Chordate characteristics
To be classified as a chordate, an animal must have four key characteristics (present at some point in their life cycle:
1. Dorsal, hollow nerve chord

2. Notochord

3. Pharyngeal pouches

4. Tail that extends beyond the anus

Hollow nerve cord

· Runs along the dorsal part of the body

· Nerves branch from this cord at regular intervals and connect to internal organs, muscles, and sense organs

Notochord

· Long supporting rod that runs through the body just below the nerve cord

· Most chordates have notochord only when they are embryos.

Pharyngeal pouches

· Paired structures in the throat (pharynx) region

· In some chordates, slits develop that connect the pouches to the outside

· They may then develop gills used for gas exchange

Tail

· Can contain bone and muscle

· Used in swimming by many aquatic species

Most chordates are vertebrates (96% in subphylum vertebra)
· Vertibral column (backbone) is a strong supporting structure

· Dorsal, hollow nerve chord called the spinal cord

· Backbone replaces notochord in most developing vertebrates (made of individual segments called vertebrae)
· Vertebrae provide support and enclose and protect the spinal cord

· Backbone is part of endoskeleton, or internal skeleton
· Skeleton grows as the animal grows, so it doesn’t need to shed

· Skeleton made of living cells as well as nonliving material
Nonvertebrate chordates
· Two groups are tunicates and lancelets
· Soft-bodied marine organisms
· Similarities in anatomy and embryological development indicate that vertebrate and nonvertebrate chordates evolved from a common ancestor (550 million years ago)

Strategies of chordates
Body Temperature Control – Important for maintaining homeostasis in vertebrates
· Incorporate three important features: source of heat for the body, a way to conserve that heat, and a method of eliminating excess heat when necessary
Ectotherms
· Body temperature mainly determined by temperature of environment
· Ex: reptiles, fishes, amphibians

· Pick up heat from, lose heat to their environment

· Low metabolic rates while resting (don’t generate much heat)

· Body lacks effective insulation, heat lost to environment easily
· Most live in environments with stable, warm temperatures (tropical rain forest)

Endotherms
· Body temperature is controlled from within

· Ex: birds and mammals
· Generate and retain heat inside their bodies

· Relatively high metabolic that generate significant amount of heat (even during rest)
· Conserve heat through feathers, body fat and hair
· Get rid of excess heat through panting (dogs) or sweating (humans)

· High metabolic rate requires a lot of fuel (food)

· Evolved from ectotherms

Digestion – provide the body with continuing supply of needed nutrients
Nonvertebrates – filter feeders; remove plankton from water that passes through their pharynx

Vertebrates
· Skulls and teeth adapted for much wider range of food

· Some are filter feeders that strain crustaceans and fish from water

· Many mammals have sharp canine teeth and incisors to tear and slice food
Respiration – Gas exchange

Aquatic (tunicates, fishes, amphibians larvae) – gills

Land (adult amphibians, reptiles, birds, and mammals – lungs

Gills
· Water passes over gill filaments, oxygen molecules diffuse into blood in capillaries

· At the same time, carbon dioxide diffuses from blood into the water

Lungs

· Inhaling brings oxygen-rich air from outside through the trachea and into lungs
· Oxygen diffuses into blood inside lung capillaries

· Carbon dioxide diffuses out of the capillaries into the air within the lungs and is exhaled

· Amphibians to mammals – surface area increases

· Amphibian lung – sac with ridges

· Reptilian lung – series of large and small chambers increasing SA

· Mammals – lungs branch extensively and filled with alveoli (enormous SA)

· Bird – air flows in only one direction; tubes in lungs, plus air sacs allow fresh air with lots of oxygen (can fly at high altitudes)

Circulation – transport materials throughout the animals’ bodies

Single and Double-loop circulation

· Gills use single-loop (heart to gills to body to heart)
· Vertebrates with lungs use double-loop circulation
· First loop – oxygen-poor blood from heart pumped into the lungs, oxygenated, then returned to heart
· Second loop – oxygen-rich blood from the heart is pumped to the body, the remaining oxygen-poor blood is returned to the heart
Heart chambers

· Over the course of evolution, the heart developed chambers to separate the oxygenated and deoxygenated blood
· Gills – two chambers: atrium receiving blood from the body and ventricle pumping blood to the gills and on to the rest of the body

· Amphibians – 3 chambers: two atria and one ventricle
· Left atrium receives oxygen-rich blood from lungs

· Right atrium receives oxygen-poor blood from the body

· Both atria empty into ventricle, blood is mixed somewhat, but is directed so most oxygen-poor blood goes to lungs and oxygen-rich blood to body

· Reptiles – 3 chambers: like amphibians, but with a partial partition in their ventricle for less mixing of blood

· Birds, mammals, and crocodilians – 4 chambers: like a double pump

· Like 2 pumps, one moving blood through body loop, other through lung loop

· Two loops of circulatory system are completely separated, so no mixing occurs

Excretion – eliminate nitrogenous waste from body

· From breakdown of proteins in form of ammonia

· Ammonia is highly toxic, must be eliminated or changed to nontoxic form
Gills and gill slits – directly secrete from gills into water using simple diffusion
Kidneys - Ammonia is changed into urea in liver and eliminated in urine filtered through kidney
Nervous system response – respond to stimuli in their environment

Nonvertebrate chordates – simple nervous system with a mass of nerve cell forming a brain

· Sensory cells in and on siphons help control amount of water passing through pharynx

· Lancelets have pair of eyespots to detect light

Vertebrates – more complex brain with distinct regions, each with a different function

· Highly cephalized (concentration of sense organs and nerve cells at front of body)
· Head contains a well-developed brain
· Divided into: cerebrum (thinking), cerebellum (movement and balance), medulla oblongata (controls internal organs), optic lobes (vision), and olfactory bulb (smell)

Movement – muscles help in both nonvertebrate and vertebrate chordates
Vertebrates
· Much more mobile than nonvertebrate chordates

· All have internal skeleton of bone (except hagfish and some fish have cartilage)

· Vertebrae connected with tough, flexible ligaments (tissue) allowing the backbone to bend without falling apart

Reproduction – diverse

· Almost all reproduce sexually

· General trend from external to internal fertilization

· After fertilization, development can be

· Oviparous – fishes, amphibians, birds; eggs develop outside mother’s body

· Ovoviviparous – sharks; eggs develop within mother’s body, embryo receives nutrients from yolk of egg; born alive

· Viviparous – most mammals; obtain nutrients directly from mother’s body; born alive

Reproductive strategy 

· Most amphibians produce many offspring, but give them little to no care (favors populations that disperse and grow rapidly)

· Mammals and birds care for young, but produce few of them (helps young survive in crowded, competitive environment)
Chordate characteristics (Objective 7)
To be classified as a chordate, an animal must have four key characteristics (present at some point in their life cycle:

Hollow nerve cord

· Runs along the _________ part of the body

· Nerves branch from this cord at regular intervals and connect to ______________, ____________, and __________________.

Notochord

· Long supporting rod that runs through the body just below the _____________.
· Most chordates have notochord only when they are __________.

Pharyngeal pouches

· Paired structures in the _________ (pharynx) region

· In some chordates, slits develop that connect the pouches to the outside

· They may then develop _________ used for gas exchange

Tail

· Can contain _______ and __________
· Used in _____________ by many aquatic species

Most chordates are ____________ (96% in subphylum vertebra)

· Vertibral column (____________) is a strong supporting structure

· Dorsal, hollow nerve chord called the ________________
· Backbone replaces ____________ in most developing vertebrates (made of individual segments called vertebrae)

· Vertebrae provide support and enclose and protect the spinal cord

· Backbone is part of ______________, or internal skeleton

· Skeleton grows as the animal grows, so it doesn’t need to _______
· Skeleton made of _____________ as well as nonliving material in vertebrates, but not in nonvertebrates.
Nonvertebrate chordates

· Two groups are _______________ and ______________.
· Soft-bodied marine organisms

· Similarities in anatomy and embryological development indicate that vertebrate and nonvertebrate chordates evolved from a _____________________ (550 million years ago)
Definitions of characteristics of organ systems
Body temperature control
· Ectotherm – body temperature determined by environment
· Endotherm – body temperature controlled from withing
Respiration

· Gills – aquatic
· Lungs – terrestrial
Circulation

· Single-loop – one loop forces blood around body in one direction
· Double-loop – two loops have different locations, one goes to the lungs and the other to the body
· Atrium – the chamber of the heart that receives blood from either the body or the lungs
· Ventricle – the chamber of the heart that pushes blood out of the heart into either the lungs or the body
Excretion
· Kidney – organ that removes urea, excess water, and other waste products from the blood and passes them to the ureter (to be expelled as urine)

Response
· Cerebrum – area of the brain responsible for thoughts, memories, and responses
· Cerebellum – area of the brain that coordinates body movements and balance
· Medulla oblongata – area of the brain that controls the functioning of many internal organs
· Optic lobes – area of the brain that controls vision
· Olfactory bulbs – area of the brain that controls sense of smell
