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"Since the endostyle is found in all three chordate lineages,
it is presumed to have arisen in the common ancestor of

these taxa"
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e Diversity of close
relatives of vertebrates
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Pharynx with
numerous slits
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Tunicata/Urochordata: tunicate adult and larva
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» BMC Biol. 2022 Apr 1;20:76. doi: 10.1186/512915-022-01282-T 3

Thyroid and endostyle development in cyclostomes provides new insights
into the evolutionary history of vertebrates

Wataru Takagi ***, Fumiaki Sugahara %3, Shinnosuke Higuchi *°, Rie Kusakabe *, Juan Pascual-Anaya %7, lori

Kuratani 25
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Thyroid and endostyle development in cyclostomes provides new insights
into the evolutionary history of vertebrates

Wataru Takagi %, Fumiaki Sugahara 23, Shinnosuke Higuchi *°, Rie Kusakabe 5, Juan Pascual-Anaya %57, lori
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B Acquisition of the Gnathostomes
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Loss of endostyle Lampreys Cyclostomes
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Alternative scenario D
Gnathostomes

C: Endostyle lost
D: Endostyle re-evolved

Hagfishes

Stem lampreys

Modern lampreys

[a reversal!]

Modern non-vertebrate chordates
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ECOLOGY LETTERS ==

Ecology Letters, (2015) 18: 1234-1241 doi: 10.1111/ele.12503

Faster diversification on land than sea helps explain global
biodiversity patterns among habitats and animal phyla
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Cyclostomata: Myxiniformes: hagfish




Hagfish slime
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Hagfish defense




Hagfish feeding




PROCEEDINGS

—OF Proc. R. Soc. B (2011) 278, 3096-3101
THE ROYAL doi:10.1098/rspb.2010.2784
SOCIETY Published online 2 March 2011

Adaptations to in situ feeding: novel
nutrient acquisition pathways in an

ancient vertebrate
Chris N. Glover!:2*, Carol Bucking?? and Chris M. Wood?:*
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Hagfish feeding

MEWS CAREERS JOURNALS w SCiell(‘e

Mews Home All News Sciencelnsider Mews Features

HAGFISH JUST GOT MORE DISGUSTING

MEWS = PLANTS & AMIMALS

Hagfish Just Got More Disgusting

Creatures don't just eat corpses, they absorb nutrients through their skin
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Lampreys are bad!




Lampreys are good!




Lampreys are...facesucking vampires?
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lampreys hagfish Chondrichthyes Osteichthyes

Cyclostomata Gnathostomata

Vertebrata




lampreys hagfish Chondrichthyes Osteichthyes

Cyclostomata Gnathostomata

Vertebrata

=t Cranium

=t=—3-part brain

== \/estibular apparatus

== Neural crest cells

== Paired sensory organs

== Segmented vertebral column




lampreys hagfish Chondrichthyes Osteichthyes

Cyclostomata Gnathostomata

regionalization in vertebral column
myelinated neurons

= paired appendages
jaws
bone

Vertebrata




lampreys hagfish Chondrichthyes Osteichthyes

"Placoderms"

Cyclostomata Gnathostomata

\Ostracqderms" _
jaws

bone

PHLEBOLEPSIS —lale Silusiarn

ANGLASPIS—eocrly Devanion
P

LAMPREY LARVA
Prosenl Doy

TREMATASPIS—late Silurlon




lampreys hagfish Chondrichthyes Osteichthyes

"Placoderms"
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Myomeres and evolution of musculature

epaxial musculature
A

myomeres myosepia

horizontal septum

) §
hypaxial musculature

anterior trapesins

levator scapulae ventralis
middle trapezius

N

latissimus dorsi
sterior trapezius P
po i == gluteus superficialis
7 extensor fasciae latae

gluteus medius

semitendinosus
sterohyoid
sternomastoid

biceps femoris
acromodeltoid

spinodeltoid senatu;
ventralis

external oblique
rectus abdominis

gastrocnemius

triceps pectoralis
£ @ 2010 Encyclopzdia Britannica, Inc.
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Hagfish

Semicircular canal

Macula communis

Vestibular apparatus

Lamprey

Semicircular canals

Macula
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Ciliated
chambers

Zebrafish
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Utricular
macula Saccular

macula
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Key

Tripartite brain structure, cerebellum Forebrain

External stristum

{cortex} of the

cerebral hemispheres
T

Internal
N, striatum

\
Hindbrain

Tongue

Endocrine system

Sensory input (face)

Motor output
{face and eyes)
Viscera

Midbrain
Hindbrain
Lamprey
Shark }
Ray-finned ¥
fish o
Amphibian ,
Crocodilian
Bird
Mammal |12



Table 2. Derivalives of the neural crest in relation o the four
major regions of the crest.

Cellular derivative

Neural crest cells

Cranial neural crest

Mesenchyme

{Other contributions: Induction of the thymus and parathyroid
glands)

Connective tissue (including muscle sheaths)

Neural Crest and the Origin of Cartilage
Vertebrates: A New Head Bone

Dentine (odontoblasts)

Carl Gans and R. Glenn Northcutt Parafollicular cell (ultimobranchial bodies) of the thyroid
: gland.

Cornea
Sclera
Mgwral plate barder Ngwral plate Ciliary muscle and muscles for eye attachment
Inner ear (with otic placode)
Sensory ganglia of cranial nerves V, VL, IX and X
Vagal and sacral neural crest

Neurons of parasympathetic nervous system of alimentary
canal

Neurons of parasympathetic nervous system of blood vessels
Enteric ganglia

Trunk neural crest
Pigment Merkel cells
Dorsal root ganglia
Neurons and ganglia of the sympathetic nervous system
Chromaffin cells of the adrenal medulla
Epinephrine-producing cells of the adrenal gland

Cardiac neural crest
Connective tissue associated with the great vessels of the heart
Aorticopulmonary septum of the heart
Smooth muscles of the great arteries

Ganglia (celiac, superior and inferior mesenteric, and aortical
renal)




Translating review questions to test questions

review question:

24 Describe each of the species concepts we discussed in lecture.



Translating review questions to test questions

review question:

24 Describe each of the species concepts we discussed in lecture.

Actual test question:

4  Assume a systematist makes the following argument: "All individuals of Rana pipiens
possesses a gene duplication—an additional gene—that is not present in other species of
Rana. Therefore, | believe Rana pipiens is a distinct species." What species concept is being
used in this argument?

Biological species concept

Phylogenetic species concept

Ecological species concept

Phenetic species concept

General Lineage species concept/Evolutionary species concept
none of the above

- O O O T O



Translating review questions to test questions

review question:

13 Compare and contrast the Linnaean system of taxonomy with the system of Phylogenetic
Taxonomy (Don't regurgitate a memorized Table; explain differences).



Translating review questions to test questions

review question:

13 Compare and contrast the Linnaean system of taxonomy with the system of Phylogenetic
Taxonomy (Don't regurgitate a memorized Table; explain differences).

Actual test question:

9 Compare and contrast the Linnaean system of taxonomy with the system of Phylogenetic
Taxonomy (Don't regurgitate a memorized Table; explain differences).



Easy test question (easy question, easy answers)

X What color is the sky during the day?



Easy test question (easy question, easy answers)

X What color is the sky during the day?

a blue

b orange with green stripes

¢ Clowns

d Anoles are on sale at PetSmart
e All of the above



Easy test question (easy question, easy answers)

X What color is the sky during the day?

a blue

b orange with green stripes

¢ Clowns

d Anoles are on sale at PetSmart
e All of the above

Hard test question (easy question, hard answers)

X What color is the sky during the day?

a azure

b baby blue
¢ turquoise
d cobalt

e cerulean



Easy test question (hard question, easy answers)

X Which of the following individuals was a geneticist who helped to develop the
'Evolutionary Synthesis' of the years 1930-1940

a Sewall Wright
b Oprah Winfrey
¢ Captain America



Easy test question (hard question, easy answers)

X Which of the following individuals was a geneticist who helped to develop the
'Evolutionary Synthesis' of the years 1930-1940

a Sewall Wright
b Oprah Winfrey
¢ Cap’n Crunch

Hard test question (hard question, hard answers)

X Which of the following individuals was a geneticist who helped to develop the
'Evolutionary Synthesis' of the years 1930-1940

Sewall Wright

Ernst Mayr

Alfred Russel Wallace
Patrick Matthew
Jacque Gauthier
Sebastian Flores
Gregor Mendel

ca D Q 0 T W



Easy test question (hard question, easy answers)

X Which of the following individuals was a geneticist who helped to develop the
'Evolutionary Synthesis' of the years 1930-1940

a Sewall Wright
b Oprah Winfrey
c Jesus

Moderate test question (hard question, easy
answers)

X Which of the following individuals was a geneticist who helped to develop the
'Evolutionary Synthesis' of the years 1930-1940

a Sewall Wright
b Ernst Mayr
¢ Alfred Russel Wallace



How (e.g.) a speciation question will not be asked

X What is the definition of allopatry?

a occurring in separate geographical areas.

b movement of organisms away from an initial population or location to a new area
c change in a population due to natural selection

d change in a population due to drift



How a (e.g.) speciation question could be asked

X Imagine the following scenario: Rising sea levels cause an interbreeding population of spiny
lizards to be isolated on a forested mountaintop (the remainder of the population is flooded and

goes extinct). Later, an intense storm causes felling of trees, and some individual spiny lizards

float on tree trunks to a neighboring land area characterized by open meadows. These two

groups (forest and meadow) are isolated from each other and, over thousands of years,

individuals from each group lose the ability to interbreed successfully with individuals from the

other group. Males of the two populations (forest, meadow) display nearly identical mating
behaviors. Females of both groups reproduce seasonally. Individuals of the forested group sleep

in trees, while those in the meadow group sleep in burrows. What processes are most likely to

have operated in this scenario?

a vicariance, dispersal, and natural selection

b dispersal and natural selection

c vicariance and natural selection

d vicariance and genetic drift

e dispersal, vicariance, and genetic drift

f dispersal, vicariance, natural selection, and genetic drift
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Given these phylogenetic relationships, which of the following is true?
Cyclura is more closely related to Iguana than to Amblyrhynchus
Cyclura is equally related to Ctenosaura and Amblyrhynchus

Cyclura is more closely related to Amblyrhynchus than to Ctenosaura
Cyclura is more closely related to Ctenosaura than to Iguana

more than one of the above is true

none of the above
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rascerice

Phylogenetic
nomenclature question
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X Devise an appropriate node-based definition for the group
lguanidae, which is the crown group including Iguana, Ctenosaura, and
Cyclura (i.e., the taxon including these taxa and their closest relatives).



PO

Phylogenetic
nomenclature question

C e raliidrLAr ce

N e
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X Devise an appropriate node-based definition for the group
lguanidae, which is the crown group including Iguana, Ctenosaura, and
Cyclura (i.e., the taxon including these taxa and their closest relatives).

Correct

The most recent common ancestor of Iguana and Cyclura and all its descendants

The most recent common ancestor of Ctenosaura and Cyclura and all its descendants
The smallest clade including both Iguana and Cyclura

The smallest clade including both Ctenosaura and Cyclura
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Phylogenetic
nomenclature question
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X Devise an appropriate node-based definition for the group
lguanidae, which is the crown group including Iguana, Ctenosaura, and
Cyclura (i.e., the taxon including these taxa and their closest relatives).

Correct

The most recent common ancestor of Iguana and Cyclura and all its descendants

The most recent common ancestor of Ctenosaura and Cyclura and all its descendants
The smallest clade including both Iguana and Cyclura

The smallest clade including both Ctenosaura and Cyclura

Incorrect

The most recent common ancestor of Iguana and Ctenosaura and all its descendants
The most common recent ancestor of Iguana and Cyclura and all its descendants
The smallest clade including both Iguana and Ctenosaura

The largest clade including both Cyclura and Iguana
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