Bird Adaptations

1) Adaptation

a) E.O. Wilson- “An anatomical structure, a physiological process, or a behavior pattern that makes an organism more fit to survive and reproduce in competition with other members of its species.”

2) Feathers- collective=plumage

a) Structure

i) Consist mainly of keratin, an inert, long-lasting biological material resistant to attach by protein-digesting enzymes of microbes or fungi. Feather keratin is different from that used in claws, hair, nails and scales. 

ii) They are non-living structures, i.e. don’t receive internal nutrition

b) Typical body feather- Contour feather
i) Long central shaft and broad, flat vane on either side

ii) Parts

(1) Calamus or quill - hollow base of the shaft anchors the feather in a follicle below the surface of the skin.

(2) Rachis- the rest of the shaft that supports the vanes.

(3) Barbs- Lateral branches off the rachis are the primary elements of the vane architecture.

(a) Each barb consists of a tapered central axis, the ramus (pl. rami), with rows of smaller barbules projecting from both sides. 

(b) Barbule consists of a series of single cells linked end to end; the cells may be simple or may bear projections called barbicels, some of which are elaborate and hooklike. 

(c) Barbs and barbules form an interlocking, but flexible surface.

(4) Vanes of a typical body feather vary from a hidden, fluffy basal portion, which provides insulation, to an exposed, cohesive outer portion, which has a variety of functions. 

(a) The barbules on the barbs at the base of the body feather are long, thin and flexible and do not have barbicels. They create a downy (plumulaceous) feather texture

(b) Outer part of the vane is firmly textured, tightly interlocking (pennaceous) because of hooklet barbicels present on the barbules.

(5) Afterfeather or aftershaft- Secondary structure that emerges from the underside of the rachis where the first basal barbs of the vane branch off. Used for insulation.

c) Types of feathers

i) Vaned Feathers- Include contour feathers covering the body surface and the larger flight feathers of the wing and tail. The smooth overlapping arrangement of the vaned feathers reduces turbulence during flight.

(1) Remiges (sing., remix)- Flight feathers of the wing

(a) Large, stiff almost completely pennaceous

(b) Primarily for aerodynamics

(i) Primaries- Outer distal feathers

1. Provide forward thrust on the downstroke.

2. Attach to the hand bones

(ii) Secondaries- Inner (proximal) flight feathers

1. Attach to the ulna

(2) Coverts- Smaller feathers that overlap the bases of the remiges and cover the gaps between them.

(3) Retrices (sing., rectrix)- Flight feathers of the tail 

(i) Attach to the fused caudal vertebrae (pygostyle)

(ii) Primarily for steering and braking during flight.

(4) Down feathers- typically lack a rachis

(a) Downy barbules tangle loosely, trapping air in an insulating layer next to the skin

(5) Semiplumes- Intermediate feather between down and contour feathers

(6) Filoplumes- hairlike feathers that monitor the movement and position of adjacent vaned feathers. Have sensory corpuscules at the base.

(7) Bristles- Specialized for sensory and protective functions. Have sensory corpuscules at the base.

d) Feather Coat

i) Consists of thousands of feathers.

(1) Examples

(a) Tundra Swan has 25,000 feathers

(b) Song birds have 2000-4000

(c) Plumage of a Bald Eagle weighs about 700 grams or 17% or total mass, while the skeleton only weighs 272 grams, or 7% of body mass.

ii) Feathers are attached in groups of dense concentration called feather tracts (pterylae) surrounded by areas of almost no feathers (apteria)

(1) Apteria may facilitate heat loss. Penguins lack them. 

e) Feather Care- Because feathers are inert and do not have an internal system of nourishment and maintenance, daily care of feathers is essential.

i) Waxy secretions of the uropygial (preen) gland

(1) Located on the rump at the base of the tail

(2) Secrete a rich oil of waxes, fatty acids, fat and water that cleans and preserves feather moistness and flexibility.

(a) For insulating and waterproofing

(b) Water birds have large preen glands

(3) Regulates bacterial and fungal floras of feathers.

(a) Protect from fungal and bacterial invasion. 

(b) Promote growth of non-pathogenic fungi

(c) May repel predators.

ii) Birds preen constantly

(1) Rearrange misplaced feathers

(2) Groom and delouse head and neck feathers by scratching. 

(3) Herons, nightjars and barn-owls have miniature combs on their middle toe claws that are used in grooming. 

3) Adaptations for flying

a) The Avian Skeleton

i) Uniquely structured for flight

(1) Hollow bones

(2) Fusions and reinforcement of lightweight bones =  delicate and powerful

(3) Lightweight toothless bill

(4) Sternum-breast bone- has a large keel to anchor flight muscles

(5) Uncinate processes

(6) Hand and wrist bones are fused into a single skeletal element called the carpometacarpus. 

b) Flight Muscles

i) Two great flight muscles originate on the pectoral girdle and insert into the base of the humerus. Their ventral position helps to lower the bird’s center of gravity in flight.

(1) Pectoralis- Largest, about 15% or total mass of a flying bird.

(a) Contraction pulls the wing down in the power stroke.

(b) Attach to the furcula and to the strong membrane between the coracoids and the furcula as well as the peripheral portion of the sternum, including the outer part of the keel.

(2) Supracoracoideus- Two muscles, housed on opposite sides of the sternum. 

(a) Lift the wings on the recovery stroke.

(b) Necessary for initial rapid wing beats, essential for takeoff.

(c) Supracoracoideus tendon- enables the muscle to raise the wing

c) Elementary aerodynamics

i) Lift-differential movement of air over the top and bottom of an air-foil (wing) cause a pressure differential and cause the airfoil to rise.

ii) The potential for lift increases with the downward deflection of air

(1) Function of 

(a) Air speed

(b) Volume of air displaced, which is a function of wing size. 

(2) Wing size and shape

(a) Larger the wings, the larger the lift

(b) Flight speed, aerial agility, and energy consumption all depend on the size and shape of a bird’s wings. 

(i) Aerial and open-country birds have long, pointed wings

(ii) Species living in dense vegetation often have short, rounded wings. 

(c) Wing loading- relationship between wing area and body mass

(i) Wing area must increase 1.5x for every unit increase in mass

4) Adaptations of Seabirds

a) Many sea birds (frigate birds, albatross, gulls) have large wingspans and can therefore fly effortlessly for long distances. Starting off and landing can sometimes be difficult.

i) Ocean is often windy, making gliding very possible, especially if your wings are large enough.

ii) Being larger allows you to store more energy

(1) Can travel longer distances

(2) Can utilize resources that are patchy in their distribution

5) Constraints of a Marine Existence

a) Distribution of food is very patchy

b) No place to perch in the open ocean

c) No where to hide from predators or prey

d) Must lay eggs, but no where to lay them

6) Seabird Adaptations to deal with these Constraints

a) Patchy Distribution of Food

i) Many shore or coastal birds live in areas of high productivity

(1) Sea gulls- Coastal scavengers

(2) Cormorants- Coastal divers

(3) Penguins- Antarctica surrounded by a highly productive ocean

ii) Pelagic (open ocean) sea birds fly for long distances

(1) Wandering Albatross, Frigate Bird

(a) Large wingspans 

(i) Allow for larger bodies that can store more energy and travel longer distances without feeding.

(ii) Larger lift means less energy spent flying

b) No Place to Perch

i) Shore birds return to land

ii) Pelagic birds soar long distances and don’t need to perch

iii) “Duck-like” traits allow for resting in the water

(1) Webbed feet

(2) Water repellent feathers

c) No where to hide from predators or prey

i) Plumage color is lifestyle-dependent


(1) Aerial feeders tend to be light colored all over

(2) Plunge divers may have true countershading

(a) Countershading = Light-color ventral side and dark-color dorsal side

(3) Deep divers are often totally dark.

d) Need to Lay Eggs on a Solid Substrate

i) All sea birds lay eggs on land

ii) Often choose remote cliffs

(1) Protection from terrestrial and avian predators

(2) Easier for take off, especially for pelagic birds

(3) Many eggs have a cone shape to them so that they don’t roll off the cliff.

7) Other Adaptations

a) Bills:

i) Bill shape is specific to food preference

(1) Think of a pelican’s gular pouch and how it’s used to scoop fish out of the water

ii) The tubenoses have very large nostrils that allow them to smell food from great distances

(1) Includes: albatrosses, petrels and shearwaters

iii) Have glands to remove excess salt

b) Feet:

i) Swimmers have webbed feet

ii) Shore birds have feet designed for wading

c) Wings:

i) Penguins wings are used for swimming, not flying.

