A ZOOGEOGRAPHICAL STUDY
OF THE

AVPHIBIANS AND REPTILES OF EASTERN CANADA

J. Sherman Bleskney

Thesis submitted to the Faculty of Graduate Studies end Research
in partial fulfilment of the requirements for the Degree of
Doctor of Philosophy in MeGill University.

AUGUST 1956



TABLE OF CONTENTS

INTRODUCTION o o o ¢ o o o ¢ o o ¢ o o o 6 s o 0 ¢ s o »
PHYLOGENETIC LIST OF AMPHIBIANS AND REPTILES

OF EASTERN CANADA o o o s ¢ o ¢ ¢ ¢ o 6 s 0o 5 o ¢ o o
RIVEW OF LITERATUREs o o o ¢ o 5 o s ¢ o o s o s o o o o
MATERIALS AND METHCDSe o ¢ o o ¢ o ¢ ¢ o s 6 06 6 6 0 o o
DESCRIPTION OF AREAe o o o o ¢ o o o s o o o ¢ o 6 ¢ 0 o
RARE OR QUESTIONABLE REPORTS o o o o ¢ o ¢ o s o o o o o
ZOOGEOGRAPHY OF THK ALPHIBIANS AWD RYPTILES OF

EASTERN CANADAe o o ¢ o o o 2 o 6 o o ¢ s ¢ o o 6 0 o

(1) Zoogeography of Present-day Herpetofauns « « « .

(2) Factors Limiting the Distribution of Amphibians

and roptilesSe o o o o ¢ o 6 o 6 s s s 6 e 8 e
(3) Zoogeography of the Herpetofaune During the
Postglecial Period o « o o o o o o ¢ o o o o o o

UNSOLVED PROBLEMS® o o o ¢ o ¢ o o o 8 s o o o s o o & o
SUMMARY e o o o o o o ¢ 5 6 o ¢ 6 o s 06 o 0 8 ¢ ¢ 3 o o
ACKNOWLEDGEIENTS o o o s o o o ¢ o o o o o 8 o o o o o o
BIBLIOGRAPHY OF DISTRIRBUTION REPORTS FOR EASTLERN CAMADA.
REFERENCES CITED o o ¢ o o ¢ o o o 5 ¢ o ¢ o o o o o o o
TABLES
MAPS

DIAGRAM

page

18

21

26

38

38

67

87

106

108

110

111

123




INTRODUCTION

Amphibiens and reptiles compri se an important major segment of
the vertebrate fauna of Canada: major in the sense of numbers of in-
dividuals; and importent in the sense of ecomomic value. The numbers
of insects, other invertebrates, small vertebrates and especially
rodents that these animals comsume during a summer season are astro-
nomicel and attests to their economic value to Canadian agriculture and
forestry. An example is Buckner's 1952 report on the predation of larch
sawfly by frogs. It is also apparent that they themselves present a
diverss and multitudinous source of food for other creatures.

However, in spite of this vital position which the amphibians
end reptiles hold in our fauna, their position in our literature has
been one of obscurity. There have been many "nature observations" pub-
lished, a number of range extensions, and a few local check lists, but
no zoogeographical studies, no taxonomic studies, and up to August of
1955 (Logier and Toner 1955) no comprehensive check list with distribu-
tion maps of Canada's herpetofauna was in existence. The maps and
texonomic works prepared by United States workers are, for the most
part, inaccurate where the species concerned range into Canada. The
erux of the problem is that so little specific collecting of amphibians
and reptiles has been done in Canade that specimens upon which distribu-
tional and taxonomic sbudies could be based were not available previous
to this writers work. A brief example will illustrate. The Painted

Turtle, Chrysemys picta, a ubiquitous North Americen species of pond

turtle, is common in certain sections of both New Brunswick and
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Nova Scotia, yet until one specimen was sent from Nove Scotia to the
National Museum of Canada in 1934, herpetologists of the period did not
realize that this species' range in eastern Canada extended east of the
Richelieu River in southern Quebec. Regrettably this information did not
reach chelonologists in the United States for some time and Pope's
"Turtles of the United States and Caneda" printed in 1949 excluded

Chrysemys picta from the Maritime Provinces. A similar lack of infor-

mation is apparent in Carr's 1952 "Handbook of Turtles of United States,
Canada end Baja California" where the line designating range limit of

the Painted Turtle in eastern Canada is much too far north of the actual
distribution of this species as determined by my own surveys in that area.

This writer conducted a herpetofaunel survey in Nova Scotia during
the summer of 1950. By the spring of 1951 it was apparent that the
herpetology of Canada was a relatively unexplored field and tentative
plens were made t0 extend the Nova Scotia survey gradually westward.

Those plans have materialized end the end result to date has been explora-
tions through Nova Scotia, New Brunswick, Prince Edward Island, Quebec,
end parts of eastern Ontario from 1950 through the summer of 1956 with a
total of ebout 6,000 specimens collected by myself. (See map 1 for

sites where I have made collections.) .

The original purpose and aim of my work was to discover what
fpocies of amphibians and reptiles occur in eastern Canada smd to define
accurately their distributional limits. This survey has subséquently
expanded in scope md the findings may now be classified under (1) new
distribution records, (2) zoogeographic patterns, (3) taxonomic aspects,

and (4) life history observations. Only the first two items of this
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original information will be discussed in this thesis. The taxonomic
aspects are a lengthy study in themselves.

For this thesis I have conducted the first herpetofaunal surveys
devoted specifically to collecting in Canada, and I have compiled dis-
tribution maps based on this material plus all previous published
records and many unpublished ones which I have discovered. Schmidt
(1950) emphasized the importance of such work when he said "It is at
the borders of ranges that new environments....challenge the capacity
for further svolution of the expanding species. Thus it is of the utmost
importance to evolutionary studies to define the borders of ranges of
species and subspecies of animals in order to come to grips with problems
as to the limiting factors". In addition, several misidentifications
have been corrected and past dubious records or reports are here criti-
cally considered. On the basis of di fferences in species composition
and population densities I have described for the first time the extant
herpetofaunal sections of eastern Canadae I have pointed out some of
the possible environmental factors involved in limiting the distribution
of these amphibians and reptiles and have produced a simple but seem~
ingly effective Environmental Temperature Index which enables one to
predict the presence or absence of a species in any region of Eastern
Cenadae. Further, I have attempted to explain this present day zoogeo-
graphic picture through a discussion of the probable postglacial history
of eastern Canada's herpetofauna.

In all there are 43 species and subspecies involved end as is

ineviteble the amount of material gathered for each varies considerably.
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In spite of the smount of informetion accumulated over the past seven
years, more questions have been raised than answered and these rather
interesting problems will comprise a section umto themselves towards the
end of the thesis.

The nomenclature is that of K.Pe Schmidt's 1953 "A Check List Of
North Americen Amphibiens and Reptile s" which is issued by the American
Society of_Ichthyologists and Herpstologistss The present day accepted
procedure in herpetology is to eliminate the use of parentleses around
the describer's name in cases where the genus hes been changed since
the species was named. The present writer btakes exception to the treat-

ment of the Common Toad and the Wood Frog in this check list and has

reduced Bufo terrestris americanus and B. t. copei to B. americanus, and

reduced Rena sylvatica sylvatica and R. s. cantabrigensis to Re. sylvatica

(see Logier and Tonmer, 1955, for a similar viewpoint). A phylogenetic

list of the emphibians and reptiles of eastern Canada follows immediately.
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PHYLOGENETIC LIST OF THE AMPHIBIANS AND REPTILES OF EASTERN CANADA

Class: Amphibia

Order: Caudata

Family:

Familys

Familys

Family:

Proteidae

Necturus maculosus maculosus Rafinesque - Mudpuppy.

Ambystomidae

Ambystoma jeffersonianum Green - Jefferson's Salamander.

Ambystoma maculatum Shaw - Spotted Salamander.

Selamendridae

Diemictylus viridescens viridescens Rafinesque -

Red=-spotted Newt.
Plethodontidae

Desmognathus fuscus fuscus Rafinesque - Dusky Salamender.

Plethodon cinereus cinereus Green - Red=backed Salamander.

Henmidactylium scutatum Sehlegel - Four-toed Salemander.

Gyrinophilus porphyriticus porphyriticus Green =

Purple Salamasnder.

Eurycea bislineata bislineata Green - Two-lined Salamander.

Order: Salientia

Femilys

Familys:

Bufonidae

Bufo americenus Holbrook = Common Toad.

Hylidae

Hyle crucifer crucifer Wied - Spring Peeper.

Hyla versicolor versicolor LeConte ~ Common Tree Froge

Pseudacris nigrita triseriata Wied - Swamp Cricket Frog.




Family: Ranidae

Rena catesbeiana Shaw - Bullfrog.

Rana clamitans Latreille - Green Frog.

Rana septentrionalis Baird - Mink Frog.

Rana sylvatica LeConte - Wood Frog.

Rena pipiens pipiens Schreber - Leopard Frog.

Rana palustris LeConte ~ Pickerel Frog.

Class: Reptilia
Order: Chelonia
Family: Chelydridae

Chelydra serpentina serpentina Linnasus = Snapping Turtle.

Family: Kinosternidae

Sternotherus odoratus Latreille - Musk Turtle.

Family: Emydidae

Clemmys guttata Schneider - Spotted Turtle.

Cleommys insculpta LeConte - Wood Turtle.

Emys blandingi Holbrook - Blanding's Turtle.

Graptemys geographica LeSueur - Map Turtle.

Chrysemys picta picta Schneider - Eastern Painted Turtle.

Chrysemys picta marginatae Agassiz - Central Painted Turtle.

Family:s Chelonidae

Lepidochelys olivacea kempi Garman =- Atlantic Ridley Turtle.

Caretta caretta caretta Linnaeus - Atlantic Loggerhead

Turtle.



Family: Trionychidae

Trionyx ferox spinifera LeSueur - Spiny Soft-shelled Turtle.

Femily: Dermochelidae

Dermochelys coriacea coriacea Linnasus - Atlantic Leatherbeck

Turtle.

Order: Sauria
‘Familys:s Scincidae

Eumeces fasciatus Linnseus = Blue-tailed Skink.

Order: Serpentes
Family: Colubridae

Natrix sipedon sipedon Linnaeus = Northern Water Snake.

Storeria dekayi dekayi Holbrook = DeKay's Snake.

Storeria occipitomaculata occipitomaculata Storer -

Red-=bellied Snake.

Thamnophis sauritus sauritus Linnaeus = Ribbon Snake.

Themnophis sirtalis sirtalis Linnaeus = Eastern Garter Sneke.

Diadophis punctatus edwardsi Merrem - Eastern Ring-necked

Snake.

Coluber constrictor constrictor Linnaeus = Black Reacer.

Opheodrys vernalis vernalis Harlan - Eastern Smooth

Groen Snsake.

Elaphe vulpina gloydi Conent - Eastern Fox Snekse.

Elaphe obsoleta obsoleta Say - Pilot Black Snake.

Lampropeltis doliata triangulum Lacepede - Eastern Milk Snake.
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REVIEW OF LITERATURE

Herpetological writings which concern Eastern Cenade are for the
most pert distributional in nabture and limited to brief notes and loecal
check lists. These are to be found in the "Bibliography of Eastern
Cenadien Distribution Reports’et the end of the thesis. Only the more
inclusive contributions, which in actuality summarize the briefer notes,
will be comsidered in this review.

The questionable reports that are mentioned in this review are
discussed in detail in that section of this the sis entitled "Rare or

Questionable Reports".

Bastern Cenada. Beginning with those papers that are concerned with

broad regions of Eastern Cenada, the writings of Philip Cox, of New
Brunswick, are the earliest. He collected in Gaspé, New Brunswick,
Prince ldward Island, end Nova Scotia end reported his findings in 1899.
In 1907 he published an emnobated list of lizards and salamanders of
Canade but the emphasis was on his own personal experience with the
various species in the Haritime Provinces and Gaspé.

The next major contribution to regional herpetology in Cenada was
not made until 1942 when Logier and Toner of the Royal Ontario Museum
published the first list of the amphibians and reptiles of Canada, a
total of 96 forms. They did not, however, attempt to delimit the ranges
of any of the species. Many of the subspecies are not now recognized
and several mew species have been discovered since then. The latest

total of species and subspecies stands at 100.
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Soon after, in 1948, R.C. Mills compiled & check list of emphibiens
and reptiles for Canada, with descriptions of known ranges of each species.
These ranges were based on all the records both published snd unpublished
that Mills could locate. Unfortunately, he quoted only a few of these
sources so it is impossible to check the originel specimens or descriptions.
A paper entitled "An Analytical Study of the Geographic Distribution

of Rana septentrionalis" was written by J.A. Moore in 1952. It is the

only herpetological study thet includes eastern Canada in its scope.
However, several of his conclusions are invalid because he believes that
this species ranges only to 50°N latitude whereas it actually occurs as
far north as 57°30'N latitude. In addition he had no records from the
provinces of New Brunswick, Nova Scotia, or Prince Edward Island.

In 1952 Wright and Wright produced & monumental paper listing by
state and province all the different species of snakes that have been
reported in North America. Each province is given an accredited list
and a problematic list, but it is only in the latter that the occasional
reference is given.

In this same year Clarke, Irwin and Co. published EeBe.S. Logier's
book "The Frogs, Toads, and Salamaenders of Eastern Canada". It is
primarily written for the general public but does have keys, illustra-
tions of each species, and a description of the distribution of each
forme Some of these distributionel limits have become obsolete as a
consequence of my own work in eastern Canadsa, but the book otherwise
stends as a cormerstone in Csnadian herpetological litersture because

of its scope, keys, illustrations and sound texonomic discussions
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(particularly on Bufo americanus and Rana sylvatica).

E«B.Se Logier has been writing about Canadian amphibians end
reptiles since 1925 and must be considered the first outstanding con-
tributor to Canadian herpetology. Although most of his publications
pertain to Ontarioc his interests have always been Canad@é§3wide and
his years of gathering records has finally culminated in his 1955
"Check List of Amphibians end Reptiles of Canade and Alaska". This
work conteins the first spot distribution meps ever to be published for
Canadian amphibians and reptiles. Dach species is mapped and the re-
cord source given for each spot on the maps. This check list contains
36 of my own recent range records and is therefore more accurate on the
eastern Canadian species than any previous reference.

My own paper on "Renge Extensions of Amphibians in Eastern Canada"
was published in 1954 in the Canadian Field Naturalist and contains
51 recordse. It is in essence a summary of little known and new
collecting records for all of eastern Canada north to the tree line and
including the major islends of the Gulf of St. Lawrence. Fourteen
species are discussed and meny of the renge extensions are hundreds of

miles in extent.

Eastern Ontarioe Eastern Ontario is defined as that part of the province

east of a linme from Pembroke to Kingston. This region has a remarkably
poor herpetofauma when compared with southwestern regions of the same
province. Consequently it was not so attractive to the early Ontario
naturalists, who confined their collecting and remarks to the latter

areas The founding of the Ottawa Field-Naturalists Club in 1879 created



-11 =
a publications outlet for matwre observations by eastern Ontario
neburelists and soon after herpetological notes were contributed. How-
evor, the first list of amphibians and reptiles for the region was not
published until 1918. This list of 20 species from the Ottawa area by
CeLe Patch (my predecessor as National Luseum herpetologist) has since
been increased to 30 species. One of the additions was the Map Turtle

Graptemys geographica which was reported from the Ottewa River drainage

for the first time by Patch in 1925.

In the same year Dymond's annotated list of +the amphibians'and
reptiles of Lake Abitibi appeared. It is an important contribution be-
cause the paucity of snakes and the absence of turtles in that area
demonstrated that their northern limits lie somewhere to the south of
this lake.

"The Amphibians of Ontario" by Logier (1937) is a descriptive
pamphlet end mentions & stribution only generally for some of the rarer
forms. However, his "Reptiles of Ontario" published in 1939, treats
the distributionel aspect in some detail giving county local ities,
mileages from specific points, snd even verbal reports by local in-
hebitants. Nevertheless, both handbooks are weak on eastern Ontario
specifically because of lack of collections from there.

Toner and St. Remy helped remedy this situation with their
"Amphibians of Bastern Ontario" in 1941. They summarized the scattered
published records, old unpublished collections in the Royal Ontario
Museum and Netionel Museum of Cenada, end added the results of their

own field work to give a complete coverage of records for the eastern
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peninsula of Ontario to as far west as Frontenac end Renfrew Counties.

Quebec. Perhaps the first hefpetofaunal survey ever to be conducted

in Canada was D'Urban's natural history survey of the-Rouge River
lasting from May 13 to October 19, 1859, His party travelled the river
from its junction with the Ottawa River near Calumet to its tributaries
in the Lake Tremblant area. In addition, many tributery streams and
lakes were visited. His list is well amnotated, and his remarks as to
relative abundance and rarity of various species are most valuable be-
cause little herpetological collecting has been done in this southern
Laurentian region since that date.

The next major contributor in Quebec was Provancher, who founded
the periodical "Le Naturalist Canadien" in 1868 and in honor of whom the
- Provancher Natural History Sociebty was formed. He contributed articles
on amphibians eand reptiles from 1869 until 1878 and his two most impor=-
tant ones are "Faune Cenadien: Les Reptiles" in two parts, 1874 and 1875.
These papers deal with the amphibians and reptiles of the St. Lawrence
River Velley from Montreal to Quebec'City. In addition, he mentions

the earlier occurrence of the Milk Snake, Lampropeltis doliata triangulum,

in the Eastern Townships and the absence of turtles in the Saguenay
Velley region.

It was not until 1937 that anyone published again on Provancher's
territory. In this year Alexandre producé "Les Couleuvres du Quebec®

ard "Les Tortues du Quebec" which, unfortunately, do not contain any

distributional data. The same holds true for his 1945 treatment of
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Qusbec frogs end toads. However, the local ity records that Alexandre
has gathered were sent to Logier end have been incorporated in the
latter's 1955 "Check List of Amphibiens end Reptiles of Canade and
Alaska®". Meny of Alexandre's collections constitute valuable range
extensionse.

During 1937 Trapido and Clausen collected amphibians and reptiles
in Quebec frpm the Lake St. Jolm ares, along the south end north shores
of the St. Lawrence River, in parts of the Eastern Townships, ad in
the Gaspé Peninsula. They published in 1939 and performed a vealueble
service by reviewing the previous Quebec literature in their discussion
of each species.

Another contribution to our knowledge of the Gaspé salientia was
made by Moore amd Moore in 193¢ who added three frog species to the
Trepido end Clausen list, and reported on the relative abundance of
these and several other species.

The first and only eannotated list of the amphibians of the
Laurentide Park was issued by V.D. Vladykov in 1949 but it is of a cursory
nature with only collections of larvee representing some of the species.

An inclusive popular treatment, in French, of the amphibians
and reptiles of Quebec province was written by C. Melangon in 1950. It
is primrily concerned with life histories and folk lore end contains a

minimum of distributional data.

Ungave and Labradore. The first collections smd reports of amphibians

from the subarctic regions of eastern Cemada came with Packard's 1866

report of frogs from the northern Labrador coast. One of his records,
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Rena septentrionalis from Okak, had remained in doubt until substentiated

by the 1955 collections of D. Oliver, of McGill University, from the
same latitude (specimens now at the National Museum of Cenada) end the
report of the "Blue Dolphin" collections from the Lake lMelville area
by Backus in 1954.

In the latter paper Backus discussed the few previous records of
semphibiens from Labrador and listed the many localities where the "Blue
Dolphin" expedition collected the four different species of salientia
that they found.

The first collections ever to be made of frogs near the eastern

Cenadien tree line were of Rana sylvatice taken in 1948 by two separate

parties. Hildebrend published a detailed report of his observations at
Fort Chimo on adult Wood Frogs, eggs snd tadpoles in 1949. Gabrielson
Wright caught one R. sylvetica across the river from Fort Chimo and

mentioned this in their 1951 report on the birds of that arsea.

Anticosti and Newfoundland. The early reports of Verrill (1863), Maret

(1867), end Schmidt (1904) on the herpetofaune of Anticosti Island end
Newfoundland were reviewed by Johansen in his 1926 paper on the amphibians
end reptiles of the larger islands of the Gulf of St. Lawrence.
(exclusive of Prince Edward Island and Cape Breton Island). Johansen
visited Anticosti, Newfoundlend end the Magdelen Islands end found no
representatives on the last group but did note that frogs had been in-
troduced to the first two islands and were thriving end spreading.

One of the few notes on the marine turtles of Cenada was contribu-
ted by Squires with his 1954 paper on marine turtle records from

Newfoundl end waters.



New Brunswicke The first naturalist to write about the amphibians and

reptiles of New Brunswick was A.L. Adams whose additional travels

through the adjacent New Englanﬁ States had acquainted him with meany
species common to eastern North Americe. In his "Field end Forest
Rambles" (1873) he discusses the occurrence of many amphibisns end
reptiles in liaine and Few Brumswicke It is a rather disturbing list
because certain species which are now known to be common in New Brunswick
he stated as being absent at that time, and in turn, he records several
species which have never since been observed in this province.

The only other major contributor to our knowledge of the
amphibiens and reptiles of New Brunswick is P« Coxe. In addition to his
papers el ready mentioned on the Maritimes in general, he campiled a list
of New Brunswick amphibians in 1898. The list is nearly complete but,
as with Adams' account, it has a few species that have never again been

reported from this provincee.

Prince Edwerd Islarmd. The early writings on the herpetofauna of Prince

Edward Islend by lellish in 1876 and Bain in 1890 are very general and
seem to be compounded of equal parts of observation, hearsay and
imagination. The first list of the Prince Edward Island herpetofauna

was done by Hurst in 1944 but he was concerned solely with the amphibiens.

The list is incomplete and lacks distributional data.

Mova Scotia. Nova Scotia's herpetofauna was reviewed for the first time
by Jomes in 1865. His excellent article was long (14 pages) and in=-

cluded all the observations end reports that he could muster, including
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several very dubious onese

A discussion of Novae Scotian snakes was contributed by Gilpin
in 1875 1In it he gives distributional data, life history notes,
measurements of eggs, young and adults, and types of habitats that the
various species seem to mefer.

During the latter part of the nineteenth century a collection
of Nove Scotien emphibians end reptiles was accumulated at the Pietou
Acedenry. McKay performed a veluable service by publishing a list of
these specimens in 1896, for in 1932 the entire collection and
accession books were consumed by fire. TIwo species represented in that

collection, nemely Hyla v. versicolor and Coluber c. constrictor, have

not been preserved in eny other Nove Scotia collections.
He Piers, curator of the Nove Scotia Provinciel Museum from
1899 to 1940, was a very careful observer and recorder and annually re-
ported on the provinecisl amphibians and reptiles that were acquired by
the museum. Unfortunately, most of his records are buried in the "Annual
Reports of the Provincisal Ifuseum and Science Library" and they have re-
ceived little attention. Excluding the past few years, he was the only
Cenadian herpetologist who had & keen interest in the marine turtles
end most of owr records of these forms can be attributed to his efforts.
Not until 1952 was any further significant information published
on the smphibians end reptiles of this province. In that year Richmond
contributed & brief but valumble emnotated list of nine emphibians and
reptiles from poorly collected Cape Breton Island, and Bleakney pub-

lished "The Amphibians and Reptiles of Nova Scotia". The latter consists
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of an annoteted list of 22 species and subspecies, containing distribu-
tional data, measurements, spot end scale counts with discussion of
same, notes on life histories and new information on the life histories
of several species, plus a brief discussion of the effects of the post~
glacial climate on the herpetofauna of Nova Scotis end New Brunswick.
No previous paper concerned with Canadian amphibiens and reptiles has
been of such scope or in such detail, and nothing similar to the
provinecial wide survey that preceded this study had ever been attempted
in any other province.

If only the major papers on the distribution of the eastern
Canadisn herpetofauna are considered over the past 100 years, then the
general sequence of this literature is one of three phases: a period
from 1859 to 1907 of fifteen importent papers with a peak of contribu-
tions in 1899; a hiatus from 1907 to 1926; and a total of fifteen pepers
since that date, with six of them conbtributed since 1950.

Few of these articles and notes give any idea of the relative
abundance of individuals of the differént species of aemphibiens and
reptiles in one area, or the relative abundance of the same species in
different areas. However, this writer found that population densities
and species composition both vary considerably from region to region
(often strikingly) end it is from e knowledge of these variations that
the Herpetofaunel Sections of eastern Canada, described for the first

time in this thesis, can be derived.
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MATERIALS AND METHODS

A majority of the specimens used for the distributional date and
nearly ell of those used in the texonomic studies, not yet published,
WGre collected by the author. Because present practice attaches taxo-
nomic significance only to the population as a wnit large series of
specimens were collected wherever possible. Approximately 6,000 speci=-
mens of 34 species were collected personally, of which 3,700 are adult
specimense These specimens are now deposited at the National Museum
of Cenada end the Nova Scotia Museum of Science.

Additional sources of mabterial include the many donations of
specimens that were made directly to me by interested persons, and
specimens or information from other institutions. These institutions
include the Nova Scotia Museum of Science, the Royal Ontario Museum,
the New Brunswick Museum, the Quebec Provincisl Museum, the Museum of
the Miremichi Natural History Society of New Brunswick, the Institute
of Parasitology, and Cornell University.

The literature consulted during this study is listed in
"References Cited" and in the "Bibliography of Distribution Reports for
Eastern Canada'.

Another vital source of information was the verbal accounts given
me upon questioning by locel inhabitants, perticularly young boys. My
main purpose with these questions was not to determine how many species
occurred in any one area, because few people are acquainted with the
many secretive forms of amphibians and reptiles, but rather to determine
only the abundence of turtles end the Garter Snake in different

localities. These animals can be termed climatic indicators for they
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are most common in warm velleys and often absent outside of them.
Excluding extreme eastern Ontario and extreme southern Quebec, the rest
of eastern Canada is ideally suited to this kind of questioning because
the three species of turtle and the Garter Smnake are conspicuous
animels being active diurnal forms as opposed to secretive and/or
nocturnal forms, esnd if they occur in an area the local inhabitents
Inmow of it. Where these reptiles are abundant most other eastern
Canadiaen amphibians end reptiles are also common, and conversely, where
they are scarce or absent the herpetofauna is generally poor in species
end individuels.

I feel that this method of inguiry produces valid informetion and
I have used it extensively and effectively as an aid to locating the
best collecting ereas, as a check on my own collecting in an area, and to
gain infomation from areas through which I travelled but in which for
various reasons I did not or could not collect.

Specimens collected include eggs, young end adults. HMany of the
amphibians were teken at night by the light of a five-cell battery head-
lemp, especially during the breeding season when they become concentrated
 at the ege-laying sites. The reptiles were collected for the most part
during the daylight hours. Dip-nets, 6 foot amd 15 foot sweep seines,
snake tongs, and .22 and .410 caliber shot were employed in gathering
specimens. Full field notes on temperature, habitats, hebits end other
observations were recorded. An effort was made to capture the specimens
alive so that they could be killed later with ether and measured in a
relaxed conditione. The sex and wvarious measurements were recorded

directly on specisl dats sheets.
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All specimens, when etherized, measured, and labelled, were in-
jected with 5% formalin and arrenged in a fixing pan containing 5%
formlin. After a period of from 2 to 24 hours in the fixing bath, the
amphibians were stored in 3% formalin, the snakes in 5% formalin end
the turtles in 10% formelin. Specimens at the National Museum of Cenada

are stored in the dark at a constent temperature of 52°F.
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DESCRIPTION OF AREA

The area from which specimens have been collected or examined by
the author includes Newfoundland, Anticosti Islamd, Nova Scotia, Prince
Edwerd Island, New Brumswick, Quebec, Labrador, emd southeastern Ontario.
The region is approximately 1,100 miles from east to west and 1,000 from
north to south, an area equivalent to the entire United States east of
the Mississippi Rivere.

The physiogrephy eand climate of this vast region is most varied and,
as will be shown in & later discussion, exerts a profound influence on the
abundance and distribution of the poikilothermous herpetofauna. Map 2 in-
dicates those areas which are over 1,000 feet in altitude. Broadly
speakiﬁg the area may be divided into a southeastern Appalachian element
of a complex of intrusive, sedimentary and volecanic rocks (Newfoundland,
Nove Scotia, Prince Edward Island, New Brunswick, Gaspé and extreme
southeastern Quebec); & northern Cenadian Shield element of Precambrian
intrusive rocks (Quebec north of the Ottawa and St. Lawrence Rivers,
and Labredor); end a central and southwestern St. Lawrence Lowlands element
of Ordovician sedimentary rocks (Anticosti Island, southern Quebec and
eastern Ontario). (Geological Survey of Canada, map 1045A, 1954.) The
entire region has been glaciated end glacial deposits overlie much of
the bed rock formstions. Because of this glaciation the present flora
and fauna consists entirely of postglaciel immigrants.

In spite of their meritime location, the Atlantic Provinces do
not have a maritime climate. (Climate of Canada, Department of Transport,

Meteorological Division, 1949.) This is due to the fact that the
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preveiling air messes which bathe this section of the country arrive
from the west and carry with them the continental summer heat or
winter colde A true maritime climate is experienced only on the
coastal islands end along coastal Newfoundland where the cold Labrador
Current from the arctic lessens the extremes of both summer and winter
air tempereturess. (See map 3 for Meximum summer/minimum winter mean
monthly temperatures.)

The westerm St. Lewrence Lowlands are subjected to invasions of
dry polar air, warmed moist Pacific polar air, polar air returning
from the south (end imtermediate to the first two mentioned air mass
types) and warm moist subtropical aire Alternation in air flow occurs
about every three deys and rain usually accompanies the leading edge of
the aeir masses, so that the region experiences a variety of temperatures
and precipitations on short notice plus a continentel climate of severe
winters and hot summerse

A third climatic division can be referred to as the Laurentian
Plateaus It includes most of Quebec and Labrador north of the Ottewa
end St. Lawrence Rivers. The southern boundary of the Plateau by its
very altitude (upwards to over 3,000 feet) makes it cooler than the
adjacent lowland river plains, and in addition summer outflows of
polar air move across the cool waters of Hudson's Bay snd pour over
this region. The clear skies that accompeny these masses are conducive
to night heat radiation by rocky ridges, which further cools the air
and causes it to drain into lower levels. Consequently, frost is fre-
quent except near large lakes snd rivers. Moisture laden air masses

from the south usually precipitate upon contact with the plateau
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resulting in a maximum mean ammuel rainfall of 30 to 80 inches for
eastern Canade along the southern boundary of the plateau end & mini-
mum meen amusl rainfall in northern Ungave of 15 inches (Hare 1950).

According to Thornethwaite's moisture classification
(Senderson 1948) all of eastern Cenada falls within his humid divisionse
Lack of moisture is therefore a negligible factor in limiting the dis-
tribution of amphibiens and reptiles in eastern Cenada, excepting in
far northern Quebec where moisture takes the form of soil permafrost,
and surface ice and snow.

Within recent history forest covered most of this region, but
along the southern boundary of the ares man has cleared many of the fer-
tile valley slopes for purposes of cultivaetion, and the endless demand
for lumber has further reduced the original forest cover. A broad
classification of the forests of eastern Canada is provided by Helliday
(1937). He divides the area into three main formtions: the southe
eastern Acadian Forest Region of Nove Scotis, Prince Edward Island and
New Brumswick, with its mixture of conifers and broadleaf hardwoods; the
Great Lekes - St. Lawrence Forest Region also of conifers and broadleaf
herdwoods but of different species; and the great Boreal Forest Region
of the Gaspé, Quebec north of the St. Lawrence River, and Labrador,
dominated by conifers.

This eastern region of Canada presents climates along its
southern border propitious to 21 amphibians end 22 reptiles. North of
the Ste Lawrence River the limiting factor of low temperature modifies

the otherwise suitable habitats to the extent that only 11 amphibians
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end 3 reptiles are found el ong the southern margin of the Laurentian
Shield, end at the tree line in Ungava there exists scattered colonies

of but two species of froge.
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RARE OR QUESTIONABLE REPORTS

The extent to which my collections have eltered the previous
picture of amphibians and reptiles distribution in eastern Canada
warrents a detailed summary of the distribution of nearly every species.
However, since 43 species and subspecies are involved, it is felt that
spot distribution maps will convey a more accurate and meaningful pic~-
ture than a cumbersome verbal delineation of range end records for
each species. Therefore, I have drawn northern range limit lines on
these maps according to the recognized North American texts (Wright and
Wright, 1949; Carr, 1952; Bishop, 1943; Schmidt and Davis, 1941; and
Smith, 1946) eand dotted in all the known locality records from both my
own survey and those of previous workers. The records used in plotting
these maps are on file at the National Museum of Cenada.

The importance of using spot distribution maps for delimiting the
periphery of a species range has been emphasized by Schmidt, 1950 pe 9.
He points out that the range limit usually is geographically irregular
and may even consist of discontinuous populations. This is of the
greatest importance to speciation. "Thus it is of the utmost importance
to evolubtionary studies to define the borders of the ranges of species
and subspecies of animals..." and "as geographic limits of the species
are important, individuel locality records are important..eeDres EeRe Dunn
and I (in 1litt.) have discussed the matter of the instructiveness of
'spot maps', coming to the mutual conclusion that fhe limits of supposed
ranges shown on maps might well be supplemented by the actual spot
recordses." A comparison of the published 1limit lines drawn on my

maps with the actual spot collecting localities serves as a dramatic
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illustration of which method is the more informative and accurate.
Logier and Tomer, 19556, have effectively employed the spot locality
method for all of Cenada and have shown that it is almost essential
when working with poorly known psripheral populations.

In order to enhance the value of my distribubtion maps I have
used several kinds of spot symbols,. Collectiong made and reported by
others are represented by black circles. My own contributions are rep-
resented by black triangles and are made up of (1) locelities where I
personally caught the specimens, (2) collections made by others but
donated directly‘to me, and (3) eny previously unreported records that
I have discovered. Questimable records are represented on the maps
as black squares.

Map 1 shows all the sites where this author gathered herpetologi-
cal information during the period June 1949 to June 1956.

There are certain published and unpublished records that, because
of insufficient data, their doubtful wvalidity, or obvious incorrectness
deserve clarification and these will now be discussed province by

provincee.

Ontarios In & report of a field excursion to Hogsback near Ottawa, Smell
eand Lett, 1884, mention the "small semiaquatic salamander under stones at

edge of rapids at Hogsback..eprobably the yellow desmognath Desmognathus

ocrophaea”. Again from Hogsback, Latchford, 1887, says Desmognathus

fuscus is abundent under stomese. In actual fact no specimens of this genus

have been found within 130 miles of Ottawa and I have collected at Hogsback

on a number of occasions and found only Eurycea bislineata bislineata which

is common throughout this region.
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Another dubious Ottawa record appears in Cope's 1889 "The
Batrachia of /North America". It is & United States National Museum speci-

men of "Amblystoma tigrinum" from "Ottewa, Cenade". However, present day

evidence indicates that this large salamander occurs in eastern Canade
only et Point Pelee in southern Ontario, snd is even rare there. Dunn
(1940 p. 161) considers the Ottawa specimen of dubious provenance since
it is of the western subspecies dieboli.

In the same publication Cope has emother questionable record which

is a collection of three Rame palustris from "James Bay, New Brunswick".

(Logier 1955, wrongly attributes this record to Preble 1902, who actually
wes quoting from Cope.) Because there is no "James" locality in New
Brunswick and because the collector, Ce. Drexler, collected several other
species of amphibians in the Jemes Bey end Hudson's Bay arsa, this record
is considered to be vélid for James Bay even though the nearest collecting
site for this frog lies 300 miles to the south. This record has always
been viewed with sceptism, and unreasonably so I feel, since no one has
since searched for R. palustris between Lake Superior and James Baye

There is one large specimen of Elaphe vulpina gloydi in the

National Kuseum of Canada's collections lebelled simply "Ottawa 1899".
This record has never appeared in print and the nearest records are from
Parry Socund 190 miles to the west. It is interesting however, that I had
what must heve been this snake described to me by Edne Ross of the Ottawa
Field-Naturalists Club who saw it in early August 1954 at Pakenham, some

30 miles wost of Ottawsa.

There are two mounted adult Amyda ferox spinifera in the National

Museum of Canada's collections which have no date on them except that
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they came from the Blenche Riviére near the Rockliffe Rifle Range (just
east of Ottewa). Judging from the catalogue number they were collected
about 1900 and only a single specimen (Clarke, 1908) has been taken from
the Ottawa River drainage since that time. However, they are known from
the Ste. Lawrence and Richelieu Rivers and I believe that if the proper
collecting techniques were employed these o0ld records would be sub=-

stentiated.

Quebec. In 1931, at Natsitok on the east coast of Ungava Bay, Hantzsch
wrote that he saw very large tadpoles in the daytime and heard "several
times short squeaking and trilling notes" at night, but unfortunately
was unable to collsct any specimens. This report has since been quoted
by Logier and Toner, 1955, and myself, 1954. Howevef, as I reported in
the latter paper, my own work along that coast indicated that Rana
sylvatica might possibly be relict in the upper reaches on some of the

valleys where large specimens of relict Picea mariansa, Larix laricina and

Betula papyrifera have been found (Rousseau 1951). Nevertheless, the

occurrence of frogs and tadpoles along this barren exposed coast seems
most unlikely end as previously reported (Bleakmey, 1954) the Eskimos
comped along this coast claim that there are no frogs north of Fort Chimo
end George River. I offer the following explanation of Hantzsch's
observationse. The "tadpoles" were probably the deservedly named

Tadpole Shrimp, Lepidurus arcticus (order Notostrica) which frequent

cold water and melt water hebitats. Since the call notes of northern
frogs are made mainly during the few days of the spring breeding
season end Hantzsch heard noises on August 16, it is very umlikely that

any snuren was responsible. It is far more likely thet birds,
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especlially migrating species were the source.

Logier and Toner, 1955, are the first authors to quote the 1878
"La Salamandre saumonde" reported by Provaencher from Chicoutimi, east
of Lake St. John in Quebec. Logier assigns the specimen to Plethodon

o+ cinereus but I think Eurycea be bislineata is correct. Provancher's

color description of the yellowish brown dorsum and the salmon yellow
ventrum do not fit P. cinereus but are accurate for E. bislimeata.
However, the size of 5§ inches is about one inch in excess for both
species., (Logier himself in 1952 seys that P. c¢. cinereus rarely exceeds
four inches in length.) The 5 inch measurement may have been an estimate
in which case it probably would be excessive.

In Logier and Toner's 1955 "Check List of Amphibians end Reptiles
of Canada and Alaska" they quote Provencher, 1874, as saying that

Clemmys guttata occurs at Nicolet and Quebec City. This is a mistrans=-

lation of the original French text which daimed this species to be very
rare, known only from Nicolet and not to be expscted at Quebec City. No
specimens have been reported since Provancher's time, but I do not believe
anyone has searched for them. There may well be a relict population at

Lake St. Petere

Labrador. The report of Hyle ce. crucifer from llenihek Lake in my 1954
peper was from a verbal one given to me in 1952, and is some 300 miles
north of any previous recordse It will have to remain a question mark
until specimens are collected. Nevertheless, a look at Logier and Tomer's
1955 distribubion map of this species shows a similar situation in the

west where specimens were collected at Great Slave Lake which is over



900 miles from the nearest records. Obviously the distribution of

Hyla ce crucifer is poorly understood.

During the summer of 1955, Mr. Wed. Smith collected for the
National Museum of Canada in the Lake Melvills area. The local occurr-
ence of a small salamander was mentioned to him on several occasions and

from the descriptions it must be Plethodon c. cinereus. One specimen of

Ambystoma. jeffersonianum constitutes the only other salamander report

from Labrador.
Backus in his 1954 notes on gnura of Labrador incorrectly credits

Packard, 1866, with reporting Rana sylvatica from Okake The specimen was

Rens septentrionelis, as identified by Cope, and simply because it was

much farther north than any previous reports the fashion hes been to ignore
it as have Moore in his study of this species (1952) end Wright and Wright
in their frogs of North America (1949), or to correct it as Backus has
attempted. Recent collections have proven that Packard's report is not
et all unreasonable.

Backus made & further mistake when he cited a record of Cope's

(1899) of Rana septentrionalis from Moose River, James Bay. The correct

locality is "Moose River, British America" and is for R. sylvatica not

R« septentrionalise In addition to these errors, Backus uses Williems'

1920 sight record of R. septentrionalis from lMoose Factory, James Bey.

In the originel text Williams refers to this frog as the "Northern Frog"

and follows it with'Rana septentrionalis?". Since the emphasis is on

"Northermn Frog" and with the question mark on the scientific name, it

could equally well refer to R. sylvatica.
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Anticosti Island and Newfoundland. Both Wright and Wright in the 1949

"Handbook of Frogs and Toads" and Logier in his 1952 "Frogs, Toads, and
Salamenders of Eastern Canada" are incorrect concerning the distributions

of Rena p. pipiens and Rena clamitens on these two islands. Logier has

since corrected himself in his 1955 "Check List of Amphibians and
Reptiles of Cenade and Alaska". Backus, 1954, criticized Wright and
Wright for not explaining that these two species were introduced into
Newfoundlend, and thereby himself blundered, for only one species,

Rene clamitans, is known from Newfoundland. It is difficult to fathom

why these mistakes should persist for Johansen in 1926 correctly dis-
cussed the herpetofauna of these two islands in detail. I have examined

his originel spscimens which are at the National Museum of Canada.

New Brunswick.  There are quite a number of amphibians end reptiles

listed in Adams' 1873 account of New Brunswick's fauna that have not
been reported since. Assuming that his observations are correct, his re-

port of one Spotted Turtle, Clemmys guttata, end meny Musk Turtles,

Sternotherus odoratus, are not impossible because both species are known

from southwestern Maine and thus could exist as reliect populations in
New Brunswicke. However, it is peculiar why they have not since been
found because turtles are conspicuous animeal s.

Adems also described the Milk Snake, Lampropeltis doliata

triangulum, but does not say how common it was. I have heard of no
further reports.
The validity of his report of the Blue-tailed Skink, Eumeces

fasciatus, is extremely doubtful, firstly because it is a very conspicuous
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enimal, and, peculiarly enough, abundant wherever it does occur even
in the north, and secondly its knowm northern limit on the eastern side
of the Appalachians is in iassachusetts 400 miles to the south.

In spite of these unusual records, Adams overlooked soms of the

common species. He says that the Black Snake, Coluber c¢. constrictor,

Red-bellied snake, Storeris occipitomaculate, and Ring-necked snake,

Diadophis punctatus edwardsi, were known from Maine but not yet from

New Brunswick, I have had ome Black Snaeke described to me at Grand Lake,
NeBe, and the other two snakes are common throughout the maritimes. In
enother instance he describes an "unknown species of salamander" which

is obviously the common Jefferson's Salamander, Ambystoma jeffersonianum.

Cox in his 1898 Batrachia of New Brunswick was correct when he
.said that the Common Tree Frog, EXEE.E' versicolor, is rare in that
province. However, its exact distribution is somewhat of a mystery for
he claims to have heard its call (a very distinctive ome) "in several
parts of the province", but the only specimen he ever saw was one from
Gloucester County in the Miremichi Natural History Association Museum at
Chathemes I visited this museum in 19556 and found many of the original

specimens collected by Cox but no specimens of Hyla ve versicolor. Since

the time of Cox the species has been recorded only from the Fredericton
area which is 100 miles south of Gloucester Countye. I have searched for
this tree frog in New Brumswick during two of its breeding seasons
(1953 and 1955) and have heard and captured it only near Fredericton.

In the same paper end in his 1907 "Lizards and Salamanders of

Canada™ Cox mentions Plethodon glutinosus as being extremely rare in the

southern parts of the province. He makes no reference to personal
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experience with the species end that he should mention it at all is un=-
usual because its northern limit is in southern New York Statee. The
report could be based on hearsay from someone who confused an Ambystoma

jeffersonianum with Plethodon glutinosus, a common mistake.

Another dubious report by Cox in 1907 is that of Desmognathus

ochrophaeus from the Ste John River Valley as identified by Cope. Dunn
exemined the two specimens and found them to be D. f. fuscus (Dunn 1926,

ps 93) which is in keeping with the known distribution of these two species.

Prince Edward Island. Rana palustris has been listed from this island by

Cox (1899) and Hurst (1944) and although no specimens are available to con-
firm this, the paucity of collecting done on the island makes it impossible
to deny their statementse The same holds true for Fowler's 1915 report

of Re septentrionalis from several localities on Prince Edward Island.

Nove Scotiae. Undoubtedly the most remarkable report from eastern Canada

is Jones! 1868 Hyla squirella from Nova Scotia. The species occurs in the

southeastern United States and could reach Nova Scotia only if it were
importeds In any case Jones failed to give a description of the specimen
end of the locality and circumstances in which it wes collectede.

The validity of another of Jones' Nova Scotian records, Hyla ve
versicolor (1865) is questionable to say the least. I quote it in full.
"There are no specimens but an Indian told Captain Hardy that he saw one
in the crotch of a maple tree". The only other reference of the species
occurring in Nove Scotia is in McKays 1896 paper where he includes it in
his list of native species in the Pictou Academy collections. I have

sesrched diligently for this species in the province but without success.
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I firmly believe that Blanding's Turtle, Emys blandingi, is a native

Nova Scotian species but the evidence is so scanty that a complete review
is warranted. The nearest collecting records to ilova Scotia are in south-
ern New Hampsﬁire State and eastern Ontarioes On June 8, 1953, I caught a
large female of this species in Lake Kejimkujik, Queens County. This was
the first evidence that this turtle occurred in the maritimes. It had
"1952" carved on the plastron and after three years of inquiry the persons
who had carved the date were contacted. They had found the animal laying
eggs on the beach at their cottage and recognizing it as different from
the common Painted and Snapping Turtles of the lake, carved the date and-
released it. Their capture and mine were both made within 100 yards of
one another and this plus the fact that the turtle was leying eggs, end
had, as the carved date proves, survived for a full year, led me to be-
lieve that this was not an escaped pet but rather a representative of a
relict population of Emys blandingi existing in Nova Scotia. This
suspicion was substantiated in early July 1955 when I received a verbal
report of two more specimems from the same part of the lake. Ir. Bexter,
director of the Dominion Fish Hatchery at Lake Kejimkujik and a very keen
observer of the local fauna told me that during the last week of June,
many turtles were crawling across the hatchery property to lay eggs in
the gravel bank behind his home as they do annually. He said that in
addition to the Painted and Snapping Turtles, he had picked up (and to
my sorrow subsequently released) two specimens of a turtle which he had
never seen before. His description of the high box-like shells and the
"sullking" behaviour of the one he released in the lake, in contrast to
the frantic fleeing behaviour that the Painted end Snapping Turtles

inverisbly exhibit when released, is irrefutable evidence of
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Emys blandingi in Nova Scotia. Undoubtedly the se two were females seeking

ogg legying sites which moems that there exists a breeding population.

Maritime Provincese The depicted ranges on the distribution maps of

Rana catesbeiana and Chrysemys p. picta by Wright and Wright (1949) and

by Carr (1952) respectively, far exceed the actual range of these speciess
These authors have included northern New Brumswick, Gaspe’ Peninsula, and
too much of southern Quebec in their maps despite the absence of any
records from those areas. However, in the text Wright and Wright describe
the renge of Re catesbeiana in Cenada as "Lake Huron to Maine" which is
south of the true northern limits of this speciss, and far south of the
line on their map. Similarly Carr's written description of the northern

limit of Chrysemys pe picta is south of the lines on his own map.

There is one species that deserves special mention and it involves
New Brunswick, Prince Edward Island, end Nova Scotiae. It is Coluber c.
constrictor, a glossy black snake that reaches 4 to 5 feet in length.
There is no other maritime sneke that could be confused with ite It has
been reported from Nova Scotia and Prince Edward Island by several of
the early writers (Gilpin 1875, licKey 1896, Piers 1890, and Mellish 1876)
and I myself have heard black snake stories in Nova Scotie, Prince Edward
Island and New Brunswicke Yet there is not a specimen in existence that
cen be credited to Canadas There is however, one adult specimen in the
Nova Sectia Museum of Science which was found by Piers in an unlabelled

bottle amongst the museum's collections. The history of this specimen

is an enigma.
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The case of Netrix s. sipedon in maritime Canada is in g somewhat

different category for it has never been entered on any lists of the area
nor has a specimen been caught. However, the term "water snake" is often
used by local inhabitents. From my personal experience in these provinces
I do not believe there are any water snakes in maritime Canada and that

all reports pertain to the Garter Sneke, Thamnophis se. sirtalis. The

fact that Garter Snakes often live in the vicinity of water and readily
take to it if disturbed is possibly one reason for the se reports. A
second reason may be due to the fact that the maritime Garter Snakes are
brownish (with verying degrees of yellowish-brown or greenish-brown) and
often have no stripes or only poorly developed stripes which is in sharp
contrast to the usual form with its three light or bright yellow stripes.
This brown stripeless form of T. s. sirtalis is easily mistaken for
Ne s. sipedon by those who are familiar with the latter snake in central
Caneda or eastern United States. By way of illustration, I recently had
en Americen herpetologist, who had even worked with the genus Natrix, view
a live specimen of this stripeless brown form of Thamnophis from Nove
Scotia and misteke it for a Natrixe I have certeinly found no evidence
thet convinces me that Ne se sipedon occurs in these maritime provinces.
However, it is sbundent locally at Bangor, Maine, which raises the poss-—
ibility of there being relict populations in New Brunswick, but all evi-
dence indicates that if relict in New Brumswick it would be centered at
Grand Lake and such is not the case.

The three species of marine turtles recorded from eastern Canada do
not breed there but a few individuals are usually reported annually as

seen by fishermen or caught in their nets. There seems to be a few reports
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of Dermochelys coriacea coriacea, only two records of Caretta caretta

caretta (Squires, 1954; and a pen and ink sketch at the National Museum
of Canada of a specimen taken off Halifax on August 23, 1931), and four

records of Lepidochelys olivacea kempie The latter were correctly

identified by Bleakmey, 1955, from old "Caretta caretta" specimens in

the Novae Scotia kiuseum of Science and the National Ifuseum of Canada.
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ZOOGEOGRAPHY OF THE ANPHIBIANS AND REPTILES COF EASTERN CANADA

Eastern Cemada is a peripheral region as regards the ranges of all
the emphibian end reptile species that occur there. These ranges reach
their northern limit somewhere vithin its boundaries and as the environ-
mental factors approach the specific limiting values two phenomena are
evident.s One is that the northern limit line of many species, although
in general oriented east and west, possesses northward projecting
peninsules end even outlying islandse. The second observation is that
along the periphery of a species range its population density wvaries
strikingly, which is in contrast to its uniformity further south where
the environment is propitiocus throughout.

This latter phenomenon is a reflection of the present day environ-
ment. The first phenomenon is a reflection of the history of the environ-
ment since early postglaciel times to the present, and will be dealt with
after the present-day picture has been clarified.

(1) Zoogeography of the Present-day Herpetofauna .

This existing situation of varying population densities smnd varying
species composition within the herpetofaune of eastern Canade has not
previously been recognized or analysed. Because this pattern of variations
in population densities was naturally not recognized until after much of
the aresa had been surveyed, it was then too late to attempt an objective
determination of species population densities and so I have had to rely
on a subjective analysis using the three descriptive terms - abundant,
common, and rare. I feel, nevertheless, that these terms are meaningful,
especially to students who have worked with vertebrate animal populations

in the field. Tables 1 and 2 are a summary of this herpetofaunal information.
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In cases where I have insufficient date to voice a reasonable opiniom
there appears a question mark (?) in the tables.

Without doubt the best imlex or indication of the suitability of
an environment is the flora and faune which live there. Therefore, I
propose to utilize the forest cover pattern of the region as background
for the herpetofaunal zoogeograsphic pattern. The two coincide admirably,
which is to be expscted because both flora and herpetofauns are functions
of the same variables. The distribution of the tree species in north-
eastern North America follows the temperature isotherms rather closely
(Helliday 1950). Every orgemism has a nerrow range of temperature within
which it functias most effectively, and those animals, such as the
poikilothe rmous amphibians end reptiles, whose body temperature is
determined (or at least limited) primarily by the external environmentel
temperature, have a distribution pattern which is profoundly influenced
by environmental temperstures that are lower or higher than the optimum
range for the species. As to forest cover, it is well known (Oosting
1949) that tree species which occur on both north and south facing slopes
of the seme mountain will reach a higher altitude on the south facing
slope (in the northern hemisphere) because of the greater amount of in-
solation received. Again, trees at the arctic tree line have northward
extending tongues up the deep sheltered vaelley as is admirably shown on
Helliday's map of Forest Classificetion of Canada (1937), end by Mun's
maps of tree species (1938). Map 4 in this thesis is based on Hallidey
and modified by myself, but in addition the following references were
consulted on forest classification: Hare, 1950; Hustich, 1949; Roland,

1945; Rousseau, 1948; Nichols, 1935; and Villensuve, 1946. These authors
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are in agreement cn the major picture and on the species distribution

but not on the minutee of forest classification. These arguments are in
the realm of the botenist end will not be reviewed here. In addition, T
feel it unnecessary to cite the forest components of each section as this
is admirsebly treated by the above authors; only the recognition of the
existence of a south to north forest sequence and vagaries of distribution
is relative here. Hallidey's three major divisions of (1) Great Lakes -
Ste Lawrence Forest Region and (2) Acadien Forest Region merging into

(3) a single Boreal Forest Region are amployed for simplification and clar-
ity. However, I must point out that neither Halliday nor the others have
emphasized a most significant and obvious phytogeographic fomation charac-
teristic of the maritimes and that is the narrow coastal belt of Balsam
Fir and Red Spruce, both boreal forest elementse I therefore correct
Helliday's 1937 map as follows (represented by dotted line on map 4):

(1) In New Brunswick on the Bay of Fundy shore there is & coastal belt of
fir end spruce conifers along the mounteins there. Halliday has shown

the brosdleaf trees of the lower Ste John River Valley as extending right
down to the sea coaste It is interesting to note that the United States
Department of Agriculture in ifiscellaneous Publication no. 287 (Munn 1938)
has mapped the following deciduous trees as occurring in eastern maritime
Canada but not found along the coasts: American Elm, Pin Cherry, Choke
Cherry, Silver Maple, White Ash, Hophornbeam, Gray Birch, Paper Birch, end
Red Osak.

(2) A horseshoe shaped coastal belt of Balsam Fir and Red Spruce exists
around the west; south end east shores of Nove Scotiae Inland from this

is an excellent forest of pines, Hemlock end northern hardwoods. Hallidey



- 41 -
hints at this in his 1943 paper but does not pursue the point. His map
of population intensity of Balsem Fir shows that in all of maritime Cenada
only a pocket in southcentral Nove Scotia has less then 10% whereas much
of the coast has over 30% intensity. Again, his map for spruces shows a
horseshoe coastal belt around southern Nova Scotia of 60% and up for
population intensity. This high percentage is found agaein only on the
Shickshock Mountains of the Gaspé emnd in Quebec and Lebrador north of 50°W
latitude. This is a very importent feature of the province for it shows
that the coasts are more northern environmentally speaking than is the in=-
land habitat. In this commection, Ferguson, 1952-53, seys that several
species of Lepidoptera in eastern North Americe which occur in northern
Quebec, Labrador, and high in the Appalachian Mounteins are found again in
the cold sphagnum bogs end along the exposed sea coasts of Nova Scotia.

It is assumed that each species of amphibiem asnd reptile has its
preferred or optimel temperature ranée which differs (usuelly) from every
other species, and on this account we find the vearious amphibian end rep-
tile species in eastern Canada reaching thelr northern limits at different
latitudes. Moore (1939, 1940, 1942) has demonstrated a correlation between
the lower limiting temperature for development of eggs of 4 species of Rans
(which means the temperature at which the species begins to breed and 1&y),
as determined in the laboratory, end the geographic distribution of these

. species of eastern North American frogs. He found that Rana sylvatica,

which leys in the early spring of the year in water at or slightly above
2.5°C develops normally at those cold temperatures and is the only species

to reach the tree line in eastern Canada (near latitude 58°N). In contrast,

the species Rana catesbeiana, which lays only during the heat of early
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summer in water at or above 15°C, reaches its northern limit elong the
Ste Lawrence River Valley near latitude 47°N, It is interesting to note
that in this peripheral region all amphibians and reptiles spend from
5 to 8 months of each year in a state of hibermation.

In this region of Canada, there is no dearth of food, suitable
cover, or moisture for amphibians and reptiles south of the arctic tree
lines Temperature is the predominant limiting factor. (See discussion on
Factors Limiting Distribution for. further detail.) As the climate becomes
cooler towards the north, the suitability of the available environments is
lessened, especially for those species whose optimum temperature falls
outside the envirommental temperature range, and a species becomes less
and less abundant in the same type of habitat in different areas. To

illustrate, the Painted Turtle, Chrysemys picte spp. is a typical exemple.

In the vieinity of Ottawa this species can be seen in all of the rivers,
lakes and most of the pomdse The same is true of southcentral Nova Scotia
where the ponds, streams, lake shores and even roadside ditches have
populations of Painted Turtles. I classify this type of occurrence as
abundent, that is many individuals occupying every available suitable
habitat. There is no trouble in loceting the species in such an-area.
Now, north of Ottewa in the Gatinesu Hills and in the Annapolis Valley of
Nove Scotia, Painted Turtles occur but are found in only a limited number
of situationse. Their populations are confined to wind=-protected ponds

and those portions of lakes or rivers which have a lush growth of aguatic

flore composed of such plents as Nuphar, Nymphaea, Potomogeton, etc.

Such sheltered spots are warmer than ponds in the open or the open shore

line of a lake where the wind blows away any warmed air and causes
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eveporatiom and cooling. Also the vegetation both dead end slive associ-
ated with weed beds retains solar heat better then a clear-water section

of the shore line; decomposition of vegetable matter also produces some
heat. I classify this type of occurrence as common, that is occurring

in en area but with the populations limited to a few specific habitats.
There has to be some effort made to locate specimens. In northern Nove
Scotis and central New Brunswick this turtle is even more limited, for

pond after pond, lake after lake (seemingly identical floristically eand
topographically with others in Nova Scotia and New Brunswick) were searched
but only the most protected warm pockets of certain lakes and forest~
bordered ponds yielded evidence of the speciese. I classify thils type of
occurrence as rare, that is occurring in an area but limited to a very

few samples of a common habitat. There is great difficulty in locating end
collecting specimens in such area, and the guidance of local long time
residents is usually essential. I have treated all of the eastern Csnadian
emphibians and reptiles in this menner and arranged the resulting infor-
mation in Tables 1 and 2.

In summeary, near the northern limit of a species range any section
or pocket of the environment which is warmer than the adjacent terrain,
usually at the microelimatic level, is a potential site of survival for
poikilothermous amphiﬁians and reptiles and may be the factor that permits
the species to survive at that latitude in that particular region.

I shall begin my discussion of the present dey distribution of the
eastern Canadian herpetofauna in Ontario, the area which has the most
species, and progress eastwards to the Maritime Provinces and thence north-

wards into Ungava which has the smallest number of species. The different
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Herpetofaunal Sections described and referred to in this discussion are
delineated and numbered on Map 5. The numbers indicate faunal relstion=-
ships: Section 1 has the most species ard Sectiom 7 the least; numbers
2 and 2A have similar herpetofaunas and so with the other "A" numbers;
and the islands have numbers preceded by "D" which means that the fauna

was derived from the corresponding mainland herpetofaunae.

(a) Eastern Ontario and Southem Quebec.

For the purposes of this study, eastern COntario is defined as that
part of the province hetween the Ottawe and the Sts Lawrence Rivers east
of a line drawn from Pembroke south to Kingston. The climte is con-
tinental with a mean July temperature of 70°F and meen January temperature
of 12%F and its southern border has the warmest summer weather of the entire
study area.

There is a narrow band of Precambrian granites and sedimentaries
along the western boundary of the region and the rest of the area is mainly
Ordovician limestones and other sedimentaries. The whole is drained by
many small rivers into the Ottawa and Ste. Lawrence Rivers. The Precambrian
band is profusely dotted with lake s and bogs whereas the Ordovicien section
is nearly lakeless and many of its streams become dry or nearly so in
summere The forest cover belongs to the Great Lakes-St. Lawrence IForest
Region (Halliday, 1937) which is composed of an admixture of both comifers
end broadleaf trees, however, much of the original forest has been heavily
lumbered and cleared for purposes of cultivation.

Eastern Onﬁario has more species, 17 reptiles and 18 amphibians,

than eny other section of eastern Canada. Most of the species are common
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and several of them ere abundant, particularly Thammophis s. sirtalis, '

Natrix s. sipedon, and Chrysemys picta marginata. However, the forested

loke regiom of the Precambrian formation marks the northern and eastern

limit of four species of reptiles, namely Eumeces fasciatus, EZlaphe o.

obsoleta, Thamnophis 8. sauritus and Sternotherus odoratus. I have used

the northern limit of these four southern Ontario speciés for defining
the bowdary of Herpetofaunael Section 1 as shown on Map 5.

Excluding Section 1, the physiographic picture is one of the low-
lands of the Ottawa Valley end extreme .ea.stern Ontario merging into the
broad Ste Lawrence River Lowlands which extend northeastward between the
mountainous Precambrian Cenadien Shield to the north and the Appalachian
Mountains to the southe The tree species and the herpetofaunal elements
extend northwards via these lowlands and the valleys of tributary rivers
such as the Gatineau, St. liaurice and Saguenay Rivers. The climate here
is continental but with colder winters amd cooler summers than in Section 1
(iep 3). There are few lakes but numerous bays, inlets and ponds occur
along the courses of‘ the Ottawa, St. Lawrence, and Richelieu Rivers and the
thermal buffering action of these waters contributes to making the lowlands
a warmer area than the mountainous country to the north and southe Much
of it has been cleared for cultivation but the originel forest cover was
of Great Lakes-Ste Lawrence Forest species. In the foothills of the
Laurent ian and Appalachian Mountains the boreal forest elements of Balsam
Fir and spruce are found at higher altitudes and merge into the White Pine
-Hemlock~-northern hardwoods (Nichols' 1935 forest equivalent of Halliday's

Grest Lale s-Ste Lawrence Forest Formation) of the lower levels.
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There are many species of amphibians and reptiles which have pene-
trated into these lowlands aad foothills but which cennot surmount the
temperature barriei‘ imposed by the latitude of the lower St. Lawrence
Valley anmd the sltitude of the mountainse The renges of these species
define the limits of Herpetofaunal Section 2 as drawn on Mgp 5. This

assemblage of species consists of three turtles, Emys blandingi, Graptemys

geographica and Trionyx ferox spiniferas three snakes, Storeria d. dekayi,

Naetrix s« sippdon, and Lampropeltis doliata triangulum; and three amphibiens,

Gyrinophilus ps porphyriticus, Hyla v. versicolor, and Pseudacris nigrita

triseriata. Within the shelter of the Gatineau Valley Chrysemys picta

marginata, Ne s. sipedon, Le doliata triangulum, and He ve versicolor have

managed to exbtend their range 100 miles farther north them in the adjacent
terrain. The Gatineau Valley is also the only site where P. nigrita
triseriata has crossed to the north side of either the Cttawa or St.
Lawrence Rivers and is found 20 miles up the valley at Wekefield. G p.

porphyriticus is common in the mountains of southern Quebec east of the

Ste. Lawrence, but one specimen taken at Ottawa is the only record west of
the St. Lawrence River. The southeast mountainous region of Quebec is the
most southerly mountain-stream enviromment in eastern Canada available to

the Appalachian plethodont salamenders end it is here that Ge porphyriticus,

Desmognathus fe« fuscus and Eurycea be bislineate have their highest popula~-

tion densities in Cenada.

(b) Lower St. Lawrence River Valley.

North of Herpetofaunal Section 2 to just past Quebec City the Ste.

Lawrence River Valley narrows, the river begins to widen and the climate
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becomes much cooler. (Compare Montreel end Quebec temperatures on Map 3e)
The forest consists of the Great Lakes-St. Lawrence Forest Region species
plus increasing smounts northern Boreal Forest species such as Balsam Fir
end White Spruce. There is a climatic tongue that penetrates nearly 100
miles up the valley of the St. Maurice River to the southwest of the 3,000
foot high Laurentide Park mountains. The mean temperatures at La Tuque,

in the Ste laurice Valley, of January 9°F end July 69°F, is milder in
sumer than Quebec City with a January 10.7°F end a July 66.7°F. Unfor-
tunately the Ste. llaurice Vellsy has had no herpetological attention what-
soever but climatic and floristic evidence indicates that the situation is
relative to the Gatineam Valley of Herpetofaunal Section 2 and many species
should be found there that do not occur in the adjacent highlands.

Within this northern region of the St. Lawrence Lowlands the re-
maining turtles and all but one of the snekes reach an environment that is
unpropitious for their existence. Herpstofaunal Section 3 as drawn on
Map 5 shows the limits of their ranges with the Ste Maurice Valley included
on purely hypothetical grownds. Reaching their distributional limits here

are the turtles Chrysemys picta marginata, Clemmys insculpta and Chelydra s.

serpentina; the snakes Opheodrys v. vernalis, Diadophis punctatus edwardsi,

and Storerialg. occlpitomaculate; end the amphibians Rens cateshsiana,

Necturus m. maculosus, and Desmognathus f. fuscuse The last mentioned

species is found only along the streams of the Appalachian Mountains, and
not on the west side of the Ste. Lawrence River. The turtle C. p. marginata
and the salamender Ne me. maculosus seem to be limited to the immediate
vicinity of the Ste. Lawrence River end Laske Ste. Peter, (plus the Ottawa

and Richelieu Rivers of the previous Section) whereas C+ insculpta and

Ce Se serpentina are raether rare but occur throughout Section 3.
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(c) Lake Sts John and the Saguenay Valley.

About 100 miles north of Section 3 lies a flooded depression in the
Precambrian Shield called Lake St. John end this large lake drains through
a relatively narrow feault line as the Saguenay River into the St. Lewrence
River. There is some Ordovicisn limestone in this basin (related to the
limestones of the St. Lawrence Lowlands) but what is more importent are the
deep deposits of Pleistocene marine clays around the lake. This flat well=-
drained soil is readily heated by insolation and the waters of the lake act
thermostatically to help create a warm pocket in this region of the
Precambrian Shield. As Halliday has shown (1937) the majority of the trees
in this area are Great Lakes-St. Lawrence Forest spscies in contrast to the
Boreal Forest species of the surrounding highlands. The Basswood tree,

Tilie americana, is isolated here by 100 miles from the main body of the

species' range to the south. There may yet be discovered similar examples
of outliers in the animal kingdom with the advent of detailed studies of
the fauna of the arsa. The available information of the amphibians end
reptiles of this area is most inadequate. I have collected there only in
early spring and thus have not obtained any other species than thossof the
cold water breeders which a1l range much farther north. However, judging

from the distribution patterns of Diemictylus ve viridescens, Ambystoma

maculatum, Rana catesbeiana, end perhaps even the snakes De pe odwardsi,

O. ve voernalis and S« 0. occipitomaculata, these species may have popula-

tions within Herpetofaunal Section 4 as outlined on Map 5. If so, the

snakes at least must be very rare for snakes of any species are scarce in

this sectione.
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(d) Nova Scotia.

Turning now to the maritime regions of easternm Canada a more com-
plex zoogeographic picture is encountered for there is considerable local
climtic variation due to the complex physiographic structure of velleys
and highleands end the peninsuler and insular nature of much of this region.
Five herpetofaunal islands, or pockets, where the abundance of species and
individuals is greater than in the immediately adjacent areas are recognized
in this region with four of them in Nova Scotia.

The most southerly in latitude end the warmest region in eastern
Maritime Canada is located in the southwestern bulb of the Nova Scotian
peninsula. The area is low relief, 500 feet hizh in the northwest and
sloping gently into the Atlantic Ocean in the southeast and is composed of
granites, slates and quartzites. Because of the low altitude cold sea air
masses and coastal fogs sweep inland and affect the climate to the extent
that a horseshoe belt of boreal fir and spruce trees extends along the west,
south and east coasts, (See Map 4.) It is inland from this coastal belt,
in the widest part of the southern bulb of the province that the magnificent
forests of White Pine, Hemlock and northern hardwoods exist which are the
same species that make up the Great Lakes-3t. Lawrence Forest Formation.

The numerous bogs and streams and particularly the large lakes in this
area such as Lake Rossignol (16 by 10 miles wide), Lake Kejimkujik (6 by
3 miles wide), Ponhook Leke (6 by 10 miles wide) eand kalage Lake (6 by 2
miles wide) are all important thermal buffers which help prevent the temp-
erature from dropping excessively at night; a very important factor to

emphibians breeding at night, and to the incubation of buried reptile eggs.
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It is within this latter central region, end not along the coast,
that the greatest number of specises armd highest population densities are
to be found in meritime Canada. (See Tables 1 and 2.) As can be seen by
Map 6 the reptiles are more limited by temperature than the amphibians and
southcentral Nova Scobtlia is unique in maritime Cgnada for its abundance of
reptile species and individuals. This Herpetofaunal Section is designated
as 2A since it is the only area east of Herpetofaunal Section 2 in Onbtario

where Thammophis s« sauritus and Emys blandingi occur and the only area in

maritime Caneda where Chelydra s. serpentina, Chrysemys p. picta, Thamnophis

Se sirtalis and Rana catesbeiana are abundante It is also the only maritime

region where the other three maritime snake genera, Opheodrys, Diadophis

and Storeria are particularly common.,

It is unfortunate that meteorological data are not awvailable as
supporting evidence for the climatic uniqueness of this aree in maritime
Canada. The weather stations in Nova Scotia are only along the coast in
this part of the province. However, in addition to the contrast of the
forest cover at the coast and inland, there is further floristic evidence,
for Rolend says (1944-45, p. 22) that southwestern Novae Scotia has "at
least 75 species (of plants that) are either confined to this area of the
province or are else abundant here with only scattered stations elsewhere".
He further states that 15 of these plants are found nowhere else in the
Canadian maritimes but do occur again from Meine or liassachusetts southward.

A similar but memmalian example is the White-footed louse, Peromyscus

leucopus noveboracensis, (Dice, 1939) which occurs as far east and north as

southern New Hampshire and then is found again in southwestern Nova Scotia

and the nearby Annapolis Valley. Smith (1939) considers the Nova Scotian
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population an endemic race, E_. _!._._ caudatuse There is another mammelian
feature which is peculiar to the area and that is the abundance of chip=-

munks, Teamias striatus. The area is teeming with them as I have witnessed

in 1960, 1953 and 1955. Rand reported on the mammals of this region in
1933 end noted that "The chipmunk is fairly common on hardwood hills, on
the barrens and about clearings", in other words nearly everywhere.
Sheldon spent summers in the area from 1919 to 1933 end she too was im-
preseed for in 1936 she wrote "Chipmunks are very common everywheree.ss
Chipmunk holes are everywhere". They occur throughout the rest of maritime
Canade north to about 52°N. latitude but A.W. Cameron (mammologist at the
Netional Museum of Canada) informs me that this is the only eastern area
that he knows of whichlas a high population density of this species.
Northeast of Section 2A the péninsula. of Nova Scotia gradually con-
stricts until it reaches a minimum width at the level of Windsor, Hants
County. Because of the more northerly location plus the proximity to the
cold Minas Basin on the one side and the Atlentic fogs on the other, the
rich herpetofauna of the soutiwest is severly depleted except for certain
elements which find the climate of the Annapolis Velley and the Windsor
area of the upper Avon Valley propitiouse. Although the Annaspolis Valley is
on the northwest coast of the peninsula, it is considerably warmer than the
ad jacent terrain because it has the 500 foot high South Mountein ridge and
the entire eastem slope of Nova Scobia between it and the Atlantic Ocean
to the south, and the 800 foot high ridge of the North Mountain protecting
it on the nortlwest from the cold air end fogs of the Bay of Fundy. The
Bay of Fundy side of the North Mountain supports a fir and spruce forest

(stmted in many areas) while the Annapolis Valley side has much Beech,
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oaks end maples. The valley bottom has been extensively cleared for
farming but there is still evidence of excellent Red Pine, White Pine
and Hemlock stands, an.d oaks, Sugar Maple, Beech, and Yellow Birch.

There is a good development of Americen Elm, Ulmus americana, and Blue

Qak, Quercus bicolor has a disjunct population here, the next nearest

localities being in southwest Mainee The mildness of the valley climate
is evident in its excellent apple, pear, cherry and peach oréhards for
in spite of equally good soils in other parts of eastern maritime Canade
no such crops can be successfully grown. on such a large scale. The
valley is of Triassic sandstone end 85 miles long and varies from 3 to 8
miles in width. It is characterized by a paucity of lakes which in wamm
summer days results in an interesting phenomenon. As the day progresses
the hot humid air rises from the numerous lakes and bogs in the coumtry
to the south of the valley and forms into numerous cumulus clouds towards
middaye. This increases in the afternoon to form an intermittent cloud
cover whereas the sky over the lakeless valley remains clear and any
clouds which drift over it from the adjacent areas become dissipated.
This cloudless character undoubtedly accounts for the valley having a
meritime high of 54% bright sunshine in Auguste. Putnam (1940, p. 141)
etates that "With the exception of the Annapolis Valley, nearly all of
Wove Scotia has over 60% cloudiness, rising to 75% at the eastern end of
Cape Breton Island'

As can be seen from Tables 1 and 2 there is a considerable change
in the composition of the herpetofauna when compered with southcentral

Nove Scotia. C. s. serpentina is rare, T. s. sirtalis, Storeria o.

occipitomaculata, E. p. picta, and Rana catesbeiana are only common and
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none of the other snakes are commone This is not due to lack of suiteble
aquatic habitats for the lakes along North Mountain end South Mountein are
apparently identicel in character to those in southwest Nove Scotia and
there are meny ponds along the streems in the wvallsy, but only the more
sheltered portions of these habitats are occupied. The only records of
Ce se serpentina outside of this section are one specimen the author caught
in southern Antigonish County; a specimen teken by He. White in West River
St. Mary's, Guysborogh County; a verbal report from Oxford, Cumberlend
County; and a sight record on the sea beach at Port Hood, Cape Breton
Islend, (the last by A.7. Cameron in 1953). The Annapolis Valley is the
most northerly location in maritime Canada where C. pe picta occurs in any
numberse. On the basis of the occurrence of these two turtle species I
have included the Amnapolis Valley as & northern extension of Herpetofaunal
Section 24. In the.Windsor erea of the Avon Valley (at the eastern end of
the Annapolis Valley ) Ce pe picta is common in ponds formed by the lime-
stone end gypsum sinkholes.

Supporting evidence for the close relationship of the Annapolis
Velley to the southcentral section of the province comes from the previously

mentioned mouse, Peromyscus leucopus, which extends up into the Annapolis

Velley end Avon Velley from the southwest having been found as far as the
Windsor district but nowhere else in the province (Smith, 1939).

Because of the overall scarcity of turtles and snakes throughout the
remainder of Nova Scotia, I have classified it as Herpetofaunel Section 3A.

However, there are two pockets in this section that deserve special mention

and they appear as black triangles on Map 5.
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Wost of the Annapolis Valley end Avon Valley aree and at the same
latitude there are no turtles until one gets past the peninsular con-
striction and into the broader western part of the province. Here, in the
limestone and sandstone wvalleys of the Gay River and Musquoidobit River
(the more southerly black triengle) away from the cool sea air, the lake-
less terrain has been much given over to cultivation. The herpetofauna
is poorer than that of the Annapolis Valley. There are no records of Ce s.
serpentina but C. p. picta is common along several of the meandering
streams and rivers. I have no knowledge of the snakes in this area but to
the immediate west in the upper West River St. Mary's T. s. sirtalis and

S occipitomaculata are common. However, no Ce p. picta and but one C. s.

serpentina (H. White, pers. comm. 1956) have been found in the latter

valley but Clemmys insculpta is well known in the region.

Repeated inquiries and collecting north of the latter area has re-
sulted in finding but one additional elimatic pocket. It is located in the
envé;ons of the town of Oxford, Cumberland County, which is & rolling sand-
scone area located just north of the 900-1200 foot high east-west oriented

Cobequid lountains. It is centrally located in relation to the nearest

sea coasts and the extensive Jack Pine, Pinus banksiena, and Wire Birch,

Betula populifolia, forest cover of the region testifies to the dry

climate. ileteorological date is not available as supporting evidence for
the mild climate of this pocket. However, there are a few apple orchards
here and occasionally they are in bloom at the same time as those in the
Annepolis Valley. The Black River and River Philip drain the area avhich
has five small shallow lakes located on a low divide between these two

rivers. This is the only place in Northern Nova Scotia where C. p. picte
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has been found. It is rare and confined to these small lakes. Oﬁ
June 21, 1955, I had a guide take me into Slade Lake (locally called Dry
Lake because it nearly dries up during some summers) and there I saw one
adult C. pe picta and found six nests which conteined freshly laid eggs.
I was told of bnly one large turtle (undoubtedly_g._g. serggntina) that

hes ever been seen locally. However, Clemmys insculpta is common in the

Black River valley and Rans catesbeiana is common all through the region.

Te se sirtalis is common but evidence is wanting for other snake species.

(e) Cape Breton Island.

The physiography of Cape Breton Island is a complex of rolling hills
and highlands in the southern and eastern parts surrounding the large
central arm of the sea, Bras d'Or Lake, while steep sidedgorges are the
predominant feature in the plateau region of the northe This latter pre~
cipitous 1,500 foot high formation supports a flors indicative of an inter-
mediate boreal-alpine environment. (See Smith end Schofield, 1952, for
"arctic-montane" plent species from the plateaue.) The rest of the island
has both coniferous forests (particularly elong the coasts end on north
facing slopes) and deciduous-coniferous forests (especially well developed
in the deep valleys). The southern portions of the islend experience
temperatures similar to that of the northerm mainlend; the eastern pro-
jection of Cape Breton Island receives & cooling influence from the open
ocean; and the northern plateau has the most severe climate of the
province.

One striking feature of the Cape Breton Island herpetofauna is the
absence of a few spocies that are common on the meinland, nemely turtles

of all species, Rana catesbeiana, Diadophis punctatus edwardsi, and
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Ambystoma jeffersonianum, although the absence of the last mentioned

may be a false impression due to lack of collecting in early spring.
The herpetofauna is otherwise identical to that of Herpetofaunal Section
3A of the adjacent mainlend end is therefore designated as derived from
Herpetofaunal Section 3A, or D3A.

I have been able ?0 find only one report of a turtle for the en-
tire island and it is a most peculiar one. Ilir. A%, Cameron (mammologist

at the National kuseum of Camada) found a large live Chelydra se serpentina

on the sea beach at Port Hood in early August of 1963, He carried it to a
nearby freshwater pond end released ite It is difficultto know where the
animal came from but people travelling on the mainland occasionally cap=-
ture turtles that are seen on the highways and put them in their car
trunks to teke home, and generally these eventually éscape or are released
after e short period in captivity.

The snakes Storeria occipitomaculatnand Opheodrys ve vernalis seem

to be generally rare and generally distributed over the island and the
latter species has even been seen on the plateau (pers. comm. with E.C.

Smith and survey party, 1950). Themmophis se sirtalis varies locally in

abundance from rare to common, with two verbal reports given me in 1950

of very ebundant in the southeast region near Loch Lomond. However, these
reports were both connected with summer cottages and may merely represent
an aggregation of individuals about their hibernaculum, that is under the
cobtages. I have similar reports from Caeledonia in Nova Scotie, and
Kingsmere in Quebec, where a particular cabin in each locality was infested

with Garter Snakes.
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A particularly interesting feature of Cape Breton's herpetofauns

is the abundance of Newts, Diemictylus v. viridescens, of large size in the

lakes and ponds on top of the plateaus Very few of these lakes have any
fish species so the newts are the dominant aquetic vertebrate in these

waters which is indeed & unique sitwtion.

(f) Prince Edward Island.

Slightly to the west of Cape Breton Islend lies Prince Edward
Islend, & Permian sandstone formation of low rolling relief rarely ex-
ceeding 500 feet in altitude. Except for a few extensive bogs and patches
of mixed woodland it is mostly under cultivetion, and hence the names
"Million Acre Farm" and "Garden of the Gulf'. It is evident from early
reports such as Macoun's in 1894 that there was originally e fine forest
development of both coniferous and deciduous trees. The island is
surrounded by a horseshoe of lend formed by New Brunswick end Nova Scotia
which shelters it from the direct ocean influence. The preveiling summer
winds (Putnam, 1940) are from the west, southwest and south which brings
warmed air from the land masses of New Brunswick and Nova Scotia meking
the island warmer in summer than the more southerly but coastal regions
of Nova Scotia. (See Map 3 for mean July temperatures in the maritimes.)
There are no large lakes end few small ones but the province is drained
by numerous streams of which hundreds have been dammed. The ponds and
small lakes formed by these dams have been an integral part of the
province's topography for generastions. (Meny of the original log dams are
rotting away now and a programme is in operation to replace these with
more lasting concrete dams because of the rich wildfowl hunting and trout

fishing that have become established in these waters.) As would be
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expected from its small size and low relief local variations in climate
are slight and meteorologically only a slightly delayed spring along the
north coast and northwest corner of ths province can be detected.

The sitwtion found in Prince Edward Island is remarkably similar

to that of Cepe Breton Islend because turtles, Rana catesbeians and

Diadophis punctatus edwardsi are absente. Thus both islands are designated

as Herpetofaunal Section D3A. Insufficient collecting in this province

mekes it impossible to say definitely whether Hemidactylium scutatum

occurs on this island or not. One specimen has been collected on Cape
Breton Islend. O8nakes seem to be generally rare except perhaps for local

populations of Tharmophis se sirtalis. One distinetive herpetofaunal

feature of this island is the overall asbundance of Diemictylus v. virides-

cens in the numerous artificial ponds referred to above and in the ponds
of the old gravel pits excavated for fill during road construction. I
have found this spcies to be abundant only locally over the rest of

eastern Camda.

(g) New Brunswick.

The dominant physiographic feature of New Brumswick is the broad
shallow Ste John River which runs the length of the province from the
northwest to the southeast. In this velley and those of some of its
southern tributaries is found a broadleaf forest cover while the mountainous
and coastal regions of the province support a primarily comiferous forest
indicative of a cooler climste. In referring to the softwood nature of
the forest cover of the Gulf of Ste. Lawrence coast of New Brunswick,
Helliday (1937, p. 37) says "Climatically, the influence of sea fogs would

appear to be marked". The northern half of tle St. Jolm River is
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separated from the marine influence of the Gulf of St. Lewrence by e
broad range of mountains of upwards to 2,000 feet in altitude and it

has severe winters and short summers (174 deys above 42°F at Edmndston
as compered to 196 deys in the Annapolis Valley, Putnam 1940). The
southern reaches of the river valley are sheltered from the cold Bay of
Fundy fogs end air masses by 600-1400 foot highlends along the south
coast of New Brunswicke Just north of the se highlands in the center of
the southern half of the province and adjacent to the St. John River lies
Grand Lake, & 27 mile long and 18 mile wide body of water lying in low
relief terrain of sandstone, shale and cmgl omerate rocks and bordered by
numerous marshes, ponds and weed-choked creeks. The geographic location
plus the thermostatic regulatory effect of the lake and adjacent river
mekes this region a major warm pocket. It is the only one that has been
detected in this province. Halliday (1937, p. 38) mentions that good

development of vhite Elm, Ulmus americansa, is found especially in the

nﬁddle of the Ste. John River Valley and tlat the presence of Basswood,

Tilia americens, and Butternut, Juglans cinerea, in the St. John River

Valley and around Grend Lake (and, incidentally, not found over the rest
of maritime Canade) indicates "more favourable climatic conditions than
obtained in other parts of the (Acadian) Forest Region".

The Grend Lake-Stes John River aresa is the only section of this

province where Chrysemys pe picta and Chelydra se. serpentina are kmown.

Cs se serpentina is rare and the scattered populations of Ce p. picta
that I have located are very local in distribution. Ce pe picta was
found et only 4 of the numerous bays and ponds along the entire shore of

Grend Leke. Enquiries made of the local inhabitents and of staff members
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of the Northeastern Wildlife Station, Fredericton, who have been canoeing
through this area for years, verified the herpetofaunal picture. For
example, the wildlife officers have been trying to determine if C. s.
serpentina occurred in the Grand Lake region but had no evidence until
one was caught (but not by them) in 1953. The Wood Turtle, Clemmys
insculpta, is nowhere common but has been recorded from many parts of the
province including the Restigouche and Green River Valleys in the north
(Perse. comm. with H. %White and Dr. R.F. Morris). Several species of
snakes (Table 2) are common in the southern regions of the province and
around Grand Lake, but become scarce in northern partse.

There are three species of amphibians in this province which do not
occur in Nova Scotia or Prince Zdward Islande One is the stream sala-

mander Desmognathus fe fuscus which is rare to locally common in the lower

Ste John River Valley as far north as the vicinity of Fredericton. Its
range is usually depicted as continuous from the Ste. Joln River Valley
to the Maine border but no collecting has yet been dume in southwest New
Brunswick to substantiate this assumption. A second species is the

ubiquitous eastern North American stream sslamander Eurycea be bislineata

which occurs commonly in the lower Ste. John Valley and the Fredericton
area but varies from rare to absent in the northern parts of the provincs.
This seems peculiar since further north it is found in tle Gaspé Peninsule
at altitudes of up to 2,300 feet. These two salemanders are abundant in

the streams on the west side of the Appalachian Mountains in southern

Quebeces The third amphibian is the tree frog Hyla ve versicolor which is

a rerity in New Brunswick having been located at but two sites only five

miles apart. Both sites are across the St. John River from Fredericton.
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I have searched for this species during two of i'bs‘breeding seasons
(1953 and 1955) and have heard it at only one spot, failing to relocate
the population in the nearby Nashwaak Valley from which two spscimens
were taken for the Royal Ontario Museum of Zoology in 1934. This frog
in New Brunswick is separated from the main range of the species, which
ends in southern lilaine, by 150 miles.

Because of the isolated presence in the lower St. John River

Valley end the Grand Lake area of Chelydra s. serpentina, Chrysemys p.

picta, Hyla v. versicolor and Desmognathus f. fuscus, I have designated

this Herpetofaunal Section a&s a 2A. Reptiles and Rana catesbeiana are

difficult to find outside of this Section and thus much of the rest of
the province is classified as 3A and the line drawn on iap 5 (which in~
cludes the Bay of Chaleur lowlands of Gaspé) marks the northern limit

of Clemmys insculptae, D. p. edwardsi, Ef.i’ vernalis, S. occipitomaculata,

and Rana catesbeiana for maritime Canada.

(h) Gaspé Peninsula.

The mountainous Gaspé Peninsula of Quebec province has a paucity
of lakes but possesses numerous streams which deeply dissect the mountains
especially the 3,700 foot high Shickshock Mounteins al ong the north side
of the peninsula. Towards the southwest this Appalachian formation drops
of f to 1,000 and 2,000 feet in altitude at the Matapedia Valley end rums
southwesterly along the United States - Canadian border and through the
southeast corner of Quebec province. The forest of the valleys and
lowlands around the Gaspé Peninsula (esge the Temiscouata Valley, the
Matapedia Valley and the Bay of Chaleur area) is composed of an admixture

of Great Lakes-Ste. Lawrence Forest and Boreal Forest species with the
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absence of Hemlock and with e dominence of cedar. With altitude this
chenges to a Boreal Forest formation, then through a Black Spruce and
White Spruce forest until finally an alpine-tundra condition prevails
(Scoggan 1950).

I have designated this Herpetofaunal Section as 4A because as in
Herpetofaunal Section 4 there are no turtles, bullfrog or snakes other

than Themnophis s. sirtalis. (The only records for the other species

of snakes are one for De p. edwardsi at the Gaspé-New Brunswick border
and Cox's 1899 report of O. ve vernalis from "Gaspé" which is probably
the Bay of Chaleur area, and which I have included in my Herpetofaunal
Section 3A.) The ubiquitous Te se sirtaelis occurs all around the
peninsula but has never been found higher than 500 - 700 feet (Trapido
and Clausen at Ste. Anne des Lionts, 1938). It is rather rare as is
evident by Ball's experience (1937)e. In 1937 he spent from June 14 to
Auvgust 30 conducting a zoological survey of the eastern tip of the pen-
insule and sew only eight Te se sirtalis during the entire periode Like~-

wise Diemictylus v. viridescens is known from the periphery of the pen-

insula and is common in some areas but has not been seen above 1,000 -

1,200 feet of altitude. Bufo americanus, Rana septentrionalis and

Eurycea be bislineata are cormon and have been observed by this writer

at 2,000 (Lac Vison) and the last species also at 2,300 feet (Trapido
end Clausen at Lac aux Americains). At Lac au Claude, about 2,200 =
2,400 feet in altitude, I was told by the warden that "frogs" were heard

in spring at the south end of the lake, and at the time I heard one Bufo

americanus calling. There is a dense Black Spruce forest at this

altitudes Ambystoma maculetum has been teken at 700 feet, Ambystoma
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Jjefforsonianum at 1,000 - 1,200 feet, Rana sylvatice at 3,700 feet, and

Hyla c. crucifer at 1,000 - 1,200 feet of altitude. More early spring

collecting should be done in these mountains for then a very interesting
comparison could be made of the distribution patterns with altitude in

the Gaspé with the distribution patterns with latitude of the same species
in Quebec and Labradors (Taxonomic comparisons on the subspecific level

would also be of significent interest.)

(i) Anticosti Island and Newfoundland.

Before discussing northern Quebec and Labrador, the herpetofaunas
of Anticosti and Wewfoundland should be mentioned since they were derived
from Herpetofaunal Sections 3 and 3A respectivelye. Neither island hed a
native herpetofauna and what species exist there now were introduced by
men within the past 100 years.

Climatically the complex physiography of Newfoundland helps create
three areas which are warmer than adjacent regions. These pockets are
the Humber River Valley at Deer Lake, Ste Goorges on the west coast and
the centre of the Avalon Peninsula in the southeast part of the province
(Hare 1952). There is an sbundance of suitable aguatic habitats avail-

able. However, as far as is known only Rana clemitans has been introduced,

in bales of hay from Nova Scotia taken into St. John's about 1850
according to Johensen (1926). They have since spread over the Avalon
Peninsule and when I was there in 1%49 this frog was common in the
numerous ponds and streams in the southern part of that peninsula.

Logier and Toner, 1955, report a specimen from Glovertown, 75 miles north
of the Avalon Peninsula, but there seems to be no infomation as to

whether this population was introduced from the Avalon Peninsula or if

it has simply migrated that far.
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Mnticosti Island is a large Ordovician and Silurian limestone
formation of low relief situated at the mouth of the St. Lawrence River.
There are many shallow streams end ponds which dry up considerably in
sumer leaving wide marle beaches- (Johansen, 1924)s The climate is
rather uniform and it is unlikely that any pockets will be found. In
1899 frogs from Quebec City were deliberately introduced in em effort to
combat the plagues of biting flies on the island. This original popula=-
tion has spread eastward from the site of introduction which was ponds
in the viecinity of Port lenier (Ellis Bay area and nearby Lake St.
George says Johansen, 1926) but exactly how far east has not been deter-
mineds. As far as I know no herpetologist has collected on Anticosti
Islaend and all we know of its introduced frog population is that it is

composed of at least two species, namely Rana p. pipiens and Rana

septentrionalise

(3) Quebec and Labrador.

Horth of Lake Ste John lies the vast territory of Quebec-Labrador
or Ungava-Labrador. Geologically it belongs to the great Precembrian
Shield formetion and is e region of innumersble lakes, rivers amd bogs.
It rises rather abruptly along its southern border (particularly elong
the north shore of the Gulf of St. Lewrence where it forms the Laurentian.
Scarp) to altitudes of 1,000 to 3,000 feet end then gently slopes to=-
wards the northwest and into Hudson's Bay and Ungeva Bay. There are
700 miles of Boreal Forest between Lake St. John and the tree limit line
near 579-590N, latitude. However, there are important climatic dis-
continuities in this overall gradual south to north gradation. These

milder sections are the north shore of the Gulf of St. Lewrence; the
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Hamilton River Valley-Lake Melville area; and the upper reaches of the
Kaniapiskau River in Ungava (the Fort MacKenzie area).

Along the north shore of the Gulf of St. Lawrence from Sept Iles
to Natashquan at the foot of the 2,000 foot high Laurentian Scarp is a
wide marine terrace severel miles in width. The rivers flowing from the
scarp have cut deep valleys through these sedimentary deposits and in
these protected valleys several species of amphibians and reptiles reach

their northern limit, these species are Thamnophis s. sirtalis, Pletho-

don ce cinereus, murycea be. bislineata, and Rana clamitans. Collections

from Lake Missassini and the James Bay area indicate that the limit line
for these species west of the Laurentian Scarp is roughly the latitude
of southern James Bay. I have called this Herpetofaunal Section 5. This
Section may also mark the northern limit of the continuous range of

Ambystoma jeffersonianum, Rena pe pipiens and Hyla c. crucifer for al-

though reported from farther north they have not been collected in the
intervening territory at sites where other species have been taken.

Three hundred miles north of this low coastal plain is a warm
pocket in the valley of Laks Melville and its tributary rivers. The
trees of the forest are of commwrcial size (Hare, 1950, claims this to be
the greatest untouched source of pulp wood) while the surrounding country
has an arctic type of vegetation with an almost complete absence of
White Spruce end Balsam Poplar which are so prévalent in the valleyse.
Halliday (1937, p. 16) says that here protection is certainly one of the

controlling factors in determining tree cover and growth quality. The

frog Rena p. pipiens and the salamander Ambystoma jeffersonienum reach

their northern limit at Lake lielvilles There are no representative
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specimens of Plethodon c. cinereus or Hyla ce crucifer from this section

but I have received verbal reports of these species and therefore it is
possible that they, together with the previously mentioned two species,
have relict populations in the Lake lkielville area. I therefore desig-
nate this region, tentatively, as Herpetofaunal Section 5A.

North of Section 5A only three species have ever been collected.

One, Bufo americanus, is common as far north as kenihek Lake, 54° 30'N

latitude, but is very rare at Knob Lake some forty miles further northe
The limit of this toad marks Herpetofaunal Section 6.

The remaining two species are Rana septentrionalis and Rena

sylvaticas The former has been taken rarely at 57°N latitude which is
about 50 miles south of the tree line, and the latter species is relat-
ively common north to the tree line from Labrador to Alaska. These two
frogs are the only representatives for Herpetofaunal Section 7.

A summa.ry of each Herpetofaunel Section is presented in Table 3,
and an overall picture of the herpetofauna of eastern Canada can be gained
from this table. The richest fauna is in the south and west of the
Appalachian range, while that of Nova Scotia and New Brumswick is second
with approximately two-thirds as many species. The derived faunas of the
four Gulf of St. Lawrence Islands differ sharply in that two islands have
exceptionally few species and two have nearly as many species as on the
mainland. In the higher altitudes and latitudes of the region there is a
sharp reduction in the numbers of species, especially of reptiles.

Further studies in the Gaspé peninsule would make it possible to
accurately delineate, altitudinally, Herpetofaunal Sections 5A, 6A and TA

because the same species occur there as in northern Quebec and Labradore.
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(2) Pactors Limiting the Distribution of Amphibians and Reptiles in

Eastern Canadsa.

The fectors involved in limiting the ranges of emphibians emd rep-
tiles have not been well studied. Oliver, 1955 p. 135, says "To be sure,
we know the effect of extreme conditions end some of the gross results of
certain variations in these factors, but we do not know the exact require=-
ments of a single speciss for any one factor throughout the life of that
species". However I feel that their discussion is warranted here, for a
knowledge of these factors is rather essential to the interpretation of
the past and present distribubtion patterns of the eastern Canadian amph-
ibiens end reptiles. This digressior serves as an analysis of the foregoing
sectlon on zoogeography mmd at the seme time as a presmble to the following
section on postglacial migrations of amphibiens and reptiles;

Through the years various limiting factors have been deduced end
then often assumed to be correét, without undergoing experimental verifica=-
tion. For instance, in discussing the limiting factors affecting the Skink,

Eumeces fasciatus, Schmidt, 1950, says "the renge of the common five-lined

skink, Bumeces fasciatus, of the southeastern United States is strictly

limited to the east and south by the Atlantic Ocean and the Gulf of lexico.
The northern border of the range is no doubt limited on one hand.by the
length of the favourable summer season and on the other by the degree of
winter colde..s« To the west, the limiting factors must be principally the

presence of suitable cover, Eumeces fasciatus being found principally

under loose bark end under or in rotting logs, end competition with other
species. The primary physicel factors are reduced rainfall and increased

eridity, which cause the forest to give way to grassland. Competition
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with climatically adjusted and rock crevice inhabiting species of the
same genus appears to be en effective biotic limiting factor". However,
in spite of these reasonable deductions it is still uncertain in the
north of this species range which of the two factors (1) severity and
depth of freezing of the soil in winter (affecting hibernating individ-
uals) or (2) insufficient warming of the soil irn summer (affecting develop-
ment of eggs) is the more important factor. Again, in the west of its
range, it is not known what is the true relationship between the plausible
limiting factors of (1) lack of forest, (2) competition with prairie
lizards, and (3) reduced moisture.

Moore (1939, 1940, 1942, 1949, end 1952) has made a major contribu~-
tion in this respect through his determinations in the laboratory of the
development rates and the limits of temperature tolerance of developing
eggs of six species of frogs from eastern North America, namely Rana

catesbeiana, Re clamitans, R. palustris, Re p. pipiens, R. sylvatica and

R. septentrionalis. Moore found (1939) that the more northern species

developed faster at cold temperaturese ¥ith the exceptions of Re p.

pipiens ard Re soptentrionalis, he found that specimens of the same species

from different latitudes had the seme range of temperature tolerance (1942).
A comparison of these figures with the geographic range showed that each
species was limited in the north and south of its range by environmental
temperatures which exceeded the range of temperature tolerance of the
developing eggse Thus in the north the daytime temperatures may be such
thet edult frogs could feed and breed and escape the cold nights by re-
tiring to the pond bottoms each evening but their eggs would be exposed

to the evening drop in temperature and thereby destroyed. Piersoll, 1929,

hes shown that a drop in temperature to 39.2°F (4°C) will cause
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- stratification in the newly leid eggs of Ambystome jeffersonienum end et a

temperature of 37.4°F (3°C) no development tekes place in eggs of either

A. jeffersonianum or A. maculatume However the adults are tolersnt of

greater cold than this and have been found active in ice covered ponds.

In these cases then it is the minimum nocturnal temperature (during.the
egg laying season) through its effect on the normal development of the eggs
of these amphibians thet limits their northward spread. To what extent
this is true of other amphibians and reptiles is as yet unknown, but the
unprotected eggs of the egg-laying species seems to be the vulnerable stage
in their life history.

The two exceptions $o these general findings of Moore are Re pe

pipiens and Re septentriomelis. The former species, Moore has demonstrated

(1947), has e variety of embryonic temperature tolerance limits end mete-
bolic rates according to the regional climatic conditions. Thius Re pe
pipiens from Vermont develops faster at cool temperatures than do speci-
mens from Hexico, in fact, crosses between individuals of this species from
these two latitudes result in non-viable ebnormel embryos (1947)« Thorson,
1950, comments on a similar relationship in merine invertebrates where eggs
end larvae of northern cold-adapted species develop in the same time as
southern species of the same genera. The cold temperatures do retard de-
velopment in the north but not as much as would be predicted from the Q1o
Rule because there é.pparently is a compensating increase in the metabolic
rate of these northern orgenisms. Dehnel, 1955, Bullock, 1955, have

expe rimented with many invertebrates and determined the physiological
temperature ranges and metabolic rates for northern and southern popule-

tions of the seme and related species. These workers have observed many
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cases of apparent temperature-independent growth rates in both southern
end northern populations and point out that the Qo Rule is inapplicable
in such instances. As Bullock states, "The wide distribution and
demonstrated natural occcurrence of acclimation and related rate compen-
sations for temperature bespeak a large-scale role in ecology and
evolution".

In 1952 Moore reported on his geographical study of the second

species, Re septentrionalis. However, he has reported wrongly on several

points. He gives the range of this species as 439N to 50°N whereas 57°N
is correct. (Distribution Mep 23.) His experimental material came only
from New York State and the temperature tolerance limits determined were

14°C %o 31°C, just one degree below that of Rens catesbeiana (159C to 320C).

This latter species extends the least far north of any northeastern ranid.

Now, since R. septentrionalis ranges nearly as far north as Re se sylvatica,

which has a temperature tolerance range of 2.59C to 24°C, then Re

septentrionalis eggs must also have a similar temperature tolerance range

in northern Quebec. This means that populations of Re septentrionalis in

New York State end Ungeve have different temperature tolerance limits,
which is identical to the situation found in R. pipiens.
There is additionel evidence for this wide difference in embryonioc

temperature tolerance in populations of R. septentrionalise It is well

known that the species of ranids which emerge earliest in spring and lay
their eggs at that time, such as Re s. sylvatica, are tolerant of low
temperatures end therefore can develop in the cold waters of high latitudes

end altitudes. It is significant therefore that R. septentrionalis in New

York has its peak of leying during July (June 24-July 30 according to
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Wright and Wright 1949, end Moore 1952), yet my own work in Quebec end
Labrador showed that this species breeds end lays in early spring at the

seme time as Re s. sylvatica, Hyla c. crucifer, and Bufo americams. (In

New York State breeding dates for R. sylvatica according to Wright and
Wright are March 19 to April 30.) First breeding dates in 1952 for Re

septentrionalis at Sept Iles, Quebec, was the first week of June; for

Mile 134 (on the Quebec-Labrador Railway) was the week of June 17=-23.

In these latitudes therefore it must have developmental temperature
tolerance limits that approach those of Re sylvatica and not Re catesbeiana
as Moore has determined for New York populationse. Baker in this "Evolution
of Breeding Seasons", 1938, cites several species of birds in Ceylon as
examples of animels which breed at different times of the year within
their ranges The fact that the monsoon period occurs at different times

of the year on the two sides of this island may account for this variationm.

Re. septentrionalis is unusual in that it breeds during July in the southern

part of its range (latitude 45°N) and breeds during June farther north
(latitude 52°N). Generally a species breeds et successively later dates
towerds the north.

Re septentrionalis must be a very labile species as regards temper-

ature tolerance. This is true also of its metabolic rate as is indicated
by Moore's experiments on the number of hours it toock the embryos of the

species Re clemitens, R. catesbeiana, and E. septentrionalis ai‘. 19.8°C to

pass from stage 3 to stege 20 (stages from Pollister and Moore 1937). It

took Re clamitans 112 hours, Re catesbeiana 131 hours and R. septentrionalis
gave reedings of 119, 120, and 137.5 hours. Moore says (pe 16) "I am at a

loss to explain this great variability in R. septentrionalis. I have not
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observed differences of this magnitude in individuals of other species
when adults are from the seme locality". The evidence is, then, that there
is a great individual variation of embryocnic temperature tolerance and rate

of development in single populations of R. septentrionalis end that through

natural selection the populations in Quebec and Labrador consist of in-
dividuals whose eggs are tolerant of low temperatures.

There now arises the question that if this is such a labile species
why does it not range over most of North America as does Re pe pipiens?
Moore suggests that it is in competition with R. catesbeiana and cannot
penetrate southward into the latter's range. To support this contention,
he says (pe 10) that the renges of the two species overlap only in south-
eastern Ontario and that they uswlly are not found in the same locality.
My own field work disproves both these statements. Firstly, the species
overlaps extensively in Ontarioc, southern Quebec, New Brunswick and Nova
Scotie, and secondly, I have collected both species side by side on meny
occasions in Ontario, New Brunswick, and Nova Scotia. There is therefore

no concrete evidence as to what factor limits Re septentrionalis at the

south and west of its present range.

It is evident that the study of limiting factors affecting the
distribution of amphibians end reptiles is yet in an embryonic stage.
Nevertheless, I would like to point out in this section the evidence for
certain importent limiting factors.

The smphibians and reptiles of easbtern Canada reach their northern
limits in this region and the dominent limiting factor is temperature.
This is because amphibians and reptiles are poikilothermous animel s and

can not long remain active at low temperatures such as prevail in
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northern Canadae. This necessitates a hibernation period of about five
months in southern Canada and eight months in northern Quebec. A gross
correlation between the major orders of the emphibians and reptiles and
their distribution in eastern Cenade is evident when their ranges are
plotted as on lap 6. Lizards form the most southerly group. Only one
lizard species is found this far northe Fitch, 1954, ps 21, says "As
compared with its reptilian associates in northeastern Kensas, Eumeces
fasciatus is outstanding in its ability to become active and carry on
normal activities at relatively low air temperatures". Its preferred
body temperature is approximately 30°C (86°F) according to Bogert (1949,
pe 2056), Fitch's figures (page 57) indicate that a drop in temperature to
109C (50°F) would be lethal. In Canade such environmental temperatures
es required by this species are realized only in southern Omtario.
Reference to Distribution Map 38 illustrates how this species skirts
south of the eastem Ontario highlands of the Algonquin Park region, and
again skirts west and south of the Catskill and Blue Mountains of New
York and Pennsylvenia, and then extends northeast along the low coastal
plain of the New England States. Turtles range slightly farther north
but are limited by the foothills of the Canadien Shield in southern
Quebece Thoy skirt south of the White Mountains on the Maine-Quebec
border and extend along the southeast side of the Appalachian Mountains
to the latitude of northern New Brunswicke. They do not occur in the
mountainous Gaspé Peninsula. The limit line for all snake species,

except Thammophis se sirtalis, lies very close to that of the turtles,

about 50 miles farther northe. There is a northward jump from here,

averaging 200 miles, to the limit of the salsmanders. Peculdarly



- 74 -
enough the Garter Sneke, Te se sirtalis, has a similar latitudinal limit.
The usuel explanation for this is (1) being the first reptile to emerge
in spring it must be cold tolerant end therefore would be expected %o
extend farther north than any other reptile. (This is similar to the

relationship that Eumeces fasciatus holds to other lizards.) (2) It is

ovoviviparous and therefore the female can seek out the warmest micro=-
habitats during the sunny hours end thereby obtain a maximum number of
hours of incubation for her embryose. The eggs of oviparous snakes, on
the other hand, must remain buried in one place and are subject to night
chillings or even to freezing at high altitudes end latitudese The
northern limit of frogs is mearly 400 miles north of the salamnder line.
This is rather berplexing because adult selemsnders snd especielly their
larvee are often active all winter even beneath iced over streams and
ponds, while tadpoles end frogs invariably become inactive during cold
weather. Perhaps the solil tenperature and permafrost inactivate the
adult salemenders which spend much of their life history in the soil,
whereas the frogs live in the water and along the margins of pondse.
Tempe rature tolerance limits of the salamander eggs may well be a prime
limiting factor.

The occurrence of isolsted species populations in protected valleys
(viz. Lake Melville ares, Labrador; Ste John River-Grand Lake area, N.Bs;
Gatineau Valley, Que; Oxford, N.S. etce), in the warm southern latitudes
of Nova Scotia, and eway from the cool sea coasts of the maritimes is

further indication of the temperature sensitivity of amphibians and rep-

tiles.




Since temperature is probably the dominant limiting factor it seems
reasonable that somp kind of environmentsal temperature index could be
calculated from long term meteorological data. One could then determine
the index for an area end predict its species of amphibians and reptiles
through & comparison with an area with a similer index number and e well
known herpetofauna. It could also be consulted where introductions of
emphibians and reptiles were being contempleted. An Environmental
Temperature Index for the amphibiens and reptiles of eastern Canads was de-
rived through multiplying the Length of Growing Season by the Ilean July
Temperaturee The reasons for using these figures are several. One is based
on the fact that amphibians and reptiles come out of hibernsati on when the
mean daily temperature reaches 40°F to 50°F depending on the species con-
cerned (Morgen, 1939; Wright and Wright, 1949; Bishop, 1941; Fitch, 1954).
The Length of Growing Season, figures for which are readily available from
meteorological offices and several publications (Putmam, 1940 end
Putnam and Chapman, 1938), is the number of days that the mean daily
tempereture is above 42°F. This is believed to represent the duretion
of the period of plant growthe At the same time it approximates the
length of the sumer activity period of emphibiens end reptiles. This
figure then gives us the length of summer season in which amphibiens
and reptiles can remain active. The activity and growth of amphibiens and
reptiles is proportional, within limits, to the environmentel tempéra.ture.
That is, eggs, young and adults develop and grow faster at warm tempera-
tures. Cowles and Bogert, 1944, observed that the Eastern Garter Snake,

Thammophis se sirtalis, and the Great Pleins Garter Snake, Thamophis

radix, kept at a constant temperature of 80°F fed, defecated, and shed the
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skin more frequently than did individuals of the same species kept at

70°F. In southerm Michigan Blanchard end Blanchard, 1940, found that the

period of embryonic development for Thamnophis s« sirtalis varied from 87

to 116 dayse The shortest period occurred during an extremely hot summer,
end the longest during an unusually cool onee. The difference in embryonic-
development time amounted to four days per degree of temperature. Resumur,
1735, laid the foundation for such modern work on the summation of temper-
atures when he discovered that the sum of the mean daily temperature mads
a constant for any given phenological periods. Therefore in theory, a
poikilothermous species should thrive equally well in an aresa which had

e short but warm summer season or in ean area with a longer but slightly
cooler season. With few exceptions in eastern Canada July is the hottest
month end I have chosen the mean temperature of this month as representing
a figure for the relative amount of heat available during the summer for
the development of amphibiens and reptiles in an area. By multiplying

the Iength of Growing Season by the lMeen July Temperature for two slightly
dissimilar areas, such as just outlined above, a similar product should
result and similar herpetofaunas should be expected to occur in the two
areas. This was actually tested by compering the environment at the

northern limit of the species Thammophis se sauritus and Emys blandingi

which have range limits in eastern Ontario and southcentral Nova Scotia
(see Distribution Maps 42 and 31). The Length of the Growing Season for
Ottawa and Almonte in eastern Omtario is 190 deys and 192 days respec-
tively. The same data for Springfield in southcentral Nove Scotia is
199 days, bub nevertheless the two species are rare in Novae Scotia. Ex-

aminetion of the mean July Tempsrature for these areas shows that
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Springfield with 66°F is cooler then eastern Ontario with 69+60F and 689F.
When the Environmental Temperature Indices were calculated they showed a
remarkable similarity; Ottewa 13,224, Almonte 13,056 and Springfield
153,134. The Environmental Temperature Indices for eastern Canada are
plotted on llap 7 in company with the Herpetofaunal Sections limit lines,
and for comwenience have been reduced to 13.1, 12.6, 11l.0, etc. Note

how the Envirommentel Temperature Indices conform rather well to the

Herpetofaunal Sections:

Herpetofaunal Sections Environmental Temperature Indices
1 15 to 13
2, 2A 13 to 12
3, 3A 12 .%o 11
4, 4A 11 to 10
5, 5A | 10 to 8
6 8 to 6
7 6 to &

This rather simply derived, but seemingly effective herpetofaunal
Environmental Temperature Index could be refined but this is not
warranted since the significance of any figures after the decimal is
rendered questionable by certain meteorological discrepancies. There
is a possible margin of error of several degrees Fahrenheit between the
temperature of the microclimetic environment of the meteorological re-
cording instruments and the microclimetic environment of the local
amphibians and reptiles. In the first place the meteorological instru-
ments which record the data are about four feet off the ground whereas

the amphibians and reptiles mostly dwell at ground level, and therefore
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temperature readings for an area can not be directly related to the
enviroament of the local herpsetofauna. Secondly, the meteorological
instruments may be located in a valley, on a hilltop, on a rooftop, over
sand, over rock, on a north or any other directed slope, exposed to winds
or protected by buildingse. Longley (1954, pe 33) points out that the
temperature readings at MeGill University and Dorval Airport, both only
a few miles apart on Montreel Island, differ during spring and fall by
an average of 3°0F.

The Environmental Temperature Indices for the coastal regions are
somewhat misleading because although the temperature is above 429F for
as long as 204 days (Yarmouth, Nova Scotia) it is not much above that
temperature, which in turn seems to be too cool for the development of
turtles and some species of snakes. Another factor is that although the
maximum temperature for the dey may be recorded as 70, the morning end
evening fogs can restrict the 65°F-70°F temperatures to a period of only
e few hourse. Farther inlend, however, the day maximum may also be 70°F
but the clear skies here results in a much longer period of 65°F=T0°F
temperatures than on the coast, which of course is of vital importance to
poikilothermous amphibians and reptileses

Disregarding these coastal figures, the Eastern Painted Turtle,

Chrysemys pe picta, is found in areas with en Environmental Temperature

Index of 12,0 or morees At en index number of 13.0 it is common to abun=-
dant, as in eastern Ontario and southern Nova Scotiae It is of interest
to note that the Environmental Temperature Index in Nova Scotia at Mount
Uniacke, in the peninsular constriction at Windsor-Halifex, is only l1ll.l

end no.Ce pe picta occur theres To the northeast of Mount Uniacke The
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Environmental Tempersasture Index rises to 1l2.1 at Upper Stewiacke and just
south of this region populations of C. pe picta do occure

There are very few records of turtles from the high country of
Ontario in the Algonquin Park regione. This is evident in Herpetofaunal
Section 2 where the section makes a wide circuit around the area. Mre EoB.Ss
Logier, of the Royal Ontario Museum, says (personal commmication) that
meny expeditions from that museum have spent weeks at & time in the park

and ell have reported turtles as rare, and 'Chelydra serpentine appears to

be the only one of even moderately common occurrence". He goes on to say

that the only species recorded is a single Chrysemys picta marginata taken

at the extreme southem border of the park at an eltitude of about 1,280
feets The Environmentel Temperasture Index determined for this area is 1l.1,
which also seams to mark the limit for turtles in other regions of eastern
Canada. There are other species whose limit lines follow en Environmental

Temperature Index rather clossly and they are:

Species Environmental Temperature Index
at Northern Limit
Ambystoma jeffersonianum 845
Plethodon cinereus 8¢5
Bufo americanus 6.0
Rana sylwvatica 542
Rena catesheiana 12,0
Chelydra s. serpentina 11.0
Chrysemys pe picta 12.0
Themnophis se sirtelis 83
Storeria occipitomaculata 11.3
Opheodrys ve vernalis 11.3

Diadophis punctatus edwardsi 11.5
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Although the eleven species listed above fit the isopleths of the
Environmentel Temperature Index end thereby substantiate its applicability,
the remaining species are inconsistent in this respect. There are two
probable explanations for this: (1) insufficient knowledge of the species
distribution dus to lack of collecting end (2) some effective barrier other
than temperature. There are severel of these species whose distribution
is well knovmn and therefore barriers other than temperature must be in-
volved. These barriers will now be discussed, although it is not under-
stood precisely how some of them function as such.

There are five species against which the waters of the Great Lakes
and St. Lawrence have served as an efficient barrier to their distribution.

Two of these species are the stream salamanders Desmognathus f. fuscus and

Gyrinophilus pe porphyriticus which occur along the south shore of Lakes

Erie and Omtario and in many of the streams in New York State end Quebec
Province that flow northward into the St. Lawrence. This constitutes a
600 mile front along the south side of Lakes Erie and Ontario and the

Ste Lawrence River with a range in Enviromnmental Temperature Indices of
from ebout 15.0 at Lake Erie to about 12.0 near Quebec éity. However,
years of collecting has shown that they have menaged to cross this system
only at the Niagara River where they have been found on the Canadian side
of that river but no farther. An isolated 1934 record from Ottawe for

Gyrinophilus pe porphyriticus indicates that it has crossed at this latitude

but I have searched in vain along streams in the Ottawa Velley for addi-
tional specimens and feel that this record stems from an accidental or

deliberate introductione




The exsct msmmer in which this water barrier functions is unknowne

It should be poimted out that Eurycea bs bislineata, another stream sala-

mender often found in compeny with the above two, is equally common both
north and south of the Great Lales-Ste Lawrence River system. Perhaps the
habitat preference of the first two mentioned salamamers prevents them
from crossing at other points. They both inhabit the margins of small
streams and avoid the shores of large rivers and lakes. The prevalence of-
strong wave action and ice action and the high temperature during summer
in the littoral zone may be limiting factors in this case. In addition
they are lungless salamenders and camnot float, and therefore would have
to swim the entire crossing or walk across on the bottom, where the carbon
dioxide concentration might well be lethal. The ubiquitous Eurycea be
bislineats on the other hand is found in rivers (Ottawa and Rideau Rivers
of Ontario and the Ste Jolm River of New Brunswick) and Bishop (1941,
Do 292) says that the larvae were fairly common among the stenes along the
shore of Lake Eaton, New York, where, he writes, they must have been sub-
jected to considerable wave action during stormse.

Another species which has been barred by these waters is the snake

Coluber constrictor spps It occurs along the United States side of Lakes

Huron, Erie and Ontario. However, it has managed to cross only at the
Michigan-southern Ontario border and is known only from two localities
which are within 40 miles of the Michigan border.

The finanl two species of the five which have found these waters a
formideble barrier to their distribution are two turtles. Ome is the

terrestrial Box Turtle, Terrapens ce. carolina, which occurs along the United

States shores of Lake Ste. Clair, Lake Erie, Lake Ontario and ths upper
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St. Lawrence River Valley to near the Quebsc border, but has never been
recorded from e Canadian locality. The same is true of the bog-dwelling

turtle Clemmys muhlenbergi, elthough its range along Canada's border is

confined to the east end of Lake Erie and eastward along the south shore
of Leke Ontarioe Temperature is not a factor here for this species has
been teken in the Appelachiens at altitudes of "well over 4,000 feet"
(Carr, 1952, pe 131). Perhaps strong habitat preference is the important
limiting factor affecting these two species.

There is perhaps no better illustration of the effectiveness of a
water barrier than that exemplified by the distribution pattern of the

frog Pseudacris nigrita triseriata along the Ottawa and St. Lawrence

Riverse P. nigrita triseriata occurs abundantly on the south side of the

Ottawa River from (at least) South March (10 miles west of Ottawa) eastward
to the junctici: with the St. Lawrence River at Montrcal Island. Weverthe-
less, it has crossed only in the area of Hull, Quebec, and here it has
penetrated nortlwards up the Gatineau Valley for 20 miles to Wakefield. At
the junction of the Ottewa and Ste Lawrence Rivers the species has gained
Ile Perrot over & 1,000 foot width of river (or over two 500 foot jumps vie
Ile aux Pins), but it has not crossed the second 1,000 foot river barrier
which would put it on Montreal Islend. Across the St. Lawrence River from
the city of Montreel I have heard choruses of this little frog in the

swemp at the foot of the Jacques Cartier Bridge at Montreal Sud. The river

ig about 4/5 of & mile wide heree I could not find P. nigrita triseriata

along the north shore of either the Ottawa or St. Lawrence Rivers in the
Montreal region. Why these rivers serve as such a formidable barrier to

this frog and not to other frogs is as yet unknovm.
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In the laritime Provinces there is a definite but as yet undefined
faunal and floral barrier in existence between New Brumswick and Nova
Scotiae In brief the situation is that there are meny orgenisms which
live successfully in the climte of New Brunswick but do not occur in
Nova Scotia where they would be expected, even though the latter province
is more southern and has a milder climate. The two amphibians Hyla ve

versicolor and Desmognathus f+ fuscus are found in the lower Ste John

River Valley of New Brunswick but are absent from southeastern Hew
Brunswick end all of Nove Scotiae (Evidence will be presented in the dis-
cussion of the postglacial period supporting the contention that the climate
in eastern Camade was much warmer 4,000 years agoe. Therefore the climate

at the New Brunswick-Nove Scotie border could not have been a barrier at
that time even though it may be now.) lore striking is the distribution

of Eurycea b. bislineata which ranges in eastern Canada from southern New

Brunswick to altitules of 2,300 feet in the Gaspé Peninsulae, and along the
north shore of the Ste. Lawrence River to latitude 510N, but has not crossed

the Isthmus of Chignecto into Nove. Scotia. However, both Desmognathus f.

fuscus and Eurycee be bislineata are stream salamenrders and possibly the

salt marshes and creeks amd the freshwater bogs that constitute this isthmus
are unsuitable habitats and therefore function as barriers. Similarly the
preference of Eyla ve versicolor for deciduous trees may exclude it from
the coniferous forest that predominates over southeastermn New Brunswick end
the Isthmus of Chignhectos.

The distribﬁtion of the flora and fauna of the maritimes has received
considerable attention and it is interesting to note how meny other organ-

isms besides the above three amphibians have ceded to this southeastern
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New Brunswick barrier. The crayfish, Cambarus bartonii, which occupies

The same stream habitet as De fo fuscus and E. b. bislineata, has been
collected from north end central New Brunswick but never from the south-
sast corner of the province and it is absent from Nova Scotia and Prince
Edwerd Islandi (Gemong, 1898, pe. 54; and personal communication with
Harley White, 1956)e Of the 44 species of fresh water fish known to occur
in New Brunswick only 33 of tlese were found in Nova Scotia by Livingstone
(1950-51) during his 1947-850 survey of that province. The trees Basswood,
Silver lMaple, end Butternut are found in south and central New Brunswick
but have not penetrated imto Nova Scotia (Roland 1944-45, p. 17).

What is more surprising is thet several species of flying animels,
namely butterflies and birds, are similarly affected by this barrier.
Ferguson (1952-53, pe 176) points out that the two selt-marsh species of

butterflies Lycaena dorcas dosPassosi and Coenonympha inornats inpisiquit

occur in northern New Brunswick near Bathurst but although the same habi-
tat conditions prevail in many parts of Nova Scotia these butterflies are

absent. Similarly, he notes that Incisalia lanoraiensis dwells in the

spruce bogs of liaine, New Brunswick and Quebec yet seems to be absent from
bogs in Nova Scotia.

W.E. Godfrey (ornithologist at the National Museum of Canada) has
kindly supplied me with the following informatdl on on distribution patterns
of birds in Maritime Canande. The Red-shouldered Hawk, American Coot end
Crested Flycatcher have all been recorded as breeding in southern New
Brunswick but in Neva Scotia only the latter species has been recorded and
but once. Birds which are common summer residents in New Brunswick and

are either absent or very rere in Nova Scotia are the Killdeer, Whip-poor-
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will, American Three-toed VWoodpecker, Eastern Phoebe, House 'iren, and
Western Bluebirde Two of the se species deserve special mentione One is
the Killdeer which occurs as far north as Bathurst in New Brunswick, has
crossed the marine barrier of the Northumberland Strait (nine miles wide
at the narrowest point) t¢ invade Prince Edward Island, yet is exception-
elly rare in Nova Scotia which lies to the south of those two provinces.
The other species of interestis the American Three-toed Woodpecker, common
from Labrader to New England including New Brunswick, but absent from Nove
Scotiae.

From the foregoing information it is apparent that a real and selec-
tive barrier existe in the area of the New Brunswick and Nove Scotia border
which effects the dispersal of both flora emnd fauns into Nova Scotiae. It
would be of value to have more distributional data for small mammel s and
both terrestrial amnd fresh-water invertebrates from this area.

One of the most effective and well recognized barriers to amphibians
is salt water. Any prolonged immersion is fatal. In contrast the rela-
tively impervious skin of reptiles makes it possible for them to tolerate
prolonged exposure to salt water. Thus is explained the fact that it is
reptiles and rarely emphibiens which populate the off shore islends of the
continentse. Of the four large islands off Canada's east coast the two
northerly, Anticosti Islend and Newfoundland, have no native amphibians or
reptiles, but only a few intreduced species of frogse The wast adjacent
to these two islands is the north shore of the Gulf of Ste Lawrence where
one sneke, three salamander, five frog end one toad species are known to
occure I suggest that the salt water has barred the emphibians from crossing

to these islands, and that the cold temperature of the water along this
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coast (14°C in July-August, end may go to 4°C in August as is shown in
fige 6, Lauzier et al. 1951) would probably benumb eny snake attempting
the swime BEven those turtles, snakes, and crocodilisns that are marine
live only in warm climates.

In contrast, the other two islands, Prince kdwsrd Islend and Cape
Breton Island, have the same herpetofaunal elements as are common in the
ad jacent mainland of New Brunswick and Nova Scotia, except for Rana
catesbeiana, all spocies of turtles end possibly the snake Diadophis

punctetus edwardsis The latter species has not received sufficient atten-

tion as yet to risk a definite statement of its presence or absence. There
are 15 amphibien and reptile species common to these islands and the ad-
jacent mainlend (which has 20 species) indicating that at one time there

was a land connection and that E. catesbeiana, Ds punctatus edwardsi, and

the common eastern Canadian turtles Clemmys insculpta, Chelydra s. serpentina

and Chrysemys ps picta arrived in the region after the land bridge had dis-

eppeered. (This theme is developed fully in the discussion of postglacial
aspectss) I suggest that the salt water has barred the frog Re catesbeiana
end that the cold temperature of the water (July temperature 19°C, fig. 4,
Lauzier et als 1951) serves as the prohibiting factor to turtles.

The distribution pattern of the mammalien faunas of these four large
islands is decidedly similer to that of the herpetofauna. Anticosti Island
and Newfoundland have a paucity of terrestrial memmalian species as compared
te the adjacent mainlend of Quebec end Labrador (Ae¥s Cemeron, Phe.De thesis,
MeGill 1956). The former island has but five known native marmals (Red
Fox, Otter, Black Beer, Pine liarten and Deer Mouse) and Newfoundland has

& mere dozen (Caribou, Black Bear, Red Fox, Otter, Pine larten, Vieasel,
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Beaver, Muskret, Lynx, Arctic Hare, Meadow Mouse and Wolf)e. Prince Edward
Island and Cape Breton Island on the other hand possess all the mainland
spocies including the many small rodents and insectivores, except for the
Racoon, Striped Skunk, FPorcupine and Woodchucke.

Insufficient sources of food as a factor which limits the northward
spread of emphibiens and reptiles is unlikelye. The plants and insects
which the turtles eat occur much farther northe The insects and other in-
vertebrates that selemenders and frogs prey upon are abundant throughout
eastern Cenada. Invertebrates, frogs and small mammals are common north
of the range limit of their snake predators.

In summary, from the availeble evidence of the distribution patterns
of emphibians and reptiles in eastern Cameda there exist various barriers
to dispersal in different parts of a species renge. The factors which most
influence or limit distribution are low temperatures, large rivers and
lakes, salt wabter, cold salt water, habitat preference, perhaps interspecies
competition and unknowmn factors such as those evident near the Few Brunswick-
Nova Scotia border. However, even in ceses where the limiting factor is
known or suspected, the precise way in which it functions is poorly under-

stood.

(3) Zoogeography of the Herpetofauna During the Postglacial Period.

During the Pleistocene Epoch all of eastern Canada was subjected to
et least four major glaciations (Flint, 1953, ps 210). The Wisconsin
Glacial Stage about 55,000 years ago was the last and was the most exten-
sive (Flint 1953, pe 242)e There followed minor shrinkages and expansions
within the third and last expansion (Manketo Substaege) occurring about

25,000 years ago (Flint, 1952, pe 397) or 18-24,000 years ago
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(Aunt 1955, pe 245). Since that time the climate has ameliorated (up
to 4-5,000 years ago) and the present fauna and flora of the region is
the result of immigrations from refugia outside of the margins of the ice
sheets.

There is ample evidence for this amelioration of climate from
veried sources. Baker, 1529, noted that from early to late Wisconsin
time the number of species of aquatic mollusks in Central Americs more
than doubled. At Kinneapolis, Minnesota, the plent fossils in the kienkato

s0ils indicete & forest of White Spruce, Picea glauca, Balsam Fir, Abies

balsamea, White Pine, Pinus strobus, and birch Betula sp., an assemblage
of species found today 200 miles north of Minneapolis (Cooper and Foot,
1932). The pollen analysis of peat bogs by Auer, 1930, Deevey, 1939 and
1944, Potzger, 1954, and others, all show a general transition in forest
species from boreal conifers to mainly deciduous broadleaf trees. Scott,
1952, reported the existence of a relict population, presumably from early
postglacial times, of CGreenland Cod, Gadus ogac, in the deep cold water
basins of the Bras d4'Or Laekes in Cape Breton Island, Nova Scotiae.
Stephensen, 1917, has noted the occurrence of relict arctic environments
in the deep fiords of Greenland. Ferguson, 1952=53, has discovered species
of lepidoptera in Nove Scotie that must be relicts from an eerlier colder
postglacial periods On page 172-173 he writes "Nova Scotia has no truly
alpine conditions, but the presence of many cold, demp sphnagnum bogs, as
well as exposed, barren headlands al ong the coast, partly compensates for
this deficiencys This close to sea level it is only in such locations as
these that one may still see the last straggling remnents of a Pleistocense

faune thet at one time flourished over much of the continent. On the
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Mount Uniacke bogs, in association with reindeer moss, crowberry, cloud-
berry, Labrador tea and other plants of an Arctic-alpine nature, there

exists a very locel but seemingly strong colony of Anomogyma imperita,

which otherwise occurs in the east only in Labrador, northern Quebec and
the high mountains of the Appalachians, around timber line. On these and

other bogs fly Anarta cordigera, a Lesionycta sp., Syngrapha microgramma,

Carsia paludata, Eulype subhastata, Eupithecia gelidate, Oeneis jutta,

Lycaeides argyrognomon, and other distinctly northern species. A stretch

of boggy black spruce forest near Parrsboro constitutes the southern-most

locality for Boloria titania east of the Rocky Mountains."

Pollen analysis, in addition to demonstrating that the climate has
ameliorated over the past 25,000 years, also indicates that a warmer and
drier climte existed in eastern North America from 6,000 to 4,000 years
ago (Flint, 1953, pe 487). Since that time there has been a decided
cooling. For example, Potzger, 1954, found pollen evidence of a White
Pine - broadleaf forest near Jemes Bay, species whose northern limit today
lies 350 miles to the souths Aver's work, 1930, in Atlantic Maritime
Cenade. presents a picture of an early postglacial forest of coniferous trees
which changed to a deciduous one, and then recently reversed to the present
day transition forest of conifers and broadleafs (the White Pine - Hemlock
- Northern Hardwoods forest formation of Nichols, 1935), Wiseman, 1954,
has enalysed bottom core samples of the Equatorial Atlantic Ocean for COg
content and concludes that the variations and fluctuations observed are a
reflection of the productivity of planktonic Foraminifera, and this pro=-
duetivity is, in turn, caused by fluctuations in the surface temperature

of the seas It follows, then, that the general climate of the world is the
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ultimate cause of the COg variations in these oceanic bottom samples.
Wiseman's figures agree well with those of Arrhenius, 1952, for Central
Pacific Ocean cores. Wiseman's graph indicates a progressive ameliora=-
tion from about 13,000 years ago tc about 4,000 years ago where the graph
levels off and slopes gradually downwards, indicating a recent period of
coolinge. The period of maximum warmth that is evident in the above studies
has been termed the Climatic Optimum.

The great significance of this warm period in eastern Canada is that
the various elemnts of the present flora and fauna must have ranged cor-
respondingly farther northe The subsequent 4,000 years of progressive
cooling has forced a southward retreat upon the part of many orgenismse
However, irregularities in the physiography of North America heve made it
possible for certain species to survive in a limited area long after they
have been forced from the adjacent terraine This phenomenon of isolated
relict populations is a characteristic feature of eastern North Amsrica's
flora and fauna. Rousseau in his 1951 report to the Arctic Institute of
North America (in Montreal) cited the occurrence of large conifers (Picea

mariana, and Larix laricina) end even mature White Birch (Betula papyrifera)

in one of the deep valleys of Labrador near latitude 60°N, which is about
80 miles north of the tree line and some 150 miles north of the accepted
limit of White Birchs Dumbar, 1954, notes the occurrence of isolated

populations of Eel Grass, Zostera marina, the Atlantic Cod, Gadus callarias,

the copepod Acartia clausi, and the Caplin, Mallotus villosus far north of

the continuous range for these species, but attributes this to the mild
decade of the 1880'se The present writer believes rather that these popula-

tions are at least 4,000 years old. Again, in the southem regions of
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Nova Scotia, Ferguson, 1952-54, collectod meny "southern" forms of
lepidoptera. He remarks on the similarity of this to the maeny southern
species of plants reported by Roland, 1944-45, from the same region end
goes on to say (ps 176) that "Perhaps at some period a variation in the
climete allowed an infiltration of these more southern forms through the
Isthmus of Chignectos Then, in succeeding generations, these populations
may have found the extrems southwestern corner of the peninsula most o
their liking, teken up their abode there and abandoned the northern isthmus
and adjacent area through which they entered." He then lists 24 species
to which this might apply.

The isolated populations of amphibians and reptiles in eastern
Cenada were described in the discussion of the Herpstofaunal Sections in
the thesise It can now be seen that they are relicts from the more exten=~
sive herpetofauna of the Climatic Optimum period. I suggest that during
this warm period the following significant migrations took place (see

Distribution lLiaps of speciesy (1) Chrysemys picta marginata, Natrix s.

sipedon, Hyla ve versicolor and Diadophis punctatus edwardsi spread north-

ward up the Gatineau Valley; (2) Clenmys guttata reached Lake Sts Peter on

the Ste Lawrence River; (3) the forest trees, and possibly certain amphib-
jans and reptiles, reached Lake St. John via the Saguenay Valley; (4)

Ambystome jeffersonianum, Rana p. pipiens, and possibly Plethodon c.

cinereus and Hyla ce crucifer, crossed the mountainous divide between
Quebec and southern Labrador and reached the Lake kelville-Hamilton River

climtic pocket; (5) Hyla ve versicolor and Desmogmathus f. fuscus got into

the Ste John River Valley of New Brunswick; (6) Chrysemys pe picta and

Chelydra s. serpentina spread over New Brunswick and Nova Scotia; and
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(7) Imys blendingi and Thamophis se sauritus came north through New

Brunswick, crossed the Isthmus of Chignecto and thence into southern Nove
Scotiae
A rather interesting piece of palaeo-ecological evidence presents it-

self in this comnection. In Ontario, Quebec, and laine Lampropeltis doliata

triangulum and Natrix s. sipedon range considerably farther north than Emys

blandingi or Thamnophis Se sauritus and therefore, assuming the same dis-

tributional relationship was true about 6,000 years ago, the first two
mentioned species must have arrived at the Isthmus of Chignecto long before

the latter two species. Yet if is only kmys blandingi and Thammophis Se

sauritus which succeeded in crossing over, and are now relict in southern
Nova Scotia. This means that the selective barrier discussed in the fore-
going section on limiting factors must have been functioning in that area
some 6,000 years agoe

The origin of the herpetofauna of the large islands in the Gulf of
Ste Lawrence is an entirely different matter and it is necessary to con-
sider the postglacial iscstatic land movements and ocean level changese
Much of this information and relevant theories are summarized by Flint,
1953, However, some of his data, especially concerning raised beaches
and isostatic hinge lines are inaccurate, and T have consulted Dr. V.
Prest of the Geological Survey of Canada, Ottawe, and lr. H. Cameron and
Mr. Re liacWeill of the Geology Departmemt of Acadia University, Nova
Scotia, for the latest Pleistocene information available on Maritime
Cannde. It seems that this region is only now being studied and no
definite detailed theories can be formulated by the geologists, but they
are in agreement over the general sequence of postglacial events in this

arede
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The paucity of the fauna on Anticosti Island and Newfoundland as
compared with the adjacent mainlend points to the impossibility of there
ever having been a land bridge to these islands in postglacial times.
The high incidence of endemism in mammals also points to lack of inter-
change betwsen island and mainland populationse There is one endemic form
on Anticostl Isleand and no less than 10 of the 14 mammals on Newfoundland
are endemics (A«W. Cameron, PheD. thesis 1956, McGill University, Montreal).
In contrast, the similarity of the faunas of Prince Edward Island and Cape
Breton Island to that of the mainlend necessitates the assumption of a
postglacial lsnd bridge of some duration. The close texonomic relation-
shin of the mammelien, amphibian and reptilian fauna to the mainland has
elready been discussed in the chapter of factors limiting distribution.
Additional evidence of land bridges is the occurrence of 6 species of
strictly fresh-water fishes on Cape Breton Island (Livingstone 1950-51);
of 13 species of fresh-weter molluscs on Cape Breton Islemd (Mecmillan
1953-52); of 8 species of fresh-water leeches on Prince Edward Island, six
of which must have entered by direct migration, according to Richardson, 1943.
Hydrogrephic maps show 30 mile long shallows between New Brumswick
and Prince Edwerd Islend of from only 60 to 30 feet in depth. There is a
2 mile band from Nova Scotia's mainland to Cape Breton Island (in George's
Bay) of 90 to 100 feet deeps In contrast, Newfoundland is separated from
Labradar by e trough 210 feet deep at the shallowest possible crossing and
Anticosti Island is isolated by 360 feot depths. The geologists whom I
have consulted see no objections in postulating a recent land bridge to
Prince Edward Island and to Cape Breton Island. The question which the
reologists can not answer is precisely when and how were these bridges

formede
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After consideration of the kmown geological facts and of the faunal
distribution patterns the following analysis of postglacial events is
suggested. It is well known that the weight of the glacial ice depressed
the land to the extent that since the ice retreated upwarping has amounted
to 1,000 feet in parts of Ontario. However, in Nove Scotia, which was near
the periphery of the ice sheets, there was little change in the level of
the land and e zero hinge line (where there is no upwarping) extends
through the center of the province in northeast-southwest direction (Flint
1953, pe 420 and 426). Studies of strand lines west of this zero hinge
line reveal that upwarping varied from 75 feet on Prince Edward Island to
90 feet in parts of western Nova Scotia. At the same time the sea level
at the peak of the glaciation (25,000 years ago) was 230 to 330 feet below
its present level but with the melting of the glaciers it has risen cor-
respondingly (Flint 1953, p. 427). The sea rose faster than the land and
it is this time lag in the upwarping of the land that accounts for strand
lines at altitudes of 90 feets I have diagrammed these events (Diagrem 1)
to show the relationships to the land bridges. At maximum glaciation the
land of western Nove Scotia and Prince Edward Islend was depressed 85 feet
and the sea 250 feet, but near the Strait of Canso the land depression
figure was nearly zero. Therefore, at Northumberland Strait the present
day 40 foot deep channel was depressed another 85 feet meking it 125 feet
below present sea levels In contrast the Strait of Canso was depressed
possibly but 10 feet giving it a total depression of only 100 feet. It
follows, then, that with the melting of the glacial ice over this area
(probably early in postglacial times, 20-15,000 years ago, because it was

thinner older ice and at the southern mergin of the ice sheet) the bridge
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to Prince Edward Island would flood before the Canso one in spite of the
former being the shallowest of the two straits at the present day. To
flood the Prince Edward Island land bridge would necessitate a rise of
125 feet in see lewel, which is about one half of the total lowering of
sea level during the last glaciation. This meens that nearly one half of
the glacial ice must have melted and it follows that at this stage of de=-
glaciation the climate of a peripheral aree such as New Brunswick, Prince
Edwerd Islend and Nove Scotis must have been rather mild. Therefore, the
period between the retreat of the ice from New Brunswick, Nova Scotia and
Prince Edward Islarnd and the flooding of the dry bridge is the only period
in which the flora and fauna could have entered Prince Edward Island
directly and en masse. The flora and fauna must have followed on the heels
of the glaciers and the climate must have been mild to account for such a
rich fauna and flora having crossed the land bridge so early in postglacial
times.

In this comection the distribution of meny fresh water fishes
shows that they must have utilized streams formed from glacial melt-water
to cross over watersheds which are now unconnected (Radforth, 1944).
Coleman, 1922, points out that all the mollusks known from deposits of
Lake Agassiz are still living in Lake Viinnipege Deevey, 1949 (pe 1394)
sums up this evidence by saying "At present it can only be pointed out that
modern distribution patterns of aquatic forms in general agree with the
fossil evidence that pearts of the great glacial lekes, though no doubt
colder than their descendants today, were definitely not arcticeses A
subarctic tundra zone must have followed the retreating ice from across
the northern United States and Camadae..but the tundra must have been

very marrow and imper manent, end the modern flora and feauna immigrated
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astonishingly early”. From herpetofaunal evidence it is apparent that the
early postglacial climate of the Atlantic Provinces must have been mild
enough to support all the present species now in the aresa except for the

turtles, the Bull Frog, Rana catesbeiana, and possibly the Ring-necked

Snake, Diadophis punctatus edwardsi, which ars, fittingly enough the most

southerly elemsnts of the present herpetofauna in that region. By the

time the climate was propitious for these forms the land bridge to Prince
Edward Island was submerged. The bridge to Cape Breton Island probably
was submerged a few thousand years later but the turtles and R. catesbeiana

and De punctatus edwardsi did not reach it (for unknown reasons, but

possibly because of & local cold influence from the Atlantic Ocean)s The

four mammals, VWoodchuck, Raccoon, Porcupine and Striped Skunk also missed

both these landbridges, although temperature was probebly not the delaying
factor in their case.

Strictly fresh water fish, which must cross watershed divides in
order to get from one drainage system to another, migrate more slowly than
the terrestrial amphibians end reptiles. They apperently arrived in
eastern New Brunswick efter the land bridge to Prince Edward Island had been
flooded and are absent from that island (personal communicetion with
We Saunders of Ellerslie Biological Station; and personal field work in
that province). However, 12 species migrated into Nova Scotia and 6 of
these reached Cape Breton Island before the land bridge to that island be-
came submerged.

There has been some speculation by botenists (especially Fernald,
1918, 1921 and 1924) of the possibility of plants having entered Nove Scotia
via a land connection from Cepe Cod. If the sea had been lowered by 300

feet by the formation of the glaciers then the Brown's Bank would be exposed
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and form an islend between Nova Scotia and Cepe Cod, with saltwater gaps
of 28 and 19 miles on either side. These gaps would be a formidable barrier
for the amphibiens and reptiles (in the opinion of this writer), the fresh~
water fish (Livingstoe 1950-51, pe 8), and the lepidopters (Ferguson
1952-53, ps 176) to cross, although certain plants could possibly do it.
A drop in sea level of 900 feet would be required to forma a continuous
bridge from New England to southern Nova Scotiae If such a bridge had
- existed one would expect many more species of reptiles (and other organisms)
to be relict in southern Nova Scotiae HIore in keeping with the evidence is
the hypothesis that they travelled north through Maine and New Brumswick,
crossed at the Isthmus of Chignecto and ceme south again through the Nova
Scotian peninsulae

The British Isles were subjected to a glacial end postglacial history
similer to thet of sastern Camda and so it is of interest to compare the
history of the herpetofeauna of those islands as reported by Smith, 1951,
During the last glacial epoch the south of England was not glaciated and it

is possible thet three species, Rane te temporaria, Vipera be berus and

Lacerta vivipara, that today live within the Arctic Circle survived that

epoche When the glaciers began retreating soms 15-12,000 years ago the
British Isles were en integral part of Europe and the European species of
amphibisans and reptiles began their invasion of that peninsula. However,

as the ice melted the sea level rose and about 7,000 years ago (Stamp, 1946)
the Straits of Dover were formed. There was, then, but 5-8,000 years during
which migrations could take place over the land bridge. Six amphibians and
seven reptiles invaded the British Isles but since the northern half of the
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