BIO2135: Animal Form & Function – Midterm 2
Lecture 9: Annelida (Ch. 12)
· Root word  rings: segmentation of the body repeated units around the animal 

Annelid Phylogeny
· Lophotrochozoa: still expect the lophophore larva stage 
· Segmentation: of body plan of repeating units separate it from the mollusc 
· Metamerism: Repeated units of rings on the body
· Two kinds of annelids classified based on movement (Errantia & Sedentaria)

Lophotrochozoa Phylogeny 
· Taxonomy: Back up to the common ancestry with the annelids 
· Two clades: 
[image: ]
Annelida Taxonomy
· Class Errantia 
· Marine with parapodia (legs) for locomotion
· Class Sedentaria
· Marine, freshwater, terrestrial
· Parapodes reduced or absent 
· Setae for anchors 
· Sedentary and are less active, these kinds of worms are found in all kinds of habitats
· Parapods: highly reduced, some are modified with tentacles around the mouth
· They all have setae (little hairs for anchors)
· Not true or “real” hair because hair is a mammalian feature that is made of chitin 
· Only about 15, 000 species – not bad, pretty much found everywhere on earth
· Key to diversity is the division of body plan into a bunch of repeated units known as metamerism
· Metamarism: continuous animal is divided into sections and is spaced out inside the coelom and the other coelomic cavities are separated by septa from one another.
· Process by which segmentation occurs
· Each segment is known as a metamere 
· If we look at the generalized body plan we see the rings on the external side, within each of those rings, there is a septa wall that separates the coelom from each other. 
· Class Polychaeta 
· Paraphyletic
· Class Oligochaeta 
· Class Hirudinida 
· Clade Clitellata

Metamerism
· Each of the rings has a septa wall that separates one coelomic space from another. 
· Aspects of circulatory & nervous system are repeated in these rings.
· Purpose
· Compartmentalization
· Redundancy: repeated units = within each of the metameres give it margin of error and ability for certain structure to take over the function of the other & give rise for regeneration.
· Septa/um: continuous animal is divided into secretions with the coelom 
· Much more focused activity can occur 
· Possibility for regeneration  there is always some units of the necessary part

Class Errantia 
· Hydrostatic compartments
· Resist force that is put on it
· When force is applied in the middle it increases pressure in other areas where you are not applying the force
· Localized muscular contractions in one area – more effective muscular contraction
· Make a bunch of septa and separate the coelomic state and the muscular forces remain in that segment 
· Class Errantia
· Free living mobile worms that have parapodia – appendages on either side of the segments
· Movement of these parapods can be independent of each other
· Use the parapodia to move around – they have coordinated movements  the ability to move one extension at a time 
· Circular locomotion: 
· Sinusoidal locomotion: Movement like swimming, alternate contractions of the unit in the muscular body in a S shape.
· Longitudinal muscles
· Has 3 segments have longitudinal muscles on the RHS contracting at once, pulling together and coiling up.
· There is another contraction occurring 3 segments down causing a wave like pattern along the body.

Nersis 
· Locomotion
· Walking
· Swimming 

Gas Exchange & Circulation
· Gas exchange
· Closed circulatory system means that there is a presence of capillaries 
· Bring blood to the tissues and respiratory surfaces - there is no ventilation all is internalized capillaries 
· Diffusion allows for the diffusion of respiratory gases are then moved throughout the circulatory system 
· Parapodium/parapodia:
· Upper area is responsible for gas exchange 
· Lower area is responsible for nerves (not illustrated but innervated with nervous tissue)
· Have specialized names for the top and bottom portion
· Bottom portion has more 
· Whole entity is the parapodium, but the bottom part is neuropod and the top part is known for gas exchange is called notopodia.
· Sensorial
· Cutaneous respiration 
· Closed circulatory system
· Capillaries 
· Respiratory pigments 
· Predatory polychaete 
· Muscular pharynx
· Aortic arches: little pumps that increase the pressure, acts the same as little hearts 
· 5 hearts: increase pressure so that the circulation is under a good flow for diffusion to be maximized

· Entire parapodium is involved in locomotion as well
· Two blood vessels thought the body plan 
· Dorsal blood vessel: running towards the head 
· Ventral blood vessel: running towards the posterior region 
· ‣ The term blood really refers to a vertebrate trait - we are still discussing a hemolymph 

Nervous System
· Sensory projections 
· Better developed in annelids except for cephalopods
· Each one of these segments require communication to be able to instigate contraction mechanisms 
· Segmental ganglia: occurs all along the body plan along with the central nerve core 
· Little masses of nerve cells to innervate the neuropodia 
· Sensory and contraction mechanism
· Tiny little brains that are associated with a segment giving rise to coordinated & segment by segment basis of control
· Number of sensory structures around the head in terms of protection and these will require more sensory processing 
· Different units of ganglia around the head - not brains because they are too small
· Named according to where they are found in respect to the pharynx 
· Suprapharyngeal ganglion: main brain
· Subpharyngeal ganglion: sensory and innervation and so on 
· Lateral nerves
· There are different nerve fibers 
· Small nerve fibers is responsible for moving the parapods for movement like swimming 
· Giant nerve fibres is for emergency situations to run away quickly
· Circumpharyngeal connective tissue  
· Double nerve cord
· Prostomium sensorial

Excretion: Metanephridia
· Excretion is the process in which metabolic waste is removed 
· Metanephridia: evolution in respect to larger, more complex structures 
· Filtration and excretion is more sophisticated
· Structure that are repeated in the sections of these coelomic spaces and has coelomic fluid 
· Coelomic fluid is most filtered by coelomic fluid which is filtered by the nephrosotome 
· Nephrostome is in the anterior region of the nephridia that will be filter the fluid from the coelomic cavity
· Concentration of metabolic waste is then sent out of a pore known as the nephridiopore 
· A few segments at the front end and the back end that will filter the fluid from the cavity in front of it 
· Close contact with capillaries of the circulatory system - filtering for substances that are in the circulatory system 
· Double circulatory system: Removing metabolic waste from the circulatory system & fluid in the coelomic waste flowing through the metanephridia 
· Meteanaephria is capable of filtering both (coelom fluid + circulatory fluids) 
· Gomatic 
· Bladder
· Tubule
· Capillary filtering

Clades Errantia vs. Sedentaria 
· Taxonomy in the Phylum Annilida  We are looking at 2 Clades (two monophyletic groups)
Clade Errantia 
Clade Sedentaria
· Almost all the classes were classified based on their many hairs before our current classification system
· Whether they were aquatic or free-living or living in a substrate 

Class Sedentaria 
· Briefly look at the ancient polypedes and are now classified as sednentaries 
· Tubeworms: sedentary and live in a tube
· Calcareous secretions: Ca+ Carbonate secretions 
· Various tentacles: around the mouth to defend itself and feed by filtration
· Glued sand coverings: Embed itself in the glued sand and occasionally pop out 
**Not too much attention**

Clitellata (Oliogochaeta & Hirudinea)
· Clitellata: Earth worms and leeches 
· Complete digestive tract 
· Segments are useful to the outside 
· Prostomium: being in front of the mouth being associated with the true segments that holds things 
· Lobe that hangs over the mouth
· Peristomium: around the mouth 
· Setae: pair important in the locomotion (anchoring)
· Leeches is named after the structure "clitellum"
·  Clitellum: inflation of the external component - glandular role that produces mucus and other secretions important for reproduction 
· Sub-class Oligochaeta 
· Sub-class Hirudinea  

Peristalktic Locomotion
· Peristaltic locomotion: alternation contractions of two different kinds of muscles to produce motion 
· Antagonist muscles: 
· Circular muscles: Send elongation forward in spreading the force in both directions
· VIA contraction -> ANCHOR
· Longitudinal muscles: to bring of the body up to the anchor by the setae -> PULL INWARDS
· Mechanism of how the earthworms burrow into the ground by setting these protection and anchors down to 
· Worms are slimy and hairy

Olgiochaeta Anatomy 
· Digestive System – Internal Anatomy 
· Mouth leads to the pharynx (muscular - pump forward and back to bring food into the mouth which then leads to a crop)
· Crop: Temporary site for food storage (temporary- so they can ingest more than they can digest)
· This is so they can continue to digest food they have injected 
· Gizzard: muscular grinding organ that promotes the breakdown of food particles 
· This structure is useful because there is no other way to chew food (ex. teeth)
· What do Earth worms eat?
· May eat invertebrate (mite) - but generally eat dirt 
· Organic material in the earth - decomposing animals 
· To separate the organic material from the dietary mineral aspects of the earth 
· Process food = function of gizzard
· Calciferous glands: another structure that are able to separate the minerals deposits out of the food 
· Ex. Sulfer, Mg, etc. 
· Food particles are sent down to the intestines after going through the gizzard and calciferous glands to undergo extracellular digestion for the absorption in the cells
· Typhlosole: Role in increasing the SA to increase the diffusion into cells for cellular digestion 
· There are special cells outside the intestinal line that are in contact with the coelomic space on the outside known as chloragen cells 
· These cells are metabolic cells which process nutrients and molecular transformation in producing nutrition substances (metabolic processes)
· Choragen cells can break off of it's layer and circulate in the coelomic space in the metanephridia playing a role in the transport of nutrients 

· Esophagus 
· Buccal cavity 
· Peristomium

· Nerve system 
· Venteral nervords
· Ventral nerve cord 
· Suprapharyngeal ganglion: 
· Lateral nerves 
· Epidermal glandular cells

Reproduction
· Reproduction of clitorata is very unique
· Sperm transfer occurs in both directions 
· Hermaphrodite & Monoecious 
· Gonads are present on both sexes 
· Protangy: male first female after 
· Clitellata copulation: 69 formation
· They stick together using clitella (galadular and mucus producing)
· Seta latches on to each other on the ventral surface 
· Sperm transfer: occurs in two directions 
· Internal anatomy of reproductive components:
· 2 testes producing sperm will temporarily store them in the seminal vesicles preparing them for ejaculation
· When ejaculation occurs it will the sperm will migrate along the body of the other individual before entering the seminal receptacle and is temporarily stored there
· Sperm migrates along the epidermal surface, along a groove enter the ovaries 
· Copulation has occurred, but fertilization hasn't!
· Individuals separate after copulation, formation of a cocoon occurs after!
 
Cocoon Formation
· Cocoon formation: Occurs after copulation, secretion of mucus and other substances
· Chitin and other substances produced by the flagellum and will encapsulate the genital openings and games fertilize in the cocoon
·  Sperm and egg is deposited in the cocoon and 
· Cocoon = slime tube & mucus
· Separate off the end of the earth worm being independent of it's own and continues to develop in the cocoon 
· External fertilization: Occurs outside the body
· Independent and has its own, cocoon is released for embryonic development

Polychaete Larval Development 
· Larval development 
· Original larvae is a trochophore after this trochophore larva stage the units (entameric segments) repeated along the body turn into something we recognize more as the annelid worms

Claude Hirudinea 
· Clade Hirudinea - Leeches 
· Blood sucking organisms
· Hematophagy: feed on blood 
· Distinctive consequences of their morphology especially with respect to digestion 
· There is little requirement for extracellular processing
· Just need to absorb into the cell for intracellular digestion 
· Around the mouth there is a proboscis pore and an anterior sucker to stick into the tissue to suck 
· Posterior sucker: helps with locomotion located towards the anus 
· For better diffusion and absorption of that already liquid diet
· Crop: region of the digestive track (central)
· Diverticula: diverging away from the central axis where there is region for storage and increase surface area for diffusion and sent directly in o the tissues 
· Intestine: Also has a diverticulum
· Similar reproductive processes to the climata 
·  Salivary glands - enzymatic secretion has a roll in cutting down blood coagulation 
· Blood coagulation is a process that occurs in invertebrates, this allows for a wound to crust over and stop bleeding

Looping Movements
· Looping movements: Locomotion is different as it is terrestrial 
· Can walk on the surface on the epidermis of a potential host 
· Attach to the host via the anterior sucker using longitudinal and circular muscles to contract the body
· Anti-coagulant saliva: to keep blood flowing so it can continue to ingest the blood of the vertebrate

Medical Uses 
· Ecological Interactions: leeches have been used in medical surgeries due to its anticoagulant properties of their saliva,
· Regrowth of veins: veins have a hard time regrowing because they have thin wall & require high pressure circulation.
· All the blood in the area begin to coagulate as arteries are vey thick walled and elastic – easier time regrowing.

Lecture 10: Nematoda (Ch. 13)
Nematoda Phylogeny 
Round worms: Nemato= nematocyst is the stinging cells in cnidaria, very thin worms. They are the third largest group with 15 to 20K species known and described. Hard to study due to size.
Found everywhere, in organisms and the environment, some are also parasitic.

Ecdysozoa
Animals that get rid of exoskeleton, process known as molting. Most animals have a cuticle that acts like an exoskeleton, limiting growth, therefore they need to shed it in order to grow and evolve. One of the main differences between nematodes and insects is the make-up of the cuticle.

Collagen makes up the cuticle of nematodes and is one distinction between them and arthropods, arthropods use chitin.
· Cryptic biology
· Diversity
· Abundance

Pseudocoelom
Nematodes are the first pseudocoelomate organism, the cavity acts as a hydrostatic skeleton when filled with fluid.
· Longitudinal muscles: 
· The hydrostatic skeleton resists forces and this would cause pressure on the digestive tract.
· This would cause regurgitation; however, they have adaptations for that.

Nematoda Anatomy
· Mouth
· Dioecious organisms, different male and females.
· Male and female are very similar.
· Aphid and buccal cavity apply to both female and male and are labelled separately to reduce mess.
· Pharynx is muscular, this is a response to having food coming back up due to movement.
· Dorsal and ventral nerve cords, there is also a nerve ring around the pharynx, which is involved in coordination and contraction of the muscular pharynx.
· Intestine
· Females have two ovaries to send eggs to uterus and then to gonopore. The opening to the genitals is in the middle of the body
· Anus
· Males has testicles, with seminal vesicles which sends the sperms to the choleca. A choleca is the name for an organ used to excrete the contents of more than one system. 
· For example, digestive and reproductive system
· Excretory systems to filter fluids to get rid of metabolic waste. Also have rennete cells which collect substances and send it through the excretory hole.
· The cuticles is made up of two layers the matrix and the inner cortex which is like a fiber that goes in opposite directions to add extra support to the cuticle.
· The collagen bring the cuticle back to shape after the bending while the inner and matrix layers support.
· Animal is divided into 4 quadrants, north and south the Dorsal and Ventral nerves are on it. The North and East have the two pores for waste and cholaca.
· Excretory canal 
· Excretory pore
· Ovary
· Uterus
· Gonopore
· Seminal receptacle 
· Mouth
· Lips
· Amphid
· Testis
· Vas deferens
· Ejaculatory duct
· Spicule
· Seminal vesicle
· Cloaca
· Nerve ring
· Longitudinal nerve cords 

Nematoda Mouthparts
· Mouth is surrounded by three lips, often have teeth.
· Surrounding the mouth there are also sensory organs known as papillae (hair like mechanical sensing)
· Amphids are chemosenstive and detect things through taste.
· Anus also has sensory parts known as phasmid.
· Muscle process 
· Pharyngeal muscles 
· Cuticle layers
· Fibrous layers 
· Lipid layer
· Collagen
· Cortex
· Amphid
· Papillae
· Phasmid
· Nerve cell arrangement 

Details of Body Wall
· The nervous system is a nerve cord that runs along.
· Only 1 kind of muscle and goes from head to tail, limiting their motion.

Locomotion
· Good to get around in dirt or host, but not very useful on substrate

Osomoregulation & Excretion
· Particular system, two main system:
· Free-living vs parasitic.
· Essentially are the same, except free living have an excretory pore involving renette cells.
· The parasitic use longitude canals that excrete waste.
· Protoplasmic extensions 
· Renette gland 
· Renette canals 
· Excretory pore 

Sexual Reproduction
· Terminal posterior opening.
· Females have median opening.
· Bursa are the extension that contains the sperm that is released by the spicules into the genital pore.
· Once the sperm enters the genital pore of female the sperm travels to the ovaries and then egg deposited into uterus where it grows and released.
· Dioecy
· Sexual copulation
·  Bursa 
Intestinal Worms
· Either ingest something that contains nematode eggs, or they enter the body directly through skin.
· Migrate out of the intestine into the circulatory system and then circulate to the lungs where they end up at the mouth and then are swallowed.
· Humans are the definitive host, where they reproduce and release eggs.
· Parasites
· Lifecycle
· Egg in feces 
· Embryonated egg 
· Migration of larva 
· Rhabditiform larva 
· Filariform larva
· Filiary worms 

Filiary Worms – Elephantiasis
· Can block the lymph nodes after reproduction in massive amounts and then that would cause of swelling.
· Build up of lymphatic fluids.
· Elephantiasis 
· Lymphatic system 
· Microfiliarae 
· Hematophagous insect 
· Mosquito vector 
· Lymphatic fluids 

Root Parasites

Lecture 11.1: Arthropoda I (Ch. 14)
Anthropoda Phylogeny
Ecdysozoa 
· Have Chitin

Metamerism & Tagmatization
· Metamerism: are the regions that can be fused together
· Tagmatization: is the fusion of the different tagama's
· Each tagma has a separate function
· By grouping them into clusters they can be more effective
· Head
· Thorax
· Abdomen
· Serial appendages 

Arthopoda Taxonomy 
· Divided into 5 Sub-Phylums
· Sub-Phylum Trilobitomorpha 
· ◦ Extinct and we won't talk about them
· Sub-Phylum Chelicerata 
· ◦ Have 2 magmas (prosoma and opisthosoma) 
· ◦ Spiders, scorpions, ticks and mites
· ◦ Serial appendages due to metameric body plan, units would have been fused to make a region and all the appendage could be modified into something else. For example if its the head tagma they can be sensory organs as an example. The serial appendages helps us understand the differences. In this case the prosoma.
· ◦ Chelicera the modification of the appendages to feeding organs due to the tagmazation process.
· Sub-Phylum Myriapoda 
· ◦ Body is divided into a head and trunk 
· ◦ 4 pairs of head appendages 
· ◦ Sensory and a uniramous appendages only a single extension comes out no branching 
· Sub-Phylum Crustacea 
· ◦ Most are aquatic and have two antennae
· ◦ One pair of mandibles, and 2 pairs of maxillae
· Sub-Phylum Hexapoda 
· Different types of insects including Beatles

Arthopod Exoskeleton
Seta
Secretory pore canals 
Epicuticle 
Wax Lipids Procuticle 
Endocuticle 
Exocuticle 
Scerification Calcium deposits

· Exoskeleton is secreted by hypodermic cells.
· Epicuticle is the outer layer on the cuticle, substances come in contact with the cuticle layers, the epicuticle sits on the procuticle with two layers the endocuticle and exopro cuticles.
· Only the exo procuticle is hardened. The word used to describe the hardening of the exocuticle is sclerification, which is hardened by the chitin.

Modifications & Articulations
Modifications 
Articulations Cuticle folds Muscle attachment 
Hinges Articular membranes 
Flexor muscles 
Extensor muscles 

· Regions where sclerification is reduced, which allows for bending.
· Muscles on the Inside attached by segments allow for legs to pull back.
· Growth requires shedding of the exoskeleton.

Ecdysis
Ecdysis Molting 

In order to grow the first thing is that the old epidermis is separated by a moulting gel.
The space between the epidermis and the hypodermis is filled with a digestive fluid that dissolves the old endo cuticle component.
The nutrients are reabsorbed to reduce waste.
At this point mitosis takes place to inflate the cells and gain growth mass.
Cell division indicates the cell growth.
The weakend area in the procuticle creates a line of weakness to allow the animal to get out of its old casing.
Lipids, waxes and fats are secreted on the outside, this still happens even when molting.
Sclerefication of the epicuticle (outer process) of the new exoskeleton when its settles.

Molting gel Dissolve endocuticle
Nutrient reabsorption 
Production of new cuticle

Dissolve endocuticle 
Nutrient reabsorption 
Production of new cuticle 
Mitosis for cell division 
Secretion of epicuticle 

Class Merostomata 
· This class is known as horse shoe crabs: not crabs but look like them
· Chelocerata
· Opisthosoma the open region and the carapace is the hard covering.
· Another pair of appendages on the head region known as pedipalp, allows them to sense food and some mechanical sensing.
· 4 pairs of walking legs
· Walking legs= ambulatory 
· Posterior Tagma have long tail known as Telson that is posterior to an anus.
· Locomotorey organ, not used for stinging
· Operculum= used for covering
· Can see the book gills under the operculum

· Prosoma
· Chelicera 
· Pedipalp Walking legs 
· Genital operculum 
· Gill operculum 

Class Arachnida
Class Arachnida 
Order Aranea 
Spiders Fang 
Coxa Trochanter Femur Patella Tibia Metatarsals Tarsus Claw Epigynum Lung slit Spinnerets Silk glands Silk protein Web construction Other uses of silk Anal papilla Sternum Pedipalp

· Prosoma (head and throax) and ophiprosoma (posterior region the trunk)
· Have the sternum
· Cheloceria are in the fangs and have venom used for feeding.
· In the lower part (ophiprosoma) the appendages evolved to form an Epigynum (female genetial opening)
· Also have a lung slit.
· Silk used for making webs and catching prey
· Use end of anal papilia sensory to wrap prey.
· Very most basal segment is the coxa.
· Knee region is also names patella and tibia.

Book Lung
· Book gill diffuse contents in contact with water
· Book lung diffuse gases in contact with air
· Slit where air gets in an area with lamellae which are folded segments to increase the surface area
· Open circulatory system due to the sinus (no capillaries)
· Sinuses extract respiratory gases in the lamellae

Sense Organs
· Two main sense organs of importance are the:
1. Sensilla: sensory hair like extensions inverted from the inside whereby any movement will stimulate the nervous system
· Particular important in spiders to notify them when pray is stuck in its web. 
· Innervated seta that are able to sense the vibrations
· found all over place in the legs and pediplaps 
2. Simple eye: bold light structures with pigmented cells in the bottom 
· Ocellus: is the term referred to a general simple eye 
· With spiders it is common knowledge that they have 8 eyes but it is not true
· The type of species is a factor that varies in how many number of eyes

Excretion
· Important as spiders are carnivorous as their diet is entirely composed of animal tissue. 
· Highly protinacious diet, there is nitrogenous waste as the main type of metabolic waste generated. 
· Elaborate excretory system in order to eliminate all the nitrogenous waste.
· Feeding 
· Injection of venom though there chelicera in the prey.
· Chelicera have venom glands in them
· The venom causes the prey to liquify and then ingesting that liquid in the body. 
· Typically there pray are other arthropods - they liquify easily outside.
· Extracorporal digestion: digestion occurs outside of the body - most of the digestion has already taken place
· ◦ Injection of digestive enzymes in the pray
· Absorption for intracellular digestion 
· Digestive system is highly reduced 
· There are not many organ structures required to digest the food. All it is a series of ramifications in order to increase the surface area. Ramifications for ceacum in the foregut, tiny little stomach midgut area, hindgut is the areas for storage of nutrients before it gets excreted as waste. 
· Double excretory system where there are malphighian tubules towards the back end there are also secretory and filtering system around the coxa. 
· Coxa is the basal unit of segment for the ambulatory legs. 
· Caxal glands are filtration mechanism that take up the hemolymph rich in nitrogenous waste. 
· Malphighian tubules: series of tubes that are bathing in the hemolymph (carries the nitrogenous waste m
· Pumps present in the malphighian tubules 
· Pumping in ions and uric acid (concentration of nitrogenous waste)
· Can be transformed into something less toxic known as urea 
· Uric acid: less water
· Basically everything is enter the maphighian tubules due to an active pump. 
· Retro area where we are absorbing things that we do not want to lose
· Waste comes from two pathways
· 1. Metabolism
· 2. Undigested in the digestive tract
· They reunite in the rectum which is largely made up of uric acid
· Coxal glands 
· Filtration membrane 
· Accessory gland 
· Stercoral pocket 
· Active transport 
· Passive transport 

Venomous Spiders
· Venomous: inject venom or toxins into us
· Poisonous: refers to when we eat them

· Are more common in the US rather and will become more common as the distribution with the weather being increasingly warm.
· Most harmful spiders that can cause harm to humans although we are not their prey. 

· Venomous spiders 
· Black Widow
· She has the red hourglass shape on the ventral surface of the posterior tagma
· Sexuall dimorphism where she has the venom
· Her feeding cycle is related for the lifecycle
· Brown Recluse
· ◦ Known as fiddler spiders
· ◦ Has a violin shape on the back (stem of the violin)

Brown Recluse Hemolytic Venom
· Mechanism of the venom is to dissolve the tissue 
· Will eventually liquify and dissolve the tissue completely the area to turn into a completely open gash

· Haemolytic 
· Necrotic 
· Extra-corporal digestion: digestion process that occurs outside the body

Class Arachnida 
Order Scorpionida 
· Main different is the body morphology the opisthosoma is modified into having a long stinging tail 
· There are two tagmas (front part and back part)
· Preabdomen: Front part is made up of a protective shield where there the eyes are found and four paris of legs are found
· Median eye
· Lateral eye
· Pedipalps: modifications that look like legs 
· Pincers: can be used for social interaction or to hold down pray so that the stinger can be swung around and sting the prey.
· Modification involves a great importance placed on the tail 

· Dorsal shield 
· Postabdomen 
· Abdominal sting 

Order Arachnida
· Dust mites: free-living scavengers
· Dust is composed of dead skin and feces from dust mites
· Allergies are generally an immune response to the dust mite excretion
· Ticks: are ectoparasites that feed on animal blood outside of there bodies 
· Haematophagous 
· Disease transmission 

Sub-Phylum Myriapods
Class Diplopoda 
· Myriapoda means many many legs
· Two times milipedes and centipedes
· Every segments has a pair of two legs 
· Number of segments on a given species is that there are no absolute number of segments  
· Millipedes: are essentially scavengers that collect any kind of organic material that they can get as food sources. 
· This helps explain the orientation of their head
· It is generally downwards as they need to look down to find their food - due to trophic ecology
· Mouth is ventral so spend their lives looking at the ground. 
· There is a shield that protects the vulnerable crease known as the collum. 
· Eye: Simple eyes on either size of the head, vision is not well developed. 
· Antenna: sensory (olfactory) organs to be able to sense the molecules in the air
· Mandible & Maxilla: mouth parts that have chewing and chop up the organic material
· Simple walking legs that are paired
· Trunk

Class Chilopoda 
Centipedes
· Refers to singular diary legs
· The feeding ecology of chilopods/centipedes are that they are predators 
· Heads are in the forward position so they can look for pray
· Eye: simple eye? 
· Antenna: are for olfactory for cues  
· 1st maxilla: contain palms -> sensory organs that increase the sense of smell
· 2nd maxilla: 
· Maxillipede: modified into a venom gland to inject digestive enzymes 

· Very rarely do we get bitten by centipedes even though they reside in the dark of our homes

Lyme Disease
Bacterial disease that transfers through the bites of ticks, the main host of the adult ticks are deer. In Gatineau we have a lot of white-tailed deer, which means a lot of ticks present & Lyme disease as an issue. 

Small mammals are the main reservoir for the bacteria in the case this bacterial is transferred though mouse. When the deer are larger in size the ticks switch to larger mammals. The deer population is directly proportional to tick population. Most common symptoms: cold like flue symptom & a bull’s eye rash.

Lecture 11.2: Arthropoda II (Ch.15)
Crustacea Body Plan
Crustacea & Hexipoda
• Most diverse groups
	◦ Crustacea - 70, 000 species 
• 70% of all living organisms are insects (esp. beetles)

Crustacea body plan 
• Tagmatization! There are two tagma in crustacea. 
• Largely aquatic: Lobster, crayfish, etc. 
1. Cephalothorax 
2. Abdomen 

Compound eye: Made up of several units as opposed to a ball with pigments inside.

Around the head there are two pairs of antenna:
1st antenna & 2nd antenna 
Mouth parts are posterior and ventral to the 2 antenna processing appendages that are able to manipulate the food to eat.
Mandible: 1st maxilla & 2nd maxilla 
Appendages that are locomotory - walking legs
Maxillipeds: legs that act like mouth parts - combination appendages
	◦ Maxilli - mouth
	◦ -peds - leg
Pereopods: 5 to 10 pairs and are related to walking (ambulatory). Usually the first pair of pereiopods are modified into claws. 
• Pereon: 
• Pleopods: Swimming appendages located on the abdomen
• Pleon
• Uropod
	◦ Tail leg 
	◦ Uro = tail
	◦ Appendages to either side of the telson
• Telson
	◦ Segment posteir to the anus but central will have two lobes on either side that makes up the uropod
• Biramous appendages: Basal unit with two extensions off of it 
	◦ Protopodite - basal unit 
		‣ Endopodite - towards the middle
		‣ Exopodite - towards the outside
	◦ One will have a walking role and the other will have sensory role.

Crayfish Anatomy
Setae

Crayfish anatomy 
Crayfish is like a mini lobster. Size is important as it has to do with Fick's Law. Small crustacea can undergo gas exchange & diffusion.
Larger crustacea have modifications to perform certain functions like excretion because they have a great surface area. 
Cheliped: first prepped that has been modified into a claw for grasping potentials. On the head there are two antennae
Sternum:
Anus: 
Carapace:
Rostrum: extension of the dorsal plate, top of the head to protect the eyes. There are two compound eyes.

Biramous Appendages
Modifications of biramous appendages 
In other cases, when we look at all the appendages on the crustacean. In some cases they they become a chewing mouth part on one end and a sensory organ on the other end.
In this case the modification is the gill, a respiratory function. 
The different branches of endopodite and exopodite perform different functions. 
Epipodites: External 
Endites: internal

Typical biramous appendages are composed of 3 units

Internal Anatomy
We did the last group of protostomes now we are on to deutrostomes. 
*Keep this in mind for embryological development.

Internal anatomy 
Embryological development is flipped (mirror images). The anus & mouth are developed at opposite ends of each other. This is especially useful as we learn about a ventral nerve cord and a dorsal heart. Humans are dorsal nerve cord and a ventral heart. 

Nervous System
Ventral nerve cord: has a small ganglion in the head 
Mass of nerve cell is known as a ganglia that are mostly identified by their location. There are ganglia all along the body associated with each of the segments
Supraesophageal ganglion: ganglion above there esophagus
Subesophageal ganglion: ganglion below the esophagus
Surrounded by maxilla and maxilla heads

Digestive System
The mouth are in more of a ventral position. Ventral as it is surrounded by many appendages such as maxilla and maxipeds.
3 regions to the gut:
• Foregut Stomach: muscular region involving in food grinding of the gut 
• Midgut: 
	◦ Intestine: enzymatic region, site for extracellular digestion that is associated with the digestive gland (very large) 
• Hindgut: absorption of food from the intestine and undigested waste is expelled though the anus

Circulatory System
• Heart: 
• Hemolymph: circulates into the gills where gas exchange occurs, in smaller crustacea it is where waste products are diffused out. 
• Extensor muscles
• Flexor muscles
• Gill respiration
	◦ The gills are actually a branch of those biramous appendages curled up underneath the dorsal shell
	◦ Water can flow into the shell 
	◦ gills are folded inside the biramous appendages 
• Branchial chamber

Antennal (Green) Gland
Antennal gland also known as the green gland:
• Filtering of the hemolymph though the nephridial canal to extract nitrogenous waste to expel ammonia though an excretory pore mechanism here is there is a labyrinth of surface area that we will filter the hemolymph as it goes though the nephridial canal.
• Bladder acts like a storage area to reuptake water and nutrients before it is expelled out of the excretory pore 

Sub-Phylum Hexopoda
Class Insecta
• There are non-insect variants that are now in diversity and low in ecological impact. 
• thorax is composed of 3 segments fused together and there are 3 pairs of legs paired
	◦ Prothoracic leg 
	◦ Mesothoracic leg 
	◦ Metathoracic leg 
• Compound eye: varying in size and number of units depending on the dependence of vision in the species
	◦ Also have simple eyes (plus. ocellus, sing. ocelli) on the head typically there are 3 present but in this diagram we can only see one.
		‣ It is in the forehead region and detects the intensity of light but the vision aspect is satisfied by the compound eye. 
• Antenna
• Same root words for lips - morphologically analogous
	◦ Labrum: upper lip
	◦ Labium: lower lip
• Food processing appendages to chew food:
	◦ Mandible
	◦ Maxilla
• There are two pairs of wings found on the mesothorax & metathoracic segment. 
• There are three pairs of legs but only two pairs wings.

• Posterior tagma are a series of segments infused into an abdomen along the abdomen we have holes called spiracles that are called tubes that can carry the respiratory gasses. 
	◦ Gases are borough in as air in tubes 
		‣ Opening for the tubes are hole in the abdomen known as spiracles.
• Genital organs
	◦ Cercus are sensory organs in the tail end and has to do with sexual reproduction and egg laying. 

Insect Leg
• Legs are articulated - Arthropoda means articulated legs
	◦ They can get around 
• Legs are made up of distinct series of segments
• Basal segment is known as a coxa 
• Trochanter is a joining segment 
• Bone is known as tibia - lower leg portion
• Foot is associated with tarsus 
• Leg structure will be modified to fit the needs of the organism of locomotory requirements. 
	◦ Ex. Grasshopper - enlarged femur
		‣ Unique modification
• Basic legs arrangement
	◦ All insects are made of up the same units 

Direct Flight Muscle 
Evolution of flight: One of the features of insects is evolved wings, evolution of one form of locomotion did not compromise the form of other locomotion. 

What were the 4 times where power active flight evolved independently: bats, birds, insects, & paramours (flying reptiles closely related to dinosaurs).

Insects are the only time where the evolution of wings did not involve the compromise or loss of other locomotion effects. 
Cooperating of one limb that functions with the other. Wings evolved from the dorsal surface, gills of the ancestral state.

Direct flight muscles: Muscles that are attached directly to the base of the wings. Contraction of the wings causes it to go up directly. The muscle is directly attached to the wing. Alternation between contractions of the basal muscles and those attached to the thoracic state (dorsal ventral muscle). 

Modification of thorax shape: Dorsal plaque in the exoskeleton, functional formic shape causes the wing to go up. Wing beat frequency is 1:1 to muscles. Reasonably effective mechanism, not very efficient to the next system. 

Synchronous flight:

Indirect Flight Muscles
Indirect flight muscles: Muscles are not directly attached to the wings they are attached to the anterior of the thorax. there are now dorsal ventral muscles & longitude muscles. Antagonist muscle arrangement, peristaltic kind of movement. 

It is not a 1:1 ration rather create a resonance frequency to vibrate and cause the wings to beat more frequently than the actual muscle contractions on the inside. Energetically more effective (more wing beats per minutes) - can be seen as a more advanced version. 

Flies, bees and beetles are good examples of indirect flight muscle. 
Bees warm themselves up in the morning inside their thoracic cage. ectothermic organism susceptible to the cold.

Asynchronous flight:

Mouthparts
Labrum: closing type of appendage - analogous to a lip, is a door to open and close the ducal cavity
Labium: pseudo lip - either side of the cavity two lip like structures to facilitate the passage of food

The following two have splicing and dicing properties (like scissors).
Mandible: more behind the two pseudo lips, relatively like scissors
Maxilla: just behind the mandibles, more complex, has teeth edges and a palp (extensions with sensory suctions) 

Maxillary palps: in this case it is in gustation (taste things) - chemosensory abilities. Tactile and movable to be able to manipulate the food or hold it in plate 

Labial palps: sensory structures to aid eating  
Hypopharynx: equivalent to a tongue helps orient the food and place as it is being processed in order to send it back into the esophagus to digest.

Insect Feeding
Modified mouthparts: The chewing mechanism on the grasshopper is a primitive basic form of insect mouth parts, they are highly diverse and require modification to this plan. 

Fluid feeders: The butterfly has a modification to the maxima that has been modified to a long tube that coils and uncoils to feed on nectar. The butterfly has lost a few other appendages such as the labrium and mandibles. 

There is some sort of chemical recognition and fingers to hold on to the food for eating efficiency. 

Insecta Internal Anatomy
Digestive System
1. Foregut: anterior region that acts as a storage region as there is a crop present. Muscular region that is into involved in storage and sending it backwards. 
Cecum will release enzymes into the crop area in order to mobile the extracellular digestion and metabolic processes. 

At the mouth region there are secretions that salivary glands are released to increase efficiency. 
Gizzard: a grinding organ to regulate the flow of food from the foregut to the midgut. 
2. Midgut: where digestion occurs, there is a great region of intestine that extracts nutrients. 
Malpighian tubules: just in front the hindgut (function of excretion).  
3. Hindgut: reabsorption, rectum is the temporary storage for the reabsorption of ions, water, etc. Anus is where waste gets released from. 

Nervous System
Ventral nerve cord: with a little brain (ganglia). Ganglia have names based on where they are found. 
Supraesophageal ganglion: above the esophagus
Segment ganglia: along the body for sensory "mini brains around the body"  Proventriculus Gastric caeca

Ciculatory System 
Open circulatory system:
Dorsal heart: 
Dorsal aorta: 
Respiratory system and circulatory system are separate in insects. 
 
Reproductive System
Dioecious organisms: 
Ovary: produce ovules that travels down the oviduct, ovaries are paired and reach a common oviduct. The same with testes in male. Sperm is deposited on the inside and is received by a seminal receptacle.
The penis is inserted into the genital chamber where copulation occurs. Fertilization occurs internally and females lay eggs with ovipositor - an appendage that places the eggs. 

Oviposition
Oviposition: important process that is the only parental care that occurs. Laying eggs is the last interaction parents have with their offspring. Oviposition is a form of parental care where the parent place eggs in the environment where it is close to a food source. 

Parasitoid wasp: parasitoid refers to: "old" - like something, parasitoid = only parasitic at one point in their lifecycle. In these wasps it is the larval stage. The parent places the eggs near the organisms that are parasitized by their offspring. 

Predatory coccinelid: 
 
Gas Exchange
Tracheal system: gases enter the body in tubes that circulate air throughout the body of the insect. Trachea system are the units of tube that bring units of air into the body via spiracles. 

Spiracles: holes in the body wall where air can enter, either these can open or close or have hydrophobic hairs that can prevent water loss.
Holes in the exoskeleton that lead to internal condulates leading to internal tracheal tubes that will turn subdivide into smaller ones called tracheoles for gas exchange. All the cells inside the insect are a few millimeter from the tracial ends diffusion with air that is circulating in the tubes that covered the internal architecture. The circulation in the tubes are moved around via muscles bringing gas to different appendages. O2 and CO2 are not dissolved into the hemolymph liquid. 

Valves:  

Tracheole fluid: in order to have surface to facilitate gas diffusion as it requires humidity. 

Nervous System
Nervous system 
Abdominal ganglia 
Optic lobe

They have a ventral nerve cord that is surrounded by segmented ganglia for a localized contraction and regional controls over the different segments. 

In the head of the praying mantis we see very large optic ganglia. This makes sense as they rely on their vision during the day. 

Protocerebral ganglia in the most upper region.

Female eats the male to gain energy to pack it into her egg. 
Male grasshopper has the ability to continue copulation with the female even if he's lost his head.  

Sense Organs
Georeceptor: spatial sense, give a sense of where they are in space. 
Equilibrium organ: Esthathosits that contain statoliths that are essentially granules floating in liquid. Non-motile cilia line the interior of the statolith are in contact with the cilia and when cilia is touched it gets stimulated. 

Other kinds of sense organs are olfactory senses. Chemoreception is a more general term. But are basically the same mechanism.    
Pores in seta: Generally, these chemosensory organs are in "hairs". Has dendrite extensions from the nervous system. Pores can be at the tip of the hair or along it. 
Sensilla 
Nerve axon

Tactile Reception: these senses of movement and pressure have been modified to produce or receive sounds. Sound is air pressure. 
There are openings in the body walls to allow for the vibrating waves to get inside and stimulate the typanum. This is known as a tympanum refers to a tympanic membrane that enters the nervous system for perception. 

Tympanal cavity

Sound Production
Sound reception 
Sound production 
Cricket
File and scraper system: File is a comb that gets scraped - this is how crickets and grasshoppers make their sounds.  
Cicada 
Tympanic membrane system 

Nuptial courtship: production of sounds in the case of crickets and cicadas. 

Insect Vision
Insect vision: particularly well developed due to the presence of the compound eye which is made of a bunch of units. 
Ommatidium are the individual units in the compound eye, it can go from several dozen to 1000. 

Cuticular lens: refers to the epidermal covering that protects the insect eyes protecting from damage that may occur. Light enters through the cuticular lens and lights gets concentrated on the rhabdome. It is the central regions that is made up of retinula cells the interior goes into the crystalline cone and surrounding all of this are pigment cells blocking the transmission of light laterally. Insect vision is pixelated with greater resolution. 

Nerve fiber are linked up to the eye to receive the spectra of light. Occelli (simple eyes) are also present on the insect. Those occult are more for the perception of light intensity (light vs. darkness). The image formed has to do with the light wavelengths are perceived by the compound eye that gives rise to colour vision, insect vision 
Tri-chromatic vision: mammals and humans, 3 different kinds of colour receptors (red, green, and blue).   
UV colour reflectance patterns: Most insects also have tri-chromatic receptors but (ultraviolet, blue and green). Messages and cues that are used by plants to attract insects. Patterns on flowers orientate insects for plant fertilization.

Hemimetabolous Metamorphosis
Metamorphosis: a feature that is known to be descriptive of insects. However, it is not common to all insects.  Ametabolous: insects that simply grow from a smaller version from the adult. Very primitive. 

Hemimetabolous: half metamorphosis process, insects like bugs. The growth phase of their life is that they emerge from eggs and their juvenile form is known as nymphs (from smaller version to a bigger version to a bigger version). The hemimetabolous process from nymphs to adult is simply the development of wing development. There are other internal developments that occur from a juvenile to an adult in regard to sexual maturation as that is the true definition of adulthood.

Gradual metamorphosis

Holometabolous Metamorphosis
Holometabolous: complete metamorphosis (more than one change) where the egg is the first stage in the life cycle, then emerges the juvenile which is known as the larva (there may be differences between species). 

The intermediate stage is known as the pupa (refers to the individual itself inside a casing) which is basically where there is a massive reconfiguration of the body plan where it goes from something insect like to that tagmatization. Pupa may be enclosed in some kind of casing (cocoon) and the pupa becomes an adult.   
Larval instars   

Monarch Metamorphosis
Attaches itself to a stem with some silk and the anus at the top. 
Undergoing ecdysis and pupa is the 3rd stage in the life cycle. Separation of the exoskeleton occurs and a greater transparency can be observed.

Social Insects and Pollination
Ecological Connection
Pollinator insects are very important in the reproduction of angiosperms. Honey bee are not great pollinators, but they are very social. It has a favors interaction between the female workers & pollen collection. The bees have body hairs (seta), pollinators are hairy so that pollen can stick to the body and hence also carry more pollen. Also have specific anatomical properties, legs combs, to be able to clean (grooming) the pollen off their backs and on to the back legs. To tap them into the pollen baskets. Adaptations that favor pollen and nectar collection. 

Domestic honey bees (1 species of bees). 
Haplodiploid sex determination 
Pollen sacs 
Colony collapse disorder 
Conservation of insect pollinators

Lecture 12: Echinodermata (Ch.16)
Enchinodermata Phylogeny
Phylogeny
Deuterostomia: first organism are the Echinodermata. There are 3 major phyla that we will look at although they are not extremely diverse only 7,000 species. They have an important role in the aquatic ecosystem.  

Pentaradial Symmetry
Reversion to radial symmetry from bilateral symmetry. everything from tryplobastic organisms. 
Body orientiation: Secondarily reverted to radial symmetry - has an ancestor that was bilaterally symmetric. 
This is a good shape to have when you are a sedimentary organism, there is no real directionality. 

One of the features of radial symmetry is that it is always in multiples of 5 - pentaradial symmetry. There are 5, 10, 15 arms (in rare cases). The number 5 is enough arms to undertaking movements such as moving around and grasp pray. The uneven number of arms means no PAIRS, and there are no axial and corners. 

The lack of axial would make the organism fundamentally stronger against fragility and cracking. 
· First Class Asteroidea 
· Sea star & Starfish
· Aster = star
· rodia = resemblance of something

Most animals from triploblastic onwards have a head and tail end. Dramatic reconfiguration on the flattened oral-aboral axis that has undergone a rotation of 90 degrees.

Water-Vascular System
Great deal of water circulating within and outside of the body, water is washing in and out of the coelomic space (blue background). Largely a hollow background except for the fluid within. In the coelomic space there are also structures in particular known as:
Water vascular system: series of condulates that has water circulating within it. Made up of central rings that has 5 branches that go out into its arm and radial canals are also present. 
Water enters through little valves that are on the aboral surface (upper surface) known as madreporite. Madreporite opens and closes link up with the water vascular system on the stone canal letting water flowing in and out and maintaining a good water pressure in the vascular system. 
Polian vesicles: water reservoirs act to increase the volume of water in the body (within the WVS), so that the body will not shrink has an effect on diffusion, circulation and so on. 
Tidermann bodies have a role in production of amoebocytes, has a role in the distribution of nutrients and waste products an circulate inside the water vascular system from one region to another. WVS is ciliated on the inside so that it doesn't stagnate and water flow is continuous.
Radial canal: when it goes out into the arms there are lateral branches with balloons on the upper surface (ampulla) and a little extension the lower it is known as a tube foot. 
Extensions that exit the body cavity to perform functions in locomotion.

Contains hemal rings opening to water system. Hemal system associated with an aboral (upper surface) and oral hemal ring (lower surface), we are sure of what the function of these hemal systems are but they are widely believed to have to do with circulation. 

Amoebocytes are produced but the tegument bodies - travelling and carrying stuff from one region to another.

Lateral canal

Body Wall
Body wall: cross section of the arm showing the digestive and reproductive systems. 
Ossicles: calcified units that play a role in terms of providing support structure that acts like an endoskeleton there are also extension of these ossicles that acts as a spine. Spine are simply modifications of ossicles. 

Pedicellaria: hinge like structures that play as a defensive role, can bite something that lands on the echinoderm (another modification of the ossicle). Also related to fact that these are sedimentary and sessile organisms subjected to burial due to sedimentation. Need an organ to shake off the debris and keep the surface clean of sedimentation.

Dermal branchial: dermal extensions that act like gills, has a respiratory goal to interact with water that is outside of the body. There are elements of the epidermis that allows for diffusion to occur within and outside the organism. Diffusion also occurs though the membranes of the tube feet. A great deal of surface area. 

Pyloria cecum: extensions of the digestive system that are like cut-de-sac dead end extensions. 
Gonads are also housed within each arm (see notes below). 

Ambulacral tube feet: Ambulatory role for movement by adhering to a surface and getting dragged along. Involved in locomotion by adhering to a surface and dragging the organism along. Ambulacral tube feet are extended though the body wall and the tube feet stick out through the ambulacral groove. Many of these tube feet present in order for movement to occur. 
Rudimentary nervous system: radial nerve go out into the arms and a circular nerve in the center. Highly reduced nervous system as they are highly inactive. 

Coelom

Ambulacral Locomotion
With movement of the tube feet. There are muscles associated with the ampula and there are muscles associated with the tube foot itself. There are both longitudinal muscles. 

Dozens of tube foot is extended when there is contractile muscle associated with the ampulla. Squishing one end sends the non-compressible air into the other end. Compression of the ampula extends the tube foot down that comes into contact with the substrate stick on with negative pressure. The longitudinal muscles will then pull the animal forward. Tube foot swings back to swing the area back to the front. 

Tube feet are acting together in a concerted manner. Idea that these organisms are sedentary organisms can give us the idea that they don't move around, but they move around very slowly. 

Star fish are largely predators which can be hard when you are slow. As a predatory you must be faster than your pray (for starfish this is typically your mollusc and bivalves. 

Internal Anatomy 
Digestive System
Mouth leads into the lower branches into the cardiac stomach. When we hear the term cardiac stomach, we should think of some sort of muscular pumping motion. Lower oral or cardiac stomach is attached to the aboral portion referred to as the pyloric stomach. Pyloric stomach controls the flow of food and distribution from one area to another. There will be branches that distribute food to each of the 5 arms. The branches are known as the pyloric caeca where there are two per arm and is ramified (food is already in a liquid form).
Increased surface area in order to promote intracellular digestion in the membranes that occur in each of the arms. 

Reproductive System
Sexual reproduction: In each of the arms gonads are also present (dioecious organism) the gonads are paired. Linked via the central body via a gonopore. Small hole in the body surface to release gametes for external fertilization to occur. Reproduction needs to be synchronized between the males and females. There are mechanisms to coordinate the release of gametes from individuals of a population so that there will be both male and female gametes in the water. 

Feeding Mechanism
Eversion of cardiac stomach: bivalues have very strong adductor muscles. Using arms and tube feet the star fish can pry and evert the cardiac stomach into the actual shell of the bivalve and liquifying the mollusc inside. 
Extra-corporal digestion: only need to distribute the liquid diet throughout the arms to the ramifications of the caeca and diverticula to maximize the SA to absorb the predigested medium.

Anus 
Asexual reproduction 
Regeneration

Larval Development
Upon fertilization the gamete develops into the first larval development stage is known as bipinnaria larva. 
There is a link to a bilaterally symmetric ancestry as the organism are bilaterally symmetric and develop into the pentaradial body plan. 
Two stages: Early (bilateral) & Late (pentaradial) 
Aside from the rudimentary digestive track that goes out the anus these larvae are ciliated and planktonic. 
Ciliary band: Planktonic and can move around in the water column most, in this phase they are the most mobile and can move and settle elsewhere.

Brachiolaria larva: development of arms in the larval stage
Juvenile sea star: metamorphosis into the pentaradial symmetry that expands into an adult sea star
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