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The occasion of the twenty-fifth anniversary of the Institute of 
Biology of the National University of Mexico is one for congratu la tion 
and for the most cordia l expressions of comradeship towards both 
the members of the Institute and the people of Mexico of whose 
National University it forms a part. It is a welcome privilege to be 
able to mark the occasion by contributing, in however small and 
inadequate a manner, to the volume published in its honour. 

A series of previous publications (Craigie 1941 a, 1941 b, 194 lc, 
1942) has been devoted to certain aspects of the morphology of the 
bloodvessels of the reptilian central nervous system and to quan
titative measurements of vascular richness in the bi'ains of a turtle, 
of Sphenodon, and of an a lligator. For various reasons these were 
considered the most importan! representatives of the reptiles for study 
as part of the general survey of cerebral vascularity carried on by 
the writer during severa! decades. 

Nevertheless, in a class so large and so diverse as the Reptilia, 
it does seem desirable to hove sorne information regarding the s tate 
oí affairs in the largest living order, the Squamata . Furthermore, the 
existence in this one order of two radically d ifferent types of cerebral 
vascular morphology rouses curiosity as to th8 quantita tive relations 
in the posse3sors of mechanisms of these two types. 

So long ago as 1878, Schobl described the peculiar a rrange
men t of the vessels in the brain-tissue of lizards, this tissue being 
penetrated by pairs of closely-applied vessels, which branch repeated-
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]y in a strictly parallel manner to and finally in numerous hairpin 
loops without any anastomosis between the branches of one pair of 
vessels and !hose of another (Fig. 1). This arrangement appears to be 
a n elaboration of a system oí simple vascular loops found in the 

Fig . 1.-Photomicrograph of part of a transverse section of the meduila 
oblongata of a lizard, Anolis carolinensis. with injected b loodvessels, show· 
ing the arrange ment of these in clo~ely associated pairs termina ting in 
hairpin loops and not ana stomosing , Thickness 150 micra . Magnification 

X 100 

brains of tailed amphibians (Schobl, 1882; Sterzi, 1904; Craigie, l 938a) 
and coecilians (Craigie, l 940b). It is practically identical with that 

occurring in marsupial mammals (Wislocki and Campbell, l 93í; 
Cr::::igie, 1938b; Scharrer, 1939; Sunderland, 1941) and contrasts with 
the more usual arrangement found in other vert-ebrates, including 
the snakes, where the tissue of the brain, like that of olher organs, 
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contains a continuous spongy network of capillaries supplied by 
numerous arteries and drained by numerous . veins which a re not 
closely associated with corresponding arteries (fig. 2). An attempt to 
trace out the phylogenetic relations of these two types of vascular 
mechanism has been discussed by th8 p resent writer (1945). 

Fig . 2.-Phr:tcrnicrogroph of por! of o tronsverse section of the 
rnedullo oblongoto of o snoke, Sistrurus catenatus, with injected 
blood·vesseJR, showing the orrcm gement of the copiilories in a 
s¡:cngy ne twork connected w ith seporote orteries ond ve ins. Thick· 

ne ss 150 micr::,. Mognificotion X l 00 

Even w ithin the suborder Saurio or Lacertilia, the lizards, the 
morphology is not consta n!, there being a few representa tives of this 
group which have vascular networks (Schóbl, Sterzi) or show inter
media te cond itions (Craigie, 194lc; 1945). Material of these adequate 
for quantita tive measurements has not been available in the present 
r tudy, however. 
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MATERIAL AND METHODS 

The ma terial used in preparing these notes consists of four 
brains of the lizard Anolis carolinensis injected with carmine gelatine 
and cut into serial transverse sections after imbedd ing in celloidin 
and four brains of snakes prepared in the same way. The snakes 
belonged to three species, there being one common garter snake, 
Thamnophis sirtalis sirtalis (28 inches long); two massasaugas, Sis
trurus catenatus catenatus (25-Vi and 24 inches); a nd one wate r 
moccasin, Agkistrodon piscivorus (15-Y2 inches). In each case, every 
eleventh section was cut 150 micra thick for u se in checking the 
completeness of iniection, and the rest of the sections, including all 
in which measurenients of the lengths of the capillaries we re made, 
were 20 micra thick. 

The measurements were made with a square-ruled ey e-piece 
micrometer, a l! the instruments being the same which have been used 
throughout the author's studies in this field. 

Unfortunately measurements of shrinkage were not made on 
these specimens. An approximate coefficient for correction for shrin
kage (Craigie, 1924) was obtained from another garter snake brain. 
This coefficient was 0.76. 

For identification of the regions in which measurements were 
made, se ries of sections s ta ined with cresyl viole! and by the method 
of W eil were employed for comparison. The publications of Crosby 
a nd Woodburne (1940), Frederikse 0931), Kappers, Huber and Crosby 
(1936), Wamer (1931, 1935), and Weston (1936) among others were 
useful.· 

The use of so few specimens and particularly the inclusiorr of 
!hree diffe rent species of snakes ma ke the observations open to sorne 
r.riticism. Howeve r, it be ing impracticable to extend the ma l:nial a t 
present, the results obta ined have been deemed sufficient to justify 
the ir p ublica tion. 

OBSERVATIONS 

Richness of the capillary supply 

Snakes. 

The measurements of length of the capillaries in a unit volume 
of tissue with the ir averages before and a fter correction for shrinkage 
are recorded in table 1. The probable errors have not been recorded 
as the number of specimens is so small as to ma ke these of little 
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value. Only the larger differences can be regarded as significan!. 
No obvious differences between the three species of snakes r€present-
ed are observed. · 

Nevertheless, plotting of the values and comparison w ith those 
for the turtle and alligator, which were represented by larg3r numbers 
of specimens, show that most of the relations are rather closely parallel 
so it is probable that they are reasonable approximations to the 
truth (Fig. 3). 

Lengths 
700 

• 

500 ... 
t I 

•• . -~·0· "~ . .. 1 [J -~ 

250 
-~ e:, • O, -~ ... ~ ~ , 

1 t\1 \. 7_~ : . ... ... . • ·- ., 
1 .. 11 Tth .• ;¡ it' lrl (I' -~~ . . '~ ~( >, ~, .. 

j '4 t .,. . • 
. 

' ) ¡ 
l 11, 

o 
1 3 5 7 9 11 13 abe ABCOEFGH 

Fig. 3.-Graph showing the re lativa lengths in micra of !he capiilaries 
in IOC3 cubic micra of fresh tissue in various peris of the brain. Q snakes; 
+ lizard (Anolis): X turtle (Chrysemys); O alligator. 1, fasciculus Ion· 
gitudinalis medialis; 2, nucleus motorius dorsalis X; 3, nucleus XII; 
4, nucleus motorius VII; 5, nucleus motorius V; 6, nucleus fasciculi solitarii; 
7, nucleus spinalis V; 8, cerebellum; molecular ]ayer; 9, ntícleus sensibiiis 
p incipalis V; 10, cerebellum: granular ]ayer; 11 , cerebellum: lateral 
nucleus; 12, nucleus vestibularis ventrolateralis; 13, nucleus cochlearis; 
a, ¡:rimordial nucleus supraoplicus; b, nucleus mamillaris lateralis; e, nu
cleus hypothalamicus ventromedlalis; A, h ippocampus (cell ]ayer in H,.); 
B. parahippocampal cortex (cell !ayer); C, primordium neopallii; D, p rimor· 
dium neopallii, molecular layer; E, pyriform cortex (cell !ayer); F, palaeostria-

tum; G, neostriatum; H, richer lateral portion of neostriatum 

It is interesting to note that the excess in vascular richness of the 
cochlear nucleus, w hile occurring in all cases, is greater in the snakes 
than in other reptiles studied. The hypoglossal nucleus is relatively 
more richly vascular than in the reptiles with less mobile tangues. 

In general, the arder of magnitude of the values is not widely 
different from those in turtle and alligator though the snakes tend 
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TABLE l. TOTAL LENGTH OF CAPILLARIES IN % X 1892 

X 200 C. MICRA BRAIN TISSUE OF SN AKES 
ON . THE SLIDE AND CORRECTED V ALUES 
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Fascic. long . media lis 407 470 T/2 786 609 461 129 

Nucleus XII 124 1 1477 1532 1538 1447 1100 307 

Nuc. mot. X 1239 11 63 1141 1279 1206 917 257 

Nuc. mct. VII 1059 1062 945 956 1006 765 214 

Nuc. mot. V 1095 1306 1223 1081 1176 894 250 

Nuc. fase. solit, 1243 1435 1507 1624 1452 1104 309 

Nuc. spin. V 995 926 1116 904 985 749 210 

Cerebei-: molecular 1125 770 1010 856 940 714 200 

Nuc. sens. princ. V 818 1248 895 1123 102 1 776 217 

Cerebel,: granular 941 916 867 928 913 696 195 

Cerebel.: nuc:, late ralis 1194 1454 1295 1435 1345 1022 286 

Nuc. vestib. ventrolat. 1569 1592 1604 1448 1553 1181 3~1 

Nuc. ccchlearis .2680 2703 3130 2996 2877 2185 612 

Frimord. nuc. supraopticus 149 1 1485 1392 1981 1587 1206 337 

Nuc:. mam. la t. 1148 1415 1321 1290 1294 983 275 

Nuc. hypothal. ventromed. 802 903 921 1094 930 707 198 

Hippocampus (cell !ayer) 1045 1393 1166 11 03 1176 894 250 

Farahippocampal cortex 799 1005 960 929 923 701 196 

Primord. neopallii 639 993 769 820 805 612 171 

F'yriform cortex 71 4 930 652 1041 584 444 124 

Palaeostriatum (mescstriatum) 778 834 786 1069 867 658 184 

Neostriatum 916 887 1072 1210 1021 776 217 



E. H. CRAIGIE: VASCULARIZATION IN THE BRAINS OF REPTILES. V 433 

TABLE 2. TOTAL LENGTH OF CAPILLARIES IN % X 1892 
X 200 c. MICRA BRAIN TISSUE OF LIZARPS 

(ANOLIS CAROLINENSIS) ON SUDE, 
AND CORRECTED VALUES 

Fase- log. medialis 

Nueleus XII 

Nue. mot- X 

Nue. mot. VII 

.:'-/uc. mot. V 

Nue. fase. sclit. 

Nue. s¡:in - V 

Cerebe!.: molecular 

Nuc. sens. ¡crine. V 

Cerebe!.: granular 

Cerebel.: nue, Jateroliz 

Nuc- vestib. ventrolat. 

Nue. coehleoris 

Frimc rd. nue . supraopticus 

Nuc. mam. Jat. 

Nue- hy¡:othal. ventromed. 

Hippoeampus (eeil !ayer) 

?crahippocampal eortex 

405 

1642 

11 74 

1280 

1264 

1776 

1453 

1736 

1393 

1501 

1508 

16'.5 

2026 

352 

1264 

1492 

834 

1029 

Pa!aeostriatum (mescstriatc1m) 1480 

Neostriatum 1403 

564 

1368 

1254 

1326 

1427 

1149 

1628 

977 

1614 

1175 

1685 

1687 

2685 
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1698 
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1552 
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1038 
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1239 
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1247 
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1443 
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1608 

1382 

1572 

1536 
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452 

1504 

1193 

799 

1213 

1362 

1535 

326 

1047 
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977 
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1133 

1222 

1050 

11 95 

1167 

1668 

344 

1143 

907 

607 

922 

1035 

1167 

91 

293 

255 

265 
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311 
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317 

342 

29,:: 
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467 

96 

320 

254 

170 
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290' 

32? 
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to be a little richer in most regions. This tendency, observed in the 
actual measurements, has been accentua t::d by the d iffer.ent coef
ficients for correction for shrinkage. 

The apparent richness of the p rimordial supraoptic nucleus is 
notable, suggesting an a dvance in the sna k3s in a dirscticn paral
lelling that in which mamma!s have ge ne much further. 

In the cellular iayers of the cerebral cortex the identity cf condi
tions with those in th2 a lligator may 03 noticed. 

Lizards. 

The corresponding results for Anolis c:nolinensis are presented 
in ta ble 2 and are a lso rep resented graphycally in figure 3. 

The differcnce in the fundamenta] morphology of the va scular 
mechanism ma kes the value of a direct comparison of the measure
men ts open to question but, no way to allow for this d ifference having 
ye t been suggested, the total length of the capillaries has been recorded 
irrespective of the ir arrangement. It would a ppear, however, that, 
v.rith an equal total length of capillaries, diffusion through the tissues 
must go further in lizards than in animals with a spongy network of 
vessels. 

In most parts of the brain studied, the supply of vessels is a little 
riche r in lizards than in snakes. The cochlear nucleus is a notable 
exception to this, that of the lizard approaching lhat of the alligator. 

/ 

The relative richne ss of the hypoglossal nucleus seen in snakes 
is again visible, confirming the hypothesis of its re lation to lingual 
mobility. The cerebellum is also relatively vascular (in relation to 
rapidity of movement?), as are the sensory trige minal ce ntres. 

The primordial supraoptic nucleus is weakly developed. The 
poverty of its vascular supply is probably significan! though the 
accuracy of the value obtained may be questionsd since the nucleus 
appears only as a line of scattered cells. 

In the cerebral hemisphere, a thinning of the dorsola teral part of 
the pallium in Anolis (Craigie, 1936) has nearly obliterated the pyriform 

cortex, so that no useful measurements could be ma d e there in nor 
could the primordium neopallii be identified with sufficient certainty 
for use. 
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Calibre of th.e capillaries. 

The diameters of fifty capillaries selected a t random were measur
E:d in each of six of the regions studied and the averages a re set down 
in tables 3 and 4. In table 3 the individual measurements are given 
lest there should be differences between the three species of snakes 
represented, but this does not seem to be !he case. 

In lizards, the two vessels associated as a pair usually differ a 
little in calibre. Hence the diameters of the narrower and the wider 
members are tabulated separately, as was done in the s tudies on 
Necturus (Craigie, 1940a) a nd on Sphenodon (Craigie, 194lb). 

The cerebral capillaries of the snakes appear to b e a little wider 
than those of Anolis and thoug h the differences a re not great they 
o re rather consistent. They are a little narrower than those in young 
alligators (5.5 micra) and considerably narrower than !hose in the 
small turtle, Chrysemys (7. l micra). 

TABLE 3. DIAMETERS IN MICRA, AREAS OF WALLS, 
ANO VOLUMES OF GELATIN-INJECTED CAPILLARIES 

IN BRAINS OF SNAKES 

Fase- long . med. 4.0 4.8 4.5 

Nucleus XI 4.2 4,8 5.2 

Cerebel.: molecular 4.4 4.6 4.4 

Cerebel. : g ranular 4.4 4.7 4.3 

Hippocampus 4.9 4.5 4.5 

Palaeostria tum 4.6 5.3 4,6 

Average 

4.4 

4.7 

4.3 

4.4 

4.1 

4.6 

4.4 

4.7 

4.4 

4.4 

4.5 

4.8 

4.5 

5.J 

5.4 

5.1 

5.1 

5.2 

5.5 

5.2 

2066 

5207 

3204 

3 124 

4083 

3173 

2634 

703 1 

4084 

3982 

5309 

4370 

785 

741 

785 

785 

769 

727 

765 
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TABLE 4. DIAMETERS IN MICRA, AREAS OF W ALLS. 
AND VOLUMES OF GELATIN-INJECTED CAPILLARIES 
IN BRAINS OF LIZARDS (ANOLIS CAROLINENS!S) 
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Fase. long. med. 4.0 4.8 4.4 5.1 1457 

Nucleus XII 3.7 4.5 4.1 4.7 4326 

Cerebel-: molecular 4.0 4.7 4.3 s.o 4979 

Cerebel.: granular 3.6 4.3 4.0 4.6 4248 

Hippocampus 3.7 4.4 4.1 4.7 2509 

Palaeostriatum 3.9 4.8 4.4 5.1 4646 

Average 4.2 4.8 
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It should perhaps be re iterated that such measurements of gelatin-
1njected capillaries a lways show their calibre to be less tha n the 
diamete r of an erythrocyte and that blood-distended capillaries would 
be wider. 

Volumes of the capillaries and areas ol their walls 

The volumes of the capillaries in a unit volume of tissue and the 
areas of their walls in the six representative regions are recorded 
in Tables 3 and 4 and in Figures 4 and 5 they are shown graphically 
in comparison with the corresponding d imensions for the turtle and 
!he all igator. 

It is evident that the order of magnitude of !he dimensions in 
question a nd the general rela tions between the parts in these respects 
a re not widely different in !he various reptiles. The snakes have 
slightly smalle r areas than the lizards in sorne parts, larger in others, 
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a nd símilarly both have smaller o rea s than turtle or cllíga tor in sorne 
parts and larger in others . The same general s tatement is trus rsgard
ing the volumes. 
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Fig. 4.-Graph showing the oreas in square mic ra of the w a lls of 
the ca p illa rie s conta ined in 1003 cubic micra of fre sh tissue in six 
parts of the brain. 0 s na kes; + lizard (Anolis); X tu rtle ; O a lliga tor. 
l. fascicu lus longitudinalis med ia lis; 2. nucieus XII ; 3, cerebellum : 
molecula r !ayer; 4, c erebellum: granular ]ayer; 5, hippocampus; 
6, pala eostria tum. Fig . 5.-Graph showing the volume in cubic: micro 
cf the capillarie s con ta ine d in 1003 cubic micra of íresh tissue in s:0< 

parts of the b ra in . Syrnbols as in figure 4 

The rather h ígh length of the vessels ín the hypoglossal nucleus 
is re flected, though less marked ly, ín the oreas but the volumes 
of the vessels a re not correspond íngly great. 

The area of the wall which would be covered by a unit volu me 
of blood íf the vesse ls were not distended by the blood wíthin them is 
ind ica ted in the las! column of ta bles 3 and 4. This area in the sna kes 
ís a lmos! ídentical with tha t ín the a ll igator (average 726) a nd markedly 
la rger than that in the turtle (average 564). The corresponding area 
in the lizard is a little g rea ter !han in a ny of these other reptiles. 

In comparing a lliga tor and turtle (Craigie, 1942) ít was suggested 
tha t a cons is tently smaller volume of blood ín the former ís part:y 
compensa ted by the greate r e fficíency ga íned by spreading ít over 
a la rger surface . Such a relation is less e vident in the p resent com-
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parison and would require more extensive measurements to demon
strate it if it exists. Reference may again be made to the sta tement of 
Benedict ( 1932) that the metabolic rata is similar in a lligators, sna kes, 
and lizards and is higher in turtles. 

SUMMARY 

1. The total length of the capillaries in a unit volume of tissue 
in each of twenty-two regions of the brain has been measured in four 
snakes and in four lizards (Anolis). The funda mental d ifference in the 
morpho)ogy of the vessels in lizards, which hove branched, non
anastomosing loops instead of the spongy capillary network of most 
animals, has not been considered in making this quantita tive stud y. 

2. The lengths of the capillaries in snakes are general!y com
parable with those in alligator and turtle though lending to be a 
little greater. They are definitely greater in lizards in most parts of 
the brain studied. 

3. The cochlear nucleus is particularly well supplied with capil
laries, especially in the snakes, and the hypoglossal nucleus a lso is 
notably richer in snakes and lizards than in the other reptiles. The 
cerebellum is also relatively highly vascular in the Jizards. 

4. The calibre of the capillarie s is slightly greater in the sna kes 
than in the lizard but is less than in the young a lliga tor or the small 
turtle previously studied. 

5. The oreas of the walls of the capillaries and the volumes of 
these vessels show no consisten! differences. The orea over which 
a unit volume of blood is spread is about the sorne in the snaké s a nd 
alliga tors, apparently a little greater in the lizards. 

LITERA TURE CITED 

BENEDICT, F. G ., 1932.- The ¡:hysiolcgy el lcrge reptiles. Pub. Ccrnec;ie Inst. Wash· 
in<:;tcn, NQ 425, pp. 539. 

CRAIGTF:, E. HORNE, 1924.-Changes in vascula rity in the bra in s tam c nd cerebellum 
cf the a lbino rat between birlh a nd maturity. J. Ccmp . Neur . 38: 27-48. 

- - - - . 1936.- Notes on c y tcarchitectural features o! the lateral c crte x a nd rel::ted 
parts o! the ce re bral hemisphere in a se ries el reptiles a nd birds. Trans. Roy . Scc. 
Co n., Sec. V, Ser. 3, 30: 87-1 13. 

----. 1938a.- The blood vessels o! the brain substance in s::n a a m:,hibia :is. 
Prcc . A~ . Phi!. Soc,, 78 : 615-649. 



E. H. CRAIGIE: VASCULARIZATION IN THE BRAINS OF REPTILES. V 439 

-----, 1938b .- The blood vessels in the c:entral nervous system o! lhe kangaroo. 
Scie nce, 88: 359-360. 

----- , 1940a.-Vascularity in the b ra ins of ta iled a mphibians. IJ . Necturus 
m::iculcsus Rafinesque. Proc. Am. Phi!. Soc ., 82: 395-4 10. 

-----, 1940b.- The capiliary bed o! the central nervous system o! Dermophis 
(Amp hibia, G ymnophionaJ. J. Morph ., 67: 477-487. 

--- --, 194la.- Vaecularizatien in the brains e l reptiles- l. The painted turtle, 
Chrysemys ¡:icta marginata Agassiz. J. Comp. Neur., 74: 247-264. 

-----, 1941 b.- Vascularization in the brains cf reptiles , II . The cerebrai capillary 
bed in Sphe nodon punctatum. J. Morph. 69 : 263-277. 

-----, 194 lc.--Vasculariza tion in the brains cf reptiles. III. The superficia l a rteries 
a nd the bascular bed el the brain in Alligator mississippiensis. Tra ns. Roy. Soc
Can., Sec. V .. Ser. 3, 35: 35-50. 

- - - - -, 1942.- Vascularization in the broins of rep tile s. JV. Quantita tive s tudies 
in the American a lligator . J. Anat., 76 : 347-355. 

-----, 1945.- The architecture el the cerebra l capillory bed. Bic i. Rev ., 20: 133-146. 

CROSBY. E. C. and R. T. WOODBURNE, 1940-- The comparo tive a na tomy cf :he 
preoptic orea a nd of the hypothalamus. Res. Publ. Ass. ne rv. ment. Dis. 20: 52-169. 

FREDERIKSE, A., 1931.-The lizard 's bra in. Dissertation, Univ . Amsterdam. pp. 95. 

KAPPERS, C. U. A. , G. C . HUBER, and E. C, CROSBY, 1936.- The comporative a na tomy 
of the ne rvous system of vertebrales including ma n. New York. The Macmillan Co. 

SCHARRER, E., 1939a,- The rege ne rotion of end-orte ries in the opossum bra in . J. Comp. 
Neur., 70: 69-76. 

----- ,, 1939b.- The functionai significa nce of the capi!lory bed in the brain of 
the opossum. Ana l. Rec., 75 : 319-340. 

SCHOBL, 1878.-Ueber eine eigenthümliche Schleifenbildung der )31u tgefa sse im Gehirn 
und Rücke nmark der Saurier. Arch. mikr. Ana l., 15: 60-64. 

-----, 1882.- Ueber d ie Blutgefasse des cerebrospinalen Nervensyste ms der 
Urodelen. Arch. Mikr. Anal., 20: 87-92. 

STERZI, G ., 1904.-Die Blutgefasse des Rücke nmarks. Anal. Hefte, 1 Ab l- , 74 :-!eft 
(24 Bd.), S. 1-364. 

SUNDERLAND, S., 1941.- The vascular pa ttern in the centra l nervous system of the 
monotremes a nd Austra lia n marsupia ls. J. Comp. Neur. , 75: 123-129. 

WARNER. f. J., 1931.- The cellmasses in the telencephalon and die ncephaion el the 
rattle sna ke , Crotalus atrox. Prec. Ka n . Aka d . Wete ns. Amsterda m, 34: 1156-1163. 

-----, 1935.- - The med ulla el Crotalus atrox. J. Nerv. Ment. Dis-, 81: S04-523. 

WESTON, J. K., 1936.- The reptilian vestibu lar a nd cere be lla r gray with fiber con· 
nections. J. Comp. Neur-, 65: 93-199. 

WISLOCKI, G . B. a nd A. C. P. CAMPBELL, 1937.-The u nusual manner of vasc:uloriza 
tion el the brain of the opossum (Dide lphys virginiana). Ana t. Rec., 67: 177-191. 


