Bryozoa-apomorphies
· introvert
· funicular system-connects between individuals
· colonial
· multiciliated cells
· coelomopores-a body wall pore connecting the coelom with the exterior
· lophophores
Body plan:
 stolonate-posterior to anterior
Fruticose-attached side to side (bushy)
Encrusting- top to bottom and side to side (mat like)
Foliaceous - back to back (leaf like)
Chaetognatha-apomorphies
· grasping spines
· hood
· ciliary fences
· double walled lateral fins
· stratified epidermis
· perfect bilateral symmetry
· single direction digestive system
[bookmark: _GoBack]clade: group consisting of a single ancestor and all of its descendants 
---------------------------------------------------------------------------------------------------------------------------
MISSING 2 LECTURES- look up on tree of life 
Annelida
· chaetae made of beta chitin
· four bundles of simple chaetae per segment
· metamerism
Sipuncula
----------------------------------------------------------------------------------------------------------------------------
When longitudinal muscles contract, circular muscles relax vice versa. Chetea have to retract in order to move.
Vermicompost- worms added, toxic filters
Hirudinomorpha (leeches) - Apomorphies
· posterior sucker
· dorsal anus anterior to sucker 
· superficial annulations
· unpaired midventral gonopore
· ectoparasitic
Body wall and muscles: 4 major muscle groups-circular,diagonal,dorsoventral(important in swimming),longitudinal
-posterior sucker 
Locomotion
· crawling
· swimming
Nerves and senses
· brain in segment 5
· ventral nerve cord
· segmental ganglia
· chromatophores
· pigment cup ocelli
· sensory papillae
Digestion
· anterior sucker/jaws
· lateral ceca
· symbiotic bacteria
Usefulness
· post-surgery(to remove excess blood/fluid, promote blood flow from amputated to not amputated side, reduce swelling)
· Hirudin
Excretion
· coelomic pressure
· nephrostome(immune function)
Reproduction
· hermaphrodites
· internal fertilisation
· citellum
Echiura (spoon worms) - Apomorphies
· prostomium
· pair of anterior ventral chaetae
· 2 posterior rings of chaetae
· prostomial trunk and coeloms
· intestinal siphon
U-shaped burrows,crevices
Deposit or filter feeders
Prostomium + trunk
Hooked chaetae
3 muscular layers (Dorsoventral, Longitudinal, circular) find pic
Inside: 
· prostomial ring, ventral nerve cord
· long coiled gut and siphon
· simple hemal system
Reproduction
· external fertilization
· trochophore larvae- looks like a spinning top with band of cillia
· major sexual dimorphism (itty bitty male)
Sipuncula peanut worms - Apomorphies
· eversible introvert - 
· Tentacles- tentacular coelum
· J-shaped digestive tract
· Intestinal ciliary groove
marine
blind burrows, crevices
suspension or deposit feeders
tentacles
jdhbveh?
Phoronida - Apomorphies
· Corpuscular hemoglobin in hemal system - (small hemoglobin can bind more oxygen, cellular hemoglobin reduces osmotic pressure (gets over binding/pressure issues). Double the blood volume of other invertebrates)
· Actinotroch larva
· loss of chaetea
-marine
-chitinous tubes
-circular and longitudinal muscles
-ascending and descending vessels
-lophophore
-u-shaped gut
Brachiopoda(aka.Lampshells)-Apomorphies
· Bivalve shell and mantle (dorsal ventral valves rather than left and right like molluscs)
· brachia
· heart is dorsal
· digestive ceca
-lophophores and pedicles, cheatae
-marine, benthic
-Opening the valve...inarticulate-(open by contracting longitudinal muscles) vs articulate (valve to valve contact open by contracting the abductor)
-Reproduction - sexual gonochoric
loss of chaetae-why is it an apomorphy in these groups? Because the general clade they're part of has apomorphy of chaetae so ones that do not have chaetae have the apomorphy of no chaetae. (ie. clade within a clade)
(good final exam short answer)
Nemertea (aka. ribbon worms)-Apomorphies
· rhynchocel-(retractor muscle, stylet) and proboscis
· loss of chaetae 
-Mostly marine
-ambush predators
-54 m one washed up on the shores of scotland... gross. super duper long proboscis bleck.
missing lecture written in notebook...
Hypostome*** will be on final exam
schizocroidal eye****
Aplacophora-Apomorphies:
·         Cylindrical vermiform body
·         Foot reduced
·         Mantle with cuticle and spicules
·         Dorsoterminal sense organs
·         Gonads open into pericardial coelom
-carnivores and deposit feeders
-marine
-no shell
-spicules
-radula
-pedal groove
-mantle cavity
Eumollusca-Apomorphies
·         Digestive ceca
·         Coiled gut
·         Complex radular musculature
·         Ondontophore with chondroid supports
Polyplacophora-Apomorphies
· 8 dorsal overlapping valves
· valves have tegmentum and articulamentum layers
-marine
-girdle
-muscular foot
-enrollment muscles
-lateral mantle cavity
-bipectinate gills
-inhalant aperature
-exhalant aperature
Digestive system: 
-microphagus browsers
-radula, magnetite
-mucus strand
-stomach
-intestine
Nervous System
-nerve ring
-tetraneurous
-subradular organ
-mantle receptors
-Aesthetes
Reproduction:
-gonochoric
-single gonad
-external fertilization
-trochophore larva
-no veliger
Conchifera-Apomorphies ****** loook up the rest on tree of life
· one piece shell with periostracum and calcareous layers
· mantle margins with 3 folds
· 
Ganglioncura-Apomorphies******look up rest on tree of life
· neuron cell bodies
· 
Rhacopoda-apomorphies
· posterior mantle cavity
· extensible head
· tall conical shell
Gastropoda-apomorphies
· torsion
· usually coiled asymmetrical
· anterior mantle cavity
· streptoneurous NS
· operculum
· left gonad lost
Torsion:
-monoplacophoran-like ancestor, then
-shell elongation, then
-torsion, then finally
-shell coiling         RFB fig 12-19
pooping on head
-risk of fouling mouth or gills
Solution?
-anal pores or slits
-asymmetrical mantle cavity
Mucus:
-Locomotion
-Navigation, homing
-Predator defense
-H20 conservation
-Aestivation
-Reproduction
Gastropoda live in a variety of habitats and are very diverse.
Reproduction:
-gonochoric
-************* find more on tree of life
Cephlopoda-Apomorphies
· pelagic
· chambered shell
· hydrostatic organ
· beaks and tentacles
· extreme cephalization 
· camera style eyes
· muscular mantle
· crystalline style lost
· macrolecithal eggs
Morphology:
-head
-foot
-arms and tentacles
-ventral-->anterior
Shell
-ectocochleate
-endocochleate
Buoyancy
-nautilus siphuncle
-cuttlebone
-chemical buoyancy
Locomotion:
-fin swimming
-jet propulsion
-walking
Feeding and Digestion
-beak
-radula
-salivary gland
-stomach
-digestive gland
-cecum
-anus
Ink Sac Complex
-Ink gland
-Ink Sac
-Melanin granules
-Mucus
Circulatory system
-closed system
-capillaries instead of sinuses
-systemic heart
-branchial hearts
-hemocyanin
Cephlapoda
-cranium
-cephalization
-giant motor axons
Sensory organs:
-vision-direct pigment cup
-otic capsules
-lateral line(detecting water pressure changes)
-olfactory organs
Chromatic organs:
-chromatophores
-Iridiocytes
-Photophores
Reproduction:
-gonochoric
-single gonad
copulation
-spermatophore
-hectocotylus
Ancrypoda-Apomorphies
· mantle, gills, mantle cavity, developed laterally
· valves joined dorsally and free ventrally
· foot adapted for digging
Bivalvia-Apomorphies
· bivalve shell with hinge
· adductor muscles
· radula lost
Morphology
-bilateral symmetry
-shells and hinge
-large gills
-visceral mass dorsal
-ventral foot
-head?
Mantle:
-mantle skirts
-mantle cavity 
-pallial folds
Bivalve shell:
-valves articulate with hinge
-hinge ligaments
-2 adductor muscles
-fast twitch muscle
-catch muscle
Shell structure and pearls:
-layers
-calcium carbonate , protein
-secreted by mantle epithelium
Foot and burrowing
-foot laterally compressed
-pedal sinus
-musculature
Gills and feeding:
-protobranchs
· deposit feeders
· feeding tentacles
· labial palp sorting fields 
· gills for respiration
-lamellibranchs
· suspension feeders
· gills adapted for feeding
· cillia
· particle capture and sorting
· food grooves, rejection tract
-septibranchs
-soft bottom burrowers
-attached epifauna
-unattached epifauna
-boring
-commensal and parasites
-freshwater
Nutrition and Digestion:
-mucus string
-ciliary sorting fields
-crystalline style
generalized mollusc
mantle skirt circulation
intestine pericardium, ventricle
blood as hydrostat
Gas exchange:
-gills
-mantle skirt
-respiratory segments
Nervous System:
-cephalization disappears
-location of sense organs?
-pallial tentacles
-pallial eyes
-cerebral eyes
-osphradium
Reproduction:
-gonochoric
-external fertilization
-trochophore larva 
-velliger larva
Ecdysozoa-apomorphies
· moulted exosketon
· setae
· alpha chitin
Cycloneuralia-apomorphies
· Terminal mouth
· Ringlike circumpharyngeal brain
· sucking pharnyx
Nematoda(round worms)-apomorphies
· 3 circumoral rings
· pair of amphids
· epitheliomuscular pharnyx
-complex cuticle
-eutely
-ecdysis
-longitudinal muscles
-Noooo circular muscles
Getting around-
· longitudinal muscles
Nervous system-
-circumpharyngeal brain 
-nerve cords
-papillae (mecano)
setae(mecano)
amphids(chemo and mecano)
phasmids
Nutrition and digestion:
-both free living and parasites
-teeth
-stylet(herbivores for piercing plant cells)
-muscular pharnyx
Excretion:
-no nephridia
-excretory gland and canal
Reproduction:
-gonochoric
-some hermaphrodites
-internal fertilization
Paranthropoda-apomorphies
· segmentation
Tardigrada-apomorphies
· 4 pairs of short uniramous legs
· sucking pharnyx
· eutely
· Body is head + 4 trunk segments
· Anterior-most appendages vestigial
· stylet
-cryptobiosis
-chitin cuticle-ecdysis
-4 pairs of lobopods with claws
-stylets and pharnyx
-brain and ladderlike ventral nerve cord
-ocelli
-gas exchange through body wall
-3 part GI tract
· fore and hind gut ectodermal
-mating
-direct development (keep track of larval stages for who and what...trends)
Onychophora-Apomorphies
· lobopods with articulations
· unbranched tracheae
· multiple nerve commissures per segment
· oral papillae with slime glands
· body wall muscles in continuous sheets
Morphology:
-papillae
-lobopods with claws
-pair of antennae
-mandibles
Body wall and musculature:
-chitin cuticle
-muscle layers
Systems:
-open circulatory system
-gas exchange via trachea
-ladderlike ventral nerve chord
-gonochoric
-internal fertilization
-spermatophore-sperm capsule
-most are viviparous
-sliming
Arthropoda-apomorphies
· articulated exoskeleton with plates
· jointed appendages
· individual muscles
· pair of lateral compound eyes
· 4 pairs of medial ocelli
· 6 pairs of saccate nephridia
· head with accron and 5 segments
· pair of pre-oral appendages and 3 others
· larvae with 3 pairs of appendages
Exoskeleton:
-selective pressures?
-consequences for body plan?
Implications for
-gas exchange
-growth
-sensing the environment
-reproduction
-mobility
Segmentation:
-serial homology
-homonomy,heteronomy-tagmosis (identify on the exam on a diagram)
Anterior tagma:
-sensory reception
-neutral integration
-feeding
Cuticle and ecdysis:
-secreted by epidermis
-sclerization, mineralization
-moulting
-ecdysone 
Segmental appendages:
-one pair per segment
-articulated
-uniramous,biramous
-articles
-articular membranes
Musculature and Movent
-antagonistic pairs(flexors/extensors)
-walking swimming flying
Digestion:
3 distinct regions (ecto, endo, ecto) RFB fig 16-9
Where did nephridia go in arthropods? used to be coelom --> reproductive tract --> out the body
in arthropods coelom --> digestive system --> out
know flame cell stuff and understand how it all works
circulation and gas exchange:
-open circulatory system-hemocel
-heart - arteries - hemocel - collecting vessels - pericardial sinus - ostia - heart
evaginations or invaginations of cuticle for gas exchange
Excretion:
Saccate nephridia- aquatic
malphiggian tubules- terrestrial
eyes
-median ocelli vs. lateral eyes
-median eyes - single lense if any
-compound eyes-multiple omnipadia
-sessile or stalked
Crustacea-apomorphies
· two pairs of antennae
· two pairs of maxillae
· antennal and maxillary segments have saccate nephridia
· tagmata are head and trunk
· trunk appendages are biramous
· all trunk segments have appendages
· suspension feeders using mixopods and a ventral food groove
· compound eye present
Reproduction:
-gonochoric
-internal fertilization, many using a spermatophore
Decapod evolution
shrimp-->lobster-->crab (increasing strength, mobility,hunting)
Hexapoda-apomorphies
· trunk divided into thorax and abdomen
· thorax has 3 pairs of limbs
*Forwards and backwards by the anterior and posterior direct muscles
Metamorphosis:
-egg 
-larvae
-pupa
-adult
Defense:
-chemical
-camouflage
-startle
-acoustic
-flight
-thermal
Communication:
-chemical
-auditory
-visual
-tactile
-dance
Cooperation and caring for juveniles
Reproductive division of labour
Castes
Myriapoda-apomorphies
median ocelli lost
compound eyes lack crystalline cones
ommatida are few and loosely arranged
Centipedes: 
-moist environments
-three pairs of mouth parts
-poisonous fangs(name?)
jdwhivdivfinish this
Millepedes:
-nocturnal detrivores
-mineralized cuticle
-enrolling
-repugnatorial glands
Chelicerata-apomorphies
· second segment has chelicerae
· body consists of cephalothorax and abdomen
· cephalothorax consists of acron plus seven segments
· 6 paired appendages on cephalothorax
· abdomen has 12 segments
· first head segment appendages lost
Arachnida-apomorphies
· terrestrial
· second appendages are pedipalps
· gas exchange via book lungs
· compound eyes divided into 5 pairs of single eyes
· internal fertilization
· femur of walking legs is biarticulate
· abdomen has 12 segments
Araneae-apomorphies
· abdominal silk glands, spinerets and silk
· venom glands in chelicerae
· sperm transfer indirect with pedipalp and sperm web
From now on, Only M/C on the finals
Deuterostomia- apomorphies
· enterocely
· blastopore becomes anus
· suspension feeding pharnyx with gill slits
· lecithotrophic larva
Echinodermata-apomorphies   (KNOW THESE FOR M/C)
· pentamerous symmetry
· water vascular system
· mutable connective tissues
· ossicles
-bilaterally symmetrical larvae
-90 degree body axis shift and torsion
Crinoidea-apomorphies
· body divided into crown and stem
· arms with pinnules
· ring canal bears many stone canals
· heart, kidney absent
Morphology:
-Stalk, crown
-oral side up
-jointed arms
-tube feet
Body wall and Musculature:
-cuticle, epidermis
-vertebra-like ossicles in stalk and arms
-Arm and pinnule muscle
-Flexors only
Movement:
-sea lillies(sessile)
Digestion and Nutrition:
-passive suspension feeding
-first, second and third degree tube feet
Water and vascular system
-no madreporite
-tegmental pores
-perivascular ************look it up
Asteroidea-Apomorphies:
· eyespot at each arm tip
· paired pyloric cecum in each arm
· gonads in arms
· bipinnaria larva
-ring canal
-radial canals
-lateral canals,ampullae
-tube feet, suckers
-stone canal
-ciliated
-polian vessicles
Digestion:
-extraoral:cardiac and pyloric stomach
Reproduction:
-regeneration
-gonochoric
-10 gonads
-broadcast spawners
Echinoidea-Apomorphies
· test of fused ossicles
· aristotles lantern
· periproct has 10 ossicles
· skeletal pores for each foot
· polian vessicles lost
Holothuroidea-apomorphies
· minute ossicles in thick dermis
· body wall musculature in 5 longitudinal bands
· microphagus, retractable buccal podia ****************look up the rest
Movement:
-burrowing(peristalsis)
-creeping(tube feet)
-pulling(buccal podia)
-swimming(papillae)
Gas exchange:
-gills
-bucal podia
-tube feet
-respiratory trees
-coelomic fluid(blood)
-coelomocytes, red cells
-dorsal ventral muscles
-rete mirabile
Reproduction:
-single gonad
-gonochoric
-external fertilization
-some brooders
-planktonic larvae
FINAL EXAM REVIEW
Bryozoa-Lophophores
Chaetognatha-perfectly symmetrical
Define clade -> node based, stem based, apomorphy based
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metamerism, know the evolution, how it happened, --> started in annelids also important in arthropods 
advantages/disadvantages (earlier in notes) *hint hint important**Metamerism: A plan of structure in which its body is differentiated along its longitudinal axis into a series of units or segments, each containing elements of the chief systems of organs
segmentation vs. metamerism
seg- derived from ectoderm, can be confined to only ectoderm -->Arthropoda
meta- derived from mesoderm, confined to ectoderm and mesoderm (not endoderm) -->Annelida
Metameres contain: -pair of mesodermal somites with coelomic spaces
-pair of nephridia
-pair of coelomoducts
-pair of ganglia on a ventral nerve cord
-pair of appendages
NOT perfectly segmented : METAMERISM (might be asked to draw perfect hypothetical one?) 
-no perfect example of a series of metameres
-not to be confused with chordate or cestode metamerism 
advantages:
large organism from simple plan
effective servicing of major systems
enables flexible and or complex movements
loss of parts not fatal
opportunities for specialization
disadvantages:every organ must be replicated

Tagmatisation/tagmosis-GROUPS of differentiated segments
polycheta-talked a lot about them
flame cells will be on final ******protonephridia(old way) and metanephridia(new way)
longitudinal-circular opposing
oligochaeta-bulb
hemoglobin issues- large vs. small, cellular vs. non cellular-phoronida
brachiopoda-musculature of the hinge mechanism
one way systems-intake and outtake-increase in length generally the cause
molluscs-mantle cavity challenges and benefits-apomorphies
gastropoda-shell evolution
cephalopoda-buoyancy(saves energy) evolves to active predators
bivalves- 3 mantle layers sensory- middle layer?
evolution of bivalve gills-> increase surface are for better gill efficiency feeding/respiraion
****importance of exoskeletons, challenges,benefits
nematodes-longitudinal muscles cuticle
velvet worm-slime glands
arthropoda-apomorphies
chelicerata-segment changes
crinoidea-water vascular system
echinoderm-bi radial body plan
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