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T h e a n a t o m i c a l a n d s t ruc tu ra l d i f f e r e n c e of t he g i l l - a p p a r a t e in f ishes w a s e x a m i n e d 
by several a u t h o r s as it is p r o v e d b y RAUTHER'S m o n o g r a p h i c a l w o r k (1937) . Especia l ly 
m a n y d a t a w e r e g iven b y BEVELANDER (1935) a b o u t t he s t r uc tu r e a n d f u n c t i o n of the i r ep i t he -
lial cells. W e l l - k n o w n e x a m i n a t i o n s t h r e w l ight upon the phvs io logy of t he gills (LUTZ, WYMAN 
1 9 3 2 , I N V I N G , S O L A N D T 1 9 3 5 , C O P E L A N D 1 9 4 8 ) H o w e v e r , t h e p r o b l e m o f g i l l - i n n e r v a t i o n , m a i n l y 
in microscopica l respect , excep t DF. BOYD'S w o r k (1936) m a y be cons ide red unc l ea red . C o n c e r n -
ing the i n n e r v a t i o n of t he gills w a s d e t e r m i n e d in genera l t ha t t he f i rs t b r a n c h i a l a r ches a re 
supplied wi th g los sopharyngea l ne rves a n d f r o m 2—4 wi th vagal ones (BÜTSCHLI, ROMER, 
WIEDERSHEIM). T h e r e a re o n l y suppos i t i ons abou t t he pa r t i c ipa t ion of t he t r i gemina l , fac ia l 
lervcs a n d of the s y m p a t h e t i c system in the i n n e r v a t i o n of t he g i l l - a p p a r a t e . 

Mate r i a l and m e t h o d 

W e studied the innerva t ion of the gills in the Scorpaena porcus. This an imal 
was p re fe r r ed because w e could get it in grea t number due to the k ind he lp of 
the scientifical worker s in the Research Ins t i tu te of S p l i t . O n the o the r hand 
the func t ion of the i r gills is usual a n d ve ry surprising. They swim qu ick ly in 
the bo t tom of the a q u a r i u m and s top m a n y times, open the ope rcu la r a p p a r a t e 
and move the gills. T h e mov ing became s t ronger l i f t ing the animals . U n d e r d r y 
c i rcumstances the skin of the head and the pa la t ina l m e m b r a n e became p i n k y , 
likely owing to the change of t h e blood circulat ion and brea th ing , and abou t 
5 minutes the gills move regula r ly . 

T h e gill a p p a r a t e were f i xed in 10 p. c. f o rma ldehyde . T h e ana tomica l sec-
tion was p repa red wi th the truncus arteriosus. T h e microscopical slides were m a d e 
w i t h f rozen mic ro tome separa t ing f i rs t the gill-lamellae, and the impregna t ion 
wi th B I E L S C H O W S K Y — A B R A H A M ' S m e t h o d . T h e thickness of the slides was 2 0 — 
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D i f f e r e n t pa r t s in t h e gill a p p a r a t e and the i r i n n e r v a t i o n 

The gill a p p a r a t e has 4 well deve loped double branchia l arches wi th t w o 
lamellae in Scorpaena porcus. T h e an te r ior ends of the arches came together in 
the entoglossum whereon the l ingual p a r t is f o r m e d . T h e pos te r io r ends a re 
connected wi th the pharynx. T h e w h o l e a p p a r a t e fo rms a uni ty w i th the hyo i -
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dean hemib ranch , w i th the mucous m e m b r a n e of the ora l cave and wi th t h e 
muscula ture belonging to the branchia l , hyoidea l and p h a r y n g e a l region. 

T h e t w o lamellae are placed to o u t w a r d side of the osseous b ranch ia l a rch . 
T h e y a re s i tua ted on the concave pha ryngea l marg in of the branchia l a rch m e r g -
ed in to one ano the r a t the basis. O p p o s i t e the gi l l - lamel lae at t h e i n w a r d 
side, the branchia l a rch is f r inged wi th bony processes, so-called g i l l - rakers . 
They a re covered wi th the mucous membrane . This is con t inua t ion of t h a t in 
the oral cave and spreads to the b ranch ia l a rch too, f o r m i n g the connec t ion 
be tween the gi l l - lamellae and gi l l -rakers as well as the loose connec t ive tissue 
a r o u n d the branchia l a rch . 

So, the above ment ioned par t s including the i r special and rich b lood c i r -
cula t ion and musculature , show d i f f e rence of each o ther , not on ly s t r u c t u r a l l y 
but also in respect of inne rva t ion . 

Gill — lamellae 

T h e s t ructure of the gi l l - lamellae as c o m m o n in the osseous fishes, consists 
of f i l amen t s of d i f f e r e n t size. They are longest a t the m i d d l e and they g r a d u a l l y 
decrease t o w a r d s the ends. In the cent ra l p a r t of the f i l aments , in t h e loose 
connec t ive tissue cart i lagineous trabecle m a y be seen in r ight angles to t h e osseous 
b ranch ia l a rch . H e r e a re the arteries and veins, o r ig ina t ing f r o m the b r a n c h i a l 
vessels, runn ing parallel to the suppor t ing car t i lage of f i laments . Some t imes at 
t h e basis of f i laments s t r ia ted muscle f ibres a p p e a r too. T h e ent i re s u r f a c e of 
each of the f i laments is covered wi th resp i ra to ry epi thel ial cells. M a n y de l ica te 
i nden tmen t s to fine l i t t le f i l aments grow thei r respi ra tor ic surface . 

T h e g i l l - f i laments of Scorpaena porcus h a v e a l w a y s b road base a n d show 
t w o types. O n e type of the f i l aments possesses s u p p o r t i n g car t i lage t h e w i d e d ia -
me te r of their base or iginates f r o m the large dev ided bulb. T h e o the r t y p e shows 
surpr is ing m a n y str iated muscle fibres, very large b lood vessels and a b u n d a n t 
connec t ive tissue at the basal p a r t . The i r decrease caused the t h inn ing of the f i -
laments close to the top. T h e t w o kinds of f i l amen t s is regular ly a l t e r n a t i n g 
(Tab le I. Fig. 1). At the endings of the lamel lae the f i l aments show an abso lu te 
lack or very small car t i lage and in most of the cases the muscle f ibres d o no t oc -
cur e i ther . These pictures a re in fu l l ag reemen t wi th the descr ip t ion of t h e gill 
f i l amen t s of fresh wa te r fishes by o ther au tho r s ( K R A U S E 1 9 2 1 , R A U T H E R 1 9 2 5 , 

S C H Ô T T L E 1 9 1 0 ) . 

T h e nerves of the f i l aments reach the base in one t r u n k . They c o m e f r o m t h e 
connec t ive tissue a round the osseous a rch . H e r e the main t runk is f o u n d in a 
close connect ion with the b ranch ia l a r t e ry a n d vein (Tab le I. Fig. 2) . T h e nerves 
h a v e m a n y thick f ibres f o rming coils in their w a y and qui te thin f ibres r u n n i n g 

T a b i c I . 

Fig. 1. A l t e r n a t i n g s t ruc tu re of gill f i l amen t s . 
Fig. 2. Blood vessels a n d n e r v e t r u n k s connec t ions t o the f i l a m e n t s . 
Fig. 3. T h e t h o r n s of a g i l l - t oo th . 
Fig. 4. N e r v e cells in the a r t e r i a l plexus. 
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a l w a y s s t ra ight . Both, however more f r equen t ly the th icker ones h a v e varicosi t ies . 
T h e lateral branch of this t r unk , the so-called f i l a m e n t a r y nerve , runs ob l ique ly 
to the f i l aments and fo rms a very rich plexus in the basal p a r t . 

A l t e rna t ive change can be seen not on ly in the s t ruc tu re of f i l a m e n t s bu t 
also in the innerva t ion . T h e suppor t i ng f i l aments a r e a l w a y s poor of nerves bu t 
rhe o the r s a re so richly suppl ied tha t is a r a r i t y (Fig. 1). T h r e e k inds of a r r ange -

Fig. 1. Scorpaena porcus: A l t e rna t i ng s t ruc ture a n d inne rva t ion in the basal p a r t s of the gill 
f i laments in the middle of b ranch ia l lamel lae , a — bases of the moving and vascular is-
ed f i laments, b — bases of suppor t ing f i laments , c — connec t ive tissue, d — resp i ra to ry 
epi thet , e — st r ia ted muscle f ibre, f — r ing plexus, g — thick nerve f ibre , h — th in 
nerve f ibre, i — nerve ending , j — spiral f ib re , k — car t i lage, 1 — thorns of the gill 
raker . BIEISCHOWSKY—ABRAHAM'S me thod . Magn . 120x. 

ments could be separated in the dense plexus a t the base of the f i l a m e n t . O n e is 
qu i te superf ic ia l and shows ring fo rm. A p a r t of the f ibres runs to the s t r ia ted 
muscle f ibres and an o the r one to the f i l a m e n t a r y a r t e r y . W e suppose most of t h e 
thick tibres a re connected wi th the muscu la tu re . T h e f i l a m e n t a r y muscle f ibres 
get very rich nerve supp ly . The i r special i nne rva t ion will be descr ibed in the 
chap te r of „ T h e muscles of the gill a p p a r a t e " . 

Some of the f ibres or ig ina t ing f r o m the ring plexus run to the f i l a m e n t a r y 
ar ter ies and f o r m very rich and dense plexuses in the ar te r ia l wai l t oge the r w i t h 
the fibres coming here in the adventitia of the vessels and in all p r o b a b i l i t y be long 
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to the crania l sympa the t i c sys tem. Sometimes l i t t le black end-spots or r ings could 
be seen at the endings of the n e r v e fibres, especially in the media and larger end-
plates w i th neurof ib r i l l a r s t ruc tu re in the adventitia. T h e f o r m e r must be the 
endings of the effector f ibres and t h e la t te r of the receptors . 

M a y be tha t some of the f ree end- f ib res of the plexuses run qu i te close to the 
epithelial cells accumula ted be tween the t w o f i l aments bu t i n t ima te connect ion 
was never visible. Some of the f ibres of the plexuses run u p w a r d s a long the f i la -
men ta ry ar ter ies . M a n y spiral f ibres appea red a m o n g them (Fig. 1, j). H o w e v e r , 
we wou ld emphasise t h a t the top f ibres or ig ina t ing f r o m the plexuses reach on ly 
the m i d d l e of the f i laments . N o f ibres could be found in the u p p e r p a r t of the 
f i laments w h e r e the resp i ra tory epi thel ial cells and the cap i l l a ry system were do-
minant . So the func t ion of the r e sp i r a to ry cells is s imilar to t h a t in the lungs of 
higher ver tebra tes f ree of close n e r v e connect ion. 

Gill — rakers 

T h e gi l l - rakers a re seemingly very s imple and ins ignif icant f o r m a t i o n of 
the gill a p p a r a t e bu t accord ing to their s t ruc ture and innerva t ion they must 
play an i m p o r t a n t role in the l i f e - func t ion , especially in the feeding of the 
.5corpaena porcus. Tak ing into considerat ion their s t ruc ture they consist of 
separated hi l locks a t the oppos i t e ends of the suppor t i ng gi l l - f i laments . S t ruc-
tura l ly they a re similar to the tee th of the higher ver tebra tes and p r o b a b l y have 
the func t ion like tha t of the tee th , as the real maxi l la r and m a n d i b u l a r teeth 
a re good enough to seize the f o o d bu t no t so s t rong to chew it. So it is r ight to 
call them gil l- teeth. T h e main substance of the gill-teeth is compac t bone fo rming 
8—16 thorns t o w a r d s t h e ora l c a v e and septa of d i f f e r e n t sized to the pulpa 
cave. O u t s i d e they a re covered wi th the mucous m e m b r a n e but the ends of the 
thorns run th rough most of the cases the m e m b r a n e (Tab le I. Fig. 3). 

Inside of the gill teeth the connec t ive tissue fu l l of blood vessels and nerve 
fibres is f o u n d . T h e blood vessel system, most ly capi l lar ies , fo rms rich reticulum. 
T h e rich nerve plexus coming f r o m several smaller nerves runs at the base of the 
rakers series in the connec t ive tissue of the branchia l a rch and gives lateral 
branches to the gi l l - teeth. T h e nerves consist of th icker and th inne r f ibres bu t 
s t ruc tura l ly they d i f f e r f r o m t h a t in t h e main gill t r u n k ment ioned before . Des-
p i te the near posi t ion, both of t h e t r u n k s s i tuated in the connec t ive tissue of the 
branchia l arch no connect ion could be noted between them. 

The nerves of the gi l l -rakers possess a l w a y s f ewer thick fibres and very m a n y 
thin ones. T h e y never showed varicosi t ies o r coils in their p a t h w a y s . Very richly 
branching in the connect ive tissue they f o r m a dense plexus closely connected 
wi th the connect ive tissue cells (Fig. 2). T h e thick f ibres as a rule showed d e n d -
ronl ike ramif ica t ion o r f r ee coils at the end, the thin fibres fo l low the processes 
of the connec t ive tissue cells and end freely o r wi th lit t le knobs on the cell bodies 
o r qui te next to tha t . 

The small ar ter ies o r veins of the connec t ive tissue in the gill teeth seem to 
h a v e own nerve supp ly . Smal l n e r v e t r u n k s wi th f ine thin ne rve f ibres o r qui te 
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Fig. 2. Scorpaena porcus: S t r u c t u r e a n d i n n e r v a t i o n of t h e gill t o o t h , a — epithelium of t h e 
m u c o u s m e m b r a n e , b — lamina propria, c — b o n e r o u n d i n g t h e pulpa, d — c o n n e c t i v e 
t issue of pulpa, e — cap i l l a r ies , f — n e r v e plexus, g — t h i c k ne rve f i b r e , h — t h i n 
n e r v e f ib re , i — gob le t ce l l . BIELSCHOVFSKY—ABRAHAM'S m e t h o d . M a g n . 200x . 

separa ted thin fibres may be connected w i t h the vessel wa l l . T h e capi l la r ies a r e 
most ly poor of nerve f ibres. 

T h e pic tures ob ta ined were very similar to the t ee th -pu lpa i n n e r v a t i o n of 
m a m m a l s and human . Re la t ive ly as m a n y f ibres were found in the gi l l - teeth 
pulpa of Scorpaena porcus as by o ther au tho r s ( B E R K E B A C H VAN DER S P R E N K E L 
1 9 3 5 , B E R N I C K 1 9 4 8 , C H R I S T E N S E N 1 9 3 8 , G O K D O N - J O R G 1 9 5 3 , H A T T A S S Y 1 9 5 8 , 
1 9 6 0 , H E L D - B A U D 1 9 5 3 , L O E W E N S T E I N - R A T H K A M P 1 9 5 5 , M A R T I N O 1 9 4 1 ) i n t h e 
teeth pulpa of higher ver tebra tes . So we consider the connec t ive tissue of the gill-
teeth as a very sensory area of the gills. 
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T h e m u c o u s m e m b r a n e 

In the f ie ld of the g i l l - appa ra t e the whole branchia l arches a re covered wi th 
mucous membrane . T h e mucous m e m b r a n e s t ruc tura l ly and in respect to its in-
nervat ion is in fu l l agreement wi th t h a t of the ora l cave. We sta ted their ident i ty 
in the Scorpaena porcus. T h e mucous m e m b r a n e consists of the outer epi thel ial 
and the inner connect ive tissue layers . T h e epithelium is represented by the s t ra -
tisfied squamous, not kera t in ized ' t y p e fu l l of goblet cells. T h e lamina propria 
shows special s t ruc tu re and f o r m s in places doub le layer . T h e higher layer is in 
close connect ion wi th the basal m e m b r a n e of the epithelium and the deeper one 
is connected wi th the osseous or muscula r elements. Both can be considered as 
loose connec t ive tissue bu t in the higher layer the connect ive tissue cells, in the 
deeper layer the f ib rous elements a re d o m i n a n t . T h e cell bodies w i th the 
processes f o r m reticulum in the h igher layer, appea r ing here a very dis t inct f o r m 
of the reticulum of the connec t ive tissue cells due to the s t r inking s t rong a f f i n i t y 
to the silver. 

T h e cell nuclei have more nucleoli and couid be observed very f r e q u e n t l y 
their ami to t i c p r o p a g a t i v e forms . N u m e r o u s small ar ter ies and capi l lar ies w e r e 
found here and pa r t i cu la r ly dense n e r v e plexus is character is t ic of this layer (Fig. 
3). T h r e e k inds of fibres a re dis t inguished in the plexus. T h e three k inds of f ibres 
a r e located in one t runk in most of the cases. Accord ing to their loca t ion , s t ruc-
ture and end-connec t ions w e th ink t h e thick f ibres (Fig. 3, d ) a re receptor ic f ibres 
of the epi thel ial cells. T h e thin ung ranu l a t ed f ibres (Fig. 3, f ) must be e f f ec -
tors to the vessels and the g l a n d u l a r (goblet) cells. T h e f ine g ranu la t ed f ibres 
(Fig. 3, e) which f o r m the greatest p a r t of the f ibres, seem to be ve ry sensit ive 
receptor ic f ibres belonging to the connec t ive tissue cells. 

T h e deeper layer of the lamina p r o p r i a which may be considered as a lamina 
submucosa, is especially thick in t h e branchia l b ranch and at the l ingual p a r t of 
the g i l l -appara te . In this layer, the n u m b e r of the connec t ive tissue cells are re la-
t ively few and the number of the interst i t ia l substance especially tha t of the 
col lagenous f ibres is increased. 

This layer sur rounds the osseous branchia l arch, gives tissue to the pulpa of 
the gill teeth and carries the vessels and nerves to rhe d i f f e r en t pa r t s of the gill-
appa ra t e . I t is poor of nerves bu t sometimes f ree or capsula ted coils can be f o u n d 
in this layer (Fig. 4) . I t is especially interest ing because the incapsula ted nerve 
endings a re u n k n o w n in the fishes, amphib ians and reptiles. We could see in the 
coils th icker and th inner f ibres w i th m a n y longish varicoses in both kinds of 
fibres. T h e coils a re round or longish and their origin is in all p robab i l i ty f r o m 
t h e sensory t r igeminal nerve . 

T h e b ranch ia l b lood vessels 

The bi . inchial vessels g iving t h e f i l a m e n t a r y branches a re lateral b ranches of 
the truncu:- i.rteriosus. They are located in the connect ive tissue of the b ranch ia l 
a rch close to each o ther the a r t e ry , vein and the main nerve t r u n k of the gill-la-
mellae. In respect to the inne rva t ion of the vessels the a r te ry has a lways very rich 
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I i g . 3. Scropaena pores: Inne rva t ion in the ou the r layer of lamina propria in b ranch ia l 
arch II , a — connec t ive tissue cells, b — capi l lar ies , c — nerve plexus, d — thick ne r -
ve f ibre, e - g ranu la t ed th in nerve f ibre , f — not g ranu la t ed thin ne rve f ibre , g — 
dendron- l ike branching , BIELSCHOUSKY—ABRAHAM" S me thod . Magn . 400x. 

adven t i t i a l plexus wi th very m a n y thick a n d f ewer th inne r f ibres. T h e vein is 
ve ry poor or nerves. In the plexus of t h e b ranch ia l a r t e ry lit t le g roups of n e r v e 
cells occur red (Table I. Fig. 4). T h e cells a r e mu l t i po l a r , as a rule 3 - 6 cells in 
one g r o u p . 

Beside the advent i t i a l plexus there a re some places where special thick n e r v e 
f ibres were found s ta ining d a r k black wi th si lver. T h e y a re w a v y a n d end wi th 
dend ron - l i ke forms. (Tab le I I . Fig. 1). T h o u g h they have no neuro f ib r i l l a r e n d -
p la tes at the ends, yet t hey m a y be considered as the s impler fo rms of the pres-
soreceptor system in the ar ter ia l t runks of the higher ver tebra tes . S t r u c t u r a l l y 
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Fig. 4. Scorpaena porcus: C a p s u l a t e d n e r v e e n d i n g in t h e inne r l a y e r of lamina propria of 
b r a n c h i a l a r c h I , a — capsule , b — t h i c k n e r v e f i b r e , c — th in n e r v e f i b r e , d — v a -
r ix , e — in te r s t i t i a l c o n n e c t i v e t issue. BIELSCHOWSKY—ABRAHAM'S m e t h o d . M a g n . 600x . 

they a re in fu l l agreement w i th our f ind ings in the sw im-b l adde r (ABRAHAM, 
S T A M M E R 1954). Single thick ne rve f ibres wi th dend ron - l i ke endings a p p e a r some-
times on the f i l a m e n t a r y arteries, too. They m a y h a v e s imilar func t ion , their 
forms, howeve r , are s impler . We tr ied to count the number of the pressoreceptors 
in one g i l l - a p p a r a t e a n d could be s ta ted only 2—4 larger ones in the branchia l 
arteries and 4—6 s impler types in the f i l a m e n t a r y arteries. I t is t rue tha t the I. 
arch couple has a l w a y s the largest pressoreceptor ic area where 4—6 thick f ibres 
end near each o the r . O f t e n they were not found in the I I . o r IV . arches. W h e r e 
the branchia l receptors were absent 3—4 f i l amen ta ry ar ter ies had receptor ic end-
ings. 

Q u i t e near the branchia l ar ter ies in the connec t ive tissue of the branchia l 
a r ch some cell g roups appea red wi th in t ima te nerve connect ion . P r o b a b l y they 
posses similar bu t s impler s t ructure as the chemoreceptors in higher ver tebra tes . 
T h e nerve t r u n k s coming to these cells con ta in only thick n e r v e f ibres and show 
w a v y p a t h w a y . Thei r f ine end branches a r e closely connected wi th t h e cells 
(Tab le I I . Fig. 2) . 

The receptor ic end fibres of the branchia l vessels found in the Scor-
paena porcus show the same regulat ion of the b lood c i rcula t ion in fishes as de-
mons t r a t ed by H E Y M A N S and N E I L ( 1 9 6 0 ) in the highest ver tebra tes . O u r mor -
phological f ind ings a re suppor ted by the physiological d a t a of L U T H - W Y M A N N , 
I V N I N G , S O L A N D T , M c . W I L L I A M w h o experienced pressoreceptor ic func t ion in 
Squalus, Mustelus and Anguilla. 

Finally it m a y be ment ioned tha t the vessels in the gil l- teeth and in the mu-
cous m e m b r a n e were never connected wi th the b ranch ia l vessels and never had 
any receptoric endings. They a re the con t inua t ion of the main vessels of the 
l ingual pa r t and the ora l cave. 
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T h e muscles of t h e gill a p p a r a t e 

T h e ac t ive movemen t of the gills in the Scorpaena porcus is connec ted wi th 
the well developed branchia l - , hyoideal - , and p h a r y n g e a l muscu la tu re . H o w e v e r , 
the muscles at the basal p a r t of the f i laments , represent ing the f i l a m e n t a r y mus-
cula ture , seem to be d i f f e r e n t f r o m the o t h e r muscles of the gill a p p a r a t e . W e 
suppose the d i f fe rences a re in the s t ructure , or igin and nerve supply be tween the 
t w o types of the muscles. 

T h e muscle f ibres in the f i l aments a re shor t and th in wi thou t a n y close con-
nect ion. T h e muscle bundles run in many di rec t ions in the f i l aments . The i r nuclei 
are rounded and ra re ly visible. Ve ry dense a n d clear cross s t r iar ions charac te r i se 
their myof ib r i l s . T h e nerve supp ly of the muscle f ibres is ve ry rich. In our op in i -
on the f i l amen ta ry muscle f ibres get not on ly one bu t m o r e ne rve end connect ions . 
T h e endings are d e n d r o n - l i k e w i th lit t le end-p la te s o r k n o b s (Fig. 1, i). T h e 
muscle nuclei, however , a re never collected round the ne rve endings . These e n d -
f o r m s a re very similar to o u r f indings in the intr insic muscu la tu re of the repti les 
and bi rd ' s eyes (STAMMER 1962). So we suppose a special innerva t ion of these 
muscles. I t may be tha t they get not v o l u n t a r y bu t a u t o n o m moto r i c i nne rva t i on . 

T h e muscula ture f o u n d a t the lingual and pha ryngea l ends as well as the 
g roups of the branchia l arches, represent the branchia l , hyoidea l and p h a r y n g e a l 
muscula ture agree wi th each o the r in every respect . These muscles (Musculus 
branchialis, bypobrancbialis, coracobrancbialis, coracobyoideus, pbaryngobran-
chialis and mm. interarcuales) are d i f f e r en t i a t ed to new func t ion f r o m the la tera l 
muscu la tu re of the t r u n k , howeve r , their skeletal charac ter is t ics r ema ined . T h e i r 
f ibres showed not so dense and s t rong cross s t r ia t ion as those men t ioned above . 
T h e f o r m s of their nuclei a re a l w a y s longish and well visible in near posi t ion to 
the sarcolemma. The i r nerves as eve rywhe re in the skeletal muscles of the fishes 
consist of very thick and ve ry thin nerve f ibres. I t is r e m a r k a b l e t h a t the thin 
f ibres a p p e a r as la teral s ide-branches of the th ick f ibres (Tab le II . Fig. 3), and the 
thick f ibres become qu i te th in and a f t e r cer ta in d is tance they a re qu i te th ick 
again. Both appearences were experienced in the skeletal and eye muscles of f resh 
wa te r fishes ( S T A M M E R 1 9 6 0 ) . Beside the r ap id cal iber changes, small o r large v a -
rices could be noted in the ne rve f ibres. T h e nerve t r u n k s of the muscles run 
obl iquely to the paral le l muscle fibres, closely connected to each o t h e r a n d give 
lateral end-branches to both sides (Table I I . Fig. 4) . T h e e n d - f o r m s r emind of 
the motor ic end-pla tes of h igher ver tebra tes bu t they a re s impler and possess 
poor collection of the muscle nuclei. 

T h e nerve t runks run in the muscles segmenta l ly and so the re a re large areas 
wi thou t a n y nerve connect ions . Bearing in mind tha t the limit of the muscle 
fibres is roughly a t the same level so w e consider the segmental i nne rva t ion 
where one muscle f ib re possesses only one nerve ending . 

T a b i c I I . 

Fig. 1. P r e s s o r e c e p t o r s f ibres in the a d v e n t i t i o n a l plexus of t he b r a n c h i a l a r t e r y . 
Fig. 2. C h e m o r e c e p t o r i c f ibres in the a d v e n t i t i o n a l plexus of t he b r a n c h i a l a r t e r y . 
Fig. 3. Segmen ta l i n n e r v a t i o n of the p h a r y n g e a l m u s c u l a t u r e connec t ed t o the gill a p p a r a t e . 
Fig. 4. M o t o r i c nerve e n d i n g of the b ranch ia l m u s c u l a t u r e . 
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T A B L E II 
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T h e or ig in of t h e nerves in t h e gill a p p a r a t e 

Wi thou t exper imenta l examina t ions is very d i f f i cu l t to speak a b o u t this 
quest ion in fishes. H o w e v e r , to s tudy the degenera t ion pe r iphera l ly a n d cen t r a l ly 
which means the only way to solve t h e problems, seems to be impossible a t p r e -
sent. C u t t i n g the nerves or any i n ju ry of the gill a p p a r a t e causes h igh m o r t a l i t y 
in fishes. 

Cons ide r ing the ob ta ined pic tures of o u r microscopical examina t ions , the 
equalit ies and d i f fe rences of the n e r v e supply as well as the be t te r k n o w n n e r v e 
connect ions in highest ve r t eb ra te s we th ink a b o u t the or igin as fo l lows : 

1. T h e common pa r t i c ipa t ion of the t r igemina l and fac ia l nerves in the m u -
cous m e m b r a n e . 

2. T h e common pa r t i c ipa t ion of the g lossopharyngea l a n d vaga l nerves in 
the b ranch ia l area. 

3. Sensory fibres of the b ranch ia l vessels belonging to the g lossopharyngea l 
and vagal complex. 

4. C ran i a l sympa the t i c f ibres connected a l w a y s to the plexuses of t h e ves-
sels, especially to the ar ter ies . 

5. T h e motor ic fibres o r ig ina te f r o m cerebral n e r v e X I I . to t h e l ingual 
and b ranch ia l muscula ture and f r o m cerebra l nerves I X a n d X . to the p h a -
ryngeal muscula ture . 

6. T h e f i l amen ta ry muscles get their f ib res f r o m the n e r v e complex of I X . 
and X . bu t it may be f r o m the p a r a s y m p a t h e t i c pa r t of these nerves. 

7. T h e gill teeth a re inne rva ted only by sensory t r igemina l f ibres. T h e i r e n d -
forms, the sensory coils a p p e a r e d in the connec t ive tissue of the b ranch ia l a rch . 

• * • 

I would express my t h a n k s t o P ro f . A. ABRAHAM ( S z e g e d ) for his k i n d he lp , P r o f . 
D. MOROVIC ( S p l i t ) fo r exp la in ing the life of the sea fishes, a n d to our ass is tant ERZSEBET 

DÂNOS for p repar ing the f igures. 

S u m m a r y 

Special s t ructures and innerva t ion was f o u n d in the d i f f e r e n t p a r t s of the 
gill a p p a r a t e in Scorpaena porcus. 

Beside the s t ruc tu ra l ly a l t e rna t ing gill f i l amen t s of the gill lamel lae , s t rong 
gill r aker , consist of separa ted teeth, and well deve loped muscu la tu re a re c h a r a c -
terised the gill a p p a r a t e of this an imal . 

Very rich sensory system was noted in the field of the gill a p p a r a t e in f o r m s 
of incapsula ted sensory coils and dendron - l i ke end branch ings . 

T h e sensory coils a re s i tua ted in the connec t ive tissue round the b ranch ia l 
arches and inside the gill rakers . T h e d e n d r o n - l i k e e n d - b r a n c h i n g s occur red 
in the mucous m e m b r a n e a n d connected to the b ranch ia l vessels. 

O n the basis of the ve ry rich sensory innerva t ion was s ta ted ve ry i m p o r t a n t 
receptor ic areas in the gill a p p a r a t e g iving a f f e r e n t foo t s to the feeding a n d 
b rea th ing reflexes. 
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T h e motor ic innerva t ion belonged to the muscula ture and the vessels of the 
gill a p p a r a t e . 

T h e a u t h o r believes the innerva t ion of the gill a p p a r a t e or iginates f r o m 
cerebral nerves V, V I I , I X and X and the crania l sympa the t i c system. They 
may be a b u n d a n t l y mixed u p cent ra l ly and per iphera l ly . 

Re fe rences 

ÁBRAHÁM, A. (1963): Die I n n e r v a t i o n des Herzens und der Blu tgefäss ; von Ver tebra ten . A k a d é -
miai K iadó , Budapes t . 

Á B R A H Á M , A . ; S T A M M E R , A . ( 1 9 5 2 ) : P r e s s o r e c e p t o r e n i n d e r W a n d d e r S c h w i m m b l a s e . A n n . 

Biol. U n i v . H u n g . 2; 345—360. 
BERKELBACH VAN DER SPRENKEL, H . (1935) : Z u r Neuro log ie des Zahnes . Z. rnikr. anat . Forsch. 

38, 1 — 18. ! 
BERNICK, S. (1948): I nne rva t i on of the h u m a n too th . Anat . Ree. 101. 81—83. 
BEVELANDER, O . (1935): A c o m p a r a t i v e s tudy of the b ranch ia l ep i the l ium in fishes wi th re-

ference to ex t r a r ena l excre t ion . J . Morph . 57. 335—351. 
BOYD, DE J. D. (1936): N e r v e supply t o the branchia l arch ar ter ies of ver tebra tes . J . Ana t . 

(Lond . ) 71. 157—165. 
CHRISTENSEN, K. (1940) : Sympa the t i c ne rve f ibres in the a lveolar nerves of the denta l pulp . 

J . D e n t . R e s . 1 9 . 2 2 7 — 2 3 2 . 
HATTYASSY, D . (1959): Z u r Frage der I n n e d v a t i o n der Z a h n w u r z e l h a u t . Z. mik r . - ana t . Forsch. 

6 5 . 4 1 3 — 4 3 3 . 

HATTYASSY, D . (1963): Some his tological proper t ies of the h u m a n denta l pu lp . Acta Biol. 
U n i v . Szeged. 9, 85—91. 

HELD, A . J . ; BAUD, CH. A. (1953) : Les terminaisons ncrvcuses dans les tissue de l 'organe 
denta i re . A c t a A n a t . (Basel) 19, 392—397. 

HEYMANS, C ; NEIL, E. (1958) : Ref lexogenic areas of the ca rd iovascu la r system. Church i l l 
London . 

MARTINO, L. (1941): Osse rvaz ion i sull innervaz ione della polpa d e n t a r i a . Boll. Soc. i tal . Biol, 
spcr. 16, 681—688. 

R A U T H E R , M . ; L E I N E R , M . ( 1 9 3 7 ) : D a s K i e m e n s y s t e m . I n B r o o n s : K l a s s e n u n d O r d n u n g e n d e s 
Tierreichs. Leipzig. A k a d . Ver lag . 6, 711—903. 

RAUTHER, M. (1937): Kiemen der A n a m n i e r . In Bolks: H a n d b u c h de r ver — gleichenden A n a -
tomie des Wirbe l t ie re . Ber l in—Wien . U r b a n - S c h w a r z e n b e r g , 3, 211—251. 

STAMMER, A. (1957): Az édesvízi csontosha lak szemizmainak szerkezete és beidegzése (S t ruc tu re 
and innerva t ion of the eye-muscles of f r e sh -wa te r osseous fishes). Ál la tani Közi . 
46, 115—123. 

STAMMER. A. (1962): N e r v e n v e r b i n d u n g e n in der Tun ica vasculosa. A c t a Biol. Univ . Szeged. 
8, 143—159. 

8 Acta Biologica 


