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The Blood Vasoulsr System of
Amblystoma’Eigrinnm--(ereen).

SUMMARY.

, 4 atudy has been mede of the bleod vascular
system, exclueive of the heart, in amblystoma tigrinunm,
Aé regarde the arterisl arches the fifth embryonic aréh
persists only in & few incompletely metamerphesaa speci-
mens, but vestigial dueti carotiei and dueti Botslli

- oeceur in all specimens, 4 detailed sccount is given
of the arterial system and of the venous system.

Resemblanees to Besmognathus are shown by the origin |

of the Vbna Abdominalis from Venae Iliaeae communes

and by the presanee of paired Arteriae Epigastrieae .

Regemblances to Spelerpes are shown in the opening of
the Vense Subclavize into ducti Cuvieri, and in the

origin of esch Arteria Cutenes magne (Bethge) from
the Arteria Subelavia inatead of from the Arteris

Pulmonalis. In the non-persistence of posteardinal

veine and of the fifth ambryenic &rch Amblystema woulad

&preexr te be less primitive than the mejority of

Ureodela,
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1. INTRODUGTION.

It is commenplace knowledge in zoolegy that there

ie often less available informetion ebncerning 8 common
leboratory type then there is with regard to relstively
rerer foma, ﬁmbiyatqma tigrinum is no exeeption in this
reepect, | |

- 0B the whole the existing literature enm the bleod-
vaseular system of Urodele Amphibia is woanty, The hesrt
however, ‘has been fairly well desoribed notebly by Rebl (1887)
‘Hopkins (1896), Bruner (1999) end Gords (1924), 4 desorip-
tion of the heart of Amblystoma ean therefbre be omitted
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here, Thias is all the more surprising when we consider
the importence of the study of the Urodele‘bloea ¥ stem
in revesling homologies with the lower and higher types.

As far back as 1888 Meder discuseed the gills
and blood vesseles of Europesn Urodels. Bethge (1898)
described the vasoular system in general of the European
1ungle§e forme Triton and Spelerpss. In 19@6 there appeared
a fairly complete &ccount etvthe_blqeé gystem of Necturus
maculatus by Senthoff and ven Vorhis., Osswa's paper on
the genersl snatomy of the Japsnese salsmsnder appesared
in 1562 and wasvfellowed (1563) by Beddardte psper on the
heart and vascular trumks of the ssme form, 4n outstending
lendmerk in the history of the aubjeet wee Seelyets (1966)
degeription of the eireulatory and respiraxery systems of |
Besq_gggthus. This was The moet complete account of the

~ blood qyetem inia Urodele up to that time. In her paper
Mise Seelye made a comperison between the blood system of

Desmognathug and that of Spelerpes as worked out by Bethge.

To my knowledge there hae not yet been published
sny aceount of the bloed-vageulsr system of &mblyatema. The

Present paper deals with the blood-vascular system of ths

adult»Amblystamg tigrinum. fThe blood vesculsr system of

‘the larval fom has been remerved for a later paper.

&
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The gource of the material was the region immedistely
around Ninette, Manitobe, In thie pert of seuthern Manitoba
thede salamanders were for many years & yearly pest during the
Pall when they would lesve Pelican Leke and the other small
lekes of this region in millione and olimb up to the higher
ground te dig themselves in for the Winter. Unfortunstely,

&t the time when this inveatigation was begun, they had
become exceedingly scarce mo that it wase only with difficulty
that éuffié;ent epecimene were obtained for the ecompletion of
this paper, 411 the gpscimens were apparantly»aﬂulte showing
no traee of externsl gille,

The gpecimens were agsumed to be dmblystome tigrinum

gince thej agraeed with Pretits desoription of this species,

-being efva brownish colexr wifh the charecteristic yellow

markings, and possessing 2 planter tubercles, 12 costal
grooves and Womerine teeth in ¢ne petch, A few of the

gpecimens were undoubtedly Amblystema Jeffersonianum possess-

ing & single indistinet planter tubercle, very long digite
and the charaeteristic color and markings as described by
Pratt (1923). H

The work was done on these specimens, Some were
injected with Prussian blue and some were dissected whilas
freéh.
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3¢ HEART AND VASCULAR ROOTS

Aé in Amphibia generally'the conus artericsus
springe frem the anterior pertion of the heart and merges
aﬁhest ﬁmmediateiy inte the truncus arteriosus, The truncus
arteriosus quickly bresks up inte caretid, eystemic and
pulmonary arches (fig.l)s The pulmonary trunks rase slightly
outward and then loop back to supply the lungs. The right
and left systemie trunks pase forwards and outwarde sec as to
touch the muscles of the neck, and then unite in the mid line
dorsal to and in front of ‘the heart to form the dorsal aorta.

Eaeh carotld trunk passes forward to the bsse of the hyamandi-

‘bular certilage and there breska up inte external and internal
. -earotld arteries, At this point lies the carotid gland, There

is & funotionless vessel (ductus caroticus) joining the carotid
trunk to the systemic arch. There is algo a similar vemsel
(ductus Botalll) joinming the systemic and pulmonary arches.
Thege arevevideneea of the more primitive larval condition
though they are apparently funetionless in the adult, As thisg
wag shown by Boas (1887) to be a typical TUrodele phenemenen

no further mention need be made of it here,

In an undetermined percentage of the specimens

gtudied én'extremely 1nterest1ng-qenﬁitien was;feund-te ogcour,

dpparently an incomplete metamorphosis had taken place so that
there remained on either side just back of the jews & black
gland-1ike maes which suggested the remsine of & gill, This
wes supplied with blood by & branch from the systemie arch
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end also by a braqch corresponding to the fifth embryoniec arch. ,
This arch was joined to both the systemic and pulmonary erches.
Externally there was no sign of this gill exeept s glight
depression in the skin, 7

In the same specimens there were present definite
posteardinals which recoived branches from the lateral internsl
oblique muscles end joined te form & single vein just below the
middle of the liver., The single vessel 80 formed entered the
vena eava posterioris Just prior to ite entrance into the liver.

In the few apeeimena of Amblystonma Jeffersonianum

examined postearainals~were found to cscur, but these also
possesseé the remaina of a gill on either side similar to

those deseribeé &bove in Amblystoma tigrimum. The occurrence

wag probably due to incemplete metamorphosia in both speeiea.

4, mamxn cmmwxon.

Bach common caretid &rtery pagees eephal&d and

~at the level of the base of the hyomsndibular eartilage branehea

to form the external end internal cerotid arteries. At the
point where the common ecarotid brancheé but lying ehiefly "
&long the course of the internsal carotig artery lies the
carotid gland represented by sn ovel or roundish knot which

hecause of an sbundant eupply-éf Plgment cell® hag & black

&ppegrence. The carotid gland censists of a spongy reticulsr
gtrueture,

The 1nternal carotid &rtery gives off s remug

museulsris which turns slightly backward and then follows the
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course of the upper jaw forwarde eupplying the temporal and
messeter museleé. The internal carotid artery then turns
upwarde and fo¥wards end divides into ophthalmie and cerebral
brenches. The point of division takes place just outside the
cartileginous wall of the orbit a little ventral to the Poramen
of the oculomotor nerve (fig.2). |
From here the ophthalmic artery turns anterc-lateraliy
end pierces through the wall of the erbif. It passes over its
ventrel surfsace closely adhering to the selerotic and pierces
the selerotic oﬁly on ite anterier side, ,
The ophthalmic srtery has the following brenches:
‘(a) Ramue Musculeris- 1. 4 branch to the posterior
reatus.
(b) Remue musculsrie- 2, 4 branch te the anterior part
of the retractor bulbi.
(¢) Remus museularis- 3, 4 bremch to the superior
rectus, |
(4) Ramus hyaleideus~ the last part of the ophthalmie
| | itself, |
~ The Cerebrel branch separates from the ophthalmio
brench and enters the erenium through the oculomotor foramen.
Within the crenium it divides into an anterior aﬁé a posterior

branch,

4. The anterier branch turne forward over the optic nerve and

then runs aleng the outer ventral edge of the cerebrsl hemi-

sphere and finslly follews the olfactory tract inside the pisa

mater into the nasal eepsule,
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B« The Poaterior branch of the cerebrsal carotid runs from its

erigin‘inwards‘and backwards along the upper lateral edge of
the lobus infundibuleris and then preceeds backwerds, Behind
the peint of exit of the oculemotor nerve from the mid brain
the arteries of both &ides are connected dorsally from the
hindmost part of the lobus infundibularis. Out of the gingle
‘trensversely lying véssel two new vessels emerge close to

each other which run backwaerds snd enastomose to form a

8ingle vessel the arteria basiléris. The bagilar artery
rune in the mid&le ventral fissure end beckwards as the
~arterias spinslie ventralis on the veﬁtraliaiae of the
nerve cord,

The following branchee are given off from the
hinder brench of the cerebrsl carotid:-

1. Remus mesencephali superier- a branch

which pesses upwards and follows the course
of the fissure between the optic lobe and
the cerebellum.

2, Ramus auditiva~- which srises from the arteiia

bagilaris and with the anterioer branch of the
auéitory‘nerve enters the euditory capesule. |

3. Rams communicans ecum Arteris vertebrali-

which cemes.off from the vertebral artery
‘end Joins the basilar arterybin the region
of the atlante oscipital joint,

The external earotidApaages forward from its point

of origin and breaks up into three branches (figel): These
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veriginata together near the posterior end of the hyomandi-

bular cartilage. They are:-
(8) Arterie thyroides~ 2 branch supplying the

thyroid gland, the mylohyoid mugcle, the hyomsndibulsr

eartilége; and giving off a braﬁeh at the level of the

thyroid glaﬁﬂ to supply the geniehyoid musele and the tonguse.
(v) Arterie mendibularis interns- the internsl

mandibular srtery which supplies the mylohyoid, end the

‘external and internal eeratohyoid muscles.

(¢) Arteris mandibuleris externa- the external

mandibular artery, aupplying the mylohyoid, submaxillary,and
external ceratohyoid miscles, and extending forward to Join by

anastomosis with branch (b) at the enterior part of the head,

S5e¢ SYSTEMIC CIRCULATION.

The second pair of arches unite Just poesterier te
the auditory organs to form the dorsal aorta. Each arch

gives off three branehes on esch side,'an arterie eceipitalie

‘an arteris vertebralis collateralis, and an arteris maxillaris

‘externa fig.l).

The arteria maxillaris externa leaves the systemie

areh derse-laterally, passes outwards, smd forwards to diviae
Just posterior to the jaws inte s braneh to the lower and one
to the upper Jaw, the lower branch supplying the mylohyoiq
end submaxillary muscles, snd the upper branch the temporal

and masseter musecles, and the skin,
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does not eorrespond to the arteria cutanea magna& of the frog,
or most other amphibia, Seelye ealls the corresponding branch
of the subelavian in Desmognsthus the arteria sternalis and
it certainly showe & closer corregpondence to the arteris

sternalis of mammals than it does with the arteris cutanes

magna of smphibia. The term arteria gternalis when used in

&

‘thie paper pay be taken to refer to this branch.
The rest of the subelavian artery where it entere
the manus divides into twe branches, the arteria gcaspularis

supplying the shoulder girdle snd the arteris brachialis which

gupplies the arm museles with bloed. Thé pectoralis and
latissimus dorsi museles receive bloed:frem the arteria
brachialis as do the supra coracoideus, the anconseus, the
deltoideus, the éleide-hnmeralis; the flexor cerpi radislis,
the flexor digitorum communis sublimis and the digits themselvea,
4 branch of the arteris brachialis corresponding to the ‘
arterias interossea of Sphenodon supplies the extensor carpi
radialis brevia and gives additional blood to the supra
eéraeoiéeﬁs (fig.3 and 4). |

2. parietal arteries.

The aepta gives off nine paired parietal
arteries between the front and hind limbs although one member
of & pair is fregquently absent., The parietal arteries sll
Joln the vertebral a&teries.

3+ Arterise genitales,

The genital arteriea-two paired arteries supply

the ovaries or togtes,
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4. The coeliaco mesenteric exis or arteris

intestinelis communis- This arises from the dorssl sorta
and gives off numerous Branohes.

(a) Antere gestric- This artery supplies the cardise

portion of the etemaeh.

(b) Arteris hepatica- This is the meain artery supply-

1ng the liver,
(e) Arteris gestrico-duodenalis- This is a brsnch to

the pyloric end of the stamach, the duodenum snd

pancreas.,

(d)_Arteria lienalis- This artery supplies blood to
the apleen. |

(e) Arteriae mesentericae~ These two branches aupply

blood to the mesentery and intestine,
(£) Arteris hesmorrhoidalie- This branch prevides
. blood for the rectum,

5+ Arteria mesenterica posterior- This brench

arises from the dorsal sorte twe segmenté posterior to the
vroint of origin of the coeliaco mesenteric exis and supplies
the posterior end of the intestine end mesehtery.

6. Arterise renales- These are paired renal branchesg
to the kianeys,

7. Arterise epigastricae- These are peired vessels

arising from the dorssl sorta just anterfor to the 1liae
arteries, These are comparatively large arteries whiech run

along the ventro latersl body wall giving off branches to
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supply the muscles and joining by enastomesis with the

arteriae gternales on either side, ao as to form & continuous
vessel., This may be a primitive forerunner of the condition

in memmals- a series of msegmentally arranged vertebrel arteries
ﬁhich were once all connected by anastomoses: later the |
connections with the aorta of the middle part of the series
became lost and the snastomoses made one eontimuous latersl .
artery along each ventre latersl wall of the trunk, the
arteria‘staxnalig of memmals,

8+ Arterise iliscae~ The iliae artery, on either

side, leaves the dorsal sorts near the posterior end ef the
kidney, passes laterally serese the doraal surfsce of the
k;dney‘ané then dips shafply baskwards at an angle of about
30 degrees as it enters the leg. Immediately on its entrance
into the leg it ewells and from the enlargement &o formed
arise seversl branches:- |
l. & brench to thé 1schio caudalis muscle.
2. & branech to' the upper portion of the
extensor triceps musele.
3. A branch to the upper pertion of the semi-
membranosus muscle,

4, The arterias ischiadics.(fig.5 and 6)

The srteris ischiasdics continues distally ana

glvee off branéhse to the femoro-fibularies snd glutaesus
meximus museles, s branch te the gracilis snd s branch

te the lower part of the semimembranosueg, and eontinues
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distally to sﬁpply the flexor digitorum prefundus. It gives
off Just above the level of the knee a branch the arteris -

interossea from which ariae two branches, one passing outward

as the arteria cutanea while the imner branch, the srteris

- tibislis 1aterélis passes8 under the knee to the extensor

surface of the hind Iimb. The arteria tibialis lateralis
suppliea the extensor aigitérum communis lengus muscle and

the digits themsélveé by mesns of the arterise interdigitales.

9. Arteris eaudalis- The caudal ertery runs back-

ward from the end of the dorsal gorts and suppliea the blood
te the tail.

6+ PUIMONARY CIRCULATION.

Each arteris pulmenalis is well developed though
eméller than either of the other arches., It gsende off an
arteria pharyngea to the ventrsl wall of the yharynx, There
is no brseneh ecorresponding to the arteris cutanes magna of
the freg. This would seem to indicate & more cemplete
aeration of the blood in the lungs or that these more
sliggish forme find the seration which takes rlace in the

capillary endinge of various vegsels in the skin suffieient

- for their needs,

T+ ANTERIOR VENOUS SYSTEM.
The blood frem the anteriar regien of the bedy

is brought to the 8inus venosus through easch duetus Cuvieri

by & lerge vein the vena jugularis externa and a emaller vein
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the vens jugularis interna (fig.7).

The vens jugularis externs is formed by the unien

of the vena msxillsris inferioris and several smell brsnches
which receive bloed from the mylohyoid, geniohyoid, and
internal ceratohyoid muscles, the byomendibular plate, and the
thyroid gland., The vens maxillaris inferioris aiiseS'am the
‘tip of the jaw from an anastemesis with the vein of the
oppogite side and follews.the course of the lower jaw most of
the way back receiving blood frem the mylohyeid snd sub-
mexillary museles. It then passes in elmest to #he centre
line end joins with the branches from the tongue, hyemandi-
bular plate and fleor of the mouth %o form the externsal
Jugular., On ite backward course the vena jugularies externa
receives s short branch from the thyroid gland,

The vena jugularis 1nterna‘is formed by the union

of the vens mexillaris superioris, a branch from the centrel
nervou® system, and branchees from the temporal and maaaeter
muscle8s The vens maxillaris superioris is mede up of
branches from each side of the eyeball,

The blood from the forebrsain is removed by two

vessels, the lateral progencephslic veins, which begin at

the anterior dorsal parf of the forebrain, pass posteriorly
along its dorso-lateral edge to unite at the.anterior dorssl
edge of the mid brain into a transverse vessel the posterior

6ieneephalie vein. The blood from the nerve cord 1s removed

from the hindemost part af the cord by the terminal veln
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which runs enteriorly aslong the mid dorssl edge of the nerve
cord within the vertebral column, becoming et about the level
of the anterior edge of the kidneys the internal dorsal
vertebral vein. The internal dorsal vertebrsl vein receives
small branches the intervertebrsl veins from the §e;tebrae.
At the junetion of the nerve cord and hind brain the internal
dorsal vertebr&i veln breaks into two branches the cranisl

ocoipital veins, The crenisl ocoipital veins then pass

forward aleng theldorsalllateral edge of the brain to join
with the posterier diencephalie vein and the common vessel
g0 formed pagsed through the trigeminal foramen and entereg
the internal jJugular vein.

Opening into the duetus Cuvieri at ths same point
&8 the vena jugularie externe is the large musculo-cutsneous
vein (vena cutenes magna)., This receives in its course
numerous branches from the sides of'the enimal(from the

museles and skin), énd one relatively large branch from the

skin of the dorao~latersl rart of the head that seems to

eerresPonﬂ to Seelye's (snd Bethgeta) "vena cutanes parva®
(£ig.7). , |
The blood from the manus is removed by‘the vena
brachielis, The dlgits, the extensor digitorum, anconseus
quartus, extensor earpi radialia brevis, the supra cors-
‘coldeus, the cleido humeralis, sné asnconaeus muselea all
supply blood to the vens ‘brachislis, as does also the
peotoralis. The vens brachislis Joins with the vens
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cutenea magna and the vens coraco-clavicularis (bringing
blood frem the latissimus dorsi musele and from the gkin)
te form the subclavian vein before Qntering the Cuvierian
duet.

The venae pulmonsles bringing blood from the
1ﬁngs unite and empty into the base of the ainus venosus b&

& common pulmonary vein from the right dorsal sidg.

8. POSTERIOR VENOUS Syswm.

Most of the blood from the liver la returned
through the vena hepatica revehens which ariges frem meny
capillary branches within the substsnce of the liver and
emerges aé & large vessel at the ventrél anterior end of
the liver to enter the sinus venosus (£ig.8 and 9).

The remainder of the blodd from the posterior
region of the body 1is brought to the ginus venosus by the
vens cava posterioris, Yena porta hepatica and vena
abdominsalis,

The vens eava.posterieria arises by branches,

the vense rensles revehenteé;'from the ktdneys, pagses
forward receiving branches from the rectum, the intestine
and mesentary (vense mesentericae), the genital organg,
the bancreas, and a branch from the &pleen, trawersea

the right dorsal portion of the liver snd opens with

the vena hepatica revehens from the Yantral g8ide of the

liver inte the sims venosus (fig.9).
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4g was mentioned before; some of the @pecimens
examined were thought to bhe incempletely metamorphosed
on sceount of their possession of the remeins of a gill
on elther side, These.speeimena possessed definite
yoatcardinal vesaéls; the right and left members of which
Joined to form a single vessel which entered the vena cava
posterioris Just before ite entrance inte the liver. Most
of the specimens, hewever, showed no traoeé of either gills
nor peéteardinala; These latter were assumed to be
(completely me tamorphosed) adults, The &bmence of pest-'
cardinels in the sdult Aublystome tierinum would seem to
be an indication of & less primitive condition than that
found in certein salesmenders such as Selsmendrs msaculosa.
| A The vena abdominalis ie formed not by branchsa
from the vense iliascae on each side but by two branehea
raml abdomineles, from the vense ilisese communes as they
pags along the latero dorsal sides of the kidneys, end by

& branch from the bladder (vema vesicularis) and brenches

from the ventral body wall (venée musculsres). In addition

it receives several branches from the mesentery (venae

mesentericae) and a branch from the reotum (vena haemorr-
hoidalig).

The remi ebdominsles receive blood from the tail
(vena caudalis), a short brench from the hinder end of the
bladder and the branches from the hind legs (venae iliscse),

Each ramus abdominalis elso receives a branch from the
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ventral body wall and s branch from the dorso-latersl

vortion of the skin just baeck of the hind leg. The two
| remi sbdominales Join to form the vens sbdominslis which
enters the vena porta hepatica. The rami abdominales give
off numefoue branches to the kidneys so that some of the
blood they receive pagses through the capillaries of the
liver while part passges through the kidneys entering them
through the venae renales sdvehentes (fig.8).

The vens porta hepatics receives branches from
the mesentery (venae mesentericsa), the stomsch (venae
gestricae), the stomach snd duodenum (vena gestrico-
duodenalis), and the oesophagus (vena‘eeaophagea), It
also receives the vens abdominslis so that it appears
eimost as a branch of the hepatic portsl vein (fig.8 and 9),

In the hind leg the diglts are drained by the
venae interdigitales which join to form the vens peronea,
The vena peronea receives s branch at the knee from the
extensor digitorum communis longua'muséle. Just above
thia peint it enters the vena poplites whieh'reeeives two
breanches from the:skin (venae cutaneae), snd branches from
the gastrocnemius, ilie fibularis, end pube-tibialis mﬁécles.
The vens poplitea enters the vena femeralis which receives
branehes from the graecilis, femaro-fibularia extensor
triceps, semimembranasua and glutaeus maximus muscikes. The
vena femaralis as it leaves the leg entera the ilise vein
~which joins the remus abdominslis nesr the posterior end
of the kidney.
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The vens cemdalis drains the musculature of the tail

and enteré-beth,tha remi sbdominsles at one point in the mid
line just posterlor to the kidneys.

 GENERAL ccmwsxons.

as eamparea with the twe Urodele types whose blood-

vasoular gystem is fairly well known, namely 3eemognathus

and Spelerpes, Amblystoma tigrinum agrees with the former

type in having & Vena Abdominelis originating from Venae

Iliacae communes snd in heving paired Arterise Epigastricae

arising from the amorta in front of the Arterise Iliscee.

On the other hand Amblystoma resembles‘ﬁgelerpes in thet

the Venae Subclaviae open into the dueti Cuvieri and not

&8 in Desmognathus directly into the simus venosus. 4

further resemblance to Spelerpes oscurs in the origin of
each Arteria Cutanea magna frem the Arteria Subelavia
instesd of from the Arteria Pulmonslis.

In ite lack of posteardinsl veinsg, and in the

nonrpersistenee of the fifth embryonie arterial arch,

Amblystoma would appear to be less primitive than the
majerity of Ureodels.
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