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IWTRODUCTIOH

The scarcity of accurate Information on the breeding

habits and life histories of the nearctie pit vipers of

Aaerica has been made quite obvious by the recent develop-

raent of interest in the biology of poisonous snakes. In an

effort to fill some of the gaps in our knowledge of these

interesting animals, some studies on the local crotalid

snakes of Eastern Kansas were undertaken in the fall of

1925. As the Copperhead, Agklstrodon aokasen Beauvois,

(Plate I) proved to be the most easily obtainable pit viper

of this region, it was selected for a more intensive study.

During the years 1925 to 1927 this work was carried on

in the Museum of Ottawa University, Ottawa, Kansas, and

since the fall of 1927 in the Zoological Laboratory of the

Kansas State Agricultural College, Manhattan, Kansas. The

writer is grateful to President F. Erdmann Smith and Dr.

W. B. Wilson of Ottawa University, and to Br. R. K. Nabours

of the Department of Zoology, Kansas State Agricultural

College for many kindnesses in providing facilities for

carrying on this work; to Dr. 0. E. Johnson, Department of

Zoology, Kansas State Agricultural College, and Dr. Frank

H. Blanchard, Department of Zoology, University of Michigan,

for advice and criticisms during the progress of these



studies; and to Leonora K# Gloyd for aaslstanee with the

microtechnique

•

MATERIALS

The snakes used were collected in the following local-

ities in Eastern Kansas: "Goulds Ford" near Ottawa

(Franklin County), Fontana (Miami County), La Cygne (Linn

County), Manhattan (Riley County), Irving (Marshall County),

and Xenia (Bourbon County), Larger numbers were taken in

the spring and fall but a few were secured during each of

the summer months.

Those kept for observation alive were provided with

roomy cages, were supplied with water at all tines and food

at frequent intervals, llfhite rats or mice were bred in the

laboratory to Insure a dependable source of snake food and

English sparrows were sometimes available. The laboratory

cages were for the most part unexposed to sunlight. In the

spring of 1929, however, a series of cages was placed out

of doors where some sunshine and shade were to be had almost

the entire day and, as shown by their increased readiness

to take food and the regularity and facility with which

they shed their skins, the snakes kept outside appeared to

have much better general health than those indoors. Gravid

females were separated in glass-topped boxes 4 x 8 x 10



Inches in sise until after the birth of their young.

3fce Gould* s Ford region, in which Boost of the field

observations were made, is on Middle Creek in Franklin

County, Kansas, seven miles southeast of Ottawa, A wooded

limestone bluff with a southeasten exposure frora thirty to

eighty feet high forms the north bank of the creek for

slightly less than half a mile, sloping gently toward the

creek at its upstream end but rising abruptly with a very

steep declivity at its other extremity (Plate II, figure 1).

In addition to many deep crevices used by the snakes for

hibernation quarters (Plate II, figure 2), loose slabs of

rock scattered along the slope furnished satisfactory

shelter during the summer months. Since the top of the

bluff had been little frequented by human beings and the

steeper end not pastured, many species of snakes and lizards

were found in abundance during the spring and summer of

1926.

BREEDING HABITS

Only two published references to the time of mating of

the Copperhead under normal field conditions have been dis-

covered. Hay (1892, p. 586) in referring to this species



saysj "As to the tine of the pairing of the sexes. I have

knowledge of only one observation* My friend. Rev. A. M.

Hall, brought me from Western Pennsylvania two specimens of

this species, which he took while pairing, on the 28th of

August. Unfortunately, the female was disposed of before

ay Investigation of this subject was begun*

"

Beyer (1898, pp* 19-20) records his observations as

follows t "On April 12, 1895, a negro came to me with two

magnificent copperheads, which he said he had caught the

previous evening in a canebrake in the act of copulation*

•••• I did not notice anything until late in the evening

of September 16, when the female ••• brought forth seven

young* ••*. I have certainly no reason to doubt the

negro's statement, especially as a later dissection proved

the other snake to have been a male,"

In the course of these studies the act of mating has

not been witnessed in the Copperhead* Field observations

during the years of 1926, 1927 and 1928 suggested that the

time to expect mating to occur normally was during April

and early Kay. During this five or six-week period In the

spring. Copperheads Just emerging from their hibernating

crevices were found in abundance at the Gould's Ford bluff

described above* Often several were discovered together

beneath the same rock* The sexes of such individuals were



checked but at that time no dissections were made to see if

anting had taken place.

To determine whether or not the males were capable of

producing or possessing spermatozoa in the genital tracts at

all times during their active season, the vasa deferentia of

freshly killed specimens were examined at intervals during

the years of 1928 and 1929. The end of an excised vas

deferens was gently pulled between a dissecting needle and a

glass slide and the seminal fluid so obtained diluted with a

drop or two of normal saline solution. Microscopical exam-

inations of such preparations made at intervals during the

months of April. May, June, July, August and October showed

the presence of more or less active spermatozoa.

Two females were taken in eorapany with males in the fall

of 1928. In each ease the pair was discovered beneath the

sans stone. One collected October 7 was dissected the fol-

lowing day and smears from the raucous membrane of the vaginae

and uteri were examined microscopically. No spermatozoa were

observed. The ovaries were in much the same condition as

those of spring collected females. The follicles were small,

the largest about 4.5 x 3 mm. in size. Another female col-

lected October 30 had a large mass of viscous fluid in the

posterior end of the right uterus and vagina. Preparations

made from this and from the contents of the uteri at inter-
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vals throughout their length, were allowed to dry In air

and stained in Delafield*s haematoxylin. Many deeply stain*

ed bodies thought to be sloughed epithelial cells were made

visible but no spermatozoa were found. A similar examina-

tion revealed no spermatozoa in a smaller female which, how-

ever, appeared to be immature*

During the months of April and May, 1929, forty-three

female Copperheads were examined* Of this number six were

obviously immature, as shown by their small size and the

relatively incomplete development of their gonads and geni-

tal tracts, and two others were probably immature. The re-

maining thirty-five which appeared to be adults were tested

for spermatozoa by a microscopical examination of the con-

tents of the vaginae, A vaginal sample was secured from the

live snakes by the following method: A few drops of normal

saline solution were injected by means of a sterile pipette

into eaeh vagina, the cloacal opening of which could be seen

when the anal aperature was dilated* The washings of the

vaginal mucosa, then mixed with the saline solution, were

drawn back into the pipette and placed upon a slide* Both

vaginae of each snake were examined in this way and after

taking each sample the pipettes were rinsed earefully and

allowed to stand for several minutes in strongly acid 70

percent, alcohol which was later removed by washing in dis-
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tilled water. The tests were considered "positive" if act-

ive spermatozoa were present and "negative" If none were

found.

Of the thirty-five sexually mature females examined,

either by the above method or by taking smears from the

genital tracts of snakes killed and dissected for other pur-

poses, twelve were found to contain active spermatozoa in

one or both vaginae or uteri. These females were examined

within a few days of their capture and in most cases they

were separated from males soon after they were received at

the laboratory. It is not probable that any eatings occured

after the snakes were collected as they were observed fre-

quently and, as Is generally well known, the pit vipers

rarely mate in captivity.

As an indication of the possible length of life of the

spermatozoa in the vaginae of the females, observations on

three individuals are of interest. Two of these were col-

lected April 12, found "sperm positive" four days later, and

dissected on April 23 and May 8 respectively. Active sper-

matozoa were still present in the first on April 23 but in

the second examined May 8 only dead ones were present. A

third female was collected April 7, contained active sperma-

tozoa April 18, but when dissected April 30 all the sperm

cells found were dead. If no copulation took plaee after
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the snakes were captured, it would seem from these observa-

tions that the male germ cells may live within the body of

the female eleven days and perhaps considerably longer*

Although observations on the breeding habits of snakes

in general are few in number, the majority of those on rec-

ord for the nearctic species report copulation in April and

lay; Of the snakes of the family Colubridae the following

records of breeding individuals are of interest: Kuthven

(1915) referring to one of the garter snakes, Thaanophla

butlerl (Cope), states that snakes of this species have been

observed to breed at various tlme3 between April and April

24, and that the time of breeding is probably determined by

the prevailing temperatures during April; Perry(1920) obser-

ved the mating of Hatrix slpedon (Linn.), a water snake, in

lay j Medsger (1027) saw two males of the hog-nosed snake,

Heterodon contortrlx (Linn,), mating with a dead female

April 11; Truitt (1927) noted sexual excitement and mating

behavior in the garter snake * Thamnophls slrtalls (Linn.),

in June; ana the writer has observed sexual union or pre-

mating behfvlor *n the Pllot black snake, Elaphe obsolete

obsolete (Say), and the diamond-backed water snake, Hatrix

rhomblfera (Hallowell), in May and in Graham* s water snake,

Natrlx grahamil (Baird & Oirard), in April (Oloyd, 1928).

Coues and Yarrow (1878, p. 278), however, state that Individ-
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iials of the plains garter snake, Thamnophls radix (Balrd &

Girard), in Dakota and Montana were taken in coitu in Septea-

ber and part of October.

For the poisonous snakes of the family Crotalidae a few

observations are on record, Beyer (1398, p, 17), in addition

to the note on the copperhead already referred to, reports

finding a pair of cotton-mouth moccasins, Agklstrodon

plscivorus (Lacepede), in coitu near Hew Orleans ?darch 10;

Mitchell (1903, p. 35) says that he has seen the Texas rat-

tlesnake, Crotalus atrox (Baird & Girard), mating as early

as !3arch 15 and as late as June 20; Klauber (1927, p, 16)

referring to the rattlesnakes of Southern California says:

"Our local rattlesnakes mate In the spring and the young are

born alive in the autumn, n A pair of Massasaugas or pigmy

rattlesnakes, Slstrurus eatenatus catenatus (Raflnesque),

were observed by Guthrie (1927, p, 13) in Iowa to attempt

coition in the laboratory May 7, Of the aame species

Atkinson and Retting (1927, p, 42) write that they judge that

in western Pennsylvania mating takes place in late April or

early May,

Instances of late season mating are reported by Coues

and yarrow (1878, p. 268) referring to the prairie rattle-

snake, Crotalus confluentus (Say), in Dakota and Montana who

state that the pairing season of these serpents is in mid-
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V when they have several tines been observed In coitu,

and by Hay In the paper already referred to (1892, p. 386)

which recorded the mating of the Copperhead in Pennsylvania

August 28. On Bois Blanc Island, Straits of Mackinac, Mich-

igan, August 7, 1927, the writer secured a female and two

male Massasaugas, Slstrurus catenatus catenatus , which had

been killed by a summer resident of the island only a short

time before. They were said to have been rolled together

in a ball-like mass and one of the hemipenes of one of the

males was everted when the specimen was picked up, A recent

paper by TTiley (1929) describes two matings of the Texas

rattlesnake, Crotalus atrox , in captivity. These occurred

December 29 and August 5, but in these eases the snakes had

been in captivity for a considerable period and had become

quite tame and accustomed to the unnatural surroundings so

that these dates can not be considered significant in a con-

sideration of what normally occurs in the field. In the

same paper Mrs, Wiley (p, 11) states that In nature but one

litter of rattlesnakes occurs in a year. Mating takes place

in the spring and the young are born In late August or In

September

.

The observations of the writer during the progress of

these studies tend to confirm the idea that the mating of

poisonous snakes in the spring is of most frequent occur-
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renee and Is presumably normal. By analogy with other vert-

ebrates such as fishes, amphibians and birds, It may be as-

sumed that the proereative Instinct Is stronger at this

time. The fact that of the thirty-five adult females exam-

ined In the spring, twelve or 54 percent, had mated a short

time previous to their capture, as Indicated by the presence

of vigorously active spermatozoa In their genital tracts,

can safely be regarded as positive evidence If not complete

proof of spring mating, for It seems very Improbable that

the spermatozoa so observed could have retained their

strength and activity throughout the winter. Insufficient

fall material has been examined, however, to prove that cop-

ulation does not occur at times other than during the spring

months. The fact that males possessed active spermatozoa

throughout the season when out of hibernation probably hat

little significance in this connection.

Gravid Females and the Birth of Young

Gravid females were collected in the Gould 1 s Ford reg-

ion on the following dates: July 14, August 19, 22, and 30,

They were all found beneath large flat stones or in some

sheltering crevice with the exception of two or three which

were on rocky ledges (Plate II, figure 2), and one which was

on top of the bluff In the green grass of a pasture. One
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particular rocky crevice, in which gravid females were col-

lected during three successive seasons, was for some reason

especially attractive to the snakes. It was located in an

open space on the top of the high end of the bluff (Plate 1\

figure 1) under the southeastern edge of a large immovable

fragment of limestone (Plate II, figure 3), The cavity was

a pocket-like recess extending back about ten or twelve

inches with the opening about two Inches high,

.

On three occasions more than one gravid female was dis-

covered in the same location. Two in 1927 and three in 1928

were in the crevice described above, and in 1927 two others

were sheltered by a flat stone four feet across. No males

were found accompanying females during July and August.

The eggs developing in the uteri of the females were

usually quite evedent when the snakes were handled, those

under observation during the early summer becoming large

enough to be noticeable about the middle of June, When the

snakes were held by the neck, tail downward, a definite in-

crease in the size of the posterior third of the body was

easily seen and even with the snake on the ground in the

normal position the enlargement of the abdomen was evident

(Plate I). The eggs eould also be felt and even counted by

drawing the snake 1 s body through the hand with thumb against

the ventral side.
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During the four seasons In which these studies were

carried on fifteen captive females gave birth to young In

the late sumroer and early fall, the dates ranging from Aug-

ust 23 to September 17 (see Table II, page 21). Parturition

took place at night In every ease except one. Although on

several occasions the young were observed within a few hours

after birth, sometimes while the moist prenatal membranes

were still enclosing them, the process of parturition was

observed with only two females.

The first of these had already brought forth two young

snakes, one of whieh was crawling actively about the box and

the other lying quietly within the membranes, when discover-

ed at 1:00 p.m. A third young was extruded at 1:17 and a

fourth at 2:00. Each of the three young snakes observed re-

mained quiet about forty-five minutes after birth when they

twisted their heads slightly, extended their necks rupturing

the enclosing membranes, and began to explore their new sur-

roundings. The prenatal yolk in one ease had not entirely

been taken into the body (Plate III, figure 1). As the

young snakes beeame active the belly stalk pulled apart so

that they were at once free of the fetal membranes.

The second female was observed about 9:30 p.m. moving

restlessly about the box with nervous sideways twitching of

the posterior part of her body. The tall was elevated to an
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angle of about 45 degrees and lowered at intervals. Within

a few minutes a fetus appeared in the cloacal aperature.

The posterior third of the body of the female slowly moved

from side to side and a peristalle wave moved the fetus a

few millimeters at a time (Plate III, figure 3), and when

about half extruded, one continuous wave-like motion pushed

it smoothly through the remaining distance (Plate III, fig-

ure 4). The female had not changed the position of the

anterior half of her body during the whole process, her only

movements besides those necessary for the expulsion of the

fetus being to flex the neck slightly, and she remained per-

fectly motionless for twenty minutes afterward. The extru-

sion of the young snake, from the time of its first appear-

ance until completely outside, was accomplished in slightly

less than ten minutes,

IShen abdominal movements began again the female shifted

her position. The next mass moved toward the cloaca with

difficulty and the snake appeared uncomfortable If not in

actual pain. As it approached the cloaca it moved more

slowly and the movements of the female were more labored.

The tail was elevated at intervals but dropped after a mo-

ment or two of ineffectual straining. This behavior con-

tinued for nearly two hours when just a little before mid-

night the tail was suddenly elevated and a whitish-buff
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colored mass appeared at the cloacal opening. It paused for

about a minute and a half and then was forced out quite sud-

denly by a violent contraction of the abdominal muscles.

The object proved to be a sterile yolk (Plate IV, figure 1),

hard, solid and of irregular shape. The female rested again

resuming the abdominal peristalsis within twenty-five min-

utes* The next fetal mass moved more rapidly and easily

toward the cloaca and forty-five minutes after the begin-

ning of the movements a coil of the second young snake ap-

peared beneath the elevated tail (Plate IV, figure 2), mov-

ing forward a few millimeters at intervals of two or three

seconds (Plate IV, figures 2, 3 and 4) until it was com-

pletely extruded, the process taking in this ease also about

ten minutes.

The young snakes at birth were folded twice or three

times within the membranes, their heads toward the middle of

the mass (Plate III, figure 1), the part first presented in

the eases observed being a bend of the neck. Unless the

membranes were ruptured during parturition, as described

above, the young of both the females made no effort to break

through for about forty-five minutes. However, those of

another brood observed soon after birth remained in the mem-

branes for several hours, but as the day on which they were

was unusually cool and damp, it is probable that the
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low temperature prolonged their post-natal quiescenoe for

an abnormal length of time. Lynn (1929, p. 97) reports an

abnormal case In which a young Copperhead remained alive

within the dried prenatal membranes for nine days.

In emerging from the egg covering, the young snakes

simply extended their necks, pushed their heads through and

crawled out. The short body stalk remained attached to the

ventral body wall ten to fifteen scales anterior to the anus

but soon became dry and was lost completely during the first

ten hours after birth.

Although the egg tooth was present, as noted by Dunn

(1915, p. 57), it seemed to be unnecessary in rupturing the

thin membranes. Ruthven (1908, p. 14) in describing the

parturition of garter snakes does not mention the presence

of egg teeth. Beyer (1898, p. 20) found them in Natrlx

grahamll but made no comment concerning them in describing

the puncturing of the membranes in the cotton-mouth moccasin,

Agkl3trodon piscivorus . It is probable that this structure,

so vital in the groups of snakes which produce tough shelled

eggs, In the ovoviviparous species is in the process of

phylogenetic degeneracy.

Period of Gestation

Definite records on the gestation periods in snakes are
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very few In number. Only two for the genus Agklstrodon,

given by Beyer (1898), have come to the attention of the

writer. This author gives one ease each for A. plsclvorus ,

the cotton-mouth moccasin, and for L. mokaaen , the Copper-

head, A female of the former species mated March 10 and

brought forth young August 17, with a gestation period of

127 days, A Copperhead believed to have mated April 11 gave

birth to young September 16, with a gestation period of 128

days,

A summary of the published records on the birth of

young in various parts of the United States (Table I), and

data on fifteen broods studied by the writer (Table II), In-

dicate that the end of the period of gestation ranges from

August 23 to September 29, with September 10 representing

the average date. Since observations in the Kansas region

show that mating probably takes place in April and early Max

the gestation period must be somewhere between 120 and 160

days in length. Considering Beyer's evidence, it seems

probable that about 150 days Is more nearly the approximate

period, and that young born later in the fall are from

matings later in the spring.
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TABLE I. SUMMARY OP THE PUBLISHED RECORDS OP

THE BIRTH OP YOUNG COPPERHEADS

thor » _ — *t M A~ Number
and Tear :c-

Locality Birth of Young in Brood

Beyer lew Orleans, La. Sept. 16 7
(1898, p. 20)
Dltmars Hew Jersey Aug. 25 6
(1907, p. 425)

n n • Sept. 6 5

• IT it 7 4

t* It
9 6

,
North Carolina n 10 7

New Jersey n 10 9

Pennsylvania n 11 9

Dunn Haverford. Pa, n
1 7

(1915, p. 37)
Briraley Raleigh, N. C. «• «• . 6
(1925, p. 115)
Reese West Virginia Sept. 13, 15 3
(1926, p. S57)
Babcoek Blue Hills, Mass. tt 29 6
(1926, p. 5)
Stadelman Glenolden, Pa. Aug. 29 8
(1928, p. 67)
Lynn Baltimore, Md. Sept. 24 7
(1929, p. 97)

^Complete references to each of these papers will
found in 'the section on literature cited.
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TABLE II. BROODS OP YOUNG FROM CAPTIVE FEMALES

Ho. of Length of Date of Ro. of Young
Female Female

;

CKl. Birth of young In Brood

1 61.4 Aug. 23, 1925 5

2 59.5 Attg. 25, 2

3 69.5 Aug. 25, 6

4 57.0 Sept. 3. 4

5 62.0 Sept. 6, 3

6 65.5 Sept. 9. 1926 6

7 59.7 Sept. 13, 4

8 66.5 Aug. 31. 1927 5 (Abor-
tion)

9 69.0 Sept. 9.
»

6

10 61.0 Sept. 17. 5

11 63.5 Sept * 10, 4

12 60.5 Sept. 10, 1928 4

15 64.0 Sept. 10. n
5

14 58.5 Sept. 10, it 2

15 67.0 Sept. 10. a
6
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The ovarian eggs of the mated females dissected showed

continuous enlargement during April and Fay. The uteri of

one examined April 19 showed segmental enlargements about

15 mm. long, unusually well supplied with blood vessels ?.nd

separated by slightly constricted portions about 5 mm. long.

This may be a preparation on the part of the uteri for re-

ceiving the eggs after ovulation. As all gravid females

examined after June 1 had egg3 in the uteri, it may be as-

sumed that ovulation takes place sometime during May.

1. Observations made in the field and microscopical

examinations of the genital tracts of both sexes at differ-

ent times of the year, indicate that mating in the Copper-

head normally takes place soon after the snakes emerge from

hibernation in the spring. It may be possible that a re-

currence of the sexual instinct Is present in the late sum-

mer or fall.

2. Gravid females collected at various times fror.

July 14 to August 30 showed a certain gregariousness. two or

three being drawn together by an especially desirable shel-

ter, and pregnancy was Indiested by the enlargement of the

posterior third of the body,

3. Parturition occurred at night with all except one
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of the fifteen females which brought forth young*

4. The young of the two females observed were expell-

ed at Intervals of approximately one hour, the time for the

extrusion of a single fetus being about ten minutes.

5. Unless the prenatal membranes were ruptured In

passage through the cloaca of the female, the young snakes

remained quiet within them for nearly forty-five minutes.

6. When emerging the young snakes simply pushed their

heads through the membranes, making no use of the egg tooth

as far as could be observed.

7. Young were born in the late summer and early fall,

between the dates of August 25 and September 17, making a

gestation period of about 150 days. If mating can be assumed

to occur about the middle of April.

8. Evidence from dissections of females indicated that

ovulation occurred in May.

PRENATAL NUTRITION

Since in ovoviviparous snakes it must be assumed that

an Interchange of carbon dioxide and oxygen must take place

between the uterine blood supply and the allantoic vessels

of the embryo, the writer attempted to see if any evidence

of the passage of nutriment to the embryo could be found.

Gross dissection showed that the uterine blood vessels
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of pregnant females were greatly enlarged and much branched,

A network of blood vessels surrounded the expanded portions

of the uterus where each egg was located. The constricted

parts of the uteri between each egg, which held the eggs In

position, were relatively devoid of blood vessels. When the

uterine wall was cut, the eggs could be easily removed with-

out rupturing the membranes and the latter, as far as could

be ascertained, were perfectly smooth. The uterine wall,

however, when flattened out showed a uniform arrangement of

small thickened areas, rosette-like in shape and barely per-

ceptible to the naked eye. They were evenly distributed

over the entire mucosa. In tissues stained in Delafield's

haematoxylin and alcoholic eosin small capillaries could be

traced into these areas. The course of the smaller capil-

laries, however, could not be traced in preparations stained

in alum carmine. When portions of the egg membranes and

uterine walls were sectioned transversely, the small thick-

ened areas were seen to be In contact with the outer mem-

brane of the egg. They appeared to be of equal abundance in

the vicinity of the embryo and at the edge of the blastoderm

on the ventral side.

These peculiar structures in the uterine mucosa, in

such intimate relationship with the blood system, suggest

the possible existence of an adaptation analagous to a pla-
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eenta. There is no proof, however, that these structures

have any function other than that of facilitating gaseous

interchange. Careful studies on this problem are much to

be desired.

THE YOTOG

Observations on Newly-born Broods

The number of young in the fourteen broods for which

definite published records are available (Table I) ranges

from four to nine, A few more references, less definite

than those given in Table I. may be mentioned. Allen (1868,

p. 179) states that in Haesaehusets six females killed in

September contained from seven to nine young each, Stejne-

ger (1895, p. 405) gives the average number of young as be-

tween seven and nine. Mitchell (1903, p. 27) reports find-

ing from three to eleven embryos in the uteri of gravid fe-

males in Texas. Surface (1906, p. 189) says that from six

to ten young are born at a time and quotes Atkinson (Ann.

Carnegie I'us., vol. 1) regarding a brood of six young born

August 28 in Pennsylvania. Ditmars (1910, p. 338) states

that about a dozen young are produced at birth. Eurter

(1911, p. 208) gives the number of young as four to nine and

records thirteen embryos in one snake on July 27 (Missouri).
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Brlmley (1925. p. 115) In Korth Carolina examined a female

that contained eight eggs with email embryos June 15 and an-

other with four larger embryos August 15,

Another paper by Kunze (1885, p. 1255) quotes newspaper

clippings describing the finding of sixty and eighty-eight

young copperheads in the bodies of females. These errone-

ous reports are either based on the confusion of the Copper-

head with other species such as garter snakes or water

snakes or are examples of the most extreme type of nature

faking.

In the fifteen broods from the Kansas region born In

the laboratory of the writer (Table II) the range in number

of young is from two to six. Table II also shows that in

general the larger females hare the larger number of young.

In the entire series of young studied *-*e ratio of the

males to females was approximately 2 to 1. The variation

in size for each sex is shown in Table III.

TABLE III .. SIZE OP HEWLY-BORH YOUNG

Average Length VactMniM Average Weight F _.t.™,
in Millimeters Extr®"'®8

in Grams Extremes

Females 250.7
Males 257.5

218 - 242 10.0 8.5 - 10.6
225 - 247 10.5 8.6 - 14.0
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Stadelmann (1928, p. 67) gave the average length of

eight young aa 21 centimeters and the average weight as 6

grama*

At birth the young were quite dark in color and their

akina were glossy. The yellow tail, mentioned by Ditmars

(1907, p. 424), was dull and clouded. After the first shed-

ding of the skin, however, tho general color was lighter,

the gloas disappeared leaving the skin with a soft velvety

texture, and the yellow of the tall became strikingly bril-

liant.

A decidedly plump appearance was caused by the mass of

aemi-solid yolk which had been taken inside the body. Dis-

sections of four individuals permitted the weighing of the

yolk during the first few hours after birth. It ranged from

15.8 to 29. 2 percent, of the total weight of the snake. It

was noticeably less in quantity on the second day and at the

age of ten days in two snakes examined it was reduced to a

mass of less than a half gram. At the age of fifteen days

no yolk was present.

Babcock (1926, p. 5) reported ecdysis In a young Copper-

bead aix days old and Lynn (1929, p. 97) states that six of

a litter of seven shed at the age of twelve days.

In the majority of cases observed during the progresa

of theae atudlea all the young of a single brood underwent
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eedysis at about the same time. In three litters only did

the period of moulting occupy two or three days. The young-

est age at which the skin was shed was three days and the

oldest ten days, the greater number of the young observed

shedding on the seventh or eighth day.

The anal glands, which in adult Copperheads produce a

secretion of a decidedly penetrating odor, were not active

in the very young. After the age of eight days, however,

when a gentle pressure was applied at the base of the tail,

a few small droplets of clear liquid with traces of the

characteristic odor were obtained. One individual of this

•ge ejected a fine stream through a distance of about an

inch. In adults the secretion was well developed and much

in evidence when the snakes were irritated by the firm hold

of the neck which, for the safety of the operator, is neces-

sary when measuring live snakes or extracting venom, A fine

Jet of this liquid was sometimes shot out to a distance of

two or three feet from the duet of each gland. It seems to

be used under these circumstances as a repellent in self

defense, however, it is possible thr.t It may have signifi-

cance In connection with sexual attraction. The morphology

and physiology of the anal glands of snakes have not been

carefully studied.

That the venom of the very young of poisonous snakes is
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ore or less dangerous was maintained by Beyer (1898, p. 21)

Who suffered intensely from the bite of a ground rattler,

Slstrurus niliarluo (Linn.), eight days old, although he

felt only a sensrtion comparable to that of a bee sting after

the bite of a day-old cotton-mouth moccasin, Agkistrodon

piscivonis (Lacepede). Atkinson (Surface, 1906, p. 189)

wrote of having been bitten on the finger by a Copperhead

eight days old. He also suffered from a painful inflamation

which continued four days.

Daring recent years the subject has been discussed by

several writers. Reese (1926, p. 557) made 3one observa*

tions which he thought indicated that Copperheads a month

old are incapable of poisoning other animals although their

fangs and venom glands are well developed. Viosca (1926,

p. 528) quoted Beyer and offered the suggestion that the

venom in young poisonous snakes may not be secreted until

after the first day. Stadelraan (1928) reviewed the eonsients

of some of the previous writers and from tests made on a

mouse and on himself concluded that Copperheads only six

hours old are in possession of a completely functional venom

apparatus capable of Inoculating a dangerous amount of venom,

particularly if the victim be very young or in poor condition.

With the desire to test the strength of the venom, the

writer caused a young Copperhead, within an hour after its
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birth, to bite the left hind leg of a twelve-gram albino

mouse. Both fangs were Imbedded In the flesh but no pres-

sure was applied, care being taken not to Increase the a-

mount of venom beyond that which the snake would Independ-

ently Inject. I small drop oozed fron one of the punctures,

rithln one minute pronounced edema and discoloration appear-

ed on the bitten leg and the sole of the foot darkened frem

the normal pink to a dark purple. The swelling and discol-

oration caused by the extravasation of blood continued up

the leg and thigh and within eight minutes the leg was para-

lysed. At fourteen minutes the edema and darkening included

the entire leg and the adjacent part of the body. The mouse

died in slightly less than one hour. Post mortem examina-

tion revealed great subcutaneous extravasation in the entire

leg and sacral region. The heart and lungs were darkened

and congested and the large blood vessels appeared to be

clogged. This experiment was repeated with another snake

and a second mouse, the same typical symptoms of crotalldlc

poisoning taking plaee and death resulting in an hour and

thirteen minutes.

As an indication of the later functional development of

the glands, small clear drops of venom, light amber in color,

could be extracted by gentle massage from snakes five days

old, and some killed and fed upon small mice within a month.



Later Development of the Young

For the purpose of obtaining an indication of the prob-

able age of Copperheads of different sizes, the size and age

at which sexual maturity is attained, and the approximate

rate of growth of the species, a size frequency graph was

made for each sex. With the assumption that size is an in-

dication of age, the number of individuals of similar length

(measured to the nearest centimeter) was plotted vertically

and the total length in centimeters horizontally. Only the

measurements of specimens collected during the months of

April and May were used.

The eighty-seven females fell into seven groups (Plate

V, figure 1) as 3hown by the gaps where representatives of a

size were few in number or entirely missing. The first

group consisting of the smallest individuals with an average

length of 21 em. corresponds in size to that of the newly-

born young and doubtless is made up of the young of the pre-

ceding fall. It is designated in the graph as Group 0. The

individuals of the succeeding groups, I to VI inclusive,

have an average length of 34, 45, 57, 61, 66, and 71 cm.

respectively.

The males, 155 in number, fell Into ten groups (Plate \

figure 2), Group corresponding to the size of the young of

the preceding fall with an average length of 27 cm. Year
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groups I to IX have average lengths of 37, 48, 55, 61, 68,

74, 79, 85, and 91 cm, respectively.

Since no females under the length of 57 cm, were found

by the examinations described on page 8 to have mated, and

since none under this size gave birth to young (Table II,

page 21), it seems probable that females attain sexual matur-

ity during the third year.

A histological examination of the testes of a series of

sales through year groups II to 17 showed that specimens un-

der 52 cm. in length (Group II) were without mature germ

cells in the seminiferous tubules of the testes. From this

it follows that males also attain sexual maturity during the

third year.

A further examination of the size frequency eurves of

Plate V shows that the rate of growth of both sexes is fro»

ten to twelve centimeters per year during the first two

years. It then slows up to an average of five or six centi-

meters per year for succeeding years, the decrease in growth

rate being accompanied by the development and activity of

the reproductive organs.

In regard to the length of life of the Copperhead,

Boulenger (1914, p. 182) states that snakes of this speeies

lived for ten years in the London Zoological Gardens in

Regent's Park. One large male collected by the writer in
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the sparing of 1925 measured 90 cm. when secured. This would

place It In year group IX Indicating a possible age of nine

years. It lived in the laboratory without hibernating until

the fall of 1920 which, if the appropriations of the size-

frequency graph are fairly accurate, indicates a potential

longevity of more than twelve years in the species.

1. The number of young in a single brood of Copper-

heads ranged from 3 to 13 in the published records and from

2 to 6 in the broods studied. In general the larger fetsales

had the larger number of young.

2. In the total number of young studied the ratio of

sexes was approximately 2 males to 1 female.

3. The young snakes at birth averaged 230 mm. in length

and 10.0 gm. in weight for females and 237 mm. in length and

10.5 gm. in weight for males.

4. The post natal yolk within the body cavity gradual-

ly decreased from the first day after birth and was complete-

ly absorbed at the age of fifteen days.

5. The first ecdysls took place at ages varying from

three to ten days, the majority of young shedding on the .

seventh or eighth day.

6m The anal glands became functional when the young
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snakes were eight days old,

7. Within an hour after birth young snakes possessed

enough venom to cause death in 12 gnu albino mice; venom

could be squeezed from the glands at the age of five days;

and some killed and fed upon small mice within a month.

8. Size frequency graphs based upon 87 females and 135

males, and checked by dissections and histological studies.

Indicated that sexual maturity in both sexes is attained

during the third year. As indicated by these graphs, the

rate of growth is approximately 10 to 12 em. per year during

the first two years but averages only about 5 to 6 cm. per

year thereafter.

9. Calculations based upon the size of a large male

when captured and the length of time he lived in the labora-

tory indicate a potential longevity of 12 years for the

species.
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EXPLANATION OP PLATES
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i^late V

Fig, 1. Size frequency graph of females
collected during the months of
April and May.

Pig, 2, Size frequency graph of males col«
looted during the months of April
and May,
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