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Lecture #18: Origins of human intelligence; increased brain size in hominins

What is the significance of brain size?  It is not possible to provide a clear answer to this question yet, because not enough is known about neural mechanisms to evaluate exactly how numbers of brain neurons affects processes like learning, performance of motor activities, and so forth.  Nevertheless, there are some biological phenomena that suggest that the size of certain brain regions is related to performance:

a. sex differences and seasonal changes in the size of certain brain nuclei that are

 involved in song production in birds

b. sex differences in the size of certain regions of the brain that may be related to specializations of function in each sex; these sex differences in size of specific brain regions  result from sex differences in cell death and cell proliferation during brain development

Brain size of extinct hominins has been estimated by cranial volume.  Also, features of the cranium can suggest more specifics of the sizes of certain regions on the brain surface.

Stephen J. Gould’s distinction between adaptations and exaptations:

a. used example of sea turtle’s flippers that are used to dig a nest in the sand to bury the eggs---Gould contends that one should not think of the shape of the flippers as an adaptation for digging, since natural selection no doubt shaped the flippers for swimming and not for digging---therefore, Gould would prefer to say that the turtle’s flippers are an exaptation for digging

b. a trait can be said to be a true adaptation for a given function only if natural selection acted on the trait to modify it specifically for that function 

These considerations could be particularly important in considering the evolution of the human brain---many current ‘uses’ of human brains may not have been factors in selection for brain size and function

Social intelligence hypothesis:  Increase in brain size in hominins linked primarily to increasing complexity of social interactions within and between groups:

a. kin recognition

b. reciprocal altruism---need to assess the probable behaviors of other individuals

c. formation of coalitions

d. increased group size and need to keep track of characteristics of both related and unrelated individuals

e. hunting and tracking----some think that cooperative tracking/hunting of game may have had a role in development of symbolic communication and language, since planning ahead and communicating strategies would be valuable

f. consciousness (and free will)---what does it mean to be conscious?---thinking about problems and solutions, considering alternatives, being aware of your thoughts

ASPM protein:  

a. abnormal spindle-like microcephaly associated protein

b. homologue of this protein found in Drosophila, where it functions as a microtubule-binding protein required for formation of mitotic spindles during neuroblast proliferation

c. homozygous loss of function mutations of gene coding for ASPM implicated in microcephaly in humans

d. evidence that the gene coding for ASPM has undergone change and positive selection several times in the hominin lineage over 5-6 million years

Abilities of other species:
Memory:  Clark’s nutcracker---found in high mountain regions of American West---feeds on large pine seeds---hides many (thousands) seeds in ground and elsewhere and finds them during winter---has pouch under its tongue used to carry seeds----is able to start breeding in Jan/Feb because it feeds young on stored seeds---this species important in ecology of whitebark pine as a distributor of seeds
Procedural memory---playing the piano (does not require memory of the specific events

involved in learning to play piano)

Declarative memory = semantic memory + episodic memory----episodic memory is 

memory of a specific episode (requires only a single event; for example, seeing a dog for the first time and remembering what it looks like)----semantic memory takes into consideration multiple exposures and develops a memory that may not include any specific event (for example, seeing many dogs on different occasions and developing a concept of “dog” that does not include memories of specific events)
Difficult to test for episodic memory in animals---can be tested easily in humans by simply asking an individual to recount past events and then determining whether the accounts are accurate---Clayton and Dickson (1998) demonstrated “episodic-like” memory in scrub jays, which cached different food items and then recovered them in relation to amount of time elapsed since caching and perishability of the specific food item

Transitive inference:  The ability to develop an ordered sequence from isolated examples (for example, if A>B and B>C, then A>C)---transitive inference (TI) demonstrated in a recent study (by Fernald et al.) of the African cichlid fish (Astatotilapia burtoni)----this fish a mouthbrooder and males are territorial---an individual male was allowed to observe staged encounters between pairs of fishes from among males A-E (5 males)---experiment was designed based on the fact that when a male is introduced into the territory of a resident male, the resident almost always wins and drives off the intruder---the researchers also made use of the fact that an individual cichlid will spend more time in the vicinity of a male that is perceived to be subordinate as compared to a more dominant male
Are these abilities of other species generalized, or are they only used in very specific situations?
