Let’s face it...

by Zareena, Mookayi and Mari

That was a fantastic day..

Zareena and Mookayi stood watching the ocean at the beach. The weekend stretched out in front of them. There were several people on their stretch of beach – some standing in groups, children playing in the sand, couples talking to each other. 

Suddenly Zareena exclaimed “Hey Mooks, Is that not Mari going with that group of guys?”. 

Mookayi laughed saying “How can you tell ,Zar? All I can see are their backs”. 

“I am telling you it is her, she turned briefly and I saw her face”, said Zareena.  Mookayi challenged her “Ok, let’s go and see if it is Mari. If it’s not her, you get me  an ice cream; if it is then I’ll get you one.”

They went after the group. But suddenly in the crowd they lost them. Frustrated,  Zareena took out her iPhoneX to call Mari. But the wind had blown her hair all over her face and the phone would not open as it did not recognise her face. “Stupid new phone. Supposed to recognise my face and open, it is not doing so,” she said angrily. 

Mooks was laughing “And you said recognised Mari by her face at that distance”. 

Zar was furious. “I know I did see her face and recognise it. Humans are superior to phones. In any case, Mari lives nearby. Let’s go to her house and check.”

Mooks was curious. She said “Not a bad idea. If she is there, we can also use her laptop and internet connection to see how humans recognise faces better than iPhones. Also Mari’s mother Usha is quite good at knowing this type of stuff”.

So they set off to Mari’s house. They rang the bell and waited. A smart looking Usha opened the door. Both Zar and Mooks cried out “Amma, is Mari home? Did she go to the beach just now?”. Usha said “First come in. What are you doing here at this time? Mari just came home and she is washing herself. In fact, you both are covered with sand and should also go and wash yourself. Mari and I are going to have coffee. I will also make some for you”. 

The first thing Zar and Mooks asked Mari when they saw her was “Were you just now at the beach? Were you with a bunch of guys?” Mari was astonished “How did  you know?”. Zar immediately jumped yelling “I was right. Mooks is the loser. I get an ice cream”. Mooks was impressed. She told Mari, “ Zar and I were at the beach. She caught a glimpse of your face and recognised you. I did not believe her and so we came to check.” Mari said “Good you came, but you could have just called me”. Mooks started laughing and Zar was embarrased. Mooks said “Zar got this new iPhoneX and she could not use it because it did not recognise her!”

By then Usha brought the coffee and they all sat down. When they told Mari’s mother what happened, she was amused. She said “Face recognition by humans is far superior to that of iPhoneX as the ability has evolved over millions of years in animals. The phone technology is still in its infancy. But you don’t have to take my word for it. You look it up”. 

Mari, Zar and Mooks sat down with Mari’s laptop and googled “face recognition”, “face recognition by humans”, “face recognition by iphone”, “face  recognition in animals”, “evolution of face recognition”. They were flooded with results. They started reading them and lost track of time. They never imagined that they would get immersed in face recognition. But after a lot of reading and arguing and discussing, they found that they were fascinated by it. Usha then told them “Why don’t you take some time and write up about what you learnt for the science magazine for children Jantar Mantar that my friend edits?”. The three friends liked the idea and wrote an article on face recognition. This is what we wrote:

Evolution in Biology and Technology

Like everything else in biology, the ability to recognise faces is based on evolution. 

Since the time Darwin and others showed that life on earth is evolutionarily related, lot of understanding and research has happened. Now we know that all biological systems and life is made of molecules.  There is no creator who is designing these molecules. This is the reason why complex systems like plants and animals have taken billions of years to evolve. 

As Darwin emphasised, random variations help provide the diversity in a population. Those changes that help in adaptating to the pressures of the environment and resources are favoured and get established down the generations, leading to the modifications of biological systems. We call this evolution. Two hundred years after Darwin, we know that the nuts and bolts of this process are the molecules that make up biological systems. The beauty of the complexity is that the molecules themselves are also subject to evolutionary processes. 

In some cases, like the production and use of oxygen by biological systems, we understand the evolution of this ability down to the molecular level. But in many things concerning life we are yet to understand how they have evolved – leave alone understanding at the molecular level. One such is the ability to recognise faces.

BOX on Time lines of different species

Invertebrates can be traced back to 650 million years ago (Mya). Insects as a class of invertebrate animals emerged more than 480 Mya from arthropods. Fishes which are vertebrate animals appeared from 530 Mya.  Amphibians and reptiles arose around 364 Mya. Subsequently, birds emerged from reptile-like ancestors about 155 Mya followed by mammals around  129 Mya. Primates  can be traced back to about 65 Mya with modern humans arising around 250,000 years ago. 

END OF BOX

So far, face recognition ability has been experimentally shown in 1) Insects like wasps and bees; 2) fish like the archerfish, ambon damsel fish, and tanganyikan cichlid; 3) Birds like pigeons, jackdaws and magpies; 4) mammals like sheep; 5) primates like macaques and 6) in humans. 

It does not necessarily mean that the first face recognising ability continued to evolve and become more and more complex. In evolution, as the branches of the tree diverge, many times a particular trait has independently evolved many times in different lineages because the ability gives some advantage to the organism. For example, eyes as complex image-forming-devices are known to have evolved independently some 50 to 100 times. 

Wasps and bees

Experimental studies by  Elizabeth Tibbetts have shown that one family of wasps, Polistes fuscatus, can accurately recognise and remember each others faces as they have face markings which are different for members of the same colony who are born from different queen wasps which live together.  She and her student Michael Sheehan found that another closely related family of wasps, Polistes metricus, which have a different social structure of only one queen in one colony do not naturally recognise individual wasp faces. But they showed that P. metricus wasps, have the ability to learn face recognition if they are trained. It is thus likely that P. fuscatus must have evolved (after its lineage diverged from that of P. Metricus), changing their brains to produce the face specialisation that enhanced their ability to sort friend from foe quickly and reliably.”

Honey bees and humans

Interestingly, a group of researchers from France and Australia including Adrian Dyer  asked the question if the european honey bee (Apis mellifera) can recognise human faces. They found that these bees can recognise photographs of human faces and remember them for up to two days. Honeybees were able to learn multiple view points of the same face and interpolate based on this information to recognize novel presentations. For example, after a bee learns the front and side view of a particular face, it was able to correctly choose a picture of the same face rotated 30 degrees, even if it has not previously seen this particular image. The honeybees’ ability to learn faces is particularly unexpected because honeybee society is far simpler than that of the wasps, consisting of a single queen and a mass of essentially identical workers that do the same tasks. Honeybees do not have distinctive facial markings, and their interactions in the hive often rely on complex pheromonal (chemical) signals rather than visual cues. The honey bee has about 1 million neurons in 0.5mm space whereas the human brain has about 100 billion neurons.

Fish recognise faces

A school of fish may seem as if they are all the same. Perhaps aliens will think the same of a group of humans also. Ulrike Siebeck and his colleagues from University of Queensland, Australia experimented with the ambon damselfish (Pomacentrus ambionensis) which to us look just yellow with some spots. These fish are native to the coral reefs of the Western Pacific Ocean and about 9 cm long. They viewed the  fish through a camera that worked in the ultraviolet wavelengths.  The fish showed a complex array of facial patterns that are unique to each individual. Siebeck and his group found that they could differentiate between faces of the other species but also of individuals in their own species. 

Since ambon damselfish are social animals and live in groups, facial recognition may help distinguish individuals and maintain bonds.

In experiments using morphed photographs or computer generated pictures of the fish faces, the ambon damselfish were able to identify them correctly. This was a surprise because it meant they could identify differnces in similar looking photographs and associate it with a particular face – something called categorical perception. But the fish brain does not have the region that is normally associated with this type of categorical perception in the human brain. Categorical perception allows animals to make quick decisions from an image or stimulus. 

The masked julie (Julidochromis transcriptus) is a small striped fish that stays in groups. The fish is from the north western shores of Lake Tanganyika in Africa. This fish has become a common aquarium pet and belongs to the family Chichlid which is the one of the largest vertebrate families in the world diverse in Africa and South America.  Africa alone has more than 1600 species of this chichlid family. A group of researchers led by Takashi Hotta from Osaka City Univeristy, Japan recently showed that the masked julie used patterns on the face to identify between individuals of their species and other species despite having distinctive stripes on the body. They suggest that this indicates social signals could have evolved around the eyes of fish.

Toxotes chatereus is also known as the sevenspot or largescale archerfish and grows to about 20-40 cm long. They are omnivorous, eating plant matter and insects as available. Like other archerfish, they use visual signals to spit streams of water to knock insects sitting on plants above the water surface or  outside into the water. Cait Newport and her colleagues from the University of Oxford, UK trained  this type of archerfish ‘to select’ a human face on a computer screen above the aquarium tank meaning the fish learnt to spit at the presented image of the face. Once the fish learnt the ‘face’ when it was placed among 44 unfamiliar faces the fish correctly spat at the correct face 81 percent of the time on an average. Even when presented with black and white images or standardised ‘face’ images, the archerfish still correctly spat at the learned face. As Newport says “the fish may not have been gathering complex facial information but were discriminating complex patterns”.

Birds can recognise human faces 

Auguste Bayern, a cognitive biologist, and his group at the University of Oxford, UK studied jackdaws which are smaller cousins of crows. They showed that jackdaws could follow eye cues and hand pointing by persons they became familiar with. They would follow the eyes of a familiar person looking back and forth from the food to the bird and locate the food.

Won Young Lee of Seoul National University, South Korea, found while working with magpies that they could recognise his face.

Dalila Bovet of University of Paris Ouest Nanterre la Defense in France working with her colleague experimented with pigeons in a park in Paris and showed that the pigeons could recognise individual faces of the human beings involved in the experiment. These pigeons without training could differentiate between humans and also know that clothing is not a good way to recognise humans but use facial features. She theorises that this ability of these pigeons is perhaps due to a long association with human beings during domestication and living in cities.

Facial recognition of mammals

Darwin in his book published in 1872 “The expression of emotions in man and animals” lays great stress on the common features of the facial expressions shown by man and animals and goes into the possible common basis. He implicitly tells of the importance of face recognition for it is by this means the emotions are exhibited.

There has been very little systematic study of face recognition in mammals except for the work of Kendrick from the Babraham Institute in Cambridge, UK and his colleagues who experimented with sheep. They showed that sheep could recognise other sheep faces even when they are showed the profile pictures. However, the memory seemed to decline between 600 to 800 days later. They also measured the activity of cells in the brain when sheep were shown familiar and unfamiliar faces of sheep. They found sheep, like humans, have a specific area of the brain associated with face recognition. They use a separate system, which is far less specific, for recognising other objects as rocks and trees. 

Face recognition in primates

Primates came to dominate and become diurnal active (meaning foraging both at night and day) only after the large scale extinction of dinosaurs in the Jurassic period about 65 Mya though mammals came into existence about 150 Mya. Primates, including apes and humans, have developed a high spatial intelligence or keenness of vision, sound and smell which have helped them evolutionarily. The forward facing posture with the both eyes in front is thought to have made a major difference in their foraging and socialising ability.  One theory is that this adaptation arose during the nocturnal or night living phase of their history. Primates with larger eyes and better visual perception tend to have a wide range of facial expressions.

The incredible experiments of Doris Tsao

The most extensive work on primates is on macaque monkeys by the group led by Doris Tsao of California Institute of Technology, USA. Tsao was born in China and emigrated to the USA at the age of four. She became captivated by science during her college days due to a visit with her father to Caltech.

Tsao and her group extensively mapped the face recognition of macaque monkeys in the different parts of the brain and showed the existence of specialised regions in the brain called “face patches” in the temporal lobe (or behind the temple/forehead).

Tsao and workers used electrical recordings from around 200 neural cells in the face patches identified by them in macaques. They showed that the “facial identity is encoded via a remarkably simple neural code”. This means that the monkey relies on just a few neurons to distinguish facial features. They use information such as the lengths or distances between specific points on the face, about 50 in all (see figure). From this they are able to reconstruct the main characters of the face. This also overturned what scientists had thought all along: that a single face cell codes for a single individual. Instead, the monkeys seemed to have a mathematical model based on which they recognised faces.  Their most remarkable achievement was that they were able to regenerate the image of the human face seen by the macaque using specific electrical recordings from the cells and their mathematical model of how the face perception works! That is, by recording the activity in the “face patches” of the monkey's brains, they could “see” what the monkeys were seeing. The reconstructed faces are shown along with the original faces in the figure and you can see that it is a marvellous match. After this work, they extended their study by using functional magnetic resonance imaging (fMRI) to map the regions of the human and macaque brains  during face recognition.  

Earlier work by other workers on humans had shown the part of the brain region in the lower portion of the brain known as the “fusiform gyrus” which was involved in face recognition along with the temporal regions. This region was earlier identified in 1870s in humans and was mistakenly identified as also being in primates due to wrong mapping of the brain areas from humans to primates. Now it is known that only for the hominoids (gibbons, oranguttans, gorillas, chimpanzees and humans) this fusiform gyrus area exists and is involved in face recognition along with other temporal lobe regions.

In humans, there is a condition known as prosapagnosia or face blindness which can come from brain damage/lesions or a congenital development disorder where there the ability to recognise faces including ones own face (self recognition) is impaired. In these cases, it is known that the fusiform gyrus area is affected. Other aspects of visual processing and intellectual functioning remain intact. So far there is no known cure or therapy for this disorder. Perhaps if humans master the science behind face recognition, then technological developments could help people with prosapagnosia.
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