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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF SCIENCE 

DEPARTMENT OF BIOLOGY 

Doctor of Phi losophy 

Ecology and vagi l i ty of t h e g r a s s snake Natrix natrix 
helvet ica Lacepede in southern Britain. 

The movement eco logy of f r e e - r a n g i n g g r a s s s n a k e s fNatr ix natr ix ) was 
examined at a s i t e in Hampshire, England. Miniature radio transmit ters were 
surg ica l ly implanted into 18 adult s n a k e s for per iods r a n g i n g between 7-313 
d a y s and the behaviour of the s n a k e s o b s e r v e d . Several of t h e transmit ters 
contained bui l t - in thermistors which enabled t h e body temperatures of s n a k e s 
to be remotely measured and l o g g e d . 

The u s e of space was examined u s i n g two methods of home r a n g e a n a l y s i s . 
Minimum Convex Polygon ana lys i s showed that in traspec i f i c variation in the 
s i z e of home r a n g e s was h igh ( 0 . 5 4 - 3 3 . 4 9 h a ) , but Multi-nuclear Polygon 
ana lys i s showed that only a small p e r c e n t a g e of each range was u s e d 
i n t e n s e l y . Monthly range s i z e s were g r e a t e s t in May and July and t h e r a n g e s 
for all months over lapped cons iderab ly . The monthly r a n g e s of individual 
s n a k e s also over lapped and t h i s i s d i s c u s s e d . 

Most daily d i s tances moved were small and s n a k e s did not move at all on 
65% of daily observa t ions . However , 1.5% of observat ions recorded daily 
movements o v e r 300m. Seasonal migration was o b s e r v e d in both s e x e s but not 
in all c a s e s . Movement was much r e d u c e d in the per iods be fore e c d y s i s and 
a f t er f e e d i n g . 

The pre ferred body temperature of t h e s n a k e s was approximately 31 °C. 
S n a k e s warmed rapidly on emergence and cooled more s lowly on s u b m e r g e n c e . 
Emergence appeared to be init iated b y increased s u b s t r a t e temperature and 
submergence b y decreased insolat ion. Body temperatures l e s s than the 
p r e f e r r e d maximum were attained b y s n a k e s which could do so without 
emerging and th i s i s d i s c u s s e d . Body temperatures f luc tuated cons iderably 
while s n a k e s were moving and ac t iv i ty was poss ib le under a wide r a n g e of 
b o d y temperatures . 

The pre ferred habi tats of s n a k e s were dec iduous woodlarfd and g r a s s l a n d , 
and s n a k e s showed a marked p r e f e r e n c e for l inear habi ta t s , in particular 
woodland e d g e s . S n a k e s se lec ted microhabitats which prov ided both c o v e r 
and bask ing opportuni t i es . 

Laboratory inves t igat ion u s i n g t ime- lapse v ideo showed that g r a s s s n a k e s 
exh ib i ted a behavioral r e s p o n s e to areas prev ious ly u s e d b y t h e adder Vipera 
b e r u s , though no s u c h r e s p o n s e to areas u s e d b y c o n s p e c i f i c s . The u s e of 
s c e n t trai l ing and chemical cu ing are d i s c u s s e d . 
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Chapter One 

Introduction 



1 . 1 Taxonomy and appearance 

The g r a s s s n a k e , Natrix natrix natrix Linnaeus i s an ov iparous member 

of the Family Colubridae, t h e l arges t and most widespread family of s n a k e s . 

The Genus Natrix i s widespread , appear ing in Europe, North Afr ica , North 

America and Asia a s far eas t a s Japan. There are three European s p e c i e s of 

Natrix (N. na tr ix , N . maura and N. t e s s e l a t a . of which N. natr ix i s t h e on ly 

s p e c i e s found in Brita in . 

The g r a s s snake i s o l i v e - g r e e n in colour with vert ical black markings 

and a v iv id yellow col lar. Specimens c a u g h t in t h e c o u r s e of t h i s s t u d y , 

were , with one e x c e p t i o n , l e s s than Im in l e n g t h , a l though indiv iduals 

e l sewhere have been reported which are in e x c e s s of 1.5m Smith, 1951) . 

Female spec imens are typical ly larger than males in both l e n g t h and g ir th and 

have re lat ive ly s h o r t e r ta i l s , both of which f e a t u r e s aid in t h e ident i f icat ion 

of s e x e s . Adult males typical ly weigh l e s s than lOOg and females 150-300g. 

1 . 2 Distr ibution 

Colubridae are found in tropical , subtropical and temperate r e g i o n s of 

t h e Americas, Afr i ca , Eurasia and Australas ia and comprise some 2 ,500 of t h e 

known 3000 (approximately) snake s p e c i e s recorded (Webb, Wall work & 

Elgood, 1978) . The s p e c i e s i s widespread throughout w e s t e r n and central 

Europe and Asia and Northern Africa , and in Britain, can be found o v e r most 

of England and Wales. The s u b s p e c i e s found in Britain i s Natrix natr ix 

helvet ica Lacepede , which i s also located in France , Switzer land, West 

Germany and I ta ly . Maps of t h e dis tr ibut ion of t h e s p e c i e s in Europe and 

Britain are shown in F igures 1 . 1 & 1 . 2 . 

1 . 3 General biology 

The g r a s s s n a k e , in common with o ther Bri t i sh rep t i l e s , overwinters 

in a s ta te of torpor , t h e r e b y reduc ing t h e ac t ive s eason to approximately 7 

months . Madsen (1984) reported communal overwinter ing of a large 

population of N . n . natrix in Sweden and that t h e s n a k e s remained in t h e 

v ic in i ty of t h e winter r e f u g e until mating had o c c u r r e d . 

Smith (1951) and Frazer (1983) both noted that amphibians, and 

part icularly f r o g s , were the pre ferred p r e y of t h e s n a k e , but that toads , 

n e w t s and small mammals were also taken . P r e y are consumed l ive and 

digest ion may not be complete for s evera l d a y s if large p r e y i tems have been 

taken . 



Figure 1 . 1 European distr ibution of t h e snake Natrix na tr ix . 
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Figure 1 .2 Distribution of the 
gras s snake in Britain (af ter 
Hilton-Brown & Oldham, 1991) . 
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Oviposition o c c u r s from June to July and t h e e g g s hatch a f t e r 6 -10 

weeks , dependant on the temperature at which t h e y incubate (Smith, 1951) . 

There i s no s u b s e q u e n t parental inves tment . The e g g s are laid in c l u t c h e s 

in an environment which h a s a h i g h e r than ambient temperature in order to 

facil itate development . Madsen (1984) reported that radio- tracked females 

at h i s s t u d y s i t e aU u s e d one of two man-made compost h e a p s and h e 

emphasised the importance of s u c h p laces . An employee of a Hampshire 

County Council t r e e n u r s e r y s ta ted that g r a s s s n a k e e g g s were f o u n d each 

year in a heap of composting bark ( a n o n . , p e r s comm). In t h e a b s e n c e of 

s u c h s i t e s , i t i s not known where e g g s are la id. 

Grass s n a k e s have a commonly reported a f f in i ty for water and are o f t e n 

associated with ponds or slow r u n n i n g s treams and d i t ches . In t h i s s t u d y , 

g r a s s s n a k e s were o b s e r v e d in and around a pond , but were more commonly 

found in woodland and e d g e habi ta t s s u c h a s f i e ld and woodland boundar ies . 

Observat ions at ponds are probably widely reported because t h e animals are 

more eas i ly s e e n in s u c h habi ta t s , whereas in grass land and f ie ld e d g e s t h e y 

are more c r y p t i c . 

Overwintering b e g i n s in October and it i s thought that s n a k e s may 

re turn to the ir prev ious winter r e f u g e (Madsen, 1984) . 

1 . 4 Incidental observat ions of g r a s s snake eco logy 

The fol lowing observat ions were made dur ing t h e c o u r s e of t h i s 

research project and are in tended to complement t h e general o b s e r v a t i o n s s e t 

out a b o v e . They h a v e been placed in t h i s introduct ion because t h e y are of 

general i n t e r e s t , but are not d irect ly re levant to t h e c h a p t e r s that fol low. 

All observat ions made dur ing t h i s s t u d y indicated that t h e s n a k e s 

overwintered in shallow underground r e f u g e s , s u c h a s rodent burrows or 

cav i t i e s made b y t ree roots . Spr ing emergence began in mid-March and t h e 

earl iest s i g h t i n g at the s t u d y s i t e was on 23rd March in 1988, a l though g r a s s 

s n a k e s were reported and o b s e r v e d (Noble , p e r s comm) at o ther locat ions 

before t h i s date . Male and female s n a k e s emerged at approximately t h e same 

time and a l though t h e f i r s t individual caught in both 1988 and 1989 was 

female, t h e r e was no ev idence to s u g g e s t that males emerged s ign i f i cant ly 

earl ier than females , a s has been s u g g e s t e d for a number of o ther s n a k e 

s p e c i e s ( ^ . Vi i tanen, 1967 & P r e s t t , 1971, Vipera b e r u s ; Brown & Parker , 

1976 Coluber constr ic tor; Parker & Brown, 1980, Masticophis taen ia tus and 



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

descr ipt ion of t h e s n a k e s i s shown in Table 1 . 1 . 

Mating was o b s e r v e d on t h r e e occas ions and in each case was at an 

over -winter ing s i t e . In one c a s e t h e female l e f t t h e overwinter ing s i t e t h e 

day a f t er mating and the male with which s h e had mated was not s u b s e q u e n t l y 

o b s e r v e d at the s i t e . T h e s e o b s e r v a t i o n s re inforce t h o s e of Madsen (1984) , 

who s ta ted that g r a s s s n a k e s remain at t h e overwinter ing s i t e and mate be fore 

d i spersa l . 

Snakes in t h e p r o c e s s of s l ough ing were o b s e r v e d on severa l occas ions 

dur ing t h i s r e s e a r c h . For s evera l d a y s before s lough ing t h e e y e s of t h e 

s n a k e s became 'milky' in appearance (Figure 1 . 3 ) and t h e s n a k e s not iceably 

l e s s a lert . Al though t h e s n a k e s u s e d in t h i s s t u d y only s l o u g h e d once a 

year , two dis t inct per iods were e v i d e n t during which many s n a k e s could be 

o b s e r v e d with e i ther t h e 'milky ' e y e s and dull coloration typica l of s l o u g h i n g 

s n a k e s or with t h e v iv id coloration of s n a k e s which have recent ly s h e d the ir 

s k i n . The f i r s t period was in June of each y e a r and t h e majority of s n a k e s 

appeared to s lough at th i s time. Grass s n a k e s at o ther locat ions also 

s loughed during June (Gaywood, p e r s comm; p e r s o b s ) . The s econd period 

was in September and only a re lat ive ly smaU number ( t h r e e ) were o b s e r v e d , 

aU in 1988 and all at Chilworth. 

The associat ion of t h e g r a s s s n a k e with water a r i s e s from t h e food 

p r e f e r e n c e of t h e g r a s s s p a k e , which f e e d s almost e x c l u s i v e l y on amphibians. 

In the three y e a r s of t h i s s t u d y , i t was poss ib le to i d e n t i f y t h e p r e y of g r a s s 

s n a k e s on 27 occas ions . T h i s was done b y faecal a n a l y s i s , a n a l y s i s of 

regurg i ta ted stomach c o n t e n t s and b y watching s n a k e s consuming p r e y in t h e 

f i e ld . Prey at Chilworth cons i s t ed e x c l u s i v e l y of toads Bufo b u f o . which 

were abundant at t h e s i t e . Frogs Rana temporaria, n e w t s t r i t u r u s s p . and 

one small unident i f ied bird were also taken b y s n a k e s in e i ther t h e New Forest 

or at Whiteparish in Hampshire. Figure 1 . 4 shows a female g r a s s s n a k e which 

conta ins a large food bolus and Figure 1 . 5 s h o w s a chart of p r e y s p e c i e s 

taken b y g r a s s s n a k e s dur ing t h i s s t u d y . 

In capt iv i ty , g r a s s s n a k e s were o f f e r e d f r o g s , t oads and g o l d f i s h , and 

ate each of t h e s e , a l though go ldf i sh were f r e q u e n t l y r e g u r g i t a t e d be fore 

d iges t ion was complete. Neonate g r a s s s n a k e s were o f f e r e d toad tadpo le s , 

which were taken one or two at a time. Captive adul t s were a lso known to eat 

- 5 -



earthworms and one was o b s e r v e d tak ing worms f e d b y hand . Capt ive s n a k e s 

a lways r e f u s e d dead p r e y . 

a) 

b) 

Table 1 . 1 

Date S e x SVL TL Weight 

21-3 -88 cf 450 140 80 

21-3 -88 ? 700 140 168 

23-3-88 a 550 160 65 

24—3—88 CT 580 150 83 

26-3 -88 a 570 150 87 

28-3 -88 9 680 90 172 

5—4—88 cf 540 150 55 

5 - 4 - 8 8 S 590 160 161 

12-4-88 600 170 84 

22-4-88 9 620 120 132 

Date S e x SVL TL Weight 

24-3-89 cr 480 140 93 

24-3-89 9 710 140 176 

24-3-89 9 630 140 152 

27-3-89 cf 500 130 71 

29-3-89 9 690 120 132 

29-3-89 9 580 120 148 

30-3-89 cf 520 120 50 

1 - 4 - 8 9 cf 520 160 84 

4—4—89 a 570 160 80 

5 - 4 - 8 9 9 680 130 171 

Dates of emergence and detai ls of t h e f i r s t t e n s n a k e s c a u g h t 
each y e a r at known overwinter ing s i t e s in a) 1988 and b) 1989. 
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Figure 1 .3 'Milky' e y e s 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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Butobufo 
74,1% 

Bird 3,7% 

(tadpoles) 3.7% 

Trituiusspp. 7.4% 

Ranatempomrla 11.1% 

Figure 1 . 5 Prey s p e d e s taken b y g r a s s s n a k e s . Data i s taken from radio-

tracked animals and o ther observa t ions made dur ing t h i s s t u d y . 

Little data i s p r e s e n t e d in th i s t h e s i s in r e s p e c t of e g g l a y i n g b e h a v -

iour , because only one grav id snake was u s e d experimental ly and it died in 

t h e f ie ld shor t ly a f t er re l ease . No e g g s were found at t h e main s t u d y s i t e , 

a l though neonates were found in 1988, 1989, 1990 and 1991. However , one 

s i t e which contained severa l c l u t c h e s of e g g s was located in a garden at 

Whiteparish in Hampshire and th6 behaviour of s n a k e s s t u d i e d for a period 

of s evera l w e e k s . 

The s i t e cons i s t ed of a large compost heap c o v e r e d with black plast ic 

s h e e t we ighted down with t y r e s . Three c l u t c h e s of e g g s were found 

containing 28, 42 and 52 e g g s r e s p e c t i v e l y . A large female taken from a 

nearby s i t e produced 62 e g g s in capt iv i ty . The temperature of t h e immediate 

s i t e of the e g g s was between 24-26 "C and t h e re lat ive humidity o v e r 95%; both 

remained constant o v e r a t h r e e week per iod . 

The exac t date on which t h e e g g s hatched i s not known, but one c lu tch 

hatched in t h e las t two w e e k s of A u g u s t , 1988. Dispersal away from t h e s i t e 

occurred more or l e s s immediately and no neonate s n a k e s could b e found at 

t h e s i t e at the e n d of A u g u s t . The s i t e i s apparent ly u s e d e v e r y y e a r b y 

g r a s s s n a k e s a s t h e landowner s ta ted that hatched e g g s were found e v e r y 

- 8 -



winter when the compost was u s e d . He also s ta ted that g r a s s s n a k e s were not 

s e e n at o ther t imes of the y e a r at t h e s i t e . 

1 . 5 S t a t u s in Britain 

The s t a t u s of the g r a s s snake in Britain i s not well known at t h e 

p r e s e n t t ime. Cooke & Scorg ie (1983) reported that t h e snake was wide-

spread and fa ir ly common in England al though it had s u f f e r e d a moderate 

decl ine in central and southern England dur ing t h e 1970's. Hil ton-Brown & 

Oldham (1991) reported a decl ine in t h e s t a t u s of t h e s p e c i e s in t h e West 

Midlands and in s o u t h - w e s t and n o r t h - w e s t England in t h e 1980's and no 

c h a n g e over the r e s t of the c o u n t r y . 

In both s t u d i e s , the principal reason g i v e n for t h e decl ine in t h e s t a t u s 

of t h e s p e c i e s was t h e l o s s of sui table habitat . Agricultural ' improvement', 

f o r e s t r y , public p r e s s u r e and urban development were all quoted a s s p e c i f i c 

examples of habitat l o s s . In ne i ther s t u d y was predation cons idered to be a 

k e y factor in t h e decl ine of t h e s p e c i e s . In t h i s s t u d y , a s ign i f i cant number 

of t a g g e d s n a k e s were killed b y predators and the remains of u n t a g g e d 

s n a k e s found on two occas ions . The magpie Pica pica, which has increased 

in numbers in most par t s of Britain in recent y e a r s , poss ib ly because of t h e 

decrease in the u s e of organochlorine chemicals in agr icu l ture and an i n c r e a s e 

in urban t r e e planting (Marchant e t a l , 1990) , was a s u s p e c t e d predator of 

g r a s s s n a k e s dur ing th i s s t u d y ( p e r s o b s ) . It was not uncommon to o b s e r v e 

g r a s s s n a k e s which had lost part of the ir tai l , which s u g g e s t e d that t h e y had 

been attacked at some time in t h e p a s t . Predation may t h u s be a more 

important factor than has been prev ious ly cons idered . 

In addition to s n a k e s known to have been kil led in the f i e ld , f o u r 

s n a k e s disappeared during t h e radio- tracking per iod. Whilst th i s may h a v e 

been due to predation and assoc iated t a g damage, i t may also have re su l t ed 

from long -d i s tance migration or tag fa i lure . The t a g s proved thoroughly 

rel iable in t e s t s carried out both b y t h e author and b y t h e t a g manufacturers 

and al though it cannot be ruled out , t h i s seems t h e least l ike ly to account for 

l o s s of t h e s n a k e s . Loss b y l o n g - d i s t a n c e migration was minimised or 

eliminated b y e x t e n s i v e s e a r c h e s for 'lost' s n a k e s , and t h r e e animals were 

indeed los t f or between 2 -14 d a y s be fore relocation. Extens ive and wide 

rang ing s e a r c h e s were carried out for t h e s e s n a k e s , a l though it was 

pragmatic to accept that a s earch could only b e carr ies out over a reasonable 

area. 
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No overwinter ing mortality was known to have occured in f r e e - r a n g i n g 

s n a k e s . Emerging s n a k e s at Chilworth all appeared to be in good condi t ion , 

a l though Redding ( p e r s comm) o b s e r v e d emerging g r a s s s n a k e s at a Dorset 

s i t e which had bite marks poss ib ly c a u s e d b y small mammals. 

Until t h e Wildlife and Countrys ide Act , 1981 was e n a c t e d , g r a s s s n a k e s 

had no protect ion at aU and were undoubted ly vict ims of nega t ive prejudice 

b y t h e publ ic , which may have had a s e r i o u s e f f e c t on local populat ions . The 

Act ( a s amended) makes i t i l legal to take g r a s s s n a k e s from t h e wild and 

i l legal to kill g r a s s s n a k e s . The enforceabi l i ty of th i s legis lat ion t h o u g h i s 

ques t ionable . 

1 . 6 Prev ious re search 

The e lus ive and s e c r e t i v e nature of the g r a s s snake make it a d i f f icu l t 

animal to s t u d y in t h e wild. Few worthwhile s t u d i e s h a v e been carried out 

into t h e eco logy of the animal and most of t h e current knowledge h a s come 

from large ly anecdotal works s u c h a s Smith (1951) , Appleby (1971) and 

Frazer (1983) . Phe lps (1978) , made a c u r s o r y examination of seasonal 

movements in all t h r e e Bri t i sh s n a k e s , but rel ied on v i sua l observa t ions and 

h i s assumptions were of a general n a t u r e . 

The availabil ity of reliable miniature radio transmit ters prov ided a 

solut ion to t h e problem of re locat ing individual spec imens and Madsen (1984) 

carried out a more detailed s t u d y of g r a s s s n a k e s u s i n g t h i s method. His 

work at a s i t e in southern Sweden u s e d basic t e c h n i q u e s to exp lore t h e 

r a n g e , f r e q u e n c y and e x t e n t of movement and u s e of d i f f erent habitat t y p e s . 

Further work b y Madsen (1983, 1987) examined other a s p e c t s of g r a s s s n a k e 

eco logy s u c h cis growth and l i f e - h i s t o r y tac t ics and t h e s e also were novel 

s t u d i e s on the s p e c i e s . 

1 . 7 Object ives of t h e s t u d y 

This s t u d y aims to examine the behaviour of t h e g r a s s snake in t h e f i e ld , 

with particular r e f e r e n c e to movement and t h e u s e of s p a c e and h a s both a 

pure and applied component. Comparison of t h e behaviour of t h e g r a s s snake 

with o ther s p e c i e s of snake will add to t h e body of knowledge of snake eco logy 

in general and will enable comparative s t u d i e s to be made with o ther s t u d i e s 

of t h e same s p e c i e s , s u c h a s those of Madsen (1983, 1984 & 1987) . 

The u s e of var ious t y p e s of home range a n a l y s e s h a s been t h e s o u r c e 

of much d i scuss ion b y var ious workers (Jenrich & T u r n e r , 1969; Dixon & 
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Chapman, 1980; Rose , 1982; Samuel e t al . 1985; Worton, 1987) . In th i s 

s t u d y , a method i s u s e d which i s novel in t h e s t u d y of s n a k e rang ing 

behaviour and which h a s a particular suitabi l i ty not only to t h e s t u d y of 

s n a k e s , but also to any s t u d y of o ther animals in a h e t e r o g e n o u s e n v i r o n -

ment. 

In a more applied s e n s e , knowledge of t h e vagUity and habitat u s e of 

t h e g r a s s snake may a s s i s t in t h e management of the s p e c i e s b y landowners 

and conservat ion bodies . One ins tance of th i s h a s a lready ar i s en , in which 

a small archaeological organisat ion , in the ir e f f o r t s to protec t a s i t e of some 

archaeological importance, a lso e x p r e s s e d a des i re to inc lude conservat ion of 

t h e res ident g r a s s snake population in a management plan for t h e area. 

Information obtained direct ly from t h i s s t u d y was u s e d when o f f e r i n g adv ice 

to t h e organisat ion. 

In addition to home r a n g e , movement and habitat a n a l y s e s , part of the 

re search attempts to explain t h e r e a s o n s under ly ing g r a s s snake behav iour . 

In common with other ec to therms , behaviour i s certa in to be a f f e c t e d b y many 

var iables , both biotic and abiot ic . Biotic var iables inc lude a g e and s e x of 

the animal, i t s physical condit ion, t h e annual c y c l e of t h e animal, familiarity 

with i t s environment and in tra - and i n t e r - s p e c i f i c in terac t ions . Abiotic 

variables are predominantly fac tors assoc iated with weather and time. 

Many of t h e s e var iables are inc luded in a n a l y s e s of t h e behaviour of the 

s n a k e s during th i s r e s e a r c h . Particular importance h a s been placed on t h e 

body temperature of indiv iduals a s t h i s i s l ikely to be of s p e c i f i c re l evance to 

any terrestr ia l ectotherm. 

Finally, the in teract ions of g r a s s s n a k e s both with c o n s p e c i f i c s and 

with t h e adder , Vipera b e r u s h a s been examined in a control led s i tuat ion in 

an attempt to explain the importance of s u c h interact ions in t h e f i e l d . 

1 . 8 Layout of the t h e s i s 

The c h a p t e r s of the t h e s i s have been arranged in an order that makes 

i t poss ib le , in t h e main, to read t h e work in s e q u e n c e . C r o s s r e f e r e n c e s to 

f u t u r e chapters have been minimised wherever poss ib le , a l though on 

occas ions t h i s was unavoidable . Each chapter i s s u b - d i v i d e d convent ional ly 

into introduct ion , methods , r e s u l t s and d i scuss ion and each of t h e s e in turn 

i s f u r t h e r s u b - d i v i d e d into logical s e c t i o n s . 

Chapter two examines t h e methods u s e d throughout t h i s s t u d y which 

are common to severa l or all of the o ther c h a p t e r s . 
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Chapter t h r e e a n a l y s e s t h e rang ing behaviour of g r a s s s n a k e s u s i n g 

appropriate methods which are themse lves crit ical ly a s s e s s e d . The u s e of 

space within r a n g e s , c h a n g e s in rang ing behaviour with time and over lap of 

r a n g e s with c o n s p e c i f i c s are analyzed and d i s c u s s e d . 

Chapter four i s concerned with t h e vag i l i ty and movement behaviour 

of g r a s s s n a k e s and variation in movement between s e x e s , o v e r time, with 

body temperature , with environmental var iables and with t h e phys ical 

condition of t h e s n a k e s . 

Chapter f i v e i n v e s t i g a t e s the thermal eco logy of f r e e - r a n g i n g g r a s s 

s n a k e s , with emphas is on s tat ionary animals, a l though some data from moving 

s n a k e s i s p r e s e n t e d . The body temperature of t h e s n a k e s i s examined in 

relation to environmental var iables at all times of t h e day and dur ing var ious 

snake act iv i t i es . The e f f e c t s of e c d y s i s and f e e d i n g on body temperature are 

analyzed and d i s c u s s e d . 

Chapter s ix examines habitat se lect ion and t h e u s e of t h e phys ica l 

microhabitat. A number of biotic and abiotic var iables were examined 

col lect ively in an attempt to unders tand the requirements of bask ing s n a k e s . 

Chapter s e v e n documents a laboratory s t u d y which i n v e s t i g a t e d s c e n t 

recognit ion in g r a s s s n a k e s . Conspec i f i c s and sympatric a d d e r s were u s e d 

in a comparative s t u d y of behaviour fol lowing e x p o s u r e to t h e s c e n t s of other 

s n a k e s . 

Chapter e i g h t i s a general d i scuss ion which incorporates information 

from all analytical c h a p t e r s in t h e t h e s i s . 

In addition to t h e main body of the work, a p p e n d i c e s are inc luded 

which detail observat ions made dur ing the surgica l implantation of the 

transmitters and which br ie f ly document the r e s u l t s from a large ly u n s u c -

c e s s f u l attempt to examine t h e behaviour of g r a s s s n a k e s which were c a u g h t 

at Whiteparish and introduced to the main s t u d y s i t e . 
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Chapter Two 

General Methods 



2 . 1 S t u d y s i t e s 

In 1987, t h r e e s t u d y s i t e s were u s e d , two in the New Forest and one at 

Chilworth, near Southampton. The New Forest s i t e s were c h o s e n because of 

the ir apparent sui tabi l i ty for t h e s t u d y . The reported population of g r a s s 

s n a k e s was h igh in one case and the o ther cons i s t ed of habitat known to be 

favoured b y the s n a k e s . Permission was obtained from the Fores try 

Commission to u s e spec i f i c s i t e s in the Forest and initial radio- tracking work 

was carried out at t h e two s i t e s . A s t h e s eason p r o g r e s s e d , i t became c lear 

that t h e area around Chilworth supported a h i g h e r than e x p e c t e d population 

of g r a s s s n a k e s and its ' proximity to t h e Univers i ty and re lat ive lack of 

intrus ion from t h e public made it a des irable s i t e at which to work. Traf f ic 

conges t ion in the New Forest meant that much time could be los t in a day and 

d i s turbance b y t o u r i s t s and natural i s t s became a cons iderable d is tract ion, s o 

in 1988 and 1989, research was only carried out at the Chilworth s i t e . On 

balance, i t was fe l t that i t would be more product ive to c o v e r th i s one s i t e 

more thorough ly , desp i te t h e obvious va lue of a comparative s t u d y between 

two or more s i t e s . 

The New Forest s i t e s cons i s t ed of two areas which were a s s e s s e d a s 

be ing sui table for a long term s t u d y . Both s i t e s proved to have res ident 

populat ions of g r a s s s n a k e s , a s well a s other rept i le s p e c i e s , and for the f i r s t 

year of t h e s t u d y were in tens ive ly s t u d i e d . 

Bur bush Hill railway cut t ing (SU 19 01) i s a one mile long c u t t i n g , v e r y 

badly drained, with s tanding water along much of i t s l e n g t h . Vegetat ion in 

the wet areas i s dominated b y Juncus e f f u s u s and in t h e damp areas b y 

Molinia caerulea . The north fac ing s lope i s covered with plantation 

con i fers e x c e p t at t h e extreme west of t h e s i t e , where i t o p e n s out into a 

f la t ter and drier area dominated b y g o r s e Ulex e u r o p a e u s . The south fac ing 

s lope i s a mixture of d r y heath with assoc iated er icaceous vege ta t ion , g o r s e 

breaks and woodland dominated b y c o n i f e r s . The s u r r o u n d i n g areas on 

both s i d e s of the cu t comprise e x t e n s i v e d r y heath and on t h e north s ide 

i s a large pond which conta ins a small breed ing population of f r o g s and toads . 

Grass s n a k e s were common h e r e , but t h e area was popular with walkers and 

natura l i s t s and und i s turbed work was rare ly poss ib le . 

Bent l ey Enc losures , Fritham (SU 23 13) i s an area of damp grass land 

bordered on t h r e e s i d e s b y plantation c o n i f e r s . Dominant vegetat ion i s 

again M. caerulea and there are severa l deve loping s t a n d s of alder carr 

t o g e t h e r with beech and birch t h i c k e t s a s well a s more open lawn areas . Only 
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one female snake was t a g g e d h e r e and e x t e n s i v e s e a r c h e s for o ther s n a k e s 

were not under taken , a l though g r a s s s n a k e s were known to b e p r e s e n t 

(Gaywood p e r s . comm.) . The area was popular with tour i s t s and aga in , 

und i s turbed work was d i f f i cu l t . 

Chil worth Manor, SU 40 18; owned large ly b y t h e Univers i ty of 

Southampton, t h e s i t e has t h r e e main d i s t inc t areas . The f i r s t i s a formal 

garden cons i s t ing of lawns and f lower b e d s of non-nat ive s p e c i e s ; t h e 

second i s a meadow managed for wildlife and educat ion and t h e th ird and most 

e x t e n s i v e i s an area of dec iduous acid woodland. The e s t a t e i s bordered b y 

a Fores try Commission coni fer plantat ion, a motorway (M27), a r id ing school 

and s t a b l e s and a t r e e n u r s e r y ; g r a s s s n a k e s were commonly s e e n in all of 

t h e s e a r e a s . Bracken Pteridium aquilinum dominates all t h r e e of t h e s i t e s 

from June onwards and at Chil worth, brambles Rubus f r u t i c o s u s form a 

v irtual ly cont inuous ground layer in t h e dec iduous woodland. 

A map of t h e Chil worth s i t e i s shown in Figure 2 . 1 and an aerial 

photograph in Figure 2 . 2 . 

Init ial ly , Chil worth was u s e d large ly because of e a s e of a c c e s s and 

because work could be carried out without d i s turbance . Once i t became 

apparent that a worthwhile population of g r a s s s n a k e s was p r e s e n t h e r e , t h e 

New Forest s i t e s were abandoned in its ' f a v o u r . Neither of t h e Forest s i t e s 

was e x t e n s i v e l y mapped as t h i s p r o c e s s was v e r y labour i n t e n s i v e and s i n c e 

most of t h e data presented in t h i s s t u d y r e p r e s e n t s work carried out at 

Chilworth, mapping was not cons idered worthwhile . 

2 . 2 Snake capture and handl ing 

The capture of s n a k e s in t h e f ie ld can be f r a u g h t with d i f f i cu l ty for a 

number of r e a s o n s . Venomous s n a k e s pose particular problems, but e v e n 

non-venomous s p e c i e s can o f t en be d i f f icul t jus t to locate . Camouflage, 

extreme war ines s , s e c r e t i v e n e s s , s p e e d of e s c a p e and o f t en a low population 

d e n s i t y all contr ibute to t h e problem of ca tch ing e v e n moderate numbers of 

s n a k e s o v e r a re lat ive ly shor t period of t ime. 

Most workers have c a u g h t s n a k e s b y hand , e i ther b y t ransec t ing areas 

known to be u s e d b y t h e s n a k e s ( e g . Gregory , 1984; Fitch & Sh irer , 1971; 

Fraker , 1970; Gent, 1988) or b y catch ing s n a k e s at areas where a g g r e g a t i o n s 

occur s u c h a s overwinter ing s i t e s or breed ing areas (Gregory & Stewart , 
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Dw Deciduous wood 

Cw Coniferous wood 

Mw Mixed wood 

Gg Grazed grass land 

Ug Ungrazed grass land 

Mg Managed grass land 

W Wet grass land 

Fg Formal garden 

P Pond 

A Arable land (cerea ls ) 

C Cult ivated ( t ree n u r s e r y ) 

S Stream 

B Built environment 

^ Roads 

Fig . 2 . 1 Map of the Chil worth s t u d y s i te 
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Figure 2 .2 Aerial photograph of the Chil worth s tudy s i te . The 
boxed area represents the extent of the map shown in Figure 2 . 1 . 
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1975; Brown & Parker , 1976; Gannon & S e c o y , 1985) . Some r e s e a r c h e r s have 

u s e d dr i f t n e t s to gu ide s n a k e s to pitfall t r a p s ( e g . Woodbury, 1951; Gibbons 

& Semlitsch, 1987), but t h e method has met with only limited s u c c e s s and 

works bet ter for small s n a k e s whose l e n g t h i s l e s s than t h e depth of the pit 

(Fraker , 1970; Fitch, 1987) . 

Artificial cover appears to provide t h e b e s t method for t rapping s n a k e s 

in temperate reg ions where t h e y cannot regular ly maintain h igh body 

temperatures and i s a method that seems to work well for all Br i t i sh s n a k e s . 

Gent (1988) made u s e of small p ieces of corrugated iron for t rapp ing smooth 

s n a k e s , CoroneUa austr iaca in southern England and he found t h e s e were also 

u s e d b y both adders and g r a s s s n a k e s . 

In th i s s t u d y , most s n a k e s were captured b y s earch ing the f ie ld s i t e , 

a l though the s n a k e s propens i ty for h id ing under p ieces of t in was u s e d to 

advantage and severa l s n a k e s were captured in th i s way , part icularly in mid-

season , when t h e y were o f t en di f f icul t to locate in other a r e a s . At each s t u d y 

s i t e , s n a k e s were usual ly temporarily removed for weighing and measur ing , 

a l though th i s was sometimes done in t h e f i e ld . Snakes cons idered sui table for 

f i t t ing with transmit ters were removed to t h e laboratory and p r o c e s s e d as 

rapidly a s poss ible to e n s u r e re turn to t h e wild with the minimum l o s s of time 

and s t r e s s to the animal. In t h e case of implants , th i s was between one and 

two w e e k s , depending on t h e r e c o v e r y rate of t h e animal. Fit t ing of external 

t a g s was usual ly done in t h e f ie ld and the snake re leased at t h e point of 

capture . 

Severa l methods can be u s e d to accurate ly s e x s n a k e s and g r a s s s n a k e s 

proved v e r y s tra ight forward in t h i s r e s p e c t , e v e n to t h e e x t e n t of s e x i n g 

some s n a k e s which were not c a u g h t . Female g r a s s s n a k e s are cons iderably 

larger both in l eng th and g ir th than males. Secondly , t h e head of t h e adult 

females i s broader and somewhat spade s h a p e d , whereas that of t h e males i s 

narrower. Finally, t h e tail l e n g t h of t h e females i s cons iderably smaller than 

that of t h e males when taken as a ratio of t h e total body l e n g t h and t a p e r s 

rapidly away from t h e v e n t whereas t h e tail of the males t a p e r s e v e n l y away 

from t h e v e n t . Smith (1951) counted t h e sub-cauda l s ca l e s of g r a s s s n a k e s 

and o b s e r v e d that males had 51-61 and females had 61-73; in t h i s s t u d y , all 

t h e captured s n a k e s conformed to t h i s pat tern . 

Evidence for t h e s e f e a t u r e s was prov ided during t h e c o u r s e of t h i s 

research in a number of w a y s . In t h e lat ter two y e a r s , t h r e e mating pairs 

were c a u g h t or o b s e r v e d and in each c a s e , t h e appearance of each s e x f i t t ed 

the descr ipt ions a s above . In 1988, a known oviposit ion s i t e in a pr ivate 
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garden was v i s i ted twice at t h e s tar t of the e g g - l a y i n g period and f i v e gravid 

females were o b s e r v e d . The e g g s were ident i f i ed b y care fu l palpation and 

the s n a k e s all had t h e broad h e a d s and s h o r t , rapidly taper ing tail typical of 

females . A f u r t h e r v i s i t to t h e s i t e ident i f ied t h r e e grav id females and two 

smaller s n a k e s , both of which f i t t ed t h e above pattern for males and ne i ther 

of which contained e g g s . A s e r i e s of v i s i t s to t h e s i t e a f t er the oviposit ion 

period revea led three large s n a k e s , all of which had loose , s t r e t c h e d and i l l -

f i t t ing sk in which apparent ly resu l ted from t h e l o s s of body mass following 

oviposi t ion. Such a phenomena was n e v e r s e e n in t h e smaller s n a k e s 

ident i f ied as males. Two large s n a k e s taken into capt iv i ty be fore oviposit ion 

both produced c l u t c h e s of e g g s and s u b s e q u e n t l y had s t r e t c h e d and loose -

f i t t ing s k i n . S n a k e s o b s e r v e d but not caught or handled at t h i s time at o ther 

s i t e s also f i t t ed t h e descr ip t ions above . 

In the course of t h e r e s e a r c h , three of t h e experimental animals died 

or were kil led b y predators and the ir bodies recovered { s e e Table 2 . 2 ) ; p o s t -

mortem showed that t h e s e x of each had been correc t ly ident i f i ed . 

These character i s t i c s apparent ly also hold t rue for a d d e r s ; in the three 

y e a r s of r e s e a r c h , t h r e e dead a d d e r s (and t h r e e g r a s s s n a k e s ) were found 

and d i s sec ted and male/female identif icat ion f e a t u r e s found to hold t r u e . 

S n a k e s that contained an obv ious food bo lus when c a u g h t were rare ly 

handled for long or taken into capt iv i ty to avoid t h e near cer ta in ty that t h e y 

would void the ir g u t of f o o d , probably to increase the ir e s c a p e c h a n c e s . 

Similarly, gravid females were rarely handled for long to minimise the 

poss ib i l i ty of damage to the e g g s or t h e s n a k e . 

2 . 3 Identi f icat ion of indiv iduals 

Severa l methods have been u s e d b y workers to mark s n a k e s for f u t u r e 

recognit ion. Scale c l ipping a s descr ibed b y Blanchard & Finster (1933) has 

been t h e most common method of ident i fy ing individual s n a k e s in t h e f i e ld and 

has been u s e d in many s t u d i e s ( e . g . P r e s t t , 1971; Goddard, 1984) . It does 

however h a v e t h e d i sadvantage that c l ipped s ca l e s quickly regrow or are 

s loughed o f f , l eav ing l i t t le or no trace of the marks . Furthermore, on smaller 

s n a k e s , i t i s d i f f icul t to make a su f f i c i en t ly d e e p cu t without damaging t h e 

animal. Lewke (1974) u s e d f r e e z e branding which proved humane and quick , 

but necess i ta ted taking v e r y cold l iquids into t h e f i e ld . Weary (1969) u s e d 

a portable heated need le , t h e marks from which were st i l l v i s ib le a f ter two 

y e a r s , but the equipment , a l though portable , was re lat ive ly e x p e n s i v e . 

- 1 8 -



Hailey and Davies (1984) , in a s t u d y of Matrix maura u s e d t h e sca le 

pat terns on t h e ventra l s u r f a c e of t h e snake to i d e n t i f y ind iv iduals . I t was 

found that t h e s e pa t t erns were unique and could be coded numerically f or 

ease of u s e in t h e f i e ld . Al though in t h i s s t u d y t h e ventra l pa t t erns of Natrix 

natrlx h a v e not been coded , t h e pattern of ventra l sca le markings was 

reproduced onto a blank template a s shown in Fig 2 . 3 . T h e s e p a t t e r n s appear 

to be permanent and do not c h a n g e a f t er s l o u g h i n g , and p r e s e n t a simple way 

of ident i fy ing indiv iduals in the f i e ld . Carlstrom & Edelstam (1946) 

photographed the ventral sca le p a t t e r n s of g r a s s s n a k e s and noted that t h e r e 

was no c h a n g e in t h e pattern e v e n a f t er a cons iderable increase in s i z e . 

a) 

/ \ 
/ 
/ 
7 \ y 
/ 
/ 

L > 
L ^ 

b) 

Fig 2 , 3 Recognit ion of individual s n a k e s from t h e ventral sca le 
markings . 
a) Sample of blank templates . 
b) Sample of completed templates a s u s e d in the f i e l d . 
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S n a k e s were captured and put into a p e r s p e x t u b e , which was t h e n 

s topped at each e n d with a rubber b u n g . It was then a simple matter t o 

accurate ly copy t h e scale pattern onto t h e template. Only t h e f i r s t t e n 

complete s c a l e s were u s e d on each occas ion and in pract ice i t was a lways 

poss ib le to pos i t ive ly ident i fy t h e animal from t h e s e . 

2 . 4 Radiotrackinq 

2 . 4 . 1 General 

Radiotracking in t h e f ie ld was under taken u s i n g an AVM LA12 rece iver 

with a t h r e e element yagi antenna , which allowed t h e animals to be p in -

pointed e x a c t l y . The wave length permitted for radio- tracking in Britain i s 

173.20-173.35MHz, and t h e transmit ters u s e d (radio t a g s ) operated a c r o s s 

th i s r a n g e , allowing severa l animals t o be tracked s imultaneously , a l though 

care had to be taken to e n s u r e that t h e s i g n a l s were s u f f i c i e n t l y spaced to 

allow di f ferent iat ion in t h e f i e ld . 

Locating an individual in t h e f i e ld was achieved b y tun ing in t h e 

rece iver to t h e approximate posit ion on t h e dial , which had been noted when 

t e s t i n g t h e transmit ters and turn ing t h e gain t o maximum, at which point t h e 

pu l se of t h e t a g could hopeful ly b e h e a r d . Direction f i n d i n g was poor at 

maximum ga in , but a s t h e animal was approached , t h e s igna l became s t r o n g e r 

and t h e gain could b e r e d u c e d , improving t h e directional s t r e n g t h of t h e 

s igna l . B y fol lowing t h e same procedure , t h e animal could be located to 

within l e s s than half 0 .5m. 

On most occas ions , t h e s n a k e s were l e f t u n d i s t u r b e d , which meant a 

compromise on abso lute accuracy , a l though i t was o f t e n poss ib le to s e e or 

judge t h e posit ion of t h e animal from a d i s tance . Dis turbance to t h e animals 

was noted for a s s e s s m e n t of t h e e f f e c t of d i s turbance on the ir pa t t erns of 

movement. The r a n g e of t h e implanted t a g s var ied be tween 30 and 200 

metres , depending on habitat , t opography and weather and it was o f t e n 

n e c e s s a r y to s p e n d severa l h o u r s locat ing a v e r y mobile indiv idual . 

The t a g s u s e d were of two t y p e s . T h o s e u s e d in t h e f i r s t year were 

t y p e S S - 1 s ing le ba t t ery t a g s with an ex terna l whip antenna which were taped 

to the tail of t h e s n a k e a s shown in f i g u r e 2 . 4 . Similar t a g s had been 

s u c c e s s f u l l y u s e d in s t u d i e s of sand l i zards (Dent , 1986) and smooth s n a k e s 

(Gent , 1988) . In t h i s s t u d y , i t was apparent that t h e ex terna l t a g s caused 

some behavioural c h a n g e to t h e s n a k e s , and on one occas ion , a snake was 

completely immobilised b y t h e antenna , which had become knot ted round a 

t u f t of grciss . There was a lso some minor damage to t h e s c a l e s on t h e tail of 
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a) 

Araldite 'potting 

Whip antenna (8-10 cm) 

Type 312 Mercury cell Type SS-1 Transmitter 

b) 

Adhesive tape (brand name 'Sleek') Cloaca 

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 s i tu . 
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some of the s n a k e s . On balance, the method was not cons idered to be suitable 

for the purposes of the s t u d y . The t a g s used in the second and third f ield 

seasons were t y p e SS-2 twin battery t a g s with a small loop antenna which 

were surgical ly implanted into the s n a k e s . A s e r i e s of photographs showing 

the surgical procedure i s presented in f i g u r e s 2 . 5 to 2 . 9 . 

2 . 4 . 2 Choice of animals 

The criteria for choice of animals suitable for implanting were s i ze , 

condition and s e x . Primarily, the animals had to be the required s e x and 

each snake had to be large enough to contain the tag eas i ly . Occasionally 

animals that were thin or had an e x c e s s i v e infestat ion of parasi tes were 

captured . Particularly bad mite infes tat ions were manifest as a c lus ter of 

mites vis ible around the e y e s of the snake . Mites could also be s e e n moving 

on the sca les of most snakes and if many were s e e n , the snake was e i ther 

treated and re leased , or treated before s u r g e r y . A small solid domestic f l y 

killer block placed in the tank of capt ive snakes for 24 hours e i ther reduced 

or eliminated the infestat ion without caus ing the snake apparent harm. 

A small female was tagged with an external tag in 1987, but rarely 

moved and lost weight , so the tag was removed. Tables showing details of the 

snakes u s e d , l ength of the tracking period and ultimate fate of the animals 

are shown in Tables 2 .1 and 2 . 2 . 

Figure 2 . 5 Intravenous injection of anaesthet ic . 
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Figure 2 .6 Incision of the ventral surface anterior of the vent . The visible 
scar i s from a previous tag implant and apart from superficial 
damage to scales , has healed well. 

Figure 2 .7 Insertion of the tag into the peritoneal cavity . 
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Figure 2 . 8 Suturing the incis ion. 

Figure 2 .9 Spraying with 'Opsite to minimise the chance of infect ion. 
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S n a k e D u r a t i o n 
N o . S e x ( d a y s ) F a t e o f a n i m a l 

C 2 M 23 R e l e a s e d b a c k t o f i e l d . 

C 3 M 25 R e l e a s e d b a c k t o f i e l d . 

C 4 F 17 E s c a p e d ; t a g f e l l o f f . 

C 5 F 58 R e l e a s e d b a c k t o f i e l d . 

C 6 M 6 E s c a p e d ; t a g f e l l o f f . 

C 9 F 16 E s c a p e d ; s n a k e s l o u g h e d . 

C 10 F 17 E s c a p e d ; t a g f e l l o f f . 

C 12 F 6 E s c a p e d ; t a g f e l l o f f . 

B 1 M 18 R e l e a s e d b a c k t o f i e l d . 

B 3 M 14 E s c a p e d ; t a g f e l l o f f . 

B 4 M 16 R e l e a s e d b a c k t o f i e l d . 

F 1 F 38 R e l e a s e d b a c k t o f i e l d . 

Table 2 . 1 Tracking period and ultimate fa te of s n a k e s f i t t ed with 
external t a g s . 

2 . 4 . 3 Licences 

A Home Off ice l i cence valid for 5 y e a r s was obtained for t h e implant 

work in 1988 and a Nature Conservancy Council l i cence (Ref SA: 16:89) for 

all t h e work in 1988 and 1989. Rules there in were s tr i c t ly o b s e r v e d . 

Home Off ice i n s p e c t o r s v i s i t ed t h e animal house where p o s t - s u r g e r y 

conva le scence of t h e s n a k e s took place on one occasion and were wholly 

sa t i s f i ed with the procedures taken and adherence to t h e Animals (Sc ient i f ic 

Procedures ) Act , 1986. An annual report detai l ing p r o c e d u r e s for each 

preced ing year was duly completed and r e t u r n e d in accordance with their 

in s t ruc t ions . 

The Nature Conservancy Council (NCC) Licence permitted implantation 

of radio transmit ters into g r a s s s n a k e s . The NCC f u n d e d purchase of 

transmit ters (Contract No: HF3-03-208[76]) to t h e value of £420. An annual 
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report and detai ls of animals that died dur ing t h e research were submitted a s 

r e q u e s t e d . 

2 . 4 . 4 Surgical t e chn iques 

The anaesthes ia of the s n a k e s and implantation of t h e transmit ters was 

carried out b y a Member of t h e Royal College of Veter inary S u r g e o n s and was 

achieved in a way that was cons idered to minimise t h e d i s turbance and 

d i s t r e s s to t h e animals. The s n a k e s were k e p t at room temperature for 

severa l d a y s before s u r g e r y and allowed to bask under 60W bu lbs . They 

were provided with water but not food and were br ie f ly in spec ted beforehand 

for obv ious s i g n s of i l lness or parasit ism. Only heal thy animals were u s e d . 

Anaesthet ic was g i v e n in t h e form of 1 ml /kg b o d y weight Saf fan (alphaxalone 

and alphadolone acetate , Glaxovet Ltd) in travenous ly into t h e ventra l caudal 

ve in 2-3cm poster ior of the v e n t and t h e s n a k e s cons idered unconsc ious when 

t h e y could no longer turn over when i n v e r t e d , usua l ly a f t er approximately 

10 minutes . An incis ion 3-5 s c u t e s long was made in t h e ventra l sur face some 

5cm anterior of t h e v e n t and the transmitter package i n s e r t e d into t h e 

peritoneum. 

The incis ion was immediately c losed with 6 - 8 s t i t c h e s u s i n g Dexon 1 . 5 

metric biodegradable s u t u r e . The wound was f inal ly coated with Opsite 

wound d r e s s i n g (Smith and Nephew) and each snake monitored to e n s u r e 

normal breathing unti l r e c o v e r y from t h e anaes the t i c . Such r e c o v e r y was 

indicated b y increased body movement and commencement of t o n g u e f l i ck ing 

and normally took between 10 and t w e n t y minutes . The animals rapidly 

regained apparent ly normal behaviour as indicated primarily b y an extreme 

dis l ike of be ing handled, at which point t h e y were placed in a tank and 

provided with c o v e r , water and a basking lamp warm enough to allow normal 

thermoregulat ion. The whole p r o c e s s initially took approximately 35 minutes , 

but th i s was r e d u c e d to 20 minutes with pract i ce . 

Few problems were encountered with t h e surg ica l procedure , a l though 

one fatal i ty occurred l e s s than one hour a f t er anaes thes ia . In th i s i n s t a n c e , 

the s n a k e failed to make a sa t i s fac tory r e c o v e r y from the anaes the t i c . All t h e 

other animals made rapid and apparent ly f uU r e c o v e r i e s . I t i s v e r y important 

that t h e snake i s fu l ly unconsc ious when s u r g e r y i s attempted; s u c h a 

condition i s b e s t indicated b y an inabi l i ty to r igh t t h e head when i n v e r t e d and 

by a lack of react ion when t h e tail i s p inched hard; occasional ly , t h e r e was 

a s l ight react ion when t h e incis ion was made, in which c a s e a local s p r a y 
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S n a k e 
No . S e x 

D u r a t i o n 
( d a y s ) F a t e o f a n i m a l 

I l l M 135 K i l l e d b y p r e d a t o r . ^ 

1 4 1 M 41 2 
Unknown. 

181 M 71 D i e d i n c a p t i v i t y . 

1 1 6 1 M 40 K i l l e d b y d o g o r f o x . 

11 M 94 R e l e a s e d b a c k t o f i e l d . 

21 M 26 2 
Unknown. 

31 M 52 2 
Unknown. 

41 M 26 R e l e a s e d b a c k t o f i e l d . 

51 M 33 R e l e a s e d b a c k t o f i e l d . 

122 F 193 K i l l e d by p r e d a t o r . ^ 

172 F 56 K i l l e d b y p r e d a t o r . ^ 

1 9 2 F 167 R e l e a s e d b a c k t o f i e l d . 

12 F 3 1 3 R e l e a s e d b a c k t o f i e l d . 

22 F 13 2 
Unknown. 

32 F 88 R e l e a s e d b a c k t o f i e l d . 

42 F 7 D i e d i n t h e f i e l d . ^ 

Tag found, but no sign of the snake. The tags were damaged in each 
case, although close examination failed to reveal what by. 

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

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 fa te of implanted s n a k e s . 
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anaesthet ic was applied which eliminated t h e problem. Breathing ra te and 

heart rate are rapid and regular at t h i s time and are eas i ly o b s e r v e d . The 

anaes thet ic i s e f f e c t i v e for a shor t time only and s u r g e r y must be carr ied out 

immediately the animal i s r e a d y . Recovery from t h e anaesthet ic i s v e r y rapid 

on occasion and t h i s could potential ly lead to problems if s u r g e r y i s 

u n f i n i s h e d . Two supplementary d o s e s of Saf fan were g i v e n to one female 

animal in accordance with t h e recommendations of the manufacturer , without 

ill e f f e c t . 

2 . 4 . 5 Care and re lease of implanted s n a k e s 

For t h e period following s u r g e r y , t h e s n a k e s were kept s i n g l y in f i s h 

t a n k s which had been s ter i l i sed and f i t t ed with l id s . T h e y were prov ided 

with f r e s h water dai ly , c o v e r and bask ing lamps which provided an ambient 

daytime temperature of up to 25°C and a n ight temperature of 16-18 

degrees" C. Ambient l ight and bask ing lamps were control led b y time s w i t c h e s 

which were s e t to approximate f ie ld condi t ions at the t ime. The las t two 

s n a k e s to be implanted were prov ided with f r o g s to eat but t h e s e were 

ignored and were removed a f t er 36 h o u r s . The s n a k e s were d i s turbed a s 

l i t t le a s poss ib le and a f ter a week to 10 d a y s were inspec ted b y a v e t e r i n a r y 

s u r g e o n for s i g n s of infect ion or discomfort before be ing p a s s e d f i t f o r 

re lease to the wild, at which point t h e y were no longer bound b y t h e 

prov i s ions of t h e Animals (Sc ient i f ic Procedures ) Act 1986. The animals were 

re leased at point of capture in late e v e n i n g to allow time to s e t t i e be fore t h e 

act ive period t h e following d a y . 

2 . 4 . 6 Re-implantation of t a g g e d animals 

Four s n a k e s ( three females and one male) had second t a g s f i t t ed at t h e 

time t h e f i r s t was removed. One died a f t e r s u r g e r y ( s e e a b o v e ) , but t h e 

o ther t h r e e made ful l and complete r e c o v e r i e s . The u s e of l onger l i fe ba t ter i e s 

el iminates t h e need for th i s procedure , s i n c e t h e s n a k e s can then potent ial ly 

be followed for a fu l l season with just one implant. 

2 . 5 Mapping 

In order for t h e radio- tracking f i x e s and s u b s e q u e n t ana lys i s to be 

conducted as accurate ly a s poss ib l e , i t was n e c e s s a r y to g i v e care fu l 

considerat ion to the method of mapping t h e s t u d y s i t e . Init ial ly , a local 

p lanning map and h igh resolut ion Ordnance S u r v e y maps were examined, but 

found to be out of date , in su f f i c i en t iy accurate or lacking in detai l , so i t was 
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decided to map the s i t e dur ing the course of each f ie ld s eason; t h i s was done 

as fo l lows. 

In t h e f i r s t in s tance , a major f ea ture (a f ie ld boundary) somewhere 

near t h e est imated c e n t r e of s n a k e ac t iv i ty was mapped, u s i n g a 30m tape and 

prismatic compass . This was then drawn onto a 1:1250 map. Adjoining 

f e a t u r e s could be appended onto t h i s base a s n e c e s s a r y , dependant on t h e 

act iv i ty of the s n a k e s . Major boundaries and f e a t u r e s were mapped 

r e g a r d l e s s of snake ac t iv i ty , both to complete the map, and to faci l i tate 

f u t u r e habitat a n a l y s e s . Spec i f i c f e a t u r e s , s u c h as path junct ions , fal len 

t r e e s , g a t e s e t c . were marked on t h e map a s corners tones from which 

s u b s e q u e n t mapping and s n a k e f i x e s could be eas i ly ach i eved . In t h i s way , 

a f i x could be mapped with minimum e f f o r t and maximum a c c u r a c y . 

Errors in mapping were made ev ident when plott ing b y t h e f i r s t and 

las t p lots of enc losed habi tats ( e g . f i e ld boundaries ) to meet . The maximum 

error known to have occurred was in a f ie ld with a boundary of 1100m and a 

maximum width of 290m; t h e error was approximately 15m, which r e p r e s e n t e d 

1.4% of t h e perimeter and 5.2% of t h e maximum width. Us ing t h i s method, 

maximum e r r o r s were usual ly l e s s than 2% and v e r y o f ten ni l . Errors were 

minimised by remapping unacceptable inaccurac ies and b y measuring snake 

movements d irect ly if t h e y were l e s s than 30m. The mapping p r o c e s s was 

h igh ly labour in tens ive and was kept to a minimum, espec ia l ly in the third 

f ie ld s e a s o n . The master map was drawn onto trac ing paper which was 

overlaid onto a gr id which enabled f i x e s to be calculated to t h e neares t 

metre. 

In the f i r s t two f ie ld s e a s o n s , maps of t h e movement of each individual 

snake were overlaid onto t h e base map and d i s tances and b e a r i n g s of 

movement calculated b y measurement with ruler and protractor . B y the third 

f ie ld season however , a computer program ( R a n g e s IV, Biotrack, Wareham) 

was available which calculated th i s information and it was n e c e s s a r y only to 

input the grid r e f e r e n c e of each location, t h u s eliminating t h e n e e d to draw 

the range of each s n a k e . 

2 . 6 Body temperature recording 

Of the 12 radio t a g s u s e d throughout t h e course of t h i s r e s e a r c h , four 

were f i t t ed with thermistors which made t h e t a g s pu l se at d i f f eren t ra tes 

according to temperature . T h e s e in terva l s were cal ibrated in a water bath 

before t h e t a g s were implanted and it then became poss ib le to remotely s e n s e 

body temperature to an accuracy of + / - 0 . 5 ° C. The t a g s were also cal ibrated 
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on removal from t h e s n a k e s to e n s u r e that bat tery drain and c o n s e q u e n t drop 

in pu l se rate was cons idered when calculating body temperatures . 

Body temperature r e a d i n g s were taken at e v e r y f i x of a t a g g e d animal; 

t h e s e f i x e s spanned the ent ire ac t ive phase from dawn unti l d u s k . Further -

more, with u s e of an interval timer and tape recorder i t was poss ib le to log 

the temperature of s tat ionary animals for per iods of u p to s evera l d a y s . A 

more detai led methodology of th i s can be found in t h e chapter on thermal 

eco logy . 

2 . 7 Weather data 

Weather data was col lected in a number of w a y s both on and near to the 

s t u d y s i t e at CMlworth. Weather summary s h e e t s were purchased from the 

Southampton Weather Centre which showed for each day maximum and 

minimum temperatures , g r a s s temperature at 9 soil temperature at 30 and 

100 cm, total rainfal l , rainfall between 6 am and 6 pm and i t s duration and 

f inal ly t h e number of s u n s h i n e h o u r s . The data was recorded at Mayflower 

Park in Southampton, approximately four miles south of t h e Chilworth s i t e . 

Although t h i s record ing s tat ion i s nearly at s ea leve l and ChUworth area i s 

between 50-80m above sea l e v e l , the data were cons idered acceptably accurate 

a s a general indicator of condi t ions at the s t u d y s i t e . 

Owing to t h e continual malfunction and breakdown of t h e spec ia l i sed 

weather recording equipment at Chilworth, data collection t h e r e was l e s s 

comprehens ive than had been p lanned. No windspeed and direct ion data was 

obtained e x c e p t for short per iods of a few h o u r s before t h e machine fa i led. 

Gross radiation data too was s er ious ly curtai led b y t h e breakdown of both the 

solarimeter and t h e l o g g e r and t h e unavailabil i ty of portable l o g g e r s . 

However in t h e f inal f ie ld s e a s o n , a solarimeter loaned b y the Met Off ice was 

s e t up with a Grant l o g g e r to prov ide radiation data cons i s t ing of averaged 

read ings e v e r y f i f t e e n minutes for a period of two months . A home made 

temperature l o g g e r s e t u p in a S tevenson s c r e e n and recorded air temp-

erature in the s c r e e n and s u b s t r a t e temperature at a depth of 1 cm. 

2 . 8 Laboratory work 

Several exper iments were carried out in an artif icial indoor env iron-

ment which had been purpose built f or t h e s t u d y of s n a k e s . It comprised an 

arena of 2 . 2 x 1 .7 metres with a Panasonic (Model WV-1550/B) v ideo camera 

posit ioned 2 metres from t h e ground point ing down at t h e arena and focused 

to include the ent ire f loor s u r f a c e of the arena. The recorder (Model NV-
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to include t h e ent ire f loor s u r f a c e of t h e arena . The recorder (Model NV-

8050, with timelapse faci l i ty) and te lev is ion were in a separate room , s o t h e 

s n a k e s could be v iewed without d i s turbance . Main ambient l ight cons i s t ed of 

5 f t 'Truelight' s t r i p s ; t h e s e and other domestic bu lbs were control led b y time 

swi tches to mimic required l i ght condi t ions . Bask ing lamps were provided and 

also controlled b y time swi t ch . I n f r a - r e d lamps were l e f t on at all t imes 

dur ing video exper iments s o that any nocturnal ac t iv i ty could be o b s e r v e d . 

2 . 9 Data ana lys i s 

Most of the data handl ing and ana lys i s was ach ieved u s i n g IBM and 

compatibles running a var i e ty of programs. Raw data was k e p t in a Lotus 123 

s p r e a d s h e e t from where i t could be examined, manipulated and expor ted 

direct ly for s tat is t ical ana lys i s b y S ta tgraphics v 2 . 1 . Graphs and c h a r t s 

were drawn us ing S ta tqraphics . Symphony, Harvard Presentat ion Graphics 

and Lotus Freelance . Grant data l o g g e r s were unloaded us ing a program 

suppl ied spec i f ica l ly for that purpose and t h e data could be imported d irect ly 

into t h e s p r e a d s h e e t for s u b s e q u e n t ana lys i s . The t h e s i s was prepared and 

t y p e d u s i n g PC Outline and Word Perfec t v 5 . 1 . 
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Chapter Three 

Ranging Behaviour 



3 . 1 Introduct ion 

The concept of home range h a s no genera l ly accepted def ini t ion; 

Gregory e t al (1987) noted s ix d i f f erent terms u s e d for t h e def ini t ion of home 

r a n g e . Jewell (1966) de f ined home range a s " . . . t h e area over which an 

animal normally t rave l s in pursu i t of i t s rout ine ac t iv i t i e s ." It should not be 

c o n f u s e d with t err i tory , which i s an area d e f e n d e d to some e x t e n t against 

i n t r u d e r s , particularly c o n s p e c i f i c s , but i s ra ther t h e area in which an animal 

s p e n d s t h e bulk of or all of i t s time. In t h i s work, Jewell 's def ini t ion h a s 

been accepted and the term 'home range' will be u s e d will be u s e d to de f ine 

the area covered b y each s n a k e o v e r a s ta ted period of t ime, but will e x c l u d e 

short e x c u r s i o n s made b y indiv iduals , for ins tance when forag ing in an area 

not normally u s e d b y them. 

Home range calculation can explain a great deal about t h e general 

eco logy of an individual , population or s p e c i e s . The movement of g r a s s 

s n a k e s from one location to another throughout the season i n v o l v e s the 

expend i ture of e n e r g y and may e x p o s e indiv iduals to an increased r isk of 

predation; it i s reasonable there fore to assume that movements are made for 

reasons which can b e expla ined b y some face t of t h e eco logy of that animal. 

This t e n e t appl ies to the behaviour of both indiv iduals and populat ions . 

Brown & Parker (1976) showed that a population of Coluber constr ic tor 

(ColubrLdae) migrated over 0 .5km from a communal o v e r - w i n t e r i n g den to a 

summer area and in t h e same s t u d y r e f e r r e d to an individual female who u s e d 

the same migration route and summer range o v e r two c o n s e c u t i v e y e a r s . Use 

of s eparate summer and winter areas h a s been shown to occur in s evera l 

snake s p e c i e s inc luding t h e co lubrids Storeria dekayi (Noble and Clausen , 

1936) and Thamnophis s ir ta l i s (Gregory & Stewart , 1975) and Vipera b e r u s 

Viperidae ( P r e s t t , 1971) . 

Event s connected with reproduct ion have also been shown to have an 

e f f e c t on t h e rang ing behaviour of rep t i l e s . The search for mates will c learly 

in f luence t h e behaviour of breed ing ind iv iduals . For example, Madsen (1984) 

o b s e r v e d increased movement in male g r a s s s n a k e s , N . n a t r i x , dur ing t h e 

breeding s e a s o n , and Viitanen (1967) and Pres t t (1971) both reported 

e x t e n s i v e and f r e q u e n t movements b y male a d d e r s V . b e r u s at th i s time. 

However, c h a n g e s in t h e rang ing behaviour of females have been connected 

with reproduct ive condit ion in a var i e ty of s t u d i e s ; Sh ine (1979) reported 

that females of f i v e out of s i x elapid s p e c i e s s tud ied a g g r e g a t e d when g r a v i d . 

Similarly, Reinert & Zappalorti (1988) found that t h e r a n g e s of male and n o n -
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grav id female Crotalus horr idus Viperidae had cons tant ly s h i f t i n g ac t iv i ty 

areas with low over lap , whereas t h e r a n g e s of gravid females were more 

s ta t i c , c loser to t h e over -winter ing s i t e and maintained a h igher d e g r e e of 

over lap . 

The search for e g g - l a y i n g s i t e s (Madsen, 1984; Matrix n a t r i x ) . t h e 

e f f e c t s of f e e d i n g (Fitch & S h i r e r , 1971; Crotalus horr idus) and t h e s earch 

for food and a sui table habitat (Chris t ian & Tracy , 1985; Conolophus pal l idus 

Iguanidae) h a v e also been demonstrated to in f luence the rang ing behaviour 

of rep t i l e s . It i s ev ident that s c r u t i n y of t h e movement pa t t erns of a 

population of animals can e lucidate information concerning t h e eco logy of not 

only t h e population and indiv iduals under inves t iga t ion , but also of t h e 

eco logy of t h e s p e c i e s . 

It i s apparent , e v e n from t h e few examples outl ined above , that t h e r e 

will be seasonal d i f f e r e n c e s in t h e rang ing behaviour of an animal. Clearly , 

an animal that i s h igh ly act ive dur ing t h e breed ing season may show more 

tenac i ty to a more f requent ly u s e d or core area within i t ' s range o v e r part or 

all of t h e remainder of the annual c y c l e . Few prev ious rept i le s t u d i e s h a v e 

attempted to examine th i s d i f f erence in rang ing behaviour o v e r time, a l though 

th i s i s l arge ly because the tracking per iods of indiv iduals has been re la t ive ly 

shor t and prec luded time s e r i e s a n a l y s i s . Furthermore, conventional r a n g e 

a n a l y s e s s u c h as those outl ined below, which are u s e d in most home r a n g e 

s t u d i e s fail to cons ider the s e q u e n c e of locat ions and view r a n g e s merely a s 

the u s e of space b y an individual o v e r t h e tracking per iod. Brown & Parker 

(1976) and Madsen (1984) examined monthly r a n g e s which revealed that t h e 

s n a k e s t h e y s tud ied maintained s evera l more or l e s s d is t inct w i th in - season 

r a n g e s . Thi s bas ic ex tens ion of a somewhat crude ana lys i s in troduces time 

a s a component of range ana lys i s and r e v e a l s much more detail about t h e 

s t r u c t u r e of t h e r a n g e than ana lys i s of space u s e alone. The technological 

a d v a n c e s made in t h e f ie ld of rad io - tagg ing o v e r recent y e a r s have re su l t ed 

in smaller t a g s with an increased f ie ld l i f e and f u r t h e r work in t h i s area i s 

now poss ib le , e v e n on small rept i l e s where miniaturisation of t h e t a g s i s 

important. 

S ince t h e development of cheap miniature radio- transmit ters and to 

some e x t e n t , be fore th i s time, much attent ion has been paid to home r a n g e 

ana lys i s a s a tool to help explain t h e dis tr ibut ion of animals. For t h e most 

part , t h i s has been limited to descr ip t ive work on the s i z e , shape and r a n g e 

over lap of s ing le s p e c i e s , with l i tt le thought be ing g i v e n to the biological 
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re levance of t h e information t h u s obtained ( e g . Barbour e t a l , 1969; Madsen, 

1984) . A search of the e x i s t i n g l i terature has revealed no repti le s t u d i e s 

which examine t h e uti l isation of s p a c e within a range ; s u c h information may 

be a u s e f u l indicator of habitat se lect ion and may e v e n e x p o s e a d e g r e e of 

range separat ion where t h e over lap component of the total range i s h i g h , a s 

shown b y Samuel e t al (1985) in a s t u d y of t a n a g e r s . 

Jenrich & Turner (1969) examined the u s e of conventional sampling 

data to estimate t h e area of an animal's home range and concluded that 

d i f f erent methods are not d irect ly comparable. Furthermore, unti l r e c e n t l y 

(Hunger , 1984) , no s t u d i e s have e v e n acknowledged t h e d i f f erence between 

r a n g e s cons truc ted b y animals moving in a random fash ion and animals that 

show tenac i ty to a s i t e or are terri torial , and have assumed that b y merely 

joining the external points of a range to provide a determinate area , s u c h an 

area can be meaningful ly d e s c r i b e d . More recent ly t h o u g h , home r a n g e 

ana lys i s has advanced into a more sophis t icated s c i e n c e , l arge ly b e c a u s e 

c h a n g e s in the way in which r a n g e s are calculated have been deve loped with 

biological re levance in mind. 

The var ious methods of ana lys i s have been expla ined in detail 

e l s ewhere (Kenward, 1987) and it i s not proposed to examine them in great 

detail h e r e , but i t i s worth looking br ie f ly at t h e methods that h a v e been 

ser ious ly cons idered for u s e in t h e p r e s e n t s t u d y , f ocus ing on the ir 

s t r e n g t h s and w e a k n e s s e s . 

i ) . Convex po lygon ana lys i s : This i n v o l v e s drawing the smallest 

poss ib le c o n v e x shape around all of t h e f i x e s in a r a n g e . It has t h e 

advantage of be ing simple and does g i v e a broad representat ion of t h e area 

o v e r which an animal has moved. It h a s been u s e d in many home r a n g e 

s t u d i e s , both on s n a k e s and mammals (Brooks & Banks , 1971; Haroldson & 

Fritzel l , 1984; Laundre & Keller, 1984 and many o t h e r s ) . However , s i n g l e 

out ly ing f i x e s can great ly increase t h e area of t h e po lygon , t h e r e b y 

overest imat ing t h e t r u e range of t h e animal. Furthermore, the computed 

range will inc lude large areas o v e r which t h e animal n e v e r t rave l l ed . Thi s 

method of calculation i s rather be t ter su i ted to t h e r a n g e s of animals which 

are territorial or have periodically s h i f t i n g r a n g e s and in t h e s e c a s e s overla id 

r a n g e s can separate neat ly . 

i i ) . Harmonic mean ana lys i s : Most animals do not u s e the ir ent ire r a n g e 

with equal i n t e n s i t y , f ocus ing ins tead on one or more favoured areas . This 

method was deve loped (Dixon & Chapman, 1980) in attempt to remove t h e 
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extreme e f f e c t of s ing le out ly ing f i x e s and to examine range uti l isat ion a s well 

a s mere s i z e and s h a p e . Rather than calculat ing the arithmetic mean of t h e 

f i x e s to calculate the ir geographic c e n t r e , it u s e s the reciprocal of all f i x e s 

( the harmonic mean) , t h u s weight ing out l iers to a l e s s e r e x t e n t . Having 

calculated t h e harmonic mean, i so l ines can be drawn about t h i s c e n t r e (or 

c e n t r e s ) showing t h e percentage probabil i ty of f ind ing t h e animal within a 

s ta ted percentage area . A n y percentage can be calculated, but t h e h igher 

p e r c e n t a g e s are l ike ly to be more u s e f u l and 50%, 70% and 90% are most 

commonly u s e d . Severa l "centres" may be s imultaneously shown within t h e 

same r a n g e us ing t h i s method, which would be particularly re levant p e r h a p s 

for e i ther a raptor which may have both a n e s t s i t e and one or more hunt ing 

areas or roos t s , or an animal which has a summer and a winter s i t e , s u c h a s 

the adder , Vipera b e r u s ( P r e s t t , 1971) . The resu l t ing i so l ine p lots can be 

overlaid onto maps to provide a v e r y impress ive graphical representat ion of 

the calculated r a n g e s . The percentage i so l ines shown b y p lots of t h e r e s u l t s 

can also provide explanat ions of range u s e a s with Samuel's (1985) work on 

t a n a g e r s . Reinert & Zappalorti (1988) found a s t rong pos i t ive correlat ion 

between t h e l eng th of time Crotalus horr idus were tracked and t h e area 

within the 95% i sople th , indicat ing that t h e core area ( ie . most u s e d part of 

range ) expanded with time. Disadvantages with the method are that 

"unr^ated" f i x e s t end to in f luence t h e i so l ines , pull ing them out of s h a p e , 

and f i x e s can be omitted from t h e range area a l together . Worton (1987) , in 

a comparison of range estimation methods , found the u s e of harmonic mean 

ana lys i s unrel iable . 

Multinuclear c lus ter ana lys i s : A f u r t h e r ref inement of t h e prev ious 

method eliminates t h e e f f e c t of unrelated f i x e s b y treat ing each ident i f iable 

c l u s t e r of f i x e s separate ly and at p r e s e n t appears to be t h e most biologically 

appropriate t echnique for multinuclear range ana lys i s . Within range 

po lygons are formed b y tak ing each f i x in turn and placing i t mathematically 

in the same polygon of f i x e s a s i ts ' neares t ne ighbour . Ken ward ( p e r s . 

comm.) recommends th i s ana lys i s for accurate range calculat ion, in p r e f e r -

e n c e to t h e more e s tab l i shed harmonic mean method. 

All t h r e e methods h a v e application in t h e s t u d y of g r a s s s n a k e rang ing 

behav iour . Observation of t h e s n a k e s during t h i s research t ended to indicate 

that g r a s s s n a k e s did not hold terr i tor ies , t h u s apparent ly making polygon 

ana lys i s redundant , but s u c h ana lys i s i s u s e f u l for two r e a s o n s . F irs t ly , i t 

i s t h e same method u s e d b y Madsen (1984) and t h e r e s u l t s can t h e r e f o r e s tand 
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direct comparison with h i s . S e c o n d l y , severa l r a n g e s can be calculated for 

the same animal for d i f f erent per iods throughout t h e y e a r and each of t h e 

r a n g e s overlaid to examine poss ib le pa t t erns in area uti l isation throughout 

the s e a s o n . Such calculat ions could be made u s i n g the o ther methods , but 

the resu l t ing maps would be v e r y c o n f u s e d and di f f icul t to i n t e r p r e t . 

Harmonic mean ana lys i s and multinuclear c l u s t e r ana lys i s are both more 

applicable to range uti l isation in g r a s s s n a k e s a s t h e y both allow adequate ly 

for ana lys i s of home range areas with one or more favoured s i t e s . Movement 

of the s n a k e s was di f f icul t to pred ic t in pract ice , but all of t h e t a g g e d animals 

re turned to a prev ious ly v i s i t ed s i t e or s i t e s , in some c a s e s more than once; 

th i s i s d i s c u s s e d in Chapter 6 . Furthermore, i t would be e x p e c t e d that 

act iv i ty at and around t h e overwinter ing s i te in ear ly s p r i n g and late autumn 

and any migration to a summer s i t e would be c lear ly shown, a s s u c h areas 

would show up on the plots a s d is t inct c o r e s , s ince t h e r e would be a large 

number of f i x e s (assuming one f i x per day) in c lose proximity to each o ther 

and the mult i -nuclear method of calculation would t e n d to group t h e s e 

separate ly . Both of t h e methods can show s u c h r a n g e formations graphica l ly . 

The internal s t r u c t u r e of home r a n g e s can be c lari f ied f u r t h e r b y 

analys i s of t h e uti l isation dis tr ibut ion of a r a n g e (Haynes , 1949) . This i s 

allied to t h e concept of core areas within a r a n g e , and i n v o l v e s p r o g r e s s i v e l y 

calculating t h e reduced r a n g e area a s out ly ing f i x e s are e x c l u d e d . Assuming 

100% of the f i x e s comprises 100% of t h e range , t h e method then ca lculates t h e 

percentage of t h e total area u s e d b y decreas ing p e r c e n t a g e s of t h e total 

f i x e s . If core areas are well deve loped and s u r r o u n d e d b y a few dis tant 

f i x e s , it would be e x p e c t e d that the s lope of a plot of r a n g e area aga ins t the 

number of f i x e s u s e d will init ial ly be s t e e p a s out l iers are exc luded and t h e 

calculated r a n g e rapidly d e c r e a s e s in s i z e . The two p lots in Figure 3 . 1 show 

hypothet ical examples of two d i f f erent range t y p e s . The f i r s t s h o w s t h e 

util isation distr ibut ion plot of a range for an animal that has a den or n e s t 

which i t l e a v e s to forage in on ly a few areas and t h e second s h o w s a plot for 

a range where each f i x or location i s equidis tant from the n e x t ( i e . sys temat ic 

block d e s i g n ) . 

Range over lap can expla in to some e x t e n t t h e in traspec i f i c interact ions 

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

and l izard s t u d i e s . Conspec i f i c s whose r a n g e s exhib i t a low d e g r e e of 
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Figure 3 . 1 Models of two hypothet ical uti l isation d i s t r ibut ions . 

a) Plot of a range in which the radio - tracked animal h a s a 
den or n e s t , and a small number of forag ing s i t e s or habitually 
v i s i t ed areas , from which i t rarely s t r a y s . Note how 90% of the 
f i x e s are located in only 30% of t h e total r a n g e area and 50% of 
the f i x e s in perhaps 2-3% of t h e area . 
b) Plot of a range in which locat ions ( f i x e s ) are equidis tant 
o v e r t h e ent ire r a n g e . Note how t h e percentage area used only 
d e c r e a s e s s lowly a s out ly ing f i x e s are e x c l u d e d . 

Utilisation distr ibution calculation i s part icularly sui table for u s e 
with mult i -nuclear c l u s t e r range a n a l y s e s a s t h e lat ter a lready 
e x c l u d e areas not u s e d b y t h e radio- located animal. 
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overlap are presumably competing for some re source and maintaining a more 

or l e s s e x c l u s i v e terr i tory in which to obtain that r e s o u r c e . Hunger (1984) 

compared t h e o b s e r v e d overlap of Phrynosoma l izard r a n g e s to t h e overlap of 

the same r a n g e s placed randomly with r e s p e c t to one another and showed that 

overlap between conspec i f i c s was r e d u c e d , and s u g g e s t e d that competition 

for mates was a dr iv ing in f luence behind t h i s behav iour . Similarly, 

Cloudsley-Thompson demonstrated that African g e c k o e s , Tarentola annularis 

were a lways found alone behind artif icial c o v e r s , s u g g e s t i n g e i ther 

territorial i ty or an avoidance of occupied s i t e s . A lack of both a g g r e s s i o n 

and i n t e r - s e x u a l variation s u g g e s t e d that concealment was t h e dr iv ing 

in f luence for th i s behaviour and not d irect competition for r e s o u r c e s . No 

data could be found in publ i shed l i terature for t h e over lap of snake r a n g e s . 

Such behaviour may only be e v i d e n t for part of t h e annual cyc l e of a 

s p e c i e s ; Pres t t (1971) , in a s t u d y of Vipera b e r u s in Southern England, 

showed that both males and females occupied individual l ay ing out areas 

immediately a f t er s p r i n g emergence and that there was v e r y l i tt le overlap 

between individual areas unti l breed ing b e g a n . 

C o n v e r s e l y , aggregat ion has been demonstrated in severa l snake 

s p e c i e s , part icularly amongst both s e x e s t o g e t h e r at communal overwinter ing 

s i t e s ( P r e s t t , 1971, Vipera b e r u s ; Brown & Parker , 1976, Coluber 

constr ic tor: Madsen, 1984 and p e r s . o b s . . Natrix natr ix ) and amongst grav id 

females (Gregory , 1975, s evera l s p e c i e s ; Madsen, 1984 and p e r s . o b s . , N. 

n a t r i x ) . 

The purpose of t h i s chapter i s to ana lyse the u s e of space b y f r e e 

rang ing g r a s s s n a k e s . Home r a n g e s have been calculated and compared 

between both s e x e s and indiv iduals . The internal s t r u c t u r e of r a n g e s and 

s i t e t enac i ty of indiv iduals h a s been examined. Monthly r a n g e s have been 

calculated to examine any c h a n g e s in rang ing behaviour o v e r the course of 

a s eason and f ina l ly , t h e range over lap of t h e radiotracked s n a k e s has been 

inves t iga ted to examine for t h e p r e s e n c e of in traspec i f i c i n f l u e n c e s on 

rang ing behaviour in t h e s p e c i e s . 
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3 . 2 Methods 

3 . 2 . 1 Data collection 

Of s i x t e e n indiv iduals t a g g e d in 1988 and 1989, one died a f t er 7 d a y s , 

one was los t a f t er 13 d a y s and two were c a u g h t at a d i f f erent s i t e and 

introduced into Chilworth. The remaining twe lve have been u s e d in t h e 

calculat ions for t h i s chapter . The tracking period varied from 24 to 313 d a y s 

and invo lved s ix s n a k e s in 1988 and s e v e n in 1989. In addit ion, one female 

was t a g g e d late in 1988, overwintered with t h e tag in s i tu and fol lowed 

throughout t h e s u b s e q u e n t s e a s o n . 

Although all of the s n a k e s were usua l ly located more than once each 

d a y , only the n ight- t ime location of each individual has been u s e d in 

calculat ing t h e range and t h e uti l isation d i s tr ibut ion . The number of f i x e s 

taken dur ing each day var ied depending on t h e weather , t h e number of 

animals be ing t racked , the nature of t h e r e s e a r c h at t h e time and t h e ac t iv i ty 

of the s n a k e s on each day . However , s n a k e s were always located at t h e end 

of each day and ear ly t h e fol lowing day , s o t h e o v e r n i g h t location was a lways 

known. 

When a snake was located , great care was taken not to d i s turb i t , e v e n 

if that meant not s e e i n g i t and t h u s forego ing t h e collection of some data; t h i s 

was not a lways poss ib le and any d i s turbance was recorded s o that ana lys i s 

could be carried out to examine a n y e f f e c t t h i s may have had on the movement 

of the animals. The location of each s n a k e was es tab l i shed b y measuring t h e 

d is tance and bearing from t h e snake to a known mapped point . In t h i s way 

the posit ion of t h e animal could be s u b s e q u e n t l y recorded onto a map to an 

accuracy of one metre. 

Independence of consecu t ive f i x e s has proved to be a major problem 

when col lect ing data for home r a n g e and habitat u s e a n a l y s e s and it i s 

important to coUect s u c h data methodical ly. Independence r e q u i r e s that t h e 

location of each f i x i s not in f luenced b y t h e p r e v i o u s f i x . For i n s t a n c e , a day 

spent record ing many f i x e s for t h e same snake will bias t h e range uti l isation 

a n a l y s e s , a s c lose ly grouped locat ions will be shown a s a separate n u c l e u s . 

In t h i s c a s e , the snake may have only s p e n t a shor t time in that particular 

area , which could in theory form part of a l arger n u c l e u s or in t h e c a s e of a 

moving s n a k e , merely be part of a 'corridor' , a s t h e s n a k e moves from one 

n u c l e u s to another . Unrecorded or miss ing data will have a similar e f f e c t . 

In t h e o r y , t h e requirement for independence i s sa t i s f i ed if each f i x i s d is tant 

enough in time for the snake to have made a s ign i f i cant movement ( r e -
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locat ion) , e v e n if t h e snake did not do s o . The data p r e s e n t e d below 

r e p r e s e n t one f i x per animal per d a y , taken at t h e end of the day at t h e n igh t 

r e f u g e . The u s e of one f i x per day i s acceptable because t h e 24 hour period 

between f i x e s i s long enough to allow t h e animal to move to a d i f f erent area , 

but eliminates t h e poss ibi l i ty of inc luding brief e x c u r s i o n s away from t h e 

normal area . 

3 . 2 . 2 Range analys i s 

In t h i s s t u d y , two methods were u s e d for t h e calculation of t h e r a n g e s 

of t a g g e d g r a s s s n a k e s : c o n v e x po lygon ana lys i s was c h o s e n for a number 

of r e a s o n s : f i r s t l y , it i s simple and prov ides a good quant i tat ive and 

graphical representat ion of home range ; s e c o n d l y , t h e r e s u l t s obtained can 

be compared with other s t u d i e s which h a v e u s e d t h e same method; f ina l ly , for 

management and conservat ion p u r p o s e s , i t i s important to know t h e s i z e of 

the ent ire area o v e r which an animal moves , e v e n if only a small part of that 

range i s u s e d i n t e n s i v e l y . 

Multi-nuclear c lus ter ana lys i s was u s e d in p r e f e r e n c e to harmonic mean 

ana lys i s because i t was fe l t to be more accurate in est imating t h e area of 

r a n g e s than t h e la t ter . Nuclei within a range are shown a s separate c o n v e x 

po lygons within a total polygon and are more l ike ly to exc lude areas not 

v i s i t ed b y an indiv idual . The method i s not per fec t s ince two or more 

apparent ly d is t inct c l u s t e r s which contain a common f i x will inev i tab ly be 

grouped into one c lus ter or 'core' area . This notwi ths tanding , t h e areas 

del ineated b y the method are more l ike ly to be accurate representa t ions of t h e 

u s e of space within a range than t h o s e der ived from harmonic mean ana lys i s 

and for t h i s reason , if for no o t h e r , t h e method i s to be p r e f e r r e d . 

Ana lyse s were performed u s i n g t h e "Ranges IV" program (Biotrack , 

Wareham), a p u r p o s e built movement and habitat ana lys i s package . Only one 

location per day was u s e d in an e f f o r t to eliminate i n c r e a s e s in r a n g e s i z e 

caused b y brief f o r a y s outs ide t h e "core" area . In t h i s way , the area with 

the d e n s e s t f i x e s will be t h e area in which t h e animal i s most l ike ly to be 

f o u n d . 

3 . 2 . 3 Range and uti l isation distr ibut ion 

The purpose of t h e s e a n a l y s e s i s to examine not on ly range s i z e , but 

to explore t h e u s e of space within t h e o b s e r v e d r a n g e s . In order to ach ieve 

t h i s , t h e total range has been calculated for each snake for t h e ent ire period 
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o v e r which t h e y were t racked , u s i n g both of t h e methods out l ined. The 

c o n v e x po lygons plotted show t h e maximum area over which t h e s n a k e s moved 

dur ing th i s period and provide a simple index of vag i l i ty over t h i s t ime. 

Further invest igat ion of the u s e of t h i s range i s provided b y mult i -nuclear 

ana lys i s , which r e d u c e s t h i s area into smaller p o l y g o n s which i l lustrate 

quant i tat ive ly how t h e s n a k e s u s e t h e total r a n g e . 

Further examination of r a n g e u s e e x p l o r e s how t h e e x t e n t of movement 

var i e s o v e r time and u s e s on ly c o n v e x po lygon ana lys i s . If the s n a k e s u s e 

space to a vary ing d e g r e e o v e r t h e c o u r s e of a s e a s o n , i t may be e x p e c t e d 

that o b s e r v e d r a n g e s will be smaller dur ing times of r e d u c e d ac t iv i ty . The 

interval over which to measure s u c h r a n g e s can e i ther b e predetermined or 

can h a v e some re levance to t h e biology of the animal. Madsen (1984) , in h i s 

s t u d y of Matrix natrix u s e d calendar months a s un i t s for d iv id ing t h e s e a s o n , 

a l though Ken ward ( p e r s . comm.) r igh t ly s t a t e s that t h i s method p a y s l i t t le 

regard to the biology of t h e snake and h e favoured ins tead e i ther d iv id ing t h e 

s eason into ecological ly re levant per iods ( e . g . pre -mat ing , pos t -mat ing , 

ovipos i t ion, e t c . ) or choos ing a time that i s commensurate with t h e u s e of 

d is t inct wi th in-range areas or per iods of i n t e n s i v e movement b y t h e s n a k e 

s u c h that if range s i ze i s plotted aga ins t time, one or more asymptotes will be 

e x p o s e d ; s u c h per iods could in pract ice prove to be more or l e s s analogous 

to t h e formation of nuclei shown b y mult i -nuclear a n a l y s i s . Rose (1982) 

u s e d t h i s method in a s t u d y of Sce loporus v i r g a t u s and showed that 80% of 

home r a n g e was e x p o s e d a f ter 18 s i g h t i n g s of the l i zard . Figure 3 . 2 s h o w s 

p lots of range s i z e o v e r time for N . natr ix at Chilworth in 1988 and 1989 and 

a l though asymptotes can c learly be s e e n , t h e r e i s great variation in t h e time 

t h e s e take to occur for each indiv idual . Use of t h e s e for calculat ing wi th in-

season range formation i s there fore re jec ted . 

The other biologically re levant method i s also d i f f icu l t to u s e because 

of t h e uncerta inty of and variation a s to exac t ly when ecological ly 'relevant' 

per iods beg in and e n d . Emergence, mating and oviposit ion all take place o v e r 

a period of weeks within both t h e s p e c i e s and within a population ( p e r s o b s ) ; 

for i n s t a n c e emergence in New Forest g r a s s s n a k e s may h a v e commenced 2 - 3 

weeks before t h e Chilworth population a s s i g h t i n g s of emerged g r a s s s n a k e s 

were reported before Chilworth s n a k e s in 1987, 1988 and 1989 (Noble , p e r s 

comm; p e r s obs) and mating was o b s e r v e d at Chilworth o v e r a period rang ing 

from 7th April (1988) to June 11th (1989) . A poss ib le mating also occurred 

on 25th A u g u s t , 1988 (Yapp, p e r s comm) al though when c a u g h t , a cloacal 
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Time (days) 

Time (days) 

Figure 3 . 2 Plots showing t h e increase in calculated r a n g e s i ze (minimum 
c o n v e x p o l y g o n s ) , a s c o n s e c u t i v e daily f i x e s were inc luded . 
Each graph s h o w s similar plots for each individual radiotracked. 
a) 1988 
b) 1989 
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smear taken of t h e female showed no ev idence of sperm. The beg inn ing and 

end of e v e n t s s u c h a s the emergence and breed ing per iods are d i f f icu l t to 

detect in t h e f ie ld e x c e p t in t h e broadest s e n s e . Furthermore, no radio-

tracked females bred dur ing e i ther 1988 or 1989. Thi s makes accurate 

divis ion of t h e season into ecological ly re levant per iods somewhat d i f f icu l t and 

there fore t h i s method too was re jected . Al though t h e u s e of time lacks 

ecological re l evance , it wiU be u s e d in t h i s s t u d y ; t h e method i s s imple, 

object ive and has s u b s t a n t i v e re l evance to t h e management and conservat ion 

of t h e s p e c i e s b y workers in t h e f i e ld . Ana lys i s of movement data ( s e e 

Chapter 4) meant that i t was st i l l poss ib le to examine t h e re lat ionship of 

movement o v e r a season in an ecological ly re levant c o n t e x t . Calendar months 

will be u s e d and data that d o e s not cover a ful l months t rack ing for each 

individual snake will be e x c l u d e d . This l e n g t h of time i s cons idered long 

enough to minimise or eliminate t h e e f f e c t s of abiotic var iables that have an 

e f f e c t on t h e vag i l i ty of t h e s n a k e , part icularly per iods of low temperature , 

during which mobility i s much r e d u c e d . 

B e c a u s e of d i f f e r e n c e s in t h e weather between 1988 and 1989, some of 

the data for the two y e a r s will b e examined s e p a r a t e l y . The ho t , d r y summer 

of 1989 c o n t r a s t s sharp ly with t h e cooler , wet ter summer of t h e prev ious year 

and caused c h a n g e s in movement and habitat u s e that were e v i d e n t in t h e 

f i e ld . This will be examined in f u r t h e r detail in Chapter 4 of th i s t h e s i s . 

3 . 2 . 4 Range overlap 

Overlap ana lys i s was carr ied out on both total and monthly r a n g e s in 

th i s s t u d y for all s n a k e s and all months for which a ful l s e t of data had been 

obtained. Total and monthly over lap matrices were f i r s t calculated u s i n g 

minimum c o n v e x polygon ana lys i s to provide a g r o s s evaluat ion of t h e 

distr ibution of t h e s n a k e s dur ing a season and 100% mult i -nuclear c l u s t e r 

over laps were s u b s e q u e n t l y calculated to examine poss ib le c h a n g e s in rang ing 

behaviour t h r o u g h time. 
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3 . 3 Resu l t s 

3 . 3 . 1 Range s i ze 

Multiple c o n v e x polygon (MCP) and four mult i -nuclear c o n v e x polygon 

(MNCP) range s i z e calculat ions for rad io - tagged s n a k e s are shown in Table 

3 . 1 and maps showing the areas in F igures 3 . 3 & 3 . 4 . 

(a) 

Snake n MCP 100% MNCP 95% MNCP 90% MNCP 70% MNCP 

111 135 8 . 6 0 0 . 9 5 0 . 1 3 0 . 0 2 0 . 0 0 

141 41 4 . 6 8 1 .72 0 .07 0 . 0 6 0 . 0 0 

181 71 0 .61 0 . 1 3 0 . 0 3 0 . 0 2 0 . 0 0 

1161 40 7 . 4 5 3 . 6 8 0 . 4 1 0 . 0 1 0 . 0 0 

122 165 2 . 3 9 1 .83 0 .02 0 . 0 0 0 . 0 0 

172 51 2 . 5 2 0 .76 0 . 0 8 0 .06 0 . 0 0 

192 167 14 .53 3 . 5 2 0 . 7 4 0 . 1 2 0 . 0 0 

(b) 

Snake n MCP 100% MNCP 95% MNCP 90% MNCP 70% MNCP 

21 26 0 . 5 4 .09 0 .07 0 . 0 0 0 . 0 0 

31 52 5 . 8 5 1 .11 0 . 0 3 0 . 0 2 0 . 0 0 

51 33 11.69 11.69 1 .11 1 .02 0 . 0 0 

12 123 33 .49 10.20 0 .61 0 -12 0 . 0 0 

32 82 5 . 3 5 . 3 0 1 .66 0 . 3 2 0 . 0 3 

Table 3 . 1 Length of tracking period in d a y s ( n ) , minimum c o n v e x polygon 
(MCP)and four mult i -nuclear polygon (MNCP) areas (ha) for 
implanted s n a k e s . 
(a) 1988 
(b) 1989. 

There was no s ign i f i cant correlation between MCP area and t h e l e n g t h 

of the tracking period for 1988 (r^= 0 . 4 4 , n=7, p>0.05) or 1989 (r^=0.63, n=5, 

p > 0 . 0 5 ) . Nor was t h e r e a s ign i f i cant correlation between the l eng th of t h e 

tracking period and t h e 100% mult i -nuclear areas (MNCP's) area for e i ther 

year (1988: r^= 0 . 1 6 , n=7, p>0.05; 1989: r^= 0 . 4 1 , n=5, p > 0 . 0 5 ) . When t h e 
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data were combined t h e r e was no s ign i f i cant correlation (r^= 0 . 0 4 , n=12, 

p > 0 . 0 5 ) . The MCP areas for each of t h e two y e a r s were not s ign i f i cant ly 

d i f f erent when t e s t e d with a Mann-Whitney procedure (U=0.487, ni=7, n2=5, 

p>05); nor were t h e 100% MNCP areas s ign i f i cant ly d i f f erent (U=0.974, ni=7, 

n2=5, p>05) . I t i s poss ib le there fore , that some assumpt ions can be made 

which r e f e r to data from both y e a r s . 

The fol lowing maps ( f i g u r e s 3 . 3 [ a ] - [ g ] & 3 . 4 [ a ] - [ e ] ) i l lustrate 

Chilworth s t u d y s i t e showing t h e MCP and 100% MNCP r a n g e s of all implanted 

s n a k e s re s ident at t h e s i t e . The shaded areas of t h e maps show areas 

calculated b y t h e Multi-nuclear Convex Polygon (100%) method. T h e s e , 

t oge ther with the area within t h e dotted l ines cons t i tu te t h e Minimum Convex 

Polygon. 

Key 

Dw Deciduous wood 

Cw Coniferous wood 

Mw Mixed wood 

Gg Grazed grass land 

Ug Ungrazed grass land 

Mg Managed grass land 

W Wet grass land 

Fg Formal garden 

P Pond 

A Arable land (cerea l s ) 

C Cult ivated ( t r e e n u r s e r y ) 

S Stream 

B Built environment 

Roads 

Overwinter ing s i t e s . All known s i t e s are shown on 

t h e maps, but note that t h e y do not neces sar i l y 

r e f e r to the snake r a n g e s p lot ted . 
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(a) 

I I I L . 

1 k m 

( b ) 

Figure 3 . 3 MCP and MNCP r a n g e s for implanted s n a k e s . 

Year: 1988 
(a) 141 
( b ) 111 
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(C) 

I I I ! 
1 km 

( d ) 

Figure 3 . 3 MCP and MNCP r a n g e s for implanted s n a k e s . 

Year: 1988 
( c ) 181 
(d ) 1161 
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(e) 

1 km 

( f ) 

F igure 3 . 3 MCP and MNCP r a n g e s for implanted s n a k e s . 

Year: 1988 
( e ) 122 
( f ) 172 
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(g) 

t, I 
1 km 

Figure 3 . 3 MCP and MNCP r a n g e s f o r implanted s n a k e . 

Year: 1988 
(9 ) 1 9 2 
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(a) 

* * ' I . I # 

1 km 

( b ) 

Figure 3 . 4 MCP and MNCP r a n g e s for implanted s n a k e s . 

Year: 1989 
(a) 21 
( b ) 31 
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(C) 

I L. _i I L 

1 k m 

(d) 

Figure 3. 4 MCP and MNCP r a n g e s for implanted s n a k e s . 

Year: 1989 
( c ) 51 
( d ) 12 
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(e) 

I I 1 1- ' I 

1 k m 

Figure 3. 4 MCP and MNCP r a n g e s for implanted snake . 

Year: 1989 
( e ) 3 2 
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The great variation in t h e MCP s i ze between indiv iduals both between 

and within y e a r and s e x ca tegor ie s fol lows no apparent pat tern . The s n o u t -

v e n t l e n g t h s and we ight s are shown in table 3 . 2 ; t h e s e were ana lysed in turn 

to t e s t for a s ign i f i cant correlation between e i ther MCP or MNCP and t h e 

weight or l e n g t h of e i ther females or males (1988 & 1989 data combined); the 

r e s u l t s are shown in table 3 . 3 . 

(a) 

Snake S . V . L . (cm) Weight ( g ) 

111 54 73 

141 48 76 

181 60 107 

1161 46 97 

122 77 160 

172 78 172 

192 73 123 

(b) 

Snake S . V . L . (cm) Weight ( g ) 

21 49 73 

31 52 84 

51 62 107 

12 77 192 

32 79 183 

Table 3 . 2 Weight and s n o u t - v e n t l e n g t h of t a g g e d s n a k e s . 
(a) 1988 (b) 1989 

Male MCP/SVL r= =0 .23 , n= =7, p>0.05 . 
Male MNCP/SVL r= =0 .47 , n= =7, p>0.05 . 
Female MCP/SVL r= =0 .28 , n= =5, p>0.05 . 
Female MNCP/SVL r= =0 .05 , n= =5, p>0.05 . 
Male MCP/weight r= =0 .21 , n= =7, p>0.05 . 
Male MNCP/weight r= =0 .02 , n= :7, p>0.05 . 
Female MCP/weight r= =0 .24 , n= :5, p>0.05 . 
Female MNCP/weight r= =0 .49 , n= =5, p>0.05 . 

Table 3 . 3 Correlation c o - e f f i c i e n t s of MCP and 100% MNCP with 
s n o u t - v e n t l eng th and weight of t a g g e d s n a k e s . 
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The s i ze of male and female MCP and 100% MNCP r a n g e s were not 

s ign i f i cant ly d i f f erent from each other when t h e two y e a r s were combined 

(U=0.487; n l=7; n2=5; p>0.05 andU=0.974; n l=7; n2=5; p>0.05 r e s p e c t i v e l y ) . 

The o ther point worthy of considerat ion from t h e s e a n a l y s e s c o n c e r n s 

the nuclei or core areas shown b y t h e mult i -nuclear t echn ique . Not on ly are 

t h e number of c l u s t e r s in each r a n g e of i n t e r e s t , but t h e posit ion of t h e s e 

c l u s t e r s re lat ive to each other and with re levance to the nature of t h e habitat 

and to time. 

Statist ical ana lys i s of core areas i s d i f f icul t both because of t h e small 

sample s i ze and because r a n g e s were calculated for indiv iduals o v e r d i f f e r e n t 

times of t h e year and two separate s e a s o n s ; however , some general o b s e r v a -

t ions are n o t e - w o r t h y . Furthermore, t h e MNCP method, a l though va luable , 

fa i l s to cons ider time and i s t h u s a pure ly mathematical interpretat ion of t h e 

data. What fol lows i s a brief examination of t h e data, u s i n g 100% MNCP's and 

f ie ld n o t e s and observat ions taken dur ing t h e r e s e a r c h , with part icular 

emphasis on pa t t erns that h a v e been ident i f i ed . 

Of the 12 r a n g e s ana lysed h e r e , 9 of t h e 100% MNCP's l ie in part 

d irect ly o v e r a known overwinter ing s i t e . This would be e x p e c t e d of s n a k e s 

that init ial ly emerged at t h e s e s i t e s and remained there unti l movement began 

in s p r i n g . However , s n a k e s 1161, 51 and 32 were c a u g h t and t a g g e d in 

A u g u s t , June and May r e s p e c t i v e l y and the ir overwinter ing s i t e s are not 

known. The remaining three animals all had core areas that were c lo se to 

known overwinter ing s i t e s . 

S e v e n animals were c a u g h t and t a g g e d at an overwinter ing s i t e in ear ly 

s p r i n g ; t h e s n a k e s were torpid and eas i ly c a u g h t and it was assumed that 

t h e y were at or v e r y c lose to the ir own winter r e f u g e . Of t h e s e s e v e n , s ix 

(111, 141,122, 192, 31 and 12) l e f t t h e s i t e dur ing s p r i n g and did not r e t u r n 

( e x c e p t in one c a s e in p a s s i n g ) throughout the ac t ive per iod . S n a k e s 111 and 

192 r e t u r n e d in autumn, and were presumably preparing to overwinter at t h e 

s i t e ; s n a k e 192 was again captured ear ly t h e following y e a r at t h e same s i t e . 

Snake 111 was kil led by a predator at t h i s s i t e and 122 s u f f e r e d a similar fa te 

whilst apparent ly moving in t h e direct ion of t h e overwinter ing s i t e la te in 

autumn. 

The number of nucleii (core areas ) was small in all c a s e s . S n a k e s 111 

and 192 had four and f i v e r e s p e c t i v e l y , inc luding in each c a s e one that was 

a s ing le location at which t h e s n a k e s she l t ered from cool and ra iny weather 

condi t ions and in t h e c a s e of s n a k e 192, one s e r i e s of n e a r b y locat ions that 

were u s e d while t h e snake was s l o u g h i n g and c o n s e q u e n t l y re lat ive ly inact ive 
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( s e e Chapter 4: Movement and a c t i v i t y ) . Excluding t h e s e special c a s e s , t h e 

number of nucleii was three in s i x c a s e s , two in a f u r t h e r t h r e e c a s e s and one 

in the remaining t h r e e . In t h e i n s t a n c e s where more than one n u c l e u s i s 

e v i d e n t , 100% of t h e observat ions were made in areas markedly smaller than 

the MCP for each individual ( s e e table 3 . 1 ) . Further ana lys i s of t h i s 

'utilisation distribution' i s p r e s e n t e d below. In t h e t h r e e i n s t a n c e s where t h e 

100% MNCP equals t h e MCP, two were of male s n a k e s that were t a g g e d o v e r 

re lat ive ly short per iods of 26 and 33 d a y s and one was of a female that was 

t a g g e d throughout May, June and July of 1989. 

In e v e r y c a s e e x c e p t one of t h e t h r e e e x c e p t i o n s r e f e r r e d to a b o v e , t h e 

nucleii of the t a g g e d s n a k e s were areas in which other s n a k e s were s e e n 

dur ing 1988 and 1989, a l though not neces sar i ly at t h e same time. In most 

c a s e s , t h e s e other s n a k e s were g r a s s s n a k e s a l though a d d e r s , V . b e r u s were 

also much in e v i d e n c e . Even from t h e maps of t h e t a g g e d animals ( F i g s . 3 . 3 

& 3 . 4 ) , it i s c lear that some areas are apparent ly favoured b y the s n a k e s , 

whilst o t h e r s are r a r e l y , if e v e r v i s i t e d . 

A s an adjunct to the data col lected from the s n a k e s which were 

implanted with t a g s , s evera l were f i t t ed with external t a g s at Chilworth in 

1987. The tracking period for t h e s e was neces sar i ly limited b y t h e ba t t ery 

l i f e of t h e t a g s and t h e potential damage that could be done to the s n a k e b y 

leav ing t h e t a g s in s i tu for e x t e n d e d per iods . Multi-nuclear ana lys i s would 

reveal l i tt le e x c e p t that t h e s n a k e s move and i s c learly inappropriate . 

Caution must also be e x c e r c i s e d when making observat ions that pool data from 

implanted and ex terna l ly f i t t ed t a g s . Eight s n a k e s were ex terna l ly t a g g e d 

and detai ls of t h e s n a k e s , t racking per iods and o b s e r v e d r a n g e s are shown 

in Table 3 . 4 . 

Snake S e x Duration 
( d a y s ) 

Range 
(ha l 

C 2 M 23 15 .88 

C 3 M 25 11.96 

C 4 F 17 1 .20 

C 5 F 58 27 .75 

C 6 M 6 0 .01 

C 9 F 16 3 .31 

C 10 F 17 1 .44 

C12 F 6 0 . 0 3 

Table 3 . 4 Tracking location and Minimum Convex Polygon area of 
external ly t a g g e d s n a k e s in 1987. 
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No stat is t ical ly s ign i f i cant d i f f erence was found between the MCP areas 

for external ly t a g g e d s n a k e s and t h o s e of implanted s n a k e s from e i ther year 

(1988: U=0.289, ni=8, n2=7, p>0.05; 1989: U=0.289, ni=8, n2=7, p > 0 . 0 5 ) . 

3 . 3 . 2 Utilisation Distribution 

The uti l isation distr ibut ion p lots for implanted s n a k e s are shown in 

Figure 3 . 5 . A s out ly ing f i x e s are p r o g r e s s i v e l y exc luded from the ana lys i s , 

the range area r e d u c e s markedly, unti l e f f e c t i v e l y reach ing zero a f ter 

exc lus ion of some 30% of f i x e s . An animal that u s e d i ts ' range with equal 

in tens i ty would have a shallow decl ine that approached zero with a small 

percentage of f i x e s remaining. The notably s t e e p decl ine in t h e initial s t a g e s 

of outl ier exc lus ion indicate that most f i x e s of e v e r y individual are to be 

found within a v e r y small area . Thi s i s more remarkable s i n c e t h e 100% area 

i s t h e already reduced MNCP area , which i tself ident i f i e s core a r e a s . The 95% 

and 90% areas (Table 3 . 1 ) were t e s t e d u s i n g a one s ided WUcoxon S igned 

Ranks t e s t aga inst 95% and 90% of t h e 100% MNCP area and were found to be 

s ign i f i cant ly smaller (90%: n=12, T^=3.12, p<0.001; 95%: n=12, T*=2.86, n=12, 

p < 0 . 0 1 ) . The data shown in Table 3 . 1 s h o w s uti l isation distr ibut ion data 

numerically b y area down to the 70% leve l and it i s c lear that t h e percentage 

chance of f ind ing a snake within a v e r y small area i s v e r y h i g h . 

3 . 3 . 3 Monthly r a n g e s 

The monthly r a n g e s (MCP) of all implanted s n a k e s for which at l eas t 

one ful l months data was col lected are shown in Table 3 . 5 ( a ) - ( b ) and maps 

of the four s n a k e s t a g g e d for t h e l o n g e s t per iods in F igures 3 . 6 ( a ) - ( d ) . 

The small sample s i ze p r e v e n t e d e x t e n s i v e s tat is t ical a n a l y s i s , but a 

plot of median monthly r a n g e s i ze ( s e x and year data pooled) i s shown in F ig -

u r e 3 . 7 . The graph s u g g e s t s that r a n g e s are l arges t in May and reduce a s 

the s eason p r o g r e s s e s . The sample s i ze for April i s low because t a g g e d dir 

s n a k e s were not genera l ly ready for re lease at t h i s t ime. However , both of 

t h e s n a k e s (one male, one female) t racked at t h i s time showed v e r y limited 

movement and remained c lose to the ir emergence s i t e s . No s n a k e s were e v e r 

c a u g h t away from t h e two overwinter ing s i t e s unti l s evera l w e e k s a f t er the 

emergence period had s tar ted ; t h e v e r y low range f i g u r e shown for April i s 

there fore almost certa in ly an accurate representat ion . 

The maps shown in F igures 3 . 6 ( a ) - ( d ) demonstrate that monthly 

r a n g e s for each individual demonstrate a great deal of over lap . Furthermore, 
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Figure 3 . 5 Plots of t h e uti l isation distr ibut ion of t a g g e d s n a k e s . 
a) 1988 
b) 1989 ( inc ludes p lots for 2 in troduced s n a k e s ) , 
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Snake Apr May Jun Jul A u g Sep 

111 - 3 . 3 9 0 .11 1 .23 2 . 0 0 . 8 8 

141 - 4 .07 - — - -

181 — 0 .36 0 . 1 2 0 . 2 - -

122 0 .12 0 . 1 9 0 . 2 9 0 . 0 0 . 3 8 0 . 0 

172 - — 0 .97 - - -

192 - 0 .67 2 . 8 4 11.35 0 . 6 9 0 . 3 5 

Table 3 . 5 (a) Monthly r a n g e s (MCP) of implanted s n a k e s 
(1988) . 

Snake Apr May Jun Jul 

32 - 1 .48 0 .51 -

12 0 . 0 0 18 .82 5 . 8 3 6 .61 

31 - 5 .69 - — 

Table 3 . 5 (b) Monthly r a n g e s (MCP) of implanted s n a k e s 
(1989) . 

certain areas appear to form a more or l e s s central 'zone' about which t h e 

animals base the ir movements. The wes tern half of the managed meadow and 

t h e adjacent woodland, jus t northeas t of one of t h e over -winter ing s i t e s was 

u s e d b y severa l individuals at var ious t imes throughout t h e y e a r . Field 

observat ions showed that t h e unmanaged e d g e s of t h e meadow were v e r y 

f r e q u e n t l y u s e d b y g r a s s s n a k e s and t h e meadow was o f t en c r o s s e d from the 

southern to t h e northern e d g e b y both t a g g e d s n a k e s and b y other ind iv id -

uals o b s e r v e d in t h e f i e ld . 

Three s n a k e s (111, 192, 122) were all apparent ly prepar ing to 

overwinter at t h e same s i te a s t h e p r e v i o u s year ; all t h r e e were t a g g e d unti l 

October, when s n a k e s 111 and 122 were predated and snake 192 was removed 

from t h e f ie ld to have the tag removed. 
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Figure 3 . 6 ( a - d ) The fol lowing two p a g e s show maps of Chilworth 

showing t h e monthly MCP r a n g e s of f o u r implanted 

s n a k e s for per iods of between 3 -6 months from April to 

September . 

Key 

Dw Deciduous wood 

Cw Coniferous wood 

Mw Mixed wood 

Gg Grazed gras s land 

Ug Ungrazed grass land 

Mg Managed grass land 

W Wet grass land 

Fg Formal garden 

P Pond 

A Arable land (cerea l s ) 

C Cult ivated ( t r e e n u r s e r y ) 

S Stream 

B Built environment 

Roads 

H Overwinter ing s i t e s . The s i t e marked in each case 

re la tes spec i f i ca l ly to t h e mapped indiv idual . 

Key t o r a n g e s 

A p r i l May J u n e A p r i l 

J u l y A u g u s t S e p t e m b e r 
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(a) 

(b ) 

F igure 3 . 6 Monthly r a n g e s (MCP's) of implanted s n a k e s . 
(a ) 122 (1988) 
(b) 111 (1988) 
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(C) 

(d) 

Figure 3 . 6 Monthly r a n g e s (MCP's) of implanted s n a k e s . 
( c ) 192 (1988) 
(d ) 12 (1989) 
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F i g u r e 3 . 7 P l o t o f m e d i a n m o n t h l y r a n g e s (MCP's ) o f 11 
t a g g e d s n a k e s . M a r k e r s show r a n g e s o f i n d i -
v i d u a l s n a k e s . 

3 . 3 . 4 Range over lap 

Overlap matrices for t h e MCP r a n g e s for 1988 and 1989 are shown in 

Table 3 . 6 . It i s e v i d e n t that t h e r e i s cons iderable over lap of r a n g e s ; 

however t h e mechanisms behind th i s are l e s s c l ear . If t h e s n a k e s are u s i n g 

common a r e a s , which i s t r u e in part at l ea s t , l i e . overwinter ing s i t e s ) , then 

the over lap could be merely random. It i s probable that t h e s n a k e s made u s e 

of spec i f i c t y p e s of habitat s u c h a s h e d g e s and woodland e d g e s . T h i s be ing 

s o , a h igh correlat ion may be e x p e c t e d between range s i ze and d e g r e e of 

over lap on other r a n g e s and t h i s was indeed t h e c a s e . Data for 1988 and 1989 

were ana lysed separate ly and pooled and in each c a s e r a n g e over lap showed 

a v e r y h igh correlat ion with s i z e of MCP range (1988: r=0 .933 , n=7, p<0.001; 

1989: r=0.972 , n=5, p<0.0001; both y e a r s : r=0 .96 , n=12, p<0 .0001) . 

The s i tuat ion though i s complex for a number of r e a s o n s : f i r s t l y , an 

unknown number of o ther g r a s s s n a k e s were ac t ive in t h e area and in terac -

tion with t h e s e animals cannot b e quant i f ied; s e c o n d l y , a h igh correlat ion i s 

stiU poss ib le e v e n with animals pos i t ive ly in teract ing with each o t h e r , th ird ly 

t h e MCP method inc ludes l arge areas n e v e r v i s i t e d b y s n a k e s and f ina l ly , 

because t h e method u s e d i g n o r e s time. 
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(a) 

141 1161 172 192 111 122 181 

141 - 2 . 5 3 . 4 2 4 . 0 5 . 2 14 .0 0 . 0 

1161 11 .8 - 9 . 1 5 3 . 4 2 5 . 2 1 . 2 0 . 0 

172 6 . 1 26 .9 - 64 .2 42 .6 3 9 . 9 2 4 . 2 

192 8 . 2 28 .5 11 .0 - 3 6 . 0 8 . 0 0 . 6 

111 3 . 1 22 .1 12 .7 59 .5 - 7 . 2 0 . 1 

122 2 7 . 0 3 . 0 4 2 . 0 45 .6 25 .1 - 11 .9 

181 0 . 0 0 . 0 9 9 . 3 13 .8 0 . 8 46 .1 -

(b ) 

21 51 32 12 31 

21 - 1 . 8 7 5 . 4 9 9 . 4 0 . 0 

51 0 . 0 - 9 . 5 4 3 . 5 18 .9 

32 8 . 1 2 2 . 2 - 8 3 . 0 3 9 . 0 

12 1 . 9 15 .1 13 .4 - 18 .5 

31 3 7 . 3 34 .6 100 -

Table 3 . 6 Range (MCP) over lap matrices for t a g g e d s n a k e s . Range 
areas in rows are over lapped b y t h o s e in columns. The 
data shown r e p r e s e n t s t h e range of each snake for i ts ' 
ent ire tracking per iod. 
(a) 1988 
(b) 1989 

Matrices of core areas (100% MNCP) for 1988 and 1989 are shown in 

Table 3 . 7 . Overlap p e r c e n t a g e s are not iceably lower , a l though sti l l 

s i gn i f i cant . Further ana lys i s i s d i f f icul t because of de f i c i enc ies in t h e MNCP 

calculation method. Although a s ing le map of core areas for all animals for 

each year i s not p r e s e n t e d h e r e , it i s ev ident from t h e s e r i e s of maps shown 

in F igures 3 . 3 & 3 . 4 that cons iderable overlap t a k e s place in 'common' areas 

a s s ta ted p r e v i o u s l y . This i s l ike ly to be a resu l t of habitat se lect ion ( e g . for 

p r e y abundance or for concealment and thermoregulat ion) rather than t h e 

maximisation of in traspec i f i c in teract ions . A matrix of 90% MNCP core areas 
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showed over lap in only 25% of r a n g e s and it should be remembered that time 

was not inc luded in the ana lys i s , so spatial 'overlap' may have occured at 

d i f ferent t imes of t h e year . 

(a) 

141 1161 172 192 111 122 181 

141 - 0 . 1 4 . 1 57 .1 10 .7 17 .3 0 . 0 

1161 0 . 0 - 10 .4 1 . 1 0 . 0 0 . 0 0 . 0 

172 8 . 8 51 .1 - 2 0 . 8 4 .26 23 .6 11 .2 

192 2 8 . 5 2 . 0 5 . 0 - 7 . 0 16 .5 0 . 6 

111 20 .1 0 . 5 3 . 5 22 .7 — 8 . 4 0 . 0 

122 16 .1 0 . 0 10 .1 31 .6 4 . 5 - 1 . 7 

181 0 . 0 0 . 0 6 1 . 8 9 . 8 0 . 0 18 .0 -

(b) 

21 51 32 12 31 

21 - 11 .0 76 .7 8 . 5 0 . 0 

51 0 . 0 - 9 . 5 0 . 2 3 . 1 

32 1 . 8 21 .2 - 3 8 . 1 2 0 . 3 

12 0 . 3 0 . 3 19 .9 - 5 . 9 

31 0 . 0 32 .1 9 5 . 7 49 .6 -

Table 3 . 7 Range (100% MNCP) over lap matrices f or t a g g e d s n a k e s . 
Range areas in rows are over lapped b y t h o s e in columns 
(a) 1988; (b) 1989) . 
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3 . 4 Discuss ion 

3 . 4 . 1 Range calculation and methodology 

Researchers who embark on t h e measurement of t h e home r a n g e of an 

animal are faced with three fundamental problems. The f i r s t of t h e s e i s t h e 

def init ion of home range and t h e sui tabi l i ty of a particular def ini t ion for t h e 

animal under inves t iga t ion . Implicit in most def ini t ions of home r a n g e i s t h e 

concept of a home base which makes u p t h e 'centre' of an area in which an 

animal moves and t h e assumption that an animal will move within a re lat ive ly 

s table area around that c e n t r e (Tiebout & Gary, 1987) . A s t h e s e au thors 

s t a t e , def ini t ions s u c h as t h e s e are not appropriate for many snake s p e c i e s . 

The second problem i s that of time and t h e period o v e r which to 

measure home range ( s e e Gregory e t a l , 1987) . Many home range s t u d i e s 

have been of re lat ive ly shor t duration and most have been l e s s than one 

s e a s o n , particularly those u s i n g te lemetry as a means of locat ing animals. 

Furthermore, if an animal u s e s two completely d i f f erent areas in s u b s e q u e n t 

y e a r s , what then i s the home range? It may be that home range becomes 

s table a f t er only a short period and that an animal will c o v e r i ts ' ent ire r a n g e 

a f t er on ly a shor t time ( e g . Rose , 1982) and that t h e r a n g e s i z e can be 

accurate ly est imated a f t er on ly re lat ive ly few locat ions . The plots in F igure 

3 . 2 s u g g e s t that t h i s i s not t h e c a s e for Matrix natr ix , a s range s i ze o f t e n 

cont inued to increase with time in an unpredictable manner. 

The third problem i s t h e range calculation method. Each method has 

limitations which lead to an inaccurate calculation of t h e area u s e d b y an 

animal. The most popular method and one that i s used in t h i s s t u d y (Minimum 

Gonvex Polygons) over -es t imates t h e area u s e d b y an animal, b y inc lud ing 

large areas that an animal n e v e r v i s i t e d . Gorrection fac tors have been u s e d 

(Jenrich & T u r n e r , 1969) in some s t u d i e s ( ^ . Reinert & Kodrlch, 1982; 

Goddard, 1984) in an attempt to compensate for the variation in sample s i z e s , 

but t h i s seems to be inappropriate for s n a k e s t u d i e s , where t h e re lat ionship 

between sample s i ze and range s i ze i s variable . Multi-nuclear methods 

(Harmonic Mean and Gluster ana lys i s ) c ircumvent t h e problem of u n u s e d 

areas , but take no account of the order of locations and inev i tab ly group 

t o g e t h e r nuclei with a common location. A s a resu l t of t h e s e and o ther 

problems connected with data collection methods , comparison between s t u d i e s 

i s o f t e n inappropriate . 

It i s contended here that t h e f i r s t two of t h e s e problems are of l i t t le 

importance and that t h e object ive of a s t u d y s u c h as t h i s ( to s t u d y t h e 
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3 . 4 Discuss ion 

3 . 4 . 1 Range calculation and methodology 

Researchers who embark on t h e measurement of the home range of an 

animal are faced with three fundamental problems. The f i r s t of t h e s e i s t h e 

definit ion of home range and t h e sui tabi l i ty of a particular def ini t ion for t h e 

animal under inves t igat ion . Implicit in most def ini t ions of home r a n g e i s t h e 

concept of a home base which makes u p the 'centre' of an area in which an 

animal moves and t h e assumption that an animal wiU move within a re lat ive ly 

s table area around that c e n t r e (Tiebout & Gary, 1987). A s t h e s e authors 

s t a t e , def in i t ions s u c h as t h e s e are not appropriate for many s n a k e s p e c i e s . 

The second problem i s that of time and the period o v e r which to 

measure home range ( s e e Gregory e t a l , 1987) . Many home r a n g e s t u d i e s 

have been of re lat ively shor t duration and most have been l e s s than one 

s e a s o n , particularly those u s i n g te lemetry as a means of locat ing animals. 

Furthermore, if an animal u s e s two completely d i f ferent areas in s u b s e q u e n t 

y e a r s , what then i s t h e home range? It may be that home range becomes 

s table a f t er only a short period and that an animal wiU cover i ts ' en t i re range 

a f t er on ly a short time ( e g . Rose , 1982) and that the r a n g e s i z e can be 

accurate ly estimated a f ter on ly re lat ive ly few locat ions . The p lots in Figure 

3 . 2 s u g g e s t that t h i s i s not t h e c a s e for Matrix natr ix . a s range s i z e o f t en 

cont inued to increase with time in an unpredictable manner. 

The third problem i s t h e range calculation method. Each method h a s 

limitations which lead to an inaccurate calculation of t h e area u s e d b y an 

animal. The most popular method and one that i s u s e d in t h i s s t u d y (Minimum 

Gonvex Polygons) over -e s t imates the area u s e d b y an animal, b y inc luding 

large areas that an animal n e v e r v i s i t e d . Gorrection fac tors have been u s e d 

(Jenrich & Turner , 1969) in some s t u d i e s ( e g . Reinert & Kodrich, 1982; 

Goddard, 1984) in an attempt to compensate for the variation in sample s i z e s , 

but t h i s seems to be inappropriate for snake s t u d i e s , where t h e re lat ionship 

between sample s i ze and r a n g e s i z e i s var iable . Multi-nuclear methods 

(Harmonic Mean and Gluster ana lys i s ) c ircumvent the problem of u n u s e d 

areas , but take no account of t h e order of locat ions and inev i tab ly group 

toge ther nuclei with a common location. A s a resul t of t h e s e and other 

problems connected with data collection methods , comparison be tween s t u d i e s 

i s o f t en inappropriate . 

It i s contended here that the f i r s t two of t h e s e problems are of l i tt le 

importance and that the object ive of a s t u d y s u c h as t h i s ( to s t u d y t h e 
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o b s e r v e d in t h i s s t u d y . It i s l ike ly that t h i s i s because of the d i f f eren t 

habitats in which t h e s t u d i e s were carried o u t . Madsen's s t u d y area 

cons i s ted of open , grazed f i e l d s surrounded b y s tone f e n c e s ( in which t h e 

s n a k e s were usual ly l oca ted) , whilst t h e habitat at Chilworth c o n s i s t e d on the 

whole of l e s s open habitat , with much denser ground c o v e r . The l inear i ty of 

Madsen's habitat would inev i tab ly lead to the formation of l arger r a n g e s , 

assuming an equal d e g r e e of ac t iv i ty of h i s s n a k e s with t h o s e in t h i s s t u d y . 

Multi-nuclear Cluster ana lys i s of t h e r a n g e s (Table 3 . 1 ) showed that 

the areas actual ly u s e d (a s opposed to t r a v e r s e d ) b y t h e s n a k e s were much 

smaller than t h e MCP area . The 100% Multi-nuclear Cluster Po lygons (MNCP) 

include e v e r y f i x , inc luding out l iers and in aU but two c a s e s , r e d u c e d t h e 

measured (MCP) range s ign i f i cant ly . A s out ly ing f i x e s are p r o g r e s s i v e l y 

e x c l u d e d , t h e calculated range area r e d u c e s dramatically in all but one c a s e 

until at the 70% area ( ie . t h e area in which 70% of f i x e s are to be f o u n d ) i s 

smaller than the resolut ion of t h e mapping t echn ique , and will equal Im^ for 

each remaining d i f f erent locat ion. The plots of uti l isation dis tr ibut ion show 

th i s c learly (F igure 3 . 5 ) . 

The reduct ion in MNCP areas i s s ign i f i cant ly more pronounced than 

would be e x p e c t e d b y chance; what t h i s shows i s that t h e v a s t majority of the 

calculated home r a n g e areas are completely u n u s e d or u s e d on ly trans i tor i ly . 

Snakes o f t en s t a y e d in one place for cons iderable per iods ( u p to t h r e e weeks ) 

and for a number of r e a s o n s . F irs t ly , t h e y rare ly moved dur ing rain or on 

cool overcas t d a y s , presumably because a h igh body temperature would be 

di f f icult to reach ( s e e Chapter 5 ) . Secondly , dur ing t h e period before 

s loughing or a f t er f e e d i n g , l i t t le or no movement took place ( s e e Chapter 4 ) . 

Thirdly , movements around t h e overwinter ing s i t e s dur ing s p r i n g and 

autumn were usual ly l imited. On other occas ions , no reason could be readi ly 

ident i f ied w h y an individual became s e d e n t a r y , a l though if a s n a k e h a s no 

reason to move, se lect ion will c learly favour t h o s e who ne i ther waste e n e r g y 

nor r isk predat ion. 

S n a k e s o f t e n re turned to a prev ious ly u s e d area and r e f u g e rapidly and 

more or l e s s d irect ly and t h e d i s tances invo lved were sometimes l arge (up to 

350m in one d a y ) . Th i s phenomenon h a s been reported for s evera l s p e c i e s of 

s n a k e , notably t h e garter s n a k e , Thamnophis sirtaHs (Fitch & S h i r e r , 1971) 

and t h e a d d e r , Vipera b e r u s ( P r e s t t , 1971; p e r s o b s ) . The u s e of f avoured 

areas presumably c o n f e r s b e n e f i t s s u c h a s opportuni t ies f or concealment and 

may also have advantages s u c h as e s c a p e from predators (St ickel & Cope, 
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1947; P r e s t t , 1971) and improved thermal opportuni t ies (Chelazzi and 

Calzolai, 1986) . 

Pres t t (1971) , Gregory and Stewart (1975) and Brown & Parker (1976) 

have reported t h e u s e of d is t inct summer and winter r a n g e s for V . b e r u s , 

T . Sirtal is and Coluber constr ic tor r e s p e c t i v e l y and t h e r e was some e v i d e n c e 

of s u c h behaviour b y s n a k e s in t h i s s t u d y , a l though it was not ev ident in 

e v e r y indiv idual . S n a k e s 111, 141 and 181 both l e f t the ir overwinter ing s i t e 

and moved over 200m in one day to new s i t e s at which t h e y remained, in one 

case (111) for most of t h e r e s t of t h e ac t ive s e a s o n . Snake 31 may also have 

shown s u c h behav iour , but was los t shor t ly a f t er moving. All of t h e s e s n a k e s 

were male and all were radiotracked from the beg inn ing of t h e act ive s eason 

at the ir overwinter ing s i t e s . The overwinter ing s i t e r a n g e s and s u b s e q u e n t 

'new areas' can be s e e n on t h e range maps in Figure 3 . 3 . Th i s apparent 

pattern was confounded b y male s n a k e s that were radiotracked only dur ing 

the middle and la t ter part of t h e s e a s o n . T h e s e s n a k e s did not show t e n u r e 

to any particular s i t e and ranged wide ly . No data was available f o r t h e s e 

animals u p to t h e autumn submergence period a s one was ki l led b y a dog or 

fox (1161) and in 1989, f ie ldwork was terminated at t h e e n d of Ju ly . 

T h e s e o b s e r v a t i o n s d i f f er from t h e o ther s t u d i e s mentioned in that t h e 

'summer ranges ' of t h e animals o b s e r v e d in th i s s t u d y were d i s t inct from each 

o ther , whereas both T . s ir ta l i s , C . cons tr ic tor and V. b e r u s populat ions 

moved to a communal summer area some dis tance from the overwinter ing s i te 

(V. b e r u s . 500m and 1200m (two s i t e s ) ; C . constr ic tor 663m to 781m (females 

and males) and T . s ir ta l i s . 10.7km (both s e x e s ) . The o b s e r v e d seasonal 

movements b y N . n a t r i x were cons iderably smaller, a v e r a g i n g 200m. 

It would appear that s u c h seasonal movements are made b y s n a k e s in 

search of food r e s o u r c e s , a s f e e d i n g only t a k e s place in t h e summer areas . 

However, in t h i s s t u d y , the main food source of g r a s s s n a k e s , the toad Bufo 

bufo , was apparent ly widespread o v e r t h e s t u d y area and two s n a k e s were 

o b s e r v e d f e e d i n g at an overwinter ing s i t e and severa l more that had recent ly 

eaten were o b s e r v e d in th i s area . Of t h e s e v e n s n a k e s that were initially 

t a g g e d and re leased at the overwinter ing s i t e s , on ly one (192) r e t u r n e d there 

dur ing the middle part of the season e x c e p t in p a s s i n g , a l though other g r a s s 

s n a k e s were occasional ly o b s e r v e d in t h e s e areas . Of t h r e e s n a k e s which 

were t a g g e d for almost t h e whole of t h e 1988 s e a s o n , two r e t u r n e d in t h e 

autumn (111 and 192) and one was moving in that direct ion when i t was killed 

b y a predator (122 ) . It would appear from t h i s that t h e same overwinter ing 
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s i t e s are u s e d from year to y e a r . Snake 192 was s u b s e q u e n t l y c a u g h t in 

s p r i n g 1989 at t h e overwinter ing s i t e . 

Female s n a k e s showed l e s s s i t e t e n u r e than did t h e males . Al though 

females l e f t the overwinter ing s i t e at approximately t h e same time a s males, 

there was no apparent movement to a summer area . However , t h e 100% MNCP 

r a n g e s each contained only a small number of nucle i for all s n a k e s , r e g a r d l e s s 

of s e x . Furthermore, s ince t h e r e was no d i f f e r e n c e between s e x e s in t h e 100% 

MNCP range areas , t h e o b s e r v e d d i f f e r e n c e s in rang ing behaviour are 

di f f icul t to quant i fy and could potential ly be co incidental . 

During the c o u r s e of t h e s t u d y , g r a s s s n a k e s ( t a g g e d or u n t a g g e d ) 

were only rare ly s e e n toge ther away from t h e overwinter ing s i t e s a l though 

g r a s s s n a k e s and a d d e r s were o b s e r v e d bask ing on top of one another . Thi s 

d i f f e r s from t h e observat ions of Phe lps (1978) , who reported o b s e r v i n g 

mating g r a s s s n a k e s away from summer s i t e s . On the few occas ions that 

g r a s s s n a k e s were found t o g e t h e r , t h e reason appeared to be because t h e 

habitat o f f ered a part icularly good thermal environment . On one occas ion, 

three g r a s s s n a k e s were found under one piece of t in; on another , two t a g g e d 

s n a k e s s p e n t s evera l d a y s in the same t r e e s tump ( s e e Chapter 5) and at a 

known e g g - l a y i n g s i t e (not at Chi lworth) , f i v e s n a k e s , inc luding two males 

were found under a plast ic s h e e t on a compost heap . 

It i s poss ib le , there fore , that summer d ispersa l could be a mechanism 

for minimising in traspec i f i c interact ions and t h e r e b y maximising t h e 

availabil ity of r e s o u r c e s . This poss ib i l i ty i s inves t i ga ted in Chapter 7 . 

3 . 4 . 3 Monthly r a n g e s 

Few obv ious pa t t erns emerged from t h e calculated monthly r a n g e s , 

a l though t h e small sample s i z e s in some months mean that assumptions about 

t h e data s e t must be caut ious . Figure 3 . 7 p lots t h e median monthly r a n g e s , 

which show pronounced peaks of range s i z e in May and Ju ly . T h e s e p e a k s 

are e x t e n d e d if means are plotted a s some v e r y large r a n g e s are inc luded in 

t h e calculation. 

The plot of monthly r a n g e s (F igure 3 . 7 ) shows a peak of range s i z e 

(MCP) in May a s the s n a k e s d i s p e r s e d from t h e overwinter ing s i t e s . T h e s e 

r a n g e s are large because t h e y inc lude both t h e overwinter ing s i t e and t h e 

areas to which t h e s n a k e s moved. Table 3 . 5 s h o w s that individual s n a k e s 

t ended to cover l arge areas dur ing t h i s time but in June ranged much l e s s 

wide ly . The reduct ion in June range areas not only marked t h e end of t h e 
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s p r i n g 'migration' away from t h e overwinter ing s i t e s , but a contr ibutory 

factor could have been that t h e s n a k e s f i r s t s loughed and f e d dur ing th i s 

period and both of t h e s e act iv i t ies led to a reduct ion in movement and 

there fore rang ing ( s e e Chapter 4 ) . 

Ranging in July was variable between t h e s i x s n a k e s t a g g e d , rang ing 

between 0 - 1 1 . 3 5 ha (both female s n a k e s ) . During July in both s e a s o n s , 

s n a k e s were ac t ive ly forag ing and t h e variat ion in range s i z e may h a v e been 

connected to t h e availability of food . The l a r g e s t range o b s e r v e d dur ing th i s 

time (192: 11.35 ha) was of a snake that had been ac t ive in con i f erous 

woodland and food r e s o u r c e s may have been scarce in s u c h a habitat . The 

l arge r a n g e was caused almost e x c l u s i v e l y b y a s ing le l arge uni -d irect ional 

movement of approximately 350m made to a prev ious ly u s e d r e f u g e . 

Movements dur ing t h i s period also t e n d e d to be in t h e direct ion of t h e 

overwinter ing s i t e s and b y September , two of t h e three t a g g e d s n a k e s (111 

and 192) had re turned to the ir prev ious winter r e f u g e and t h e o ther was l e s s 

than 100m away. 

No c lear pat terns of range s h i f t i n g are shown b y t h e mapped p lots of 

monthly r a n g e s shown for four s n a k e s in Figure 3 . 5 . On t h e contrary , 

monthly r a n g e s show a h igh d e g r e e of over lap for all f o u r indiv iduals , 

whereas similar plots drawn b y Madsen (1984) showed that monthly r a n g e s 

were more separate and followed a broadly c ircular pattern away from t h e 

winter r e f u g e in s p r i n g and back to i t in autumn. It may be that t h e pat tern 

recorded b y Madsen was large ly caused b y t h e l inear nature of t h e habi tats 

u s e d b y t h e s n a k e s in h i s s t u d y ( ^ s n a k e s could o f ten move only in one of 

two d irect ions if t h e y were to avoid e x p o s u r e to p r e d a t o r s ) . In t h e p r e s e n t 

work, t h e greater d i v e r s i t y of the habitat meant that s n a k e s could move in 

v irtual ly any direct ion and f ind at l eas t one of s evera l required r e s o u r c e s and 

that th i s led to t h e greater overlap of r a n g e s o b s e r v e d . 

3 . 4 . 4 Range over lap 

Overlap of r a n g e s between s n a k e s was variable in both y e a r s . The 

h igh correlation of range s i z e and d e g r e e of over lap between other r a n g e s 

s u g g e s t s that overlap was more a funct ion of r a n g e s i ze than a c o n s e q u e n c e 

of in traspec i f i c interact ion. The exc lus ion of untagged s n a k e s also means 

that t h e s e r e s u l t s e x c l u d e a s ign i f i cant number of o ther potential r a n g e 

over laps and t h e exc lus ion of time from t h e a n a l y s e s f u r t h e r c o n f o u n d s t h e 

r e s u l t s . 

- 7 0 -



The over laps recorded however show that individual s n a k e s do not 

d i s p e r s e to d i scre te areas in t h e summer and t h i s fact i s re in forced b y t h e 

mult i -nuclear nature of the ir annual r a n g e s . Feeding i s a fundamental reason 

for movement in an act ive f o r a g e r s u c h a s N. natr ix and a s the food r e s o u r c e 

at Chilworth was apparent ly widely d i s tr ibuted ( recent ly f e d s n a k e s were 

s e e n at many locat ions at t h e s i t e ) and i tse l f mobile at the individual l e v e l , t h e 

maintenance of terr i tor ies would have no obv ious advantage , e x c e p t p e r h a p s 

a knowledge of t h e area. Field observat ions showed that g r a s s s n a k e s at t h e 

s i te were f r e q u e n t l y in t h e near v ic in i ty of c o n s p e c i f i c s , a l though on ly on 

v e r y few occas ions did t h e s e snsikes potential ly interact away from t h e 

overwinter ing s i t e s . A sa t i s fac tory computation of range over lap could in a n y 

case only be achieved if all s n a k e s in t h e area were regular ly located . 

Observat ions from t h i s s t u d y have var ied widely from t h e s t u d i e s b y 

Phelps (1978) and Madsen (1984) on the same s p e c i e s . Phe lps recorded 

'erratic movement' in h i s s t u d y on heathland g r a s s s n a k e s in t h e New Forest 

and th i s was o b s e r v e d at Chilworth. Madsen ident i f ied a pat tern in t h e 

rang ing behaviour of h i s s n a k e s , but t h e r e was n e v e r t h e l e s s a large variat ion 

of rang ing behaviour within h i s s t u d y . 

The probable reason for t h e d i v e r s i t y of t h e observat ions recorded i s 

that the s n a k e s respond to t h e sui tabi l i ty of t h e habitat and do not follow 

some intr ins ic pattern of seasonal movement. Habitats in t h i s and t h e o ther 

two s t u d i e s have been s ign i f i cant ly d i f f erent and direct comparison may 

there fore be inval id . All t h r e e of t h e s t u d i e s h a v e shown that overwinter ing 

s i t e s are u s e d in s u c c e s s i v e y e a r s , that movement away from t h e s e areas 

during the summer i s not uni-dLrectional and that the s n a k e s maintain a home 

range to some d e g r e e , a l though whether t h e same summer areas are u s e d from 

year to y e a r i s not known. A f u r t h e r e x t e n s i o n of a s t u d y s u c h a s t h i s , to 

track s n a k e s in s u c c e s s i v e s e a s o n s would be a use fu l addit ion. 

-71-



Chapter Four 

Movement patterns 



4 . 1 Introduct ion 

The spatial movement pa t t erns of an animal re f l ec t many a s p e c t s of i t s 

eco logy and for t h i s reason many s t u d i e s have been carr ied out into t h e 

movement of s n a k e s . The c o s t s of movement in terms of e n e r g y e x p e n d i t u r e 

and increased r isk from predators presumably mean that s n a k e s will only 

move when t h e potential b e n e f i t s from s u c h action are Likely to outweigh 

incurred c o s t s (Huey & Pianka, 1981) . In pract ice , with s u c h s e c r e t i v e 

animals, work in t h i s area can be d i f f icul t and it i s only s i n c e smaU, cheap 

radiotracking equipment has become available that detai led s t u d i e s have been 

widely carried out . A s a c o n s e q u e n c e of t h i s , most of t h e work that has been 

publ i shed on act iv i ty pa t t erns in s n a k e s has focused on seasonal pa t t erns 

(Barbour e t a l ,1969; Brown and Parker , 1976; Madsen, 1984 and many 

o t h e r s ) , with rather f ewer inc luding work on diel pa t t erns ( e g . Moore, 1978; 

Gannon & S e c o y , 1985) . 

Many long term snake s t u d i e s have ident i f ied seasonal pat terns of 

movement in s n a k e s and shown t h e s e to be l inked to known e v e n t s in t h e 

annual l i f e - c y c l e of t h e animals. Such pa t t erns are manifest a c r o s s a wide 

range of s p e c i e s from severa l families. Seasonal migration h a s been shown to 

occur in severa l s p e c i e s a s populat ions move from winter r e f u g e s to summer 

f e e d i n g areas . Most notable among t h e s e i s the r e d - s i d e d gar ter snake 

Thamnophis s irta l i s parietal is . a population of which migrated u p to 18km from 

winter den to s p r i n g s i t e and re turned in the autumn ( G r e g o r y , 1974; 

Gregory & Stweart , 1975) . Other observat ions of seasonal migration inc lude 

t h e ra t t l e snakes Crotalus a t r o x . l - 2 k m (Landreth , 1973) and Crotalus v ir id i s 

l u t o s u s . 0 . 9 - 1 . 2 k m (Hirth e t al, 1969) and severa l o ther s p e c i e s , e g . 

Mast icophis taeniatus , 1 . 5 - 3 . 6 k m (Hirth, e t al . 1969) and Vipera b e r u s , 0 . 5 -

1.2km ( P r e s t t , 1 9 7 1 ) . 

Such movements are common, if l e s s dramatic in many other s p e c i e s of 

s n a k e . Some s p e c i e s h a v e been shown to migrate more gradual ly away from 

the winter r e f u g e o v e r s u c c e s s i v e months until mid-season , when an equal ly 

gradual re turn was made to t h e winter r e f u g e , e g . Reinert & Zappalorti 

(1988) , Crotalus horr idus; Madsen (1984) , Matrix na tr ix . 

Some s n a k e s h a v e shown e v e n more res tr ic ted r a n g i n g behaviour , 

s t a y i n g c lose to t h e winter r e f u g e for t h e whole s e a s o n , Hirth, e t al . 

(1969) , Coluber constr ic tor mormon. Gannon & Secoy (1985) , grav id Crotalus 

v ir id i s v ir id i s . 
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In most of the above c a s e s , migration h a s been shown to be dr iven b y 

habitat se lect ion a s p r e y are located some d is tance from t h e winter r e f u g e 

areas . This h y p o t h e s i s i s re inforced b y the fac t that some s p e c i e s have been 

shown to change habi tats in mid-season . Sh ine & Lambeck (1985) noted that 

the aquatic arafura fUesnake Acrochordus arafurae u s e d damp grass land in 

t h e wet s eason and migrated to bUlabongs in t h e d r y season and Holman & Hill 

(1961) recorded a large sca le migration of Matrix s ipedon p iv t iventr i s dur ing 

a drought which had dried u p t h e population's normal habitat . Shine (1979) 

s u g g e s t e d that t h e mild Austral ian winter allows elapid s n a k e s to overwinter 

in shallow burrows c lose to t h e summer s i t e s , which i s why communal 

overwinter ing and seasonal migration are v irtual ly a b s e n t in th i s family of 

s n a k e s . 

Reproduction may also init iate a noticeable change in movement in both 

male and female s n a k e s . Male a d d e r s , V . b e r u s ( P r e s t t , 1971) and g r a s s 

s n a k e s , N. natrix (Madsen, 1984) both showed increased movement during 

t h e s earch for mates; grav id female a d d e r s , c o n v e r s e l y , are re lat ive ly 

inact ive ( P r e s t t , 1971) , a s are ov iparous females unti l immediately before 

oviposLtion, when ac t iv i ty i n c r e a s e s dur ing t h e search for a sui table e g g -

laying s i te (Madsen (1984) , N. natr ix; Parker & Brown (1972) , Masticophis 

taeniatus taen iatus . 

E c d y s i s may also have an e f f ec t on the vag i l i ty of some s n a k e s p e c i e s . 

Madsen (1984) , N . natrix and Gent (1988) , Coronella austr iaca both noted 

reduced movement in the period before s l ough ing and Madsen also noted 

increased movement a f t er s loughing a s s n a k e s increased t h e time s p e n t 

f o r a g i n g . 

In addition to seasonal pat terns of movement, many authors have noted 

daily ac t iv i ty p a t t e r n s in s n a k e s . The most fundamental ques t ion that h a s 

been a d d r e s s e d i s t h e time of day that s n a k e s are ac t ive , and th i s seems to 

be temperature d e p e n d e n t . Heckrotte (1962) noted that Thamnophis radix 

was diurnal at low temperatures , crepuscu lar at intermediate temperatures 

and nocturnal at h igh temperatures . Landreth (1973) o b s e r v e d that Crotalus 

atrox was act ive in t h e ear ly and late part of t h e day dur ing warm weather , 

but dur ing the middle of t h e day in cooler weather; in v e r y warm weather , 

the s n a k e became nocturnal . 
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It would there fore be e x p e c t e d that in cool temperate cl imates s u c h a s 

that found in Bri ta in , s n a k e s would have a predominantly diurnal ac t iv i ty 

pat tern , and t h i s was indeed t h e c a s e . During t h e course of t h i s r e s e a r c h , 

no g r a s s snake was e v e r o b s e r v e d to change location dur ing t h e n i g h t , e v e n 

on n i g h t s when t h e ambient temperature was a s h igh a s daytime temperatures 

when s n a k e movement may have been o b s e r v e d . Gay wood ( p e r s comm) noted 

a similar diurnal pat tern for all t h r e e Bri t i sh s n a k e s . 

The purpose of th i s chapter i s to examine t h e temporal nature of spatial 

movement and how it re la tes to environmental var iables and to in tr ins ic biotic 

var iables s u c h a s d iges t ive and s lough condit ion and annual c y c l e . 
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4 . 2 Methods 

The animals u s e d in th i s part of t h e re search were ex terna l ly t a g g e d 

s n a k e s in 1987 and s n a k e s that had been surg ica l ly implanted with transmit -

t e r s in 1988 and 1989. The methods u s e d for t h e s e procedures are expla ined 

in Chapter 2 . All s n a k e s u s e d were re leased at t h e point of capture a s soon 

a s poss ib le a f t er t h e transmitters had been f i t t e d . In the case of t h e ex terna l 

t a g s , t h i s was usual ly the same day and severa l of t h e s e s n a k e s were t a g g e d 

in the f ie ld and re leased immediately. 

The period o v e r which each snake was radiotracked varied according 

to the t y p e of transmitter u s e d and to the ultimate fa te of the snake in the 

f ie ld ( s e e f i g u r e s 2 . 4 and 2 . 5 ) . A graphical summary of t racking per iods i s 

shown in f i g u r e 4 . 1 . Field work was terminated at the end of Ju ly , 1989. 

All s n a k e s were located at l eas t once a d a y , late in t h e e v e n i n g , s o that 

their n ight r e f u g e was a lways known. In addition to t h i s , i n t e n s i v e 

radiotracking on most d a y s was carr ied out to locate s n a k e s a t s h o r t e r 

in terva l s of between .25 and 4 h o u r s . It proved impossible in pract ice to 

achieve t h i s in a s t r i c t ly methodical manner, a s t h e sneikes were h igh ly mobile 

and it o f ten took severa l hours to f i n d an indiv idual , e v e n though it may h a v e 

been located within the prev ious few h o u r s . It was fe l t to be important not 

to lose s n a k e s , particularly t h o s e that had been implanted with transmit ters 

and t h e limited r a n g e of t h e s e t a g s o f t e n neces s i ta ted a time consuming s earch 

for a misplaced individual . N e v e r t h e l e s s , a l arge quant i ty of movement data 

was obtained from all hours of t h e day when s n a k e s were a c t i v e . The s n a k e s 

were located u s i n g the procedure de f ined in Chapter 2 , and could be located 

with absolute accuracy , a l though care was taken not to d i s turb s n a k e s . 

Analys i s of variance of t h e d i s tances moved in each of the t h r e e y e a r s 

showed that t h e r e was no s ign i f i cant d i f f e r e n c e in the magnitude of daily 

movement d i s tances between t h e t h r e e y e a r s (p>. 0 5 ) , so data from all t h r e e 

y e a r s ( ^ . external and implanted t a g s ) has been combined where appropr i -

a te . 

4 . 2 . 1 Annual movement pa t t erns 

Movement per day was analyzed as part of an examination of t h e annual 

pat terns of g r a s s snake vag i l i ty . The d i s t a n c e s between s u c c e s s i v e n igh t 

re fug ia were calculated and plotted to provide a graphical representat ion of 
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April May June July August September October 

Figure 4 . 1 Details all s n a k e s u s e d for t h e collection of movement data , 
showing the per iods o v e r which t h e y were t racked . 
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snake movements. Such measurements are undoubted ly a c o n s e r v a t i v e 

estimate of snake mobility a s t h e y provide on ly a 24 hour relocation d i s tance 

and fail to cons ider act iv i ty within each 24 hour period; however t h e y do 

provide an overall index of s n a k e movement. 

It had been the intent ion to combine the movement data from each year 

to provide a s ing le graph f o r each s e x which would show a seasonal pat tern 

of movement, but when the g r a p h s for 1988 and 1989 were plotted s epara te ly , 

t h e pa t t erns were obv ious ly d i f f eren t and i t was decided not to combine t h e 

data. The two y e a r s are there fore d i s c u s s e d i n d e p e n d e n t l y . 

4 . 2 . 2 Rate of movement 

The rate of movement was calculated b y div iding t h e d i s tance trave l led 

between two s u c c e s s i v e locat ions b y t h e time interval in h o u r s . Only 

locat ions l e s s than three h o u r s , but more than one hour apart were u s e d . 

The va lue obtained was a s s i g n e d to t h e one hour block into which t h e mid-

point of t h e interval feU. For example, a snake that was recorded a s hav ing 

trave l led 65m between 11 .30 and 1 .15 had moved at a rate of 6 5 m / 1 . 7 5 h r s = 

37.1m h r ^ and t h i s was a s s i g n e d to t h e block 1 2 . 0 0 - 1 3 . 0 0 h r s . 

The mean of t h e f i g u r e s obtained were subdiv ided into s e x , month and 

year and plotted in two w a y s . The f i r s t showed the mean of aU movements for 

each group and the s econd showed t h e mean of all o b s e r v a t i o n s in which 

movement was noted . 

4 . 2 . 3 Daily movement pa t t erns 

The relat ive f r e q u e n c y of movement observa t ions in hour ly in terva l s 

was plotted in a s e r i e s of monthly bar c h a r t s for 1988 and 1989, u s i n g data 

from implanted s n a k e s . Thi s was calculated u s i n g all pa irs of observat ions 

l e s s than three h o u r s , but more than one hour apart . S n a k e s which recorded 

a change in location of l e s s than one metre ( t h e resolut ion of t h e location 

t echn ique) were assumed not to h a v e moved. 

4 . 2 . 4 Movement and body temperature 

The thermal eco logy of t h e g r a s s s n a k e will be d i s c u s s e d in Chapter 5 

of t h i s t h e s i s and a l though t h e re lat ionship between the movement and body 

temperature of moving s n a k e s i s examined t h e r e , t h e data p r e s e n t e d rel ied 

on the u s e of l ogg ing equipment for remote recording and t h e r e b y weighted 

t h e observat ions heavi ly towards s ta t ionary animals. The a n a l y s e s below 
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represen t observat ions made at spot locat ions dur ing t h e c o u r s e of rout ine 

radiotracking. 

Throughout t h e r e s e a r c h programme, e f f o r t was made to avoid 

d i s turbance to s n a k e s dur ing radio- locat ion. Thi s meant that i t was o f t e n 

diff icult to determine whether a snake was moving or not . If an individual 

was moving cons tant ly at t h e time i t was located , i t was not n e c e s s a r y to 

o b s e r v e t h e animal in order to ascerta in that i t was not s ta t ionary , but s n a k e s 

which were moving s lowly or intermittent ly were not usual ly d i s turbed and 

some data on moving s n a k e s was t h e r e b y f o r f e i t e d . However , t h e body 

temperatures (Tb) of s n a k e s that were known to be moving were obtained on 

163 occas ions . In order to maintain c o n s i s t e n c y no data was u s e d in t h e 

following a n a l y s e s that accrued from cont inuous monitoring of s n a k e s . 

The f r e q u e n c y of o b s e r v e d body temperatures of s n a k e s that were 

moving when located was p lot ted . The body temperature data was then s u b -

divided into observat ions made under d i f f erent ca tegor ie s of c loud c o v e r 

( C C ) , air temperature (Ta) and s u b s t r a t e temperature ( T s ) and analysed 

us ing a KruskaU-Wallis o n e - w a y analys i s of var iance to examine t h e e f f e c t s 

of those t h r e e var iables on t h e Tb of t h e s n a k e s . T h e s e var iables were 

divided into subjec t ive ca tegor i e s : Cloud c o v e r was s u b d i v i d e d into 0 -25 , 26-

75 and >75%; Ta into 0 - 1 0 , 10-20 and >20°C and T s into <15, 15-25 and >25°C. 

The assumption was that any variable which a f f e c t e d Tb would also a f f ec t to 

some d e g r e e t h e wi l l ingness or abil i ty of the s n a k e s to move. C o n v e r s e l y , 

any variable that had no e f f e c t on Tb had e i ther had, or was h a v i n g , no 

in f luence on t h e movement of t h e s n a k e s . 

4 . 2 . 5 The e f f e c t s of e c d v s i s on movement 

The e x u v i a e of implanted s n a k e s were found on e igh t occas ions in which 

t h e daily movement of t h e s e s n a k e s before and a f t er exuviat ion was known. 

Mean daily movement was calculated for a subjec t ive 21 day period (10 d a y s 

before and t en d a y s a f t er s l ough ing ) which was c h o s e n to inc lude t h e per iods 

when s n a k e movement was l ike ly to have been s ign i f i cant ly i n f l u e n c e d b y 

the ir phys ica l condit ion. It inc ludes t h e period before s l o u g h i n g when the 

e y e s of t h e s n a k e s were 'milky' and t h e period a f t erwards when forag ing or 

relocation to a more favoured s i t e or habitat may have o c c u r r e d . Mean daily 

movements before and a f t er s l ough ing were compared u s i n g a Mann-Whitney 

U - t e s t . 
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4 . 2 . 6 The e f f e c t s of f e e d i n g on movement 

The mean daily movements for t e n day per iods be fore and a f t er f e e d i n g 

are plotted for s i x s n a k e s . T h e s e per iods were again subjec t ive ly c h o s e n to 

include t h e period be fore eat ing when movements may h a v e been increased b y 

foraging and t h e period a f t erwards dur ing which d iges t ion o c c u r r e d . Mean 

daily movements be fore and a f t er inges t ion were compared u s i n g a Mann-

Whitney U - t e s t . 
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4 . 3 Resu l t s 

4 . 3 . 1 Annual movement pa t t erns 

Bar g r a p h s plott ing mean daily (re- locat ion) movement of male and 

female s n a k e s for 1988 and 1989 are shown in f i g u r e s 4 . 2 and 4 . 3 . The annual 

pat tern for each s e x are noticeably d i f f eren t o v e r each year ; in 1988, males 

showed a peak of ac t iv i ty in May and another in A u g u s t and September . In 

mid-season , ac t iv i ty was genera l ly at a lower leve l and on many d a y s , no 

movement was r e c o r d e d . In 1989, h o w e v e r , t h i s pat tern was not repeated; 

a l though a small number of s igni f icant movements ( i e . not merely wander ings 

around t h e overwinter ing s i t e ) were recorded in April and ear ly May, t h e 

magnitude and f r e q u e n c y of movements remained much t h e same unti l t h e end 

of Ju ly . It i s poss ib le that a s p r i n g migration of t h e sor t that appeared to 

occur in 1988 occurred again in 1989, a l though t h e peak of ac t iv i ty was much 

narrower in t h e la t ter year and t h e d i s t a n c e s invo lved were not s o g r e a t . 

In 1988, female s n a k e s moved regu lar , shor t d i s tances unti l June and 

Ju ly , at which time t h e magnitude of t h e movements increased subs tant ia l ly . 

A f t e r t h i s t ime, movements were shor t and i n f r e q u e n t . In 1989, a markedly 

d i f f erent pattern deve loped a s substant ia l movement away from t h e o v e r -

winter ing s i t e s occurred in early May, fol lowed b y movements which were 

genera l ly of a l arger magnitude than t h o s e of t h e p r e v i o u s y e a r . Again , 

there were many d a y s on which no ac t iv i ty was recorded . 

There was no s ign i f i cant d i f f erence between t h e f r e q u e n c y d i s t r i b u -

t ions of male and female daily movement d i s tances when t e s t e d with a 

Kolmogorov-Smirnov two sample t e s t (ni=559; n2=801; z=1.387; p>0.05) so a 

f r e q u e n c y distr ibut ion of both s e x e s combined i s shown in F igure 4 . 4 . The 

dis tr ibut ion i s h igh ly skewed and movement did not occur on 62.9% of d a y s . 

Long d is tance movements were re lat ive ly i n f r e q u e n t . 

4 . 3 . 2 Rate of movement 

Figure 4 . 5 s h o w s p lots of the rate of movement ( m / h r ) of s n a k e s o v e r 

s u c c e s s i v e months dur ing 1988 and 1989. Each plot s h o w s both t h e mean of 

aU observat ions and t h e mean of all o b s e r v e d movements grea ter than z e r o . 

In both y e a r s , movement ra te s of both s e x e s r o s e s h a r p l y in May from low 

l e v e l s in April and remained broadly cons tant for t h e remainder of each y e a r , 

e x c e p t for female s n a k e s in Ju ly , which showed increased ra te s of movement. 
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Figure 4 . 2 Annual mean daily (re - locat ion) movement of radiotracked 
s n a k e s throughout 1988. Each bar s h o w s t h e mean data for one 
d a y . The sample s i ze can be calculated from t h e t rack ing 
per iods shown in Figure 4 . 1 . a) males, b ) females . 
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Figure 4 . 3 Annual mean dai ly (re - locat ion) movement of radiotracked 
s n a k e s throughout 1989. Each bar s h o w s t h e meem data f o r one 
d a y . The sample s i z e can be calculated from the t rack ing 
per iods shown in Figure 4 . 1 . a) males, b ) females . 
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Figure 4 . 4 Frequency distr ibut ion of the daily (relocat ion) movement 
of all radiotracked s n a k e s of both s e x e s for 1987-1989. 

but moved l e s s f r e q u e n t l y , which meant that t h e mean movement rate of all 

observat ions ( ie . inc luding zero movement) cont inued to dec l ine . A s l ight 

increase in movement rate was again o b s e r v e d in September . 

4 . 3 . 3 Daily movement pat terns 

Calculation of mean movement rate at var ious t imes of day o v e r each 

season would have meant reduc ing sample s i z e s to an unacceptably low leve l 

for many hours of t h e day , part icularly in months when t h e s n a k e s were 

re lat ive ly inact ive . In order to f u r t h e r examine the daily ac t iv i ty of g r a s s 

s n a k e s o v e r t h e s e a s o n , t h e inc idence of movement a s opposed to n o n -

movement was examined. Male and female data was pooled in order to maintain 

sa t i s fac tory sample s i z e s (n„in=4; n„a;,=28). All observat ions of movement o v e r 

per iods of l e s s than three h o u r s were inc luded for ana lys i s and t h e movement 

a s s i g n e d to the hour of day into which the mid-point of t h e observat ion period 

fe l l . The r e s u l t s are shown in F igures 4 . 6 and 4 . 7 . 
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Figure 4 . 5 Mean monthly movement rate of male and female g r a s s 
s n a k e s throughout 1988 and up to Ju ly , 1989. The plots 
show the mean of all observat ions and t h e mean of all n o n -
zero observat ions : a) 1988, n=840; b ) 1989, n=620. 
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A c t i v i t y p e r i o d s r a n g e d from 4 h o u r s in Apri l t o a maximum of 11 h o u r s 

in July and A u g u s t . No s n a k e was o b s e r v e d moving a f t e r 1 9 . 0 0 h r s , e v e n 

t h o u g h sample s i z e s a t t h i s time of d a y t e n d e d t o be h i g h a s t h e locat ion of 

n ight r e f u g i a was almost a lways s o u g h t a s a pr ior i ty . S n a k e s were o c c a -

s ional ly o b s e r v e d moving b e f o r e 9 . 0 0 h r s , but t h e mid-point of t h e o b s e r v a -

tion period fe l l in to la ter hour ly d i v i s i o n s . No o b v i o u s diurnal pa t tern i s 

e v i d e n t and s n a k e s showed a h i g h i n c i d e n c e of movement f r e q u e n c y o v e r most 

h o u r s of t h e d a y , a l though movements were o b s e r v e d l e s s f r e q u e n t l y in 

earl ier h o u r s of t h e day in e v e r y month e x c e p t J u n e . 

4 . 3 . 4 Movement and b o d y temperature 

A plot of t h e d i s tr ibut ion of b o d y t empera tures of moving s n a k e s i s 

shown in F igure 4 . 8 . The modal t emperature i s b e t w e e n 27-28"C and a 

def in i te peak i s e v i d e n t be tween 26-30 ° C . T h e d i s tr ibut ion i s s k e w e d s l i g h t l y 

to the l e f t and approximate ly 10% of t h e r e c o r d e d t e m p e r a t u r e s were h i g h e r 

than t h o s e which t h e s n a k e s normally r e a c h e d d u r i n g b a s k i n g ( s e e Chapter 

5 ) . 

B o d y temperature ( T b ) r e a d i n g s were a s s i g n e d t o v a r i o u s c a t e g o r i e s 

(Table 4 . 1 ) and t e s t e d u s i n g Kruskall-Wallis c h i - s q u a r e and Mann-Whitney 

U - t e s t s . No s n a k e s w e r e recorded moving w h e n Ta was l e s s t h a n 10 °C and 

T s was l e s s than 15°C. Tb was not s i g n i f i c a n t l y d i f f e r e n t within t h e two air 

temperature c a t e g o r i e s in which it w a s r e c o r d e d (U=0 .267 , ni=107, n2=57, 

p > 0 . 0 5 ) . There was no s i gn i f i can t d i f f e r e n c e be tween b o d y t emperatures 

recorded in t h e t h r e e s u b s t r a t e temperature c a t e g o r i e s or in t h e t h r e e c loud 

c o v e r c a t e g o r i e s . ( T s : % 2=5.586, ni=9, n2=59, n3=95, p>0 .05 ; CC: % 2=0.235, 

ni=73, n2=57, n3=32, p > 0 . 0 5 ; ) . 

A l though t h e r e s u l t s show that whi l s t low air and s u b s t r a t e t empera-

t u r e s may h a v e a f f e c t e d t h e abi l i ty of s n a k e s to reach and maintain a b o d y 

temperature that enabled movement , t h e b o d y t e m p e r a t u r e s recorded at 

o ther t imes were not seeming ly i n f l u e n c e d b y environmental var iab le s , 

showing that s n a k e s would move u n d e r a broad v a r i e t y of c o n d i t i o n s . Th i s 

may a lso mean that s n a k e s d e v o t e l e s s time to p r e c i s e thermoregulat ion whilst 

moving . Th i s r e i n f o r c e s some of t h e o b s e r v a t i o n s of b o d y temperature of 

moving s n a k e s made in Chapter 5 and both s e t s of r e s u l t s are d i s c u s s e d in t h e 

fol lowing s e c t i o n . 
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Figure 4 . 8 Distr ibution of b o d y temperatures (point r e a d i n g s ) of 
moving s n a k e s (n=163) . 

4 . 3 . 5 The e f f e c t s of e c d v s i s on movement 

The exuv iae of implanted s n a k e s were found on e i g h t occas ions a n d t h e 

mean daily movement of t h e s e s n a k e s dur ing t h i s period i s shown in F igure 

4 . 9 . T h e in terva l s of t e n d a y s b e f o r e and a f ter s l ough ing which are plotted 

are subjec t ive and have been c h o s e n to inc lude t h e per iods when s n a k e 

movement i s l ike ly t o h a v e been s ign i f i cant ly in f luenced b y the ir phys ica l 

condit ion. I t inc ludes t h e period be fore s loughing when t h e e y e s of t h e 

s n a k e s were milky and t h e period afterwcirds when forag ing or relocation to 

a more favoured s i t e or habitat may h a v e o c c u r r e d . There was a s ign i f i cant 

d i f f erence in t h e o b s e r v e d movements dur ing t h e 10 day per iods b e f o r e and 

a f t er t h e d a y s on which t h e s n a k e s s loughed (U=5.543; ni=80; n2=80; 

p<0 .0001) . 

It i s c lear from the bar graph that movement be fore s l ough ing i s 

s e v e r e l y curtai led for s evera l d a y s . 'Milky' e y e s were not a lways o b s e r v e d 

in t h e radio- tracked s n a k e s , but observat ions of both capt ive and some 

t a g g e d s n a k e s showed that t h e e y e s became 'milky' between 4 - 8 d a y s be fore 
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t h e sk in was c a s t . Th i s co inc ides with the period of r e s t r i c t ed movement 

o b s e r v e d at th i s time. Movement immediately a f t er s l ough ing was e x t e n s i v e 

and aU of the o b s e r v e d s n a k e s moved on e i ther the same day or t h e day 

fol lowing lo s s of t h e s k i n . 

Cloud % Ts=^> 
Ta4 

<15°C 15-25°C >25°C 

0-25 

0 - 1 0 ° c - — -

0-25 10-20°C 20 .6 [1] 27 .2 [11] 
( 2 1 . 1 - 3 5 . 0 ) 

2 8 . 0 [33] 
( 2 1 . 9 - 3 3 . 2 ) 

0 -25 

>20°C - 2 6 . 8 [10] 
( 2 4 . 5 - 3 2 . 7 ) 

2 7 . 9 [18] 
( 2 6 . 3 - 3 4 . 8 ) 

25-75 

0-10°C - — -

25-75 10-20°C 26 .5 [8] 
( 1 9 . 7 - 2 9 . 9 ) 

2 7 . 4 [14] 
( 1 6 . 8 - 3 0 . 0 ) 

2 9 . 8 [23] 
( 2 2 . 4 - 3 1 . 6 ) 

25-75 

>20 °C - 2 8 . 5 [8] 
( 2 3 . 3 - 3 5 . 7 ) 

2 5 . 3 [ 5 ] 
( 1 7 . 4 - 3 2 . 1 ) 

>75 

0-10°C - - — 

>75 10-20°C - 26 .7 [10] 
( 1 9 . 9 - 3 1 . 2 ) 

2 6 . 4 [7 ] 
( 1 8 . 2 - 3 2 . 3 ) 

>75 

>20 °C - 2 7 . 0 [6] 
( 2 1 . 0 - 3 4 . 2 ) 

2 4 . 8 [ 9 ] 
( 1 7 . 7 - 3 6 . 3 ) 

Table 4 . 1 Body temperatures of moving s n a k e s u n d e r var ious 
environmental condi t ions . Median temperatures for each 
c a t e g o r y are shown, with range in p a r e n t h e s e s and 
sample s i z e in square b r a c k e t s . H y p h e n s r e p r e s e n t 
ca tegor ie s for which no data was r e c o r d e d . Data was 
col lected only from radiotagged s n a k e s in 1988 and 1989. 
Data from cont inuous ly l o g g e d s n a k e s was not u s e d . 
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Figure 4 . 9 Mean daily movement of s n a k e s in a ten day period be fore and 
af ter s loughing (n=8) . Exuviat ion took place on day zero . 

4 . 3 . 6 The e f f e c t s of f e ed ing on movement 

On s i x occas ions , t a g g e d s n a k e s were s e e n to have eaten large food 

items that caused bulg ing of t h e body and l o s s of normal streamlining ( s e e 

Figure 1 . 4 , p . 7 ) Figure 4 . 1 0 shows the daily movement 10 d a y s before and 

a f ter f e e d i n g . It appears that for s evera l d a y s fol lowing intake of a 

substant ia l food item, movement i s re s t r i c t ed while the s n a k e s d iges t t h e food 

item. Over the 10 day per iods before and a f t e r ea t ing , t h e r e i s a s ign i f i cant 

d i f f erence in the d i s tances moved (U=2.41; ni=60; n2=60; p<0 .05 ) . The 

d i f f e r e n c e in movement i s e v e n more s ign i f i cant over a 7 day period be fore 

and a f t er eat ing (U=4.707; ni=42; n2=42; p<0 .0001) . 

Figure 4 .11 shows observat ions made of both t a g g e d and u n t a g g e d 

s n a k e s that contained a noticeable food bo lus . The observat ions made were 

random and opportune , but provide an overal l indication of t h e times of year 

at which g r a s s s n a k e s caught prey and b y def ini t ion, t h e times of year at 

which t h e y foraged . 
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Figure 4 . 1 0 Mean daily movement of s n a k e s in a t e n day period before 
and a f t er f e e d i n g (n=6) . The p r e y item was consumed on 
day z e r o . 
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Figure 4 .11 Number of s n a k e s o b s e r v e d in t h e f i e ld which contained 
not iceable food boH. 
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4 . 4 Discuss ion 

4 . 4 . 1 Annual movement pa t t erns 

The annual movement pa t t erns shown in f i g u r e s 4 . 2 & 4 . 3 show l itt le 

c o n s i s t e n c y be tween y e a r s for e i ther s e x . There was e v i d e n c e of increased 

movement in male s n a k e s in late April and ear ly May in both y e a r s , which 

represen ted movement away from the overwinter ing s i t e s . Female ac t iv i ty 

also increased at t h i s time a s t h e s n a k e s l e f t t h e winter r e f u g e area , but 

whereas the mean daily movement was smaU in 1988, both t a g g e d females in 

1989 made dramatically large migrations away from their r e s p e c t i v e r e f u g e s . 

In one c a s e , t h e female had mated the p r e v i o u s e v e n i n g and a s t h e female had 

not l e f t t h e overwinter ing s i t e s ince emergence , i t i s poss ib le that s u b s e q u e n t 

migration was motivated b y mating. The other female was not s e e n with a male 

snake and t h e s t imulus for migration would appear to be something other than 

sexual ac t iv i ty . 

Male s n a k e s a lso showed increased ac t iv i ty in s p r i n g a s t h e y l e f t t h e 

winter r e f u g e s and the d i s tances moved were sometimes l a r g e . S n a k e s in 

both y e a r s d i s p e r s e d in var ious d irect ions and t h e r e was no apparent 

movement towards a favoured or known s ing le summer area a s reported b y 

Phelps (1978) and Madsen (1984) for t h e g r a s s s n a k e , a l though indiv iduals 

sometimes appeared to make unidirectional movements o v e r a period of two or 

three d a y s to a s i t e at which t h e y remained for some time s u b s e q u e n t l y . Thi s 

was d i s c u s s e d in Chapter 3 . 

Although mating opportuni t ies may be h i g h e r at t h e winter r e f u g e areas 

where there are a re lat ive ly h igh number of animals, there are a number of 

other fac tors which are l ikely to stimulate s n a k e s of both s e x e s to move away 

in the s p r i n g . Of t h e s e , one of the most important i s food . Following severa l 

months of winter torpor , food will be of part icular importance, part icularly 

in the case of females who will need increased nutr i en t s to faci l i tate t h e 

development of e g g s . The main food item of t h e g r a s s s n a k e , t h e toad Bufo 

bufo i s act ive in April and May and t h e s n a k e s may make a trade off between 

the probabil i ty of mating with t h e need for food . Gregory & Stewart (1975) 

o b s e r v e d that Thamnophis sirtaHs migrated large d i s tances from winter 

re fugia to t h e summer s i t e and s ta ted that t h e p r e s e n c e of p r e y at the summer 

s i te stimulated s u c h a migration. Al though one snake in t h i s s t u d y was 

o b s e r v e d consuming a toad at one of t h e two winter re fug ia ( in Ju ly , 1988) , 

toads were widespread throughout t h e s t u d y area , a s the observat ion of 
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s n a k e s containing v is ib le food boU conf irmed, so the d i spersa l of t h e s n a k e s 

in s p r i n g was cons i s t en t with hunt ing a c t i v i t y . 

Even if s n a k e s h a v e not mated, a s econd reason for which t o l eave t h e 

winter r e f u g e may invo lve bask ing behaviour and thermoregulat ion. 

Although both overwinter ing s i t e s at Chilworth were south f a c i n g , t h e s u n 

in April and May was re lat ive ly low in t h e s k y and direct insolat ion was 

available for only part of t h e d a y . Clearly , a snake that i s mobile can e i ther 

move to a more e x p o s e d habitat or s i t e , or move more local ly to 'follow' t h e 

s u n dur ing the d a y . 

One factor that may act a s a re s tra in t to spr ing migration away from 

overwinter ing s i t e s i s connected with predat ion . Immediately a f t er s p r i n g 

emergence , t h e s n a k e s were l e tharg ic and the ir movements re lat ive ly s l u g g i s h 

for some time, e v e n when warm. S n a k e s were not iceably eas i er to catch ear ly 

in the season and must presumably h a v e been extremely vulnerable to 

predators . The s n a k e s at t h i s time were in a familiar environment and t h e 

habitats o f f ered cover and opportuni ty to bask and raise b o d y temperature . 

Movement away from t h e winter r e f u g i a may h a v e placed t h e s n a k e s at an 

increased r isk of predation at a time when b u r s t s p e e d and other d e f e n c e s 

were diminished. The initiation of s p r i n g movement may there fore be de layed 

until s n a k e s have reached a physiological condit ion that will r e d u c e t h e 

chance of predat ion. 

Clearly the r e a s o n s for initiation of movement in s p r i n g are complex and 

s p e c i f i c observat ion of s n a k e s at overwinter ing s i t e s will be needed to f u r t h e r 

unders tand the r e a s o n s why s n a k e s l eave the overwinter ing a r e a s . 

Madsen (1984) o b s e r v e d a d e c r e a s e in t h e vagi l i ty of grav id female 

g r a s s s n a k e s followed b y a sharp i n c r e a s e dur ing t h e period immediately 

be fore oviposi t ion and at tr ibuted t h i s t o movement towards 'manure-hiUs' in 

which t h e e g g s were laid. In t h i s s t u d y , no t a g g e d females s u b s e q u e n t l y 

deve loped e g g s , a l though two were o b s e r v e d mating. The increase in female 

movements o b s e r v e d in 1988 in Ju ly , i s there fore without apparent r e a s o n . 

However , a l though t h r e e females were t a g g e d , the data r e p r e s e n t s o b s e r v a -

t ions made of only one , because one had r e c e n t l y been kil led b y a predator 

and t h e o ther had been removed for replacement of t h e transmit ter . The 

female was not forag ing at t h e time, but had made s evera l rapid , l a r g e , 

unidirect ional movements to a p r e v i o u s l y unv i s i t ed area and had t h e n 

re turned a f ter s evera l d a y s to t h e same r e f u g e . In 1989, no s u c h l a r g e 

movements had been o b s e r v e d when f ie ld work ceased at t h e end of Ju ly . 
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Female movement in t h e lat ter part of 1988 was much r e d u c e d . The 

s n a k e s moved on f ewer d a y s than had been t h e case earl ier in t h e y e a r and 

forag ing was o b s e r v e d l e s s f r e q u e n t l y . The s l ight increase in movement in 

ear ly October was t h e resu l t of females re turn ing to the ir winter r e f u g e s i t e . 

Al though moderately act ive throughout t h e summer, t h e ac t iv i ty of t h e 

males peaked in late A u g u s t and ear ly September in 1988. In contras t to t h e 

s e d e n t a r y females , forag ing behaviour was ev ident at t h i s time and both 

t a g g e d and u n t a g g e d male s n a k e s were o b s e r v e d with food boli . T h u s , in 

1988, male and female forag ing occurred at d i f f erent t imes of the y e a r . An 

explanat ion for t h i s may l ie in t h e fac t that females may h a v e l e s s need for 

food later in the season if no e g g development h a s taken place . Nei ther of t h e 

t a g g e d females was o b s e r v e d with a food bolus a f t er July of that y e a r . 

In October, 1988 a brief increase in movement can be o b s e r v e d in both 

male and female s n a k e s . All movements recorded at t h i s time were genera l ly 

in the direction of the overwinter ing s i t e s that each of t h e ind iv idua l s had 

u s e d t h e prev ious y e a r . The t h r e e s n a k e s from which t h e movements were 

recorded were the only indiv iduals which were t a g g e d for a whole s e a s o n , and 

all had re turned to the ir former overwinter ing s i t e , s u g g e s t i n g that t h i s may 

be t r u e for all or most g r a s s s n a k e s . Snake 192 was found at t h e s i t e t h e 

fol lowing s p r i n g , but t h e o ther two s n a k e s were both kil led b y p r e d a t o r s , so 

no conc lus ive ev idence was available regard ing t h e location of the ir winter 

r e f u g e . 

Seasonal movement p a t t e r n s have been o b s e r v e d in a number of snake 

s p e c i e s (rev iewed in Gibbons & Semli tsch, 1987) and a l though s u c h p a t t e r n s 

e x i s t e d in th i s s t u d y , t h e y were l e s s pronounced than for many other 

s p e c i e s . One reason for t h i s may b e t h e nature of t h e Bri t i sh cl imate, which 

e v e n in summer can o f ten be wet or cool . Al though seasonal , t h e weather in 

Britain i s typical of temperate r e g i o n s and i s o f t en cyc lonic and u n p r e d i c t -

able , unl ike the weather in North America and Austral ia , where many other 

s t u d i e s h a v e been carried o u t . Ant icyc lones dominate t h e weather of most 

large land masses , leading to s table weather condit ions for much of t h e y e a r , 

which may make annual p a t t e r n s of s n a k e movement more eas i ly d i scernable . 

In Britain, the variable weather may o b s c u r e pa t t erns that could o therwise 

be c learly s e e n . Madsen's (1984) s t u d y of t h e g r a s s snake showed more 

c learly de f ined movement p a t t e r n s , but aga in , t h e Scandinavian weather i s 

- 9 4 -



more great ly in f luenced b y central Asian ant icyc lones than that of Britain, 

which l eads to more predictable weather condit ions . 

4 . 4 . 2 Rate of movement 

Although e x t e n s i v e movements were made b y s n a k e s of both s e x e s , 

movement was re lat ive ly i n f r e q u e n t and when movement did occur , d i s tances 

tended to be s h o r t . Movements o v e r 100m occurred on approximately 10% of 

daily observat ions and s n a k e s did not move on near ly 63% of d a y s . I n f r e -

quency of movement has been o b s e r v e d in a number of s n a k e s t u d i e s f e q . 

Barbour et al . 1969, Carphophis amoenus amoenus: P r e s t t , 1971, Vipera 

b e r u s : Tiebout & Gary, 1987, Nerodia s ipedon; Gent , 1988, GoroneUa 

aus tr iaca ) . 

Lack of movement b y an individual meant that e i ther emergence had not 

occurred or that the snake was b a s k i n g . S n a k e s did not emerge on cool or 

wet d a y s and ac t iv i ty was f r e q u e n t l y res tr i c ted to bask ing on d a y s when 

condit ions were apparent ly su i table f o r a wide range of ac t iv i t i e s . Movement 

i n v o l v e s an e n e r g e t i c cos t and probably places an individual at a grea ter r isk 

from predators . Snakes will presumably , t h e r e f o r e , on ly move when the 

b e n e f i t s of s u c h action outweigh t h e c o s t s , and a s in frequent f e e d e r s , mid-

season act iv i ty may be re s t r i c t ed to movement from one bask ing s i t e to 

another , movement away from d i s turbance and poss ib ly periodic relocation a s 

a de fence against predators . 

The fac t that snake movements were mainly small s u g g e s t e d that t h e y 

were made for r e a s o n s other than f o r a g i n g . However , t h e data shown only 

r e c o r d s one location per day and does not indicate total movement throughout 

a t w e n t y - f o u r hour period, and on a few occas ions , s n a k e s made v e r y 

e x t e n s i v e movements , only to re turn to within a shor t d i s tance of the ir 

prev ious n ight r e f u g e . 

The movement ra tes of both s e x e s followed a broadly similar pattern 

o v e r both y e a r s , Male movement ra te s were h i g h e s t dur ing s p r i n g movement 

away from t h e winter r e f u g e and decl ined to a more or l e s s cons tant leve l 

throughout t h e r e s t of 1988 and to Ju ly , 1989, The rate showed a s l ight 

decl ine in A u g u s t , 1988, which was s u r p r i s i n g , a s a l though t h e s n a k e s were 

more or l e s s s e d e n t a r y in t h e f i r s t half of the month, t h e y were v e r y act ive 

in the lat ter ha l f . In order to examine t h i s f u r t h e r , all n o n - z e r o movements 

were plotted and the movement rate was sti l l shown to be low. T h i s indicates 

that act ive males moved only s lowly , which may be more c o n s i s t e n t with 
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forag ing behaviour than relocation. Thi s i s re inforced b y t h e data in Figure 

4 . 1 1 , which shows that male g r a s s s n a k e s were more f r e q u e n t l y o b s e r v e d with 

food boli during A u g u s t , 1988 than at other t imes of t h e y e a r . A broadly 

similar pattern was o b s e r v e d in 1989 until Ju ly , when f ie ld work was 

terminated. 

Female movement ra te s did not show a similar pat tern to that of t h e 

males. In 1988, t h e movement rate remained h igh until Ju ly , a l though caution 

should be e x e r c i s e d when examining t h e July f i g u r e as i t was calculated from 

only one snake , which made severa l l arge and rapid relocation movements at 

th i s time. The June movement rate ( n o n - z e r o observa t ions ) was similar in 

both y e a r s and mean daily movements were of similar magnitude ( s e e f i g u r e 

4 . 3 ) . The v e r y low movement d i s tances recorded b y Madsen (1984) for 

gravid females were not s e e n in t h e n o n - g r a v i d indiv iduals in t h i s s t u d y . 

The h i g h e s t percentage of recent ly f e d females were o b s e r v e d dur ing June 

in both y e a r s , which s u g g e s t s that movement at t h i s time was d irected 

towards f o r a g i n g . It i s poss ib le that e v e n n o n - g r a v i d females may i n s t i n c -

t ive ly search out oviposit ion s i t e s at t h i s time of y e a r , which may re su l t in t h e 

h igher movement rate o b s e r v e d in females . 

The s l ight increase in movement rate recorded in September appeared 

to be associated with relocation movements back towards t h e winter r e f u g e s . 

Both males and females moved towards the ir prev ious ly u s e d overwinter ing 

s i t e s at th i s time and s u c h movements appeared to be unidirect ional and more 

purpose fu l than t h o s e o b s e r v e d of forag ing animals. 

Clearly , the r e a s o n s for movement wUl great ly in f luence t h e ra te s and 

f r e q u e n c y of o b s e r v e d ac t iv i ty and f u r t h e r work in t h i s area would be more 

use fu l if s u c h r e a s o n s could be ident i f ied with grea ter prec is ion than t h e y 

were in th i s s t u d y . 

4 . 4 . 3 Daily movement pa t t erns 

The ectothermic nature of g r a s s s n a k e s d ic tates that t h e y must reach 

and maintain a body temperature that fac i l i tates ac t iv i ty , and t h e data shown 

in f i g u r e s 4 . 6 & 4 . 7 r e f l e c t s t h i s . The ac t ive period was most e x t e n s i v e in 

mid-season , when warmer weather and longer d a y s meant that h i g h e r body 

temperatures could be reached and maintained for l onger per iods . 

The f r e q u e n c y of movement observat ions was more f r e q u e n t in t h e 

middle part of t h e day in all months . In A u g u s t , 1988 t h e weather was 

part icularly warm and s n a k e s would have r i sked overheat ing had t h e y moved 
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at the warmest time of day . Thi s may account for t h e bimodal dis tr ibut ion of 

movement f r e q u e n c y o b s e r v e d dur ing t h i s month. 

The s n a k e s were ent ire ly diurnal and f r e q u e n t l y took r e f u g e u n d e r -

ground at n ight ( p e r s . o b s . ) . Such behaviour i s typical of temperate s n a k e s 

and ne i ther of the o ther two Bri t i sh s n a k e s are act ive at n igh t ( P r e s t t , 1971; 

Gent , 1988) a l though Gaywood (1990) o b s e r v e d some nocturnal ac t iv i ty in 

capt ive g r a s s s n a k e s held in an artif icial ly warm environment . Gibbons & 

Semlitsch (1987) report a number of s t u d i e s in which s p e c i e s show a diel 

ac t iv i ty pattern dependant on environmental t emperatures . No nocturnal 

movement was o b s e r v e d in capt ive s n a k e s dur ing t h e laboratory s t u d y carried 

out for Chapter 7 of t h i s t h e s i s . Unfortunate ly , no s t u d i e s h a v e been carried 

out on t h e ac t iv i ty p a t t e r n s of g r a s s s n a k e s in areas where n ight time 

temperatures are warmer than those in Bri ta in , such a s in southern Europe. 

S u c h s t u d i e s , or f u r t h e r work on capt ive g r a s s s n a k e s could c learly be of 

va lue in expla ining t h e diel rhythm of t h e s p e c i e s . 

4 . 4 . 4 Movement and body temperature 

The wide r a n g e of body temperatures o v e r which s n a k e s were o b s e r v e d 

to move s u g g e s t s that prec i s e thermoregulation i s abandoned at t h e s e t imes . 

The modal temperature of moving s n a k e s of between 27-28°C was approxi -

mately 3-4"C below t h e pre ferred Tb of 30-31 "C recorded in s ta t ionary , 

bask ing s n a k e s and was similar to t h e mean Tb of c a p t i v e moving g r a s s 

s n a k e s recorded b y Gaywood (1990) of 26.9"C in thermally unlimiting 

condi t ions and 22 .4°C dur ing thermally l imiting condi t ions . Body tempera-

t u r e s in e x c e s s of t h i s pre ferred maximum were a lso recorded in approximate-

l y 10% of c a s e s , which s u g g e s t s that s n a k e s h a v e l i t t le thermoregulatory 

abil i ty whilst moving. 

S n a k e s moving in warm s u n s h i n e in an open environment may r isk 

overheat ing or d isrupt ion in t h e b o d y ' s moisture balance . C o n v e r s e l y , 

s n a k e s moving in a cool or shaded environment r isk lowering body tempera-

t u r e to l e v e l s at which b u r s t s p e e d or p r e y ca tch ing abil i ty become impaired. 

Madsen (1987) s u g g e s t e d that mating g r a s s s n a k e s were particularly 

vu lnerable to predation b y b irds because t h e y had not reached a body 

temperature at which d e f e n c e s s u c h as b u r s t s p e e d were optimal. 

Except in c a s e s where s n a k e s were d i s turbed and re treated at h igh 

s p e e d for cons iderable d i s t a n c e s (50m or more) , o b s e r v e d s n a k e movement 

w a s re lat ive ly slow and punctuated b y brief p a u s e s . T h e reason for t h e s e 

p a u s e s may be to make small adjustments t o body temperature which 
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compensate for imprec i seness in or lack of thermoregulation whi ls t moving. 

This i s in accordance with observat ions made b y Saint -Girons & Bradshaw 

(1981) who s ta ted that forag ing in a capt ive Pseudonaia a f f i n i s was i n t e r -

rupted b y brief per iods of thermoregulat ion. Gay wood (1990) a lso o b s e r v e d 

p a u s e s in t h e movement of N. natrix dur ing thermally unlimiting condit ions 

( ie . warm), dur ing which t h e s n a k e s took c o v e r from direct insolat ion, and 

stated that th i s was a common pattern of behav iour . 

S t u d i e s b y Wilson (1974) and Bennet t e t al (1975) have shown that the 

aerobic metabolic s cope of members of t h r e e families of l izard are maximal at 

or near to t h e pre ferred body temperature of t h e l i zards . T h u s , at the 

pre ferred temperature , a l though movement may be supported b y g l y c o l y s i s , 

aerobic capaci ty i s none the le s s h i g h , which will faci l i tate t h e re lat ive ly s h o r t , 

rapid movements n e c e s s a r y to e s c a p e predators or catch p r e y . 

Al though s a f e and e f f i c i ent movement b y g r a s s s n a k e s would appear to 

be favoured b y re lat ive ly h igh body temperatures , t h e r e were sti l l many 

occas ions on which the recorded Tb of moving animals was s ign i f i cant ly lower 

than the modal temperature . A s s ta ted a b o v e , i t would have been use fu l to 

attempt to i d e n t i f y the reasons for movement and then to examine Tb in the 

l ight of t h o s e r e a s o n s . For i n s t a n c e , whilst i t may well be n e c e s s a r y for a 

snake forag ing in a re lat ive ly open habitat to maintain a h igh Tb wherever 

poss ib le , t h i s may not be n e c e s s a r y for a s n a k e forag ing in a c losed habitat 

s u c h a s d e n s e woodland where t h e c h a n c e s of predation may be lower , or for 

a s n a k e making one shor t relocation movement on a day when h igh Tb's are 

not achievable . 

The lack of s ign i f i cant d i f f erence in body temperatures recorded in 

moving s n a k e s under a var i e ty of weather condi t ions s u g g e s t s that movement 

occurred r e g a r d l e s s of those weather condi t ions . The s n a k e s were apparent -

l y able to ra ise Tb to at l eas t moderately h igh l e v e l s under a var i e ty of 

environmental condit ions b y u s i n g behavioral thermoregulat ion or perhaps b y 

choos ing a sui table micro-habitat or microclimate. Gay wood (1990) , reported 

that g r a s s s n a k e s were more l ike ly to move under 'thermally unlimiting' 

condit ions and t h i s may have been t h e c a s e in t h e p r e s e n t s t u d y . No s n a k e s 

moved when the air temperature (Ta) was l e s s than 10 °C and condi t ions at 

t h i s time may well have been r e p r e s e n t a t i v e of 'thermally limiting' condi t ions . 

-98-



Again , the wide variation in recorded body temperatures also s u g g e s t that 

s n a k e s do not thermoregulate with great prec is ion whilst moving . 

The p lots shown in F igures 5 . 7 and 5 . 8 demonstrate that movement can 

be maintained for cons iderable per iods at a wide r a n g e of body temperatures . 

Al though movement at h igh T b ' s may confer certain a d v a n t a g e s on s n a k e s , 

s u c h a s predator avoidance , i t may o f t en be t h e case that movement at low 

Tb's i s a cos t that i s outweighed b y the b e n e f i t s obtained b y movement. 

Examples of t h i s would be movement b y a cool snake to a warmer s i t e or 

forag ing b y a snake in weU concealed environment s u c h a s an overgrown 

d i tch . 

4 . 4 . 5 The e f f e c t s of e c d v s i s on movement 

Movement in s n a k e s was s ign i f i cant ly reduced dur ing t h e 10 day period 

before e c d y s i s . Between 4 -8 d a y s before s l o u g h i n g , t h e e y e s of t h e s n a k e s 

turned milky in appearance and t h e s n a k e s became not iceably l e s s a lert ( s e e 

Figure 1 . 3 ) . This lass i tude may have been due e i ther to t h e inabi l i ty to s e e 

proper ly or to a physiological c h a n g e assoc iated with s l o u g h i n g , but in any 

c a s e , coincided with a period of great ly reduced movement. 

The inhibi t ing e f f e c t of s l ough ing on snake ac t iv i ty has been reported 

by severa l authors ( e . g . Madsen, 1984) . However i t i s not known whether 

movement was decreased or ceased because of an inabUity to s e e or react to 

potential predators with s u f f i c i e n t s p e e d , or whether bask ing time increased 

to faci l i tate t h e p r o c e s s of e c d y s i s . Gent (1988) found no d i f f e r e n c e in the 

body temperatures of Coronella austr iaca in t h e per iods before and a f t er 

s l o u g h i n g , which s u g g e s t s that movement i s re s t r i c t ed because of the 

impaired phys ica l condit ion of t h e s n a k e s . 

4 . 4 . 6 The e f f e c t s of f e e d i n g on movement 

Feeding also had a s ign i f i cant e f f e c t on t h e movement of t h e s n a k e s . 

Ex tens ive movements for s evera l d a y s be fore f e e d i n g were followed b y s evera l 

d a y s of inact iv i ty following f e e d i n g . The period of increased act iv i ty be fore 

f e e d i n g i s undoubted ly connected with f o r a g i n g , particularly on day z e r o , 

when the p r e y were taken . Dis tances here are l ikely to be g r o s s u n d e r -

est imates s i n c e locat ions were on ly recorded periodical ly ra ther than 

cont inuous ly . The inges t ion of l arge food items ( s e e Figure 1 . 4 ) , apart from 

caus ing poss ib le discomfort and r e d u c e d b u r s t s p e e d , has been repor ted a s 

resu l t ing in great ly increased bask ing e f for t in the snake Constr ic tor 

constr ic tor (Regal , 1966) . This was connected with probable acce lerated 
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enzyme production and mechanical func t ions and also with completion of 

d igest ion before putrefact ion of i n g e s t e d food could take place . In Regal 's 

s t u d y , the s n a k e s began moving again immediately fol lowing defecat ion . 

In th i s s t u d y , s n a k e s which were handled whilst containing a l arge food 

bolus invariably regurg i ta ted the ir g u t c o n t e n t s , which s u g g e s t s that 

reduced mobility and there fore a diminished abil i ty to e s c a p e from predators 

i s a s igni f icant reason for a reduct ion in movement in t h e immediate p o s t -

f e e d i n g period. 
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Chapter Five 

Thermal Ecology 



5 . 1 Introduct ion 

In common with other ectotherms, snake behaviour i s cons tra ined b y 

abiotic environmental cons iderat ions . This has p r e s e n t e d i n v e s t i g a t o r s with 

a wealth of opportuni ty for t h e s t u d y of s n a k e s in a wide r a n g e of climatic 

reg ions and the las t two d e c a d e s in particular h a v e proved product ive in t h i s 

area . S t u d i e s have been wide rang ing and have invo lved both capt ive and 

f r e e - r a n g i n g animals, t h e la t ter particularly dur ing t h e las t decade , when 

miniature temperature s e n s i t i v e radio- transmit ters have become avai lable . 

Initial i n t e r e s t was genera ted b y t h e work of Cowles (1939, 1941) and 

Cowles and Bogert (1944) s i n c e when the re search has fol lowed t h r e e broad 

p a t h s . First ly are works d irected predominantly towards t h e phys io logy of 

rept i l e s , s u c h a s critical maximum and minimum temperatures ( ^ . Greer , 

1980) , heat e x c h a n g e and water relat ions ( e g . Dmi'el & Borut , 1972; Dawson, 

1975) and the relat ionship between temperature and metabolism ( e g . Davies 

& B e n n e t t , 1981; B e n n e t t , 1982) . 

Secondly are works which examine temperature a s a more or l e s s s tand 

alone var iable , o b s e r v i n g daily and seasonal body temperature pat terns 

under a var ie ty of environmental condit ions and t h e 'preferred' body temper-

a t u r e s of t h e s p e c i e s under inves t igat ion ( e g . Sa int -Girons & Saint -Girons , 

1956; Dewitt , 1967; Spel ler b e r g & Phe lps , 1975) . 

Finally, the v a s t majority of research h a s examined thermoregulat ion 

a s a c a u s e and e f f e c t of rept i le behaviour . Such s t u d i e s h a v e taken place 

over per iods rang ing from a few d a y s to s evera l y e a r s and h a v e expla ined a 

great deal about t h e way in which rept i l es in teract with the ir environment . 

Crowley (1985) demonstrated in ter alia that s p r i n t - r u n n i n g performance in 

the l izard Sce loporus undula tus was optimal at t h e same temperature range for 

both h igh e levat ion (cool) and low elevation (warm) env ironments . Heckrotte 

(1962) noted an increase in act iv i ty with temperature in t h e snake 

Thamnophis radix u p to a maximum of 31 ° C, a f t er which ac t iv i ty was r e d u c e d . 

Similarly, Paladino (1985) s t a t e d that t h e r e may be an optimal temperature for 

locomotion in ectotherms and that th i s may v a r y from s p e c i e s to s p e c i e s . 

Sa int -Girons & Bradshaw (1981) o b s e r v e d a l ternat ing per iods of thermo-

regulat ion and forag ing in enc losed Pseudonaia a f f i n i s . s u g g e s t i n g that the 

snake overheated dur ing f o r a y s and thermoregulated to maintain a lower 

temperature . 

The relat ionship be tween temperature and d iges t ion in ec totherms has 

also been inves t i ga ted ; Skoczy las (1970) , in a s t u d y of Natrix natr ix showed 
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that d iges t ion did not occur at 5°C, was slow at 15°C and optimal between 25-

35°C, Greenwald & Kanter (1979) and Hailey & Davies (1987) report similar 

re su l t s f or t h e s n a k e s Elaphe guttata and Matrix maura r e s p e c t i v e l y and 

Regal (1966) o b s e r v e d a thermophilic r e s p o n s e b y a number of capt ive l i zards 

and s n a k e s fol lowing f e e d i n g . 

Thermoregulatory behaviour and temperature se lect ion h a s a lso been 

shown to have an e f f e c t on ra te s of e c d y s i s (Semli tsch, 1978: Natrix s p p . ) , 

s tr ik ing and p r e y capture (Greenwald, 1974; gopher s n a k e s ) , t o n g u e 

f l i ck ing , a s a measure of r e s p o n s i v e n e s s to chemical stimuli (Cooper & Vit t , 

1986; Eumeces la t iceps) and to be a f f e c t e d b y reproduct ive condit ion 

(Beuchat , 1986) , ambient den temperature se lect ion of overwinter ing s n a k e s 

(Sexton St Hunt , 1980; Elaphe obsoleta and Coluber constr ic tor ) and 

familiarity with t h e environment (Chelazzi & Calzolai, 1986; Tes tudo 

hermanni) . 

Al though many i n v e s t i g a t o r s have carr ied out behavioral s t u d i e s of 

rad io - tagged s n a k e s , most s t u d i e s u s i n g thermally s e n s i t i v e t a g s h a v e u s e d 

capt ive s n a k e s in artif icial environments ( e g . DeWitt, 1967; Moore, 1978; 

Lilly white , 1980; Gay wood, 1990) , or chance observa t ions of f r e e - r a n g i n g 

s n a k e s ( e g . Fitch, 1965; Mushinsky e t al , 1980; Gregory , 1984) . Few s t u d i e s 

have examined t h e thermal eco logy of individual f r e e - r a n g i n g s n a k e s and t h e 

majority of t h e s e have invo lved tropical and sub- trop ica l s n a k e s p e c i e s 

(Montgomery & Rand, 1978; Sh ine , 1979; Shine & Lambeck, 1985; Sh ine , 

1987; Slip & Sh ine , 1988) . However , De Bont e t al (1986) force f e d thermo-

s e n s i t i v e transmit ters to smooth s n a k e s (Coronella austr iaca) and Pe tersen 

(1987) surg ica l ly implanted t a g s into gar ter s n a k e s (Thamnophis e l eqans 

v a q r a n s ) ; both of t h e s e s t u d i e s ident i f ied daily pa t t erns of temperature 

f luctuat ion , an estimation of t h e 'preferred' temperature of t h e s n a k e s and 

information regard ing thermal cri teria and t h e timing of morning emergence 

and e v e n i n g submergence . 

Correlation of t h e body temperature of ec totherms with a se lect ion of 

recorded environmental variables i s not s tra ight forward and for t h i s reason , 

severa l s t u d i e s (Crawford e t a l , 1983; P e t e r s e n , 1987; Gaywood, 1990) h a v e 

u s e d the 'operative' temperature (Bakken & Gates , 1975) , which was 

est imated b y u s i n g phys ical models . Such models incorporate heat e x c h a n g e 

t h r o u g h all r o u t e s and make some allowance for t h e inherent thermal qual i t ies 

of the s t u d y animal, allowing t h e thermal environment to be e f f e c t i v e l y 

quanti f ied in one simple variable (model t emperature ) . Such an approach has 
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clear a d v a n t a g e s , but has limited value in a s t u d y of f r e e - r a n g i n g animals, 

where i t must be assumed that t h o s e animals are pos i t ive ly se l ec t ing the ir 

micro-environment , and where the model could be some d is tance from t h e 

experimental animals, t h e r e b y increas ing the c h a n c e s of rece iv ing a d i f f eren t 

thermal input . 

It i s e v i d e n t there fore that temperature and the way in which rept i l e s 

u s e thermal r e s o u r c e s are central to the ir e c o l o g y , and a complete s t u d y of 

ac t iv i ty in g r a s s s n a k e s would be incomplete without an examination of t h e 

spec ie s ' re lat ionship with t h e thermal environment . 

The u s e of a few known f r e e - r a n g i n g indiv iduals f or the s t u d y of 

thermoregulat ion can e x p o s e a number of f e a t u r e s of t h e behaviour of t h o s e 

indiv iduals u n d e r a var ie ty of f ie ld condi t ions . Such f e a t u r e s inc lude daily 

and seasonal p a t t e r n s , the e f f e c t s of d i f f eren t weather condit ions on b o d y 

temperature and snake behaviour and to a l e s s e r e x t e n t , behavioral a s p e c t s 

of thermoregulat ion s u c h a s body p o s t u r e and method of b a s k i n g . 

Development of thermally s e n s i t i v e r a d i o - t a g s was at an embryonic 

s t a g e at the time of t h i s research and t h e t a g s did not become available unti l 

midway through the f i r s t of the two s e a s o n s in which t a g s were implanted. 

A fu l l year ' s data i s shown, but i s d i s tr ibuted o v e r two s e a s o n s which were 

somewhat d i f f e r e n t in terms of weather . This will be made clear in the t e x t 

where appropriate . 

5 . 1 . 1 Aims of the re search 

The data p r e s e n t e d in t h i s chapter endeavour to expla in t h e re lat ion-

s h i p between temperature and t h e var ious normal ac t iv i t i e s of t h e g r a s s 

s n a k e . The work examines var ious a s p e c t s of t h e thermal eco logy of t h e 

s p e c i e s part icularly a s t h e y relate to t h e ac t iv i ty of t h e animals in t h e f i e l d . 

Much of t h e data does not l end i tse l f to a n a l y s e s of in traspec i f i c 

variat ion in b o d y temperature and assoc ia ted behaviour and t h e s e are 

examined only where appropriate . The data were col lected a s part of a wider 

rang ing s t u d y of t h e s p e c i e s , much of which rel ied on d i s turb ing t h e animals 

a s l i t t le as poss ib le . A s a c o n s e q u e n c e , much potential observat ional data 

was for fe i t ed . 

Despi te the i r obvious va lue , no laboratory s t u d i e s were carr ied out into 

t h e thermal eco logy of t h e s n a k e because t h e r e s e a r c h was predominantly f i e ld 

based and laboratory s t u d i e s would have made i n t e n s i v e u s e of limited 

equipment r e s o u r c e s . 
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Two basic a s p e c t s of thermal eco logy are cons idered: f i r s t l y t h e e x t e n t 

to which fundamental environmental f a c t o r s in f luence body temperature and 

s e c o n d l y , t h e s u b s e q u e n t behavioral r e s p o n s e of t h e s n a k e s to the i r 

f luc tuat ing thermal condit ion. 
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5 . 2 Methods 

Thermally s ens i t i ve transmit ters were e x t e n s i v e l y t e s t e d and a d e s i g n 

of a sa t i s fac tory s tandard sui table for long- term implantation in g r a s s s n a k e s 

became available in May, 1988 at which point one male and one female were 

implanted. The s u c c e s s of t h e t a g s enabled f i v e f u r t h e r females and two 

f u r t h e r males to rece ive similar t a g s dur ing 1988 and the fol lowing y e a r . The 

volume of data col lected var ied o v e r t h e two s e a s o n s depend ing on t h e 

availabil ity of thermally s e n s i t i v e transmit ters and sui table s n a k e s . 

However, data was col lected for t h e per iods of May to October, 1988 and April 

to Ju ly , 1989. Tracking per iods for t h e s e animals are shown in Table 5 . 1 . 

1 9 8 8 1 9 8 9 

T r a c k i n g T r a c k i n g 
S n a k e p e r i o d S n a k e p e r i o d 

( d a y s ) ( d a y s ) 

111 135 21 26 
1 1 6 1 40 2 2 10 
122 76 32 82 
172 51 12 123 
192 69 

Table 5 . 1 Length of tracking per iods us ing thermally s e n s i t i v e 

r a d i o - t a g s . 

5 . 2 . 1 Data collection 

Data presented in th i s chapter were accumulated in two w a y s : t h e f i r s t 

invo lved recording t h e body temperatures of t a g g e d s n a k e s on each occasion 

t h e y were located; t h e second invo lved t h e u s e of recording equipment to log 

an indiv idual ' s body temperature over per iods of up to two d a y s . Basic 

weather var iables were l ogged on a rout ine bas i s and o t h e r s were taken a s 

point r e a d i n g s . 

5 . 2 . 1 . 1 The thermally s e n s i t i v e transmit ters 

Thermally s ens i t i ve transmit ters (Model S S - 2 , Biotrack, Wareham) were 

capable of measuring body temperature to a theoret ical accuracy of 0 . 1 ° C . 
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In pract ice , the p u l s e rate of t h e transmit ters dr i f ted s l i gh t ly ( the equiva lent 

of approximately - 0 . 5 ° C ) a f t er approximately two weeks of operat ion 

(Cresswel l , p e r s comm; p e r s o b s ) , but a s t h e transmitter package was 

recal ibrated on removal from the s n a k e s , it was poss ib le to allow for dr i f t 

when conver t ing pul se ra te s to t emperatures . T h u s , a l though a known 

accuracy of ±0.5°C was e n s u r e d , error in temperature calculation may h a v e 

been a s low a s 0 . 1 ° C . The number of thermally s e n s i t i v e transmit ters that 

were available was limited, s o no work was carried out to i n v e s t i g a t e t h e 

accuracy of the transmit ters o v e r a longer per iod, a l though Biotrack, t h e 

manufacturers of t h e equipment had t e s t pro to types runn ing cont inuous ly 

and were conf ident that dr i f t was neg l ig ib le a f t e r t h i s initial period u p unti l 

t h e time when bat tery power was becoming depleted (Cresswel l , p e r s comm). 

The des ign of t h e t a g s was broadly similar to t h o s e r e f e r r e d to 

e l sewhere in t h i s work, e x c e p t that a thermistor was built into t h e c ircui t 

which caused the pu l se rate of t h e transmitter to v a r y cons tant ly with 

temperature . The range of t h e transmit ters varied widely according to t h e 

pu l se l eng th of t h e s ignal and the habitat in which each animal was located , 

and was typical ly 50-100m. The transmitter and bat tery were sealed in e p o x y 

res in and coated in paraf f in wax to provide a waterproof , smooth and iner t 

(bio-compatible) package sui table for implantation into t h e s n a k e s . 

The transmit ters were cal ibrated b y immersion in a water bath that was 

gradual ly heated from 2 -40°C, record ing the time taken for 25 pu l se i n t e r v a l s 

(26 p u l s e s ) at 2 -3°C in terva l s with a s top watch , and not ing t h e water 

temperature at that time with a mercury thermometer of known a c c u r a c y . A 

calibration c u r v e could then be drawn for each transmit ter . S u b s e q u e n t 

transmitter temperatures could be calculated b y recording the interval of 25 

p u l s e s and reading the correspond ing temperature from t h e g r a p h . 

The pulse rate of the transmit ters was slow at low temperatures and 

became f a s t e r a s temperature i n c r e a s e d . The calibration c u r v e of t h e 

transmit ters at t h e end of each tracking period was v e r y c lose to t h e c u r v e 

at the time the package was implanted and a h igh d e g r e e of s tabi l i ty dur ing 

t h e tracking period was assumed. 

Two t y p e s of bat tery were u s e d to power t h e transmit ters . The initial 

t a g s suppl ied u s e d two 1 .2V mercury bat ter ies with a f ie ld l i fe of t h r e e 

months . Two transmit ters u s e d in late 1988 and 1989 u s e d a l arger 2 . 4 V 

lithium bat tery which g a v e a potential f ie ld l i fe in e x c e s s of one y e a r . The 

latter produced a package which was cons iderably larger than t h e former, 

which limited i ts ' u s e to large female s n a k e s . 

—106— 



The temperature of t h e transmitter was assumed to correlate e x a c t l y to 

the temperature of t h e s n a k e , a l though th i s may not a lways be the c a s e . A 

time lag may e x i s t between a c h a n g e of snake temperature and t h e tempera-

ture of t h e t a g . In pract ice , th i s appeared to be minimal, a s on severa l 

ocass ions both in t h e f ie ld and in t h e laboratory, recorded temperature was 

o b s e r v e d to c h a n g e rapidly once a snake had moved into a d i f f erent thermal 

environment . 

More s ign i f i cant ly , t h e body temperature of a snake can v a r y from one 

part of the body to another . For i n s t a n c e , a snake that b a s k s part ly in t h e 

open and part ly u n d e r vegetat ion may show a cons iderable temperature 

gradient along i ts ' body l e n g t h , a l though Peterson (1987) , reported no 

s ign i f i cant d i f f erence in t h e means and variance of oesophageal and cloacal 

temperatures or t h e means of body and cloacal t emperatures . Furthermore, 

Webb & Heatwole (1971) reported that t h e head temperature of two uniformly 

heated s p e c i e s of python rose f a s t e r than temperatures o v e r t h e r e s t of t h e 

b o d y , s o i t would appear that in addition to a poss ib le variable r e s p o n s e to 

thermal microclimate, that t h e s n a k e s themse lves can to some e x t e n t in f luence 

t h e temperature dis tr ibut ion within the ir bodies . 

5 . 2 . 1 . 2 Point read ings 

Snake temperature was a lways taken before approaching t a g g e d animals 

in order to avoid d i s turbance . The s n a k e s were then caut ious ly approached 

and ac t iv i ty and condit ion noted if poss ib le . T h e s e r e a d i n g s were taken o v e r 

random periods because up to s i x s n a k e s were t a g g e d at a n y one time and 

locat ing them could be v e r y labour i n t e n s i v e , part icularly when t h e y were 

act ive or widely d i s p e r s e d . Over t h e course of two s e a s o n s , data was 

col lected from all h o u r s of t h e day when the s n a k e s were a c t i v e . Severa l 

o ther variables inc luding cloud cover (%), re lat ive humidity (%) and time were 

also recorded at each location and a var ie ty of o t h e r s which are d i s c u s s e d 

e l sewhere in th i s t h e s i s . 

Other point r e a d i n g s were taken from u n t a g g e d moving and bask ing 

s n a k e s encountered in the course of f ie ld work. Body temperatures were 

taken with a fa s t ac t ing Schul the i s t y p e thermometer within f i f t e e n s e c o n d s 

of ca tch ing s n a k e s . This compensated to some e x t e n t f or t h e lack of body 

temperature data obtained from moving t a g g e d s n a k e s . Such data was o f t en 

not obtained in order not to d i s turb s n a k e s and because i t was o f t en di f f icul t 

to tel l if a snake was bask ing or paus ing whilst moving. 
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5 . 2 . 1 . 3 Automatic l o g g i n g 

Connection of a portable c a s s e t t e tape recorder to t h e r e c e i v e r allowed 

the p u l s e s from the t a g s to be recorded; a home made timer p l u g g e d into the 

remote socket of t h e recorder allowed t h e tape to be swi tched on for a p r e - s e t 

l ength of time at spec i f i ed in terva l s . In most c a s e s t h e recorder was s e t to 

run f o r t w e n t y s e c o n d s e v e r y 15 minutes . T h i s allowed a 24 hour period to 

be cont inuous ly recorded onto one s ide of a s ing le t a p e . Most l ogged 

read ings were taken at n i g h t , part ly because t h e rece iver was in more or l e s s 

cont inuous u s e dur ing t h e day and part ly because remote l o g g i n g was only 

poss ib le if the snake s t a y e d within range of the r e c e i v e r . In order to conceal 

t h e equipment , i t was n e c e s s a r y to place the antenna at or near ground l eve l , 

which limited the range of t h e t a g s to only 10-15 metres . The tape recorder 

was t e s t e d before u s e to e n s u r e that record and playback s p e e d s were 

identical and l o n g - l i f e bat ter ie s u s e d a s t h e s e provided the l eas t variable 

ou tput . 

5 . 2 . 1 . 4 Manual cont inuous l o g g i n g 

This was achieved b y recording the b o d y temperature of s n a k e s 

manually in t h e f i e ld at f i f t e e n minute i n t e r v a l s . It had t h e a d v a n t a g e s that 

data could be obtained for moving animals and that more than one animal could 

be l o g g e d s imultaneously a l though t h i s was rare ly ach ieved s i n c e two or more 

animals were rarely in r a n g e . Total recording per iods u s i n g t h i s method were 

s h o r t e r than t h o s e l o g g e d remotely and were typica l ly of f o u r to f i v e hours 

durat ion. 

5 . 2 . 1 . 5 Weather recording 

In t h e f i r s t of t h e two s e a s o n s , a bas ic , home-made l o g g e r was u s e d 

which recorded s h a d e air (at Im) and unshaded s u b s t r a t e (at 1cm depth) 

temperatures at hour ly in terva l s to t h e n e a r e s t whole d e g r e e . The machine 

though was rather unrel iable and on severa l occas ions did not operate 

correc t ly and t h e data had to be abandoned. In mid-1988, a Grant Squirrel 

was made available which enabled read ings to be made e v e r y 15 minutes with 

grea ter rel iabi l i ty . In J u n e , 1989, t h e Meteorological Off ice at Bracknel l , 

Berksh ire k indly made available a solarimeter which could be connected to a 

Grant recorder which l o g g e d averaged r e a d i n g s o v e r a p r e s e t per iod . The 

solarimeter was f i x e d to the top of a caravan and u n s h a d e d , t h e r e b y g iv ing 

an accurate representat ion of total incoming solar radiation. In addit ion, a 

basic monthly weather data s h e e t was purchased from Southampton weather 
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c e n t r e , which provided maximum and minimum temperatures , s u n s h i n e h o u r s , 

rainfall amount and rainfall duration a s a s e r i e s of daily to ta l s . Southampton 

weather c e n t r e i s s i tuated some f i v e miles sou th of t h e s t u d y s i t e , but the 

g r o s s weather data was assumed to provide a sa t i s fac tory indication of t h e 

general weather at t h e Chilworth s i t e . 

Weather data was also col lected in t h e f i e ld at t h e time of each s n a k e 

observat ion . Relative humidity , t h e p r e s e n c e of rain and p e r c e n t a g e cloud 

cover were all noted at each location. The la t ter was ach ieved b y f i t t ing a 4 

cm hollow plast ic t u b e with a c r o s s hair and point ing i t randomly at t h e s k y 

twenty t imes at an angle of 45° or grea ter to t h e g r o u n d . Cloud c o v e r was 

t h u s calculated to t h e neares t 5%. Air temperature data (at Im in s h a d e ) was 

also calculated at many locat ions but data from t h e remote temperature l o g g e r s 

was u s e d to prov ide c o n s i s t e n c y . In any c a s e , correlation of manual and 

logged air temperatures was v e r y h igh (r= .985; n=310; p>0.001) 

5 . 2 . 2 Data ana lys i s 

The u s e of r e g r e s s i o n a n a l y s e s in t h e s t u d y of snake thermoregulat ion 

has been u s e d b y severa l workers ( P e t e r s e n , 1982; Gent, 1988) in an attempt 

to show t h e relat ionship between body temperature and environmental 

var iab les . S ince snake body temperatures do not f luc tuate about a mean, but 

between u p p e r and lower limits ( s e e Huey , 1982) , s u c h a data s e t i s unl ikely 

to be normally d i s t r ibuted . Al though much of t h e data p r e s e n t e d h e r e 

s a t i s f i e s t h e cri terion of i n d e p e n d e n c e , parametric r e g r e s s i o n t e c h n i q u e s and 

s tat i s t ica l t e s t s which assume normality are avo ided . 

Male and female data h a v e been combined f o r some a n a l y s e s a s the data 

aims predominantly to show re lat ive rather than absolute v a l u e s ( i e . no 

attempt has been made to examine critical maxima and minima or to prec i se ly 

measure t h e e x t e n t and s u c c e s s of thermoregulat ion, a s s t u d i e d b y Gay wood 

(1990) for all t h r e e nat ive Bri t i sh s n a k e s ) . 

5 . 2 . 3 Relationship of body temperature with environmental var iables 

5 . 2 . 3 . 1 Air and s u b s t r a t e temperatures 

A comparison of male and female b o d y temperature was carr ied out 

u s i n g Mann-Whitney and two sample Kolmogorov-Smirnov t e s t s . The 

re lat ionship between body temperature /a ir temperature ( T b / T a ) and body 

t e m p e r a t u r e / s u b s t r a t e temperature ( T b / T s ) are examined graphical ly and 

u s i n g Spearman's rank correlat ion. Plots were drawn to r e p r e s e n t t h e 

d i f f erence between T b / T a and T b / T s dur ing b a s k i n g , movement and 

- 1 0 9 -



concealment. Plots are shown of l o g g e d temperatures on d a y s with genera l ly 

d i f f erent weather condit ions . 

5 . 2 . 3 . 2 Cloud cover 

Median Tb was calculated for each of 21 ca tegor ie s of c loud c o v e r . The 

data was s u b - d i v i d e d into male and female ca tegor i e s because of t h e apparent 

d i f f erence in male and female body temperatures and bask ing behav iour . 

Some of t h e data s e t s were t h e r e f o r e small and stat is t ical ana lys i s was on ly 

poss ib le on some ca tegor ie s , in which t h e d i f f erence between male and female 

Tb was examined u s i n g Mann-Whitney t e s t s . 

5 . 2 . 2 . 3 Insolation 

Logged data of s imultaneous insolation and body temperature i s 

p r e s e n t e d to examine how insolation ( independent of temperature) i n f l u e n c e s 

snake temperature . 

5 . 2 . 4 Emergence, submergence and n ight temperatures 

Logged data are examined to i n v e s t i g a t e criteria for morning emergence 

and e v e n i n g re treat of individual s n a k e s . Plots are shown of l o g g e d n i g h t 

time temperatures and t h e s e are d i s c u s s e d . 

5 . 2 . 5 Thermophilic r e s p o n s e to f e e d i n g 

On two occas ions , l ogged body temperatures were available for s n a k e s 

b e f o r e , dur ing and a f ter ea t ing . Behaviour and body temperatures at t h e s e 

t imes are examined to inves t iga te a poss ib le thermophilic r e s p o n s e to f e e d i n g . 

5 . 2 . 6 Thermophilic r e s p o n s e to s lough ing 

It was common for radiotracked s n a k e s to remain in one location for 

s evera l d a y s and l i t t le attempt was made to o b s e r v e them at t h e s e t imes for 

f e a r of d i s turbance . A s a c o n s e q u e n c e , s lough ing was usua l ly on ly 

d i s c o v e r e d a f t er t h e e v e n t , when t h e s h e d sk in was found at t h e locat ion. 

Only one snake that was known to b e in an i n t e r - s l o u g h condit ion had a 

thermally s e n s i t i v e transmitter and t h r e e d a y s temperature are shown for t h i s 

animal, one day be fore and two d a y s a f t e r s l o u g h i n g . 
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5 . 3 R e s u l t s 

5 . 3 . 1 Relat ionship of b o d y t empera ture with env ironmenta l v a r i a b l e s 

Median b o d y t e m p e r a t u r e s of all point r e a d i n g s (n=941) w e r e 2 3 . 7 ° C 

(males) and 2 6 . 7 ° C ( f e m a l e s ) . A Mann-Whitney t e s t ind ica ted tha t t h e r e w a s 

a s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e two d i s t r i b u t i o n s ( U = 5 . 8 ; n l = 3 7 2 ; 

n2=569; p < 0 . 0 0 1 ) . F r e q u e n c y d i s t r i b u t i o n s of male a n d female b o d y 

t e m p e r a t u r e s a r e s h o w n in F i g u r e 5 . 1 . T h e most f r e q u e n t t e m p e r a t u r e s 

r e c o r d e d fe l l b e t w e e n 15-35 °C and t h e r e i s some indicat ion tha t t h e d i s t r i b u -

t i o n s are b i -modal , wi th a lower f r e q u e n c y in t h e 27-29"C r a n g e . T h e female 

d i s t r ibut ion i s n e g a t i v e l y s k e w e d , w h e r e a s t h i s s k e w i s v i r t u a l l y a b s e n t from 

t h e male d i s t r i b u t i o n . A two-sample Kolmogorov-Smirnov t e s t ind ica ted t h a t 

t h e two d i s t r i b u t i o n s were s i g n i f i c a n t l y d i f f e r e n t (D=0.236; ni=372; n2=569; 

p < 0 . 0 0 1 ) . 

F igure 5 . 2 s h o w s s c a t t e r p l o t s of T b / T a f o r males a n d f e m a l e s . B o t h 

s e x e s w e r e able to r a i s e Tb markedly e v e n at low Ta . At Ta ' s of l e s s t h a n 

14°C, T b a lways e x c e e d e d T a , b u t w h e n Ta e x c e e d e d 1 5 ° C , T b ' s lower t h a n 

Ta w e r e r e c o r d e d in both s e x e s . Spearman's rank corre la t ion of T a / T b w a s 

ca lcu lated f o r both s e x e s (males: i^=0 .604 , n=372 p<0 .001; f emales : rs=0.53; 

n=569; p<0.001) 

F igure 5 , 3 s h o w s s c a t t e r p l o t s of T b / T s f o r males a n d f e m a l e s . B o t h 

s e x e s , b u t part icu lar ly males f r e q u e n t l y r a i s e d the i r b o d y t empera ture t o a 

l e v e l h i g h e r than tha t of t h e s u b s t r a t e . Spearman rank t e s t s s h o w e d a 

s i g n i f i c a n t corre lat ion b e t w e e n T b / T s in both male s n a k e s ( i^=0.672; n=84; 

p<0 .0001) and females ( i^=0.267; n=149; p < 0 . 0 0 1 ) . 

T h e maximum T b o b s e r v e d w a s 37.1' 'C ( females ) a n d 3 4 . 6 ° C (males ) 

and t h e minimum 8 . 2 ° C ( females ) a n d 8 . 4 ° C ( m a l e s ) . 
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Figure 5 . 1 Frequency d is tr ibut ions of the body temperatures of male and 
female g r a s s s n a k e s , taken from point read ings throughout 1988 
and 1989. 
a) Males (n=(372) 
b) Females (n=569) 
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a) 

Air temperature PC) 

b) 

( / 

Air termersture PC) 

Figure 5 . 2 Scat ter plot of g r a s s snake body temperature ( T b ) and shade air 
temperature ( T a ) , taken from point read ings throughout 1988 
and 1989. The f i t t ed l ine shows Tb=Ta. 
a) Females (n=569) 
b) Males (n=(372) 
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Figure 5 . 3 Scat ter plot of g r a s s snake body temperature ( T b ) and s u b s t r a -
tum temperature ( T s ) , taken from point r e a d i n g s throughout 
1988 and 1989. The f i t t ed l ine s h o w s Tb=Ts . 
b) Males (n=(84) 
a) Females (n=150) 
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Figure 5 . 4 c o n s i s t s of 30 g r a p h s which show a se lect ion of p lots of body 

temperature taken predominantly from stat ionary s n a k e s which were 

cont inuous ly l o g g e d . They have been se l ec ted to show var ious a s p e c t s of 

thermoregulation in the s p e c i e s and each i s r e f e r r e d to in t h e d i s c u s s i o n . 

They are not in chronological order , but t h e layout has been chosen to aid 

e a s e of explanat ion. A k e y i s shown for each s e t of g r a p h s and abbreviat ions 

u s e d are a s fo l lows: Tb = body temperature; Ta = air temperature; T s = 

s u b s t r a t e temperature . 

Graphs a) and b) show l o g g e d Tb for a cont inuous 50 hour period 

dur ing which t h e weather was warm and c lear , and provide an overv iew of t h e 

nature of thermoregulation of an adult female s n a k e . The snake was 

concealed under a piece of t in for much of t h e day and moved a d is tance of 

approximately 10m in t h e early e v e n i n g to s p e n d the sco tophase u n d e r -

ground . The s n a k e maintained a h igh daytime Tb , a slow e v e n i n g cooling 

rate , a re lat ive ly h igh nocturnal Tb and a rapid warming rate in t h e 

mornings . 

Graph c ) s h o w s a typical warming p h a s e , with Tb increas ing to o v e r 

30°C and remaining h igh desp i te l i t t le or no c h a n g e in Ta or T s . 

Graph d) s h o w s data from a part ly c loudy day; t h e s n a k e ra ised Tb to 

28°C and was moving between 14.30 and 15 .00 , during which time Tb dropped 

s ign i f i cant ly . At 15 .00 , a prolonged rain shower began , and t h e snake took 

r e f u g e , maintaining a constant but lower Tb, independent of Ta. 

A rapid warming phase can again be s e e n in g r a p h s e ) and f ) a f t e r 

n i g h t s where Tb was maintained at a cons tant l e v e l . Al though it i s not c lear 

from t h e g r a p h , t h e warming p h a s e s were init iated b y d irect sun l ight 

reaching the r e f u g e s of t h e s n a k e s , which in each case were on the south 

fac ing e d g e of a woodland. 

Two t y p e s of cool ing phase are shown in graph g ) . Between 11 .30 and 

14 .30 , the weather was s u n n y and warm, dur ing which time the s n a k e 

maintained a c o n s i s t e n t l y h igh Tb. At 14 .30 , c loud c o v e r increased to 100% 

and t h e snake was apparent ly unable to maintain s u c h a h igh Tb , a l though 

t h e lower Tb was more or l e s s c o n s t a n t . At 18 .15 , t h e s n a k e took r e f u g e and 

Tb dropped rapidly to a constant nocturnal l e v e l . 

On cool , c l oudy d a y s , t h e s n a k e s v e r y o f ten fai led to emerge; t h i s i s 

shown in graph h ) . The morning of 11-5-89 was dull and dry and t h e 

cons tant nocturnal Tb was maintained at l eas t unti l 11 .30 , independent of Ta 

and T s . 
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Graphs i ) to s ) are paired, t h e l e f t in each c a s e showing b o d y , air and 

s u b s t r a t e temperatures and the r igh t showing body temperature and 

insolation for the same period. T h e s e data, when placed on t h e same g r a p h 

produced plots that were di f f icult to read and the method u s e d g a v e a 

preferable r e s u l t . 

Graphs i ) and j) show a decl ine in Tb fol lowing a drop in T s i n d e p e n -

dent of Ta . Field observat ion showed that t h i s occurred when t h e location of 

the snake was shaded from direct sun l igh t at 15 .30 and 16 .30 h r s 

r e s p e c t i v e l y . 

Graph k ) demonstrates that ear ly in t h e day , Tb was more c lose ly 

re lated to both T s and insolation than t o Ta , from which i t i s apparent ly 

i n d e p e n d e n t . The snake appears to track T s fa ir ly c lose ly e x c e p t dur ing t h e 

middle of the day when T s r i s e s to v e r y h igh l e v e l s . Tb i s independednt of 

insolation in the lat ter part of t h e d a y . Thermoregulation i s apparent ly 

imprecise and Tb f luc tua te s cons iderably , desp i te clear s k i e s and there fore 

more or l e s s constant insolat ion. 

In graph 1), t h e relat ionship i s again complex, a l though t h e sneLke 

again maintains a v e r y h igh Tb e v e n late in t h e day when insolation i s low. 

Graphs m) and n) show the same snake on two d a y s in d i f f eren t 

environments under d i f f erent condi t ions . The former demonstrates a 

constant nocturnal Tb with a rapid r i s e in Tb a s direct insolat ion i s prov ided 

on a s u n n y morning. In the c a s e of the lat ter example, t h e snake was located 

throughout t h e l o g g i n g period in a rot t ing t r e e stump and was able to 

maintain a v e r y h igh nocturnal temperature . At 8 . 0 0 , cont inuous rain began 

and t h e snake cooled markedly, with a Tb lower than Ta and T s at the 

cessa t ion of l o g g i n g . 

Graph o) s h o w s a d i f f erent snake in t h e same t r e e s tump dur ing t h e 

day . A cons i s t en t ly h igh Tb was maintained unti l 18 .30 , when it dropped for 

r e a s o n s unknown, a l though poss ib ly because the snake moved f u r t h e r 

u n d e r g r o u n d , which was indicated b y a l o s s in s ignal s t r e n g t h from t h e 

transmit ter . 

Graph p) i s similar to graph h) and s h o w s a constant nocturnal Tb , 

which bare ly al tered in the dull condit ions of the following morning. The 

snake showed a s l ight r i se in Tb dur ing a brief s u n n y period ( a s indicated b y 

t h e r i s e in inso lat ion) , but fai led to emerge from t h e n ight r e f u g e dur ing t h e 

l o g g i n g per iod . 
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Graphs q ) , r ) and s ) show pat t erns for two s n a k e s in the t r e e s tump. 

Both s n a k e s s p e n t most of t h e time ins ide t h e s tump, only occasional ly 

emerging to b a s k . T h e s e per iods are shown b y a more f luc tuat ing T b . A 

v e r y cons tant Tb, v irtual ly independent of environmental var iables was 

maintained while in t h e t r e e s tump ( g r a p h q) and e v e n dur ing a s h a r p drop 

in Ta and T s (graph r ) ) , t h e drop in Tb was l e s s acute . The rapid 

f luctuat ions in Tb at t h e e n d of t h e day on t h e 25-6-89 ( g r a p h r ) ) were 

caused b y d i s turbance during observat ion of t h e bask ing snake and not b y 

environmental f a c t o r s . 

Finally, graph s ) s h o w s a rapid decrease in Tb ear ly in t h e morning 

followed b y a rapid r i se , desp i te a prev ious ly constant day and n i g h t Tb in 

the reg ion of 27°C. The l o s s of data indicated was caused b y t h e d i s a p p e a r -

ance of t h e transmitter s igna l , s u g g e s t i n g that the snake had moved 

u n d e r g r o u n d ; the reasons for t h i s movement were not known. 
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Figure 5 . 4 a) to b) Plots of l o g g e d read ings of body temperature from 
a radio- tracked female s n a k e , showing t h e re lat ion-
sh ip to: a) air and s u b s t r a t e temperature 

b) insolation 
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Figure 5 . 5 Plot of t h e body temperatures three s imultaneously l o g g e d female 
g r a s s s n a k e s (Nos . 32, 12 & 4 2 ) . 

In Figure 5 . 5 , p lots are shown of t h r e e female s n a k e s s imultaneously 

l o g g e d . One snake ( 3 2 ) , was concealed in a t ree stump and maintained a more 

constant Tb than t h e other two, which were basking on the e d g e of a 

woodland and on t h e e d g e of a meadow r e s p e c t i v e l y . 

Figure 5 . 6 s h o w s median, maximum and minimum temperatures ach ieved 

b y male and female s n a k e s under 21 ca tegor ies rang ing from 0-100% cloud 

c o v e r . Bes t f i t Lines calculated for t h e median temperatures g a v e s l o p e s of -

0 . 1 (females) and - 0 . 0 5 3 (males) . There was no s ign i f i cant d i f f e r e n c e 

between male and female d i s tr ibut ions for any cloud c o v e r ca tegor i e s e x c e p t 

at t h e 10% (p<0.05) and 25% (p<0.05) ca tegor ie s when U - t e s t e d . It i s also 

c lear that s n a k e s can reach h igh body temperatures e v e n u n d e r condi t ions of 

h igh cloud c o v e r . 

5 . 3 . 2 Thermal eco logy of moving s n a k e s 

Figure 5 . 7 s h o w s body temperature and act iv i ty detail of a male snake 

which was forag ing on a warm, s u n n y d a y , part ly in an open environment 
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fu l ly e x p o s e d to t h e s u n , which meant that the snake may have been thermo-

regulat ing to p r e v e n t overheat ing a s weU a s to ra ise Tb; Tb f luc tuated 

between 20-34°C. Field observat ions at t h e time showed that t h e snake did 

not move cont inuous ly , but f r e q u e n t l y paused for per iods of between one and 

f i v e minutes be fore cont inuing to move. 

Figure 5 . 8 s h o w s similar data for a female s n a k e forag ing in and around 

a pond. Al though t h e weather was again warm and s u n n y , t h e snake 

maintained a body temperature severa l d e g r e e s below t h e prev ious example, 

but was sti l l ac t ive and a ler t . The biotic environment around the pond 

cons i s ted of long g r a s s and d e n s e s e d g e and willow which large ly obscured 

the s u n . The snake made l itt le attempt to bask and apparent ly thermo-

conformed throughout the forag ing per iod . Much of the movement took place 

in the pond, a l though t h i s had l itt le e f f e c t on T b . 

The female snake moved only shor t d i s tances a f t er consuming p r e y and 

e v e n dur ing th i s time ( 1 4 - 6 - 8 8 ) , maintained a h igh T b , e x c e p t for one 

occas ion, when d i s turbed b y p a s s e r s - b y (at 12 .30 h r s ) . 

5 . 3 . 3 Thermophilic r e s p o n s e to f eed ing 

Both of t h e forag ing s n a k e s maintained c o n s i s t e n t l y h igh body 

temperatures for t h e per iods immediately a f t er consuming p r e y . Again 

t h o u g h , the temperature pa t t erns were d i f f eren t . The male s n a k e (Figure 

5 . 7 ) basked in a woodland e d g e , which was d e n s e l y overgrown with bracken 

and brambles . The weather on the day (9 -9 -88) cons i s t ed of intermittent s u n 

and cloud and t h i s apparent ly a f f e c t e d t h e abil i ty of t h e s n a k e to maintain a 

uniform Tb. 

In contras t , the female snake (Figure 5 . 8 ) basked on top of a wall 

covered with co toneas ter , (Cotoneaster horizontal is) on a warm and uniformly 

br ight though hazy day . Such an environment i s presumably more thermally 

constant than an overgrown woodland e d g e . Severa l o ther point read ings 

were made of th i s snake dur ing t h e day and showed temperatures of 2 7 . 8 , 

3 1 . 7 , 3 1 . 3 , 2 6 . 4 , 2 9 . 2 and 2 9 . 2 ° C , which s u g g e s t that t h e snake maintained 

a h igh Tb throughout t h e d a y . 

5 . 3 . 4 Thermophilic r e s p o n s e to s lough ing 

Figure 5 . 9 s h o w s data for a male snake one day be fore and two d a y s 

a f t er s l o u g h i n g . Weather condit ions were broadly the same for the two d a y s , 

a l though the morning of the 14-8-88 was somewhat h a z y . Body temperature 

on the day before s lough ing was maintained at a c o n s i s t e n t l y h igh l eve l , 
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whereas two d a y s a f t er s l ough ing , body temperature reached a maximum of 

27°C and was more typical ly around 20°C. 
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Figure 5 . 8 Plots of a forag ing female snake on three c o n s e c u t i v e d a y s , 
showing body temperature be fore , dur ing and a f t er f e e d i n g . 
The horizontal bar s h o w s act iv i ty at the time: the sol id black 
pattern r e p r e s e n t s the time s p e n t consuming tadpoles in a pond. 
Observat ions of t h e snake were made at f i f t e e n minute i n t e r v a l s . 
The dotted horizontal l ines at 30 °C have no ecological s i g -
n i f i cance , but are drawn so that re lat ive temperature d i f f e r -
e n c e s can more eas i ly be s e e n . 
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Figure 5 . 9 Plots of body temperature for a male snake one day be fore and 
two d a y s a f t er s l o u g h i n g . The horizontal bars show act iv i ty 
dur ing t h i s time. Weather condit ions were broadly t h e same on 
each d a y , with intermittent s u n and c loud, and the maximum air 
temperatures recorded were 19 .4 ° C (11-8-88) and 18.6 ° C ( 1 4 - 8 -
8 8 ) . Observat ions of t h e snake were made at f i f t een minute 
i n t e r v a l s . 
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5 . 4 Discuss ion 

5 . 4 . 1 Overview and i n t e r - s e x u a l comparison 

The range of body temperature (Tb) exhib i ted b y t h e s e x e s was 

broadly similar and fel l be tween 8 -38°C. With the except ion of s exua l 

func t ions , many physiological f u n c t i o n s , in particular metabolic ra te , are 

l ikely to be broadly comparable between s e x e s , s o th i s i s not s u r p r i s i n g . 

However, t h e data showed between s e x d i f f e r e n c e s in t h e d i s tr ibut ions of Tb 

that were quite e v i d e n t . 

The h igher median Tb of females and the d i f f erence in t h e d i s tr ibut ions 

of male and female Tb s u g g e s t e d that e i ther females are more s u c c e s s f u l at 

reaching a n d / o r maintaining h i g h e r temperatures than males or that t h e y 

require a body temperature than males. These r e s u l t s are similar to those 

presented b y Goddard (1981) for t h e smooth s n a k e , Coronella aus tr iaca , who 

noted a negat ive skew in female Tb and a pos i t ive skew in male T b . 

The bi-modality in t h e d i s tr ibut ions of both male and female T b i s more 

dif f icult to expla in . The bask ing behaviour of the g r a s s snake i s s u c h that 

indiv iduals are vulnerable to predators while l y i n g out ( s e e H u e y , 1982; 

Shine & Lambeck, 1985; p e r s . o b s . ) and there may be a trade off be tween t h i s 

behaviour and attempting to reach Tb's approaching the u p p e r limit in n o n -

optimal condi t ions , t h u s resu l t ing in a h igh number of r e a d i n g s at t h e lower 

modal l eve l . The lower f r e q u e n c i e s o b s e r v e d between t h e two modes may 

merely indicate that s n a k e s bask ing in weather condit ions where t h e y are able 

to reach s u c h a Tb are in a posit ion to ra ise i t f u r t h e r to l e v e l s approaching 

the pre ferred maximum. 

The environmental condi t ions in which Tb r e c o r d i n g s were made var ied 

wide ly . It i s also poss ib le there fore that Tb's which were recorded in the 

h igher modal ca tegory were of s n a k e s which were bask ing in thermally 

unlimiting condit ions and t h e r e b y able to reach a body temperature at or 

approaching t h e pre ferred maximum. Snakes which were bask ing in thermally 

limiting condit ions in which h igh body temperatures were unobtainable would 

neces sar i ly fall into the lower modal c a t e g o r y . 

The width of the modal 'bands' i s cons iderably narrower in t h e female 

distr ibut ion than in that of t h e males. Again t h i s s u g g e s t s that females are 

more prec i se thermoregulators ( i e . capable of maintaining a more cons tant 

Tb) than males. The larger s i z e of t h e females means that t h e s u r f a c e area 

to weight ratio i s lower and there fore Tb i s l e s s l ikely to f luc tuate a s much a s 

in the smaller males. 
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5 . 4 . 2 Relat ionship of body temperature to environmental var iables 

The correlat ion between Tb and both air temperature (Ta) and 

s u b s t r a t e temperature ( T s ) , were genera l ly h igher than e x p e c t e d cons ider ing 

t h e number of var iables that can potential ly a f f e c t T b . Quite c learly 

indiv iduals of both s e x e s can reach Tb's approaching t h e p r e f e r r e d maximum 

o v e r a wide r a n g e of air and subs tra ta t emperatures , a l though presumably on 

cool d a y s , insolation must have been h igh ( ^ . c lear s k i e s ) . Other s t u d i e s 

h a v e also found a h i g h correlat ion be tween t h e s e var iables (Goddard, 1981; 

Slip & Shine , 1988; Gent , 1988) . 

Tb o f t en feU below both Ta and T s , a l though the p lo t s in F igures 5 . 2 

& 5 . 3 do not show t h e time of day or t h e weather condi t ions at t h i s t ime. The 

one except ion was in t h e c a s e of female Tb and T s , where female Tb was 

f r e q u e n t l y lower than T s , b y u p to 25°C and where t h e Spearman c o - e f f i c i e n t 

was lowest (r^=0.267); t h e r e a s o n s for th i s are unc lear , but the subjec t i s 

d i s c u s s e d in grea ter depth below. 

The 50 hour plots shown in Figure 5 . 4 ( a ) ( b ) show a c lear pat tern of 

rapid warming in t h e morning, followed b y one or more plateau per iods of 

cons i s t en t h igh Tb followed b y more gradual cooling o v e r n i g h t . This i s 

c o n s i s t e n t with t h e Tb p a t t e r n s of o ther Bri t i sh s n a k e s , a l though it d i f f e r s 

from t h e warm climate diamond python Morelia spHota which had one shor ter 

bask ing period of approximately one hour , a f t er which i t re trea ted u n d e r 

c o v e r for the r e s t of t h e d a y , occass ional ly emerging at n igh t to forage (Sl ip 

St Sh ine , 1988). T h i s s p e c i e s has a lower heat ing rate than t h e much smaller 

g r a s s snake and presumably a much h igher thermal inert ia , enabl ing much 

more time to be s p e n t u n d e r c o v e r h idden from predators , whi ls t maintaining 

a fa ir ly h igh Tb. In warm cl imates, rept i l e s may also o f ten be able to maintain 

a h igh Tb while thermoconforming, t h u s reduc ing the need t o bask in t h e 

o p e n . Grass s n a k e s c o n v e r s e l y appear to make u s e of a g r e a t e r part of t h e 

day when thermal condi t ions are su i tab le , probably because t h e y are unable 

to maintain a h igh Tb without at l eas t some direct insolat ion. It was 

not iceable on v e r y warm, s u n n y d a y s that g r a s s s n a k e s rare ly b a s k e d in the 

open and were apparent ly able to maintain a h igh Tb while under c o v e r . 

The Tb of t h e snake in t h e two plots t r a c k s insolat ion c lose ly during 

the d a y , whilst t h e r e i s a lag between t h e morning r i se in Ta and T s and an 

i n c r e a s e in t h e Tb of t h e s n a k e . T h i s s u g g e s t s that d irect insolat ion may 

induce emergence , a l though t h e data s h o w s that s u b s t r a t e warming may also 
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be a contr ibutory fac tor . Air temperature has no apparent e f f e c t on 

emergence . 

Evening submergence in th i s c a s e was almost cer ta in ly caused b y t h e 

disappearance of d irect sun l ight reaching t h e piece of t in under which the 

snake was concealed dur ing t h e day . On t h e 20 -6 -89 , t h e s n a k e was known 

to l eave for the e v e n i n g r e f u g e underground at 17.05 h r s ; the r e f u g e was 

e x p o s e d to sun l ight until 18 .30 h r s , allowing t h e snake to ra i se Tb again . 

The f luctuat ions dur ing the plateau period could be due to a number 

of f a c t o r s . The f i r s t i s an inabil i ty to thermoregulate p r e c i s e l y ; t h e second 

i s that thermal condit ions under the p iece of t in may h a v e var i ed , e g . with 

insolat ion; th ird ly , and most l ikely in t h i s c a s e , i s that t h e snake shut t l ed 

back and forth from under t h e t in a s t h e temperature became too h igh under 

the t i n . There i s no firm ev idence for t h i s o ther than t h e s n a k e was o b s e r v e d 

in the open for a brief period during t h e 21 -6 -89 . 

5 . 4 . 2 . 1 Emergence 

F igures 5 . 4 ( e ) ( f ) ( m ) and (r ) show plots of morning emergence . In all 

four c a s e s , emergence occured af ter T s had r i sen above or equal led the Tb 

of the s n a k e . In two c a s e s , ( ( e ) and ( f ) ) , Ta had also e x c e e d e d T b . 

Insolation data i s shown in two c a s e s (m) and (r ) in t h e s e examples , show 

that emergence occured when isolation was at about lOOWm^ and 560Wm^. 

On cool , c loudy mornings , s n a k e s o f t e n did not emerge at all (F igure 

5 . 4 ( h ) ( p ) ) . The g r a p h s show that e v e n desp i te a s ign i f i cant increase in T s , 

the s n a k e s s t a y e d in the ir n igh t r e f u g e and behaved as thermo-conformers . 

T h i s , t oge ther with t h e data in t h e prev ious s ec t i on , s u g g e s t s that 

emergence i s init iated predominantly b y an increase in s u b s t r a t e temperature 

and that the snake wUl t h e n emerge if t h e r e i s s u f f i c i e n t insolation and 

there fore su f f i c i en t opportuni ty to ra i se T b . 

5 . 4 . 2 . 2 The warming phase 

The morning warming phase shown in Figure 5 . 4 ( c ) has been presented 

to show how the r i s e in Tb can be independent of t h e measured environmental 

t emperatures . The snake ra ised Tb b y approximately 20°C in 75 minutes , 

dur ing which time both Ta and Ts dropped s l i g h t l y . Insolat ion data i s not 

available for th i s per iod, but i t i s reasonable to assume that t h e snake basked 

in more or l e s s ful l s u n s h i n e for th i s per iod, and operat ive temperatures at 

the bask s i t e s must there fore have been h i g h . 
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o t h e r more typical warming p h a s e s are shown in F igures 5 . 4 ( e ) ( f ) ( m ) , 

where Tb rose abrupt ly and rapidly to around 30°C soon a f t e r emergence . 

5 . 4 . 2 . 3 The plateau phase 

Typical plateau p h a s e s are shown in F i g u r e s 5 . 4 ( d ) ( g ) ( i ) ( j ) ( k ) and 

(1). The most s t r ik ing f ea ture i s that T b , a l though o f ten maintained at a h igh 

l eve l , f l u c t u a t e s subs tant ia l ly , o f t en b y 10°C or more. The data shown in 

graph 5 . 4 ( k ) s h o w s that Tb f luctuat ion i s large ly independent of insolat ion, 

a l though in th i s example, t h e r e i s an apparent r e s p o n s e in Tb to t h e variation 

in T s . C o n v e r s e l y , there i s no noticeable correlat ion of Tb with Ta. 

In Figure 5 . 4 ( i ) , the bask s i t e of t h e s n a k e became s h a d e d b y t r e e s at 

15.40 h r s and the snake could have moved to maintain i t s ' posit ion in the s u n . 

However, i t did not move, but le t Tb drop , desp i t e t h e fac t that a nearby s i t e 

was in fu l l sun l ight for s evera l more h o u r s . Ta was h igh at t h i s time and the 

snake managed to maintain a re lat ive ly h igh Tb for some time, desp i te be ing 

shaded from the s u n . 

Two other fac tors have a notable e f f e c t on the bask ing behaviour of 

s n a k e s in t h e f i e ld . The f i r s t i s ra in , which i s genera l ly cooler than both t h e 

surrounding air and s u b s t r a t e , and which will h a v e an evaporat ive cool ing 

e f f e c t on t h e s n a k e s which come into contact with i t . Two examples are 

shown, in Figure 5 . 4 ( d ) and ( n ) . In graph ( d ) , t h e rain began at 15 .15 h r s 

and in graph ( n ) , at 07 .45 h r s . In both c a s e s i t re su l t ed in a sharp decrease 

in Tb to t h e e x t e n t that it fe l l below both Ta and T s . Field observat ions 

showed that sneikes rarely basked in t h e ra in , a l though t h i s was o b s e r v e d 

with one u n t a g g e d gravid female. Gay wood, f p e r s comm) o b s e r v e d that 

gravid s n a k e s o f t en took r e f u g e dur ing rain at a re lat ive ly later time than 

n o n - g r a v i d indiv iduals . Th i s would seem to be an unsound s t r a t e g y , a s 

evaporat ive and conduct ive heat l o s s would certa in ly be rapid from a wet 

s n a k e . However , grav id sneikes h a v e been shown b y many authors to be 

re lat ive ly s e d e n t a r y ( e g . Madsen, 1984, N. natr ix ) and discomfort or 

d i f f i cu l ty in moving may account for t h i s behav iour . Only once was it a s c e r -

tained that a snake had moved dur ing a period of rain; t h i s occured with a 

t a g g e d s n a k e that moved 80m dur ing a period of h e a v y , p e r s i s t e n t rain 

during A u g u s t , 1988. 

The s econd factor i s d i s turbance . During t h e c o u r s e of t h i s work, 

s n a k e s were occasional ly d i s turbed in t h e c o u r s e of data col lect ion, desp i t e 

e f f o r t s to avoid t h i s happen ing . In Figure 5 . 4 ( r ) t h e s n a k e was accidental ly 

d i s turbed dur ing observat ion at 10 .00 , 11 .00 and 11 .45 . The d i s turbed 
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snake took r e f u g e each time and t h e normal thermoregulation pat tern was 

d i srupted , a l though each time t h e e f f e c t s were only temporary. Dis turbance 

during observat ion i s d i s c u s s e d at greater l e n g t h in Chapter 4 . 

5 . 4 . 2 . 4 The cooUng phase 

In aU the example g r a p h s shown e x c e p t one (F igure 5 . 4 ( o ) ) , cool ing 

ra te s were cons iderably lower than warming r a t e s Figure 5 . 4 ( a ) ( d ) ( g ) ( i ) ( j ) -

( n ) ( r ) . Field observat ion showed that slow cool ing occured a s a re su l t of 

lower insolation and a general cool ing of air and s u b s t r a t e , fol lowed b y a brief 

period of rapid cooling as the s n a k e took r e f u g e . Thi s i s in accordance with 

observat ions made on other s p e c i e s of both temperate and tropical s n a k e s 

( e g . Sa int -Girons & Bradshaw, 1981; Gent , 1988; Gay wood, 1990; Sl ip & 

Shine , 1988) . 

It i s not c lear why s n a k e s apparent ly c o n s e r v e heat in t h i s w a y , 

cons ider ing t h e energe t i c c o s t s i n v o l v e d in maintaining a h i g h e r metabolism. 

This was part icularly t rue of s n a k e s that u s e d t h e t r e e s tump a s a n igh t 

r e f u g e , where nocturnal body temperature was maintained at a re lat ive ly h i g h 

l eve l (F igure 5 . 4 ( q ) ( r ) ( s ) ) . Presumably t h e e n e r g e t i c c o s t s are o f f s e t b y 

t h e f u t u r e reduct ion in e f for t needed to ra ise metabolism to t h e optimum leve l 

and b y poss ib le physiological requirements s u c h a s enzyme product ion , 

d ige s t i ve e f f i c i e n c y and immunological r e s p o n s e ( s e e Dawson, 1975) . 

Hailey & Davies (1987) ident i f i ed two dis t inct thermoregulat ion 

s t r a t e g i e s ; t h e f i r s t of t h e s e (r - thermoregulat ion) was a period of rapid 

heat ing to a maximum at which an ac t iv i ty s u c h a s forag ing was p u r s u e d . The 

second s t r a t e g y (K-thermoregulat ion) invo lved heat ing to a maximum and 

then cont inuing to thermoregulate . The authors s u g g e s t e d that t h e la t ter 

s t r a t e g y was u s e d in ter alia, a s an aid to long- term physiological p r o c e s s e s 

s u c h a s d iges t ion , maturation or reproduct ion . B y t h e s e authors' def in i t ion , 

N. natrix i s a K-thermoregulator , a s was t h e c o n g e n e r N. maura in the ir 

s t u d y . 

5 . 4 . 2 . 5 Submergence 

The end of the plateau phase genera l ly r e s u l t s in an observab le 

decrease in Tb a s t h e snake s e e k s r e f u g e for t h e s co tophase . F i g u r e s 5 . 4 

( g ) ( i ) ( 3 ) each show logged data for s n a k e s cover ing t h i s per iod . In each 

c a s e , t h e insolat ion condit ions at t h e location of t h e s n a k e were noted and it 

was found that in all three c a s e s , t h e e n d of t h e plateau period was c a u s e d 

b y a decrease in insolat ion, (and there fore operat ive t e m p e r a t u r e s ) , in one 
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case ( g ) because direct sun l ight was terminated b y t h e lowering of t h e 

e v e n i n g s u n (at 18 .00 h r s ) and in both other c a s e s ( i) (j) because c loud c o v e r 

increased to 100% (at 15.45 and 16 .30 h r s r e s p e c t i v e l y ) . 

A s with emergence , submergence appears to be l inked to t h e c h a n g e 

in insolation and T s , a l though it i s weU to be aware of t h e auto-corre lat ion 

between t h e two var iables . 

5 . 4 . 2 . 6 Night temperature 

Night-t ime Tb was not iceably more constant than t h e day-t ime T b . 

T h i s was to be e x p e c t e d , s i n c e dur ing t h e n ight the snake had no opportun i ty 

to thermoregulate o ther than to move between s u b s t r a t e s of d i f f e r e n t 

t emperatures . T h u s in a homogenous s u b s t r a t e , the s n a k e b e h a v e d a s a 

thermo-conformer, and only gradual ly los t hea t . 

Night time temperatures , in all c a s e s , were severa l d e g r e e s h i g h e r than 

that of the lowest n ight- t ime T s (F igure 5 . 4 ( f ) ( g ) ( h ) ( j ) ( m ) ( p ) ) . Th i s 

pat tern was c o n s i s t e n t for all s i x examples shown and a s h y p o t h e s i z e d a b o v e , 

i s due to thermo-conformity and an abi l i ty to retain body heat , probably b y 

coi l ing in the r e f u g e . The e n e r g e t i c c o s t s of maintaining a h igher nocturnal 

Tb may have been o f f s e t b y an i n c r e a s e in abil i ty to s a f e l y emerge t h e 

fol lowing day or b y a reduct ion in t h e bask ing time that would be n e e d e d at 

that time to reach a Tb at which rapid f l i gh t from predators was pos s ib l e . It 

was noticeable that v e r y cool animals were e a s y to c a t c h , and many s n a k e s 

u s e d in t h i s s t u d y were caught ear ly in t h e morning, whereas warm s n a k e s 

were h igh ly alert and d i f f icu l t to c a t c h . Al ternat ive ly , if t h e p r e f e r r e d 

nocturnal Tb of t h e snake was lower than that recorded , t h e snake would 

h a v e needed to move nearer t h e s u r f a c e to lose heat , t h u s e x p o s i n g i tse l f to 

nocturnal predators . The former explanat ion i s more l ike ly , a s t h e s n a k e s 

that s p e n t time in t h e t ree s tump maintained a v e r y h igh nocturnal T b . T h u s 

it would appear that s n a k e s will maintain a h igh a nocturnal Tb a s poss ib le 

desp i t e t h e energe t i c c o s t s . 

5 . 4 . 3 Optimal thermoregulation 

A favoured location of two female s n a k e s was in a rot t ing t r e e s tump in 

an e x p o s e d area at the s t u d y s i t e . During t h e course of the r e s e a r c h , 

s e v e r a l s n a k e s of both s e x e s were s e e n at t h e stump and in 1989, t h e s tump 

was u s e d on severa l ocass ions b y two female s n a k e s both carry ing thermo-

s e n s i t i v e transmit ters . Plots of l ogged data are shown in Figure 5 . 4 ( n ) ( o ) -

( q ) ( r ) ( s ) . Graphs (o) and ( r ) show data from one of t h e s n a k e s b a s k i n g in 
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vegetat ion on top of t h e s tump on warm s u n n y d a y s . The p lo t s show 

c o n s i s t e n t , h igh Tb's with f luc tuat ions typica l of bask ing g r a s s s n a k e s . 

The other 3 plots ( g r a p h s ( n ) ( q ) ( s ) ) all show data from t h e s n a k e s 

thermoregulat ing thigmothermically in s ide t h e t r e e s tump. In each c a s e , t h e 

Tb was not iceably more s tab le but was genera l ly l e s s than 30° , which i s lower 

than that for s n a k e s bask ing in t h e open under similar weather condi t ions . 

Despi te t h e lower Tb , the r i sk from predators was v irtual ly n o n - e x i s t e n t in 

t h e t r e e s tump and t h e lower T b may h a v e been a t rade-o f f b y t h e s n a k e s for 

t h i s advantage . 

Both s n a k e s s t a y e d in t h e t r e e s tump for severa l d a y s be fore l e a v i n g , 

presumably to f o r a g e , and dur ing t h e c o u r s e of t h e s t u d y , s evera l s h e d s k i n s 

were found in t h e surrounding vege ta t ion , where u n t a g g e d s n a k e s had 

s t a y e d there while s l o u g h i n g . The u s e of t h i s and other favoured habi tats 

i s examined in Chapter 6 . 

5 . 4 . 4 Intraspec i f ic variation in body temperature 

The three femal s n a k e s plotted s imultaneously showed a variat ion in Tb 

a s much a s 10°C (F igure 5 . 5 ) . None of t h e s n a k e s were grav id and were 

apparent ly in a similar physiological condit ion. Snake 32 was in t h e t r e e 

s tump and maintained a more c o n s t a n t , t h o u g h general ly lower Tb than both 

o ther s n a k e s . Both other s n a k e s followed a temperature pat tern that matched 

t h e observat ions made a b o v e , but each was d i f f erent from t h e o ther because 

of t h e d i f f erent locat ions of each indiv idual . Direct s u n was shaded from 

s n a k e 42 at 15.45 h r s and s n a k e 32 at 16 .00 h r s , but whereas s n a k e 32 took 

r e f u g e and made no e f f o r t to maintain a h igh T b , snake 42 moved 35m into t h e 

s u n . What the data s h o w s i s that location i s an important fac tor in determin-

ing t h e opportuni t ies for thermoregulat ion and that o ther a s p e c t s of t h e 

eco logy of the animal s u c h as forag ing and concealment s e r v e to obscure 

p a t t e r n s of daily temperature in the s p e c i e s . 

5 . 4 . 5 The e f f e c t of c loud c o v e r on body temperature 

The high- low-median p lots shown in Figure 5 . 6 . show that h igh Tb's 

can st i l l b e reached b y s n a k e s e v e n dur ing t imes when t h e s u n i s large ly 

o b s c u r e d and direct insolation not avai lable . There was i n s u f f i c i e n t data to 

d iv ide t h e sample up into smaller s i z e s ( for ins tance warm and cool d a y s ) to 

f u r t h e r examine t h e e f f e c t s of c loud c o v e r . The bes t f i t s l opes f i t t ed t h r o u g h 

t h e median points were both n e g a t i v e , which s u g g e s t s that increas ing cloud 

c o v e r r e s t r i c t s thermoregulation opportuni t i e s . This r e i n f o r c e s t h e 
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observat ions made above with t h e l ogged data. S n a k e s basked more 

f requent ly on mild d a y s with intermittent c loud cover and were rare ly s e e n 

on overcas t or on v e r y warm d a y s ( p e r s . o b s . ) 

The lack of s ign i f i cant d i f f erence in t h e median Tb of male and female 

s n a k e s at 19/21 d iv i s ions of c loud cover i s rather s u r p r i s i n g in t h e knowledge 

that male and female thermal eco logy i s d i f f erent in other r e s p e c t s . However, 

some of the sample s i z e s were small ( e g . for male Tb under 65% cloud was 3) 

and larger sample s i z e s would have enabled a more e x a c t i n g resu l t to be 

obtained, 

5 . 4 . 6 The thermal eco logy of moving s n a k e s 

The data shown in each of the two examples (F igures 5 . 7 & 5 . 8 ) s e r v e s 

to show that s n a k e s can maintain a h igh d e g r e e of ac t iv i ty u n d e r a wide r a n g e 

of body temperatures . The female in Figure 5 . 8 made no apparent attempt to 

raise Tb throughout 13-6-88 , while in c o n t r a s t , t h e temperature plot of t h e 

male on 7 - 9 - 8 8 (F igure 5 . 7 ) was maintained at or near the l eve l that would be 

e x p e c t e d from a bask ing s tat ionary s n a k e . The two forag ing environments 

were markedly d i f f erent and it would appear that the male maintained a h igh 

Tb because t h e condit ions were su i table , whereas t h e female abandoned 

thermoregulation whilst f orag ing in a thermally host i le env ironment , trading 

off t h e thermal d i sadvantage against t h e advantage of ca tch ing food . 

The female forag ing in t h e pond s loughed short ly a f t e r t h e s e o b s e r v a -

t ions were made and it i s not known if th i s a f f e c t e d h e r thermoregulatory 

performance. However , i t has been reported (Smith, 1951) that s n a k e s in an 

immediately p r e - s l o u g h condit ion will o f t e n s e e k out water to s o f t e n the sk in 

and t h e r e b y aid e c d y s i s . 

5 . 4 . 7 Thermophilic r e s p o n s e to f e e d i n g 

Skoczy las (1970) , in work carried out on Matrix na tr ix , found that 

d i g e s t i v e e f f i c i e n c y in t h e s p e c i e s i s optimal at between 25-35 °C and equal ly 

e f f i c i ent at each end of that r a n g e . Optimality e n s u r e s that d iges t ion b e g i n s 

rapidly and i s completed a s soon as poss ib le . Severa l s t u d i e s on other snake 

s p e c i e s h a v e shown that body temperatures are e levated to similar l e v e l s and 

that t h i s action i n c r e a s e s d ige s t i ve e f f i c i e n c y (Regal , 1966, Coluber 

constr ic tor: Green wald & Kantner, 1979, Elaphe guttata; Hailey & Da v i e s , 

1987, Natrix maura) . A s t h e logged data s h o w s , g r a s s s n a k e s s p e n d much 

of the ir time between t h e s e two l imits, presumably because se lect ion has 

e n s u r e d that most or all o ther physiological func t ions operate optimally at 

- 137 -



such temperatures . P o s t - f e e d i n g Tb was almost a lways be tween 25-35°C 

during the day ( F i g u r e s 5 . 7 & 5 . 8 ) . 

The food bolus in a recent ly f e d snake i s l ike ly to have an a d v e r s e 

e f f e c t on t h e locomotory performance of t h e s n a k e , making i t more vulnerable 

to predators . It i s there fore in the i n t e r e s t s of the s n a k e to d i g e s t the 

stomach c o n t e n t s a s soon a s poss ib le . Th i s action will a lso r e d u c e t h e 

poss ibi l i ty of t h e food natural ly decomposing and producing t o x i n s in t h e 

stomach. Further examination of the behavioural r e s p o n s e of g r a s s s n a k e s 

to f eed ing was shown in Chapter 4 . 

5 . 4 . 8 Thermophilic r e s p o n s e to s lough ing 

The funct ion of e c d y s i s i s to maintain a sound integument a s the body 

grows and a s t h e s k i n becomes worn or damaged. The e y e s become milky for 

severa l d a y s be fore s loughing o c c u r s and v i s ion i s presumably a d v e r s e l y 

a f f ec ted dur ing t h i s time. An adult g r a s s s n a k e wiU typica l ly s l ough 2 - 3 

times each year ( p e r s o b s ) . Little publ i shed work has been produced on t h e 

thermal eco logy of s n a k e s undergo ing e c d y s i s . Semlitsch (1979) showed that 

e c d y s i s i s an e n e r g y i n t e n s i v e p r o c e s s and that r a t e s of e c d y s i s were f a s t e r 

in Natrlx fasc iata and N. taxispi lota k e p t in a warm environment than t h o s e 

kept in a cool environment . The normal behaviour of g r a s s s n a k e s i s 

d i srupted for s evera l d a y s dur ing e c d y s i s ( s e e Chapter 4 ) . 

On the day be fore s l o u g h i n g , t h e snake maintained a h igh T b , whereas 

two d a y s a f t er s l o u g h i n g , bask ing began later in t h e day and t h e s n a k e did 

not reach a h igh Tb before moving. Grass s n a k e s typica l ly u n d e r g o a period 

of non-movement before s l o u g h i n g , perhaps b e c a u s e of impaired s i g h t . 

Basking i s t h e r e f o r e the predominant act iv i ty of s n a k e s in t h i s condit ion. 

More data wiU be needed before i t i s poss ib le to examine whether body 

temperature dur ing the s lough ing phase i s s ign i f i cant ly d i f f erent from that 

normally attained b y t h e s n a k e s . Gent (1988) f o u n d no d i f f erence in t h e body 

temperature of smooth s n a k e s at t h e s e t imes. 

5 . 4 . 9 General d i scuss ion 

The data p r e s e n t e d above s u g g e s t s that t h e g r a s s snake i s predomi-

nant ly a heliothermic ectotherm, but that s u b s t r a t e temperature probably 

i n f l u e n c e s emergence . Thigmothermy (conduct ive heat from adjacent 

s u r f a c e s may also be a s ign i f i cant factor under some condi t ions but i t was 

d i f f icul t to assume t h i s from the data above a s t h e r e were many potential 

i n f l u e n c e s on body temperature that were ignored ( ^ . wind s p e e d , a s p e c t , 
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humidity, e t c . ) . The u s e of sui table c o v e r u n d e r which h igh body tempera-

t u r e s can be reached i s common in g r a s s s n a k e s . The t r e e stump mentioned 

above and p i ece s of corrugated t in were popular r e f u g e s for s n a k e s at t h e 

s t u d y s i t e . Corrugated tin was e v e n placed in su i table areas so that s n a k e s 

could be c a u g h t eas i l y . It was also o b s e r v e d that on warm d a y s , s n a k e s could 

o f t en maintain a h igh Tb b y bask ing virtual ly concealed in l ight c o v e r . 

Heliothermic and thigmothermic thermoregulat ion s t r a t e g i e s were probably 

s imultaneously ut i l i sed at t h e s e t imes , a l though to what e x t e n t i s unknown. 

The e f f e c t of snake pos ture and i ts ' in f luence on body temperature has 

been examined in a number of s t u d i e s ( P r e s t t , 1971; Goddard, 1981; Gent , 

1988; Gaywood, 1990) . With t h i s in mind, the pos ture of each t a g g e d bask ing 

snake s e e n when located was noted on a sca le of 1 - 6 , with 1 being s t r e t c h e d 

out and 6 be ing t i gh t ly coi led. P o s t u r e s o ther than s i x were rare ly s e e n in 

t h e f i e ld , e x c e p t for v e r y early in t h e s eason at t h e overwinter ing s i t e s , 

where s n a k e s sometimes lay o u t s t r e t c h e d and on one ocass ion when an 

u n t a g g e d out s t re tched snake was c a u g h t late on a warm day with a v e r y low 

body temperature . Posture there fore appears to be a l i t t le u s e d behaviourial 

mechanism to control body temperature of s n a k e s in the f i e ld . Gaywood ( p e r s 

comm) noted that g r a s s s n a k e s t e n d e d to u s e a loose coi led pos ture only 

temporari ly, for ins tance dur ing warming p h a s e s . 

Dorso-ventra l f l a t t en ing , a s o b s e r v e d in the adder ( P r e s t t , 1971; 

Gaywood, 1990) was not s e e n in g r a s s s n a k e s in th i s s t u d y . 

5 . 4 . 1 0 Further research 

Useful f u r t h e r research would b e an examination of t h e body tempera-

t u r e s of male and female s n a k e s of similar body s i z e s ( i e . l arge males or small 

females) to exp lore the apparent d i f f erence in male and female body 

temperatures and temperature range d is tr ibut ion . Further work on t h e 

thermoregulatory behaviour and b o d y temperature of moving and grav id 

s n a k e s would also be of i n t e r e s t . Other work could inc lude t h e body 

temperatures of overwinter ing s n a k e s , with emphasis on t h e cri teria for 

s p r i n g emergence and autumn submergence and t h e e f f e c t s of prolonged mid-

season cold spe l l s on body temperature . 
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Chapter Six 

Habitat use 



Introduct ion 

The definit ion of 'habitat' i s somewhat v a g u e and h a s been in terpre ted 

d i f f erent ly b y var ious a u t h o r s , a l though two def in i t ions predominate . The 

f i r s t and most s tra ight forward of t h e s e broadly encompasses we l l -de f ined 

vegetat ional communities, s u c h a s g r a s s l a n d , woodland and wetland and has 

been u s e d b y severa l authors ( e g . Madsen, 1984; Stumpel , 1988) . In th i s 

way, t h e habitats available to an animal can be compared d irec t ly to the 

habitats u s e d b y an animal and any relat ionship between t h e two t h e r e b y 

revea led . This approach has t h e advantage that re levant data i s e a s y to 

col lect and q u a n t i f y , but i s limited b y i ts ' simplicity and s a y s l i t t le about the 

particular qual i t ies of a habitat that are s o u g h t b y an indiv idual . However , 

r e s u l t s obtained b y the collection of data of t h i s nature can be u s e f u l when 

planning for the management or conservat ion of a s p e c i e s or populat ion. 

The second definit ion of 'habitat' encompasses a wide range of biotic 

and abiotic var iables , s u c h a s time, microclimate and vege ta t ion s t r u c t u r e 

which can be quantif ied and analyzed in an attempt to e s tab l i sh which of the 

var iables measured are important to t h e individual and to what e x t e n t . This 

i s a measure of microhabitat a s opposed to t h e macrohabitat approach of t h e 

former definit ion and has been u s e d b y many authors ( e g . Reagan, 1974; Diaz 

& Valencia, 1985; Reinert , 1984; Dent , 1986) . 

Heatwole (1977) descr ibed habitat se lect ion in rept i l e s a s ' . . . t h e 

in teract ive e x p r e s s i o n of r e s p o n s e s which t e n d to maintain t h e associat ion of 

an animal with a particular t y p e of habitat ' . He also pointed out that i t i s 

important to d i s t inguish between home r a n g e , which i s t h e del ineation of an 

area r e g a r d l e s s of habitat , and habitat se lec t ion , which i s t h e u s e of 

habi tats , r e g a r d l e s s of area , a l though t h e two may co inc ide . 

A f u r t h e r problem of def ini t ion ar i s e s when d i s t ingu i sh ing between 

habitat u s e and habitat se l ec t ion . It i s qui te poss ib le that an animal may 

temporarily u s e habitats without neces sar i ly se l ec t ing them, a l though in 

pract ice i t may be di f f icul t to dec ide if a habitat has been se l ec ted b y mere 

observat ion of s n a k e s . An example of t h i s would be a route u s e d (or perhaps 

se l ec ted) during a l o n g - d i s t a n c e movement. C o n v e r s e l y , i t could legit imately 

be argued that all habi tats are c h o s e n , because at each move, an individual 

can dec ide which route or habitat t y p e to u s e . On balance t h o u g h , s u c h 

pedantry i s l iable to be c o u n t e r - p r o d u c t i v e and for t h e p u r p o s e s of t h i s 

work, i t was assumed that t h e number of observat ions made of an individual 
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in each g i v e n habitat r e p r e s e n t e d t h e d e g r e e to which s u c h habi tats were 

s e l ec t ed . T h u s habitat u s e and habitat se lect ion become more or l e s s 

synonymous . This i s e laborated f u r t h e r in t h e t e x t where appropr iate . 

Al though habitat se lec t ion has been i n v e s t i g a t e d in many rept i le 

s t u d i e s , the Ophidia have not been well r e p r e s e n t e d , probably due to the ir 

s e c r e t i v e nature , which h a s made them di f f icu l t to s t u d y . T h e u s e of 

miniature te lemetry equipment has made the detect ion of s n a k e s a simple task 

and virtual ly eliminated t h e problem of locating many snake s p e c i e s , which 

has resu l ted in a great deal of re search into snake movement and rang ing 

behaviour . However , t h e s t u d y of habitat u s e , e x c e p t in a bas ic s e n s e , h a s 

e v e n now rece ived l itt le a t tent ion , desp i te t h e fac t that s u c h equipment has 

been widely available over t h e las t two d e c a d e s . 

Thi s i s somewhat s u r p r i s i n g a s t h e u s e of te lemetry el iminates one of 

the central problems connected with research into habitat s e l ec t ion , that of 

v is ibi l i ty of t h e s t u d y animals. Without the u s e of some means of remote 

location of animals, observat ions will be biased in two w a y s . F irs t ly , only 

animals in re lat ive ly open habi tats will be s e e n at all in most c a s e s , which will 

tend to bias r e s u l t s in f a v o u r of se lect ion for that habitat . Gent (1988) 

recognized th i s a s a problem in h i s work on t h e habitat u s e of t h e smooth 

snake Coronella austr iaca . 

Secondly , the d i s turbance caused b y search ing for s n a k e s may well 

cause them to e i ther alter the ir behaviour or to head for c o v e r be fore be ing 

s p o t t e d . Thi s would h a v e been a particular problem in t h e c a s e of g r a s s 

s n a k e s , which are o f ten well camouflaged b y the ir s u r r o u n d i n g s and readi ly 

take f l ight if d i s t u r b e d . 

The se lect ion of a habitat b y an individual presumably i n v o l v e s the 

potential fulf i lment of a requirement for one or more r e s o u r c e s and most 

s t u d i e s of habitat se lect ion in s n a k e s have ident i f ied the most s ign i f i cant of 

t h e s e r e s o u r c e s a s protect ion from predators , p r e y availabil i ty and 

opportuni ty to thermoregulate . Madsen (1984) in a s t u d y of radiotracked 

g r a s s s n a k e s in which h e noted t h e habitat in which s n a k e s were o b s e r v e d 

during daily radio- locat ions , found that t h e habitat most f r e q u e n t l y u s e d was 

b lackberry , Rubus f r u t i c o s u s b u s h e s in c lose proximity to s t o n e walls and 

f e n c e s and s u g g e s t e d that t h e s e were se l ec ted because t h e y o f f e r e d good 

protect ion from p r e y and may h a v e also been well u s e d b y amphibian p r e y 

s p e c i e s . The author , t h o u g h , d o e s not s a y how much habitat was available 
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to the s n a k e s a s a percentage of t h e total . Nor does he s t a t e t h e ac t iv i ty of 

the s n a k e s at t h e time of observat ion . 

Weatherhead & Charland (1985) noted that t h e black rat snake Elaphe 

obsoleta showed a marked p r e f e r e n c e for woodland-f ie ld eco tone , s u g g e s t i n g 

that the ir f l edg l ing bird and e g g p r e y was most plent i ful in t h i s habitat and 

that the s n a k e s maintained the ir p r e f e r e n c e for t h e habitat outs ide of t h e 

nes t ing season because thermoregulation opportuni t ies were h i g h . 

Shine & Lambeck (1985) noted that t h e arafura f i l e snake , Acrochordus 

arafurae ut i l i sed a var ie ty of damp or wet habi tats in t h e wet s e a s o n , but was 

res tr ic ted to bodies of water (b i l labongs) in t h e d r y s e a s o n , because t h e y 

were the only p laces in which the ir p r e y ( f i s h ) could be f o u n d . The authors 

also found that diurnal movements of t h e s n a k e were shor t and that the 

s n a k e s remained under t ree c o v e r , probably to avoid predation b y whi te -

breas ted sea e a g l e s , which f e d e x t e n s i v e l y on t h e s n a k e s . Similarly Reinert 

& Kodrich (1982) , S i s t r u r u s ca tenatus ca tenatus and Shine (1987) P s e u d e c h i s 

porphyr iacus noted that s n a k e s t ended to ut i l i se damp areas to a greater 

e x t e n t in the d r y s e a s o n . 

In t h i s s t u d y , habitat se lect ion has been in terpre ted in both of the 

ways mentioned a b o v e . F irs t ly , t h e se lect ion b y s n a k e s of vegetat ional 

communities was examined b y comparing t h e availabil i ty of a particular habitat 

to the habi tats u s e d b y each indiv idual . Resu l t s obtained in t h i s way can be 

compared to Madsen's (1984) observat ions and wiU be of part icular u s e to 

workers in t h e f i e ld who are i n t e r e s t e d in t h e management of t h i s protec ted 

s p e c i e s . Secondly , a more s t r i c t l y ecological approach was taken , which 

involved t h e measurement of a larger number of var iables at s n a k e locat ions 

and stat is t ical ly analyz ing t h e s e for p r e f e r e n c e s or requirements . 

B y us ing both of t h e s e methods t o g e t h e r , it was i n t e n d e d to obtain an 

idea not only of t h e vegetat ional communities that were p r e f e r r e d b y g r a s s 

s n a k e s , but some indication of w h y t h e y were u s i n g t h e s e habi ta ts . Th i s i s 

of particular importance to t h e unders tand ing of a widely forag ing s p e c i e s 

s u c h a s t h e g r a s s s n a k e which i s known to u s e a var i e ty of habi ta t s . Such 

information i s part icularly re levant to the management of local g r a s s snake 

populat ions for conservat ion p u r p o s e s . Hilton-Brown & 01dham(1991) , b y 

s u r v e y i n g local herpe to log i s t s , ident i f i ed that habitat l o s s was b y far the 

main c a u s e of t h e decrease in local g r a s s snake populat ions . The provis ion 

or management of habi tats known to be u s e d b y s n a k e s and , e n s u r i n g that 

habi tats avoided b y g r a s s s n a k e s do not p r e s e n t barr iers to d i spersa l may 
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e n s u r e t h e surv iva l of local populat ions of t h e s n a k e . The authors a lso s ta ted 

that t h e main reason for local i n c r e a s e s in g r a s s snake populat ions was an 

increase in food availabil i ty and that t h e almost e x c l u s i v e r e a s o n s for local 

increases in amphibian populations were the creation and colonisation of new 

habi tats . 
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6 . 2 Methods 

6 . 2 . 1 General 

During t h e c o u r s e of t h e r e s e a r c h , each snake was located at l eas t once 

a day and a number of var iables related to habitat were no ted . T h e s e are 

shown in Table 6 . 1 . 

Date Surface air temperature 
Time S u b s t r a t e temperature 
Body temperature Temperature (2 .5cm) 
Macrohabitat Vegetat ion l i t ter depth 
Mesohabitat Vegetat ion cover (0.25m^ q u a d r a t ) . 
Microhabitat % Canopy 
Slope Canopy he ight (m) 
A s p e c t Humidity (2 .5cm) 
Cloud cover (%) Vapour p r e s s u r e (2 .5cm) 
Air temperature (Im) Vapour p r e s s u r e def ic i t 

(2 .5cm) 

Table 6 . 1 Variables col lected at snake locat ions . 

The var iables col lected were in tended to c o v e r a r a n g e of microclimatic 

and phys ica l character i s t i c s connected with t h e s i t e at which bask ing s n a k e s 

were o b s e r v e d . Physical components of t h e microhabitat, s u c h a s canopy 

c o v e r and vegeta t ion variables were measured in order to estimate t h e 

importance of c o v e r as a re source and microclimatic var iab les , s u c h a s 

temperature , humidity and vapour p r e s s u r e were measured in order to 

estimate t h e importance of t h e thermal environment . 

Because of t h e e f for t made not to d i s t u r b s n a k e s , it was not a lways 

poss ib le to col lect all t h e var iables shown a l though for some of t h e var iab les , 

the posit ion of the snake was noted and t h e measurements made at a later time 

(within 24 h o u r s ) . The var iables u s e d were chosen f i r s t l y because of the ir 

potential re levance to habitat se lect ion b y s n a k e s and second ly because t h e y 

were re lat ive ly s tra ight forward to col lect in the f ie ld with a minimum of 

portable equipment . 
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6 . 2 . 2 Vegetat ion communities 

The habitat t y p e (vegetat ion community) at each location was noted in 

three w a y s (a s in Fig . 6 . 1 ) . The f i r s t , (macrohabitat) , was t h e genera l 

c lass i f icat ion of habitat , e g . r o u g h gras s land , dec iduous woodland, e t c . The 

s e c o n d , (mesohabitat) comprised t h e broad habitat c lass i f icat ion within t h e 

'macrohabitat', e g . bramble s c r u b in a macrohabitat of dec iduous woodland. 

The th i rd , (microhabitat) , comprised t h e actual habitat with which t h e s n a k e 

was in contact . T h u s , a snake might be c lass i f i ed as o b s e r v e d in a bracken 

s c r u b c lear ing in a bramble s c r u b in a dec iduous woodland. In t h i s way a 

more complete evaluation of t h e habitat which t h e individual had se l ec ted was 

obtained. 

The percentage cover of each mapped habitat at t h e s t u d y s i t e was 

calculated us ing the 'Ranges IV' computer program (Biotrack, Wareham). 

The total area mapped was assumed to r e p r e s e n t 100% of t h e habitat , a s 

mapping was only carried out in and around areas which s n a k e s were known 

to u s e . Areas covered b y bu i ld ings were calculated b y t h e program, but 

omitted from the ana lyses . The habitats which were u s e d are shown in Table 

6.2 . 

It was c lear from the ear ly s t a g e s of t h e re search that dec iduous 

woodland margins were heavi ly u s e d b y the s n a k e s , so th i s c a t e g o r y was 

f u r t h e r div ided a s shown in t h e table . Data throughout 1988 and 1989 was 

u s e d toge ther with some of t h e data col lected in 1987. 

It was poss ib le to calculate t h e p e r c e n t a g e of the total t racking time ( in 

d a y s ) each individual snake s p e n t in each of a number of macrohabitats and 

compare i t d irect ly with t h e area of habitat available to that s n a k e o v e r t h e 

ent ire s t u d y area. This was ache ived b y not ing the habitats of t h e s n a k e s 

e i ther at the ir nocturnal r e f u g e on d a y s when no movement took place , or b y 

u s i n g t h e location of the f i r s t observat ion made on each day the s n a k e s were 

ac t ive . Because s n a k e s genera l ly did not make s ign i f i cant ly long movements 

immediately before taking r e f u g e and because t h e y tended to bask at or v e r y 

near to t h e r e f u g e s i t e on emergence , t h e locat ions u s e d were r e p r e s e n t a t i v e 

of areas which t h e s n a k e s u s e d for s ign i f i cant per iods . B y f u r t h e r r e d u c i n g 

the s i z e of t h e habitat in which t h e snake was o b s e r v e d ( i ^ mesohabitat and 

microhabitat) , i t was poss ib le to examine in greater detail t h e habi tats which 

s n a k e s se l ec ted and to o f f e r h y p o t h e s e s a s to what qual i t ies of t h e habitat 

s n a k e s were s e l ec t ing . 

No stat is t ical ana lyse s are performed on t h i s data because of i n h e r e n t 

w e a k n e s s e s in t h e methodology that make s u c h a n a l y s e s redundant . The f i r s t 
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of these c o n c e r n s the sample s i ze u s e d . The r e s u l t s r e p r e s e n t at b e s t , t h e 

observat ions made from s e v e n s n a k e s of the same s e x and each of t h e s e u s e d 

d i f f erent macrohabitats to a grea ter or l e s s e r d e g r e e . T h u s t h e r e was great 

variation in the habitat u s e of ind iv iduals and t h e r e s u l t s could be in f luenced 

b y t h e l eng th of t h e tracking period for any particular indiv idual . 

The second methodological w e a k n e s s o c c u r s because i t was not poss ib le 

to map many habi tats in great detai l , e i ther because t h e y were too fragmented 

or because t h e y changed a s t h e s eason p r o g r e s s e d ( e g . bracken s c r u b ) . 

Woodland margins were grea t ly u s e d b y t h e s n a k e s but are v ir tual ly 

impossible to map with any d e g r e e of accuracy , part ly because of problems 

of def init ion ( i ^ where does an ecotone e n d and an adjoining habitat b e g i n ) , 

and part ly because t h e y are dynamic throughout the s e a s o n . 

This notwi thstanding , t h e method does allow a reasonably detai led 

ana lys i s of habitat u s e of t h e g r a s s s n a k e population at Chilworth and allows 

h y p o t h e s e s to be drawn up with regard to t h e components of a habitat that 

s n a k e s might be s e l ec t ing . T h e s e h y p o t h e s e s were then t e s t e d u s i n g t h e 

methodology in t h e following s e c t i o n . 

6 . 2 . 3 Microhabitat se lec t ion 

Some of the var iables shown in Table 6 . 1 , s u c h a s air temperature and 

humidity f luc tuate cont inuous ly and needed to be recorded at t h e location of 

t h e snake at t h e time of observat ion . Such data was obtained e i ther from 

s n a k e s that were d i s turbed dur ing observat ion , or b y u s i n g o b s e r v a t i o n s of 

u n t a g g e d s n a k e s that were o b s e r v e d b y chance . Observat ions made allowed 

t h i s data to be obtained on 331 occas ions . 

The data then underwent principle component ana lys i s to determine t h e 

in ter -re la t ionsh ip between t h e var iab les . Principle components are l inear 

combinations among aU the var iab les which explain p r o g r e s s i v e l y smaller 

port ions of t h e total sample var iance in a multi-dimensional hypervo lume . 

T h e s e components are then corre lated with t h e original var iables to determine 

which combinations of var iables h a v e combined s ign i f i cance . The method 

e n s u r e s that var iables are t rea ted a s s tat is t ical ly independent and broadly 

fol lows that u s e d b y Reagan (1974) in a s t u d y of habitat se lect ion b y t h e Box 

Turt le , Terrapene Carolina t r i u n g u i s . 

In addition to the var iables shown in Table 6 . 1 , a more detai led 

ana lys i s of vegeta t ion s t r u c t u r e was undertaken at 134 s n a k e locat ions . To 

ach ieve t h i s , a white painted plywood board measuring 10x80 cm was marked 
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to g i v e 6 d iv is ions at 0 - 5 , 5 - 1 0 , 10-20, 20-40, 40-60 and 60-80 cm. Each 

divis ion was marked with a gr id which enabled the p e r c e n t a g e of t h e board 

which was v is ible to be accurate ly est imated. The board was placed upr ight 

on the ground and each divis ion s u r v e y e d from a d i s tance of Im, horizontal 

to the g r o u n d . For each s i g h t i n g , f i v e point r e a d i n g s were taken in a 0 .5m 

quadrat centred on t h e location of t h e snake , one at t h e actual location and 

one at each corner of t h e quadrat . The maximum he ight of t h e vegeta t ion at 

each point of the quadrats was also noted . Each quadrat was or ientated 

towards t h e posit ion of t h e s u n along one e d g e . S i g h t i n g s of both radio-

t a g g e d and 'visually observed ' g r a s s s n a k e s were u s e d in the sample. 

The purpose of t h i s ana lys i s was to examine t h e t rade off be tween the 

need for s n a k e s to e x p o s e themse lves to direct insolation with t h e need to 

remain c lose to c o v e r in order to e scape from predators . S n a k e s c learly need 

to e x p o s e themse lves to direct sun l ight when bask ing , but in doing s o , also 

e x p o s e themse lves to potential predators . It was not iceable on severa l 

occas ions that s n a k e s remained u n d e r cover e v e n when a h igher body 

temperature could h a v e been reached b y emergence and bask ing ( s e e Chapter 

5 ) , which would s u g g e s t that a potential cos t of basking e x i s t s . 

Analys i s of t h e d i f f erence in vegeta t ion he ight at each of t h e f i v e 

points in the quadrats was carried out to examine if the phys ica l charac ter i s -

t i c s of t h e vegetat ion s t r u c t u r e around bask ing s n a k e s was c o n s i s t e n t . The 

null h y p o t h e s i s was that there was no d i f f erence in the vege ta t ion h e i g h t s at 

each of the f i v e po ints and t h i s was t e s t e d by us ing ana lys i s of var iance and 

least s q u a r e s ana lys i s . Secondly , t h e d e n s i t y of the vege ta t ion at each of the 

he ight categor ies outl ined above was t e s t e d with t h e null h y p o t h e s i s that 

there was no s ign i f i cant d i f f erence in the vegetat ion d e n s i t y at each of t h e 

f i v e points of t h e quadrats . Th i s was t e s t e d b y multiple ana lys i s of var iance 

and leas t s q u a r e s ana lys i s . 
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1. 

2 . 

3 . 

4. 

5 . 

8. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Rough grass land 

Managed grass land 

Bracken s c r u b 

Bramble s c r u b 

Formal garden 

Deciduous woodland 

Coniferous woodland 

Mixed wood 

Pond 

Stream 

Artefact 

Damp grass land 

Underground 

Deciduous wood ecotone: 

Nett le s c r u b 

Deciduous leaf l i t ter 

Open ground 

Mainly Dactyl is qlomerata. Holcus 
lanatus . Urtica dioica. Cirsium a r v e n s e 
St C. vu lqare . 

Mainly H. lanatus , Phleum pra tense . 
Grass mat l e s s d e n s e than in unmanaged 
g r a s s l a n d . 

50% or more Pteridium aguil inum. 

50% or more Rubus f r u t i c o s u s . 

Mostly exot i c s p e c i e s , e spec ia l ly Rho-
dodendron ponticum and Endymion n o n -
s c r i p t u s . 

Greater than 90% broadleaved t r e e s with 
e x t e n s i v e ground f lora and l i t ter mat. 

Greater than 90% con i ferous t r e e s , with 
no ground f lora and d e n s e mat of c o n e s 
and n e e d l e s . 

Woodland that did not meet cri teria 6 or 
7 . 

Body of s tand ing water and t h e immedi-
ate ly adjacent vege ta t ion . 

Inc luding riparian v e g e t a t i o n . 

Tin , roof ing fe l t or o ther man-made 
debr i s . 

Mainly Molinia caerulea and Juncus s p p . 

Woodland margins w i t h . . 
.1 Grassland 
.2 Track or path 
.3 Formal garden 

More than 50% U. dioica. 

A n y habitat which prov ided no immedi-
ate c o v e r . lawn. 

Table 6 . 2 Habitat t y p e s u s e d for recording habitat se l ec t ion . 
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6 .3 Results 

6 . 3 . 1 Vegetation communities 

Habitat Cover 
(%) 

Macro Meso Micro Habitat Cover 
(%) 

? cf 9 a 9 

Rough meadow 8 . 8 16.9 22.6 15.6 27.2 31.7 34 .2 

Man. meadow 24.7 10.1 11.6 9 . 4 3 .7 9 .6 2 .4 

Dead bracken * 3 . 1 0 21.9 24.8 19.2 24 .0 

Bramble scrub * 0 4 . 8 10.7 4 . 3 5 . 8 3 .2 

Formal garden 8 .7 0 . 9 2 . 3 1 .8 0 .7 0 0 

D e d d . wood 24.4 25 .8 27 .2 8 .9 11.2 0 0 

Conif. wood 12.7 0 0 0 0 0 0 

Mixed wood 3 .9 2 .1 4 .2 0 1 .3 0 0 

Pond 0 .03 2 . 0 1 . 3 0 0 . 8 0 0 

Stream 0 .2 7 . 1 0 .2 23.7 4 . 3 0 0 

Tin sheet <0.1 0 0 0 1 .3 1 .4 2 .6 

Damp meadow <0.1 0 3 .1 0 0 0 0 

Underground * 0 0 0 0 . 3 1 .0 0 . 3 

Wood ecotone * 32.0 22.7 7 .6 20.4 0 0 

Nettle scrub * 0 0 . 3 0 0 5 . 3 2 .1 

Leaf l itter * 0 0 0 . 4 0 22.1 26 .4 

Open ground 14.0 0 0 0 0 3 . 8 4 .8 

Table 6 . 3 Percentage area of a number of habitat t y p e s at Chilworth 
(total mapped area=100%) and the meem percentage of the total 
radiotracking period spent in each by male and female grass 
snakes . The table shows in more detail what 'sub-habitats' 
snakes selected as the scale of habitat s ize was progress ive ly 
reduced. Habitats which were not mapped or directly measured 
are shown by aster isks . 

The macrohabitats most used by both male and female snakes were 

deciduous woodland and rough meadow, which were used weU in e x c e s s of 

their availability to the snakes . Neeirly one third of the observations were 

made in deciduous wood ecotones. Coniferous woodland was not used at all 

by the snakes , despite covering 12-7% of the mapped area. Mixed woodland 
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was used more or l e s s in proportion to its' availability. Large areas of open 

ground were avoided by snakes . One other macrohabitat which was used in 

exces s of its' availability was standing water, such as slow-moving streams 

and ponds. 

When the use of smaller within habitat areas (mesohabitats) was 

examined, the pattern changed signif icantly. Males in particular were located 

in areas closely associated with streams and were observed in such areas on 

nearly one quarter of aU locations, although the f igure shown was partly 

influenced by snake 111, which spent much of 1988 in and around a stream. 

The percentage cover of streams was impossible to calculate with great 

accuracy because the deciduous wood contained many small ditches which fell 

into the category of 'streams', but the proportion of observations far 

outweighed the habitat available and was positively selected for by the 

snakes . Surpris ingly , damp meadow was rarely used by snakes although it 

was often closely by-passed . 

Other commonly used mesohabitats were rough grassy areas and 

bracken and bramble scrubs . No effort was made to calculate the areas 

covered by these habitats, but they were extens ive over the area, particular-

ly throughout the deciduous wood and along its' margins. 

Further reduction in the s ize of habitat (microhabitat) and their use 

by snakes revealed a different pattern again. These were habitats with 

which the snakes were in direct contact. Rough grassy vegetation was in use 

in over one third of observations and leaf litter in over one quarter of 

observations. Nearly one quarter of observations were of snakes in bracken 

scrub. These three microhabitats accounted for 84% of observations. Caution 

must be exercised at this point, because clearly most microhabitats will have 

had one or more of these components. Snakes were occasionally seen on open 

ground (4.8%), which was relatively common in woodland and marginal 

habitats, and under pieces of tin (artifacts , 2.6%), which comprised a minute 

percentage (approximately 5m^) of the overall s tudy s i te . 

6 . 3 . 2 Microhabitat selection 

Principle component analysis of the variables shown in Table 6 ,1 

showed that the f irs t three principle components accounted for 57% of the 

total sample variance. Of these , the f i r s t component (42.1%), showed the 

highest correlation with air temperature at Im, air temperature at 2.5cm and 
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substrate temperature (r=0.67) . Thus the f irst principle component was 

intricately Unked with thermal variables. One variable which was notably 

absent from this f i r s t component was body temperature. The probable reason 

for this i s that the three variables shown are all likely to autocorrelate to a 

fairly high degree , whereas body temperature does not correlate well with 

either substrate or air temperature ( see Chapter 5 ) . The second principle 

component (12.0%) did not correlate well with any of the other variables so it 

was not possible to say what other factors may have been influenced the 

selection of microsites by the snakes . 

The resul ts indicated that the thermal component was the primary 

consideration of snakes when select ing a microhabitat. None of the variables 

measured were statistically connected with cover (predator avoidance) , which 

appeared during field observations to be an important consideration of 

basking snakes . 

Two-way analysis of variance showed that the vegetation he ights at 

the f i ve quadrat points were signif icantly different (d . f .=4; F=2.8; p<0.05) . 

Least squares analysis showed that the vegetation heights at the quadrat 

points towards the 'front' of the quadrat (ie^ between the sun and the snake) 

was significantly shorter than that 'behind' the snake. 

A further two-way analysis of variance showed that the vegetation 

density was significantly different at the s ix vegetation height categories 

( d . f . =133, F=2.412; p<0.05) and least squares analysis indicated that 

vegetation density was higher at the two quadrat points 'behind' the snake 

than at the two quadrat points 'in front' of the snake, except at the height 

categories of 0-5 and 5-10 cm (p<0.05) . These resul ts s u g g e s t that whilst 

snakes , not surpris ingly , tended to choose basking s i tes that were exposed 

to the s u n , they also chose s i tes that were immediately adjacent to more dense 

cover into which they could retreat if disturbed. 
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Discussion 

Although snakes were found in s ixteen habitat 'types' during the 

course of this s tudy , very few were used with regularity or to any great 

extent . Between one quarter and one third of observations were made in 

deciduous wood ecotones and over one quarter made in deciduous woodland. 

The majority of the remaining observations were made in grassland with l e s s 

than 15% made in aU other habitats combined. 

Open habitats such as south-facing woodland e d g e s and grassland 

offer snakes the opportunity to raise body temperature, whilst at the same 

time providing cover from predators and from overheating. The use of 

deciduous woodland by snakes may also be connected with the search for prey 

and it may be that prey species such as amphibians are more abundant in 

these habitats, especially outside of the breeding season and several authors 

have noted disproportionate use of ecotone habitats by snakes ( e g . Hebrard 

and Mushinsky, 1978; Reinert and Kodrich, 1982; Madsen, 1984). 

Strijbosch (1980), in a s tudy of habitat selection by amphibians 

showed that of six anuran species sampled, all were most abundant in closed 

woodland, although some species selected damp areas within the habitat or 

stayed near to the wet breeding areas . In the present s t u d y , damp areas 

were also favoured, particularly by males, although the f igure of 23.7% shown 

(see Table 6 .3) i s biased by two snakes which stayed in damp areas for long 

periods. 

Strijbosch also stated that Bufo bufo, a known prey spec ies of the 

grass snake, also made use of more open land and this may explain in part the 

disproportionate use of grassland by grass snakes in this s t u d y . Heusser 

(1961) found that Bufo bufo used closed woodland almost exclus ive ly during 

the summer and positively avoided the more open grassland between the 

woodland areas. Van Gelder et al (1986) stated that radiotracked migrating 

Bufo bufo sought out woodland for cover on nights when the weather was 

unsuitable for movement. 

In Chapter Four, it was shown that grass snakes move only short 

distances after consuming prey , until the bolus has been d igested . All but 

two of the grass snakes observed during this s tudy that contained noticeable 

food boli were observed in deciduous woodland or associated ecotones and 

snakes were observed actually consuming toads on two occasions in deciduous 

woodland. 
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Nocturnal searches were carried out for amphibians on several 

occasions during 1988, by transecting a selection of habitats by torchlight 

and overturning logs , e t c . , but only two toads were found (one in woodland) 

and no other amphibians, except in the pond. The possibility of trapping 

amphibians by the use of drift f ences was invest igated, but this was not 

done, f irst ly because much of the woodland became densely covered in 

bracken or brambles for almost the entire season and secondly , because of 

the resources that would have been needed to cover the s tudy s i te . 

However, during February, March and April each year , toads could 

be found in the pond, often in great abundance, and many thousands of 

neonates lef t the pond when metamorphosis was complete. It would therefore 

appear that toads were abundant at Chil worth, although their distribution 

over the area was not known. 

The selection of habitats which provide thermoregulatory opportun-

it ies for snakes would appear to preclude the use of deciduous woodland in 

favour of woodland edges and grassland. However, when the u s e of smaller 

habitat areas (mesohabitats) was examined, it became clear that snakes 

selected more open areas within the macrohabitats. This i s in accordance 

with observations made by Semlitsch et al (1981), who noted that 'micro-

habitats' which offered cover were more important to the snake TantUla 

coronata than the predominant vegetation type . 

In the current s tudy , between one f i f th and one quarter of observa-

tions were made in clearings where dead bracken was the predominant 

vegetation. Although snakes were often relatively easy to see in such 

habitats, they were often difficult to catch, as good cover was immediately 

available. Selection of microhabitats that provided easy access to cover 

indicates the importance of such s i tes to snakes and very few observations 

were made in which snakes were not within easy reach of cover . 

The fact that no snakes were observed or radiotracked in coniferous 

woodland s u g g e s t s that these habitats are avoided by the snakes; the sun 

only rarely penetrates the canopy in the mature fores t s at Chil worth and prey 

species are likely also to be l e s s common here , if only for that reason. 

Untagged grass snakes were see on two occasions in clearings in the 

coniferous fores t , and must have traversed the forest in order to reach the 

clearings. 

The selection of damp areas such as streams, ponds and damp areas 

may be related to the search for food. The amphibian prey of the grass snake 
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are themselves l ikely to select damp areas which prevent desiccation and 

thermoregulation opportunities in these areas are frequently reduced, as the 

vegetation i s often taller and denser than the surrounding vegetation. 

Moving grass snakes were frequently seen in such areas and snakes may 

favour these areas during foraging periods. 

It i s hardly surprising that snakes select microhabitats which offer 

a degree of both cover and exposure , but the relative importance of each of 

these i s difficult to estimate and in any case i s l ikely to be a dynamic process , 

dependant on a number of other variables, such as body temperature, time 

of day and the condition of individuals. Examination of microhabitats as a set 

of discreet resources showed only that the thermal qualities of the s ite were 

of importance. Non-thermal resources , such as moisture content of the air 

(humidity and vapour pres sure ) , cover (% canopy, canopy height and litter 

depth) and other non-biotic variables did not contribute towards the f irs t 

principal component and it was therefore not possible to quantify the degree 

to which those resources were selected, but it would be misleading to assume 

that air and substrate temperatures were anything other than contributory 

factors, however important they may be. Other variables, such as canopy 

cover and humidity measured may not only be of importance to the snakes , 

but may well have an indirect thermal component themselves. 

Analysis of vegetation height and density showed that whilst snakes 

needed to expose themselves to direct insolation, cover was an important 

factor, and this s u g g e s t s that to some extent , the snakes were compromising 

to some extent securi ty from predators in order to raise body temperature. 

Further evidence for this was provided by observations made early in the 

season which was the only time in which snakes were seen to bask with their 

bodies ful ly outstretched. Spermatogenesis in males may have been a prime 

consideration at this time of year as the snakes emerged from overwintering 

and cryps i s or basking very near cover , although safer , may have been l e s s 

thermally ef f ic ient . 

One further observation from the data above concerns the use of 

artificial cover by snakes . At the s tudy s i te , e leven pieces of corrugated 

sheet , each approximately 0.25m^ had been placed in two areas known to be 

used by snakes . Many species of animal used these she l ters , including 

adders V. berus . slow worms Anquis fraqilis and grass snakes . In both 1988 
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and 1989, a female adder spent the entire summer period under one piece of 

tin and this and several of the other shee t s were used for short periods by 

grass snakes . The use of these microhabitats was much in e x c e s s of their 

availability over the s ite and may have been selected because they offered a 

thermally suitable habitat without the need to expose the body to direct 

sunl ight . Gent (1988) also observed disproportionate use of similar artificial 

habitats by the smooth snake C. austriaca. 

One observation not included in the data set and only indirectly 

related to habitat selection i s the use of roads. Only one snake, an 

introduced male ( see Appendix 1 ) , was known to cross a road, although one 

tagged female disappeared whilst adjacent to the M27 motorway and the 

possibility cannot be discounted that it was killed on the road. If roads 

present barriers to the dispersal of snakes , the fragmentation of habitats by 

development may have adverse consequences on local grass snake popula-

tions. 

Further work on the costs and benef i ts of body exposure and 

concealment would be better performed in a laboratory situation where 

variables can be changed one at a time, but in the f ie ld, where a large 

number of dynamic variables are aU possible considerations quantification i s 

diff icult . Further interest ing work could be carried out using a technique 

similar to that used by Mattison (1970), who used infra-red photography to 

map the thermal conditions in a woodland environment. This method could 

reveal to a greater extent the degree to which such conditions are selected 

by snakes . 
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Chapter Seven 

Intra- and 

Interspeci f ic 

Interactions 



7 .1 Introduction 

The social behaviour of many species of snake i s unusual because 

although most studies of snake spec ies in the field have shown them to be 

solitary for much of the season, an approximately equal number have 

documented aggregative behaviour at some time during each season for most 

of the same species . The definition of aggregation has been defined by 

Gregory et al. (1987) a s ' . , .any concentration of snakes in a relatively small 

area such that the density of snakes in the area contrasts sharply with that 

in the surrounding area. There i s no necessary implication of physical 

contact among the snakes in the aggregation, but this may occur . ' 

The reasons for aggregat ive behaviour fall into several main cat -

egories , all of which tend to be of a short term nature. Firstly, many spec ies 

of snakes have been shown to overwinter communally ( eg . Madsen, 1984; 

Phelps, 1978; pers obs: Natrix natrix; Gregory & Stewart, 1975: Thamnophis 

sirtalis: Brown and Parker, 1976; Firth et al (1969): Coluber constr ictor) . 

Suitable overwintering s i t es may be limited, which would result in aggrega-

tion, but the two overwintering s i tes known at Chilworth, although similar in 

some respects ( south-fac ing, sheltered from severe frost and dense ground 

vegetat ion) , differed visibly in others and many other s i tes apparently 

suitable for overwintering snakes were unused. 

Secondly, gravid females may aggregate until parturition ( e g . Reinert 

& Kodrich, 1982: Sistrurus catenatus; Gregory, 1975: Agkistrodon 

contortrix. Opheodrys vernalis . Storeria occipitomaculata. Thamnophis 

sirtalis; Gannon & Secoy, 1985: Crotalus viridis; Volkl & BieUa, 1988: Vipera 

berus ) . Finally, snakes may aggregate at areas where food i s abundant ( e g . 

Arnold & Wassersug (1978: Thamnophis s p p . ) 

The benef i ts to be derived from aggregat ive behaviour are not always 

clear and it has often been sugges ted that aggregation occurs a s snakes seek 

out a limited habitat that favours a particular activity such as basking, e g g -

laying or overwintering (Gregory et al . 1987). 

During the course of th is s tudy , apparent aggregations of snakes were 

noted in the field and in the laboratory and although it was of ten easy to 

hypothesize about the reasons for such behaviour, it was neverthe less 

difficult to reconcile all aggregat ive behaviour with the normally solitary 

existence that grass snakes were observed to exhibit in the f ie ld. 
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Examples of such behaviour included female aggregations at an e g g -

laying s i te which consisted of a large domestic compost heap covered with 

black plastic. For two years th is s i te was regularly inspected and in the f irst 

year (1988), females were regularly seen during the period before e g g -

laying, but not afterwards. Madsen (1984) noted that females would travel 

large distances to favoured egg- lay ing s i tes , where many females could be 

simultaneously found. Habitat selection would therefore appear to be the 

mechanism behind such behaviour. However, on one day in 1989, four males 

also were found at the s i te at the time females were present . Whilst the 

thermal environment of the s i te must beem have favourable, neither females 

or males were found after the e g g s had been laid. The hypothesised 

mechanism behind the male aggregat ive behaviour would thus seem to be 

something other than habitat selection. 

On several occasions, two or more grass snakes were observed basking 

in close proximity to each other (under tin sheet ing, in pond-s ide vegetation 

and in a tree stump) but it was unclear whether there was physical contact 

between them, as there undoubtedly was at the egg- lay ing s i te . Aggregation 

at these former areas appeared to be the result of habitat selection rather 

than of positive intraspecific interactions. 

These examples excepted , radio-tagged grass snakes were always 

solitary away from the overwintering s i tes except for three occasions when 

they were observed basking in very close physical contact with adders . 

In captivity, aH grass snakes used in this s tudy were provided with 

one basking lamp and at least two upturned flower pots in which to take 

re fuge . In many cases , snakes that were kept together in tanks used the 

same flower pot, and it has been observed that when the flower pot was 'full 

up', the last snake to enter would move into the pot as far as it could even if 

that meant leaving part of its' body exposed , thereby showing apparent 

disregard to the (non-exis tent) danger of predation. This behaviour seemed 

to sugges t that the presence of other snakes had a higher priority than a safe 

re fuge . 

What i s not clear from all of these observations i s whether such 

aggregations are the resul ts of chance or of a more positive action. 

Furthermore, if grass snakes either actively aggregate for 'social' purposes 

or actively avoid conspecif ics , what mechanism i s involved and to what extent 

are the snakes governed by their 'aggregative drive'? 
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Spacing behaviour in snakes in the natural environment i s unlikely to 

be visually based except at a local level (Drummond ,1979) and chemo-

receptive responses are likely to be of greater importance. Mushinsky (1988) 

stated that much of a snake's behaviour i s initiated by information gained 

from the Jacobson's organ or vomeronasal organ. Much subsequent research, 

mainly in the area of response to the chemical stimuli provided by prey scents 

has been carried out and it has been shown that the vomeronasal organ i s 

functional during foraging (Kubie & Halpern, 1979) and other behaviour 

(Chiszar e t a l , 1976). 

The resul ts and observations documented elsewhere in this work, 

particularly with respect to ranging behaviour (Chapter 3 ) , are generally 

inconclusive as regards the nature of intraspecific interactions except during 

well defined event s . Indeed, there are anomalies in the observations of social 

response that warrant further investigation and it would be insuff ic ient to 

make detailed statements about the ranging behaviour of the spec ies without 

at least a basic understanding of the specif ic response of one snake to the 

presence of another. 

For this reason, a laboratory s tudy was made of the response of a 

number of grass snakes to the chemical stimuli provided by the presence or 

absence of conspecif ic and sympatric snakes . The s tudy was carried out in 

May and June, 1989, a period when events that might stimulate aggregation 

are not timed to occur. Although the experimental plan was designed 

independently, the methodology in part followed the work of Porter & 

Czaplicki (1974), who used a similar experimental arrangement in a s tudy of 

Matrix rhombifera and Thamnophis sirtalis . The method those authors used 

for quantifying their resul ts was not followed in this s tudy however, as it was 

considered inappropriate and this i s discussed below. 
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7.2 Methods 

7 . 2 . 1 Experimental procedure 

A series of identical experiments were carried out over a period of f ive 

weeks, involving four male and four female grass snakes and two adders. 

Two identical 110 cm aquarium tanks were placed into an arena and the s ides 

covered with cardboard to obscure the adjacent surroundings . The tanks 

were modified so that they could be easi ly divided into 2 equal halves . The 

floor of each half tank was covered with paper towel and a water bowl and 

upturned flower pot were placed in identical positions into each half (Figure 

1) . The tanks were covered with l ids comprising a frame with f ine mesh metal 

gauze that let heat , air and light into the tank, but prevented the snakes 

from escaping. After each experiment, the tanks were cleaned in a detergent 

liquid and rinsed and dried before further use . 

Ambient l ight was provided by f luorescent 'Trulight' s tr ips on a day-

night regime that approximated natural conditions at the time of the 

experiment and 60W basking lamps were se t up to allow normal basking from 

9am to 6pm. Many grass snakes and adders had previously been kept in 

similar conditions for varying periods following capture during the course of 

the research and the method had proved success fu l . 

Snakes (stimulators) were introduced into one half of each of the 

divided tanks according to the plan below and left for for ty-e ight hours, 

after which they were removed and the tank divider withdrawn. At this 

point, a grass snake (responder) was introduced to the tank for twenty-four 

hours and videotaped using a Panasonic WV-1550/B video camera connected 

to a Panasonic NV-8050 time lapse video recorder. Infra-red l ight was used 

for 24 hours per day to allow filming during darkness . 

During this 24 hour period, the position of the snake in the tank (ie. 

in the previously occupied or the previously unoccupied area) was noted at 

5 minute intervals (total observations = 288/24 hours ) . Where the snake was 

stretched between the two halves of the tank, its' position was assumed to be 

that of the head of the animal. 

Four male (Ml, M2, M3, M4) and four female ( F l , F2, F3, F4) grass 

snakes and two adders (VI , V2) were placed in the tanks as follows: 

1. Male grass snake into one half of the divided tank for 48 hours, 

then removed and a different male grass snake placed into the undivided tank 

(Experiment 1 ) . 
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Figure 7 . 1 . Plan view of the video arena, showing the position and 
arrangement of the tanks and other equipment. The 
infra-red lamps and camera were placed approximately 2m 
above the floor of the arena. 

2. Adder into one half of the divided tank for 48 hours , then removed 

and a male grass snake placed into the undivided tank (Experiment 2 ) . 

3. Divided tank lef t empty for 48 hours , then a male grass snake 

placed into the undivided tank (Experiment 3 ) . 

4. Male grass snake into one half of the divided tank for 48 hours , 

then briefly removed and the same snake replaced into the undivided tank 

(Experiment 4 ) . 

5. Female grass snake into one half of the divided tank for 48 hours , 

then removed and a male grass snake replaced into the undivided tank 

(Experiment 5 ) . 

Each experiment was duplicated simultaneously in the adjacent tank and 

the snakes were alternated between experiments. The procedure was 

subsequently repeated using female snakes (Experiments 6 - 1 0 ) . A detailed 

plan of the snakes used i s shown in Table 1. 
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Experiment 
Number 

Divided tank 
(48 hours) 

Undivided tank 
(24 hours) 

Tank 1 Tank 2 Tank 1 Tank 2 

1 Ml M2 M3 M4 

1 M3 M4 Ml M2 

2 VI V2 Ml M2 

2 V2 VI M3 M4 

3 Empty Empty Ml M2 

3 Empty Empty M3 M4 

4 Ml M2 Ml M2 

4 M3 M4 M3 M4 

5 F1 F2 Ml M2 

5 F3 F4 M3 M4 

6 F1 F2 F3 F4 

6 F3 F4 F1 F2 

7 VI V 2 F1 F2 

7 V2 VI F3 F4 

8 Empty- Empty F1 F2 

8 Empty Empty F3 F4 

9 F1 F2 F1 F2 

9 F3 F4 F3 F4 

10 Ml M2 F1 F2 

10 M3 M4 F3 F4 

Table 1. Placement of snakes in tanks during an experiment to 
invest igate chemo-receptive response in grass snakes . 
Columns 2 and 3 show which snakes were initially placed 
in one half of a each divided tank. Columns 4 and 5 show 
which snakes were subsequent ly placed in the same tanks 
when the dividers were removed. 

Male Matrix natrix: Ml-4. 
Female Natrix natrix: F l - 4 . 
Female Vipera berus: V l - 2 . 
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Most of the snakes passed faeces during the initial 48 hours in the tank 

and no effort was made to remove it before replacing the snake. Further-

more, when handled, most grass snakes gave vent to a quantity of foul -

smeUing f luid, much of which sprayed the interior of the half-tank into which 

they were placed and again this was l e f t . 

Both before and during the experimental procedure, participant snakes 

were housed in individual tanks in the same room with heat , shel ter , food and 

water available. 

7 . 2 . 2 Statistical analysis 

The number of observations made in the 'previously occupied' half of 

the tanks was converted to a proportion of the total time (t /288) and 

transformed using an arcsine transformation. This transformation i s 

particularly appropriate to proportions (Sokhal & Rohlf, 1981). Two way 

analysis of variance was then used to determine 'between sex' and 'between 

stimulant' response . Sex data was combined and pairwise least squares 

analysis carried out on the f ive stimulant data s e t s . 

This di f fers from the approach taken by Porter & Czaplicki (1974), who 

computed a preference score for each snake by deducting the number of 

observations made in one side of an experimental tank from the number made 

in the other. The use of this statistical method meant that scores that showed 

a strong preference for either side of the tank could be significantly di f ferent 

from scores that showed a weaker, but possibly still s ignificant preference 

for the same s ide of the tank. Furthermore, the method used in those 

authors' s tudy precluded the use of more powerful parametric stat ist ics and 

was therefore rejected in favour of the use of AN OVA. 
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Figures 7 .2 (a) and (b) show the positional behaviour of snakes for the 

twenty-four response period during which they had free range of the tanks 

in which they were placed, 

A two way ANOVA found no significant between-sex difference in the 

amount of time spent in each half of the tank during the response 

period(d. f .=10; F=0.067; p>0.05) but a significant dif ference between 

samples in the f ive treatments (d . f .=10; F=7.151; p<0.01) . Data for the two 

s e x e s were combined and pairwise least squares analysis on the f i ve different 

stimulant procedures indicated that response to the 'adder' and 'same snake' 

stimulant treatments was significantly different to the response to the 'same 

sex ' , 'opposite sex' and empty (control) treatments (p<0.05) . 
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Figure 7 .2 (a) Time spent by male grass snakes in previously occupied and 
previously unoccupied halves of an aquaria tank during a 24 
hour period. Observations were made from time lapse video 
every 5 minutes but have been converted to time here to aid 
clarity. 
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Time spent in previously unused area 

Figure 7 .2 (b) Time spent by female grass snakes in previously occupied and 
previously unoccupied halves of an aquaria tank during a 24 
hour period. Observations were made from time lapse video 
every 5 minutes but have been converted to time here to aid 
clarity. 
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7 .4 Discussion 

The resul ts shown above s u g g e s t that N. natrix exhibits a behaviourial 

response to the presence of the sympatric species Vipera berus . but the 

evidence i s somewhat equivocal. The most striking result i s the behavioural 

response of grass snakes of both s e x e s to a 'refuge' area in which they had 

previously spent time themselves ('same snake' in Figures 7 .2 (a) and ( b ) ) . 

Whilst this may be a response to s cent s deposited in these re fuges , it i s also 

possible that the individuals merely had time during the stimulus period (48 

hours) to establish a favoured refuge to which they returned during the 

response period. 

In the f ie ld, grass snakes occasionally returned to precise , previously 

used locations and on the few occasions in the field that it was possible to 

observe moving g r a s s snakes without disturbance, tongue fl icking was very 

much in evidence , which s u g g e s t s that scent recognition i s an important 

mechanism during movement. It was not possible to tell whether movements 

were directed by scent trailing or by visual cues and memory. Landreth 

(1973) provided evidence for the use of solar cues in orientation in Crotalus 

atrox. but overall there i s little understanding of the orientation mechanisms 

of snakes . 

The apparent response to areas previously occupied by adders was 

unexpected, despite the fact that adders and grass snakes were observed 

basking in close physical contact on three occasions in the f ie ld. There seems 

to be little or no competition between these two spec ies ; the snakes take 

different prey spec ies , overwinter in separate re fuges (pers obs) and do not 

appear to compete for basking s i tes or space; no interspecif ic aggress ion was 

ever observed. It i s possible that during the stimulus period, the adders 

somehow 'conditioned' their re fuges in some unidentified way and that the 

responding grass snakes merely took advantage of th i s , although the 

question i s then raised of why this should not have happened with other 

stimulant grass snakes . 

Observations made during th is s tudy showed that grass snakes are 

vulnerable to predators. At least three snakes were killed and at least partly 

eaten by predators and several snakes were lost owing to transmitter failure 

that could potentially have been caused by damage to the transmitter package 

during an attack by a predator. The secret ive nature of the snake i s almost 

certainly a defens ive response and other defences shown by the species 
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(feigning death and the venting of a foul-smelling discharge) are merely 

responses to attack and may therefore be ineffect ive . Adders , converse ly , 

have a more potent defence mechanism and were frequently seen in this s tudy 

in more exposed locations. Adders were also l e s s likely to move away when 

disturbed and unlike the grass snake, could usually be caught with ease . 

It i s conceivable therefore, that a grass snake will be l e s s vulnerable 

to predation if in close proximity to an adder. The cos t s of this behaviour 

are minimal to the adder and there may be thermal benef i ts to both spec ies as 

heat loss will be reduced. The response shown by the grass snakes to the 

half of the experimental tanks occupied by adders s u g g e s t s that grass snakes 

may recognise the scent of adders and favour such areas. Such a response 

could indicate that co-evolution has occured. 

There was a s l ight , but non-signif icant tendency for both male and 

female snakes to favour the previously unoccupied half of the tank, although 

the time spent in each half of the tank was not significantly different from 

the control (empty) tank. Clearly, a more detailed examination i s warranted. 

The use of scent trailing and scent recognition by snakes i s of 

particular evolutionary importance to neonate grass snakes (and some other 

species of snake) , which often begin l ife some distance from suitable 

overwintering s i t e s . At Chilworth, neonates were found at two locations, 

both of which were a considerable distance from known overwintering s i t e s . 

The problem for these naive snakes i s that for the period of approximately 2 

months between birth and the onset of winter, fat reserves must be built up 

to enable winter survival and a suitable winter refuge must be located. 

Reinert and Zappalorti (1988) described an instance of possible 

conspecif ic trailing of an adult Crotalus horridus by a neonate to an 

established overwintering s i te and observed tongue flicking in the neonate, 

sugges t ing that scent trailing was used as an orientation mechanism. 

Observations of adult grass snakes confirm that specif ic overwintering 

s i tes are used (Madsen, 1984; pers o b s ) , but if the aggregation of snakes at 

this time i s a function of reproductive behaviour rather than habitat 

selection, non-breeding neonates may f ind suitable overwintering s i tes close 

to the place at which they hatched, or may overwinter s ing ly . It i s possible 

that winter mortality could be a key factor in the population ecology of the 

spec ies . No neonates were seen near known overwintering s i tes during the 

course of this s tudy , but such small snakes are extremely difficult to locate. 
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If neonate snakes did overwinter at the known winter refuge s i t e s , their lack 

of knowledge of the area would mean that scent trailing would have been the 

only realistic way that they could have located these s i tes . Neonates were not 

found at a known oviposition site outside of the immediate post-hatching 

period, sugges t ing that neonates disperse soon after hatching. Rapid 

dispersal and 'random' overwintering would therefore negate the need for 

conspecif ic scent recognition. 

As with all other spec ies of snake, little i s known of the movements of 

young animals and the development of a technique for following and locating 

small snakes would be of immense benefit in the s tudy of the ecology of the 

spec ies . 

The results of this experiment s u g g e s t that scent recognition may be 

a factor in the social organisation of the grass snake. However, the resul ts 

are not equivocal and are only significant at relatively low confidence leve l s . 

Nevertheless , further investigation i s warranted and a more detailed s t u d y , 

particularly one involving naive animals i s indicated. 
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Chapter Eight 

Discussion 



8.1 Introduction 

The preceding chapters of this thes is represent the only major 

research to be carried out into the ecology of the grass snake Matrix natrix 

helvetica. which i s the last of the three British snake spec ies to be studied 

in detail. It follows the work of Madsen (1983, 1984, 1987) into the Scandina-

vian sub-spec ies N. n . natrix, which represented the f irs t major research 

into the ecology of the grass snake. In addition to these two ecological 

works, Thorpe (1979, 1984) has examined the phylogeny and population 

systematics of the species throughout Europe. No other signif icant 

contributions have been made to the s tudy of the spec ies , although the 

potential for further work i s great . 

8 .2 Interpretation of resul ts 

The grass snake i s a widely ranging species and an opportunistic 

feeder . This i s consistent with the thermal ecology of the snake, which has 

a wide range of body temperatures during activity and thermoregulates with 

l e s s 'precision' than the l e s s active adder, even when basking (see Chapter 

5 & Gay wood, 1990). 

Predation of the population at Chilworth was high, which i s also 

consistent with a widely foraging animal with few defence mechanisms. This 

fact , together with the high potential birth rate and lack of parental 

investment are typical of r - se lected spec ies . Further evidence that the grass 

snake falls into this category come from Madsen (pers comm), who stated that 

the population of grass snakes at his s i te in Southern Sweden f luctuated 

considerably in the 1980's. 

This s tudy has necessari ly presented certain aspects of grass snake 

ecology into neatly divided chapters which have each attempted to make some 

sense of the way in which the animal behaves . However, at any given 

moment, snakes will give consideration to several of these components and 

develop a s trategy which may appear on the surface to be either straightfor-

ward or impossible to explain. One example of this concerns long-term 

mechanisms for avoiding predation, which are not possible to detect in the 

field and may not even ex i s t . However, if i t i s accepted that grass snakes eat 

only rarely, which would appear to be the case from observations made, why 

do individuals not remain in one smaller location (or have one range nucleus) 

for longer periods? There are apparent reasons for e f fect ing such a s trategy 

(safety from predators, Prest t , 1971; thermal benef i ts , Chelazzi & Calzolai, 

1986), but there may be disadvantages by allowing predators to discover that 
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an individual will regularly use the same location. This has been mentioned 

only briefly in th is work (Chapter 3 ) , but may form an important component 

of movement behaviour. The number of grass snakes killed by predators was 

relatively high and s u g g e s t s that predation i s underestimated as an influence 

on the behaviour of the snake. 

Within a population, the ranging behaviour and dispersion patterns of 

individuals are determined largely by the distribution of resources (Mace, et 

al, 1984). This corresponds with the theory that animals will behave in ways 

which maximise their Darwinian f i tness (Krebs, 1978). In th is s tudy , i t was 

d e a r that snakes simultaneously considered more than one resource and 

nowhere was this more evident than in the choice between basking/thermo-

regulation and seeking cover , where the two may be connected in a way that 

i s virtually impossible to differentiate in the f ie ld. 

It would appear from a map of the distribution of the grass snake in 

Europe (Figure 1 . 1 , p . 2 ) that the spec ies i s at the edge of its' range in 

Britain. Shine (1987) stated that oviparity in squamates would tend to occur 

in species whose geographic distribution lay in warmer regions where soil 

temperatures favoured e g g development, whereas viviparity would be 

favoured in colder areas . The grass snake occurs in considerably warmer 

climates than that of Britain and it i s therefore possible that e g g mortality 

increases with latitude. Egg mortality may thus be a key factor in the 

population ecology of the species in Britain, although the grass snake has to 

some extent circumvented the potential problem of e g g mortality by laying 

e g g s in active compost heaps which produce heat, a s ingle one of which may 

be used by many gravid females (Madsen, 1984; pers o b s ) . 

The results shown in Chapter 3 reveal a wide variation in home range 

in the grass snake population at Chil worth and th is i s typical of many snake 

spec ies (Macartney et al. 1988). The reasons for this are not clear, but it i s 

possible that resources , particularly food, are often widespread and patchy, 

which would necessari ly mean that snakes would need to move over increasing 

distances and areas until prey items were located (Brown, 1971). Movement 

by foraging grass sneikes in th is s tudy ( see Chapter 4) was extens ive and 

animals were active for several hours a day at these times, although the 

relocation distances (ie between success ive night r e f u g e s ) were not 

necessari ly large. Some extens ive movements made during th is s tudy may 
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have fallen into this category, but not all, as on many occasions, snakes were 

observed to make large and rapid movements, often to previously visited 

s i tes . Such movements may have been a mechanism to avoid predators as 

discussed above. 

Migration or other large seasonal movements will also affect home range 

s ize , particularly if the Minimum Convex Polygon method i s used to calculate 

the range area. In this s tudy , this problem was circumvented by using a 

method that excluded movements to or through areas which were only 

minimally used , and the resul ts showed that snakes actually use only very 

small areas , although foraging was excluded from those analyses . However, 

comparison of these results with those of other s tudies will be difficult unless 

similar methods of range calculation are used . 

Gregory et al, 1987 stated that major patterns of movement by snakes 

seem to be related to the variation in abundance and dispersion of critical 

resources . Movements thus vary as much within species as between them. 

In order to further understand the use of space by the grass snake, it will 

be necessary to s tudy the snake at more than one site and to examine the 

resources available at each s i te in order to ascertain any relationship that 

ex i s t s . 

8 . 3 Discussion of methods 

The project relied heavily on the use of miniature radio-transmitters 

and most of the data presented in this thes i s was collected in the latter two 

years of the s tudy during which time the transmitters were surgically 

implanted into the snakes . This technique, although used extens ive ly in 

s tudies abroad, had never been used on snakes in Britain as it was prohibited 

by law. The Animals (Scientific Procedures) Act, 1986 permitted the 

technique to be used , and after consultation with veterinary surgeons at the 

Royal College of Surgeons (Cooper, perscomm) and London Zoo (anon, pers 

comm) and a visit to Sweden to invest igate the work of Madsen, who had 

implanted tags into grass snakes (Madsen, 1983, 1984, 1987), details of the 

proposed surgery such as anaesthetic, recovery time and surgical procedure 

were determined. 

The anaesthetic used on the snakes was success fu l and non-toxic , 

although intravenous injection was difficult owing to the small s ize of the s u b -
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caudal vein and resistance from the snakes . One snake died without making 

a fuU recovery from the anaesthetic, but the snake was possibly already in 

a weakened condition owing to mite infestation. Other snakes made a rapid 

and complete recovery from surgery ( see Chapter 2 and Appendix II ) . 

Implantation of tags into gravid females presents special problems. 

The two alternatives are either to implant into the uterus or to implant, as 

with other snakes , into the peritoneum. The former method will mean that the 

tag will be ejected with the e g g s and the snake subsequent ly lost . The latter 

method was attempted during this s tudy and resulted in the death of the 

snake as the e g g s could not be ejected and this resulted in a fatal pressure 

necrosis . 

Although strict ly within the law, there i s a strong moral case for not 

causing dis tress to an experimental animal and for this reason, if for no 

other, the implantation of t ags into gravid females i s not recommended unless 

tags become available that are considerably smaller than those used in this 

s tudy or unless a different surgical technique i s used that circumvents the 

problems mentioned. A further argument against implantation of gravid grass 

snakes i s the potential loss of the offspring of a protected spec ies in the 

event of the snake dying. 

In the other cases , surgical implantation of tags provided an excellent 

method of locating individual snakes and was preferable to the use of external 

tags , which could fall o f f , become tangled in vegetation, had a limited battery 

l ife, which were lost during exuviation and which could not be used for 

remote measuring of body temperature. 

The method also has considerable advantages over the force- feeding 

of transmitter packages to snakes . Chapter 4 of this thes i s examined the 

movement of recently fed snakes and showed it to be severe ly curtailed whilst 

digestion was in progress . It i s likely that force fed radio-tags would elicit 

the same response in snakes , so movement s tudies carried out at this time 

would be of little value. The fact that implanted snakes were v e r y mobile, 

even l e s s than a week after surgery , would sugges t that the surgically 

implanted tags had no such e f fec t on the movement of the snakes . 

The limited range of the transmitters meant that searching for snakes 

could be a time-consuming process . The need for extreme miniaturization 

meant that the antenna on the tags was small and therefore relatively 

inefficient and this led to many hours in the field looking for 'lost' snakes . 

Furthermore, predation of grass snakes was known to occur at Chilworth and 
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if tagged snakes were killed and the tag destroyed or damaged, many hours 

could be spent fruit less ly searching for the animal. Clearly there had to be 

limits, both in time and in the area covered as to the effort expended looking 

for lost snakes . If the tags had possessed a larger range, a greater area 

could have been covered which may have located a snake (or a tag) which had 

travelled a very long distance. 

The reliability of the tags compounded this problem. Missing snakes 

may have been killed and the tag destroyed or removed from the s i te . 

Alternatively, sudden tag failure merely meant that the position of the snake 

was irrevocably lost . Of the snakes lost in the f ie ld, no positive instance of 

tag failure was identif ied, nor was there any failure of transmitters in the 

laboratory. However, the external tags used in 1987 were known to become 

l e s s reliable with age (CressweU, pers comm; pers obs) and the same was 

presumably true with the implanted equipment. If tag failure did occur, it 

would mean that snakes would carry tags in perpetuity , which may cause 

physiological problems at a later date, particularly in female snakes . 

The surgical techniques used in this s tudy were novel , having only 

been permitted in Britain since the Animals (Scientific Procedures) Act, 1986. 

The anaesthetic used (see Chapter 2) showed a recovery rate that was far 

quicker than other drugs reported in the literature for similar purposes 

(c f . Madsen, 1984) and more humane than surgery without anaesthetic 

(Shine, 1979). Further work in this area i s justified on the basis of the 

success of the present s tudy , as it i s only by continued work that the theory 

and practice of surgical implantation of tags wiU be improved. 

One inherent weakness in a s tudy of th is nature concerns the small 

sample s ize of animals from which the data are gathered. Most of the data 

from this s tudy were obtained from implanted snakes in 1988 and 1989, with 

a limited quantity coming from the externally tagged snakes used in 1988. 

The expense of the tags and the fact that several of the tags , particularly in 

the early s tages of the work, were insuff iciently powerful to be useful , meant 

that only a relatively small number of snakes could be used at any one time. 

Further losses due to predation and possibly tag failure compounded this 

problem. A possible useful s trategy for future research would be to use a 

small number of animals, but to radiotrack them on a long-term basis , 

perhaps over several years . 
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Tags are now available which have a probable field l ife of one year , 

which would mean that snakes would only need to undergo surgery once each 

year. If this were done, late summer would be a good time to replace the tags 

as healing at this time would be rapid and complete by the time snakes 

overwinter, and removal of the snakes from the field at th is time would have 

a minimal disturbance on annual patterns of behaviour and ecology. Care 

though, and further work i s necessary before females can be implanted with 

tags if i t i s anticipated that they will develop e g g s with the tag in s i tu . 

8 .4 Conservation 

As the pressures of development and associated loss of habitat on the 

grass snake increase as they undoubtedly will in the foreseeable future , 

conservation of the species in protected areas such as nature reserves and 

timber producing woodlands may become the only viable means of preventing 

or slowing a decline in the British population. At present , in southern 

Britain the grass snake i s widely distributed and locally common, and 

although local populations exist at least as far north as Wearside, these tend 

to be small, scattered and geographically isolated (Spellerberg, 1975). As 

the south i s developed, it i s conceivable that southern populations of the 

snake will also become isolated and a population decline would then be l ikely. 

In Britain, the designation of protected areas i s complex and haphaz-

ard. Sites of Special Scientific Interest , although strict ly meant to be 

selected for their 'typicality' of a particular habitat type or species composi-

tion , are in practice used largely to protect rare or endangered species or 

communities, including the smooth snake, C. austriaca and the sand lizard 

Lacerta agil is . and therefore tend on the whole to be small in area. Other 

protected areas tend to be larger and include National Nature Reserves and 

many areas bought and managed by private interest groups such as the 

National Trust and County Trusts . All have one common element, which i s 

that none i s in ex is tence purely to manage grass snakes and it i s therefore 

important that habitat management which i s not detrimental to grass snakes 

i s given consideration when managing reserves for other purposes . Many 

reserves are intensively used by vis i tors and th is in itself may detrimentally 

affect local snake populations. In order to achieve success fu l management, 

both of re serves and of non-protected areas, basic ecological knowledge of 

a species i s vital if colonies are to establish and thrive . 

The f irs t consideration i s the s ize of the proposed area. This s tudy 

has shown that although grass snakes only intensively use small areas, they 

-174-



are a widely foraging animal and small areas are unlikely to sustain viable 

populations of snakes even if resources such as food are abundant. 

Development of land adjacent to exis t ing snake populations may 

increase the pressure on snakes from domestic ca t s , collecting and traff ic and 

affect such areas as overwintering s i tes or egglaying s i t e s . Grass snakes 

apparently s tay in the vicinity of overwintering s i tes for several weeks after 

emergence, so identification of general overwintering s i tes should be possible 

by conducting fairly rudimentary s u r v e y s . 

It may also be possible to identify egg- lay ing s i t es because these may 

be in established compost heaps, although no such s i tes ex is ted at Chilworth 

and the snakes certainly laid e g g s in other habitats at the s ite although these 

were not located. Gravid females appeared to aggregate at egg- lay ing s i t es 

before parturition and the presence of several gravid females at one location 

would provide an indication of the s i te . I f , as sugges ted (Hilton-Brown & 

Oldham, 1991; pers o b s ) , e g g mortality i s significant in Britain, the 

identification and management of known incubation s i t es could be of great 

importance to the management of local grass snake populations. 

The results of the research show that grass snakes frequent ly use edge 

habitats, particularly of south facing woodland edges with dense ground 

cover . These linear habitats allow grass snakes to move and at the same time 

to remain in a habitat that allows thermoregulation, provides cover and which 

may contain a higher density of prey spec ies than many other habitats. It 

was also noticeable that at some s i tes in the New Forest, snakes made use of 

small 'island' habitats of dense shrubs and bramble which are abundant at the 

edges of the 'lawns' and in some other areas (pers o b s l . Thus , localised 

fragmentation of habitats would seem to provide grass snakes with a greater 

suitable area and i s compatible with the management of areas for other 

conservation purposes . 

Dent (1986) and Dent & Speller berg (1988) sugges ted that forest r ides 

may offer the greatest opportunity for the management of habitats for the 

sand lizard L. aqiHs. and these may also provide suitable habitats for other 

repti les , including the grass snake. One s ide of east -west orientated r ides 

are ef fect ive ly south facing forest e d g e s and are important for the amenity 

value of many fores t s , in particular the many thousands of acres of Forestry 

Commission woodland throughout Britain. With minimal management, these 
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habitats can be maintained and thereby provide suitable habitats for many 

years . 

One further linear habitat that could be of crucial importance not only 

as it may provide a suitable habitat for the grass snake, but because it o f f ers 

the opportunity for dispersal to other areas, i s the hedgerow. Agricultural 

development since the second world war has meant that hedgerow destruction 

has been widespread in Britain, which has resulted in the loss of a vast area 

of 'natural' habitat. The trend now appears to be revert ing to one of 

hedgerow planting, not only for amenity and conservation value, but also 

because many agricultural pest predators overwinter in hedgerows. The 

creation of new hedgerows would ef fect ive ly increase the area of edge 

habitats which may well be of benefit to the grass snake and would also allow 

the migration or dispersal of snakes and may be consistent with the u s e of 

space by snakes , whereby they make periodic large movements but intens ive-

ly use only small areas . The u s e of wildlife 'corridors' i s of increasing 

scientif ic interest (Speller berg & Gay wood, pers comml and the creation of 

such habitats would seem to have a general conservation value and would 

therefore not merely be a s trategy specif ic to grass snakes . 

Management of prey species may be a central consideration in the 

management of the grass snake. The amphibian prey of the grass snake 

would be seriously affected by pond removal or degradation and it follows 

that pond creation, together with the possible introduction of spawn to newly 

created ponds would result in an increase in amphibian populations. Cooke 

& Scorgie (1983) stated that pond creation was by far the primary reason for 

the increase in local frog and toad populations and their data s u g g e s t s that 

relocation and the introduction of these species can be a potentially 

success fu l s trategy . Furthermore, Hilton-Brown & Oldham (1991) stated that 

increased food availability was by far the primary reason for increases in 

local reptile populations. Although g r a s s snakes were not, in th is s t u d y , 

observed to be intensive u s e r s of pond habitats, their prey depend on such 

habitats and attempted grass snake management would be worthless without 

an examination of their prey requirements. Many local Trusts and conserva-

tion organisations have adopted a policy of relocating 'spare' amphibian spawn 

to new or disused ponds, which may ensure the widespread availability of 

prey species into areas which could potentially be used by dispersing grass 

snakes . 
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Large, open habitats were rarely used by radiotracked grass snakes 

and it may be that these present a barrier to the dispersal of populations. 

This may well include roads, which may appear to snakes as large, open 

habitats. A snake was known to have crossed a road on only one occasion 

during this s tudy and that was an introduced snake (see below), although 

grass snakes have been observed cross ing roads on other occasions f pers 

o b s ) . although in every case the road was a narrow lane. Wider roads may 

not be crossed by grass snakes and if they are, there i s an obvious danger 

from traff ic . Gent (1988) reported a smooth snake killed on a busy road and 

noted that snakes at that s ite regularly used a tunnel under the road. 

Other similar barriers to dispersal may include managed f ie lds where 

the grass i s mown, or walls and fences which are impenetrable to snakes . 

The apparent reluctance or inability of snakes to cross such barriers s e r v e s 

to emphasise the importance of providing corridors through which snakes and 

other animals can move to d isperse . 

Two final measures which can be taken to improve the s tatus of the 

grass snake are legislation and education. The Wildlife and Countryside Act, 

1981 now provides substantial protection for the snake, making it illegal to 

kill grass snakes or take them from the wild, either as pets or to seU. The 

enforceability of such legislation i s difficult to gauge, but may deter 

organised collecting for sale, although it i s doubtful if it will prevent the 

indiscriminate collecting of individual snakes by members of the public. 

The latter problem can be approached through education. During the 

course of the research, the children's group of the local Naturalist's Trust 

were invited to the s tudy s i te to wander round selected areas looking for 

repti les . On each occasion a captive snake was also brought, in case none 

could be found in the f ie ld. The children were clearly fascinated by being 

able to see wild snakes and to handle grass snakes . They also enjoyed seeing 

photographs of e g g s and young snakes and asked many quest ions. It i s fair 

to say that this was one of their most popular and well attended outings of the 

year. It was also noticeable that they were considerably l e s s nervous about 

handling snakes than their parents , many of whom also attended. Persecu-

tion of grass snakes i s still reported (Hilton-Brown & Oldham, 1991) and this 

may weU be due to fear or mistaking the identity of grass snakes . By 

teaching children about the snakes and encouraging respect for them, the 

problem of persecution will be reduced in the future . 
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One final method of improving the s tatus of grass snakes i s by the 

introduction of individuals to new habitats, although such a s trategy must be 

considered with great care (Anon, 1973) and requires an initial knowledge of 

their ecology (Spellerberg, 1975). In particular, the quest ions of available 

resources and the liklehood of snakes remaining in the area need to be 

addressed. 

The data obtained from the introduction of two male snakes to Chilworth 

in 1989 s u g g e s t s that if the habitat i s suitable for snakes and resources are 

available, which they clearly were in this case , that snakes wiU s tay in the 

area. Neither of the snakes introduced into Chil worth made an apparent 

effort to leave the area altogether, although one formed a fairly large home 

range (see Appendix I) and spent most of the time it was released at some 

distance from the release s i te . It was however, returning in the general 

direction of the release s ite when it was recaptured at the end of the tracking 

period. Both introduced snakes fed during the tracking period and appeared 

to behave no differently from indigenous individuals and the Multi-nuclear 

range s izes of the snakes were much smaller than the Convex Polygon areas, 

which showed that certain areas were used more intensively than others . 

Speller berg (1975) sugges ted that barriers around areas into which 

repti les are introduced would encourage home range formation in the area, 

although this was with specif ic reference to the introduction of sand l izards, 

L. aqilis. In the case of grass snakes , this would need to be a substantial 

construction as snakes seem able to breach all but the most secure barriers. 

Such a s trategy would be impossible in all but purposefully designed reserves 

and would only be worthwhile if planned to secure the future of a very rare 

spec ies . Speller berg also s tates that introductions should be made early in 

the season in order to allow animals time to adjust to their new surroundings 

and to establish or f ind overwintering s i tes . The provision of egg- laying 

s i tes would also be of particular importance as grass snakes are known to 

travel long distances to f ind suitable incubation s i tes (Madsen, 1984). 

8 .5 Further research 

Further research on the grass snake could useful ly be directed towards 

two main objectives. The f irs t of these i s a broad continuation of the work 

carried out during this s tudy and would involve further long-term radio-

tracking of individual snakes . At present , the grass snake i s not a rare 

spec ies , and as such , the additional risk to individuals as a result of surgery 
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and the implantation of radiotags i s not such a contentious i s sue as it would 

be for an endangered species such as the smooth snake in Britain. Radio-

tracking using the methods developed in th is s tudy appears to offer an 

excellent opportunity to foUow individual snakes for periods of several years , 

which would provide an improved indication of range formation and demon-

strate whether snakes use the same range from year to year . 

Further work should take place at a selection of s tudy s i tes in order to 

invest igate the s ize and nature of home ranges in different habitats and 

under different climatic conditions. Of particular interest would be studies 

at s i tes at which prey species are known to be abundant and at which they 

are known not to be abundant and comparative s tudies in areas with markedly 

different climates, so that the e f f ec t s of these variables on the vagility and 

range use of snakes could be identif ied. 

The social interactions of grass snakes have been invest igated in this 

s tudy and although no profound conclusions could be drawn from the resul ts , 

there was an indication that intraspecific and interspecif ic social interactions 

may ex i s t . The laboratory investigation of such interactions at different 

times of the snakes' annual l i fe-cycle would demonstrate the presence or 

absence of social behaviour and the s trength of posit ive interactions. At 

present there i s no published information of th is nature with respect to the 

grass snake, although such information ex i s t s for several other species ( see 

Chapter 6 ) . 

Habitat selection s tudies at various s i tes may provide an indication of 

the resources which snakes are seeking when select ing various macro-

habitats, but s tudies on the selection of microhabitats may be better 

performed under controlled laboratory conditions where subt le di f ferences 

may be better observed. Information concerning habitat selection and use i s 

of particular importance when designing reserves or planning for the 

conservation of grass snakes . 

Introductions of grass snakes to new areas would be of particular 

interest , for as well as providing information that would be crucial when 

relocating and introducing snakes to new areas, the resul ts may also help to 

explain the behaviour of indigenous snakes . Experimental manipulation of 

populations in this way may provide more detailed explanations of behaviour 

than those in this s t u d y , which has been more observational than experimen-

tal. Information which could be obtained from such a s tudy should include 

the relative s u c c e s s of introduced animals, which could be measured by 

observing relative growth rates and weight gain of introduced and indigenous 
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snakes . In this s tudy , both introduced snakes gained weight , but such a 

small sample s ize precluded a meaningful comparison. 

The second important objective for future studies should be long-term 

studies of population dynamics at various s i t e s . No such information has to 

date been published, but basic s tudies would be relatively simple to carry out 

with virtually no equipment. Radio-tracking, although usefu l , would be of 

little value in such a s tudy . Information needed should include the growth 

rate, location, condition and social behaviour of individuals and annual 

estimates of the population size and sex ratio of the areas s tudied. 

Neonate snakes are virtually impossible to f ind, but can be located on 

occasion, particularly near incubation s i tes or if s i tes can be found where 

artificial h ides , such as corrugated shee t , can be placed. This would help 

in the capture of snakes . It may be possible to carry out such s tudies on 

reserves or on private es tates . 

The current s tudy has provided some detailed information on the 

ecology of the grass snake, but much still remains to be done if a more 

thorough understanding of the species i s to be achieved. Such an under-

standing will be important if the potential decline in the abundance of the 

grass snake in Britain i s to be halted. 
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Acclimation: Adaptation by an animal in the laboratory to changes in one or 

more variables, such as temperature or day/n ight l ength . 

Acdimitization: Adaptation by an animal in its' natural environment to 

changes in one or more variables, such as temperature or day/n ight 

length . 

Aerobic metabolism: Metabolism which occurs in the presence of o x y g e n . 

Aerobic metabolic scope: The difference between rest ing metabolic rate and 

maximum oxygen consumption. 

Anaerobic metabolism: Oxidative metabolism which occurs in the absence of 

oxygen . Often referred to as glycolytic metabolism. 

Ectotherm: An organism which rel ies on external heat sources to raise body 

temperature. 

Endotherm: An organism which produces heat metabolically to maintain an 

optimum body temperature, 

Eurythermal: An organism which can operate under a wide range of body 

temperatures. 

Fix: A single geographical location of a ser ies taken from an individual 

tagged animal. 

Harmonic Mean Analysis: A method of home range calculation which calcu-

lates an activity centre and draws surrounding contours of activity 

( isoUnes) , 

Heliothermy: Use of direct solar radiation as a means of raising body 

temperature. 

Homoiotherm: An organism that maintains a constant body temperature. 

Lying out: Basking by snakes , particularly at or near the overwintering site 

(Prestt , 1971). 
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Minimum convex polygon: A home range calculation method whereby a convex 

polygon i s drawn round a ser ies of plotted locations and the area of the 

polygon calculated. 

Multi-nuclear cluster analysis: A method of home range calculation whereby 

a ser ies of plotted locations are analysed in turn and placed mathemat-

ically into a number of c lus ters . Cluster areas are then calculated. 

The method has the e f fect of excluding large unused areas-

Photophase: Period of time in which light i s avalable (usually daytime). 

PoDdlotherm: An organism that has a variable body temperature. 

Scx>tophase: Period of time in which no light i s avalable (usually night t ime). 

Tag: A radiotracking transmitter and battery package as f i t ted to or 

implanted into a grass snake . Also tagged, tagging . 

Thermo-conformer: An organism whose body temperature f luctuates 

passively with ambient temperature. 

Thermoregulation: Behavioural regulation of the body temperature of an 

ectotherm. 

Thigmothermy: Thermoregulation using heat conducted from objects in 

contact with an ectothermic organism. 

Utilisation distribution: A plot of the decrease in home range area as 

outlying f i x e s are excluded. 

Vagility: The tendency of an organism or population to change its' location 

or distribution with time. 
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Appendix I 

Movement behaviour of introduced snakes 

It had been planned to introduce to Chilworth two male and two female 

snakes captured at Whiteparish in Hampshire and to compare the behaviour 

of introduced snakes with that of indigenous animals. However, owing to a 

lack of suitable transmitters, it was possible only to implant three snake 

(nos. 11, 41 & 42), No. 42, a gravid female, died in the field after 7 days 

and the transmitter in no. 41 lost power after 26 days and it was decided to 

retrieve the snake. Only no. 11, tagged for 94 days, provided a significant 

quantity of data. 

Because of the overall lack of success with respect to introduced 

snakes , only limited data can be presented here. Home range areas of the two 

male snakes (11 & 41) are shown in Table A l . l and maps of 100% Minimum 

Convex Polygon and Multi-nuclear Clustered Polygons in Figure A l . l . 

Snake n MCP 100% MNCP 95% MNCP 90% MNCP 70% MNCP 

11 94 20.08 6.11 0.07 0 .1 0.00 

41 26 3.09 1.71 0.83 0.497 0.01 

Table 3 .1 Length of tracking period in days ( n ) , minimum convex 
polygon (MCP)and four multi-nuclear polygon (MNCP) 
areas (ha) for implanted snakes. 

Habitat use of introduced snakes 

No formal analyses were performed on the data collected from the 

introduced snakes, but snake no. 41 was released in deciduous woodland and 

did not leave the wood for the entire tracking period. Snake 11 was released 

at the same site and after making only short movements for several days, 

moved to a site 0.6km distant where it remained for the remainder of the 

tracking period. The snake was the only grass snake observed during the 

entire three year s tudy that was known to cross a road, which it did twice. 

When picked up at the end of the tracking period, the snake was moving back 

in the direction of the place at which it was released. 

Both snakes showed ranging behaviour similar to that of the indigenous 

snakes , as shown by the reduction in MNCP areas as outlying f ixes were 
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excluded. No homing behaviour was evident and both snakes gained weight 

during the tracking period, although neither was observed with a large food 

bolus. 

Observations of the ranging behaviour of introduced snakes would 

have a great value in explaining the behaviour of indigenous snakes . A 

further extension of this would be to move indigenous snakes to a new site 

outside their normal ranging area and to observe the subsequent ranging 

behaviour. 
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Fig. A l . l MCP and MNCP ranges for introduced snakes . MNCP ranges are 
the shaded areas. The key to the habitat t y p e s shown on the 
map i s as follows: Dw:Deciduous wood; Cw:Coniferous wood; 
Mw: Mixed wood; Gg: Grazed grassland; Ug: Ungrazed grassland; 
Mg:Managed grassland; W:Wet grassland; Fg:Formal garden; 
PzPond; A:Arable land (cereals) ; C:Cultivated (tree nursery ) ; 
S:Stream; B:Built environment; Roads are shown coloured bold 
black. 
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Appendix 2 

Snake Date Sex Weight 
(g) 

Saffan 
I / V (ml) 

Comments 

122 30-3-88 9 160 0 . 2 Induction: 7 mins; good 
surgical anaesthesia; 
recovery in 35 mins. 

181 15-4-88 cf 81 0 .1 Induction: 8 mins; s u r g i -
cal anaesthesia: 10 mins; 
recovery: 35 mins. 

192 22-4-88 S 132 0.15 
0 .1 

0 .15 

No response to f irs t dose 
after 35 mins; twice r e -
peated; poor anaesthesia; 
local anaesthesia used at 
point of incision. 

141 22-4-88 a 80 0 .1 Good induction; 
duration: 10 mins; 
total recovery: 35 mins 

172 29-4-88 9 159 0 .2 
0 .2 

Poor induction even after 
repeat dose; local anaes-
thesia used at point of 
incision. 

111 29-4-89 a 68 0 .08 Good induction, anaes-
thesia and recovery . 

122 5-7-88 9 180 0 .2 Good induction, anaes-
thesia and recovery . 

151 25-7-88 tf 90 0 .1 Good onset and anaes-
thesia; slow recovery; 
died after 48 hours; P.M. 
showed poor physical 
condition. 

111 1-8-88 (f 86 0 .08 Good onset and anaes-
thesia; rapid recovery . 

181 8—8—88 (f 107 0.09 
0.09 

Poor induction; repeated 
after 20 mins; slow reco-
very and profuse bleed-
ing at s i te followed by 
death. 

1161 8—8—88 d" 91 0.11 
0.11 

Poor initial induction; 
good anaesthesia and 
recovery . 

Table 1 (a) Observations made during surgery of implanted snakes . 
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Snake Date Sex Weight 
(g) 

Saffan 
I /V (ml) 

Comments 

192 15-8-88 9 169 0.17 Poor induction; repeated 
after 12 mins; l ight an-
aesthesia; local needed 
at incision s i te . 

12 21-9-88 9 130 0 .14 Good onse t , anaesthesia 
and recovery . 

11 29-3-89 cC 134 0 .1 
0 .15 

Onset slow; anaesthetic 
and recovery good. 

21 29-3-89 <f 71 0 .1 Good onse t , anaesthesia 
and recovery . 

22 29-3-89 9 132 * Poor induction; repeated 
twice to g ive fair anaes-
thesia. 

32 6-4-89 9 106 0 .12 
0 .12 

Poor induction; repeated 
after 20 mins. Good 
anaesthetic plane and 
recovery . 

31 6—4—89 cf 67 0 .08 Good onset , anaesthesia 
and recovery . 

192 25-4-89 9 161 0 .14 Good onse t , anaesthesia 
and recovery . 

41 24-5-89 cT 82 0 .1 Rapid onset (5 mins); 
Good anaesthetic plane 
and recovery . 

51 1-6-89 cf 52 0.06 Good onse t , anaesthesia 
and recovery . 

42 2-6-89 9 140 0.15 Good onse t , anaesthesia 
and recovery . Gravid 
snake: tag implanted 
intra-peritoneally; died 
in the f ie ld . 

Table 1 (b) Observations made during surgery of implanted snakes . 
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