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UNIVERSITY OF SOUTHAMPTON
ABSTRACT
FACULTY OF SCIENCE
DEPARTMENT OF BIOLOGY
Doctor of Philosophy

Ecology and vagility of the grass snake Natrix natrix
helvetica Lacépéde in southern Britain.

The movement ecology of free-ranging grass snakes (Natrix natrix) was
examined at a site in Hampshire, England. Miniature radio transmitters were
surgically implanted into 18 adult snakes for periods ranging between 7-313
days and the behaviour of the snakes observed. Several of the transmitters
contained built-in thermistors which enabled the body temperatures of snakes
to be remotely measured and logged. ’

The use of space was examined using two methods of home range analysis.
Minimum Convex Polygon analysis showed that intraspecific variation in the
size of home ranges was high (0.54-33.49 ha), but Multi-nuclear Polygon
analysis showed that only a small percentage of each range was used
intensely. Monthly range sizes were greatest in May and July and the ranges
for all months overlapped considerably. The monthly ranges of individual
snakes also overlapped and this is discussed.

Most daily distances moved were small and snakes did not move at all on
65% of daily observations. However, 1.5% of observations recorded daily
movements over 300m. Seasonal migration was observed in both sexes but not
in all cases. Movement was much reduced in the periods before ecdysis and
after feeding.

The preferred body temperature of the snakes was approximately 31°C.
Snakes warmed rapidly on emergence and cooled more slowly on submergence.
Emergence appeared to be initiated by increased substrate temperature and
submergence by decreased insolation. Body temperatures less than the
preferred maximum were attained by snakes which could do so without
emerging and this is discussed. Body temperatures fluctuated considerably
while snakes were moving and activity was possible under a wide range of
body temperatures.

The preferred habitats of snakes were deciduous woodlarid and grassland,
and snakes showed a marked preference for linear habitats, in particular
woodland edges. Snakes selected microhabitats which provided both cover
and basking opportunities.

Laboratory investigation using time-lapse video showed that grass snakes
exhibited a behavioral response to areas previously used by the adder Vipera
berus, though no such response to areas used by conspecifics. The use of
scent trailing and chemical cuing are discussed.
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1.1 Taxonomy and appearance

The grass snake, Natrix natrix natrix Linnaeus is an oviparous member
of the Family Colubridae, the largest and most widespread family of snakes.

The Genus Natrix is widespread, appearing in Europe, North Africa, North
America and Asia as far east as Japan. There are three European species of
Natrix (N. natrix, N. maura and N. tesselata, of which N. natrix is the only

species found in Britain.

The grass snake is olive-green in colour with vertical black markings
and a vivid yellow collar. Specimens caught in the course of this study,
were, with one exception, less than 1m in length, although individuals
elsewhere have been reported which are in excess of 1.5m (eg Smith, 1951).
Female specimens are typically larger than males in both length and girth and
have relatively shorter tails, both of which features aid in the identification
of sexes. Adult males typically weigh less than 100g and females 150-300g.

1.2 Distribution
Colubridae are found in tropical, subtropical and temperate regions of

the Americas, Africa, Eurasia and Australasia and comprise some 2,500 of the
known 3000 (approximately) snake species recorded (Webb, Wallwork &
Elgood, 1978). The species is widespread throughout western and central
Europe and Asia and Northern Africa, and in Britain, can be found over most
of England and Wales. The subspecies found in Britain is Natrix natrix
helvetica Lacepéde, which is also located in France, Switzerland, West

Germany and Italy. Maps of the distribution of the species in Europe and

Britain are shown in Figures 1.1 & 1.2.

1.3 General biology
The grass snake, in common with other British reptiles, overwinters

in a state of torpor, thereby reducing the active season to approximately 7
months. Madsen (1984) reported communal overwintering of a large
population of N.n. natrix in Sweden and that the snakes remained in the
vicinity of the winter refuge until mating had occurred.

Smith (1951) and Frazer {1983) both noted that amphibians, and
particularly frogs, were the preferred prey of the snake, but that toads,
newts and small mammals were also taken.. Prey are consumed live and
digestion may not be complete for several days if large prey items have been

takern.




Figure 1.1 European distribution of the snake Natrix natrix.
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Oviposition occurs from June to July and the eggs hatch after 6-10
weeks, dependant cn the temperature at which they incubate (Smith, 1951).
There is no subsequent parental investment. The eggs are laid in clutches
in an environment which has a higher than ambient temperature in order to
facilitate development. Madsen (1984) reported that radio-tracked females
at his study site all used one of two man-made compost heaps and he
emphasised the importance of such places. An employee of a Hampshire
County Council tree nursery stated that grass snake eggs were found each
year in a heap of composting bark (anon., pers comm). In the absence of
such sites, it is not known where eggs are laid.

Grass snakes have a commonly reported affinity for water and are often
associated with ponds or slow running streams and ditches. In this study,
grass snakes were observed in and around a pond, but were more commonly
found in woodland and edge habitats such as field and woodland boundaries.
Observations at ponds are probably widely reported because the animals are
more easily seen in such habitats, whereas in grassland and field edges they
are more cryptic.

Overwintering begins in October and it is thought that snakes may

return to their previous winter refuge (Madsen, 1984).

1.4 Incidental observations of grass snake ecology

The following observations were made during the course cof this
research project and are intended to complement the general observations set
out above. They have been placed in this introduction because they are of
general interest, but are not directly relevant to the chapters that follow.

All observations made during this study indicated that the snakes
overwintered in shallow underground refuges, such as rodent burrows or
cavities made by tree roots. Spring emergence began in mid-March and the
earliest sighting at the study site was on 23rd March in 1988, although grass
snakes were reported and observed (Noble, pers comm) at other locaticns
before this date. Male and female snakes emerged at approximately the same
time and although the first individual caught in both 1988 and 1989 was
female, there was no evidence to suggest that males emerged significantly
earlier than females, as has been suggested for a number of other snake
species (eg. Viitanen, 1967 & Prestt, 1971, Vipera berus; Brown & Parker,
1976 Coluber constrictor; Parker & Brown, 1980, Masticophis taeniatus and




Pituophis melanoleucus). A table showing the dates of emergence and a

description of the snakes is shown in Table 1.1.

Mating was cobserved on three occasions and in each case was at an
over-wintering site. In one case the female left the overwintering site the
day after mating and the male with which she had mated was not subsequently
observed at the site. These observations reinforce those of Madsen (1984),
who stated that grass snakes remain at the overwintering site and mate before
dispersal.

Snakes in the process of sloughing were observed on several occasions
during this research. For several days before sloughing the eyes of the
snakes became 'milky' in appearance {Figure 1.3) and the snakes noticeably
less alert. Although the snakes used in this study only sloughed once a
year, two distinct periods were evident during which many snakes could be
observed with either the 'milky ' eyes and dull coloration typical of sloughing
snakes or with the vivid coloration of snakes which have recently shed their
skin. The first period was in June of each year and the majority of snakes
appeared to slough at this time. Grass snakes at other locations also
sloughed during June (Gaywood, pers comm; pers obs). The second period
was in September and only a relatively small number (three) were observed,
all in 1988 and all at Chilworth.

The association of the grass snake with water arises from the food
preference of the grass snake, which feeds almost exclusively on amphibians.
In the three years of this study, it was possible to identify the prey of grass
snakes on 27 occasions. This was done by faecal analysis, analysis of
regurgitated stomach contents and by watching snakes consuming prey in the
field. Prey at Chilworth consisted exclusively of toads Bufo bufo, which
were abundant at the site. Frogs Rana temporaria, newts triturus sp. and
one small unidentified bird were also taken by snakes in either the New Forest

or at Whiteparish in Hampshire. Figurel.4 shows a female grass snake which
contains a large food bolus and Figure 1.5 shows a chart of prey species
taken by grass snakes during this study.

In captivity, grass snakes were offered frogs, toads and goldfish, and
ate each of these, although goldfish were frequently regurgitated before
digestion was complete. Neonate grass snakes were offered toad tadpoles,

which were taken one or two at a time. Captive adults were also known to eat




earthworms and one was observed taking worms fed by hand. Captive snakes

always refused dead prey.

a)

Date Sex SVL TL Weight
21-3-88 g 450 140 80
21-3-88 Q 700 140 168
23-3-88 d 550 160 65
24-3-88 d 580 150 83
26-3-88 d 570 150 87
28-3-88 Q 680 90 172
5-4-88 d 540 150 55
5-4-88 ? 590 160 161
12-4-88 d 600 170 84
22-4-88 Q 620 120 132

b)

Date Sex SVL TL Weight
24-3-89 J 480 140 93
24-3-89 ? 710 140 176
24-3-89 Q 630 140 152
27-3-89 d 500 130 71
29-3-89 Q 690 120 132
29-3-89 ? 580 120 148
30-3-89 d 520 120 50
1-4-89 dg 520 160 84
4-4-89 d 570 160 80
5-4-89 Q 680 130 171

Table 1.1 Dates of emergence and details of the first ten snakes caught
each year at known overwintering sites in a) 1988 and b) 1989.




Figure 1.3 'Milky' eyes of snake about to slough (x 2%).
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Figure 1.4 Recently fed 80cm snake containing food bolus.
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Bufo bufo
74.1%

...............................................

Bird 3.7%

Bufo bufo (tadpoles) 8.7%

Rana temporaria 11.1%

Figure 1.5 Prey species taken by grass snakes. Data is taken from radio-
tracked animals and other observations made during this study.

Little data is presented in this thesis in respect of egglaying behav-
iour, because only one gravid snake was used experimentally and it died in
the field shortly after release. No eggs were found at the main study site,
although neonates were found in 1988, 1989, 1990 and 1991. However, one
site which contained several clutches of eggs was located in a garden at
Whiteparish in Hampshire and the behaviour of snakes studied for a period
of several weeks.

The site consisted of a large compost heap covered with black plastic
sheet weighted down with tyres. Three clutches of eggs were found
containing 28, 42 and 52 eggs respectively. A large female taken from a
nearby site produced 62 eggs in captivity. The temperature of the immediate
site of the eggs was between 24-26°C and the relative humidity over 95%; both
remained constant over a three week period.

The exact date on which the eggs hatched is not known, but one clutch
hatched in the last two weeks of August, 1988. Dispersal away from the site
occurred more or less immediately and no neonate snakes could be found at
the site at the end of August. The site is apparently used every year by
grass snakes as the landowner stated that hatched eggs were found every
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winter when the compost was used. He also stated that grass snakes were not

seen at other times of the year at the site.

1.5 Status in Britain

The status of the grass snake in Britain is not well known at the
present time. Cooke & Scorgie (1983) reported that the snake was wide-
spread and fairly common in England although it had suffered a moderate
decline in central and southern England during the 1970's. Hilton~-Brown &
Oldham (1991) reported a decline in the status of the species in the West
Midlands and in south-west and north-west England in the 1980's and no
change over the rest of the country.

In both studies, the principal reason given for the decline in the status
of the species was the loss of suitable habitat. Agricultural 'improvement',
forestry, public pressure and urban development were all quoted as specific
examples of habitat loss. In neither study was predation considered to be a
key factor in the decline of the species. In this study, a significant number
of tagged snakes were Kkilled by predators and the remains of untagged
snakes found on two occasions. The magpie Pica pica, which has increased
in numbers in most parts of Britain in recent years, possibly because of the
decrease in the use of organochlorine chemicals in agriculture and an increase
in urban tree planting (Marchant et al, 1990), was a suspected predator of
grass snakes during this study (pers obs). It was not uncommon to observe
grass snakes which had lost part of their tail, which suggested that they had
been attacked at some time in the past. Predation may thus be a more
important factor than has been previously considered.

In addition to snakes known to have been Killed in the field, four
snakes disappeared during the radio-tracking period. Whilst this may have
been due to predation and associated tag damage, it may also have resulted
from long-distance migration or tag failure. The tags proved thoroughly
reliable in tests carried out both by the author and by the tag manufacturers
and although it cannot be ruled out, this seems the least likely to account for
loss of the snakes. Loss by long-distance migration was minimised or
eliminated by extensive searches for 'lost' snakes, and three animals were
indeed lost for between 2-14 days before relocation. Extensive and wide
ranging searches were carried out for these snakes, although it was
pragmatic to accept that a search could only be carries out over a reasonable

area.




No overwintering mortality was known to have occured in free-ranging
snakes. Emerging snakes at Chilworth all appeared to be in good condition,
although Redding (pers comm) observed emerging grass snakes at a Dorset
site which had bite marks possibly caused by small mammals.

Until the wildlife and Countryside Act, 1981 was enacted, grass snakes
had no protection at all and were undoubtedly victims of negative prejudice
by the public, which may have had a serious effect on local populations. The
Act (as amended) makes it illegal to take grass snakes from the wild and
illegal to Kill grass snakes. The enforceability of this legislation though is

questionable.

1.6 Previous research

The elusive and secretive nature of the grass snake make it a difficult
animal to study in the wild. Few worthwhile studies have been carried out
into the ecology of the animal and most of the current knowledge has come
from largely anecdotal works such as Smith (1951), Appleby (1971) and
Frazer (1983). Phelps (1978), made a cursory examination of seasonal
movements in all three British snakes, but relied on visual observations and.
his assumptions were of a general nature. |

The availability of reliable miniature radio transmitters provided a
solution to the problem of relocating individual specimens and Madsen (1984)
carried out a more detailed study of grass snakes using this method. His
work at a site in southern Sweden used basic techniques to explore the
range, frequency and extent of movement and use of different habitat types.
Further work by Madsen (1983, 1987) examined other aspects of grass snake
ecology such as growth and life-history tactics and these also were novel

studies on the species.

1.7 Objectives of the study
This study aims to examine the behaviour of the grass snake in the field,

with particular reference to movement and the use of space and has both a
pure and applied component. Comparison of the behaviour of the grass snake
with other species of snake will add to the body of knowledge of snake ecology
in general and will enable comparative studies to be made with other studies
of the same species, such as those of Madsen (1983, 1984 & 1987).

The use of various types of home range analyses has been the source
of much discussion by various workers (Jenrich & Turner, 1969; Dixon &
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Chapman, 1980; Rose, 1982; Samuel et al, 1985; Worton, 1987). In this
study, a method is used which is novel in the study of snake ranging
behaviour and which has a particular suitability not only to the study of
snakes, but also to any study of other animals in a heterogenous environ-
ment.

In a more applied sense, knowledge of the vagility and habitat use of
the grass snake may assist in the management of the species by landowners
and conservation bodies. One instance of this has already arisen, in which
a small archaeological organisation, in their efforts to protect a site of some
archaeological importance, also expressed a desire to include conservation of
the resident grass snake population in a management plan for the area.
Information obtained directly from this study was used when offering advice

to the organisation.

In addition to home range, movement and habitat analyses, part of the
research attempts to explain the reasons underlying grass snake behaviour.
In common with other ectotherms, behaviour is certain to be affected by many
variables, both biotic and abiotic. Biotic variables include age and sex of
the animal, its physical condition, the annual cycle of the animal, familiarity
with its environment and intra- and inter-specific interactions. Abiotic
variables are predominantly factors associated with weather and time.
Many of these variables are included in analyses of the behaviour of the
snakes during this research. Particular importance has been placed on the
body temperature of individuals as this is likely to be of specific relevance to
any terrestrial ectotherm.

Finally, the interactions of grass snakes both with conspecifics and

with the adder, Vipera berus has been examined in a controlled situation in

an attempt to explain the importance of such interactions in the field.

1.8 Lavyout of the thesis
The chapters of the thesis have been arranged in an order that makes

it possible, in the main, to read the work in sequence. Cross references to
future chapters have been minimised wherever possible, although on
occasions this was unavoidable. Each chapter is sub-divided conventionally
into introduction, methods, results and discussion and each of these in turn
is further sub-divided into logical sections.

Chapter two examines the methods used throughout this study which

are common to several or all of the other chapters.

-11-




Chapter three analyses the ranging behaviour of grass snakes using
appropriate methods which are themselves critically assessed. The use of
space within ranges, changes in ranging behaviour with time and overlap of
ranges with conspecifics are analyzed and discussed.

Chapter four is concerned with the vagility and movement behaviour
of grass snakes and variation in movement between sexes, over time, with
body temperature, with environmental variables and with the physical
condition of the snakes.

Chapter five investigates the thermal ecology of free-ranging grass
snakes, with emphasis on stationary animals, although some data from moving
snakes is presented. The body temperature of the snakes is examined in
relation to environmental variables at all times of the day and during various
snake activities. The effects of ecdysis and feeding on body temperature are
analyzed and discussed.

Chapter six examines habitat selection and the use of the physical
microhabitat. A number of biotic and abiotic variables were examined
collectively in an attempt to understand the requirements of basking snakes.

Chapter seven documents a laboratory study which investigated scent
recognition in grass snakes. Conspecifics and sympatric adders were used
in a comparative study of behaviour following exposure to the scents of other
snakes.

Chapter eight is a general discussion which incorporates information
from all analytical chapters in the thesis.

In addition to the main body of the work, appendices are included
which detail observations made during the surgical implantation of the
transmitters and which briefly document the results from a largely unsuc-
cessful attempt to examine the behaviour of grass snakes which were caught

at Whiteparish and introduced to the main study site.
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2.1 Study sites
In 1987, three study sites were used, two in the New Forest and one at

Chilworth, near Southampton. The New Forest sites were chosen because of
their apparent suitability for the study. The reported population of grass
snakes was high in one case and the other consisted of habitat known to be
favoured by the snakes. Permission was obtained from the Forestry
Commission to use specific sites in the Forest and initial radio-tracking work
was carried out at the two sites. As the season progressed, it became clear
that the area around Chilworth supported a higher than expected population
of grass snakes and its' proximity to the University and relative lack of
intrusion from the public made it a desirable site at which to work. Traffic
congestion in the New Forest meant that much time could be lost in a day and
disturbance by tourists and naturalists became a considerable distraction, so
in 1988 and 1989, research was only carried out at the Chilworth site. On
balance, it was felt that it would be more productive to cover this one site
more thoroughly, despite the obvious value of a comparative study between

two or more sites.

The New Forest sites consisted of two areas which were assessed as
being suitable for a long term study. Both sites proved to have resident
populations of grass snakes, as well as other reptile species, and for the first
year of the study were intensively studied.

Burbush Hill railway cutting (SU 19 01) is a one mile long cutting, very
badly drained, with standing water along much of its length. Vegetation in
the wet areas is dominated by Juncus effusus and in the damp areas by

Molinia caerulea. The north facing slope is covered with plantation

conifers except at the extreme west of the site, where it opens out into a

flatter and drier area dominated by gorse Ulex europaeus. The south facing

slope is a mixture of dry heath with associated ericaceous vegetation, gorse
breaks and woodland dominated by conifers. The surrounding areas on
both sides of the cut comprise extensive dry heath and on the north side
is a large pond which contains a small breeding population of frogs and toads.
Grass snakes were common here, but the area was popular with walkers and
naturalists and undisturbed work was rarely possible.

Bentley Enclosures, Fritham (SU 23 13) is an area of damp grassland
bordered on three sides by plantation conifers. Dominant vegetation is
again M. caerulea and there are several developing stands of alder carr

together with beech and birch thickets as well as more open lawn areas. Only

-13-




one female snake was tagged here and extensive searches for other snakes
were not undertaken, although grass snakes were known to be present
(Gaywood pers. comm.). The area was popular with tourists and again,
undisturbed work was difficult.

Chilworth Manor, SU 40 18; owned largely by the University of
Southampton, the site has three main distinct areas. The first is a formal
garden consisting of lawns and flower beds of non-native species; the
second is a meadow managed for wildlife and education and the third and most
extensive is an area of deciduous acid woodland. The estate is bordered by
a Forestry Commission conifer plantation, a motorway (M27), a riding school
and stables and a tree nursery; grass snakes were commonly seen in all of

these areas. Bracken Pteridium aquilinum dominates all three of the sites

from June onwards and at Chilworth, brambles Rubus fruticosus form a

virtually continuous ground layer in the deciduous woodland.
A map of the Chilworth site is shown in Figure 2.1 and an aerial

photograph in Figure 2.2.

Initially, Chilworth was used largely because of ease of access and
because work could be carried out without disturbance. Once it became
apparent that a worthwhile population of grass snakes was present here, the
New Forest sites were abandoned in its' favour. Neither of the Forest sites
was extensively mapped as this process was very labour intensive and since
most of the data presented in this study represents work carried out at

Chilworth, mapping was not considered worthwhile.

2.2 Snake capture and handling

The capture of snakes in the field can be fraught with difficulty for a
number of reasons. Venomous snakes pose particular problems, but even
non-venomous species can often be difficult just to locate. Camouflage,
extreme wariness, secretiveness, speed of escape and often a low population
density all contribute to the problem of catching even moderate numbers of
snakes over a relatively short period of time.

Most workers have caught snakes by hand, either by transecting areas
known to be used by the snakes (eqg. Gregory, 1984; Fitch & Shirer, 1971;
Fraker, 1970; Gent, 1988) or by catching snakes at areas where aggregations

occur such as overwintering sites or breeding areas (Gregory & Stewart,
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Dw Deciduous wood
Cw  Coniferous wood
Mw Mixed wood
Gg Grazed grassland
Ug Ungrazed grassland
Mg Managed grassland
w Wet grassland
Fg Formal garden
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P
A
C Cultivated ( tree nursery)
S Stream

B

Built environment

/ Roads

Fig. 2.1 Map of the Chilworth study site
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Figure 2.2 Aerial photograph of the Chilworth study site. The
boxed area represents the extent of the map shown in Figure 2.1.
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1975; Brown & Parker, 1976; Gannon & Secoy, 1985). Some researchers have
used drift nets to guide snakes to pitfall traps (eg. Woodbury, 1951; Gibbons
& Semlitsch, 1987), but the method has met with only limited success and
works better for small snakes whose length is less than the depth of the pit
(Fraker, 1970; Fitch, 1987).

Artificial cover appears to provide the best method for trapping snakes
in temperate regions where they cannot regularly maintain high body
temperatures and is a method that seems to work well for all British snakes.
Gent (1988) made use of small pieces of corrugated iron for trapping smooth

snakes, Coronella austriaca in southern England and he found these were also

used by both adders and grass snakes.

In this study, most snakes were captured by searching the field site,
although the snakes propensity for hiding under pieces of tin was used to
advantage and several snakes were captured in this way, particularly in mid-
season, when they were often difficult to locate in other areas. Ateach study
site, snakes were usually temporarily removed for weighing and measuring,
although this was sometimes done in the field. Snakes considered suitable for
fitting with transmitters were removed to the laboratory and processed as
rapidly as possible to ensure return to the wild with the minimum loss of time
and stress to the animal. In the case of implants, this was between one and
two weeks, depending on the recovery rate of the animal. Fitting of external
tags was usually done in the field and the snake released at the point of
capture.

Several methods can be used to accurately sex snakes and grass snakes
proved very straightforward in this respect, even to the extent of sexing
some snakes which were not caught. Female grass snakes are considerably
larger both in length and girth than males. Secondly, the head of the adult
females is broader and somewhat spade shaped, whereas that of the males is
narrower. Finally, the tail length of the females is considerably smaller than
that of the males when taken as a ratio of the total body length and tapers
rapidly away from the vent whereas the tail of the males tapers evenly away
from the vent. Smith (1951) counted the sub-caudal scales of grass snakes
and observed that males had 51-61 and females had 61-73; in this study, all
the captured snakes conformed to this pattern.

Evidence for these features was provided during the course of this
research in a number of ways. In the latter two years, three mating pairs
were caught or observed and in each case, the appearance of each sex fitted

the descriptions as above. In 1988, a known oviposition site in a private
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garden was visited twice at the start of the egg-laying period and five gravid
females were observed. The eggs were identified by careful palpation and
the snakes all had the broad heads and short, rapidly tapering tail typical of
females. A further visit to the site identified three gravid females and two
smaller snakes, both of which fitted the above pattern for males and neither
of which contained eggs. A series of visits to the site after the oviposition
period revealed three large snakes, all of which had loose, stretched and ill-
fitting skin which apparently resulted from the loss of body mass following
oviposition. Such a phenomena was never seen in the smaller snakes
identified as males. Two large snakes taken into captivity before oviposition
both produced clutches of eggs and subsequently had stretched and loose-
fitting skin. Snakes observed but not caught or handled at this time at other
sites also fitted the descriptions above.

In the course of the research, three of the experimental animals died
or were Killed by predators and their bodies recovered (see Table 2.2); post-
mortem showed that the sex of each had been correctly identified.

These characteristics apparently also hold true for adders; in the three
years of research, three dead adders (and three grass snakes) were found
and dissected and male/female identification features found to hold true.

Snakes that contained an obvious food bolus when caught were rarely
handiled for long or taken into captivity to avoid the near certainty that they
would void their gut of food, probably to increase their escape chances.
Similarly, gravid females were rarely handled for long to minimise the

possibility of damage to the eggs or the snake.

2.3 Identification of individuals

Several methods have been used by workers to mark snakes for future
recognition. Scale clipping as described by Blanchard & Finster (1933) has
been the most common method of identifying individual snakes in the field and
has been used in many studies (e.g. Prestt, 1971; Goddard, 1984). It does
however have the disadvantage that clipped scales quickly regrow or are
sloughed off, leaving little or no trace of the marks. Furthermore, on smaller

snakes, it is difficult to make a sufficiently deep cut without damaging the
animal. Lewke (1974) used freeze branding which proved humane and quick,
but necessitated taking very cold liquids into the field. Weary (1969) used
a portable heated needle, the marks from which were still visible after two
years, but the equipment, although portable, was relatively expensive.
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Hailey and Davies (1984), in a study of Natrix maura used the scale
patterns on the ventral surface of the snake to identify individuals. It was
found that these patterns were unique and could be coded numerically for
ease of use in the field. Although in this study the ventral patterns of Natrix
natrix have not been coded, the pattern of ventral scale markings was
reproduced onto a blank template as shown in Fig 2.3. These patterns appear
to be permanent and do not change after sloughing, and present a simple way
of identifying individuals in the field. Carlstrom & Edelstam (1946)
photographed the ventral scale patterns of grass snakes and noted that there
was no change in the pattern even after a considerable increase in size.

a)
b)
Fig 2.3 Recognition of individual snakes from the ventral scale
markings.

a) Sample of blank templates.
b) Sample of completed templates as used in the field.
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Snakes were captured and put into a perspex tube, which was then
stopped at each end with a rubber bung. It was then a simple matter to
accurately copy the scale pattern onto the template. Only the first ten
complete scales were used on each occasion and in practice it was always

possible to positively identify the animal from these.

2.4 Radiotracking

2.4.1 General

Radiotracking in the field was undertaken using an AVM LA12 receiver
with a three element yagi antenna, which allowed the animals to be pin-
pointed exactly. The wavelength permitted for radio-tracking in Britain is
173.20-173.35MHz, and the transmitters used (radio tags) operated across
this range, allowing several animals to be tracked simultaneously, although
care had to be taken to ensure that the signals were sufficiently spaced to
allow differentiation in the field.

Locating an individual in the field was achieved by tuning in the

receiver to the approximate position on the dial, which had been noted when
testing the transmitters and turning the gain to maximum, at which point the
pulse of the tag could hopefully be heard. Direction finding was poor at
maximum gain, but as the animal was approached, the signal became stronger
and the gain could be reduced, improving the directional strength of the
signal. By following the same procedure, the animal could be located to
within less than half 0.5m.

On most occasions, the snakes were left undisturbed, which meant a
compromise on absolute accuracy, although it was often possible to see or
judge the position of the animal from a distance. Disturbance to the animals
was noted for assessment of the effect of disturbance on their patterns of
movement. The range of the implanted tags varied between 30 and 200
metres, depending on habitat, topography and weather and it was often
necessary to spend several hours locating a very mobile individual.

The tags used were of two types. Those used in the first year were
type SS-1 single battery tags with an external whip antenna which were taped
to the tail of the snake as shown in figure 2.4. Similar tags had been
successfully used in studies of sand lizards (Dent,1986) and smooth snakes
(Gent,1988). In this study, it was apparent that the external tags caused
some behavioural change to the snakes, and on one occasion, a snake was
completely immobilised by the antenna, which had become knotted round a
tuft of grass. There was also some minor damage to the scales on the tail of
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Fig 2.4 Attachment of external tags to grass snakes
a) Structure of the tag.
b) Attachment to the snake.

c) Snake with tag in situ.



some of the snakes. On balance, the method was not considered to be suitable
for the purposes of the study. The tags used in the second and third field
seasons were type 5S-2 twin battery tags with a small loop antenna which
were surgically implanted into the snakes. A series of photographs showing

the surgical procedure is presented in figures 2.5 to 2.9.

2.4.2 Choice of animals

The criteria for choice of animals suitable for implanting were size,
condition and sex. Primarily, the animals had to be the required sex and
each snake had to be large enough to contain the tag easily. Occasionally
animals that were thin or had an excessive infestation of parasites were
captured. Particularly bad mite infestations were manifest as a cluster of
mites visible arcund the eyes of the snake. Mites could alsc be seen moving
on the scales of most snakes and if many were seen, the snake was either
treated and released, or treated before surgery. A small solid domestic fly
killer block placed in the tank of captive snakes for 24 hours either reduced
or eliminated the infestation without causing the snake apparent harm.

A small female was tagged with an external tag in 1987, but rarely
moved and lost weight, sothe tag was removed. Tables showing details of the
snakes used, length of the tracking pericd and ultimate fate of the animals

are shown in Tables 2.1 and 2.2.

Figure 2.5 Intravenous injection of anaesthetic.

o



Figure 2.6 Incision of the ventral surface anterior of the vent. The visible
scar is from a previous tag implant and apart from superficial
damage to scales, has healed well.




Figure 2.8 Suturing the incision.

Figure 2.9 Spraying with 'Opsite to minimise the chance of infection.
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Snake Duration

No. Sex (days) Fate of animal

C 2 M 23 Released back to field.
c 3 M 25 Released back to field.
C 4 F 17 Escaped; tag fell off.
Cc5 F 58 Released back to field.
CcC 6 M 6 Escaped; tag fell off.
CcC 9 F 16 Escaped; snake sloughed.
Cc 10 F 17 Escaped; tag fell off.
C 12 F 6 Escaped; tag fell off.
B 1 M 18 Released back to field.
B 3 M 14 Escaped; tag fell off.
B 4 M 16 Released back to field.
F 1 F 38 Released back to field.

Table 2.1 Tracking period and ultimate fate of snakes fitted with
external tags.

2.4.3 Licences

A Home Office licence valid for 5 years was obtained for the implant
work in 1988 and a Nature Conservancy Council licence (Ref SA:16:89) for
all the work in 1988 and 1989. Rules therein were strictly observed.

Home Office inspectors visited the animal house where post-surgery
convalescence of the snakes took place on one occasion and were wholly
satisfied with the procedures taken and adherence to the Animals (Scientific
Procedures) Act, 1986. An annual report detailing procedures for each
preceding year was duly completed and returned in accordance with their
instructions.

The Nature Conservancy Council (NCC) Licence permitted implantation
of radio transmitters into grass snakes. The NCC funded purchase of
transmitters (Contract No: HF3-03-208[76]) to the value of £420. An annual
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report and details of animals that died during the research were submitted as

requested.

2.4.4 Surgical techniques

The anaesthesia of the snakes and implantation of the transmitters was
carried out by a Member of the Royal College of Veterinary Surgeons and was
achieved in a way that was considered to minimise the disturbance and
distress to the animals. The snakes were kept at room temperature for
several days before surgery and allowed to bask under 60W bulbs. They
were provided with water but not food and were briefly inspected beforehand
for obvious signs of illness or parasitism. Only healthy animals were used.
Anaesthetic was given in the form of 1ml/kg bodyweight Saffan (alphaxalone
and alphadolone acetate, Glaxovet Litd) intravenously into the ventral caudal
vein 2-3cm posterior of the vent and the snakes considered unconscious when
they could no longer turn over when inverted, usually after approximately
10 minutes. An incision 3-5 scutes long was made in the ventral surface some
5cm anterior of the vent and the transmitter package inserted into the
peritoneum.

The incision was immediately closed with 6-8 stitches using Dexon 1.5
metric biodegradable suture. The wound was finally coated with Opsite
wound dressing (Smith and Nephew) and each snake monitored to ensure
normal breathing until recovery from the anaesthetic. Such recovery was
indicated by increased body movement and commencement of tongue flicking
and normally took between 10 and twenty minutes. The animals rapidly
regained apparently normal behaviour as indicated primarily by an extreme
dislike of being handled, at which point they were placed in a tank and
provided with cover, water and a basking lamp warm enough to allow normal
thermoregulation. The whole process initially took approximately 35 minutes,
but this was reduced to 20 minutes with practice.

Few problems were encountered with the surgical procedure, although
one fatality occurred less than one hour after anaesthesia. In this instance,
the snake failed to make a satisfactory recovery from the anaesthetic. All the
other animals made rapid and apparently full recoveries. Itis very important
that the snake is fully unconscious when surgery is attempted; such a
condition is best indicated by an inability to right the head when inverted and
by a lack of reaction when the tail is pinched hard; occasionally, there was

a slight reaction when the incision was made, in which case a local spray
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Snake Duration
No. Sex (days) Fate of animal
111 M 135 Killed by predator.1
141 M 41 Unknown.2
181 M 71 Died in captivity.

1161 M 40 Killed by dog or fox.
11 M 94 Released back to field.
21 M 26 Unknown. 2
31 M 52 Unknown.2
41 M 26 Released back to field.
51 M 33 Released back to field.

122 F 193 Killed by predator.l
172 F 56 Killed by predator.1
192 F 167 Released back to field.
12 F 313 Released back to field.
22 F 13 Unknown.2
32 F 88 Released back to field.
42 F 7 Died in the field.3

1. Tag found, but no sign of the snake. The tags were damaged in each

case, although close examination failed to reveal what by.

2. Failure to find the snake. Could have been caused by tag failure,
predation involving destruction or removal of the tag or 1long
distance migration by the tagged animal.

3. Gravid when implanted. Although in apparent good health when released
to the field, the tag prevented movement of the eggs through the
cloacal vent and created a pressure necrosis from which the animal
died.

Table 2.2 Tracking period and ultimate fate of implanted snakes.
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anaesthetic was applied which eliminated the problem. Breathing rate and
heart rate are rapid and regular at this time and are easily observed. The
anaesthetic is effective for a short time only and surgery must be carried out
immediately the animal is ready. Recovery from the anaesthetic is very rapid
on occasion and this could potentially lead to problems if surgery is
unfinished. Two supplementary doses of Saffan were given to one female
animal in accordance with the recommendations of the manufacturer, without
ill effect.

2.4.5 Care and release of implanted snakes

For the period following surgery, the snakes were kept singly in fish
tanks which had been sterilised and fitted with lids. They were provided
with fresh water daily, cover and basking lamps which provided an ambient
daytime temperature of up to 25°C and a night temperature of 16-18
degrees’C. Ambient light and basking lamps were controlied by time switches
which were set to approximate field conditions at the time. The last two
snakes to be implanted were provided with frogs to eat but these were
ignored and were removed after 36 hours. The snakes were disturbed as
little as possible and after a week to 10 days were inspected by a veterinary
surgeon for signs of infection or discomfort before being passed fit for
release to the wild, at which point they were no longer bound by the
provisions of the Animals (Scientific Procedures) Act 1986. The animals were
released at point of capture in late evening to allow time to settie before the

active period the following day.

2.4.6 Re-implantation of tagged animals

Four snakes (three females and one male) had second tags fitted at the
time the first was removed. One died after surgery (see above), but the
other three made full and complete recoveries. The use of longer life batteries
eliminates the need for this procedure, since the snakes can then potentially

be followed for a full season with just one implant.

2.5 Mapping
In order for the radio-tracking fixes and subsequent analysis to be

conducted as accurately as possible, it was necessary to give careful
consideration to the method of mapping the study site. Initially, a local
planning map and high resolution Ordnance Survey maps were examined, but

found to be out of date, insufficiently accurate or lacking in detail, so it was

-28-




decided to map the site during the course of each field season; this was done
as follows.

In the first instance, a major feature (a field boundary) somewhere
near the estimated centre of snake activity was mapped, using a 30m tape and
prismatic compass. This was then drawn onto a 1:1250 map. Adjoining
features could be appended onto this base as necessary, dependant on the
activity of the snakes. Major boundaries and features were mapped
regardless of snake activity, both to complete the map, and to facilitate
future habitat analyses. Specific features, such as path junctions, fallen
trees, gates etc. were marked on the map as cornerstones from which
subsequent mapping and snake fixes could be easily achieved. In this way,
a fix could be mapped with minimum effort and maximum accuracy.

Errors in mapping were made evident when plotting by the first and
last plots of enclosed habitats (eg. field boundaries) to meet. The maximum
error known to have occurred was in a field with a boundary of 1100m and a
maximum width of 290m; the error was approximately 15m, which represented
1.4% of the perimeter and 5.2% of the maximum width. Using this method,
maximum errors were usually less than 2% and very often nil. Errors were
minimised by remapping unacceptable inaccuracies and by measuring snake
movements directly if they were less than 30m. The mapping process was
highly labour intensive and was kept to a minimum, especially in the third
field season. The master map was drawn onto tracing paper which was
overlaid onto a grid which enabled fixes to be calculated to the nearest
metre.

In the first two field seasons, maps of the movement of each individual
snake were overlaid onto the base map and distances and bearings of
movement calculated by measurement with ruler and protractor. By the third
field season however, a computer program (Ranges IV, Biotrack, Wareham)
was available which calculated this information and it was necessary only to
input the grid reference of each location, thus eliminating the need to draw

the range of each snake.

2.6 Body temperature recording

Of the 12 radio tags used throughout the course of this research, four
were fitted with thermistors which made the tags pulse at different rates
according to temperature. These intervals were calibrated in a water bath
before the tags were implanted and it then became possible to remotely sense
body temperature to an accuracy of +/- 0.5°C. The tags were also calibrated
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on removal from the snakes to ensure that battery drain and consequent drop
in pulse rate was considered when calculating body temperatures.

Body temperature readings were taken at every fix of a tagged animal;
these fixes spanned the entire active phase from dawn until dusk. Further-
more, with use of an interval timer and tape recorder it was possible to log
the temperature of stationary animals for periods of up to several days. A
more detailed methodology of this can be found in the chapter on thermal

ecology.

2.7 Weather data

Weather data was collected in a number of ways both on and near to the
study site at Chilworth. Weather summary sheets were purchased from the
Southampton Weather Centre which showed for each day maximum and

minimum temperatures, grass temperature at 9 am, soil temperature at 30 and
100 cm, total rainfall, rainfall between 6 am and 6 pm and its duration and
finally the number of sunshine hours. The data was recorded at Mayflower
Park in Southampton, approximately four miles south of the Chilworth site.
Although this recording station is nearly at sea level and Chilworth area is
between 50-80m above sea level, the data were considered acceptably accurate
as a general indicator of conditions at the study site.

Owing to the continual malfunction and breakdown of the specialised
weather recording equipment at Chilworth, data collection there was less
comprehensive than had been planned. No windspeed and direction data was
obtained except for short periods of a few hours before the machine failed.
Gross radiation data too was seriously curtailed by the breakdown of both the
solarimeter and the logger and the unavailability of portable loggers.
However in the final field season, a solarimeter loaned by the Met Office was
set up with a Grant logger to provide radiation data consisting of averaged
readings every fifteen minutes for a period of two months. A home made
temperature logger set up in a Stevenson screen and recorded air temp-
erature in the screen and substrate temperature at a depth of 1 cm.

2.8 Laboratory work

Several experiments were carried out in an artificial indoor environ-
ment which had been purpose built for the study of snakes. It comprised an
arena of 2.2 x 1.7 metres with a Panasonic (Model WV-1550/B) video camera
positioned 2 metres from the ground pointing down at the arena and focused
to include the entire floor surface of the arena. The recorder (Model NV-
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to include the entire floor surface of the arena. The recorder (Model NV-
8050, with timelapse facility) and television were in a separate room , so the
snakes could be viewed without disturbance. Main ambient light consisted of
5 ft 'Truelight’ strips; these and other domestic bulbs were controlled by time
switches to mimic required light conditions. Basking lamps were provided and
also controlled by time switch. Infra-red lamps were left on at all times

during video experiments so that any nocturnal activity could be observed.

2.9 Data analysis
Most of the data handling and analysis was achieved using IBM and

compatibles running a variety of programs. Raw data was kept in a Lotus 123
spreadsheet from where it could be examined, manipulated and exported
directly for statistical analysis by Statgraphics v2.1 . Graphs and charts
were drawn using Statgraphics, Symphony, Harvard Presentation Graphics

and Lotus Freelance. Grant data loggers were unloaded using a program
supplied specifically for that purpose and the data could be imported directly

into the spreadsheet for subsequent analysis. The thesis was prepared and
typed using PC OQOutline and Word Perfect v5.1.

-31-







3.1 Introduction

The concept of home range has no generally accepted definition;
Gregory et al (1987) noted six different terms used for the definition of home
range. Jewell (1966) defined home range as "...the area over which an
animal normally travels in pursuit of its routine activities." It should not be
confused with territory, which is an area defended to some extent against
intruders, particularly conspecifics, butis rather the area in which an animal
spends the bulk of or all of its time. In this work, Jewell's definition has
been accepted and the term 'home range' will be used will be used to define
the area covered by each snake over a stated period of time, but will exclude
short excursions made by individuals, for instance when foraging in an area
not normally used by them.

Home range calculation can explain a great deal about the general
ecology of an individual, population or species. The movement of grass
snakes from one location to another throughout the season involves the
expenditure of energy and may expose individuals to an increased risk of
predation; it is reasonable therefore to assume that movements are made for
reasons which can be explained by some facet of the ecology of that animal.
This tenet applies to the behaviour of both individuals and populations.
Brown & Parker (1976) showed that a population of Coluber constrictor
(Colubridae) migrated over 0.5km from a communal over-wintering den to a

summer area and in the same study referred to an individual female who used
the same migration route and summer range over two consecutive years. Use
of separate summer and winter areas has been shown to occur in several
snake species including the colubrids Storeria dekayi (Noble and Clausen,
1936) and Thamnophis sirtalis (Gregory & Stewart, 1975) and Vipera berus
Viperidae (Prestt, 1971).

Events connected with reproduction have also been shown to have an

effect on the ranging behaviour of reptiles. The search for mates will clearly
influence the behaviour of breeding individuals. For example, Madsen (1984)
observed increased movement in male grass snakes, N.natrix, during the
breeding season, and Viitanen (1967) and Prestt (1971) both reported
extensive and frequent movements by male adders V.berus at this time.
However, changes in the ranging behaviour of females have been connected
with reproductive condition in a variety of studies; Shine (1979) reported
that females of five out of six elapid species studied aggregated when gravid.
Similarly, Reinert & Zappalorti (1988) found that the ranges of male and non-
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gravid female Crotalus horridus Viperidae had constantly shifting activity

areas with low overlap, whereas the ranges of gravid females were more
static, closer to the over-wintering site and maintained a higher degree of
overlap.

The search for egg-laying sites (Madsen, 1984; Natrix natrix), the
effects of feeding (Fitch & Shirer, 1971; Crotalus horridus) and the search
for food and a suitable habitat (Christian & Tracy, 1985; Conolophus pallidus
Iguanidae) have also been demonstrated to influence the ranging behaviour
of reptiles. It is evident that scrutiny of the movement patterns of a

population of animals can elucidate information concerning the ecology of not
only the population and individuals under investigation, but also of the
ecology of the species.

It is apparent, even from the few examples outlined above, that there
will be seasonal differences in the ranging behaviour of an animal. Clearly,
an animal that is highly active during the breeding season may show more
tenacity to a more frequently used or core area within it's range over part or
all of the remainder of the annual cycle. Few previous reptile studies have
attempted to examine this difference in ranging behaviour over time, although
this is largely because the tracking periods of individuals has been relatively
short and precluded time series analysis. Furthermore, conventional range
analyses such as those outlined below, which are used in most home range
studies fail to consider the sequence of locations and view ranges merely as
the use of space by an individual over the tracking period. Brown & Parker
(1976) and Madsen (1984) examined monthly ranges which revealed that the
snakes they studied maintained several more or less distinct within-season
ranges. This basic extension of a somewhat crude analysis introduces time
as a component of range analysis and reveals much more detail about the
structure of the range than analysis of space use alone. The technological
advances made in the field of radio-tagging over recent years have resulted
in smaller tags with an increased field life and further work in this area is
now possible, even on small reptiles where miniaturisation of the tags is

important.

Since the development of cheap miniature radio-transmitters and to
some extent, before this time, much attention has been paid to home range
analysis as a tool to help explain the distribution of animals. For the most
part, this has been limited to descriptive work on the size, shape and range
overlap of single species, with little thought being given to the biological
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relevance of the information thus obtained (eqg. Barbour et al, 1969; Madsen,
1984). A search of the existing literature has revealed no reptile studies
which examine the utilisation of space within a range; such information may
be a useful indicator of habitat selection and may even expose a degree of
range separation where the overlap component of the total range is high, as
shown by Samuel et al (1985) in a study of tanagers.

Jenrich & Turner (1969) examined the use of conventional sampling
data to estimate the area of an animal's home range and concluded that
different methods are not directly comparable. Furthermore, until recently
(Munger, 1984), no studies have even acknowledged the difference between
ranges constructed by animals moving in a random fashion and animals that
show tenacity to a site or are territorial, and have assumed that by merely
joining the external points of a range to provide a determinate area, such an
area can be meaningfully described. More recently though, home range
analysis has advanced into a more sophisticated science, largely because
changes in the way in which ranges are calculated have been developed with

biological relevance in mind.

The various methods of analysis have been explained in detail
elsewhere (Kenward, 1987) and it is not proposed to examine them in great
detail here, but it is worth looking briefly at the methods that have been
seriously considered for use in the present study, focusing on their
strengths and weaknesses.

i). Convex polygon analysis: This involves drawing the smallest
possible convex shape around all of the fixes in a range. It has the
advantage of being simple and does give a broad representation of the area
over which an animal has moved. It has been used in many home range
studies, both on snakes and mammals (Brooks & Banks, 1971; Haroldson &
Fritzell, 1984; Laundre & Keller, 1984 and many others). However, single
outlying fixes can greatly increase the area of the polygon, thereby
overestimating the true range of the animal. Furthermore, the computed
range will include large areas over which the animal never travelled. This
method of calculation is rather better suited to the ranges of animals which
are territorial or have periodically shifting ranges and in these cases overlaid
ranges can separate neatly.

ii) . Harmonic mean analysis: Most animals do not use their entire range
with equal intensity, focusing instead on one or more favoured areas. This
method was developed (Dixon & Chapman, 1980) in attempt to remove the
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extreme effect of single outlying fixes and to examine range utilisation as well
as mere size and shape. Rather than calculating the arithmetic mean of the
fixes to calculate their geographic centre, it uses the reciprocal of all fixes
(the harmonic mean), thus weighting outliers to a lesser extent. Having
calculated the harmonic mean, isolines can be drawn about this centre (or
centres) showing the percentage probability of finding the animal within a
stated percentage area. Any percentage can be calculated, but the higher
percentages are likely to be more useful and 50%, 70% and 90% are most
commonly used. Several "centres" may be simultaneously shown within the
same range using this method, which would be particularly relevant perhaps
for either a raptor which may have both a nest site and one or more hunting
areas or roosts, or an animal which has a summer and a winter site, such as
the adder, Vipera berus (Prestt, 1971). The resulting isoline plots can be

overlaid onto maps to provide a very impressive graphical representation of
the calculated ranges. The percentage isolines shown by plots of the results
can also provide explanations of range use as with Samuel's (1985) work on
tanagers. Reinert & Zappalorti (1988) found a strong positive correlation
between the length of time Crotalus horridus were tracked and the area
within the 95% isopleth, indicating that the core area (ie. most used part of
range) expanded with time. Disadvantages with the method are that
“unrelated" fixes tend to influence the isolines, pulling them out of shape,

and fixes can be omitted from the range area altogether. Worton (1987), in
a comparison of range estimation methods, found the use of harmonic mean
analysis unreliable.

Multinuclear cluster analysis: A further refinement of the previous
method eliminates the effect of unrelated fixes by treating each identifiable
cluster of fixes separately and at present appears to be the most biologically
appropriate technique for multinuclear range analysis. within range
polygons are formed by taking each fix in turn and placing it mathematically
in the same polygon of fixes as its' nearest neighbour. Kenward (pers.
comm. } recommends this analysis for accurate range calculation, in prefer-

ence to the more established harmonic mean method.

All three methods have application in the study of grass snake ranging
behaviour. Observation of the snakes during this research tended to indicate
that grass snakes did not hold territories, thus apparently making polygon
analysis redundant, but such analysis is useful for two reasons. Firstly, it
is the same method used by Madsen (1984) and the results can therefore stand
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direct comparison with his. Secondly, several ranges can be calculated for
the same animal for different periods throughout the year and each of the
ranges overlaid to examine possible patterns in area utilisation throughout
the season. Such calculations could be made using the other methods, but
the resulting maps would be very confused and difficult to interpret.
Harmonic mean analysis and multinuclear cluster analysis are both more
applicable to range utilisation in grass snakes as they both allow adequately
for analysis of home range areas with one or more favoured sites. Movement
of the snakes was difficult to predict in practice, but all of the tagged animals
returned to a previously visited site or sites, in some cases more than once;
this is discussed in Chapter 6. Furthermore, it would be expected that
activity at and around the overwintering site in early spring and late autumn
and any migration to a summer site would be clearly shown, as such areas
would show up on the plots as distinct cores, since there would be a large
number of fixes (assuming one fix per day) in close proximity to each other
and the multi~nuclear method of calculation would tend to group these

separately. Both of the methods can show such range formations graphically.

The internal structure of home ranges can be clarified further by
analysis of the utilisation distribution of a range (Haynes, 1949). This is
allied to the concept of core areas within a range, and involves progressively
calculating the reduced range area as outlying fixes are excluded. Assuming
100% of the fixes comprises 100% of the range, the method then calculates the
percentage of the total area used by decreasing percentages of the total
fixes. If core areas are well developed and surrounded by a few distant
fixes, it would be expected that the slope of a plot of range area against the
number of fixes used will initially be steep as outliers are excluded and the
calculated range rapidly decreases in size. The two plots in Figure 3.1 show
hypothetical examples of two different range types. The first shows the
utilisation distribution plot of a range for an animal that has a den or nest
which it leaves to forage in only a few areas and the second shows a plot for
a range where each fix or location is equidistant from the next (ie. systematic

block design).
Range overlap can explain to some extent the intraspecific interactions

within a population and has been examined in a number of mammal, amphibian

and lizard studies. Conspecifics whose ranges exhibit a low degree of
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Figure 3.1

Models of two hypothetical utilisation distributions.

a) Plot of a range in which the radio-tracked animal has a
den or nest, and a small number of foraging sites or habitually
visited areas, from which it rarely strays. Note how 90% of the
fixes are located in only 30% of the total range area and 50% of
the fixes in perhaps 2-3% of the area.

b) Plot of a range in which locations (fixes) are equidistant
over the entire range. Note how the percentage area used only
decreases slowly as outlying fixes are excluded.

Utilisation distribution calculation is particularly suitable for use

with multi-nuclear cluster range analyses as the latter already
exclude areas not used by the radio-located animal.
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overlap are preSumably competing for some resource and maintaining a more
or less exclusive territory in which to obtain that resource. Munger (1984)
compared the observed overlap of Phrynosoma lizard ranges to the overlap of
the same ranges placed randomly with respect to one another and showed that
overlap between conspecifics was reduced, and suggested that competition
for mates was a driving influence behind this behaviour. Similarly,
Cloudsley-Thompson demonstrated that African geckoes, Tarentola annularis

were always found alone behind artificial covers, suggesting either
territoriality or an avoidance of occupied sites. A lack of both aggression
and inter-sexual variation suggested that concealment was the driving
influence for this behaviour and not direct competition for resources. No
data could be found in published literature for the overlap of snake ranges.

Such behaviour may only be evident for part of the annual cycle of a
species; Prestt (1971), in a study of Vipera berus in Southern England,
showed that both males and females occupied individual laying out areas

immediately after spring emergence and that there 