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ABSTRACT 

G. C. WEARY 

M. Sc. Special program in Wildlife Biology. 

cIo Department of Entomo10gy, Macdonald 

C'ollege of KcGill University. 

1 

This st~ describes several lacets of the ecology ol 

Thamnophis sirtal1s and storeria occipitoJD8culata near the llm1t of 

their distribution in the Quebec Laurentians. While the st~ was 

based on the mark recapture method, two new teclmiques were employed: 

(1) In order to facilitate the capture of a large number of snakes, 

metal shelters were distributed throughout the experimental plot, it 

vas found that these harboured snakes during specifie periods of the 

day and tha t this vas due primarily to the metal' s retetion or hut 

absorbed during the day. (2) An improved method of marld.ng snakes by 

branding developed during the study proved to have several advantages 

over techniques previously in use. 

The results of the investigation suggest that temperature 

is the pr1ma.ry factor governing the observed bebaviour of snakes in 

our area. The st~ has also indicated that a biannual migration 

between two seasonally suitable habitats, the woods and fields, occurs 

for approximately hall the Thamnophis population. The rema.1nder vere 

found to maintain a relatively restricted sphere of activity within 

which stone piles, perhaps due te their thermal properties, eliminated 

the need of a fal1 migration to winter hibemacula in the woods. 

There vas no evidence vhatever to support a migration of Storeria in 

our area. 



ii 

It liaS tound tbat while the length at birth ot Thamnophis 

young ws typical (205 mm.), Storeria were 24 mm. longer than previous­

ly reported. Difterences in growth between species and age classes 

were also evident. An attempt w&s made to estimate the size ot bath 

populations, using rive standard tormulae tor the estimation or 

animal numbers trom recapture data. A11 estimates with the exception 

ot that obtained using a simplified derivation of the M.L.E. tor the 

geometric distribution ot capture trequency, were considered low. 
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Cette 'tude d6crit plusieurs facettes de l'6cologie des 

Thamnophis sirtalis et des storeria occipitomaculata pr&s de la limite 

de leur Npartition dans les Laurentides du Québec. Tandis que l'étude 

'tait bas~e sur la mêthode de "mark recapture", dèuX nouvelles techni­

ques furent employ'es: (1) Afin de faciliter la "capture" d'lm grand. 

nombre de couleuvres, des abris de métal étaient répartis sur tout 

le terrain expérimental; on a constat' que ce~ci avaient hébergé des 

couleuvres durant des périodes pncises du jour et que cela 6tait dû 

principalement A la rétention de la chaleur absorbée par le métal 

pendant la journée. (2) Une méthode améliorée pour marquer les 

couleuvres, au fer chaud, a ét~, dévelop~e au cours de l'étude. Cette 

méthode a plusieurs avantages sur les techniques employées précédenment. 

Les résultats de l'enquête suggèrent que la température 

est le premier facteur qui régit le comportement observé des couleuvres 

sur notre territoire. L'étude a aussi montré qu'un migration deux fois 

par année, entre deux habitats convenables pour la saison, les bois 

et les champs, avait lieu pour approximativement la moitié de la popula­

tion des Thamnophis. On a constaté que les autres maintenaient un champ 

d'activité relativement restreint à l'intérieur duquel, des tas de 

pierres, peut-3tre à cause de leurs propriétés thermales, éliminent 

le besoin d'une migration automnale aux bois. Il n'y avait aucune donnée 

pour faire valoir une migration de storeria dans notre territoire. 



On a constat' que, tandis que la longueur d'un jeune 

Thamnophis à la naissance était typique (205 mm.), la longueur du 

storeria était 24 mm. plus long que rapporté au prealable. Les 

différences de croissance entre les espèces et les classes d,age 

étaient aussi ~dentes. Une tentative a 't' faite pour estimer 

le nombre d'animaux dans les deux populations utilisant 5 formules 

'" . , courantes pour l'estimation du nombre d'animaux a partir de donnees 

de "recapture". Tous calculs, à l'exception de ceux obtenus en se 
, , 

servant d'une derivation simplifee du "M. L. E." pour 1& distribu-

tion géométrique de la fréquence de "capture", étaient consid~rés peu 

élevés. 

iv 
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I. INTRODUCTIcti 

Earlier activity studies in our area ba.d shown that at 

least two genera of snakes occurred in surficient numbers to perbaps 

play a significant role in the commun1t.y (Bider, 1968). Although 

the community inc1udes populations of Thamnophis s. sirtalis. storeria 

o. occipitomaculata. Opheodrys v. vernalis am Diadophis punctatus 

edwarsi. the present study vas restricted to an eco10gica1 investiga­

tion of the two numerically moat important species, Thamnophis s. 

sirtalis and storeria o. occipitomaculata. 

Similar studies on these species have been undertaken near 

their centers of distribution but have never been attempted at the edge 

of their range. While the atudy area is in the Quebec Laurentians, 

within the ranges of Thamnophis and Storeria (Conant, 1958) its climate 

is not dissimi1ar to that nearer the edge of their distribution (Thomas, 

1953). In this respect the present study is unique. 

A review of the liter~ture revea1s a variety of studies on 

co1ubrids, many of which dea1 with isolated aspects of (a) their phy"si­

ology or (b) their ecology, yet provide an inva1ua.b1e foundation for more 

complete ecologica1 studies. 

(a) The relation of size to maturity in garter snakes vas 

atudied by M. D. Burt in 1928; during the same year C. E. Burt demon­

strated that dimorphism in the taU 1ength of garter snakes may be used 

in sexing. Whi1e Mosauer and Lazier (1933) probed the tolerance of 

desert snakes to light and heat, ~n (1933) and Tercafs (1963) 

were intereated in the transmission of ultra-violet and infra-rad 



radiation through the keratin layer, and in their possible barmful 

effects. 

(b) In 1933, F. N. Blanchard and E. B. Finster, deve10ped 

an efficient method of marking snakes, this opened the door to compre­

hensive eco1ogica1 etudies of snakes which require that the individua1 

be recognized. During a stud;y of the aggregations of storeria dekaA. 

Nobel and Clausen (1936) found evidence of both, home range and migra­

tion but did not elaborate, it was not unti1 1947 that sticke1 and Cope 

succeeded in proving the existence of home ranges for Elaphe obso1eta 

and Co1uber constrictor. Leuth (1941), and Carpenter (1956), worked 

on the re1ationships between environmenta1 and body tempe rature s, pav­

ing the way for papers such as that of stewart (1965), on the thermal 

eco1ogy of garter snakes. A study of the hibernacula of snakes in 

Michigan by C&rpenter (1953), complimented work done by Bai1ey (1949) 

on temperature to1eration during hibernation, these authors found that 

surviva1 is most likely be10w the frost line, but Bai1ey bas shown that 

garter snakes are capable of withstanding sub-freezing temperatures for 

a protracted period of time. 

More comprehensive ecological studies have yielded informa­

tion on the fecundity, growth rates, movements and numbers of both 

Thamnophis and Storeria populations. These include the work of Blanchard 

(1937), on the natura1 history of 5toreria occipitomaculata. and 

Carpenter (1952), on the comparative ecology of three garter snake 

species. Fitch (1965), published the results of a complete ecological 

study 'of Thamnophis sirtalis in Kansas, and stewart (1968), a similar 

paper on the natural history of two Oregon garter snakes. 



· While these papers are comprehensive, they- dea1 vith snakes 

near their center of distribution. Blanchard (1937) points out that 

since many species bave significant differences in details of habits 

and morpho1ogy in different parts of their ranges, it is desirable that 

they- be studied in various areas. Furthermore, an understanding of the 

ecology of an organism naar the limits of its range is necessary to 

revaal the factors which limit its distribution. For these reasona an 

ecological study of Thamnophis and Storeria in the Quebec Laurentians 

cao be of value. 

The present study began on MaY' 25, 1967, and wa concluded 

on the 15 of September, 1968; no data vas gathered between September 15, 

1967 and April 15, 1968. In a period of apjlrox1mately' nine summer montha, 

a total of 1025 œptures were mde of 425 individuals. 

Data obtained from the recapture of marked individ.ua1s bas 

revealed differences in behaviour between northern populations of snakes 

and those nearer the center of their range. An improved method of mark­

ing snakes was developed during the course of the work, and a manuscript 

detailing the procedure is now in press (weary, 1969). 



II. DESCRIPTION OF THE AREA 

The field work was done at the Lac Carré ecology laboratory, 

2 miles north of the village of Lac Carré, Terrebonne County, Quebec, 
o 

(latitude 46 09', longitude 740 29') an area of the mid-Laurentian 

series, approx:1.ma.telJr 65 miles north west of Montreal. A wooded mountain 

side and an adjacent field were chosen as the experimental plot (fig.l.). 

The field measured 300 meters in length by 100 meters in width and sloped 

east west with a gradient of 1/33. The field was bisected by' a hill 

running the width of the plot, 50 meters to the west a ridge eut hall 

way across the field. Thus the area was divided into 3 sub-areas 

designated the upper (east), mid, and lower fields. The total area 

under study was approximatelY 3 hectares, and was bordered on the north 

and east sides by woods and on the south and west sides b.1 streams. 

The vegetation of the mountain side was a mixed coniferous 

and northern hardwood forest. The understory consisted of hobble bush 

(Vibernum alnifolium), hazelnut (Corylus cornuta) and a few supp.,essed 

conifers (Bider, 1961). Thick patches of moss (liycopodium sp. and 

POlytrichum sp.) were common in the field, especial~ along the forest 

edge. poverty grass (Danthonia spicata) and sheep' s fescue (Festuca 

~) were ubiquitous and grass litter frequentlY produced thick mats 

close to ISround level, as did the mosses. These areas of matted vegeta-

tion provided excellent cover for both snakes and field mice. 

Spirea (Spiraea latifolia) and planted conifers, particular~ 

jack pine (~ ba.!jksiana), were common in the mid field. There were 

several stone piles within the study area which provided caver for 

Thamnophis, as well as other small vertebrates. 



In. FIELD METHODS 

A. Capture - Recapture 

s. 

The majority of workers studying the ecology of snakes, 

sampled the population by' "systema.ticD searches of the ground coyer, 

using wa1ld.ng sticks to arouse and discover arrr snake preserlt (BlanChard, 

1937, Carpenter, 1952, Klimstra, 1958). Tinkle (1957) painted mmabers 

on logs and boards to insure accuracy in release and recapture data. 

Previous feasability studies in our area by' Drs. a. E. 

Mosimann and J. R. Bider in 1958 (personal cQ1lllll11Ücation) indicated 

that many snakes could be captured beneath pie ce. of tin. To capture 

large numbers of snakes with the expendi.ture of a minimum number of man­

hours, this technique was adopted and extended. Shelters or "tinS", 

as they are called throughout this paper, were constructed from sheets 

of galvanized iron one meter square s~me of which were framed vith 

1" x 1" lumber to aid in handling and to raise the tin above ground 

level (fig. 2a.). One meter square vas an ideal size for the tins as 

they could be quickly turned over to expose ~ snakes beneath. 

Ini tially sample tins were placed in the three sub-areas into 

which the plot was divided. Each of tbese tins vas prOYided vith 

Taylor thermometers to register air temperatures at one inch, and at 

three feet above the ground as weil as the temperature beneath the tin 

plate. During preliminary trials the tins were employed in two ways, 

vith the frame down and reversed. In order to observe short term 

temperature fluctuations beneath the tins, temperatures were recorded 

every five minutes over an hour on each of five clays. Temperatures vere 

recorded every two hours on ail other days. Figure 3a indicates tba.t 



6. 

the mean tempe rature difference between framed and unf'ramed tins was 

5.50 C., however as there was no significant difference in tempe rature 

fluctuation, number or species of snakes captured beneath the two tin 

types, the remainder of the tins were not framed. 

To effectively sample the ana, one hundred numbered tins 

were positioned approximately equidist&nt one from the other (fig. 1.). 

Twenty-seven of these were in woocled areae and do not appear in figure one. 
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B. Routine 

Temperatures at the sample tins were taken every two hour. 

throughout the study and were considered representative of the other 

tins in the same area. At the outset of the study' the tins were checked 

for snakes several t:iJDes each day, ultimate~ it ws tound that two 

"runs", one at 09.00 and another at 16.00 hours, yielded the DIOst 

Cé..ptures per unit time. Collections vere subsequent~ contined to these 

tilDes plus or minus an hour. 

The traditional techniques of snake bandling proved adequate 

for the purpose of this study and only slight modifications vere found 

necessary. As the snakes are not venoDlOus they were captured by band 

or first pinned vith a snake stick. Transporting snakes in the field 

vas facilitated through the use of small bags, measuring 15 x 450 

centimeters, sewn from white unbleached cotton. Snakes vere bandled 

o~ brief~ while being marked, measured, sexed and sometimes relieved 

of their stomach content. All snakes were returned to the point of 

capture within the hour. 

During the study' two marld.ng codes vere used. The firet was 

a simple two digit system whereby scales were CO\Ulted posterior~ from 

the anus, marld.ng the second left and fourth right designat~d the animal 

as number twenty-four. As it is often difficult to 1etermine which scale 

is counted as first, due to the presence of a diminutive scale posterior 

to the anus, this code ws rejected in favour of that developed by 

Blanchard. and Finster (1933). Their system involved the marking of a 

maximum of three scales, the first on each side al ways being an even 

number to eliminate the problem of the diminutive scale. Marking the 

second and fifth left, and fourth right, designated the snake as number 

254. 
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c. Marking 

As the methods ot marking snakes described in the literature 

proveci both slow and aWlorard, ettort vas put into devising a better 

technique. The tollowing is the major part ot a mmuscrlpt detailing 

such a marking procedure (Wea17, 1969, in press). 

• • • 

TVo techniques have been developed tor marking snakes, one 

based on tattooing and another based on scale clipping. 

Woodbur;y (1948) used a batte17 operated tattooing needle to 

place a number under the sld.n. 'l'Wo disadvantages to this system vere that 

the inked numbers: (1) had a tendenc;y to tade, and (2) were not readi~ 

visible on pigmented surfaces. 

The best knowo, and most wide~ used method, was devised b;y 

Blanchard and Finster (19.33). Cau:ial scales were cllpped in combinationa 

so tbat each indirldual vas tagged vith a distinctive mark. The process 

seemed to be painless and it care vas taken, drew no blood. When there 

vas no regeneration ot the cllpped scales, a scar remained, marking the 

snake tor lite. Some regeneration of cllpped scales was reported b;y 

Blanchard and Finster (19.33), Conant (1948), and Tinkle (1957). 

At the out set of a study of snake populations in the Quebec 

Laurentians, both red-bellled snakes (Storeria occipitomaculata) and 

garter snakes (Thamnophis sirtalls) were œrked using Blanchard and 

Finster' s method. Three drawbacks to the system soon became evident: 

(1) several minutes were required to carefully memove a complete caudal 

scale, (2) despite precautions, blood. os trequently drawn, allowing a 

possible infection, and (3) cllpping proved to be very difticult on 

young snakes less than tour inches long. These problems were circUlllo­

vented b;y use ot an electric needle wi th which snakes were brandade 



As house current was available in the field laborato17, 

branding was done vith a 50 watt pyrographic needle, available in 

9. 

hobb,y shops for less than live dollars (fig. 2b). The heating element 

01 the needle vas filed to form a sharp cutting edge. Brief contact 

vith the heated needle was sufficient to bum a scale right to the iase 

vithout drawing blood. More than live hundred snakes were branded, those 

recaptured after two years have shown no signs of regenerating bumt 

scales. 

In the absence of a 110 V. a-c power supply, snakes may be 

branded with an American Beauty soldering pencil, model B2~L, 

powered b,y a 12 volt rechargeable batte17 and any commercial1y available 

d-c - a-c inverter capable of producing 30 to 40 watts. The apparatus 

weighs about 10 pounds and costs le8s than fifty dollars. 

The technique has proven successful and has these advantages: 

(1) speeds up the œrking procedure, (2) is less likely to cause an 

open wound, which might become infected, (3) is practical for marking 

the smallest snakes, and (4) produces a nark which does not perceptibly 

change over a two year periode 
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IV. MICROHABITAT BENEATH TINS 

A. Temperature 

Leuth (1941) demonstrated that under laboratory conditions, 

there liaS a close correlation between snake and cage temperatures, and 

that snakes had no inherent temperature rythme To be certain our tempera­

ture records were relevant to our study, a similar correlation vas sought 

in the field. 

A telethermometer (Yellow Springs Instrument Co. model 44TE) 

and thermistors were used to record the intemal temperature of an 

adult Dale Thamnophis, simultaneous~ with temperatures of the .soil 

surface, the air at one inch, and at three feet above the ground. Read­

ings were taken every minute for 30 minutee, during this period the 

snake and all recording thermistors were periodical~ shaded to simulate 

the passing of cloud cover. Tests revealed a correlation at the one 

percent level (R = +.74) between the tempe rature one inch above the 

surface and the internal temperature of the snake, there was no correla­

tion between the latter and either, the tempe rature of the soil surface 

or that of the air three feet above it, at the one or five percent level 

(R = -.29, R : - .23). This experiment revealed the importance of a 

particular part of the microclimate to our snakes, and that our read­

ings would indeed reflect thermal conditions experienced ~ the anima~a 

themselves. 

In June 1967 the tins were checked for snakes every two 

hours on each of five days. This revealed two dai~ peaks in the 

utilization of tin cover ~ our animals, one at 09:00 hours and another 

near 16:00 hours. Further study' suggested that these periods of maxi­

mum tin utilisation resulted from the varying relationship of tempera-
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tures beneath the tin and those near the ground. 

Tin temperatures remain relative~ constant while a1.r tempera­

tures near the surface nuctuate with slight changes in wind and cloud 

coyer (fig. 3b). Beneath a tin a poikilotherm such as a snake has a 

slightl1 moderated environment with less tem.perature fluctuation (3_~oC.) 

than in exposed positions (8-100 C.). In the field snakes may regulate 

their temperature by' altematel1 exposing themselves to, and seeldng 

shelter from, the sun's rays. A tin would eliminate the necessity for 

such movements, permitting a snake to avoid the risk of predation while 

exposed. 

Figure four shows the daily fluctuation of temperatures 

beneath the tin, at one inch, and at three feet above the soil surface. 

-1)"picall1 the temperature beneath the tin is higher than the air at 

either level until 09,00 hours. On clear summer mornings snakes fre­

quent the tins between O'7~OO hours and 09:00 hours. Basking under a 

tin during this period allows a snake to warm rapidly and become active 

early in the day. 

During the warmest part of the day (09:00 to 16:00 hours) 

surface temperatures are higher than temperatures mder the tins. More 

important is the fact that tin temperatures are near the ~ toler­

able, (Stewart, 1968) (Cowles and Bogert, 1944) and snakes abandon 

the tins possibly in favour of more substantial protection from the heat. 

The maximnm number of snakes were found beneath the tins 

between 16:00 hours and 19:00 hours, when surfa~e temperatures dropped 

below those recorded under the tins. Figure four illustrates that while 

the tin itself begins to cool at 16:00 hours, the temperature beneath 

it remains several degrees warmer tban the surface. A similar phenomenon 



exists in conjunction with roads and rocks which hold heat stored 

during the day. While the se objects hold heat due to their thermal 

properties, a tin plate on the ground accomplishes the ~e result 

by maintaining an insulating layer of air nen to the soi1 surface. 

Should rain fail at either 09:00 or 16:00 hours, no 

12. 

snakes are round benea th the tins. Rain cools the tins and the tempera­

ture beneath them fails be10w that of the surface (table 1.). During 

periods of sunshine immediateJ.y tollowing rain the tins warm rapidly 

to a temperature greater than that or the surface, at such tilDes large 

numbers of snakes are captured bem~ath the tins regardless ot the time 

or day. This warming or the tins arter a rain is similar to the increase 

or tin temperature in the early moming ot a clear day. The result in 

both cases i5 an increase in the snakes' utilization or the tin caver. 



B. Other Factora 

Relative bumidities beneath the tins vere measured three 

times during the study using cobalt thiocyanate papers. The mean 

relative humidity of those tins harbouring only Tbamnophia vas 64%. 

Those tins under whicb only store ria vere f'ound had a mean relative 

humidity of 6]$ vhile the tins shared by both species exhibited a 

mean of 63%. Chi-square tests revealed no signif'icant dif'f'erence in 

the humidity beneath tins frequented b,y the t'Wo speciea. 

Although the mean relative humidity beneath tins barbour­

ing snakes vas near 6($ there vas no indication this wa,s a preferred 

humidity. To ascertain if' a preference ex1sted, the humidity range 

13. 

(0 - loŒ) vas divided into 19 groupa each having a range of 5 percent. 

The number of tins in each group vas compared with the number of' snakes 

captured beneath them. Chi-square tests revealed that the number of 

snakes captured in any "humidity group" vas a f'mlction of the number 

of tins in that group. This indicates that snakes utilize the tins 

showing no preference for a specifie humidity range. The large number 

of' snakes f'ound beneath tins with a relative humidity of' 6($ is simplf 

a reflection of the many tins having that relative humidity. 

In addition to data concerning relative humidity beneath 

the tins, notes were made on the tins' exposure to the sun, their 

elevation, the type of vegetation they covered, and the presence of' 

other organisms beneath them. While the tins were similar in their 

exposure and elevation they dif'f'ered in other respects. Although 

most tins covered a combinat ion of' grasses, plants and mosses, each 

had a dominant characteristic. While the data does not lend itself 

to statistical tests, it vas f'ound that Thamnophis vere never 



associated with tins covering moss or sandy areas. This is perhaps 

due to the lack of large passages beneath these tins. One third of 

14. 

the tins harbouring only Thamnophis also sheltered lu'crotus penns;ylvanicus. 

an important part of this snake' s diet (Hamilton, 1951). More than 

one half of those tins beneath which only store ria were found, covered 

a thick tangled mat of moss, (PolYtrichum and LYcopodium species). 

One third of the total supported colonies of ants as evidenced by the 

large amounts of sand and numbers of eggs transported to the surface. 

Nobel and Clausen (1936) and Carpenter (1953), also found storeria to 

be associated vith ant colonies. 

The efficiena,y of the tins in capturing snakes can be pre­

dicted for any period if temperature beneath the tin and surface tempera­

ture are known. Maximum utilization of tin cover occurs vhen the tempera­

ture beneath the tin exceeds that at the surface, both however must be 

within the voluntary minimllJD-1IBX'imum temperature range (90 c. - 350 C.) 

as given by Carpenter (1956). While such conditions are normal.ly met 

at 09:00 hours and 16:00 hours, rain or prolonged cloud cover may cause 

a sbift in the time of their occurrence. B.y referring to the tempera­

tures taken at the tin sites, and disregarding ail other factors, we 

vere able to adjust the time of the "runs" to coincide with periods 

of maximum tin utilization by snakes. 

In summary the tins are not used to the same extent throughout 

the day. This periodic use of the tins is primari~ a result of the 

thermal conditions of the microclimate beneath the~ The microclimate 

under a tin is perhaps more favourable to a reptile than are surface 
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conditions as: (1) temperature fluctuation is moderate lacldng extremes 

found on the surface and (2) the tins warm more quickly, and cool more 

slow~ than the surface, thus providing elevated temperatures under 

certain circumstances. 



1.6. 

v. MOVJ!)ŒNT 

studies of the DIOvement of snakes have produced varied results. 

Blanchard and Finster (1933) concluded that the wanderings of snakes my 

or may not be extensive and are not predictable. Seibert and Hagen (1947), 

and Stickel and Cope (1947), believed tbis conclusion vas due to the fact 

that no attempt vas œ.de to release the snakes where originally' captured 

and the transplanted animals scattered widely, seeldng former home ranges 

or to restore the population density normal for the habitat. These auth­

ors suggested that home ranges do exist as the distances travelled by the 

snake s betveen captures vas far less than could be expected, olten only 

several yards per day. In fact Elaphe obsoleta and Coluber constrictor 

usua1ly moved no farther in a year or two than they did in a fev days. 

Nobel and Clausen (1936) presented evidence to show that Store ria dekai 

have ranges; "The œ.rked snakes usually remained in the region where they 

vere released providing they were originally found there." They also 

observed that 40% of those released seme distance from where they vere 

captured returned to the original location within 70 days. Stickel and 

Cope (1947), believe that this haming tendency is one of the best tests 

of an an.im:ll' s adherence to its home range. 

Carpenter (1952), found that the movements of Thamnophis were 

restricted, he proposed the term "activity range" which differs from home 

range in tbat it contains no home or nesting site. Fitch (1965) found 

that snakes held specifie smmner ranges in meadoWl3 and migrated to areas 

providing suitable hiberna cula in the fall. Bider (1968), from an analy'­

sis of activity on a sand transe ct which runs through rq experimental 

plot, has suggested that female Thamnophis may undertake a spring and 

fall migration. 
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A. Migration 

Dasrœnn (1966), defines migration as a two way movement ••• 

from one seasona1ly suitable habitat to another with a subsequent 

retum to the first. While such a pattern has been found. in the DIOve­

Jœnts of Thamnophis in our area, the data does not indicate a simila1" 

migration of Storeria. Of 30 adult Storeria recaptured more thEm three 

times (some as ma~ as twenty-five times) only 5 moved farther than 

the tin immediately adjacent to the one under which they were originally 

captured. These five individuals wandered throughout the plot. As the 

mean distance betveen adjacent tins is only 10 meters, and as storeria 

genera11y did not occupy more than two tins during the study period, 

there is little data on their movement, It does seem clear however, 

that there is no migration for Storeria in our area. 

Evidence in support of a migration of Thamnophis was obtain­

ed from the recapture of marked individuals first captured in the eastern 

sector (closest to the woods) and subsequently farther west. C~rtain 

individuals vere recaptured frequently as they moved the 300 meters to 

the western edge of the plot, others however were only captured over 

shorter distances. 

Among those animaIs captured more than three times, two 

distinctly different types of DIOvement occurred: (1) a long swift 

movement of more than 90 meters in two weeks and (2) a restricted 

movement of less than 11 meters in a month. There was not a single 

individual whose movement placed him in an intermediate categor.y. 

As these two types of movement vere clearly different they 

were treated separately, the long swift moves being considered as 
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migratory, and the shorter movements, as moves within a home or activity 

range. 

Figure 5 shows the migra tory movements and the months in 

which they occurred. During the months of May and June, ail movement 

vas in a wester~ direction, away from the wood into the fields. Jul7 

is a transitional month with some movement in both directions. During 

August and September, the return migration occurs and ail signiticant, 

unidirectional movement is from west to east. 

If migration is in fact occurring at specifie times during 

the season, snakes should be less sedentary, hence less like~ to be 

captured repeatedly under the same tin at such times. Similar~ areas 

through which snakes move should show a greater number of single captures 

than areas in which they are more sedentary. 

On the basis of Chi-square tests the hypothesis that the 

number of single captures in each month were equal, was rejected. The 

q,pothesis that the number of single captures per month in May, June, 

August and September was double the number during JlÜy, WéLS acceptable. 

This indicates that migration occurs in the spring and fail months. 

A similar test confiI"Jœd that the snakes migrate through the upper and 

mid fields, to and from the lower field on the western edge of the plot. 

AlI migrants were mture individuals and their sex ratio was 1:1, not 

different from that of the entire population. 

A comparison of the microhabitat of the field and woods 

suggests reasons for the observed migration between the two areas. 

In our area the woodland provides more numerous and suitable hibemacula 

tban does the field, principally due to a more favourable fall and winter 

microc1imate. In the spring, field soils thaw more rapid~ tban do those 



19. 

of the forest, thus when snakes emerge from hibernation, the fields are 

already warm and can provide a more suitable microclimate than the 

forest. As the trees begin to leaf and block the sunls rays from the 

forest floor, Thamnophis move into the open fields. In the faU forest 

tempe rature fluctuations are moderate in comparison to those in cleared 

areas, (Hunn, 1966) and due to leaf litter, heat radiation and frost 

pe:letration are reduced considerabl1' in the woods. Clear17 a migration 

between the fields and the woods would permit optimum utilization of 

two ver" different microhabitats. 

Becauae too few Thamnophis young were recaptured in their 

first spring, data on their movement is poor and results are inconclu­

sive. However, it is possible that the young spend at least their first 

winter in the fields as only two in fourteen migrated to the wood, the 

remainder were found in the lower field during ear~ May-



20. 

B. Acti vi ty Range 

As data on migration was processed, it became evident that 

over half of the animals neither followed the migratory pattem nor 

wandered at random, but were extreme~ restricted in their sphere of 

activity. In addition to these, several of the migrants on completing 

their spring migration, confined their activity to a rather smail area. 

Carpenter (1952) found that the common garter snake had an 

~verage range of 2.(17 acres - 600 feet long and 150 feet ride. Fitch 

(1965) reported a home range of 35 acres for Thamnophis males and 

. believed the discrepancy between his conclusions and those of Carpenter 

arose from differences in techniques and interpretations of results, he 

suggested that although Carpenter did check some of the peripheral areas, 

"possib~ many of the snakes had ranges extending beyond the limits of 

the study area." In order to obtain a better estimate of home range, 

Fitch discarded the longest and shortest moves (2o,t; of his data) which 

were "unrepresentative of home ranges." When 2o,t; of our data i8 dis­

carded, it does not completely eliminate ail animals which do shift 

their range in the spring and fail, as near~ 4o,t; of our population 

underwent a biannual migration. 

OUr data indicates that 6fJ1, of those snakes captured more 

than three times, confined their activity to an area less than 30 

metera in diameter for a month or longer (table 2). Such animals were 

considered to have an activity range, as their distance travelled per 

unit time ws clearly different from that of migrating animals. The 

average migrant moved at least 90 meters, roughly 9 times that distance, 

in a maximum of fourteen days. 
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The average area of the intermigratol"1 range was found to 

be .04 hectare, (radius, il.l meters) considerably smailer than calcu­

lated by' either Carpenter or Fitch. As captures were mainly made 

beneath regularly spaced tins, the actual radius may be somewbat larger 

than l have indicated, but no more than half the distance to the surround­

ing tins, (Hayne, 1949) in which case the radius would average 17.1 

maters and the area .09 hectare. This method of calculating range size 

from trapping data is commonly used in mamma.logy. Per:ifera1 areas were 

sampled by' trapping and searching, there was no indication that our 

population utilized these areas. The possibility exists that animals 

may have left this range in the late evening when searching and traW-

ing were not in progresse Activity studies however, have indicated that 

nocturnal movement is most cODllIlon on warm fall nights. This activity 

is probably related to the fail migration rather than excursions outside 

the activity range. Despite the possibility of nocturnal mavement 

between captures the fact remains that in each case there was a sub­

sequent return, often to the precise location of previous capture. 

Thus although this trapping technique may not ~eveal the total extent 

of a snake's wanderings, it has shawn b~ond question that a preferred 

range exists. 

During the course of the study three marked individuals 

were inadvertently released more than JO meters from where th~ had 

been capture d, in each case the snake retumed to the original locality 

within a month. Homing tendencies were also exhibited by two thirds 

of all Thamnophis that were recaptured during the second year, these 

were recovered beneath the same tins they had occupied the previous 

year. Nearly ail the remaining one third were recovered in the same 

field as in the previous year, although not beneath the same tin. 
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Amang these were migrants, not confined to an activity range the year round. 

According to stickel and Cope (1947) this homing behaviour is a good 

indication that an "activity range" does existe 

To summarize, the data obtained on the movement of snakes 

suggest that the population may be divided into t'WO main groups, one 

which undergoes a biannual migration (40%) and the other 60% which 

exhibits strong activity range behaviour, of the total population, lo,C 

exhibit both types of behaviour at different times. Those snakes which 

do not migrate, possess activity ranges closel1 associated vith large 

piles of rocks (fig. 6.). It is thought probable that these piles 

provide suitable hibernacula and thus elimina.te the need to migrate 

in a portion of the population. Conversel:y, the data shows that 

migrantsS' after spending the winter in the woods, will occupy an inter­

migratory range centering on a clump of bushes or a particular tin, 

rather than a stone pile. 

In an attempt to verif.y these observations, several of the 

smaller piles were excavated earl:y in the spring before the snakes 

emerged from hibernation. Although five of the ranges centering on one 

of these piles had been occupied as late as October JO, no hibemating 

snakes vere unearthed. Beneath each pile a number of tunnel entrances 

lead downward, unfortunatel:y as l was unaware of the precise nature 

of a hibernaculum, and as the loose soil and persistant rain made it 

difficult to follow the tunnels, digging was stopped. 

Further review of the literature revealed that although 

snakes can survive sub-freezing temperatures for up to 2S days (Bailay, 

1949), survival i6 more certain below the frostline. In the open field 

the frostline May reach several feet in depth, while under a stone 



pile the depth of frost penetration is considerabl1 reduced, due to 

the insulating layer of air trapped between the stones. For these 

reasone l feel the poseibility remaine, that stone piles do provide 

adequate hibernacula for a portion of the Thamnophie population. 

23. 
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VI. GROW'l'H 

Ali snakes were marked when captured. Growth vas determin­

ed from measurements of recaptured individua1s. Both body' 1ength (snout 

to anal scale) and total 1ength (mout to tip of tail) were recorded but 

total lengths were used to determine growth rates. In the few cases 

where part of the tail was missing, total 1ength was estimated using 

the body-tail ratios given by Seibert and Hagen (1947). Error in measure­

ment was estimated by comparing a series of measurements on a single 

individual. The error did not exceed 1 cm. even on the largest animals. 

stewart (1968) states that the mean 1ength of Thamnophis 

sirtal1s young is probably near 200 DIJl. The 45 animals born during this 

study averaged 205 t 14.32 DIJl. Seventy-nine stilareria born during the 

same period had a mean 1ength of liO :t 13.00 mm., considerably larger 

than 86 mm. as previously noted in Michigan (Blanchard, 1937). The 

average 1ength of Thamnophis young was six percent greater in 1968 than 

in 1967, this is l1kely due to the increased size of the breeding females. 

Stewart (1968) has a1so noted a positive correlation between the size 

of newborn snakes and maternal size. 

The time of nax:imum growth in Quebec is limited to the 

wanner months, May through Sept&lI1ber. Three years data suggest that 

Storeria have a longer growing season than do Thamnophis. Storeria 

are active in late April, two weeks before Thamnophis have been found, 

and captures continue la.te into October after Thamnophis have sought 

out suit able hibernacula. 

A difference in growth pattern between Thamnophis and 

storeria is evident in the newly born snakes. During the first two 

weeks of September young Storeria grow nearly 25 ~ at a rate of 

11 Dm. per week, this growth continues later into the fail, as by May l 
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th~ have reached a mean length of 156 mm. Thamnoph18 on the other 

band, do not grow appreciably' from September 1 to 14, although th~ 

add 25 DIIl. to the1r length at birth by May 14. While young storeria 

show their _:dpPlm grovth rate immed1ately' after birth, Thamnopbis 

grov DIOst rapidly' during the following spring and summer (10 Dlll/week). 

Growth rate in both species decreases yearly', becoming negligible vhen 

DBXimum length is attained. Maximum lengths of Thamophis and stor.er1a 

in our area vere 865 DIIl. and 343 mm. respectively'. Growth rates, and 

mean lengths of snakes in different age classes are summarized in 

table 3. 

The data of table 3 vas derived from figure 7, a plot 

of the increase in length of individuals vith time. Seibert and. Hagen 

(1947) publlshed a similar figure but found that it vas difficult to 

determble the growth rate of second year individuals due to overlap 

in size betveen age groups. 

Figure 7 shows three distinct Bize groups in the Thamophis 

population. The young are bom at approx:i:JDately' 205 DIIl. in the faU 

and begin growth the following May vith an initial length of near 230 um., 

growth continues to an average of 388 Dm. in mid September at a rate 

of 10 DlD/week. Some growth occurs in late faU and early' spr1ng as the 

mean length of individuals entering their second season of grovth is 

406 DIIl., growing nearly' 9 Dm. each week, they attain 549 mm. b;y fall. 

During the third year of growth Thamnophis increase in length fram 559 mm. 

to 648 mm. at a rate of 5.5 mm./veek. Growth after this stage (table 3), 

has been estimated from the rates of larger individuals in the popula­

tion. 
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Interpretation of figure 7 is facilitated if it is 

accepted that the first four individuals captured in both 1967 and 1968 

(those crossing the "winter line ll ) have comp1eted one season's growth 

and are in their second. This may be inferred from extending their 

growth curves downward to size at birth. Similarly the remaining 6 

individuals captured in both years are in their third year of growth. 

Blanchard and Finster (1933), found little evidence that 

growth took place in the months of April and Octo~~r, the near1y verti­

cal slope of growth curves between the last captures in 1967 and 

the first captures 1968 vould tem to support their findings. 

The mean lengths and growth rates for storeria occipito­

maculata vere derived in a similar mnner and are summarized in table 3. 

Seibert and Hagen (1947), and Blanchard and Finster (1933), 

point out that growth rates vary with the season and habitat, for this reason 

care should be taken vhen comparing grawth rates of snakes in vanous 

areas. Fitch (1965), found that in Kansas, first and second year 

Thamnophis typica1ly grew at a rate of 1.2 mm. per day before the rate 

s10ved with approaching naturity. It seems that Thamnophis in our 

area grow faster (average = 9.4 mm. per week) than this average reported 

by Fitch. Rates in our area are very similar to those published by 

Seibert and Hagen (1947) in Illinois, who report rates of il.1 DDIl. 

and 9.3 Dm. per week for first and second year individuals respectively. 

The time of parturition varies from year to year vith the 

mean tempera ture encountered during pregnancy (Blanchard. and Blanchant, 

1941). Blanchard (1937) gives August 10-23 as the range of birth dates 

for store ria raised in the laboratory, but he has observec\ births as early 



as July and as late as September in the field. Similar dates are 

reported for Tbamophis (Seibert and Hagen, 1947). 
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Thamophis in our area gave birth betveen August sixteenth 

and 8eptE8ber tentb, young storeria vere later in arrivaI, first appear_ 

ing on August tventy-first, no new young vere found after September 

tentb. While Wood (1945) recorded a litter of 57 Thamnophis. Fitch 

(1965), in reviev:i.ng the literature, concluded tbat the average litter 

contained between 12.9 and 18.0 young. It seems unll.ke13 that brood 

size for TbamDophis in our area aven approached these dimensions. At 

the tiJœ or parturition, tins lmown to shelter gravid feuales vere 

checked for young. It vas assumed that a group of young under the same 

tin vould be from the same litter and would give an indication of 

litter size. While this method uay not reveal ail young born, at no 

tilDe did ve find more than 5 new13 bom garter snakes beneath a tin. 

The average "littern size for the 15 gravid females discovered ns 3. 

Storeria litter size is reportecl to average 7.2 (BlanChard, 1937). 

This may vell hold for our population as several "litters" exa.mined 

contained as mny as nine young. Eleven "litters" were discovered 

giving a mean brood size of 7.2. 

Since young Thamnophis are active and agile soon after 

birth, and easi13 avoid capture, the estiDBte of 3 per litter is 

considered low'. Young Storeria hovaver, are more sedentary, and the 

estimate of their litter size is more accura:te. To verity litter 

size under natural conditions, four visibly pregnant female snakes 

(tvo of each species) vere confined in a 5 x 5 meter quadrat. The 

quadrat vas loca ted in the lover field. and vas surrounded by three 

foot pol3'etbylene walls, the bottom edges of which vere sealed vith 



sand to prevent the escape of any snakes. The animals vere provided 

with a tin, a stone pile, and free water. When the experiment was 

terminated, both female Tbamnophis were recovered but only three 
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young could be foum. Of the two female storeria only one reuained, 

no young of this species vere recOV'ered. Although this attempt to 

verity litter size failed, l believe the method bas ment as confining 

snakes to laboratory cages interferes with their feeding and uay alter 

the size and success of their broods. 
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VII. POPULATION SIZE 

Certain basic assumptions underlie all methods of capture­

recapture analysis, these must he met to ensure the accuracy of the 

resulting estimates. (1) Marked animals are not afrected b;y being 

marked and the marks will not be lost. (2) Marked animals become com­

pletely mixed in the population. (3) The population is randomly 

sampled. (4) Sampling time is amall in relation to total time. (5) 

The population is a closed one. (6) No births or deaths occur in the 

period between sampling (Southwood, 1966). 

How closely does the situation in our population approximate 

these conditions? It \lBS asswœd that 'll11 marldng procedure ws perman­

ent and did not affect the marked an'i. ..... ls (Weary, in press). Carpentèr 

(1952) using a similar marking method also made this basic assumption. 

He also believed that marldng and immediately releasing a snake where 

round was sufficient to allow complete remixing. Tbis procedure ws 

followed during our study and the mixing of marked and unmarked indi­

viduo.ls ws evident in our population. Less than 1$ of the individuals 

re~ptured demonstrated a tendency to remain precisely where released 

and in each instance where this occurred, the snake had been inadvertent­

ly injured. It is often difficult to verify the assumption that sampling 

is completely random (Delury in Southwood, 1966) however the probability 

of recapturing a marked animal should be the same as that of capturing 

any member of the population. Variation in the probability of capture 

due to differences in behaviour among age classes can be allowed for; 

bias introduced b.Y differential trap response however, is difficult to 

remedy. 
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The population is thought to contain a number ot trap-prone 

individuals which will result in a disproportionate number ot recaptures 

and an underestimate ot the population. 

While marked snakes evident:q are not attracted to a.ny single 

tin and move within the population, there is evidence to show they seek 

out other tins and thus are trap-prone. Leslie, Chitty and Chitty (1953) 

developed a test tor non-random sampling. Chi-sf.luare ana:qsis is applied 

to the frequency distribution of recapture in a group of animals. This 

test when applied to our data demonstrated tbat being captured one or 

more times did increase the animal' s subsequent chance ot recapture. 

Bandomness of recapture liS.S rejected at the 5% level, thus our popula­

tion does contain trap-prone individuals. 

The timing and duration of sampling caused no problem in 

estimating the population as the intluence of recruitment and reinvasion 

were easi:q eliminated. Recruitment occurs on:q in August, young of the 

year are easily recognized and eliminated trom the calculation. Re­

invasion is negligible as the population is almost certainlf a closed 

one, contained by natural barriers to movement (fig. 1.). Morta lit Y 

between sampling periods was considered negligible as predatOrB were fev 

and no instances of predation were observed in two years. 

A computer program was written to apply several estimation 

formulae to the available data. The Lincoln Index, Schnabel, Schumacher 

Eschumeyer and Chapœn methods were used (Lagler, 1966). A ma,xj JU1l11l 

likelihood est_te for the geometric distribution of capture frequency 

suggested by Edwards and Eberhardt (1967), was used as a check and for 

further comparison of population estimates (table 4.). 

j. 
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Of the methods used on~ one gave an estimate of the popu­

lation which could be considered accurate. Estimates derived b.Y the 

Schnabel formula are considered low as they are in each case lower than 

the actual number of animals marked. Similar underestimates were 

obtained using the Schumacher Eschmeyer Jœthod of ana~sis. Flyger 

(1959) has pointed out that the Scbnabel method gives an estimate of 

the trappable animals in a population which is always less than the total 

number, it can in fact result in an estimate lower than the number of 

marked animals lmown to exist in a population. This is particu1ar~ 

like~ to occur if a large proportion of the population is captured 

and animals become trap-prone as ours do. Edwards and Eberhardt (1967) 

as well as Nixon, Edwards and Eberhardt (1967) found that both Scbnabel 

and Schumacher methods gross~ underestimated their populations, probab-

11 due to the differential trap response among animals. 

The application of Chapmanls formula to the data gives estimates 

which are slightl1 greater than the total number of animals captured, 

but as unmarked snakes were being captured even after the last sampling 

period, it is certain that any population esti.Jœte approximating the 

number of snakes marked is low. 

seibert and Hagen (1947), Seibert (1950), and Carpenter (1952) 

have used the Lincoln Index to estimate snake populations with some success. 

Our population was estimated at 150, 75 of each species. It is important 

to realize that this is most certainl1 an underestimate due to the failure 

of assumption three. 

Edwards and Eberhardt (1967), and Nixon et al. (1967) 

W'orking with known populations and unbiased sampling methods, compared 

various population estimation formulae. They concluded, that in spite 



of trap-prone tendencies in their population, the simplified derivation 

of the M.L.E. for the geometric distribution of capture frequency, 

produced the best population estimates from livetrapping data. This 

method applied to our data gives estimates of approximately twice the 

~er of animals narked, am is considered to best represent the actual 

number of animals in our population. 
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VIII. SUMMARY AND CONCLUSION 

The object of this study vas to obtain information on the 

ecology of Tbamnophis sirtalis am Storeria occipitomaculata near the 

lim1t of their distribution. The project vas carried out sixty-five 

miles north west of Montreal in the Quebec Laurentians during the sumner 

months of 1967 and 1968. 

ibile the "mark-recapture" method vas the basis of this study' 

a departure from the usual practice ws made in that the area was not 

S,ystematieally searched for snakes. As earlier stuoies had suggested 

that many snakes could be found beneath pieces of metal, sheets of 

galvanized iron ("tins") vere scattered throughout the plot in an effort 

to capture a DBXimum number of snakes with the expenditure of a mini-

JIIWIl number of man-hours. 

Tests on two t7Pes of "tins", framed and untramed, revealed 

no significant difference in temperature fluctuation, number or species 

of snakes captured beneath them, and resulted in the majority of the 

she1ters being constructed without a frame. To effectively samp1e an 

area of appraximately 3 hectars, one hundred numbered tins were position­

ed equidistant one from the other throughout the area. 

Through trial and error, a sampling routine was established, 

tvo "runs" per day one at 09.00 and another at 16.00 hours yie1ded the 

greatest number of captures per man-hour. During the study 1025 captures 

vere made of 425 individua1s. Details on the 1t"/cation movement and size 

of each individua1 vere recorded at each capture. 

An important by-product of this study ws the deve10pment of 

an improved method of mrking snakes by branding. This technique has 
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sev03ral advantages over those previous~ employed: (1) it speeds up 

the marking procedure, (2) is less 1ike~ to cause an open wOlmd which 

might become infected, (3) is practical for marldng the smallest snakes, 

and (4) produces a œrk which does not perceptib~ change over a two 

year periode 

Experiments in the field revealed that the internal tempera­

ture of snakes ws DlOst close~ correlated with the temperature near the 

grourn, tempe rature readings taken at this level vere used throughout the 

stuqy as they reflected the~l conditions experienc~d b,y the snakes 

themselves. 

Frequent sampling revealed two dai~ peaks in the utiliza­

tion of tin caver b,y snakes. These peaks were found to coincide wi th 

periods during which the temperature beneath the tin vas higher than 

temperature at the surface. Such conditions normally occurred at 

09.00 hours and 16.00 hours but rain or prolonged cloud caver shifted 

the time of their occurrence. By referring to the temperatures taken 

at the tin sites we vere able to adjust the time of the sampling "runs" 

to coincide vith the periods of mxi.mum tin utilization by snakes. 

st~ of the mavement of snakes indicated that approximate~ 

half the Thamnophis population lmdergo a biannual migration. Chi-square 

tests supported the hypothesis tbat migration between the wooo.s and 

lowest areas of the field, occurred in the spring and fail months. It 

vas thought tbat such a migration allowed optimum use of the seasonal.ly 

suitable microclimates fOlmd in the woods and field. 

Over hal! the Thamnophis captured more than three times 

confined their activity to an area less than 30 maters in diameter for 

a month or longer, the activity range of these individuals ws calcu­

lated as .09 hectar, smaller than previous~ suggested. Further evidence 
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of the existence of an activity range lBS found in the homing bebaviour 

of displaced individuals. 

As it seemed, from the results of other workers that the 

size of activity ranges varied with the type of habitat, the evidence 

tbat both activity range and migration behaviour existed in our po~ 

lation ws considered more important than their absolute size. Among 

those animals captured more than three timea two distinct~ differ~nt 

types of movement occurred: (1) a long swift move of more than 90 meters 

in two weeks and (2) a restricted movement of leBs than 11 meterB in 

a month. There WB not a single individual WOBe movement placed him 

in an intermediate category. ThoBe individuals having a restricted 

sphere of activity (non-migrants) occupied ranges which typically 

centered on a large stone pile, migrants on the other band were seldom 

associated with these structures. It seemed probable that these piles 

provided suitable hibernacula for a portion of the population and thus 

eliminated the need to migra te. 

Data obtained on the movement of Storeria was inconclusive. 

Although this species ws active, their sphere of activity ws extreme~ 

small and difficult to measure using our fixed tin technique. 

Grawth statistics have been obtained for both Thamnophis 

and storeria in our area. The mean length of Thamnophis at birth ns 

near 205 mm., close to that reported in other areas. 8toreria on the 

other hand had a mean length of 110 mm. at birth, considerab~ greater 

than previously suggested. Both species give birth in ear~ September, 

somevhat later than reported in Michigan and Illinois. 



Differences in the pattern of growth between the two 

species have become evident, while Storeria young grow at a rate of 

II mm. per week immediate~ a.fter birth, Thamnophis graw only slight­

ly until the following spring when their ~ growth rate of 10 ~ 

per week is attained. 

Growth rates of Thamnophis in different age classes 

correspond closely only with those found in Illinois, but may not be 

significantly different from those rates found in other areas unless 

the habitat and season are simi la r. 

Data on litter size were inconclusive but suggest that 

while storeria bear litters of a size equal to those farther south, 

Thamnophis may produce fewer young in our area than elsewhere. 

An attempt vas made to estimate the numbers of both 

Thamnophis and Storeria. Bearing in minci that our populations contain-

ed a number of trap-prone individuals, five standard formulae for the 

estimation of animal numbers were applied to the data. Due to the 

failure of the assumption that the population is rando~ sampled, i.e., 

that each individual has an equal chance of capture, estimates derived by' 

four of the methods were low. The simplified derivation of the M.L.E. 

for the geometric distribution of capture frequene,y, as it seems less 

affected by' trap-prone tendencies in a population, gave what are con­

sidered to be the mOst reasonable estimates of the number of animals 

in our population. 
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n. LIST OF FIGURES 

1. Kap of the study area. 

2. Photographs showing - (a) A Tin. 

(b) The marking method. 

3. (a) Temperatures beneatb framed and unframed tins. 

(b) The relationship between tin temperatures and the temperature 

one inch above the surface. 

4. The relationship of air, tin, and surface temperatures throughout 

the day. 

5. An illustration or the migratory movements of certain individuals 

and the months in which the;y occurred. 

6. A map of the area, showing the distinct~ different types or 

movement associated with migration and "activity range" behaviour. 

7. A graph of the increase in the length of Thamnophis with time. 



Figure 1. 

Map of the study area showing the distribution of tins, the 

orientation of fields one, two and three, and the location of 

rock piles. 
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Figure 2. 

(a) Photograph of a tin with Tay-lor indoor-outdoor thermometers 

to register air tempe rature at three feet and at one inch 

above the grourrl as vell as the tempe rature beneath the tin. 

(b) Photograph showing a snake being œrked by branding. 





Figure 3. 

(a) A graph of the temperatures beneath framed and unframed 

tins showing a mean difference of 5.,0 C. between the 

two and no significant difference in temperature fluctua­

tion over an hour. 

(b) A graph comparing the temperature beneath a tin with that 

one inch above the ground in an exposed position, indicat­

ing that the former remains relatively constant while the 

latter fluctuates rapidly with changes in wind and cloud 

caver. 



40 

35 

35 

30 

25 

26/S/67 10.40 HRS. 

UNFRAMED TIN 

.-._.-.~ ~.-.-.-. ,/ .-.-.~. 

/ . 
• 

FRAMED TIN 

.--. 
.-. /.-.-.-._._._._.-. .---

5 10 15 20 25 30 35 40 45 50 55 60 

MINUTES 

6/7/67 13.10 HRS. 

. "" .---.-............ . ~._.--. 

'"", /"""", ----, . . 

.\."". TIN TEMPERATURE ""' . 
. '" 
\,~p. A::'INCH 

'\/ 
• 

5 10 15 20 25 30 35 40 45 50 55 60 

MINUTES 



Figure 4. 

A comparison of air, tin and surface temperatures, 

illustrating the inversion of tin and surface tempera­

tures at OS.30 and 15.30 hours. 
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Figure 5. 

Showing migrator.y movements ~ the month in which 

th8.1 occurred. (T. sirtalis) 

A movement or more than 90 metera wi thin 

a two week period in a wester~ direction. 

A movement or more than 90 metera within a 

two week period in an easter~ direction. 

No captures made. 

o A single capture oIlly, thus no data on 

movement. 
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2610 - .. 0 ~ -
2814 - .. ~ - -
21014 - - - ~ -
21214 - 0 Ô- .oô -
21216 - - ... - Ô-

21416 0 0 0 Ô-

33 - 0 ... 0 Ô-

468 - - - ~ -
47 ... 0 0 Ô-
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Figure 6. 

An extract from figure one combined with data from table two 

and figure five, showing the movements of two typical migrants, 

numbers 12 and 49, which move fram east to west in the spring, 

(black arrowa) set up a home range, then return to the wooded 

eastern edge of the plot in the fail (clear arrows). 

The restricted activity spheres of 3 non-migrants are shown 

(circles 5, 24, 21020). Typically these center on rock piles 

(RA and RB). 

Other data when added to this figure is merely superimposed 

on that shawn, and has been omitted for clarity. 
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Figure 7. 

A graph of' the increase in the length of' Tbamnophis 

with time, showing three distinct size groups. Young 

born in the f'all a t 205 mm. grov to mean length of' 388 Dm. 

in September of' the f'irst groving season. Second and third 

year individuals reach 549 mm. am 648 mm. respective~ 

by f'all. 
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nI. LIST OF TABLES 

1. The inversion of tin and surface temperatures during raine 

2. The activity ranges of Thamnophis; their Bize, center, and. length 

of occupancy. 

3. The mean lengths and growth rates of snakes in different age classes. 

4. Population estima.tes derived using five standard formulae. 



Table 1. 

A comparison of "tin" and "surface" temperatures (Of.) during the 

period of maximum snake captures, illustrating the inversion of 

their relationship during periods of rain. 



CONDITIONS - HAIN CONDITIONS - CLEAR 

Date Temperature Temp. at ln Date Temperature Temp.at 1" 
Under Tin lunder Tin 

12-6-67 62 68 10-6-67 74 68 
1730 1800 

26-7-67 82 S6 21-7-67 94 S4 
1730 1700 

18-8-67 55 62 17-8-67 77 72 
1200 1800 

9-7-68 59 64 6-7-68 86 79 
1600 1700 

7-8-68 60 68 5-8-68 S2 69 
1600 1800 

6-9-68 58 6J. 9-9-68 80 72 
1630 1700 



Table 2. 

The activity ranges or Thamnophis; their Bize, center, and length 

of occupancy. Range centers refer to fields and stone pUes 

(figs. 1 and 6). 



Snake Range 'l'1me Re capture s Migration 
lNumber 

Center Radius 1967 1968 
Meters 

5 RB 15 2.0 2.0 6 -
12 Field 2 10 1 DIO. - 6 + 

24 RB 14 1 capt. 1.5 DIO. 9 -
2410 Re 9 - 1 DIO. 3 -
2414 RB 12 - 2 DIO. 15 -
2610 Field 2 15 - 1 DIO. 3 + 

2618 RB 6 - 1 DIO. 5 -
2810 RB 9 - 1.5 DIO. 5 -
2816 Field 3 11 - 2 mo. 4 -

21016 RA 14 - 1.5 DIO. 4 -
21020 RA 11 - 2 mo. 15 -
21420 RA 12 - 2 DIO. 3 -
21618 RA 8 - 1.5 DIO. 6 -

33 RA 10 - 2 mo. 16 + 

38 RA 10 - 2 mo. 11 -
40 RA 15 1 DIO. - 3 -
45 RB 12 1 mo. 1.5 DIO. 5 -

4614 Field 3 13 - 1 DIO. 4 -
47 RA 14 2 mo. - 18 + 

49 Field 3 15 1 mo. 1 DIO. 7 + 

51 RB 11 1 mo. 1 DIO. 10 -
68 RA 9 1 capt. 1 DIO. 4 -
73 RC 10 1 capt. 1 DIO. 4 -
89 RA 7 - 1 mo. 6 -
99 RB 5 1 DIO. 1 capt. 4 -



Table 3. 

Grow't-h sta tistic8 tor both Thamnophis and storeria. Figures given 

for third and tourth years are estilDates, as overlap ot lengths 

between successive age classes may cause contusion between three 

and tour year old individuals. 



THAMNOPHIS 

Age Date Original Growtb/Wk. Length Length 
Length 1IIIl. Dm. Sept. 14 May 14 

DIIle Dm. 

Birth Sept. 1 205 - 205 229 

1 ~sl4 229 10 388 406 

2 M14-S14 406 8.8 549 559 

3 M14-S14 559 5.5 648 660 

4 M14-S14 660 2.7 7(13 

S'l'ORERIA 

Age Date Original Growth/Wk. Length Length 
Length Dm. DIJle Sept. 14 May 14 

mm. BIll. 

Birth Sept. 1 110 11.0 132 156 

1 Ml-Sl4 156 4.5 238 251 

2 Ml-Sl4 251 3.5 305 305 

3 Ml-S14 305 2.3 343 



Table 4. 

The number of animals marked during each of two years, (excluiing 

juveniles) and the population estimates derived using five standard 

f'ormulae for the estimation of animal numbers from recapture data. 



Estimation 
Formulae 

1967 

1968 

Thamnophis 

# Marked 

45 

65 

Estimation 
Formulae 

1967 

1968 

storeria 

# Marked 

36 

52 

Lincoln Eberhardt 
IndU: 

55 75 

75 95 

Schnabe1 Schumacher Chapman 
Esc1lume7er 

42- 48 50 

57 63 64 

Lincoln Eberhardt Schnabe1 Schumacher Chapman 
Eschumeyer Index 

67 75 32 47 49 

75 88: 38 45 51 


