Form and Function Notes for Midterm 2:

In General
· Beta Chitin versus Alpha Chitin
· Beta sheets: leads to weak H bonds, found in all animals but arthropods, all strands run in the same direction 
· Alpha sheets: found in arthropods, side chains fit nicely together so lots of H bonding= very strong, strands run opposite in an alternating pattern


Annelids

Fun Facts:
· Are a part of the locotrophozoa
· Includes earthworms, leeches, spoonworms and beardworms
· Found in freshwater, marine and wet terrestrial environments
· Setal hairs are formed from beta chitin 
· Predatory on the substrate that surrounds them 
Autapomorphies:
· Pair of setae formed from beta chitin on each side of the body
· Repeating segments on their body= metamerization
Coelom Type:
· Are eucoelomates (their coelom is duplicated and arranged in an end to end sequence) – gives it a segmented appearance
Ancestral Characteristics and Changes:
· Ancestrally all metameres had paired metanephridia and a ganglion that was capable of producing gametes and therefore could act as its own organism
Symmetry:
· Bilaterally symmetric each metamere 
· Head is composed of the prostomium, peristomium and pygidium= not actually true segments though
· Homonomous segments: no difference in the segments down the length of the body
Respiration:
· Gas exchange occurs across the body wall (some species have gills), large ones might have respiratory pigments to increase the oxygen carrying capacity
Metabolic Waste:
· Use diffusion across their epithelium
Circulatory System:
· Closed circulatory system
· Dorsal vessel pushes blood forward and a ventral vessel moves it towards the back, capillaries connecting the two vessels, blood picks up nutrients in gut wall before being filtered by the metanephridia to recover essential nutrients 
· The dorsal vessel pumps blood towards the front 
· Ventral vessel pumps blood towards the back
Feeding:
· Complete digestive tract 
· Straight tubular gut that runs down the length of the body and is modified in certain regions for different digestive tasks
· Digestive tract also has openings to the metanephridia where coelomic fluid is collected from the body cavity and is filtered to remove nitrogenous wastes (urea in terrestrial and ammonia in aquatic ones)
· Controlled by the subpharyngeal ganglion 
Movement:
· Have circular and longitudinal muscle surrounding their coelom 
· Each “box” of body can move independently of the others 
· The longitudinal muscles is contracted and the setae are pushed outward, then the circular muscles contract and pull the setae back in 
Reproduction:
· Monoecious and dioecious 
· Trophophore larvae differentiates into sections from the front to the back where each segment has its own mesoderm that differentiated from the schizocoel
· Hermaphrodidic
Nervous System / Sensory:
· Nervous system has a paired ventral nerve cord and an anterior brain that lies on top of the pharynx, also has eyes and tentacles on the heads
· Suprapharyngeal ganglion coordinates brain processes 
Clam Worm (Nereis)
· Reproduction 
· Every segment will develop gonads 
· Separate sexes but no prominent reproductive organs 
· Gametes form from tissues in the septal wall and are released to the outside via metanephrial openings or body wall will rupture
· Movement
· Longitudinal muscle is present in 4 pouches around the body wall 
· Contracts and relaxes the longitudinal muscle to allow the body to bend on one side to give it the worms characteristic whip like movement 
· Uses parapodia as paddles or crawls across the bottom of the oceanusing the parapodial legs 
· Each segment of the trunk has a pair of parapodia
· Both parapodia have dorsal and ventral cirri as well as bundles of setae The parapodia are raised and lowered by oblique muscles and the contraction of segmental muscles to move them back and forth
· Aciculum is just below the longitudinal muscles in the body wall which is where the muscles stick to the the body cavity
· Body wall consists of a thin cuticular layer, an underlying epidermis and a thin layer of circular muscle 
· On the dorsal side of the trunk is a lobe that forms the notopodium and on the ventral side is the neuropodium = both are divided into a big branchial lobe and a small lingual lobe underneath=== parts of the parapodia
· Nervous System/ Sensory
· Head consists of pigmented eye cups and sensory tentacles  
· The front of the prostomium has small paired peristomial tentacles and peristomial palps that are used for chemoreception (taste) and mechanoreception (touch)
· 2 eyes on the dorsal surface of the prostomium 
· Ventral nerve cord is enclosed in a fibrous sheath 
· In the head there are circumesophageal connectives that rise to meet the cerebral ganglion (brain), then there are nerves that head out to the prostomial sensory structure
· Digestion
· peristomium surrounds the mouth with paired jaws uses to capture food as well as peristomial cirri
· Pygidium at the end of the trunk includes the anal opening and has sensory cirri but no parpapodia
· Digestive tract is a simple tube extending though the animal to the anus (at the anterior end is the pharynx and the esophageal ceca)
· There are jaws and denticles (Teeth) inside of the pharynx that are usually retracted into the body via pharyngeal muscles combined with hydrostatic pressure and retractor muscles but can be extended quickly to snap and capture prey
· Tubular gut that fills most of the coelomic space 
· Metabolic Wastes
· Paired Metanephridia found in each segment
· Circulatory System
· Ventral vessel runs underneath the digestive tract
· Lateral vessels that extend into and return from the parapodia 
· Respiration
· Parapodia are also used for respiration: blood flows from ventral vessel through the capillaries to the lobes of the noto and neuropodia where it gets oxygenated and then returns to the dorsal vessel to be distributed to the rest of the body
· Fun Facts / Other Info
· Found in almost any marine environment
· A member of the class Polychaeta: defined by parapodia 
· Head consists of 2 parts: prostomium and the peristomium 

Leeches (Hirudinida)
· Reproduction
· Penis is often everted 
· ¼ of the way down the body is the male genital pore (located in front of the female genital pore 
· Hermaphroditic (monoecious)
· Testes located between the diverticula of the gut
· Paired ovaries
· Movement
· Have a circular, longitudinal and dorsoventral muscle
· Move like inchworms
· Move across the substrate by alternating the attachment of their anterior and posterior suckers = can also swim my making undulating body motions
· Digestion
· Anterior suckers surround the mouth, anus is not in the center of the posterior suckers 
· Food in the mouth is mixed with saliva from the salivary glands 
· Food is stored in the crop prior to digestion (in the anterior end of the gut), branched gastric ceca from the crop to increase area for storage
· Posterior end of the digestive tract is the intestine which also has intestinal ceca to increase its SA
· The mouth is located on the proboscis inside the proboscis cavity
· Circulatory System
· Metabolic Wastes
· Respiration
· Nervous System/ Sensory
· Eyespots are found on the dorsal surface near the anterior tip of the body
· Fun Facts/ Other
· Have lost their setal hairs as well as their segmentation 
· No longer have a spacious body cavity rather spaces surrounding the organ systems
· Ectoparasites (attach to host, feed then detach)
· Always composed of 34 segments but each segment has annuli (additional rings) so it looks like much more than that

Earthworm (Lumbricus terrestris)
· Reproduction 
· Segments 32-37 are modifies into a clitellum which is used in reproduction: forms the mucus sheath that secures the mating pair and the production of the cocoon which protects the fertilized eggs once they are laid
· Female gonopores (openings to the female reproduction system where eggs leave from) are on the 14th segment near the midventral line 
· Male paired gonopores with large lips are on the 15th segment 
· Sperm swim along the grooves in the segments between the 9th and 11th segments to get to the seminal receptacle
· Monoecious: male and female reproductive systems are found in the segments in front of the clitellum
· 3 seminal vesicles in segments 8-13 (where sperm is matured and stored prior to mating)
· 2 sperm funnels and their connecting sperm ducts lead to the seminal vesicles from the testes on the septal walls between segments 9-11
· 2 seminal receptacles receive and store sperm in segments 8 and 9
· Has a single pair of ovaries on the walls between segments 8 and 9
· Movement
· Has circular and longitudinal muscles (which are broken up into large masses of muscle because of the setae and setal hairs)
· Because of the hydrostatic skelelton the each individual metamere can change shape without affecting the segment next to it
· Inner surface of the body wall is lined with a peritoneum that separates it from the coelom
· Digestion
· Spends its days in a burrow and comes out at night to feed on leaves and other plant material (tail never actually leaves the burrow acts as an anchor instead)
· Food held in the mouth and worms muscles contract to pull it back into the burrow
· First segment of the body is the prostomium that has an overhanging lip of the mouth surrounded by the peristomium 
· Digestive system: food enters the mouth where it is swallowed by the pharynx, food passes through the esophagus which has calciferous glands that release calcium carbonate for ion regulation (located just behind the last aortic arch), moved into the crop where it is stored before moving into the gizzard (grinds up food completely), then into the intestines where gland cells release digestive enzymes, food absorbed and transported to the rest of the body via the blood vessels in the wall of the intestine
· Respiration
· Body wall of the organism is a epithelium covered in a thin cuticle with small pores in it to allow for gas exchange
· Circulatory System
· Segments 7-11 contain 5 pairs of aortic arches (hearts) and modified transverse vessels that connect the dorsal to the ventral vessel
· Blood in the aortic arches flows from the dorsal to the ventral muscle for counter-current flow
· Nervous System/ Sensory
· The cerebral ganglion is located in front of the pharynx 
· There are connectives that extend forward and down around the pharynx that connect to the subpharyngeal ganglion
· Paired ventral nerve cord connects ganglia in each segment
· Within a segment there are lateral nerves that extend from each ganglion and innervate the septa and body wall
· On the dorsal surface are three giant axons that run the length of the nerve cord and are important in hiding for the worm (send a signal to contract all longitudinal muscles in the body for the worm to go back into its burrow
· Metabolic Wastes
· Metanephridia are located between the septal walls in each segment

· Fun Facts / Other Info
· Demonstrates the segmented body plan
· Body is cylindrical with a slightly flattened ventral surface (lighter than the dorsal side)
· At the posterior end the anus is surrounded by the pygidium

Nematodes

Autapomorphies
· Pair of ampids as either a 2, 4 or 6 (pits that contain sensory cells to sample the soil or aqueous environment)
· Epitheliomuscular pharynx (no longer has endo/mesoderm they’ve combined to reduce the number of cells in their body)
· Sensory papillae in 2 rings of 6 on the lips and an outer ring of 4 on the head (small bumbs on the cuticle with pores that can be either chemosensory or mechanoreceptors)
Coelom Type
· Pseudocoelomates (a polyphyletic trait)
· Endoderm without mesoderm – no musculature to push food through the digestive tract- use their body movements
Ancestral Characteristics and Changes

Symmetry
· Bilaterally symmetric
· Almost perfectly cylindrical
Fun Facts and Other Info
· Roundworms
· Are a part of the ecdysozoa along with the arthropods
· Have a protein cuticle, strengthened with collagen that gets moulted and made by the epidermis
· No surface cilia
· Loss of coelom 
· Most are parasitic
· Every organism has the exact same number of cells
Respiration
· Gas exchange occurs across the cuticle 
Metabolic Waste
· Use renette cells in some species
Circulatory System
· 
Movement
· No internal divisions inside the pseudocoelom so the contraction of muscles occurs down the length of the body giving the whiplike movement
· Long cylindrical body plan that is pointed at each end
· Have a fluid filled body cavity (pseudocoel with unusual muscle cells that run down the length of the animal and result in their whiplike movement)
· Pseudocoelom and longitudinal muscles are used to produce the hydrostatic skeleton
Digestion
· Single dorsal and 2 ventral lips
· In parasitic species food is also absorbed across the cuticle
· Triradiated muscular pharynx, straight tube intestine that is not lined with musculature and an anus
· Circular muscles form valves in the pharynx so they can swallow food
· Have a complete gut
· Mouth is perfectly round with 3 lobes around it (lips)
Nervous System / Sensory
· Sensory amphids surround the mouth
· Instead of having nerves that connect the muscles to the nerve cord the muscles extend their own arms (cytoplasmic extensions) to connect to the nervous system
· No nerve cells associated with the nervous system ===they don’t have a peripheral nervous system
· Nerve ring surrounds the pharynx and runs down the length of the body via 4 connecting nerves
Reproduction
· Dimorphic sexes: males genital opening is at the posterior tip and in the females (larger than males) opening is halfway down the body
· Internal fertilization with copulatory spicules to hold the male in place as he passes on his sperm
· In both sexes gonads are tubular, male has 1 or 2 testis
· Females have a paired reproductive system
· No larval stage: embryo doesn’t divide by spiral OR radial cleavage but rather EUTELY (having a constant number of cells in the body that just grow larger as they mature rather than divide): miniature adults emerge from the egg and moult 4 times before becoming adults
· Amoebic sperm 
Osmoregulation
· Renette cells are used in osmoregulation whereas most other pseudocoelomates use protonephridia
· The muscular pressure of hydrostatic skeleton counters osmotic pressure and thus prevents an influx of water 

Ascaris 
· Reproduction
· Mate at right angles
· Females have 2 ovaries, males have 1 testis
· Tubular gonad that matures sperm and eggs as it moves down the body
· Male sperm crawls into the ovary instead of swimming into it= amoeboid
· Sexually dimorphic: males posterior end is curved compared to the females and features 2 copulatory spicules that are inserted into the female gonopore and hold the male in place while mating
· In males and females the reproductive system loops back and forth around the intestine (female has paired tubules males only have a singular tubular gonad)
· Female gonopore is located halfway down the body which has a single vagina that joins paired uteri that can be full of eggs
· Uteri run from the back to the front of the animal narrowing as they go to become oviducts that coil and twist before merging into 2 filamentous ovaries
· Unpaired testis in males
· Male gonopore and ejaculatory duct are located at the posterior end, ejaculatory duct becomes the seminal vesicle enlarges to become the sperm duct which narrows into testis
· Eggs inside the uteri are shelled
· Sexually dimorphic
· Seminal vesicle is the largest section of the male system

· Digestion
· At the anterior end of the worm (in both sexes) there are 3 lips that surround the mouth in males and females: 1 dorsal and 2 lateral 
· Mouth opens to the foregut (includes the buccal cavity) and then the pharynx with a constriction before you reach the intestine
· The rectum is shorter and thinner and ends at the anus in the posterior end
· Pressure their body is under leads to 2 valves that act as a channel for food to pass through the pharynx 
· A valve between the pharynx and the digestive tract
· Intestine is dorsoventrally flattened
· Contraction of pharyngeal muscles pull the pharynx open which sucks food into the lumen = triradiate pharynx is the best way to get the largest amount of space possible 
· Pharynx only has 1 layer of epithelial musculature
· Digestive and reproductive systems found in the pseudocoel
· Movement
· MISSING ITS CIRCULAR MUSCLES
· Body is covered in a cuticle with 2 pairs of longitudinal bands running down the length of worm where 1 is thicker than the other (thicker= lateral lines= sides of the body) (the lighter two are the paired nerve cords)
· Circulatory System
· Respiration
· Nervous System / Sensory
· Paired nerve cord 
· No peripheral nervous system
· 4 blocks of longitudinal muscles with arms that contact the nerve cord directly
· Just behind the lips are sensory amphids: appear to be modified cilia, invaginations of the cuticle used for sensory mechanisms
· Metabolic Wastes
· Underneath the cuticle are the excretory ducts
· On the ventral side is the single excretory pore
· Fun Facts / Other Info
· Thin cuticle protects the organism from the digestive juices of its host and is not reinforced with chitin
· Internal organs are suspended in the pseudocoel without any mesentries to anchor them to the body wall
· Lateral line running the length of the organism with renette cells (filter coelomic fluid and produce waste that is sent to the excretory pore= osmoregulatory structure)

Arthropods:

Autapomorphies:
· Banded muslces
· In other animals they have hydrostatic skeletons with sheets of circular and longitudinal muscle surrounding a fluid filled space
· Sheets of muscle are replaced by bands of muscle embedded in solid cuticle on either side of a membranous piece of cuticle
· As the muscle contracts and shortens it moves one piece of cuticle relative to the other, results in a lever like motion
· Compound eye
· Missing in most chelicerates, centipedes and millipedes
· The ommatidium gathers info and focuses it into a dot of light which gives a level of light intensity in 3 primary colours, signal then fired to the rhabdome that has 8 microvillar connectors that trigger an action potential for blue or green/yellow light
· The more opatidia the more dots of light and the higher the resolution 
· Assembles a mosaic of pixels to create an image
· 3 pairs of post oral appendages
· in crustacea and atelocerates there are 3 post oral appendages, in chelicerates there are 5
· in crustacean and atelocerates  the first post oral appendage is the mandible used for the main feeding structure followed by 2 pairs of maxilla (in insects the second is fused into the labium)
· in chelicerates the main feeding appendage are preoral and located on the second segment of the first tagma, the first pair of post oral apendages are the pedipalps followed by 4 pairs of walking legs
· Pair of preoral antennae
· On the first true segment of the body every class has a pair of antennae
· The appendages on the second true segment of the head: second antennae in crustaceans, chelicerae in chelicerates and nothing in atelocerates
Coelom Type: 
· True coelom
Symmetry:
· Bilaterally symmetric
Ancestral Characteristics and Changes:
· Ancestrally had 2 tagmata: head and trunk with a pair of legs on each of the trunk segments
· No longer have a hydrostatic skeleton to move but rather via muscle bands that stretch across the hinge of the joint spanning the tubular skeleton
· Tagmosis: the process of adjacent segments with walking legs becoming tagma
· Tagmatization: the combining of segments for specialized function
Fun Facts and Other Info:
· Largest group of organisms that exist/ most successful
· No cilia present 
· Have no cilia in any of their major functional systems
· The only group that uses alpha chitin instead of beta chitin for strengthening their protein structure
· NOTE: chitin is found in all protostomes just everyone else uses beta chitin
· LOTS of H bonding that occurs between the C=O and NH which gives it its strength
· Strands are aligned in an antiparallel manner
· Cuticle: broken down into outer epicuticle and inner procuticle 
· Epicuticle: on the outside, is the chemical barrier used for waterproofing, has a cement layer that is used to protect the wax that comes up from the gland cells via the pore canals and wax canals
· Procuticle: the bulk of the cuticle, where the chitin and protein matrix are divided into exo (covalently bonded proteins that have enzymes dispersed to form cross linked proteins making the cuticle strong and tough to digest) meso (ONLY FOUND IN CRUSTACEA, stabilized by chemical salts via mineralization versus chemical linkage), and endo (closest to epidermis, protein matrix held together by ionic bonds)
· The waterproof exoskeleton means no chemoreception occurs so instead they mold part of their cuticle into setal hairs with a nerve cell attached to the base of the socket and a pore at the top to allow them to sense their environment 
· Cuticle layers: 
· Basement membrane: the layer on which the epidermal cells sit
· Epidermis: secrete the cuticle, are non living
· Have a cuticle made of a protein matrix reinforced with alpha chitin or collagen
· Monophyletic group
Respiration:
· Breathe via book lungs, gills or spiracles and trachea
Metabolic Wastes: 
· Use antennal glands, coal glands or Malpighian tubules
Circulatory System:
· Open circulatory system
· Tubular dorsal heart that fills through segmentally arranged ostia 
· Hemocoel contains hemolymph that bathes the internal organs
Nervous System / Sensory:
· Have a 3 segmented brain
· Cuticle formation results in the need for a compound eye and sensory structures
· Compound eye that consists of 1 optic unit repeated hundreds of times across the eye
· No camera eye in organisms with an outer cuticle
· Have compound eyes and simple eyes  (responsible for detecting light intensity, don’t form an image) in some groups= simple eye also called OCELLI
· One pair of preoral antennae
· Paired vental nerve cord with ganglia for each segment of the body
· Nerve cord connected to the subesophageal ganglion and brain above the esophagous
· Tripartite brain
Reproduction: 
· Dioecious 
· Fertilized eggs can undergo direct or indirect development depending on the group
Digestion:
· Manipulates food with their appendages before eating it with articulated limbs that can only bend in one direction 
· Complete digestive tract
· Foregut and hindgut are both lined with cuticle
· Nutrients absorbed in the midgut
Movement: 
· An exoskeleton with articulated plates with muscles adhering to it
· No longer have a hydrostatic skeleton to move but rather via muscle bands that stretch across the hinge of the joint spanning the tubular skeleton
· Have bands of muscles that run between joints and limbs
· Made up of an inner procuticle (only part with chitin, proteins are either covalently cross linked in the exocuticle and ionic bonds in the endocuticle) and an outer epicuticle (cross linked proteins that harden the outer surface, usually supplemented with a waxy waterproof layer, creates a tubular exoskeleton causing joints to only bend in one direction)
· Muscles are arranged in bands
· 3 pairs of post oral appendages
· Appendages either biramous or uniramous
Moulting
· Commit a huge metabolic effort to make the cuticle and recycle it when they moult
· Creates a larger suit of armour to grow into
· Controlled by the hormone ecdysone which is secreted from the glands behind the brain
· Stages between moulting phases are called instars
· The number of times a species can moult might be constant throughout the organisms life or can change in response to temperature, food availability or other environmental factors
· Steps
· Ecdysone is released
· Apolysis: physical separation of the epidermis from the endocuticle
· Epidermal cells fill the resulting gap with a moulting fluid that is inactive
· Secretes a cuticulin layer for insulation and protects them from the moulting fluids digestive action (later becomes a part of the new exoskeletons epicuticle)
· Molting fluid becomes activated and chemically digests the endocuticle of the old exoskeleton
· Amino acids and chitin microfibers pass through the cuticulin layer to be reused (get recycled by the epidermal cells) and secreted under the cuticulin layer as the new procuticle  by the epidermis
· Ecdysis: shedding the old exo and epicuticle
· New integument expands
· Tanning occurs (to harden the new cuticle)
Trilobita
· Extinct so don’t need to know
Crustacea
· Ancestral Traits
· In the ancestor had a head with antennae and feeding appendages and a trunk with legs on each of its segments, each leg was identical and used for swimming, filtering particulate matter and gas exchange via the movements
· Respiration
· Rely on simple diffusion for gas exchange
· Large animals have gills to inc SA
· Oxygen transport is assisted with the respiratory pigment hemocyanin
· Gills sit in a chamber under the cuticle
· Antennal Gland: tubular structure with a large SA covered in membrane suspended in haemocoel, large in freshwater organisms and small in marine, used for gas exchange and metabolic wastes
· Circulatory System
· Ostiate heart located on the dorsal surface that pumps hemocoel into the surrounding organs
· In large ones, hemolymph released into hemocoel in different parts of the body via blood vessels
· Haemocoel travels through veins and arteries from the heart to release blood at the tissues and then travels back to the heart from the gills
· 3 main arteries: posterior, anterior and sternal
· Heart is saclike with ostia, sits inside a cavity, as it relaxes the ostia open and the heart fills with blood and then when it closes the blood gets squeezed out 
· Digestion
· Dominate the marine environment using their filter feeding mechanism
· Food manipulation occurs by the base of the mandible= gnathobasic articulated mandible 
· Primary herbivores 
· In small species gut is a simple tube, in larger has a gastric mill to grind food, setal sorting fields and digestive ceca (has digestive enzymes in a pouch to further break down food)
· Algae needs to be broken down to get to the cells and nutrients
· Cardiac stomach has 3 massive teeth on its wall to pulverize the food, ectodermal in origin
· Pyloric stomach sorts out the optimal food from the debris and then passes it to the digestive gland and intestine
· Has a setal sorting field that is made up of cuticular hairs
· Nervous System / Sensory
· Brain located above esophagus with a subesophageal ganglion controlling the mouthoarts via a paired nerve cord
· Movement
· The endopodite and the exopodite which create the Y shaped biramous appendage 
· Reproduction
· Nauplius larval stage: when it hatches it has 3 appendages that differentiate and then more appendages grow behind them, also has a naupliar eye that is used to orient the larva
· With the exception of barnacles: both sexes are separate= dioecious
· Paired gonads in both sexes
· Gonopores are located on the thorax (genital pore)
· Sperm transferred by the male to the seminal receptacle or directly onto the eggs she has laid (some species use spermatophores)
· Metabolic Wastes
· Metanephridia are found in either the antenna or maxilla
· Small animals use diffusion to remove ammonia, large ones have antennal glands to filter the hemolymph
· Body Plan
· Cuticle lacks the epicuticular waxes found in terrestrial arthropods and is hardened by the addition of calcium salts in the mesocuticle between the exo and endocuticle of the procuticle
· Legs found originally on the trunk and involved in locomotion assisted the maxillae in processing food and became maxillipeds
· The head and trunk segments with the maxillipeds became the cephalothorax
· Part of the remaining trunk became specialized for locomotion as the pereon and the other part became the pleon with the periopods and pleopods respectively
· Biramous appendages: has an exopodite and endopodite to increase the surface area
· Serially homologous: body with 5 segmented head with legs all the way down
· Appendages are used for locomotion, feeding, respiration and sensory using secal hairs (have 5 pairs- first appendage on the 3rd segment)
· Endites and exites move via the metachromal wave to flush water over the body of the organism, there are setal hairs around the inside that trap the algae suspended in the water and then the base of the appendage pushes the food up towards the mouth
· Body plan divided into tagma: 
· Cephalothorax= head segment
· Pereon= remainder of trunk, where the walking legs are
· Pieon= the other part of the trunk, where the swimming legs are
· EX/ Crayfish
· Live in freshwater environments 
· Has a chitinous cuticle secreted by an underlying hypodermis (type of epidermis)
· Cephalothorac is covered by the carapace (sheet of cuticle that covers the dorsal and lateral sides of the body)
· Rostrum extends between the eyes 
· Cervical groove on the dorsal surface of the carapace marks the division between the head and the pereon (thorax)
· Carapace extends over gills to form branchial chamber – cuticle covering the gills is called the branchiostegite that is defined by two branchial grooves on the dorsal edge
· Compound eyes are on stalks
· Five pairs of walking legs (pereopods and thoracopods) the first of which has been modified into pincer-like chelipeds
· Abdomen has six segments, each of which consists of two cuticular plates that overlap by articulating membranes
· Swimmerets (pleopods) are found on the first 5 abdominal segments, first 2 are dimorphic and modified in the male 
· Anus is in the center of the telson
· Male genital opening at the base of the last pair of walking legs or female genital opening at the base of the third pair
· On female the opening to the seminal receptacle is between the last two pairs of legs 
· The appendages on each segment share a similar embryological origin but have different functions
· Exhibits serial homology
· Each appendage is attached to the body by a basal protopodite and has 2 branches: the inner endopodite and the outer exopodite any of which can be enlarged/shrunk/fused etc to specialize it for the different functions
· Protopodite might have cuticular extensions on the inner surfaces (endites) or the outer surfaces (exites) 
· Cephalothorax has 5 appendages: most anterior are the antennules, followed by the large antennae and then behind the mouth are a mandible and 2 pairs of maxillae
· The antennules consist of two filaments attached to a three segmented protododite
· Protopodite is divided into a distal coxopodite (featuring the antennal gland on the ventral side) and a 2-segmented basipodite (where the largest segment is at the base next to the body and contains a statocyst)
· The large antenna contains a single sensory filament (mosified endopodite) and a flattened plate formed from the exopodite
· Maxillipeds are thoracic legs involved in feeding that are stacked on top of two pairs of maxillae (all 3 of which cover the mandibles)
· Third maxilliped has a gill (modified epipodites) attached to its inner surface
· Chilipeds pass food to the maxillipeds and the inner endopodite tears food into smaller pieces that are easier to swallow
· First and second maxilla help pump water and small food particles created by the maxilipeds into the mouth
· Only the second maxilla retains part of the exopodite that forms the gill bailer (called the scaphognathite) that moves water through the branchial chamber 
· Mandible is 3 segmented palp (endopodite) which is attached to the protopodite (The base of the mandible with toothed and grinding surfaces)
· 5 pairs of walking legs from the 5 segments of the original thorax
· First 3 perepods are chelatewith pinchers (the first is the biggest and is called the cheliped)- used for feeding and walking (all have lose the exopodite and are uniramous)
· Behind walking legs are 6 pairs of abdominal appendages= 5 swimmerets and a uropod
· Uropod and telson combine and act as a rudder at the posterior end of the body (NOTE NOT AN APPENDAGE)
· In the male the first 2 swimmerets are modified as copulatory structures
· Don’t have any capillaries
· Veins are replaced by a series of sinuses and spaces that the hemolymph moves through on its way to the gills for gas exchange and back to the pericardial cavity
· Blood from the gills collects in the pericardial cavity before passing through the ostia into the heart (ostia are paired on each side of the heart)
· 5 arteries at anterior end of heart: 4 are paired
· Unpaired artery supplies blood to brain antennae and antennules
· Antennal arteries are paired and deliver to muscles and sensory structures in head, paired
· Hepatic arteries are under heart and give to digestive gland, paired
· Dorsal abdominal artery to abdominal segments, unpaired
· Sternal artery extends to ventral surface, breaks into 2: ventral thorasic (to anterior part of nerve cord, walking legs, and mouthparts) and ventral abdominal (posterior parts of nerve cord)
· Large digestive gland (heptopancreas) under stomach, largest organ in hemocoel and where final digestion absorption and storage of nutrients occurs
· Mouth, esophagus, stomach, intestine, anus (on telson)
· Gastric muscles are responsible for the chewing movements of the gastric mill, has lateral and medial chitinous teeth to pulverize food
· Setal hair sorting field prevents large food particles from entering the posterior region until the gastric mill gets to them or forces them to be regurgitated
· Digestive gland adds digestive enzymes and is where final digestion occurs
· Testes or ovaries found in front and below the heart
· One ovary that lays on top of the digestive gland
· Antennal glands are modified saccate Metanephridia, main excretory organs
· Segmentally arranged ganglia connected by a ventral nerve cord
· Have a brain
Chelicerata
· Reproduction
· Dioecious
· Fertilization occurs either directly by the male or in a spermatophore
· Metabolic Wastes
· For excretory organs they use coxal glands to produce guanine or Malpighian tubules to excrete uric acid
· Respiration 
· Hemocyanin is used by some- especially those with book lungs or book gills for gas exchange (spiders that use tracheae to deliver air directly to the tissues do not use pigments)
· Circulatory System
· Main body cavity is hemocoel and a dorsal heart fills through ostia in its walls and pumps hemolymph to bathe the internal organs
· Digestion
· Have chelicera on the first body segment (paired feeding appendage)
· Consume their food in liquid form
· Have a complete digestive tract which includes digestive ceca or diverticula
· Nervous System /Sensory
· Brain is located above the esophagous where a subesophageal ganglion is connected to a paired ventral nerve cord 
· Have 4 pairs of simple eyes to sense light levels
· Movement
· Have 6 pairs of uniramous appendages and pedipalps behind the chelicera (that are involved in feeding, locomotion and reproduction sometimes) followed by 4 pairs of walking legs
· Fun Facts
· Terrestrial / marine (but the 2 least common classeS)
· Spiders, Mites/ Ticks, Scorpions
· opisthosoma can be divided into mesosoma (most anterior) or metasoma (most posterior) and can have a terminal telson  (formed from the pygidium in the embryo, most posterior part) with the anus at its base
· All except horseshoe crab don’t have a compound eye, some don’t even have simple eyes
· Autapomorphies
· 2 tagmata: anterior prosoma (cephalothorax) and opisthosoma (adbdomen) from the fusion of 12 or less segments
· Prosoma has six pairs of appendages- first one is on the first appendage
· Loss of antenna
· Spiders
· 1st tagma is used for locomotion and feeding
· pedipalps are modified walking legs that assist with feeding in many groups
· in the male, the end is modified into a point that is used to transfer a packet of sperm
· 4 pairs of walking legs
· Fang delivers toxins to prey to immobilize it to eat, uses the base of the pedipalp and gnathobase to squeeze juice out of prey
· Has HUGE simple eyes that are used for the detection of light waves- pick up vibrations for sensing the environment 
· Form orb webs using silk that has a huge resistance
· Fangs inject digestive enzymes into the prey
· Capture prey in silk and bite with fangs, inject enzymes, wait for insides to turn into goo inside the cuticle, few days later slurp up the goo
· Have a book lung- folds of cuticle inside of a cavity that brings air over the surface of the spider as it moves
· Deutocerebrum in the brain is missing (the part that makes sense of the sensory info from the antennae)
· Have special slit sensilla on their legs and sensory setal hairs (trichobothria) to detect vibrations 
· Setal hairs protect against water loss across the book lungs
· Have a dorsal carapace to cover the prosoma
· 8 eyes
· prosoma has 8 pairs of appendages: chelicerae, six-segmented pedipalps and 4 pairs of walking legs
· most anterior appendage is the chelicerae has the fang and the basal segment that attaches it to the prostoma and contains the poison glands (housing digestive enzymes and neurotoxins)
· gnathobasic coxa is the basal segment that covers the mouth and is equipped with sharp edges and used to crush and chew food
· pedipalps sexually dimorphic
· have a large sternal plate over ventral prosoma
· pleaural membrane connects dorsal carapace and ventral sternum 
· 12 segments on the opisthosoma, where first segment become pedicel (waistlike part of body)
· 2 pairs of book lungs, leads to lots of possibilities for water loss
· cuticular plate (epigynum) contains the female genital pore
· posterior end has spinnerettes and anal papillae
· most spiders have 6+ spinnerettes, tarantulas have 2-4
· Ticks and Mites (Acari)
· Smallest predatory animals on the planet
· No opithosoma- their protostoma is divided into 2 (capitulum and isiosoma)
· When they suck up blood they have a mechanism to excrete the extra water so they just get concentrated blood
· 4 pairs of legs
· Ticks lie and wait for hosts in grass or trees when a host walks by they release
· Mites in insects will crawl down trachea and feed on hemolymph
· Dorsoventrally flattened body
· Capitulum in tick with mouthparts represents anterior part of the body 
· Idiosoma has 4 pairs of walking legs
· Capitulum consists of 3 parts: cant see first, second holds chelicerae, and third has pedipalps, is attached to the idiosoma by the basis capituli (forms a cuticular ring and fits into a groove in the anterior part of the idiosoma)
· Hypostome (an extension of the sternum has teeth on its surface) and chelicerae (2-segmented) form a drinking straw that penetrates the hosts skin 
· Each pedipalp has 4 segments and together they form the sides of the piercing mouth parts
· Idiosoma: posterior portion of original prosoma and entire opisthosoma, sculpted with 11 rectangular festoons and a pair of simple eyes, middle part has fovea, ventral side near anterior midline is single genital opening
· 1st pair of walking legs has 7 segments and tarsus at tip has Hallers organ (sensory structure used to locate a host) and tarsal claws
· Remaining walking legs don’t have sensory features but are 8 segmented TICK
· gnathosoma has mouthparts (most anterior), posterior end split into prodosoma (which includes 2 walking legs) and hystersoma= division marked by the sejugal furrow
· Have chelicerae for penetrating tissues and peipalps for holding onto food (also can be sensory)
· In many mites first pair of walking legs is sensory 
· Most are soft bodied with spiracular plates surrounding spiracles, anal plate, anal opening and genital plate
· Body covered in setal hairs that are mechanoreceptive and chemosensory MITES
Atelocerata
· Autapomorphies
· Loss of second pair of appendages on the head (1 pair of antennae)
· Mandibles without articulation (1 giant chunk of cuticle- you can’t see the remnants of the legs like you can in crustacea)
· Malpighian tubules
· Paired segmental tracheal system that runs down the length of the body
· Respiration
· Have a tracheal respiratory system
· Main trunks with lateral connectives that are filled with air
· Spiracle is a opening to the outside that is always closed unless you need air
· Tracheole: next to cell laden with mitochondria where gas exchange occurs
· As the spiracle opens and closes just as fast, O2 in the air flows into the muscle instantaneously (21% in air means 21% O2 in muscle), then the O2 conc dec until it gets to 7% in the muscle then the nerve attached to the muscle sends a nerve signal to open the spiracle again = makes sure the muscles near the system are without O2
· Movement
· Uniramous unbranched appendages with a linear series of articulating parts
· Have either 2 or 3 tagmata 
· Head is 6 segments fused together 
· Trunk can be homonomous (repeating identical segments) 
· 2 pairs of legs per segment in millipede, in insects first 3 trunk segments form the thorax with 3 pairs of legs, the remainder become the abdomen without legs
· Breathe through spiracles connected to trachea and air is supplied directly to the tissues (only insects can close their spiracles)
· Circulatory System
· Dorsal tubular heart fills through ostia along its length and pumps Haemolymph forward into the main body cavity (hemocoel) supplying nutrients and removing metabolic wastes from the organs and tissues suspended in it
· Nervous System /Sensory
· Have only a single pair of antenna
· Compound eyes present in insects but not in millipedes or centipedes: but all 3 have simple eyes
· Brain connected to a subesophageal ganglion (that innervate the mandible and first and second pairs of maxilla) which is connected to a paired ventral nerve cord with paired ganglia in each trunk segment 
· Digestion
· Complete gut divided into a foregut, midgut and hindgut
· Cuticle lines the foregut and hindgut
· Absorption of nutrients occurs across the midgut
· Reproduction
· Sexes are separate 
· Sperm can be transferred directly to the female or packaged in spermatophores
· Eggs are supplied with yolk and development is direct
· Miniature adults emerge and add new segments or (like in insects) metamorphosis occurs
· Use parthenogenesis for reproduction (asexual reproduction in which viable offspring develop from unfertilized eggs that are either haploid or diploid)
· Very few use direct semination
· Ovary is made up of ovarioles each of which is capable of producing an egg (As you work your way to the tip they become less and less mature)
· Spermatheca is like the seminal vesicle: where the sperm is kept nourished and alive for a long time
· As egg passes from ovary past spermatheca a sperm is released
· The accessory gland sticks the fertilized egg onto things in females, in males its where the spermatophore is made 
· Testis also has a series of repeating elements that have sperm being produced in different developmental stages
· Sperm held in seminal vesicle
· When the spermatophore is released into the female it breaks open and the sperm swim to the spermatheca to await and egg passing by
· The shell is put on the egg before it is fertilized
· Metabolic Wastes
· Malpighian tubules filter the hemolymph and combine with the hindgut to remove uric acid
· Malpighian tubules: located between the mid and hindgut, how insects conserve water, use a K+ pump in the membrane to pump K into the lumen which causes Cl to move in, because of the formation of KCl (a salt) water moves in with uric acid 
· We want to recover the water and minerals so K pump forces K to be pumped out, Cl follows as does water but the uric acid can’t get through the membrane so it 
· Fun Facts / Others
· Made up of centipedes, millipedes and insects
· Below the epicuticle is the procuticle which is composed of chitin and proteins strengthened by chemically cross linking the proteins or by embedding calcium salts
· Chilopods
· EX/ centipedes that are called meryopods
· Have poison in its fangs 
· Uses its antennae to feel for things
· Moved 1 walking leg to become a giant poison claw used to capture prey (forcipules)=technically maxillipeds
· Loss of the compound eye because nocturnal so they don’t need light to hunt- use vibrations instead
· Body divided into head (fused from 6 segments and has 1 pair of antennae) and trunk (dorsoventrally flattened)
· Preoral labrum and antennae, post oral mandibles and first and second pair of maxilla
· Has simple eyes
· First maxilla and mandible form the sides of the buccal cavity with labrum on top
· Mandible has teeth
· Have pleural membrane to connect dorsal tergite and ventral sternite
· On the last segment are the anal legs that are longer than the walking legs and can have sensory or defensive functions
· Gonopods located on the last segment manipulate eggs as they are laid
· Telson is on the tip of the trunk where the genital pore and anus are
· Cuticle lacks wax and spiracles cant close
· Diplopod
· EX/ millipedes
· Each body segment has 2 legs (except the ones immediately behind the head)
· Collum: part of the body directly behind the head that forces it to always face downwards towards the vegetation- not found in chilopods
· Non predatory
· Cuticle lacks waterporrofing and spiracles don’t close
· First maxillae form the gnathochilarium and adjacent segments on the trunk fuse to form diplosegments with 2 pairs of legs
· First 3 segments of the trunk have a single pair of legs on each segment
· 8 segmented antennae on the head
· Cluster of simple eyes
· Have tomosvary organs: what do they do?
· Appendages goes mandibles and then first and second maxilla
· Only 2 mouthparts: mandible and gnathochilarium 
· Diplosegment= solid circle of cuticle with 2 pairs of legs under each of the dorsal tergites, doesn’t include the 1st -4th segments of trunk
· 1st segment has no appendages
· Have pleural membranes
· Genital opening in anterior end in 3rd segment= called genital segment
· Cuticular strength in millipedes comes from a combination of sclerotization and embedded calcium salts
· Overlap in tergites= important in defense
· 7 segmented legs
· [bookmark: _GoBack]Last trunk segment lacks appendages = apodous diplosegment
· Reasons for insects success
· Small size= can launch into the air and move around on air currents, can adapt to the environment very quickly
· Waterproof exoskeleton= thanks to their epicuticle layer
· Metamorphosis= some insects have 2 distinct parts of their life, allows them to specialize on 2 food sources
· Incomplete: HEMImetabolous metamorphosis, larvae looks just like an adult except it doesn’t have wings until it last moult when it gains them, both sources feed on the same food source, larvae eats to survive as well as create the tissues needed by the adult
· Complete: HOLOmetabolous metamorphosis, larval stage feeds on something different than adult stage, EX/ butterflies or beetles, builds up a reservoir of proteins, lipids and carbs, get all the nutrients they need as an adult in the larval stage and then become an adult in the next stage
· Reproduction potential = females set up to produce hundreds of thousands of eggs in a short amount of time (more eggs= more likely to survive)
· Co-evolution with plants= development of flowers led to insects carrying pollen and a new food source (nectar)
· Evolution of flight= most primitive never flew, allows them to move in and out of favourable and unfavourable conditions, allows them to find mates, were the first group to fly means they were the first ones to access the foliage for food
· Body split into tagma (the fusion of segments of the body for more specialized functions that can be supplied oxygen and nutrients as needed)
· Head
· Used for sensory and food acquisition
· Has 6 segments
· Labrum in the mouth is not a true appendage but rather a flap of tissue 
· Labrum is on top, labium underneath, and then alternating mandible maxilla to make up a box
· Mandibular muscles are very strong and produce large amounts of force on the head that would collapse except the cuticle folds inwards and prevents this
· Have a separate skeletal system that protects the head from the forces of eating
· The tongue splits the mouth into 2 so above the tongue is the opening to the digestive tract and below the tongue is the opening to the salivary glands
· Piercing mouthparts: MOSQUITO (labium folds into half a tube and everything else sits inside, on the outside is the blades that cut through the tissue to find the capillary, when capillary is found the barbs anchor labrum in place, hypopharynx lets salivary enzymes free to liquidify the blood so it can be sucked up more easily) HORSEFLY (labium is extended into fleshy lobes that get pushed into blood to suck it up, blades inside work like scissors to cut up tissue and make blood) HONEY BEE (labium is placed inside the nectar of the flower, hairs absorb the nectar, when the mouth pulls the labium back in it wipes off the hairs into the digestive system, the salivary glands modify the nectar into useful sugars, then they flap wings and evaporate the water from the sugar and tada we’ve got honey) BUTTERFLY (maxilla is elongated and interlocked into a drinking straw that gets uncoiled by hydrostatic pressure)
· Thorax
· Used for locomotion (muscles for wings and/or legs)
· Has 3 segments: prothorax, mesothorax and metathorax = only meta and meso will have wings if wings are present
· Each one of the legs moves in a slightly different angle than the other
· The pterothorax is the part of the thorax associated with flight
· Direct flight: HELP
· Indirect flight: HELP
· 
· Abdomen
· Used for reproduction and general function (can expand and contract to allow for a large meal or the female to develop her eggs)
· Has 11 segments
· Tergite: cuticular plates with plasma in the middle that can be expanded or contracted for feeding or reproduction
· Beetles turned the front wing pair into protective coverings for the flying second pair
· Honeybee Sociality
· Worker bees are all female
· 1 queen per colony: reproductive female that produces all the eggs
· Drones are all males 
· Waggle Dance: how worker bees tell other worker bees there is an abundance of nectar and where to find it
· Relies on the suns polarized light
· The rhabdo in the center of the eye acts as a polarizing source 
· The angle of the vertical tells the angle of the polarized light as they fly
· The speed of the waggle is how far away the source is
· Makes sure the hive gets all of the nectar from an abundant source
· Unfertilized egg would become a male but the queen doesn’t allow that so she kills them all 
· The workers feed the queen and when they do she gives them a chemical signal to keep them infertile- when the colony gets too big not all workers get the signal and then males are produced and the queen will kill them
· When the colony gets way to big the old queen leaves and takes as many workers with her that still have her signal 
· In the old colony the old workers fight to the death to find the new queen and then the process starts all over again
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