Systém a evoluce obratlovcu
V.

Evoluéni morfologie lebeénatych (obratlovc)

 charakteristika * smysloveé organy

* vznik organu « travici soustava
 pokryv téla (integument)  dychaci soustava

* kostra (skelet) * Cévni soustava

* svalstvo e urogenitalni soustava

* nervova soustava 1



apomorfie lebecnatych (obratlovcl véetné sliznatek)

« aktivni pohyb, intenzivni metabolismus
 podélna polarizace (hlava, trup, ocas), vnitfrni metamerie (Hox - geny)

. muItiEIikace shlukl Hox genu (Hox = homeoticky box)— nejcastéji 2x
duplikace - tetraploidizace
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* vicevrstevna pokozka (rohovaténi - derivaty)
» epidermalni smyslove plakody, z nich parove
smyslove organy na hlave:

cichovy ustroj, inverzni komoroveé oko, vnitrni
ucho

* nervova lista (4. zarodecny list) — vytvoreni hlavy
* vnitrni kostra z chrupavek a kosti
* lebka, koncetiny s vnitfni kostrou (ichthyo-, chiropterygia)




« diferencovany mozek, kranialni nervy

 na dorzalnich kofenech misSnich nervu spinalni ganglia
* myotomy ve tvaru W

* uzavrena cevni soustava s autonomne tepajicim vicedilnym srdcem,
v krvi erytrocyty s hemoglobinem

* parové ledviny mezodermalniho puvodu
« neurohumoralni regulace, endokrinni zlazy, hypofyza, Stitna zlaza

apomorfie obratlovcu (mihuli a Celistnatcu, bez sliznatek)

» postupna redukce chordy, nahrazeni patefi z obratlu (alespon arcualia)
* nejmene hrbetni ploutev

 proudovy organ postranni Cary s neuromasty

« alespon dvé polokruzné chodby vnitrniho ucha

» bez pridatnych ,srdci“, nervova regulace srdecni Cinnosti, 3 typy
pravych lymfocytl

« osmoticky tlak télnich tekutin asi o tretinu nizSi nez morska voda,
hyperosmoregulace

» adenohypofyza vznika z ektodermu ustni dutiny (stomodea)
* imunitni systém

(postupny vznik apomorfnich znaku, synapomorfie definované u
recentnich korunovych skupin nemusely byt pritomny 3
u vymrelych kmenovych skupin)
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vznik organu

ektoblast pokozka
neuroektoblast I nervova trubice
epidermalni smyslove plakody ganglia senzorickych hlavovych nervd,
ocCni CocCky, Cichove a sluchové vacky,
proudovy organ

nervove lista (ektomezenchym)

bunky nervove liSty (BNL) — 40 tkani a organti, mezi pokozkou a nervovou trubici, migrace
*prekurzory pojivovych tkani (fibroblasty, chondroblasty, osteoblasty, odontoblasty,
chromatoblasty);

«indukce mnohovrstevného epitelu - pokozka a derivaty, pigmentace trupu a ocasu;

«dorzalni kofeny miSnich nervu a jejich senzorické neurony, sympaticka a
parasympaticka ganglia, Schwannovy burky, endokrinni Zlazy, dfen nadledvinek

*senzoricka ganglia hlavovych nervu (V, VII, IX, X), mékka mozkova plena

visceralni endoskelet lebky (Zaberni oblouky), zaklady zubu; trabeculae cranii, predni
cast lebky vcetné exoskeletu; rybi Supiny; hladka svalovina cév; rozdilny vyvojovy
potencial hlavove a trupové nervoveé listy

mezoblast (dermatom, myotom, [T] Skara, svalovina, somaticky
sklerotom, nefrotom a gonotom) endoskelet,mocopohlavni, cévni s.

5
entoblast B ftravici trubice a zlazy, zabra a plice



vznik organu
pokryv téla (integument)

vicevrstevna pokozka (epidermis) z ektoblastu 5

k02e<
skara (corium, dermis) z mezoblastu (dermatom)
a z bunek neuralni listy
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vznik organu
pokryv téla (integument)

Primarneé vodni obratlovci
ZAGNATHA".  kosténé stitky (,Ostracodermi”) - druhotné naha (mihui

naha
GNATHOSTOMATA: = kosténé desky (Placodermi) - kosténé Supiny
Supiny:
a) plakoidni (dentin + enameloid) (Chondrichthyes) - zuby

Enameloid
Dentine

Pulp cavity
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b) kosmoidni (lamelarni kost = izopedin, vaskularni kost, dentin=kosmin,
enameloid=vitrodentin z mezoblastu; Sarcopterygii)

BNL — osteoblasty (kost) a odontoblasty (zubovina)
¢) ganoidni (lamelarni a vaskularni kost, redukce kosminu; email = ganoin
z ektoblastu, Chondrostei, bichifi, kaprouni a kostlini)
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kosmoidni ganoidni

d) leptoidni (elasmoidni) (lamelarni acelularni kost, Teleostei)
a) cykloidni b) ktenoidni
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vznik organu
pokryv téla (integument)

Primarné suchozemsti obratlovci

dermatoskelet (kryci kosti) (,krytolebci®) - naha (rec. Lissamphibia) —

rohovaténi pokozky

— rohovinné derivaty (krunyre, Stitky, Supiny) - ochrana pred ztratou vody
AMNIOTA: WEIER)

‘ tepelna izolace ‘
peri srst

mnohobuné&&né kozni Zlazy (z ektoblastu): rW plazi*. Aves
Lissamphibia (max.)——Amniota — ,plazi”
diferenciace > Mammalia
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vznik organu
pokryv téla (integument)

zbarveni tela (ekologicka adaptace) B

chemicke - pigmenty fyzikalni
(v chromatoforech a koznich derivatech)

« rozptyl svétla v komurkach

melanin

: y naplnenych vzduchem

lipochromy

porfyriny « interference pfi prachodu a odrazu
svétla vrstvami riznych optickych
vlastnosti

chromatofory z BNL
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vznik organu
pokryv téla (integument)
kostra (skelet)

1) chorda (entoblast) 2) chrupavka a kost (mezoblast, BNL)
CHORDA zachovana primarné u: ,Agnatha“, Placodermi, Acanthodii, Sarcopterygil

sekundarné (pedomorféza?) u: Acipenseriformes

CHORDA zaskrcovana rozvojem tél obratl(: redukce az uplné vymizeni:
Chondrichthyes, Actinopterygii, Lissamphibia, Amniota (,Reptilia“, Mammalia, Aves)

premena vaziva v kost
(dermatoskelet z krycich kosti)

OSIFIKACE: < endesmalni (desmogenni, dermaini)
} EXOSKELET

nahrada chrupavky za kost

« enchondralni (chondrogenni)
} ENDOSKELET
(endoskelet z nahradnich kosti)
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vznik organu
pokryv téla (integument)
kostra (skelet)

EXOSKELET (kostény):

pancire, krunyre, rybi supiny, kryci kosti lebky, cast pasma predni .
koncCetiny (cleithrum, clavicula)

ENDOSKELET (chrupavcity nebo kostény):
A) somaticky (ze sklerotomu somitu)
obratle, chrupavcCité neurocranium, cast kosteného neurocrania,
costae, sternum, Cast pasma predni koncetiny (scapula,
procoracoid atd.), celé pasmo zadni koncCetiny, cela kostra volnych
koncCetin

B) visceralni (ze splanchnopleury a BNL)
Zzaberni oblouky, viscerocranium, sluchové kustky

Fir ST pharyngeal pouch

Mandibular Hyoid Branchial arches 1-5

Ecioserm [l Notoshord [ En areh (1) arch (Il) (visceral arches lII-VII) 13

] Weuraitube [ Mesodarm [H] En
B noural erest




vznik organu
pokryv téla (integument)
kostra (skelet) : osni - vertebrae, costae, sternum

Obratle: vznik kolem chordy ze sklerotomu, vyvoj nejednotny 5

Vertiebral canal

for spinal cord ks

Vertebral —

dorzalni (neuralni, G
* oblouky < neurapofyzy) e #
arcualia o _ Vertebral =
( ) ventralni (hemalni) centrum

nejstarsi ¢asti neuralni oblouky (mihule),
vznikajici téla obratlt postupné zaskrcuji
chordu (paryby a ryby)




vznik organu = opisthocoelni (Caudata)
pokryv téla (integument)

kostra (skelet) : osni - vertebrae

A

Typy obratlti podle tvaru tél:

= amphicoelni (Chondrichthyes,
Actinopterygii)

7

C. Opisthocoeious/

Anterior

A. Amphicoelous

B. Procoelous

Part of centrum derived
from intervertebral body

D. Acoelous

Intervertebral



vznik organu
pokryv téla (integument)
kostra (skelet) : osni - costae, sternum

Zebra: dorzalné pfipojena na téla a processi transversi obratlu

A) dolni - v blizkosti myosept na somatopleure, vyztuha stény coelomu,
u vodnich Celistnatcu

B) horni - v septum horizontale, suchozemsti obratlovci a nékteré ryby

metamerie redukce (jen hrudni) .
B (vodni &elistnatci) (,Sauria“, Aves, Mammalia)
A sekundarni metamerie
(Ophidia)
vymizeni

(Anura, Apoda)

[ 2
Sternum: ; sychozemskych obratlovcu

Anura — ,Sauria” - Aves (+crista sterni) - Mammalia (manubrium, corpus,
processus xiphoideus)

chybi: Caudata, Ophidia i




vznik organu
pokryv téla (integument)
kostra (skelet) : cranium

—— neurocranium

CRANIUM —

— viscerocranium
1. neurocranium

ENDOSKELET (somaticky)

 chrupavcité neurocranium : parove chrupavky
praechordalia (trabeculae cranii), parachordalia

srust - bazalni ploténka

17




vznik organu
pokryv téla (integument)
kostra (skelet) : cranium

pololebka (mihule)

kompaktni lebka (paryby): regio - occipitalis
(chondrocranium) otica

orbitalis
ethmoidalis

» kosténé neurocranium : v komplexu sphenoidale (lebecCni baze)
spodina lebecni: ethmosphenoidale, praesphenoid, basisphenoid + basioccipitale

vertikalni stény: turbinalia, orbitosphenoid, alisphenoid, exoccipitale
EXOSKELET

* lebecni klenba: nasale, frontale, parietale, jugale, lacrimale,
Intertemporale, supratemporale, squamosum

* patrovy komplex: pterygoidy, parasphenoid, vomer, ossa palatina

18




vznik organu - e

pokryv téla (integument) | | 2- ViScerocranium S e

. crani R
kostra (skelet) : cranium ( \.\\\ \RAR Q
ENDOSKELET (visceralni) — z ektomezenchymu f.,j” V1
nervove listy, chrupavcity, kostény e
2a b_e rn I’ o) b | ou kv (9 ) A. Hypothatical jawless condition
0. (2) — praemandibularni ?
1. (1) — Celistni (Otx gen a DIx geny) Pasoqua
horni: palatoquadratum - quadratum - incus
dolni: mandibulare - articulare - malleus :
Mandibular ——'(
2. (1) — jazylkovy (Hox a2 gen) cartioge
horni: hyomandibulare - columella - stapes gl

dolni: hyoideum - rohy jazylky - jiné Casti jazylky
3. opora zaber (vodni) - ¢asti jazylky (Tetrapoda) e aiiasas e

cartilage -

4.-6. opora zaber (vodni) - chrupavky hrtanu
(Tetrapoda)

Mandibule
cartilage

7- Opora Zaber (ChondriChthyeS) az Vymizenll C. Jaws associmted with Draincase
(Tetrapoda) | St
, , . v . Premandibular Mandibular
EXOSKELET (dermalni) - jen kostény 1r I
horni elist: praemaxillare, maxillare v B

dolni Celist: dentale (mandibula), angulare

Vagal
[_] i :‘n'_-!-ll o5 . Notochord J



hyomandibulare

quadratum
articulare

puvod sluchovych kustek savcu
(Gaupp - Reichertova teorie)
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First pharyngeal pouch

Branchial arches 1-5
(visceral arches IlI-Vll)

Mandibular Hyoid
arch (I) arch (ll)

A. Hypothetical jawless condition

Otic capsule of
chondrocranium

Hyomandibula

Palatoquadrate
cartilage

Mandibular
|_cartilage

Jaws

H e
Spiracle Hioid /

arch (Il) 4th Branchial arch
(visceral arch VI)
B. Gnathostome

Occipital arch +
otic capsule /COlumella

Epipterygoid /

Quadrate

Articular
Lateral laryngeal

Hyobranchial
cartilage (VI)

apparatus (I1I11,1V,V)

C. Hypothetical early tetrapod

Stapes

Styloid process
(humans)

Alisphenoid /

y

\““———‘——-—_.

Incus

Stylohyoid ligament
Malleus ] or chain of ossicles
=
. 1
A N
Body and lesser e
2 | horn (1) Cricoid cartilage (VI)
> Er
- ; ; 2
Greater horn (1) Arytenoid cartilage (VI) §

Thyroid cartilage (VI + V)
E. Placental mammal
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zaberni oblouky - branchiale

¢ pharyngobranchiale
¢ epibranchiale

¢ ceratobranchiale

<& hypobranchiale

jazylkovy komplex - hyale

Obr. 29. Kapr obecny (Cyprinus carpio) — kostra Zzaberniho Ustroji z bocni strany. 1 — basihyale,
2 — hypohyale; 3 — ceratohyale; 4 — epihyale; 5—urohyale; 6—hieben wurohyale; 7 — interhyale;
8 — chrupavcita podpurna tycinka; 9 — os pharyngeum, kost pozerakova; 10 — pharyngobranchiale;
11 —epibranchiale; 12 — ceratobranchiale; 13 — copulae; 14 — hypobranchiale. Podle Urbanowiczové




vznik organu Rozvoj dermalniho viscerocrania - max. ryby

pokryv téla (integument)

Halecomorphi - kaprouni; ,Holostei“:Amiiformes
kostra (skelet) : cranium ( P P )

Dermosphenotic Postinfraorbite
lals Parietal y srei
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8. Bones of the cranial skeleton of Amia




vznik organu
pokryv téla (integument)
kostra (skelet) : cranium

Pripojeni viscerocrania k neurocraniu

lnnrEinn amphistylie
autostylie
(euautostylie)
Palatoquadrate
cartilage
Mandibular cartilage _
B. Amphistylic suspension
A. Primitive autostylic suspension (early chondrichthyans,
(idealization based on some acanthodians, and early
placoderms) / bony fishes)
hyostylie sekundarni
autostylie
(metautostylie)
C. Hyostylic suspension

(most derived chondrichthyans
and bony fishes)

D. Secondary autostylic suspension
(holocephalans, dipnoans, and o5
tetrapods)




vznik organu

pokryv téla (integument)

kostra (skelet) : konCetiny »Agnatha“

neparovy ploutevni lem - chrupavcité paprsky
Gnathostomata
vodni obratlovci - ichthyopterygia (ploutve)

A) neparové
pinna caudalis (C)
dorsalis (D)
analis (A)
fixace v trupu: pterygiophory (D, A), pater (C)
volna koncCetina: paprsky

ceratotrichia - lepidotrichia - camptotrichia
(Chondrichthyes) (Actinopterygii) (Dipnoi)
B) parové
pinnae pectorales (P)

ventrales (V)
fixace v trupu: pasma (predni - lopatkove, zadni - panevni)
volna koncCetina: basalia - radialia - paprsky

26




* neparove ploutve

Abbreviated
heterocercal tail

E. Caudal fin evolution




vznik organu
pokryv téla (integument) _ _
kostra (skelet) : kondetiny pinna caudalis

* neparove ploutve

Epural
Uroneural 2

— 1 -
—_——x - Fin rays
(cut)

Hypurals

Notochord

hypuralia

Tail tuft

D. Caudal skeleton of Latimeria (¢




vznik organu
pokryv téla (integument)
kostra (skelet) : konCetiny

Vznik parovych ploutvi
metapleurova teorie:

rozpad paroveho ploutevniho lemu (metapleur)

Anterior (1st) Posterior (2nd)
dorsal fin spine ~~ i dorsal fin spine ™~

intermediate spines Pelvic fin spine

tClimatius

™ Fin web along

hypochordal lobe
of caudal fin

VAY




vznik organu
pokryv téla (integument)
kostra (skelet) : konCetiny

 paroveé ploutve

Chondrichthyes
pinnae pectorales pinnae ventrales .
pasmo: coracoscapulare = scapulocoracoid ischiopubicum (k pateri)
(k lebecCni bazi) = puboischiadicum
volna koncetina: basalia, radialia

ceratotrichia




vznik organu * parove ploutve

pokryv téla (integument)

kostra (skelet) : konCetiny Sarpopterygu
(archipterygium)
pinnae pectorales pinnae ventrales
pasmo: scapulocoracoid (,Rhipidistia®) pelvis (ilium, pubis)

scapula + coracoid (Dipnoi)

clavicula, (interclavicula)
komplex cleithrum

volna koncetina: basalia, radialia
lepidotrichia (camptotrichia)

biserialni uniserialni uniserialni

Pectoral girdle .

lliac portion of
pelvic girdle

Humerus —
Anterior 47 g% Radial

Radial a8
ptarygiophores <<L¥ s )

Central
ple
axis

Cut edge \
of dissection '\
N

A. Fin of Neoceratodus Tt

’ ‘) { ’
margin ‘."'"a. .no'ﬂ plerygiophore 7 = ."-J Fibu!a

Postminimus



vznik organu * parove ploutve
pokryv téla (integument)

kostra (skelet) : konCetiny Actinopterygii
pinnae pectorales pinnae ventrales l
pasmo: scapulocoracoid basipterygium

clavicula (jen u starobylych)
komplex cleithrum

volna koncetina:

jen zkracena radialia jen prodlouzena lepidotrichia
prodlouzena lepidotrichia

Ry



vznik organd * parove koncetiny

pokryv téla (integument)

kostra (skelet) : koncetiny Tetrapoda
Suchozemsti obratlovci - chiropterygia
predni zadni
pasmo: scapula + procoracoid pelvis (ilium, ischium, pubis)

+ (meta)coracoid (jen u ptakofitnych)

clavicula, (interclavicula, cleithrum)

volna koncetina:

stylopodium: humerus femur

zeugopodium: ulna + radius tibia + fibula

autopodium: carpalia (12) tarsalia (12)
metacarpalia (9) metatarsalia (5)
digiti (57?) digiti (5?)

2-3-4-5-3 2-3-4-5-4 33



vznik organt * parove koncetiny
pokryv téla (integument)
kostra (skelet) : konCetiny

Vznik chiropterygii Ctvernozcu (Tetrapoda)
preménou uniserialnino archipterygia ryb ,Rhipidistia“ .




vznik organu

pokryv téla (integument)
kostra (skelet) : konCetiny

* parove koncetiny

Vznik chiropterygii ¢tvernozcu (Tetrapoda)

preménou uniserialniho archipterygia ryb ,Rhipidistia“ .

Humerus

Humerus

Carpals

Metacarpal

Lepidotrichia Phalanges

A. Pectoral fin of TEusthenopteron B. Pectoral limb of TAcanthostega 35



vznik organu . .
la (i * parov

pokryv téla (integument) P é kondetiny

kostra (skelet) : konCetiny

Tetrapoda
predni(anterior) zadni (posterior) g

Stylopodium %
]
|

=
Humerus P B l
g \ B Zeugopodium |

Autopodium |

Radius «_ _ Ulna Mibia -‘ Lit \ Fibula

Ulnare ibial i \ Fibulare

Radiale - , ‘
: ’ | & T ;
n : T MOtHCﬂrp'ﬂ]S | dium EE e } Metatarsals
@ | Intermedium H D A= | | ULA (7 :
Q - 3 [ TN ( ¢ /
- :

. | \ ; Cantralia S /
Centralla —= g =~ AN : | LIS ASEZSA
) ) \2D ) alanges | Distal tarsa e L -] . gt
Distal carpals =T N [ £/ Jf \\\>\\ Phalanges
.r = > Metatarsal: ,v' b \'? Q
o el f E 25 P 3
/ 1 - . ‘.‘ ‘\

Metacarpals =

Phalanges -

\ 5 N V a i : axis
v Limb axis or pelvic limb of tetrapods 3 Limb a




somaticka svalovina - pricné pruhovana, z myotomu
somit

visceralni svalovina - ze splanchnopleury, hladka utrobni, petamerie (vodni)
srdecni sval - bocni sval

branchialni svalovina — z BNL, pficné pruhovana zaberni . myomery a myosep
(pohyb cCelisti, zvykaci a mimické svaly savcu) - epaxidlni a hypaxial

kozni svalovina - z dermatomu (Cepyreni pefi, jezeni srsti) gast, septum

horizontale
Horizontal ske.‘etogenoui ~ Epaxial part of myomere _, ROZ ad boén |’h0 svalu
FINGY ‘ suchozemsti

Scapula \/
= Tendon

{lj —— Foramen triosseum

Humerus

'
2% )
Myotome \/ 5 \

Horizontal

e Supracoracoideus
| (upstroke)
Notochord // skeletogenous \
3 e ‘ \\% Coracoid
: 3 5 N\ '\ “\\:

Dorsal and ventral

_ Sternum
Myotomic buds appendicular muscles

entering limb bud Y 4 7 || \ Pectoralis
\ : / S \ Skeleton of

(downstroke) o
Cells from somatic
layer of lateral plate
contribute to somatic
muscles of flank and 2
appendages Hypaxial trunk muscles

Splanchnic layer Visceral muscles from Aves
of lateral plate splanchnic layer of lateral plate




svalstvo

) NS = CNS + periferni nervstvo
nervova soustava - mozek (encephalon)

s — mozek - micha ‘
A) 2 vacky B) 3 vacky L
1. Prosencephalon 1. Prosencephalon misni
2. Rhombencephalon 3. Mesencephalon hlavove (10, 12)
7 rhombomer — NL, 2. Rhombencephalon

vegetativni system:

sympaticus a parasympaticus
C+D) 5 Casti

4. Telencephalon

lava, Hox geny)

Otx
5. Diencephalon Emx
3. Mesencephalon
6. Metencephalon
(cerebellum) Pax
Hox

pons Varoli
7. Myelencephalon
Seda hmota: bazalni ganglia — subpallium (striatum, septum)
kdra (cortex) - pallium

Paleostriattmtepisiriatum) Paleopallium (paryby—
Archistriatum (striatum) atiium (obojzivelnici - plazi -
Neostriatum 38

Neopallium (plazi -)




dvojdysni

Basal ray-fin fish
. (Polypterus)

mihule

Ontogeneze sedé hmoty koncového mozku

(placental)

Piriform

% 4
Dorsal
ventricular Reptile
ridge
=13
Jplazi \

Primitive amniote

7

EfASZRS r
obojzivelnici
-+ Pallium
'''' . Medial pallium
M porsal pallium
EI Lateral pallium

Subpallium
E] Striatum
D Septum

bazalni ¢elistnatci

Pallium:

- medialni ®
- dorzalni

- lateraini @
Subpallium:

- striatum H
- septum N

dorzalni komorovy hreben (plazi a ptaci) —
stereoskopické vidéni

hippocampus savcl — sensorické funkce,
exploracni chovani, kratkodoba pameét
piriform — lateralni pallium savct,
olfaktorické informace

septum — limbicky systém

striatum — koordinace pohybu 39



svalstvo
nervova soustava - mozek (encephalon)

pa - paraphysa, op - pinealni org., epi - parietalni org. (epiphysa) %



svalstvo
nervova soustava - mozek (encephalon)

Chondrichthyes Teleostei Amphibia Reptilia Aves Mammalia

Agnatha - diencephalon
Teleostei - mesencephalon m
ostatni - telencephalon



svalstvo
nervova soustava - micha (medulla spinalis)

bila hmota misSni Seda hmota misni

Dorsal horn
White | of gray matler

matler | (sensory)
Dorsal root
Spinal :
ganglic

LY
%\

Central
canal

M\

Ay __..»"' Y -
b _,-""r.r-;

] ".\--——-I-,’.-". |
Ventral rool / ;

J".l‘l 'Irll

{ ', /
Ventral horn Somatic Visceral motor Gray commu/

of gray matter motor  neuron (pre- icating ramus
(maotor) neuron ganglionic)

Visceral motor
l ] neuron (post-
] Somatic sensory 5 ganglionic)
\l [ Visceral sensory
l

Bl Visceral motor (= autonomic)

\. Bl Somatic motor

—

nauron

Cell bodies of
SeNsory neurons

By Dorsal ramus of spinal nerve

1o muscles, glands and skin

.
/
/ Ventral ramus of spinal nerve

o~ 10 muscles, glands, and skn

S
=" White commun-

icating ramus

Sympathetic
ganglion Visceral molof

_ neuron (post-
Splanchnic

nerve to gut

ganguonic)

Visceral sensory




A
Midbrain

svalstvo

nervova soustava -
sympaticus, parasympaticus

Submaxillary gan ez =
| &1 Submaxillary gland
S Utic ganglion ,;. 4 :; T Subl;r‘.g.x::l gland
= : Parotid gland
=y~ Superior I
cervical ganglion +— Heart
t ti 4_g Thyroid
runcus sympaticus Cl
t_ k , k '__f;q:__““"—- Larynx
(sympaticky kmen) R A g
Splanchnic
ganglion .
N\ - - =
, . spincimic<” @) [N\ S
micha (medulla spinalis) nerves >/ O Liver
/ _J _»— Pancreas
Celiac and / | e Adrenal medulla
mesenteric [
li ! L — Kidne
ganglia % A Y- idney

sympaticus [
parasympaticus [

Cilian,
Sphenopalatine aar ;
c - - ¥ | - }a |(J on
Jeduiid -~ aanglion |
N\ ’ - : =
e {1 - .: y
& / . -
E .

Sympathetic trunk
and chain ganglia

—

Pelvic nerve

\ E'ﬂ:
»
/.~ Lacrimal gland

r MNacal
¢ — Nasal mucosa

S { )= £ Small intestine

£— Colon

Y- pladder

S~ (Gonad

4~ ___(Genitalia



svalstvo Smysloveé bunky: primarni a sekundarni
nervova soustava Receptory: a) extero-, proprio-, entero-;
smysloveé organy b) chemo-, mechano- '

kozni receptory (exteroreceptory)
Volna nervova zakondceni - bolest;
Merkelovy terCky (sek.) - dotek

Téliska - Meissner, Pacini, Herbst - = _|| J |
hmat; Krause, Rufini - chlad, teplo '

* chutove

= L —— Fee neuron
+ \

Stratum
corneum

Stratum
granulosum

Sebaceous
gland

Sustentacular =~
cell

¥ i—-_Sensory
neurons

\ P
\\@ ' Ruffini ending

B Pacinian corpuscle
A. Human taste bud

A. General sensory receptors of mammalian skin



svalstv?  zrak - inverzni komorové oko
nervova soustava

smysloveé organy 1. bélima (+ rohovka), 2. cévnatka (+ duhovka, pupilla), 3. sitnice;
predni a zadni komora, CoCka (lens), fasnaty val (corpus ciliare)

sklivec
(corpus vitreum)

I 9
! Ganglion _|
= cell layer
i

| Inner plexi- _|
| form layer

Bipolar |
cell layer

sitnice (11 vrstev) : o
(retina) Outer plexi- |

| formlayer |

Phatorecep- |
| tive layer

| -

cévnatka | Pigment {
(chorioidea) et ol
Chmmdﬁ_

bélima Linale
(sclera)




svalstvo
nervova soustava
smyslové organy

Klid

na blizko

na dalku

na dalku

e zrak - inverzni komorové oko

zaostrovani - akomodace

mihule a kostnaté ryby na dalku .
— ‘ m. retractor lentis
paryby,starobyle ryby, na blizko

obojzivelnici

‘ m. protractor lentis

Amniota - plazi, ptaci, savci  na blizko

. .
)



svalstvo
nervova soustava
smysloveé organy

 proudovy organ - neuromasty

u ryb na bocich - postranni Cara

O

llpm.]

Kino

Clllum

\
ater 20Cilia

Hair cell

-l
mlstonmL‘u'.:u
cell

Afterent lateralis

naumnn

e . 1
2rent -\h«.,

nauron

r =
RRLTTAS




svalstvo A. vnitfni ucho - kostény (perilymfa) a blanity labyrint
nervova soustava (endolym;‘a); vestibularni aparat (U,S, DS)+ sluch (lagena
- cochlea
. stfedni ucho - stfredousni dutina, tympanum, sluchove

kustky (1-columella, 3 - maleus, incus, stapes), ovalné a
* sluchové rovnovazny  kruhove okenko, Eustachova trubice

smyslové organy

organ - ucho C. vnéjsi ucho - zevni zvukovod, boltec

LiHoulus

Hacuulus

Stapes in fenestra vastibuli

A Lamore) 1, Taloost Otolity
Incus \ i 4 —

\ —~ P
. \ ; B, A X \ A8 = Utrleulua S
Malleus \ @ N/ W) | el et R ”~ 1 A

g " . ! rd r' |

\ f Fid
\ | ;a -r

: \ L - ' yFy . 4
" W

waios | (g \}(ﬁ\f S L&@A
o \\0_‘* S

Lagena Lagena

. N ). Fiog D, Turtle

- "
e N T W . Dormal
N WL
A | 4 . .
M
3y f
{ Anteior
- e A
N
[
i, 1
I

T
ympanum

Lateral #

Utriculus

Sacculus

I' ." \ 4
\ ; : .
! >
} -
anllar 4
safllle
/ Cochlea
. k.~ Rasilar papia
sena o~

(organ of Cort)

Auditory tube

l

ermal .I' P

1COL F. Mammal
USHE meatus Tympanic cavity



svalstvo statokonie - drobné, statolity (3 otolity) - velké

nervova soustava
smyslové organy

Anterior vertical  Endolym- Posterior vertical
semicireular phatic sac  semicircular
* sluchove rovnovazny duct (AVSD) . duct (PVSD)
organ - ucho \\
: 9,5 . Semicircular
A. vnitrni ucho Utriculus l--_\.:—"" F"‘—“\ \'.-canal

_ Utricular
utriculus (U) mac ul\

sacculus (S) < lhattgny / / i
lagena (L) - cochlea neglecta // / .:
BN L

ducti semicirculares (2, 3), Crista ’ L
ampullae s k

Ampulla A3 3, st =/ Crista of
Statické receptory: :::.-;-\:\II::: 7 ( o i 7 9 ’.ﬁf) 3~ PVSD
maculae U, S, L ol 9 SR
Kineticke receptory: Ampulla * 5 R .
cristae d. semicircularii el ( ’M \ * Csseous

Dorsal

Horizontal sem \K ", labyrinth
Akustické receptory: circular duct (HSD) _ , \

maculae L - papilla basilaris Saccular macula

Sacculus
e

(+ macula amphibiorum) -
Cortiho orgén Lagenar macula  Lagena Anterion




svalstvo

nervova soustava
smyslové organy
travici soustava

A) mihule
B) zralok
C) okoun

D) skokan
E) holub
F) kralik

hltan

zaludek BN~ : “.j'-":h:‘?w\ "
strevo : -\ . G

¥ 74 )r'\ e {
L?‘:“] 11 :;\f_:" f‘{’;’\‘l\ i
) = k‘:’l ]
- '. Ii\?-' ;1 \
()] ( y
i .;'

'
L
i

ustni dutina , L' f“g-j

\\\\\\



svalstvo

nervova soustava
smyslové organy
travici soustava

Diverticulum
' Esophagus

; -- Mouth
Branchial® Branchial Tongue

ouches
) P chamber

Stomach : Spiracle

bahnik (d) Lungfish
spiralni rasa




svalstvo

nervova soustava
smyslové organy
travici soustava

Gallbladder Tk Esophagus

Pancreas
covering
bile duct

Stomach

Pylorus

Urinary b =88
bladder MY intestine

Cloaca

(a) Frog (Rana)

Stomach

ceca Gill
slits

GEI”U[EdetI'rLi\ e E'-‘.[}phFl[!qu

-‘-‘“-r"-\"‘-,\‘

A —Stomach

2 Pancreas
# - : . Tirs —\-\_\_\_\_\_‘_ 3
Small .o, Cecum
intesting Y
Large =——__§ “Urinary
intestine o L5 bladder

Cloaca

(o) Lizard (lguana)
52

pylorické vybézky - prodluzovani streva (strevni klicky) - diferenciace (tenké a tlusté stievo)



svalstvo

nervova soustava
smyslové organy
travici soustava

sloZzeny zaludek prezvykavcu

Gallbladder
_—~Esophagus

| —Crop

2w | Provertriculus

Gizzard
Pancreas

Cecum . Siomach of 4 - W Ol Wy
i taco T AN Pylorus
intestine

Cloaca

(d) Bird (Gallus)

vole (ingluvies), Zlaznaty (proventriculus) - svalnaty zaludek (ventriculus) - postventriculus




travici soustava

svalstvo
dychaci soustava

nervova soustava
smysloveé organy

zaberni vacky zaberni prepazky

.

/ "

F P aid
i

Horny /) *%s

Branchial
basket

Internal 'ﬂ':ﬁ
gill slit

External -
gill slit

Branchial—7—a¥
pouch h £
~o7

fo

teeth { KJ N
Y/

Mandibular
arch b

Hyoid
arch e g

\\

Branchial j

arch

Parabranchial Z/ é/‘,\

chamber /%{_

o

=0 N\

D

External // /\ D
gilslit ——/ / i;.u_..:
[ b

ZIGlOK®  Esophagus

Hyoid
arch

Internal /”J

gill slit A

]

| |
'R
Opercular_ fl:
cavity hy L
'8
1

Operculum f—| J

kostnata ryba

Esophagu



svalstvo
nervova soustava
smysloveé organy

travici soustava
dychaci soustava

paryby

. abry

95



svalstvo

nervova soustava
smyslové organy
travici soustava
dychaci soustava

* plynovy méchyr

* plicni vaky

= Lung
lateral

dorsal
origin

=

hydrostatic

———-/3— carp

gas
bladder
present

/g—- gars

aerial
respiratory

transverse
section

T

==

@ Pneumatic duct

Swim bladder

{

Digestive tract
physostomous

g Swim bladder

OO TEIIITrD
S— perch
/ oy
A
physoclistous @‘

bichirs

veantral
origin

L,

A

aerial
respiratory

alveolar

7 53
/ 675
'
aerial
[ 3131
e L

respiratory
nonalveolar

___;T‘)— lungfish
simple
glottis
a_—-i—-'—'l—'-'——-
==
S— letrapods
/

guarded
glottis




svalstvo

nervova soustava
smysloveé organy
travici soustava
dychaci soustava

ptak
mesobronchus
dorsibronchi
ventrobronchi
parabronchi

Parabronchi
Anterior Medioventral
air sac bronchus

Mediodorsal
bronchus

Mesobronchus ¥

Accelerating
segment

_ Posterior
Trachea  Syrinx Primary bronchi air sac

A. Amphibian




svalstvo —————— o Purommome WURNERRY mihule
nervova soustava | St | s
smyslove organy L ,
travici soustava e o TR i L g Paryby
dychaci soustava el PR e
cévni soustava e e NG kostn!

ryby

Srdce =

® SiNUS venosus
* pfedsin (1, 2) L R

ST o < ocasati
« komora (1, 2) | -
(ne)uplna mezi-
y 7. Pulmonary artery & |
komorova ¢ |

sl G

prepazka
® conus arteriosus oty
nebo bulbus R R |
arteriosus (jen |
mihule a kostnaté

ryby)

dvojdysni

zelvy

krokodyli

|
|
|
13. Ductus anerosus

| 5. Carcbds oovieop |
bacomes Bgamantum | om third aorc | . ; téci
< W i | third aort | 1 Avios
doraal & vontral Lieh! &y S e = L e

arleriosum in adults |




Internal glomerulus Renal capsule
svalstvo

nervova soustava
smyslové organy
travici soustava

dychaci soustava * nefron
cévni soustava
urogenitalni soustava

Renal  Renal External
Aorta artery  vein glomerulus

Ciliated
Ciliated nenhractnme
nepthStome wilialeld nepnrosiome

C. Elasmobranchs and som

44

Q
O

~
)
Q
J

Internal Renal Renal Archinephric
glomerulus corpuscle tubule duct

b

X ‘;.; ;r & oo \ : \/
Dorsal Genital  Coelomic Archinephric - S

mesentery  ridge recess duct

B. Ammocoetes and larval lissamphibians

vnejSi glomerulus Nephron

(holonefros, pronefros) vnitrni glomerulus

(opisthonefros, mesonefros, metanefros



svalstvo

nervova soustava | -
smyslové organy Afferent arteriole _— Efferent arteriole

- Y

travici soustava Ve e
’ ’ a1 N omer
dychaci soustava (A f(“’
cévni soustava o L i( ““):* Renal capsule Renal
o FI“I‘E]IIOH\\\ -
urogenitalni soustava direction  \ ¥

P e ") | corpuscle
/™ Lumen of P
Sy renal capsule |

Distal tubule
: ,/

* nefron

Intermediate tubule Excretory duct
) (archinephric duct)

-

A. Parts of a nephron

Malpighiho telisko =
glomerulus + Bowmannuv vacek




svalstvo

nervova soustava

smysloveé organy

travici soustava Water Elimination Water Conservation
dychaci soustava (salt uptake) (salt excretion)

cévni soustava Freshwater S Sl IW aﬂ
o Filtration kidney ~ < , glomerular kidneys
urogenitalni soustava (glomerular)  paprskoploutvé ryby Distal tubules lost
Distal tubule present Some teleosts
. —,"b' Ureotelism
* MoC paryby, latimerie Chondrichthyans

] _ Coelecanths
Amotelni (amoniak) O-oorioy

e
- kostnaté ryby sliznatky Hagfishes
Ureotelni (mocovina) Land
- paryby, latimérie, bahnici, —»  Uricotelism

zelvy, savci (Henleova Piggl plac Eﬁgﬁ'e‘q

klicka ~ —»  Ureotelism
Urikotelni - (kyselina bahnici, zelvy Lungfishes
mR W Spadefoot toads

mocova) - plazi, ptaci
)-P P ——® Loops of Henle present

savci Mammals



YW  metamerie, vnéjsi glomerulus svalstvo

v V3 tav
koncentrace, vnitrni glomerulus LA . -
smysloveé organy

travici soustava
Holo ~ dychaci soustava
cévni soustava .

// urogenitalni soustava

Pro ~ Op sto ~

r

Meso ~

62



svalstvo dychaci soustava
nervova soustava cévni soustava
smyslové organy  urogenitalni soustava
travici soustava

Skupina Typ ledviny (~ nefros) MocCové cesty |Pohlavni cesty
holo~ | pro~| opisto~| meso~ prim. |sekund. |prim.| sekund.

A
K
Bttt
bbbt

. e

r1 o
e
m n e
I O 000*0,.0+0,.0+0,.0+0,.0+0,.0+0,.=+=
e

mihule
paryby

ryby prim.
ryby kostnaté

A
o ‘ffffff
SR
R

larvy ¢ervoru

T
KD L
e
e

larvy ostatnich

ocasati o.

zaby

o D D X O X e
. S
eIIIb a allllllot e
ittt

amniota

prim. = primarni mocovod, resp. chamovod (Wolfova chodba), p
chamomodcovod (zaby), chamovod (paryby, ocasati)




svalstvo

nervova soustava
smyslové organy
travici soustava
dychaci soustava
cévni soustava
urogenitalni soustava

ZANAMNIA"

 opisthonefros
* varle

Chondrichthyes
Sarcopterygii
Actinopteryqii
Amphibia

Degenerating 7 Lateral kidney canal
pronephros \\;_'-._'_.-:.:4‘-

Archinephric
duct

Accessory
urinary ducls

" Cloaca

A. Salamander

= -T;iTestis
3 | canal
Lateral kidhey — ===

canal v

AV .
g fl e or .'-“.'..v‘)'"-'.

= Efferent
ductule

Archinaphric ~ \\\Q\N

duct ~~— Cloaca

C. Lungfish

é// Efferent ductule

Vestigial oviduct e

/ Mesorchium

duct
Urinary part of
opisthonephros
Seminal . | Accessory
vesicle — % = urinary duct
=
T

Cloaca

B. Shark

., Mesorchium

= Seminiferous|
= ampullae

\@ 8 /—— sperm duct

Archinephric < (I

duct Sl
)

— (Cloaca

D. Teleost




