[bookmark: _GoBack][image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{95E3404B-0027-4121-BA20-06B5271367BE}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{BC79DC33-FC97-4FAC-AAC1-9CB5B3807F6C}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{8EA61563-D4E1-4312-8B61-32A68AF109EA}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{34BFC587-E59C-4E1C-8A0A-2157A5748DFA}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{D7BE2940-6E3B-4774-9ADA-7F9F1CB09D48}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{C538443C-A12A-4285-A7E7-060282170E30}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{29357724-2524-48B2-A30A-7D0AB78494CF}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{67ED6802-97C3-4709-9D55-1C9377BC4F14}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{E5731148-5887-4344-8047-6EA2510F51EE}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{9349526F-D5CD-4D87-92B9-53CD7233017E}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{362A66FD-3FA5-4399-939B-CD1C33DAA843}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{FC1A852C-C4D3-4781-A1CB-DFF7A0F0465D}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{FD74FA0F-6219-4694-BADD-8D4D7BFB2BC8}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{EDCBE9A6-35C2-4765-9567-D8A2EB7E3474}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{5477227D-B1ED-486A-95D3-B95CC884AC98}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{5EAD04EC-6EB4-4FFD-8FBE-BAD4BDA377C6}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{503AB929-F6F8-4176-80DF-1B3B3819DB85}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{52CFA676-ED7B-48AF-826A-4484BDEF9495}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{8A4EFDD6-065D-4C9E-B6E2-CFE9BD1137BF}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{51CA3669-4DA7-4522-BAD5-AAED5EACEBE9}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{4D82D736-F035-4E1A-A1C6-141F71B1586F}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{26AD4EF2-8127-4419-8FA9-9C723A36AFF8}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{E11926DF-60ED-46D8-A43D-D36314074E4E}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{663C1E23-BFF3-4E03-B42D-7626AA43E4B4}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{5F61F679-61D9-42AB-AD58-1DAB140A8AA9}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{64C2AC5B-F26D-4E87-A126-1636DB81BFF0}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{FE37770B-C407-43E7-9386-7CA27F3BF49C}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{452D7117-5335-4A4A-B48B-CF1AE892F2A8}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{9BBE78C2-180A-4DEC-BC66-AA4D18DAAEED}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{7CB55350-1D40-4878-B70E-395673FF7B77}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{CB9571E9-E989-4DA6-AF5B-4C7D91718987}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{51856C2D-E00E-4AAE-9211-B72F53DDFBC1}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{949AA335-8C11-4B8E-A176-46EF253385E2}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{90A9A294-D620-41DB-BD94-31150AF211BB}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{DCAC1B28-6997-424B-8939-5F9BCA03A09A}.tmp]
[image: C:\Users\marwa\AppData\Local\Packages\Microsoft.Office.OneNote_8wekyb3d8bbwe\AC\Temp\{099B1551-516D-448C-A203-B88594F579CA}.tmp]
BIO1130- Final exam notes: Plaeozoic Era


image5.png
°

°

°

‘the walls of the sponge through the pores In the sponge
- The flow of water occurs constantly sccrubs out small bacteria and algeal
‘componenets that they can feed upon. These algeal components get trapped
‘on the microvillar surface and ends up being consumed by phagocytosis and
stored in a food vacoule. The components inside the food vacoule are then
broken down by lysosomes
Cells but no tissues
- sponges have a pinacoderm: layer of cells on the outter surface that is not a
tissue and are cells that cannot feed. They need a supply of nutrients. Once
the collar cells have met their own nutriotional needs: it willtake the food
vacoule and will pass it to the amebocytes that aare between the
choanoderm and the pinacoderm. The ameobocyte will carry it to the
pinacoderm cell so they can get nutrients. This is the beggining of one of the
first definitions of animals: cells specializing doing different things. There are
cellsin charge of pumping water and feeding (choanocyte) and cells that form
the outter surface fthe sponge (pinacoderm from pinacocytes) and
‘amebocytes that wander around carrying thing sbetween the two different
Kinds of cells
- sponges also have a skeleton that is formed of minerals and proteins and a
skeleton that is formed from spicules and cells that make that make the
spicules
= sponges have many kind of cells: skeleton forming cells, water pumping and
feeding cells, outer layer cells and transport cells.
Totipotent cells (do not communicate)
- Totipotent cells: the cells are not committed to being a choanocyte or
amebocyte or a pinacocyte
= When we get higher up into the animals: once a cell differentiates it cannot
dedifferentiate. But in Sponge cells retain the stem cells charecterstic of
animals all the way through their lives. Sponges are capable of fragmenting
‘and breaking off being able to produce new pieces and reproducing asexually.
Asymmetric body plan
= symmetry refers to the line you draw through the animal from the oral axis
downwards, since sponges don't have mouths this rule cannot apply and
they're described as assymetric

Sponge sex:

°
°

°
°

First animal

‘Ancestral reproduction in animals

Releasing sperm and eggs into the water column around the organism and
fertilization occurs there.

since the choanocyte are the only cells with a flagellum, when it's time fro
reproduction, a certain proportion of the choanocyte cells lining the chamber will
differentiate and tur into sperm

‘When it becomes time for the sponges to mate, they all synchronize and all the cells
containing sperm burst simultaneously and the choanocyte still there are pumping
the water so the sperms get pumped out (looks like a haze)

Ameobacytes (aka archeocytes): have dedifferentiated into eggs. The female
sponge pumps water and brings in water into its aquiferous system, particulate
material in the water is trapped on the microvill of the choanocyte is engulfed by
phagocytosis. The choanocyte cels recognize sperms from it's own species, puts it
in vacoule, passes the vacoue to an amebocyte, which then wanders around till it
finds an eggs and then passes the sprem to the egg to fertilize it

I not sperm from the same species, consumed by phagocytosis as food.

‘sponges make their appearance 500 million years ago and are experts at this.
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Animal innovations (symplesiomorphies):
«  Some sponges have adhesive types of junctions that just hold cells together
'« we now get tight junctions between the cells:
+ gap (septate) junctions (allows cytoplasmic communication between the cells)
« They're called different things if they're in invertebrates vs. Vertebrates but they're all teh
same thing
'« Consist of a very specific protein set that opens and closes to moderate the cellular
‘communication between once cell and the other
« Major step in animal evolution because this allows tissues to function and signal together
and coordinate the things that they're doing
« Shortly after the appearance of the gap junctions we get tissues of organisms and two
types of tissues: endoderm and ectoderms
«  Diploblastic germ layers: ectoderm and endoderm
« Triploblastic germ layers: ectoderm, mesoderm and endoderm
'+ Mesoderm most likely forms muscle tissues
«  Endoderm digestive tracts and the gut
«  Ectoderms the body wall and nerve cells
at this point: they are diploblastic and therefore no mesoderm= no muscles but they can
still move about

Gastrulation- digestive epithelium
+ One of the events happening between the sponge and the cnidaria
« They move: different way of obtaining contractions
« All organisms on the animal side have an embryology that conists of a hollow ball of cells:
blastula
+ One of the embryological steps that occurs in all of the groups of organisms: The blastula
invaginates
+ Now we have two epithelial layers, an ecto and endoderm and an opening to the inner
layer (gut). Archenteron refers to the original gut
Animal architecture: symmetry and cephalization
*First form of symmetry is radial symmetry
 Canbe sliced equally from the mouth from any plane
* Sessile at the bottom of the ocean responding to all sides or a swimmer (eg. Jellyfish)

All of those characteristics and a few more and we get: Cnidaria

Cnidaria
* Jellyfish, sea anemone.. Etc
« Inherit diploblacty, radial symmetry and become predators that have a very distinct cell
that gives the group it's name: cnidocytes.
* Now have: gap junctions, digestive epithelium
« They are able to move without muscles because their epithelial cells will have a muscular
‘component to them: epithelial muscular cells. They form the epithelium outer or inner
layer of the gut and have the ability to contract
« Charecterist
. Cmdoqles (cnidaria)
Nematocyst is an organelle (not a cell) inside cnidocyte cell that does the stinging
o Asthe cell matures: a barbed hook develops in the nematocyst and is coiled under
pressure and ready to spring
©  When the sensory hair (cnidocil) recieves any kind of stimulus from bumping into an
animal, the barbs shoot out at an extremely fast speed. (up to 4000 g force of push)
© The barbs have poisons on them that knock out the CNS and pierce through the
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outer tissue of the other organism that it's attacking
o Cidocytes in jellyfish have been designed to attack other small invertebrates that
make their appearance in the oceans at this point in time
© The force of the barbs can penetrate through skeletons of arthropods and they can
paralyze it so they can consume it
special group of cniarians that became specialists at using their cnidocytes to paralyze and
Killlarge prey: box jellyfish
o Found off the coast of australia
o If you get stung by even one it can kill you
© They know when another jellyfish has fired it's nematocyt and they swarm you
‘which kills people causing some swimming areas to be shut down because of the
‘amount of box jellyfish present there
Polyp body plan:
o sessile poly
- The animal sits on a subtrate with a whole bunch of tentacles surrounding the
mouth i the centre
- The mouth in the centre leas to a digestive tract inside:
consumption of the food
- Hydra: a classic example
© It stings and captures food and rams it into it's gastrovascular cavity to
it's digestive tract to digest it.
o Tissues are much more complex:
+ inner surface where it feeds and digests (gastrodermis):
+ Nutritive cells that consume things by phagocytosis
+ Gland cells that secrete digestive enzymes
o Epidermis that creates the outer wall maintains body periphery and
senses surrounding:
+ Epidermal cells that develop into cnidocyte
+ Nerve cells that come from ectoderm
= The two types of tissues gastrodermis and epidermis are held together
by mesoglea

igestion and

o Medusa:

©  The medusa is an upside-down polyp that can swim by opening and closing the
outer edge of the umbrella-like bell. There is much more mesoglea than a polyp,
and it gives the bell the elasticity to spring open when the muscles close in. Doesn't
have the longitudinal muscles.

o Canrise in the water column and drift down to pull in things with their tentacles to
feed.

Epithelial musculature:
© Atthe base of the cells: there are myonemes (muscle strands of actin and myosin)
© They're arranged in a very specific way:

- base of nutritive cells: circular around the cavity (nutritive muscular cells)
= base of the epidermis: longitutadely (epithelial muscular cells)
© This creates our first skeleton: counter muscle that puls back the muscles that
contract
o Hydrostatic skeleton:
o skeletal element s involved in returning actin and myosin after they retract to their
original position
o skeleton's primary role is to provide the opposite contraction to stretch a muscle
thatis contracted
o Gastrovacular cavity is Water filled space if a cnidarian's mouth is closed. When
logituddinal (epithelial muscular cells) contract they shorten causing diameter of
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longer and narrower. This set of antagonistic muscles use fluid so that when one
contracts the other lengthens; hydrostatic skeleton. Changes in shape allows
movement.

* Lifecyle:

©  Cnidarians have a dimorphic life cycle; living first as a sedentary polyp and then as a
motile, sexual medusa. The pattern varies in different groups with some cnidarians
dividing their life cycle equally between the two stages; for others, either
the polyp or medusa dominates.

o Asexual reproduction, which can occur in polyps and some medusae,
includes budding and fragmentation. Cnidarians are dioecious; gonads may form
from the epidermis or gastrodermis, and male and female medusae release
their gametes into the surrounding water. In some species, the female broods the
developing embryos. A ciliated planula (solid free swimming larval stage of
cnidarians that have two cell layers) ultimately develops from the fertilized egg,
swims for a while with directive motion, and settles on the substrate transforming
into a polyp.

o It's thought that the radialy symmetric animals is derived from bilateral symmetry

©  In some species, the polyp can develop into two types forming colonies that are
connected to each other: Specialized feedings polyps (gastrozoids) and specialized
reproductive polyps (gonozoids). On the surface of the gonozoids lttle baby
medusae form and then released and reproduce.

« corals:

Polyps are extremely important in corals where there are a series of polyps forming
structures,

«Fossil found thought to be related to the colonial coral with branching little polyp like
structures, however when dated it is before even the Cambrian era (600million years
ago). Maybe mutiicellular life is older than the cambrain?

« Corals form reefs and these reefs are major modifiers of marine environment, mostly
found in tropical regions. Whats so important? Reefs are built upon layers of mineralized
strctures. Reefs can modify ocean environments by bringing the levels of substrate up into
the photic zone into the warm water, they are some of the most bio diverse areas in the
‘ocean in terms of species and habitat diversity in them. Reef building is a major changer in
the marine environment tremendous photic potential and high productivity. The
littlepolyps are the ones that create this very unique environemtn. There's a period of
time that reef building dissapears and this has an impact on the marine environemnt until
reef builders come back. Coral reefs are in a symbiotic relationship with green algae.
Algae provides the corals with glucose the corals provide a protective environement for it
to carry out it's photosynthesis. As climates change and the ocean warm: relationship
between the green alga and the corals has been broken, they're leaving the cells of the
corals and they're called bleached corals and the corals can't survive. As the corals
bbleach and the habitat gets destroyed so does the biodiversity. Coral bleaching is going
to be a major changer in the marine envrionement because of this destruction in
biodiversity.

Animal innovations (symple:
Triploblastic mesodermal musculature:
*  Mesoderm makes it's appearance: organisms become triploblastic
«  Atthe same time: we end up with muscles and therefore a much more efficient moving.
mechanism and consequently directed movement
'« Organisms with directed movement (cephilization: evolution of distinct anterior region of
body, head, with specialized sensory structures) and bilateral symmetry due to this
arrangement.

morphies):
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transition from radial to bilateral.
* Now we watch embryology. There will be a cavity in the mesoderm.
Embryology: cleavage
+ we can divy up the whole animal world into two groups based on embryology:
© When you have a 4 cell embryo the only way to develop the next cell divisions is
through the plane in the middle. You get 4 on the top and 4 on the bottom.

= ifthe top round cells stays the same it sits on the bottom round edge (radial
cleavage). Group that holds them on top develops special membrane to hold
themin place.

- Ifthe top rounded twists it sits on the bottom grooves (spiral cleavage), very
stable structure so they rely on that stability.

Embryology: coelom formation

- These are paired with another trait that has to do with how we form the
mesoderm: blastula turns into gastrula with a diploblastic condition
(cnidarians). Once we get mesoderm, it ill the space in the middle of the
‘endo and ectoderm. This happens in two different ways:

= Atthe opening of the mouth (blastopore) the cells get a signal to start
polypheriating to fil the spaces between the endo and ectoderm. A split
develops on each of the two sides, we end up with a cavity (coelom). This
cavity is formed by spliting mesoderm (schizocoel).

- Second way it happens: as the cells invaginate, tehre's a certain st of cells
that sits on the arc intron, when they make an association with the cells on
the opposite side, it causes them to undergo development into mesoderm.
Cells of the gut form the mesoderm, they start off as lttle bleps and get
bigger till they pinch off and they fill backwards giving us mesoderm with
cavity. (enterocoel)

= End result of both: cavity inside the mesoderm that's between the endo and
ectoderm. The final resultis the same but the path is embryologically
different. When mesoderm is in place, the arc intron fuses with the opposite
side to create two opening in the digestive tract. We go from an incomplete
digestive tract to a complete one with an anal ending.

« Embryology: there are a distinct set of cell division that happen to make the tissues and
make body cavities. There are two groups that are:

* Protostomes (first mouth): .
o Blastopore (first opening to gut) became the mouth b D m
o spiral cleavage \J{ |

o schizocoely

* Deuterostome (second mouth)

o Blastopore anus ? o + \%

o enterocoley

f we look at the matrix of dual charecters, there's six possil
years this discription is wrong. Spiral cleavage is not associated with blastopore
becoming the mouth, it's actually later in the evolution of the group. The only way we
can actually divy them them up are blastopore becoming the mouth o the anus.

Body Cavities:
The cavity inside the mesoderm potenitally becomes a hydrostatic skeleton that is involved in

directed movement that makes the animals bilateraly symmetric with a head and all the sensory

structures at the front. Three different ceolom (body cavities):
+ Acoelomate: absence of body cavity, mesoderm is solid

o Example: flat worm: if you look at where the mesoderm is, there are no cavity.
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‘These animals are solid masses of mesoderm. Because the flatworm has mesoderm
all through it's body it also relies on movement of it's body to propel food down it's
digestive tract.

« Pseudocoelomate: cavity is filled with fluid but not completely lined with mesoderm. No
mesoderm associated with the digestive tract, only with the outer body wall (outer
ectoderm). Causes problems in animals because they can't propel food down their tracts
‘without moving their bodies. No meosonteries holding organs in their place.

* Ceolomate: body cavity that is completely lined with mesoderm made by shizocoely or
enterocoely. There's always a strand of mesoderm that connect between the mesoderm
lining the gut and the body wall, this holds all the organ systems in place when they make
their appearance. An animal that has a true coelom always has mesoderm lining the gut,
mesoderm associated with the outer body wall and the two are connected together by
mesontries. Now that there's mesoderm lining the gut, we can move food down the
digestive tract indpendant of moving the body.

* When we first get mesodermal musculature, it comes in with a full cavity. Ceolomate is
the primitive condition. Animals that closed up the ceolomate space to become
‘aceolomate was a derived condition. Pseudoceolomate arose muitiple times is a condition
‘where animals undergo miniaturization or specialization, reduction in complexity of the
body cavity. When animals specialize and become small they jettison unnecessary tissues.

Protostome taxa:

Protostomes are the dominant group on the planet. Because there are so many arthropods.
3 major groups:
« First lineage are Ecdysozoa:
o the moulting protostomes with an outer skeleton (exoskeleton)
© Moulting process is referred to as ecdgsis, gives the group it's name ecdyzoz0a
o Animals that moult an outer exoskeleton. Ex arthropods
- Molted cuticle, aplha chitin or collagenous cuticle
©  Unique group of this are the nematoda
- Colladenous cuticle, longitudinal muscles and epitheliomuscular pharynx
* Lophotrochozoa
©  Weird group because when the whole animal phylogeny got fiipped and
reorganized, there were a group of animals that had either a trochopore larva or a
lophophore that they fed with. They were so derived that nothing remained that we
could generlize and classify them based on 5o they were classified by either tro or
lopho, gives them their name.
* Platyzoa:
o animals that lost their coeloms to have a very different lifestyle. Ex. Flatworm

Ecdysozoa
symplesiomorphies (of that group, meaning all protostomes have this):
« Blastopore( mouth)
« Al the animals mold, characteristic they all have
* outer skeleton is called a cuticle because it's non living and on the outside
+ Group falsinto two major categories:
o skeleton reinforced with chitin
© Skeleton reinforced with collagen fibres
* 2 groups of organisms that have to mold because they're living inside an exoskeleton.
« Aunique group:

nematoda:
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are pseudoceolomate one of the groups that hass nudergone minuturization, meaning
they have reduced their structure and have longitudinal but no circcular muscles.
Recombine and go back to ancestral state. Triploblastic organism with bilateral symmetry,
protostome and pseudocoelomate. Nemotode in cross section: we see a gut with no
musculature, suspended in digestive tract, gonads suspended in pseudoceol. Everything
suspended in cavity and not held in place.

There's no circular muscle in structure, a5 a result it's a cilundular animal with longitutidal
muscles that bend when the muscles contract. Any contraction changes the length of the
‘whole organism. Nematodes are famous for living in substrate, perfect for moving
between the substrate (solid environment). By reducing the contractile ability of the
cuticle it can still move effictively in it's subtrate while minimilazing the number of
component.

We've also minimalized the nervous system, nematodes instead of having a central NS
with a peripheral enrvous system the muscles send an arm of muscle tissue that interacts
directly with the nerve chord. CNS stimulates muscles cells directly to bring about
contraction associated with the movement.

‘Sexual reproduction: sexes are seperate and when they mate they have ameobic sperm,
they don't use fladulated sperm.

Epitheliomuscular pharynx: the nematode is constatly keeping it's longitutidunal muscle
under contraction and by doing that, it's cuticle is kept stretched and rigid as a sut of
armor (kept hardened). To prevent food from spilling put from the gut every time it
‘opened it's mouth, it ends up with a gut with two valves.They pharyn has a unique
structure, triradiate because it has three lips so all the pharynx can be opened wide with
the minimal numver of muscles.

Only ones we ever looked at are ones associated with disease, we haven't seen many of
them thought but there are probably more than arthropods.

Nematodes are an example of miniturization.

We use architecture to classify these groups: how they feed, architecture modified to survive in
nabitats

Panarthropoda (autapomophies):
Animals that mold: have an outer nonliving cuticle and as they increase in mass they have to
discard it, build a new one and then grown inside of that.

Onychophora (Autapomorpl

Cuticle with chitin:

o Cuticle is reinforced with chitin

All the organisms up until now have had to pump water to get food into their systems but
now or poking mouth into the substrate. First group with set of limbs, Food manipulated
by limbs before they feed.

o One of the major events in animal evolution: compacting food or tearing the food
into small enoguh pieces before you consume . Happens only with chordates and
here. All these organisms manipulate food using appendages ont heir bodies and
process it in some way before ingesting it

First of the panarthropoda group under the ecdysozoa
“This organism mixes together total body flexibility, can still use a hydrostatic skeleton
‘even though it's got a cuticle on the outside, has a very elastic stretchy cuticle, sill has to
mold it because it has chitin but it's musculature is still associated with circular and long
muscule to be able to change shape
Their limbs are not articulated

o they have flexible hydrostatic limbs
feed with a very unique set of organs or structures that are oral papillae with slime
glands.
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They have body wall musculature in continuous sheets because their cuticle's streetchy
Has a common name: the velvet worm
Crawls around the substrate mostly at night because it's a night feeder.
There's a marine version of this in the burgess shales and have not changed since they
made their appearance. They were an evidence for pangea because they are found on the
parts seperated on the map.
Body plan:

© Onychophora have antennas it uses to sense the environment around it

© Has feet that are extendable with a claw on the tip or grip on the substrate

o Huge oral opening with two jaws to rasp and tear it's prey apart

o still has layers of muscle to change it's shape and it's nocturnal and predatory
‘Shows the beggingin of segmentation, limbs that can be modified appendages (oral
papilla that secretes slime)

Arthropoda (autapomorphies)

Account for 90-95% of animals on the planet
Huge reason for their numbers is the insects found on land, right now look at the marine:
Articulated exoskeleton of plates
©  outer tubular exoskeleton, can only be flexed if it's plates (hinges between them)
or cylinder (points of attachment where one can flex against the other)
© Those articulations always work at right angles of each other
© One of the most famous articulating arms is the linear joints articulated down a
structure that can move.
Muscles arranged in bands
©  Muscles change their configuration and now they are fibres that act as tendons or
muscle fibres to bend the joints
Compound eye
o Visual system of the group
Four major subphyla:
o 2exclusively terestrial (spiders and terrestrial insects)
© 2 groups exclusively marin

* Trilobites
 They're gone extinct, completely eliminated but at one time were one of the
‘amajor arthripods in the oceans
50 comon there are many fossils of them, major component of predators but
doesn't survive ill today as it gets replaces by another predator

* Crustacea

st around today from the Cambrian period. Ex. Lobsters, shrimps not the
‘ones that appeared in the cambrain period.

* Sequence of appendage, each of the appendages have a different structure
because they have different specialized functions and regions of specialization
along the body as well (Cephalothorax: region of fused segments that include
all the appendages of the head and all the appendages of the legs that we
associate with the thorax)

* Crustacea take their segments and fuse them into tagma (taking segments
‘and locking them together based on the functions of the appendages in the
segment)

* Results because of the musculature of the appendages
 Example: tail is a tagma that s a fusion of the segments down the
length of the back of the animal

*+ Mouthparts takes food

+ Walking legs and claws for defensive structure
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* Filter feeding:

* Each of the appendages was a limb

* They become the most adept filter feeders in the oceans capable of
movement

* Unique abotu their appendages and how they use them: the
‘appendages were not solid plates but lttle cup like structures that hd
aninner and outer side

+ Whenit swims it takes the appendages to fan it out then pull it in giving
itit's swimming motion

* Thereis a unidirectional flow of water due to the flaps and their
structures, Water is constantly pumped from the front of the animal
into the midline as the legs are moving and then gets squeezed out
passing the hairs on the sides giving it it's propulsive water movement.
Happens as the little monochromal wave of appendages moves down
the animal.

* The water contains algae, primary producer of the marine environemt,
s the water passes through the organism and sequeezed out the ahairs
trap the algae. Algae is then moved forward up to the mouth of the
‘organism in order for it to be able to feed.

« Their locomotion is a constant feeding mechanism allowing them to
swim anywhere and constantly feed. First ones to do this primary
herbivores of the marine environments which makes them so succesful
‘and everything else feeds on them. Haven't changed since this
innovation from the cambria

Lophotrochozoa

The two groups have no visible morphological character that they share, and their
individual unique characters were used to name the group Lophotrochozoa: animals with
either a lophophore or a trochophore larva stage. Remember that a lophophore is a
feeding structure (set of hollow cilited tentacles that surrauad the mouth) and a
trochophore is a larval stage (free sw.mmmﬁ@dﬁ%.ﬁ

You can't have both, it's one or the other.

Bryozoa (Moss animals)

Example of lophoporates
Were also involved in reed building
Have settled back down onto the ground (substrate)
Lophophore

* Unique hollow ring of hollow ciliated tentacles that surround the oral opening
U-shaped gut

* Sessile; creates a problem because it has a mouth and an anus and therefore
creates a u-shaped gut.

« The animal bent itself on itself and secretes a casing that also helps protect it from
predators.

« They pump water and create a water current that passes over the surface of the
tentacles with cilia that trap food which is passed to the mouth then to the.
digestive system. Water pumped is also respiratory.

The anus is near the mouth, but outside the tentacles of the lophophore
to prevent contamination.

Budding colonies
ot e o
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moss covering the substrate in marine, and occasionally freshwater, environments.

Trochozoa/ symplesiomorpl

« symplesiomorpies because they're not specific to one group shared by annelids and the
molluscs not used to name the group but both of these inherit these traits 50 they
become sister groups.

« Trocophore larva:

* Always has the same structure:

« Band of cilia around the middle that prope it through the water and is important in
locomation and feeding by trapping food and passing it along the food groove
toward the mouth.

* Digestive tract ciiated and mouth leads to a stomach and ends at anus.

* Continues to swim and feed until it undergoes metamorphosis into one of the
‘animal groups it becomes ane of these groups: annelida, mollusca, spinuncula,
nemertea

« schizocoel:

At the opening of the mouth (blastopore) the cells get a signal to start
polypheriating to fil the spaces between the endo and ectoderm. A split develops
on each of the two sides resulting in a cavity (coelom) formed by spliting mesoderm
(schizocoel).

* After Ecdysozoa symplesiomorphy: Spiral cleavage

* Dorsal heart and pericardial cavity

* Heart that's located on the dorsal (upper surface)

* Molluscs:

* Second most diverse of the animal phyla. Are a very diverse group of organisms: mussels
and clams, squids, octupuses, snails are all molluscs even though they are so different.
Snails are one of the few groups that makes the terrestrial transition. Lots of fossils
‘amenoites that show that these shells sunk to the bottom of oceans in huge numbers and

fossilized. Extremely biologically diverse group.
First Mollusc traits:

« All molluscs have a shell. The shell is secreted by epithelial layer and there
were a set of muscles that allowed it to creep across the substrate and if a
predator came along it clamped the shell across the substrate to protect
itself. Mechanism for protection.

* Dissolve Ca in the water and mineralizing it and secreting to create their shell
(armor)

« Fed with a really unique feeding structure (Radula):

+ They take the tooth (ribbon of chitinous teeth) that acts like sandpaper
supported by tonguelike odontophore and it allows them to scrape or
the nutritious material from the rocks to get the nutrients. No one else
is consuming this kind of nutrients so they prevail.

* Toget food to the digestive tract it traps it in mucus then uses cilia to
propel food string of mucus into the mouth

* They also have a cavity in which they placed their respiratory structures. Has
gills covered by cillia and the cillia pumps water through the cavity creating a
unidirectional flow of water, leaves a small opening so it can pull water in and
get oxygen to the blood s it can survive.

« The anus is facing the outgoing water to not contaminate the water inside the
shell

* Developed ventral creeping foot

« They get a foot to crawl across subtrate while still being able to

feed and respiring and making sure the waste stll gets flushed
o tha wile hatme mretarad o e chall
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+ Examples of Molluscs:

‘One of the molluscs that made it's way to land.
The snailis an example of a modification of the body plan to live on
terrestrial land.

Lock themselves inside the shell to prevent drying out, radula is against
the substrate chopping away at the food and if a predator comes along
they retract inside their shell. Some snails have a piece of shell on their
tail 50 they can shut their shell completely
Snails are examples of a modification of that body plan to live on
terrestrial land They are one of the most abundant because they moved
tothe land.

Squidsand | The group elongated itself along the dorsal axis. They developed jet

Octopod: propulsion and water pumping. The foot has been modified into a set of

(cephalopods) | tentacles to capture pray. Developed a new form of locomotion by
pumping water into the cavity and shooting it out a funnel, jet
propulsion by water pumping. Becomes a predator in the cambrian
period. Most of them had huge shells.

Clam: New strategy for filter feeding: The clam takes the shell that was on
(Bivalves) top of it and pulled it around of it, leaves at a posterior end two
openings to pump water in and over the gills and out and as the water
is pumped to the gills the food get trapped and set to the mouth o it
also feeds. As the water moves out, it excretes of it's wastes out. They.
burrow into the ground.
« A clam called the gouida hides in the subtrate and filter feeds
(completely protected from predator by burrowing itself into the
ground). Uses it's muscular foot as a way to burrow into the ground
+ They always have their shells open  small crack but have two muscles
to shut their shell tight.
+ One swimming clam: scalop has figured a way to clap it's shell to swim

One of the key predators that are at the end of the Precambrian. They
were the major predators and there are an abundance of fossils for
them.

+ Molluscs were one of the key predators at the end of the cambrian, one of the key
reasons trilobytes lost their reign because the much more agile swimming cephalopods
became the main predators.

« Atone point, all the cephalopods discarded their shell. In one of the mass extinctions, the
predatory fish in the oceans (vertebrates) get all wiped out by the end of the cambrian.
‘When the ocean gets populated again, there's a group of fish that repopulates the oceans
from freshwater, they were not affected as badly by the mass extinctions. These
predatory fish become extreme competition for the molluscs. Because of predatory
competetion, the squids lose their shells. Cephalopods have had such a long predatory
history that caused them to develop sensory development since they live in the dark and
have a language just with signals and light flashes due to the fact that they live in the
deepest parts of the ocean.

* Annelida:

©  Earthworm most common but there is a huge diversity with the annelids in the oceans.
+ New feeding strategy and locomtion:
o All annelids have a segmented body and down the length of the body it contains rings.
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*  Each of those rings/ segments is isolated hydrostatically and is it's own
independent hydrostatic skeleton with a set of circular muscles and a set of
longitudinal muscles. In a worm, muscle contraction changes the shape of only it's
own segment.

+ Worms also now contain setae hairs:

« stick out the sides, when muscles contract to anchor into the substrate

« Contract logituidinal muscles: the worm moves forward

 Newform of locomotion using persitalysis only possible because of their segmented body

shapes. As they took their anterior end and pouring it forward, instead of pointing it
across the subtrate, they pushed it into the substrate. They swallow the substrate as
they're building the burrow 5o they've figured out a way to harness organic matter from
the bottom of the oceans. That's the reason for their success because no one else was
praying on this food source

* Example: Marine worms

Platyzoa:

* Very unusual group
* Loss of coelom

+Result of miniaturization
* Acoelomate i a derived condition
* or pseudocoelom

Platyhelminthes / Flatworms (autapomorphy) :

« These animals are solid masses of mesoderm but still have spongy hydrostatic skeletons
based on the loose connective tissue that make up the body. There are still outer circular
muscle below them longitiudinal muscles with mesoderm in between them. The animal is
able to keep itself flat (aka flatworms). They can undergo shape changes dictated by
circular and long muscles. When these muscles contract, the dorsal tissues have to make
sure that it stays flat.

+ Move by muscle movement but move by ciliary movement that involves cilia on the
ventral surface. Beating of the cila allowss it to slowly slide on the substrate with smooth
movement.

* Have an adhesicve sticky system that allowss them to anchor themselves to the substrate
and crawl across it.

* ittakes it's body, llengthens it by contracting circular muscles but prevents itself from
increasing in diameter by also contracting dorsal muscles to keep it lat, could explain why
they could have lost their coelom.

* Flat worm: In addition to being able to stick to the substrate, dogeszoa are multicoloured
‘and feed on cnidarians. When they eat a cnidaria, the cnidocytes don't fire and they
migrate from the digestive tract to the outer body wall to be used as it's own protection.

* Incomplete gut

+ Gone back to only having a mouth without an anus and the mouth is now on the
underside of the body at the end of a pharynx in the middle of the organism.

* Complex reproductive system associated with hermaphrodism

+ Have a very complex reprodctive system as they have both f/m parts.

* Occured in earth worms and snails as well

* Organism that doens't have a lot of motor capacity

« Advantage: in a amting event between animals that haveseperate sexes, only one is
fertilized in a herm both are fertilized. Increasing the odds and number of organisms
with herm. You never fertilize your own egg with your own sperm but you get both
afertilized egg and sperm when mating occurs.
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duct and stored in seminal vesicle. They couple and each take the sperms and pass
it to the seminal receptacle of the other, only later do they produce the eggs and
then are provided with nutrients. Meotitic recombination still happens even though
‘animals arent frequently running into each other due to their less mobilic abilities.

* Life cycle (Fluke clonorchis):

+ Most flat worms are parasitic and have very complex life cycles

 Complexity of life cycles tells us how ancienct they are

* Livesin the intestinal tract in the liver, fecal material is voided onto the substrate ,
rain washes the material into the substrate, eggs hatch and becomes free licing
miracidium

« Miracidium looks for a specific type of snail and penetrate through it"s body wall
‘and develop into a sporocyst to increase it's number inside the snail and then
develops into redia filled with little organisms that have tails and are ready to swim
‘and when cercaria burrow out of the snail p out into the water and look for a fish
and diginto the muscle of the fish and go dormant as metaceracaria and wait til
the fish are digested for them to hatch and the lfe cycle continues again.

* Quality of meat has to be governed very carefully to watch prescence of cercaria

« Swimmer'sitch s  period of time where you get a rash from whatever amount of
‘water you submerged. Cercaria looking for duck legs nibble on your legs instead.

Deutrostomes

« Blastopore becomes the anus
* Radial cleavage in the embryo

Echinodermata (autapomorphies)
* Pentaramous symmetry:
«  Radial ssymmetry always based on five side
* Locomotion by Water vascular system
* Mutable connective tissue
'« Have a calcareous skeleton surrounded by tissues arranged in plates connected
‘together by connective tissue. The articulation between the plates are controlled by
nerves and can be flexible if it's soft or completely rigid. Sea stars and sea urchins
use this rigidity to wedge themselves into cracks.
« Starfish and relatives:
* Return to radial symmetry but only in the adult.
« Larval stages within the life cycle are bilaterally symetric and swim around
‘and feeding till theymature and undergo metamorphisis to become radialcally
symmetrical. Reason: if we look at condition of cambrain and when they first
appearef echinoderms were not mobile, they were sessile and ssat on the
bottom with long stalks. Organism was anchored on the bottom with it's arms.
and it's mouth was facing up. Was catching the organic debris before it hit the
bottom to feed.
* Water vascular system
« The arms have tube feet that are hydrostatic skeletons, by contracting the
longitutidinal muscles as the debris fell down the tube feet would push the
food down the arm towards the mouth located in the centre. Tube feet are
part of the water vascular system that is continuous to the outside. There are
canals that carry the seawater out to the tube feet. Each tube feet has an
-ampula on the top that when it closes shutting off it's connection to the wvs,
becomming independdentant hydrostatic skeleton. Contracting ampulla
forces water into tube foot. Ampulla is a reservoir that provides the
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hydrostatic fluid to the foot that can change it's shape and position based on
the muscle contractions inside of it and it's all suplemented by a suction cup
in the tube foot so it can move the tube foot forward, squeeze the ampulla
then use the suction cup to hold on to the substrate.

« starfish are predators and prey upon clams and corals

Explanatation for Cambrain explosion:

« Reinterpretation of burgess shales fossils: The most diverse assemblage of animals
appeared at the begging of multicellular animal life. Led to a lot of discussion to why this
happened. Some of the reasons explaining cambrian explosion:

*  Snowball earth

«  Atthe very end of the Proterozoic a large block of barren continental land mass
straddling the equator. Bare rock reflects sun's energy back off the planet causing
it to cool. The rock is also eroding and erosion of the continental land masses
removed large quantities of carbon dioxide from the atmosphere as carbonate salts.

« The whole planet is lower in temperature and ice masses start to form at opposite
poles and lower ocean levels and reflects solar energy as well. Whole planet
completely covered in ice.

«  Alternate hypothesis: slushball earth

‘the ice of the glaciers got very close to the earth’s equator but there was still some
open near frozen ocean that surrounded the earth at the equator. This would have
provided a place for the new formed eukaryote protists a refuge and possible place
tosurvive.

* When volcanic thermovents cause the ice to melt the atomospheric gases are back
and the earth starts warming again and multicellular life doesn't necessarily explode
but resumes after this break.

'« There are two types of fossils that also suggest that multicellular life may have existed
prior to the Cambrian

*  Doushantuo fossils:

* dates at the very start of the Ediacaran; they are microfossils that look like
‘embryos of multicellular organisms. The problem is trying to figure out
whether they are artefacts of mineral deposits or super-large bacteria! There
are no fossilized larval or adult stages for the embryos from this period. What
if they were so soft bodied they never fossilized and only the developing
©embryo, with some form of protective membrane was; again there is no clear
answers.

*  Edecarian fossil

«  appear immediately prior to the start of the Cambrian. So unique are these
fossils that the last division of the Proterozoic has been designated as the
Ediacaran period  the first addition, in 2004, to the geological time line in
‘over a hundred years. Some of the best fossils from this period are found at
Mistaken Point Newfoundland and their discovery is changing the way that
we think the animals evolved. The problem is that many of the fossils don’t
resemble anything living today which makes it hard to link them to existing
animal life.

In the fossils are sponges and what were originally thought to be soft corals
although there is disagreement about whether the corals appeared at this
time. There is also some fossils that look like fossilized tracts of burrowers,
but they are burrowing horizontally not vertically like the Cambrian
burrowers.

+ Cambrian burrowers:
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¢ Priorto the start of the Cambrian, the ocean bottom is believed to be covered by
impenetrable algal mats and one of the innovative feeding strategies of the
‘Cambrian was being able to penetrate the mats and feed on the substrate
underneath. There is an explosion of these soft bodied burrowers which is
independent of mineral based fossilization. This would suggest that the explosion
may have been real.

* Burrowing also allowed them to anchor themselves in place and protect
themselves, This allowed for an explosion with the molluscs as the second most
diverse groups on the planet.

Developmenta- hox genes

* There are a variety of transcription factors present in a developing embryo that
define the anterior to posterior axis of the developing animal. In addition to
anterior and posterior there are other transcription factors that distinguish
between front middle and back of the embryo. These proteins provide chemical
fingerprints for the various parts of the body that are read by the different
homeatic genes that respond to each of their own individual mix of transcription
factors. There also seemed to be a pattern, with an increase in the number of
homeatic genes as animal evolution proceeded. Early animals have fewer homeotic
genes that those that are further up the evolutionary tree; be wared there are
some exceptions. The homeotic gene explosion may have resulted in the explosion
of animal types and may have been responsible for the bilaterally symmetric
‘animals that appear for the first time in the Cambrian. What is interesting is that if
we use the molecular clock to look at rates of change in the homeotic genes the
genes tell us that they first appeared millions of years before the Cambrian! Not
only that the same family of homeatic genes also appears in plants and fungi as
well!

* Hoxgenes: homeotatic genes that are present in all organisms and control the
pattern that defines anterior and posterior ends in animals
* These genes were first identified and sequenced in the fruit fiy and when
‘geneticists went looking in other animals they found the same 180 nucleotide
sequences in all animals, the only difference were slight modifications in
sequence and that the homeotic genes were often duplicated
* Depending on what the cells recieve as a signal from homeotic genes
determines the anterior and posterior end.
* Because they all share a common anestory
* Genetics it required to regulate the development of organisms made it's
‘appearance at this point in time.
this represents a period in the ancient oceans where there were no limitations in
resources and no competition. In a gross simplification, if you are the first multicellular
herbivore then all the algal cells of the ocean are available to you and you alone. Maybe
there are two different experiments in animal forms on different sides of the planet and
there are so many algal cells you won't be competing with the animal on the other side of
the world. Take this logic further and you can see how perhaps we end up with a huge
number of experiments in the first multicellular herbivores. The same would apply to the
first animals that fed on those herbivores. S0 as the diversity explodes, so too do the
fossils until there is a point when resources become limiting, competition occurs and only.
the best survive. The experiment in animal architecture stops.
Reasons for explosion:
 snowball earth froze things in time as multicellular lfe started s seen with the
Doushantuo fossils and the Edecarian fossils.

*+ Homeotic genes make there appearance 50 we get complex organisms

 Animals are burrowing into substrates

* The shelled arms race:

'« Predators are bigger than their prev. race for predators to become bigger
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than their prey. When you get a large organism that can protect itself by
mineralization, you get an arm's race.

Mass extinctions:
* End ordovician extinction, follows the cambrian
« Number of organisms dissapear
«  Atthe end of the ordovician, gonoanda is moving south and we end up with less
continental shelf which is the incubator of life in the ocean
* Loss of diversity at that point in time
'« Beggining of chordates in oceans, not like fish we know today
* Little vertebrate
'« Mass extinction: loss of more than 50% of biodiversity
Mass extinctions
- Losing more than 50% of organisms at that time
- Near the end of Ordovician, continents gather together
- Moving continents causes cooling (not as bad as snowball earth)
© Dropin water levels, more ice at the poles
o Continents come out of water
o Dropin diversity of animals

Before the ordovician extinction

Chordata

« Pharyngeal gil slits dorsal hollow nerve cord
o Swims through water with mouth open
o Cartilaginous notochord that runs down its back that creates the waggling motion
o Water current into mouth = traps food in slits in the pharynx
o Atthe surface of the sits there is mucus produced by the endostyle and food laden
mucus then carried to the mouth.
* Endostyle post-anal tail and tadpole swimming
o Extenstion of the body past the anal opening, tail wags back and forth that provides
propulsive force to move the animal forward with it's mouth open trapping food as
it swims.
« Beginning of chordates in water, not like fish we know today
* Abundant invertebrate that is the descendant of vertebrates within the chordate
* Invertebrate chordates
* Survive the Ordovician extinction

Silurian/ Devonian period
'« Period of 50 or so million years as the changes Beginnings of vertebrae
« Start of photosynthesis on land
«  Start of the vertebrate body plan
« Atthe end of Ordovician = large extinction
*  37-40% of families disappear
Ordovician survivors
*  Cnidarian — corals
* Molluscs
o Shelled cephalopods
o Bivalves
o gastropods
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Echinoderms
bryozoan
Arthropods
o Trilobites (some... some are disappearing)
© Marine forms (crustacea)

Location of continents:

Scatering of continental masses on the equator
Oceans have lots of continental shelf but most of t tied with gondwana heading south
Diversification of organisms but not as rich and abundant as in the cambrain
‘Gondwana shifting up towards the equator

Vertebrate phylogeny (vertebrata?)

Chordata is ancestor of vertebrates
Chordate ancestor with endostyle tail and open mouth sits at the very begging of the
vertebrate lineage

Develops an axial skeleton

Armoured fishes (Agnathans):

armoured fishes with no jaw, swam through the water with it's mouth open trapping
materials.
Propels itself forward, mouth open, water propelled into the mouth, food particles
filtered out, water comes out gills
Most of the agnathans are gone
Mouth permanently fixed open
Jawless fishes (Agnatha)
o lampreys and hagfishes

- Mouth permanently open

- “agnathans” because mouth cannot close since they don't have a jaw
Eel-like animal that is a parasite
= Live as adults in the oceans
= Swim up into rivers/creeks, find gravel beds, mate, lay eggs, larvae hatch
‘They then swim down into rivers, back into ocean, mature, etc.
Parasite that Latches onto organism and locks itself in place using teeth
Uses tongue to scratch at and wound the skin
It creates a wound that never heals  always oozing blood/material that
feeds the lamprey
Lamprey feeds on those liquids

Gnathostomata (autapomorphies)

“This animals now develops a set of fins that will stabilize the body and head.
o 3finsis the most ideal way to prevent the head from wagging back and forth and
also stop it from rolling itself over
Complete duplication of the genome (polyploidy event)
o This will happen twice
Evolution of the jaw
If you swim with your mouth constantly open, you must constantly be in motion to aerate
yourself, and also to feed
If you stop moving, you stop oxygenating your blood and also eating
slits held open by gill arches
Slowly develop musculature that allows compression and expansion
o Acts like a bellows
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* These muscles g0 to the extreme near the mouth
 Onesin the front can open/close completely
* The fused at the midiine
« This became the jaw
* Respiratory advantage, and feeding advantage
*+ Genome duplication
* Invertebrate ancestor with ONE set of homeotic genes
* Gnathostomes (first JAWED organisms) = 4 sets of homeotic genes
« Implies 2 duplications
* Increased the genetic programming capabilities 4-fold
* Each gene can specialize in more functions
*+ Genome will be duplicated again (now having 8 sets)
« Bony fishes have this
* Chondrichtyes
« Sharks
* Autapomorphies:
« Cartilaginous skeleton (not bony)
« Body covered in a specific kind of scale
« Tail has a distinct shape (heterocercal)
*+ Morphology:
* Lateral fins/appendages (always a pair)
* Need fins to protect against pitch, roll, and yaw
* Cartilaginous skeleton
 Bony structures in the limb that help anchor to body wall
* Lateral undulations (tail waggles to swim)
= Top of the tail fin is larger than bottom (heterocercal)
= Drives the fish down into water if there is no other compensation
- Fins are positioned to make it rise though
- Remember: all these animals in the water are constantly battling gravity
- Need to generate lift
- Neutral buoyancy
* Cartilaginous bone as their skeletal system = part of the solution of
‘approaching neutral buoyancy
Liver produces oil = tissues rich in oil
‘Combine these two, sharks can approach neutral buoyancy (not doing
anything and staying in one place)
« The last bit is achieved by heterocercal tail
o Placoid scales
- Interaction between water and surface of scales slows movement
- Sharks give a solution to this
« Scales create lttle whirlpools of turbulence
« Turbulence reduces friction of laminar flow
= Anchored in epidermis
- Outer layer of dentin, pulpy core with a root (kind of like a tooth...)
= Al over the surface of the shark
o The teeth are basically enlarged placoid scales that can hold onto prey
- Clamp down on prey
- Butthey can cut; they are just a holding structure
= S0 they clamp down and then wildly flail/spin such that limbs will fall off
- Then they go and swallow the fallen limb
- Buttheir teeth often break off
= Sothey are often replacing their teeth (conveyor belt of teeth)
- Reproduction
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Until now most evolutionary strategies have been dumping eggs/sperm into
environment and hoping that fertilization occurs
Sharks have different strategy
Female sharks only produce one egg every year or two after mating with the male
Nourish it with lots of nutrients and put it in a case called mermaid’s purse
Hide it within rocks/sediments of the ocean
Inside purse = lots of nutrients for embryo
‘When it hatches, a small miniature shark will be ready to feed
S0 the purse spends a lot of time in that stage
Huge amount of metabolic investment into a few individuals
o This is the downfall of the sharks — shark finning
Coming up next...
Development of bony skeleton bony skeleton replaces cartilage
Improved feeding by embedding teeth into jaw (so no need to replace) n
Improve aeration of gills
‘Swim bladder, or lung formed from the gut

00000000

Actinopterygii (bony fish)
Fins supported with bony rays
Modified jaw for a new way of feeding
Bony fish skeleton
Lateral paired fins attached to the body near the front of their body
o They can use these with fine mations, no heterocercal tail needed
o Thisis reflected in the bones
o Bonyfinrays
Suction feeding
o Usually when you're swimming, you pushing water away from you = hard to feed
o Need to overcome this
o Modified their jaw with extra bones = can be shot forward (video)
Neutral buoyancy
o Swim bladder
- Abagofgas
- Godeeperin water - add water
= shallower water = take gas out
= Blood vessels can release oxygen into the swim bladder, or pull it out
= Itis simultaneous with the fish's movement
o Operculum (opercular gills)
- Bony covering to the gills
- Can swing out + back
= Apump that moves water over the gills
= Now it's not necessary to move to aerate gills
still producing young by the hundreds
sarcopterygi
Lungs
Instead of little bones to hold up fins, there will be solid bones
Muscles associated with bones to move limbs
Fleshy, lobed fins
Evolution of the tetrapod stance
Oceans will become oxygen-deprived
“This fish body plan allows them to walk along the bottom
Ifthey need to, they can stick head into the air, breathe air to fill lungs
‘They eventually moved up onto land > gave terrestrial animals




image24.png
1ransitions to fand {plants)
- On'the edges of the oceans, there is a zone where algal cells appear on the ground that is
moistened by waves, or where it is humid
- They form clusters, colonies
- Eventually develop differentiation
- Cells with different functions
- First multicellular land plants
- Going onto land is not an easy thing to do
o Main thing is water conservation — don't dry out
o Need moist surface (for gas exchange) but minimize how much touches the air
- Need to protect gametes from drying out
- Need skeletal structures to hold you up
- Plants have to get on land first, animals need something to eat if they are to go to land
Transition of plants to land
- Green algae move up on land
- First: liverworts
- Plants are alternation of generation
Sorting out plants parts
- sporophyte (spore plant) = 2n
o Have sporangia producing spores
o This is a germinating area for producing spores
o Results from a 2ygote (fusion of sperm and egg)
- Gametophyte (gamete plan
, producing gametes
sperm producing
= egg producing
- sporophyte makes spores which land on ground
- Tuminto gametophytes
- some become antheridia, some become archegonia
- Sperm must swim to egg, fertilize, zygote forms, becomes a sporophyte
Liverwort
- Noseeds, pollen, leaves, vascular tissue, or anything
- Organism consists of clusters of cells that form leaf-like structures
o Novascular tissue
o Soit’sreferred toasa thallus
o Thallus will produce two structures
- Archegonia (umbrella like) with eggs inside
- Antheridium (disk like structure growing on a stalk)
o Sperm needs to get up under the umbrella of the archegonium
o This plant relies on rain drops to hit the surface of the antheridium, pick up sperm,
splash up, and hit under the archegonium
o 2ygote will undergo development, meiosis, spores released, and cycle repeats
o Some of the cells take up rainwater to swell up, then shoot sperm
- Asexual reproduction
o Cuplike structures
o Ifrain splashes nto them, they are carried away with water
o They generate a plant
o Rhizoids
- They go underground and absorb water (like a root, but no vascular system)
- How does it survive on land?
o Waxy surface all over thallus so no evaporation
o smalllttle pores always open 5o gas exchange can occur
o Butwater can be lost through these pores
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Transition to land - water conservation
‘Guard cells can open and close on either side of the pore
Depending on whether gas exchange needs to accur
First group to use this innovation is the mosses
Mosses
Have sporophyte and gametophyte
Coming to close association with each other
Piece sticking up s the sporophyte
o Itreleases spores
Lifecycle
o Cap opens up, spores released,
o They are really light so they travel on wind (great way of distribution)
Land on ground
Turn into vegetative structure - protonema
Creates a bushy little thing that is a moss
No vascular system
Gametophyte plants make male/female gametes
= Antheridium + archegonium
- Relying on splash fertilization again
- The cup that has the antheridium splashes water to the archegonia
' When the egg is fertilized, the resulting sporophyte does not travel
o Itgrows right on top of the parent plant
Evolution of plant vascular tissue
Cellulose walls of cells
Gives rigidity to stand up
‘some cells become dedicated to transport
Structural wall made of lignin develops also
Ferns
Giant matured sporophyte
On the bottom of a frond, you'll see lttle brown dots
o Those are the spores being made
o Released into air
spores land on ground
Build gametophyte (heart-shaped leaf like structure)
Has antheridia and archegonia
‘Water will cause splash fertilization
Potential for splash fertilization
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Podcast from November 27t

Carboniferous and Permian: Abdomen, Albumen, Allantois, Ametabolous metamorphosis,
Amnion, Amniotes, Amphibia, Arbuscular mycorrhizal fungi, Archegonium, Arthropod,
Ascocarp, Ascomycota, Ascus, Background extinction, Basidium, Basidyomycota,
Carboniferous period, Chorion, Circular muscle, Clitellum, Coal forests, Complete
metamorphosis, Cuticle, Dikaryotic, Ectomycorrhiyzal fungi, Epicuticle, Exoskeleton, Flood
basalts, Gametophyte, Gas hydrates, Gymnosperm, Head, Hermaphrodite,
Heterokaryotic, Heterosporous, Homosporous, Hydrostatic skeleton, Hyphae, Incomplete
metamorphosis, Insects, Internal fertilization, Karyogamy, Larva, Lichen, Lignin, Lignase,
Longitudinal muscle, Marine anoxia, Mass extinction, Megasporangium, Megaspore,
Metamorphosis, Microsporangium, Microspore, Mucous glands, Oviparous, Ovules,

o L
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Pollen tube, Primary cell wall, Procuticle, Pupa, Reptilia, Secondary cell wall, Seed,
‘Segmentation, Seminal receptacle, Seminal vesicle, Spermatophore, Spiracle, Spores,
sporophyte, Tagma, Trachea, Tracheal system, Tracheids, Vessel elements, Yolk sac

Carboniferous and Permian

Plants and animals moving into the terrestrial environment
Mesozoic = age of the reptiles

Cenozoic = diversification of mammals and birds

End of Devonian

Mass extinction

Seas and oceans become shallow

Lose reef systems around the world

Plants on land

Break down and flushing of organic materials into the ocean

The oceans become low in oxygen

Greening of planet

Lots of organisms put under stress

But mostly it's just changing of shapes and forms of organisms that were already present
Plants will not be hurt by mass extinction

Carboniferous refers to lots of plant material deposited on the land
Nothing was breaking down the plants

Lots of C was pulled out of air and fixed in plants

That's where our coal comes from

Pangea being created... final assembly of pangea
‘There will be a tropical belt with lots of productivity
Plants really start to diversify
‘The organisms were totally different
Ferns and horsetails and stuff were meters high
Evolutionary trend in plant life cycles
Trying to solve the issue of sperm transfer in a moist environment
Incorporate the gametophyte inside the sporophyte
Release male gametophytes into wind, hold onto female gametophyte
Get it fertilized, seed produced right there (on the sporophyte)
Development of vascular tissue
o Transport mechanism
o Plant cells were packed together with their cell walls touching
o They did have gap junctions - called plasmodesmata
Development secondary cell wall made of lignin
Evolution of plant vascular tissue
Tracheids
o Astraw made of dead cell
o Connected at the ends with pores
o Completely hollow
o Completely lined with lignin
Lignin
Hydrophobic because of aromatic groups
o This is important because water is going to travel through it
o Cohesive properties of water will pull it up the vessel
o Wouldn't work f the polarity of the water interacted with the vessel
o Perfect capillary
Indigestible
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o Gives strength and structure and height
o Resistance to wilting
o Take a tree for example: trees have lignin on the inside (which is dead) and the
living material grows on the outside
No organisms can break it down atits first appearance
o Cellulose itself is difficult to digest
o Lignified cellulose could not be digested by anyone
o Eventually bacteria and fungi appeared that could break it down
Toxic
o Lignin constantly leeches small amounts of soluble lignin
o Itsterilizes the contents of the vessel
= 50 no kind of bacterial infection will plug the capillaries
Spores vs. seeds
Homosporous
o Sporangia > spores > bisexual gametophyte > sperm or eggs
Heterosporous
o Microsporangia > microspores > male gametophyte  sperm
o Megasporangia = megaspores > female gametophyte > eggs
Switch from homo to hetero sporous
Megasporangium will be larger because it is provisioned with nutrients
Megaspore stays on parent plant
Waits for fertilization
Zygote will be the embryo in the seed that will be dispersed
seeds
o Nutrient-packed container
o Often waterproofed and protected
o Embryo=sporophyte
Gymnosperms life cycle
Conifers
Start with diploid plant
There are cones on it
Male cones are near the bottom, females are near the top
Inside the male, there is a sporangium
o Produces microspores
o Undergo meiosis, produce 4 cells
© 2 cells used to make a casing for the other two, often with little wings (helps
disperse in air)
o Of the other 2, one is the germ cell
© The other 1 will assist in getting to the female germ cell
Inside the female
o Undergoes meisosis
o One cellis retained, the other 3 (polar bodies) are lost
o Megaspore waiting for pollen grain to land on its surface
o One of the pollen’s nuclei undergoes mitotic division
- itdigsapath
The other also undergoes mitotic division
= This one follows the other
© Now fertilization occurs
Back to sporophyte stage
Female gametophyte stayed on plant and waited for male to fly to t
The tissues that surround the zygote provide protection, waterproofing
It matures
‘When the cone is matured, the spikes will open up and vou can shake the seeds out

o
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Why is the male at the bottom?
o Lesslikely that self-fertilization will occur
o Although keep in mind that plants can self-fertilize, it's not a big issue for them
Fungi
‘They don't fossilize well 50 we don't know when they appeared
Unique fungal terms
saprophytic heterotrophs
Very large surface to volume ratio
septa, hypha, and mycelia
More fungal terms
‘They're haplontic so we need to make some terms to describe them
‘When they mate, and two different cells meet up from two different organisms
o Dissolve septa wall between them
‘spend a whole bunch of their life without fusing the nuclei
Fusion of cell contents, but NOT fusion of the nuclei
Plasmogamy = dikaryote cells = nn (not 2n)
Eventually the two cells will fuse completely and become diploid (2n)
50 there are two events: fusion of cells = plasmogamy = n+n
o Then karyogamy = fusing of nuclei = 2n
Typical fungal life cycle
Fungus grows, creates more haploid cells
Meets up with another fungus
End up with cells that have n+n condition (two nuclei)
And then the new fungus will grow in this condition!
But then a trigger will occur, karyogamy resuits
50 the nuclei fuse
Get a diploid cell
‘Then meiosis will give 4 products — haploid spores
Blow on the wind, undergo divisions, make new mycelia
Basidiomycota life cycle
Mycelia in the ground
Two different organisms meet and fuse
Dikaryotic condition
Continues to grow
‘When the season and conditions are correct, they will pop out of the ground
‘What happens is that the dikaryotic mycelia are wound into a secondary structure
Itis a collapsed mushroom
All the surface area absorbs water and they swell
Under the gills is where the nuclei fuse
Make zygote which undergoes meiosis
4little spores hanging down from the gills
Released into the wind
Fungal mutualism
Every plant has a mutual relationship with a fungus
Plants need water
Most of plant’s biomass comes from €02
It needs minerals from the soil
Fungi can dissolve rock and tun it into a dissolved mineral form
Ectomycorrhizal funi (EMF)
o Mineralizes fine lttle rocks
o Provide plant with those minerals
o Plant provides fungus with sugar
Arbuscular mycorrhizal fungi (AMF)

00000
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o Fungimove inside and live inside a cell of the plant
o They can send mycelia to the outside to collect minerals
o Sothe plantis not only giving it sugars, but also protection/housing

Plants probably came on land along with fungi

Lichens

Green, dry, crusty things on rocks

Association between fungus and green algae (sometimes cyanobacteria)

Photobionts = photosynthetic cells

surrounded by hyphae of the lichen

‘The fungal part that sits on the rock dissolves the minerals

Photobiont does work to supply sugar

Everything sits inside the protective casing of a lichen

‘The entire system can shut down and go into dormancy

Flood with water, and it comes back again

Over hundreds of years, the fungal component dissolves the rock on which it sits
o Itcreates a trough underneath the lichen

It’s possible that lichens came first when plants moved up on land

‘Then animals move up on land.
Arthropoda: insects specifically
Insect external anatomy
‘Segmented body plan
Tagmatization
Fuse segments together that are dedicated to certain body functions
Head: food acquisition + sensory
Mouthparts can vary a lot = lots of diversity
‘Thorax = locomotory tagma
o Flight and walking
o Muscles associated with movement
Abdomen
o Mostly reproduction (ovaries, etc.)
Insect movement: fight and wing folding mechanism
Flying is useful because they can move to new habitats and colonize them
Develop seasonality too — fly to certain locations at certain seasons
Escape predators
But the first insects (like dragonfiies) could not fold their wings
‘Wing folding is the next major innovation
Ladybug video
o The folding mechanism means that they can burrow
o First burrowing insects
o Such a successful body plan that 75% of insects are beatles ke this
Only 4 groups on land will be able to fiy: pterodactyls, insects, birds, and bats
Cuticle - exoskeleton
Different from marine ones
Divided skeleton in two: procuticle and epicuticle
Procuticle = structure/strength
Epicuticle = waterproofing and hardening
o Waxes
Insect tracheal system (for respiration)
Openings called spiracles that lead to trachea lead to tracheoles
Tracheoles get really small such that they meet with a mitochondrion
To prevent water loss across all that surface area, there is a thin epicuticle layer over all of
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spiracle closes  gas exchange occurs, when concentrations of 02 get low enough the
spiracle opens again
S0 efficient that insects never go into anaerobic respiration
Insect reproduction
‘spermatophore = sperm package
Goes into female, she stores it in the seminal receptacle
she produces eggs, puts a waterproof shell on them
o Ithasan opening
‘When egg passes in front of seminal receptacle, she will release a small quantity of sperm
They will go through the little opening, like luke skywalker in the deathstar
Egg s fertilized
Waterproofed egg, waterproofed sperm package
Honey bee example
o Queen bee mates with every male and lives for a very long time
o Produces over 100,000 eggs
o Keeps sperm alive for very long time, uses sperm efficiently
Insect metamorphosis
Incomplete metamorphosis
o Adults look very similar to young
o Cockroaches and such
Complete metamorphosis
© When the larva go into the pupal stage, the organism dissolves
All structures disappear
There had been little dormant cells in the larvae
They are rebuilt inside the casing
The larva is the growing, feeding machine
‘The adult results after the pupal stage
Ametabolous
o They just keep moulting and growing
o Wingless insects

00000

Next group that comes up on land

Devonian
Really warm
Lobe-finned fishes used limbs to move up on land
Come from sarcopterygi
Amphibia
Walking tetrapods
Lizard-like when they come out of the oceans
‘The ones we see today are just remnants of the amphibian diversity that occurred back
then
Impossible to look at modern ones and understand what early ones were like
But a few things we know for sure
Buccal force respiration
o Noribs, no way of expanding lungs with muscle
o Take a mouthful of air and swallow and push it into lungs
Amphibian skin
‘They did not waterproof their skin, so they breathed through it
Itis glandular
Mucous glands keep it wet so that gas exchange can occur
No scales, but must protect against predation
6o thev Use DOIONE.
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Amphibians failed to waterproof skin
‘They did not solve the issue of moving up on land
‘They have to live in moist environments
‘Why didn't they solve the problem?
o Atthe end of the Devonian, they started to move up on land, but then in the
carboniferous, the world was moist and damp
o Sothey stopped changing and adapting to a terrestrial environment
They take advantage of all the insects by trapping them for food
Insectivores
Unique tongue > sticky and long
No specialized jaw and no teeth
Amphibian locomotion
pectoral and pelvic girdles stick the limbs out to the side
They need to do a pushup to move themselves off the ground, then they can walk
Amphibian life cycle
‘They have to return to water to lay eges
‘They have a metamorphosis
Tadpole to frog
Comes up on land

Podcast from November 29t

Tetrapoda
Forelimbs and hindlimbs

Evolved from lobe-finned fishes that were capable of lifting head out of water and
breathing

Amniota
Appearance of the amniote egg at the end of the Permian
‘Waterproof skin achieved by putting keratin on the skin = keratinized skin
Amniote egg

o Embryo bathed in amniotic fluid ~ mimics the marine environment

o Attached to it are membranes that contain yolk and stuff

o Alantois membrane associated with removing waste
End of Permian = largest extinction
Lose close to 95% of the biodiversity in the oceans
Arrest the diversity occurring on land
Slow everything down
Types of extinction
Mass extinctions

o Not counted according to species

o Go one or two taxonomic levels up

o Count how many genera of animals (or maybe even family)
Background extinctions

o There are always animals that are disappearing

o Anagenesis

- Replace one animal form with another
o Cladogenesis
= Divergence into two different forms

Mass extinctions are major events, yes, but there are always lower levels of extinction
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occurring
Causes of mass extinction
Asteroid impacts
o 50 million years ago an asteroid hit and caused cooling of the planet
o 5" major extinction
o Butwhen they go back and compare carbon dating of extinctions and asteroids,
asteroids didn't cause it
Changes in carbon dioxide levels
o Volcanic eruptions caused increase in CO2
o Flood basalts
- there are hotspots in the molten core of the earth
- when continents sit over them, hot magma can melt through
- example: south America was connected to Africa and they sat on top of one
« the magma tore them apart
« huge masses of magma come pouring through
« greenhouse gases
Marine anoxia
o Deep in the oceans, archeans (methanogens) make methane
o Theyve been doing it for a very long time
© Water pressure compresses the methane = frozen methane gas
- Gashydrates
- Water pressure changes and there’s a burst of gaseous methane into
atmostphere
sea level changes
o Changes in glaciers changed sea level and led to methane being released
‘What really caused the mass extinctions?
A perfect storm of all these things.

“This pushes us into the Mesozoic

Pangea is now formed

Supercontinent that goes from north to south pole
shallow sea, continental shelves

Plants and animals diversify

Mass extinction at the end of the Jurassic

Continents start to pull apart

This is when isolations occurred to create more diversity
After the Permian, all the fish were wipe out

‘There were stillfish in lakes and rivers (freshwater), but not the ocean
They reinvade the oceans

Cartilaginous fish and bony fish come back

Bony fish become predators

Cephalopodslose their shells

Reptilia (diapsida)
Beta keratin in scales and feathers
Oviparous reproduction
No predators so nobody to steal their eggs
Keratinized skin
Regions of heavy keratinization (scales)
Regions of thin keratinization (flexible areas between scales)
Jaw much more powerful
Major reptile groups
Anapsids
© These are really just diapsids that closed the openings up
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Turtles
Their entire body is fused bone
They use a keratinized beak for eating, got rid of teeth
No need for powerful jaw muscles
o Can escape predators with this shell
Diapsids
o Two openings by which the tendons go down to attach to the jaw to move it
o These openings are temporal fenestrae
o Reptiles are diapsids
Synapsids
o One opening
o Modem mammals
Diapsids
Extinct
© Dinosaurs and pterosaurs
Extant
o Snakes, crocodiles, lizards, birds
Extinct diapsids
saurischia
o Large dinosaurs
o Adjusted position of pectoral girdle so that it doesn't compress the ribcage
o Bipedalism also arises
Ornithischia
o Developed bipedalism i a different way
Pterosaurs
o Flying
o Theyre actually quadrupeds
o The webbing of the wing is an extension of their little finger, attached to their back
leg
snakes
said goodbye to legs
They were burrowers
Cannot use ts limbs to manipulate food
Two strategies:
o Venom
o Constriction (asphyxiation)
swallow food whole
Snake's jaw
o Can open very wide
Crocodiles crushing jaws
‘They can crush food into pieces
Or thrash and roll like sharks
Homodont dentition = all teeth are the same
Synapsid reptiles
Reptiles — therapsids
‘Warm blooded
Nocturnal
Glandular skin
specialized teeth and chewed their food

0000

Angiosperm life cycle
Microsporangium
o Creates multitudes of little spores.




image34.png
‘Some dedicated to making the casing
One will be the digging one
One will be the fertilizing one
o Anthers ift the pollen up and away
Megasporangium produces megaspores
o 20>n
o Then it divides until there are 8 nuclei (all haploid) in the megaspore
o Fourat each pole
o One from each pole meets up in the centre, another one is kept, all others are lost
o SoSlost, 3left
Insect plant coevolution
Bees
Butterflies

000

cenozoic
We're now on the top floor of the building

Meteorite hits the planet

End cretaceous extinction

‘Spews out a bunch minerals

Dinosaurs disappeared because they destroyed the trophic levels underneath them - so
‘when there was a small perturbation in the climate (cooling caused by the meteorite),
everything collapsed and the dinosaurs died.

Two groups came of all this
‘The ability to keep their bodies warm
Birds and mammals

Feather structure
Allows them to have a large body surface while being light
Large surface area of wings that allows for lift
Beta keratinized structure (since its a repitel)
Feather made of dried keratin
Birds have an oil gland in their tail that keeps them from becoming brittle
Two theories of how flight evolved:

o Ground-up theory

= Sweeping feeding motion and accidentally ends up fiying
o Tree-down hypothesis
= Glides down from tree with mouth open and traps food

Flight adaptations in the skeleton
Muscles need to be beneath your centre of gravity, pushing you up; not above your
centre, pulling you up
That's why a breastbone developed
That's where all the muscles for fiight are attached
One of the muscles comes underneath the bone and stretches to either side

o Instead of two muscles on either side
Bones are not solid bone; they have pockets
Feeding
Jaw with a beak
parental care

Mammalia (synapsidia)
Diapsid skull
‘Glandular skin with alpha-keratin
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viammalian integument
Hair needs to be maintained
sebaceous gland constantly produces oil which wicks up the hair
Also a muscle that raises and lowers hair to change insulating capacity
o Sweat glands (apocrine)
Lactation
Heterodont deciduous dentition
© Various types of teeth
o Increase surface area of food by ripping it apart
o ‘deciduous’ because they fall out
Mammalian reproduction

0000

Notes about Fungi

Two types (widely):
saprotrophs (obtain carbon from dead material)

‘symbiont (obtain carbon from another living organism)

‘They can engage in a symbiotic relationship, which can range from parasitism, to
mutualism.

Regardless of all this, they obtain food via absorption; the secrete enzymes into their
environment and then absorb the digested material.

They need to spread rather quickly so that they do not deplete all the nutrients in any
given place, so they spread via hyphae. Hyphae are fine filaments that spread throughout
the environment, and when a network of them is created, it called a mycelium. These
‘webs are just made of cells with a cell wall around them, which is made of chiti
Septa separate the hyphae into compartments. Septa are like fences/walls.
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Phanerozoic is the last of the major eons The eras and only take up a 500 or so million years
while it took 2 billion years to generate the bacteria and another two billion to develop single
celled architecture. In the first 250 million, the organisms become multicellular for the first time
and become animal like. Life in the oceans primary productivity is with single celled algae and
there is not much change in that for a very long time. and can be divided into three different
eras:

-Paleozoic (550-245 Ma, 63th to 65th)

-Mesozoic (245-65 Ma, 65th to 71st)

~Cenozoic (65 Ma to present time)

Paleozoic Era:
The Paleozoic Era can be broken up into major 6 components: (Periods)

1. Cambrian (550-488 Ma) and Ordovician (488-443 Ma)

a. Cambrian explosion

b, Ancestor to every single animal type or life form emerges in the ocean

c. Goes from nothing multicellular to complete animal phyla on the planet

d. The animals are mostly invertebrates
silurian (443-416 Ma) heading to Devonian (416-359 Ma)

. Multicellular Plants make their appearance at the edges of the ocean and then
move up on land
Plants become 5o dominant that the types of plants that are there, because there
are 50 much abundance and no decomposers the plants carbonize into coal which
produces a huge carbon sink.

c. Asplants move on land, the animals follow them.
Permian (299-245Ma) End of the Paleozoic

a. Largest mass extinction that occurs on the face of the plant.

b, Most of the diversity in the ocean will be wiped out but some of the organisms that

survive will set the stage for animals today.

C. 3rd or 4th Mass extinction depending on how you view it.

4. Inthese 250million years everything happens except for the flowering plants and the
explosion of vertebrate animals. (comes later)

Late Cambria (514 Ma):

Ifyou look at the positioning of the continent:
« atthis particular point in time, as the planet is set up, the equator is a region of the
planet where there is high solar radiation.
« Consequently, above and below the equator are another regions that are dry due to how
the convection currents of the air masses work in these areas.
* Inthe dry zones, the air is pulled up and dried out and saturating and falling with the heat
‘and warmth in the tropical zones when it fall it creates nice warm, wet areas.
During the late Cambria times, almost all the land masses are associated with Gondwana.
*+ Most of the weather fluctuations isn't affecting organisms because they are not living on
land yet.
There is one land mass sticking out of the oceans: Laurentia.
« sits on a really nice location because it's right on the equator.
* Around Laurentia is a extremely large continental shelf; ocean is shallow enough for sun
to penetrate to a good depth.
o Itsa photic zone where there is a lot of light and consequently ak lot of algae, and
because of that it's a good feeding zone because of the abundance of algae.
o Large continental shelf in warm area and high sun area of earth, t's a really good
incubator for biodiversity to occur.
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north America. the shoreline of Laurentia becomes the east coast of the Canadian
Rockies.

© It alocation where there is a huge array of fossils from that period of time.

- Fossils referred to the burgess shales, found in Yoho national park

e R

Cambrian and Ordovician Periods:
There are some organisms during this period that would not be recognized today as animals
because of their shapes, appearances and behaviour.
Yoho International Park: Burgess Shales:
 The massive mixture has been successfully fossilized because the shallow ocean had a cliff
« The cliff dropped drown in a region of the ocean that was anaerobic
« any organism that fell off the clff and down to the bottom and died didn't decompose
and fossilized due to the absence of oxygen
* Sediments were washing off the shore through the shallow waters and over the cliff,
sweeping organisms with it down to the bottom and sediments would land on top it
causing it to fossilize.
* Those sediments became fossils called a shale. Opening the shales allows you to see
impressions of the organism inside the shale.
« Organisms and animals found in the shales were really weird.
* The Burgess Beasties even made it to the cover of time magazine

The Cambrian Explosion
+ Inavery short period of time, within 10-15million years complex multicellular organisms
that became predators in this environment which is they call it the cambrian explosion

+ Whats important about this diversity:
o it'sa ssnapshot at exactly the time in which this diversity was occuring
o Fossilized in the shales are the soft body organisms from that time period of time

= All kinds of fossilized of worms and early forms of jellyfish
©  Now that we understand continental drift: we can predict where we can find more
shales (northern china)

Burgess Shales and it's unusual invertebrates:

« These organisms baffle scientists because we don't know where they come from

+ We might not have seen this fossil if not for serendipity: right person at the right place a
the right time

« the area in yoho national park: at the bottom of the burgess fossils is the burgess pat!
‘one individual with his family on their way out of the path, the person who picked them
up saw the fossils and realized they were extremely unusual. The person went back and
found a band of shales.

+ The man who picked up the rocks off the trails was the most famous north american
paleontoligist.

*+ Morphology was a big thing: the scientist who found them characterized them under
normal organisms

2 british students interested in the fossils realized they were all the transition fossils from
mutticellular lfe to the things we know today

« The two scientists divieed them up: soft and hard bodies

* Burgess shales were rebirthed as the major finding in paleontology because we now
realize that within the burgess shales are the desencdants of every living organism we find
now on the face of the planet that is an animal.

* Refinding of Burgess shales has cemented our understanding of the first origin of
invertebrate lfe.

* Burgess shales are inaccessible because when they weren't guarded for a while and there
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Colonial choanocyte ancestor:
Why did we get this explosion?

I we take a look at the biology of the organisms and the genomes and genetic sequence
‘we know that the common ancestor to all of the animals s a very specialized kind of cell
called a choanocyte.

© One of the First heterotrophic unikonts

© How a Choanacyte works: the flagellum beads creates a water current that brings in

food to a collar. Food gets trapped on the collar and gets consumed by
phagocytosis.

o This particular organizational structure, If you get a cluster (colonial group), not
tissue because the cells don't communicate yet: they pump more water than they
can individually.

‘They end up forming colonies either stalked or in mats
Beginning of organisms that are found on the bottom of the tree of life
Flagellum, heterotrophy, phagocytosis
two different divergences from this cell :
- 1givesusthe fungi
- Other gives us the origins of the animals
o How we know it's an original ancestor?
= The collar around the choanocyte is a series of microvill with a flagellum
sticking out. Food gets trapped on the surface and gets consumed by
phagocytosis. The arrangement of microtubules in the finger like projections
of the collar is identical to the arrangement of microtubules on the microvill
surface of all animal cels.
- Ithasa single flagellum and the single flagellum is projected in the motile
sperm
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Kingdom Animalia:
« Evolution of animals: At the very bottom is the choanocyte: basic structure inherited by
everyone
* Autapomorphic structure for kingdom Animalia
+ We went from being  colony of cells to a true organisms
« Colony: cells grouped together doing the same function and every once in a while they
undergo meiosis for reproduction. The only specialization we see the cells is the
production of gametes
« Cellsin the kingdom Animalia have more specialized structures: characteristic of the
group
« Cells of different functions is not an Autapomorphic because it also applies to plants and
fungi but
«itis classically stated that animals include:
o multicellular eukaryotes
o Ingestive heterotrophs
o with cells of different functions
o with an ancestor of choanocyte
o Collagen as a mechanism to stick cells together (early cementing substance)
« Early animal: multicellular ingestive heterotrophs stuck together with collagen with
microvilli structure and flagellum that create water currents to bring food i

Animal Architecture:
* When tissues communicate with each other it's a key mark to animal changes.
 Animals have two different tissue types:

o Diploblastic : outer ectoderm and an inner endoderm
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o Triploblastic: one layer in between: mesoderm
© Twoor three layers
 symmetry and cephalization:
o Assymetric
o the animal groups are going to end up starting to orient with bilateral symmetry
o Bilateral symmetry: One axis through the body where you can cut an organism in a

half and get the same halves

o Animals start to orient and move in one direction and they concentrate the sensory
materials on the anterior end where they are going

o Firstform of symmetry:

©  Radio symmetry: when you are responding to the world in all axes around you, you
getidentical halves no matter where you slice the animal. Mostly seen in Cecile

Things that sit on the bottom of the ocean (starfish)
« Embryology: there are a distinct set of cell division that happen to make the tissues and
make body cavities. There are two groups that are:
o All about the digestive tract and how it forms
o Protostome:
- blastopore

© Deuterostome:
* Body cavities:

o Coelomate: Mesoderm will often have a cavity in it of some form

o Pseudocoelomate: Sometimes cavity is alittle unusual in how it forms

©  Acoelomate: Groups that don't have body cavities
* The four things we will watch in the diversity that is out there

Porifera
«  the group that sits at the very bottom of the evolutionary tree of animals are the
porifera.

« They inherit all the autapomorphies of the kingdom animalia and add their own traits to
this to function as their own animal group
* Cecile group that doesn't really move, considered an animal because they are a group of
organisms that predate the cambrian. (sponges) are ingestive heterotrophs they pump
huge volumes of water through their bodies and as they do this they trap food, they move
the environment through their boddy to bring the food to them
« The cells of this group do not form tissues, no cellular communication between the cells
thatis typically associated with animals. Mild form of communication, some electrical
gradient but for the most part No cell to cell communication
* Refer to them as non-tissuedd organisms
* Charecterstics:
© Use of choanocytes in an aquiferous system
o Cells but no tissues
o Totipotent cells (do not communicate)
o Asymmetric body plan

Colonial choanoglagellates:
+ Sponges are one of the first organisms to appear on the planet.
* Charecterstics:
© Use of choanocytes in an aquiferous system
= They pump water: the choanocytes are lined inside the cavity of the sponge

‘which we call: spongocoel (coel indicates cavity)
- the choanocytes constantly beat with their flagella which forces water out
the top of the sponge oscium (the top), meanwhile water is pulled through




