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INTRODUCTION

Carphophis vermis (Kennicott) is a small, fossorial snake (PL 1,

Fig. 1) which may be found in abundance during the spring be-

neath large rocks along limestone outcrops in northeastern Kansas.

In spite of the fact that populations of this species, or its eastern

relative C. amoenus, are readily available over much of the east-

ern half of the United States, the ecology of Carphophis is almost

completely unknown.

During the warm months from September 1964 through October

1967, field studies of the worm snake based on mark and recapture

methods were conducted in northeastern Kansas. When snakes

were in hibernation, studies were concentrated on preserved speci-

mens of both C. vermis and C. amoenus, and in late summer of 1965,

several laboratory experiments were conducted with living snakes

from local populations. Designation of C vermis as a full species

in this report is based on earlier conclusions (Clark, 1968).

The objectives of the study were to describe the ecology and

life history of C. vermis and compare these with similar data for

C. amoenus which are available in the literature or obtainable

from preserved specimens. Hopefully this report will help clarify

the ecology, evolution and structure of fossorial reptiles in general.
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Materials and Methods

Specimens of Carphophis vermis were collected at various sites in Douglas

and the nearby counties of Jefferson, Leavenworth, Johnson, Franklin, Jack-

son and Wyandotte in northeastern Kansas during the warm months (April

through October) from September 1964 through October 1967. Data were

recorded concerning sex, snout-vent length, tail length, weight, reproductive

condition, parasites, wounds or scars, anomalies of scutellation, stomach con-

tents, umbilical scar, and other incidential features.

In April 1965, worm snakes were found to be abundant along a segment

of hmestone outcrop on the Theodore R. Wiggins farm adjacent to the Uni-

versity of Kansas Natural Histoiy Reservation and intensive study on this

area began. Landmarks were established by numbering many of the larger

trees and assigning names to certain large rocks. After examination and

marking, each specimen was returned (usually the same day but occasionally

on the following day) to the rock under which it had been found. If a snake

had been caught and marked previously, the distance between the two capture

points was measured in the field. Out of 153 worm snakes marked and re-

leased on the Wiggins Area, 36 were recaptured a total of 50 times. On the

Reservation, five of 87 specimens that were marked were each recaptured

once.

Beginning in April, 1966, all specimens collected on areas other than

the Wiggins Area and Reservation were marked and introduced into a

wooded hillside with limestone outcroppings on the Fred A. Ramseyer farm

one-half mile north of the Reservation. Of 604 specimens introduced during

1966 and 1967, 88 were recaptured 104 times. Data concerning movements

and growth of these intioduced snakes have been compared with similar

data from resident individuals on the Wiggins Area and Reservation.

On April 21, 1966, aerial photographs of the Wiggins and Ramseyer Areas

were taken. Maps (Figs. 1 and 2) with a scale of two feet to one millimeter

were made from these photographs and allowed accurate determination of

distances between points of capture.

Funnel traps (Pi. 1, Fig. 2) of a type previously described (Clark, 1966a)

were used extensively on the Ramseyer Area and Reservation and on a small

scale on the Wiggins Area. In 1965, six traps were operated at three sta-

tions on the Wiggins Area from July through October and concurrently 47

traps were maintained at 25 stations on the Reservation. Throughout the

1966 season, ten traps were used at seven locations on the Wiggins Area,

20 traps were placed at 20 stations on the Ramseyer Area and 73 traps were

operated at 39 locations on the Reservation. During the 1967 season, trapping

was discontinued on the Wiggins Area while 38 traps were used at 38 sta-

tions on the Ramseyer Area and 85 traps were operated at 44 stations on the

Reservation. Traps yielded totals of nine captures on the Wiggins Area, 55

captures on the Ramseyer Area, and 26 captures on the Reservation. Worm
snakes have decreased in number on the Reservation since grazing was dis-

continued in 1948 (Fitch, pers. com.) and numbers sufficient for intensive

study are no longer present. Trapping there was directed principally toward
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the abundant ringneck snake (Diadophis punctatus) in connection with other

studies. Traps were used primarily with drift fences on the Reservation, but

on the Wiggins and Ramseyer Areas most were set adjacent to large rocks

where snakes were intercepted as they travelled along them.

Marking was done by using small scissors to excise portions of one posterior

ventral scute and two subcaudal scutes on each specimen. Details of the method
were given by Fitch ( 1963a: 360-361). If part of a scale or scales in the first

row of dorsals was removed along with the lateral end of the ventral or sub-

caudal, the mark remained obvious because one continuous scale formed in the

excised area thereby altering the normal pattern of sutures. If only one scute,

or part of one, was removed, the completely regenerated dermis and epidermis

were occasionally quite similar to that before marking.

Preserved worm snakes examined in detail included 279 C. vermis from the

University of Kansas Museum of Natural History, and 202 C. amoenus from the

United States National Museum, Field Museum of Natural History, University

of Illinois Museum of Natural History, Illinois Natural History Survey, and the

University of Kansas Museum of Natural Historj'. Standard scale counts and
measurements were taken from these specimens as well as measurements of

head width and eye diameter and notation of the presence or absence of anal

ridges. Internally, lengths of testes or ovarian or oviducal follicles were mea-
sured, presence or absence of spermatozoa in the vasa deferentia or oviducts

was noted, and undigested stomach contents were removed for later study.

Used alone in this report, the terms amoenus and helenae refer to the eastern

and western subspecies of Carphophis amoenus.

Statistical methods are those of Simpson, Roe, and Lewontin (1960) tmless

stated otherwise. Means ordinarily are given with one standard error, and no
other value is presented after the plus or minus sign. Levels of statistical

significance are indicated by asterisks: one indicates a level less than 5 per

cent but not less than 1 per cent, two indicate less than 1 per cent but not

less than 0.1 per cent, and three indicate a level less than 0.1 per cent.

Study Areas

Concerning the topography of Douglas Count>', Kansas, Fitch (1954:37)
said, "River valleys, of the Kaw [= Kansas] and Wakarusa and their tributaries,

vdth deep alluvial soil, alternate v«th flat or roUing upland some two hundred
feet higher in elevation, and having shallow, rocky soil. Where the uplands

slope to the valley floors, there are steep hillsides, usually Avith extensive lime-

stone outcrops along their upper slopes." Wooded areas of limestone outcrop

(Oread formation) contain most of the habitat for worm snakes in the region,

however north facing slopes are unique due to absence of direct sunlight and
generally lack reptiles.

A more detailed account of these slopes and their tree species as represented

on the University of Kansas Natural History Reservation was given later by
Fitch and McGregor (1956:92-93), "The slopes between the hilltops and the

valleys are almost everywhere wooded, but the aspect of the woods changes
from place to place. Subdivisions on a vertical scale, might be recognized as

follows: the upper limestone outcrop (Plattsmouth member) at the hilltop;

the usually steep slope strewn with rocks, between the upper and lower
(Toronto) limestone outcrop; the lower limestone outcrop; an almost level

terracelike formation often approximately 50 feet wide a few feet below the
level of the Toronto limestone; the slope below the terrace, variable in steepness,
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exposure and soil type, and usually several times more extensive than the first

four subdivisions combined. Along both the upper and lower outcrops, elms

and hackberry are especially prominent. Chestnut oak is abundant along the

outcrops and on the rocky slope between them in some situations. Ash grows

abundandy on some upper slopes but there are few growing on the upper

outcrop. On the terrace, elm, ash, hackberry, honey locust, cofFee-tree and

black oak are abundant. . . . Even greater differences in the local aspect

of woodland on the hillsides are caused by slope exposure. On south facing

slopes, especially, the woodland is noticeably different from that in other

situations, and of more xeric aspect. The climax species, Quercus Muehlen-

hergii, Q. rubra, Q. velutina and Carya ovata are almost totally absent. Such

trees as are present are of small to medium size. They are mostly red elm,

American elm, walnut, honey locust, hackberry, and osage orange, with dog-

wood (Cornus Dntmmondii) and plum (Prunus americanus) forming dense

thickets."

The Wiggins Study Area is on the Theodore R. Wiggins farm in northeastern

Douglas County, Kansas, six and one-half miles north northeast of the Uni-

versity of Kansas campus at Lawrence and six-tenths of a mile northwest of

Reservation headquarters. It consists of an east facing slope (1.15 acres)

which was studied intensively, joined at its southern limit by a southwest

facing slope which was less productive of specimens and less frequently visited

(Fig. 1). Plate 2 presents photographs looking north from the southern end

of the east facing slope which show the upper outcrop and the slope below

Fig. 1. Map of the Wiggins Study Area traced from an aerial photograph.
Hatched line indicates limestone outcrop; solid circles and other small symbols
indicate landmarks. Scale at upper left equals 20 feet and arrow points north.

the lower outcrop. The lower outcrop is mostly hidden by soil and evidenced

only by an abrupt change in relief and scattered rocks. Hackberry (Celtis occi-

dentalis) and osage orange {Madura pomifera) are the most common trees with

black walnut (Juglans nigra), American elm (Ulmus americana), and mulberry

(Morus rubra) also present. Coralberry (Symphoricarpos orbiculatus), goose-

berry (Ribes missouriense) , and lemonade plant {Rhus trilobata) are common
shrubs. Other abundant plants are poison ivy {Rhus radicans), Virginia creeper

{Parthenocissus quinquefolia) and frost grape {Vitis vulpina). This area is
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grazed moderately by dairy cattle and undergrowth is sparse. Grazing seems to

render such areas more suitable for worm snakes, but whether it is due to en-

richment of the soil and greater densities of earthworms, reduction of root mats

and greater ease in burrowing, or some other factor or factors is unknown.

The Ramseyer Study Area is located on the farm of Fred A. Ramseyer in

Jefferson County, Kansas, nine-tenths of a mile north northeast of Reservation

headquarters. The area (Fig. 2) is a south facing slope of 1.97 acres with both

upper and lower limestone outcrops well defined (PI. 3). The statement by

Fig. 2. Map of the Ramseyer Study Area traced from an aerial photograph.
Hatched hues indicate limestone outcrops; sohd circles and other small symbols
indicate landmarks. Scale at upper left equals 20 feet and arrow points north.

Fitch and McGregor (1956:93) concerning the size of trees on south facing

slopes is supported and they are generally smaller than on the Wiggins Area.

Hackberry, shagbark hickory {Carya ovata), and chestnut oak are the most

common tree species with American elm, redbud, and black walnut also present.

Osage orange and mulberry were not noted. Shrubs and smaller plants are

similar to those on the Wiggins Area. The Ramseyer Area is grazed lightly

and undergrowth is sparse, however an adjacent fenced area suggests that

undergrowth is naturally less luxuriant than on the east slope of the Wiggins

Area. Worm snakes were aheady present before my introduction of specimens,

but their numbers were small as evidenced by the fact that only 26 resident

individuals were recorded during two years of collecting while approximately

four times that many were recorded on the smaller Wiggins Area in the same

interval and without extensive trapping. The lower population density may be

related to the more xeric conditions of south slopes, with east or west slopes

being the best suited for worm snakes locally.

Two areas on the Reservation, which supported large worm snake popu-

lations prior to suspension of grazing and development of dense undergrowth,

were apparently much hke the Wiggins and Ramseyer Areas (Fitch, 1954:40-

41). Unusual among areas with large populations of Carphophis vermis is

one located 1.2 miles south of Pleasant Grove in Douglas Gounty, Kansas. It

is a north-south ravine with limestone outcrops at the top along both east

and west sides. As seen in Plate 4, there are few trees and the dominant

plants are grasses which grow luxuriantly. Both worm snakes and skinks
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(Eumeces obsoletus) are abundant under rocks along the outcrops. Large

stumps and dead trees such as the one illustrated indicate the area was once

wooded, but their condition also suggests this was many years ago. This

area indicates that rich, well drained soils in association with rocks as cover

may be primary requisites of worm snake habitats, and that trees are not

essential. The dense stand of grass—Uke trees—may shade the ground, re-

duce evaporation, and thereby conserve moisture required by worm snakes.

MORPHOLOGY
Scutellation

Characteristics of the scalation of Carphophis vermis include: dorsal scales

smooth and in 13 rows over entire body; upper labials typically 5-5, lower

labials typically 6-6; loreal present, supraoculars 1-1, postoculars 1-1, nasals

1-1; paired intemasals, prefrontals, and parietals present; anal plate divided.

The cephalic scutes are illustrated in Figure 3. The mean number of ventrals

in 92 males from Kansas is 131.4 ± 0.33 (range 124-138); 89 of these males

had complete tails and the mean number of subcaudals is 35.8 d: 0.23 ( range

28-41). The number of ventrals in 88 females from Kansas is 140.6 ± 0.32

(range 131-148); mean number of subcaudals for 84 of these is 28.2 ± 0.17

(range 25-31).

Specimens of Carphophis amoenus helenae typically lack intemasals, and

the number of ventrals is significantly lower than in vermis; the number of sub-

caudals is similar. The mean number of ventrals in 34 male helenae from

lUinois is 123.5 ± 0.54 (range 117-129); mean number of subcaudals for 33

of these is 36.7 ± 0.33 (range 33-41). Twenty-five females from Illinois have

an average of 132.0 ± 0.63 ventrals (range 126-137); 24 of these specimens

give a mean number of subcaudals of 28.4 ± 0.46 (range 24-34).

Scale patterns of Carphophis amoenus amoenus are similar to those of

helenae except that intemasals typically are present as in vermis. The mean
number of ventrals in 30 males from Virginia is 122.0 ± 0.58 (range 114-127),

while the average of 30 counts of subcaudals is 37.2 ± 0.38 (range 33-41).

The mean number of ventials for 23 females from Virginia is 129.1 ± 0.64,

while the average of 23 counts of subcaudals is 28.5 ± 0.38 ( range 25-33 )

.

Comparison of the scutellation of Carphophis vermis with that of the small,

locally abundant, secretive but non-fossorial ringneck snake ( Diadophis puncta-

ttis arnyi) shows that the ringneck has more rows of dorsal scales, more upper

labials, more lower labials, more preoculars, more postoculars, more nasals,

more ventrals and more subcaudals. In no type of scute does Carphophis have

the greater number. Dowling (1959:41), in discussing the absence of the

ocular scale in certain highly modified biurrowing snakes, stated that its dis-

appearance ".
. . is functionally important in allowing further smoothing

of the body surface in a critical area. Its absence does away with the crevices

around the eye where dirt collects in those burrowing species that retain the

I:)rille (e.g., Carphophis, Cemophora, Farancia, which are often plowed up

from burrows apparently of their own making), and thus ofi'er more resistance

to being pushed through the soil." Loss of tlie brille represents an evolutionary

stage well beyond Carphophis; however. Bowling's hypothesis is reasonable for

the general reduction in numbers of scales found in fossorial snakes. Every

suture or space between scales could increase friction with the soil against
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Fig. 3. Head scutellation of an adult female Carphophis vermis (KU 117482)
collected in Jefferson County, Kansas. Vertical line represents two mm.

which it moved and also provide an opening where soil particles could lodge

further increasing friction and in some instances leading to infections such

as commonly seen in specimens of Carphophis vermis kept in the laboratory.

Of course reduction in numbers of scales could not proceed to the point of

interference with the flexibility of the integument required for such activities

as feeding.

Skull and Dentition

The skull of Carphophis vermis (Fig. 4) does not show profound modifica-

tion for fossorial habits; however, enlargement of the premaxillary, lateral ex-

pansion of the nasals dorsally, and shortening of the quadrate all have occurred

and probably are modifications for life underground. Differences in structure

of the skull among vermis, helenae, and amoenus were not noticed although

only cursory comparisons were made. The periotic labyrinth of vermis was

studied by Baird (1960:926-930).
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Fig. 4. Skull of a female worm snake (KU 117480) of nearly adult size col-

lected in Douglas County, Kansas. Vertical line represents two mm.

Numbers of teeth (or vacuities representing teeth recently shed) on the

four dentigerous bones tend to increase from amoenus to helenae to vermis

( Table 1 ) . Significant differences exist between vermis and the two subspecies

of amoenus in numbers for the dentary and maxillary. Apparently teeth are

shed continuously because each specimen had several empty sockets and teeth

were seen frequently in samples of cloacal material from living vermis.

Coloration

Coloration of worm snakes was described in detail by Wright and Wright

(1957:106, 109, 110). Briefly, tjpical specimens of helenae and amoenus are

brown dorsally and light pink ventrally, whereas vermis is black dorsally and

bright pink or red ventrally. Frequently hatchlings of helenae and amoenus

are vividly colored like vermis and there is some evidence that such coloration

may persist in adults in the western part of the range of helenae, although

distribution records indicate that present-day gene-flow from vermis to helenae

is unlikely (Clark, 1968). A single specimen of vermis with a brown dorsum

was collected diuring the present study.

Typically, the light color of the belly extends onto the first or second row

of scales at midbody in helenae and amoenus and onto the third row in vermis.
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Table 1.—Tooth Counts from Five Skulls of Each Kind of Carphophis That
Had Been Cleared and Stained. All Four Bones Are Paired, Hence the Sample
Size Is Ten in Each Instance. Specimens of vermis Are from Douglas, Jefferson
and Anderson Counties, Kansas, helenae Are from Monroe County, Illinois,

and amoenus Are from Breathitt County, Kentucky, New Kent County, Virginia,

and Prince George and Baltimore Counties in Maryland.

vermis helenae amoenus

Mean and Mean and Mean and
range t range t range

Dentary 18.6±0.63
(16-23)

2.268* 17.1±0.35
(15-19)

1.606 16.3±0.42
(14-18)

Maxillary 10.9±0.24
(10-12)

2.827* 10.0±0.26
(9-11)

0.346 9.9±0.18
(9-11)

Palatine 13.4=^0.26
(12-15)

1.274 14.1±0.55
(12-17)

2.079 12 7±0 49
(10-15)

Pterygoid 17.8±0.33
(16-19)

2.019 16.7=t0.49

(14-19)
1.903 15.5±0.48

(13-18)

No exceptions are known to me in helenae or amoenus but they have been noted

in vermis (Clark, 1968).

Allard ( 1945 ) reported finding an aberrantly colored specimen of amoenus
in Arlington County, Virginia. The adult female lacked brown pigment and
the normal pink of the belly extended over its entire body. Simmons and Stine

( 1961 ) recorded an abnormally colored hatchling of amoenus obtained from

an egg laid by a female from Anne Arundel County, Maryland. The hatchling

was ".
. . light brownish-yellow with a light cream colored venter. The

eyes were also light yellow in color. The snake was an example of partial if

not complete xanthism." Whether the severe dehydration suffered by the eggs

during incubation played a role in producing the abnormal coloration is un-

certain although this possibility is discounted by the authors.

During the present study an albino specimen of amoenus from Montgomery
County, Maryland, was noted among snakes borrowed from the United States

National Museum. The snake, an adult male (USNM 145372), was collected

in 1959 by E. R. Oklesson at Damascus and appears normal except in coloration.

Hemipenis

The single, subcylindrical hemipenis of Carphophis vermis (Fig. 5) ap-

pears capitate in median view because the distal one-third is set off from

the rest by a groove. On the lateral side the ends of the groove turn distally

and do not meet. The distal third is ridged and appears calyculate; however,

the ridges have papillae which are largest at the apex. Disc-like depressions

contain the ends of the forked sulcus spermaticus. The proximal two-thirds

of the organ are covered with spines. There are three large basal spines,

two situated close together on the median-posterior area of the base and a

third located on the anterior area of the lateral side. Among five specimens

from Douglas, Jefferson, and Jackson counties in Kansas, the origin of the m.
retractor penis magnus ranges from the level of subcaudals 25-29 (mean.
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Fig. 5. Median (with sulcus spermaticus) and lateral views of the right hemi-
penis of an adult Carphophis vermis (KU 117484) from Douglas County,

Kansas. Vertical hne represents two mm.

27.4 ±0.67). Length of the hemipenis in these specimens ranges from sub-

caudals 5-7 (mean, 6.2 ± 0.37).

Hemipenes of five specimens of helenae from Monroe and Calhoun Counties

in Illinois and Decatur County in Tennessee are similar to those of vermis

except that the spines on the lateral surface of the proximal two-thirds tend

to form rows parallel to the long axis. Also, the organ is more elongate and

lengths range from the seventh to eighth subcaudal ( mean, 7.6 ± 0.22 ) which

is significantly longer than the value for vermis, t = 3.210*. The m. retractor

p. magnus originated at the level of subcaudals 25-29 (mean, 27.4 ±0.67),

which is identical with that for vermis.

The intromittent organs of five amoenus from Anne Arundel, Prince George,

and Baltimore counties in Maryland are similar to those of vermis except that,

as in helenae, the spines on the lateral surface are in rows. Also as in helenae,

the organ appears more elongate than in vermis; however, it is not significantly

longer in relation to subcaudals reaching to the level of the sixth or seventh

(mean, 6.6 ±0.22) in each instance, t=: 0.917. This mean is significantly

less than that obtained for helenae, t = 4.476**. The m. retractor p. magnus

originates at the level of subcaudals 27-30 (mean, 28.0 ±0.55), and this

value does not differ significandy from that obtained for vermis and helenae;

t = 0.692.

If removed from the specimens, the hemipenes of helenae and amoenus

could be separated more easily from that of vermis than from each other.

Maximum Size

The largest individual collected was a female from Jefferson County, Kan-

sas, which measured 320 mm. in snout-vent length. If the tail had been

complete, this specimen might have measured 365 mm. in total length. Even

then it would have been shorter than a specimen of 375 mm. reported by

Anderson (1942:209). The largest male came from Jackson County, Kansas,
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measured 297 mm. in snout-vent length, and had a complete tail of 57 mm.
Among 579 liNang vermis the largest 10 per cent of tlie males (29 individ-

uals) had an average snout-vent length of 272 mm. while the corresponding

figure for the largest 10 per cent of the females (29 individuals) was 306 mm.
Similar treatment of measurements from 278 preserved vermis yielded means

of 234 mm. for males and 277 mm. for females. These figures indicate a de-

crease in size of 14 per cent in males and nine per cent in females accompany-

ing preservation. Because snakes are routinely "fixed" in preservative in a

"relaxed" condition, and living specimens must be stretched before measuring

until the vertebral column is straight, such differences are to be expected. In

addition, preservatives may cause shrinkage of tissues.

Among 90 preserved specimens of helenae, the largest 10 per cent of the

males (5 individuals) have an average snout-vent length of 216 mm. The
same figure for four females is 250 mm. A series of 115 preserved specimens

of amoenus gives comparable means of 223 mm. for seven males and 241 mm.
for five females. Combined data indicate vermis is largest and that the two

subspecies of amoenus are more similar to each other than either is to vermis.

Proportions

The width of the head of preserved worm snakes was measured to the

nearest tenth of a mm. at its widest point (approximately the level of the

posterior margins of the parietals) using a dissecting microscope and ocular

micrometer. These measurements were converted to percentages of snout-

vent length (Fig. 6); curves for males tend to lie above curves for females.

Means of relative width of head were computed from these data (Table 2).

In each instance, the head is relatively wider in males than in females, t values

are 4.924*"" for vermis, 2.671** for helenae, and 0.871 for amoenus. Why
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Fig. 6. Width of head relative to snout-vent length in preserved specimens of
Carphophis. Samples include 68 males and 47 females of amoenus, 47 males
and 43 females of helenae, and 142 males and 136 females of vermis. In
vermis every third record was plotted. Solid circles indicate males, open circles

indicate females.
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1 2.0-4.4 142
1.283

\
^ 353* 2.3-4.5 47

0.643

1

2.1-5.0

1.7-4.7
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136
1.018

[
^ 700*** 1.9-4.5 43

2.176*
1.9-4.9 47

100 University of Kansas Publs., Mus. Nat. Hist.

Table 2.—Width of Head as a Percentage of Snout-vent Length in Preserved
Worm Snakes.

Mean of head

vent length

Males
ver7nis 2.90*0.038

helenae 3.00±0.072

amoenus 3.06±0.059

Females
ver7ms 2. 58 ±0.053

helenae 2.69±0.091

amoenus 2.97±0.090

the difference is not significant in amoenus is not known but sampling error

is suspected. Statistical tests (Table 2) show that relative width of the head

tends to decrease from amoenus to helenae to vermis in both sexes. Implica-

tions of these data concerning burrowing habits within the genus are dis-

cussed below.

Diameter of the right eye from anterior to posterior limits of the brille was

measured with an ocular micrometer. Measurements were converted into

percentage of head width and plotted against head width (Fig. 7). Unlike

width of the head relative to snout-vent length, there is no difference between

sexes in diameter of the eye; t values are 0.865 in vermis, 0.939 in helenae,

and 1.255 in amoenus. Means and statistical tests indicate that vermis has a

smaller eye than helenae and amoenus (Table 3). Implications of these data

concerning burrowing habits are discussed below.

Sexual Dimorphism

Blanchard (1942:14-15) pointed out that in Diadophis a more distinctive

character of sexual difference than either the numbers of ventrals or sub-

caudals is the number of ventrals minus the number of subcaudals, because

males have fewer ventrals and more subcaudals than females. Data obtained

similarly from worm snakes (Fig. 8), reveal no overlap between values for the

sexes, although overlap might occur if sample sizes were increased. These dif-

ferences have evolved probably in conjunction with relative proportions of body

and tail in adults; however, vmlike relative length of tail they do not show
increasing dimorphism with age.

Differences in relative length of tail between male and female vermis

are illustrated in Figure 9. Data for helenae and amoenus were similar but

are not illustrated. The increase in divergence with age results from a strong

tendency in males for the tail to increase relative to snout-vent length and

a weak, though similar tendency in females. Data from the adult specimens

(Table 4) show marked and complete separation of the sexes; coefficients of
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Fig. 7. Diameter of the eye in relation to width of head in preserved speci-

mens of Carphophis. Samples are the same as those of Figure 6. In vermis

every third record vi'as plotted. Solid circles indicate males, open circles

indicate females.

divergence ( X 100 ) are 35.8 in vermis, 36.0 in helenae and 34.3 in amoenus.

In both males and females the tail becomes relatively shorter clinally from

amoenus to helenae to vermis with highly significant differences between

vermis and helenae and between vermis and amoenus, whereas differences be-

tween helenae and amoenus are not significant.

Sexual dimorphism in width of head relative to snout-vent length, and in

maximimi size were described earlier. Dimorphism in the occurrence of anal

ridges is discussed later in connection with attainment of maturity by male

worm snakes.

Adaptation for Fossorial Habits among Worm Snakes

Indirect evidence indicates that Carphophis vermis is more fossorial than C.

amoenus. Dates of collection of museum specimens show vermis to be more

restricted to April and May in its activity (where collectors get it) than are

helenae and amoenus. This suggests that vermis spends relatively more time

well below the surface of the soil. These data are presented in detail in a

later section. The subdued colors of helenae and amoenus appear better suited

2—9080
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Table 3.—Diameter of the Eye as a Percentage of Width of Head in Preserved
Worm Snakes.

Mean of eye
diameter as

per cent of

head width

Range N

Males
vermis 17.9±0.15

helenae 19.7±0.28

amoenus 19.2 ±0.25

Females
vermis 18.1*0.18

helenae 19.3*0.32

amoenus 18.7*0.31

13.3-23.1 142
5.843***

^ 4.688*** 16.0-25.0 47
1.304

J
15.0-25.6 68

13.3-26.2 136
3.300***

1.705 15.1-22.9 43
1.335

.

12.8-23.1 47

25

20

V) 15
Z
UJ
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o
UJ 5
Q.
(O

U.O
q: 5
UJ
GQ

2 10

_ vermis

5 -

helenae

85 90 95 100 105 MO

VENTRALS MINUS SUBCAUDALS
115 120

Fig. 8. Distributions of numbers of ventral scutes minus subcaudal scutes from
muserun specimens of Carphophis. Samples include 136 male and 128 female
vermis, 50 male and 44 female helenae, 66 male and 46 female amoenus.

Hatched areas represent males, stippled areas represent females.
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Fig. 9. Length of tail as a percentage of snout-vent length versus snout-vent

length in preserved specimens of Carphophis vermis. Sample sizes were 136
males and 128 females, however only every other record was plotted. Solid

circles indicate males, open circles indicate females.

Table 4.—Length of Tail as a Percentage of Snout-vent Length in Preserved

Worm Snakes. Samples Include Only Sexually Mature Specimens.

Mean of tail

length as a
percentage of

snout-vent
length

Range N

Males
vermis 20.4±0.16

helenae 22.6±0.26

amoenus 22 . 9 =±=0. 17

Females
vermis 14. 2 ±0.11

helenae 15.7±0.27

amoenus 16. 2 ±0.25

(7.304***

1.011

[6.014***

1.345

17.4-23.0 61

^10.764*** 20.6-24.6 24

20.3-25.7 49

12.0-16.7 73

139*** 12.2-18.4 24

13.9-18.1 22
J

as camouflage than the bright and contrasting coloration of vermis, suggesting

that individuals of the former crawl on the surface more often.

Table 2 contains data showing that vermis has the narrowest head, relative

to snout-vent length, of the three snakes. Presumably this allows the head

to enter smaller crevices and provides for greater leverage by the body when
the head is used as a wedge. Data in Table 3 show that vermis possesses the

smallest eyes relative to width of the head. Presumably this indicates decreased

importance of the eye in vermis in association with more fossorial habits.
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A positive correlation between sexual dimorphism in length of tail (relative

to total length) and degree of development of fossorial habits was suggested

elsewhere (Clark, 1966b). In the present study, length of tail relative to

snout-vent length in adult specimens yielded coefBcients of divergence ( X 100 )

of 35.8 for vermis, 36.0 for helenae, and 34.3 for amoenus. Although the value

for vermis is not largest, it is similar to, and probably not significantly different

from, the largest value. The data from which these coefficients were derived

(Table 4) indicate that both males and females of vermis have the shortest

tails relative to snout-vent length. Short tails are probably advantageous in

burrowing because lateral flexing can be restricted more readily, thereby al-

lowing the tail to serve as an anchor for support of forward thrusts of the

head and body.

In summary', data concerning seasonal cycles of activity, coloration, relative

width of the head, relative diameter of the eye, and relative length of the tail

aU suggest that vermis is the most fossorial member of the genus Carphophis.

Differences between helenae and amoenus are less distinct, but loss of the in-

temasal-prefrontal suture in helenae suggests that it may be more specialized

for burrowing than is amoenus.

DISTRIBUTION

The geographic range of Carphophis was mapped by Wright and Wright

(1957:105) and by Conant (1958:330). However, recent data (Brandon,

1966; Clark, 1968) require slight modifications of these earlier maps (Fig. 10).

Intergradation between the eastern worm snake (C. a. amoenus) and the mid-

west worm snake (C a. helenae) in eastern Kentucky has been described by

Smith (1948), Barbour (1950a, 1950b, 1960), and Bush (1959). In addition,

series of specimens from southern Ohio ( Conant, 1951 ) and extreme north-

eastern Mississippi ( Ferguson, 1961 ) indicate that intergradation occurs in

these areas. Nevertheless, areas of mixing are poorly defined and additional

studies, particularly in eastern Tennessee and Alabama, are needed. For this

reason, I have not attempted to delineate zones of intergradation wdthin C.

amoenus.

A second problem is the origin of an isolated population in Erie County,

Ohio. Conant (1951:214) proposed that it was started inadvertently by man,

and Smith (1957:210) suggested it might be a relict left behind as the range

of this species retreated south after a northerly advance during an especially

warm interglacial period.

Factors related to precipitation probably limit westward dispersal of

Carphophis. Roughly speaking, the eastern deciduous forests terminate in

eastern Kansas, but if such forests were the only requisite, Carphophis might

occur farther west than it does in such areas as southern Oklahoma. As de-

scribed more fully in a later section, seasonal activity becomes more concen-

trated in April and May from east to west in the range of worm snakes. Such

restriction could become limiting to worm snakes before the existence of

deciduous forests became impossible.

The absence of both vermis and helenae from the alluvial plain of the

Mississippi, and the restriction of vermis to areas west of the River except

for Calhoun, Hancock, and Adams counties in western Illinois have been re-

viewed elsewhere (Clark, 1968). Southern extension of vermis into Louisiana

may be limited by replacement of deciduous by coniferous forests.
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To the north, factors related to reduced input of solar energy probably de-

termine the limits of the range of Carphophis. However, distributions in

Illinois, Indiana, and Ohio are displaced south of those in Nebraska and Penn-

sylvania and suggest by their outiine that materials left by late Pleistocene

glaciers render these areas unsuitable.

In Georgia, worm snakes are not found below the Fall Line (Neill, in litt.).

The principal reason may be lack of sufficient drainage in the soils. Fossil

vertebrae of Carphophis amoenus have been described from Gitrus, Marion,

and Alachua counties of Florida (Holman 1958:278; Auffenberg, 1963:166,

Lynch, 1965:77). These specimens date from periods of glacial advance and

represent times when sea level was lower and soils in the Southeast were prob-

ably better drained than at present.

It is noteworthy that the ranges of vermis and amoemis are centered on

areas of uplift and include principally land above 200 feet in elevation while

most of the range of helenae is below 200 feet.
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HABITAT

General

The Wiggins Area is excellent habitat for Carphophis vermis and because

its general features were discussed and compared with those of other areas ear-

lier, this need not be done here. Detailed accounts of the habitat of vermis were

published by Dice (1923:52), Clarke (1958:14, 35) and Fitch (1958:117),

and numerous brief notes concerning the subject were summarized by Wright

and Wright (1957:111). Many brief observations on the habitat of helenae

and amoenus have also been published (see summaries by Wright and Wright,

1957:109, 106); the most extensive accounts were given by Blanchard (1926:

373) and Minton (1944:452) for helenae and by Corrington (1929:69) and

McCauley (1945:54-55) for amoenus. Judging from the literature, habitats are

similar in all three worm snakes with fallen and decomposing logs probably

more important in the habitats of helenae and amoenus than they are in those

of vermis, whereas the opposite seems true of rocks. Slope is often mentioned

in regard to all three and probably reflects a need for well-drained soil.

Data gathered in the present study allow quantification of several features

of the habitat of Carphophis vermis in northeastern Kansas.

Amphibian and Reptile Associates

During visits to the Wiggins Area records were made of time spent search-

ing and number of individuals of each species of amphibian and reptile ob-

served. Such data allow estimates of relative abundance. Total counts for all

species are shown in Table 5. In tenns of numbers of individuals this com-

munity has four principal species: narrow-mouthed toad, Gastrophryne

olivacea; five-lined skink, Eumeces fasciatus; worm snake; and ringneck snake,

Diadophis punctatus. Similar data presented by Clarke (1958:44) reveal

differences in tlie community to wliich Carphophis belongs even though his

study area was only 45 miles soutliwest of the Wiggins Area. The three

species Clarke found most often associated with worm snakes were Eumeces
fasciatus, Diadophis punctatus, and Thamnophis sirtalis; he found no speci-

mens of Gastrophryne olivacea. Clarke (1958:45) stated "A large degree of

association was exhibited by members of the Oak-Walnut Hillside Forest

Community: Diadophis punctatus, Carphophis amoenus [vermis'\, and Eumeces

fasciatus. In each instance the association was over 50 per cent. On 80 per

cent of the occasions that Diadophis was obsei-ved, Eumeces fasciatus was also

noted; and when Carphophis was seen, Diadophis was also seen 80 per cent

of the times, and Eumeces fasciatus on 84 per cent of the occasions.

The relative monthly abundance of the four most common species on the

Wiggins Area is shown in Figure 11. March records refer to a single hour

of searching in one year and thus are of questionable value. The reasons for a

bimodal curve are in part different for Diadophis than for the other three. Un-

published data accumulated at the Reservation show Diadophis to be wide-

ranging and a common inhabitant of grasslands during the summer months,

and the sudden drop in frequency of observations of ringnecks in May is

probably due primarily to their moving out into other areas while the rise in

October is due to their return. Changes in frequency of the other three are

due to either reduced activity as in estivation, or confinement of activity to

levels below the soil surface.
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Table 5.—Total Numbers of Amphibians and Reptiles Observed on the
Wiggins Area During 91 Hours and 5 Minutes of Searching in 1965, 1966,
and 1967. Recaptures Are Included in Counts for Carphophis. Individuals

Caught in Traps Are Excluded.

Species
Numbers

of

individuals

Gastrophryne oUvacea
Eumeces fasciatus
Carphophis vermis
Diadophis punctatus
Agkistrodon contortrix . . . .

Bufo americaniis
Eumeces obsoletus

Terrapene ornata

Bufo woodhousei
Coluber constrictor

Cneviidophorus sexlineatus

Elaphe obsoleta

Scincella laterale

Lampropeltis triangulum.
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Fig. 11. Number of specimens of Carphophis vermis, Diadophis punctatus,
Gastrophryne olivacea, and Eumeces fasciatus observed per hour of searching
on the Wiggins Area during the 1965, 1966, and 1967 seasons. Total hours of
searching in each month are 1, 26.25, 22.5, 15.33, 3.67, 2.25, 9.75 and 10

respectively.

Size of Rock versus Snout-vent Length

On the Wiggins Area estimates were made of length, width, and thickness

of the rocks under which 89 male and 99 female worm snakes were found.

These data allow testing of the impression gained while collecting that larger

snakes tend to secrete themselves beneath larger rocks (Fig. 12). Note that
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AREA COVERED BY ROCK IN SQUARE INCHES

Snout-vent lengths of secreted worm snakes versus area covered by
the conceaUng rocks. See text for further explanation.

area covered by rocks, and not volume, is used. The data for females suggest

small individuals are restricted to small rocks, whereas large females may also

be found under large rocks. To test Uiis hypothesis the midpoints in observed

ranges of area and snout-vent length were located and their intersection

marked. Then the ratio of snakes above the range midpoint of rock area to

those below for individuals shorter than the range midpoint of snout-vent

length was tested against the same ratio for individual longer than the range

midpoint of snout-vent length. In females the ratios are significantly different,

chi-square equals 4.05 *, but in males they are not different, chi-square equals

0.657. No plausible reason is evident for the difference between sexes.

Using all three estimated dimensions for each rock, volumes were calcu-

lated and these were plotted against snout-vent length and tested in the same

way as were areas. The graphs appeared to indicate the same tendency for
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small snakes to be more restricted; however, neither chi-square (1.98 for

females, 0.509 for males) was significant.

The meaning of the significant results for females (Fig. 12) is not known.

Perhaps large females tend to remain longer (in relation to smaller females)

in those situations created by rocks which cover relatively large areas than they

do in those created by smaller rocks. Or there may be preference by small

snakes for small rocks, or finally the data could indicate only tliat small snakes

are not ph>sically strong enough to get under larger rocks which generally are

settled well into the soil. The final proposal seems unlikely because if true

a higher degree of probability would be expected in tests using volumes than

those using areas of cover because volume is more closely correlated with

weight. Of the tvvo remaining theories, the first seems more likely because

those specimens regularly secreting themselves under especially large (though

not necessarily thick) rocks are more hkely to survive to large size.

Levels of Soil Moisture

On 47 occasions during the study a soil sample was collected where a worm
snake was lying beneath a rock. Samples were sealed in jars to be weighed,

oven dried, and weighed again vdthin the following week. From these data the

per cent of water in the original sample was calculated. Frequencies of various

moisture levels are summarized in Figure 13; snakes were most often associated

1 r

11-20 31-40 51-60 71-80

PER CENT WATER BY WEIGHT

Fig. 13. Frequencies of various levels of soil moisture among 47 samples col-

lected beneath rocks where worm snakes were concealed. Samples were col-

lected in Douglas and adjoining counties in northeastern Kansas.

with levels between 21 and 30 per cent. The distribution is skewed to the

left probably due to specimens being unable to escape high moisture levels

by burrowing because deeper soils are often equally wet or wetter; on the

other hand extremely dry surface soils could be avoided by moving deeper in

the soil. Mean values for 26 males and 21 females were 33.8 ± 1.96 (range

17.6-57.8) and 31.5 ± 3.26 (range 18.2-73.5) respectively. The difference is

not significant, t = 0.640.

When records for specimens less than 200 mm. in snout-vent lengtli are

separated from those of larger individuals, the means obtained are 37.8 ± 3.65

(range 25.5-73.5) and 30.9 ± 2.00 (range 17.6-62.1) respectively; t is large

(1.729) but not statistically significant. The data have been subdivided ac-

cording to months (Table 6) and this test repeated several times. Note in

four of five instances the higher mean refers to the smaller specimens. Even
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though none of the differences is statistically significant, there appear to be

real diflFerences in moisture levels with which small versus large worm snakes

are associated. Presumably, this is because smaller individuals are more subject

to desiccation.

In a laboratory study (Clark, 1967), six adult vermis were placed in a

terrarium with four samples of soil ranging in moistiire content from approxi-

mately 14 to 30 per cent but otherwise identical. Twenty-seven subsequent

recoveries of individuals which had burrowed beneath the surface gave a mean
for moisture content for the frequented soils of 25 ± 1.3 per cent. This was

thought to be an underestimate of the optimum level, but Figure 13 indicates

it may be accurate.

Soil Type

In Douglas and adjoining counties of northeastern Kansas, areas which sup-

port populations of Carphophis vermis have black, clay-loam soils which are

friable when they contain between 10 and 30 per cent water by weight.

This is the common soil type in northeastern Kansas; however, patches of light-

brown clay occasionally were noted on these areas, particularly where slope

increases immediately above the characteristic lower outcrop. Such soils are

cohesive and seemed to be avoided by worm snakes.

In laboratory experiments (Clark, 1967), seven worm snakes showed
significant association with black clay-loam soil when it was tested against

sand, against a half-and-half mixture (by volume) of black clay-loam and

sand, and against a half-and-half mixture of black clay-loam and partially de-

composed sawdust.

TEMPERATURE RELATIONSHIPS

Records of cloacal temperature, substrate temperature and air temperature

were obtained with a Schultheis thermometer for 42 specimens of Carphophis

vermis. Snakes were held by tip of the tail and head to prevent absorption

of body heat from the investigator. After a snake's temperature was recorded,

the rock under which it was found was raised again and the bulb of the

thermometer inserted into the soil where the snake had lain. Finally air

temperature was measured in shade approximately three feet above the rock.

Unfortunately it was difficult to take temperatures of small specimens without

grasping tlie body near the vent, hence 34 (81%) of the records are from adult

specimens and the remainder are from large juveniles. Nearly all readings were

taken in the morning and most prior to 10 a. m.

Mean body temperature for 19 males was 17.7 ±1.10° Centigrade (range

9.9°-23.4°) while the average for 23 records from females was 18.8 ± 0.83°

(range 10.3°-23.8°) and the difference between means is not significant (t^
0.798). The total sample of 42 yielded an average of 18.3 ± 0.67° (range 9.9°-

23.8°). Fitch (1956:457) obtained a mean of 26.4° (range 19.0°-31.7°) for

20 worm snakes concealed under rocks. This distinction (18.3° versus 26.4°)

resulted because Fitch collected most of his records in late morning or after-

noon. .AJthough the specimens in my sample appeared capable of all ordinary

movements, only individuals collected in the afternoon made quick, darting

attempts to escape.

Means of body temperature were computed for different months (Table 7).
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Table 7.—Monthly Averages of Records of Cloacal Temperature Taken from
Worm Snakes in Douglas and Adjoining Counties of Northeastern Kansas.

Temperature in degrees centigrade

Mean Range

April
May
June
July
September
October. .

16.3±2.03
16.2±1.27
21.0±0.47
20.2
17.6±0.41
19.0±2.52

10.3-23.5
9.9-21.6
18.9-23.8

17!2-i8!o
14.6-23.4

13
15
1

2
3

The difference between means for May and June is highly significant

(1= 3.745****), illustrating that presence of tlie animals was not associated

with any single body temperature.

The mean of the 42 corresponding records of substrate temperature was

17.5 ±0.65° (range 9.6°-25.5°) which is not significantly different from the

mean of body temperatures (t = 0.852). Correlation between body and sub-

strate readings is highly significant ( r= 0.9699 *"**)
. The mean of the 42

corresponding air temperatures was 18.1 ±: 0.68° (range 9.4°-26.0°) which

obviously is not different from mean body temperature. Correlation between

body temperature and air temperatiu^e is also highly significant ( r =z 0.90-

90*'*); however, the difference between the two correlation coefficients is

also significant (t = 2.500*). This is to say, the correlation with substrate

temperature is significantly stronger than that with air temperature. The data

suggest a lack of behavorial regulation of body temperature at the tempera-

tures recorded.

On three occasions worm snakes were found on the surface of the soil

and active. Unfortunately no body temperatures and only one air tempera-

ture (25.4°) were recorded. An individual taken from a trap October 1, 1965

had a cloacal temperature of 8.6° but was capable of slow lateral undula-

tions and could have crawled away to shelter. In this connection, Fitch ( 1956:

457-458) reported a worm snake with body temperature of 3.5° and capable

of only "feeble" crawling motions. Fitch (loc. cit.) also noted that for Car-

phophis vermis on the Reservation "Average and maximum body temperatures

were markedly lower than those of any other kind of reptile studied." Clarke

1958:28) summarized records of air temperature collected in Osage County,

Kansas for 22 species of reptiles and the mean for Carphophis of 57.6° Fahren-

heit ( 14.2° C) ranked the lowest.

In a laboratory study (Clark, 1967) seven worm snakes were confined in a

cage with a temperature gradient and yielded 31 records averaging 23.0 ± 0.75°

(range 14.4°-30.8° ). This value viath that of Fitch given earlier suggests the

range chosen by worm snakes is centered near 24°. A narrow range seems

unlikely in a small reptile which lives primarily below the surface of the soil

where body temperature must remain similar to that of the surrounding

medium. In this situation short-term fluctuations of temperature are damp-
ened and seasonal rather than daily changes may be more important to activity

in this species. Remaining active throughout the season normal for reptiles
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probably requires adaptation to a wide range of temperatures. Movements
involved in locomotion and food getting need not be quick, a fact which would
permit broadening of the range by depression of the lower limit.

ACTIVITY CYCLES

Seasonal

McColloch and Hayes (1923) demonstrated a close relationship between

seasonal overturns of temperature gradients in the soil and the depth at which
certain kinds of beetle larvae were found. Data gathered at Manhattan, Kan-

sas (approximately 70 miles west of the Wiggins Area) using thermometers

placed at depths of one, two, three, four, five and six feet revealed a complete

overturn of soil temperatures in mid-March and another during the last week
of October. Coincident with the overturns were vertical migrations of the in-

sects. It is plausii)le that worm snakes respond similarly and thus temperature

may be the proximal factor controlling duration of the season of activity.

Control may be largely mechanistic since in spring when the overturn occurs,

an individual which moves higher in the soil becomes warmer and therefore

capable of greater activity, while in late October movement downward in-

creases the potential for activity. The overturn dates given by McColloch and
Hayes are compatible with my estimates of beginning and end of the activity

season (April 1 to October 20) based on experience in collecting at the soil

surface.

Seasonal activity at or near the soil surface in vermis, as indicated by num-
bers of individuals found per hour of searching on the Wiggins area, is sum-
marized in Figure 11. Values rise from zero in March to 3.3 in April, then

decrease uniformly (May 2.4, June 1.9, July 0.8) to zero in August; September
and October have values of 0.6 and 0.5 snakes per hour. Activity is con-

centrated in April, May, and June, and other data presented below suggest a

high rate of success in catching earthworms during this period and during

September. In spring, conditions of moisture and temperature seem optimum
for breakdown of leaf litter from the previous autumn and this may cause

concentration of earthworms at the surface. As the season progresses, surface

layers tend to dry out and are moist at infrequent and unpredictable intervals.

Also nutrients from leaf litter are used by biotic agents or dispersed by abiotic

factors. On the whole, surface layers appear to become less optimum for

earthworms.

Data based on known amounts of search time are not available for helenae

and amoenus. However the seasonal distribution of museum specimens in

samples of these two snakes, and in a sample of vermis have been plotted

(Fig 14). Assuming the effort spent in searching was distributed similarly

for all three throughout the season, comparisons may be made among them.

Carphophis vermis appears unique in that 88 per cent of the specimens were

collected in the interval from March through May while similar figures for

helenae and amoenus are 53 and 44 per cent, respectively. These data may
reflect an east to west increase in concentration of moisture in upper layers of

the soil during April and Ma>'. Of 172 specimens recorded by Clarke

(1958:24) in Osage County, Kansas (approximately 45 miles southwest of

the Wiggins Area) 161 or 94 per cent were noted in the March through May
interval.
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Fig. 14. Distribution according to date of collection of museum specimens of

worm snakes. Samples include 249 Carphophis vermis, 80 C. amoenus helenae

and 96 C. a. amoenus selected initially without reference to month of collection.

Concerning hibernation sites, Grizzell (1949:231) in Maryland found a

specimen of amoenus 24 inches below the surface of the soil on February 8.

Neill (1948:110) reported that specimens of amoenus in Richmond Count>-,

Georgia hibernate "In tiny tunnels beneath rocks, a foot or two beneath the

surface."

Daily

At 7:55 a.m. on June 11, 1966, a specimen of Carphophis vermis was

found on leaf litter on a southwest facing slope below a limestone outcrop in

Leavenworth County, Kansas. The snake had a snout-vent length of 295 mm.
and was gravid with three eggs. Weather was clear, but the sun was not

high enough to strike the ground below the outcrop. Air temperature was

estimated at 70° to 75° F. On June 19, 1966, at 11:30 a.m. a worm snake

was captured as it crawled at the edge of a large rock on the Ramseyer Area;

it had been marked and released 46 days earlier. The snake had a snout-vent

length of 267 mm. and was gravid with three eggs. Sky was clear, and the air

temperature was estimated at 75° to 80° F; sun flecks covered between 10 and

20 per cent of the forest floor. A third record of a worm snake crawling on the

surface was obtained May 7, 1967, at approximately 3:00 p. m. The specimen,

an adult female 274 mm. in snout-vent length, was captured by Robert R.

Fleet on the Ramseyer Area where it had been released eight days earlier.

The sky was clear, and the air temperature was 78° F.

Whether there is significance in the fact that all three specimens were adult

females or the fact that two of three were gravid is not known. These records

do indicate that movement over the surface may occur at any time during

daylight hours within certain temperatiue extremes.

Five specific instances of worm snakes wandering exposed on the surface of

the soil have been reported in the literature. Blanchard (1926:373) discussed

helenae in Indiana and stated ".
. . on the next day a juvenile . . .

was found ... in the wheel rut of a shaded road." Cooper (1956:21)

reported a specimen of amoenus in Maryland found ".
. . by Mr. J. Fulton

Lewis crawling on his lawn ... in the afternoon . . ." Langebartel
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(1947:27) collected a specimen of vermis in Hancock County, Illinois ".
. .

at 10 p.m. on July 17, 1945, crossing a forest path." Linsdale (1927:78)

found a specimen of vermis in Doniphan County, Kansas ".
. . on wet

leaves on the ground near a spring on the lower part of the bluff on June

27 . .
." Smith (1956:223) in reference to i;ermi5 in Kansas stated, "Prob-

ably it is nocturnal; I collected a specimen in Cherokee County at night as it

crawled on the gra%'el banks of a creek." Mr. Max A. Nickerson ( in litt. ) stated

that on ".
. . 14 June 1967, between 10:00 and 11:00 p.m., two

Carphopis amoenus [C. vermis] were discovered crawling (separately) on

the surface of dew-covered leaf litter, among sparse vegetation, at the base

of a large hmestone bluff near Warsaw, Benton Co., Missouri."

The data as a whole indicate both diurnal and noctural habits. Over much

of the habitat obsei-ved by me, worm snakes could move freely through leaf

litter during daylight with litde risk of being seen by predators. It may be

that movement above ground is controlled primarily by temperature and only

secondarily by light and dark periods.

BURROWING BEHAVIOR

To facilitate observation of worm snakes while they were burrowing, a

cage was constructed of two glass panels held nine-sixteenths of an inch apart,

with inside dimensions of twenty-four and ten inches. Detailed notes were

made concerning burrowing behavior of two specimens of C. vermis on three

days. Casual observations were made on many occasions.

Worm snakes burrow apparently by searching out the route of least re-

sistance through the soil; they have no physical or behavioral traits which

allow penetration of compacted soil. The snout or entire head is forced into

an available crevice and either rotated from left to right (and back) in a

horizontal plane, rotated vertically in teeter-totter fashion with the fulcrum at

about the level of the eye, or rolled from side to side along its long axis. All

of these movements and various combinations were used to enlarge an original

opening and allow passage of the animal. A burrowing individual does not

progress smoothly and continuously through the soil but proceeds in "steps."

The head and neck are extended forward (in part by movement of the body

within the skin) where a purchase is obtained and then the remainder of the

animal is pulled forward. An individual can progress backward in a similar

manner although this was observed less often and apparently was done only to

free the head for progress in another direction. The tips of the tongue appear

frequendy during burrowing.

At rest beneath the soil, specimens were seen merely to stop where tliey

were and make no attempt to contract the body into a compact mass. Burrows

of a single individual alone in the cage became numerous within 24 hours,

\vi\h new ones apparently being made almost continually.

MOVEMENTS*
During the study, 844 individuals of C. vermis were marked and released

—

153 on the Wiggins Area, 604 on the Ramseyer Area, and 87 on the Reserva-

" While the present paper was in press, the foUovdng article dealing with a
similar aspect of the ecology of wonn snakes was published: Barbour, R. W.,
M. J. Harvey, and J. W. Hardin. 1969. Home range, movements, and activity

of the eastern worm snake, Carphophis amoenus amoenus. Ecology, 50:470-476.
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Table 8.—Summary of Recapture Records for Carphophis vermis.

Times recaptured
Wiggins
area

Ramseyer
area

Reserva-
tion

Total

One 29
3
1

3
36
60

75
10
3

88
104

5

5

5

109
Two 13

Three 4
Four 3
Total individuals 129
Total recapture records 159

tion. Of those released on the Ramseyer Area, 580 had been captured at

other localities in Douglas, Jefferson, Leavenworth, Johnson, and Franklin

counties of Kansas. Of the total 844 individuals, 129 were recaptured 159

times. A summary of these data is given in Table 8. Four recapture records

were omitted from the analyses; three of them were of individuals resident

on the Ramseyer Area and one record was from an individual on the Reserva-

tion which was released away from its capture site.

From the data obtained, I attempted to deteniiine the extent of normal

movements and how it is correlated with sex and age, what inferences can be

made concerning home range, and how displacement of the snakes into an

unfamiliar area aflFects their normal pattern of movements. Recaptures were

obtained by trapping and by collecting by hand on the Ramseyer Area but

only by collecting by hand on the Wiggins Area and Reservation; thus the

results obtained by the two methods on one area must be compared (Table

9) before comparing results from the two areas. None of the tests yielded

significant t values and the differences between means formed no consistent

trend, hence it was decided that probabilities for greater accuracy lay with

larger sample size and trapping records were combined with records from hand
collection in composite samples.

Tests comparing records of natural residents with those of introduced in-

dividuals are summarized in Table 10. Records exceeding 160 feet were
excluded from this table as well as from Tables 9, 11 and 12 because such

records appear discontinuous from all others (Figs. 15 and 16). For intro-

duced males, the two records within 60 days after release may represent move-
ment stimulated by marking while the two records of approximately 300 days

might represent shifts in home range. One resident female moved 258 feet

and it seems probable that males may move as far. Certainly the data as a

whole do not indicate any well defined trend for distance to increase in-

definitely as a function of time, hence it seems that individuals remain vidthin

limited areas—home ranges—for extended periods.

Evidence presented in Table 10 shows that introduced worm snakes move
farther than natives; the case is strongest for females and is most easily in-

terpreted when graphed (Figs. 15 and 16). Introduced females show ex-

tended movements shortly after release while resident females do not. When
snakes were released in unfamiliar surroundings on the Ramseyer Area, many
soon undertook unusually long movements but later some of these same in-

dividuals became established as residents. The relative importance of the

factors of unfamiliarity and possible lowered suitabihty in causing abnormal

patterns of movement is unknown. Extended movements in unfamiliar habitat
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Table 9.—Records of Movements Obtained by Trapping and by Hand Collect-

ing from Worm Snakes Introduced on the Ramseyer Area. Counts of Days
Exclude the Winter Period of Inactivity. Movements Exceeding 160 Feet

Were Excluded. See Text for Further Explanation.

Mean distance
between points

of capture (feet)

t

Mean number
of days between

captures
t N

Adult males
trap-caught

hand-caught

79 ±16

44 ±13
1.664

110±20

84 ±20
0.918

20

20

Juvenile males
trap-caught

hand-caught

20±7

68 ±27
1.284

68 ±62

75 ±28
0.128

5

9

Adult females
trap-caught

hand-caught

30 ±10

31±6
0.088

66 ±26

33 ±10
1.440

11

22

.Juvenile females
trap-caught

hand-caught

49 ±14

26 ±10
1.326

99 ±45

30 ±10
1.480

7

7

Table 10.—Records of Movement by Worm Snakes Which Are Naturally
Resident on the Wiggins Area and Reservation, Compared with Records from
Individuals Introduced on the Ramseyer Area. See Table 9 and Text for

Further Explanation.

Mean distance
between points t

of capture (feet)

Mean number
of days between

captures
t N

Adult males
resident

introduced

49 ±22

46±7
0.132

102 ±45

88 ±13
0.401

6

37

Juvenile males
resident

introduced

27±9

38 ±15
0.707

56 ±18

73 ±29
0.518

17

13

Adult females
resident

introduced

16±7

31±5
1.602

68 ±26

44±11
1.001

14

33

Juvenile females
resident

introduced

15±6

38 ±9
2.196*

93 ±39

64 ±24
0.591

16

14

3—9080



118 University of Kansas Publs., Mus. Nat. Hist.

140

120 -

100

80 -

h- 60
UJ
lU 40
li.

2 20

H-
Z
y250

Males

O

O O

100

80 -

60 -

40I-O

20 I-
O

Femoles

5^Q? O I

100 200 300
A-

550

DAYS

Fig. 15. Movement versus time in recapture records from specimens of Car-

phophis vermis resident on the Wiggins Area (50 records) and Reservation

(4 records). Solid circles indicate adults, open circles indicate juveniles (t. e.,

all specimens of less than mature snout-vent length ) . Small circles each repre-

sent one record, whereas large circles each represent four records. Counts of

days exclude vdnter period of inactivity.

probably led to increased mortality and emigration as compared vdth the

resident individuals which were marked. To test this possibility, the ratio of

snakes later recaptured (one or more times) to the total number marked and

released was compared between the Wiggins Area (36 to 153, 24%) and the

Ramseyer Area (85 to 580, 15%). Chi-square is 6.917 *" and the hypothesis

is supported although the relative importance of mortality and of emigration

is not known.

As a test of whether some introduced specimens became permanent resi-

dents, the ratio of recapture records greater than a single season (203 days)

to total recaptures was compared between resident and introduced individuals.

The single record on the Wiggins Area which extended beyond two seasons

with no recaptures in the intervening period was excluded because comparable

records were lacking for introduced snakes, since the introductions did not

begin until April 1966. The ratios are eight to 53 (15%) for residents and 12

to 101 (12%) for introduced specimens; the difference is not significant (chi-

square ^ 0.318) suggesting that some introduced snakes are as well estab-

lished as native individuals.

Because introduced individuals tended to make abnormally long movements,

their data were analyzed separately, but both types of data are presented.
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Fig. 16. Movement versus time in recaptin-e records from specimens of Car-
phophis vermis introduced on the Ramseyer Area. Solid circles represent
adults, open circles indicate juveniles (i.e., all specimens of less than mature
snout-vent length). Small circles each represent one record, whereas large
circles each represent four records. Counts of daj's exclude winter period

of inactivity.

Table 11 summarizes comparisons between tlie sexes. There appears to be a

trend indicating greater movement among males; however, no significant t val-

ues were obtained. Comparisons are made between adults and juveniles in

Table 12 and again means did not differ significandy, but the data suggest that

adult males are more vagile than juvenile males whereas vagility does not in-

crease with age in females. Adult males appear nearly twice as vagile as

juvenile males, and roughly three times as vagile as females.

On the basis of 13 recapture records from nine specimens of Carphophis

vermis. Fitch (1958:118) speculated that "The trends of these meager data

seem to suggest that worm snakes have no home ranges in the usual sense, but

tend to stay for long periods in the soil at the same place, moving mainly in

vertical planes in response to changes in temperature and moisture. Oc-
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Table 11.—Comparisons of Male and Female Movement Records in Car-
phophis vermis. See Table 9 and Text for Further Explanation.

Mean distance
between points
of capture (feet)

t

Mean number
of days between

captures
t N

Resident adults
male 49 ±22

16±7

27±9

15±6

46±7

31 ±5

38 ±15

38±9

1.876

1.156

1.766

0.035

102 ±45

68 ±26

56 ±18

93 ±39

88 ±13

44 ±11

73 ±29

64 ±24

0.709

0.854

2.586*

0.238

6

female 14

Resident juveniles

male 17

female 16

Introduced adults
male 37

female 33

Introduced juveniles
male

female

13

14

Table 12.—Comparisons of Adult and Juvenile Movement Records in Car-
phophis vermis. See Table 9 and Text for Further Explanation.

Mean distance
between })oints t

of capture (feet)

Mean number
of days between

captures

Resident males
adult

juvenile

Resident females
adult

juvenile

Introduced males
adult

juvenile

Introduced females
adult

juvenile

49 ±22

27±9

16±7

15±6

46±7

38 ±15

31 ±5

38 ±9

1.134

0.147

0.557

0.692

102 ±45

56 ± 18

68 ±26

93 ±39

88 ±13

73 ±29

44±11

64 ±24

1.158

0.511

0.527

0.883

6

17

14

16

37

13

33

14

i
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casionally, individuals may make relatively long shifts, perhaps wandering at

random, and then may settle in new locations. There is no evidence that the

snakes ever return from such wanderings." However, it now seems probable

that individuals of this species have home ranges sufficiently like those of other

snakes for the data to be treated similarly. Although individuals spend a

great deal of time in the soil, movements over the surface probably occur

every few days when the snakes are active. That such moves do not carry

individuals ever farther away from their hatching locality is suggested by

Figures 15 and 16. In addition, a juvenile female caught and released on the

Wiggins Area on May 23, 1965, was recaptured 12 feet from the point of

release as an adult on October 20, 1967. Prior to this unusual record, the

same individual had made an ordinary move of 35 feet in 14 days. Another

juvenile female was marked and released on the Wiggins Area on April 1,

1966, and recaptured June 27, 1967, four feet from the initial site of release.

An adult male introduced on the Ramseyer Area on April 30, 1966, had

moved 48 feet when recaptured after 46 days but had returned to the original

release site when next captured on June 14, 1967. These records suggest

long-term occupancy of small home ranges.

Among Fitch's records (1958:118) was one of an adult female which

moved 410 feet in 19 days, but the longest move recorded in my study was
288 feet by an adult male introduced on the Ramseyer Area.

Size of home range in Carphophis vermis was calculated (Table 13) on

the basis of distances between points of capture (Tables 9 through 12) con-

sidered to represent radii of circular ranges. The theoretical basis for this pro-

cedure was discussed by Fitch (1958:73). The method is advantageous in

allowing use of records for specimens recaptured only once, whereas other

methods requiring several records for the same individual obviously would

exclude most of the data concerning movements gathered in my study

(Table 8). Because most of my data concerning movements in Carphophis

are based on individuals recaptured only once, no precise check of the ac-

Table 13.—Estimates of Home Range Area in Carphophis vermis. Figures
Are in Square Feet. See Text for Further Explanation.

Minimum-polygon method

Mean Range N

Resident males
adult
juvenile

Resident females
adult
juvenile

Introduced males
adult
juvenile

Introduced females
adult
juvenile

252 1

222 ... 1

3,038=tl,950 943-6,935 3

417 ±105 264-609 3
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curacy of the circle-radius method was possible. SuflBcient data were available

for "minimum polygon" estimates of home range for eight individuals (Table

13), but all eight polygons were triangles and therefore must be assumed to

include areas markedly smaller than the actual home ranges of the individuals

involved. Home ranges calculated by the circle-radius method are roughly

two to 10 times larger than estimates by the minimum polygon method.

Fitch estimated by the circle-radius method the size (in acres) of home
ranges in four species of snakes in northeastern Kansas

—

Agkistrodon con-

tortrix, males 24.4, females 8.5 (Fitch, 1960a: 149); Coluber constrictor, males

26.3, females 23.8 (Fitch, 1963a: 389); Elaphe ohsoleta, males 29, females 24

(Fitch, 1963b: 651); TJiamnophis sirtalis, males 35.0, females 22.7 (Fitch

1965:538). Compared with these species, Carphophis vermis is similar in

that males wander more widely than females, but it is markedly dissimilar in

that the largest estimate obtained (that for adult males) is only 0.173 acres

—

less than one one-hundredth of the smallest estimate for the males of other

kinds of snakes made by Fitch. I did not follow Fitch's procedure of ehmi-

nating from the computations the longest 10 per cent of movements and the

shortest 10 per cent, but even if this procedure had been followed the mag-
nitude of difference between the home range estimated for vermis versus those

for other genera of snakes would remain essentially the same.

REPRODUCTION

Sexual Maturity and Testicular Enlargement in Males

Sexual maturity. 540 examinations for spermatozoa were made on hving

(or recendy killed) male vermis from the area of Douglas County, Kansas.

A sample of liquid was forced from the cloaca onto a glass shde, diluted with

saline solution, and examined with a binocular dissecting microscope (approxi-

mately 40 X ) • Spermatozoa were readily recovered from adult males through-

out the season of activity. Ninety per cent of specimens 220-224 mm. long

were mature (Fig. 17). A closer examination of maturity among specimens

between 205 and 225 mm. is given in Figure 18.

Figures 17 and 18 indicate all males 216 mm. (snout-vent) or longer may
be considered sexually mature. Of 352 records of maturity, 310 (88%) were
for individuals 216 mm. or larger; the smallest male with spenn was 177 mm.
(snout-vent). Greater variation in the size of attainment of maturity was
noted in males than in females.

Museum specimens were examined for spermatozoa by removing a segment

of the lower part of one vas deferens and breaking it into pieces in a drop of

water. A cover slip was applied and the slide searched for sperm with a

compound microscope (approximately 400 X ). Snakes preserved as long ago

as 1909 contained recognizable sperm cells. A total of 139 male vermis were

checked in this way and the results are summarized in Figure 17. For the

preserved snakes the graph indicates 100 per cent maturity at 185 mm. snout-

vent length. Because of smaller sample size with preserved specimens, this

estimate must be considered approximate (±10 mm.). Compared with the

value of 216 obtained for living specimens, tliis figure suggests that two dif-

ferent populations are being sampled. However, the mean snout-vent length

for sperm-bearing museum males from Douglas County, Kansas ( 207 ± 4.06,

N = 16) is not significantly different from the mean for sperm-bearing museum
vermis from all other localities (201 ± 3.05, N = 57; t = 0.944).
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Fig. 17. Per cent of sexually mature individuals (those having fully developed
spermatozoa) in samples of male Carphophis vermis of increasing snout-vent
length. Open circles indicate living or recently killed specimens from north-
eastern Kansas; closed circles indicate museum specimens primarily from Kansas
and Missouri; numbers are sample sizes. Living specimens shorter than 170

mm. and preserved specimens shorter than 155 mm. all were immature.

220 225

SNOUT-VENT LENGTH IN MILLIMETERS
Fig. 18. Incidence of maturity among living or recently killed male Carpho-
phis vermis with snout-vent lengths between 205 and 225 mm. Diagonal lines

represent individuals having fully developed spermatozoa, whereas open bars
indicate immature specimens lacking spermatozoa. Each interval on the verti-

cal axis represents one specimen.
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The apparent difference in snout-vent length at maturity between living and

preserved specimens is related to preservation. Living individuals were

stretched until completely straight before measuring. Museum specimens are

not preserved in such a stretched condition, and preservatives probably cause

shrinkage. When snout-vent length is involved, it is important to know
whether specimens were measured alive or preserved.

Information regarding sexual maturity in males of helenae and amoenus

was obtained from dissections of 46 and 68 preserved specimens, respectively.

Because of small sample sizes, only approximations ( it 20 mm. ) of minimum
snout-vent length at maturity can be given. About 90 percent (22 of 24) of

the mature helenae had snout-vent lengths of 178 mm. or more and about 90

per cent (50 of 56) of the mature amoenus had snout-vent lengths of 170 mm.
or more.

Blanchard (1931:95-103) described the keeled dorsal scales which occur in

the anal region of male Carphophis above a certain size and proposed that

they be called "anal ridges." He stated that these ".
. . are sufficiently

constant to be regarded as normally restricted to sexually mature males. . . .

It is possible that these ridges are more strongly developed in the spring than

in the autimm. . . . These male sex features could well serve a function

as [tactile] stimulating organs during the process of courtship." This last

theory seems reasonable, and is supported by known courtship behavior in

related genera of snakes, but I have not observed mating in Carphophis.

Data from 140 museum specimens of male vermis are summarized in Figure

19, illustrating the usefulness of anal ridges as an indication of sexual ma-
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Fig. 19. Incidence of anal ridges in samples of preserved, male Carphophis
vermis of increasing snout-vent length. Numbers indicate sample sizes. Speci-

mens of less than 115 mm. are not included because all lacked ridges.
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turity. The 90 per cent level of occurrence is nearly reached in the 170 to

174 mm. interval (well belovi^ 185 mm.), and five individuals having such

ridges were of snout-vent lengths below the lowest at which sperm was present,

suggesting that the appearance of ridges may precede actual attainment of

sexual maturity. In addition, there were 26 male vermis less than 185 mm. in

snout-vent length which had anal ridges and nine of these ( 35% ) were negative

for sperm.

To determine whether anal ridges are more strongly developed in spring

than in autumn, I compared the ratio of male vermis vdth ridges to those with-

out them among museum specimens 185 mm. or longer in snout-vent length for

the periods March through June, and August through October (no specimens

were available for July). During the spring period four out of 56 (7%) lacked

ridges, and during the fall period one out of six (17%) lacked ridges. The

data do not support the theory of a seasonal change in development of the

ridges because the difference between these ratios is not statistically significant

(chi-square = 0.663).

Approximately 90 per cent (78 of 87) of male vermis with ridges were

170 mm. or longer in snout-vent length. In male helenae, approximately 90

per cent (34 of 38) of those with ridges were 147 mm. or longer and in male

amoemis approximately 90 per cent (50 of 55) of those with ridges were

159 mm. or longer.

A summary' of the incidence of anal ridges in Carphophis is presented in

Table 14. The east-to-west decrease in frequency in males (pooled data) is

apparently significant in that the chi-square value between ratios for vermis

and amoenus is 9.544 which is significant at the 0.005 probability level. The
chi-squares between vermis and helenae (3.138) and between helenae and

amoenus (2.280) are not significant, however. This clinal variation is corre-

lated with the degree to which fossorial habits are developed as analyzed in

the earlier section on morphology.

Table 14.—Per Cent of Individuals with Anal Ridges in Museum Specimens
of Carphophis Chosen Without Reference to Snout-vent Length.

Blanchard
nosi)

Present
study

Total

vermis

Per cent of males 73
89

72

71
49
17
41

88
58

59

62
141
4

136

81
47
19
43

81
68
4

47

66
N 230

Per cent of females 2

N 208

helenae

Per cent of males 76
A^ 96

Per cent of females 18

A^ 84

amoenus
Per cent of males 84

A^ 126
Per cent of females 2

N 106
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The fact that a significantly larger proportion of female helenae have anal

ridges is obvious without a statistical test; the reason, however, is not so ap-

parent. Perhaps genes responsible for development of anal ridges in female

helenae are more closely associated vdth genes responsible for characters with

high selective values than in female amoenus or vermis.

Testicular enlargement. Examinations of museum specimens included length

measurements of both testes, and these data were used to find and describe

seasonal changes. The length of the right gonad was divided by snout-vent

length (and multiplied by 100) for all adult-size males of vermis, helenae, and

amoenus. The right testis was used because it was the larger of the two in

most males. Percentages were averaged for each month; results are shown in

Figure 20.

6.4 -

^6.0 -

• vermis

o helenae

A omoenus

March J J

MONTHS
Fig. 20. Annual cycle of relative testis length (as % of snout-vent length)
in museum specimens of Carphophis of mature size ( 185 mm. or larger in
vermis, 178 mm. or larger in helenae, and 170 mm. or larger in amoenus).

Numbers indicate sample sizes.

The graph suggests that sperm production reaches a peak in the period

June-July-August in vermis and amoenus, and in June-July in helenae. It also

suggests a lesser peak falling in August for amoenus, in September for helenae,

and in October for vermis. The data for vermis are few but the difi^erences

between the means of July and August for amoenus and August and Septem-

ber for helenae were tested and found significant (t^ 2.319* and 2.551 '

respectively). Bimodality in testis length is indicated. Whether or not sig-

nificant differences exist among the three foiTns in timing of the peaks of

testicular activity is uncertain.

To study the relative size of the testis in the three forms, the difi^erences

between means for April were tested. Differences between amoenus and

vermis and between vermis and helenae are not significant (t=1.531 and
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0.616, respectively). However, the difference between means for amoenus
and helenae is significant (t =: 2.948 "). The same relative positions for the

three are found also in May, June, and August. Samples were large enough
for testing in August and differences between amoenus and helenae and be-

tween helenae and vermis are significant (t :=: 4.487 ***"* and 2.868*, respec-

tively). The difference between means for amoenus and cerm.is is not sig-

nificant (t^ 1.841). It seems that the testis is relatively largest in amoenus,
smallest in helenae, and intermediate in vermis.

Data concerning relative lengths of right and left testes have been sum-
marized in Table 15; the right gonad is generally longer in both adults and
juveniles of all three forms.

Table 15.—Relative Lengths of Left and Right Testes in Samples of Preserved
Carphophis. All Individuals Below the Estimated Minimum Snout-vent Length

at Maturity Were Classed as Juveniles.

Right testis longer

Per cent N

Left testis longer

Per cent N

Testes same length

Per cent N

vermis

Adults
Juveniles ....
All specimens

helenae

Adults
Juveniles ....
All specimens

amoenus
Adults
Juveniles ....
All specimens

81
86
84

64
100
80

88
94
89

53
63
116

16
21
37

43
16
59

20

11

10

5
6

11

11

6
8

16

9

7
4

11

Tests were carried out to determine whether the ratio of dominance of

right over left was different between adults of any two of the three forms.

Chi-square values are: vermis and amoenus, 0.099; helenae and amoenus,

2.114; vermis and helenae, 3.217. None of the three is significant. Similar

tests were made to determine whether the proportion of dominance by right

over left was different between adults and juveniles. Samples for all three

show that the percentage of snakes having a right testis longer than the left

decreases as the snakes get older while the percentage having the left testis

longer tends to increase. Chi-square values are: vermis, 0.000; amoenus,

1.807; helenae, 5.675. Only the last value is significant (probability level,

0.025); it indicates significant increase in relative lengtli of the left testis in

helenae when maturity is attained. Overall, the data suggest the two gonads

are of more nearly equal importance in adult helenae than in vermis or

amoenus.
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Sexual Maturity and the Ovarian Cycle in Females

Sextwl maturity. 489 examinations for spermatozoa and/or enlarged follicles

were made on living (or recently killed) female Carphophis vermis. Exami-

nations for spermatozoa were made by forcing a sample of fluid from the

cloaca, placing it on a glass slide, diluting it with a drop of saline solution

and examining it under a binocular dissecting microscope (approximately

40 X )• Enlarged eggs were detected by palpation.

With any given adult female, these tests may both be negative since even

mature individuals do not have sperm in the cloacal fluids or palpable eggs

at all times during the active season. However, when the percentage of

mature individuals is plotted for samples of indivduals of increasing snout-vent

length, a sudden change from near zero to approximately 50 per cent occurs

between snout-vent lengths of 240 and 260 mm. (Fig. 21). An analysis of

200- 220- 240- 260- 280- 300- 320-
204 224 244 264 284 304 324

SNOUT-VENT LENGTH IN MILLIMETERS
Fig. 21. Per cent of sexually mature individuals in samples of female Car-
phophis vermis of increasing snout-vent length. Open circles indicate living

or recently killed specimens from northeastern Kansas; closed circles indicate

museum specimens primarily from Kansas and Missouri. Numbers are sample
sizes. Data for living individuals shorter than 230 mm. and for preserved
individuals shorter than 185 mm. are not shown because all such specimens

were immature.

the specimens in this 20 mm. interval is shown in Figure 22. These data indi-

cate that all females with snout-vent lengths of 250 mm. or more may be re-

garded as sexually mature. Of 139 records of mature females, only two (snout-

vent lengths 237 and 249 mm. ) were less than 250 mm. and both of these were

judged to be mature on the basis of having spermatozoa rather than eggs.
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240 245 250 255 260

SNOUT-VENT LENGTH IN MILLIMETERS

Fig. 22. Incidence of maturity among living or recently killed female Car-
phophis vermis with snout-vent lengths between 240 and 260 mm. Diagonal
lines represent mature specimens while open bars indicate immature individ-

uals. Each interval on the vertical axis represents one specimen.

Fitch (1960b: 50) proposed that the presence of a cloacal capsule in female

snakes may ".
. . be regarded as an indication of sexual maturity." This

structure is present in vermis and 495 palpations of living (or recently killed)

females revealed cloacal capsules 353 times. No female shorter than 188 mm.
(snout-vent) had a cloacal capsule and all specimens 235 mm. or longer had

the structure. The increasing frequency of occurrence between these two

limits is illustrated in Figure 23; approximately 90 per cent of the female

population has the structure at a snout-vent length of 220 mm. and 100 per

cent has it at 235 mm. In vermis, the thickening of the cloacal wall to form

a \aginal capsule may be regarded as a stage in the attainment of sexual

maturity, but it does not necessarily indicate that the female has become

fecund, with production of fully developed ova.

Museum specimens of vermis likewise were examined for spermatozoa and

enlarged follicles. Females were checked for sperm by removing a segment

of one of the oviducts and tearing it into small pieces in a drop or two of

water. Then the larger pieces of tissue were discarded and a coverslip was

placed on the liquid which was subsequently examined with a compound
microscope (approximately 400 x). Females preserved as long ago as 1926

contained recognizable spermatozoa. Results of 134 such examinations are

summarized in Figure 21.

Comparison of the two samples of female vermis at first suggests that dif-

ferent populations were sampled. However, the mean snout-vent length for

egg-bearing museum specimens from Douglas County, Kansas (237 ± 15.6,

N ^ 17 ) is not significandy different from the mean for egg-bearing museum
vermis from all other localities throughout the range (238 it 3.41, N = 48),

t =r 0.080. The apparent difference in snout-vent length at which maturity is

reached is related to preservation as discussed earlier in reference to males.

Dissection is superior to checking cloacal fluids in revealing spermatozoa. How-
e\er, the less efficient cloacal check probably has not resulted in a too-high

estimate of minimum size at maturity in vermis, because of the large sample

size and because six of nine mature individuals in the 250 to 254 mm. inter%'al

had enlarged eggs.
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Fig. 23. Incidence of cloacal capsules in samples of living or recently killed

female Carphophis vermis ranging from 170 to 249 mm. in snout-vent length.

Numbers indicate sample sizes.

For the preserved vermis, sample size was much smaller, so less confidence

can be placed in the estimate of minimum length at maturity; a rough estimate

would be 205 ± 10 mm. because it is at this snout-vent length that a percentage

is attained (60%) which is equal to the minimum shown by a sample known

to be adult, i. e. those from 250 to 254 mm. ( Fig. 21 ).

Data concerning minimum snout-vent length at maturity in female helenae

and amoentts were obtained from dissections of 49 and 54 preserved specimens,

respectively. Because sample sizes are smaU, the estimates must be considered

approximations (±20 mm.). Ninety per cent (21 of 23) of the helenae

found to be mature were 189 mm. or more in snout-vent length, and approxi-

mately 90 per cent (22 of 25) of the amoenus which were mature were

188 mm. or greater in snout-vent length.

Blanchard (1926:381) indicated snout-vent lengths ( presumably of living or

freshly killed specimens) of 216, 230, 234, and 236 mm. (mean = 229 ± 5.52)

for four egg-laying females of helenae. The mean snout-vent length for 34

vermis which laid eggs was 281 ± 2.59; range equals 251 to 306 mm.
The ovarian cycle. Ova laid in June or July apparently being their enlarge-

i
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ment late the preceding season, as suggested by the fact that enlarged follicles

are evident in adult females at time of emergence in the spring.

Dissections of Kansas vermis in the collections of the University of Kansas

Museum of Natural History provided data concerning sizes of enlarged follicles;

in each female a mean length was computed for all enlarged ova. This mean
was then grouped v^ath others for the same month (or half-month) and a mean
computed for that time period. Four of the actual 43 clutches from Kansas

lacked collection dates sufficiently accurate for use. Thirty-nine other clutches

plus records from 14 egg-bearing females killed during the spring and early

summer of 1967 were used. Seven of these 53 clutches were oviducal and their

mean lengths were averaged to obtain the mean length at ovulation. The data

are plotted in Figure 24.

March April May

MONTHS
June

Fig. 24. Follicular enlargement shown by clutches of ovarian and oviducal
eggs in preserved Carphophis vermis from Kansas. For each sample the mean
and range are represented respectively by the horizontal and vertical lines.

Open and solid rectangles represent, respectively, one standard deviation and
one standard error on each side of the mean. Numerals indicate the number
of clutches in each sample. Two additional ovarian clutches, one from July
and one from September, seem anomalous and are not included. Mean length

of seven oviducal clutches ( 26.3 ± 2.30 mm. ) is indicated.
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The graph suggests that the eggs of an average clutch reach ovulation size

(26.3 ±2.30 mm.) and are ovulated about May 22, but females bearing

oviducal eggs have been recorded in Kansas from May 1 to June 13, indicating

that ovulation may occur over a 44-day period. I suspect the May 1 record

represents a year vv'hen reptile activity began unusually early; during any one

season, the period of ovulation is probably much less than 44 days. Egg-lay-

ing periods in 1966 and 1967 are estimated at 11 and 8 days, respectively

( data presented in a later section ) with most of the population ( 90% ) oviposit-

ing within about two weeks. Applying a two week limitation on the estimated

ovulation period, Kansas populations of Carphophis probably ovulate between

May 16 and 29, or more simply during the last half of May.

The actual dates for the seven clutches of oviducal eggs are May 1, May
15, May 20, June 7, June 7, June 7, and June 18 (mean. May 25). Laying

seems to reach its peak around June 28, approximately 37 days after ovula-

tion, and in June virtually all adult females have oviducal eggs. The mean
date of May 25 for the seven known clutches is perhaps biased toward the

earlier part of the egg-bearing period because specimens from May were much
more abundant than those from June in the entire sample of preserved fe-

males.

Barbour (1960:15) provided data on enlargement of follicles in Carphophis

in Kentucky comparable to my data from Kansas shown in Figure 24. In the

graph constructed from Barbour's data (Fig. 25), I omitted records of two

clutches for April 18 because the follicles were too small (2-3 mm.) to be

considered enlarged. Mean clutch length at ovulation (23.9 ± 1.00 mm.) was

estimated on the basis of seven presei"ved females (two helenae and five

amoeniis) with oviducal eggs among the specimens I examined. The curve

for Barbom's data is similar to that of Figure 24 and suggests that ovulation

in Carphophis in Kentucky also occurs during the last half of May.

Mating and Fertilization

Mating in worm snakes was never observed during the study, nor are there

any published observations, but records of spermatozoa recovered from female

specimens provide information concerning the time of mating.

As indicated above living female vermis were checked for spermatozoa l^y

forcing fluid from the cloaca and examining it under a microcope. Preserved

specimens were checked by removing a portion of the oviduct, tearing it into

small pieces in a drop of water, and examining the fluid under a microscope.

The results are presented in Table 16.

Table 16 indicates two mating periods each year, April to May and Septem-

ber to October, with greatest activity in the fall period. Sperm cells found in

individual samples from live females classified as "with spermatozoa" ranged

from only one to thousands in tightly clumped masses like those found stored

in the vasa deferentia of males. Most positive samples contained between 10

and 50 spermatozoa. Only four showed clumped masses, a condition probably

indicating that the female had mated within the past few days.

Among the recapture records is one which suggests that sperm in low num-

bers may be recovered many weeks after mating. A female first examined on

April 4, 1967, had between 10 and 50 spemi in the sample of cloacal fluid,

but on May 7, 1967, a similar check revealed only two sperm cells. Presum-
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February March April

MONTHS
May

Fig. 25. Follicular enlargement shown by clutches of preovipositional eggs of

Carphophis amoenus from Kentucky (data from Barbour, 1960:15, analyzed

and presented as in Fig. 24). Three additional ovarian-size clutches, one from

June 10 and two from June 18, seem not to follow the main trend of the data

and are not included. Mean length of seven oviducal clutches (23.9 ± 1.00

mm. ) is indicated.

ably the snake had not mated between the two examinations. However,

several other recapture records indicate that sperm tend to disappear from

cloacal fluids. A female tested on April 6, 1967, showed clumps of thousands

of spermatozoa, but 50 days later (on May 26) she was negative for sperm.

A specimen with "hundreds" of sperm cells on April 22, 1967, was negative

15 days later. Five other females with 10 to 50 sperm at their first examina-

tion were found negative at intervals of 15, 20, 20, 46, and 174 days later in the

same season; initial captures were in April in four instances and the fifth oc-

curred in May.

Further grounds for doubting that females yielding small numbers of

spermatozoa have mated recently stems from dissections. Six of nine adult

females collected April 3 and 4, 1967, were negative for sperm when alive but

were killed and their oviducts removed and torn into fine pieces in a saline

solution; when this fluid was examined five were found to possess spermatozoa.

The one which lacked sperm was small (260 mm. in snout-vent length), and

as its o\'iducts appeared immature, it may have been entering its first repro-

ductive season as suggested by the presence of two enlarged ovarian follicles.

Three of the fi^•e with sperm contained several hundred, and the other two had

4—9080
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Table 16.—Incidence of Spermatozoa in the Reproductive Tracts of Adult-

sized Female Carphophis vermis. Living Specimens Are from the Area of

Douglas County, Kansas. Museum Specimens Are mostly from Kansas and
Missouri.

Interval

Living specimens

Per cent
with -K^

sperm-
atoza

Museum specimens

Per cent
with jx

sperm-
atoza

March 16-31 9
21 47
31 67
22 36
8 37

22
18
4
3
1

1

80 5

50 6
38 8
100 1

20 265

100 4
April 1-15 84 19

16-30 74 31

May 1-15
16-31

33 9
50 2

June 1-15
16-30

July 1-15
16-31

1

2
2

August 1-15
16-31

1

2
September 1-

16-

October 1-15
16-31

Total

15
30 o' i'

1

100 1

63 76

between 10 and 50. I conclude that ( 1 ) virtually the entire adult female

population has a full complement of spermatozoa at the time of emergence in

the spring and (2) that cloacal fluids may contain spermatozoa even though

the snake has not mated recently—either because some spermatozoa are con-

tinuously escaping from storage receptacles, such as those described by Fox

(1956), and being carried down the oviducts between mating and ovulation,

or because suflBcient pressure may be exerted while forcing out cloacal fluids

to dislodge sperm higher in the oviducts.

Data from preserved specimens (Table 16) suggest that females carry sperm

through the period of hibernation. The fact that there is no increase in spring

suggests that the percentage of adult females which mate at that time of year

is small. Unfortunately data are inadequate for September and October. The
higher percentages of preserved females ( versus living ) found to contain sperm

(63 versus 20) indicates that the examinations by dissection were much more
thorough.

The best evidence concerning time of mating comes from five females. Four

of these each contained clumps of thousands of spermatozoa when collected on

April 6, May 1, September 3, and September 15. The fifdi was negative for

sperm on April 19, 1966, but showed several hundred when recaptured May
3, 1966. I consider this good evidence that she mated within this two-week

interval—probably wdthin the earlier part of it. Tliree of these five records

occur in the spring; however, there are 150 records for the spring period

(April and the first half of May) versus only 20 for fall (September and

October) indicating that the incidence of mating is greater in fall—if the small

fall sample is representative.
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It is noteworthy that all nine hving specimens examined in March lacked

sperm. Perhaps a sampling error is involved. At any rate, the ratio of those

with sperm to those without for the March sample (0 to 9) is not significantly

different from the ratio for the first half of April ( 10 to 37), chi-square= 2.331.

No females in either set contained sperm from June 1 to August 31.

Typically, ovulation occurs approximately May 22 and with fertilization of the

eggs, stores of spermatozoa presumably are depleted.

Data for preserved specimens of helenae and amoenus are presented in

Table 17, and may be compared directly with those for preserved vermis in

Table 16. The data parallel those for vermis with the notable exception that

neither of the initial samples approaches 100 per cent. In amoenus one of

three females lacked sperm in early April and in helenae, two of three lacked

sperm in March.

Table 17.—Incidence of Spermatozoa in the Reproductive Tracts of Adult-
sized Female Carphophis amoenus helenae and C. a. amoenus. All Records

Are for Preserved Specimens.

Interval

helenae

Per cent
with -^

sperm-
atoza

aynoenus

Per cent
with jT

sperm-
atoza

March 16-31 33
100
67

33'

0'

50

166'

48

3
7
3

'3'

2
1

i'

2
2
2

i'

27

April 1-15 67 3
16-30 100 2

May 1-15 50 2
16-31 50 4

June 1-15
16-30

July 1-15 1

16-31
August 1-15. . . . 6 i

16-31 33 3
September 1- 15 4

16- 30 67 3
October 1-15 100 1

Total 46 24

Mating occurring primarily in fall precedes enlargement of ovarian follicles

early in spring; hence it might be inferred that mating serves as the stimulus

which initiates follicular enlargement. However, the record by Haines ( 1940

)

of a female Leptodeira septentrionalis polysticta which laid fertile eggs in 1936,

1938, 1939, and 1940 despite isolation from other snakes after August of 1934

shows that annual mating may not be necessary as a stimulus for the develop-

ment of ova in snakes. Other apparent instances of delayed fertilization have

been reported in snakes. A female vermis (260 mm. snout-vent) contained

two enlarged ovarian follicles (6 and 7 mm. long) when collected April 3,

1967, even though thorough examinations of both oviducts revealed no sper-

matozoa, indicating initial follicular enlargement Avithout mating as a stimulus.

Perhaps environmental stimuh, such as changing temperature or day-length,

initiate enlargement.
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Oviposition and the Clutch of Eggs

Oviposition and the appearance of the eggs. Oviposition under natural con-

ditions was not observed nor were any clutches of eggs discovered in nature.

These aspects of the natural history were studied by confining gravid speci-

mens in the laboratory. Each gravid snake was placed in a wdde-mouthed

gallon jar with enough incubation medium (three parts black clay-loam soil

mixed with one part sawdust by volume and containing about 26% water by

weight) to provide cover for the snake and insure that the eggs would not

desiccate rapidly, yet not so much that newly laid eggs might be completely

hidden. This allowed daily checks for eggs with minimum disturbance of the

snake.

Of 34 vermis which laid clutches in captivity, only five laid some or all of

their eggs at known times of day. Practically all others laid them at night or

early in the morning. Five females laid eggs at: 7:40 a.m., 8:30 a. m., 8:40

a.m., 9:10 a.m., 10:45 a.m., between 7:00 and 11:00 a.m., 1:00 p.m., 3:00

p. m. Follovdng is an account of the laying of an egg as observed July 20,

1967:

7:10 a. m.: first egg of clutch found laid; second being pushed posteriorly,

right-angle spinal flexure being used to help push it back; light gray sldn

visible between widely separated scales just anterior to vent; lateral flexure of

vertebral column occurs at region of vent; anterior part of animal moves oc-

casionally as if to obtain better purchase in the substrate material, or perhaps

to conceal head better. 7:36 a.m.: vent partly open. 7:38 a.m.: tail some-

what elevated. 8:40 a.m.: egg beginning to appear; muscular contractions

occurring about every 25 seconds, 8:43 a. m.: egg is completely expelled and

vent closed; once egg appeared at vent it was expelled slowly and steadily with

no further distinct single contractions as had occurred previously. 8:31 p.m.:

third (and last) egg of clutch found laid.

The duration of laying of a three-egg clutch was observed on June 27, 1967.

The first egg was laid about 1:00 p. m. At 3:00 p. m., a second egg was dis-

covered fully extruded but sticking to the underside of the snake's tail, and at

6:20 p. m., the third egg had been laid.

Early in the study, a female vermis was allowed to deposit her eggs in a

large steel barrel. The eggs could have been placed as deep as two feet below

the surface, but were laid beneath a water dish and only about two inches be-

low the surface. Eggs are probably deposited at greater depths in nature.

Literature records concerning the manner in which worm snakes deposit

their eggs are limited to helenae and amoenus. Three clutches laid in the

laboratory by female helenae from southern Indiana were discussed by Blan-

chard (1926:376): "To sum up, the eggs were as deep in the decayed wood

earth as could be, and, in the two cases where it was possible, they were im-

mediately beneath a piece of old wood. They were in all cases horizontal,

with their long axes practically parallel." Minton (1944:452) foiuid a natural

nest of helenae containing three eggs, ".
. . in a rotten log on August 18."

Four groups of eggs of the eastern worm snake were found by McCauley

(1945:55), "One clutch was found in rotting wood on the ground at the base

of an old stump. The eggs were lying close together. . . . On July 22,

1936, three clutches were found in old sawdust piles, buried several inches be-

low the surface." Allard (1945:42) reported on eggs laid by a captive

amoenus, "... 4 eggs were found to have been laid in the center of the
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container at a depth of about 3 inches from the surface . . .
." Simmons

and Stine (1961:206) stated that a female amoenus was ".
. . placed in a

terrarium containing five inches of sawdust and laid three eggs on June 2,

1950. Although the eggs were laid in a random manner, all were deposited at

a depth of two inches in the sawdust."

Eggs from captive vermis were of two types, normal and thin-shelled (Pi.

4); of a total of 88 eggs, 46 were normal and 42 were thin-shelled. At laying,

normal eggs are white tending to greenish-yellow toward the ends, and rather

opaque. They are dry on the surface, turgid, and have a circular area of

vascularization (the embryo) which can be seen on the surface of the yolk

about equidistant from the ends of the shell. In some a heartbeat can be seen

in the vascularized area. The shell although soft seems thick and strong.

Thin-shelled eggs are yellow or greenish-yellow, moist on the surface and some-

what translucent. They are flaccid and show no sign of a vascularized area.

The shell, although quite elastic, seems thin and lacking in calcium salts.

Four eggs differed from "normal" in that the vascularized area was smaller

and the red pigment was not diffused throughout a circular area but clumped

in one or more small areas. These four, like the thin-shelled eggs, did not

develop and were invaded and destroyed by mold and soil organisms (mites,

nematodes and symphyla) within a few days. Because the deficiency is be-

lieved to have been genetic and not due to conditions imposed on the female in

the laboratory, these four were grouped with the normal eggs for analyses.

All vermis eggs were smooth-shelled, non-adherent, and generally elliptical

in outline but with the greatest diameter (across the long axis) located near

one end (Pi. 4).

Not all gravid vermis held in captivity produced eggs. Three females re-

sorbed their eggs. One aborted by passing yolk material at the vent, an oc-

currence which might have been caused by rupture of oviducal eggs in han-

dling. Two other females each deposited a small yolk mass which was evi-

dently all that remained of a clutch, the remainder having been resorbed.

Thin-shelled eggs seem to be produced when a gravid snake is placed in

captivity prior to some critical point in the development of the clutch. Under
these conditions, the normal schedule of events in readying the eggs for oviposi-

tion is disrupted and they are shed prematurely. Caging of the female seems

not to have serious effects after the critical point in egg development has been

reached.

In 1966, eight clutches of normal eggs were laid, on June 26 (1), June 27

(1), June 28 (3), July 2 (1), July 4 (1), July 6 (1). The laying period ex-

tended over 11 days with a mean at June 30. In the same season, ten clutches

of thin-shelled eggs were laid or begun on the followang dates: June 9 (4),

June 15 (1), June 17 (1), June 18 (2), June 19 (1), June 21 (1). These

layings extended over a period of 13 days with a mean date of June 14, more
than two weeks earlier than the mean for the normal clutches. Four clutches

deposited in 1966 contained both normal and thin-shelled eggs. The dates for

the beginning of each of these clutches were: June 16, June 20, June 20, June
21. These four clutches contained the latest thin-shelled eggs and the earliest

normal eggs, and their average laying date of June 19 was intermediate be-

tween the other two groups.

Because of the large proportion of thin-shelled-eggs laid in 1966, I decided

in 1967 to delay caging gravid females until laying was close at hand. In

1966, I began caging on May 25; in 1967, I waited until June 14, with the
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result that only two of eight clutches consisted of thin-shelled eggs. The other

six were made up of normal eggs and no clutches contained both types.

Laying dates for the six normal clutches were: June 21, June 25, June 27,

June 27, June 28, and July 20, covering a 30-day period with a mean at June

30, Actually, I think the deposition of a clutch on July 20 represented a rare

event in the local population and by eliminating this date a more accurate

mean (June 26) probably is obtained, wdth a laying period of only eight days.

I believe that the bulk of the population emerged somewhat earlier in 1967

than in 1966; hence, a slightly earlier mean date for egg-laying might be ex-

pected. The two clutches of thin-shelled eggs laid in 1967 were deposited on

June 19 and June 25, a seven day period with mean at June 22, earlier than

that for normal eggs.

Of interest is the fact that each clutch containing only normal eggs was

laid vdtliin a single 24-hour period (usually during a single night) whereas

seven of the 12 thin-shelled clutches required longer intervals—two days (2),

three days ( 2 ) , four days ( 1 ) , five days ( 1 ) , nine days ( 1 )

.

For combined data from 1966 and 1967, the mean date for laying of normal

clutches was June 28, some 37 days after the calculated midpoint in ovulation.

A two-week period, June 21 to July 4, would probably include laying dates

for 90 per cent of clutches.

Table 18 indicates time of oviposition, as the percentage of gravid indi-

viduals rises to 100 in late May and early June. From late June onward, the

ratio of non-gravid to gravid females increases rapidly, bearing out the evidence

obtained from captive females regarding the time of egg-laying.

Table 18.—Incidence of Gravid Individuals Among Adult Female Carphophis
vermis Collected in Northeastern Kansas in 1966 and 1967.

Interval
Number
gravid

Number
not gravid

Per cent
gravid

April 11-18....
April 19-25....
April 26-May 2
May 3-9
May 10-]6
Mav 17-23
May 24-30
May 31-June 6.

June 7-13
June 14-20
June 21-27
June28-July 4.

July 5-11
July 12-19

4
4
17
8
13
8
12
9

11

3
1

1

18
50
40
85
67
81

73
100
100
86
60
20

25

If thin-shelled eggs are caused by confinement of the female, it might be

expected that the number of days between confinement and egg-laying would

be less variable and smaller on the average, than in normal clutches because

caging is the stimulus for processes which terminate the egg's normal develop-

ment and cause its premature release. Normal clutches will tend to be laid

on or about June 28 and the number of days between capture of the female

and laying wdll have a relatively wide range extending from greater lengths of
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time for those few females which are unafiFected by caging and those captured

immediately after the critical event in the egg preparation sequence to short

intervals for those captured on or near the same day on which they would

normally lay.

The mean number of days between capture and laying for 12 thin-shelled

clutches is 7.2 ± 0.95 (range 4-13, standard deviation 3.29). For 14 normal

clutches these figures are 11.2 ± 2.35 (2-31, 8.79). The difference between

the means is not signficant (t^ 1.225); however, the difference between the

variances is significant ( F = 7.527 °* ).

That thin-shelled eggs are not a natural feature of reproduction in this

snake is suggested by the fact that these infertile eggs were produced at a rate

at least equal to that for fertile eggs although clutch size was small. The process

seems too demanding of energy to persist at such a level in a natural popu-

lation.

The females producing thin-shelled eggs do not appear to differ in mor-

phology from those producing normal eggs. They are not newly reproducti\e

individuals, because mean snout-vent length for the 12 which laid entire

clutches of thin-shelled eggs in 1966 and 1967 is 285 ± 4.87 mm.—slightly

larger than the figure 280 ± 3.65 for the 14 females producing normal clutches.

The difference between these means is not significant, t = 0.815.

Characteristics of clutch size, egg length, egg width, and egg weight are

compared in Table 19. The data show thin-shelled eggs to be longer, narrower

and hghter than normal eggs while clutch size is not different. , Lack of a

complete shell could explain these differences. Eggs would be lighter and,

Table 19.—Comparison of Normal and Thin-shelled Eggs Laid by Carphophis
vermis from Northeastern Kansas. Measurements in Mm., and Taken to the

Nearest Half Mm.; Weights in Grams, Taken to the Nearest Tenth or Hun-
dreth. Widths Were Measiured at Maximum Diameter. Only Eggs in

Homogeneous Clutches (all Normal or all Thin-shelled) from 1966 and 1967
were used.

Xormal
t

Thin-shelled
eggs eggs

Clutch size

Mean
Range

2.64±0.22
1^
14

0.907 2.92±0.19
2-4

X 12

Egg length
Mean
Range

26.8±0.52
19.0-35.5

36

2.955** 29.5±0.79
21.0-38.5

35

Egg width
Mean
Range
X

7.88±0.08
6.5-8.5

36

2.655* 7.56±0.09
6.5-8.5

35

Egg weight
Mean
Range

1.05±0.03
0.62-1.41

36

5.583*** 0.795 ±0.04
0.60-1.44

X 32
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being less strongly confined, could elongate with attendant decrease in width.

Shell-deposition may be a crucial step in development, such that a gravid fe-

male collected and confined prior to shell-deposition generally reacts by laying

her eggs in their premature condition. Either the embryo dies before the egg

is laid, possibly as a result of changes in oviducal chemistry due to stress on

the female, or it is in such an early stage of development at laying that blood

pigments have not formed and it dies shortly thereafter. Caging of a gravid

female subsequent to shell-deposition apparently has little effect on the eggs.

An alternative possibility is that fertilization is prevented. In 1966, when

nearly half the eggs laid were thin-shelled, caging of females was begun on

May 25—near the estimated midpoint of ovulation and, presumably, fertili-

zation. In 1967 females were not confined until June 14, more than two

weeks after the time when ovulation (and fertilization) is thought to be 90

per cent completed; yet two of ten clutches were thin-shelled.

The eggs of vermis, helenae, and amoenus appear similar. McCauley

(1945:55) described the appearance of amoenus eggs, "When freshly laid the

eggs are oval in shape, and somewhat tapered at the ends. The shell is very

soft and so thin that die color of the contents shows through, causing the egg

to appear somewhat pinkish translucent."

There are only four precise records of oviposition dates in amoenus. Sim-

mons and Stine (1961:206) reported a clutch from Maryland laid on June 2;

Lamson (1935:16) reported a clutch from Connecticut laid in late June. Allard

(1945:42) estimated that a clutch in Virginia was laid during ".
. . the

last week of June." Another record was obtained when a gravid amoenus sent

to me from Baltimore deposited two eggs on June 11 and another on June 12.

All the eggs were thin-shelled (premature). Rough estimates of the egg-laying

season in amoenus include the following: Lamson (1935:16) ".
. . during

the latter part of June or July and early August."; Trapido (1937:12) ".
. .

during early July." Obviously, a precise estimate of the oviposition period

must await further study.

The three thin-shelled amoenus eggs laid in the laboratory had lengths of 20,

25, and 26 mm., and widtlis of 8, 6, and 7 mm. The lengths are probably

slightly greater and widths slightly less than if the eggs had been normal. No
measurements have been published for amoenus eggs known to have been laid

one or two days previous. However, figures are given by Allard (1945:42) for

four eggs which seem to have imdergone ver>' little enlargement: 19 X 8,

28X8, 19x7, 20x9 mm. McCauley (1945:55) gives dimensions for a

group of five amoenus eggs taken 20 days prior to hatching and it is obvious

that enlargement has occurred. He reported means of length and width as

21 X 10.4 mm., and extremes as 18.5 X H and 23 X 10.5 [= 10?] mm.
Recently laid eggs of helenae were described by Blanchard (1926:375):

"They were cream-colored with a decided lemon-yellow at the ends, the latter

color extending over as much as would be seen from an end view. One end

was a little smaller and more pointed than the other . . . An orange-

colored area, the embryo, showed decidedly through the shell in the middle

of the lower side."

Blanchard (1926:380) also gives the only precise information on the time

of oviposition in helenae. He recorded four clutches laid July 4-7, July 7-11,

July 7-11, July 7-11. An estimate of the egg-laying season in helenae was

given by Minton (1944:452) ".
. . usually during the last half of June."



PLATE 1

Fk;. 1. A juvenile male Carphophifi vermis from Douji;la.s Countx, Kansas, with
a specimen of a locally abundant earthworm { Allolubophoru)

.

Fk;. 2. Top \iew of a funnel trap in place against a large limestone rock.



PLATE 2
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Fk;. 1. A \iew of the upper limestone outcrop on the east-facing slope of the

Wiggins Study Area ( April 7, 1966 )

.

Fig. 2. A view immediateK below the lower limestone outcrop on the east-

facing slope of the Wiggins Study Area (April 7, 1966).



PLATi: 3

Fig. i. \ \ie\v of the upper limestone outcrop on the Hanise\er StucK Area

( May 8, 1967 )

.

Fig. 2. A \ iew of the lower limestone outcrop on the Ramsever Area ( Ma\
8, 1967).



PLATE 4

Fig. 1. ITpper left: Three elutehes of eggs of CaipIioi)Ju.s vcnnis photographed
June 29, 1966. The chitehe.s of two and three were normal and were laid the

day the photograph wa.s taken. The single egg was laid June 19, was thin-

shelled, and did not develop. The clutch of two illustrates the maximinn dis-

parity in egg length found in a single clutch. De\'elopment of the clutch of

three is followed in the other photographs. Upper right: On August 11. Lower
left: Beginning to hatch on August 17. Lower right: Hatchling from middle

egg in pre\ious picture partially extended from egg (August 17).

:W
Fio. 2. .'\ grass\- ravine in Douglas Count}-, Kansas, where man>- worm snakes
were collected. Dead trees such as the man is leaning against indicate the area

was once wooded.
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In the intergrading populations of Kentucky both Bush (1959:16) and Barbour

(1960:14) estimated the time of oviposition as the middle of June.

As in amoenus, more data are needed for helenae to obtain an accurate

measure of the period of egg-laying. From the available data I conclude there

is no great disparity among the three lands of worm snakes in date of egg-

laying.

Blanchard (1926:380) provided measurements of length and width, soon

after laying, for 11 eggs of helenae. Only one of these eggs did not hatch so

the data apply to normal eggs. Blanchard gave the data as ranges for each of

four clutches but three of these were clutches of two, so in fact for these he

gave all measurements. In the other clutch (five eggs) length ranged from

17 to 19 mm. and width from 7.5 to 8. Using all figures given for the three

clutches of two and using 18 as the length and 7.75 mm. as the width for all

five eggs of the fourth clutch, I computed "means." The means and ranges

thus derived are 21.2 (17-27.5) and 7.98 (7.5-9 mm. Because of the ques-

tionable legitimacy of the means for helenae, the differences between these and

those for vermis were not tested statistically. However, comparison does sug-

gest that vermis eggs average longer. This might be exjjected because the

females lading them are larger and helenae seems to produce more eggs than

vermis (see data presented below). The means for egg width do not appear

significantly different.

Anderson (1942:209, 1965:198) reported measurements based on 23 eggs

of vermis from Missouri, which ranged from 14 to 40 mm. in length and 6.5

to 9.5 mm. in vddth. These ranges are somewhat vdder than those I obtained

for 36 normal vermis eggs.

Clutch size. Counts of ovarian and oviducal eggs were made by palpation

of living individuals and dissection of museum specimens. Adult female vermis

which died while captive were also dissected and occasionally adult females

from areas other than study areas were killed for dissection.

Seventeen preserved vermis from Douglas County, Kansas, contained en-

larged ovarian ( 16 ) or oviducal ( 1 ) eggs. Counts from these specimens were

obtained by dissection and include the earliest available stages of follicular

enlargement. As a sample to be compared vidth others, this provides the

earliest available estimate of clutch size. The mean of these 17 is 3.18 ± 0.18

eggs, range two to four.

A somewhat more advanced stage is represented by 84 counts made by

palpations (69) and dissections (15) of living or freshly killed local specimens.

These counts average 2.99 ± 0.09 (range 1-5) and suggest a decrease in clutch

size by six per cent. The second mean is not significantly smaller (t= 0.907),

however.

Thirty-four vermis laid eggs in captivity during the study. These clutches

average 2.59 ± 0.15 (range 1-4). This mean is significandy smaller than that

obtained by palpation and dissection (t = 2.412 ") and represents a reduction

in clutch size of 13 per cent. An 18 per cent reduction (0.57 eggs) has oc-

curred between the earliest mean and that for clutches which were laid. If

the earliest sample were composed only of clutches at the beginning of their

ovarian enlargement, the reduction probably would be greater. Frequency

distributions of the various clutch sizes for the three samples are shown in

Figure 26.

A total of 46 normal eggs were laid in the laboratory during the stud}'.

Thirteen of these did not hatch due to lethal conditions artifically imposed on
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them during incubation (desiccation, excessive heat, mechanical destruction,

etc.). Of the 33 remaining, 22 (67%) hatched, and I assume that this ratio

approximates the hatching success in nature ahhough it may be higher than

the natural ratio because many natural mortality factors, notably those of

predation, were eliminated for the eggs incubated in the laboratory. If 67 per

cent of the eggs laid do indeed hatch, a clutch size of 1.73 at hatching is in-

dicated.

In summary, the data suggest a reduction in clutch size of at least 46 per

cent (1.45 eggs per clutch) between ovarian enlargement and hatching. Pre-

sumably pre-laying losses are due to resorption resulting from stress (injury,

insufficient food, etc. ) on the female.

Counts of enlarged ovarian and oviducal eggs were obtained from museum
specimens of helenae and amoenus and from vermis from parts of its range in

addition to Kansas. The data are summarized in Figure 27. Figures for
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Fig. 26. Frequency distributions of

clutch sizes in Carphophis vermis from
the area of Douglas County, Kansas.
A, early follicular enlargement stage;

B, palpation stage; C, at laying.
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Fig. 27. Frequency distributions of

clutch sizes of enlarged ovarian and
oviducal eggs in Carphophis.

verm-is are based on 65 clutches (60 ovarian, 5 oviducal) from: Kansas 43,

Missouri 10, Arkansas 8, Oklahoma 4. Figures for helenae are based on 23

clutches (21 ovarian, 2 oviducal) from: Illinois 14, Kentucky 6, Louisiana 2,

Ohio 1. Figures for amoenus are based on 25 clutches (20 ovarian, 5 oviducal)
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from: Virginia 13, Maryland 11, North Carolina 1. A sample of twenty

clutches from east-central Kentucky reported by Barbour (1960) is also in-

cluded in Figure 27. Considering the geographic origin of his entire sample,

I regard these clutches as amoenus X helenae intergrades.

Among the means for vermis, helenae, and amoenus (Fig. 27), the only dif-

ference which is statistically significant is that between vermis and helenae

(t= 2.436*). Note that the majority of clutches in each of these three

samples lie to the right of the midpoint of the range in clutch-size.

The mean of Barbour's sample is not intermediate to means for helenae and
amoenus but is lower than both. Also the frequency histogram is skewed to

the left rather than to the right. The mean of his sample differs from that

which I obtained for helenae (t = 3.270 **
) but it is not significantly dif-

ferent from that of amoenus (t=: 1.842). Possibly fecundity is lower in this

area of intergradation. However, Bush (1959:16) reported a mean of 3.2 for

seven pre-ovipositional clutches from the area of intergradation, in Breathitt

County, Kentucky.

For further analysis of geographic variation in pre-ovipositional clutch size,

means were computed for all clutches from each of the eight states for which
I have four or more records. The results are shown in Table 20. There ap-

Table 20.—Pre-ovipositional Clutch Counts Made by Dissection of Museum
Specimens of Carphophis.

State Mean Range N

vermis
Kansas 3.32±0.15

3.75±0.48
2.80±0.20
2.12±0.23

3.71±0.30
4.00±0.68

3.54±0.31
2.92±0.24

1-5
3-5
2-4
1-3

2-6
2-6

2-5
1-4

43
Oklahoma 4
jNIissouri 10
Arkansas 8

helenae

Illinois 14
Kentucky 6

amoenus
^Maryland 11
Virginia 13

pears to be a tendency for clutch size to decrease in each species from west

to east. In vermis the means for Kansas and Oklahoma are higher than those

for Missouri and Arkansas. The difference between means for Oklahoma and
Arkansas is significant ( t = 3.538 * ) but that between Kansas and Missouri is

not (t=: 1.615). In Carphophis amoenus (Fig. 27) the sample for helenae

averaged higher than that for amoenus (3.74 ±0.25 versus 3.16 ±0.20) but

the difference is not significant (t= 1.820). The data do not strongly imply

an east-west cline in clutch size in either species. The difference between

means for Missouri and .Arkansas (Table 20) is signficant at the 0.05 level

(t = 2.237) but the data as a whole show no consistent trend in the north-

south direction. The seemingly large difference between means for Maryland

and Virginia is not significant (t = 1.608).

Literature records of egg clutches are summarized in Table 21. Records
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Table 21.—Literature Records of Clutch Size in Carphophis. Letter "A"
Refers to Pre-ovipositional Clutches, "B" Refers to Clutches Which Were

Laid.

Number of eggs State Mean Source

vermis—

A

4

3

vermis—

B

1 to 3 (2 clutches)

3

helenae—

A

6

helenae—

B

2 to 5 (4 clutches)

1 to 5 (20 clutches)

3.2 (mean of 7 clutches)..

.

amoenus—

A

5

3

Kansas

Missouri

Missouri

Nebraska

Indiana

Indiana

Kentucky

Kentucky-

Maryland

Maryland

Virginia

Connecticut

Maryland

Maryland

3.50

2.33

6.00

2.75

2.76

4.00

3.50

Gloyd(1928)

Myers (1957)

Anderson (1942)

Hudson (1942)

Hahn (1909)

Blanchard (1926)

Barbour (1960)

Bush (1959)

McCauley (1945)

Present study

amoenus—

B

4
4

3

AUard (1945)
Lamson (1935)

Simmons & Stine

3
(1961)

Present study

were included only if specific females and their eggs were mentioned. Also

included are two clutches obtained from living females sent to me from Balti-

more, Maryland. Although the data are few, means for pre-ovipositional

clutches are consistently larger than those for clutches which were laid.

References not cited in Table 21 but needing mention include two by

Brimley (1903:264, 1941), in which he reported that clutch size in amoenus

ranged up to eight eggs. Seemingly this statement was based on a group of

eight eggs which was brought to him. In light of my ov^^l counts, I consider

a single clutch of eight to be extremely imlikely, and think more than one

female was involved in the laying of this group of eggs.

In discussing eggs of vermis, Anderson (1965:198) stated: "A clutch of 20

eggs varied from. . .
." Other statements in the same paragraph make it

obvious that he knew clutch size never attained such proportions, and that he

was merely referring to a sample of 20 eggs. Records by Force (1930:29) of

pre-ovipositional clutches of eight and 12 follicles in vermis probably represent

multiple clutches.

Data concerning egg production by the two sides of the reproductive tract
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are summarized in Table 22. The right ovary is located anterior to the left,

hence the right oviduct is longer and carries the greater percentage of eggs.

Also the right ovary produces more eggs than the left. For both ovarian and

o\iducal clutches in all three lands of snake the percentages of eggs on the left

Table 22.—Egg Production by the Right and Left Sides of the Reproductive
Tract in Carphophis.

vermis helenae amoenus

Ovarian
Left

Mean 1.32±0.07
0-2
42

1.80±0.11
0-3
58

60

1.62±0.18
0-3
42

2.24±0.21
1-5

58

21

1.35=tO 17
Range 0-3
Per cent 41

Right
Mean 1.95±0.11
Range 1-3
Per cent 59

Number of clutches 20

Oviducal
Left

Mean 1.20
0-2
38

2.00
1-3

62

5

1.00
1

40

1.50
1-2

60

2

1.20
Range 1-2

Per cent 46

Right
Mean 1.40
Range 0-3
Per cent 54

Number of clutches 5

and right sides do not diflFer significantly from 40-60 as determined by the chi-

square test.

Correlations involving clutch size. Clutch size versus snout-vent length of

female.—Positive, highly significant correlations exist between the numbers of

enlarged eggs and the snout-vent lengths of the snakes containing or laying

them. Data are presented for all three forms of Carphophis in Table 23.

The differences between sample correlation coefficients for museum specimens

of vermis, helenae, and amoenus are not statistically significant. The nature

of all six correlations is similar and is exemplified by the plot made of the data

for museum specimens of vermis from Kansas (Fig. 28).

I supposed that the strength of the correlation in vermis would decrease as

laxang approached due to egg loss, which is probably random in relation to

clutch size. The data support this expectation to the extent that the correla-

tion coefficient in vermis is lowest at laying (Table 23). However, this co-

efficient (0.4986) is not significantly different from either 0.6515 (t= 1.070)

or 0.6470 (t== 0.929), the two coeflScients computed for the earlier stages.

The data for living vermis from northeastern Kansas are plotted in Figure

29, allowing additional comparison of the two samples. Unfortunately data from
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Fig. 28. Correlation between snout-vent length and number of enlarged
ovarian or oviducal eggs in 43 museum specimens of female Carphophis vermis
from Kansas. Regression line fitted by Bartlett's method (Simpson et al.,

1960:232-233).

Table 23.—Sample Correlation CoeflBcients Between Clutch Size and Snout-
vent Length of Female Carphophis.

Sample N Status of eggs
Sample

correlation

coefficient (r)

vermis (museum specimens from Kan-
sas)

43 Enlarged ovarian
and oviducal

0.6470***

vermis (living specimens from NE Kan-
sas)

84 Enlarged to

palpable size

0.6515***

vermis (living specimens from NE Kan- 34 At laying 0.4986**
sas)

vermis (all available museum speci-

mens)
65 Enlarged ovarian

and oviducal

0.6488***

helenae (all available museum speci-

mens)
23 Enlarged ovarian

and oviducal

0.6295**

amoenus (all available museum speci-
mens)

25 Enlarged ovarian
and oviducal

0.6074***
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Fig. 29. Correlations in female Carphophis vermis between snout-vent length
and ( 1 ) clutch size as determined by palpation or dissection, closed circles,

(2) clutch size at laying, open circles. Sample sizes are 84 and 34 females,

respectively; all specimens were from the area of Douglas County, Kansas.
Regression lines fitted by Bartlett's method (Simpson et ah, 1960:232-233).

museum specimens could not be included in this figure because of shrinkage

in snout-vent length. Sample regression lines reflect the significant decrease

in clutch size which occurs between these two stages of egg production, since

the mean snout-vent lengths for females are the same (281 mm.) in both

samples.

Clutch size versus egg length.—While larger females lay more eggs than

smaller ones, the eggs they lay are shorter. Data concerning this negative

correlation are presented in Table 24. Only clutches of normal eggs were

used due to the differences in linear measurements and weight between normal

and thin-shelled eggs. Ovarian egg measurements obviously could not be used

because the eggs are still increasing in size at this stage. Lack of a significant

coeflBcient in amoenus is probably due to inadequate sample size, as the nega-

tive relationship presumably holds for all forms of Carphophis. My data for

helenae are too few to calculate r. However, Blanchard (1926:379) presented

data which tend to confirm that "The shortest eggs are in the largest clutches."

Graphic comparison of the two samples for vermis is made in Figure 30.

The regression lines suggest that eggs elongate upon being freed from the

confines of the female's body, and that the more eggs there are in the clutch

the shorter they are and the greater is their relative elongation at laying. In-

spection of preserved females with oviducal eggs shows them somewhat pushed
together end-to-end. The differences between means of clutch size and of
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Table 24.—Correlation CoeiBcients Between Clutch Size and Mean Length,
Width, and Weight of Eggs.

Sample N Status of eggs
Sample

correlation

coefficient (r)

Egg length
vermis (living specimens from NE

Kansas)
14 At laying -0.6600*

vermis (all available museum speci- 5 Oviducal -0.9224*
mens)

amoenus (all available museum
specimens)

5 Oviducal -0.6296

Egg width
vermis (living specimens from NE

Kansas)
13 At laying 0.7821**

Egg weight
vermis (living specimens from NE

Kansas)
14 At laying -0.0270
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Fig. 30. Correlations in Carphophis vermis between clutch size and ( 1 ) mean
length of oviducal follicles (closed circles), (2) mean length of eggs at laying
(open circles). Sample sizes are five and 14 respectively. Oviducal clutches
are from preserved Kansas ( 4 ) and Missouri ( 1 ) specimens, laid clutches are
from the area of Douglas County, Kansas. Regression lines fitted by Bartlett's

method ( Simpson ei a?., 1960:232-233).

mean egg-length between the two samples are not statistically significant

(t= 1.039 for clutch size and 0.988 for egg length).

The difference in the strengths of the correlations between the two vermis
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samples (Table 24, egg length) is not statistically significant (t = 1.053, nor is

that between the samples of oviducal eggs for vermis and amoenus (t = 0.862).

Clutch size versus egg width.—Data indicating a positive correlation are

plotted in Figure 31 and summarized in Table 24. One point was excluded

when the regression line was calculated because its position on the graph sug-
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Fig. 31. Correlation between clutch size and mean width of eggs at laying

in a sample of 14 clutches of Carphophis vermis from the area of Douglas
County, Kansas. Regression line was fitted by Bartlett's method (Simpson
et ah, 1960:232-233); however, the clutch indicated by the arrow was not

included in these calculations because the measurement data appeared to be
incorrect.

gests the eggs were measured incorrectly. It also was eliminated from the

calculation of the sample correlation coeflBcient given in Table 24. This

coeflBcient is significant, however, even when all 14 values are used

(r = 0.5386*).

Clutch size versus egg weight.—These data are graphed in Figure 32. The
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Fig. 32. Clutch size versus mean egg weight in clutch for a sample of 14
clutches of Carphophis vermis from the area of Douglas County, Kansas.
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apparent lack of any correlation is confirmed by the sample coiTelation co-

efficient given in Table 24.

In summary, it appears that larger adult female vermis lay more eggs than

smaller ones but that the amount of material per egg is about the same. In

larger females the material is enclosed in shorter eggs of greater diameter.

Given ( I ) the serial arrangement of enlarged eggs which obtains in this

snake, and (2) a certain critical-minimum mass of yolk per egg, this scheme

is what one would expect if the available space were to be utilized to best

advantage in producing as many eggs as possible.

Incubation

Duration of incubation. During the summers of 1965, 1966, and 1967 eggs

representing part or all of nine clutches of Carphophis vermis were successfully

incubated to hatching. The photographs presented as Plate 4 trace the in-

cubation of one clutch. As used here the term "incubation" refers to egg de-

velopment outside the female's body. The incubation medium consisted of

three-fourths black, clay-loam soil and one-fourth sawdust (by volume) with

a moisture content of approximately 26 per cent by weight.

Incubation was carried out under three sets of conditions. Five of the nine

clutches were incubated in an air-conditioned laboratory where temperatures

varied approximately from 75-80° F. Two clutches were incubated in a small,

wood-frame laboratory building that was not air-conditioned, on the University

of Kansas Natural History Reservation, where they probably experienced tem-

perature conditions most similar to tliose in nature. Finally two clutches were

incubated first in a small, closed room containing a gas water-heater (32

days) and second in a window between screen and glass where temperatures

were essentially those occurring in nature (18 days). Temperatures in the

water-heater room ranged from 80-90° F.

In regard to efi^ects on length of incubation period, there were two tempera-

ture regimes: the air-conditioned room and the other two situations. Of the

five clutches incubated under air-conditioning, four had known dates of laying

and hatched after 57, 58, 60, and 63 days (average, 59.5). Two clutches in-

cubated in the laboratory building on the Reservation hatched after 49 and 50

days, and the two clutches whose incubation began in the water-heater room
hatched after 48 and 52 days (mean, 49.8 days). Although the sample is

small the effect of temperature on the duration of incubation is obvious; 50

days probably is an approximation of the mean for local clutches in nature.

A mean date of June 28 for egg-laying in the local population has been pro-

posed. By adding 50 days an estimate of August 17 is obtained for the mid-

point of the hatching interval. The four hatching dates for clutches in-

cubated under the two sets of warmer conditions were August 14, August 17,

August 19, and August 20.

The length of the interval, centered at August 17, during which 90 per cent

of the annual crop of eggs hatches can be estimated only crudely. Certainly

it would exceed the comparable interval for oviposition because of eggs being

laid in different micro-environments having disparate temperature regimes.

Whether such variations in micro-environment would exceed the variation from

"normal" caused by air-conditioning is doubtful. On this arbitrary basis, I

would expand the two week interval estimated for oviposition to a 24-day in-

terval ( August 6 to August 29 ) for hatching.
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Actual hatching dates or approximations of them have been recorded for

amoenus by Brimley (1903:264), McCauley (1945:56), and Simmons and

Stine (1961:206). Their six records range from August 1 to September 15

and average August 21 or 22, approximating the comparable dates for vermis.

Simmons and Stine (1961:206) also reported an incubation period of 60 days

for amoenus. Temperature was not mentioned but seemingly incubation took

place in the laboratory where temperatures averaged somewhat lower than

those occurring out-of-doors in late summer.

Five records of hatching dates for heJerwe mentioned by Blanchard (1926:

380) and Minton (1944:452) are all in September, and range from the first

to the 16th or 17th with an average approximating the 11th. That date seems

significantly later than corresponding dates obtained for vermis and amoenus.

It should be noted, however, that the latest four of these records all were

obtained the same season by Blanchard, whose dates for oviposition for the

same clutches are later than figures given by other authors for helenae. Pos-

sibly these clutches were obtained in a year when egg production was some-

what behind tlie "normal" schedule; alternatively helenae may differ from

vermis and amoenus in this regard; more data are needed.

The only published records of the duration of incubation in helenae are four

of Blanchard (1926:380) which average approximately 68 days. This interval

seems significantly longer than the intervals obtained for vermis and amoenus,

and it is unlikely that these eggs experienced temperatures lower than those of

the vermis eggs incubated in an air-conditioned room. On the basis of these

meager data it seems that eggs of helenae may require longer incubation than

those of either vermis or amoenus.

Embryonic development. Embryonic development of Carphophis vermis is

already advanced at laying—to the extent diat heartbeats were visible externally

in several eggs. Assuming that fertilization occurs at ovulation, and that my
estimates of the midpoints of the ovulation period (May 22) and the oviposi-

tion period (June 28) are accurate, it follows that embr>os at laying have

undergone approximately 37 days' development. Total time required for de-

velopment from fertilization to hatching is then about 87 days, 42 per cent of

which is spent in the oviduct.

During laboratory incubation of clutches, some eggs were opened for various

reasons, frequently when they became molded or appeared dead from other

causes. Usually the contents of such eggs were partly or completely decom-

posed, but one such egg contained a liNing embryo and another contained an

embryo which had been dead only one day. Two other living eggs were acci-

dently ruptured while being handled. The four provided information on the

embryology of Carphophis vermis. All four were being incubated under warm
conditions at the Resei-vation and hence had an expected incubation period

of 50 days. The per cent of development when the egg was opened can thus

be estimated by doubling the number of days of incubation. Descriptions of

the embyros are given below, beginning with the one which had completed

the least of its development and proceeding to the one which had completed

the most.

1. Egg opened after 14 days of incubation; development approximately 28
per cent completed; embryo has well developed, pigmented eye about 1 mm. in

diameter; no body pigmentation, lobes of brain apparent; total length of snake,
35 mm.; embryo dead for one day when egg opened on fifteenth day.

2. Egg opened after 24 days of incubation; development approximately
48 per cent completed; heart beating; hemipenes everted, gall bladder green
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and filled; snake can open and close lower jaw to some degree; eye appears
completely formed; no body pigmentation; liver, intestine, lung tissue, and
vertebrae discernible; forked tongue protrudes from mouth, its tips blunt and
rounded, not yet finely pointed; total length of snake 55 mm.

3. Egg opened after 26 days of incubation; development approximately 52
per cent completed; heart beating, hemipenes everted and red; gall bladder
green and filled; eye pigmented and pupil formed; snake capalDle of moving
areas of skin in response to touch; scales present and deposition of pigmenta-
tion has begun, with tips of dorsal scales gray, and pigmentation strongest mid-
dorsally on neck; brain protruding, skin not yet formed over it, no egg tooth

(or other teeth) visible or palpable; portions of egg had following weights:

shell 0.3, embryo 0.3, yolk 0.7, albumen 0.2—total 1.5 grams. Total length

of snake 85 mm.
4. Egg opened after 39 days of incubation; development approximately 78

per cent completed; embryo appears completely developed except that pig-

mentation is slightly less intense than in hatchlings, with dorsal color gray-

brown rather than black, ventral color more pink than red; egg-tooth well de-

veloped; yolk now in gut, umbilicus nearly closed; embryo can "twitch" along
entire length, gapes and breathes occasionally; cannot right itself once turned

over although turning it over results in violent twitching down entire body; 15
minutes after opening of egg heartbeat strong, otherwise snake shows activity

(gaping or twitching) only occasionally; 25 minutes, heartbeat strong; am-
phibian saline solution poured over embryo; 55 minutes after egg was opened
heartbeat still strong, but gaping and twitching no longer elicited; two hours
after egg opened, heartbeat weak; two hours and 45 minutes after egg opened
embryo dead.

1-7 8-14 15-21 22-28 29-35 36-42 43-49 50-56

DAYS AFTER LAYING

Fig. 33. Increase in length (as per cent of length at laying) in eggs of Car-
phophis vermis during incubation. Solid line refers to eggs incubated at an
estimated mean temperature of 85° F. while broken line indicates eggs incu-

bated at an estimated mean of 77° F. Eggs are from the area of Douglas
County, Kansas. Numbers indicate sample sizes. Vertical and horizontal lines

represent the range and mean of each sample, respectively. Open rectangles

represent one standard deviation on each side of the mean, solid and hatched
rectangles represent one standard error on each side of the mean.



Ecological Study of the Worm Snake 153

Enlargement of the egg. Eggs incubated in the laboratory were measured

and weighed approximately once a week. Measurements of length and width

(at greatest diameter) were taken to the nearest one-half mm. and weights

were taken to the nearest one-tenth or one-hundredth of a gram.

For analysis of enlargement of eggs, data have been taken from the records

of the eight clutches in which one or more of the eggs hatched and for which
date of laying is known, and only the records for those eggs which actually

completed incubation by hatching were used. Four of these clutches were
incubated under the relatively cool conditions of an air-conditioned laboratory

and four were incubated under warmer conditions, as described earlier. From
the four clutches in the cool laboratory, weekly measurement data where ob-

tained from 10 eggs and weight data from seven eggs. From the four clutches

incubated under warmer conditions complete data were secured from nine eggs.

The data showing enlargement in length, width, and weight are presented

in Figures 33, 34, and 35, respectively, for the two temperature regimes under
which eggs were incubated. Data were grouped into seven-day intervals and

means computed. Enlargement is given as per cent increase from the initial

measurement made shortly after laying. Mean initial lengths, widths, and

weights for the two groups of eggs (cool and warm incubation temperatures)

were computed and tested and the differences were found not to be significant

(Table 25). This was done to assure that no initial bias was introduced by
accidentally selecting significantly longer, vdder, or heavier eggs to be in-

cubated under one or the other temperature regime. This apparently would
have made no difference, however, since no statistically significant sample cor-

relation coeflBcients were found between initial length, viddth, or weight and

15-21 22-28 29-35 36-42 43-49 50-56
DAYS AFTER LAYING

Fig. 34. Increase in width (as per cent of width at laying) in eggs of Car-
phophis vermis during incubation. For explanation of symbols see Figure 33.
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8-14 15-21 22-28 29-35 36-42 43-49
DAYS AFTER LAYING

Fig. 35. Increase in weight (as per cent of weight at laying) in eggs of Car-
phophis vermis during incubation. For explanation of symbols see Figure 33.

per cent of increase in either eggs incubated at warmer temperatures (sample

correlation coefficients — 0.1370, 0.1641, and — 0.3638) or cooler temperatures

(sample correlation coeflBcients — 0.4580, 0.5958, and — 0.0968).

In general Figures 33, 34, and 35 properly indicate change in size and pro-

portions as incubation progressed. However, within the eight to 14 day in-

terval after laying, there is a notable chronological imbalance between the data

for the two groups of eggs. That is, most of the measurements on eggs under

the low-temperature regime happened to have been taken late in this interval

while those for eggs under the warm conditions happened to have been taken

early in this interval. Otherwise, the curves for length and width would be

more similar in their early stages and development would not appear slower at
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Table 25.—Means for Initial Measurements of Length, Width, and Weight in

Two Groups of Eggs of Carphophis vermis. Length and Width Are in Mm.,
Weight in Grams.

Coo

Mean

incubation

N Range

Warm

Mean

incubation

N Range t

Length

Width

25.8±0.90

8.15±0.08

1.17±0.04

10 21.0-32.0

10 8.0-8.5

7 1.0-1.3

26.7±1.07

8.00±0.08

1.09 ±0.04

9 23.0-31.5

9 7.5-8.5

9 1.0-1.3

0.661

1.329

Weight 1.511

higher temperatures during the first two weeks. Also, if this fault in the data

did not exist the two curves relating to weight would be separated even farther

at the second week interval.

The three figures suggest that increases in length and weight were more

strongly affected by temperature than was increase in width. The expanded

range of variation at higher mean values for the warmer conditions is also

apparent (Figs. 33 and 35). Figures 33 and 34 suggest that cooler tempera-

tures merely delay the attainment of hatching size, but Figure 35 indicates

that the two groups of eggs differed in weight at hatching—although weight

data for eggs at cooler temperatures in the 50 to 56 day interval are lacking.

It appears that an increase in incubation temperature has a pronounced effect

on rate of water uptake. At higher temperatures eggs may increase their initial

weight by as much as 225 per cent.

It should be noted that relative increase is greater for vddth than for

length. This also was pointed out for helenae by Blanchard (1926:379-380),

who indicated a mean total increase in length of about 10 per cent (6 to 15)

and in width of about 40 per cent (29 to 50) for eleven eggs of helenae. If

these values are comparable to those obtained for vermis (Figs. 33 and 34),

a marked difference is indicated between the two snakes.

During incubation eggs of vermis lost much of the uniformity in shape and

color which they have when laid. Differences in relative strength of the shell

seem to account for changes in shape. Eggs which are bilaterally symmetrical

along the long axis tend to lose tliis feature as one side (usually at the larger

end) expands more rapidly than the other. The relative difference between

the diameters near the ends increases. The shell commonly becomes translucent

in the later stages of incubation and it may be stained by the soil in which it

is incubated.

Beginning in the third or fourth week of incubation, eggs upon being

handled often 'leaked" a clear, viscous, fluid albumen through minute, ap-

parently weak, places in the shell. Evidently shells become so stretched that

very sHght pressures (even those caused by moving from a warm location to

a cooler one for weighing and measuring) can cause a leak. These leaks

ceased vdthin a few minutes and the eggs regained lost moisture and continued

normal development when returned to the incubation medium. I doubt that

such leaks occur when the eggs are undisturbed.

Hatching and Hatchlings

It was estimated earlier that 90 per cent of hatching in the local population

of vermis occurs between August 6 and August 29. My experience with the

hatching process began when eggs being incubated in the laboratory were
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found partially collapsed (Pi. 4) due to slits made by the snake inside. Such

eggs had between one and 11 slits (mean, 12 eggs, 4.5 ±0.79) ranging from

2.5 to 4.5 mm. in length and usually oriented parallel to the long axis of the

egg. Most slits were in the dorsal half of the egg, which suggests that the

snake within the egg responds either negatively to gravity or positively to light

at hatching. The first alternative is more reasonable since eggs would (pre-

sumably) hatch in total darkness. Movement toward the soil surface upon

hatching might have survival value in that it would tend to insure that the

hatchling was free of the hatching chamber, familiarize the hatchling with local

above ground features of the environment, expose the hatchling to daylight

which in turn might "set" intrinsic timing mechanisms, and expose the young
snake to sunlight which might be required for synthesis of essential chemical

products by the skin.

Fig. 36. Anterior (A), ventral (B),
and lateral (C) views of the pre-

maxillary bone and attached egg tooth

from an embryonic Carphophis vermis
(KU 117481) killed shortly before

completion of incubation.

Slits in the egg evidently are made
by the egg-tooth (Fig. 36). The flat,

spatulate shape of this structure sug-

gests it would cut effectively only

when the snout was moved from side

to side. Also, because the tooth does

not project beyond the tip of the

snout, it would seem that the hatch-

ling's head would have to be nearly

upside down when the slits are made
in the upper half of the egg. Hatch-

lings representing four clutches were

without egg-teeth at 7, 7, 11, and 12

days of age, and I suspect the tooth

is normally shed within one or two

days after hatching.

Hatchlings do not leave the egg immediately but spend about a day with

only the anterior part of the body extended (Pi. 4). During this period the

little snake will ordinarily withdraw into the shell if disturbed. Blanchard

(1926:378) noted similar behavior in hatchlings of helenae. Occasionally

when hatchlings were taken from the shell before they left of their own ac-

cord, they had not yet taken all of the yolk into the gut. This may indicate

the reason for the delay in emergence. One snake when removed from the

egg had an extraordinarily large amount of yolk outside the body. Together

snake and yolk weighed 1.4 grams; separately each weighed 0.7 grams. The

total of 1.4 would have greatly exceeded the range of weights obtained for

hatchlings (Table 26), so it is doubtful that even if left undisturbed the

embryo could have brought all the yolk into its gut.

Hatchings from four clutches were in the gray, pre-ecdysal condition at 2,

5, 7, and 7 days of age. Another clutch of hatchlings was shedding at 11 days

and another clutch had shed at 12 days after hatching.

Data concerning hatchlings are summarized in Table 26. Significant sexual

dimorphism exists in the measurements but there is no significant difference

between the sexes in weight. The sex ratio (10 to 12) does not deviate mark-

edly from one to one.

As already noted two groups of eggs were incubated at different tempera-
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Table 26.—Measurements and Weights Recorded from 22 Hatchling Car-
phophis vermis from the Area of Douglas County, Kansas. Lengths in Mm.,

Weight in Grams.

Males Females

Mean N Range Mean N Range t

Snout-vent
length 112±1.58 10 104-118 117±1.77 12 107-125 2.299*

Tail length 20.1±0.44 10 17-22 15.2±0.33 12 14-18 9.047***

Tail/bodv
(X 100) 18.0±0.38 10 16-20 13.0±0.21 12 12-14 ***

Weight 1.02 ±0.02 10 0.94-1.11 1.03 ±0.02 11 0.89-1.19 0.228

tures and those kept at higher temperatures became much heavier than those

kept at lower ones. Means were computed for weights of the hatchlings from
these two groups of eggs. Seven snakes from the lower temperature regime
averaged 1.05 ± 0.02 grams and eight from the higher temperature regime
averaged 0.994 ± 0.01 grams. The difference is significant, t = 2.592 *. To
assure there was no bias in initial egg weight between the two samples, the

two means were computed and tested. The mean for the eggs e.xposed to

lower temperatures was 1.17 ± 0.04 and that for higher temperatures was
1.07 ± 0.03. The difference is not significant (t = 2.113) but t approaches

significance at the 0.05 probability level. However, the eggs incubated at the

lower temperatures are those which were heavier and data presented below
indicate that heavier eggs ( at laying ) produced lighter weight hatchlings under
the warm temperature regime. Thus it appears that eggs incubated at lower

temperatures develop less rapidly, hatch later, but produce young of sig-

nificantly heavier weight than do eggs incubated at higher temperatures.

Blanchard (1926:379) noted that in helenae "The largest young hatch from
the largest eggs." The extent to which egg length and total length of hatch-

lings are precisely related was not indicated by Blanchard, but his data permit

determination of a correlation coefiicient. Since he did not indicate measure-

ments for all eggs but rather the ranges, I utilized the midpoints of these

ranges as means for length. Three of the four clutches each consisted of only

two eggs, hence for these clutches the midpoints correspond with the means.
The other clutch had five eggs that ranged in length from 17 to 19 mm. For

this clutch I used 18 mm. as the mean length and even if I had used 17 or

19, the position of this clutch in the series would not be changed. All

measurements for hatchlings were given so means could be computed directly.

The sample correlation coefficient was 0.8012, a high value but not statistically

significant at two degrees of freedom.

Positive correlation between egg weight at laying and hatchhng weight

seems reasonable. Weights might be expected to reflect size more accurately

than would lengths. In eight instances the initial weight of an individual egg

was associated with that of the hatchling produced from it among my data. All

of these eggs had been incubated under the warmer temperature regime and
the data give a sample correlation coefficient of — 0.7634*. Plausible ex-

planations for this negative correlation are not apparent. Related to the prob-

lem is the question of correlation between initial egg weight or hatchling weight
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and the duration of the incubation period. The data at hand are insufficient

to test for such a correlation.

Literature records of hatchlings. Anderson (1965:198) recorded hatchling

vermis from 88.9 to 102 mm. total length; his record is noteworthy inasmuch

as the range for 22 hatchlings which I measured was 121 to 143 mm. (mean
= 132 ± 1.35). Perhaps his measurements were made on preserved specimens.

Blanchard (1926:373-382) presented detailed information concerning the

hatching process and hatchlings of helenae. Total lengths for 10 living hatch-

lings ranged from 87 to 105 mm., average 95.3 ± 2.00. His counts of ventrals

and caudals afford opportunity for comparison of counts made in hatchlings

with those made in older individuals from the same population. Only males

will be considered because too few hatchling females were present (seven of

10 hatchlings were male) for comparison with older females. The data are

summarized in Table 27. Incidentally, tlie sex ratio of seven to three is not

Table 27.—An Analysis of Data from Scale Counts Presented by Blanchard
( 1926:381) for Male Carphophis amoentis helenae.

Hatchlings

Mean Range

Others

Mean Range

Ventrals . . .

,

Subcaudals

.

121 ±0.67

34.6±0.57

118-124

33-36

119±1.08

34. 3 ±0.50

115-125

32-36

0.4187

0.3164

significantly different from one to one (Yates' adjusted chi-square of Steel and

Torrie, 1960:358 = 0.900). Selection in the natural population of significantly

higher or lower counts than those of the hatchlings, or effects of extreme tem-

peratures on the embryos during early stages of their development (Fox et al.:

1961 ) might have caused differences between hatchlings and older individuals.

There were no such differences, however, and the simplest explanation is that

neither of these factors was operable.

Concerning the initial ecdysis, Blanchard (1926:378) stated: "After a few

days their skins became more milky and about one week after hatching , . .

all had shed their skins." McCauley (1945:56) noted that in amoenus, "The

natal skin is shed during the first day after hatching." This is in sharp contrast

with both vermis and helenae which seem to shed about a week or 10 days

after hatching. McCauley also noted that six hatchlings (apparently living)

of amoenus from Maryland ranged from 88 to 104 mm. in total length with a

mean of 98.6. In this respect, they are similar to hatchlings of helenae and

much smaller than those of vermis.

GROWTH

Age and Snout-Vent Length

Because activity of worm snakes is reduced in August and no hatchlings

were collected in that month, snout-vent lengths of August hatchlings were de-

termined from specimens hatched in the laboratory. In September and Oc-

tober, growth could be traced by plotting for each sex snout-vent lengths of

individuals collected within each half-month intei-val (recaptures were ex-

cluded for separate analysis). Hatchlings emerge in August and constitute a
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distinguishable cohort until late summer of the following year (Fig. 37).

Beyond the first year growth can be traced only by records from recaptures,

but biases which may have been introduced by the procedures of the study

need to be taken into account.

August April M

MONTHS
Fig. 37. Growth curves for hatchling Carphophis vermis (see text for origin
of samples). Numbers indicate sample sizes; males are represented by solid

line, females by dashed line. Vertical and horizontal lines represent the
range and mean of each sample, respectively. Open rectangles represent one
standard de\iation on each side of the mean, solid and hatched rectangles
represent one standard error on each side of the mean. Samples include no

recaptures.

Growth data were obtained both from individuals resident on the area where
they were living and from individuals originating elsewhere and introduced

onto an area. Transfer might involve some handicap, hence tlie introduced

snakes might show reduced growth rates. Records for all young males less

than 200 mm. in snout-vent length at their initial capture were used. Six

introduced on the Ramseyer Area averaged 0.152 ± 0.029 mm. per day
(winter period of inactivity excluded) whereas 11 residents on the Wiggins

Area, Ramseyer Area, and Reservation averaged 0.165 ± 0.028. The difFerence

is not significant, t= 0.293. Mean snout-vent lengths for these groups were
142 ± 14.0 and 141 ± 6.78, respectively; the difference is not significant

( t = 0.40 ) . The mean numbers of days between marking and recapture were

141 It 48.8 and 136 ± 38.9, respectively; again the difi^erence is not significant
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(t=:0.081), and a legitimate test was possible between mean growth rates for

the two samples. This test was repeated with females even though samples

of individuals of comparable size (below 200 mm.) were not available and

larger specimens had to be used. Four introduced on the Ramseyer Area were

tested against four resident on the Wiggins Area. Snout-vent lengths averaged

265 ±11.2 and 269 ± 12.6, respectively (difference not significant; t=z 0.208).

Mean intervals between marking and recapture were 203 ± 32.6 and 291 ± 46.4

days, respectively (difference not significant; t= 1.557). The mean rates

of growth were 0.038 ± 0.010 mm. per day for introduced snakes and

0.051 ± 0.022 for residents. As in the males this difference is not significant

(t= 0.545), therefore it is assumed that growth is not appreciably affected

by transfer of an individual from one area of suitable habitat to another.

Because tissue damage resulted from marking, there might have been stunt-

ing, resulting in the recaptured snakes being shorter than others of their sex

and age. To test this possibility, the weight to snout-vent-length relationship

was investigated. Using Bartlett's method (Simpson et al., 1960:232-233)

wdth logarithms of the original measurements, a straight line was fitted to tlie

plot of all available original-capture records for each sex (Figs. 38 and 39).

Gravid females were excluded from the calculations but a few records (all

original captures) for such females were plotted to illustrate their greater

weight. I anticipated that records of recaptures (subsequently plotted on the

same graph) might fall below this line due to weight loss. It is notable that

smaller recaptures tend to lie above the line while larger ones tend to lie be-

low it. In males this changing trend seems to occur at about 230 mm. Among
the 27 recaptured males of less than 230 mm., 21 lie above the line, yielding

a ratio of 21 to 6, significantly different from one to one (Yates' adjusted chi-
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Fig. 38. Snout-vent length versus weight in male Carphophis vermis from the
area of Douglas County, Kansas. Regression line was fitted by Bartlett's

method (Simpson et al, 1960:232-233) to data for 485 records of original

capture. Every eighth record was plotted (solid circles). Open circles rep-

resent 61 recaptured individuals.
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Fig. 39. Snout-vent length versus weight in female Carphophis vermis from
the area of Douglas County, Kansas. Regression line was fitted by Bartlett's

method to data for 367 original captures of non-gravid individuals. Every
eighth record was plotted (solid circles). Open circles represent 36 non-
gravid recaptures. Triangles represent every eighth gravid female (at original

capture ) from a total of 75.

square of Steel and Torrie, 1960:358 r= 7.260 *'), whereas among the 34

males larger than 230 mm., 21 lie below the line. Although this ratio of 13

to 21 is not significantly different from one to one (chi-square = 1.882), it

approaches the significance level.

The same tendency for smaller recaptures to lie above the line and larger

ones to he below occurs in females (Fig. 39). The dividing point is about

175 mm., and there is a significant deviation from one to one found among
the large recaptures (ratio 8 to 28, Yates' adjusted chi-square of Steel and
Torrie, 1960:358 = 4.321 * ). Among the eight recaptured females of less than

175 mm., five lie above the line and three below it, and chi-square (0.500) is

not significant.

For the larger recaptured snakes these results are as predicted and the

specimens appear to respond to marking and handling with only slight weight

loss (relatively few of the larger recaptured snakes, six male and four females,

were marked when in the "small" category). However, the small recaptured

snakes show the reverse. For significant numbers of young the marking process

may have caused death or contributed to it, and the survivors averaged heavier

than others of their snout-vent length. In fact, they were probably suflBciently

more heavy so that they could undergo a slight weight loss and still weigh
more than the average for unmarked individuals. Conversely the sample of

larger snakes probably suffered little mortaUty and the graphs reflect their loss

of weight. The graphs for the sexes differ in two ways. First, in small fe-

males the tendency for recaptures to lie above the line is not statistically sig-

nificant, suggesting mortality from marking is not as great as in males. This

is not surprising because females are longer (snout-vent) and proportionately
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heavier than males at all ages. That a significant number of these small re-

captured females do not lie below the line does suggest some mortality, how-

ever. Second, the difference between the sexes in snout-vent length at which

the change occurs seems significant. Again this is probably attributable to the

fact that females are longer and heavier than males of similar age.

If my appraisal is correct, the initial lengths and weights of smaller indi-

viduals which were recaptured later should lie predominately abo\e the line

for the unmarked population, while for larger specimens roughly half the

ratios should be above the line and half below it. Figures 40 and 41 present

SNOUT-VENT LENGTH IN MILLIMETERS
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Fig. 40. Snout-vent length versus weight in those male Carphophis vermis
which were recaptured later. Regression fine represents the entire unmarked
male population, see Figure 38. Small circles each represent a single indi-

vidual, large circles each represent several snakes as indicated by numbers
within the circles.

these data for males and females, respectively. Data in Figure 41 fit the

prediction with an obviously significant ratio for small individuals (12 to 1

)

and a ratio (8 to 14) not significantly different from one to one among the

larger snakes (chi-square^ 2.250). Figure 40 fits the prediction in that the

ratio for larger individuals is clearly not different from one to one. However,

for males of less than 230 mm. tlie ratio (22 to 12) gives a large, but not

significant, chi-square of 2.941. On the whole, the data support the hypothesis

that marking is a selective treatment causing mortality, but permitting relatively

high survival of young which are heavier tlian average, explaining the patterns

of Figures 38 and 39. If marking had more prolonged effects on snout-vent

elongation than on weight gain, it could result in recaptured snakes being

heavier than unmarked snakes of similar snout-vent length, and data in Figures

42 and 43 indicate this difference does exist. Figure 43 indicates that all effects

on rate of weight gain by males disappear within 40 days after marking, while

Figure 42 indicates at least 80 days are required for males to recover their
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Fig. 41. Snout-vent length versus weight in those female Carphophis vermis
which were recaptured later. Regression line represents the entire unmarked
female population, see Figure 39. Small circles each represent a single indi-
vidual, large circles each represent several snakes as indicated by numbers

within the circles.

normal rate of growth in snout-vent length. Data for females are less con-

vincing but probably reflect a similar trend.

Records of growth in snout-vent length from recaptured individuals are

summarized in Figure 44 to show both the decreasing grow^ih rate with age

and something of its variation in individuals of similar size.

In summar>', marking retards growth-rates of small worm snakes, and the

effect on length persists longer than the effect on weight. Furthermore,

relatively hghter young probably die as a result of the deleterious effects of

marking. Because of the combined effects of these factors recaptures are

shghtly heavier and shorter than snakes of the same age and sex that were not

marked. Whether stunting of snout-vent length was sufficient to produce a

misleading growth curve probably can be decided best by plotting data from
individual recaptures of known age together -with the curve in Figure 37.

Figure 45 presents these data for males. The record most closely resembling

the population mean was of long duration and stunting appears negligible.

This male was 136 mm. in snout-vent length when first captured on May 2,

1965 on the Wiggins Area. It was next collected on April 18 and again on
April 23, 1966 when it measured 186 mm. On May 16, 1966 it measured

192 mm. Finally, this snake was captured on June 6, 1967 when as was
220 mm. in snout-vent length and had attained sexual maturity. Considering

the data of Figure 45 as a whole, perhaps half of the male population reaches

sexually mature size (216 mm.) and has the potential for mating late in its

second full season ( 25 to 26 months of age )

.

The growth curve for female vermis is given in Figure 46. One record

of long duration is most useful. This snake measured 218 mm. (snout-vent)
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Fig. 42. Effects of marking on growth in snout-vent length as measured in

recaptured Carphophis vermis which were marked during their first year of

life. Solid and dashed lines represent mean growth rates for males and females
during their first year as summarized in Figure 37. Solid circles represent

males, open represent females. Counts of days exclude winter period of

inactivity.

when first captured on May 9, 1965, and on the twenty-third of the same

month it measured 222 mm. The specimen was not seen again until October

20, 1967 at which time it measured 284 mm. This female was initially a little

longer than others of its age, but the entire growth curve and conclusions

drawn from it are probably unaffected. The data indicate that perhaps half

of the female population reaches mature size ( 250 mm. ) in the fall of its sec-

ond full season (age 25 to 26 months) and may first contribute eggs during

late June or early July of its third full season. Some slower growing females

may mate in the spring of their third full season and still produce clutches that

fall.

Interpretations from the growth curves concerning size and age classes and

growth rate are summarized in Table 28.

Age and Anomalies of Head Scutes

During routine examination of living worm snakes in 1966 and 1967, notes

were made regarding abnormalities in the dorsal scutellation of the head ( i. e.,

internasals, prefrontals, frontal, parietals, nasals, and rostral) primarily to aid

in identification upon recapture. However, the accumulated data (recaptures

excluded) provide opportunity for statistical comparison of the hatchling

population with all older individuals as to frequency of anomalies to obtain
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Fig. 43. Effects of marking on weight gain as measured in recaptured Car-
phophis vermis whicli were marked during their first year of Hfe. Line repre-

sents mean rate of weight gain for both males and females during their first

year as indicated by those individuals included in Figure 37. Solid circles

represent males, open represent females. Counts of days exclude winter period

of inactivity.

evidence of selection for or against certain irregularies (Dunn, 1942; Inger,

1942, 1943).

Anomalies were of three basic tj-pes: fusions, divisions, and separations.

Fusions result when two scales normally separated by a suture lack part or all

of the suture. Frequently, an intemasal was partly or completely fused vvdth

the prefrontal on the same side, or often a prefrontal was partly or completely

fused with the frontal. Another common t>'pe of fusion involved partial union

of the two parietals, prefrontals, or intemasals. Divisions were recorded when
a suture not normally present was found. Sometimes such a suture extended

completely across a scale and divided off a portion of an intemasal, prefrontal,

frontal, or parietal; in other instances the division consisted of a short suture

extending only part way across a scute. In other anomalies two scales which
normally shared a common suture were separated by a third scale extending

between them, for example the rostral or a prefrontal extending between the

intemasals or the frontal extending between the prefrontals. Fusions and di-

visions were common but separations were rare.

Initially it was assumed all three types of anomalies were hereditary. Pre-

sumably selection occurs even before hatching, and is most intense in newly

hatched individuals. My sample of 19 laboratory hatchlings was inadequate;

hence individuals captured in their hatchling season were included with these

hatchlings from the laboratory. Also it was assumed that incubation under

laboratory conditions did not alter the frequency with which anomalies occur

in nature; ten per cent of the laboratory hatchings and nine per cent of the

captured hatchlings had anomalies ( chi-square = 0.042 ) . Selection against

anomalies involving division and for those involving fusion might be anticipated

6—9080
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because reduction in number of head plates has generally been favored in the

evolution of burrowing snakes. The data are presented in Table 29.

Significant selection for or against either main type of anomaly, or for or

against anomalies in general is not demonstrable in any instance. This is also

true when data for the two sexes are combined. If such selection occurs

larger samples, particularly of hatchlings, are needed to reveal it. However,

it was found that the ratio of simple fusions to simple divisions is different from

one to one. Among older specimens, it is 47 to 14, chi-square=: 17.852 ***.

Among hatchlings, this ratio is 3 to 1 and not significant (chi-square^ 1.000)

but it seems clear this is due to small sample size since the difference between

these two ratios is not significant (chi-square=: 0.009). These data might

be accepted as evidence that past selection has favored reduction of head

scutes over multiplication of them; however, some anomalies of fusion probably
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circles) and females (open circles) of Carphophis vermis. Samples for each
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Aug. SO Apr. M J J A SOApr MJ JA SO Apr. M J J A SO Apr. MO J ASO
MONTHS OF GROWTH

Fig. 45. Growth curve for male Carphophis vermis in the area of Douglas
County, Kansas. Dotted line represents mean for first year individuals (Fig.

37). Dashed line represents estimated mean beyond first year. Solid lines

connect individual recapture records.

Aug. SOApf. MJ JA SOAprMJ JASOApr. MJ JASOAprMJJASO
MONTHS OF GROWTH

Fig. 46. Growth curve for female Carphophis vermis in the area of Douglas
County, Kansas. Dotted line represents mean for first year individuals as pre-

sented in Figure 37. Dashed line represents estimated mean beyond first year.

Solid lines connect individual recapture records.
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Table 28.—Estimates of Growth in Carphophis vermis Derived from Figures
45 and 46. Estimates Are Based on a Season of Activity of 203 Days, April 1

to October 20. Snout-vent Lengths Are in Mm., Growth Rates in Mm.
Per Day.

Age class

Males

Growth in

mean snout-
vent length

Growth rate

Females

Growth in

mean snout-
vent length

Growth rate

Hatchlings. .

First year. .

.

Second year.
Third year . .

Fourth year

.

112-124
125-179
180-215
216-235
236-247

0.185
0.266
0.172
0.094
0.054

117-135
136-196
197-249
250-273
274-285

0.277
0.296
0.256
0.113
0.054

have resulted from injuries after hatching. In recaptured snakes, regenerating

dermis and epidemis formed a single scale in the area from which they had

been excised even though a suture had formerly crossed that area. If some

of the observed fusions occurred after hatching, it is necessary to e.xplain why
the frequency of fusions does not show a significant increase between hatchling

and older samples if both injury and possibly selection are acting to increase

that frequency. The explanation may be that this anomaly is actually selected

against, or the frequency of fusions among hatchlings may have been over-

estimated from the small sample while selection is negligible or only slightly

positive. The second alternative seems the more plausible with selection

negligible, just as it seems to be in anomalous divisions which are completely

hereditary. An erroneously high estimate of the frequency of fusion among

hatchlings would also account for the apparent difference in frequency of

fusions and divisions in hatchhngs.

Table 29.—Numbers of Living Carphophis vermis from the Area of Douglas
County, Kansas, Showing Anomalies in Head Scutellation. "Fusion" and
"Division" Refer to Specimens Having One or the Other Type Anomaly (see
Text) While "Other" Refers to Those with "Separations" or with Combinations
of the Three Types. Hatchlings Include Males 124 Mm. or Less in Snout-vent
Length and Females 135 Mm. or Less (Table 28). The Ratio of Hatchlings
with a Certain Type of Anomaly to Other Hatchlings of That Sex Is Tested

Against the Same Ratio in the Sample of Older Individuals.

Fusion Division Other Total
Nor-
mal

Grand
total

Males
hatchlings
older
chi-square

Females
hatchlings
older
chi-square

2 (6%1
29 (7%)
0.059

1 (2%)
18 (5%)
0.691

(0%)
(2%)

0.488

1 (2%)
8 (2%)
0.000

4 (14%)
39 dOro)
0.248

3 (7%)
31 (9%)
0.197

27
348

41
321

31
.387

44
352
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Age and Persistence of the Umbilical Scar

Presence or absence of the umbilical scar was checked routinely in living

Carphophis vermis to detennine the age at which it disappears and the abrupt-

ness of disappearance (Figure 47). The curve for males is smooth and sug-
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SNOUT-VENT LENGTH IN MILLIMETERS

Fig. 47. Persistence of the umbilical scar in samples of living Carphophis
vermis from the area of Douglas County, Kansas. All specimens below 151
mm. retained umbilical scars and all those above 270 lacked them. Numbers
indicate sample sizes. Solid circles represent males, open circles represent

females. Recaptures were excluded.

gests that most individuals (90%) lose the scar at snout-vent lengths of 191 to

200 mm., approximately midway through the second full season of activity.

Finding a sexually mature male which retains evidence of an umbihcal scar is

a rare occurrence.

The curve for females is rough and less easily interpreted; small sample

sizes no doubt contribute to its roughness. Assuming larger samples would
give a smooth curve located along the "best fit" line through the present data,

it appears that most females (90%) lose the scar between 201 and 220 mm.
These snout-vent lengths predominate during the first half of the second fuU

season of activity. No adult female retained evidence of an umbilical scar.

Hence, it is concluded that in both sexes the umbilical scar is lost typically

during the second season following hatching at an age of 20 to 25 months,

before attainment of sexual maturity. Its loss in the population as a whole is

too gradual to allow its presence or absence to be used as a landmark in the

life cycle.

Age and Healing of Scale Clips

Examinations of recaptures included recording the condition of the marks
applied at the initial capture. The wound exposed by scale clipping healed

first to a stage in which the muscle layers were covered by a thin, fragile, trans-
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parent layer. Gradually this layer thickened and became "silvery" or white.

Finally a "completely healed" condition was attained in which the marks were

evident only because nomial patterns of sutures were disrupted. Closure of

marks occurs in relatively litde time but complete healing is prolonged.

Healing is more rapid in younger individuals (Table 30). Note that "com-
pletely healed" is not a stage which is passed through but a condition which
once reached is permanent. Hence, the means in this category, although ex-

pected to exceed those in previous categories in each instance, mean little when
compared with each other. The data suggest that males heal more rapidly

than females; their tails are more vascularized due to the presence of the

hemipenes and associated musculature.

Table 30.—Number of Days Required by Carphophis vermis to Attain Each
of Three Successive Stages in the Healing of Scale-clips. See Text for Addi-

tional Explanation.

Stage of healing

Weakly closed

Mean
Range
N

Silver

Mean
Range
N

Completely healed
Mean
Range
N

Males

Juvenile Adult

22±7.1
12-43
4

119±36.0
52-252

5

204 ±29.

3

125-305
5

36±7.0
16-52

5

148±25.3
71-286
17

232 ±26.

7

108-319

Females

Juvenile Adult

36±3.2
32-46

4

99±7.9
83-125

5

44±3.3
35-50

4

188±28.3
119-255

4

315±54.1 207±33.6
207-570 116-277

6 4

Ecdysis

Prior to shedding, specimens of Carphophis vermis become gray dorsally.

After a time the intensity of gray decreases and the stratum comeum of the

epidermis is sloughed as a single piece.

When living individuals evidenced the gray pre-ecdysal or ecdysal condi-

tion, it was recorded. A summary of these data is given in Table 31. That
all individuals in the March sample were in the same stage is evidence for

environmental synchronization of the cycle of ecdysis. However, samples from

the following half-month intervals show that the population does not remain

synchronized. A general increase in the incidence of individuals in pre-ecdysis

or ecdysis is seen in April and May and continues until percentages reach 50

or more except in adult females. Percentages for June tend to decrease from

those of May except in adult females; after June the data are too few to war-

rant detailed interpretation, except to note that the rate of shedding seems

reduced. Finally it is noteworthy that adult females show a total percentage

which is only slightly more than haK that showTi by other sex and age classes.

Egg production may be involved. During most of May, ovarian follicles are
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Table 31.—Per Cent of Individuals in Pre-ecdysal or Ecdysal Condition in
Samples of Carphophis vermis from Douglas Count>', Kansas, and Adjoining

Areas. Records of Recaptures Are Not Included.

Males Females

Interval Adult Juvenile Adult Juvenile

Per
cent

N Per
cent

N Per
cent

N Per
cent

N

March 16-31
6

7
32 3

4
31 2

9
44

5
April 1-15 41

16-30 25
54
53

72
56
30

10
57
61

57
49
23

11

13
13

64
30
31

6
50
67

54
Mav 1-15 36

16-31 24
June 1-15 U 14 6 59 17 22 9

16-30 17 24 36 11 28 18 73 19
Julv 1-15 11 9 40 5 20 5 50 4

16-31 25 4 50 2
August 1-15 6 i 1

16-31 2 1

September 1-15 9 11 3 4 67 3
16-30 33 6 6 20 5 5

October 1-15 50 8 5 12 8 33 3
16-31 1

Entire season 29 281 27 203 15 237 28 204

enlarging rapidly and it is probable that little energy is available for new
epidermal growth. Also, the midpoint of ovulation in local vermis is May 22
and this cessation of ovarian enlargement corresponds to the sudden increase

in shedding by adult females from June 1 to 15.

Data presented thus far have dealt with unmarked snakes. Obviously

marking of the snake may affect its ecdysal cycle. In Table 31 it is seen that

for the population was a whole, 229 of 925 individuals (25%) were recorded

as being in pre-ecdysal or ecdysal condition. If marking increased the fre-

quency of molting, this ratio should be higher among recaptures, and of 121

recaptures in which ecdysal condition was noted, 36 (30%) were gray or

shedding. Although higher among recaptures the difference between ratios is

not significant, chi-square ^= 1.412.

It can be hypothesized that marking could trigger a molt as well as increas-

ing the frequency of molting. It this were true a concentration of molting

activity would be expected at some specific interval after marking. As a test

all the recapture records obtained within a single season which had data on
molt condition were summarized. Most records fall within 60 days after mark-

ing; percentages of pre-ecdysal or ecdysal specimens for the six 10-day inter\'als

were 44, 47, 42, 30, 25, 50, with sample sizes of 9, 15, 12, 10, 8, and 4, re-

spectively. The data do not support the hypothesis that marking may stimu-

late ecdysis. The six percentages are higher than the total percentage for un-

marked individuals ( 25% ) because most single-season recaptures occurred in the

spring when ecdysis is more frequent.

Approximately 28 per cent of all specimens (except adult females) were
found to be in pre-ecdysal or ecdysal condition; this percentage of the entire



172 University of Kansas Publs., Mus. Nat. Hist.

cycle may be spent in these conditions and about 72 per cent in the "normal"

condition. For adult females corresponding figures are 15 and 85 per cent.

The recapture records of a juvenile female provide data on the duration of

the sloughing cycle. When recaptured for the first time on April 17, 1967,

this individual was gray and 11 days later it was still in the pre-molt condi-

tion. On May 9, 1967, it was shedding. This is the maximum record for

duration of the pre-molt phase (21 days) and it is probably longer than normal.

This snake was recaptured a fourth time on June 27, 1967, when it was again

shedding thus indicating an entire cycle of approximately 49 days. Twenty-

eight per cent of 49 is 14 days, and this seems a reasonable estimate of the

length of pre-ecdysal condition actually recorded.

An adult male marked on April 29, 1967 while in the pre-molt phase was

recaptm-ed in the pre-molt phase on June 20, 1967, suggesting a cycle of about

52 days. The single record obtained for an adult female showed the indi-

vidual gray on both May 11 and September 5 of 1966 indicating a cycle of

117 days although the snake may have shed one or more times between these

dates. If not, this represents a cycle roughly twice that of the other sex and

age groups which was the prediction made from Table 31.

Finally data from two adult male vermis kept in the laboratory are pertinent.

One individual shed on November 16, 1964 and again on February 11, 1965

while the other sloughed on July 15, 1967, November 7, 1967, and January

8, 1968. These records give cycles of 87, 115, and 62 days respectively. How-
ever, because no attempt was made to recover all shed skins from groups of

captives, the first two instances each may include two cycles. For this reason

and in the light of previous data, I interpret these records as indicating cycles

of 44, 58, and 62 days, respectively.

In conclusion, the data suggest that adult males and juveniles of both sexes

shed approximately once every 50 days or about four times per season of

activity. Adult females may slough only half this often or about twice per

season.

Literature records concerning ecdysis in CarpJiophis deal almost exclusively

with casting of the natal skin and are summarized in an earlier section. The
only exception is that by McCauley (1945:54) who noted a change in micro-

habitat selection by Carphophis amoenus amoentis prior to ecdysis. "During

the period when individuals are preparing to shed their skins they may be

found in the wet pulpy interior of rotting logs, and in sawdust piles." No
such change in habits was noticed in vermis.

FOOD HABITS

By holding living specimens of Carphophis vermis up to a light source, food

items in the stomach were visible through the translucent integument of the

venter. These items were palped forward out the mouth, preserved, and

later identified. Museum specimens of vermis, helenae and amoenus were

dissected to secure additional data on food habits.

Of 115 preserved amoenus, 30 had nothing in the intestinal tract and 76

contained only debris which in most instances resembled soil such as found

within earthworms. Eight specimens contained earthworms, five of which

could be identified as belonging to the family Lumbricidae. One worm snake

from Rock Creek Park in the District of Columbia contained a small salamander

of the genus Eurycea. Of 88 preserved helenae, 16 had empty digestive tracts
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and 67 contained only debris such as is found in the gut of earthworms. Five

specimens held worms, three of which were lumbricids. Among 276 pre-

served specimens of Carphophis vermis examined for food materials, 66 were
empty, 193 contained only soil-like debris, and 17 held earthworms. Of the

17, nine contained worms which could not be identified further and six held

worms referable to the family Lumbricidae. Of the two remaining specimens,

one from Anderson County, Kansas, contained a worm of the genus Lumbricus
and one from Piatt County, Missouri, contained a lumbricid worm belonging to

one of two genera, Eisenia or Octolasium.

Earthworms were taken from 31 living specimens of vermis collected pri-

marily in Douglas and Jefferson counties in Kansas. All worms are referable

to the family Lumbricidae and most are probably in the genus Allolohaphora,

although at least one additional genus is present. Two were identified

definitely as Allolobophora and one of these is A. trapezoidcs. Another species

probably included in the sample is A. caliginosa. Ordinarily, the anterior

portion had undergone more digestion than the posterior suggesting worms are

swallowed head first.

Carphophis vermis probably has been dependent on earthworms as its

source of food throughout its existence; however, Allolohopliora is European
in origin (W. J. Harman, in lift.). Thus it seems that local populations of

worm snakes have changed to a different genus of prey organisms since the

coming of Europeans to North America. What effects this may have had on
the biology of the snakes can not be known.

The percentage of specimens containing earthworms during each month of

collecting is given in Table 32. The March sample was not examined until

one week after capture and therefore represents an underestimate of feeding

Table 32.—Monthly Frequencies of Specimens of Carphophis vermis Con-
taining Earthworms in Samples Collected in Douglas County, Kansas, and

Adjoining Areas.

Month
Per cent
with

earthworms
N

March 0.0
6.1
2.7
5.3
0.0
0.0
10.3
2.9

25
April 429
May 331
June 150
Julv 42
August 23
September 58
October 34

in that month. This figure probably would not exceed that for April since the

population as a whole does not normally emerge until about April 1, but it

probably would be larger than zero because earthworms are abundant beneath
rocks before worm snakes appear. The months of April, May, and June in

spring and September (and possibly October) in fall seem important in terms
of energy input into the population. Samples are adequate to detect feeding if

it occurs in July and August, but such activity appears to be suspended ( or at

least unsuccessful) during this period.
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Literature records of specific food items recovered from specimens of

amoenus include three. Atkinson ( 1901 ) in Pennsylvania found an earthworm

in a presei-ved specimen. In Virginia, Uhler et al. (1939:620) found four

amoenus with recognizable food items, "Two of them had fed exclusively on

earthworms and two on soft larvae (Tabanidae?)." Two specimens collected

by Hamilton and Pollack (1956:522) in Georgia contained earthworms. From
the area of intergradation between amoenus and helenae in eastern Kentucky

there are three studies describing materials found in stomachs of worm snakes.

Barbour (1950a: 102; 1960:14) listed a total of 32 specimens with food items

and these were earthworms in all instances. Similarly Bush (1959:76) found

only earthworms in 10 stomachs.

In Indiana, Hahn (1909:563) recovered remains of an earthworm from a

specimen of helenae. Literature records of food items are available for 50

worm snakes; forty-eight contained earthworms and two contained insect larvae

believed to be flies of the family Tabanidae.

Hurter (1911:195) reported that a specimen of vermis ate a small ringneck

snake (Diadophis) when the two were confined together. During my study

worm snakes were caged with hatchlings of their own species and small indi-

viduals of Diadophis pnnctatus, Tantilla gracilis and Leptotyphlops dulcis, and

even after prolonged fasting, wonn snakes did not eat other snakes. Under

these conditions ringneck snakes ate small specimens of Carphophis, Tantilla

and Lepioiijphlops on several occasions.

Force (1930:29) reported that specimens of vermis in captivity ".
. .

fed on earthworms, the young more readily than the adult." Blanchard (1926:

373-374) gave a detailed account of the feeding habits of several captive

specimens of helenae, "The males were more easily frightened and much
harder to feed than the females. . . . No. 61027 frequently rested with

her head exposed, all ready for food, and when the dish was opened she came
further out of cover, watching for something to eat ... all ate earth-

worms voraciously—usually two worms at a meal. ... At times they were

fed earthworms almost daily. The tamest specimen refused a tiny toad, of

such a size that she could have eaten it. Ants and ant pupae, from a nest in a

decayed log, were put into all of the cages, but there was no indication that

any were eaten."

The literature contains many casual statements suggesting that fossorial in-

sects constitute an important part of the diet of worm snakes. On the basis of

data summarized above, predation by worm snakes on organisms other than

earthworms must be considered incidental.

MORTALITY FACTORS AND DEFENSE

Climate

Recapture records of worm snakes on the Wiggins Area yielded estimates

of population density of 222 per acre in 1966 and 135 per acre in 1967. Cor-

related with this decrease was an unusually small amount of precipitation in

August, September, and October of 1966 which totalled little more than half

of the average for these months over the ten-year interval from 1958 thi^ough

1967. This low rainfall probably had a depressant efi"ect on the density of the

population by restricting availability of earthworms. Such restriction might

result from encystment by large numbers of earthworms.
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Another possible cause for the decrease in density which apparently took

place was a hard freeze (minimum temperature of 22° F. ) on the night of

April 23-24, 1967, which may have killed numerous worm snakes.

The actual importance as mortality factors of inadequate autumnal rainfall

and exceptionally early or late freezing temperatures is unknown, and they are

mentioned here only as factors deserving consideration. A third possibility is

unusually low minimum temperatures during hibernation. For the months of

November through March of 1965-1966 and 1966-1967, the twenty lowest

minima recorded at the Reservation averaged 1.9 ± 1.5° F. (range, — 14° to

8° F.) and 3.1 ± 0.64° F. (range, —2° to 8° F.), respectively. Although

means are similar, the lowest minimum of the 1965-1966 winter was 12 de-

grees lower than that of the 1966-1967 winter. However, if this low tempera-

ture caused a significant reduction in the number of worm snakes which sur-

\i\ed hibernation, it was masked by other factors. Probably air temperatures

of — 14° F. in the open would be survived by most hibernating worm snakes

in their insulated shelters well below the surface of the soil.

Predators

Three instances of predation by copperheads were recorded during 1967
and suggest that this species may be an important predator of Carphophis in

northeastern Kansas. On May 12 a female copperhead having a snout-vent

length of 246 mm. and a weight of 9.1 grams, taken from a trap on the

Reservation, contained an adult male Carphophis having a snout-vent length

of 265 mm. and weight of 8.6 grams. Digestion had only begun and fully-

active sperm were abundant in cloacal fluids of the Carphophis. Dissection

revealed a hemorrhage 70 mm. posterior to the snout and 15 mm. posterior to

the heart which had been caused by entry of a single fang dorsally and just

left of the midline. On June 22 I collected a female copperhead in western

Johnson County, Kansas, having a snout-vent length of 307 mm. and contain-

ing an adult female worm snake approximately 278 mm. in snout-vent length.

A third record was obtained at the Reservation on June 24 when H. S. Fitch

collected a young male copperhead ( 245 mm. in snout-vent length ) containing

the remains of a worm snake. All three copperheads had been born the previ-

ous fall. Fitch (1960a: 199-200, 205) recorded four worm snakes among 512
food items of copperheads, and Savage (1967:227) found a specimen of

Carphophis a. amoenus in the stomach of a copperhead in the Great Smoky
Mountains National Park.

Another reptile in northeastern Kansas which may eat wonn snakes is

Lan\propehis triangulum. Although he described no specific instances, Ander-
son (1965:198) said that vermis ".

. . is often preyed on by the king
snake, particularly by Lampropehis doliata [^triangulum] syspila." While
searching for Carphophis, I occasionally found Idng snakes containing food, but
almost invariably the food was a five-lined skink, Eunieces fasciatus, and in no
instance had a worm snake been eaten. Conant (1951:37) and Uhler et al.

(1939:619) recorded instances of predation by Lampropehis trianguhim on
Carphophis amoenus. The prairie kingsnake, Lampropehis caUigaster, also oc-

curs in northeastern Kansas; on May 8, 1965 an adult female ate an adult male
vermis and a juvenile Lampropehis triangulum with which it had been caged.

However, such predation may not occur naturally because of the preference by
L. caUigaster for open habitat situations. Klimstra (1959) recorded no worm
snakes among food items from 124 prairie kingsnakes in southern lUinois. A
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third kingsnake, Lampropeltis getitlus, ate worm snakes in captivity (Wilson

andFriddle, 1946:48).

The blue racer, Coluber constrictor, has been reported to eat worm snakes

in other parts of its range (Uhler et al, 1939:614; Conant, 1951:214), but

locally Fitch (1963a: 399-403) found no evidence of Carphophis among 1,357

food records.

Moles, Scalopus aquaticus, are abundant in habitats of Carpliophis in

northeastern Kansas and their tunnels were found to extend beneath virtually

every rock on areas studied at some time during each season. Although there

are no records of worm snake remains being recovered from stomachs of this

mammal. Fitch ( 1960a: 22 1-222) described the facility with which moles can

locate, kill and eat small reptiles which are caged with them in the laboratory.

One of three moles captured during my study had scales of the lizard Eumeces

obsoletiis among the arthropod fragments in its gastrointestinal tract. In the

spring of 1967 two adult male worm snakes collected in Douglas County, Kan-

sas were found to have short, slit-like lacerations on the underside of the belly

and tail. Such wounds could be inflicted by the sickle-like front teeth of

Scalopus. Circumstantial evidence suggests that moles may cause mortality in

local populations of Carphophis vermis.

Two other small insectivores which may be important predators of worm
snakes are the shrews, Blarina hrevicauda and Cryptotis parva. Blarina is

common in the same habitats as worm snakes; however, examination of gastro-

intestinal tracts from two specimens revealed only arthropod fragments. In

April 1967, Russell J. Hall caged two adult vermis wdth a specimen of

Cryptotis; both snakes were killed and eaten.

Studies of the opossum, Didelphis marsupialis (Reynolds, 1945:367,370;

Sandidge, 1953:101) in Missouri and Kansas revealed that worm snakes are

eaten occasionally. However, it is improbable that this scavenger gains ac-

cess to hiding places of worm snakes regularly enough to constitute a major

cause of mortality.

Holman (1958:276) noted that a fossilized accumulation of bones of small

vertebrates (including Carphophis) in Citrus County, Florida, may have

originated from pellets of barn owls, Tyto alba, in the Pleistocene.

Finally the profound effects of human activities on vertebrate populations of

virtually all species in northeastern Kansas and over most of the United States

scarcely need to be pointed out. Relevant to the present study, Ernst (1962:

266, 1963: 21) recorded the poisoning of small snakes {Carpliophis amoenus

and Diadophis punctatus) when six per cent chlordane dust was applied to

the soil in an attempt to control insects.

Parasites

Live specimens of Carphophis vertnis from Douglas County, Kansas, and

adjoining areas were examined for snake mites and chiggers, and records of

their occurrence were kept. Although many mites were probably overlooked,

the data are useful for certain comparisons.

Table 33 compares the frequency of mites ( Ixodorhynchidae ) and chiggers

on worm snakes in various months. Snake mites appear to utilize the host

throughout the season while feeding by chiggers is concentrated in July, Au-

gust and September. Loomis (1956:1374, 1383) recorded no chiggers from

Carphophis in Kansas; however, he examined only five worm snakes in the

July through September interval.
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Table 33.—Frequency of Infestation by Snake Mites and Chiggers on Living
Carphophis vermis from Douglas County, Kansas, and Adjoining Areas. Records

from Recaptured Individuals Are Included.

Month
Per cent
with

snake mites

Per cent
with

chiggers

Number of

snakes
examined

March 8.3
3.0
2.9
4.9
0.0
9.5
11.1
3.4

0.0
0.0
0.0
2.8
14.7
19.0
11.1
0.0

24
April 400
May 311
June 143
Julv 34
August 21
September 54
October 29

Snake mites and chiggers were found in three principal locations: beneath

ventral scutes, beneath subcaudal scutes and beneath scales in the first row of

dorsals. Infestation was most common on the posterior part of the body or

anterior part of the tail. Mites and chiggers utilize somewhat different sites

( Table 34 ) with mites inhabiting all three types of sites at similar frequencies,

T.-VBLE 34.—Locations of 43 Snake Mites and 35 Chiggers Found on Living
Specimens of Carphophis vermis.

Location
Mites

Per cent Number

Chiggers

Per cent Number

Ventral scutes 37

35

28

100

16

15

12

43

66

28

6

100

23

Subcaudal scutes

Dorsal scales 10

Anal plate 2

Total 35

and chiggers concentrated under ventrals but with some occurring beneath the

first row of dorsals. Chiggers are larger than the snake mites of vermis and
their size may restrict them to the more accessible spaces beneath ventrals and

dorsals. Only two worm snakes were found serving as hosts for both mites

and chiggers. Numbers of mites on infested snakes ranged from 1 to 4 (mean,

1.5 ±0.14), and infestations of chiggers numbered 1 to 4 except for one of

11 (mean, 2.2 ±0.54).

Nematode worms were found in the lung and oviducts of vermis, and oc-

casionally they were seen in samples of cloacal fluids. Dissections of lung

tissue from ten snakes revealed that four had no worms, two had two each, two
had four each, one had seven and one had 15 nematodes. On three occasions,

nematodes were seen in temporary preparations of fresh oviduct made by
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shredding the tissue. Nematodes from the lung have been tentatively identified

as Rhabdias, family Rhabdiasidae.

Injuries

Records were kept of wounds, scars, and incomplete tails among living

Carphophis vermis. In most instances open wounds probably were caused by

predators; however, some scars may have resulted from skin infections by

microorganisms. Loss of part of the tail was undoubtedly due to predators in

some cases, but infections and factors associated with advanced age may be

important. Data for wounds and scars (Table 35) were analyzed separately

Table 35—Frequency of Wounds and Scars Among Living Specimens of

Carphophis vermis from Douglas County and Adjoining Areas in Northeastern
Kansas. Age Was Estimated from Snout-vent Length. Data Are from 1966

and 1967; Recaptures Are Not Included.

Age claps

Males

Per cent with
wounds N
or scars

Females

Per cent with
wounds N
or scars

Platcbiing

First year
8.3 24
10.4 96
14.8 61
27.7 83
41.9 62
52.2 92
28.2 418

9.4 32
9.6 73

Second year 14.1 71
Third year 22.8 79
Fourth year 30.6 49
Older 31.5 73
Total 20.2 377

from those for loss of tail and as expected the incidence of wounds and scare

increases in each successively older class. The increase occurs at an increasing

rate until the third year in females and fourth year in males, suggesting that

an improved ability to avoid injury is associated with attainment of these ages.

Males show a higher total percentage of injuries than females, and the ratios

of injured to uninjured are significantly difi^erent, chi-square=: 6.999 **. Males

are first sexually mature in their third year, at which time their vagiUty in-

creases, and Table 35 indicates it is at this time that the percentage showing

injuries increases significantly over that for females. Presumably the greater

vagility of adult males exposes them to predators more often resulting in more
frequent injury.

Frequency of loss of part of the tail is summarized in Table 36. Again per-

centages increase with age, but there are no major increases until the fourth

year and older classes. No marked difi^erence between sexes appears in the

third year and total ratios are not significantly different, chi-square=: 1.635.

The data suggest that some factor or factors associated with advanced age may
be partly responsible—for example, increased susceptibility to skin or bone in-

fections in the tail-tip or structural deterioration of the terminal vertebrae.
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Table 36.—Frequency of Loss of Part of the Tail Among Living Carphophis
vermis from Douglas County and Adjoining Areas in Northeastern Kansas.
Age Was Estimated from Snout-vent Length. Data from AU Years of the

Study Are Incorporated.

Age class

Males

Per cent with
incomplete N

tai s

Females

Per cent with
incomplete N

tai s

Hatchling
First year
Second year
Third j'ear

0.0 25
2.9 102
2.6 76
4.1 98
7.0 71
18.2 110
7.0 482

2.7 37
0.0 81
1.1 93
4.8 103

Fourth year 9.8 51
Older 10.6 85
Total 4.7 450

Defense and Escape

Neither coiling and striking nor biting was attempted by any specimen of

Carphophis vermis examined during this study. When restrained, worm
snakes usually exuded a cream-colored, viscous musk from the paired anal

sacs in the base of the tail. As the snake struggles, this material is spread

onto the collector's hand; however, the amount of musk is small (in contrast

to Diadophis) and it seems doubtful that a determined predator would be

deterred. Dead worm snakes fed on by predators showed no sign that the

musk glands had been avoided.

The behavioral trait of worm snakes most often noted as defensive is prod-

ding with the sharply pointed tail-tip. When forced against parts of the hand
where the skin is tender, it may startle the collector and might cause a predator

to release its hold. However, the tail-tip is not maneuvered to act against that

part of the hand actually restraining the snake, and thrusts with the tail prob-

ably are made in search of a route of escape, or in attempts to secure a pur-

chase for forward thrusts of the body, both of which would be appropriate

underground.

On May 10, 1966 a gravid female worm snake was collected early in the

morning. The specimen showed little activity when exposed (presumably be-

cause of low body temperature), but when handled it flattened its body until

it was nine mm. in width and only six mm. in thickness at the rear of the belly.

At the same time, coils of the body were pulled together into a rather compact
mass with the head covered by portions of the body. This belxavior is as-

sumed to be defensive but was exhibited only by this individual. Upon being
exposed, worm snakes usually attempted to escape by crawling beneath rocks

or tree roots below the first rock, or when these were not available they began
burrowing into the loose soil. On several occasions escapes were made; how-
ever, this happened only under conditions of high afternoon temperature

where the substratum was composed of many rocks with numerous deep
crevices among them.
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POPULATION DENSITY AND STRUCTURE

Density

Data obtained in 1965, 1966, and 1967 from recaptured snakes enabled

computations based on the Lincoln Index of population density on the Wiggins

Area. The area consists of an east-facing slope of 1.15 acres where 32, 50,

and 49 new individuals ( including recaptures from previous years ) were re-

corded in each of the three years respectively, and a southwest-facing slope

where 11, 20, and 5 were recorded. Because the southwest-facing slope was

visited less often and netted only two recapture records from different months

vidthin the same season, estimates of population density were limited to the

east-facing slope.

A census by the Lincoln Index requires two sampling periods. In the first

period, individuals are captured, marked and released; in the second period,

the ratio of recaptures from the initial sample to others captured for the first

time is determined. Because natural populations may be changed rapidly by

mortality, natality, immigration, and emigration, sampling periods should be as

brief as possible. However, in this study, it took months to obtain a sample,

hence highly accurate estimates were not attainable. Reduced activity after

June is characteristic of local populations and on the Wiggins Area no hatch-

lings were captured in their season of hatching. Each year's data were used

separately; hence, natality did not introduce error into estimates of density.

Among the 50 records of recapture from the Wiggins Area, there was no record

of movement from the east slope to the southwest slope or vice versa, although

these are adjoining segments of the same rock outcrop surrounded by land un-

suited to habitation by worm snakes. Hence, I doubt that immigration and

emigration were important, and mortality factors—especially the differential

mortality from marking—may have introduced the greatest error.

Following Fitch (1965:552), the data for each season were divided in dif-

ferent ways to provide a series of estimates. Initial sampling periods were

April, April-May, April-May-June, and so forth and corresponding follow-up

periods were May through October, June through October and so forth, but

for some of the follow-up periods there were no recaptures of marked snakes

and such periods provided no census figures. The procedure indicated a

population of 270 snakes (based on one recapture) in 1965; two estimates

(377 and 304 snakes) each based on two recaptures were secured for 1966,

and four estimates (110, 268, 196, and 306 snakes) based respectively on

seven, three, two, and one recaptures were obtained for 1967. These were

weighted according to number of recapture records on which each was based,

a mean computed for each year and the results transformed to numbers per

acre (Table 37).

Hayne (1949) proposed a modification of the Lincoln Index in which the

regression of the proportion of marked individuals on the number of animals

previously marked in a series of samples is extrapolated to show the number

present when all animals have been marked. In 1967, the proportion of the

catch which had been previously marked was 0.00 in April, 0.38 in May, 0.13

in June, 0.33 in July, 0.25 in September, and 0.00 in October, indicating a

population of 156 animals on the area. The error in this estimate can be

shown approximately because probability limits for a slope can be determined.

For a 95 per cent confidence level, these limits are 62 to infinity because the
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Table 37.—Population Density of Carphophis vermis on the Wiggins Area,

Calculated by Two Methods. Counts of Recapture Records Exclude Those in

the Same Month and Those in Different Years.

Year

Snakes
in

census
samples

Number
of

recapture
records

Estimated number of snakes per acre

Lincoln Hayne
index method

1966

1967

50

49

4

8

295 222

152 135

slope is not significantly different from zero at this probability level. For a

probability level of 80 per cent there is an upper limit; the interval is 85 to

966. Obviously the population figures calculated are far from precise. Esti-

mates based on both methods are presented in Table 37; their similarity en-

courages confidence in their reliability. Estimates for 1965 are excluded be-

cause they were based on a single recapture record.

Factors controlling density in the local populations of worm snakes are

probably both biotic and climatic and are undoubtedly complex. The seasonal

limitation of activity suggests that the dry and hot period of each annual cycle

may be severely limiting—a "bottleneck" through which populations must pass,

and probably the volume of organically rich soil available to earthworms is

reduced by drying at this period causing worm snake populations to decline due

to encystment or death of earthv/orms. If this is true, late summer and fall pre-

cipitation would be expected to have been substantially above normal in 1965 or

substantially below normal in 1966 or both to cause the change in relative size

of the wonn snake population indicated in Table 37, assuming the change was
not random. Inches of precipitation recorded at the Reservation during August-

September-October from 1958 to 1967 were 9.7, 15.4, 8.8, 17.3, 14.8, 6.1,

10.6, 12.9, 6.6, 12.8, respectively, the mean is 11.5 ± 1.19. In terms of this

ten-year average, rainfall in 1965 was normal while in 1966 it was only half

an inch above the lowest record. If a close causal relationship exists between

rainfall and population density, densities were near normal in 1966 but below

normal in 1967.

A second possible cause for the difference in densities between years is a

hard freeze with minimum temperature of 22° F. on the night of April 23-24,

1967. On the 23 previous nights, minima had been above average for April

with a mean of 46 ± 2.1 and range 32 to 65. Worm snakes had been active

since late March. My first visit to the area after the freeze was on April 28

when two dead worm snakes were found in two hours of collecting. One
individual, a hatchling male, was beneath a rock, and the other, a large adult

female, was lying exposed on the surface of the ground. On only two other

occasions during the study were dead worm snakes found, aside from those

which had died in traps, and these were single individuals apparently killed

by predators. Thus, it appears the unusually low temperature on April 23-24

could have reduced the density of worm snakes on the Wiggins Area.

Of the four estimates in Table 37, the two for 1967 are based on the most

recapture records and must be considered the most reliable, and of these two
the estimate of 135 per acre is derived by the technique which is mathe-

7—9080
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madcally preferable. For the entire 1.15 acre east-facing slope this estimate

is 155—a reasonable figure considering approximately one-third of this number

of worm snakes actually were recorded on the area in 1967 and unmarked in-

dividuals were still more common than marked individuals at the close of the

season.

Sex Ratios

Among 22 Carphophis vermis hatched in the laboratory were 10 males and

12 females, thus the primary sex ratio does not deviate significantly from the

expected one to one in this small sample. Of 926 vermis collected in the area

of Douglas County, Kansas, during the study, 485 were males and 441 were

females. This ratio seems to favor males but is not significantly different from

one to one (chi-square := 2.091 ). For juveniles the ratio is 205 males to 202

females, whereas that for adults is 280 males to 239 females. The former

ratio is obviously not significantly different from one to one; the latter yields

a large but not significant chi-square of 3.240.

To detect difl^erences in the sex ratio in various age classes, data from the

Wiggins Area were sorted according to criteria given earlier (Table 38). A
slight predominance of males exists generally throughout all age classes, al-

though none of the ratios is significantly different from one to one.

Table 38.—Numbers of Male and Female Carphophis vermis Recorded on
the Wiggins Area (East-facing Slope) During the Study. Recaptures Are

Excluded Unless the Original Capture Was from a Previous Year.

Age class Males Females Males/females

Hatchling
First year
Second vear

4
16
16
12
5

17

70

5
12
13
10
5
16
61

0.80
1.3
1.2

Third year
Fourth year
Older
Total

1.2
1.0
1.1
1.1

The effect of seasonal diff^erences in activity between the sexes on sex ratio

in samples was tested using all records from the Douglas County area (Table

39). Only those ratios for adults in May and August differ significantly from

one to one; chi-squares are 3.945 ** and 5.142 * respectively. The latter value

is adjusted for small sample size by the Yates method (Steel and Torrie, 1960:

358). Data are similar for adults and juveniles, and suggest females are more

easily collected (in relation to males) at the outset of the season than later.

The meaning of this possible distinction is unknown; but demands for food

following winter inactivity may be such that all sex and age groups are near

the surface, whereas later males may be nearer the surface (on the average)

than females in connection with their greater vagility.

Age Structure

From the records of recaptured individuals, growth curves were plotted for

males and females. From these curves, estimates of snout-vent length for

snakes in their season of hatching, and their first, second, third, and fourth
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Table 39.—Numbers of Male and Female Carphophis vermis Collected in

Different Months from the Area of Douglas County, Kansas, During the Study.

Recaptures Are Excluded.

Month

Adults

Males Females ^^^^J^

Juveniles

Males Females
f^^^^J^

March . . . .

April

May
June
July
August. . .

September
October. .

.

7 9 0.78 4 5 0.-80

02 109 0.94 88 94 0.94
85 61 1.4 72 58 1.2

38 35 1.1 17 29 0.59
13 7 1.8 5 4 1.2
7 1 + 2 1 2.0
19 10 1.9 10 7 1.4

9 8 1.1 7 4 1.8

seasons were derived. These estimates permit assignment of probable ages to

all specimens on the basis of snout-vent length, and this in turn permits ex-

amination of age structure.

Because local worm snakes hatch in August when activity is reduced, hatch-

lings are not properly represented in an annual sample. The best sampling

period each year is April and May but by this time hatchlings from the

preceding August have almost certainly been substantially reduced in num-
bers by various mortality factors. Numbers of hatchlings were estimated on

the basis of the number of eggs produced; females may lay eggs in their third

full season and all later seasons, the number per female increasing with snout-

vent length. Approximately 67 per cent of these eggs are thought to hatch

and the size of the hatchling cohort is estimated on this basis.

Records were divided into two groups: those from the Wiggins Area and

those from all other collection localities. This provides a relatively small

sample from a single population and a relatively large sample drawn from

several populations (Table 40). Note the scarcity of hatchlings. Also note

that females in their first year of productivity are twice as numerous as females

in the next older cohort, and thus produce the largest contribution of eggs.

Finally note that the data from the Wiggins Area are smoother in the attrition

indicated between the first and fourth full seasons.

Survivorship curves were plotted (Fig. 48) by combining the estimated

number of hatchlings with actual counts of first, second, third, and fourth year

classes and smoothing the resultant curves. Close agreement between the two

sets of data is evident. During the interval described, females appear to

undergo slightly higher mortality rates than males, thus supporting trends seen

in data on sex ratios. That survivorship is relatively high beyond the fourth

year is suggested by the large proportion of the samples contained in the

"older" category (Table 40); also, the curve for females of sample "B" (Fig.

48) approaches zero at a rate too great to allow the cohort to replace itself.

It is probable that the curve for females of sample "A" is most accurate and
that local populations contain individuals ten years of age and possibly older.

Fitch (1963a:447, 1965:549) presented survivorship data which, while not

directly comparable to mine, do show a higher average mortalit>' rate during

the first four complete seasons for Coluber constrictor and Thamnophis sirtalis
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Table 40.—Numbers and Percentages of Carphophis vermis of Different Age
Classes Recorded on the Wiggins Area (East-facing Slope) and from All Other
Localities Sampled During the Study. Recaptures Are Excluded Except Those
from the Wiggins Area for Which the Original Capture Was from a Previous

Year.

Wiggins area Other localities

Age class Males

Num- Per
ber cent

Females

Num- Per
ber cent

Males

Num- Per
ber cent

Females

Num- Per
ber cent

Hatchling
First year

4 6
16 23
16 23
12 17
5 7
17 24
70 100

5 8
12 20
13 21
10 17
5 8
16 26
61 100

21 5

83 20
61 15
85 21

67 16
92 23

409 100

30 8
66 18

Second year
Third year
Fourth year
Older
Total

76 20
90 24
45 12

66 18

373 100

than is indicated for Carphophis vermis. This might be expected because of

greater fecundity in these two species. In his study of tlie copperhead, Fitch

( 1960a: 232-234) estimated that an annual crop of 278 new-bom individuals

was reduced to 63 in the fourth year. This 77 per cent reduction is similar to

the decrease estimated to occur in worm snakes (Fig. 48). Litter size in

copperheads on the Reservation averages 5.25 but adult females reproduce

only every other year (Fitch, 1960a: 175,162). In Carphophis vermis clutch

size at hatching approximates 1.73 individuals but reproduction is annual.

Thus, the annual production of young per adult female is of similar magnitude

in sympatric populations of Agkistrodon contortrix and Carphophis vermis.

Assuming a population of 155 individuals (135 per acre) on the Wiggins

Area in 1967, half males and half females, data of Table 40 indicate that 40

reproductive females were present of such ages as to produce an average clutch

of 2.73 eggs. If 67 per cent of the expected crop of 109 eggs hatched, a

cohort of 73 new individuals was added to the population.

SUMMARY

From September 1964 through October 1967, field studies of the

worm snake (Carphophis vermis) based on mark and recapture

methods were conducted in northeastern Kansas. Of 844 speci-

mens marked and released on three areas, 129 were recaptured a

total of 159 times. On the Wiggins Study Area, 36 of 153 resident

individuals which were marked were recaptured 50 times, while on

the Ramseyer Study Area 604 worm snakes were introduced from

other locations in northeastern Kansas and 88 were recaptured 104

times. The remaining five records are from the University of Kan-

sas Natural History Reservation. Funnel traps were used to aug-
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Fig. 48. Estimated survivorship in a
cohort of 100 hatchlings of Carpho-
phis vermis on the east-facing slope
of the Wiggins Area (A), and on all

other areas sampled (B). Solid line

represents males, dashed line repre-
sents females.

ment collecting by hand. Speci-

mens were marked by scale

clipping.

Additional data were obtained

by dissection of 279 preserved

C. vermis and 202 preserved C.

amoenus, and from laboratory

experiments with living vermis.

Collection dates on musemn
specimens indicate that surface

activity is more restricted to

April and May in vermis than it

is in helenae or amoenus, sug-

gesting that vermis spends rela-

tively more time below the soil

surface. Features of coloration,

relative width of the head, rela-

tive diameter of the eye, and
relative length of the tail all

indicate that vermis is more
highly modified for fossorial ex-

istence than helenae or amoenus.

Factors of soil drainage, tem-

perature, and precipitation seem

important in delimiting the

range of Carphophis. The
ranges of vermis and amoenus

are centered on areas of uplift

and include principally land

above 200 feet in elevation while most of the range of helenae

is below 200 feet.

Based on numbers observed, there are four principal species in

the amphibian and reptile community to which Carphophis vermis

belongs, as it is represented on the Wiggins Area. In order of de-

creasing importance these are the narrow-mouthed toad, Gastro-

phryne olivacea; five-lined skink, Eumeces fasciatus; worm snake;

and ringneck snake, Diadophis punctatus.

Determinations of moisture content in soil samples collected

beneath rocks where specimens of vermis were found indicate that

smaller snakes are associated with higher moisture levels. Pre-

simiably, this is because smaller individuals are more subject to

desiccation.
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Records of body temperature, air temperature, and substrate tem-

perature for 42 vermis collected prior to midday showed body

temperature to be highly correlated with both substrate temperature

(rrr 0.9699) and air temperature (r = 0.9090). Laboratory ex-

periments and literature records both suggest that the range chosen

by worm snakes is centered at 23 to 24° C.

Seasonal activity of worm snakes in northeastern Kansas seems

to be controlled by spring and fall reversals of vertical temperature

gradients in the soil. Collection dates for museum specimens of

Carphophis show an increasing percentage of surface activity con-

centrated in April and May from east to west. This may be the

result of the seasonal distribution of moisture in the upper soil

layers.

Data from recaptured snakes show no clear trend for distance

moved to increase indefinitely as a function of time, and individuals

apparently remain within limited areas—home ranges—for ex-

tended periods. Introduced worm snakes often made long moves

soon after release, while resident individuals did not. Many intro-

duced snakes became resident on the Ramseyer Area. Among resi-

dents, adult males are nearly twice as vagile as juvenile males and

roughly three times as vagile as females. Introduced juvenile and

female worm snakes show vagility increased to about 70 per cent of

the value for adult males, while movements by adult males which

are introduced seem unchanged. Using the mean distance between

points of capture as the radius of a circle, home range estimates

ranging from 707 to 7,543 square feet were calculated for various

sex and age classes.

Observations on the presence of spermatozoa in cloacal fluids

show that living male vermis are sexually mature at a snout-vent

length of 216 mm. Similar checks of living females combined with

palpations for enlarged eggs revealed that females are mature at a

snout-vent length of 250 mm. Recaptured snakes show that mature

size is attained late in the second or early in the third full season of

life in both sexes. Males and females of both helenae and amoenus

are smaller than vermis at maturity.

By measuring enlarged follicles in preserved Carphophis from

Kansas, it was learned that ova reach ovulatory size about May 22.

Assuming that periods of egg laying and ovulation are of similar

length, Kansas populations are thought to complete ovulation during

the last half of May. Mating was never observed, but masses of

spermatozoa in cloacae of females implied mating in the spring

( April and the first half of May ) and in fall ( September and Octo-
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ber); the relative frequency of such masses among snakes caught

in fall was five times that in spring.

Captive female vermis laid two types of eggs, normal and thin-

shelled. The latter were non-viable and probably resulted from

the stressful conditions of laboratory confinement when imposed

on gravid females prior to deposition of the egg shell. The mean
date for laying of normal clutches is calculated as June 28, some 37

days after the estimated midpoint of ovulation. The two-week

period, June 21 to July 4, probably includes dates for 90 per cent of

the clutches laid. Frequency of gravid individuals in samples of

live females of adult size reached 100 per cent in late May and early

June, indicating that females normally produce a clutch each year

once maturity is attained.

Clutch size in northeastern Kansas was calculated as 2.99 ± 0.09

eggs from 84 counts made by palpation of living specimens or dis-

section of freshly killed specimens. At laying 34 clutches contained

an average of 2.5 ± 0.15 eggs, showing a significant decrease from

the previous figure. Twenty-two of 33 eggs (67%) hatched in the

laboratory indicating a clutch size at hatching of 1.73 eggs.

Positive, highly significant correlations exist between number of

eggs per clutch and snout-vent length of the female in all three

kinds of worm snakes. In vermis a significant negative correlation

was found between number of eggs per clutch and mean egg length,

while a positive, highly significant correlation exists between num-
ber of eggs per clutch and egg width. Similar correlations are lack-

ing for egg weight. Apparently the eggs become shorter and
wider as the female grows larger, but the volume per egg remains

unchanged.

Eggs of vermis were incubated under a temperature regime simi-

lar to that of the outside air and under air-conditioning. As ex-

pected, eggs in the cooler location required more time to hatch—60

versus 50 days. If the period of incubation in nature is 50 days,

and if the estimate of June 28 as the midpoint of egg-laying is cor-

rect, the midpoint of the hatching interval in the local population

must be about August 17. In the lab, clutches hatched August

14, 17, 19, and 20. Total time required for development from

fertilization ( at ovulation ) to hatching is about 87 days, 42 per cent

of which is spent in the oviduct.

During incubation, eggs absorb water and increase in size.

Under temperatures similar to those in nature, eggs increased about

21 per cent in length, 57 per cent in width and 152 per cent in

weight. Under air-conditioning, eggs increased 20 per cent in
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length, 66 per cent in width and 78 per cent in weight during an

incubation period which was approximately 10 days longer. Rates

of increase were slower in all three measurements under the cooler

conditions. Length and weight were more strongly affected by

temperature than was width.

Although eggs incubated under cooler temperatures weighed

less at hatching, tlie snakes which emerged from them were heavier

than those from eggs incubated at higher temperatures. Contrary

to expectations, a significant negative correlation was found be-

tween egg weight at laying and weight of hatchling among eight

eggs incubated under the warmer conditions. Ten of 22 hatchlings

were males indicating a primary' sex ratio not different from one to

one.

Growth of worm snakes was followed during their first year

merely by measuring the distinctively small individuals of this

cohort. After this interval, the body lengths overlapped those of

older snakes to such an extent that only recaptures could be used to

trace growth. Introduced snakes showed growth rates not sig-

nificantly different from those of residents. Marking caused small

specimens to suffer some stunting in both snout-vent length and

weight. Furthermore, some relatively lighter young died as a re-

sult of marking. Because of the combined effects of these factors,

recaptures were slightly heavier and shorter than snakes of the same

age and sex that were not marked, but it is believed that stunting

was insufficient to produce misleading growth curves. Growth is

most rapid prior to attainment of sexually mature size late in the

second full season, but seems to continue at a decreasing rate at

least through the fourth full season.

Adult males and juveniles of both sexes shed approximately once

every 50 days or about four times per season of activity. Adult

females are thought to slough only half this often.

Lumbricid earthworms of the genus Allolobophora constitute the

main food source for worm snakes in northeastern Kansas, although

at least one other genus of lumbricid was represented among sam-

ples from snake stomachs. Among preserved specimens 17 vermis,

five helenae and nine amoenus contained recognizable food items.

These were earthworms in all instances except for a single specimen

of amoenus which contained a salamander
(
Eurycea ) . Forty-eight

of 50 literature records indicated earthworms as food; two revealed

fly larvae presumed be Tabanidae.

Factors controlling population density of worm snakes in north-

eastern Kansas are probably in part climatic. A decrease in density
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in 1967 from that of 1966 was associated with a severe reduction in

total precipitation in August through October of 1966. Low rain-

fall during these three months may reduce populations which are

measured the following summer prior to reproduction. Freezing

temperatures may also be a controlling factor when they occur "out

of season." Copperheads {Agkistrodon contortrix) and moles

(Scalopus aquaticus) are thought to be the most important local

predators of worm snakes.

Series of Lincoln Index estimates weighted according to the num-

ber of recaptures on which they were based indicated densities of

worm snakes at 295 and 152 per acre ( Wiggins Area ) for 1966 and

1967, respectively. Estimates of these same two populations from

Hayne's (1949) modification of the Lincoln Index were 222 and

135 per acre. Sex ratios in various age classes and various months

suggest that a slight predominance of males arises soon after hatch-

ing and persists thereafter.

Age structure was studied by assigning ages to individuals on

the basis of snout-vent length as indicated by the growth curves for

each sex. The hatchling class was poorly represented in samples

because of the low level of surface activity of the population dur-

ing August, September, and October, and because mortality had
greatly reduced its numbers by the following spring. However, the

size of this class was estimated from knowledge of the relative sizes

of various age classes of reproductive females and their fecundity.

Survivorship curves were then estimated both for the sample from

the Wiggins Area and for the combined sample from all other areas.

Results were similar and indicated a mortality rate decreasing with

time but amounting to approximately 75 per cent by the fourth full

season.
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