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PREFACE 

Microscopic anatomy of natricine snake retfnae and 

scales was interpreted in terms of systematic and ecological 

relationships. Both light and electron microscopy of vis­

ual cells and retinae were utilized. Scales were examined 

by scanning electron microscopy. Species were selected to 

provide a representative survey of the North American 

Natricinae (watersnates and related species) as well as 

certain ecologically similar species such as the mudsnake 

(Farancia abacura) and cottonmouth (Agkistrodo~ piscivorus). 

Visual cell patterns were determined to be essentially as . { 

predicted by other workers and not particularly useful 

systematically within the group. Scale surface morphologies 

presented here provide the largest survey of snake scale 

surfaees yet published. Scale surface patterns are complex 

and show interspecific and fntergeneric variations. 

Many people have contributed to the completion of this 

project~ The most importalt and significant supporters have 

been my parents, Mr. and Mrs. Jack W. Stovall, and my wife, 

Laraine. These three have helped in many ways and have lit­

terally kept me going. I thank them. 

Dr. J. P. Kennedy gave freely of hfs advice and time 

during my work in Houston, Texas (1975-1978). He also 

helped with collection of specimens and assisted with 
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experiments. To him I extend a sincere thank you. 
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of Biological Sciences. I have enjoyed and profitted from my 
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committee from 1978 until his death in 1981. Dr. Curd was 

an excellent zoologist. teacher. and friend whose passing is 

mourned by all who knew him. Dr. Larry Talent graciously 

agreed to replace Dr. Curd on the committee. Dt. Bryan Glass 

was both an inspiring teacher and a good supervisor during my 
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CHAPTER I 

INTRODUCTION 

Visual cells and retinae of six species of watersnakes 

and related species were studied (Nerodia erythrogaster, 

Nerodia fasciata, Nerodia rhombif~ra, Regina grahami, 

Storeria dekayi, Thamnophis proximus) along with four eco­

logically related species (Agkistrodon contortrix, Agkistro­

dori piscivorus, Farancia abacura, Pelamis platurus). Eyes 

were studied with both light and transmission electron 

microscopy (TEM}. Primary data were taken from the light 

microscope observations with TEM data used to' provide a gen­

eral description of the ultrastructure of natricine visual. 

cells. 

Scanning electron microscopy was utilized to study the 

surface morphology of dorsal mid-body scales of 21 species 

of natricine snakes and 3 ecologically related species 

(Table I and Appendix A}. Data from retinal and scale study 

were interpreted in terms of the following questions. Are 

retinal and scale surface patterns similar among natricine 

snakes? Do snakes with similar habits have similar retinal 

and/or scale surface patterns? At what level (if any) are 

retinal and scale patterns useful systematically? Do semi­

aquatic snakes have a distinctive retinal and/or scale 

l 



2 

TABLE I 

STUDIES OF SNAKE SCALE SURFACES {PUBLISHED 
ELECTRONMICROGRAPHS) 

Taxon (number of species studied) 

BO I DAE 

BO I NAE 

Boa (2) 

Epicrates {1) 

Eunectes ( 1) 

COLUBRIDAE 

COLUBRINAE 

Drymarchon (1) 

NATRICINAE 

Nerodia (5) 

Regina (4) 

Storer1a (2) 

Thamnophis (9) 

Tropidoclonfon (1) 

XENODONTINAE 

Fara n c i a ( 1 ) 

UROPELTIDAE 

Rhfnophis (1) 

VIPERIDAE 

CROTALINAE 

Agkf strodon (2) 

Crotalus {2) 

Authority 

Hoge and Santos (1951) 

Hoge and Santos (1951) 

Hoge and Santos (1951) 

Monroe and Monroe (1968) 

Stovall (this study) 
. \ ... ·. 

Stovall {this study) 

Stovall {this study) 

Stovall {this study) 

Stovall (this study) 

Stovall (this study} 

Gans and Baic {1977} 

Stovall {this study) 

Stewart and Daniel l1975l 



surface pattern? 

Representative literature on natricine systematics and 

ecology as well as snake eyes and scales is reviewed below. 

Systematics 

Historically modern snake taxonomy dates from the work 

of Boulenger and Cope in the late 1800 1 s {for reviews see: 

Dowling and Savage, 1960; Rossman, 1963, 1967; Dowling, 

1967; Underwood, 1967a}. Water snakes and their allies are 

a distinct group of snakes. Cope (1895:200) defined the 

Natricinae as "colubrid snakes with bypapophyses on all 

dorsal vertebrae and with noncalyculate hemipenes that are 

minutely spinose but bear one or more enlarged ~asal hooks." 

According to Rossman (1963), subsequent to Cope, highly 

influential opinions were expressed by Dunn {1928), Bogert 

(1940), and Malnate (1960). Underwood {1967a) reviewed 

snake classification in general, utilizing over 20 differ­

ent characters to devel~p a broader classification that 

elevated water snakes to family level (Natricinae) .. Most 

recent authors have retained a Copeian concept however 

(Rossman, 1963; Dowling, 1967, 1975; Rossman and Eberle, 

1977; Dowling and Duellman, 1978). 

3 

Agreement has been lacking on the generic composition 

within the subfamily. Dowling (1975) included 9 genera of 

New World Natricinae, of which all except Adelophis is re­

presented in North America (Table II}. In addition to the 

genus list, Table II also includes important systematic ref-



TABLE II 

NATRICINE GENERA OF THE NEARCTIC 

Genus Lnumber of species} 

Adel op hi s ( l ) 

Clonophis (1) 

Natrix (now called Nerodia) (8) 

Regina (4) 

-seminatrix (1) 

Storeria (4) 

Thamnophis (22) 

Tropidoclonion (1) 

Virginia (2) 

Systematic Reference 

Taylor, 1942 

Rossman, l 963a 

Rossman and Eberle, 1977 

Malnate, 1960; Rossman, 
l 963a 

Dowling, 1950 

Trapido, 1944 

Denburg, 1918; Rossman, 
1961, 1963b 

Conant, 1975 

Blanchard,, 1..923 

Source: H. G. Dowling, 1975. A provisional classification 
of snakes. Yearbook of Herpetology 1:167-170. 
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erences for each genus. To my knowledge no family tree or 

dendrogram of phylogenetic relationships has been construct­

ed for the group as a whole. 

The composition and definition of the genus Natrix has 

been especially difficult. Rossman and Eberle (1977) have 

presented the most recent review of Natrix and suggested 

extensive changes in the genus. Prior to 1960 the genus 

Natrix comprised a group of 86 species worldwide. Malnate 

(1960} divided the heterogeneous genus on the basis of dif­

ferences in the sulcus spermaticus (a hemepenial character; 

see Dowling and Savage, 1960}, maxillary dentition, and 

internasal size into five genera (Amphesma, Fowlea, Macro­

~' Natrix, and Rhabdophis}. All except Natrix were con­

fined to Old World distribution. Natrix still retained 21 

species distributed through the Old World and' North America. 

In the same year Smith and Huheey (1960} proposed to 

further reduce the genus Natrix by resurrecting the genus 

Regina and placing in it four of the North American species 

(grahami, kirtlandi, rigida, septemvittata}. Citing 

differences in color pattern, form and proportions (includ­

ing head width, eye siz~, pupil size, head length/body 

length ratio), scutellation, hemipenes, osteology, and 

dentition, Rossman (1963a} supported the separation of 

Regina from Natrix and redefined the genus to include alleni 

and removed kirtlandi for placement in the monotypic genus 

Clonophis. 

The generic status of Regina was further supported 

5 



by biochemical analysis of blood hemoglobin (Sutton, 1969) 

and study of cranial musculature (Varkey, 1973). A perusal 

of recent literature shows the genus to be generally 

accepted. Not all systematists, though, seem to be con­

vinced by the arguments of Smith and Huheey and Rossman; 

Conant (1975) failed to recognize the genus in his latest 

e d i t i o n of A F i e 1 d Gu i d e to Rep t i1 es a n d Amp h i b i a n s of 

Eastern and Central North America. 

Biochemical techniques (microcomplement fixation and 

immunoelectrophoresis) were employed to study blood pro­

teins in a number of snakes lGeorge and Dessauer, 1970;Mao 

and Dessauer, 1971; Minton and Salanitro, 1972; Minton, 

1976). Mao and Dessauer (1971) argued that the magnitude 

6 

of blood protein differences among species correlates with 

their length of reproductive isolation. BlociJ protein 

differences thus indicate a pronounced separation between 

Old World and New World species of Natrix. New World Natrix 

are more closely correlated to the New World natricine genus 

Thamnophis than to any Old World Natrix. This agrees with 

the view that New World Natrix are ancestral to Thamnophis 

tMalnate, 1960; Mao and Dessauer, 1971). 

Karyological data (Hardy, 1971; Baker, Mengden, and 

Bull,. 1972; Eberle, 1972; Rossman and Eberle, 1977) also 

show a separation between Old World and New World NatriX 

and a close correlation among all New World Natricinae. 

Variation in chromosome number indicates three separate 

groups of Natrix; an Asian group (2n = 42), a European 



group (2n = 34}, and a North American group (2n = 36, the 

same as all New World natricine species for which data are 

available). 

Rossman and Eberle (1977) reviewed morphological data 

as well as biochemical and karyological data related to 

Natrix. They concluded that the genus should be divided 

into four distinct genera (Afronatrix, Sinonatrix, Natrix, 

Nerodia). The 8 North American species were placed in 

Nerodia and included along with other New World Natricinae 

in the tribe Thamnophiini. 

In addition to the morphological, karyological, ·and 

biochemical comparisons above, other characters have been 

used in the study of squamate systematics. Underwood 

ll967a, others) used pancreas, kidneys, carotid arteries, 

and visual cell types in his analyses. Bioch~mical analy­

sis of venom has been used in studies of venomous species 

Ce . g . F 0 0 t e and Mac Ma h 0 n ' 1 9 7 7 ) a s we 11 a s an a 1 y s i s 0 f 

scent gland secretion lipids {Oldak, 1976). Ultramorph­

ology of scale surfaces has been used in lizard studies 

(Burstein, Larsen, and Smith, 1974; Cole and VanDevender, 

1976) and to a very limited extent in snakes (Hoge and 

Santos, 1951). 

Visual Cells 

A diagram of a generalized vertebrate retina, based on 

Walls' (1942) work, is included for reference (Figure 1). 

A more recent summary of the literature on the vertebrate 

7 



Figure 1. Generalized Diagram of Vertebrate Retina 
(from Walls, 1942) 

... 
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retina may be found in Rodieck (1973}. Vertebrate photo­

receptor cells, rods and cones, are similar in many aspects 

and a description of a generalized squamate visual cell 

follows (Figure 2). The photopigment-containing outer seg­

ment is the most scleral element and is in contact with the 

pigment epithelium (the outermost or most scleral layer of 

the retina). The dimensions of the outer segment differ 

substantially in rods and cones. Between the outer segment 

and the nucleus is the inner seg~ent. An oil droplet is 

present in some reptiles in the scleral end of the inner 

segment. In snake visual cells, however, the scleral end 

of the inner segment is entirely filled by the heavily 

staining ellipsoid, a mitochondrial body. An ovoid, glyco­

gen-containing body is present in some lizards in the inner 

segment adjacent to the vitread region of th~'ellipsoid, 

but this paraboloid has not be~n described in any snake. 

An amorphous region, the myoid, is located between the 

ellipsoid and the nucleus. This region is capable of 

extension in those vertebrates with retina-mechanical light 

and dark adaptation. Snakes, however, lack myoid extensi­

bility. The synaptic region of the receptor cell is 

located vitread to the nucleus. 

Rods are visual cells which mediate low illumination 

vision and generally have a larger outer segment which may 

serve to increase sensitivity to light. The synapses of 

rods tend to be highly convergent; i.e., several rods 

synapse with a single bipolar cell. This convergence 



Fi~ure 2. Generalized Diagram of. Squamate Visual Cells 

a.) Diurnal Lizard 

b.} Snake 

In both a. and b. the part of the visual cell 
generally called the "inner segment".includes 
the region from nucleus to outer segment. 
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increases the sensitivity of rod-mediated vision (Walls, 

1942}. 

Cones are visual cells mediating bright light vision. 

1 3 

Their outer segments are smaller than those of rods, pos­

sibly resulting in a higher stimulation threshold and 

decreased sensitivity. Cone synapses tend not to be conver­

gent; each cone contributes more to the sensory output of 

the retina than does each rod. This suggests that cone­

mediated vision is more acute than rod-mediated vision 

(Wa 11 s , 1 9 4 2} • 

The eyes of snakes have been studied by relatively few 

authors. Walls (1942) was possibly the most prodigious 

student of vertebrate eyes and his monograph, The Verte­

brate~ and Its Adaptive Radiation, is a classic. Walls 

reported observations on over 100 species of ·reptiles, 

including 21 species of snakes •. Walls' observations were 

limited to light microscopy because electron microscopical 

techniques were not available during the period of his 

research. Nevertheless, Walls advanced useful theories 

explaining the structure of eyes and visual cells of snakes, 

as well as intragroup variations. 

Underwood {_1960, 1966, l967a,b, 1970) enlarged on 

Walls' work, and included observations on 38 additional 

species of snakes (Appendix B}. Underwood utilized both 

light microscopy and, to a limited extent, electron micro­

scopy. Based on his (and Walls') light microscope observa­

tions, Underwo6d ll967a,b} constructed a phylogeny of 



snake visual cells and further stated that visual cells and 

visual cell patterns offer useful taxonomic characters for 

snakes. A review of the literature, however, indicates 

that the visual cells of comparatively few species of 

snakes have been studied (Appendix B}. 

14 

Walls' (1942} description of snake visual cells has 

served as the standard reference for all subsequent studies; 

a review of his designations of visual cell types is useful. 

Colubrids generally have a 11 diurn·a1 11 type retina, which con­

tains cone cells of three types (no rods). These were 

designated oy Walls as Type A, Type B, and Type C (Figure 

31. Type A cones are large single cones; i.e., typical 

snake cones. These possess somewhat bulbous inner segments, 

which in stained sections are almost completely darkened by 

the densely staining ellipsoid. The outer s~~ment is short 

and conical. Type B cones are actually two closely assoc­

iated cells, or 11 double cells 11 • The two cells are unequal 

in size as well as substructure. The larger cell is the 

chief cell; the small cell is the accessory cell. Chief 

cells are essentially identical morphologically to Type A 

single cones. Accessory cells are very slender, have a 

reduced ellipsoid and possess a unique paranuclear body 

between the nucleus and the ellipsoid. As Walls noted, the 

paranuclear body stains densely, like a normal ellipsoid, 

and later studies have shown a similar substructure 

(Stovall, 1975, 1976a). The presence of the paranuclear 

body is useful in diagnosing viiual types since it indicates 



Figure 3. Snake Visual Cell Types 
(from Walls, 1942) 

a. ) Type A Single Cone 

b. l Type B Double Cones 

c. } Type c Single Cone ..... 

Notice that Type B cones consist of two closely 
associated visual cells: a smaller accessory 
cell and a larger chief cell. 
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the presence of Type B cones. The third cell type, Type C, 

is a smaller single cone. Type C cones are more slender, 

often shorter, and usually less abundant than Type A cones. 

17 

Some snakes, especially non-colubrids, possess addi­

tional types of visual cells. Crotalids possess visual 

cells that suit them better for nocturnal activity. Cro­

talid retinae possess Type A and Type B cones which are more 

elongate and slender than those of colubrids. Furthermore, 

the Type C cells are not cone-like, instead they are elon­

gate with an inner segment (ellipsoid region) the same 

diameter as the outer segment. The Type C outer segments 

are long and do not taper. Walls called these Type C rods. 

Viperids differ from the standard colubrid retina even 

more. A typical viperid retina contains Type A, B, and C 

cones and a fourth cell type Walls called Ty~4 C'. The C' 

cell is quite similar to the Type C rod of crotalid; accord­

ingly Walls called them Type C' rods. (Underwood [1970] 

called this a Type D cell.) 

Scales 

That snakes are covered by epidermal scales is funda­

mental. The arrangement and number of scales have been 

widely utilized in systematics. The structure of scales 

and squamate epidermis has been described at both light and 

electron microscopic levels (Maderson, 1964, 1965a,b, 1966; 

Roth and Jones, 1967, 1970; Maderson, Flasman, Roth, and 

Szabo, 1972). Maderson 1 s (1964, 1965a) reviews of squamate 
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epidermis are used for the following description (Figure 4). 

Just after shedding has occurred the epidermis consists of 

two parts, an outer epidermal generation and a basal stratum 

germinativum. The outer epidermal generation consists of 

two layers of keratin and two layers of living cells. 

The keratin layers, 8 and a (outer and inner layers, 

respectively) are composed of dead, keratinized cells and 

are named for the type of keratin they contain (Rudall, 

1947). The s-keratin is very hard and inflexible and is the 

major layer on outer scale surfaces, whereas the a-keratin 

is more flexible and predominates on inner scale surfaces 

and inter-scale regions of the epidermis. In histological 

sections 6-keratin does not stain in hematoxyltn and eosin, 

but a-keratin stains pink. The outermost layer of dead 

keratinized cells in the B-layer is the ober~~~tchen, a 

layer characterized by various ridges and folds which appear 

as serrations in transverse sections. 

The lower portion of the a-layer and the living cells 

of the outer epidermal generation collectively compose a 

stratum intermedium which, at this stage, i.e., immediately 

after shedding, is bordered by the stratum germinativum 

medially. This resting stage in the ecdysis cycle, as just 

described, lasts some 3/4 of the total time between succes­

sive sloughs. At the end of the resting stage, the stratum 

germinativum undergoes rapid cell division producing a new 

layer or inner generation of the epidermal cells between 

itself and the stratum intermedium. The outermost layers of 



Figure 4. Squamate Epidermis 
(from Bellairs, 1969) 

a.) Resting Stage 

b.) Initial Development 

c.) Stratum Intermedium Degeneration 

d.) Slough and New Outer Generation 

A= ~-keratin layer 
B = 6-keratin layer 
I = stratum intermedium 
ig = inner epidermal generation 
ob = oberhautchen 
og = outer epidermal generation 
sg = stratum germinativum 

•• t'. 
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this new, inner epidermal generation keratinize and become 

new oberhautchen, e, and m layers. Shedding occurs when the 

stratum intermedium degenerates and the old outer epidermal 

generation is no longer attached to the underlying skin. 

After shedding the old inner epidermal generation becomes 

the new outer eptdermal generation. 

The oberhautchen of squamate scales has received atten­

tion because of the distinctive pattern of micro-ornamenta­

tion (folds and ridges). Hoge and Santos (1951) made 

parlodion replicas of the outer surfaces of the scales of 

10 species of boid snakes and observed these replicas with a 

transmission electron microscope, although midrographs of 

only 4 species were published. They suggested that the 

oberhautchen micro-ornamentation occurs in species-specific 

patterns. Since the work of Hoge and Santos, few studies of 

micro-ornamentation of squamate scales have been reported. 

The availability of scanning electron microscopy (SEM) in 

recent years has made high resolution observations of scale 

surfaces relatively simple. In 1974, Burstein, Larsen and 

Smith published an account of their SEM study of scale 

surface morphology on 51 species of Sceloporus (Iguanidae). 

They too supported the value of oberhautchen surfaces in 

squamate systematics. 

To minimize variation, Burstein et al. observed only 

those scales taken from the dorsal midbody region of the 

specimens, because micro-ornamentation probably varies on 

scales of different body regions of a given individual 
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(Stewart and Daniel, 1973). Burstein et al. utilized 

museum specimens and they showed the value of future studies 

utiJizing the relatively unlimited potential of museum 

collections. Stewart and Daniel (1973, 1975) studied scale 

surfaces on several lizard species and found surface pat­

terns (micro-ornamentation) to generally conform to current 

taxonomic arrangements for lizards. 

A major problem not rec-0gnized by Burstein et al. 

(1974) is the effect of mechanical abrasion and erosion on 

oberhautchen surfaces during various periods in the ecdysis 

cycle. Cole and VanDevender (1976) studied Sceloporus 

scales with a scanning electron microscope and found that 

many of the "distinctive" f~atures of oberhautchen surfaces 

reported by Burstein et al. were probably variations produc­

ed by abrasion. Thus the most easily comparea'·surface pat­

terns would be those of scales newly exposed immediately 

after shedding. Nevertheless, species discrimination was 

still possible, even for Burstein et al. 

Oberhautchen surfaces have been implicated in various 

adaptive functions. Gans and Baic (1977) stressed the 

importance of scale surface morphology in locomoter adapta­

tions. Soule and Kerfoot (1972) suggested that the micro­

ornamentation of oberhautchen increases the surface area of 

squamates. They went on to argue that larger scales may 

have more elaborate micro-orn~mentation and hence even 

greater surface area than one would expect on the basis of 

size alone. They related scale size and thus surface area 
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of oberhautchen to thermal adaptations. Horton (1973) 

challenged this interpretation, however, by presenting 

seemingly conflicting data. Also, scales have been shown to 

be e ff e c ti v e f i 1 te rs of u 1 tr av i o 1 et rad i a ti o n ( Te r ca f s , 

1963). 

Ecology 

The subfamily Natricinae is named for the semi-aquatic 

genus Natrix, whose members are commonly called watersnakes. 

All members of the subfamily, however, do not possess an 

equal affinity for water. The species included here show a 

range of habitat and food preferences. 

Nerodia is widely distributed in central ~nd eastern 

Nor th America and most waters na kes spend mu ch of their ti me 

in or near water (see Conant, 1975, for gener~\ reference). 

Watersnakes typically bask on logs or brush near the water 

to which they escape when alarmed. Species of Nerodia are 

confined to freshwater, except !· fasciata subspecies, which 

occupy coastal areas bordering the Gulf of Mexico. Nerodia 

cyclopion, fasciata, rhombifera, and sipedon are primarily 

piscivorous, whereas !· erythrogaster preys more heavily on 

frogs (Diener, 1957; Brown, 1958; Preston, 1970; Mushinsky 

and Hebrard, 1977a; Kofron, 1978; Mushinsky, Hebrard, and 

Wally, 1980). Most watersnakes are quite aggressive when 

encountered in the field. 

Regina has a similar distribution to Nerodia in North 

America. Species of Regina differ from Nerodia in both 



behavior and diet. Regina are secretive and generally not 

aggressive when encountered (see Conant, 1975}. Crayfish 

are the primary (some authors say exclusive) food utilized 

by all four species (Strecker, 1926; Rossman, 1963; Hall, 

1969; Branson and Baker, 1974; Conant, 1975; Franz, 1977; 

Mushinsky and Hebrard, 1977a; Kofron, 1978; Godley, 1980). 

Regina species show a range of habitat and behavioral pre­

ferences, however. Regina alleni and rigida are very 

secretive and often inhabit dense vegetation such as water 

hyacinths or sphagnum mats. Both are considered somewhat 

fossorial as well. Regina grahami and septemvittata are 

less secretive, less fossorial, and are more frequently 

encountered, especially in debris near water 1 s~edge or in 

crayfish chimneys (Strecker, 1926; Rossman, 1963; Conant, 

1975). 
~ .... 
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Storeria is distributed throughout the eastern half of 

North America from the Great Lakes to the Gulf Coast and 

into Mexico. The common S. dekayi is found in a variety of 

habitats from river-bottoms to uplands (Conant, 1975). 

This snake is also encountered in city lots, parks, etc. 

(Trapido, 1944; Conant, 1975). Storeria occipitomaculata is 

more secretive and of spotty distribution. Diet of both 

species includes earthworms and soft-bodied invertebrates 

(Conant, 1975). 

Thamnophis is the largest genus of Natricinae and 

accordingly its ecology diverse. The genus is represented 

throughout North America from wetlands to uplands. Further, 
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garter snakes range from semi-aquatic to terrestrial in 

habits. Thamnophis couchi and T. elegans are so similar 

morphologically that they have been considered a single 

species, although in habits couchi is distinctly aquatic and 

elegans is terrestrial in preference (Rossman, 1963a; Shaw 

and Campbell, 1974}. General accounts of the genus may be 

found in Denburgh (1919), Ditmars (1931), Carpenter (1952), 

Conant (1975}, and others. 

Garter snakes (genus Thamnophis) are often semi-aquatic 

and in the western, more arid portions of their range often 

commonly called "watersnakes". In the more mesic eastern 

part of the continent, however, they are found in all types 

of habitats. Diet generally consists of invertebrates, such 

as earthworms or leeches, amphibians, fish, or even small 

mammals or birds (Conant, 1975}. ·.•. 

Tropidoclonion lineatum is closely related to Thamno­

~ in habits, diet, and morphology (Shaw and Campbell, 

1974; Conant, 1975}. The lined snake ranges through central 

North America. This secretive snake is generally found 

under rocks, bnush, and other debris and may occur in city 

lots as well as rural areas. Diet includes earthworms and 

soft-bodied insects (Strecker, 1926). 

Snakes of three non-natricine groups were also included 

in the study: Agkistrodon, Farancia, and Pelamis. Agkistro­

don is a genus of crotalid snakes distributed through 

southern North America from Texas to Florida. A. contor­

trix, the copperhead, is more terrestrial, being found well 
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away from water, except in the driest portions of its range 

(Dowling, 1975). !_. piscivorus, the cottonmouth, is quite 

s i m i1 a r to Nero d i a s p e c i e s i n ha b i ta t preference • Co t to n -

mouths are semi-aquatic, always found in or near water where 

they may bask on branches, logs, or stones at water's 

edge. Their diet is more generalized than most watersnakes, 

however (fish, frogs, snakes, lizards, turtles, small· alli­

gators, small mammals, small birds [Conant, 1975]}. 

Farancia abacura, the mud snake, is a colubrid in the 

subfamily Xenodontinae. Mudsnakes are distributed through 

southeastern North America from east Texas to Virginia. 

Farancia abacura is a secretive, fossorial, swamp sn~ke 

whose. diet includes sirens, salamanders, fish, ~.and frogs 

(Strecker, 1926; Conant, 1975). The tip of the tail ends 

in a sharp point which is thought to be used Tn subduing 

prey, but is also used on collectors (Conant, 1975). 

Further, [. abacura is unique among snakes in attending the 

nest after eggs are laid. Apparently the female digs a 

burrow, lays the eggs, and then remains in or near the 

burrow until the eggs hatch (Ri~mer, 1957). 

finally, Pelamis platurus, the yellow-bellied s~a 

snake, fs an elap1d sea snake in the Hydrophiinae (Dowling, 

1975). Pelamis is the "most pelagic of. the extant reptiles, 

being born alive at sea and perhaps never going asho·re · 

d~ring its lifetime~ .{Hibbard and Lavergrie, 1972). Diet 

corisists chiefly of fish lKl~ubei, 1935). 
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Types of Ecological Comparison 

The species studied allow comparison of both semi­

aquatic and terrestrial natricine snakes. This facilitates 

analysis of the possible influence of aquatic or terrestrial 

ha b i ts o n v i s u a 1 c e 11 types a n d s ca 1 e s u r fa c es • To 

enhance such analysis, aquatic, non-natricine species were 

also studied. The species studied may be grouped into three 

broad groups on the basts of aquatic, semi-a~uatic, or ter~ 

restrial habits: (1) Pelamis, (2) Agkistrodon, Farancia, 

Nerodia, Regina, some Thamnophis, (3) Storeria, some .!.h!!!!.­

nophis, Tropidoclonion~ 

Snakes included in the study also show variation in 

proclivity for burrowing. Farancia and Regina alleni are 

especially fossorial (Strecker, 1926; Riemer,. }:957, Rossman, 

1963). Furthermore, Rossman (1963) stated that proclivity 

for burrowing varies in Regina with alleni and grahami 

representing the extremes (most and least fossorial, respec­

tively). 

Snakes may also be compared on the basis of general 

activity preference; i.e., diurnal, nocturnal, or secretive. 

Most natricine snakes are diurnal, although some Nerodia 

show a preference for night activity during hot weather. 

Pelamis is apparently divrnal from.accounts of sailors and 

collectors. Agkistrodon piscivorus is primarily nocturnal 

but may be encountered in daytime. Farancia abacura, 

Regina alleni, R. rigida, and Storeria dekayi are secretive; 

all are rather infrequently encountered in the open. 
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Diet preferences {listed earlier) of the species 

studied are generally rather broad. Therefore, diet does 

not seem a fruitful area of comparison for the data present­

ed here. 

Adult specimens were studied without regard for size, 

age, or sex. 

\ .... 



CHAPTER II 

MATERIALS AND METHODS 

Specimens 

Snakes used in the retinal s_tudy were collected in the 

field by the author or associates (Appendix C). Snakes 

used in the scale study were preserved specimens from the 

collection in the Oklahoma State University Museum (Appendix 

A). 

Laboratory Techniques 
.· .. 

Tissue for retinal studies was removed from specimens 

recently killed by injection of lethal doles of sodium 

pentabarbital or decapitation following hypothermia. Fix­

ation was usually accomplished by glutaraldehyde followed 

by osmium tetroxide. Except for eyes of Storeria dekayi 

and Agkistrodon piscivorus, which were embedded whole and 

serial sectioned, the eyes were diced during or after fix­

ation and subsequently embedded in Spurr Low Viscosity Resin 

(Polysciences, Inc., Warrington, PA). Such specimens were 

then sectioned on an ul tramicrotome and thick {ca. 1 \.Im) or 

thin {600 - 900 i) sections were made for light and ·electron 

microscopy, respectively. Specimens for paraffin and/or 

celloidin embedment were fixed as above or in Kolmer's 
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fixative (Walls, 1938). Standard techniques were employed 

to process and embed the fixed tissue (Dawes, 1971; Humason, 

1 9 7 2) • Sec ti o n s were th e n cu t o n a r o tar y m i c r o tome • 

Electron microscopic observations and micrographs were 

made on a Joel 1008 transmission electron microscope (The 

University of Texas Health Science Center at Houston) or on 

a Zeiss 9S transmission ~lectron microscope (The University 

of Texas at Arlington). Light micrographs were made using 

a Nikon au toma tic photometer sys tern mounted on a Nikon 1 i ght 

microscope. 

Tissue for epidermal scale studies was obtained from 

preserved specime.ns stored in 50% isopropanol for varying 

lengths of time; all specimens were processed d~ring summer, 

1979. The scales were removed from the specimens and 

dehydrated to absolute ethanol and cleaned by'·'sonication for 

30 minutes as described by Cole and VanD~vender (1976). 

Once cleaned the scales were dried between layers of KimWipe 

in a vacuum chamber overnight. Dry scales were coated with 

gold-paladium in a Hummer II sputterer and observed in a 

Jeol scanning electron microscope (College of Veterinary 

Medicine, Oklahoma State University). Scanning electron 

micrographs were made with Polaroid positive-negative film. 

light microscope counts and measurements were made 

using a filar micrometer for reference. Counts of receptor~ 

interneuron, and ganglion cell nuclei were done on 400X 

fields. Ten fields were counted for each species. Analysis 

of photoreceptor types was made using oil-immersion (lOOOX) 



fields in addition to the usual 400X fields. 

Sections were stained with toluidine blue {epoxy) or 

Mallory's Triple stain and hematoxylin and eosin (paraffin 

and celloidin}. Epoxy and paraffin or celloidin sections 

have different appearances due to differences in thickness 

(ca. l µm and 6 µm, respectively} and staining. Such dif­

ferences affect the relative ease of cell type identifica­

tion and the absolute number of cells present in a given 

section. Data used to compare different species were cor-

rected for these numerical differences by the use of cell 

frequencies; i.e., total cell counts were not compared. 

Precise orientation of sections on the retina was not 

possible due to processing methodology employed. 

Phenetic Analysis . . .. 

Data presented in the scanning electron micrographs 
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of snake scales were analyzed phenetically. The goal of 

phenetic analysis is to estimate overall similarity (Sneath 

and Sokal~ 1973; Voris, 1977). A variety of phenetic 

methods are available and there is no general agreement as 

to which method is superior. Accordingly, Sneath and Sokal 

(1973} stated that the simplest methods should be used. 

The phenetic methods used here involve three steps 

(Voris, 1969, 1977). First, a species-by-character matrix 

was constructed. Second, a similarity coefficient was cal­

culated for each possible pair of species according to the 

following: 



S.C. = Number of character states in common 
Total numoer of characters 

The similarity coefficients, or matching coefficients 

(Sokal and Michner, 1958}, were arranged in a species-by-

species similarity matrix. Finally, cluster analysis was 

used to determine groupings of similar species. 

Three basic types of cluster analysis are described by 

Voris (1969, 1977) and by Sneath and Sokal (1973): single 
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linkage, complete linkage, and average linkage clustering. 

Alternative names include nearest neighbor method or mini­

mum method for single linkage clustering and furthest neigh­

bor or maximum method for complete linkage clustering. 

These names illustrate that single and complet~linkage 

clustering represent two extremes-- single linkage produces 

the minimun number of clusters or groups and complete link­

age produces the maximum number. Average linkage produces 

an intermediate number of clusters. The relationship among 

the three methods is illustrated in Figure 5 (from Voris, 

19691. 

Problems: Scale Study 

Two categories of problems were encountered in studying 

snake scale surfaces: technique and specimen quality. Cole 

and VanDevender (1976) removed Sceloporus scales by lifting 

individual scales from an intact specimen with forceps-- a 

technique that did not work with snake scales. Experiment­

ation led to a standard technique utilized on all snakes; 

i.e., cutting away a small square of skin (ca. l cm2 or 



Figure 5. Methods of Cluster Analysis 
(from Voris, 1969) 

a.} Single Linkage Clustering 

b.) Average Linkage Clustering 

c.) Complete Linkage Clustering 

In each case the solid dots repre~ent ~he mem­
bers of one already formed group, and'the open 
circles represent members of another group. 
The double-headed arrow represents the simil­
arity level of the two taxa which dictate the 
linking of the two groups. A phenetic dis­
tance seal~ is given on the horizontal axis in 
arbitrary units. 
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less) with a razor blade. Further scale processing proceded 

essentially as described by Cole and VanDevender {1976}. 

The second problem was more difficult. Specimen qual­

ity is variabl~ and largely unpredictable from gross obser­

vation of a typical museum specimen. Some museum specimens 

are not as well preserved as hoped and have a ragged appear-

ance. Such specimens were never used. In other specimens 

the "outer skin" seems to slip off the animal as soon as it 

is touched. This 11 outer skin" was not used either. The 

bulk of the specimens fall into neither of the above cate­

gories and look as if they should provide good quality 

material. Many of these typical specimens simply do not 

provide clean, sharp scale surfaces, even aftet washing the 

scales in a sonic bath (see Laboratory Techniques section) . 
• i 

Unfortunately, washing away surface debris is· riot an ade­

quate solution, because an obscured surface often remains. 

Appendix D lists all specimens observed and, as indicated, 

many were too obscured (Bad) to be of use. 

Specimens from which sharp, clear {Good) scale pre-

parations were obtained were compared with "Bad" specimens 

ooth grossly and under a dissecting microscope. In some 

cases the good specimens looked sharper at this level. Bad 

specimens did not always look so, however, until observed 

in the scanning electron microscope. Thus bad specimens 

took preparation time and materials causing the total 

project expense to be greater than a survey of the results 

might indicate. 
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Cole and VanDevender (1976) discussed variations in 

scale surface appearance due to variations in ecdysis cycle. 

Ecdysis cycle variations contribute to the problems in this 

s tu d y a s we 11 • Th er e i s no way to d et er mi n e how rec e n t 1 y a 

specimen may have shed at time of preservation. The only 

way to insure tissue specimens being taken from freshly 

ex posed surfaces , i s to ma i n ta i n 1 iv i n g snakes a nd a c tu a 11 y 

monitor their ecdysis cycle. It is possible to do this, but 

considerable loss of resources occurs if museum specimens 

a re no t u ti l i zed • 

It is significant that in this study different speci­

mens of the same species appear to show virtually identidal 

surface morphologies. Therefore, unless dealing with intra­

specific variations, it is probably reasonable to base 

descriptions on one or a few good specimens ...... 

The nature of the shed surface is also problematic. 

Cole and VanDevender {1976) stated that sheds were compared 

to freshly exposed scales and showed essentially similar 

surface patterns. They noted that the shed surfaces were 

worn and eroded, but •evertheless were essentially the same 

as the new surfaces. They went on to criticize Burstein 

et al. {1974) for actually asing erosion-produced morphology 

as distinctive surface features. 

Shed surfaces were compared to freshly exposed surfaces 

from one specimen of Thamnophis marcianus {OSUR3885). As 

expected, the two present remarkably similar surface 

features (Figure 6). Thamnophis radix (OSUR598) presents 



Figure 6. New vs. Old Scale Surface 

a.) 

b.) 

c • } 

d.) 

e.} 

f.) 

Thamnophis marcianus Scale 

Thamnophis marcianus Shed 

Thamno~his radix Scale 
(wit part of s·hed attached) 

Thamnophis radix New Scale Surface 

Tham no phis radix 01 d Sea 1 e Surf a.c,e 

Tropidoclonion lineatum Scale 
(with old surface partially peeled 
away) 

Arrows indicate the longitudinal axis of 
the scale; arrow heads point anteriorly 
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c.) a.) 
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co ntrad i c ting data, however. Here the outer shed is gone 

from most scales but still in place in a few areas. The old 

or outer surface is sharp and clear, but the lower and pre­

sumably new surface shows no detail at all (Figure 6}. 

Tropidoclonion lineatum (OSUR1107) provided another oppor­

tunity to view shed and fresh scale surfaces simultaneously. 

In this specimen the outer layer is only partially peeled 

open exposing the new surface beneath. Here the situation 

is the reverse of that for Thamnophis· radix, with a sharp 

clear new surface and an obscured outer surface (Figure 6}. 

Thus the actual appearance of scales or shed surfaces must 

depend upon more than simple erosion, at least for preserved 

specimens. 



CHAPTER Ill 

RESULTS 

Eyes 

Microstructure 

Data collected from light microscope observation of 

retinal sections includes percent of: visual cells, inter­

neurons, ganglion cells, Type A cells, Type B cells, Type C 

cells, and Type D cells (Appendix D). 

Agkistrodon. Observations of Agkistrodon contortrix 
I, l"_ 

and A· piscivorus basically conform to descriptions in Walls 

(1942) and Underwood (1970). There is no evidence to sug• 

gest that these two species show any substantial differences 

in visual cell types or other reti.nal features, al though 

micrographs presented here {Figure 7) appear different due 

to differences in section thickness. and staining. Using 

Walls' terminology of visual cell types, Type A single 

cones, Type B double cones, and Type C rods were all 

observed in Agkistrodon contorttix, with the rods being most 

numerous (ca. 80% of the total) (Figure 8) • Type B double 

cones were not observed in A. piscivorus, but section 

thickness may account for this, since the small accessory 

cells are easily obscured. In general, Type C rod ellip~ 
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Figure 7. Agkistrodon Retinae 

a.) a. contortrix Epoxy Section 

b.) A. piscivorus Paraffin Section 

Three distinct layers 
visible: 

of cell nuclei are 
' ' 

A = visual cells 
B = interneurons 
C =ganglion cells 
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Figure 8. Agkistrodon Visual Cells 

a•) Three Types Described by Walls ( 194 2) 

b.) !_. co ntor tri x Epoxy Section 

c • ) !· contortri x Tangential Section ... 
A 1: Type A cones 
B 1: Type B double cones 
c = Type C rods 
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a.) b.) 

A B c 

c.) 
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soids are located in a sclerad layer to the Type A and B 

cone ellipsoids. cone ellipsoids of A. piscivorus stain red 

in Mallory Connective Tissue Stain, in contrast to blue 

staining in rod ellipsoids. The red-staining regions with­

in cone ellipsoids probably represent the "refringent body" 

described by Underwood (1970). Tangential sections showed 

that the large cones are evenly spaced. The inter-cone 

spaces are about twice the diameter of the smaller rod cells 

which surround the cones (Figure 8). 

Counts of A,. contortrix receptor, interneuron, and 

ganglion cell nuclei (50%, 45 .5%, and 4%, respectively) show 

similar numbers of receptors and interneurons. 

Farancia. The retina of Farancia was described by both 

Walls {1942) and Underwood (1970) as conforming to the vip-
"c 1. 

erine pattern as illustrated by Vipera. Vipera was reported 

to possess 4 visual cell types in the following frequency: 

rods 57%, small cones 5.5%, large single cones 29%, and 

double cones 8.5% (Underwood, 1970). Walls explained this 

pattern as a typical diurnal colubrid pattern of Type A 

single cones, Type B double cones, Type C single cones to 

which rods (Walls-Type C', Underwood-Type D) were added. 

Epoxy sections of Farancia abacura (Figure 9) reveal 

large, prominent Type A single cones that represent some 

45% of the total identified visual cells. Type B double 

cells are also present, but in smaller numbers, about 10% of 

the total. The smaller Type C and C' cells are difficult to 
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Figure 9. Farancia Visual Cells 

a.) Four Types Described by Wa 11 s ( 194 2) 

b.) £. abacura Epoxy Section 

A = Type A cones 
B = Type B double 
C = Type C cones 
C' = Type C' rods 

cones ' .. 

(Type D rods in Underwood's 
(1970] terminology) 
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a . ) 
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B C 

b . ) 



distinguish in these preparations. Overall, Farancia 

abacura has about 46% small elements (C and C' types). 
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Counts of receptor, interneuron, and ganglion cell 

nuclei (23%, 66%, and 10.5%~ respectively) show interneuron 

cells to grea~y outnumber receptors. 

Nerodia. Walls (1942) and Underwood (1970) described 

Natrix as possessing a retina typical of diurnal colubrids. 

Walls specifically reported observations of Natrix natrix. 

Two specimens of Nerodia erythrogaster were studied here, 

and both possess similar retinae (Figure 10). As reported 

earlier (Stovall, 1975), it is often difficult to identify 

Type B cells in epoxy sections because the accessory member 

of the pair is so small it is frequently missed by a given 

section. For this reason it is useful to coun.t paranuclear 

bodies in addition to inner-outer segments~ Paranuclear 

bodies are unique to the accessory cells of snakes (Walls, 

1942). The results of Type B uncertainties are reflected in 

the counts for these two specimens (Appendix D). Other 

retinal parameters, such as receptor and interneuron 

numbers, are quite similar. Type A cells dominat~. repre­

senting 67% to 76% of the total in the two specimens, with 

smaller numbers of Type Band Type C cells. Receptor, 

interneuron, and ganglion cell nuclei represent ca. 13%, 

77%, and 9% of the total for both specimens studied. 

Nerodia fasciata shows a pattern that is very.similar 

to that presented in Walls' preparations of Natrix natrix. 



Figure 10. Nerodia Visual Cells 

a.) Three Types Described by Walls ( 1942) 

b.) Ji. erythrogaster Epoxy Section 

c.) !· fa s c i a ta Ce 11 o i d i n Sec ti o n 

d.) !· rhombifera Epoxy Section 
... 

A = Type A cone 
B = Type B double cones 
c = Type C cone 
0 = Type C' cell (Type 0 in Underwood's 

[1970] terminology) 
p = para nuclear body 
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Nerodia fasciata eyes were fixed in Kolmer's fixative, 

embedded in celloidin, and sectioned on a rotary microtome. 

The section shown in Figure 10c was stained with hematoxylin 

and eosfn. Such preparations appear quite different from 

the toluidine blue stained epoxy sections presented for 

other Nerodia specimens, but basic retinal patterns are 

nevertheless, quite similar. Possibly due to section thick­

ness and/or staining variations, Type B cells were difficult 

to identify and the counts reflect this fact (Type A 89%, 

Type B 3%, Type C 8%; Appendix D). Receptor, interneuron, 

and ganglion cell nuclei represent 13%, 78%, and 9% of the 

total nuclei counted. 

Nerodia rhombifera epoxy sections show a retinal pat­

tern fundamentally similar to others of the genus (Figure 

lOd). Type A cells account for about 67% of •,the total 

visual cells identified, Type B cells abomt 17%, and the 

rest are smaller cells. These small cells are somewhat 

variable and show a range of sizes and positions. Sometimes 

the ellipsoids of these cells appear in line with the Type A 

a nd B e 11 i p so id s , bu t o n 1 y ha 1 f a s 1 a r g e ; the s e s ma 11 c e 11 s 

probably represent Type C cells in the Walls-Underwood 

nomenclature. A second row of ellipsoids, about a fourth as 

large as A and B ellipsoids, appears below the line of the 

other cells; these probably correspond to C' cells of Walls 

(D of Underwood) (Figure lOd, Appendix D}. Receptor, 

interneuron, and ganglion cell nuclei are 15%, 77%, and 8% 

of the total nuclei counted. 
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Pelamis. Epoxy sections of the retina of Pelamis 

platurus reveal a confusing pattern (Figure 11). The 

ellipsoids are somewhat staggered, although the receptor 

nuclei are in a single row. In a typical section there are 

several ellipsoid profiles that are unidentifiable, yet 

study of other ellipsoids present reveals a typical di~rnal 

colubrid pattern of Types A, B, and C cones in the following 

frequencies: 83%, 8%, and 9% (Appendix D). Hibbard and 

Lavergne (1972) stated that they could not identify any 

Type B cells and were unsure about C cell frequencies. 

Receptor, interneuron, and ganglion cell nuclei are 23%, 

66%, and 10% of the total nuclei counted. 

Regina. Epoxy sections of Regina grahami retina are 

similar to those of Nerodia species (Figure l.lJ. All three 

visual cell types are present in frequencies similar to the 

other watersnakes; i.e., Type A ca. 65%, Type B ca. 17%, 

Type C ca. 18% (Appendix D). Receptor, interneuron, and 

ganglion cell nuclei are 16%, 74%, and 10% of the total 

nuclei counted. 

Storeria. Serial epoxy sections of the e7es of Stor­

eria dekayi show a retina similar to other diurnal colubrids 

such as Coluber or Nerodia. No published studies of lli!.­

eria retinae are available for comparison to the prepar .... 

ations described here. Types A, B, and C cones are all 

present (Figure 12). The Type C cells are very rod-like, 

however, in being slender and elongate. Receptor, inter-



Figure 11. Pelamis and Regina Visual Cells 

a.) Pelamis platurus Epoxy Section 

b .) Regina grahami Epoxy Section · ·· 
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a.) 

b.) 



Figure 12. Storeria and Thamnophis Visual Cells 

a.) Storeria dekayi Epoxy Section 

b .) Thamnophis proximus Epoxy Secti~Jl 

O =oil droplet-like structure 
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b . ) 
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neuron, and ganglion cell nuclei are 12%, 79%, and 9% of the 

total nuclei counted (Appendix D). 

Thamnophis. Epoxy sections of Thamnophis proximus 

retinae reveal a visual cell pattern similar to Nerodia, 

with Type A cells accounting for ca. 81%, Type B cells ca. 

10%, and Type C cells ca. 9%. Receptor, interneuron, and 

ganglion cel 1 nuclei are 12%, 80%, and 7% of the total 

nuclei counted (Figure 1 2, Append.ix D) • 

U 1 tr a s tr u c tu r e 

The retinae of Storeria dekayi and Thamnophis proximus 

were studied in thin section via transmission electron 

microscopy. Al though two species cannot adequately reflect 

all members of the Natricinae, they can provid.e a sample of 
ti ~ 'i. 

natricine visual cell ultrastructure. 

Since the retinae of diurnal colubrids have basically 

similar micros true tu res one would expect them to· have 

similar ul trastructures as well. This expectation is veri­

fied by observations of Storeria dekayi and Thamnophis 

proximus. Detailed accounts of snake visual cell ultra­

structure have been presented elsewhere (Underwood, 1970; 

Stovall, 1975, 1976a,b) and a summary presented in the 

introduction, so only the most striking features will be 

presented here. 

Storeria dek~yi. The pigment epithelium of other 

groups of vertebrates has been reported to possess inclusion 
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bodies called phagosomes that probably represent phagoci­

tized outer segment lamellae (Rodieck, 1973; Young, 1976, 

1977; Anderson, Fisher, and Steinberg, 1978, Hollyfield and 

Basinger, 1978). Phagosomes have not been previously 

i d e n ti f i e d i n th e r et i na 1 pi gm e n t e p i th e 1 i u m o f s na k es , 

however. Phagosomes were observed in the pigment epithelium 

cells of Storer i a dekayi (Figure 13) • 

The outer segment of vertebrate visual cells is 

believed to be attached to the inner segment of the photo­

receptor by a ciliary stalk, with an associated centriole at 

its base (see Rodieck, 1973 for review). Although such a 

structure was not observed in Coluber or Hypsiglena (Sto-

va 1 1 , 1 9 7 5 , l 9 7 6 b ) , i t w a s o b s er v e d i n th e Ty p e C c e 11 s a nd 

the accessory member of the double cells in Storeria 

(Figure 13). 
~ ' a", 

Ell i p so i d s of s na k es , 1 i k e tho s e of o th er v er te bra te s , 

consist of mitochondrial aggregates (Underwood, 1970; Sto­

vall, 1975, 1976b). The mitochondria are highly soodified 

or even absent in the center of snake ellipsoids, however. 

As shown in Figur.e 13, Storeria ellipsoids contain a central 

region composed of aggregates of electron dense or electron 

lucid vesicles. This unusual structural arrarigement is 

probably res.po nsibl e for 1 i gh t microscope descriptions of 

densely staining refringent bodies inside snake ellipsoids 

(Underwood, 1970). 

Thamnophis proximus. Ell ipso ids of Thamnophis proximus 



Figure 13. Storeria dekayi Retinal Ultrastructure 

a.) Type Band Type C cones 

b.] Phagosome in Pigment Epithelium Cell 

BA = Type B accessory cell 
BC = Type B chief cell 
C =Type C cell 
CB= ciliary body 
N = nucleus 
P = pigment granules 
PH = phagosome in pigment epithelium 
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are most striking in appearance. The periphery of the 

ellipsoid is clearly composed of mitochondria, which gener­

ally contain electron dense granules. Cfhe central region 

consists of a dense aggregate of electron dense granules 

th a t s how a r a n g e of de ns i ti es ( Fi g u re 14 ) • 

An oil droplet-like body was observed at the distal end 

of the ellipsoid in some visual cells (Figure 15). Oil 

droplets have not been reported from visual cells of other 

snakes (Walls, 1942; Underwood, 1'970), however, the struc• 

tures observed in Thamnophis proximus resemble published 

electron micrographs of oil droplets in other vertebrates 

(Pedler and Tansley, 1963; Young, 1977). The droplet-like 

structures may represent fixation artifacts, since obvious 

artifacts such as disrupted membranes were observed in sur­

rounding regions. These droplets appear too ·t~rge and 

consistent in location to represent typical fixation 

artifacts I have observed elsewhere, however. 

The ciliary stalk with basal body and associated cen­

triole is well demonstrated in Thamnophis accessory cells 

{Figure 14). Ciliary structures were not observed in other 

cell types. The ellipsoid region of the accessory cells 

never contains the high degree of organization found in 

other classes of cells. The accessory cell ellipsoid is 

composed of a few rather loosely packed mitochondria, with 

no central body and rare intra-mitochondrial granules. 



Figure 14. Thamnophis proximus Type B Double Cell 

C = ciliary body in accessory cell 
G = gr a nu l e i n c h i e f c e 11 e 11 i p so id 
0 = outer segment 
P = pigment granule ·. ,._. 
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Figure 15. Thamnophis proximus Droplet-like Structure 

D = droplet 
E = el 1 i psoidal mi toe ho ndria ... 
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Scales 

s na k e s ca 1 e s u r fa c es d i ff er mar k ed 1 y fro m Sc e 1 o po r u s 

s ca 1 es a s d es c r i b ed by Co 1 e a nd Va nD eve nd er (1 9 7 6 ) • I n 

Sceloporus and.!:!!!, (Stovall, in prep.), both iguanids, each 

scale apr;ears uniform and well defined at law magnification, 

but higher magnifications reveal a pattern of distinct 

plates. According to Stewart and Daniel (1973, 1975) and 

Cole and VanDevender (1976) these. plates represent individ­

ual oberhautchen cells. No such repeating "cellular" units 

are clearly visible oncsnake scales. Rather, each snake 

s ca 1 e s e ems to b e th e u n i t o f s tr u c tu re • Sc a 1 es of Sc e 1 -

ooorus and Uta also show distinctive depressions, perhaps 

sensory pits, in their surfaces (Cole and VanDevender, 

1976; Stovall, in prep.). No such distincti~~-:·Pits were 

observed dn dorsal, midbody snake scales (see discussion of 

pits in Agkistrodon and Nerodia, however). 

Scale Characters and Terminology 

In order to facilitate comparison of scale morphologies 

among the species studied a set of eight characters was 

selected (Table Ill). Each of these characters is defined 

and specific states or conditions used to categorize scale 

morphologies are listed in an ;'11ustrated glossary of scale 

characters (Appendix E). A species-by-species comparison 

produced a ma tr ix of character states (Table IV). Of the 24 

species studied, analyses were performed only on·'those 19 
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TABLE III 

SCALE CHARACTER STATES 

Character Character Character 
Number Name State 

1 Overall shape 1 - 1 Agkistrodon-like 
1-2 Farancia-like 
1-3 Nerodia-like 

2 Central keel 2-1 Present 
2-2 Absent 

3 Apical pits 3-1 Present 
3-2 Absent 

4 Longitudinal ridges 4-1 Present 
4-2 Absent 

5 Perpendicular spikes 5-1 Spikes inter-
dig i ta t'e 

5-2 Spikes overlap 
5-3 Absent 

\- ,,,• 

6 Inter-ridge lattice 6-1 Present 
6-2 Absent 

7 Polygonal units 7-1 Present 
7-2 Absent 

8 Anastomosing ridges 8-1 Present 
8-2 Absent 



Species 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3 

14 

15 

16 

1 7 

18 

19 

TABLE IV 

SPECIES-BY-CHARACTER DATA MATRIX 

Species Name Character Number 
1 2 3 4 5 6 7 

Agkistrodon eiscivorus 1 1 1 1 3 2 2 

Farancia abacura 2 2 2 2 1 2 2 

Nerodia fasciata 3 1 1 1 3 1 2 

Nerodia rhombifera 3 1 1 3 1 1 

Nerodia sieedon 3 1 2 1 3 l 2 

Regina alleni 2 2 2 1 2 2 2 

Regina rigida 3 1 2 1 2 2 2 

Regina seetemvittata 3 1 2 ''l 3 1 2 

Storeri a deka~i 3 1 2 l 3 1 2 

Storeri a occieitomaculata 3 1 2 
\' .. ·. 

1 3 1 2 

Thamnoehis butleri 3 1 2 1 3 1 2 

Thamnoehis elegans 3 1 2 1 3 1 1 

Thamnoehis egues 3 1 2 1 3 2 2 

Thamnoehis marcianus 3 1 2 1 3 2 2 

Thamnoehis eroximus 3 1 2 1 3 1 2 

Thamnoehis radix 3 1 2 1 3 1 1 

Thamnoehis sauritus 3 1 2 1 3 1 1 

Thamno[!his sirtalis 3 1 2 1 3 2 1 

Troeidoclonion lineatum 3 1 2 1 3 2 2 
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8 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

2 

2 

1 

. 1 

1 

2 

2 

2 

1 
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w h i c h s how ed u no b s cur e d s ca 1 e s u r fa c es ( A p p e nd i x A ) • 

Species Accounts 

Agkistrodon contortrix. The dorsal midbody scales of 

Agkistrodon contortrix are roughly rhomboidal in shape when 

flattened, al though they are usually convexly arched out­

ward in situ and therefore the sides may appear more con-

s ta n t i n w i d th o v er th e m i d d 1 e a nd b a s a 1 ( a n t er i or ) po r ti o n • 

The base is slightly convex or arched outward anteriorly and 

may be covered by the apical portions of overlapping scales 

when the skin is not stretched. The apical (posterior) 

aspect tapers to a bluntly rounded tip. The most conspicu­

ous features other than shape are (1) the central longitud­

inal keel and (2) two apical 11 pits 11 on either side of the 

keel about 1/3 the scale length from the apica't margin. All 

these features may be observed at low magnifications; e.g., 

ca. 30 times or less (Figure 16). 

Higher magnification reveals a system of longitudinal 

ridges present over the scale's surface, although only one 

of the three specimens studied (OSUR1099) showed this 

pattern clearly (Figure 16). In the other specimens the 

pattern is obscured. At magnifications of 300 times the 

apical pits appear as shallow disc-shaped depressions or 

concavities (Figure 16). 

At similar magnifications the longitudinal ridges 

appear to be discontinuous but do not branch. tb additional 

structures or pattern becomes apparent at magnifications 



Fi g u r e 1 6 • A g k i s trod o n Sc a 1 es 

a.) 

b.) 

c.) 

d.) 

e.) 

f.) 

A. contortrix Low Magnification Overview 

A • co n tor tr i x H i g h Ma g n i f i ca ti o n Surf a c e 
- Pattern 

A. piscivorus Low Magnification Overview 

A. piscivorus tloderate Magnification 
- (apical pit in left center) ... 
A. iscivorus High Magnification Surface 

Pattern central keel crosses photo­
graph horizontally) 

A. piscivorus High Magnification Central 
Keel Fl a nk 
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a • ) b . ) 

\ 

c . ) d . ) 

e . ) f . ) 



higher than 300 ti11es. The presence of the ridges is sug­

gested even in 30X view of specimen OSUR1009, al though not 

in the other s pee i mens • 
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Agkistrodon piscivorus. At low magnifications, dorsal 

midbody scales of ·Agkistrodon pis~ivorus are essentially 

undistinguishable from A. contortrix {Figure 16). Only one 

of the two specimens examined, RS89, shows detail. A pat­

tern of longitudinal ridges is suggested at low magnifica­

tions and is confirmed at higher magnifications. In this 

species the ridges appear as thin plates that project from 

the seal e forming rather deep troughs between adjacent 

ridges {Figure 16). Slight branching may also occur among 

the ridges. This specimen of A. piscivorus {RS89) appears 

cleaner and more well defined than OSUR1099, Agkistrodon 
", •, 

contortrix; this may account for the differences in appear­

a nee of the ridges. 

At 200X, the central keel appears to be flanked by 

amorphous material that may be left behind from the previous 

shed. Higher magnification {2000X) shows this amorphous 

flanking material to possess a smooth surface interrupted by 

numerous irregular pits {Figure 16). This region is similar 

in appearance to Burstein et al .'s (1974) Grade 1 pit­

spinule scale pattern of Sceloporus. 

Farancia abacura. Dorsal midbody scales of Farancia 

abacura are very smooth, shiny, and iridescent {Conant, 

1975). The scales are non-keeled and distinctly rhomboidal 
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in shape with bluntly tapered apical margins. No pits or 

other conspicuous features are visible at low magnfications 

(Figure 17). At magnifications of 2000X or more an intri­

cate pattern is present in both specimens studied (Figure 

17). The surface is covered by horizontal rows or units 

(i.e., oriented perpendicular to the long axis of the scale) 

from which spike-like projections extend posteriorly. The 

spikes of one row closely interdigitate with indentations in 

the adjacent rows • The ac tua 1 surface of the hor i zo nta 1 

units is smooth but with irregularly distributed pits, which 

are very small at 2000X. 

Nerodia cyclopion. At low magnifications the dorsal· 

midbody scales of Nerodia cyclopion are relatively elongate 

with almost straight sides. The anterior mar.~,in is slightly 

recurved. Posteriorly the scales taper to a rounded apex 

about 1/4 as wide as the middle portion of the scale. The 

scales are strongly keeled and somewhat folded at the keel 

to produce an inverted V-sha ped profile with the keel at the 

apex of the V. The central keel extends longitudinally the 

entire length of the scale from base to apex (Figure 18). 

No further details are apparent on specimen 1996, but 

specimen NELS5229 shows two additional features: light 

longitudinal striations or ridges and apical pits. Both 

ridges and pits are similar in appearance to those of 

Agkistrodon scales at low rragniiiication. Higher magnifica­

tion reveals an obscured pattern of longitudinal ridges 



Fi g u r e l 7 • Far a nc i a a b a cur a Sc a l es 

a.) Low ,..ag nifica tio n Overview 

b .) Hi{h Magnification Surface Pattern 
OSUR3891) ... 

c.) High Magnification Surface Pattern 
( OSUR 2017) 
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a . ) 

b . ) 

c . ) 



Figure 18. Nerodia Scales 

a.) 

b .) 

c.) 

d • ) 

e.) 

f.) 

ft. cyclopion Low r.'agnification Overview 

N. cyclopion f<'oderate Magnification 
Surface Pattern 

Ji. erythrogaster f<'oderate Magnification 
Surface Pattern 

!N. fasciata High Magnification'Surface 
- Pattern 

Ji. rhombifera f.'oderate Magnification 
Surface Pattern· (dark spot left of 
center is apical pit) 

N. rhombifera High Magnification Surface 
- Pattern 
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a.) b.) 

c.) <1 . ) 

e.) f.) 



separated by rather broad troughs. No substructure can be 

observed in these troughs. The seal es appear covered by a 

coating or film (Figure 18). 

78 

Nerodia erythrogaster. Low magnification observation 

of Nerodia erythrogaster reveals scales similar to those 

described for!!_. cyclopion except that apical pits are not 

observed on any of the four specimens studied. Higher mag­

nification of specimens OSUR2677 and OSUR3145 reveals an 

obscured pattern of longitudinal ridges alternating with 

broad troughs. Specimens OSUR3475 and OSUR3031 are partial+ 

ly free of the obscuring covering and higher magnification 

revells a definite substructure within the troughs. 

Troughs are filled with a lattice-work forming irregular 

rectangular compartments somewhat similar to the seal e sur-... 
fa c es of Sc el o po r u s d es c r ;. b ed by B u rs t e i n et a 1 • (1 9 7 4 ) a s 

deep cell surface (Figure 18). 

Nerodia fasciata. Low magnification reveals Nerodia 

fascia ta scales similar to those of!!· erythrogaster in 

overall appearance. Specimens OSUR109, OSUR188, and OSUR-

187 are obscured and show little more than gross shape and 

central keel. Specimen OSUR112 shows, at low magnifica­

tions, apical pits, longitudinal ridges, and an indication 

of some lattice-work in the troughs. Higher magnfication 

(llOOX) shows a pattern similar to that described for!!· 

erythrogaster; i.e., a partially obscured lattice-work. 

The lattice-work is formed by distinct cross walls that 
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ex te nd fro n: r i d g e to r i d g e a c r o s s the s u r fa c e of th e tr o u g h • 

~uch relief is observed between the cross walls and the 

scale surfaces surrounding them. At higher magnification 

the longitudinal ridges seem to arise and disappear randomly 

in the pattern of the lattice-work (Figure 18). 

Nerodia rhombifera. Three specimens of Nerodia rhom­

bifera show distinctly different aspects of an essentially 

similar pattern. All three show a gross scale morphology 

similar to Ji. erythrogaster and N. fasciata. Scales are 

elongate with central keel, longitudinal ridges, and apical 

pits. The sequence OSUR3866, OSUR3867, and OSUR3664 pro-

v i d es a r a n g e of s tr u c tu r e th a t i s s u g g es ti v e o f th e 

lattice-work in the inter-ridge troughs. This lattice-work 

pattern is largely obscured in 3866 but becomes clearer in . .. 
3867 and is sharply defined in 3664 (Figure 18). As was 

true for!!· fasciata, the longitudinal ridges of]. rhom­

bifera arise and disappear randomly in the lattice-work and 

cross bridges connect across the troughs to adjacent ridges. 

The cross bridges are suggestive of cell margins and may be 

comparable to cell margins described for Sceloporus 

(Burstein et al., 1974). Still higher magnification {3000X) 

reveals an interesting relationship between the cross 

bridges and the lo ngi tudi nal ridges. The cross bridges 

converge into the ridges in chevron-like fashion to form a 

striking geometric arrangement (Figure 18). The scale 

surfaces between the cross bridges are smooth and marked 



with irregular holes or pits sirr.11ar to those observed on 

th e k e e 1 f 1 a n k s of A a k i s trod o n pi s c i v or u s s ca 1 es • 
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Nerodia sipedon. At low magnification Nerodia sipedon 

scales are similar to the Nerodia described above. Apical 

pits were not observed (Figure 19). A range of specimen 

quality from essentially no pattern (OSUR993, OSUR990) to a 

distinct pattern on one specimen (OSUR491) was observed. In 

OSUR491 the pattern clearly resem.bl es that described for N. 

rhombif,er4. Cross bridges form chevron-like processes that 

converge and overlap to form the longitudinal ridges visible 

at lower magnification. An interesting feature found on 

OSUR491 may explain the pattern obscurity present on so many 

different specimens. Entire seal es were removed along with 

underlying tissue, and as always, care was taken not to ...... 

damage the outer surface during processing. rrhe scales 

appear to be covered by an old surface or slough that is 

partially torn away over the central portion of the scale 

(Figure 19). Simultaneous observation of the old surface 

and new surface of the scales is thus possible (Figure 19). 

01 d surfaces show a strongly obscured or 11 fi1 m-coa ted 11 

pattern, wher.eas new surfaces underneath show a sharp clear 

pattern (Figure 19). 

Regina alleni. At low magnification the scales of 

Re g i na a 11 e n i a r e s i m 11 a r i n a p pear a nc e to tho s e of Far a nc i a 

abacura; i.e., they are rhomboidal, snooth, non-keeled, with 

bluntly tapering apical margins (Figure 19). No pits are 



Figure 19. Nerodia sipedon and Regina alleni Scales 

a •) 

b .) 

c.) 

d .) 

e •) 

l!· sipedon Low Magnification Overview 
(outer surface peeled away in center) 

]. sipedon High Magnification Surface 
Pattern (on new scale surface) 

B.· alleni Low ftlagnification Ov~~-view 

R. alleni Moderate Magnification Surface 
- Pattern 

R. alleni High t-agnification Surface 
- Pattern 
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a.) b.) 

c.) 

d.) e.) 



evident, but inconspicuous longitudinal striations are 

present. 
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Higher magnification shows this longitudinal striation 

to consist of horizontal rows of spiked units whose anterior 

margin is covered over by the posterior spikes of the next 

row ( Fi g u r e 1 9 ) • Th e po s t er i o r , v i s i b 1 e po r ti o n of ea c h 

unit consists of a sharply projecting spine or spike flanked 

by rather deeply emargi na te borders. Each horizontal row is 

spatially aligned with the other rows forming longitudinal 

arrays of spines, which give rise to the longitudinal stri­

ations vis i b 1 e at 1 ow er ma gn i fi cation 

Regina grahami. Low magnification observation shows 

that Regina grahami dorsal midbody scales are similar in 

gross appearance to those of Nerodia species •. _.~ut lack 

apical pits. Both specimens studied show an obscured pat­

tern at higher magnifications. Due to the apparent 11 coat­

ing11 the inter-ridge troughs appear essentially amorphou$. 

Re g i na r i g i d a • Low ma g n i f i ca ti o n o b s er v a ti o n of do rs a 1 

midbody scales of Regina rigida shows scales similar in 

gross morphology to R. grahami. At moderate n-agnifications 

lo n g i tu d i na 1 r id g es a r i s e a nd d i s a p pear r a nd o m 1 y a nd a pa t­

t er n is barely visible on the surfaces between the ridges 

(Figure 20}. Higher magnification (2000X} shows a distinct 

pattern that somewhat res.embles E_. alleni at similar mag­

nification. There are horizontal rows of overlapping 

spines. In contrast to the pattern of E_. alleni, the 



Figure 20. Reoina rigida and Regina septemvittata Scales· 

a.) B.· rigida Moderate Magnification Surface 
Pattern 

b.) R,. rigida High.t<agnification Surface 
Pattern 

c.) B.· septemvittata Low Magnificat'ibnOver­
view 

d .) R,. septemvittata High Magnification Sur­
face Pattern 
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a.) b.) 

... 
c.) 

d.) 
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spines project posteriorly and overlap in trough as well as 

ridge regions. So that one sees a rather consistent pattern 

of sharply pointed spines that are larger at the upfolded 

r i d g es , bu t e 1 s ew i s e s i mi 1 a r a c r o s s th e s u r fa c e o f th e s ca 1 e 

( f i g u re 20 ) • 

Regina septemvittata. Three specimens of Regina~­

temvittata show low magnification features quite similar to 

those of Nerodia species; e.g., overall shape, longitudinal 

ridges, elongate shape, central keel (figure 20). Apical 

pits are absent on all three specimens. One specimen (OSUR,-

895) shows an obscured surface at higher magnfication, but 

the o th er two show c 1 ear, sharp patterns, dis ti nc tl y similar 

in appeara nee to the Nerodia species described above and not 

nearly as similar to the patterns described ~,~.r Regina 

alleni and E..!. rigida. The surface pattern of E.· septemvit­

.!!.!!. scales consists of longitudinal ridges that arise and 

disappear randomly between which cross bridges form a lat­

tice work of compar tme nt-1 i ke uni ts • The co mpa r tme nts or 

spaces between cross bridges are irregular in shape and size 

and rather deeply recessed from the surface of the cross 

bridges and ridges (Figure 20). As is the case for Nerodia, 

th e cross b r id g es g iv e r i s e to th e 1 o n g i tu di na 1 r i d g es vi a 

che.vron-1 ike extensions that overlap each other to form a 

continuous ridge at right angles to the ridges proper. 

Storeria dekayi. Dorsal mid body seal es of Storeria 

dekayi are similar in gross morphology to those typical of 
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Nerodia. Standard features are elongate shape, central 

keel, and longitudinal ridges or striations. At higher mag­

nification there is departure from Nerodia or any other pat­

ter n pr e v i o u s 1 y d es c r i b ed • Th e 1 o n g i tu d i na l r i d g es a r i s e 

and disappear randomly from a network of thin irregularly 

arranged ridges. The ridges a nas tomose and contrast sharply 

with the recessed scale surface (Figure 21). Longitudinal 

ridges appear to consist of several of the s11all ridges 

tightly aligned together. There are no chevrons or rows of 

spines as observed on Nerodia or Regina scale surfaces. Of 

the three specimens studied, one shows virtually no pattern, 

but the other two clearly show the pattern. 

Storeria occipitornaculata. At low magnification .§.fil.-­

eria occi pi tomaculata presents a seal e surface morphology 

virtually identical to that of l· dekayi. Nefther exhibit 

apical pits, unlike Nerodia. Higher magr:rffication of spec­

imen OSURl 206 clearly shows a surface pattern similar to 

that observed on l· dekayi (Figure 21). Here the pattern is 

distinct and the small ridges contrast sharply with the 

recessed scale surface. The longitudinal ridges, visible at 

very low magnifications, appear to be longitudinal aggre­

gates of the smaller ridges which anastorose to form a fine 

network between the longitudinal ridges (Figure 21). 

Thamnofhis butl eri. Low magnification of dorsal mid­

body scales of Thamnophis butleri shows typical Nerodia-like 

shape and morphology (Figure 21). No pits are present. 



Figure 21. Storeria and Thamnophis butleri Scales 

a.) 

b .) 

c • ) 

S. dekayi flbderate Magnification Surface 
- Pattern 

i· occigitomaculata ~derate tlagnifica­
tion urface Pattern 

.§._ • o cc i p i to mac u 1 a ta H i g h Ma g n i f i .~a t io n 
Surface Pattern '-'· 

l.· butleri Low ft'agnification Overview 

T. butleri High tlagnification Surface 
- Pattern 
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a.) b.) 

c.) 

. / 

d.) e •) 



Only specimen OSUR1313 clearly shows a surface pattern at 

higher magnification. The pattern consists of numerous 
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small ridges that anastomose sl~ghtly. Larger longitudinal 

ridges (character 4) are formed as superimposed folds on the 

scale surface. The scale surface seems to be composed of 

irregular, compartment-1 ike,units bearing the small ridges. 

Compartment borders are partially outlined by a small) term­

inal ridge posteriorly. The numberous small ridges simply 

stop at this border. Each compartment fits against its 

neighbor tightly (Figure 21}. 

Thamnophis cyrtopsis. Scales of Thamnophis cyrtopsis 

resemble those of T. butleri at low magnification. At mod-
,. ... 

erate magnification (290X) t_he longitudinal ridges are 

promi nant but the deta i1 of the surface is obscured • 
.. , •·. 

Thamnophis elegans. Dorsal midbody scales of Tham­

nophis elegans are, at low magnification, quite similar to 

those of 1· butleri. The longitudinal ridges are somewhat 

more prominent, however, and at moderate magnifications 

stand out in sharp relief against the inter-ridge surfaces. 

The inter-ridge trough areas appear to be crossed by a net­

work of veins or irregular cross bridges. At higher mag­

nification the scale surface consists of numerous individual 

compartments, each of which is bounded by a ridge that is 

curved to form an irregular polygonal outline. The surface 

of each polygonal unit has numerous longitudinal rieges that 

anastomose slightly. The longitudinal ridges visible at low 



magnification consist of many short ridges apparently der­

ived from the surface ridge patter.n. Some of the short 

ridges emerge from the surrounding areas and join the lon­

gitudinal ridges in distinct chevron-like patterns (Figure 

22) • 

Of the four specimens studied, only one presents a 
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cl ear, sharp surface pattern when viewed at high magnifica­

tion (OSUR1450), the others show varying amounts of surface 

o b s tr u c ti o n • 

Tham no phis egu es • At 1 ow ma gni f ica ti on sea 1 es of l!!!.!!!­

no phis egues are similar to those of other Nerodia and Tham-­

nophis described earlier. No apical pits are visible, but 

a central keel and longitudinal ridges are readily discern-

ible (Figure 22). Higher magnification &bows a scale sur-
" ... -

face consisting of closely spaced small ridges all running 

essentially parallel to the scale axis. The larger longi­

tudinal ridges visible at low magnification consist of an 

uplifted group of several small ridges tightly packed 

together (Figure 22) • 

Thamnophis marcianus. Dorsal midbody scales of l!!.!.!!!-­

nophis marcianus are similar to other Thamnophis at low 

magnification. At higher magnification a variation in 

surface appearance is evident. Specimen OSRU1494 shows 

almost no surface s true ture; the seal es appear to be 

completely coated with a thick film. Specimen OSUR2117 

possesses a similar surface coating, but the coating is 



Figure 22. Thamnophis Seal es 

a.) 

b .) 

c.} 

d .} 

e.} 

f.) 

T. elegans High Magnification Surface 
Pattern 

I· egues Moderate ~'agnification Overview 

I· egues High ,...agnification Surface 
Pattern 

T • ma r c i a nu s H i g h t1l g n i f i ca ti o n Sc a 1 e 
- Surface · •· 

T • mar c i a nus H i g h t-4.a g n i f i ca ti o n Shed 
- Surface 

l· proximus High Mlgnification Surface 
Pattern 



93 

a.) b .) 

c. d.) 

e.) f.) 



interrupted at various places allowing patches of surface 

pattern to be seen. The remaining specimens all show a 

surface pattern of some form, al though OSURl 241 shows a 

fla.ttened and dirty pattern compared to OSUR3884 and OSUR-

94 

3 8 8 5 , b o th o f w h i c h s how c 1 ea r er a nd mo r e d i s ti nc t s u r fa c e 

sculpturing. A comparison was made between fresh scale 

surfaces and shed patterns of OSUR388:5. The shed was care­

fully removed with fine forceps, washed, dried, and coated 

just like any other specimen. Concurrently, a portion of 

the newly exposed surface was also processed. Observation 

of these two surfaces at 2200X shows essentially similar 

patterns on both preparations (Figure 22). The shed appears 

much more delicate and seems to have been somewhat deformed 

during processing. 

At high magnification the surface consis{s of anasto­

oosing ridges with relatively little space between adjacent 

r i d g es • Lo n g i tu d i na 1 r i d g es , co ns p i c u o u s a t 1 ow ma g n i f i c a -

tion, are less conspicuous at higher magnification and 

appear to be little more than folds·;in the scale surface. 

Th a m no ph i s pro x i mu s • A t 1 ow ma g n i f i ca ti o n do rs a 1 mi d -

body seal es of Thamnophis proximus are typical of the genus. 

Of the two specimens studied only one shows detailed sur­

face structure at increased magnification (OSUR3663). The 

surface is marked by longitudinal ridges with lattice-work 

in between. At high magnification the surface is covered by 

numerous, small anastomosing ridges. The longitudinal 
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r i d g e s r es u 1 t fro m per i o d i c f o 1 d i n gs i n th e s u r fa c e a nd s how 

no special substructure. (Figure 22) •. 

Thamnophis radix. Low magnification of dorsal midbody 

seal es of Thamnophis radix presents a typical Thamnophis 

appearance; i.e., elongate scales, prominent central keel, 

longitudinal striations, and no pits. Specimen OSUR531 

shows no detailed pattern at higher magnification. Specimen 

OSUR598 shows a sharply detailed .Pattern on certain scale 

surfaces, but this depends upon area examined (Figure 23} • 

Some scales have been shed but other 11old 11 scales remain 

loosely attached to the underlying tissue. When viewed 

simultaneously, the shed or top pieces show sharper, detail­

ed surface structures, whereas the lower "new 11 surface looks 

shrivelled and heavily coated tty a film (c .f •. Nerodia 

s i p ed o n) ( F i g u r e 6 ) • 

H i g h ma g n i f i ca ti o n of th e .. good •• s u r fa c es s hows a 

pattern similar to that of Thamnophis elegans. Longitudinal 

ridges project from the surface with rather broad shallow 

troughs between. Troughs appear to be filled by compart­

ment-1 ike units which give rise to chevron processes. These 

processes project posteriorly in linear array to form the 

longitudinal ridges {Figure 23). 

Thamnophis sauritus. Low magnification of dorsal mid­

body scales of Thamnophis sauritus reveals a morphology 

similar to other Thamnoph1s species. Only specimen OSUR-

2738 shows surface detail at higher magnification. The 



Figure 23. Thamnophis Scales 

a.) 

b.) 

c.) 

d.) 

e.) 

T. radix tl;0derate Magnification Surface 
- Pattern 

T. radix High Magnification Surface 
- Pattern ~. 

T. sauritus High Magnification Surface 
- Pattern 

T. sir ta 1 is Moderate Magni fi cation 
- Surface Pattern 

T. sirtalis High tlagnification Surface 
- Pattern 
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a.) 

b.) 

c.) 

d.) 

e.) 



pattern consists of polygonal compartment-like units whose 

surfaces are covered by anastomosing ridges. Each unit is 

bordered by a ridge which is scalloped posteriorly. Adja­

cent units are tightly spaced. Longitudinal ridges are 

upfoldings formed by overlapping chevron-1 ike extensions 

from adjacent units (Figure 23). 

Th a m no p h i s s i r ta l i s • Dor s a 1 mi d body s ca 1 es of Tham-
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no phis sirtalis resemble those of. other Thamnophis at low 

magnifications (Figure 23). High magnification shows that 

longitudinal ridges seem to arise and disappear randomly 

from the scale surface. Individual unit structures are less 

distinct than those on l· sauritus scales, but present • ... 

The surface of each unit is covered by small essentially 

parallel ridges (ridges do not anastomose) (F,i.~ure 23). 

Tropidoclonion lineatum. Dorsal midbody scales of 

Tropidoclonion lineatum show similar morphology to those of 

Nerodia and Thamnophis at low magnification; as in Thamno­

phis no pits are visible (Figure 24). ~pecimen OSUR2285 

s hows no s u r fa c e d et a i1 • S p ec i me n 0 S UR 11 0 7 r es e mb 1 es 

Nerodia sipedon OSUR49l in presenting a partially exposed 

new seal e surface. Bo th old and new seal e surfaces may be 

observed simultaneously (Figure 24). The old outer surface 

is devoid of surface pattern, whereas the new surface shows 

a pattern of longitudinal ridges or striations at moderate 

magnification. Higher magnification shows a pattern of 

a nas to mos i ng ridges on a folded seal e surface. The folds 



Figure 24. Tro pidocl onion Sea 1 es 

a.) 

b .) 

Moderate Magnification Surface Pattern 
(The bright region running vertically 
through the phtotgraph is the central 
keel. The srooo th bright surface to the 
left of the keel is part of th..e old 
outer surface-- to the right is the n\ew 
sharply sculptured surface.) 

High flagnification Surface Pattern 
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a . ) b . ) 



give rise to the longitudinal ridges visible at lower mag­

nifications (Figure 24). The pattern resembles that of 

Thamnophis marcianus shed. 

l 01 



CHAPTER IV 

DISCUSSION 

Eyes 

A summary o f v i s u a 1 c e 11 ty p es pr e s e n t i n the r e ti n a e 

o f th e 9 s p e c i es s tu d i e d i s pr es e n t e d i n Ta b 1 e V • Na tr i c i n e 

species are similar to the typical diurnal pattern described 

by Walls {1942); i.e., Types A, B, and C cones. Two excep­

tions were noted however. First, Nerodia rhombifera had an 

additional cell type probably corresponding to Walls' Type 

C' {or Type D of Underwood}. Secondly, the T,y~e C cells in 

the retina of Storeria dekayi are very rod-like in morphol­

ogy. This may represent adaptation to a secretive activity 

preference. Walls {1942) stated that other secretive, 

crepuscular, or nocturnal colubrids show similar modifica­

tion of the Type C cells (e.g., Arizona, Cemophora, or 

Lampropel tus). It would be useful to study other secretive 

natricine species such as Regina alleni or Virginia 

striatula for .comparison of Their Type C cones to Storeria. 

Three non-natricine species studied {i.e., Agkistrodori" 

contortrix, fl. piscivorus, and Farancia abacura) conform to 

published accounts of their retinal cell types (Walls, 1942; 

Underwood, 1970). The visual cell types present in these 

species were thought to represent adaptation to nocturnality 
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TABLE V 

VISUAL CELL TYPES IDENTIFIED 

Species Cones 

Agkistrodon co ntor tri x A,B 

Agkistrodon piscivorus A,B 

Fara nc i a abacura A,B,C 

Nerodia erJ:throgaster A,B,C 

Nerod i a fascia ta A,B,C 

Nerodia rhombifera A,B,C 

Pelamis pl a turu s A,B,C 

Re9ina grahami A,B,C 

Storeria dekayi A,B,C* 

Thamnophis proximus A,B,C 

Rods 

c 

c 

C' (D) 

c• (D) 

* Type C cones of Storeria are very elongate and slender. 

l 03 
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by Walls. 

The remaining species, Pelamis platurus, has a pure­

cone, diurnal type retina (Walls, 1942). Neither Walls nor 

Underwood (1967a, 1970) studied Pelamis but suggested that 

some elapids do have a Type A, B, and C cone retinal pat­

tern, as reported here. Hibbard and Lavergne (1972) failed 

to i d e n ti f y a ny Ty p e B c e 11 s i n th e i r s tu d y of Pe 1 am i s , bu t 

they were present in the specimen I studied. 

In addition to data on visual cell types, data were 

also collected on several numerical features of the retina. 

Parameters chosen for study are relatively easy to obtain 

in a reproducible manner from a variety of specimens and 

preparations. Nuclei stain well and are prominent struc­

tures in retinal sections·. Nuclear counts are straight-
·-

forward and may be used to estimate the propo'r'tion of 

each cell type present in the retina; e.g., visual cells, 

interneurons, etc. The relative number of cell types in 

the retina has been used in previous discussions of the 

phenomena of convergence or divergence of visual i nforma ti on 

in retinae and in various comparative discussions of snake 
-

eyes (Walls, 1942; Underwood, 1970; Stovall, 1975, 1976b). 

Overall similarity of the retinae studied was inferred 

from correlation analysis of receptor v-s. interneurons and 

receptors vs. ganglion cells. Analyses were performed using 

3 species groups; i.e., natricine speciies only, all species 

studied,and colubrid species only (Table-VI). These 

analyses show significant correlation among natricine and 



TABLE VI 

CORRELATION ANALYSIS OF RETINAL COUNTS 

Character Comparison 

receptor cells -
interneurons 

receptor cells-­
ganglion cells 

Natricinae 

N df r p 

7 5 .897 < .05* 

7 5 .958 < .05* 

* significant at a.OS livel 

Colubridae 

N df r p 

8 6 .789 < .05* 

8 6 .878 < .• 05* 

.•· 
-~ 

All Snakes 

N df r p 

11 9 .os > .10 

11 9 • l 86 > • 1 0 

__, 
0 
U'I 



colubrid species. Neither receptor vs. interneuron nor 

receptor vs. ga ngl ion cell rel a tio nshi ps are correlated 

among all species. 

l 06 

The correlation analysis indicates that these retinal 

features are not highly wariable within the subfamily-­

these characters are probably conservative evolutionarily 

and are related to phyl etic rel a tio nsh1 ps of the group. For 

similar reasons, Walls (1942) and Underwood (1967a, 1970) 

used retinal patterns in the construction of phylogenies of 

snake visual cells and snakes in genera.1. 

The relative number of receptor cells compared to 

interneuron cells can be used to make functional inferences 

about the retina. Both species of Agkistrodon have roughly 

equal numbers of receptors and interneurons. Farancia and 

Pelamis have almost 3 times more interneurons'than receptor 

cells. In natricine species interneurons outnumber receptor 

cells some 4-6 times {Appendix D). Interneurons consist of 

three types: horizontal. amacrine. and bipolar cells. 

Bipolar cells transmit impulses and hence visual information 

from receptors to ganglion cells. The other two classes of 

interneurons are involved in lateral information processing 

{Rodieck, 1973). The greater the number of interneurons the 

greater the capacity of intratoir.e.tinal processing. Further. 

the higher the number of bipolar cells the more representa­

tion each receptor has at the ganglion cell level. In 

general diurnal, pure-cone retinae have a high number of 

interneurons compared to receptor cells {Walls. 1942). 



Nocturnal, rod-dominant retinae usually have relatively 

fewer interneurons. Walls (1942) and others argued this 
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arrangement results in greater acuity in pure-cone retinae 

compared to rod-dominant retinae. If so, Agkistrodon 

retinae are less acute than the natricine species or 

Farancia or Pelamis since Agkistrodon interneurons are 1/3 

~ 1/6 times less numerous {relative to the receptors). 

Since information leaves the retina via the ganglion 

cells, it is also important to consider the relative number 

of receptors to ganglion cells. Agkistrodon species average 

ca. 8~5 times more receptors than ganglion cells, whereas 

the natricine species studied av.a.rage only about 1 .5 times 

more receptors than ganglion cells. As with th~ interneuron 

numbers, both Farancia and Pelamis have lower ganglion cell 

numbers than any of the natricine snakes {abouf 2.25 times 

more receptors th~n ganglion cells). Since visual infor­

mation from receptors and bi polars converges onto ganglion 

cells, a high ganglion cell number {relative to receptors) 

implies relatively less convergence and thus more direct 

representation for each receptor in the brain (Walls, 1942). 

Again, rod-dominant retinae like those in Agkistrodon are 

less acute (i.e., the information output to the brain is 

more genera 1 i zed) than pure-cone retina e sue h as fou net in 

the other species studied. 

Hibbard and Lavergne {1972) repor,.ted observations of 

feeding behavior of Pelamis platurus. They inferred from 

the random, thrashing behavior that Pelamis may have rather 
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poor lnon-acute} vision. They pointed out, however, that in 

the absence of appropriate physiological tests such assess­

ment is highly speculative. Based on present data, Pelamis 

is likely to have reasonably acute vision, at least compared 

to Agkistrodon. Any potential or actual lack of visual 

sensitivity in crotalids is compensated for by a highly 

sensitive heat receptor organ (Bullock and Barrett, 1968; 

Meszler, 1970}. 

Habitat preferences among all the snakes studied range 

from aquatic to semi-aquatic to terrestrial (see Introduc­

tion). The fully aquatic Pelamis possesses a retina similar 

in visual cell types to the natricine species in the study, 

both semi-aquatic and terrestrial. Further, r~tinae of both 

the crotalids are similar to each other despite differences 

i n a ff i n i t y for w a t er . W i t h i n t h e n at r i c i n e · s··i> e c i es s tu d i e d 

habitat preference varies from semi-aquatic to terrestrial, 

although there is overlap. The semi-aquatic species 

(Nerodia erythrogaster, !· fasciata, !· rhombifera, Regina 

grahami} were pooled and compared to the more terrestrial 

species {_Storeria dekayi pooled with Thamnophis proximus) 

via two-sample t-tests. Percentages of receptor cells, 

interneurons, ganglion cells, Type A cells, Type B cells, 

and Type C cells were compared. No significant differences 

were detected among any of these categories (Table VII). 

Thus affinity for water or aquatic habits is not reflected 

in retinal structure. 

To facilitate analysis, Nerodia erythrogaster, !· 



TABlE VII 

COMPARISON OF RETINAL PARAMETERS BETWEEN SEMI-AQUATIC AND TERRESTRIAL NATRICINAEl 

Character Semi-aguatic Terrestrial 

x SD N y SD N t p df 

receptor cells 14 .18% : 1. 27,i. 5 12.2% • 14% 2 2.13 :lo .05 5 

interneruons 76.62% 1.65% 5 79.50% 1.13% 2 2.26 ,.,.05 5 

ganglion cells 9.18% .76% 5 8.35% 1.34% 2 1. 10 > .10 5 

Type A cells 72.94% 10.10% 5 87.05% 8.13% 2 1.74 > • 10 5 

Type B cells 13.76% 8.57% 5 8.10% 2.55% 2 0.73 > • 10 5 

Type C cells 11. 98% 4.93% 5 ·4~85% 5.59% 2 1. 92 > • 10 5 

lpercents were transformed by arc sine b~fore statistical analysis 

...... 
0 
l.O 



fasciata, N. rhombifera, Regina grahami, and Thamnophis 

proximus were pooled and designated variable in activity 

as opposed to secretive habits of Storeria dekayi. One 

sample t-tests were applied to the retinal parameters 

11 0 

(Table VIII). Significant differences were present only in 

percentage of Type C cells (0.05 level). Examination of the 

numerical data (Appendix D} for Storeria suggests that the 

percentage of Type C cells is likely to be unreliable, an 

implication that is supported from review of the slide 

material. Due to extremely small eye size (2-3 mm in di­

ameter) and accompanying tissue processing difficulties cell 

type diagnosis is very difficult. 

Activity preferences are mostly diurnal fcfr the species 

considered here, however certain species are preferentially .. . . 
nocturnal (see. Introduction). The crotalid s~~cies have 

what Walls (1942) described as a nocturnally adapted eye, 

with an elliptical pupil and rod-dominant retina. The 

remaining species have diurnal-type eyes (i.e., round pupil 

and pu~e-cone or cone-dominant retinae). Most Nerodia 

species have been observed to be nocturnally active in hot 

weather (Conant, 1975), and except for N. rhombifera they 

possess pure-cone retinae. Thus these snakes remain diurnal 

in o~erall retinal structure even though they may be night 

active. 

Underwood (1970) stated that Vipera berus was the only 

snake that had been studied in any detail by electron 

microscopy although he provided some ultrastructural data on 



TABLE VIII 

COMPARISON OF RETINAL PARAMETERS BETWEEN VARIABLY ACTIVE AND SECRETIVE NATRICINAEl 

Character Variably Active Secretive 

T SD N µ t p df 

receptor cells 13.87% .95% 6 12.10% 1.22 > • 10 5 

interneurons 77.23% 2.11% 6 78.70% .63 > • 10 5 

ganglion cells 8.88% 1.00% 6 .9.30% .40 > • l 0 5 

Type A cells 74.33% 9.65% 6 92.80% 2.00 > .10 5 

Type B cells 13.12% 7.82% 6 6,30% .77 > • 10 5 

Type C cells ll. 45% 4.59% 6 .90% 3.26 < .05* 5 

1percents were transformed by arc sine tiefore statistical analysis 
*significant at 0.05 level ! 

..... ..... ..... 
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Heterodon ·~1atyrhinos as well as Vi~~ra. Since 1970 elec­

tron microscope studies have 5een reported on Coluber 

constrictor, Hypsiglena torguata (Stovall, 1975, 1976a,b}, 

Leptodeira annulata (Stovall, 1975; Miller and Snyder, 

1977), Pelamis platur~s (Hibbard and Lavergne, 1972), and 

Hydrophis melanocephalus (Hibbard, 1975}. From a review of 

these data, it is evident that retinal ultrastructure, on 

the whole, is similar among snakes studied. 

Electron microscope observation shows a variety of 

intra-ellipsoid inclusions. In Vipera, Bothrops, and 

Coluber_there are electron dense granules within ellipsoid 

mitochondria. In Hypsiglena and Thamnophis ellipsoids, 

peripheral mitochondria contain vesicles of va~ing electron 

densities. The central region of both Hypsiglena and Tham­

nophis ellipsoids lacks well defined mitochon~~ia but 

instead is filled with electron lucid vesicles and vesicles 

of varying electron opacity (Thamnophis}. 

The electron dense granules found in ellipsoid mito-

chondria of all species studied, except Pelamis, conform in 

structure to those described by Yamada, Ishikawa, and Hatae 

0966} in Elaph~ climacophora. The granules in Elaphe were 

demonstrated to be Sudan Black B positive, indicating a 

lipid constituency. This constrasts with the description of 

electron dense granules in mitochondria of the Pelamis 

ellipsoid. Hibbard and Lavergne (1972) argued that these 

granules in Pelamis differ from those in other species as 

described in the literature in resembling glycogen aggre-
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gates and in being PAS positive, a characteristic of 

glycogen. 

The role of these vesicles or granules is not certain. 

It bas been estaolished, however, that the inner segments of 

visual cells serve a wave-guide function to channel light 

onto the outer segments (Tansley and Johnson, 1956; Yamada 

et al., 1966; Miller and Snyder, 1977; and others). It is 

likely then that these vesicles or granules, either wholly 

intramitochondrial or mitochondri"a-derived, replace the oil 

droplets and paraboloids present in the inner segment of 

other vertebrates as Underwood ll970) suggested in his 

descriptions of the "refring~nt bodies 11 he observed in snake 

ellipsoids in light microscope preparations. ~ 

The oil droplet-like structure seen in Thamnophis 

sections is of interest, particularly in vie~ ~f Underwood's 

(1970) statement that snake visual cells lack oil droplets 

and paraboloids. In micrographs of oil droplets in other 

vertebrates, there does not seem to be a dense marginal zone 

surrounding oil droplets (Pedler and Tansley, 1963; Young, 

1977). The paraboloids described by Pedler and Tansley 

(1963)_ did show a dense marginal layer, however. Such a 

dense marginal layer is present in the structures I observed 
~_,,..........._..._,., ____ _ 

in Thamnophis. Paraboloids are found at the proximal end of 

the ellipsoids, however, and not at the distal end as are 

oil droplets (Walls, 1942; and others) and as are the 

structures observed in Thamnophis. 

The possibility that the droplet-like structures 
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represent artifact is supported liy the fact that the struc­

tures are scattered sparsely and not found in every speci­

men. Oil droplets seem to lie uniformly distributed when 

present in the retinae of a diurnal lizard, turtle, or bird 

(Walls, 1942; Underwood, 1970; and others). 

If these structures are oil droplets, thej must repre­

sent independently evolved structures in this species (or at 

least within a small group) since they have not been report­

ed in any other snakes. The number of individuals studied 

in the genus Thamnophis is small, however, and a broader 

survey is needed to confirm the presence of such anomalous 

structures. 

The finding of phagosomes in Storeria dekiyi pigment 

epithelium emphasizes the fundamental similarity among ver-

tebrate retinae. Earlier failures to find su6h inclusions 

in pigment epithelium of snakes is probably due to time of 

day. The timing of shedding outer segment lamellae depends 

on whether or not one considers rods or cones. The low-

1 igh_t receptors lrods). shed and thus produce phagosomes 

shortly after dawn. This accounts for finding phagosomes in 

rod-dominant retinae processed in the daytime (the typical 

case). Cones do not shed outer segments and hence do not 

produce phagosomes in the daytime, and therefore retinae 

processed in the daytime typically do not show cone-produced 

phagosomes (see Young, 1977).. Cones do shed outer segment 

lamellae but only after onset of darkness. This means that 

retinae should be processed at night to demonstrate cone-



produced phagosomes optimally. A further complication is 

that prolonged periods of continuous light may disrupt or 

stop shedd~ng altogether (Hollyfield and Basinger, 1978). 
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Walls (1942) surveyed the eyes and retinae of many 

species of reptiles and other vertebrates and compiled the 

most comprehensive analysis of the evolutionary history of 

vertebrate ocular anatomy yet published. Based on his 

studies, Walls developed a scheme of evolutionary develop­

ment of the vertebrate eye, including that of snakes. In 

his scheme, Walls presented a logical basis for the origin 

of snakes from burrowing lizard ancestors (an origin sup-

ported on other data as well, see Bellairs and Underwood, 

1951). 

The only worker to significantly enlarge and improve on 

Walls' work is Underwood. Underwood's work ~h-.reptilian 

retinae culminated in A Contribution to the Classification 

of Snakes (1967}. Underwood reviewed snake retinal patterns 

and suggested a phylogeny in subsequent works, notably in 

The~' Biology of the Reptilia (1970). 

Since the work of Walls and Underwood is so important, 

a brief review of their phylogenies is appropriate (Figures 

25 and 26). Walls and Underwood agreed that ancestral 

snakes had degenerative retinae and therefore very simple 

visual cells. The retina of Typhlops possesses a single 

rod-like type of visual cell (~c9l~~ophi.dian pattern in 

Underwood's scheme}. The Typhlops type retina may be sim­

ilar to the ancestral form or may represent a secondary 



Figure 25. Walls' Phylogeny of Snake Visual Cells 

/j, single cone 
~ double cone 
n "intermediate element" 
O de-differentiated cell 
0 single rod 

dJ :double rod 

.. , 



A B C 
non a 

A B C 
Ll A6.D 

Crotalidae 

Tarbophis, 
Dasypeltis, 
Leptodeira 

A B C 
n ono 

Secretive & 
Crepuscular 

Colubrids 

Fossorial Forms 
(Typhlops here?) 

A B C 
OdlO 

A B C C1 

~tlifJ. D 
Viperidae 

117 

Hypsiglena 
Phyllorhynchus 
Trimorphodon 

Nocturnal 
Elapids 
(various 
patterns) 

AB 
6 (:,/). -, 

Dryophis, 
Malpolon, 
Sepedon 

Diurnal Colubridae 
(and __ EJ.apidae) 

Boidae 

First above ground snakes 

First snakes (Typhlops 
here?) 



Figure 26. Underwood's Phylogeny of Snake Visual Cells 
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degeneration (as it must in Underwood's scheme). Boids 

were believed to be the most primitive snakes on the basis 

of various data and the simple duplex boid retina composed 

of one rod-type and one cone-type element is thought to be 

the starting place from which other, more modern groups 

diverge. Walls and Underwood disagreed on the next step, 

however. Walls suggested that the diurnal pattern repre­

sented by Coluber, Nerodia, etc. evolved directly from the 

boid pattern. Most snakes st~died show this pattern and it 

was not illogical for Walls to make this conclusion. Walls 

saw all other patterns as specializations for different 

adaptive habits assumed by snakes that deviated from the 

strictly diurnal mode. 

In contrast, Underwood viewed the viperin~ retina as 

directly derived from boids. Further, the viperine pattern 

was viewed as ancestral to all other groups. Underwood, 

using a broader data base, argued that the viperine pattern 

is widely distributed in a variety of higher snakes includ-

ing Micrurus, Farancia, Abastor, Heterodon, Coronella, as 

well as viperids. Underwood (1967:53) stated: "In the di-

urnal Natricidae and Colubridae there are types A and B 

cones and small C cones (Dromicus, Natrix, Thamnophis, 

Coluber, rrrymarchon} the type D element has evidently been 

lost altogether (save Coronella)." 

The presence of type D cells in Nerodia rhombifera may 

he explained in both Walls and Underwood terms. If the pure 

cone Type A, B, and C pattern is ancestral, as Walls sug-
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gested, the Type D cells in!· rhombifera represent a new 

development, perhaps related to summertime nocturnality. 

If, however, the viperine pattern is ancestral, then Type D 

cells in!· rhombifera represent a retension of the prima­

tive condition. As Underwood noted, Type D cells are spor­

adically distributed among colubrid snakes. Walls' 

interpretation thus requires a series of independent Type D 

development events compared to a single development and 

subsequent degeneration in Underwood's scheme. 

Scales 

Dendrograms produced by single, complete, and average 

linkage clustering are shown in Figures 27, 28; and 29. The 

dendrograms are somewhat different from those typically 

found in the literature due to the low numbe~~6f characters 

(8] used in the species-by-species comparison. The low 

character number results in several species pairs showing a 

1-to-l correspondence; i.e., linked at the 1.0 level. Aside 

from this feature, however, these dendrograms are typical in 

appearance. 

Single linkage clustering links all 19 species at no 

lower than the 0.75 level, showing a high degree of simil­

arity among the 19 species, whereas complete linkage, the 

more conservative procedure, links all 19 species at the 

0.38 level. Average linkage links all 19 species at the 

0.48 level. 

All three clustering methods show a high degree of 



Figure 27. Single Linkage Dendrogram · 

Species names are abbreviated as fol lows: 
l Agk pis Agkistrodon Eiscivorus 
2 Far aba Farancia abacura 
3 Ner fas Nerodia fascia ta 
4 Ner rho Nerodia rhombifera 
5 Ner sip Nerodia siEedon 
6 Reg all Regina alleni 
7 Reg rig Regina rigida 
8 Reg sep Regina seEtemvittata 
9 Sto dek Storeria deka,Yi 
1 0 Sta ace Storeria occiEitomaculata 
11 Tha but ThamnoEhis butleri 
12 Tha el e ThamnoEhis elegans 
13 Tha equ ThamnoEhis egues 
14 Tha mar ThamnoEhis marcianus 
15 Tha pro ThamnoEhis Eroximus 
l 6 Tha rad ThamnoEhis radix 
17 Tha sau ThamnoEhis sauritus · 
18 Tha sir ThamnoEhis sirtalis 
19 Tro l in TroEidoclonion lineatum 
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Figure 28. Average Linkage Dendrogram 

Species abbreviations given in legend to 
Figure 27 .~· 
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Figure 29. Complete Linkage Dendrogram 

Species abbreviations given in legend to 
Figure 27 • i 
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similarity (_1.0 level) among four groups of snakes: {_l). 

Nerodia sipedon, Regina septemvittata, Thamnophis butleri; 

(21 Storeria dekayi, ~- occipitomaculata, Thamnophis 

proximus; (3) Thamnophis elegans, l· radix, T. sauritus; 

(4) Thamnophis egues, T. marcianus, Tropidoclonion lineatum. 

All three techniques also link Nerodia fasciata, !i· rhom­

bif~ra, and Thamnophis sirtalis with these four groups at 

the 0.88 level. All three techniques link Farancia aba­

cura, Regina alleni, and .B_ •. rigida at the 0.75 level, but 

diverge in the linkage of remaining species. 

The average linkage dendrogram is discussed below, but 

the reader can easily compare the single and complete link­

age dendrograms by reference to Figures 27, 28; and 29. 

Below the 0.75 level, Agkistrodon piscivorus is grouped with . ~-
all the Nerodia and Thamnophis species at the.6.61 level. 

Finally, Agkistrodon, Nerodia, and Thamnophis species are 

linked with Farancia, Regina alleni, and R. rigida at the 

0.48 level. 

Ecologies of the species studied are more diverse than 

the scale patterns. Species of Nerodia and Thamnophis show 

an overall similarity in scale patterns even though ecolo-

gies range from semi-aquatic to terrestrial. This corre­

lates with biochemical studies (George and Dessauer, 1970) 

that show Nerodia to be more similar to Thamnophis than to 

Old World species formerly included with Nerodia in Natrix. 

Tropidoclonion lineatum likewise shows a high level of 

similarity to Nerodia and Thamnopbis, which is consistent 
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with Conant's (J975l statement of ecological and morpholog-

ical similarity between Thamndphis and Trdpidoclonion. 

Regina contains four species, three of which are 

included in th~ cluster analyses. !· grahami was included 

in the study as well, but poor specimen quality prevented 1 

determination of all character states utilized in the anal-

yses. This gr6up of crayfish-eating snakes probably 

diverged from a Nerodia-like ancestor with grahami repre­

senting the most primitive and alleni the most advanced of 

the group lRossman, 1963). R. septemvittata is more similar 

to Thamnophis than to either of the other Regina. Scales 

of R. rigida and!· alleni are increasingly more dissimilar 

to Thamnophis, however. Good specimens of !· §rahami would 

be expected to be similar to Thamnophis, as is !· septem-

vittata, if Rossman was correct in his phylog~~Y of the 

genus. 

Regina.alleni and!· rigida are more similar to 

Farancia abatura than to the other snakes studied. This may 

be explained on the basis of convergent adaptation. Gans 

and Baic 0977) relat~d a smooth, glossy scale surface to 

fossorial habits and Farancia and !· alleni are the most 

fossorial snakes in the study. Adaptation to fossorial 

habits may also be related to loss of c-entral keels from the 

scales (_Jackson and Reno, 1975). Farancia and R. alleni 

are the only colubrid snakes studied-here that lack central 

keels. In support of a close relationship among alleni and 

other Regina, however, Rossman (1963} reported that some 
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scales are keeled in the tail and supra-anal region of R. 

alleni. Monroe and Monroe (1968) reported a study of scale 

surfaces of Drymarchon corais. Drymafchon has iridescent 

scales (as does Farancia) and is semi-fossorial in habits 

(it is sometimes commonly called a gopher snake in Florida 

because of its occurrence in gopher tortoise burrows). 

Electron micrographs of Drymarchon scales revealed a pattern 

similar to Farancia. Monroe and Monroe (1968) found the 

pattern to produce a diffraction grating, thus explaining 

the iridescence. Iridescence would seem to be a by-product 

of a pattern that reduces adhesion of soil particles and 

thus friction (Gans and Baic, 1977). 

Paired apical or scale pits located near the posterior 

end of the scales were observed on only five of the twenty­

five species studied (Agkistrodon contortfix;·~. piscivorus, 

Nerodia cyclopion, !· fasciata, !· rhombifera). Cope (1900) 

used the presence nf apical pits to distinguish Natrix from 

Thamnophis. The presence of apical pits in Natrix and thier 

absence in Thamnophis was utilized by subsequent workers as 

well (for review see Conant, 1961). Conant (1961) stated 

that scale pits have been found among all species and sub­

species of North American Natrix (Nerodia) for which fresh 

material is available, although they are apparently absent 

in many individuals of N. valida and N. kirtlandi (now 

called Clonophis kirtlandi). Conant also found scale pits 

on several species of Thamnophis. Thus Conant concluded 

apical pits were worthless key characters for separating 
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Natrix from Thamnophis. The failure to find apical pits on 

museum specimens may not mean that pits are not present on 

fresh specimens. Conant found that often scale pits are 

difficult to identify on long preserved material. In the 

Thamnophis species, often pits were only found on a few 

scales and not generally distributed as in most Nerodia~ 

Even Regina alleni is reported to possess apical pits on the 

few scales that have central keels (Rossman, 1963). 

Pits observed on Agkistrodon and Nerodia scales were 

morphologically alike. None was very deep nor possessed 

specialized surface structures. The presence of apical pits 

seems to be associated with presence of central keels, and 

neither is found on strongly fossorial snakes (Jackson and 

Reno, 1975}. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The primary aim of this study was to investigate the 

use of micromorphology in the study of natricine systemat­

ics. Watersnakes have been a difficult group for which to 

establish widely acceptable, enduring classification 

schemes. Workers in this area desire new characters to 

supplement traditionally used osteology, gross morphology, 

hemipenes, and scutellation. 

Walls 0942} first applied light microscopy to a study 

of snake visual cells and since his work Under,.wood (1970, 

others) has furthered this application. The present data 

indicate that while light microscopy provides useful infor­

mation it fails to provide species distinction. Visual cell 

patterns and retinae appear to be evolutionarily stable with 

respect to species group or subfamily categories. At the 

family level, however, there is more variability. 

Walls and Underwood constructed phylogenies of snake 

visual cell patterns. These differ primarily on which 

pattern represents the stem pattern from which other pat­

terns radiated. The presence of Type D elements in Nerodia 

rhombifera supports Underwood's view. 

Transmission electron microscopy shows that, ultra-

132 
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structurally, there is variation among otnerwise similar 

species. The present data are insufficient to determine the 

degree and nature of this variation. The ellipsoids in the 

visual cell inner segments are the most interesting in this 

regard and more study is needed. Additional study is also 

needed to determine affects of ontogeny and aging on retinal 

parameters. Further, analysis of intra-retinal variation is 

needed to determine if different regions of the snake retina 

show different cell densities or frequencies. 

Scale surface morphology has recently become accessible 

to detailed study due to the developm~nt of the scanning 

electron microscope. From only three comparative studies 

(two of which deal with the lizard genus Sceloporus) it is 

generally reported that scale (oberhautchen} surface pat-
' ,· 

terns are species specific in squamates. Th~ ~resent data 

do not show such specificity for all species. Scale sur-

faces of Agkistrodon contortrix and A. piscivorus are 

very similar. More inter-specific variation exists among 

the Nerodia and Thamnophis, however. 

Phenetic analysis of scale surface patterns shows a 

high degree of similarity among Nerodia and Thamnophis. 

The amount of variation within the genus Thamnophis is of 

equal magnitude to the variation between Thamnophis and 

Nerodia. 

Regina alleni and R. rigida scales are more similar to 

those of Farancia abacura than they are to scales of Regina 

septemvittata. Scale surface patterns of Farancia abacura, 
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Regina alleni, and R. rigida are likely related to fossorial 

habits. 

Scale patterns do not seem to be correlated with any 

other of the ecological preferences studied. 

The major problems encountered with scale study by 

scanning electron microscopy involve reproducibility. 

Similar scale patterns are present on different specimens of 

the same species. Patterns do show varying amounts of 

erosion, however. Reasonably large numbers of specimens 

must be available to insure good data from a given species. 

The scale characters utilized in this study represent 

actual surface sculpturing and are of taxonomic utjlity. 

Museum collections offer a rich source of-~aterial, and 

the use of such collections should make possible studies of 
> ; 

complete species groups. 

Additional study is needed to elucidate the affects of 

ontogeny, aging, and ecdysis cycle on scale patterns. 
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Species No. Year County State Condition No. Year County State Condition 

Agk1strodon OSUR 1955 Mayes OK ? OSUR 1958 Payne OK ? 
contort1rx 1099 1199 

OSUR 1958 Payne OK Bad OSUR 1964 McCur- OK ? 
2019 2855 tain 

Agkistrodon OSUR no data Bad RS no data Good 
Qiscivorus 65 89 

Boa 
eonstri ctor no data Good 

Faranc1a OSUR 1957 Collier FL Good OSUR 1977 McCur- OK Good 
abacura 2017 3891 tain 

Nerodia OSUR 1959 Lee FL Bad NELS l965·Lafouche LA ? 
cyclop1on 1996 5229 

Nerod1a OSUR 1963 Woodward OK ? OSUR 1964 More- LA ? 
erl'.tlirogaster 2677 3031 house 

OSUR 1941 Sequoyah OK Bad OSUR 1966 Noble OK Good 
3145 3475 

.•·.· J 

Nerod1a RS 1978 FortBend TX Good OSUR"l926 Layfay- LA Bad 
fa sci ata 91 109 ette 

OSUR 1947 McCur- OK ? OSUR 1955 Galves- TX Bad 
11 2 ta1n 187 ton 

OSUR 1955 Galves- TX Bad --' 

188 ton +>-
.J:::> 



Nerodia OSUR 1976 Sequoyah OK Good OSUR 1977 Noble OK Good 
rhombi fera 3664 3866 

OSUR 1977 Noble OK Good 
3867 

Nerodia OSUR 1940 Delaware OK Good OSUR 1947 Leflore OK Good 
sipedon 145 284 

OSUR 1952 Adair OK Good OSUR 1957 Wyoming PA Bad 
491 992 

OSUR 1957 Wyoming PA Good/ OSUR 1957 Wyoming PA Bad 
993 Bad 990 

Re~ OSUR 1959 Collier FL Bad OSUR 1959 Alachua Fl Good 
a eni 1782 1988 

OSUR 1959 Alachua FL Good 
1989 

Regina OSUR 1954 Payne OK Bad OSUR 1958 King- OK ? 
grahami 209 1208 fisher 

Re~ OSUR 1962 Ovaohita LA Good 
r 9..U!.! 3104 

. 
Re .9.i.!12_ OSUR 1957 Franklin OH •, ? _, OSUR 1957 Franklin OH Good 

septemvittata 895 l 011 

OSUR 1959 Alle- PA Good 
1857 gheny 

Storeria OSUR 1954 Payne OK Bad OSUR 1966 Payne OK Good 
dekayi 364 3218 __, 

+=-
U1 



OSUR 1977 Pushma- OK Good 
3878 taha 

Storer1a OSUR 1929 Cheboy- MI Bad OSUR 1958 Cherokee OK Good/ 
oc~1p1tomaculata 213 gan 1206 Bad 

Thamno2h1s OSUR 1938 Washte- MI Bad OSUR 1958 Licking OH Good 
butleri 84 naw l 31 3 

ThamnoEhis OSUR 1966 Santa- AZ ? 
ClrtOESlS 3424 cruz 

ThamnoEh1s OSUR 1958 Morin co Good OSUR 1958 Boulder co ? 
ele~ 1450 1524 

OSUR 1958 Boulder co Bad OSUR 1959 Humbolt CA Good 
1525 l 7 81 

ThamnoEhi s OSUR 1959 Cochise AZ Good 
eill.!_ 1879 

Thamnolhis OSUR 1958 Greer OK Good OSUR 1958 Cochise AZ Bad 
mare anus 1241 1494 

OSUR 1959 Throck- TX Good OSUR 1977 King- OK Good 
2117 morton 3884 fisher . 
OSUR 1976 Woodward OK . •';· Goo-d 
3885 

Thamnoehis OSUR 1976 Leflore OK Good OSUR 1976 Leflore OK ? 
Erox1 mus 3663 3680 

Thamno2h1s OSUR 1949 Cimarron OK Bad OSUR 1949 Cimarron OK Good 
rad1x 531 598 ........ 

.+::-
0) 



Thamno~h1 s OSUR 1959 Argsbrae co Bad 
sauri tus 1739 

ThamnoQhis OSUR 1937 Washte- MI Bad 
sirtalis 235 now 

OSUR 1977 Payne . OK Good 
3886 

Tro l1 doc lo·n·ion OSUR 1958 Tulsa OK Good 
1 neatum 1107 

. . . . ' . . . . . . . . . . 

OSUR = specimen from Oklahoma State University Museum 
RS = specimen from R. H. Stovall 

.•· 

OSUR 1964 Caddo OK 
2738 

OSUR 1958 Wyoming PA 
1247 

OSUR 1960 Payne OK 
2285 

Good 

Bad 

Bad 

_, 
.+::> 
"-J 
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Taxo n Photos Drawings Authority 
EM LM 

BO I DAE 
Epic rates + Underwood (1967a, 1970) 

Python + Underwood (1970) 

Tropidophis + Underwood (1970); Walls 
( 194 2) 

Xenopeltis + Underwood (1967a, 1970) 

COLUBRIDAE 
Abaster Underwood (1967a, 1970); 

Walls ( 194 2) 

Ahaetulla + Underwood (1967a, 1970) 

Arizona Underwood (1967a, 1970); 
Walls (1942) 

A trac tus Underwood (197·0) 

Boaedo n Underwood (1967b, 1970) 

Carphophis Underwood ( ]'9']0) 

Cemo phora + Underwood (l967a, 1970);. 
Walls ( 194 2) 

Chers~drus + Underwood (1970) 

Chio na c tis Underwood (1967a, 1970) 

Co 1 ub er + + + Stovall (1976a); Underwood 
(1967a, b, 1970); Walls 
( 1 94 2) 

Coronel la + Underwood (1967a, b, 1970) 

Crotaphopel tis + Underwood (1970) 

Da SY pel tis Underwood (1966, 1967a, 
1970); Walls ( 1 94 2) 

Diadophis Underwood (1970) 

Di nodo n Underwood (1970) 

Dipsadomorphus Walls (1942) 
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Dromicus + Underwood (1967a. 1970} 

Dr.z:marchon Underwood (1967a, 1 970) 

Dryophis Wa 11 s (1942} 

Elaphe S tova 11 (1976b}; Underwood 
(1970}; Yamada et a 1 • 
(1966) 

Enhydris + Underwood (1966, 1970) 

Fara nc i a Underwood (1967a, 1970); 
Walls ( 194 2) 

Helicops Underwood (1970) 

Heterodo n + U nd erwo od (1967a, 1968, 
1970) 

Hlps i 91 ena + + + Stovall (1976a); Underwood 
(1967b, 1970); Wa 11 s 
( 194 2) 

Lampropeltis Underwood (1967a, 1970); 
Walls (1942) 

Leptodeira + + + M i 1 1 er a nd S ny d er (1977); 
S tova 11 (1975); Underwood 
(1966, 1970); Walls 
(1942) 

Lepto typhl ops + Underwood ( 19 51' 1967a, 
1970) 

Liopholidophis Underwood (1970) 

Llcodonomorphus Underwood (1970) 

Mal pol on Underwood (1967a, 1970); 
Walls (1942} 

Na tr ix ( Nerodia) + + + H i b b a rd a nd l a v erg n e ( 1 9 7 2 } ; 
Tans 1 ey and Johnson 
( 1 9 56} ; Underwood (1967a, 
1970); Walls ( 1 94 2) 

Pa reu s + Underwood (1967a, b, 1970} 

Phyl l orhynchus Underwood (1967a, 1970}; 
Walls ( 1 94 2) 

Pseudaspis Underwood (1970} 
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Pseudoboa Underwood (1967b, 1970) 

Rhinocheilus Underwood (1967a, 1970); 
Walls (1942) 

Si bo n + Underwood (1966, 1967a, 
1970) 

Storeria Stovall (1976b) 

TelesCO[US Underwood (1966, 1967a, 
(Tarbophis) 1970); Walls ( 1 94 2) 

Thamnophis S to v a 11 (1976b); Underwood 
(1967a, 1970) 

Tri mor phodo n + Underwood (1967a, 1970); 
Walls (1942) 

ELAPIDAE 
Aca ntho phis + Underwood (1967a, 1970) 

Denisonia Underwood (1970) 

El a ps Underwood (1970) 

Enhydri na Hibbard (1975); Underwood 
(1970) 

Hemacha tus Underwood (1967a) 

~1 i c ru ru s Underwood (1967a, 1970) 

No tee his Underwood (1970) 

Felamis + + + H i b b a rd a nd La v erg n e (1972) 

Sepedon Underwood (1970); Walls 
(1942) 

TYPHLOPIDAE 
Typhlops + Underwood (1951, l967a, 

1970) 

UROPEL TIDAE 
Rh i no phis Underwood (1970) 

VIPERIDAE 
A9 k is trodo n + Underwood (1967a, 1970); 

Walls ( 1 94 2) 

A tr a c ta s pi s + Underwood (1970); Walls 
( l 94 2) 
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Bi fi s + Underwood (l967a); wans 
( 1 94 2) 

Bo thro ps S tova 11 (l976b); Underwood 
(l967a, 1970) 

Causus + Underwood (1967a, 1970); 
Walls ( 194 2) 

Cerastes Via 11 s (1942) 

Crotalus Underwood (1967a, 1970) 

Sistrurus Underwood (1967a} 

Vipera + + Underwood (l967a, 1968, 
1970); Walls ( 1 94 2) 
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Species Common Name 

Agkistrodon contortrix copperhead 

Agkistrodo~ piscivorus cottonmouth 

Farancia abacura mud snake 

Nerodia erythrogaster yellowbelly watersnake 

Nerodia erythrogaster yellowbelly watersnake 

Nerdoia fasciata broadbanded watersnake 

Nerodia rhombifera diamondback watersnake 

Pelamis platurus sea snake 

Re.9...i.!l2_ grahami Graham's watersnake 

Storeri a dekai'.J_ Dekay's snake 

Storeria deka.ti_ Dekay's snake 

Thamnophis proximus ribbon snake 

Thamnophis proximus ribbon snake 

Number County 

RS82 Harris 

RS12 no data 

RS67 Harris 

RS26 no data 

RS17 no data 

RS91 Fort Bend 

RS27 no data 

RS63 no data 

RS78 Harris 

RS77 Harris 

RS87 Harris 

RS34 no data 

RS35 no data 

State 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Year 

1976 

1974 

1976 

1974 

1974 

1978 

1974 

1976 

1976 

1976 

1974 

1974 

---' 
U1 
-i:::. 
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1. Cveral l Shape 
r e f er s to th e s ha p e formed by a n o u t 1 i n e o f th e s ca 1 e 
perimeter a s viewed from directly above 

1-1 Agkistrodon- like 
scales approximately twice as long as wide (at 
widest point) , smoothly taper to a bluntly 
rounded tip 

l - 2 Far a nc i a -1 i k e 
scales distinctly rhomboidal in shape and 
bluntly tapered - , 

rd. 
' 

1-3 Nerodia-like 
scales approximately twice as long as wide but 
tapering essentially from the posterior 1/3 to 
end; apical margin V-shaped in profile 

llf/.e -, . . . "· .. ' / . '"'~ill! . ....... ~ . I ., . .. 
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2. Central Keel 
refers to a prominant ridge running parallel with the 
long axis of the scale, in the center of the dorsal 
(exposed) surface; readily visible to gross observa­
tion when present 

2-1 Fresent 

2-2 Absent 

3. Apical Fits 
r e fer s to r o u nd e d , pi t - 1 i k e d e pr e s s i o n s o n e i th er 
side of the central keel posteriorly 

3-1 Present 

3-2 Absent 

4. Longitudinal Ridges 
refers to linear striations which run parallel to the 
long axis of the scales but are not nearly as promi­
nent as the central keel; only slightly visible (if 
a t a 11 ) to gross obs er v a ti o n 

4-1 Frese nt 

4-2 Absent 



5. Perpendicular Spikes 
surface covered with horizontal units or rows from 
which spike-like projections extend posteriorly; 
spikes are oriented parallel to the long axis of 
the scale 

5-1 Spikes of adjacent rows interdigitate 

5-2 S~ikes of adjacent rows overlap 

5-3 Absent 
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6. lflter-ridge Lattice Work . 
refers to the presence of a complex network of small 
ridges that form irregular closed spaces to give a 
net like ap~earance; when present lattice fills the 
spaces or troughs between longitudinal ridges 

6-1 Fresent 

6-2 Absent 

7 • Po 1 y go na l U n i ts 

16 l 

scale surface appears to be covered by irregular 
polygonal units; polygonal units may give rise to the 
longitudinal ridges (character 4) by chevron-like 
rosterior projections which overlap with similar ex­
tensions from adjacent polygonal units 

7-1 Present 

7-2 Absent 

8. Anastomosing Ridges 
refers to a surface pattern of numerous small ridges 
that form a network; ridges are distinctly smaller 
than longitudinal ridges (character 4); the larger 
longitudinal ridges often appear as superimposed 
surface folds on the pattern of the more delicate 
ridges 

8-1 Fresent 
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8-2 Absent 
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