BIOL 111 – Organismal Biology


LECTURE 11 – INTRODUCTIONS TO ANIMALS; SPONGES

Animal Characteristics
1. eukaryotic

· “true” nucleus

· DNA is linear as opposed to circular

· membrane-bound organelles (e.g. mitochondria, Golgi apparatus, endoplasmic reticulum)

· in the domain Eukarya
2. heterotrophic

· “different feeding”

· use organic materials as energy and carbon sources

· bring food in by ingestion (as opposed to phagocytosis or absorption)

· filter feeders – aquatic, usually sessile organisms
· predators – kill another animal to eat it
· herbivores – eat plants or algae
· parasites – feed off of living organisms
· detritivores – dirt-eaters (e.g. earthworm, sea cucumber)

3. no cell wall

· how do animals support themselves? (see next section)

4. motile at a some life stage

5. multicellular
· disadvantages:

· lots of cell division

· energetically costly

· longer time to maturity

· advantages:

· more specialization

· more diverse functions

· cells can remain small even in large organisms

· materials can diffuse throughout whole cell more quickly

6. have tissue

· tissue – groups of structurally similar cells that function together

· tissues can functions together as organs to complete more complex tasks

· nervous – conducts impulses (e.g. tissue that makes up the human brain and nerves)

· epithelial – used for covering and protection (e.g. tissue that lines human digestive tract)

· connective – living cells in a non-living matrix (blood is connective – blood cells (living) flow through plasma (non-living matrix))

· muscular – contract and lengthen to control movement and support

· a given organ may be comprised of some or all of these tissue types (e.g. human stomach contains all four)

7. life cycle is mostly diploid

· animals’ life cycles are much simpler

· fertilization – two haploid cells join to make diploid

· meiosis – diploid cell divides to haploid

NONE OF THESE CHARACTERISTICS ARE UNIQUE TO ANIMALS!

Types of Structural Support
1. hydrostatic skeleton

· fluid-filled cavity acted on by muscles

· e.g. earthworms, jellyfish

2. exoskeleton

· external skeleton

· non-living covering, but produced by living

· made of proteins or calcium carbonate (in some aquatic animals)

· does not grow with animal

· ecdysozoans – molting animals – they must shed their exoskeleton to grow

· e.g. green dragonfly

3. endoskeleton
· internal support

· in vertebrates, endoskeleton is made of living tissue (i.e. bones)

· in some invertebrates, endoskeleton is non-living (i.e. CaCO3)

Kingdom Animalia
· has about 35 major groups (phyla)

· about 1.7 million species have already been classified, but there is an estimate 10 million species

· 97% of animals are invertebrates

· all animals are monophylogenetic – they all come from one common ancestor
· common ancestor probably a colonial choanoflagellate
· independent cells that live on a stalk

· were marine

· each cell has a “collar cell” and flagellum

· “choano” = collar

· used flagella to help feed

· first animals were marine and appeared 1.2 BYA to 700 MYA
· animal diversification
· occurred at the Cambrian explosion

· 543-488 MYA
· rapid diversification

· most present day phyla and more

· many new phyla formed
Sponges (Porifera)
· there are about 8000 species
· most sponges are marine
· size ranges from 2mm to 2 m
· sponges are sessile as adults but motile as larvae
· sponge morphology is high variable
· sponges are filter feeder
· they acquire nutrients and energy by filtering particles from water
Sponge Anatomy and Feeding
· porifera = “pore bearer”
· ostia (or incurrent pores) – absorb water and food (i.e. phytoplankton, cyanobacteria, unicellular green algae, diatoms, etc.)
· spongocoel – internal cavity

· “coel” = cavity

· osculum (or excurrent pore) – expels water and wastes

· wall of the sponge is made of 4 types of cells embedded in a jelly matrix, called mesohyl (this is not considered real tissue/organ)

· only phylum of animals that does no have tissues (cells do not work together)

· choanocytes are cells that line the wall of the spongocoel, and beat their flagella to create a water current, which brings water in through the ostia. Flagella then catch nutrients
· amoebocytes (appear and move like amoeba) are motile cells inside the mesohyl, which receive the nutrients from the choanocytes and distribute them throughout the organism. They also produce eggs and sperm
· epidermal cells make up the external wall of the sponge
· pore cells make up the ostia and osculum
· spicules are non-living structures in the mesohyl that provide support and skeleton. They can be made of silicon dioxide (SiO2 = glass) (i.e. glass sponges) or calcium carbonate (CaCO3 = limestone) (i.e. calcareous sponges)

· some sponge, instead of spicules have a more flexible skeleton of spongin, which is a protein (e.g. bath sponges)

· when choanocytes bring in food, the food gets trapped in the collar cells and travel to the main cell body by mucous and engulfed by phagocytosis. Then an amoebocyte comes over and takes the food. Digestion then occurs intracellularly in the amoebocytes.

· sponges are the only animals that undergo intracellular digestion
Sponge Reproduction
· sponges reproduce asexually (by fragmentation or buds), or sexually by releasing gametes into the water

· asexual reproduction

· fragmentation

· not self-induced – if sponge is divided by a wave or predator, each segment will become a new organism

· budding

· clone of parent grows off of parent and then falls off

· sexual reproduction

· hermaphroditic

· does not imply self fertilization

· sperm and eggs develop inside single cells

· broadcast sperm – sperm is sent out
· a sponge filters in different sperm through its ostia, its egg is fertilized and develops in the mesohyl

· larvae are released and are motile. When they find a suitable environment, larvae will settle down and become sessile

Sponge Origins
· are sponges the first animals ever?

· not sure

· we have no other fossil evidence to say otherwise

· but sponges do not fossilize well
· evolved around 700 MYA

· ancestors are believed to be choanoflagellates

Limitations of Sponges
· very successful group – have inhabited many environments

· unable to feed on larger prey

· digestion is intracellular so food must be the size of the choanoflagellates

· unable to achieve higher level organization

· they cannot produce tissue

Evolutionary Innovations
· sponges need to evolve the following to become more complex and diverse animals:

· gut – enables extracellular digestion, and the digestion of larger prey

· tissues – enable body organization

LECTURE 12 –CNIDARIANS AND FLATWORMS
Embryonic Development
· an eighth characteristic of animals (that sponges do not have) is unique embryonic development
· zygote – fertilized egg

· embryo – young animal/plant contained within a protective structure

· i.e. animal in uterus/egg, plant in seed 

· 2 major processes occur during embryonic development

· cleavage – cell division

· process forming many cells from one cell

· gastrulation – in-folding

· process forming 2 or 3 embryonic tissue layer from one layer of cells

· cleavage:

· zygote goes through cleavage (successive cell division) until the zygote is a solid ball of cells called the morula (morula = mulberry in Latin)

· as cell division occurs the overall mass of the embryo is unchanged, therefore the zygote is exponentially larger than the outcome individual cells

· cells on the inside of the morula will push out so that the ball of cells is just a single-cell-layer sphere called a blastula (overall size of blastula is significantly larger than morula)

· gastrulation:

· wall of blastula begins to cave in (site of caving in is called blastopore)

· as gastrulation progresses, the blastula is now called a gastrula
· at late gastrulation, the gastrula has folded into itself forming two layers of cells

The Gastrula
· layers of embryonic cells are called germ layers
· ectoderm – outer germ layer
· develops into epidermis and nervous system

· endoderm – inner germ layer

· develops into lining of digestive and respiratory systems

· animals with two germs layers are called diploblastic
· sometimes a third, middle layer forms

· mesoderm – middle germ layer
· develops into internal organs (muscles, skeletal system, heart, stomach)

· animals with three germ layers are triploblastic
· the blastopore will develop into the mouth or anus

· archenteron – the inner cavity of gastrula formed by the blastopore

· develops into digestive space (gut cavity)

· a cavity refers to an open space with one opening which acts as both entrance and exit

· a tract refers to an open space with a different entrance and exit

· animals have now developed gut and tissues

How Cnidarians Obtaining Energy
· cnidarians are heterotrophic

· they are sessile at some point during their life, which makes getting food hard

· cnidarians are multicellular – how do they get nutrients to all cells?

· they capture food with specialized cell called cnidocytes (“cnido” = stinging/nettles)

· contains an organelle called a nematocyst
· lots of salt water builds up around the nematocyst causing a lot of water pressure

· when an animal activates a trigger on the cnidocyte, the nematocyst uses the high pressure to spring out and unravels its filament, whipping, stinging and capturing its prey

· cnidarians are either predators (e.g. Metridium) or filter feeders (e.g. Gorgonia)

· corals generally live in clear water which lacks nutrients

· they generally establish a symbiosis with a photoautotroph so that they provide shelter to the photoautotroph and receive nutrients via photosynthesis

Cnidarian Anatomy
· body plan is more or less a sack of cells

· gastrodemis develops from endoderm and lines the digestive cavity

· gastrovascular cavity (“blind gut”) develops from the archenterons 

· the mouth is developed from the blastopore

· epidermis formed from ectoderm

· epidermal cells contain nematocysts

· mesoglea – a jelly, non-living layer between gastrodermis and endodermis that makes up a hydrostatic skeleton

· cnidarians are diploblastic

· two body forms:

· polyp – sessile form (e.g. sea anemone)

· medusa – a flipped over polyp that is motile (e.g. jellyfish)

Cnidarian Diversity
· scyphozoans

· medusa is dominant, polyp is reduced (e.g. jellyfish)

· sometimes called “cup animals”

· have large amount of mesoglea

· all are marine

· have lots of gonads

· another example is the Cassiopeia

· commonly called “upside down jelly fish”

· has symbiotic alga in tentacles

· lives in mangroves (tolerates low oxygen conditions)

· anthozoans

· polyp is dominant, no medusa (e.g. sea anemone)

· sometimes called “flower animals”

· retract tentacles in defence and become a little ball

· symbiotic relationships with anemone fish or shrimp

· fish protect tentacles

· fish gets home

· includes corals

· symbiotic relationship with zooxanthellate (a dinoflagellate)

· take in carbon dioxide from water and secrete limestone, which makes a reef

· coral atolls form when a large volcano collapses in the water

· coral bleaching is occurring due to pollution

· zooxanthellates are being expelled

· are negatively affected by temperature and UV increases, pollution, and disease/bacteria

· hydrozoans

· polyp phase is dominant, but most species alternate between polyp and medusa

· an example is Hydra
· a freshwater organism

· has no medusa stage

· basal disk acts like a foot

· moves by gliding (basal disk secretes mucous), somersaulting or floating (basal disk release a bubble of CO2)

· are 2-5 mm in length

· another example Portuguese man-of-war

· are colonial

· are both polyps and medusa

· float due to gas-filled interior

· live in tropical and sub-tropical oceans

Cnidarian Reproduction
· through mitosis, a polyp may produce a medusa and release it

· medusa releases either sperm or egg into the water where fertilization can occur

· upon fertilization, cleavage and gastrulation occurs to produce mature embryo, which in turn becomes a larva (immature form of an animal)

· larva undergoes mitosis to become polyp

· asexual reproduction can also occur by budding

Types of Body Symmetry
· asymmetry – no axis divides body into equal halves

· e.g. sponges

· radial symmetry – central axis divides body into many equal halves

· e.g. cnidarians, ctenophores

· bilateral symmetry – single axis a midsagittal plane (between eyes) divides body into equal halves

· e.g. mammals

· bilateral symmetry is strongly associated with cephalisation (formation of head/brain) and directional movement
Cephalisation
· head imposes a left and a right side

· a head also differs between the anterior (front) end and posterior (rear) end

· a head also differs between the dorsal (top) side and ventral (bottom) side

· cephalisation occurs when a concentration of neurons and/or sensory structures form at the anterior end

· enables directed locomotion and behaviour

· senses are able to encounter new environment first

· sensory structures include:

· mechanoreceptors – respond to touch

· photoreceptors – respond to light

· chemoreceptors – respond to taste/smell

· EVOLUTIONARY INNOVATION: the development of a head

· flatworms develop a head with two auricles that house chemoreceptors and have two eyespots that contain photoreceptors (can detect light, but cannot form images)

Flatworms (Phylum Platyhelminthes)
· there are about 25000 known flatworms

· usually live in moist terrestrial or aquatic environments

· move by cilia

· are in a group called lophotrochozoans
· counter to ecdysozoans

· are free-living or parasitic

· can grow from 1 mm to 10 m

· are triploblastic

Flatworms’ Nervous System
· flatworms have a simple nervous system

· they have two longitudinal nerve cords that meet at a cerebral ganglion
· the cerebral ganglion is considered a primitive brain and is a concentration of neurons

· the eyespots do not contain lenses

· instead the eyespots are nerve endings containing photoreceptors in partially covered by pigment cups

· if light shines at a certain angle, one eyespot may respond to the light, where the other may be shielded by the pigment cup. By this uneven illumination, flatworms can detect from which direction light/shadows are

Flatworm Digestion and Respiration
· flatworms do not have a circulatory or respiratory systems

· because they are flat and thin, flatworms acquire their nutrition and oxygen by diffusion

· they have a mouth on the ventral side

· the mouth is connected to a highly branched digestive cavity by a pharynx
· some have no mouth or digestive cavity

· the vast majority of a flatworm’s body is made up of reproductive tissue

Flatworms as Parasites
· most flatworms are internal parasites
· parasitism is a symbiosis where the one organism (the parasite) benefits and one organism (the host) suffers
· mutualism is symbiosis where all participating organisms are benefiting
· a parasite must disperse offspring while host is still living
· parasitic flatworms can live in multiple hosts
· the primary or final host is the host that the parasite inhabits for most of the time
· the intermediate host is a host that disperses the parasite
· e.g. Schistosoma live in humans, but use snails as intermediate hosts
· a simple parasitic lifestyle involves only one host
· when two or more hosts are involved, the lifecycle is considered complex
· the head-end of a tapeworm is called the scolex and is well adapted for clinging onto hosts

· the remainder of the tapeworm’s body is proglottids, which contain reproductive organs

· lifecycle of beef tapeworm:

1. cows (intermediate hosts) eat tapeworm larvae in the grass

2. the eggs hatch and migrate to the muscle where they encyst

3. larval cysts are consumed by a predator

4. larvae attach to predator’s intestinal lining

5. adult lives in carnivore’s (primary host’s) intestine and reproduce sexually

6. proglottids containing zygotes are released in feces

7. the cycle restarts

LECTURE 13 – NEMATODES AND ANNELIDS

Protostomes and Deuterostomes
· protostomes and deuterostomes are the two evolutionary groups of Bilateria (coincidentally also the triplosblasts)

· the split occurred around the Cambrian period (about 500 MYA)

· “stome” – refers to a hole (like stoma)

· protostome – “first is mouth”

· blastospore becomes mouth

· second opening becomes anus

· e.g. arthropods, annelids, molluscs

· deuterostome – “second is mouth”

· blastospore becomes anus

· second opening becomes mouth

· e.g. echinoderms, chordates

Embryonic Development
· mesenchyme – undifferentiated cells developed from the mesoderm

· secondary mesenchymatic cells have contractile protein fibres that attaches to the inner wall of the ectoderm and contract to help pull up the blastopore in forming the archenteron

· if the mesenchyme pulls the blastopore enough so that the endoderm touches the ectoderm, a second opening may be formed

· the functions that the blastopore and the second opening will acquire will determine whether the animal is a protostome or deuterostome

Digestive Tract
· the protostomes and deuterostome have evolved a digestive tract

· certain animals have lost the digestive tract after it was evolved (e.g. flatworms)

· advantages:

· specialization of gut regions

· different organs or sections of the digestive tract can perform highly specialized digestive functions

· sequential food processing

· continuous operation

· some animals have fairly linear digestive tract (i.e. annelids and humans). Other animals (ruminants – mostly herbivores) have a many-chambered stomach and regurgitate and re-digest food). Rodents eat their own feces to digest the broke down cellulose, which is only broken down after it has initially passed through the small intestine (coprophagy)

How Worms Differ
· all worms are triploblastic and protostomes so how do they differ?

· we can primarily classify worms by their body cavities:

1. acoelomate

· no coelom – no body cavity

· solid except for gut space (which the remainder/formed by the archenteron)

· e.g. flatworms, cnidarians

2. pseudocoelomate

· false coelom

· mesoderm lines the outside of cavity only and not around the internal structures

· e.g. nematodes

3. coelomate

· mesoderm lines entire cavity as a peritoneum (a type of mesoderm that lines the entire outside and internal structures)

· ex. annelids

· a coelom provides/allows:

· hydrostatic support

· locomotion

· storage

· space for organ development

· isolation of digestive tract

· EVOLUTIONARY INNOVATION: evolution of body cavity

Protostomes
· three major groups of protostomes:

· arrow worms (no studied in this course)
· lophtrochozoans – move using cilia at one point in their lives

· “loph” = tuft

· “troch” = wheel

· larval form of some lophtrochozoans are trochophores
· they have a tuft of cilia at the top and a band of cilia around the middle

· ecdysozoans – molt exoskeleton

Nematodes
· nematodes are roundworms

· they have a tapered posterior end and a blunt anterior end

· exhibits cephalisation and bilateral symmetry

· nematodes are ecdysozoan

· they have a thick, flexible cuticle that allows diffusion of gases that they molt several times

· they have longitudinal muscles

· they have little control over movement and therefore move by thrashing

· nematodes are pseudocoelomates

Nematode Diversity
· 25000 species are known (but there is probably up to 1 million)

· they have very specific habitats

· nematodes are terrestrial (soil) or aquatic

· they are free-living (scavengers, predatory) or parasitic

· they are extremely abundant

· e.g. Caenorhabitis elegans
· it is considered the “white rat” of geneticists and developmental biologist

· parasitic nematodes:

· infect protist, fungi, plants, and animals

· 50 species parasitize humans

· size: microscopic ( 9m

· ex. heartworms, pinworms, hookworms

Parasitic Nematodes
· they infect protists, plants and animals

· about 50 species parasitize humans

· their size vary from microscopic sizes to up to 9 m long

· examples includes heartworms, pinworms, hookworms

· Guinea Worms:
· transmitted by copepods (a type of arthropod)(IH) in drinking water

· when copepods are ingested by humans, sexual reproduction of the guinea worms

· the male stays in the host’s digestive system, and the female moves to lower extremities and releases larvae into a blister

· when the blister comes into contact with water, the blister explodes and releases the larvae into the water

· the female, which is up to a metre long, begins to die in the lower extremities and pokes through the skin of the leg

· the dying worm cannot be pulled out, or it will die in the leg and cause sepsis. Treatment involves winding exiting worm around a stick

· Filaria Worms
· causes filariasis (a type of elephantiasis)

· it is caused by an accumulation of lymph fluid in the lower extremities

· *lymphatic system collects loose plasma (lymph) and returns it to the circulatory system

· microscopic filaria worm larvae block lymph vessels causing fluid to accumulate in lower half of the body (because of gravity)

· the larvae are transmitted by mosquitoes (IH)

Annelids
· phylum of segmented worms

· “annelid” = little rings

· there are more than 15000 species

· they are found in moist terrestrial or aquatic environments

· they grow between 0.5 mm – 3 m in length

· they are lophtrochozoans

· they are coelomates

· EVOLUTIONARY INNOVATION: segmentation

· segmentation can be regular (e.g. earthworms or centipedes) or irregular (e.g. lobster, ticks)

Segmentation
· segmentation has evolved with annelids, and with the exception of one group, has followed through all the way to chordates

· advantages of segmentation:

· allows for multiple copies of organs and structures

· allows for efficient nervous control

· ganglia can form in each segment

· this facilitates faster nervous responses

· modification of segments

· better control of movement

· increases body size by unit repetition 

· regional differentiation – segments are similar, but each can be modified

· e.g. differentiation of the gut (digestive tract)

· each segment is covered externally by epidermis, then moving inward, circular muscles, longitudinal muscles, and then the coelom

Annelid Locomotion
· each segment has circular muscles, longitudinal muscles (that run along the length of worm), and coelomic space (which is used as a hydrostatic skeleton)

· contracting the circular muscles while anchoring the posterior setae causes an increase in hydrostatic skeletal pressure, which causes the segment to lengthen. This is followed by contraction in the longitudinal muscles and releasing the posterior setae which pulls the back of the segment forward to follow the lengthened front

Annelid Systems
· respiration occurs through the epidermis (worms do not have lungs or gills)

· it is crucial that the epidermis stay moist (in general, respiratory surface must stay moist because oxygen needs to diffuse through a liquid)

· the nervous system comprises a cerebral ganglion (brain), ganglia in each segment and a ventral nerve cord
· the circulatory system of annelids is closed

· blood travels down a ventral blood vessel and dorsal blood vessel, and is pumped by aortic arches (heart) that wrap around the oesophagus

· this allows unidirectional blood flow

· advantages of a circulatory system:

· since nutrient and oxygen can be circulated around the body, tissue can now grow larger

Annelids – 3 Challenges
· Obtaining Energy
· certain annelids are filter feeders, detritivores or predators
· Polychaetes
· polychaete = “many hairs”

· polychaetes are mainly marine

· acquire food either by filter-feeding (by living in a tube), detritivorism, or predation

· they have many setae

· every segment has flesh appendages called parapodia which are used for locomotion, feeding and respiration

· they have separate sexes

· e.g. bristleworms

· Oligochaetes
· oligochaete = “few hairs”

· they have a few ventral setae, which they use for locomotion and gripping during copulation

· they are detritivores (helps aerate the soil)

· e.g. earthworms

· Leeches (Hirudinea)
· are parasitic or predatory

· drink blood from other animals

· are mainly freshwater, although some are terrestrial

· they have no setae

· instead they have anterior and posterior suckers that can help in locomotion and grabbing onto the host

· leeches are hermaphroditic (but do not self-fertilize)

· there is no larval stage

· they can be used for medicinal purpose

· clearing blood clots in surgery

· certain anaesthetics and anti-coagulants can be extracted

· e.g. Hirudo medicinalis
· Reproduction
· polychaetes are broadcast spawners

· this is because polychaetes live in tubes and are sessile

· terrestrial annelids have external fertilization using mucus

· oligochaetes are hermaphroditic

· their clitellum secretes a mucus cocoon for embryo development

· they have no larval stage

LECTURE 14 – MOLLUSCS

The Nervous System
· nervous tissue first appears in cnidarians (also muscular and other tissue)

· the nervous system functions to receive, process and relay information

· nerve net in cnidarians

· nerves are spread out all over, but are concentrated in areas that are most probably going to receive an impulse or information (i.e. tentacles, oral surface)

· ganglia and nerves in annelids and molluscs

· ganglia form in every segment

· in molluscs an larger concentration of nerves in the head region begins to form

· central nervous system and peripheral nervous system in vertebrates

· CNS comprises brain and spinal cord and is capable of higher thinking and information process
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PNS branches out throughout the body and relays information to and from the CNS

· neurons – nerve cells (functional unit of the nervous system) comprised of:

· dendrites – receives impulses (e.g. photoreceptors in the retinas, chemoreceptors in the nose/tongue)

· cell body – contains most organelles

· axons – conduct impulse away from cell body

· longest axon in the human body runs from the base of the spinal cord to the big toe

· axon terminals – synapse with other cells (connection between two cells)

· afferent neurons – bring sensory info to CNS

· efferent neurons – bring motor info from CNS

· interneurons – in CNS, store, integrate and relay info, and connect afferent neurons to efferent neurons

· effectors – receive motor impulses from efferent neuron (e.g. muscles, skeleton)

Nerves at Work
· spinal reflex arc – brain isn’t involved in sensory-motor impulse

· e.g. knee-jerk reflex

· involves the spinal cord (CNS) and 2 neurons (PNS – one afferent and one efferent)

· banging the patellar tendon causes the tendon to pull on quadriceps and dendrites stretch. This creates impulses, impulses travels to spinal cords via sensory neurons and the impulse is transferred to motor neurons and travels from spinal cord. The impulse triggers response in effector and quadriceps contracts, which cause the lower leg to extend

· physiologically, neurons work electrochemically

· electro – difference in charge across the cell membrane

· chemical – charge due to specific ions (Na+, K+, Cl-) and negatively-charged proteins

· when neurons are at rest:

· Na+ is mostly on the outside of the cell membrane

· K+ is inside and outside (mainly inside) and Cl- and negatively-charged proteins are inside

· an electrochemical gradient forms across membrane

· voltage difference between outside and inside is the cell’s membrane potential
· the voltage difference when a neuron is at rest, ready to conduct impulse is its resting potential
· inside of cell is more negative when at rest

· measuring membrane potential

· electrodes are inserted into axon (both inside and outside)

· this can chart electrical potential across membrane over course of an impulse

· the resting potential is-60mV
· the nerve impulse is called an action potential
· this involves a rapid voltage change that occurs in 1-2 milliseconds

· nerve impulses involves three major processes:
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depolarization (2,3) – the inside of the neuron becomes more positive

· repolarization (4) – the inside of the neuron becomes more negative

· the impulse is controlled by the Na+/K+ pump (all)

· this involves movement of Na+ and K+ across the membrane (negative ions and proteins do not move)

· ion concentration differences

· electrical charge differences

· ion movement is controlled by membrane proteins called ion channels and ion pumps
· ion channels:

· allow ions to move down their chemical gradient

· no energy is required → simple diffusion can occur

· may be gated (have the ability to open or close depending on changes in voltage or whether certain chemicals bind to it or not)

· ion pumps:

· moves ions against their chemical gradient

· energy (ATP) is required → active transport occurs

· sodium-potassium pump (ATPase)

· membrane proteins are selective (a protein will only be activate by certain ions and molecules)

· certain K+ channels are always open

· so K+ is constantly diffusing out of the cell

· voltage-gated Na+ channels open when voltage difference changes

· Na+ are then allowed to passively pass into the cell

· voltage-gated K+ channels also exist

· the Na+-K+ pump requires ATP to be activated

· it takes one of the phosphate groups for energy

· it takes three Na+ from the inside and exchanges it with two K+ from the outside

· formation of an action potential:

1. neuron is at rest and ready to conduct impulse

· membrane potential is at resting potential (-60 mV)

· the K+ channel is opened and the voltage-gated channels are closed

2. stimulus occurs

· this causes Na+ channels to open – Na+ leak into the cell

· the interior of the cell gets more positive (slight depolarization)

3. if stimulus is big enough (membrane potential must be raised above threshold potential, -50 mV) a large depolarization occurs

· more Na+ channel open → action potential

4. Na+ channels start to close and K+ channels open. K+ diffuses out (repolarization) causing the interior to become more negative. The membrane potential goes below resting potential (hyperpolarization)

5. sodium-potassium pump raises the potential back to resting

· refractory period – neuron cannot conduct an impulse due to hyperpolarization, ions on wrong side, or positive membrane potential

· action potentials can travel down axon and are unidirectional due to hyperpolarization behind it

· all action potentials are equal in magnitude for a given neuron

· speed of transmission:

· depends on axon diameter

· cephalopod axons are 1 mm in diameter

· impulse travels 25 m/s

· vertebrate axons are 1 μm in diameter

· impulse travels at 2 m/s

· vertebrates speed up transmission by myelination
· axons are wrapped in myelin-producing cells (Schwann cells)

· Schwann cells are very fatty (gives nerves their white appearance) and therefore do not allow ions to diffuse across it. These areas also do not contain gates

· regular gaps occur in myelination called the nodes of Ranvier. At the nodes of Ranvier gates allow action potentials to occur, so nerve impulse will jump from node to node

· this process is called saltatory conduction (saltare = to jump)

Molluscs
· molluscs are protostomes and are lophtrochozoans

· there are about 95000 species (2nd largest group after arthropods)

· sometimes are called “shellfish”

· highly diverse:

· morphology

· modes of nutrition

· reproduction

· response to environment

· in general, molluscs have lost segmentation (a derived trait)

· molluscs have three major structures:

· foot – for locomotion or reproduction

· visceral mass – organs and organ systems

· mantle – tissue covering visceral mass; can produce a shell

· the mantle may overhang the visceral mass creating a mantle cavity
· the mantle cavity contains gills in aquatic molluscs and in terrestrial molluscs is highly vascularized and may act as a primitive lung

· radula – located behind mouth and scraps algae and plants (most molluscs are herbivores)
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Bivalves
· bivalves have lost cephalisation and have a reduced head

· they have a hinged shell

· they have an enlarged foot that can be used for digging or anchoring

· mantle cavity modified with siphons
· extensions of posterior mantle

· water flows across gills and gills can act as filters for food

· they have enlarged gills

· they have an open circulatory system

· they are relatively sessile

· they are filter feeders

· they are broadcast spawners

· e.g. mussels, clams, scallops

· mussels that live in the intertidal regions are at constant risk of desiccation

· mussels can close their valves and get oxygen from the water trapped in their valves when not exposed to water

· they can also spit the water and expose to the oxygen in the air and then reclose their valves to retain water

· to help anchor themselves into the intertidal zone, along with anchoring their foot, mussels will produce byssal thread that are made of chitin and proteins

· scallops have very strong adductor muscles to close their shell

· scallops also have many lenses lining their mantle

· if the scallop senses danger, it will quickly open and close it shell to propel itself away

Cephalopods
· [image: image4.png]axon terminals



cephalopods have modified its mantle cavity to assist in locomotion

· the mantle cavity can seal close and siphon squirts out water

· they have a subdivided foot that forms tentacles or arms

· they have an enlarged head and a reduced shell (shell is internal)

· many cephalopods have adapted a predatory lifestyle

· an example of a predatory cephalopod is the cuttlefish

· they move by jet propulsion
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their arms with hooks and suckers

· they have an enlarged brain

· they have large eyes with lenses

· they have a chitinous beak

· they have a closed circulatory system, which is a much more efficient way to distribute oxygen

· they have chromatophores, which they use to change colours (for either courting, hiding, or shooing predators, etc.)

· chromatophore cells are pigment cells that have radial muscles that when they contract, expand the cell and dilute the colour

· the pigments can also change colour depending on the environment

· cephalopods have separate sexes with elaborate courtship

· fertilization is internal, where males transfer sperm packs via specialized arm

· the female will die after laying eggs

· they do not have trochophore larvae, which is common in molluscs

· e.g. octopus, cuttlefish, squid, nautilus

· the chambered nautilus is the only shelled cephalopod

· they have 80-90 arms

· they can control buoyancy with gases in their chambered shells

· ammonite is an example of an extinct shelled cephalopod

· it was a dominant Mesozoic (300 MYA) invertebrate predator

· it became extinct at the end of the Cretaceous period (65 MYA)

Gastropods
· gastropods have undergone a rotation of their visceral mass

· this torsion occurs during embryonic development
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this torsion can make locomotion easier

· it also puts the mantle cavity containing the gills and anus above the head, instead of at the posterior end, so that it is more difficult for dirt to obstruct gills

· after the torsion, some gastropods elongate the visceral mass and then coil it

· some coils coil to the left and some to the right, depending on the species

· gastropods are the most diverse mollusc groups (there are about 40000 species)

· they can be terrestrial or aquatic

· some have shells (snails), some do not (slugs, nudibranchs)

· they are either herbivorous, predatory, or scavengers

· they have developed a more complex head and eyes

· they are hermaphroditic

· in some gastropods, the radula has been modified to a toxic harpoon

· cone snail will bury itself in the sand and wiggle it radula to attract fishes, and will then attack it using the radula

· in nudibranch the gills are not contained in the mantle cavity but are exposed

· they have aposematic colouring – warns predators

· they may feed on cnidarian polyps and ingest unfired cnidocytes

· they will store the cnidocytes in cerrata, which are horns

· most gastropods have eyes on their antennae

· the female will store sperm from many different males

· during copulation, a male may pierce the female with a love dart that allows his sperms to last longer
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Polyplacophorans
· also called chitons
· they have not fully lost segmentation and have a segmented shell consisting of 8 overlapping shell plates

· it has multiple gills in its mantle cavity

· they are herbivorous and have a radula that scraps algae

· they live in the intertidal zone

· they have adapted a large muscular foot to grab on substrate

· if it gets knocked off by a wave, they can roll up into a ball

· the gills are located in mantle grooves so that they can stay moist

LECTURE 15 –ARTHROPODS I

Synapses
· synapse – junction between axon terminals and target cell

· there can be a synapse between two neurons (presynaptic neuron and postsynaptic neuron) or between a neuron and an effector cell (a postsynaptic cell)(e.g. muscle cell)

· chemical synapse
· when depolarization reaches an axon terminal, the release of neurotransmitters is triggered and these neurotransmitter trigger depolarization or hyperpolarization at the postsynaptic cell

· excitatory synapse – neurotransmitters trigger depolarization in postsynaptic cell

· inhibitory synapse – neurotransmitters trigger hyperpolarization in postsynaptic cell

· electrical synapse
· ions are allowed to flow through gap junction (cytoplasm between neurons)

· neurotransmitters:
· are released into synaptic cleft (are the gap between the two synaptic cells)

· neurotransmitters bind to receptors on the postsynaptic cell

· neurotransmitters can also be excitatory (e.g. acetylcholine) or inhibitory (e.g. GABA)

· process of a neuromuscular synapse:

1. action potential reaches axon terminal

2. depolarization opens voltage-gated Ca2+ channels and Ca2+ ions flow in

3. Ca2+ cause vesicles full of acetylcholine to fuse with the cell membrane and release the acetylcholine into the synaptic cleft via exocytosis

4. acetylcholine diffuse across the cleft and binds to chemically-gated receptors on the muscle cell

5. receptor proteins open on the muscles cell and K+, Na+, and Ca2+ (usually Na+) are allowed to enter the cell

6. action potential is formed along muscle cell

7. acetylcholine is broken down by enzyme, acetylcholinesterase, and taken back to the axon terminal for recycling

· if acetylcholinesterase were inactivated the muscle would contract indefinitely

Drugs that Affect Excitatory Neurotransmitters
· nerve gases (e.g. Sarin gas)

· nerve gases inhibit acetylcholinesterase

· acetylcholine is not broken down and remains in the synapse

· skeletal muscles would contract uncontrollably causing paralysis

· anti-depressants (e.g. Prozac)

· anti-depressants block the re-uptake of excitatory neurotransmitters (mainly serotonin)

· serotonin stayed in the synapse longer and impulse is transmitted more frequently

Drugs that Cause Inhibitory Effects
· anti-anxiety drugs (e.g. Xanax, Valium)

· these drugs mimic the action of natural inhibitory neurotransmitters

· they will cause the postsynaptic cells to open Cl- channels which will cause hyperpolarization

· greater stimulus is therefore required to reach threshold

· tetrodotoxin

· blocks the Na+ channels and prevents depolarization

· released by a wide variety of animals

· tetrodotoxin causes death by diaphragm paralysis

· anaesthetics (e.g. Novocain)

· inhibit local movement of Na+ through channels

· prevent depolarization

The Muscular System
· muscle tissue is present in all animals except sponges

· muscles are composed of proteins

· muscle contraction is triggered by motor neuron depolarization

· there are three types of muscle cells

· skeletal muscle cells
· these cells are voluntarily controlled

· cardiac muscle cells
· these cells are able to generate their own action potential (this area is called the pacemaker)

· smooth muscle cells
· these cells are found lining internal organs

· muscle fibres are multinucleated muscles cells

· the inside of the muscle fibre is composed of bundles of proteins called myofibrils
· sarcomere – the contractile unit of myofibril

· sarc = flesh

· mere = unit

· sarcomeres are made of two types or protein:

· actin
· thin filaments

· myosin
· thick filaments

· a sarcomere is defined at the distance between two Z lines
[image: image8.png]



· A band – length of myosin filament that also includes some length of the actin filaments

· H zone – section in the A band where the actin filaments do not reach (i.e. only myosin filament)

· I band – the section between two myosin filaments (i.e. only actin filaments are presents)

· during muscle contraction, the whole sarcomere is shortened by the H-zone shortening
· sliding filament theory – the filaments of proteins do not shorten during contraction, rather the amount of overlap between actin and myosin filaments
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Actin and Myosin
· actin filaments are composed of:

· actin monomers (globular protein units)

· tropomyosin – a filamentous protein that covers certain parts of the actin monomer spirals
· troponin – a globular protein made of three subunits
· myosin filaments are composed solely of myosin
· myosin molecules consist of a linear polypeptide chain and a globular head
· each A band is composed of many myosin molecules, with the globular heads staggered throughout
· actin monomers have myosin binding sites
· the tropomyosin covers these binding sites
· troponin has monomers that can bind to :

· actin
· tropomyosin
· Ca2+ ions
· Ca2+ ions will trigger the tropomyosin to move so that actin and myosin can bind to allow muscle contraction
· the globular head of the myosin filament is allowed to bind to:
· ATP
· ATP will be hydrolysed to ADP
· actin
· causing the head to bend back to facilitate muscle contraction
Muscle Stimulation
· the action potential is brought along the motor neuron and is transmitted to the muscle cell by acetylcholine

· acetylcholine activates a depolarization to emanate across the muscle cell membrane, the sarcolemma
· from the sarcolemma, depolarization travels inward by the T tubules, which transmit it to the sarcoplasmic reticulum (analogous to the endoplasmic reticulum)

· Ca2+ ions are stored in the sarcoplasmic reticulum and when depolarization occurs, are allowed to bind to troponin

· STEP 1:

· myosin head hydrolyses ATP to ADP+Pi and cocks back
· Ca2+ that was released by the depolarization binds to troponin, which moves the tropomyosin, exposing the myosin binding sites on actin
· myosin binds to actin
· STEP 2:

· when myosin head binds to actin, potential energy is converted to kinetic energy and head bends back
· the Pi falls off the ADP
· actin and myosin filaments slide past each other (this is the muscle contraction (a.k.a. power stroke))
· STEP 3:
· ADP is released
· a new ATP binds to myosin head, and head is released from actin
· STEP 4:

· ATP is hydrolysed again
· myosin recocks
· if Ca2+ is still present, muscle contraction continues
· if not, tropomyosin recovers the actin and muscle relaxes
· ATP is required for muscle relaxation (recall rigor mortis)
· motor neurons are highly branched can innervate many muscle cells
Musculo-Skeletal Systems
· muscles require:
· a skeleton to act as a resistor for the muscles to act against
· antagonistic muscles (muscles can only pull, so for every muscle, a counter muscle is required)
· e.g. biceps-triceps

· recall the three types of skeletons:

· hydrostatic skeletons

· e.g. cnidarians, worms, shell-less molluscs

· exoskeleton

· e.g. shelled molluscs, arthropods

· endoskeletons

· e.g. echinoderms, vertebrates

· when skeleton is internal, flexors are on the inside of the joint and extensors are on the outside

· when skeleton is external, flexors are on the outside of the joint and extensors are on the inside

Arthropods
· arthropod = “jointed legs

· 1.5 millions arthropod species have been discovered

· they are the largest phylum

· approximately a billion billion (1018) individual arthropods exist today

· arthropods are protostomes and ecdysozoans

· all arthropods have exoskeletons, which they molt

· example groups include: arachnids, insects, crustaceans

· are either aquatic or terrestrial

· they can be highly segmented or have reduced segmentation into body cavities

· body regions are:

· head
· thorax
· in most arthropods, legs are connected to the thorax (although some can grow from abdomen)

· abdomen
· in some arthropods (e.g. crayfish) the head and thorax are fused as a cephalothorax
· they have jointed appendages which can have specialized functions

· their exoskeleton is known as a cuticle
The Cuticle and Ecdysis
· EVOLUTIONARY INNOVATION: formation of a cuticle

· the cuticle is a non-living exoskeleton that is secreted by the epidermis

· it covers all external surfaces including the surface of the eye, the digestive tract, and tracheae

· it composed of several layers:

· waxy outer layer

· chitin

· protein

· CaCO3
· advantages:

· the cuticle provide physical support

· it also gives a place for muscle attachment

· it provides protection against desiccation, abrasion, predation and parasite entry

· can hold pigments as warning colours, for camouflage, or for mating

· jointed appendages and exoskeleton allow faster locomotion

· disadvantages:

· they are inflexible and heavy (if they are thick and protective)

· continuous growth in size is not possible

· it must be molted periodically

· when the animal has just molted, it is vulnerable

· energy is required to form and shed cuticle

· cuticle prevents the use of cilia as effectors

· respiration through the skin is not possible

· they must respire through tubes (tracheae) or pores (spiracles)

· ecdysis –  molting

· mass is allowed to grow continuously but size changes in a stepwise fashion

· a cuticle has allowed arthropods to colonize land, metamorphose and fly

LECTURE 16 – ARTHROPODS II

Arthropod Diversity
· arthropods can be divided into two groups based on their mouth morphology:

· chelicerates
· have chelicerae, which are fang-like, piercing appendages

· e.g. spiders

· mandibulates
· have mandibles, or jaw, that are used for ripping and grinding

· are further broken down into

· hexapods – e.g. insects

· crustaceans – e.g. lobsters, daphnia

· myriapods – e.g. centipedes, millipedes

Hexapods
· are mainly insects

· hexapods have three body regions

· head – contains antennae and mandibles

· thorax – contains 3 pairs of walking legs and may contain wings

· abdomen – does not contain any appendages

· wings have evolved around 320 MYA a number of times

· each type of wing evolution is analogous (i.e. between mammal wings, insect wings and bird wings)

· wings have evolved as modified appendages

· the gene (pdm gene) that forms the gills in crayfish expresses wings in insects

· insects that do not have wings have lost them over the course of evolution

· insects are the most abundant group

· about ⅓ of insects are beetles

· insects can be herbivores, detritivores, fluid-drinkers, predators, scavengers, parasites, etc.

· insects are the most successful group because:

· they coevolved with angiosperms – angiosperms are so diverse, so insects can also be very diverse

· they evolved flight

· they metamorphose

· they were the first to invade land

Metamorphosis
· metamorphosis – the change in morphology, which is enabled by molting

· each instar/larva produces a new exoskeleton

· at each molt, modifications are possible

· insects cease molting when they are adults

· many insects metamorphose into an adult form by either:

· complete metamorphosis
· the adult form does not resemble the juvenile larval form

· there is a pupa stage (for rest)

· often there is a drastic habitat change

· incomplete metamorphosis
· change is gradual

· adult form is similar to juvenile form

· there is no rest stage (each intermediate stage is a nymph)

· there is little or no habitat change

· crustaceans continue to molt as adults

· for example, dragonflies undergo an incomplete metamorphosis because they have no resting stage

Crustaceans
· most are marine, although few are terrestrial and freshwater

· their body is divided into head, thorax (cephalothorax) and abdomen

· they have highly modified appendages on each segment

· many are zooplankton that eat phytoplankton and are moved by the tides

· e.g. crabs, daphnia, barnacles, isopods, crayfish, shrimp

· parasitic isopods will eats the tongue of the host fish and will act as tongue

Myriapods
· they have two major body divisions: head and trunk

· divided into two groups:

· centipedes (Chilopoda)

· one pair of legs per segment

· carnivorous

· millipedes (Diplopoda)

· two pairs of legs per segment

· herbivorous, detritivorous

Chelicerates
· broken into two groups:

· arachnids
· e.g. spiders, mites, scorpions

· horseshoe crabs
· they have no jaws, they have fangs

· they have only two body regions

· cephalothorax – has appendages

· abdomen – no appendages

· appendages:

· 1st pair – chelicerae (fangs)

· 2nd pair – pedipalps (copulatory organs, pincers)

· 4th, 5th, 6th, 7th pairs – walking legs
· chiggers are nymphs of a mite that live on trees and drop onto animals and will attach themselves to skin and release enzyme

· they feed on liquefied tissue

· tissue swells around chiggers

· they chiggers fall of when they are full

· chiggers are chelicerates

Arthropod Circulatory System
· the circulatory system is open

· their heart is dorsal and tubular and 1-chambered with holes (ostia)

· heart drives hemolymph (blood) into hemocoel spaces

· one-way valves prevent backflow

Arthropod Respiratory System
· crustaceans have gills

· insects have holes (spiracles) that open into tubular tracheae, which branch into finer tubes

· this carries O2 to the body cells

Molting Regulation and Hormones
· Wigglesworth’s (an insect physiologist), experiments on Rhidonius prolixus
· a blood-sucking insect that molts after a meal

· can live for a long time after decapitation

· EXPERIMENT 1
· Hypothesis: some substance diffuses from the head of the Rhidonius prolixus that controls molting

· Method: decapitate juvenile bugs at different times after a blood meal

· decapitate one after an hour

· decapitate one after a week

· Results: the one decapitated after an hour did not molt and the one decapitated after a week did molt

· EXPERIMENT 2:
· Purpose: to discover the nature of this chemical that controls molting

· Method: decapitate one juvenile bug an hour after a meal and another a week after a meal then join their necks together with a glass tube

· Results: both molted

· CONCLUSION: a diffusible substance is necessary for molting

· this chemical is a hormone
· a hormone is a chemical messenger (steroid, peptide, or amine)

· they are secreted by endocrine cells

· most hormones are distributed throughout the body by the blood and will bind to target cell receptors

· in arthropods, two hormones regulate molting:

· PTTH (brain hormone)

· produced in the brain and stored just outside the brain

· this controls the activity of the prothoracic gland

· Ecdysone

· produced by the prothoracic gland
· it is secreted into the blood
· the target cells are epidermal cells that respond by ecdysis
· brain responds by shutting off PTTH (this is a negative feedback system)
· usually there are five instar stages, followed by pupation, and then metamorphosis into an adult
· Wigglesworth noted that when his experiment were conducted on different instar stage, the insect still metamorphose into an adult
· Wigglesworth concluded that there must be another hormone that affects metamorphosis
· there is another hormone, juvenile hormone, that is present in the larvae that inhibits metamorphosis
· it is this hormone that, when level decline, will cause a larva to metamorphose to an adult and not molt to another larvae
· cutting off the head, cuts off the supply of juvenile hormone that is produced by the brain, so larva will immediately metamorphose
· temperature can also affect sex and development
· for example, the temperature during embryonic development of ants can determine whether an ant will be a soldier or a worker
· the temperature will affect which hormone is released and therefore what type of ant will be born
Body Control Systems
· there are two body control systems:

· endocrine system
· uses hormones as controller

· this is a chemical means of control

· hormones diffuse through blood to target cells

· effects of the endocrine system are slower and long-term

· nervous system
· uses action potentials as controller

· this is an electrochemical means of control

· action potential move across neurons by voltage changes

· effects of the nervous system are faster and short-term

· both systems work together

· neurons trigger hormone release

· neurons in the hypothalamus can produces hormones that are released by an endocrine gland, the posterior pituitary gland (PPG)
· hypothalamus produces neurohormones that are stored and released by the PPG

· ADH (anti-diuretic hormone)
· function: conserves water and concentrates urine

· targets: kidney

· action: increased reabsorption of water

· triggered by: low blood pressure

· oxytocin
· target 1: smooth muscle of the uterus

· action 1: contractions during labour

· target 2: mammary glands

· action 2: releases milk

· can be stimulated by visual or auditorily by a crying baby or simply seeing another baby

· hormones, like oxytocin, can different effects on different target cells

· hormones act by:

· affecting the expression of a gene

· altering the activity of an existing enzyme

· changing permeability of a cell membrane

· insulin lowers blood glucose level and is a protein produced by the pancreas

· insulin binds to receptors on cells, and cause glucose-specific proteins to inserted into the cell wall

· insulin effectively affects gene expression to allow to form these proteins and allow glucose to permeate cell membranes

· Diabetes mellitus – a disease characterized by high blood sugar levels and copious production of glucose-rich urine

· less commonly known is low-blood sugar diabetes

· Type I Diabetes (juvenile onset diabetes)
· pancreatic cells do not produce insulin

· treatment = insulin shots

· Type II Diabetes (adult onset diabetes)
· about 90% of all cases are type II

· target cells are not responsive to insulin

· treatment = diet, exercise or drugs
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· Vitamin D is a hormone that assists in distribution of Ca2+
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LECTURE 17 – ECHINODERMS & CHORDATES

Protostomes and Deuterostomes
· thus far, there have been 11 significant evolutionary innovations:

· multicellularity

· tissues

· gut

· mesoderm

· head

· segmentation

· nervous system

· anus

· circulatory system

· hard skeleton

· coelom

· the last 5 differ between protostomes and deuterostomes

· in protostomes:

· the central nervous system is ventral

· the anus is the second opening formed

· the circulatory system has a dorsal heart

· hard skeleton (if existent) is external

· coelom is formed by schizocoely
· schizocoely occurs by splitting in the mesoderm

· in deuterostomes:

· the central nervous system is dorsal

· the anus is from the first opening formed

· the circulatory system has a ventral heart

· hard skeleton is internal

· coelom is formed by enterocoely
· mesoderm forms pockets from the gut
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deuterostomes are divided into three groups:

· echinoderms
· hemichordates
· chordates
· urochordates
· cephalochordates
· vertebrates
Echinoderms
· echinoderm = “spongy skin”

· there are about 7000 known species

· they are strictly marine

· they are benthic (bottom dwellers)

· they have diverse modes of nutrition

· e.g. sea stars, sea urchins, sand dollars

· only six of about 20 groups still remain

· echinoids
· sea urchins

· they have many spines for locomotion or defence

· they have pincers (pedicellariae) used for defence and cleaning

· have an “Aristotle lantern” used for feeding

· they are herbivores

· sand dollars live in soft sediment and are filter feeders

· ophiuroids
· brittle stars

· many arm spines

· filter feeders, predators, or detritivores

· basket stars

· branched arms

· filter feeders

· asteroids
· sea stars

· they are predatory

· they are fairly mobile

· they can invert their stomach and digest its prey without ingesting it

· e.g. crown of thorns

· prey on coral polyps

· responsible for destruction of Great Barrier Reef

· preyed upon by Giant Triton (a mollusc)

· crinoids
· sea lilies and feather stars

· they are filter feeders

· about 700 known species

· much more prevalent 300-500 MYA

· some are sessile

· holothuroids
· sea cucumbers

· detritivores, scavengers, filter feeders

· they have a reduced endoskeleton

· they have five rows of tube feet

· they draws in water through the anus for respiration

· has commensal relationship with pearlfish

· they have specialized sticky tissue expelled from the anus for defence

· sea daisies
· EVOLUTIONARY INNOVATION: echinoderms have developed a hard endoskeleton

· it is composed of CaCO3
· it is non-living but can undergo continuous growth

· plate enlarge and more CaCO3 is added

· it is covered by a thin layer of tissue (nervous tissue, muscle, skin)

· as an exception, adult echinoderms are pentaradially symmetrical
· larval echinoderms are bilaterally symmetrical

· proof of bilaterally symmetrical ancestor

· the bodies of echinoderms are foreshortens along the anterior-posterior axis

· the mouth is flopped downward

· body surfaces are referred to as 

· oral – the mouth surface (faces downwards)

· this advantageous for bottom-feeding

· aboral – the anal surface (faces upwards)

· their nervous system is composed of radial nerves and sensory structures in the tube feet

Water Vascular System
· the water vascular system conducts water throughout the body of the echinoderm

· water enters the system through the madreporite
· it travels down the stone canal, around the ring canal and then is distributed to each radial canal in each tube foot (podium)
· from the radial canals, water flows into sacs called ampulla that are controlled by muscles

· these muscles can force the water to the bottom of the ampulla in suction cup and create a suction for grasping

· the ampulla extends through pores in the endoskeleton

· this system can be used for locomotion, feeding, respiration and excretion

· respiration and excretion also occur through skin gills
· the system contains sensory structures to chemicals and touches

Reproduction
· asexually, they may reproduce by fragmentation or regeneration
· an arm may be dropped and regenerated to:

· escape predation

· decrease chance of infection

· this is not done on purpose

· some can undergo parthenogenesis
· this is the development of an unfertilized egg

· e.g. sea urchins

· sexually, fertilization is external

· echinoderms are broadcast spawners

· they do have separate sexes

· larvae are planktonic and ciliated

Chordates
· there are about 53000 species

· very diverse group

· includes vertebrates

· are deuterostomes

· are coelomates

· they are bilaterally symmetrical

· chordate characteristics

· dorsal hollow nerve cord

· notochord

· post-anal tail

· pharyngeal slits are an ancestral trait of deuterostomes

· echinoderms have lost this trait

· neurulation – formation of dorsal hollow nerve cord

· ectoderm thickens

· this band begins to fold in and form a hollow cord

· this is also how the brain is formed

· neural crest cells will form peripheral nervous system

· chordates also have:

· a ventral heart

· reduced segmentation

· segmented musculature

· segments are called myomeres
· somites – segments of tissue that form from the mesoderm on either side of the neural tube

· somite divides into three layers:

· one layer will become dermis

· one layer will become muscle

· one layer will form the vertebrates and ribs

Urochordates
· also called tunicates (sea-squirts)

· there are about 3000 known species

· they are marine

· as adults: 

· they grow to be 1 mm – 60 cm

· they can be either solitary or colonial

· they are benthic and sessile

· they are filter feeders

· as larvae:

· they are planktonic

· they resemble tadpoles

· this tail is why they are called urochordates (uro = “tail”)

· they have all three chordate characteristics including the ancestral pharynx with slits, which they use to filter feed when they are adults

· as adults, they get surrounded by a carbohydrate-protein “tunic” (gives them the name tunicates)

· as well in adults, the pharynx enlarges into a basket that has an incurrent and excurrent siphon

· mucus and cilia in the pharyngeal basket collect particles and pushes them into the stomach and out the anus

· life history:

· planktonic larva will find a suitable substrate with a good water current and lots of food and it will settle down on its head

· the pharynx enlarges

· the head and tail degenerate, along with the notochord

· adult becomes sessile

· early developmental stages can reveal similarities between organisms, but later stage cannot

· urochordate larvae and vertebrate embryos both have notochords

Cephalochordates
· also called lancelets
· only about 30 known species

· they have fish-like bodies

· they live in sediments in tropical, shallow marine water

· they grow to be about 1-5 cm in size

· they are filter feeders

· adults retain all three chordate characteristics (and pharyngeal slits, but are called gill slits)
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Chordate Characteristics
· in human embryos, neurulation occurs at 3-4 weeks in gestation

· the function of the notochord is support

· it is derived from the mesoderm

· it is a flexible rod made of gelatinous, rigid-celled connective tissue

· function is replaced by vertebral column in vertebrates

· embryonic humans possess a dorsal hollow nerve cord, a notochord, a post-anal tail, and pharyngeal slits (are pouches)

· all embryonic chordates have these 4 characteristics

· as adults, humans only have the hollow dorsal nerve cord

· notochord has become gelatinous material inside vertebral discs

· most of the post-anal is reabsorbed and its remnant is the coccyx (4 fused vertebrae)

· pharyngeal pouches become the Eustachian tubes, the middle ear and certain glands (including the parathyroid gland, the thyroid gland, and the thymus)

· the pharyngeal pouches are located on the lateral surface of the head of embryonic humans

· they are an ancestral trait of deuterostomes

· they are lost in echinoderms

· they are derived from ectoderm, mesoderm and endoderm

· in vertebrates, they are supported by arches made of bone or cartilage

· they function in:

· filter feeding in uro- and cephalochordates

· respiration in some chordates:

· water passes through slits

· oxygen and carbon dioxide can be exchanged across a respiratory surface (such as gills)

· gills are placed between the slits on arches

Gills
· pharyngeal slits have adapted into gill slits in fishes

· in between the slits are arches, gill arches, made of bone or cartilage

· off of the gill arches are gill filaments
· as well on the arches are gill rakers which they use for filter feeding

· bony fishes have 4 pairs of gill arches

· each gill arch has three gill filaments

· bony fishes also have a gill cover (operculum) which protects the gills and draws in water

· gills, like all respiratory surfaces:

· must remain moist so that oxygen has a solvent for diffusion

· must be highly vascularized

· can only be 1-2 cell layers thick so diffusion can occur

· must have a high surface area to maximize oxygen diffusion

· must have a maximal partial pressure gradient between respiratory media (blood and water)

· how gills work:

· blood vessels flow through gill arches

· capillary beds run through gill filaments, across the lamella, and attach afferent and efferent blood vessel

· in the capillary beds gas exchange occurs

· filament epithelium is one cell layer thick

· water and blood flow in opposite directions

· this is called countercurrent exchange
· this ensures that the concentration gradients are maintained

· this achieves maximum gas exchange

Vertebrate Circulation
· vertebrate have hearts – a strong muscular pump

· it is ventrally located

· it maintains blood flow

· its has 2 or more chambers (called auricles/atria and ventricles)

· one-way valves within the heart prevent backflow

· the circulatory system is closed

· arteries take blood away from the heart

· arteries branch off into smaller arterioles that meet at the capillaries (where gas exchange occurs) with venules
· venules bring their blood to the veins which return blood to the heart

· some vertebrates have two circuits:

· pulmonary circuit – blood goes from heart to lung/gills/skin, back to heart

· systemic circuit – blood goes from heart to body organs, back to heart

· one-way valves are also within the veins to prevent backflow of blood

· fishes have a two-chambered, folded heart

· they have one auricle that receives blood from the sinus venosus, and one ventricle that pumps blood into the bulbus/conus arteriosus
· in fish and larval amphibian circulatory systems, there is only a single circuit

· their heart only pumps deoxygenated blood

· blood is oxygenated at gills

· in adult amphibian, reptile, bird, and mammal circulatory systems, there are both pulmonary and systemic systems

· blood is oxygenated in the lungs

· blood is under a lot higher pressure

· this is more efficient than fishes’ circulatory system

Vertebrate Characteristics
· all vertebrates have four characteristics:

· axial skeleton

· includes cranium, vertebral column and ribs

· appendicular skeleton

· includes pectoral girdle and pelvic girdle

· a closed circulatory system with a ventral heart

· organs suspended in a coelom

· vertebrae are formed form the mesoderm

Vertebrate Diversity
· vertebrates are broken into two groups:

· fishes
· agnathans – jawless fishes

· chondrichthyans – cartilaginous fishes

· osteichthyans – bony fishes (largest group of living vertebrates – about 25000 known species)

· tetrapods
· amphibians
· reptiles
· birds
· mammals
Agnathans
· broken into two groups

· lampreys
· hagfishes (disputed)

· they do not have jaws

· they have cartilaginous skeletons

· they have a notochord and gill slits

· they have no paired fins

· they do not have a swim bladder

· they do not have scales

· hagfishes are disputed as being vertebrates because they lack a vertebral column, they have a partially closed circulatory system with small accessory hearts, and they have a partial cranium and brain

· however, DNA shows they are closely related to lampreys

· hagfishes are marine and benthic

· they are scavengers

· they secrete slime and toxins to prevent predation

· they can tie themselves into knots to wring themselves off to remove mucus on their gill slits or to provide leverage while eating

· they have 1-14 gill slits

· lampreys can be marine or freshwater

· they are ectoparasites and fluid feeders

· they will attach themselves to another fish or animal and suck out its blood, flesh and juices

· they have 7 gill slits and 6 gill arches

Chondrichthyans
· EVOLUTIONARY INNOVATION: the development of the jaw

· formed by the fusion of the first few gill arches

· can be made of either cartilage or bone

· teeth have formed in the jaw by oral scales

· jaws have greatly improved feeding and diversity

· they are mostly marine

· include sharks, skate and rays

· they have jaws and paired fins

· they have 5-7 gill slit pairs

· they have scales

· they do not have a swim bladder

· instead they have an oily bladder

· they can be either predators, scavengers or filter feeders

· they fertilize internally

· males have special copulatory organs on the pelvic fins called claspers
· they can be oviparous, ovoviviparous, or viviparous

· in oviparous fishes:

· female lays eggs

· young feeds off of yolk sac outside the body

· it can be either internal or external fertilization

· in ovoviviparous fishes:

· female retains eggs

· young feeds off of yolk sac inside the body

· internal fertilization

· in viviparous fishes:

· female retains eggs

· young receives nutrients from mother through placenta

· internal fertilization

· paired fins include the pectoral fins and pelvic fins
· they allow more active swimming

· they are used for steering, stabilizing, and lift

· unpaired fins include dorsal fins, caudal fin and anal fin

· fish move by lateral undulation
· this is enabled by segmental myotomes/myomeres
· alternate contraction of myomeres

· antagonized by the axial skeleton 

Osteichthyans
· they are highly diverse

· they have jaws

· they and operculum, a gill cover

· they have paired fins and scales

· they have developed a swim bladder

· the swim bladder is a floatation device

· it is used for neutral buoyancy

· a gland within the swim bladder controls gas regulation

· fins are no longer needed for stability of lift

· fins can now be used for fine steering and stopping

· pectoral fins move more dorsally and a pelvic fins move more anteriorly

· fins can be modified for other functions

· e.g. Pacific spiny lumpsucker, deep sea anglerfish

· osteichtyans are broken down into two groups:

· actinopterygians – ray-finned fishes

· these are most fishes

· sarcopterygians – lobe-finned fishes

· include lungfishes and coelocanths

· they have fleshy appendages

· their swim balder is modified into a primitive lung
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Early Aquatic Life
· first fishes were:

· benthic

· jawless

· bone-armoured

· sucked up sediment

· early fish were small

· ostracoderms – shelled skin

· may have paired appendages

· they developed next into bigger, spiny-finned, jawed predators called acanthodians
· they next developed in large, less-armoured predators called placoderms
· small early fish were preyed on by sea scorpions (bigger than 2 m long)

Moving onto Land and the Gas Bladder
· during the Devonian period (about 400 MYA), droughts occurred and shallow inland seas, swamps and ponds experienced low concentrations of dissolved oxygen

· crowding and competition also occurred in these shallow ponds

· insects and plants have already moved onto land, but vertebrates haven’t yet

· major physical differences between land and water:

· availability of water

· density of medium

· amount of oxygen – not a problem

· stability in temperature

· amount of UV radiation

· advantages of terrestrial respiration:

· air has higher concentration of oxygen than water

· gases diffuse faster in air than in water

· air is less dense so less energy is required to move it across respiratory surfaces

· the gas bladder in fish was actually used a supplementary respiratory organ that was later modified for buoyancy

· fish with early gas bladders (the placoderms) would gulp air from the surface and use the gas bladder as a supplementary respiratory organ

· this is reappeared in Osteichthyans

· in Actinopterygians, the gas bladder is a forms from a single dorsal pocket off the oesophagus 

· in Sarcopterygians, the gas bladder grew off the oesophagus ventrally and evolved into our present day lungs

·  the embryonic origin of the gas bladder is the endoderm

· problems on land:

· desiccation (water is required for reproduction and respiration)

· air less dense than water

· gravity is stronger so this requires stronger skeletal support and muscles

· requires more energy and more oxygen

· air temperature is more variable

· body temperature will fluctuate

· need to modify behaviour and physiology

· UV radiation more intense on land

· need physical protection or change behaviour

· the lobe-finned fish is the most recent ancestor of the tetrapods

· they actually have bones in their fins

· the direct ancestor is believed to be the Rhipidistian fish
· it had internal nares/nostrils to bring air into their lungs

· it had teeth and appendages similar to tetrapods’

· it was marine and pelagic

· closest existing relative to tetrapods is the lungfish

· there are 6 species of the lungfish (in Africa, South America, and Australia)

· they walk on lobe-fins (with tetrapod motion)

· they breath through gills and primitive lungs

· during drought, they estivate in mud

· another living sarcopterygian is the coelacanth
· thought to be extinct

· found one in 1938 in Madagascar

· found a second in 1952 in the Comoros Islands

· a second species of coelacanth was discovered in Indonesia in 1998

Early Tetrapods
· ichthyostega – more tetrapod than fish

· stronger limbs, girdles, vertebral columns and ribs

· lungs became primary respiratory organ

· had both external and internal nostrils

· Tiktaalik – transitional form to ichthyostega

· discovered on Ellesmere Island in Nunavut in 2004

· a “fishapod” – has scales, gills, and fins like a fish and mobile neck, lungs, ribs and strong wrists like a tetrapod

· to deal with desiccation, tetrapods developed scales to retain water and the amniotic egg (fertilization and larval development no longer dependent on water)

· to deal with the density change, tetrapods developed stronger limbs, vertebral column and ribs and a more efficient circulatory system (3+ chambered heart and double circuit for more energy)

· to deal with changing temperature, tetrapods developed feathers and fur, and endothermy

· amphibians have a three-chambered heart

· atrium is divided by septum

· between atria and ventricle are one way valves

· deoxygenated blood from the body enters the right atrium via the vena cava
· from the right atrium, blood is pumped into the ventricle and then to the lung by the pulmonary artery
· from the lung, oxygenated blood is carried to the left atrium by the pulmonary vein
· this blood is then pumped into the ventricle and then into the aorta that brings the blood to the body

· in the ventricle, the oxygenated and deoxygenated blood mix, so that this mixture will go to the lungs and the body

Respiratory System
· the respiratory system’s function is to exchange gases of cellular respiration (take in oxygen and get rid of carbon dioxide)

· C6H12O6 + 6O2 → 6CO2 +6H2O +ATP

· thus far, organisms have succeeded in gas exchange by:

· diffusion across all body cells

· capillaries carrying gases to/from respiratory surfaces

· specialized organs for exchange

· respiratory surfaces must be moist

· mammalian respiratory system is comprised of:

· upper respiratory tract – nasal passage/ oral cavity → pharynx → larynx → trachea

· lower respiratory tract – lungs – bronchi → bronchioles → alveoli

· the diaphragm, that controls respiration, divided the thoracic cavity and the abdominal cavity

· the trachea and the bronchi are lined with cilia

· this trapped particles 

· lungs are surrounded by pleural membrane – forms two sacs

· alveoli are microscopic air sacs:

· they are only one cell layer thick

· they have a high surface area

· they release surfactants (to prevent themselves from sticking to each other)

· they are covered in capillaries where gases are exchanged

· gas exchange:

· oxygen diffuses into capillaries and is carried by haemoglobin in the red blood cell

· carbon dioxide that was dissolved in the blood plasma diffuses into alveoli

· emphysema – alveoli destroyed by inflammation

· the mechanisms of breathing is dictated by Boyle’s law: as volume of a gas increases, the pressure decreases

· gases will move from high pressure to low pressure

· diaphragm and intercostal muscles assist in breathing

· the phrenic nerve  in the autonomic nervous system stimulates the diaphragm and causes it to contract

· when contracted, the diaphragm flattens out, increasing the volume of the thoracic cavity, therefore decreasing the air pressure in the lungs

· this causes air to move passively from high pressure in the atmosphere into the lungs

· this is the process of inhalation
· when the diaphragm relaxes, it returns to its dome-shape, decreasing the volume of the thoracic cavity, and increasing the air pressure within the lung

· now that air pressure is higher in the lung than in the atmosphere, exhalation occurs, by which air passively moves out of the lung

· this is considered negative pressure breathing
· only animals with a diaphragm (mammals) breathe this way

· amphibians breath by positive pressure breathing
· air is drawn into the mouth and the glottis remains closed

· mouth cavity closes, glottis opens, and air is forced into the lungs

· amphibians have three respiratory organs:

· mouth

· lungs

· skin

Amphibians
· there are about 6000 known species

· they are the first tetrapods

· they live in freshwater and land

· they are still dependent on water

· they have smooth, moist skin without scales, but they have glands that produces mucus so that they can breath through their skin

· they have teeth and an anteriorly attached tongue

· amphibians are still dependent on water because of:

· external fertilization

· aquatic larvae

· cutaneous respiration – skin respiration

· excretion of ammonia as waste

· porous skin

· larvae:

· have gills

· have two-chambered heart

· are herbivorous

· undergo metamorphosis

· adults:

· have lungs

· have a three-chambered heart

· are carnivorous

· their metamorphosis is hormonally controlled

· in frogs, toads, and salamanders:

· there is a shift in respiration, circulation and diet

· the tail is reabsorbed in frogs and toads

· skin thickens and forms glands

· they develop:

· 2 pairs of limbs

· jaws

· tongue

· internal nares

· ear

· eyelids

· they are mostly oviparous, with little parental care

· neotony (paedomorphosis) – remaining in larval form

· many salamanders fail to transform

· they can, however, reach sexual maturity

· sirens and mudpuppies, never metamorphose

· they are obligate neotenes
· facultative neotenes metamorphose when conditions are favourable

· some amphibians bypass metamorphosis by directly developing within the egg

· some amphibians are viviparous

· there are three types of amphibians:

· salamanders – some have internal fertilization

· frogs and toads – males typically have loud courtship calls to females

· caecilians – have lost appendages

· caecilians can be differentiated from the segmented worm because caecilians do not exhibit serial homology, they have a dorsal nerve cord, and they have a larval form

· some are viviparous

· very few amphibians provide parental care

· some do, however:

· marsupial frog in South America (pouch brooders)

· vocal sac brooder

· gastric brooding frog – develops egg within the female’s stomach

· the biggest reason for decline in amphibians is disease and loss of habitat
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Reptiles
· reptiles are the first truly terrestrial tetrapods

· they breathe through lungs and have developed a more efficient heart

· they must conserve water:

· skin is waterproofed by keratin

· produce a special nitrogenous waste that minimizes water loss

· reproduce and develop on land

· internal fertilization occurs on land

· amniotic egg allows them to develop the embryo independent of water

· reptiles have also improved their circulatory system

· in turtle snakes and lizards, they have a partially divided ventricle

· in crocodilians, there is a fully divided ventricle – a 4-chambered heart

· they have 2 aortas

· one aorta can bypass the lung and use partially oxygenated blood if they are not using their lungs

· birds and mammals have only one aorta and a 4-chambered heart (fully divided ventricle)

· there are about 6000 known species

· mostly terrestrial, although some have gone back to water

· can be carnivores, herbivores, or omnivores

· they have dry skins and scales

· they are the first amniotes

· arose during Carboniferous Period (about 300 MYA)

Amniotes and the Amniotic Egg
· amniotes have embryos enclosed in a fluid-filled sac

· they include birds, reptiles and mammal

· many amniotes have shelled eggs

· EVOLUTIONARY INNOVATION: the shelled egg

· the external shell:

· may be leathery or brittle (made of CaCO3)

· it is permeable to gas (can facilitate gas exchange)

· it is fairly impermeable to water

· it is self-sufficient (it doesn’t need parental care)

· however, some do need to be incubated if they are endotherms

· the amniotic egg is composed of:

· an external shell

· the embryo

· extra-embryonic membranes – formed by embryo during development

· yolk sac – provide nutrients (sac comes from embryo, but nutrients come from mother)

· amnion – sac that surrounds the embryo and provides protection

· chorion – layer under the shell that facilitates gas exchange

· allantois – waste sac

· albumen – provides proteins and fats

· having a terrestrial egg requires internal fertilization (sperm cannot penetrate external shell)

· shell and albumen are added to the fertilized egg in the female’s oviduct

· having a terrestrial egg also requires a non-toxic nitrogenous waste (uric acid)

Excretory System
· excretory products are substances released by the body

· nitrogenous wastes are products of DNA and protein metabolism

· they are released by the excretory organs (kidneys) as well as skin and gills

· carbon dioxide is waste of cellular respiration

· it is released by respiratory surfaces

· salts and ions

· they are released by kidneys, skin and gills

· water can also be a waste

· nitrogenous wastes:

· ammonia (NH3)
· very soluble in water

· very toxic

· needs to be diluted and disposed of quickly or converted to less toxic form (urea or uric acid)

· excreted mostly by bony fishes, aquatic invertebrates, and larval amphibians

· urea (H2NCONH2)
· soluble in water

· not toxic

· less water needed for disposal

· excreted mostly by cartilaginous fishes, adult amphibians and mammals

· uric acid
· insoluble in water

· not toxic

· little water needed for disposal

· excreted mainly by insects, reptiles and birds

· water balance:

· animals in freshwater are hypertonic to environment so water readily diffuses into the animal (this organism will constantly need to urinate)

· organisms in marine environments are hypotonic to the environment and so water is frequently diffusing out of the organism (they will always drink and have a very concentrate urine)

· osmoregulators maintain a constant concentration of ions in body fluids while environment may change

· osmoconformers allow ionic concentration in the body match ionic concentration of environment

· osmoconformers only exist in marine environments, because solute level is too low for survival if animal conformed

· e.g. marine cartilaginous fishes and marine invertebrates

· the excretory structure of flatworms is made up of flame cells and tubules (collectively called protonephridia)

· beating of cilia in flame cells causes fluid to enter tubules and to flow through tubules and leave via excretory pore

· in annelids, fluid in coelom enters ciliated openings in tubules and capillaries reabsorb wanted solutes, so that waste are excreted in every segment through nephridiopores
· insects have tubes coming off the hindgut called, Malpighian tubules
· uric acid, Na+ and K+ are transported in Malpighian tubules

· this causes water to enter and mixture flows to hind gut

· Na+ and K+ are reabsorbed, as well was water

· uric acid is secreted from the rectum

· the vertebrate excretory organ is the kidney
· its function is to regulate levels of water and of dissolved solutes in the blood and to form urine

· the functional unit of the kidney is the nephron
· in humans there is about 1000000 nephrons per kidney

· all of humans’ blood is filtered 30 times per day, producing 2-3L of urine per day

· birds and mammals produce urine more concentrated than extracellular fluids

· urine produced in the kidney travels by the ureters to the bladder where it is stored until it is released by the urethra
· process of excretion:

· filtration
· blood travels from the renal artery to the afferent arteriole to the high pressure capillary bed, the glomerulus
· all the blood’s solute is filtered from the glomerulus into the Bowman’s capsule, which is the beginning of the nephron

· only large substances are not filtered out (i.e. cells and proteins)

· reabsorption
· along the length of the nephron, wanted solutes are reabsorbed by the blood in the peritubular capillaries
· most solutes are recovered in the proximal convoluted tubule

· solutes are actively transported and water diffuses afterwards

· the descending limb of the loop of Henle is only permeable to water

· cells around this limb have very few mitochondria, so insufficient amount of ATP/energy is produced to facilitate active transport

· the ascending limb of the loop of Henle is only permeable to solutes

· secretion
· unwanted solutes still in the blood are secreted into the nephron’s tubule

· excess solutes filtered in distal convoluted tubule

· urine formation and excretion
· path of blood:

· blood comes from renal artery to afferent arteriole

· blood goes to glomerulus for filtration

· blood leaves the glomerulus via the efferent arteriole
· blood travels through the peritubular capillaries

· blood leaves the peritubular capillaries through a venule that brings blood back to the renal vein to leave the kidney

· path of urine:

· solutes from blood are collected in Bowman’s capsule

· from the Bowman’s capsule, it travels down the proximal convoluted tubule to the loop of Henle
· urine travels the length of the loop of Henle for reabsorption and then to the distal convoluted tubule
· urine collected in collecting duct and then to the renal pelvis which brings the urine to the ureter for excretion

· the longer the loop of Henle, the more water is conserved

· the concentration of urine is controlled by a hormone ADH (anti-diuretic hormone) that is produced by the hypothalamus

· when brain sense low blood pressure, hypothalamus produces ADH that triggers the cells along the collect duct to reabsorb more water and concentrate urine

· stretch receptors in the aorta inhibit production of ADH

Reptilian Diversity
· there are four subclasses:
· Sphenodontida

· tuataras
· Squamata

· lizards and snakes
· Testudines

· turtles and tortoises
· Crocodylia

· crocodiles and alligators
· birds are reptiles
· tuataras and squamates (lizards and snakes) make up a group, lepidosaurs

· crocodilians, dinosaurs and birds make up a group, archosaurs

Dinosaurs
· dominant large animals for about 150 million years during the Mesozoic period

· other dominant animals (not dinosaurs) were pterosaurs and ichthyosaurs

· went extinct at the end of the Cretaceous period (about 65 MYA)

· living relative of dinosaurs are the birds
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Amniote Phylogeny
· amniotes can be classified by their skull morphology

· by the number of temporal fenestra they have

· turtles are anapsid
· all other reptiles and birds are diapsid
· mammals are synapsid
· fenestra allow more muscle attachment (especially for jaw)

Birds’ Origins
· birds come from dinosaurs

· dinosaurs lived on land and walked with legs under their body (whether bipedal or quadrupedal)

· specifically, the birds’ ancestor was a theropod dinosaur (thero = “beast”)

· characteristics shared between birds and theropod dinosaurs:

· bipedal, with three hind toes

· carnivorous

· 4-chambered heart

· similar lungs

· endothermic

· feathered

· hollow bones

· parental care of eggs and juveniles

· archaeopteryx – “ancient wing”

· oldest found bird fossil

· lived during the Jurassic period (about 150 MYA)

· there were 11 fossil specimens

· it was the size of a crow

· it had feathers and wings (avian characteristics)

· it had teeth and a bony tail (non-avian characteristics)

· we don’t think that this is the direct ancestor of birds

Birds (Aves)
· there are about 9600 known species

· they are amniotes

· they are endothermic

· they have a 4-chambered heart

· they have feathers

· they have diverse beaks that reflect their vast diets

· most fly

· there is a high amount of parental care:

· most build nests

· they incubate eggs

· they feed their juveniles

Thermoregulation
· ectotherms – absorb external heat

· endotherms – generate heat internally through metabolic processes

· leaky ion channels may have led to the evolution of endothermy

· this required energy

· some energy released was heat

· endotherms maintain relatively constant body temperature

· the metabolic rate of ectotherms increase with increasing temperature

· the metabolic rate of endotherms will increase if temperature are outside optimal temperature

· mechanism to maintain optimal body temperature:

· physiologically

· when it’s too hot: increase blood flow to the periphery, sweating and panting

· when it’s too cold: decrease blood flow to the periphery, shivering

· behaviourally

· orientation relative to heat source, basking, huddling

· moving locations throughout the day

· physically

· insulation (fur, feathers, fat)

· surface area to volume ratio can change

· an example of physiological thermoregulation is the counter-current heat exchanger of fishes

· used by fast, pelagic fishes

· heat generated by swim muscles

· heat retained in muscles

· blood is cooled at gills and flows through the central body core

· in “hot fish” dorsal aorta is split into two smaller blood vessels

· blood in the arteries are heated and when it returns in the vein, the heated blood warmer the arteries as well

· by the time the blood returns to the heart its is cold again, so no heat can be lost in the gills and heat remains in the core

· another example of physiological thermoregulation is the human thermostat:

· body temperature is regulated by the hypothalamus by a negative feedback system

· if temperature is too high, hypothalamus triggers sweating (which rids the most energetic and hot molecules by evaporation)

· if temperature is too cool, the hypothalamus will trigger shivering (muscle contraction) to generate metabolic heat

· an example of behavioural thermoregulation is seen in penguins:

· penguins often huddle to collectively conserve heat

· they may orient themselves away/towards the radiating source to maximize or minimize infrared absorption

· they may vary the degree of contact with substrate to direct conduction of heat to and from the body

· another example of behavioural thermoregulation is a lizard that maintains its body temperature between upper and lower limits by moving between hot and cold microhabitats (geographic areas within a habitat)

· another example, is the Galapagos marine iguana has adapted black skin to absorb more heat, while it swims frequently in cold water

· rabbits and hares have increased ears to increase their surface area to dissipate heat (physical thermoregulation)

· costs of endothermy:

· insulation

· external: feathers or fur

· internal: fatty layers

· cooling systems:

· sweat glands

· panting

· fuel

· lots of food required

· about 90% of energy in the body is heat energy and is not used for growth

· lots of oxygen is required for cellular respiration

· efficient respiratory and circulatory system required

Birds’ Circulatory and Respiratory Systems
· birds have a four-chambered heart

· this is similar to mammalian and crocodilian heart

· there is no mixing of blood

· deoxygenated blood enters the right atrium from the vena cava

· blood goes to the lungs from the right ventricle by the pulmonary artery

· oxygenated blood from the lungs enter the left atrium from the pulmonary vein

· blood is pumped to the body through the aorta from the left ventricle

· in the right atrium is the sinoatrial node (SA node/ pacemaker) which can stimulate an action potential that controls the muscle contraction of the heart

· birds have a highly efficient respiratory system

· flying and endothermy require lots of oxygen

· system is much more complex and efficient than mammals

· this allows some birds to fly at altitudes of 30000+ metres

· air flow is unidirectional (compare to tidal flow in mammals) in the birds’ lungs

· they have a smaller lungs with 8-9 air sacs branching off anteriorly and posteriorly

· on inhalation, air is drawn through the trachea into the posterior air sacs 

· on exhalation, the air is propelled through the lungs

· on the next inhalation, while more air enters the trachea, the old air is drawn into the anterior air sacs

· on the next exhalation, this air is forced out the nares

· it takes two cycles for air to move through system

· in the lung, gas exchange occurs in blood capillaries within the air capillaries

· this unidirectional flow of air ensures that there is no dead spaces as in the alveoli

· air is always moving through parabronchi and capillaries

· there is also always a continuous flow of fresh air

· this can help them achieve higher levels of oxygen concentration which enables flight

Adaptations for Flight
· there is a reduction in the body mass

· birds have only one ovary to reduce weight

· they do not have teeth

· they grind food in the gizzard
· their bones are more hollow and thinner

· air sacs fill body cavity and some bones

· there is a reduction and fusion of forelimb bones

· muscles and viscera is centralized in the middle of the torso

· they have a very shortened backbone and tail

· fusion and reduction of vertebrae

· they have an enlarged sternum that increases the surface area for muscle attachment for large flight muscles

· they have adapted feathers

· they function in insulation, flight, sensory structures, and for lining nests

· they are composed of keratin

· derived from scales

· most birds exhibit scaling and no feathers on their legs, which connects them to reptiles

· flight has developed four times over the course of evolution:

· insects

· pterosaurs (reptiles)

· birds

· bats

· this is convergent evolution – these similarities are due to environment and not ancestry

· it is important to note the gliding animals are not considered flying animals

· two hypotheses of flight evolution:

· ground up hypothesis – bipedal runners began to leap, which led to gliding and then flying

· tree down hypothesis – an arboreal dinosaur would glide from tree to tree which led to flying

· consider chukars (baby partridges) that are poor fliers due to their stubbly wings 

· hatchlings run from danger up steep embankment and will flap their wings

· it was noted that the flapping of wings created traction for running up an angle

LECTURE 22 – MAMMALS

Methods of Reproduction
· several methods of asexual reproduction used by animals are:

· parthenogenesis

· fragmentation and regeneration

· budding

· most animals can reproduce sexually or asexually

· one may choose asexual reproduction because:

· it’s less risky (no competition)

· it’s less energetically costly

· it’s used when environment is constant and unchanging

· one may choose sexual reproduction because:

· it’s used when environmental conditions are invariable

· it produces variation necessary for evolution

· there are two types of hermaphroditism:

· simultaneous hermaphroditism – capable of producing egg and sperm at same point in life cycle

· e.g. earthworms

· sequential hermaphroditism – individuals can change sex (they are only capable of producing sperm or gamete at one point in life cycle

· e.g. blue-headed wrasse (a type of fish) will form harems (many females to one male)

· since the male is so bright and colourful, he is especially susceptible to predation

· if the male is fed upon, the largest female will change colour and become a male

· sexual dimorphism – morphological differences between males and females (in size and colour)

· males are often the more conspicuous sex because females are choosy

Mammalian Evolution
· mammalian ancestor is the dimetrodon
· it is a type of pelycosaur – the earliest synapsid

· it predates dinosaurs

· some had dorsal sail

· it gave rise to the therapsids

· therapsids were reptiles

· they gave rise to modern mammals

· they evolved and were extinct before birds

· the earliest mammals were nocturnal and small insectivores

· early mammal innovations include enlarged brain and improved hearing

· true mammals began to evolve during the Triassic period (about 225 MYA)

· these mammals were small, arboreal, nocturnal, shrew-like insectivores

· they had reduction of the jaw and improvement of middle ear

· in China, a fossil was found from the Jurassic period (about 195 MYA)

· it was about 12 mm and 2 g

· it has a significantly large brain for its size and had middle ear bones derived from the jaw

· early mammals coexisted with dinosaur, pterosaurs, ichthyosaurs, etc.

· they became the dominant group at their extinction (about 65 MYA)

· they really diversified

· they filled the empty terrestrial and marine niches (large herbivores and carnivores)

· some returned to the sea

· Ambulocetus was the ancestor of the modern day whale

· thy existed about 50 MYA

· they were about 3 m long

· they have ears similar to whales to hear well underwater

· they are also similarly teethed to cetaceans

· the smilidon (saber-tooth cat) existed 1.5 MYA to about 11000 years ago

· they were contemporary with humans, mammoths and giant ground sloths

· Megatherium – literally means giant best

· is the giant ground sloth

· is herbivorous

· lived 2 MYA to 8000 years ago

· it was the size of an elephant

· were not the direct ancestor of the three-toed sloth

Mammals
· there are about 5000 known species

· it is the smallest vertebrate group

· about ¼ of all mammals are at risk

· mammals have hair

· hair is made of keratin

· it is used for insulation, camouflage, sensory structures and defence

· many mammals have lost hair (especially marine mammals)

· they are endothermic

· they have sweat glands

· they have mammary glands

· site of milk production

· all mammals have diaphragms for respiration

· they have a four chambered heart

· most are herbivores

· adaptations include:

· they have bacteria in intestine to help digest cellulose

· large intestine (leads to large overall size)

· they have an advanced nervous system

· they fertilize internally

· they have differentiation of teeth (mammals are heterodonts)

· three groups of mammals

· monotremes
· lay eggs (they are oviparous)

· egg is incubated until hatching

· females do not have a placenta (nourishment of embryo occurs through yolk sac)

· they have mammary glands but no nipples, so milk ooze out of fur

· monotremes have only one hole (cloaca) which acts as a genital, urinary and digestive opening (this is similar to birds and reptiles, so monotremes are considered more primitive mammals)

· only three species left (located in Australia and New Guinea)

· they diverged early in mammal evolution

· the platypus lives in freshwater environments and uses its bill to dig up crustaceans and worms

· they build their nest in the river banks

· they lay two-four eggs

· hatching occurs after 8 days

· they nurse their young up to 5 months

· males may have poisonous spurs

· the echidna are the short and long-nosed anteater

· they have sticky tongues and are insectivores

· they have pouches for their eggs

· eggs hatch after 8 days 

· they can live up to 50 years

· e.g. duck-billed platypus, spiny anteater

· marsupials
· offspring is premature at birth and completes development in pouch

· they are viviparous

· they have a placenta

· within the pouch the offspring attaches to the nipple to complete development

· there are about 240 species (mostly in Australia, although some in Americas)

· many placental and marsupial mammals have evolved convergently in North America and Australia to fill the same niches

· e.g. grey wolf vs. marsupial wolf (extinct since 1936)

· deer mouse vs. marsupial mouse

· groundhog vs. wombat

· flying squirrel vs. sugar glider

· e.g. kangaroo, wombat, Tasmanian devil

· eutherians
· embryo is retained in reproductive tract until development is complete

· 94% of mammals are eutherians

· they are viviparous

· amniotic egg is retained in uterus

· embryo is nourished by mother via placenta

· the placenta is formed by the embryo and mother after implantation

· it is formed by extraembyronic membranes and mother’s uterine lining

· it is the site of gas, nutrient and waste exchange between mother and embryo

· it produces hormones necessary to maintain pregnancy

· consequences of the placenta:

· yolk not needed, so nutrients come from mother

· waste is not accumulated (urea and wastes are transferred to mother, whose kidneys excrete them)

· only one pregnancy is possible at one time

· placenta produces oestrogen and progesterone which inhibits the hypothalamus to trigger ovulation

· the largest groups of mammals is the rodent family

Eutherian Reproduction and Development
· ovulation – release of ovaries (occurs in day 14 of human’s menstrual cycle)

· eggs are small

· there is no yolk supply, but empty yolk sac is still present

· fertilization occurs in oviduct and then the zygote moves to the uterus for implantation

· egg is surrounded by zona pellicida
· it is a glycoprotein envelope

· it aids in sperm recognition and binding

· egg “hatches” after implantation

· cleavage of the egg occurs before implantation and produces a blastocyst
· after gastrulation, inner space is called blastocoel
· inner cell mass will become the embryo

· inner layer of chorion (trophoblast) will become the placenta

· blastocyst will implant in the endometrium after about 6 days after fertilization in humans

· embryonic chorion will release hormones

· these hormones inhibit ovulation and maintains endometrium

· this hormone is called human chorionic gonadtropin (hCG) in humans

· this is present during pregnancy test

· if no implantation occurs, no hormones are secreted, so menstruation occurs

· ectopic pregnancy – implantation occurs in oviduct (very dangerous)

· placenta formation:

· mother’s uterine lining and trophoblast contribute to the placenta

· the chorion proliferates

· chorionic villi invade uterine wall

· allantois develops and forms blood vessels

· form umbilical arteries and veins

· in the umbilical cord, 2 arteries bring deoxygenated blood away from the foetus and one vein brings oxygenated blood to the foetus

· foetal and maternal blood never mix

· substances diffuse in capillaries, but the blood and plasma never mixes between the foetus and mother

· small molecules can diffuse across the placenta including:

· oxygen and carbon dioxide

· foetal haemoglobin has higher affinity for oxygen than adult haemoglobin, so oxygen readily diffuses into foetal blood

· urea

· nutrients (sugars, vitamins, minerals, etc.)

· hormones

· alcohol and drugs (caffeine, cocaine, etc.)

· in humans, gestation is 9 months

· first trimester (months 1-3)

· rapid growth and development

·  large hormonal changes

· causes morning sickness

· week 4 – heart begins to beat

· week 7 – sex differentiation

· embryo is about 3 inches long

· second trimester (months 4-6)

· now considered a foetus

· foetus is about 1 foot long

· third trimester (months 7-9)

· internal organs mature

· putting on weight

· labour begins when oxytocin is released and triggers uterine contractions

· cause cervix to dilate as well

· foetus emerges from amniotic sac (water breaking) and passes through the birth canal/vagina

· placenta then detaches from uterine wall and sheds as “afterbirth”

· some animals will consume the placenta for high iron content

LECTURE 23 – EVOLUTIONARY MECHANISMS

Mechanisms of Evolution
· mutation
· this is the ultimate source of genetic variation

· mutations changes the genetic code, which generates new alleles (alternative forms of a particular gene) which may change amino acid sequences, which may have phenotypic effects (effect on organism’s appearance of behaviour)

· e.g. mutations led to variations amongst Drosophila (mainly wing type and eye type)

· most mutations decrease fitness (survival and reproductive success) and are consider deleterious

· all organisms are usually successful and work pretty well, so most of the time, a mutation will counteract this

· the average mutation reduces fitness by 2%

· the few beneficial mutations are likely to be of small effect

· genetic drift – causes random change in allele frequency

· something may occur, so that survival is independent of the genotypes and phenotypes of the individuals (e.g. meteor crash, not all individuals reproduce)

· evolution happens but is completely random

· genetic drift is much stronger when the population is small

· natural selection
· proposed by Darwin and Wallace

· all organisms have the potential for exponential growth, and yet most populations remain stable in the number of individuals

· got ideas from Thomas Malthus’s “Essay on the Principle of Poulations”

· this implies that there is a high mortality

· they noted that traits vary amongst individuals and that traits influence survival

· as well, traits are heritable

· their prediction: traits that improve survival should increase in frequency through time

· for example, after Daphne Major drought of 1976

· no plant reproduced so no seeds produces

· the Darwin’s finches had to pick around for seeds

· after time, only large hard seeds remained

· so mostly large-beaked G. fortis lived

· sexual selection
· intra-sexual selection – e.g. male-male competition (this is why many ungulates have big antlers)

· inter-sexual selection – e.g. female choosing male

· natural selection and sexual selection of oppose one another

· natural selection chooses environmentally favourable conditions, whereas sexual selection chooses physical favourable

· gene flow – movement of gene amongst population

· this tends to opposes divergent natural selection

LECTURE 24 – SPECIATON

Species
· species are often differentiated from one another by 3 species concepts
· typological (morphological) – differentiating species based on physical appearances of two species

· this can often fail, since members within the same species can look different (e.g. sexual dimorphisms)

· e.g. Agelaius phoeniceus appears different in New York than in California, and the male looks total different than the female

· another examples if the difference in size and shape of the female and male anglerfish

· all the different breeds of dogs have all been bred from wolves, but now are all the same species (not the same as wolves)

· the skull diversity of dogs is very large, in fact large than the skull diversity of the whole order carnivore
· as well skulls of dogs explore many new morphological spaces

· this may also fail sine many different species can look strikingly similar (especially in insects)

· biological – groups of actually or potentially interbreeding natural populations which are reproductively isolatd from such groups

· this concept is more infallible than the morphological concept

· however, this concept has shown failures:

· the liger (interbreed of a lion and a tiger is not always infertile)

· this can be difficult to show, since many species are found very far away from one another (allopatric populations)

· the biological species concept allows for gene flow

· this concept cannot be used with fossils

· phylogenetic – investigating the DNA of two potential species and deciding whether they are genetically different enough to be two separate species

· what a species really is, is and individually evolving unit

· the three species concepts are simply methods of determining species

Speciation
· speciation is a process

· a barrier is established within a population

· the two new populations diverge genetically but are still reproductively compatible

· finally, after some time, the two populations become reproductively incompatible

· various mechanisms of speciation:

· uniform natural selection – natural selection (mutations) that occur in the same environment
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divergent natural selection (ecological speciation) – natural selection occurring in different environments
1. disruptive (in same location)/divergent (in different locations) drives adaptive divergence

2. reproductive isolation evolves as a consequence

· this can be demonstrated by the benthic and limnetic (littoral) stiklebacks

· it was shown that one type is more likely to reproduce successfully with the same type from another lake from the different tye from the ame lake

· in the wild, hybrids have a lower fitness than pure types in both habitats

· genetic drift – occurs in two different populations until a mutation occurs and renders the species incompatible
· polyploidy – species with different numbers of copies of genomes have many difficulties in reproduction (this can occur very quickly in plants)
· hybridization – occurs when two very different but still somewhat reproductively compatible populations form a hybrid offspring that is incompatible with either populations
· sexual selection

· additional matings increase male fitness more than female fitness
· males will want to mate more than females
· excessive mating rates decrease female fitness
· seminal fluids can be toxic to females
· mating is timely, can be injuring, and is energetically costly
· during mating, there is increased exposure to predators
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males and females differ in their optimal mating rate: females should evolve to resist males and males should evolve to overcome female resistance
· if this runaway co-evolutionary process goes in different directions or proceeds to different degrees in different populations, then it may lead to speciation
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cytoplasmic incompatibility – bacteria living intracellularly in organisms can prevent fertilization if the mate’s cells do not have the same bacteria

· insects that both have Wolbachia will produce offspring

· insects that both do not have Wolbachia will produce offspring

· insect in which the female has Wolbachia but the male does not will produce offspring

· insect in which the male has Wolbackia but the female does not will not produce offspring

· this is because in an offspring, cytoplasm is inherited only from the mother, so the Wolbachia have made it so it will be passed on to make it more diversified

· this cause speciation

LECTURE 25 – ECOLOGY

The Study of Ecology
· ecology – the study of interactions of organisms and their environment (both biotic and abiotic interactions)

· these are three types (of many)of ecology:

· behavioural ecology – the study of animal behaviour with relation to their environment

· one major topic is the study of how animals decide what to eat (optimal forging)

· abundance of different prey types

· “catchability” of different prey type

· quality of different prey types (energy-rich prey)

· standard prediction: animals should eat foods that maximize their energy intake

· bluegill experiment:

· in three tanks, large, medium and small daphnia were added in different proportions

· bluegills fed on the large daphnia when they were common, and all type when they were scarce

· this proves that bluegills intend to maximize energy intake

· prediction: bears should eat the newest, most energy-rich fish, but only in places where the catching is easy

· other factors affecting prey selection:

· competition

· predation risk

· essential nutrients

· children sometimes eat dirt for protection from toxins

· why has altruistic (non-selfish) behaviour evolved?

· at the extreme, some individuals help others to reproduce but do not so themselves

· prediction: animals preferentially help their kin because doing so increases reproduction of alleles they both carry (inclusive fitness)

· other possibilities: group selection, reciprocal altruism, punishment, gaining experience

· population ecology – the study of demographics (births, deaths) in relation to the environment

· understanding population decline and recovery

· cod fishing in Atlantic Canada has caused a major decline in the cod population

· why have cod not recovered after commercial fishing ceased in Atlantic Canada

· increasing number of seals (consumption of cod by seals in increasing over time)

· “Allee” effects (benefits of abundance) – as populations get smaller, they have more and more problems

· changes in life history traits (e.g. the number off eggs one reproduces, the age of reproduction, etc.)

· cods are decreasing in length, and number of eggs released is proportional to the female’s length

· cohort effect – in some years, reproduction is much more successful than others

· population cycles
· an example is the lemming that has a mass “suicide” where many of them throw themselves of a cliff

· the reason is to increase food and decrease predators for remaining lemmings

· community ecology – study of interactions between species in relation to the environment (this can explain species distribution)
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