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Stages in the Normal Development of the Common
Garter Snake, Thamnophis sirtalis sirtalis

Davip R. Zesr

Multiple caesarian technique was used
for obtaining embryos of different stages
from individual females of Thamnophis sir-
talis sirtalis. Ether and artificial respiration
worked effectively.

Embryos were removed from 104 snakes
and litter size averaged 12.9. Nine additional
snakes were permitted to give birth natu-
rally and had an average of 15.1 young.

A SERIES of stages in terms of external
anatomy is necessary if one is to study
the normal development of a species ade-
quately. The classic Keibel series of Nor-
mentafeln serves this function for a number
of vertebrates, but only one reptile, Lacerta,
is included among them. In recent years
other such series have been described for
species in common use by experimental em-
bryologists, for instance, the stages of Amby-
stoma by Harrison (in Hamburger, 1942),
and those of the chick by Hamburger and
Hamilton (1951).

It is the purpose of this paper to define
a series of stages for the development of the
common garter snake, Thamnophis sirtalis
sirtalis. A review of the literature shows that
such a series does not exist. Ballowitz (1901)
described gastrulation in Natrix natrix, and
later his students Krull (1906) and Viefhaus
(1907) added stages between neural fold
formation and amnion closure. Ballowitz
published part I of his great monograph on
the development of the viper in 1903, but
it only goes as far as the closure of the
amnion, and part II was not completed be-
fore his death in 1936. Little has been pub-
lished on older stages. Parker (1878) noted
six stages of skull formation, and Berchelt
(1936) described six other stages in the
differentiation of the hemipenis. Franklin
(1945) recorded the ages and lengths of 25
stages in the development of Nairix taxis-
pilota, but these stages are not defined ana-
tomically.

Few complete series of snake embryos are
known to exist in research collections. It is
felt that the relative ease of collecting garter
snake embryos should be more widely appre-
ciated and that the description of a series
of stages in normal development will serve

The relative duration of the 37 pre-natal
stages described is given.

Environmental temperature influences the
rate of development. Embryos in four snakes
held at 15°C passed from Stage 32 to Stage
33 in three weeks. In the same interval, em-
bryos of three snakes held at 35°C moved
from Stage 32 to Stage 37.

to encourage and coordinate the growth of
knowledge about the embryology of this
little studied group.

MATERIALS AND METHODS

Specimens of the common eastern garter
snake, Thamnophis sirtalis sirtalis, were ob-
tained during early summer from amateur
snake collectors in the Hanover, New Hamp-
shire area. Pregnant females of this species
are conspicuously larger than males, but sex
can always be determined by probing for a
hemipenis sac at the posterolateral edge of
the cloaca. The probe finds no sac in the
female, but readily enters the inverted hemi-
penis of the male.

Different stages of development were ob-
tained from each female by performing
caesarian sections (Clark, 1937) at one- to
seven-day intervals under ether. The snake
was usually anesthetized within fifteen min-
utes, and the position of the eggs could be
felt by running a finger down her relaxed
belly. An incision was then made at the
posterior limit of the egg zone and a portion
of the uterus was removed. The cut through
the outer body wall was then sutured and
the embryos were separated from the excised
uterine tissue and fixed in Bouin’s. All work
was done under clean but not aseptic con-
ditions.

When a snake was over-etherized, respira-
tory movements generally stopped. If breath-
ing did not resume by the end of the
operation, artificial respiration was applied
at five- or ten-minute intervals by blowing
air into the snake’s lungs and then forcing
it out by pressing on her inflated trunk.
Breathing was usually normal within one
or two hours and out of 242 operations, only
15 were fatal.
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ZEHR—NORMAL DEVELOPMENT OF THAMNOPHIS 323

Fig. 1. Developmental stages of Thamnophis sirtalis (1) . Bracket line for each drawing indicates
1 mm. A-C, early, middle and late Stage 7. D, Stage 8. E, Stage 9. F, Stage 10. G, Stage 11. H,
Stage 13. I, Stage 15.
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Fig. 2. Developmental stages of Thamnophis sirtalis (2) . Bracket line for each drawing indicates
1 mm. A, Stage 16. B, Stage 17. C, Stage 18. D, Stage 19. E, Stage 20. F, Stage 21. G, Stage 22.
H, Stage 23. I, Stage 25.

By using the multiple caesarian technique,
1,225 embryos were collected. Litter size
averaged 12.9 embryos with a S. D. of 6.1.
Nine additional snakes were permitted to
give birth naturally and had from 9 to 27
young with an average of 15.1.

The stages presented in this paper were
established by examining each embryo and
noting the development of about twenty
different structures. Similar specimens were
then brought together and when any of these
collections had embryos that were distinctly
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ZEHR—NORMAL DEVELOPMENT OF THAMNOPHIS 325

different, new characteristics were looked for
that would make the description of stages
more precise.

DEFINITION OF STAGEs IN THE NORMAL
DEVELOPMENT OF THE COMMON
GARTER SNAKE

(The stages are described in correct age
sequence, but without designation of their
actual ages from fertilization. See Correla-
tion with Time, below.)

Stage 1 One cell.

Stage 2 Two cells.

Stage 3 Four cells.

Stage 4 Eight cells.

Stage 5 Small cell clump.

Stage 6 Blastodisc.

Stage 7 Gastrula (Fig. 1, A-C).

Stage 8 Early neurula—raised neural plate

plus folds (Fig. 1D).

Stage 9 Middle neurula—brain folds flar-
ing (Fig. 1E).

Stage 10 Late neurula—amniotic fold sharp-
ly raised anterior to head (Fig.
1F).

Stage 11 Amnion covers the anterior por-
tion of the neural folds (Fig. 1G).

Stage 12 Amnion covers half the embryo;
torsion of the head region is sug-
gested.

Stage 13 Amnion encloses more than one-
half the embryo; posterior amni-
otic fold is beginning to cover the
tail bud; head lies on its left side
(Fig. 1H).

Stage 14 Amnion encloses all but a small
circular area.

Stage 15 Amnion closed; neither pharyn-
geal segments nor auditory pit vis-
ible; allantois bulge small, not
inflated (Fig. 1I).

Stage 16 Mandibular segment visible; audi-
tory pit visible; trunk coiled 180°;
allantois beginning to inflate; an-
terior portion of neural folds still
open (Fig. 2A).

Stage 17 Fourth ventricle inflated; lens not
visible yet; hyomandibular cleft
open; trunk coiled 270° (Fig. 2B).

Stage 18 Lens placode invaginating; audi-
tory pit still open though only as
pin-prick; allantoic sac inflated to
size of head (Fig. 2C).

Stage 19 Auditory pit closed; maxillary
process not visible; trunk coils—
1% (Fig. 2D).

Stage 20

Stage 21

Stage 22

Stage 23

Stage 24

Stage 25

Stage 26

Stage 27

Maxillary process visible as a
mound of tissue posterior to ven-
tral pole of eye; nasal pit not yet
visible; auditory vesicle has formed
but still lacks endolymphatic duct;
choroid fissure prominent in eye-
ball; lens vesicle has closed; trunk
coils—2 (Fig. 2E) .

Nasal pit visible; endolymphatic
duct not visible; fourth ventricle
inflation extends posterior to ear;
trunk coils—3% to 3% (Fig. 2F).
Endolymphatic duct visible; vo-
meronasal organ can be seen in
nasal pit; no internasal depres-
sion; trunk coils—3% to 3% (Fig.
2G).

Cerebral hemispheres expanded to
the extent that an internasal de-
pression is present; eyes lack pig-
mentation; cloacal mound can be
seen at trunk coil level 3% or 3 of
larger specimens; trunk coils—3 to
4 (Fig. 2H).

(Except for eye pigmentation, re-
sembles Stage 23.) Eye is lightly
pigmented; maxillary process ex-
tends under eye as far as its
middle; cloacal mound visible at
the end of coil 3; trunk coils—3%
to 4.

Tip of maxillary process is now
continuous with the lateral rim of
the nasal depression; eye not yet
surrounded by a mesenchyme
bulge; trunk coils—3% to 5 (Fig.
2I) .

Eyeball margins stand out clearly
from surrounding tissue; mesen-
chyme bulge surrounds eye; ex-
ternal naris not yet formed; lateral
view of vomeronasal organ ob-
scured by closing nasal fold; a
trace of pharyngeal clefts remains
as slight surface grooves; cloacal
mound very distinct; anlagen of
hemipenis visible; trunk coils—
5% to 6% (Fig. 3A).

Medial and lateral nasal processes
have fused except anteriorly where
a small pore remains as the exter-
nal naris; internasal depression
still present; hemipenes are dis-
tinct lateral mounds at trunk coil
3% to 3; trunk coils—5% to 6%
(Fig. 3B).
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Fig. 3. Developmental stages of Thamnophis sirtalis (3) . Bracket line for each drawing indicates
1 mm. A, Stage 26. B, Stage 27. C, Stage 28. D, Stage 30. E, Stage 31. F, late Stage 32.
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Internasal depression now filled
in; eyelid folds beginning to form;
endolymphatic duct is easily seen,
though the central mass of the
vesicle is now indistinct; hemi-
penes are fingerlike projections
located at trunk coil 2% to 3;
tongue not visible when mouth is
pried open; trunk coils—5 to 6
(Fig. 3C).

Tongue visible; cervical flexure
prominent; hemipenes are blunt
projections on trunk coil 2 to 2%;
trunk coils—4 to 5, loosely coiled.
Cervical flexure no longer prom-
inent; scales not yet visible; hemi-
penes located at trunk coil 2;
trunk coils—4, loosely coiled (Fig.
3D).

Scales are now visible on the
trunk but not on the head; eyelid
fold has spread over the eye, but
has not quite closed; lateral flank
muscles of the trunk are distinctly
separated from the thin transpar-
ent ventral body wall; hemipenes
inverted in some specimens (Fig.
3E).

Eyelid folds have completely cov-
ered the eyes; heart is still visible
in lateral view through the thin
ventral body wall (Figs. 3F, 4A).
In lateral view, the heart is no
longer visible, but the lateral
flanks have not met along the ven-
tral midline in the heart region
(Fig. 4B).

Lateral trunk muscle sheets have
met along the ventral midline in
at least the heart region; body pig-
mentation absent (Fig. 4C).
Body pigmentation visible but
pattern is not well developed;
scales are visible around the mouth
and eyes; except for a short
length near the umbilical cord,
the trunk muscles have completely
fused at the ventral midline.
Scales cover the entire head; out-
lines of the brain still visible;
hemipenes still everted in some
specimens; pigment pattern well
developed (Fig. 4D).

Brain can no longer be seen
through cranial scales due to dense
pigmentation; pigment pattern

Fig. 4. Developmental stages of Thamnophis
sirtalis (4). Bracket line for each drawing indi-
cates 1 mm. A, Stage 32. B, Stage 33. C, Stage
34. D, Stage 36. E, Stage 37.
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TABLE 1. REPRESENTATIVE SAMPLE OF STAGES FOUND AT SUCCESSIVE CAESARIAN SECTIONS ARRANGED
SO THE RELATIVE DURATION OF STAGES MAY BE SEEN. SNAKES SUMMARIZED ABOVE WERE OPERATED
ON SOON AFTER CAPTURE AND THEN CAGED IN THE LABORATORY AT TEMPERATURES BETWEEN

23 Anp 27°C
Snake
2 61-4 8 J 61-1 Z-1 Z-3 61-20 61-7 Z-10 Z-11 61-22 61-13

Date of First Operation

8 June 10 June 23 June 28 June 8 June 13 June 14 June 29 June 24 June 22 June 22 June 6 July 26 June
1948 1961 1948 1947 1961 1959 1959 1961 1961 1959 1959 1961 1961

Stages found at successive operations (x represents a day between operations)

6
x
X
X 7
7 7
9 X
10
13
15 16
17 17
19
21
21 22
X 22
X X
23 X
23 24
24 25 25
25 25
25 26
27
27
27
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fully developed; hemipenes in-
verted in all specimens. (Stage 37
resembles the newly hatched snake.
Average length of 70 snakes from
four mothers at birth was 159.8
mm with a S. D. of 14 mm.) (Fig.
4FE)

CORRELATION OF STAGES WITH TIME

The date of fertilization and, consequently,
absolute age are not known; however, the
relative duration of stages may be deter-
mined by studying the embryos removed
from one female at successive operations.
Several females that readily demonstrate this
are summarized in Table 1. A more precise
correlation of stages with time is not possible
at this time since embryos were never ob-
tained at intervals less than one day.

The calendar date on which a particular
stage was found varied greatly. For ex-
ample, Stage 7, gastrulation, was collected
as early as 4 June, and as late as 3 July;
Stage 29 was obtained as early as 15 June,
and as late as 8 July. Normal birth of litters
was recorded as early as 2 August, and as
late as 26 August. The effect of environ-
mental temperature on the rate of develop-
ment will be discussed later.

DiscussioN

The multiple caesarian technique is easy
to use, but past investigators have had
trouble with anesthesia. Franklin (1945)
and Clark (1937) advised against ether, but
its use is justified by the speed of recovery
when artificial respiration is applied. There
is no evidence that ether anesthesia, or suc-
cessive operations, interfere with the devel-
opment of the embryos that remain in the
mother.

The effect of temperature on the rate of
development may account for variations in
the gestation period. To demonstrate this,
seven snakes found to contain Stage 32 em-
byros were divided into two groups; three
were incubated at 35°C and four at 15°C,
and their embryos were removed at successive
intervals. At the end of three weeks, the
embryos at 35° had reached Stage 387 while
those at 15° had only reached Stage 33.

Though temperature clearly affects the
rate of development, it is not known how
great this factor might be in nature. In ex-
periments now under way, snakes move
toward warmer areas when given choices
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of temperatures between 0° and 40°C. If
this behavior takes place in the wild, a snake
may be able to maintain a fairly constant
gestation period by heating up during warm
weather so that the retarding effects of cold
periods are not noticed in the over-all rate
of development.

Although the data presented in this paper
on the relative duration of stages were not
gathered under controlled temperatures, they
should stand as a rough guide until a more
careful study is done. Regardless of varia-
tions that may be found, the existence of
stages will greatly facilitate future work on
this little studied creature.

Acknowledgments—This study was started
and completed under the direction of Dr.
W. W. Ballard of Dartmouth College. With-
out his help, this paper would not have
been written.

LITERATURE CITED

BaLrowitz, E. 1901. Die Gastrulation bei der
Ringelnatter (Tropidonotus natrix Boie) bis
zum auftreten der Falterform der Embryo-
nalanlage. Zeit. Wiss. Zool. 70:675-732.

1903. Die Entwickelungsgeschichte der
Kreuzotter (Pelias berus Merr.). Teil I. Die
Entwicklung vom Auftreten der ersten Furche
bis zum Schlusse des Amnios. Fischer, Jena.

BERCHELT, HANs. 1936. Bau, Funktion und
Entwicklung der Begattungsorgane der minn-
lichen Ringelnatter (Natrix natrix L.) und
Kreutzotter (Vipera berus L.). Morph. Jahr.
78:445-516.

CLarRk, HucH. 1937. Embryonic series in
snakes. Science 85:569-70.

FRANKLIN, MALcOLM. 1945. The embryonic ap-
pearance of centers of ossification in the bones
of snakes. Copeia 1945:68-72.

HAMBURGER, VIKTOR. 1942. 4 Manual of Ex-
perimental Embryology. Univ. of Chicago
Press xviii + 213 pp.

anp H. L. HamiLToN. 1951. A series of
normal stages in the development of the chick
embryo. J. Morph. 88:49-92.

KEIBEL, PETER. 1904. Normentafel zur Entwick-
lungsgeschichte der Zauneidechse (Lacerta
agilis)y. Keibels Normentafeln, Heft 4, Jena.

KRULL, JosepH. 1906. Die Entwicklung der
Ringelnatter (Tropidonotus natrix Boie) vom
ersten Aufstreten des Proamnios bis zum

Schlusse des Amnios. Zeit. Wiss. Zool. 85:
107-55.
PARKER, W. K. 1878. On the structure and de-

velopment of the skull in the common snake
(Tropidonotus natrix). Phil. Trans. Royal
Soc. London 169:385—417.

VIEFHAUS, THEODOR. Die Entwicklung der Rin-
gelnatter (Tropidonotus natrix Boie) nach
Ausbildung der Falterform bis zur Erhebung
des Proamnios (mit Taf. IV-VI u. 8 im Text) .
Zeit. Wiss. Zool. 86:55-99.

DEPARTMENT OF ZooLrocy, DartmMouTH CoL-

LEGE, HANOVER, N. H.

This content downloaded from
206.123.177.246 on Wed, 18 Aug 2021 18:08:12 UTC
All use subject to https://about.jstor.org/terms



	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6
	image 7
	image 8

	Issue Table of Contents
	Copeia, Vol. 1962, No. 2, Jul. 20, 1962
	A Texas Pleistocene Herpetofauna [pp.  255 - 261]
	The Reproductive Cycles of the Javanese House Geckos, Cosymbotus platyurus, Hemidactylus frenatus, and Peropus mutilatus [pp.  262 - 269]
	The Effect of Calcium on the Electrocardiogram of Two Iguanid Lizards [pp.  269 - 272]
	The Tadpole of Hymenochirus boettgeri [pp.  272 - 284]
	Surgical Anesthesia in Reptiles, with Special Reference to the Water Snake, Natrix rhombifera [pp.  284 - 287]
	Generic Classification of the High-Altitude Pelobatid Toads of Asia (Scutiger, Aelurophryne, and Oreolalax) [pp.  287 - 291]
	Kingsnakes Allied with Lampropeltis mexicana: Taxonomy and Natural History [pp.  291 - 300]
	A New Stygian Salamander from the Southern Cumberland Plateau [pp.  300 - 306]
	Reproductive Potential and Cycles in Female Crotalis atrox from Northwestern Texas [pp.  306 - 313]
	Neutralization of Ten Snake Venoms by Homologous and Heterologous Antivenins [pp.  313 - 316]
	Notes on Copulation and Distribution of Aegean Land Tortoises [pp.  317 - 321]
	Stages in the Normal Development of the Common Garter Snake, Thamnophis sirtalis sirtalis [pp.  322 - 329]
	A New Gobioid Fish, Microdesmus lanceolatus, from the Gulf of Mexico with Notes on M. longipinnis (Weymouth) [pp.  330 - 336]
	The Labyrinth of Two Species of Drumfish (Sciaenidae) [pp.  336 - 338]
	Late Pleistocene Fishes from a Trinity River Terrace, Texas [pp.  338 - 345]
	Ethology of the Asian Teleost, Badis badis. IV. Sexual Behavior [pp.  346 - 360]
	A Cavernicolous Form of the Poeciliid Fish Poecilia sphenops from Tabasco, Mexico [pp.  360 - 368]
	A New Species of Phenacobius (Cyprinidae) from the Upper Tennessee River System [pp.  369 - 377]
	Characteristics of Rhodeus ocellatus and Acheilognathus lanceolatus Hybrids [pp.  377 - 390]
	Two New Species of Fishes of the Genus Gambusia (Poeciliidae) from Northeastern Mexico [pp.  391 - 396]
	Courtship Preferences of Gambusia affinis Associated with the Sympatry of the Parental Populations [pp.  396 - 400]
	Status of the Landlocked Salmonid Fishes of Formosa with a Review of Oncorhynchus masou (Brevoort) [pp.  400 - 407]
	Reproductive Behavior of the Stoneroller Minnow, Campostoma anomalum pullum [pp.  407 - 417]
	Western Atlantic Fishes of the Family Priacanthidae [pp.  417 - 424]
	A New Clingfish of the Genus Lepadichthys from the New Hebrides [pp.  424 - 425]
	A Review of the Blenniid Fishes of the Genus Ophioblennius Gill [pp.  426 - 433]
	Herpetological Notes
	An Osteological Character on the Ilia of Acris crepitans Baird, Acris gryllus Leconte, and Hyla crucifer Wied [p.  434]
	Extension of Range of Mediterranean Gecko [pp.  434 - 435]
	Notes on the Papuan Hylid Frog Nyctimystes gularis Parker [pp.  435 - 436]
	The Use of Powdered Earthworm in the Feeding of Snakes [p.  436]
	Heredity of Albinism in the Corn Snake, Elaphe guttata guttata, Demonstrated in Captive Breedings [pp.  436 - 437]
	A Different Method of Catching the Desert Lizards, Callisaurus and Uma [pp.  437 - 438]
	Longevity of Snakes in the United States as of 1 January 1962 [p.  438]
	An Extension of the Range of Haldea valeriae in Florida [pp.  438 - 439]
	Some Observations on the Feeding of Fowler's Toad [p.  439]

	Ichthyological Notes
	Restoration of the Frogfish, Antennatus reticularis (Gilbert) [p.  440]
	Description of the Eyes of a Blind Specimen of the Red Drum, Sciaenops ocellata [pp.  440 - 442]
	New Records and Notes on Fishes from the North-Central Gulf of Mexico [pp.  442 - 444]
	An Unusually Large Lookdown, Selene vomer, from Texas [pp.  444 - 445]
	A Photomicrographic Adapter for Stereomicroscopes Useful in Photographing Fish Larvae [pp.  445 - 446]
	White Sharks, Carcharodon carcharias, in Maine, 1959-1960 [pp.  446 - 447]
	Sound Producing Mechanism of the Nassau Grouper, Epinephalus striatus [pp.  447 - 449]
	Silver Pike, an Atypical Esox lucius, in Alaska, a First Record [pp.  449 - 450]
	Sexual Development and Hermaphroditism in the Hybrid Cyprinid, Notropis cornutus × N. rubellus [pp.  450 - 452]
	A New Spawning Area for Istiophorus albicans and the Capture of Two Postlarval Istiophorids from the Texas Coast [p.  453]
	Note on the Schooling Behavior of the Striped Mullet, Mugil cephalus, in Texas [pp.  453 - 454]
	Early Larval Stages of the Fourspot Flounder, Paralichthys oblongus [pp.  454 - 455]
	Cannibalistic Tendencies of Lemon and Bull Sharks [pp.  455 - 456]
	A Record of the Sand Shark, Charcharias taurus, off Pensacola, Florida [pp.  456 - 457]
	Notes on the Behavior of Sharks in Captivity [pp.  457 - 459]
	Effects of a Hurricane on the Small Fishes of a Shallow Bay [pp.  459 - 462]
	Occurrence of Internal Nares in the Genus Ichthyscopus (Pisces, Uranoscopidae) [p.  462]
	First Record of Mako, Isurus oxyrinchus, in Maine Waters [p.  462]
	Blood Cell Types and Differential Cell Counts in Atlantic Herring, Clupea harengus harengus [pp.  463 - 465]
	Behavior of the Indian Murrel, Ophicephalus punctatus, during Brood Care [pp.  465 - 467]
	An Announcement of Specimens Available as Types for the Istiophorid Fishes Istiompax marlina and Istiophorus greyi [pp.  467 - 468]
	Spearing Behavior in Feeding in the Black Marlin, Istiompax marlina [p.  468]
	Influence of Salinity on Growth of Postlarvae of the Summer Flounder, Paralichthys dentatus [pp.  468 - 469]
	Occurrence of the Walleye, Stizostedion vitreum, in Alabama South of the Tennessee Valley [pp.  469 - 471]
	Survival of the Hag, Paramyxine atami Dean, in Diluted Sea Water [pp.  471 - 473]

	Reviews and Comments
	Some Recent Japanese Ichthyological Works [pp.  473 - 475]
	untitled [pp.  475 - 476]
	untitled [pp.  476 - 477]
	untitled [pp.  477 - 478]
	untitled [pp.  478 - 479]
	Books Received [p.  480]

	Death Notice: Anton Frederik Bruun [pp.  481 - 482]
	Editorial Notes and News [pp.  482 - 485]
	Back Matter [p.  486]



