
How do fish breathe?
Gas exchange is more difficult for fish than for mammals because the 
concentration of oxygen dissolved in water is less than 1%. Fish have developed 
specialised gas-exchange organs called gills. Gills are made up of thousands of 
filaments covered in feathery lamellae, which are only a few cells thick and contain 
blood capillaries. This structure gives a large surface area for gas exchange.

Each gill is covered by a muscular flap called the operculum on the side of the fish’s
head. The gills are thin and need water to support them, so if a fish is taken out of 
water the gills will collapse, the surface area/volume ratio falls, and the fish 
suffocates.

The gill lamellae are arranged as a series of flat plates sprouting from the gill arch. 
On the top and bottom of these lamellae are many thin vertical flaps containing 
blood capillaries. Blood flows through these capillaries in the opposite direction to 
water flowing over the gills. This counter-current flow provides a very efficient 
diffusion pathway as the blood will always have a lower oxygen concentration than 
the water, and the diffusion gradient of oxygen from water to blood will be
maintained.

Diffusion: The movement of anything from an area of higher concentration 
to an area of lower concentration. It is driven by a concentration gradient.

Water flows over the filaments and 
lamellae, and oxygen diffuses down a 
concentration gradient between water 
and blood, while carbon dioxide 
diffuses in the opposite direction, also 
down a concentration gradient. 

What is a counter-current 
system?
The counter-current system is 
very important for getting all of 
the available oxygen out of the 
water and into the blood. If the 
blood flowed in the same
direction as the water, the blood
would only get 50% of the 
available oxygen. Because the 
blood and water are flowing in 
opposite directions, there is 
always a diffusion gradient 
formed by the water having more 
available oxygen than the blood.


