
The accuracy of such measurements was investigated by Jensen and

Korschgen (4 947) who fed bob_wyhite quail known mixtures of seeds and subse-

quently compared the percentage composition of the crop and gigzard contents
arnd faeces,

A good correlation was obtained between the measured composition
of the crop contents and the ingested mixture, but gizzard and faecal

analyses gave a strongly biased estimate of the fed diet. Norris (1943) tried
to quantify the stomach contents of sheep fed imown diets, by separating and

weighing only the larger identifiable fragments from small subsamples. The

resulis were unsatisfactory since the composition of this fraction was not

representative of the unanalysed fraction consisting of smaller unidentified

fraguents which made up over half of the contents. Bergerud and Russell (1964)

separated and measured the composition by volume of different sized particles



in the rumen contents of Newfoundland caribou. They found substantial
differences in composition between the fractions.

Methods of volume and weight measurement are discussed in more

detail in the reviews by Medin (1970) and Ward (4970).

3. Indirect volume estimates

Estimates of percentage volume are the most effective form of diet
analysis for animals such as small rodents with mixed diets including seeds,
fruit, green plants and insects. The most commonly used method (e.g. Willians
1955, 1962: Watts 1968) is microscopic examination of subsamples of homogenized
stomach contents. The percentage of each item is estimated by counting or
measuring the area of fragments within a predetermined mumber of random fields
of view at the lowest possible magnification. Since the fragments are
flattened beneath coverslips, such measures are assumed to be valid estimates
of proportions by volume, Mean percentages can be calculated for a minber
of animals either directly or by weighting each result according to the volume
of the stomach contents from which it was obtained.

Sources of inaccuracy within this method derive from sampling and sub-
sanpling (which can be quantified and minimised), and from the assumed
similarity in relationship between the number or area of fragments of widely
dfi.ffering conmpositions and volume. An in vitro assessment of the method has

been carried out by Gebczynska and Myrcha (1966) who made up a series of knomn
mixtures of various plants and seeds which were stained, dried and ground

together. The proportions of the components as estimated by area covered

within 100 microscope fields of view, did not deviate significantly from the
known proportions by dry weight. Hansson (1970) however, found that widely
differing food items differed greatly in ease of recognition in the stomach

contents of Microtus, thus making accurate volume estimates impossible,
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Nevertheless further experiments in which Apodemis were fed dried cakes conm-
posed of known weights of nuts, grasses, herbs and moss resulted in reasonable
agreement between proportions estimated from the analysis of stomach contents

and proportions by weight and volume in the rehydrated cakes,

l,. Epidermal fragment counts and densities

Epid.ermal' fragments have frequently been used to determine and quantify

food species in gut contents and faeces.,

(i) Fragment counts. Subsamples of suspended material are mownted on slides
and fragments of each identifiable species are counted., To assist computation
and statistical analysis the total number counted per slide is usually limited
to 100, and replicate slides are analysed. The relative proportions of species
are talen as estimates of diet composition.,

Fragment counts have been used in the analysis of sheep rumen contents
and faeces (Martin 1955, 1962; Hercus 1960), kangaroo stomach contents (Bailey
et al 1971), hare stomach contents (Flux 1970) and grouse faeces (Eastman and
Jenkins 1970). The diets of sheep and kangaroos have been compared using
this method for the analysis of rumen and stomach contents (Griffiths and
Barker 1966) and similarly the diets of sheep, kangaroos and goats have been

compared (Dawson et al 1975). Conmpositions of faeces from a number of

ungulates from East Africen plains have also been compared by means of epidermal
fragments counts (Stewart and Stewart 1970, 1971).

Apart from the usual sampling variation which can be measured and
reduced, the accuracy of the method relies on the assumption that the epidermis
of each food species is represented by 'similar ranges of fragment sizes.

Stewart (1967), in a series of experiments to test and compare various methods

of quantitative faecal analysis (for herbivores of the East African plains),

found that the cuticles of different grasses fragmented in to particles which
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varied significantly in size. These size differences varied both between

species of grass and between animal species, and probably also depended on

the degree of maturity of the plant arnd the age of the animals, By count-

ing fragments, in many instances Stewart found significant differences

between the proportions of grasses in faeces, and the freshweight composi-

tion of the feed: other methods of estimation gave results in close agreement,
However, the method is relatively rapid which probably accounts for its

widespread use, and also gives the illusion of great accurac& since sampling

variation is usually low,

(i1) Fragment density. The assumption that all epidermal fragments are of
similar size is also made in the method described and experimentally tested

(using artificially produced samples) by Sparks and Malechek (1968). On each
of five subsample slides, twenty fields of viewwere observed and scored

for the presence or absence of each identified species., The frequency flgures
thus obtained were converted to relative densities using tables. This con-
version could only be made if the commonest species occurred at less than

86% of the locations, and was based on the assumption that the fragments were
of uniform size and randomly distributed on the slide. The method was tested
by making several artificial mixtures containing lmown weights of grass and

herb species which were ground together through a 1 mm screen to produce

uniform particles. Very small particles were removed by sifting. The
resulting mixtures were sampled as described and good agreement was obtained
between the estimated relative density and known composition.

The method of analysis by quantitative measurement of fragment density

has been used by Free et al (1970) in the examination of pre-ground and
sifted oesophageal and faecal samples from cattle, and by Hansen et al (1973)

for the estimation of dietaryoverlap in sheep and cattle. However, no

experimental test of the method has been made in vivo.



5. Area of firagments and point quadrats

(i) Area measurement. Errors attributable to differences in fragment sizes

between plant species, animals, etc, can be eliminated by measuring areas
instead of by counting. Areas are estimated using microscope eyepiece
adaptors which are graduated into grid squares, and from these measurements
the relative cover of each species is determined.

Storr (1961) experimented with this method by feeding captive quokkas
(Setonix bracMS) a. finely chopped mixture of four herb species for five
days, and anslysing both the feed and faecal samples on the sixth day. Close
correspondence was obtained between the ingested and faecal proportions.
Although the samples were ground prior to analysis, there were occasional
large fragments which resulted in high variances between slides, Standard
errors could be reduced to acceptable levels by analysing two slides from a
single dropping from each of 20 animals, Area measurement of epidermal
fragments has been used by Chippendale (1962) in the analysis of stomach
and rumen contents of kangaroos and cattle.

Further experimental tests on the accuracy of the method have been made
by Stewart (1967) who compared the results from area measurement with fragment
counts, The former method gave the closer agreement between estimated faecal
composition and proportion by fresh weight of ingésted grasses, It was found
necessary to analyse a larger number of subsamples using area measurements,
to reduce standard errors to acceptable levels. This was far more time-
consumng than analysis by fragment counts. Stewart noted that a certain

degree of subjectivity was involved in the measurement of irregularly shaped

fragments using grid squares.

(ii) Point quadrats. The point quadrat or microscopic point method of
estimating relative cover eliminstes the subjectivity involved in measuring

areas. Iragments are identified and recorded at random points within



subsaemples and the relative percentage cover of each species calculated.

The method however, has the disadvantsge of introducing yet another sampling

stage into the analysis, compared with direct area management,

The method has been used not only to analyse epidermal fragments, but
also in the larger scale analysis of samples from oesophageal fistulae
(Heady and Torrell 1959; Van Dyne and Torrell 1964 ). Subsamples contained
in a tray which could be moved in fixed stages, were examined under a binoculer
microscope fitted with eye piece crosshairs. Fragments lying beneath or
nearest to the centre point of the crosshairs at each fixed stage were scored.
The proportions of different plant parts (e.g. leaf, stem, flower etc.) in
ungulate stomach samples were determined in a similer manner using a perspex
overlay marked with a 1 cm grid with 100 intersection points (Gwynne and Bell
1968; Bell 1969). Buffalo rumen contents have also been anslysed using this
method (Sinclair and Gwynne 1972).

During studies of food preflerences in impala subsamples of faecal
epidermal fragments were mounted on slides marked with a 1mm grid with
836 intersection points (Stewart 1971). The point quadrat method has been

adopted for use with a projection microscope for analysis of cattle and
rabbit faeces (Williams et al 1974 ).

An experimental study of the point quadrat method was made by Stewart
(1967). Since tl_1e placing of a single point marked on a microscope eyepiece
at random positions on a slide was extremely laborious due to the low percentage
of 'hits', he experimented with groups of 5 and 25 points. In both cases the
variance between subsemples was high due to the low mumber of ‘'hits' per slide,
However, he found no significant differences between the use of 5 and 25 points,
indicating that occasional large fragments were not biasing the results. As

with the area estimates he obtained close correspondence between the propor-

tions estimated in the faeces and the proportions ingested.
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Discussion

The main problem with a1l methods of analysis of gut contents or
faeces is that of testing thewlidity of the assumption that the measurements
cbtained are accurate quantitative estimates of the food species ingested.
The repeatability of the sampling methods can readily be measured and
standard errors reduced to reasonable levels. However, different methods
of anslysis applied to the same sample may yield different results, even
when sampling variance is low (e.g. Stewart 1967). Test analyses of experi-
mental mixtures containing kmown proportions prepared in vitro are of
limited usefulness since these mixtures may not fully reflect conditions
found within samples from animsls, For example, Sparks and Malechek (1968)
artifically reduced all fragments in test mixtures to similar sizes whereas
