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Birds are lovingly called “Nature's flying machines” by scientists. Every aspect of a bird's anatomy and physiology is designed and carefully calibrated for flying. To defy gravity and fly in the air is not an easy task, and birds are masters of it. But there are some birds which also take on a different medium, that is water. These are collectively called aquatic birds or waterbirds. 
Though the exact type of water is not mentioned in the term “water birds”, only freshwater birds are generally called water birds and the term seabirds/marine birds is used for birds that prefer the ocean. Among the waterbirds, there are swimming birds, diving birds and wading birds. Wading birds include very tall birds like herons, ibises, egrets and flamingos which walk on shallow water beds. So in this article, we are not going to include the wading birds as they do not swim in the water. Let us take a dive underwater and see how these birds move. 
Air Vs Water - Similarities and differences
Air and water, though they are very different, share some similarities with each other. Gases and liquds are collectively called “fluids” since they have many similarities, which helps the birds in using similar biomechanical properties. The drag and lift forces of air and water are similar (see figure). If a bird is streamlined, it is beneficial both in air and underwater.  So a similar propulsion mechanism can be used.
There are also considerable differences between the two. Water has higher density and viscosity, there is comparatively more turbulence and drag due to the high viscosity in water. 
Types of underwater locomotion in birds
Despite all the challenges, some birds are comfortable both during flying and swimming. Birds are known to use three different types of locomotion under water, meaning they use three different mechanisms of moving inside water. They are:
1. Wing propulsion - Propelling oneself forward with flapping of wings under water. Example: Penguins.
2. Foot Propulsion - Using the feet as a paddle and moving forward. Example: Grebes.
3. Plunging/Diving - Diving into the water with force and using that force to move forward. Example: Gannets.
The picture shows wing-propelled birds with flying, aquatic and terrestrial locomotion abilities (1) Atlantic Puffin; (2) Northern Gannet; (3) Chinstrap penguin (a: walking, b: tobogganing, c: swimming on surface, d: diving).
These birds are utilising both the media (air and water) by exploiting an interesting phenomenon called “trade-off”. Let us try to understand what it is through an example.
Imagine you are going to an icecream shop. You have just enough money with you to buy one icecream. You see your favourite icecream flavour, strawberry. You want to buy the strawberry icecream cup. But as you are about to order, you also see a new icecream flavour called “cotton candy”. You are curious, you want to know how it tastes. Now you are confused. If you get the new flavour icecream, you will miss out on the strawberry. But if you get the old favourite, you cannot eat the new cotton candy flavour. This is a typical trade-off situation, where if you get one thing, you cannot get the other thing. 
Now let us apply this to birds. Birds are designed for flying in a gaseous medium, that is air. Even though air is similar to water in many ways, there are also differences. So a bird which is an excellent flyer cannot be an excellent swimmer. Only one is possible. This is where evolution comes in. Instead of picking only one option, evolution reduces the abilities on both sides and makes sure that a bird performs to a decent level in both media while compromising on some other aspects. This is called a trade-off.
For example, in order to fly well, a bird has to be extremely lightweight. But if the bird wants to go underwater and counteract the effects of buoyancy in water, it needs higher muscle mass.
BOX Buoyancy versus lift
Buoyancy is the upward force on a floating object which equals the weight of the displaced fluid. So it depends on the density of the fluid. For example, humans float in water but not in air. Lift is a dynamic force, also upward, but it depends on the pressure difference between the bottom and top surfaces of the object and is a more complex force. The shape of a bird’s or aeroplane’s wing ensures there is sufficient lift force for them to be able to fly.
END OF BOX
Flying needs big wings (lots of surface area) and a light body to easily create lift against thin air. Diving on the other hand, needs a heavy, compact body to sink fast against water's push-back (buoyancy). No bird gets both perfectly. Birds sacrifice some amount of the ease with which they fly for better dives.
So diving birds have a higher muscle mass, which makes underwater swimming easier. If these birds have to fly well, they need bigger wings, so their wing spans are higher. Heavier body from muscles raises “wing loading” (weight per wing area)—like a loaded plane needs a longer runway. Evolution has fixed this by making wings bigger in absolute size (longer span, wider), letting them fly fast and straight over water; see picture.  If this bird occasionally falls on land during a mistake in flying, it will be very dangerous for it. This is the price a bird must pay in order to be good both on air and underwater. 
But there is something very tricky at play here. Even though the wing looks larger, the actual proportion of the wing in weight (wing weight divided by body weight) will be the same. The wing will be thinner and spread over a larger area. Now the bird has a thinner but larger wing that needs to lift a larger body mass. So these birds have a little more difficulty in flying compared to birds that use only flying as the mode of locomotion. In order to be able to swim, these birds have to fly with a little difficulty, using more energy. 
Is your head spinning with all these intricacies? Remember, we have only seen one example in detail. Trade-offs are very complicated. But they enable organisms to explore various habitats and expand their home range. That is why ecologists spend a lot of time in understanding how trade offs work in the natural world.
Can you think of any such trade off in animals? Do let use know.
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