Gills in Aquatic Animals

Gills are outfoldings of the body surface that are suspended in the water. The distribution of gills over the body can vary
considerably.

¥ Figure 42.21 Diversity in the structure of gills, external body surfaces that
function in gas exchange.
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(a) Marine worm. Many polychaetes (marine (b) Crayfish. Crayfish and other crustaceans (c) Sea star. The gills of a sea star are simple
worms of the phylum Annelida) have a pair have long, feathery gills covered by the tubular projections of the skin. The hollow
of flattened appendages called parapodia exoskeleton. Specialized body appendages core of each gill is an extension of the
(singular, parapodium) on each body drive water over the gill surfaces. coelom (body cavity). Gas exchange occurs
segment. The parapodia serve as gills and by diffusion across the gill surfaces, and
also function in crawling and swimming. fluid in the coelom circulates in and out of

the gills, aiding gas transport. The tube feet
surfaces also function in gas exchange.



Gills in Aquatic Animals

Regardless of their distribution, gills often have a total surface area much greater than that of the rest of the body’s exterior.
Movement of the respiratory medium over the respiratory surface, a process called ventilation, maintains the partial pressure
gradients of 02 and CO2 across the gill that are necessary for gas exchange. To promote ventilation, most gill-bearing animals
either move their gills through the water or move water over their gills. For example, crayfish and lobsters have paddle-like
appendages that drive a current of water over the gills, whereas mussels and clams move water with cilia. Octopuses and
squids ventilate their gills by taking in and ejecting water, with the significant side benefit of getting about by jet propulsion.
Fishes use the motion of swimming or coordinated movements of the mouth and gill covers to ventilate their gills. In both
cases, a current of water enters the mouth of the fish, passes through slits in the pharynx, flows over the gills, and then exits
the body.

In fishes, the efficiency of gas exchange is maximized by countercurrent exchange, the exchange of a substance or heat
between two fluids flowing in opposite directions. In a fish gill, the two fluids are blood and water. Because blood flows in the
direction opposite to that of water passing over the gills, at each point in its travel blood is less saturated with O2 than the
water it meets. As blood enters.

a gill capillary, it encounters water that is completing its passage through the gill. Depleted of much of its dissolved 02, this
water nevertheless has a higher PO2 than the incoming blood, and 02 transfer takes place. As the blood continues its
passage, its PO2 steadily increases, but so does that of the water it encounters, since each successive position in the blood’s
travel corresponds to an earlier position in the water’s passage over the gills. The result is a partial pressure gradient that
favors the diffusion of 02 from water to blood along the entire length of the capillary.

Countercurrent exchange mechanisms are remarkably efficient. In the fish gill, more than 80% of the 02 dissolved in the
water is removed as the water passes over the respiratory surface. In other settings, countercurrent mechanisms contribute
to temperature regulation and to the functioning of the mammalian kidney.
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A Figure 42.22 The structure and function
of fish gills. A fish continuously pumps

water through its mouth and over gill arches,
using coordinated movements of the jaws

and operculum (gill cover) for this ventilation.

(A swimming fish can simply open its mouth

and let water flow past its gills.) Each gill arch

has two rows of gill filaments, composed of
flattened plates called lamellae. Blood flowing
through capillaries within the lamellae picks up
O, from the water. Notice that the countercurrent
flow of water and blood maintains a partial
pressure gradient that drives the net diffusion of O, from
the water into the blood over the entire length of a capillary.
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