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GHAPTJ.1:R I 

IN<f'RODUC'.fJON 

Snakes have been ·ttH? obj,tct ,of mu,ch resen.rch, especially in 

the area. of veno;a ,!:ttsd ven0:r.1 transmission.. However, little has been 

published ab:>ut the anatvt!!ic£u a.r-ra.ngement mtd pos:!.tifm. of ir,ternal 

or:ga.na, particuilarly wi'l:,h re!e;i,~-3nce to ex!AJl'!la.1 landmarks tha;t. CBJ1 be 

used to indicate their pibsition in the living ar:d.mal. This pap0r will 

present evidence 

different .families. 

Ventral scale ecunts have often 'been 1:rned as a means 1:-,.f' identifi

f:'.atioo :t,,"1 snakes.. 'I'he t~cmcmiic tJ:J.gnif:!.<".anoe of thls eharaeter is esta

blished and accepted. by Thomrison,. Sehr.:d<lt., !Javis, Dowling and others. 

ThDm:pson (1914)., i1eh:,tl.dt and Davis (lS141) and Dow:.Ung (1951) proposed 

lity of error., esr:'.lee'la.11.y in the throat :region. 

Kla.uber (19.56) listed the nceasurements in .n1illimete1•s of the lung., 

heart., liver, sk,ma.eli., ga.llbl&dd,~r., spleen., kidney and test.is in 

Crotalus .mitchelli f?3rrrhu~.. He also listed i.n mill:ilr1ett3TS the position 

c,f theae organ:s within the bclCiy call:i.ty and ctlc.u1a.tf1ti the pett•eentage 

lang-tha of these ox•gans in relationship to the J:Jumber of ventral scales. 

'fyson, as cited in f1.hre:ni't,ldt (1955)., noted tbat the number of 
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vertebrae and ribs of the rattlesnake equalled the number of scales on 

the underside frO!ll the neek to tho anus. If' the relationship of verte

brae and ribs to ventral scales is consistent, one eould theorize that 

a relationship could also be deillonstrated in the position oft.he vis

ceral organs. 'l'he recognition of such a relationship is important, 

especiaJJ,y in animals without limbs or other external indications of 

division of the trunk into neck, thorax and a!)domen. 

Knowing the position of an organ by,scale number should prove more 

useful than knowing its position by percentage or body length for it 

is dif!ieult to derive accurate linear measurements either from moving, 

live specimens or f'rcm hardened., preserved speei..,nens · that have been 

coiled in jars • 

.A system that permits precise location of the position oi' varif,us 

visceral organs cauld aid in studies of many sorts,.. With a lcnc,.1ledge 

ot organ position,.physiologieal., histological and morphological studies 

could be attempted with less possibility of death to the snake. 



CHi\.P'fEH II 

GKNErtAL DESCRIPTICi\J C:F S?T£CIES 

'.l:he spacie~ cf snakes used wel?e Natrix rhombifera rhombifera, the 

diamond-backed water snake, Haldea str-iatula, the rough earth snake and 

Ancistrodon contortrix laticir1:etus, tha broad-banded copperhead. 

!• rhomhi.fera. ,Fhombifera., often mistaken for the cottonmouth., 

to central Texas. "1:his snake belongs to the family Cc,lubrida.e, su.b-

family Na:trieiru:,e,. It is large a.:nd bulky, rru:1ging up to 63 inches in 

length. It frequents varying types of aqua.tic habitats where it .t'ee;ds 

nocturnally on fist:, frogs, sma.11 turtles and other aquatic ardmals. 

In late August these snakes aive birth to live young averaging JO young 

per litter. 

1'he small seeret.i ve snake., !i• striatula telcngs to the family of 

harmless snakes,. Colub1~idae, subfamily Colubrinae. Its distribut!on 

extends f :r·c-m Virginia. to northe!'n }~lorida and west to Kansas and 'l'eJt:a.s. 

It ranges froxr: seYen to ten inches in lent,th, is aoctur·na.l and hides in 

moist places under rocks and debris .. Being small• it .faeds on insects 

a.n,j other small invertebrates. It measures <?,bout four inches in lenzth 

at birth and the average litter size i1> seven. 

A. contortrix laticinctus belongs to tha .family of' ver~omous snakes, - . . ................................. ... 

Viperidae, subfamily Crota.linae. It is found in southern r~nsas through 

Oklahoma and central 'I'exas to the Gulf of Hexico. Its length IDay reach 



53 inches but average is 22 to JO inches. This snake prefers moist 

areas but does not frequent ponds. Its diet consists .mainly of sma.11 

mrumnals and occasionally birds and insects. Two to ten live young per 

litter are born in late August to early September,. 

These three species of snakes were chosen because they differ 

f'rom. one another taxonomically, in size and in habitat,. If a :relation

ship does exiat between the position of visceral organs and the m:unber 

of ventral scales in each species of snake studied,, the knowledge de

rived f'rom it would be more valuable if based on 'li'Iidely separated ta...~. 



ANATOl{ICAL DISCUSSION 

The visceral organs, heart, liver, gallbladder, pan.creas, gonads, 

and kidneys were considered. in th$ order of their appearance in the 

snake (a.Y1te:r:tor to posterior) • F'or clarity, a brief and general ana .... 

tcmica.1 discussion of the organs considered follows. 

'The entire pleuroperitonea.l cavity and the relat:Lonship of the 

organs within it, is quite uni,que in snakes due to the attenuated: body 

form and the consequent. nece,$S:Lty for a. linear arrange111ent of the or

gans. Thus there is a marked asymmetry of the viscera.., particularily 

of the paired organs., those of the right side being anterior to, as 

well as k'l,rger than those of the left (Smith, 1954) .. 

Due to 'the compression o.f the organs within such a small., cylind

rical space the organs are elongated, diminished in size or .in some 

cases elL.'iLi.na.ted entirely. For e.:im."Uple, one finds two lungs in the more 

primitive snakes but, the more advanced snakes have only one functional 

lung, the right., and a r1:tdirnenta.ry left lung. 

'I'he lung is divided into three regions: the traeheal., bronchial 

and r·eservoi:.r regions. 'rhe tracheal lung, whieh is the most anterior 

region,. :fills the anterior part of the body cavity and terminates oppo

site the eenter of the heart. This lung tissue is filled directly with 

air from. tbe trachea that lies below it. The trachea is split dorsally 

i'roru the beg:i.n.ning of the tracheal lung to its entrance into the bron-
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chial l ung (Klauber, 1956) . 

The bronchus or terminus of t he trachea supplies air to the bron

chial ung t issue. The boundary between t he osterior tracheal and 

anterior bronchfal porti ons is often not preci sely definable . The 

bronchial port i on, also c led the respiratory or vascular lung, ter

minates anter i or to t he gallbladder (Varde , 1951) . Its total length 

depends upon the length of the snake . 

The final secti on oft. e lung is a bla derlike t ube with a thin, 

t anslucent wall which serves as a n air reservoir . Thelen th of the 

reservoir 1.ung varies in different speci es , often exte di ng as fr as 

the nter ior end of t he gonads . 

The heart is t hr ee-chambered in all snakes an lies in t ne ante i or 

part of the body with the lun dorsa and to the r ight of it and the 

esophagus to the left of it . The ouscul r vent r i cle is the most a 

parent part of the heart whim viewed ventrally. The ventricle is pa 

t ial ly divided by an incomplete interventricular septum which extends 

f r om the apex toward t he center. The conus a teriosus no longer exists 

as a separate part . The conus arterio s , as well as the ventral aorta6 

is split into three main trunks . 

The esophagus i s a t hin walled embranous tube lyi ng to the left 

of the heart and opening i nto the cardiac pa.rt of t he sto ch a t the 

level of the •ctdle of t he liver . The anat · cal istinction between 

the esophagus and sto1aach i s not easily seen unl ess the st omach is dis

tended with food . The stomach wnich can be t, reatly istended, ends 

poster · orly with a small pylori c port i on, much narrower tan t he body, 

and terminating wit h a sphincter. This sphincter div .des the sto eh 

f r om t he c i l ed small intesti ne , wit h the small intesti ne leadi into 
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a s ho.rt large intestine which terminates in a cloaca. 

The accessory organs of the .i gesti ve system, the l iv-er and pa.n

cre s., are very distincti ve . The l i ver is t he most consp' cuous organ.t 

beinr reddish- brown in color . Its anterior 2nd lies posterio to the 

heart and the posteri or end is fond in t he ' ' ddle of the Ledy c vity 

s ome dist ance anterior to the r; lbladder . The c ommon ile duct, which 

appears to d ·v·de the single obe of the liver., lies in the ventral 

midl i ne of the liver and courses t hrough t he mesentery to the gallblad

der and pancreas posteriorly. After givi ng of f a branch to t he gall

bla der., it opens into the ant erior end of t he s 11 intestine . 

A membranous., r eenish gallbladder is f ound at the level of the 

ent ance or t he bile duct into t he s 11 intestine . It is posterior 

to n com,::iletely separate fro the l iver . The ducts of the pancl"eas., 

a globular gland adher inb closely t o the posteriora1.d of the gallblad

der, enter the s all intestine j ust anterior to the bile duct. 

The gonads adhere to the lateral wall s of t he pleuroper itoneal 

cavity on either side of t he s . . 11 intestine . They a.re always found 

posterior to the pancreas but the exact position cannot be predicted 

precisel y because the gonads vary in si ze and position depending upon 

the state of the sexu-1. cycle, especially in t he female . The gonads are 

solid struct ures with the r ight gonad being larger and situated farther 

forward . 

The rnetanephri c kidneys which re s imilar in both sexes and s i tu

ated behind the gonads, are c om osed of a. series of i regular lobes 

adheri ng to the lat eral walls of the coel om. The kidneys ., like the 

gonads, a.re as etri cally placed. One idney may lie ent irely behind 

the other or t hey may overlap to a v rying extent . The mesentery e -
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tend:Lng from. the kidney to the coelow:Lc wall is the saae r1esentecy that 

supports the gcmads. In gravid females the developing young tend to 

d:i.spl1:1.ce the kidneys and gonads by stretcbing the mesentery. A urina.ry 

bladder is lacking in all snakes. 



CHAPTER IV 

mens of li• striatula and 16 spectrn0ns of !:.. eontortrix la:ticinctus 

were obtained from the Oklahoma. Sta.t,u Univer,sity 11uset:un. 'fen t£_,. ~ 

bi:i\~ra rtio:mb:Lferlil. and fiV'e h. conto:rtrix laticin,ctus were collected .----...... . - - , ........ -----~ ___________ .... 
alive near the U:nivers:Lty of Oklahoma E-iological Station at Lake Texoma.. 

tion. 

through the foi·a.men magnum into tbe bra.:1.n. This killed quickly and 

eaused the muscles to relax, thus insuring t.he natural pos:.ttion of the 

organs. 

Although the Sf1l11p1e tcst<ad was :restricted to f ema.les the relation-

ship cot:ld also be applied to males. 11rost variability- occurs in fem.ales 

a.ecording to Smith ( 1954) who noted th,o1t gigr.i.ntism, Lhe presence of 

abnormally 1.cirge animals in a popu1;:,.t:i.on, is usually :restricted to fe-

Sfaid:tea by Boyer (l957) a.n.d Klauber (191+3) pres-ant cnridenee that 

ths.n nk1.les.. The males have longer tails thrm the f'EL:ta1es and the re-

tracted. benlipenes are accomraodated in the tail. Be~1g longer the tail 

9 
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requires more scales to sheathe theI:1.. The females, nn the other hand,, 

must ea:rry eggs and.young that represent a. ecnsidera.ble proportion ot 

the body 'bulk, and so are favored with additional ventral s.::ales {Klau

l:ier .. 1956). 

Kla.uber found that the coefficient of sexual dimorphism in the ven

trals~ witl1 the females invariably higher, varied from 0 .. 5 to 4.0%, with 

an a:verage or 2 • .3}~.. This i.ndi.eated a. higher count of about fc..ux· or i'.ive 

ventral aeales in the f e:raa.les of most species. These ranges 1:rere found 

to bf;i const&nt. Thus, H' there is .a defin.tte relationship of' the ven

tr,al.s to the position of visceral organs in the female populatlon1 one 

could by adjusting percentages, apply this relationship to male popula

tions. 

Schmidt and Davis• (l.941) method of counting ventrals was employed .. 

They reec.mmen.ded starting the count with the first ventral scale which 

is distinctly -wider than long,. and proceeding to the scale immediately 

before the anal plate (Ji''igs .. l and. 2). The ventrals were counted twice, 

once .tro:m anterior to posterior a.mi once trom posterior to anterior, to 

eliminate error.. The_ total length of the snake was measured to the 

nearest inch. 

A mid-ventral incision tram throat to vent ua.s made+, o reveal the 

organs of the pleu:roper.itoneal eavtty. Specific counts for the anterior 

and post,erior ends of the heart., liver_, gailbladder, pancreas and the 

anterior ends of the gonads 8!1d kidneys -were taken randomly to lessen 

the possibility of erroJ> (Fig. 3).. h:fte.r the random count wa.s taken 

tor eaeh organ the count was taken a.gain beginning at the anterior end 

of the body and progressing to the vent.. To a.void bll!.s, no two mem

bers of the SUllle species· were counted cunsecutively, except in una.void-



Figure 1. Determining the First Ventral Scale 

Last Ventral 
-,.....~-n-~~-~~~Anal plate 

F'igure 2. Determining the Last Ventral Scale 

11 



Fig . 3. Internal anatomy of A. contortrix laticinctus 
1. heart. 2. liver. 3. body of stomach. fi. pyloric 
stomach. 5. gallbladder . 6. pancreas . 7. small i ntestine 
8. oviduct. 9. kidney 10. large i ntestine. 

12 
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circ,,t.m.stances.. If the organ 5.n 4,uestion was lcc:1.t€d :ir ithin less than 

one hc1lf of: one scale lzmgth of t,ha a.djpining scale, the scrile wits ::mt 

iric.lu.d.-e-d_ i11 co.mt. 

The the posterior ends of the g cnads a,nd k:i.dneys 

were not e,.,unted tiecau.s~ the length and position of tLese organs in 

t,he coelom varied due to di.ff'erini; degrees of s,::,xual. activity. 

of were calculated. usin;.i: met,hods gJven in 

Steel stnd. 'I'orre (1960) 1 by use of 7040 type IBN:. data.-p:rocessing 

machine. 



CHAPl"ER V 

RESULTS AtW DISCU:3S!ON 

I·c. was presumed frc!ll the bee1,inning cf thi.s study• that at birth 

a. snake has its full ce:mples.llent oi ventral sea.lea, aud that these scales 

ir;.e:rease in lertS-th and width a:t a I"ate proport:.Lona.to to the ine.r.•ea.se 

in ~ize of .ther visceral organs. The basis for this ar;sumption was the 

fact. that the number of ventral scales are r·ela-~ively constax1t for a 

given species {Ik..vwling. 1951)# and Tyson's (168.3) abaervat:1.on that t.he 

number of vert.ebrae-be,u1.l1g ribs oi' the rattlesnake equalled ·t;he l'lU!ilber 

of UCD,les ou the belly .. 

'The data list~d .tn Ta.ble 1. Ill and II show the mean values and 

confidence intervals as derived from the :means and. standard de,,iatlons 

for the ant.-e?"'lor and posterior ends of ea.eh organ in ea.ch species. A 

9'0;( eonfidencemi.nterval was derived using .30 observations for Natrix 

and .Hald.ea and 20 observations for Ancistrcdon. According to the data 

obt1µned, a relationsl~,ip does exist between ventral scale eount and or

gan location, but variation is greater in Na.tru: than in Haldea. a.nd 

Anciat,rodon. 

The relationships, as !ound in this st.udy, may not bo applicable 

to other snakes or the same species for severa.1 reasons.. Kl.au.bar (1956) 

demonst:rated vi~ria.tion in th.i. nU111ber of ventral scales in ;.makes of the 

sairie species f.2.·om diffeJ:-ent geographical regions. The snakes conatdered 

in this study were taken from a li:rr.d.ted. geographical area, thus the data 

14 



T1\BLE I 

:MElrn VENTRAL SCALE COUNTS FOR POSTrION OF ORGANS Airn 
'rIIEIR COIJFIDENCE: INTERVALS FOR 30 SPECil-1ENS OF 

FATRIX RI-IOHBIFERA RHOl/i:BIFERI~ _,. ____ ------ ----· 

15 

Abbrev. 90% Confidence Intervar---~~ 
Orggn _______ -2.[_organ 1• /' l'·J.ean LoHer limit UpperTimIT--

Heart begins BB 211-. 5 22.4 26.6 

IIan1~t ends m: 30.2 27.7 32.5 

Liver begins LB 40.3 36.9 1"3. 7 

Liver ends Ll:i' J.J 69.9 66.6 73.0 

Gallbladder begins GBB 77.6 71.9 83.3 

Gallbladder ends GBE 80.1 73.8 86.2 

Pancreas begins PB e;o.9 75.3 86.5 

Pancreas ends PE 82.4. 76.o 88.0 

Left gonad begins LGB 107.9 102.0 113.8 

Eight gonad begins RGB 99.2 92.6 105.g 

Left kidney begins LKB 117.3 111.2 123.2 

IUght kidney begins RKB lOEs.6 102.9 llL,. 3 

---------



TABLE II 

MEAN VENTRAL SCALE COUNTS FOR POSITION OF ORGAES: AND 
THEIR CONFIDENCE INTERVALS FOR 30 SPECTI1.El.\f S OF 

HALDEA STRIATULA 

90% Confidence Intervals 
Organ Mean Lawer limit Upper limit 

Heart begins 20.7 19.2 22.2 

Heart ends 2Le.6 23.l 26.1 

Liver begins 31.0 29.6 32.4 

Liver ends 66.2 62.5 69.9 

Gallbladder begins 78.6 74.l 82.9 

Gallbladder ends 79.6 75.3 83.9 

Pancreas begins 80.6 76.3 e4.9 

Pancreas ends 81.6 77.3 85.9 

Left gonad begins 97.4 92.9 101.9 

Right gonad begins 89.3 82.9 95.7 

Left kidney begins 106.8 102.8 110.8 

Right kidney begins 101.5 97.5 105.5 

16 



TABLE III 

MEAN VEN'l'RAL SCALE COUNTS FOR POSITION OF ORGANS AND 
THE.:-IR cmJFIDJi;NCE :INTERVALS FOR 20 SPECJNENS OF 

ANCISTRODON CONTORTRIX LATICINCTUS 

90~ Confidence Intervals 
Organ Mean Lower limit Upper limit 

Heart begins 46.3 44.6 1+7 .9 

Heart ends 51.0 49.0 53 .o 

Liver begins 52.l 49.8 54.4 

Liver ends 81.9 78.9 84.9 

Gallbladder begins 90.7 87.2 9L1-.2 

Gallbladder ends 93.8 90.5 97.1 

Pancreas begins 94.2 91.0 97.4 

Pancreas ends 95.8 93.0 98.6 

Left gonad begins 109.5 107.3 111.7 

Right gonad begins 101.8 99.0 104.6 

Left kidney begins 120.8 118.4 123.6 

Right kidney begins 116.5 113.8 119.2 

17 
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may n<>t apply pli',;_rfectly to snal:es from other localities. 

Variability in these part.icula.r data may be due to the fa.et that 

'the:.re wa, no way of determining the cond:i:tions under which these s:nak,2:a 

At the 90% level 

or size o;f the snake .. 

'fhe size of the organ therefore, seems to incr·er.i,se at a :rate equal to 

Accordtng to the data.., the Ctinfide:r1ee inte:r'vals for the tu:1.terior 

organs. l'able IV; V, and Ill lisl:. the lenrth o.f the 1.tver in ventral 

.se.ales talten up by the liver. 



TABLE IV 

THE LENGTH OF THE; LIVER IN }\JUMBER OF SCALES 
AND PERCENTAGE OF TOTAL VF;UTRAL SCALES 

IN NATRIX RHONBIFEHA HHOHBIFERA 

Total number of ventr.§1 Total number 9f Percentage of total 
scales under liver ventral scales scales under liver 

30 146 20% 
29 150 19% 
26 145 18% 
30 150 20f6 
33 149 22% 
30 1Le5 21% 
28 149 19% 
30 149 20% 
35 149 237; 
27 143 18% 
32 143 22% 
32 146 21% 
27 143 18% 
2$: lL,6 19% 
33 14,6 22% 
20 145 13% 
32 148 21% 
28 143 19% 
27 143 18% 
30 146 20% 
31 148 20% 
27 lLf,6 19% 
30 lL+-9 20% 
28 1Li5 19% 
30 150 20% 
30 150 20% 
31 146 21% 
32 147 21% 
30 lL,5 21% 
31 149 20;b 

19 

ventral 
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TABLE: v: .. 

THE LENGTH OF THE: LIVER IN NUMBER OF SCALES. 
AND PERCENTAGE OF TOTAL VENTRAL 

SCALES IN HALDEA STRIATULS 

20 

Total number of ventral Total number of Percentage of total ventral 
scales under liver ventral scales scales under liver 

38 122 31% 
35 120 29% 
36 125 29% 
33 120 28% 
34 126 27% 
36 121 29% 
36 125 29% 
34 120 28% 
39 120 32% 
36 126 29% 
35 120 29% 
34 124 27% 
34 120 29% 
38 122 31% 
36 120 30% 
34 125 27% 
33 125 27% 
38 126 30% 
32 124 26% 
32 121 26% 
33 120 28% 
35 122 29% 
35 123 28% 
32 124 25% 
33 123 27% 
37 121 31% 
37 128 28% 
36 127 28% 
37 124 29% 
36 123 29% 



TABLE VI 

THE LENGTH OF THE LIVER IlJ NUMBER 01~ SCil.Ll~S AND 
PERCENTAGE OF TOTAL VENTRAL SCALES IN 

ANCLS'rRODON CONTORTRIX LATICIN.QTU§ 

Total number of ventral Total number of Percentage of total ventral 
scales under liver ventral scales scales under liver 

25 149 18% 
28 148 19% 
33 151 21% 
26 148 18% 
29 150 19% 
29 150 19% 
29 148 19% 
27 148 19% 
30 151 20% 
29 148 19% 
31 150 20% 
28 149 19% 
31 149 20% 
31 147 20% 
32 148 21% 
30 150 20~ 
31 149 20% 
32 150 21% 
30 148 20% 
35 151 23% 



tor each species. 

The positions of the gallbladder and pancreas a.re variable accord

ing to the confidence intervals values shown. Upon further analysis, 

it ·wa.s found that the average position of the gallbladder wa.s nine 

scales behind the posterior end of the liver iu Ancistrod~f;!., twelve 

seal.es in Ha.ldea. and eight scales in ~Jatrix.. 'I'he average s:i.ze of the 

gallbladder in. ;Matrix was 2 •. 46 scale lengths, 1.0 scale lengths in 

HaJ.dea. an.d 3.2 scale lengths in Aneistrodon with very little deviation 

from the mean. Several specimens had large gallbladders due to dis

tention with bile at the time of dissection.. The gallbladder increased 

in length., when di.stended, thus spanning more ventral scales •. 

In all eases the pancreas was found adhering closely to the :pcs

terior end of the gallbladder, there.fore its location was dependent 

upon the position of the gallbladder. The average size of the pancreas 

in Natrix.was 1.46 scale lengths, 1.0 scale lengths in Haldea .and 1.6 

scale lengths in Aneiertrod.on. 

It was presumed at the beginning of this study that the gonads 

would vary in position because of differing degrees of semal activity., 

especially since all of the specimens were female. It was presumed 

also that . the added bulk of the developing young w ou.ld push the kidneys 

out of their usual position. Both assumptions were found t-o be tru.e in 

l~a.trix and Ha.ldea but not in Ancistrod.on. 

'!he range of va.ria:tion in the pijsi tion of the gonads and kidneys 

in Natrix and Hald.ea studied was great, but not in the Ancistrodon 

(Table Ill), due to the f'act that only two specimens of Ancist:rodon 

were gravid, while moat specimens of N'atrix and Raldea were. 



the gonads in Ancistrodon were 2.0 scales on either side of the mean 

for the left gonad. {mean 109 .. 5 actles) .and 2.8 scales f'or the right 

gonad (m.ean 101 .. 8 scales). The lower r,,nd upper lin1its of variation for 

the r:idneys were 2.4 scales :for the anterior end of the left kidney 

(mean 120.8 scales) tmd 2 .. 7 scales for the right kidney (me,m 116.5 

scales). Tht":l frequency d:J..stribution table for Ancistrodon .further in

dicates the lack of va:ri2~bility in thie area .. 

'the frequency dir:rtribution tables VII, VIII, :::~nd IX also show a re

lationship between the staggered position of the right r;onad and kidney 

to the left gor..ad and kidney, with the right being situated a.:nteriox· to 

th.e left .• 

From the an.s,lysis cf d.ata, it was evident that. the relationship 

ot ve:nt1·al scales to the position of vi;seeral organs is prox1t:iri.te but 

not absolute .. The rela~ionship of the size the organ to the number 

o.f ~.rer1tr.s..l scales is €n1ide11t.. The data support the theory that the. 

scales increase in length at a. rate proportionate to the increase in 

size of visceral organs, and the siz.e and ::sate is constant for a. 

given species. 

An organ can be located wit,h accuracy by number o.f ventral scales 

and by percentage· of total ventri:i.l sc!!.les. The relationship o! position 

of organs to number of ventral scales is constant as derived for ea.ch 

of the three .species of snakes stud.ied but can be applied only to that 

one species. It cannot be sr:..id, for exr..mple, th"l.t th.e heart begins at 

the 201& level oi' ·total ye11t.1:'a.l scales in all species of snakes nor can 

thismean13 of definition be used for other visceral organs. 



TABLE VII 

FREQUENCY DISTRIBUTION FOR POSTI'ION OF VISCERAL 
ORGANS IN NATRIX .fiHDMBIFERA EHDMBIFERA 

No. ScaleL -lFfffi HE_ LB LE GBB GBE' PB PE LGB RGB LKB .JlliB __ 

· 18·-20 
21-23 
24-26 
27-29 
30-32 
33-35 
36-38 
39-41 
42-44 
45-47 
48-50 
51-53 
54-56 
57-59 
60-62 
63-65 
66-68 
69-71 
72-74 
75-77 
78-80 
81-83 
84-86 
87-89 
90-92 
93-95 
96-98 
99-101 
102-104 
105-107 
108-110 
111-113 
114-116 
117-119 
120-122 
123-125 
126-128 

fl· 
20 
2 :Ll 

17 
2 

6 
17 
6 
1 

6 
18 
6 § 2 

9 8 
10 7 
6 7 

6 

5 3 
6 7 
10 9 
9 7 

4 

*Refer to Table I for abbreviation of organs 

4 
9 
10 

5 3 
9 2 
12 1 
1 1 

2 
8 

3 15 
11 3 
11 O 
2 2 
3 
1 



TABLE VIII 

FREQUENCY DISTRIBUTION FOR POSITION OF VISCERP.L 
ORGANS IN HALDEA STRIA.TULA 

No, scales {~I-ID HE. LB LE GBB GBE' PB PE. LGB RGB LKB RKB 

1~.:..29 
21-23 
24-26 
27-29 
30-32 
33-35 
36-38 
39-41 
42-44 
45-47 
48-50 
51-53 
54-56 
57-59 
60-62 
63-65 
66-68 
69-71 
72-74 
75-77 
78-80 
81-8.33 
84-86 
87-89 
90-92 
93-95 
96-98 
99-101 
102-104 
105-107 
108-110 
111-113 
114-116 
117-119 
120-122 
123-125 
126-128 

11 
19 3 

27 
l 
28 
1 

1 
12 
10 
7 3 

9 6 4 3 
10 12 11 9 
7 10 11 10 
l 2 4 7 

1 

~}Refer to Table I for abbreviation of organs 

9 
11 
8 
2 

7 
13 
4 
4 
1 2 
l 14 

4- 11 
12 2 
11 0 
O l 
1 

25 



TABLE IX 

FREQUI~NCY DISTRIBUTION FOR POSITION OF VISCERAL 
ORGANS: IN ANCISTRODON CONTORTRIX LATICINCTUS 

No. Scales ~}HB BE LB LE GBB GBE: PB PE LGB RGB LKB RKB 

18-20 
21-23 
24-26 
27-29 
30-32 
33-35 
36-38 
39-41 
42-44 
45-47 
48-50 
51-53 
53-56 
57-59 
60-62 
63-65 
66-68 
69-71 
72-74 
75-77 
78-80 
81-83 
84-86 
87-89 
90-92 
93-95 
96-98 
99-101 
102-104 
105-107 
108-110 
111-113 
114-116 
117-119 
120-122 
123-125 
126-128 

18 
2 6 2 

13 16 
1 1 

1 

5 
12 
3 

7 
9 6 5 
4 11 11 11 

3 4 7 
2 

{}Refer to 'rable I for abbreviation of organs 

1 
6 
12 

l 1 
14 
5 l 

9 
5 9 
13 1 
2 

26 



RY 

Coun · s iorc t.n ;en cf t.he nu:ibor of ve '~ral sc es ... nd h~ position 

to t.ro ,:entrnl ac.t.les in fer· es cf t · r ·,e !3p .... c.:.es of snakas . Thirty 

spoci ns and :. ldea str tula an 

upecimt-,1 _ of Ancistrcdon contortrix laticinetus ere e ·. ined . 

l'he data ere t ea.ted st. · ti~tic ll to ier:.ve confi dcncB inte .. va s 

and ' plot i're ·uency .:..str · b .. tions . Fr t. .• 3 y~·s , it w~ ~ vi ent 

that tho relationship of ventral sc les to the osition of v ~sce1 l 

or gan3 , l not 1 soliit , i s su "'flci ently prociue to nal .... a m.cst o g ns 

t b- lee '. ted witl! c<mc:idera.ble accu · cy. The relntio: hip of tl"' size 

ct t r e o gans to the number of vent al sca:cs is ~vidont . The ata 

i :id. cate that :lurin groi4tl the scl.3..1.es · crea.s in .1a £th at r to 

p~oportionate to the incre se in size c! tho visceral o gans so t hat t he 

rolationol ·p bot een scale size d orfrl.~ i ize is e stant or a given 

S;i::t)cies ~. 

Conclu ions 

l . The position ?f visceral organs in relationshi. t the 
number of ve t r al scales c be loc ted wi th eo si erable 
a.ccura.c. 

2. Toe posit.:.on of hese orcens is pecific for . gi V'9n speci ~s 
an car.not be applie to other species . 



.3., '1'11.e numhe:r of ventral scales: was consta.."1t. withh'"l a 
f'ive scale ranie. 

4• The ventral sea.les increase in length at a 1--a.te pro
:9ortionate to the increasi:f in ei~e o! the vise~ral 
organs, and the size and rate is ecinsta.nt for a given 
species .. 

;.. Varil'l.tion in the numbe,r of' ventral sCP..les in s11akes of the 
same u:p,eeiea from different geographic,'+-l regions i1as noted 
by f..laub,er (195.6). The snakes ennsider-ed in th:ts study 
ware taken from a limited geo,gr,.l.phieal area, t •:us the data 
may not s.pply perf·ectly to snakes from other localities., 

6. Variability in the number of ii-ent.,.ro,l scales in these. par
ticular data. may be due to the fa.et that there was no way 
of det,erJt.inimr t,he ei;:.r1d::.tions imder which these snal.:es 
developed &!br;yologicill.y. Fox (194$) performed an. e.x.
periment showing tl'.at ter~era.ture ef'f ects the number of 
ventral Seil.lea dur.ing erih?"'Jonic develop,.'!lent. 

7.. Dissection a.n,j stat;ist,ical data showed that the posit.ion 
at the gonads and kidneys varied in travid fomaJ.es.. The 
poaition o! these organs V1lried little in non-gravid fe
males. Since a eommon nesent.ery su.p:port,s the gonad atid 
kidney the enlarged state of the gonad could displace 
t,ha kidney by stretching t,he. reesentery. 

S. Alth~ the kidneys we.re found to var;r in position .in 
!e:11.a.les., this may not be true in i:nales, which we.re net 
studied. 

9. That. the gallbladder, in all snakes studied, was found to 
be eom.;:,lete~ separated trOA the liver .. It was supported 
by a ligament which extended from the liver to the gall.
bl.adder and pa.nereaa .. 
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