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https://i2.wp.com/depositsmag.com/wp-content/uploads/2016/05/fig-03.jpg?resize=850%2C4428&ssl=1



Od malutkich...

Nemicolopterus

https://i.pinimg.com/originals/f1/01/e5/f101e535eba8af57688c4b638f1c3947.jpg



..do olbrzymow!

Hatzegopteryx

https://images.dinosaurpictures.org/Hatzegopteryx-thambema-jirafa_f910.jpg



Quetzalcoatlus — waga ponad 320 kg. Argentavis — waga okoto 80 kg.

http://3.bp.blogspot.com/_2Be4MhdMAuk/S-

https://dinosauress.fr/wp-content/uploads/2018/08/Quetzalcoatlus-801x1024.jpg RQvx0pYgl/AAAAAAAAABC/ADIWYxCaOcM/s1600/argentavis.jpg



Pterozaury a warunki pradawnej atmosfery

* Niektorzy badacze wykluczali
u pterozaurow zdolnosc do lotu.

* Inni spekulowali, ze to powietrze byto
niegdys ciezsze niz dzis.

 Jednak warunki panujgce na lgdach
i w powietrzu w kredzie byty zblizone
do dzisiejszych.

* O sukcesie zadecydowata wyjgtkowa
budowa pterozaurow!

Michael B. Habib
University of Southern California



Warunki wzbicia sie w powietrze

* 1) Wysoki stosunek wytrzymatosci do
ciezaru szkieletu - kosciec
o duzej objetosci, ale matej gestosci.

 2) Wysoki wspétczynnik sity nosnej -
jak duzy ciezar moga uniesc skrzydta
przy okreslonej predkosci
| powierzchni nosne;j.

 3) Zdolnos¢ poderwania sie do lotu =2
samo machanie skrzydtami nie
wystarczy. Pomocny jest potezny
wyskok.
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Wielkie gtowy juz na wczesnych etapach ewolucji
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https://www.extinctanimals.org/wp-content/uploads/2016/12/Pterosaur.jpg



Rekonstrukcja: Raul Martin



Tropeognathus robustus

Not to scale

https://i.pinimg.com/736x/74/al1/72/74a17237ccdb8c00eclc7eba2ea239ac--extinct-animals-prehistoric-animals.jpg



Rekonstrukcja: Raul Martin



https://dinosaurpictures.org/Nyctosaurus-pictures



https://vignette.wikia.nocookie.net/dinosaurs/images/a/af/Pterosaurs_head_crests.png/revision/latest?cb=20161121152629



https://www.wired.com/wp-content/uploads/images_blogs/wiredscience/2013/11/Fig.-25.jpg



Wielka gtowa pomagata

* Powiekszenie przedniej czesci
ciata wigzato sie z przesunieciem
srodka ciezkosci do przodu.

* Jednak dtuga szyja umozliwiata
uniesienie czaszki do gory.

e Czaszka azurowa o delikatnej
konstrukgiji.

https://4.bp.blogspot.com/-
gMosArqUKxg/WKCxYWZxedI/AAAAAAAB4ew/LsuxrlgsomopzES7ZnBFzvCPfV50EpPrACLcB/s1600/hatzegopteryx-1a.jpg



Up and Away

The largest pterosaurs had clear adaptations to flight but probably weighed upward of 600
pounds—far more than the largest known flying birds. How did such behemoths become
airborne? Unlike birds, which walk and jump into the air using only their hind limbs,
pterosaurs walked on all fours, as evidenced from fossil trackways. Mathematical
modeling indicates that launching from a quadrupedal stance—pushing off first with the
hind limbs and then with the forelimbs—would have provided the leaping power that giant
pterosaurs required for takeoff. Unlike a bipedal launch, a quadrupedal launch would have
leveraged the powerful flight muscles and a catapult mechanism in the forelimb.
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Pterosaurs appear to have had a catapult
mechanism in the tendons and bones of the
forelimb. The flexor digitorum longus tendon
would have been pinned to the ground or, in
some species, against the third finger during the
stance phase of a quadrupedal launch. As the -
animal shifted from catapult to launch phase, the = (2 Fourth
tendon would have slid through a groove in the metacarpal
fourth metacarpal bone and released stored elastic bone
energy, helping to propel the creature into the air.

https://i.pinimg.com/736x/f3/cf/18/f3cf18741bc3329c462d5142fdb562d7.jpg



Pterozaury wymyslity katapulte!

http://3.bp.blogspot.com/--mPF39-kf7Q/UfjHWcy5d1l/AAAAAAAABPA/LXEKb11Ygtc/s1600/pterosaurio.jpg



8 Pterosaur |C : BatiD Bird

Pittman et al., 2021



Biomechanika lotu pterozaurow

* Aby zwierze mogto latag, jego
srodek ciezkosci powinien
pokrywac sie ze srodkiem parcia
(ang. center of lift).

e U pterozaurow srodek parcia
znajdowat sie blisko przedniego
kranca skrzydet.

* Pterozaury musiaty w locie lekko
wyginac skrzydta do przodu.

http://d.ibtimes.co.uk/en/full/1372047/thalassodromeus. jpg



/dolnosc do lotu juz od wyklucia z jaja
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Hatchling stage
Low mass and small body size allows for
enhanced launch and skeletal strength, and slow,
. manoeuvrable flight. Permits flight in cluttered,
obstacle-filled settings, avoidance of larger
predators and pursuit of small prey.

Juvenile stage

- Increasing mass and body size lowers launch

and skeletal strength: lower climbout angles
and lessened ability to avoid obstacles. May
necessitate relocation to less cluttered
settings.

Naish et al., 2021

Giant adult stage
Enormous wingspans and maximised glide
efficiency permits unprecedented capacity for
trans-continental flight. Restricted to open
habitats and larger prey because of size.

Small adult stage
Increased glide efficiency and speed eases
long-range travel. Large body mass and
- wingspan suggest restriction to open
¥ environments, able to pursue larger prey and
oy immune to some predators.

e




Goto et al., 2020
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Microraptor gui

it Mane
L= U i

Brusatte et al., 2015




Pochodzenie i ewolucja pior
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Homologia struktur epidermalnych
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Benton et al., 2019
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Trzy gtowne hipotezy pochodzenia lotu ptakow
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Ritchison, 2023 Arboreal hypothesis



Brusatte et al., 2015
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Ksepka, 2022
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Ewolucja geometrii
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Xu et al., 2014



Hipoteza ,tetrapteryksa” poparta przez
biomechanike

Lit y Aerodynamic
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\ Moment M-
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\
4

Centre of gravity

Weight

Shahid et al., 2019




Konwergencja = srodowisko > pochodzenie

* Pterozaury  Ptaki

e Zestaw bton lotnych * Piora powstate z epidermy;
(propatagium, brachiopatagium,
uropatagium);

* Biomechanika startu =
najprawdopodobniej arborealna

* Biomechanika startu 2 geneza (Srodek parcia blizej
,katapulta” (Srodek parcia z srodka masy);

przodu skrzydet); e Zdolnosci aerodynamiczne na

e Zdolnosci aerodynamiczne na wczesnych etapach ontogenezy.
poznych etapach ontogenezy.



