Birds - Class Aves - about 9700 species 

Updated 26 February 2009
Origins and Relationships

(Student Handout)

- Archaeopteryx - first bird;  alive during the Jurassic Period (about 150 million years ago or so) - a few years ago, there were some news articles put out that said Archaeopteryx was a hoax (they said the fossil found was a fake);  however, they have found more fossils, so they know Archeaopteryx really existed (first discovered in 1861in what is now Bavaria, Germany)
· Birds and reptiles have many features in common - see p. 171 (587)

- by the close of the Cretaceous (about 63 million years ago) - the characteristics of modern birds had been molded

- ancestors of both birds and dinosaurs derived from stem group of archosaurian reptiles called thecodonts
- birds probably had a nonophyletic origin

- 2 broad groups of birds:
a.
ratite (= Paleognathae) - flightless ostrichlike birds with flat sternum and poorly 
developed pectoral muscles; e.g., ostrich (Africa), emu (1 species in Australia), kiwi (New 
Zealand- 3 species)), rhea (2 species in South America), cassowary- Australia, New 
Guinea);  ratites descended from flying ancestors

b.
carinate (= Neognathae) – all other birds, almost all of which are flying birds;  nearly all 
have keeled sternum on which flight muscles insert (not all can fly)


- wishbone=furcula=clavicle


- flightlessness usually evolved on islands with few predators
Characteristics of Birds
1.
usually spindle-shaped body with head, neck, trunk, tail;  neck disproportionately long - 
for balance, food gathering

2.
paired limbs - front wings;  posterior - adapted for perching, 
walking, swimming; foot 
often with 4 toes

3.
thin epidermins, dermis;  no sweat glands;  feathers; legs usually have scales

4.
ossified skeleton -air cavities in bones;  each jaw is covered 
with horny sheath, forming 
beak;  keel (see above)

5.
well-developed nervous system with brain and 12 pairs of 
cranial nerves

6.
4-chambered heart, right aortic arch persisting (mammals have persistent left arch);  
nucleated RBC's (mammals- no nucleus)

7.
slightly expansible lungs;  have air sacs;  syrinx = voice box

8.
metanephic kidneys;  ureters open into cloaca;  no bladder;  
semi-solid urine;  uric acid is 
main nitrogenous waste

9.
sexes separate;  females of most species- only left ovary and tract are developed (right 
side atrophies); have amniotic eggs
10.
internal fertilization;  eggs with yolk, calcareous shell;


precocial young-active at hatching; altricial- naked, helpless

Adaptations of Bird Structure and Function for Flight



1.
Feathers - epidermal structures;  evolved from reptilian scales


- contour feathers - (parts) - quill = calamus;

   
  shaft = rachis;  vane (flat, webbed surface);


  barbs and barbules


- see page 175 (591) - feather diagrams


- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly

2.
Skeletons - bones are lacey with air cavities;  skulls mostly 
fused into 1 piece (skeleton – 
pp. 177-178 (593-594)



- braincase, orbits - are large


- lower mandible - series of several bones that hinge on the 


  2 quadrat bones;  permits double-jointed action and mouth 
  can open widely


- upper jaw - usually fused to forehead (but parrot's upper jaw is hinged also)


- vertebral column - rigid;  most vertebrae (except neck) arefused;  ribs fused with vertebrae, 
  pectoral girdle, sternum


- keeled sternum, except in flightless birds


- forelimb bones - light, hollow;  number of bones reduced

3.
Muscle System - diagrams - page 178 (594) 


- rope and pulley system;  pectoralis - depresses wing in flight;  supracorocoideus - raises 
wing;  these 2 muscles are antagonists (means they have opposite actions)


- legs - the thigh muscles are the biggest;  keeps the muscle


  mass near the center of gravity


- perching - p. 178 (594) - tendons close foot around branch
4.
Digestive System 

-  bird omnivores – called “euryphagous”

-  bird food specialists – called “stenophagous”


- birds have energy rich diet;  food 
processed rapidly


- crop - at lower end of esophagus;  stores food


- pigeons, doves, some parrots (males and females do this) - 
"bird milk" or "pigeon milk" 
is produced by breakdown of epithelial cells of the lining of the crop;  this "milk" has much 
higher fat content than cow's milk


- stomach proper consists of proventriculus which secretes gastric juice and a gizzard 
which has horny plates and gravel, grit to grind food


- owls, many birds of prey - form pellets of indigestible  materials in proventriculus & eject 
them through mouth
  
5.
Circulatory System - similar to that of mammals


- 4-chambered heart;  fast heartbeat (smaller body needs more beats)


- nucleated red blood cells; biconvex;  somewhat larger that 
  those of mammals


- have phagocytes (mobile ameboid cells) that repair wounds, kill microbes

- paired “ceca” are at the junction of the large and small intestine – well developed in 

  herbivores and serve as fermentation chambers

- in young birds, the dorsal wall of the cloaca bears the “bursa of Fabricus” – it processes 
 
  the B lymphocytes that are important in the immune response

6.
Respiratory System - page 180 (596)

- lungs - are relatively inexpansible due to direct attachment


  to body wall;  they are filled with parabronchi (sort of like air capillaries) instead of 
 
  alveoli as in mammals;  birds have air sacs in pairs- in thorax, abdomen, and even into 
               long bones









- about 75% of inspired air bypasses lungs and goes to air


  sacs;  during expiration, some of this fully oxygenated blood is shunted through the lungs 
while used air passes directly out;  advantage is fresh air over the lungs during both 
inspiration and expiration
7.
Excretory System – p. 181(597)

- metanephric kidney;  kidneys have nephrons


- uric acid rather than urea is main nitrogenous waste;  uric acid has low solubility so birds 
                lose less water from body than if they excreted urea;  uric acid is excreted with feces from 
               cloaca as a white paste


- marine birds (and marine turtles) - have salt glands above their eyes;  salt solution runs 
out of the internal or external nostrils
8.
Nervous System - pages 181-182 (597-598)

- well-developed nervous system; following are well-developed:

a. cerebral hemispheres (cerebral cortex is poorly developed)


b. cerebellum


c. midbrain tectum (optic lobes)

- core of cerebrum is the corpus striatum - has enlarged into main integrative center of brain;   it controls eating,  singing, flying, instinctive reproductive activities


- parrots, crows- are smarter;  they have larger cerebral hemispheres


- cerebellum - coordinating center for things like muscle  position sense, equilibrium sense, 
visual cues


- optic lobes - great vision;  some can see in ultraviolet range


- smell, taste - poorly developed (except in flightless birds, ducks)


- good hearing - cochlea is shorter than in mammals, but they can hear same range of sound 
 
  frequencies as humans


- eye - larger, less spherical, almost immobile (compared to other vertebrates);  birds turn 
 
  their heads, not their eyes


- page 182 (598) hawk eye


- diurnal birds (active in day) - cones predominate


- nocturnal birds - rods predominate

- pecten – is a highly vascularized structure attached to the retina near the optic nerve and 
 
  jutting out into the vitreous humor;  the pectin is thought to provide nutrients and oxygen 
 
  to the eye

- fovea - best vision is here;  it is found in birds of prey, some others;  it is in deep pit - so 
 
  bird has to focus exactly on subject;  some have 2 foveas: the central fovea is for 
 
 
  monocular vision and posterior one is for binocular vision
9.  Flight

a.  Bird wing as a lift device


- bird wing is airfoil;  concave lower surface (cambered);  upper side (convex) - 


  airstream travels farther and faster over convex surface - creates negative pressure - 
 
  provides more than 2/3 the total lift



- lift-to-drag ratio of an airfoil is determined by the 
angle of tilt (= angle of 


  attack) and airspeed;  as speed decreases, point is reached at which angle of 
  

  attack becomes too steep- turbulance appears on upper surface and stalling occurs



- stalling - can be delayed or prevented by having  a wing  slot along leading edge - 


  2 kinds in birds:




-alula - group of small feathers on first digit 
-p. 185 (601)





-slotting between primary feathers

b.  Basic forms of bird wings - picture p. 185 (601)


1)  Elliptical Wings 



- for forested habitats (sparrows, warblers, doves, magpies, woodpeckers)




- low aspect ratio (length, width)




- highly slotted between primaries




- high angle of attack - provides high lift at low speed


2)  High-Speed Wings (usually in birds that feed on the wing - swallows, 




hummingbirds, swifts;  and in 
birds that have long migrations - plovers, 



sandpipers, terns, gulls




- wings sweep back and taper to slender tip




- flat in section




- moderately high aspect ratio




- lack wing - tip slotting




- wide separation of wing tips




- one of the fastest birds (sandpipers) have this kind of wing - clocked at 



  175m (109 mph)


3)  Soaring wings (oceanic soaring birds have high-aspect ratio - e.g., albatrosses, 



frigate birds, gannets)




- long, narrow wings




- no slots




- adapted for high speed, high lift, dynamic soaring - have highest 




  aerodynamic efficiency of all wings but less maneuverability than land 



  soarers




- use highly reliable sea winds


4)  High - lift wings (birds that carry heavy loads - predators - vultures, hawks, 



eagles, owls, ospreys)




- have slotting, alulas, pronounced camber - all 


  



  permit high lift at low speed




- many are land soarers




- broad, slotted wings, - used for soaring

c.  Flapping Flight -picture - p. 184 (600) - read



- greatest power in downstroke

Migration and Navigation:
- migration - regular, extensive, season movement that birds (other animals too) make between summer regions and their wintering regions

- north - abundance of insects for young;  predators not (as) abundant in north (?)

- migration routes - most birds - S in winter, N in summer

- stimulus for migration - changing day length - stimulates reproductive system and the urge to migrate (other things might also be involved)

- direction finding in migration (some hypotheses are below):  


- sight is important, recognize landmarks


- experience - go with older birds, flocking




- Earth's magnetic field


- celestial cues (sun by day, stars by night;  


  researchers S. Emlen, G. Kramer, E. Sauer)


- sun-azimuth orientation - can tell compass direction by referring to the sun


- homing pigeons - they change homing when magnets are put on their necks

Social Behavior and Reproduction:
1. Reproductive System - pages 187-190 (603-606)

- testes enlarge at breeding season

- sperm is stored in seminal vesicle (of male)

- most birds lack a penis;  they place their cloacas together

- female - left ovary and oviduct develop (right side atrophies- this reduces weight, prevents eggs from cracking side by side)

- egg fertilization - egg goes down tube, gets layers of albumin, shell

2.
Mating Systems
- monogamy - 1 mate for 1 breeding season (90% of birds use this system;  some birds are monogamous for life)

- polygamy - more than 1 mate


- polyandry - 1 female + > 1 male


- polygyny - 1 male + > 1 female

- swans, geese - mate for life

- many others - are monogamous during breeding season, but they have no contact with each other during the rest of the year

- monogamy - in this system, female usually needs male to bring food &set up the territory

- lek - communal display ground;  males display and females watch and choose a male with which to mate (usually males with best territories in the center of lek get to do most of breeding)

3.
Nesting and Care of Young
- about 14-day incubation - songbirds;  about 2x that for ducks, geese

- some share incubation between males and females

- some bird species that parasitize nests of other birds, that is, examples of parasitic birds are:  American cowbird, Eurpean cuckoo, some ducks (these birds lay their eggs in the nests of others, often another bird species and they let the other birds raise their young)

- clutch size - of songbirds = about 3-6;  quail = 18-20;  some hawks and pigeons = 1-2

- precocial - quail, ducks, most water birds;  babies hatch in a 

well-developed state (have down, can move around shortly after hatching)

- altricial - helpless at hatching, no down

Bird Populations:  starlings, house sparrows - introduced (Europe)

- lead shot, draining of wetlands - can harm waterfowl populations

- hunting (read);   passenger pigeon - extinct
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Adaptations of Bird Structure and Function for Flight

1.
Feathers - epidermal structures;  evolved from reptilian 

      scales


- contour feathers - (parts) - quill = calamus;

   
  shaft = rachis;  vane (flat, webbed surface);


  barbs and barbules


- see page 709 - feather diagrams


- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly

2.
Skeletons - bones are lacey with air cavities;  skulls mostly 


  fused into 1 piece (skeleton - page 711)



- braincase, orbits - are large


- lower mandible - series of several bones that hinge on the 


  2 quadrat bones;  permits double-jointed action and mouth 
  can open widely


- upper jaw - usually fused to forehead (but parrot's upper 
  jaw is hinged also)


- vertebral column - rigid;  most vertebrae (except neck) are 
  fused;  ribs fused with vertebrae, pectoral girdle, sternum


- keeled sternum, except in flightless birds


- forelimb bones - light, hollow;  number of bones reduced

3.
Muscle System - diagrams - pages 712-713


- rope and pulley system;  pectoralis - depresses wing in 
 
  flight;  supracorocoideus - raises wing;  these 2 muscles 
  are antagonists (means they have opposite actions)


- legs - the thigh muscles are the biggest;  keeps the muscle


  mass near the center of gravity


- perching - (p. 713) - tendons close foot around branch

4.
Digestive System - birds have energy rich diet;  food 
 



    processed rapidly


- crop - at lower end of esophagus;  stores food


- pigeons, doves, some parrots (males and females do this) - 
  "bird milk" or "pigeon milk" is produced by breakdown of 
  
  epithelial cells of the lining of the crop;  this "milk" has 
  much higher fat content than cow's milk


- stomach proper consists of proventriculus which secretes 
  
  gastric juice and a gizzard which has horny plates and 
  
  gravel, grit to grind food


- owls, many birds of prey - form pellets of indigestible 
 
  materials in proventriculus & eject them through mouth
  5.
Circulatory System - similar to that of mammals


- 4-chambered heart;  fast heartbeat (smaller body needs more 
  beats)


- nucleated red blood cells; biconvex;  somewhat larger that 
  those of mammals


- have phagocytes (mobile ameboid cells) that repair wounds, 
  kill micribes

6.
Respiratory System - pages 716-717


- lungs - are relatively inexpansible due to direct attachment


  to body wall;  they are filled with parabronchi (sort of 
  
like air capillaries) instead of alveoli as in mammals;    -2-     
birds have air sacs in pairs- in thorax, abdomen, and even          into long bones


- about 75% of inspired air bypasses lungs and goes to air


  sacs;  during expiration, some of this fully oxygenated 
 
  blood is shunted through the lungs while used air passes 
  
  directly out;  advantage is fresh air over the lungs during 
  both inspiration and expiration

7.
Excretory System - page 717


- metanephric kidney;  kidneys have nephrons


- uric acid rather than urea is main nitrogenous waste;  uric 
  acid has low solubility so birds lose less water from body 
  than if they excreted urea;  uric acid is excreted with 
    
  feces from cloaca as a white paste


- marine birds (and marine turtles) - have salt glands above 
  their eyes;  salt solution runs out of the internal or 
    
  external nostrils

8.
Nervous System - 713-714


- well-developed nervous system; following are well-developed


a. cerebral hemispheres (cerebral cortex is poorly developed)


b. cerebellum


c. midbrain tectum (optic lobes)


- core of cerebrum is the corpus striatum - has enlarged into  main integrative center of brain;  it controls eating,        singing, flying, instinctive reproductive activities


- parrots, crows- are smarter;  they have larger cerebral


  hemispheres


- cerebellum - coordinating center for things like muscle 
  
  position sense, equilibrium sense, visual cues


- optic lobes - great vision;  some can see in ultraviolet 
  
  range


- smell, taste - poorly developed (except in flightless birds, 
  ducks)


- good hearing - cochlea is shorter than in mammals, but they 
  can hear same range of sound frequencies as humans


- eye - larger, less spherical, almost immobile (compared to 
  other vertebrates);  birds turn their heads, not their eyes


- page 714 - hawk eye


- diurnal birds (active in day) - cones predominate


- nocturnal birds - rods predominate


- fovea - best vision is here;  it is found in birds of prey, 
  some others;  it is in deep pit - so bird has to focus  
  
  exactly on subject;  some have 2 foveas: central - monocular 
  and posterior one - binocular vision

9.  Flight

a.  Bird wing as a lift device


- bird wing is airfoil;  concave lower surface 

   

  (cambered);  upper side (convex) - airstream travels 

  farther and faster over convex surface - creates 

  negative pressure - provides more than 2/3 the total 

  lift



- lift-to-drag ratio of an airfoil is determined by the 

  angle of tilt (= angle of attack) and airspeed;  as 

  speed decreases, point is reached at which angle of 
  attack becomes too steep - turbulance appears on upper  -3- 

  surface and stalling occurs



- stalling - can be delayed or prevented by having a wing 

  slot along leading edge - 2 kinds in birds:




-alula - group of small feathers on first digit 


         (page 719)




-slotting between primary feathers


b.  Basic forms of bird wings (picture p. 719)



1)  Elliptical Wings 




- for forested havitats (sparrows, warblers, doves, 


  magpies, woodpeckers)




- low aspect ratio (length, width)




- highly slotted between primaries




- high angle of attack - provides high lift at low 


  speed



2)  High-Speed Wings (usually in birds that feed on the 


  wing - swallows, hummingbirds, swifts;  and in 


  birds that have long migrations - plovers, 


  sandpipers, terns, gulls




- wings sweep back and taper to slender tip




- flat in section




- moderately high aspect ratio




- lack wing - tip slotting




- wide seperation of wing tips




- one of the fastedt birds (sandpipers) have this 


  kind of wing - clocked at 175m (109 mph)



3)  Soaring wings (oceanic soaring birds have high-aspect 


  ratio - e.g., albatrosses, frigate birds, gannets)




- long, narrow wings




- no slots




- adapted for high speed, high lift, dynamic soaring 


- have highest aerodynamic efficiency of all wings 


  but less maneuverability than land soarers




- use highly reliable sea winds



4)  High - lift wings (birds that carry heavy loads - 


  predators - vultures, hawks, eagles, owls, 


  ospreys)




- have slotting, alulas, pronounced camber - all 


  permit high lift at low speed




- many are land soarers




- broad, slotted wings, - used for soaring


c.  Flapping Flight (picture - p. 720) - read



- greatest power in downstroke

Migration and Navigation:

- migration - regular, extensive, season movement that birds (other    animals too) make between summer regions and their wintering       regions

- north - abundance of insects for young;  predators not (as)        abundant in north (?)

- migration routes - most birds - S in winter, N in summer

- stimulus for migration - changing day length - stimulates          reproductive system and the urge to migrate (other things might    also be involved)

- direction finding in migration (some hypotheses are below):  -4-


- sight is important, recognize landmarks


- experience - go with older birds, flocking


- Earth's magnetic field


- celestial cues (sun by day, stars by night;  


  researchers S. Emlen, G. Kramer, E. Sauer)


- sun-azimuth orientation - can tell compass direction by 
  
  referring to the sun


- homing pigeons - they change homing when magnets are put on 
  their necks

Social Behavior and Reproduction:

1.
Reproductive System - page 724

- testes enlage at breeding season

- sperm is stored in seminal vesicle (of male)

- most birds lack a penis;  they place their cloacas together

- female - left ovary and oviduct develop (right side atrophies-     this reduces weight, prevents eggs from cracking side by side)

- egg fertilization - egg goes down tube, gets layers of albumin,    shell

2.
Mating Systems
- monogamy - 1 mate for 1 breeding season (90% of birds use this     system;  some birds are monogamous for life)

- polygamy - more than 1 mate


- polyandry - 1 female + > 1 male


- polygyny - 1 male + > 1 female

- swans, geese - mate for life

- many others - are monogamous during breeding season, but they      have no contact with each other during the rest of the year

- monogamy - in this system, female usually needs male to bring      food and the setting up of a territory

- lek - communal display ground;  males display and females watch    and choose a male with which to mate (usually males with best      territories in the center of lek get to do most of breeding)

3.
Nesting and Care of Young
- about 14-day incubation - songbirds;  about 2x that for ducks,     geese

- some share incubation between males and females

- some bird species that parasitize nests of other birds, that is, examples of parasitic birds are:  American cowbird, Eurpean cuckoo, some ducks (these birds lay their eggs in the nests of others, often another bird species and they let the other birds raise their young)

- clutch size - of songbirds = about 3-6;  quail = 18-20;  some hawks and pigeons = 1-2

- precocial - quail, ducks, most water birds;  babies hatch in a 

well-developed state (have down, can move around shortly after hatching)

- altricial - helpless at hatching, no down

Bird Populations:  starlings, house sparrows - introduced (Europe)

- lead shot, draining of wetlands - can harm waterfowl populations

- hunting (read);   passenger pigeon - extinct
- Class Aves - about 8000 species (Updated 3/11/98)      -1-PRIVATE 

Origins and Relationships

(Overhead Version)

- Archaeopteryx - first bird;  alive during the Jurassic Period 

(about 150 million years ago or so) - a few years ago, there were 

some news articles put out that said Archaeopteryx was a hoax (they 

said the fossil found was a fake);  however, they have found more 

fossils, so they know Archeaopteryx really existed

- by the close of the Cretaceous (about 63 million years ago) - the  

  characteristics of modern birds had been molded

- ancestors of both birds and dinosaurs derived from stem group of  

  archosaurian reptiles called thecodonts
- birds probably had a nonophyletic origin

- 2 broad groups of birds:
a.
ratite - flightless ostrichlike birds with flat sternum and 

poorly developed pectoral muscles; e.g., ostrich (Africa), emu 


(1 species in Australia), kiwi (New Zealand- 3 species)), rhea 



(2 species in South America), cassowary- Australia, New 


Guinea);  ratites descended from flying ancestors

b.
carinate - flying birds;  keeled sternum on which flight 


muscles insert (not all can fly)

- wishbone=furcula=clavicle

- flightlessness usually evolved on islands with few predators

**************************************************************

Characteristics of Birds
1.
usually spindle-shaped body with head, neck, trunk, tail;  


neck disproportionately long - for balance, food gathering
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2.
paired limbs - front wings;  posterior - adapted for perching, 


walking, swimming;  foot often with 4 toes

3.
thin epidermins, dermis;  no sweat glands;  


feathers;  legs usually have scales

4.
ossified skeleton -air cavities in bones;  each jaw is covered 


with horny sheath, forming beak;  keel (see above)

5.
well-developed nervous system with brain and 12 pairs of 


cranial nerves

6.
4-chambered heart, right aortic arch persisting (mammals have 


persistent left arch);  nucleated RBC's (mammals- no nucleus)

7.
slightly expansible lungs;  have air sacs;  syrinx = voice box

8.
metanephic kidneys;  ureters open into cloaca;  no bladder;  


semi-solid urine;  uric acid is main nitrogenous waste

9.
sexes separate;  females of most species- only left ovary and 


tract are developed (right side atrophies); have amniotic eggs
10.
internal fertilization;  eggs with yolk, calcareous shell;


precocial young-active at hatching; altricial- naked, helpless

*****************************************************************

Adaptations of Bird Structure and Function for Flight


1.
Feathers - epidermal structures;  evolved from reptilian 


                 scales


- contour feathers - (parts) - quill = calamus;

  
  shaft = rachis;  vane (flat, webbed surface);


  barbs and barbules


- see page 575 - feather diagrams
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- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly

2.
Skeletons - bones are lacey with air cavities;  skulls mostly 


fused into 1 piece (skeleton - page 578)



- braincase, orbits - are large


- lower mandible - series of several bones that hinge on the 


  2 quadrat bones;  permits double-jointed action and mouth 


  can open widely


- upper jaw - usually fused to forehead (but parrot's upper 


  jaw is hinged also)


- vertebral column - rigid;  most vertebrae (except neck) are 



  fused;  ribs fused with vertebrae, pectoral girdle, sternum


- keeled sternum, except in flightless birds


- forelimb bones - light, hollow;  number of bones reduced

3.
Muscle System - diagrams - page 579 


- rope and pulley system;  pectoralis - depresses wing in 
 


  flight;  supracorocoideus - raises wing;  these 2 muscles 


  are antagonists (means they have opposite actions)


- legs - the thigh muscles are the biggest;  keeps the muscle


  mass near the center of gravity


- perching - (p. 579) - tendons close foot around branch

4.
Digestive System - birds have energy rich diet;  food 
 



    processed rapidly


- crop - at lower end of esophagus;  stores food

-4-


- pigeons, doves, some parrots (males and females do this) - 


  "bird milk" or "pigeon milk" is produced by breakdown of 
  


  epithelial cells of the lining of the crop;  this "milk" has 


  much higher fat content than cow's milk


- stomach proper consists of proventriculus which secretes 
  


  gastric juice and a gizzard which has horny plates and 
  


  gravel, grit to grind food


- owls, many birds of prey - form pellets of indigestible 
 


  materials in proventriculus & eject them through mouth
  

5.
Circulatory System - similar to that of mammals


- 4-chambered heart;  fast heartbeat (smaller body needs more 


  beats)


- nucleated red blood cells; biconvex;  somewhat larger that 


  those of mammals


- have phagocytes (mobile ameboid cells) that repair wounds, 


  kill micribes

6.
Respiratory System - page 581


- lungs - are relatively inexpansible due to direct attachment


  to body wall;  they are filled with parabronchi (sort of 
  


like air capillaries) instead of alveoli as in mammals;       


birds have air sacs in pairs- in thorax, abdomen, and even    

      into long bones









- about 75% of inspired air bypasses lungs and goes to air


  sacs;  during expiration, some of this fully oxygenated 
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  blood is shunted through the lungs while used air passes 
  


  directly out;  advantage is fresh air over the lungs during 


  both inspiration and expiration

7.
Excretory System - pages 581-582


- metanephric kidney;  kidneys have nephrons


- uric acid rather than urea is main nitrogenous waste;  uric 


  acid has low solubility so birds lose less water from body 


  than if they excreted urea;  uric acid is excreted with 
  

  
  feces from cloaca as a white paste


- marine birds (and marine turtles) - have salt glands above 


  their eyes;  salt solution runs out of the internal or 
  

  
  external nostrils

8.
Nervous System - pages 582-583


- well-developed nervous system; following are well-developed


a. cerebral hemispheres (cerebral cortex is poorly developed)


b. cerebellum


c. midbrain tectum (optic lobes)


- core of cerebrum is the corpus striatum - has enlarged into 

  main integrative center of brain;  it controls eating,      


  singing, flying, instinctive reproductive activities


- parrots, crows- are smarter;  they have larger cerebral


  hemispheres


- cerebellum - coordinating center for things like muscle 
  


  position sense, equilibrium sense, visual cues













-6-


- optic lobes - great vision;  some can see in ultraviolet 
  


  range


- smell, taste - poorly developed (except in flightless birds, 


  ducks)


- good hearing - cochlea is shorter than in mammals, but they 


  can hear same range of sound frequencies as humans


- eye - larger, less spherical, almost immobile (compared to 


  other vertebrates);  birds turn their heads, not their eyes


- page 582 - hawk eye


- diurnal birds (active in day) - cones predominate


- nocturnal birds - rods predominate


- fovea - best vision is here;  it is found in birds of prey, 


  some others;  it is in deep pit - so bird has to focus  
  


  exactly on subject;  some have 2 foveas: central - monocular 


  and posterior one - binocular vision

9.  Flight

a.  Bird wing as a lift device


- bird wing is airfoil;  concave lower surface 

  

 

  (cambered);  upper side (convex) - airstream travels 



  farther and faster over convex surface - creates 



  negative pressure - provides more than 2/3 the total 



  lift



- lift-to-drag ratio of an airfoil is determined by the 


  angle of tilt (= angle of attack) and airspeed;  as 
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  speed decreases, point is reached at which angle of 
  



  attack becomes too steep- turbulance appears on    

 

  upper surface and stalling occurs



- stalling - can be delayed or prevented by having    



  a wing  slot along leading edge - 2 kinds in birds:




-alula - group of small feathers on first digit 




         (page 583)




-slotting between primary feathers


b.  Basic forms of bird wings (picture p. 584)



1)  Elliptical Wings 



- for forested havitats (sparrows, warblers, doves, 




  magpies, woodpeckers)




- low aspect ratio (length, width)




- highly slotted between primaries




- high angle of attack - provides high lift at low 




  speed



2)  High-Speed Wings (usually in birds that feed on the 




  wing - swallows, hummingbirds, swifts;  and in 




  birds that have long migrations - plovers, 




  sandpipers, terns, gulls




- wings sweep back and taper to slender tip




- flat in section




- moderately high aspect ratio




- lack wing - tip slotting




- wide seperation of wing tips













-8-




- one of the fastedt birds (sandpipers) have this 




  kind of wing - clocked at 175m (109 mph)



3)  Soaring wings (oceanic soaring birds have high-aspect 




  ratio - e.g., albatrosses, frigate birds, gannets)




- long, narrow wings




- no slots




- adapted for high speed, high lift, dynamic soaring 




- have highest aerodynamic efficiency of all wings 




  but less maneuverability than land soarers




- use highly reliable sea winds



4)  High - lift wings (birds that carry heavy loads - 




  predators - vultures, hawks, eagles, owls, 




  ospreys)




- have slotting, alulas, pronounced camber - all 




  permit high lift at low speed




- many are land soarers




- broad, slotted wings, - used for soaring


c.  Flapping Flight (picture - p. 585) - read



- greatest power in downstroke

Migration and Navigation:
- migration - regular, extensive, season movement that birds (other  

  animals too) make between summer regions and their wintering     

  regions

- north - abundance of insects for young;  predators not (as)        abundant in north (?)
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- migration routes - most birds - S in winter, N in summer

- stimulus for migration - changing day length - stimulates        

  reproductive system and the urge to migrate (other things might  

  also be involved)

- direction finding in migration (some hypotheses are below):  


- sight is important, recognize landmarks


- experience - go with older birds, flocking




- Earth's magnetic field


- celestial cues (sun by day, stars by night;  


  researchers S. Emlen, G. Kramer, E. Sauer)


- sun-azimuth orientation - can tell compass direction by 
  


  referring to the sun


- homing pigeons - they change homing when magnets are put on 


  their necks

Social Behavior and Reproduction:
1.
Reproductive System - pages 587-588

- testes enlage at breeding season

- sperm is stored in seminal vesicle (of male)

- most birds lack a penis;  they place their cloacas together

- female - left ovary and oviduct develop (right side atrophies-   

  this reduces weight, prevents eggs from cracking side by side)

- egg fertilization - egg goes down tube, gets layers of albumin,  

  shell
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2.
Mating Systems
- monogamy - 1 mate for 1 breeding season (90% of birds use this   

  system;  some birds are monogamous for life)

- polygamy - more than 1 mate


- polyandry - 1 female + > 1 male


- polygyny - 1 male + > 1 female

- swans, geese - mate for life

- many others - are monogamous during breeding season, but they    

  have no contact with each other during the rest of the year

- monogamy - in this system, female usually needs male to bring    

  food and the setting up of a territory

- lek - communal display ground;  males display and females watch  

  and choose a male with which to mate (usually males with best    

  territories in the center of lek get to do most of breeding)

3.
Nesting and Care of Young
- about 14-day incubation - songbirds;  about 2x that for ducks,   

  geese

- some share incubation between males and females

- some bird species that parasitize nests of other birds, that is, 

examples of parasitic birds are:  American cowbird, Eurpean cuckoo, 

some ducks (these birds lay their eggs in the nests of others, 

often another bird species and they let the other birds raise their 

young)

- clutch size - of songbirds = about 3-6;  quail = 18-20;  some 

hawks and pigeons = 1-2
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- precocial - quail, ducks, most water birds;  babies hatch in a 

well-developed state (have down, can move around shortly after 

hatching)

- altricial - helpless at hatching, no down

Bird Populations:  starlings, house sparrows - introduced (Europe)

- lead shot, draining of wetlands - can harm waterfowl populations

- hunting (read);   passenger pigeon - extinct

Birds - Class Aves - about 8000 species (Updated 3/11/98)      -1-

Origins and Relationships

(Student Handout)



- Archaeopteryx - first bird;  alive during the Jurassic Period (about 150 million years ago or so) - a few years ago, there were some news articles put out that said Archaeopteryx was a hoax (they said the fossil found was a fake);  however, they have found more fossils, so they know Archeaopteryx really existed

- by the close of the Cretaceous (about 63 million years ago) - the    characteristics of modern birds had been molded

- ancestors of both birds and dinosaurs derived from stem group of    archosaurian reptiles called thecodonts
- birds probably had a nonophyletic origin

- 2 broad groups of birds:
a.
ratite - flightless ostrichlike birds with flat sternum and poorly developed pectoral muscles; e.g., ostrich (Africa), emu (1 species in Australia), kiwi (New Zealand- 3 species)), rhea (2 species in South America), cassowary- Australia, New Guinea);  ratites descended from flying ancestors

b.
carinate - flying birds;  keeled sternum on which flight 
muscles insert (not all can fly)

- wishbone=furcula=clavicle

- flightlessness usually evolved on islands with few predators

Characteristics of Birds
1.
usually spindle-shaped body with head, neck, trunk, tail;  
neck disproportionately long - for balance, food gathering

2.
paired limbs - front wings;  posterior - adapted for perching, 
walking, swimming;  foot often with 4 toes

3.
thin epidermins, dermis;  no sweat glands;  feathers; legs 
usually have scales

4.
ossified skeleton -air cavities in bones;  each jaw is covered 
with horny sheath, forming beak;  keel (see above)

5.
well-developed nervous system with brain and 12 pairs of 
cranial nerves

6.
4-chambered heart, right aortic arch persisting (mammals have 
persistent left arch);  nucleated RBC's (mammals- no nucleus)

7.
slightly expansible lungs;  have air sacs;  syrinx = voice box

8.
metanephic kidneys;  ureters open into cloaca;  no bladder;  
semi-solid urine;  uric acid is main nitrogenous waste

9.
sexes separate;  females of most species- only left ovary and 
tract are developed (right side atrophies); have amniotic eggs
10.
internal fertilization;  eggs with yolk, calcareous shell;


precocial young-active at hatching; altricial- naked, helpless

Adaptations of Bird Structure and Function for Flight
-2-


1.
Feathers - epidermal structures;  evolved from reptilian 

      scales


- contour feathers - (parts) - quill = calamus;

   
  shaft = rachis;  vane (flat, webbed surface);


  barbs and barbules


- see page 575 - feather diagrams


- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly

2.
Skeletons - bones are lacey with air cavities;  skulls mostly 


  fused into 1 piece (skeleton - page 578)



- braincase, orbits - are large


- lower mandible - series of several bones that hinge on the 


  2 quadrat bones;  permits double-jointed action and mouth 
  can open widely


- upper jaw - usually fused to forehead (but parrot's upper 
  jaw is hinged also)


- vertebral column - rigid;  most vertebrae (except neck) are 
  fused;  ribs fused with vertebrae, pectoral girdle, sternum


- keeled sternum, except in flightless birds


- forelimb bones - light, hollow;  number of bones reduced

3.
Muscle System - diagrams - page 579 


- rope and pulley system;  pectoralis - depresses wing in 
 
  flight;  supracorocoideus - raises wing;  these 2 muscles 
  are antagonists (means they have opposite actions)


- legs - the thigh muscles are the biggest;  keeps the muscle


  mass near the center of gravity


- perching - (p. 579) - tendons close foot around branch

4.
Digestive System - birds have energy rich diet;  food 
 



    processed rapidly


- crop - at lower end of esophagus;  stores food


- pigeons, doves, some parrots (males and females do this) - 
  "bird milk" or "pigeon milk" is produced by breakdown of 
  
  epithelial cells of the lining of the crop;  this "milk" has 
  much higher fat content than cow's milk


- stomach proper consists of proventriculus which secretes 
  
  gastric juice and a gizzard which has horny plates and 
  
  gravel, grit to grind food


- owls, many birds of prey - form pellets of indigestible 
 
  materials in proventriculus & eject them through mouth
  5.
Circulatory System - similar to that of mammals


- 4-chambered heart;  fast heartbeat (smaller body needs more 
  beats)


- nucleated red blood cells; biconvex;  somewhat larger that 
  those of mammals


- have phagocytes (mobile ameboid cells) that repair wounds, 
  kill micribes

6.
Respiratory System - page 581


- lungs - are relatively inexpansible due to direct attachment


  to body wall;  they are filled with parabronchi (sort of 
  


like air capillaries) instead of alveoli as in mammals;   -3-    
birds have air sacs in pairs- in thorax, abdomen, and even          into long bones









- about 75% of inspired air bypasses lungs and goes to air


  sacs;  during expiration, some of this fully oxygenated 
 
  blood is shunted through the lungs while used air passes 
  
  directly out;  advantage is fresh air over the lungs during 
  both inspiration and expiration

7.
Excretory System - pages 581-582


- metanephric kidney;  kidneys have nephrons


- uric acid rather than urea is main nitrogenous waste;  uric 
  acid has low solubility so birds lose less water from body 
  than if they excreted urea;  uric acid is excreted with 
    
  feces from cloaca as a white paste


- marine birds (and marine turtles) - have salt glands above 
  their eyes;  salt solution runs out of the internal or 
    
  external nostrils

8.
Nervous System - pages 582-583


- well-developed nervous system; following are well-developed


a. cerebral hemispheres (cerebral cortex is poorly developed)


b. cerebellum


c. midbrain tectum (optic lobes)


- core of cerebrum is the corpus striatum - has enlarged into   main integrative center of brain;  it controls eating,        singing, flying, instinctive reproductive activities


- parrots, crows- are smarter;  they have larger cerebral


  hemispheres


- cerebellum - coordinating center for things like muscle 
  
  position sense, equilibrium sense, visual cues


- optic lobes - great vision;  some can see in ultraviolet 
  
  range


- smell, taste - poorly developed (except in flightless birds, 
  ducks)


- good hearing - cochlea is shorter than in mammals, but they 
  can hear same range of sound frequencies as humans


- eye - larger, less spherical, almost immobile (compared to 
  other vertebrates);  birds turn their heads, not their eyes


- page 582 - hawk eye


- diurnal birds (active in day) - cones predominate


- nocturnal birds - rods predominate


- fovea - best vision is here;  it is found in birds of prey, 
  some others;  it is in deep pit - so bird has to focus  
  
  exactly on subject;  some have 2 foveas: central - monocular 
  and posterior one - binocular vision

9.  Flight

a.  Bird wing as a lift device


- bird wing is airfoil;  concave lower surface 

   

  (cambered);  upper side (convex) - airstream travels 

  farther and faster over convex surface - creates 

  negative pressure - provides more than 2/3 the total 

  lift



- lift-to-drag ratio of an airfoil is determined by the 

  angle of tilt (= angle of attack) and airspeed;  as 

  speed decreases, point is reached at which angle of 
  

  attack becomes too steep- turbulance appears on    -4-

 

  upper surface and stalling occurs



- stalling - can be delayed or prevented by having    



  a wing  slot along leading edge - 2 kinds in birds:




-alula - group of small feathers on first digit 


         (page 583)




-slotting between primary feathers


b.  Basic forms of bird wings (picture p. 584)



1)  Elliptical Wings 



- for forested havitats (sparrows, warblers, doves, 


  magpies, woodpeckers)




- low aspect ratio (length, width)




- highly slotted between primaries




- high angle of attack - provides high lift at low 


  speed



2)  High-Speed Wings (usually in birds that feed on the 


  wing - swallows, hummingbirds, swifts;  and in 


  birds that have long migrations - plovers, 


  sandpipers, terns, gulls




- wings sweep back and taper to slender tip




- flat in section




- moderately high aspect ratio




- lack wing - tip slotting




- wide seperation of wing tips




- one of the fastedt birds (sandpipers) have this 


  kind of wing - clocked at 175m (109 mph)



3)  Soaring wings (oceanic soaring birds have high-aspect 


  ratio - e.g., albatrosses, frigate birds, gannets)




- long, narrow wings




- no slots




- adapted for high speed, high lift, dynamic soaring 


- have highest aerodynamic efficiency of all wings 


  but less maneuverability than land soarers




- use highly reliable sea winds



4)  High - lift wings (birds that carry heavy loads - 


  predators - vultures, hawks, eagles, owls, 


  ospreys)




- have slotting, alulas, pronounced camber - all 


  permit high lift at low speed




- many are land soarers




- broad, slotted wings, - used for soaring


c.  Flapping Flight (picture - p. 585) - read



- greatest power in downstroke

Migration and Navigation:
- migration - regular, extensive, season movement that birds (other    animals too) make between summer regions and their wintering       regions

- north - abundance of insects for young;  predators not (as)        abundant in north (?)

- migration routes - most birds - S in winter, N in summer

- stimulus for migration - changing day length - stimulates          reproductive system and the urge to migrate (other things might    also be involved)

- direction finding in migration (some hypotheses are below):  -5-


- sight is important, recognize landmarks


- experience - go with older birds, flocking




- Earth's magnetic field


- celestial cues (sun by day, stars by night;  


  researchers S. Emlen, G. Kramer, E. Sauer)


- sun-azimuth orientation - can tell compass direction by 
  
  referring to the sun


- homing pigeons - they change homing when magnets are put on 
  their necks

Social Behavior and Reproduction:
1.
Reproductive System - pages 587-588

- testes enlage at breeding season

- sperm is stored in seminal vesicle (of male)

- most birds lack a penis;  they place their cloacas together

- female - left ovary and oviduct develop (right side atrophies-     this reduces weight, prevents eggs from cracking side by side)

- egg fertilization - egg goes down tube, gets layers of albumin,    shell

2.
Mating Systems
- monogamy - 1 mate for 1 breeding season (90% of birds use this     system;  some birds are monogamous for life)

- polygamy - more than 1 mate


- polyandry - 1 female + > 1 male


- polygyny - 1 male + > 1 female

- swans, geese - mate for life

- many others - are monogamous during breeding season, but they      have no contact with each other during the rest of the year

- monogamy - in this system, female usually needs male to bring      food and the setting up of a territory

- lek - communal display ground;  males display and females watch    and choose a male with which to mate (usually males with best      territories in the center of lek get to do most of breeding)

3.
Nesting and Care of Young
- about 14-day incubation - songbirds;  about 2x that for ducks,     geese

- some share incubation between males and females

- some bird species that parasitize nests of other birds, that is, examples of parasitic birds are:  American cowbird, Eurpean cuckoo, some ducks (these birds lay their eggs in the nests of others, often another bird species and they let the other birds raise their young)

- clutch size - of songbirds = about 3-6;  quail = 18-20;  some hawks and pigeons = 1-2

- precocial - quail, ducks, most water birds;  babies hatch in a 

well-developed state (have down, can move around shortly after hatching)

- altricial - helpless at hatching, no down

Bird Populations:  starlings, house sparrows - introduced (Europe)

- lead shot, draining of wetlands - can harm waterfowl populations

- hunting (read);   passenger pigeon - extinct

Chapter 31 - Birds (continued)  -  April 1996
-1-

Adaptations of Bird Structure and Function for Flight

1.
Feathers - epidermal structures;  evolved from reptilian 

      scales


- contour feathers - (parts) - quill = calamus;

   
  shaft = rachis;  vane (flat, webbed surface);


  barbs and barbules


- see page 709 - feather diagrams


- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly

2.
Skeletons - bones are lacey with air cavities;  skulls mostly 


  fused into 1 piece (skeleton - page 711)



- braincase, orbits - are large


- lower mandible - series of several bones that hinge on the 


  2 quadrat bones;  permits double-jointed action and mouth 
  can open widely


- upper jaw - usually fused to forehead (but parrot's upper 
  jaw is hinged also)


- vertebral column - rigid;  most vertebrae (except neck) are 
  fused;  ribs fused with vertebrae, pectoral girdle, sternum


- keeled sternum, except in flightless birds


- forelimb bones - light, hollow;  number of bones reduced

3.
Muscle System - diagrams - pages 712-713


- rope and pulley system;  pectoralis - depresses wing in 
 
  flight;  supracorocoideus - raises wing;  these 2 muscles 
  are antagonists (means they have opposite actions)


- legs - the thigh muscles are the biggest;  keeps the muscle


  mass near the center of gravity


- perching - (p. 713) - tendons close foot around branch

4.
Digestive System - birds have energy rich diet;  food 
 



    processed rapidly


- crop - at lower end of esophagus;  stores food


- pigeons, doves, some parrots (males and females do this) - 
  "bird milk" or "pigeon milk" is produced by breakdown of 
  
  epithelial cells of the lining of the crop;  this "milk" has 
  much higher fat content than cow's milk


- stomach proper consists of proventriculus which secretes 
  
  gastric juice and a gizzard which has horny plates and 
  
  gravel, grit to grind food


- owls, many birds of prey - form pellets of indigestible 
 
  materials in proventriculus & eject them through mouth
  5.
Circulatory System - similar to that of mammals


- 4-chambered heart;  fast heartbeat (smaller body needs more 
  beats)


- nucleated red blood cells; biconvex;  somewhat larger that 
  those of mammals


- have phagocytes (mobile ameboid cells) that repair wounds, 
  kill micribes

6.
Respiratory System - pages 716-717


- lungs - are relatively inexpansible due to direct attachment


  to body wall;  they are filled with parabronchi (sort of 
  
like air capillaries) instead of alveoli as in mammals;    -2-     
birds have air sacs in pairs- in thorax, abdomen, and even          into long bones


- about 75% of inspired air bypasses lungs and goes to air


  sacs;  during expiration, some of this fully oxygenated 
 
  blood is shunted through the lungs while used air passes 
  
  directly out;  advantage is fresh air over the lungs during 
  both inspiration and expiration

7.
Excretory System - page 717


- metanephric kidney;  kidneys have nephrons


- uric acid rather than urea is main nitrogenous waste;  uric 
  acid has low solubility so birds lose less water from body 
  than if they excreted urea;  uric acid is excreted with 
    
  feces from cloaca as a white paste


- marine birds (and marine turtles) - have salt glands above 
  their eyes;  salt solution runs out of the internal or 
    
  external nostrils

8.
Nervous System - 713-714


- well-developed nervous system; following are well-developed


a. cerebral hemispheres (cerebral cortex is poorly developed)


b. cerebellum


c. midbrain tectum (optic lobes)


- core of cerebrum is the corpus striatum - has enlarged into  main integrative center of brain;  it controls eating,        singing, flying, instinctive reproductive activities


- parrots, crows- are smarter;  they have larger cerebral


  hemispheres


- cerebellum - coordinating center for things like muscle 
  
  position sense, equilibrium sense, visual cues


- optic lobes - great vision;  some can see in ultraviolet 
  
  range


- smell, taste - poorly developed (except in flightless birds, 
  ducks)


- good hearing - cochlea is shorter than in mammals, but they 
  can hear same range of sound frequencies as humans


- eye - larger, less spherical, almost immobile (compared to 
  other vertebrates);  birds turn their heads, not their eyes


- page 714 - hawk eye


- diurnal birds (active in day) - cones predominate


- nocturnal birds - rods predominate


- fovea - best vision is here;  it is found in birds of prey, 
  some others;  it is in deep pit - so bird has to focus  
  
  exactly on subject;  some have 2 foveas: central - monocular 
  and posterior one - binocular vision

9.  Flight

a.  Bird wing as a lift device


- bird wing is airfoil;  concave lower surface 

   

  (cambered);  upper side (convex) - airstream travels 

  farther and faster over convex surface - creates 

  negative pressure - provides more than 2/3 the total 

  lift



- lift-to-drag ratio of an airfoil is determined by the 

  angle of tilt (= angle of attack) and airspeed;  as 

  speed decreases, point is reached at which angle of 
  attack becomes too steep - turbulance appears on upper  -3- 

  surface and stalling occurs



- stalling - can be delayed or prevented by having a wing 

  slot along leading edge - 2 kinds in birds:




-alula - group of small feathers on first digit 


         (page 719)




-slotting between primary feathers


b.  Basic forms of bird wings (picture p. 719)



1)  Elliptical Wings 




- for forested havitats (sparrows, warblers, doves, 


  magpies, woodpeckers)




- low aspect ratio (length, width)




- highly slotted between primaries




- high angle of attack - provides high lift at low 


  speed



2)  High-Speed Wings (usually in birds that feed on the 


  wing - swallows, hummingbirds, swifts;  and in 


  birds that have long migrations - plovers, 


  sandpipers, terns, gulls




- wings sweep back and taper to slender tip




- flat in section




- moderately high aspect ratio




- lack wing - tip slotting




- wide seperation of wing tips




- one of the fastedt birds (sandpipers) have this 


  kind of wing - clocked at 175m (109 mph)



3)  Soaring wings (oceanic soaring birds have high-aspect 


  ratio - e.g., albatrosses, frigate birds, gannets)




- long, narrow wings




- no slots




- adapted for high speed, high lift, dynamic soaring 


- have highest aerodynamic efficiency of all wings 


  but less maneuverability than land soarers




- use highly reliable sea winds



4)  High - lift wings (birds that carry heavy loads - 


  predators - vultures, hawks, eagles, owls, 


  ospreys)




- have slotting, alulas, pronounced camber - all 


  permit high lift at low speed




- many are land soarers




- broad, slotted wings, - used for soaring


c.  Flapping Flight (picture - p. 720) - read



- greatest power in downstroke

Migration and Navigation:

- migration - regular, extensive, season movement that birds (other    animals too) make between summer regions and their wintering       regions

- north - abundance of insects for young;  predators not (as)        abundant in north (?)

- migration routes - most birds - S in winter, N in summer

- stimulus for migration - changing day length - stimulates          reproductive system and the urge to migrate (other things might    also be involved)

- direction finding in migration (some hypotheses are below):  -4-


- sight is important, recognize landmarks


- experience - go with older birds, flocking


- Earth's magnetic field


- celestial cues (sun by day, stars by night;  


  researchers S. Emlen, G. Kramer, E. Sauer)


- sun-azimuth orientation - can tell compass direction by 
  
  referring to the sun


- homing pigeons - they change homing when magnets are put on 
  their necks

Social Behavior and Reproduction:

1.
Reproductive System - page 724

- testes enlage at breeding season

- sperm is stored in seminal vesicle (of male)

- most birds lack a penis;  they place their cloacas together

- female - left ovary and oviduct develop (right side atrophies-     this reduces weight, prevents eggs from cracking side by side)

- egg fertilization - egg goes down tube, gets layers of albumin,    shell

2.
Mating Systems
- monogamy - 1 mate for 1 breeding season (90% of birds use this     system;  some birds are monogamous for life)

- polygamy - more than 1 mate


- polyandry - 1 female + > 1 male


- polygyny - 1 male + > 1 female

- swans, geese - mate for life

- many others - are monogamous during breeding season, but they      have no contact with each other during the rest of the year

- monogamy - in this system, female usually needs male to bring      food and the setting up of a territory

- lek - communal display ground;  males display and females watch    and choose a male with which to mate (usually males with best      territories in the center of lek get to do most of breeding)

3.
Nesting and Care of Young
- about 14-day incubation - songbirds;  about 2x that for ducks,     geese

- some share incubation between males and females

- some bird species that parasitize nests of other birds, that is, examples of parasitic birds are:  American cowbird, Eurpean cuckoo, some ducks (these birds lay their eggs in the nests of others, often another bird species and they let the other birds raise their young)

- clutch size - of songbirds = about 3-6;  quail = 18-20;  some hawks and pigeons = 1-2

- precocial - quail, ducks, most water birds;  babies hatch in a 

well-developed state (have down, can move around shortly after hatching)

- altricial - helpless at hatching, no down

Bird Populations:  starlings, house sparrows - introduced (Europe)

- lead shot, draining of wetlands - can harm waterfowl populations

- hunting (read);   passenger pigeon - extinct
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Adaptations of Bird Structure and Function for Flight

1.
Feathers - epidermal structures;  evolved from reptilian 

      scales


- contour feathers - (parts) 
- quill = calamus








- shaft = rachis








- vane (flat, webbed surface)








- barbs and barbules


- see page 709 - feather diagrams


- molting - usually after nesting (maybe some feathers before


  breeding for the colors)


- only ducks and geese are completely grounded during molt;


  others shed gradually so they can still fly
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