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¢ Cual es morfologicamente mas derivado?




¢Qué es un actinopterigio?
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Bichires — Polypterus
Erpetoichthys







Chondrostel

Esturiones — Acipenser
Huso

Pseudosaphirhynchus
Scaphirhynchus

Peces espatula — Polyodon
Psephurus






Holostel
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Gar o pejelagarto — Lepisosteus

Atractosteus



Actinopterigios
recientes

(Numero de géneros)

POLYPTERIFORMES
Bichirs (2)
CHONDROSTEI
Paddlefish (2)

Sturgeon (4)
HOLOSTEI
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Cladistia: Polypteriformes

Bichires

2 géneros, 10 especies
Humedales de Africa
tropical y el Nilo.

Espiraculos, pulmones,
placas gulares.

) - .-umuumanuumuﬂ‘?:
& -

@Y

Erpetoichthys Larva de Polypterus



Pulmones de Polypterus

FIGURE 1 [(a] Palypterus senegalusVentral view of the lunig. The right labe is rmuch longer than the left ore. Note the presence of parall=l,
transwers=ly arranged arterial brandhes (armowheads) b bearts (b)) Erpetoidhithys calabaricus The dorsal wall of phargn= (Ph) and oesaphsgus
(2] is opened. The phargrgeal communication with the lung & a ventral, ditdike opening (asterisk) with slightly thickered borders. The l=ft
(L) and right (F) lungs locate ventrally. () Polypterus s=negalus Vertral view. The dissection bas elimirated the vertral wall of the left (L) and
right (F) lobes. The pharynigzal aperbure (astensk) shiows thick ips. The communication betasen lobes is a rounded onfice devisted to the
l=ft. Hote that the dorsal side of this onfice (armowhbeads) is formed by the beft rim of the phanpngeal aperbure. Arow indicates veniral pul
micnary vessel. (d) Erpetoidhthys calabaricus Semi-thin ssction. Toluidine bue. The muscle compaorent of the lip of the phanmgeal aperture
is depicted. The amount of muscle decressss toward the lung wall bpper portion of the pared]. Bote diferent musdes burdle oriertations
Scale bars: (&) 2 cr; (k) 5 oo () 0.5 g (d) 50 | m



_'Ef,f Buccopharyngeal
chamber

e

aérea

« Espiraculos: respiracion

Graham 2014



Caminando como Polypterus







Chondrostel
Acipenseriformes (Cretacico Tardio — )

Endoesqueleto cartilaginoso
Perdida de centro vertebral
Intestino con valvula espiral

Formas fosiles con hueso
datan Jurasico-Cretacico

Acipenser

Polyodon




Esqueleto Cartilaginoso
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Protrusion mandibula




¢Qué es un actinopterigio?



Linnaeus

Systema Naturae 1758
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Blennus,
Gadus.

Pleuronectes.

Ammodytes.

Coryphna.

Echeneis,
Elox,

Salmo,

Ofmerus,

Corcponius,
Clupea.
Cyprinus.

Cubirus.

Syngnathus.



Paleontologia - Louis Agassiz

Recherches sur les poisson fossiles (1833-44)
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Agassiz “Ganoide

Esturiones

Gar — Pejelagarto
Bichires

Peces pulmonados
Peces gato




Anatomia Comparada - Johannes Muller

Teleostei — Holostei — Chondrostei — Dipnoi - Cyclostomi
(1844-1845)

Chondrostei
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Actinopterygii - Edward Drinker Cope

Transformacion del “Archipterygium” de Gegenbauer (1871)




Actinopterigios
recientes

(Numero de géneros)

POLYPTERIFORMES
Bichirs (2)
CHONDROSTEI
Paddlefish (2)

Sturgeon (4)
HOLOSTEI
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Grande 2010



Filogenia Actinopter
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Mesozoico
Actinopterygii / Chondrichthyes

Gnathostome
Divisions
Actinopterygii
Sarcopterygii
Placodermi
Chondrichthyes
Acanthodii
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Givetian Frasnian Famennian - Serpukhovian Stages

Periods

Sallan 2012



Origen Actinopterigios

Long 2011



tCheirolepis Agassiz, 1835

Primer indiscutible actinopterigio

e Devonico Medio-Tardio

Norteameérica y Europa

Long 2011



Actinopterigios tempranos

Moythomasia durgaringa
Mimipiscis
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Grupo relativamente homogéneo
morfoldgicamente
Choo 2011, 2015



Actinopterigio stem - Mimipiscis

Innovaciones
Actinopterigios
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1 aleta dorsal (en vez de dos)

Sarcopterigio stem - Guiyu
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Innovaciones
Actinopterigios

o,

Actinopterigio stem - Mimipiscis
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Innovaciones
Actinopterigios

Aletas anal y dorsal reforzadas con radiales delgados y paralelos
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— Actinopteri

Neopterygii




Innovaciones
Actinopterigios
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Tipos de escama en actinopterigios
Escama ganoide y elamoide

g = ganoina
¢ = cavidad vascular

d = denticulos

. i Ve | = isopedina o capa de hueso interna
Lepisosteus osseus Schultze 2016



Escamas

aCtmOpte”gI?S VS Actinopterigio basal
sarcopterigios paleoniscoideo
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Evolucion de las escamas en osteictios

TELEOSTEI  HOLOSTEI ACIPENSERIFORMES

elasmoid scales bony scales
cycloid amioid &
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cosmoid scale

Schultze 2016



Inqovacio_ngs Cubierta de acrodina en
Actinopterigios dientes

Tooth —| cap

crown

Dentine

Tooth |
root




'

m'ﬂrl lﬂll

Moyithomasia durgaringa
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Tendencias en el linaje:

Acortamiento de la boca
Aumento del tamano de los huesos operculares
Estabilizacion del techo del craneo por grandes huesos
(huesos parietal y postparietal)

Cambio de escamacion micromerica a rombica
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Grupo relativamente homogéneo
morfolégicamente



Carbonifero-Pérmico
Paleonisciformes, Paleoniscoideos y Condrosteos
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FIGURA 2. Hipétesis abreviada de las relaciones filogenéticas de ciertos clados de Actinopterygii basada en Arratia
(2001), Grande (2010) y Betancur-R. et al. (2013). Los polypteriformes no fueron incorporados en la ilustracion.



tTPalaeonisciformes
Devonico-Triasico

Grupo heterogéneo
Mas de 17 familias

Ebenaqua ritchiei

Mansfieldiscus

En formas avanzadas:

eAumento en articulaciones
al interior del craneo
Orbitas mas posteriores
*Aleta caudal heterocerca
reducida
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FIGURA 2. Hipétesis abreviada de las relaciones filogenéticas de ciertos clados de Actinopterygii basada en Arratia
(2001), Grande (2010) y Betancur-R. et al. (2013). Los polypteriformes no fueron incorporados en la ilustracion.



Triassic

Diversificacion
de formas
Devonico-Jurasico

Cisuralian

“Paleoniscoideos”
tCheirolepiformes
tGuildayichthyiformes
tLuganoiiformes
tPerleidiformes
tPhanerorhynchiformes
tPholidopleuriformes
tPtycholepiformes
tSaurichthyiformes
tTarrasiiformes

|Pennsylvanian|

Late

Devonian
Mid. |

Early

Sil.
[L[P

Aun no bien resueltos

n Friedman 2015



Tendencias en “Paleoniscoideos” a
Neopterygii

—> Escamas cambian de pesadas, gruesas y en
forma de diamante a delgadas, livianas y
circulares.

- Incremento en la osificacion de la columna
vertebral

—> Aumento en |la movilidad de la mandibula



Chondrostei




Innovaciones
Chondrostel

Reduccion y Pérdida del opérculo
Reduccidon de la escamacion
Reduccidon de la mineralizacion 6sea

noa

ro




2 Chondrostei - TPsammorhynchus

.= |nnovaciones
' Chondrostei

Parasfenoides elongado
posteriormente

Cladistia - Polypterus

Holostei - Lepisosteus

Ventral view

Ventral view nppn



Triasico-Jurasico
Neopterygii:
Holostei y Teleostei

POLYPTERIFORMES
Bichirs (2)
CHONDROSTEI
Paddlefish (2)

Sturgeon (4)
HOLOSTEI
Bowfin (1)
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Neopterygii

“Nueva aleta”

Holostel + Teleostel




Controversia Gar-Amia-Teleosteij
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McAllister, 1968 Lauder & Liem, 1983
Nelson, 1969 Wiley & Schultz, 1984
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Venkatesh et al., 1999 Liem et al., 2001
Grande 2010

Inoue et al., 2002
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Chondrosteus

Neopterygi

“Nueva aleta”

1:1 rayo dseo /
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Polyodon spathula




Polypterus

Innovaciones
Neopterygii

Amia

Pérdida articulacion
posterior maxila (mx)

RN e R I ey Basal teleost Grande 2010



Innovaciones
Neopterygii

Amia

es

Supramaxilar (smx)

s0p

“Fe— Basal teleost Grande 2010



Alimentacion Polypterus







Protrusion Mandibula







Polypterus

Innovaciones
Neopterygii

Amia

Interopercular (iop
Union operculo-
retroarticular

A gu  a.cer pop iop 5mm Basal teleost Grande 2010



I NNOoVvacC | ones Polypterus

Neopterygii

aoh a.sp-pr-ptt

"""""""""""

Simpléctico y
formacion del
suspensorium

Le p isosteus Articulation between quadrate
and quadratojugal

Grande 2010



Innovaciones Polypterus
Neopterygii

Simpléctico y
formacion del
suspensorium

Teleost

Grande 2010



Innovaciones Polypterus
Neopterygii

Simpleéctico y
formacion del
suspensorium

Teleost

Grande 2010



4-bar linkage model







Kinematics of jaw movement

Animations of 4-bar models fit to the
opercular mechanism of largemouth bass

From: Olsen, AM, Camp, AL, & Brainerd, EL (2017). The opercular mouth-opening
mechanism of largemouth bass functions as a 3D four-bar linkage with three
degrees of freedom




Otro diagrama

Wainwright 2008



Alimentacion por Succion







Dilator Levator
Operculi . Operculi

Innovaciones
Neopterygii

Pérdida de la
clavicula y extension
del cleithrum

il
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)
it
2,5 Oy g o imy, Ui,
s

scales over
endoskeleton removed

Lateral view

Medial view Camp 2015; Grande 2010



Polypterus

Innovaciones

Neopterygii

5 mm

pop

Basal teleost

Lepisosteus
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FIGURA 2. Hipétesis abreviada de las relaciones filogenéticas de ciertos clados de Actmopterygii basada en Arratia
(2001), Grande (2010) vy Betancur-R. et al. (2013). Los polypteriformes no fueron incorporados en la ilustracién.



Holostei (Tridsico- )

Amiiformes (Jurasico-) (Cretacico- ) Lepisosteiformes
Amia calva "Pejelagartos” 2 géneros; 7 spp.
Dulceacuicola de Norteamérica. Dulceacuicolas de Norteamérica.

Amia calva

Lepisosteus
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TSemionotiformes

Late Triassic — Early
Cretaceous

Marinos y dulceacuicolas
Europa y Norteamérica

Lateral view, scales attached

b

Lateral view, scales and gill cover bones removed

FIGURE 531. t1Semionotus elegans (Newberry, 1888) sensu the t“Semionotus elegans species group™ of Olsen and McCune (1991)
(tSemionotiformes: Semionctidae) used here for outgroup comparison in analysis of Lepisosteiformes and ingroup comparison for analysis of
Neopterygii. From the Lower Jurassic freshwater deposits of the Boonton Formation of the Newark Supergroup, New Jersey. A) Black latex rubber peel
of specimen YPM 6567 (150 mm SL) coated with ammonium chloride. B) Close-up of head region from A. G ran d e 20 1 O



TMacrosemiiformes

Late Triassic — Early
Cretaceous

Marinos de arrecife
Europa y Norteamérica

FIGURE 334,  {Macrosemiug rostratus Agassiz, 1844 (+Macrosemiiformes: +Macrosemiidae) used here for outgroup comparison in analysis of
Lepisosteiformes and ingroup comparison for analysis of Neopterygii. From the Upper Jurassic marine deposits of the Solnhofen Limestone,
Germany. Anterior facing left. A) Well preserved acid-transfer prepared specimen (BMNH 37094; 105 mm SL); photograph of ammonium chloride
coated specimen (left) and print of radiograph (right). B) Line drawing reconstruction of complete individual, mastly after Bartram (1977:fig. 1).

Grande 2010



Lepisosteiformes
Early Cretaceous - Recent |~/ /

Dulceacuicolas

Holotype of tMastlostaus kel
(et side)

Helolype of tMasilosteuss kaed
(Right side)

B 1
| Present Day

Geography
Equa'tor .!______
[
I | | II
\ L i |
) \ I. \n
% _I.\l_ Sk |
30.\'\ I Land Mass

T Contingntal Sheif
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g Deepwaler Coean
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Equator
|

\
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30 o
’—| Continental Shelf i
and Seaway
Deepwater Ocean

FIGURE 552. Distribution maps of known Lepisosteiformes discussed in this monograph. Base map {equal area projection) is of present-day

geography and was modified after Scotese and Golonka (1992). Stars indicate general localities and geographic range of occurrence. A) Extant species
only. B) Extant range plus fossil occurrences.

Grande 2010



Halecomorphi

o Amiiformes
Mid Triassic - Recent

Marinos y Dulceacuicolas

Amiidae
TParasemionotiformes
Tlonoscopiformes
TCaturoide

Present Day |/>%
Geography

=

Equa'xtor f




Holosteo (Atractosteus)

IIIII o mnSL

From an individual

| I I I | 119 mm 5L

From an individual
1110 mm SL

Holostei
“Todo hueso”

Fusion de las primeras
dos veértebras con condilo
occipital

Teledsteo (Elops)




2 Chondrostei - TPsammorhynchus

Innovaciones
Holostel

Vomer pareado

Cladistia - Polypterus

Holostei - Lepisosteus

Ventral view nppn



Controversia Gar-Amia-Teleosteij
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Sintesis

Actinopteryaqii:

-Aleta dorsal unica

-Aleta caudal sin rayos epicordales
(Aleta heterocerca)

-Radiales en aletas impares
-Ganoina y acrodina

AR
P
o
Q

g0
- 3

Wi

Z ) M

Chondrostei:

| Actinopteri
Esqueleto desmineralizado
Neopterygii
) Neopteryqii:
- Alimentacion por succion






. Elopomorpha

~ Clupeiformes
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