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Introduction to Biology and Conservation of

Large Vertebrates

What is a Large Vertebrate?

Stunned Brit lads wrestle monster 51 stone bluefin tuna
from water in gigantic catch
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Human arrivals wiped out the
Caribbean’s giant ground sloths

e Who killed the giant
ground sloth? Or the
mammoth and sabre-
toothed cat, come to
that. Was it humans or a
natural event, like the
end of the lastice age?
The question is endlessly
debated. But the answer,
at least in the Caribbean,
~. now seems certain: it

¢ was humans.




| Large vertebrates

) ﬁq African bush elephant blue whale

k W\ (Loxodonta africana) (Balaenoptera musculus)
T8 8\ lengthem, massa.st length 295 m, mass 110t
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Vertebrata:

Phylogeny
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Protostomia Deuterostomia
Bilateria
Chordata
« Triploblastic coelom
- Bilateral ly symmetrical (Bilateria) mesoderm
- Deuterostomes (Deuterostomia)
- Body cavity: coelom (,Celomata“)
ectoderm endoderm
Body plan
1) Notochord
2) Tubular nerve cord
i nerve
3) Pharyngeal silts myomeres  Motochord cord
4) Endostyle \

5) Postanal tail
6) Segmented muscles
(myomeres) tail anus /
Body regions: head, body; tail pharyngeal
silts

mouth




| Notochord

Chorda dorsalis (si. struna; hr. svitak)
Endoskeleton, support to the body

Mesodermal origin
Present in Cephalochordata and Agnatha (jawless vertebrates)
Gnathostomata: present only in embryonic stage, replaced by vertebrae

Fluid-filled cells
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Axial skeleton
SkeletOI’I skull (cranium)
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ribs

sternum

THORACAL ~ERVIC.
LUMBAL X LER\,‘ILAL

Appendicular skeleton
front and hind limbs
pectoral gridle

- pelvic gridle
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FIGURE $.40 Vertobrac raplaca the notochard in
mammalian embryos. The sclerotomes are segmentad
clusters of cells that gather around the natochord and
diferentiace into the segmentally arranged vertebeae, collectively
knewn a5 the vertebral cclumn Vertsbrae proteet the nerve.
cord and previde sites of atzachment for muscles. The vercebral
columa funcrionally replaces the notachord that persists anly 25
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Vertebrata
Evolution of skeleton Torapods

Bony fish

(Cca—

juction of
Q D exoskeleton in the trunk

Exoskeleton
= origin of mineralized skeleton

Unmineralized endoskeleton

Vertebrates have two distinct sets of skeetons, exoskeleton (dermal skull roofs, teeth, scales, fin rays and 50 on) and endoskeleton (nedrocranim, vertebea,
appendicutar skeleton and 5o on). Whil the endoskeleton consists of endochondral bones that are preformed by carlilage and later replaced by mineralized

bones, the major o the dormal only by ication. A mineralized skeleton &
nitiaty Bony fish retain nthe and fin rays

evolutian, howeves, the exoskelelon has been drasticaly reduced o lost n the trunk region. Outer blue circles show the exoskelelon. Inner soid pale circles.

‘show the unminaralized endoskeleton. Inner solid-dark Gircles s o The red we focused on

in the present expenment




| Dermal bones

- fused dermal bones: — exoskeleton
- Ostracodermi (1), Placodermi (1)
Reptilia: crocodiles, alligators, gavials
- Mammalia: armadillos
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Vertebrata

Jaws

Agnathan {grasping)

Adult
/ Prevertebrate Vertsbrate
Muscular pump
(suspension feeding)

, Cilia-mucus
{suspension feeding)

SAUROPSIDA
MAMMALIA ((DIAPSIIDA) )
Reptilia + Aves;
AMNIOTA (sYnAPsiDA)
LISSAMPHIBIA amniotic egg
TETRAPODA

limbs for moving on land

e

€= mineralized/bonny endoskeleton

SARCOPTERYGII
»Osteichthyes”
ACTINOPTERYGII

+ ACANTHODII
TELEOSTOMI B

‘CHONDRICHTHYES +

* PLACODERMI

GNATHOSTOMATA .
+ OSTRACODERMI

PETROMYZONTIDAE

VERTEBRATA

&= spine (columna vertebralis), composite skull, neural
crest cells, epidermal placodes

4= skull (cranium)

CRANIATA My

UROCHORDATA

CEPHALOHORDATA
s notochord, tubular nerve cord, pharyngeal silts, endostyle,
postanal tail, segmented muscles




Craniata = Vertebrata

Teleostomi ‘
Agnatha G ichty
r gnatha J — - [—— Ostoicntnyes ——
= g g
o5 P “Sse
Emsmotrancy T Actaoptorygs Sarcopterygi
gl Cluhimophl (sharks, skaies, Holocephal (ray-imned  (lobe-finned  Tetrapods
(hacsisnes)  (lampreys) 0 (chimanras) G pLbve >
gh ) preys y e shes)
it Acantrosi!
Loty ol s 2 Lot usea ox
h e e esiia ocomaton
Nobsind Curmsodums G pes P AT——
o e

lon tarval stage

Nakod sk with
slime grands,

aoganerate eves
accessory hoarts

TExtnet groupe

Linnean Systematics

Chordata

e and imbs
& Lung or swim bladder darves
from gut. prosence of
lepedotricha (fn rays)

S Gats not atachad 10 mterbranchial
ptum (as they are i sharks), bony
opercular covers

“—— Part of second visceral arch modéed as
SUppOMing element for jaws, teeth with dentine

o Jaws trom mandibuler arch, 3 pairs semicircutar canais, miemal
polvic and poctornl gindies

#—— Mineraized issue in dermis

= 2 0r more pairs semicreuiar canals, veriebras, extinsc eye muscles

Distinct head, riparite brain, spocalzed
1.0 more pars semicircular canals, crankum, wel

050 organs, neural crest tissue,
developed pharyngeal skeleton

Phylum: Chordata
(Superphylum)

Subphylum: Urochordata
(Phylum) (Tunicata)
Class: Apendicularia
Class: Thaliacea

Class: Ascidiacea

Subphylum Vertebrata
(Chordates with vertebrae)  C12%3 |

Class Agnatha
(Larngreys, b
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Cephalochordata
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Subphylum: Cephalochordata
(Phylum)
Class: Amphioxus

Subphylum: Vertebrata
(Phylum)

Class: Agnatha

Class: Chondrichthyes
Class: Osteichthyes
Class: Amphibia

Class: Reptilia

Class: Aves

Class: Mammalia
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Dipleurula larvae:
movement by cilia

cephaloch

urochordates brates  enew phyla

Taapole larva
Fish/tadpole-like larvae:
movement using a muscular tail
notochord and dorsal neural tube present

free-living ancestor

deuterostomes




Vertebrata

Diversity
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Vertebrata:
>95% described Chordates

=68 300 species

Agnathans ~110

Elasmobranches ~1.050
Bonny fishes ~33.200
Amphibians %~ 6.200
Reptiles ~11.340
Birds ~10.000
Mammals ~ 6.400

NEWS  CAREENS COMMENTARY JOURMALS v covio-1s ience

The world's largest amphibian is being bred to
extinction

ally extinet in the

inese
ant salamander
Andrias davidianus

How did Steve Irwin die? The
4 Crocodile Hunter’s tragic death
remembered 15 yem on

e was perced n the chest

Saltwater crocodile (Crocodylus porosus)




Anaconda: How The Animatronic Snake
Almost Killed Jennifer Lopez

Anaconda may ot be the scariest horrar maxie in Hollywood histary, but it got a little bil 1o
real for the star of the film, Jennifer Lopez.

Green anaconda
Eunectes murinus

¥
£ Varanus comodoei

Leatherback sea turtle (Dermochelys coriacea)




Large birds

Common ostrich Southern owary Emperor pengu
Struthio camelus Casuarius casuarius Aptenodyte:

| Biggest birds: Top 15

Rank |Commonname n name tmerp || Al Flight
mass (kg length (cm
104 210 No

1 Common ostrich Struthio camelus

2 Somali ostrich Struthio molybdophanes 90 200 No
3 Southern cassowary  Casuarius casuarius 45 155 No
4 Northern cassowary Casuarius unappendiculatus 44 149 No
5 Emu Dromaius novaehollandiae 33 153 No
6 Emperor penguin Aptenodytes forsteri 31.5 114 No
7 Greater rhea Rhea Americana 23 134 No
8 Wild turkey Meleagris gallopavo 135 1249 Yes
9 Dwarf cassowary Casuarius bennetti 19.7 105 No
10 Lesserrhea Rhea pennata 19.6 96 No
11 Mute swan Cygnus olor 11.9 130 Yes
12 Great bustard Otis tarda 10.6 115 Yes
13 King penguin Aptenodytes patagonicus 13.6 92 No
14 Kori bustard Ardeotis kori 114 150 Yes
15 Wanderingalbatross Diomedea exulans 119 135 Yes

Large mammals
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Large Vert?brates
Trophic ecology @ Apex

Tectiary

g predators
=

Energy lost
=l
‘/;/ Secondary Consumers
redators
growth

Goal: maximize intake for reproduction ¥« R XW‘

amount of energy consumed.

Primary Consumers
Herbrvores

Grazers —‘: '@ h Y% .

eating big (big prey): at top
trophic level

eating a lot: (constant)
grazing

Large Vertebrates

Trophic ecology

Secondary Canivores . . &
1%
(rays, octopi, so:w sharks)

Producers

(phytopl anobacteria, algae)

Terrestrial migrations
Caribou, N America: 4,800 km/yr
record for terrestrial migration

12



...moving big...

Terrestrial migrations
+ 1.3 million wildebeest
= plus antelopes and zebras
- =%3.000 km each year as they
~_ follow the rains around the
= Serengeti

biology
letters

Southern Hemisphere
humpback whales
wintering off Central EEN

America: insights from
water temperature into
the longest mammalian
migration

Kristin Rasmussen' =, Daniel M. Palacios’",
John Calambokidis’, Mar

Luciano Dalla Rosa"”, Edu ]
Gratchen H. Steiger’, Judith h. Allen” .
and Gregory S. Stone”

5

Marine migrations
Humpback whales:
* 8.300 km btw. feeding areas off

Antartica and wintering areas off
Pacific Central America

7 OCTOBER 2005 VOL 310 SCIENCE  www.sciencemag.org

Transoceanic Migration, Spatial
Dynamics, and Population
Linkages of White Sharks

Ramén Bonfil,'* Michael Meyer,” Michael C. Scholl,”

Ryan Johnson,* Shannon O'Brien,’ Herman Oosthuizen,”
Stephan Swanson,” Deon Kotze,” Michael Paterson®+

11.100 km from South Africa to
western Australia, and then back
again within nine months.

13



= 20.500 km from Indonesian
breeding ground to feeding ;
grounds off the Pacific coast 404

- Larger animals tend to
have longer lifespans
Requires high survival of
large-size individuals

= large juveniles/subadults,
adults

Survivorship

r-selected @

0 2 50 75 100
Time: Percent of lifespan

Oldest known age: 86 yrs.
Average lifespan: 60 yrs.

Asian elephant
Elephas maximus

14



Oldest known age: 83 yrs.

Greater flamingo
Phoenicopterus roseus

Oldest known age: 150 yrs.
Average lifespan: 100 yrs.

Atlantic sturgeon
Acipenser oxyrinchus

Oldest known age: 255 yrs
Average lifespan: 150 yrs.

Galapagos tortoi
Geochelone elephantopus

15



Lifespan: > 60-65 years

Laysan albatross
Phoebastria immutabilis

Bowhead whale (Greenland right whale)
Balaena mysticetus

In 2007, a bowhead whale

Lifespan: > 100 years — = i by ocal whalers.

of a harpoon embedded in it's blubber that
dated back to the 1880s- a whale had survived|

Are s ety The see e ativerse) Neeping tamies in
IS therspy i b

Science:

Lifespan: 400 years

Somatic growth rate: 1 ¢
Age-at-maturity:

IN THE TOOTH

Greenland shark
Somniosus microcephalus
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Large Vertebrates

Life history traits

Large body size:

- Long life span

- High survival of large-size K-selected
individuals life history

= large juveniles/subadults, adults

- Low reproduction

l DIRECT USE

- High energy demands

= Grazers
= Top predators

- Large home-ranges

= migrations...

Changes in
species
composition of
large
herbivores in
Europe

Large herbivores
of Europe

Foraging types
(grazers, trimmers)

wild species

B domesticated species

Highly sensitive to
anthropogenic

N perturbations
Gy %?:gg\o“
¢
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| Ttnimmers | grazers and trimmers ; grazers
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Grazing
inverts

| Readings

Kardong 2012:

Chapter 2: Origin of chordates
Chordate characteristics
Chordate origins and phylogeny

Chapter 3: The vertebrate story

AFTER FISHING
Peopl

Kenneth V. Kardong

grazing..,
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