Evolutionary patterns of Echolocation
All though echolocation in bats appears to have evolved from a common ancestor, the appearance and development of this trait has shown a different pattern in other species present in the world of phylogeny. Echolocation in unrelated species alongside that of bats can be considered one of the most dramatic examples yet of ‘convergent evolution’. These unrelated lineages have independently evolved similar behaviours, traits or body parts in response to similar evolutionary pressures.(1) The species that exhibit echolocation include dolphins, whales, and shrews; each with a specialized form that is custom suited to each individual in response to the challenges faced in the environments. 

The most complex versions of the trait have evolved in species which must thrive in environments where vision can be ineffective (Hunting at night or dark, turbid water), put in info about dolphin/whale echolocation? but there are examples of simpler forms being used in shrews, rats, swiftlets and oilbirds. (2) These species use low amplitude sounds, which are shown to help investigate familiar habitat and possibly find food, if in close range. (4) Even though they are not related, the echolocation abilities of bats, dolphins and whales rely on the same changes to the same gene – Prestin. This gene plays a role in helping detect rebounding echoes, making outer hair cells shorter and stiffer than normal, allowing species to be exquisitely sensitive to the ultrasonic frequencies used in echolocation. 

Changes to the Prestin gene have produced strikingly similar proteins which are shown to be common in all species mentioned above. Based on the DNA sequences of these Prestin versions, the phylogenetic tree would look like a normal mammal phylogenetic tree. However, when putting the common protein discovery to use and converting the sequence to amino acids in these species, things look very different. Echolocating species would be placed very closely together, to the exclusion of other bats and whales that don’t use sonar.
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It is very interesting to see such strong convergence at the genetic level, as the species are unrelated and they echolocate very differently. Bats create their sonar pulses using their voice box while whales pass air through their nasal bones. Bats send their calls through air and whales send their through water. However, regardless of these differences, they have somehow managed to accrue the same set of 14 amino acid changes, whether they have wings or flippers. These changes result in high-frequency selection and sensitivity which are strongly favoured in echolocating mammals, due to their uneffective vision in their environments. These similar changes in unrelated species show that there are only very few ways, if not only one, for prestin to acquire the ability which allows these mammals to hear the ultrasonic sounds needed for biological sonar.(3)

Despite all of these benefits that echolocation provides for the species that utilize it, selective pressure is causing prey to adapt to hear or deter the echolocation, helping them to avoid the predator. Some examples of these species are “eared” moths (ex. Tiger moths) who have evolved a noise making organ which produces high frequency pulses and clicks, interfering with bat echolocation. This noise startles the bat and mimics that of a noxious moth, signalling the bat to avoid it. (5)(6) Crickets also can evade echolocative predators through the auditory system located on the tibia of each foreleg, which allows them to hear bats at certain frequencies. (7) These adaptations are examples of a co-evolutionary arms race that could be taking place between the species of bats and their prey, and it could be possible in the future to see bats changing their frequencies in response to this detection.

 There are also species of fish that can detect dolphin “clicks”
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Phylogenetic tree based on amino acid sequences








