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HABITAT CLASSIFICATION, FOX POPULATIONS
AND RABIES SPREAD

A synopsis of the meeting held in Oxford, 15-19 September, 1980.

INTRODUCTION

It has been recognised for some time that features of the landscape
influence the way in which a rabies epizootic spreads. The disease may
follow, for example, the course of roads and rivers. Biologists have also
found that red foxes may disperse along just such features and it seems fair
to assume that this partly explains the way the disease spreads. On a broader
level, there are places where rabies has spread faster than in others, and
it is widely believed that this may reflect differences in the population
densities of foxes and hence the contact rate between them and thereby the
spread of the disease. Differences in fox population densities no doubt at
least partly reflect variations in the local availability of prey. The
question we have tackled in organising this workshop is whether the factors
which influence fox population density can be categorised broadly in terms
of features of the landscape with which they may be associated. For example,
if a particular habitat or combination of habitats could be identified with
high fox population densities, then the distribution of that habitat, perhaps
even as revealed by a simple analysis of maps, might contribute to the practical
task of predicting the course of the disease, _

_To investigate the merit of this line of thought we have brought together
" experts in rabies epizootiology who may identify the habitats through which
the disease has accelerated or faltered, and experts in fox biology who can
provide clues as to the habitats which may favour higher fox population
densities. As a catalyst to the meeting of these two, we have also asked
geographers and others concerned with the classification of landscapes, and
with classifications in general, to provide guidelines for both the theory
and the practice of habitat characterisation. In the atmosphere of an in-
formal workshop these people exchanged ideas and we have tried to summarise
the meat of their material here. We present a summary, from ocur notes, for
each speaker and a synopsis of the resulting discussion. In undertaking this
task we inevitably run the risk that our summaries have omitted or improperly
emphasised a point, Nevertheless we have tried to present the essence of each
speaker's ideas and in so doing hope to provide a basis for further debate.

_ Philip J. Bacon - David W. Macdonald,
Institute of Terrestrial Ecology, Department of Zoology, -
Grange over Sands, _ South Parks Road,

Cumbria. ' : Oxford.
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THE PROGRAMME

HABITAT CLASSIFICATION, FOX POPULATIONS AND ‘RABIES SPREAD

Oxford, Keble College,
15-19 September

Organisers: P.J. Bacon and D.W. Macdonald.

15/9/80 Page
Evening arrival at Keble.
16/9/80
09.30 INTRODUCTION (1) Conference business : 1
(i1) Wildlife and rabies - D.W. Macdonald 1
(1i1) The spread of rabies -~ P.J. Bacon i
The introductory remarks are intended simply to provide people from
diverse disciplines with some common background information.
10.30 Coffee
(M) Chairman: C. Kaplan
11.00 G. Robinson (Edinburgh University) - Methods of land-ciassification -
- a review. 2-
11.30 Specific questions
11.45 A, Coleman (King's College) - Land Use survey ' 4
112.15 Specific and then general questions on both papers -
1.00  Lunch
(2) " Chairman: A. Wandeler
2.00 U. Emmanuelsson {(University of Lund) - Land classes and bird populations
2.40 Specific questions
3.00 R. Bunce (Institute of Terrestrial Ecology) - Land classification 7
3.30 Specific and then general questions on both papers
4.00 Tea .
4.30 M. Artois (Centre d'etudes sur la rage) - Rabies spread in France 10
5.00 Specific questions o _
5.15 S. Harris - Estimating fox numbers in Bristol. 1
5.45 Questions till dinner
17/9/80
(3) Chairman: P. Armitage
9.30 P. Howard {Institute of Terrestrial Ecology) - Statistical considerations in
' land classification. A 13

10.15 Questions
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17/9/80 (continued)
10.45 ~ Coffee

11.00 E. Zimen (University of Saarbrucken) - Habitat and rabies in Germany 17

11.30 Questions . '

11.50 C. Meredith (Dept. Heal, South Africa) - Predicting the course of
wildlife rabies from habitat data 18

12.30 Questions

1.00 Lunch

(4} Chairman: E. Zimen

2.00 D. Macdonald, N. Hough and M. Newdick (Oxford University) - Fox studies
in habitats around Oxford 20

2.30 Questions o

2.50 H. Jackson (WHO) - Rabies spread and European map attributes 22

3.20 Questions

3.30 Tea

4.00 F. Ball (Oxford University) - Rabies spread and habitats in France 24

4.30 Questions | | f

4.40 J. Ross (Imperial College, London) - Rabies spread and land classes in
France : 26

5.10 Specific and then general questions till dinner

18/9/80

(5) Chairman: A. Crowley

9.30 H. Kruuk (Institute of Terrestrial Ecology) - Habitats and badger populations

110.00 Questions ) 30

10.15 J. Eerreen (University of Birmingham) - Urban dog populations and disease
risks ' 32

10.45 Questions

11.00  Coffee

11.20 H Thieme (Heidelberg) ~ A model for rabies 35
12.00 Questions

12.20 A. Carey (U.S. Forest Service) - Rabies and habitats in the U.S.A. 33
12.30 Questions

1.00 Lunch

(6) Chairman: H. Kruuk

2.15  S. Hall (University of Cambridge) Grazing of wild cattle in relation to
vegetation classification of their habitats 36

2.40 . Questions _

2.50 D. Guether (University of Saarbrucken) - Estimating fox numbers 37

3.10 Questions
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18/9/80 (continued)
3.20  A.Wandeler {University of Berne) - Hunting indicators of fox numbers 38
3.40 Questions .
3.50 Tea ’
4.10 N. Charies, Institute of Terrestrial Ecology and R. Newson, Department of
Agriculture for Scotland - Yole numbers and fox populations 39
4.30 Questions
4.40 H. Lloyd (Ministry of Agriculture) Foxes and rabbit numbers 39
5.00 Questions '
5.10 J. Nichol (Uhiversity of Aston) - Air photographs as a data source for
habitat analysis ' _ 40
5.30 Questions and discussion till dinner 41
6.00 Closure of meeting - P. Armitage 43
6.15 Further discussion till dinner.
19/9/80
About a dozen delegates remained for a tour of areas around Oxford where
Dr. Macdonald and his colleages were carrying out their radio-tracking studies
of foxes.
Some conclusions _ 44
Rabies in Colombia. A. G. Orozio 47
Bibliography 56
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HABITAT CLASSIFICATION, FOX POPULATION AND RABIES SPREAD

A Synopsis
INTRODUCTORY REMARKS )

Professor Peter Armitage opened the meeting by welcoming delegates to the
conference and giving them a brief history of its organisation.

In 1977 Mr. J.N.R. Jeffers (Director of the Institute of Terrestrial
Ecology) had suggested to the Royal Statistical Society that a working party on
quantitative studies of the epidemiology of rabies would be a useful vehicle to
formulate more effective control policies. Such a working party had been formed,
of which Armitage was the first Chairman. The working party had held three
previous meetings (e.g. Bacon and Armitage 1979). These meetings had stressed
the need for quantitative studies of aspects of rabies epizootiology in Europe and
it became apparent that, while WHO were collating information on rabies case
occurrence ih Europe, there was not a similar comprehensive body of data concern-
ing the distribution and density of the main host of the disease, the Red Fox

(Vulpes vulpes).This information was fundamental to a quantitative understanding
of rabies spread through Europe and, as it would not be possible to assess fox
densities over the whole of Continental Europe on the basis of field work, it
had been suggested that such estimation might be made indirectly by an analysis
of habitat attributes which could be correlated to fox densities. At the same
time Dr. Macdonald had attended a WHO meeting on the influence of natural
barriers on the spread of rabies., This meeting had also moved towards a considera-
tion of correlation between fox numbers and habitat characteristics and so the
WHO had asked Macdonald to organise a working group to consider these jssues.

. In view of the diverse disciplines that would be reguired to consider the inter-
actions between fox rabies and habitat, it had been decided that Drs. Bacon and
Macdonald would organise a meeting at which experts from a variety of different
fields could contribute to this issue; this workshop was the result. Armitage .

_ expressed his thanks to the Institute of Terrestrial Ecology and to the Nuffield
Foundation for providing financial support at the meeting.

Armitage then introduced Macdonald who announced the domestic arrangements
for the conference, together with various minor changes to the programme. A
number of people had sent apologies for their absence dur to prior commitments:
Professor L. Andral, Dr. K. Bbgel, Professor K. Deitz, Mr. J.N.R. Jeffers,
Dr. D. Jenkins and Professor B. Sayers, who wished the meeting every success and
sent greetings to their colleagues who were attending the meeting. Macdonald
then introduced Bacon who spoke briefly about the aims and structure of the

~_conference programme.

Bacon began by reminding delegates that the idea behind the conference was
not new: for example, Adamovich (1978) had shown that the spread of rabies in
the Soviet Unjon could be related to particular land forms and Sayers and
colleagues (1977) had shown that the patterns of rabies spread and recurrence
were also affected by landscape features. A recent paper by Kroeza and Schaeffer
in the WHO Rabies Bulletin in Europe had shown that frequency of rabies cases
was negatively correlated with the density of chamois{Rupicapon nipicapron)and
~ positively correlated with the density of hares (Lepus europeans) in Austria;

. however, previous work had also indicated that rabies cases were more frequent

in valleys and the findings in Austria could therefore not be interpreted as
showing any direct involvement to the animals concerned as these might simply
reflect different altitudinal zonations. Work in America had also shown that the
frequency of case reporting was higher in valley bottoms. Indeed, in some
cases reporting was more likely the closer one came to rabies investigation




centres:  Bacon showed example diagrams from the WHO Bulletin showing cases

in Europe for particular quarters of the year from which it was evident that
rabies cases were clustered in both time and space and basic geographical
knowledge suggested that these clusterings, or the lack of them,were related

to landscape features. He showed a diagram, Figure 1,which indicated four

main entities of the rabies problem and attributes corresponding to these.
Ecological theory suggested a causal link between features of habitats and fox
population dynamics. The evidence he had referred to earlier also suggested

that rabies case frequencies could be directly related to some aspects of
“habitat. The aim of the conference was to consider whether correlations, rep-~
resented by arrows, could be established between the various attributes of the
entities in his diagrams and whether such relationships could be made sufficiently
precise to permit quantitative predictions, and therefore testing of hypotheses.
Bacon illustrated this point with a diagram (frontice piece) which contained
visual information about fox habitats; he hoped that the workshop would elucidate
means whereby the subtle aspects of habitats that were important to foxes could

be recorded in a manner facilitating quantitative predictions that would aid
rabies prophylaxses. _ _

Methods of land classification - A Review
Dr. G. Robinson ' '

tand classification was a useful tool in geography in order to document
changes, in particular in relation to agriculture. There was a need for informa-
tion on land use and urban sprawl where the conflicting interests of industry
and agriculture needed to be taken into account for planning purposes. On this
basis a number of classifications had been devised to estimate the agricultural
potential of the land (a method which was also used for forestry and conservation).
Such assessments which have been made in the UK were generally piece-meal, but
elsewhere, for example Canada, such assessments have been made on a comprehensive
basis. The aim of such assessments was "to improve powers of prediction for
management purposes". Classification -systems had generally arisen from taxonomy - -
which classified things on no fixed'basis. More rigorous classifications needed
- a defined purpose and definitions of criteria to be used in those classifications.
A number of distinct methods were available for example devisive classifications,
.monotithic classifications, and polythetic classifications. Robinson briefly -~
described the differing assumptions behind these approaches and indicated their
strengths and weaknesses. o .

In Britain there were three surveys which aim to assess quality of land
itseif; those by L.D. Stamp, the M.A.F.F. and of the Soil Survey. Stamp's
survey depended heavily on existing use, not on potential use. Land was
calegorised into ten classes whose definitions were not particularly rigorous.
This early survey had been improved upon by the Ministry of Agriculture whose
surveys stressed physical limitations.to agricultural productivity, and plotted
the resulting land classes at a scale of 1" to a mile. The physical limitations
assessed gave indications as to the range of crops which could be grown in an
area, the level of yields which might be expected, the cost of obtaining those
yields and the likely consistency of those yields. For example Grade 3 agri-
cultural land is at a 100-600ft. (30.5 - 182.9m) has between 40" and 60" -
{101.6-152.4mm). of rain per annum and was on slopes of 1 in 8 to 1 in 7; other
minor factors were also assessed. A survey by the Soil Survey produced seven
classes with five subdivisions. These classes were also based on physical
limitations. The main factors assessed were gradient, elevation, climate,
drainage and soil characteristics. Currently an attempt was being made to
amalgamate the surveys of the MAFF and the Soil Survey to produce a more compre-
hensive result.



Robinson then tabled the question of whether habitat could simply be
considered as some division of land. As a geographer he thought this was so, -
and that the two aspects were mainly differences of scale; for example the
divisions of land about which geographers usually talked often corresponded
with the ecological divisions of ecasystems or biosystems. Such concepts
have formed the basis of the Canadian-Land Inventory Survey, carried out since
1964, as "An Ecological Land Classification". The resulis of this survey were
available at three different levels - ecosystem classification, at a scale of
T to 1 million and based on LANDSAT imagery; soil and land for classification
-as a subdivision of the above at a scale of 1 to 250,000; site specific classi-
fication at a scale of 1 to 50,000 which incorporated local details of the
vegetation terrain, rainfall and soils. Resulting from this survey there
are maps which could indicate, for example “soil capability for wildiife®. For
example, maps have been prepared to show the distribution of ungulates and
waterfowl in relation to conservation and hunting requirements. Robinson
expressed the opinion that such approaches held promise for prediction of
"wildlife species densities in relation to conservarion or control purposes.

Discussion N.B. Q = guestion
A = answer
£ = comment

Q Howard You have made no comments or criticisms on the various methods.
Do they require experience of the method on the part of the user
and a pre-knowledge of the system? Could indices of various
aspects be usefully constructed?

A Robinson The British surveys do tend to be too general, farmers do not
profess to use them a lot. They are perhaps too general to be
of practical use. Farmers say that every field is different.

The surveys are probably of more use to planners than to the
farmers.

Q Macdonald In the Canadian survey how was the suitability of land for ungu]ates
assessed?

~

A Robinson On a very ad hoc basis.

C Macdonald So the problem remains of understanding the impact, on the key
species, of those habitat variables described.

Q Bunce “Are the results of the soil survey for- England and Wales as

‘opposed to Scotland rigorously comparable, or are the criteria
used slightly different?

A Robinson Yes, there are minor differences in the methods for the regions:
for example Scotland has two extra divisions at the very "Tow" end
of the scale of usefulness. The divisions are, however, too
arbitrary in any case.

C Bacon I am glad you have raised this question of the scale of classifi-
cation. In our context I believe one needs a small scale for pre-
dicting fox densities, but a higher scale is probably necessary
for sufficient numbers of rabies cases to be reported to allow
statistical treatment.

A Robinson Yes, for example the subdivisions utilised 1n the Canadian scheme
might be appropr1ate




Q Zimen The classifications you describe are based on many attributes.

Has anyone summarised this information in the form of diversity
indices? ‘

A Robinson I do not know of anybody uUsing diversity indices but in any case

I do not think statistical methods are an appropriate way of
summarising such data.

C Bunce Diversity indices are too dependent on the number of attributes
used. A1l published diversity indices are misleading for this

reason. Delegates interested in this problem should contact
Ken Lakhani at the ITE Monks Wood.

A Robinson This sounds very similar to the situation in geography where single
number indices had been found of 1ittle value.

The British Land Use Survey

Dr. A. Coleman

The survey which she had undertaken regquired the mapping of landscape
features at a resolution of 6" to a mile and results were being published at
a scale of 23" to a mile. Data were recorded such that a resolution to a size of
about 10 x 10 metres was possible. The Second Land Utilisation survey of Britain
could not provide maps of vegetation of all species for Britain but the survey
was comprehensive, unlike those of the NCC and the ITE which were based on samples
only. The scale of recording precluded the inclusion of great detail of vege-
tation and although they would like to provide detailed vegetation maps, the
maps available would preferentially record the dominant species. Coleman con-
sidered how information from her survey might be useful to predict fox densities:
she considered this in two areas, firstly in -the. countryside and secondly -in
urban areas. . In rural districts vegetation was recorded by mapping the boundaries
of the prominent -vegetation zones. Within each zone the vegetational composition
was recorded using four symbols (each symbol representing the species) which were
listed- in their order of abundance/dominance. In urban areas the maps show, for
example, where areas of grass and scrub occurred within houses and factories. '
Garden boundaries and allotments were also shown. It was possible to define 250
. different categories. A recent update of her survey in an area of inner London
showed an increase in the amount of derelict land, due to inner City demolition.
There is now a great deal of vegetation on disused iand in the inner cities.
The amount of disused land has increased in this borough between 1964 and 1977,
and 15% of the area is currently disused. Coleman showed maps to illustrate how
the. distribution of bracken {(Pteridium aquilinium) within Britain, as shown by
her survey, had been related To the incidence of stomach cancer in people, which
was caused by a carcenogenic substance in bracken which had contaminated cow's
milk. She concluded by saying that she hoped to learn at the conference what
aspects of habitat were important to foxes: for example in cities she imagined
that railway embankments might be important and that in the countryside hedges,
or the lack of them, might also affect fox densities. She asked the ecologists
at the conference whether: the details on the Land Use Survey maps would be of
any use to them in predicting fox densities; what other information they needed;
whether the data needed to be particularly recent. She concluded that a map of
the fox densities was necessary for rabies epidemiology studies and that it might

be feasible to construct such a map by amalgamating maps showing aspects of the
Tand which were favourable, or unfavourable for the fox.




Discussion
Q Nicholson Do your maps distinguish between individual houses?

A Coleman Houses were not mapped because it was initially thought
that planning authorities would do this every five years.
. The basic data on houses comes from the Ordinance Survey
maps themselves.

C Zimen Coleman had asked whether her maps would be of any use to
fox ecologists: as a fox ecologist he would find them

extremely useful; he regretted that in Germany such maps
~ were not available.

Q Zimen Had Coleman used Satellite photographs in her survey?

A Coleman Sateilite photographs were not ava11ab1e§ she had used
- - field survey methods.

C Zimen - She must have had a lot of QoTunteer helpers.

c Ziﬁgg ' Coieman had asked why urban foxes occurred in Britain but

not in Europe. In European cities derelict or waste land
does not occur within the c¢ity boundaries. He believed -
this was the answer. '

C Coleman It would be possible to produce maps from my data of derelict
land within the c¢ity boundaries. But the comprehensive survey
is based on data for 1964 and is not therefore up to date. In

Britain there are currently a number of surveys on “"vacant
land" be1ng undertaken.

Q@ Macdonald Are the date underlying the survey gquantitative and could
they be collected by relatively untrained observers?

A - Coleman The measurement method is easy and could be readily undertaken
by other people. Such data define five types of land: town-<
scape, urban fringe, farmscape, marginal scape and wildscape.
These categories could be further subdivided. Coverage has
been so far obtained for 95% of Britain.

Q Macdonald  Is there such a map for Oxford?

. A Coleman There is a map for Oxford held in London.

General discussions

C Armitage Are a priori methods of classification suitable for the purposes
. of rabies epidemiology or fox densities? Could one use such
existing data, or was a new method required?

C Emmanuelsson (Commenting on Armitage's point) There is a lot of redundant
data in vegetation maps, but there are also a lot of vege-
tation types which are important but which are not mapped. He
believed that the vegetational, and habitat, details required
would depend on the species being studied.




Habitat Analysis and Bird Populations in Northern Sweden

Dr. U. Emmanuelsson

LY

His paper presented the results of pilot survey to assess the suitability
of the "wilderness” areas of Northern Sweden and Lapland for bird species of
conservation importance. The landscape was mainly birch forest and moorland.
This represented some of the largest untouched wilderness areas of Europe and
was currently threatened by peat extraction, hydroelectric developments and
tourism; ironically the tourism largely tock the form of interested naturalists
visiting the area and damaging the fragile tundra vegetation by trampling. It
would not be feasible to assess bird species densities over such vast areas by
direct field survey techniques. Even if this were possible, it would not be
adequate to visit each area only once. For example the long tailed skua {(a
predatory sea bird) will only be present in areas of high temming (Lemmus_lemmus),
density; accordingly if suitable areas for the bird were surveyed in years of
Tow lemming numbers it would be assumed to be absent; in fact its habitat
requirement were very characteristic and field work had been shown that its
presence could be predicted on the basis of these. It was similarly possible to
predict the hunting areas for white-tailed Eagles, although nest sites could not
be similarly predicted. The survey had been undertaken in relation to a wide
range of bird species; 1in general the most important predictive factor which
they had found was the amount of "border" between different vegetation types.

Their survey had compmsed five stages:

A field survey mapping vegetational and b1rd species densities

A correlation ana1ys1s between the vegetational data and the bird species

data for each species.

The use of vegetation maps to predict, via the above established corre}at1ons,
the -bird species densities in areas previously unsurveyed.

A second field survey to record the densities of bird species in the areas for
which predictions were undertaken.

Correlation analyses to test the accuracy of the above predictions.

In practice, simple correlation had not been possible since many of the environ-
mental variables were highly inter-correlated; accordingly ordination analysis °
- had been performed on the environmental and vegetational data and regressions
subsequentiy performed of (1) those ordinated variables in relation to (2) the
known densities of particular species. Correspondence between the faunas and the
floras were in general good. They had investigated which environmental variables
were primarily responsible for those relationships. For example, mean altitude,
and the variance of the altitude within a quadrat, were both extremely important:
the distribution of many birds of prey in northern Sweden varied closely with

the variance of the altitude of the quadrats which could be thought of as repre-
senting the amount of cliff-face suitable for nesting sites.

Emmanuelsson addressed the problem of predictions in more detail, as these
were bedevilled by local changes. Over wide geographic regions the correlations
were sometimes unstable: he therefore suggested that a sample survey should be
undertaken in local areas, from which data the correlations could be re-estab-
lished, providing detailed coefficients for thatarea. Predictions could then
be made on a local basis, and sample areas re-surveyed to ‘test the accuracy of
- those local predictions. There was an interesting statistical problem in
determining the probability of finding a species in a particular quadrat and
the. confidence 1imits for this probability.




Using a trial approach they had shown that the predicted probability
of finding Merlins (Falco columbarius) was closely related to the observed
densities of field surveys. Predictions for many Passerine species were also
good, but predictions for Ravens (Corvus corax) were poor and very variable.
They belijeved that the poor predicitons for the Raven probably resulted from
the large influence of people on the distribution of that species.

Emanuelsson closed recommending the following procedures for predicting
animal species densities in relation to their environment:

1. A pilot study on which environmental or topographic variables are
important to the species ecology.

2. Sub-classifying areas according to those variables which are important.
3. A calibration survey of the 10% of those defined sub-areas.

4. Field survey of species densities in areas defined by the classification
of three above.

5. Ordination analysis of the field survey (or map attribute) data
obtained from four above.

6. Extrapolation from the relationships obtained between points 4 and 5
to predict for areas unsurveyed in point 3.

7. Field survey to test the accuracy of the predictions from point six
above.

Discussion

Q Carey Why did you not look-at vegetation structure? -

A Emanuelsson The Alpine/Tundra area is sufficiently simple in vegetation
~ for few species to adequately reflect the vegetations structure.

0 Berreen._ How do you test a prediction?

A Emanuelsson- Field work was undertaken this summer; 70% of the bird
. . species densities had been fairly well predicted particularly
those for passerine species and some raptors. For some of the
species poorly predicted the survey had indicated important
attributes which were not present in the original data.

" An Environmental Stratification Procedure for Britain

:Dr. R. Bunce

‘Dr Bunce described an environmental stratification procedure which he
had developed for Britain aimed, in part, to provide a means whereby the
results of the detailed local surveys could be extrapolated to a countrywide
basis. He drew an analogy between his aims and those of opinion pollsters
whose work showed that attributes of large populations could be accurately
" predicted on the results of properly randomised sample surveys.

Such predictions required three stages:

1. Environmental classification, based on attributes of climate,

topography, geology and human artifacts; these could be recorded
from maps. :




2. Ecological survey of the areas classified, and analyses to
demonstrate correspondence between the results of the classification
.and - the plant communities found within those Tand classes.

3. Projection of the correspondence analyses to predict vegetational
composition in unsurveyed areas and the testing of those predictions.-

The analysis was based on Indicator Species Analysis (developed by Hill;
e.g. Hill 1973, Hi1l et al 1975) and environmental attributes recorded from
maps {stage 1). The second stage of the survey involved detailed field work,
in eight randomly chosen samples sites for each of the thirty two land classes
defined by the above analysis. Within each of these 256 sample areas the
following details were recorded:

Vegetation composition for five random plots within each quadrat; soil
profile detajls from five pits dug at random within the quadrat; .ten linear

transects recording vegetation data; a complete mapping of the field boun-
daries and compositions.

His experience with this method, and similar previous studies, showed
that considerable skill was necessary to include the appropriate data in the
analysis to permit the stated objectives of the survey. He described a pilot
use of his survey to predict likely fox densities for the whole of Britain,
(Macdonald, Bunce and Bacon, in press}. The results of this pilot study were
extremely encouraging, but showed, however, that, from the point of view of
the fox, his survey currently under-represented the importance of urban land.
For other aspects of land use, for which his survey was much more appropriate,
Bunce showed tables 1nd1cat1ng close agreementbetween,for example, national

acreages of crop; lengths of railway line; such predictions were often
accurate to within only a few percent.

Bunce concluded by recommending that such an approach was necessary to
enable the results of detailed lTocal studies of fox populations to be applied
to wider national, or continental, regions. He suggested that a suitable
stratification procedure based on aspects of the environment, the vegetation
structure, and the vegetation composition could be usefully used to allow the
results of local studies of fox populations to be extrapolated to a continental

scale.

Discussion

Q Coleman  How many people had been involved in the survey; for how
long; what did it cost?

A Bunce The initial attribute survey took only six months and two man

years were needed for the field survey, a total of about eight
years in all. Taking salaries, travel expenses, etc., into

account an overall costing in the region of 100,000 would be
appropriate.

Q Mountford What gain in efficiency resulted in the use of the stratification
over, for example, a county system?

A Bunce He had no budget to test this question riQorous]y, but would be

very glad of a statistician to help with prediction problems in
such surveys.

Q Armitage On what basis was the data for the first classification
collected?

A Bunce: Environmental data for a quadrat of one square kilometre,




c

Wandeler

Bunce

Coleman

Bunce

Carey
Bunce

Zimen

Bunce

-Hacdonald

Bunce

Bacon

Could European. predictions be made with existing data, or
would further field work be needed?

Both further stratification and further field data would
certainly need to be done first for Europe. His experience
with such procedures showed that, in general, obtaining details
for more quadrats was more important than recording many attri-
butes for fewer quadrats.

Were the areas actually surveyed for environment variables
and vegetation difference? :

Yes, as the tables he showed had indicated, his predictions

were tested against data obtained from entirely independent
sources.

Were species area curves constructed from the data?
Yes, these were constructed by a colleague.

Had the predicted fox densities been validly tested, as
estimating fox densities in the field was extremely difficult?

The predictions were tested within the broad limits which
were applicable.

The spirit of the investigation of fox densities in Britain

was simply to indicate whether the procedure might be useful

if better data on fox habitats were available. The pilot survey
had knowingly ignored two important aspects of fox habitat

(1) urban land and (2) effects of human predation. There was no
implication that these first predictions were accurate, but he did
conclude that the principles involved were promising.

The results of the pilot survey had highlighted some aspects of
fox habitat requirement which were currently not well known, and
the survey itself could be used to aid in the selection of sites
where detailed studies of fox populations would be most fruitful.

Such a stratification could be most useful in choosing areas in

= —___which to study foxes: time and expense of field work could be

Emanuelsson

Bunce

Wandeler
Macdonald

Bunce

consTderably reduced by choosing study areas that contained a
mosaic of land classes which were close together.

Could a new stratification be devised from the data, which

would be more applicable to foxes, by selecting from the existing
data those attributes more relevant to foxes?

This would be possible, but the main divisions within the strati-
fication were climatic.

Do you imagine that your estimates will closely reflect
carrying capacity or actual densities?

Under the conditions of our pre11m1nan/exerc1se the predictions
are more likely to reflect carrying capacity.

1t is hoped that the data base for this stratification will
shortly be updated. For some crops, for example oil seed rape,
farming practices are changing so rapidly that almost yearly
surveys would be required to ensure the current data were
accurate.,
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Estimating Fox Population Indices in France and Correlations
between Fox Densities and tand

. Dr. M. Artois

LY

Most studies of fox densities were both too local and too time-consuming
to be of value for rabies epidemiology. It was possible that indirect methods
of estimating fox densities could be adequate based on (1) a hunting index or
(2) spotlight sightings done at night. He had investigated two indirect methods:
(1) a hunting index, based on the number of adult foxes shot per 10 km. x 10 km.
square during the period January to June. Autumn kills were excluded because
hunters do not distinguish between juvenile and adult foxes in their reportis.
(2) A "kilometric" index: this was based on the number of foxes observed during
a 40 kilometre road journey, undertaken from a vehicle moving at 10 kilometres
per hour, equipped with a Loo watt bulb spotlight. This allows foxes within a
range of 50 - 300 metres of the road to be observed, but was limited to areas, or
seasons, where the vegetation was not very tall.

His results, for 14 sample quadrats in Southern France, showed a hunting
index which varied from 1 to 50 foxes shot per kilometre squared. There was good
correspondence between the spotlight index and the hunting indices. However,
Artois considered that hunting methods were insufficiently varied to be accurate.
For example the intensity of hunting varied in different areasyand rabies, when it
occurs, makes animals easier to shoot. No correlation was found between land
type (farms, pasture, woodland) and the hunting index.

The result of his kilometric index indicated that sightings decreased in
frequency before rabies reached an area. He considered the reasons for this:

e.g. Enzootic rabies may have killed foxes that would otherwise have dispersed
into the area.

He concluded that neither of the two proposed methods worked properly, in
the sense of giving accurate measures of fox densities, although the hunting index
was of practical value. He considered that three aspects were important in estimat-
ing fox population densities in his area: (1) habitat attributes; (2) rabies
incidence, (3) hunting and fox population control procedures.

Discussion _

Q Carey  .Are you familiar with the paper on Fox Population Indices by
John Wood? ' :

A Artois. | Yes, but it is not applicable in our circumstances.

€ HWandeler Many of the methods developed in America have been tried in

Switzeriand but the results are not repeatable there, probably
because of the small scale diversity of European habitats com-
pared to those in the USA. I hope that the "radioactive" methods
may work.

Q Emanuelsson Have you tried snow tracking methods?
A Artois In the South of France there is not enough snow.

C Zimen We have tried snow tracking in Germany, and similarly found
there is not enough snow.

C Wandeler In Switzerland thefe is simi]dr]y either too little snow, or
far too much!
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C Zimen I am surprised of the high incidence of human induced mortality
suggested by some of your results.

A Artois No, human induced mgrta]ity is not high, much less than
30 foxes per 100 km™~ over the 6 months January to June.

C Zimen Then this is a very low figure (compared to Germany and Switzerland)
but do you think that this level of shooting is limiting the popu-
Jation?

A Artois There are two problems: (1) estimating the fox density and

(2) the low frequency of reporting represented by the hunting
index. In my study areas I try to get a formula to relate the
hunting index to known fox densities, but the correcting factor
varies between 2.5 and 10.0! '

Q Wandeler How did you assess mortality due to gassing?

A Artois  In France the gas used drives the foxes out of the dens and
they are then shot. :

Estimatihg Fox Numbers in Bristol

Dr. S. Harris

The urban study area where he works contains some . 170,000 households.
Within the study area he has selected two intensive zones for detailed study:
an area of old Victorian housing with small gardens; contrasted with a nearby
area of urban detached houses. Over a period of two years his own intensive
field work has been backed up by questionnaires and surveys requesting informa-
tion from members of the public on sightings of foxes; all likely areas were
checked and reports from the public were double checked. The common sites for
fox Tairs were either under sheds and in gardens, or else under floor boards in
the older houses (these latter sites were occuped less consistently, as a lair
used in-the house one year was generally blocked by the owners the following
year). A comprehensive coverage was obtained identifying twenty fox family )
" groups within the study area, wi%h densities in one study area varying between

2.64 and up to 5.0 foxes per Km.”; however, in the South of the town (south of
the river) the density varied beiween 0 and 1.02whereas in some areas north of
the river densities were up to 5.0 foxes per Km~. The number of badger sets in
some areas was also extremely high. He had been unable to find correlations
between fox density and either: human density; socio-economic status of the
region; area of houses per unit area; or area of open land. However, data
obtained from the R.S.P.C.A. on the incidence of stray dogs and cats showed
that: (1) few foxes occurred in the regions where there were many dogs, with a
highly significant negative correlation. (2) The density of stray cats was
positively correlated to the density of dogs, but most of these cats were fed;
true stray cats are a very small proportion of the pet cat population and
probably do not greatly affect the fox. Stray dogs were common in the City
centre and in some regions of Council housing; there was considerable variation
between housing estates as to whether particular estates had a lot of, or few,
dogs. The cause of death has been assessed for about 100 recovered corpses of
fox cubs. Road deaths accounted for 58%; dogs for 15%; unknown causes 10% and
a variety of other factors for the remainder.

Harris concluded that fox, and badger, densities in Britain were extremely
high, and that these animals reacted with man, and his pets, in a complicated
fashion. He would not suggest that data for Bristol were necessarily typical of -
other cities - the situation seems far too complex for that to be likely.
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Were there really 91 badger sets within the study area?

-

Yes.

What is the fate of the approx1mate 100 fox cubs born each
year in your study area?

Most of these disperse; an unknown proportion are killed by
snaring for fox pelts. ' '

In Birmingham there are fewer dogs than in Bristol but there
are great differences in the densities of dogs depending on
ethnic class and the status of those ethnic groups.

I investigated such relations using previous census data, but
did not find good correlations.

What did this enormous density of foxes find to feed on?

A lot of them are hand fed by successions of pecple! People
in Bristol like foxes. Pet rabbits, guinea pigs etc., also
provide such food.

The density of urban foxes reported was exceptionally high.

In Saarbruken they had tried a similar questionnaire and hoped
to get an idea of fox distribution; they had had only one report
for the whole city over the entire year.

There would seem to be an analogy with the Robin: in
Britain it was a popular, tame, garden bird whereas on the
Continent it was scarce, shy, woodland species.

I was surprised your figures discounted cats as predators on fox
cubs. While rearing a young fox cub in an urban area this spring:
I found its presence was largely ignored by local dogs, but that
it was stalked by most of the local cats. Do you think there could
be a bias in your data underestimating the effects of cat predation?

There might be a small bias, but I doubt it would affect the
overall picture.

The parallel studies in Oxford and Bristol are showing very
sigaificant differences in the fox densities of the two cities,

and indicate that the blanket term of "urban" habitat is too
simple to be very useful. .

Why don't dogs kill cats?

Cats can escape much more readily than foxes, and are
extremely vicious.

There seems to be an important factor missing in relation to
the relative densities of dogs, cats and foxes.

Were the road deaths uniform?

Yes, they‘are a lot more frequent on city boundaries.




Q Meredith Are there historical records of fox spread into urban areas?

A Harris Yes, but the patterns and details of such records vary a lot
from city to city. *

C Bunce In Continental cities is there not much less waste land that
is suitable for foxes?

C Zimen I agree; 1in German cities there is no garbage, no birds,
there is nothing for foxes! :

A Harris I agree.

C Berreen It sounds as if there may be cultural effects within fox

populations within cities; learning between foxes could be

imgqrtant, accounting for poor correspondence between different
cities. | -

C Bacon There might be useful analogy here with cultural learning
demonstrated in birds: for example cultural learning in
Blue Tits (Parus caeruleus) feeding from milk bottles and
of Siskins (Carduelis spinus) taking peanuts from a new type
of plastic container from bird tables.

C Berreen I think the word "stray" is inappropriate for dogs in urban
areas; most of these do have a locus of operation if not an
actual home and are more accurately termed 'loose’. Conversely
many of the cats found in cities are genuinely roaming and feral
and for these the term "stray" would be appropriate.

A Harris Yes, the term "loose" would be more appropriate for many urban
dogs. '

Wednesday 17th September
Statistical Considerations in Land Classification

P. Howard.

Howard was presenting a review of statistical considerations of aspects
of land classification that were relevant to prediction of animal densities.
A full version of this review, with extensive references, was available from
him on request. _ .

Classification was a technique intended to emphasise the similarity
hetween objects, and classes of objects. Historically there were two basic
approaches: monothetic classification, using single criteria for each division, -
and running the risk of serious misclassification of an object which was
abberant in one character; polythetic classification was based on the overall
similarity of the many attributes but, while all members of a particular class
of amonothetic classification would share many attributes, there would not,
necessarily, be any one attribute which was common to all of them. Techniques
of multivariate statistics had recently been applied to classification problems:
generally these aim to identify discontinuities, or low densities of points, in
the multivariate space that is representing the object under study. Kendall
and Steward had used such a definition for classification, and argued that it
was only appropriate for sets of data where such discontinuities exist.
Conversely, the technigue of dissection can be applied to any set of data and
would also group the data items into classes; however such a grouping might
not necessarily be useful. '
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The major problem in classification was which properties of the objects
under study should be used to achieve the classification? Practical grounds
demanded selection of a sub-set of properties in order to achieve the classifi-
cation, and experience showed that conscious selection of attributes more likely
closely related to the end-use required for the classification were generally
more economical. It had also been generally found, in multivariate studies,
that if many properties were used there would be much intercorrelation between
them, and accordingly included much redundance. On similar statistical ground,
it had also been shown that a large matrix of data items tended to produce
unstable eigenvalues in the resulting analysis. There was a considerable body
of evidence suggesting that, before muitivariate classification.algorithms were
used, an ordination technique (such as Principal Component Analysis (PCA) or
Factor Analysis), to reduce the dimensions of the data set and produce orthogonal
variates, were an advantage. :

With respect to the basic data the initial choice of information recorded
could greatly affect the type of subsequent analysis which could be validly
carried out. For example discrete data, (i.e., presence/absence data), often
termed "attributes" required different procedures from data recorded of continuously
varying factors, usually termed "variables". Analysis of disordered multistate
data {e.g. colour classes) and ordered muitistate data (e.g. rare, common,
abundant) was more difficult, as was analysis of meristic data, in comparison to
continuous variables. Presence/absence data were also poor for identifying
subtle variations; 1in general one should not convert continuous variables -
into discontinuous attributes for ease of recording, as this limited the power
of subsequent analyses. '

Howard mentioned some of the advantages and the disadvantages of various
multivariate techniques, (detailed consideration to these is given in the full
version of his paper). He considered ordination techniques, cluster analyses,
principal component analyses and principal co-ordinate analyses. He suggested
that if a classification; or stratification, was- required to predict animal
densities this should be chosen so that it statistically reduced the variance
of the densities within the strata defined by the analysis; he recommended
investigation of the adptation of K-means cluster analysis to such problems.

This technique would produce a specified number of clusters, with minimum

variance properties within the clusters; he had found that it was often an

advantage to use Principal Component Analysis scores as input to the K-mean

.- analysis, as these were orthogonal and of reduced dimensionality. The K-means
technique required continuous data. He thought there might be merit in investing

the use of aglomorative statistical techniquem using for example, Gower's distance

measure, to provide an overall summary of disparate types of data.

Finally, Howard wished to question whether classification was necessarily

£he right tool for predicting fox densities. He suggested a regression formula-
tion might be more appropriate -

D=+¢F (e], €5 tenns en)

He cited Hirst's study of ungulate species in South African woodland
savanna as an excellent, rigorous study using such an approzch. Hirst had
stratified the savanna woodland into 14 vegetational types, to permit efficient,
representative sampling. Within these vegetation zones he had recorded both the
density and distribution of ungulate species and the values of 25 habitats vari-
ables. Hirst had performed Principal Component Analysis on the habitat variables,
and found that 95% of the variance of the initial 25 variables was explained on

the first 10 axes. Both temporal and spatial distributions of ungulates could
be related to many of these factors.
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I agree with your suggested regression of approach. If the
environmental variables (e,...... e ) are PCA scores. Do

you agree that this is des]rab]e?
That'would generally be an advantage.

Would caution in interpretation be necessary if the first
component explained a lTot of the variance?
Yes; but I have found this unusual with environmental data.

I do not understand the efficiency you attributé to the use

of PCA scores; these represent the same data, with similar
errors, _ ' L

I dﬁsagree: the statistical requirements of the analysis are
better met with fewer orthogonal variables.

Such descriptive modelling is an interesting approach but how
does one interpret aspects that are 1mportant on several of
the component axes?

Because they are cross-correlated to other factors: however
one cannot be sure without knowing the detailed data structure.
1 agree that static, descriptive models have serious limitations.

I am worried that initial structures within the data may be
lost, or obscured, by orthogonal ordination analyses.

The aim of stratification was to "hold the environment constant"
and look for factors that determine greater variation between
classes as opposed to within them.

Analytical approaches are powerful, and simple to perform,
but did not necessarily lead to optimal interpretation.

The conference was addressed to the exercise of predicting fox |
densities: I can see no reason why these should not be pre-
dicted using standard, tried methods.

‘Even so, 1 do not see why these predictions cannot be made
“from the original._data.

- There were complex advantages and disadvantages associated

with the use of PCA and similar ordination techniques; it

was likely that the aims of interpretation and prediction might
be better met by different methods, as opposed to a common
technique. I find your suggested regression approach to esti-
mating density, rather than using a similar value for all
squares of classification, of much merit. Do you think it might
be feasible to similarly estimate further aspects of fox popu-
lation dynamics such as: carrying capacity; reproductive
potential; mortality; dispersal; etc.?

Yes; this might be feasible.
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C Macdonald Regarding Howard's closing remarks on a regression approach
with which I wholly agree, I can see that Phil Bacon and I
may have unwittingly mistitled this meeting. We did not
intend the word "classification" to indicate a particular
approach to the analysis of habitat characterisation. On
the contrary we used the word colloquially to indicate the
quest for any method of quantifying environmental variables
which would help in the understanding of fox-habitat relation-
ships. I hope then, that delegates do not interpret this as
a lack of favour for, say, regression approaches.

C Berreen In practice, in the field, is not reproductive capacity the
easiest of parameters to measure?

A Macdonald Yes.

- C Wandeler It is possible to assess the reproductive capacity quite well
- in the f1e1d but the other factors are extremely difficult.

¢ Mollison Are not density estimates adequate for rabies studies?

C Bacon. Density estimates, or simply aspects of habitat itself,
might be sufficient to identify areas where rabies pers1sts
endemically. However, the scale and magnitude of population

density variation, in both space and time, needed to be known
for dynamic modeliing.

€ (unknown) But density is easier to est1mate than the factors suggested
by Bacon.

A Carey I strongly disagree with the previous comment! Assessment of
' reproductive potentials allows one -to 1nvest1gate habitat
quality from the po1nt of view of the fox.

C Berreen Representat1ve samples would give unbiased estimates of density;
’ if this did not happen, then the samples were not representative.
Since reproduction potential was density-dependent, it could not

be accurately assessed in ignorance of an index of absolute
density.

- C Macdonald Despite the detailed practical drawbacks the techniques being
discussed suggested means whereby the findings of intensive

studies in "similar" local habitats could be related to
Continental scales.

C Carey There has recently been a conference in the United States,

- "Multivariate Analyses of Wildlife Habitats" the proceedings
of which (edited by Capen) will be shortly available. The
feeling at this meeting was that PCA analysis was becoming dis-
credited, and preference was now being shown for "obligue"
mu]t1var1ate analysis techniques.

A Howard PCA does assume linear relations among the original variates
and that the underlying factors are orthogonal. Use of oblique
factor analysis was becoming much more common, but was currently
insufficiently used to justify confidence in the advantages

clained for it. There were also encouraging recent developments
in maximum likelihood techniques.
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Rabies and Foxes in South West Gernany

_Dr; £. Zimen

In the early days of the European rabies epizootic Dr. Bdgel had shown
a correlation between a hunting index of fox population density and the
number of rabies cases. 1In areas where the hunting index was less than
0.315 foxes rabies was rarely, if ever, reported. B#gel concluded that the
hunting indicator of fox population density (HIPD) was a function of fox
population density and positively correlated to it. It had been suggested
that a suitable control policy would be to reduce fox population densities
to a level at which the HIPD index was so low that rabies could not persist
(e.g. 0.2 foxes per km.}. There had, however, been considerable public
opposition to the gassing of fox earths which were undertaken te effect this

reduction, and subsequent work suggested that this initial analysis was too
simple. '

Zimen presented a number of figures (figures 2 and 3 A - D) which supported
his suggestion for complex interactions between fox and: human population
density; mortality from human hunting; the percentage of Tand area which was
afforested. Initial field work suggested. that fox populations were "r" selected
in fields in the rural areas, but "k" selected in forest areas. Zimen suggested
that when rabies came into an area of such mixed habitats that he was studying
that many deaths occurred in the "r" selected field populations, resulting in a
reduction to low population levels, whereas few deaths occurred in the forest
habitats, where only a moderate reduction in density was achieved. Subsequently,
adults and juveniles from the forest habitats might disperse into the field
zones and thereby elevate the population to levels at which rabies could persist,
or re-occur. He presented data (figure 4) which indicated that such a situation
might have arisen when rabies passed through his study area. '

He concluded that the relation reported by Bdgel might be misleading. In-
some cases it might be that the number of foxes shot decreased the stability
of the fox population and therefore caused, for intermediate initial fox
densities, more cases of rabies. -

Discussion .

C Bunce Walkers prefer mixed environments; do fox hunters show a
similar preference?

A Zimen Most shooting in forests is done at the edge of fields from -

' high seats.
@ Howard Are there not biases in your estimates of population densities
' from shooting figures within your study areas because one caonot
get a long line of vision, or shot,in a forest?

A Zimen Yes; there are further biases %n that a hunter in the forest
is shooting deer and does not compete with foxes, whereas in
fields foxes take pheasants and the hunter will of course shoot
foxes to protect his game.

C Thieme You have no estimate of the percentage of foxes shot in your

different habitats. Your index is therefore as "biased" as
BYgel's. Mathematical theory shows that for endemic diseases
(not really valid for rabies) there is a linear relation between
the number of deaths and population densities.
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areas following deaths of rabies and aiding the persistance and reoccur-
ance of the disease: data for Zimen's study area.
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Q Berreen Did you find microtine species on the city fringe?

A Zimen No.

Q Berreen But the proportion of Microtus in your trapped samples was less?

A Zimen Yes; but the difference was made up by other rodents, mainly
Apodemus,

Q Thieme Do you think that rodents are a limiiing factor in those circum-
stances: could it not be rabies?

A Zimen Yes, it could be rabies; but the population dynamics of the
fox in different areas are of importance.

Q Bacon Would you conclude that, in some circumstances, the disruption
caused to fox.popu1ation by controlled killing might enhance,
rather than hinder, the spread of rabies?

A Zimen Yes, I would, I would suggest that one should either kill a

very high proportion of the population (perhaps a higher propor-
tion than would be feasible) or leave the population alone.

However, there are some areas of North Germany where there is
much hunting and no rabies. )

Predicting the course of Wildlife Rabies from Habitat Data

Dr. C. Meredith

Rabies has been known in South Africasince the nineteenth century, and
may have originated then via imported dogs of the settlers. In broad terms
there were two zones of rabies in Southern Africa, as shown {figure 5). In
the South there was an area of enzootic rabies, where species of mongoose were
the main vector and reservoir; 1in the north there was an area of epizootic
rabies, where various species of canids (feral dogs and blackback jackal) were
the main vectors and the reservoir.

Since 1950 the zone of epizootic rabies has been spreading South from the
Northern region. It appeared that the extent of the Viverrid rabies might have
increased since 1970, but this might just reflect better reporting since that
date, In that region there were three main vegetation zones: grassvelt, corres-
ponding to montane temperate vegetations; bushvelt, representing thorn bush
(arbitrary) transition boundaries. Mongoose species, particularly the yellow
mongoose which is a prime host of rabies, favours the grassvelt zone; these
species and enzootic rabies accordingly show a distribution which is limited by
altitude. A similar association could be found between the genet (Genetta genetta)
(which burrows) and the bushvelt vegetation. 1In general, species with high
habitat specificity were important as rabies vectors only over a small part of
their range. Conversely, animals with less habitat specificity were associated
with rabies over a higher proportion of their range.

In South Africa most of man's (unintended) activities actually favour the
increase of rabies cases! Apart from direct alteration of habitat, favouring
enzootic rabies, men also destroy predators which hold the small carnivores in
check; for example black eagles. Suricates and wild cats all prey on mongoose
species. There was also a considerable problem from feral dogs and domestic
hunting dogs; hunting dogs are illegal and accordingly even pre-exposure
immunisation clinics for dogs were no answer to the problem because the owners
of hunting dogs were afraid to request immunisation of an animal for which they
zad no licence. Most human exposure in South Africa is through feral and hunting

0gs.




Figure 5 Regions of enzootic and eplzootic rabies
in scuthern Africa.
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There were some aspects of human activity, such as cereal monoculture, which
decreased the overall number of animals, and hence of carnivores. Also deserti-
fication which on the Western border of South Africa might be advancing at a

rate of as much as ten kilometres per year also decreased animal densities and
therefore carnivore species. .

Meredith concluded that concepts of habitats were of practical value in
South Africa where they were used to assess, qualitatively,likely risk of

rabies arising. Current data were, however, quite inadequate for scientific
determination of likely problem areas.

Discussion

@ Crowley Whey are there no cases of rabies near the coast?

A Meredith The coastal region is jinhabited by the Banded Mongoose which is
not presently infected with rabies. However, this species is

1igg1y to become infected soon, via a recent epizootic of canine
rabies. .

Q Mollison How much does the level of rabies fluctuate; does it fluctuate
in the enzootic regions?

A Meredith In the enzootic area there is a much lower incidence of rabies in
the wet season but a very high incidence during drought or the
dry season. There is also a high incidence of rabies in August
and September, when the kits of the yellow mongoose are driven
out of parental territories; this season also corresponds to the
drought period in the year.

Q Mollison Are any spatial effects manifest?

A Meredith There may be two to three years waves of incidence in local
areas, but no extremely high mortalities occur. They could
probably demonstrate spatial, and temporal patterns, if their
data were on computer,

Q- Carey Was there any seralogical data on the wild animals?

A Meredith Regrettably, there was none at all. He hoped to do a serio-
logical study the following year. Some cases of rabies had
just been reported in fruit bats near a city (Durban). The
control schemes being used in South Africa were not designed
for cities and would not work there. He believed it was most
jmportant to establish whether or not & carrier state for rabies
existed in the yellow mongoose, and other mongoose species.

Q Zimen You mentioned that there had been nine cases of rabies in
humans; how many people were treated?

A Meredith About 100.

C Zimen That ratio is very surprising; in Germany'4,000 peop!e are
treated annually, and less than one case is reported in humans
annually.

C Carey 90% of treatments for rabies in the USA are almost certainly

quite unnecessary.




-

Figure 6 Variations of (i) territory size and (ii) group size under Macdonald's
hypothesis depending on:

1 seasonally available foods (A-D)
at Il varying densities (A-D or a-d)
The types are assigned Tocations at random

Adequate food in For 2 foxes 4 foxes
Spring a) 4
Summer ! b') ‘8
Autumn ' - ,’ c
Winter dJ [ bt

(Db'AfAACfBAcVCB
wcAAabBcadC
Aadc)BBDcCCA?D/
':A"g,;f;an\AccaADC‘
'_;‘Achchd

faa f‘,

A &

‘. n r-"
. N L
A7
PRl & o
el b
e 3

Cah i

=7} Only 2 foxes throughout year

4 foxes throughout year




20

A Meredith A 100 was the number of people treated that were probably
exposed. Many more people were treated who almost certainly
had had no real exposure; accordingly a lot of money was
unnecessarily wasted on expensive vaccine. :

Q Zimen Was there any estimate- of the number of human rabies cases
in the whole of Africa?

A Meredith I have no idea what this number might be for all Africa. I

believe that less that 50% of cases are reported in South
Africa.

- Q Hollison Did the war in Zimbabwe affect the situation, and perhaps
: make it worse? '

A Meredith Yes, in South Africa attempts have been made to control rabies
for over 40 years and the situation is now worse.

Q Berreen Are the grassland areas burnt, and if so when?

A Meredith There is widespread burning in late winter and early spring
much of which is deliberate.

Q Berreen In that case do you fiqd that the burning occurs before your
peak incidences of rabies perhaps due to population disruption
caused by the habitat destruction created by burning?

I

Meredith Yes, the peak incidence of cases occurred after the burning,
and your interpretation is probably correct.

Fox Studies in Habitats around Oxford

Dr. R.W. Macdonald, N.G. Hough and M.T. Newdick.

The home range sizes of foxes around Oxford vary widely and these .

ranges correspond approximately to defended territories. The number of adults
in the territory also varies considerably. Individuals within a territory
meet, interact amicably, and even play together frequently. Mortality and
natality vary between habitats. Such fox groups have been studied both on
Boars Hiil1, (an area of houses with large gardens on the fringe of the city)
and in the city centre itself. Many foxes have been radio-tracked in the area
and it has been shown that their night to night patterns of territory utilisation
were similar to their overall use over several days or weeks. The data suggest

that the individuals have specific patterns of use of their territory both in
"space and in time. These patterns and the differences between individuals within
territories, suggests that foxes may "timetable" their activities in order to
exploit more efficiently the food sources within their territory.

Both territory size, group size and the composition of the territories
vary considerably; accordingly the habitats within the territories were
classified and analyses carried out on the relative and absolute areas of each
habitat ‘within several territories. The amount of land of some habitats, such’
as fields and woodlands, increases as territory size increases; however
absolute area of residential land and the absolute number of houses within
territories on Board Hill tend to be very constant. Macdonald suggested that
these sites provide the major food sources for the foxes, and hence a pair tends
to have a constant number of houses within their range in order to provide food
throughout the year. Depending upon the dispersion of these patches of houses
(or, in principle, any other food patch) their territory size will vary in order
to incorporate intervening stretches of land which may be largely under or
unutilised. Macdonald suggested further that the group size of foxes within a
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