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The social conditions for sustainable technological innovation 

 

We are used to technological progress. Something is invented. It is developed 

and refined; that is, it gets cheaper, smaller, more efficient, or whatever. Until in 

time a better replacement technology sweeps it aside. The valve gives way to the 

transistor, which later is superseded by the microchip. Tomasello (1999) 

outlines the "ratchet effect" by which this occurs: cumulative cultural evolution 

depends on creative invention and faithful social transmission, and these in turn 

require a distinctive suite of cognitive skills, such as imitative learning. "Human 

cognitive ontogeny takes place in an environment of ever-new artifacts and 

social practices which, at any one time, represent something resembling the 

entire collective wisdom of the entire social group throughout its entire cultural 

history" (1999:7). 

This pattern of development does not apply to every technology. Simple 

ones might be fairly stable for hundreds of years. Think of chopsticks. And vested 

interests can inhibit improvements or replacements. Think of the internal 

combustion engine. Nevertheless, cumulative positive change is the norm. 

It was not always so. For most of our species' 200,000-year history, 

technological innovations were sporadic and fragile. They might flourish for a 

time, even for thousands of years, only to disappear. That process is the subject 

of this chapter, in which I review current thought on these questions: What 

background social conditions make for the invention, preservation and 

propagation of technology? What alternative conditions lead to loss and 

regression? As a case study, let us begin with the Tasmanians. 

 

Tasmania 

 

Homo sapiens reached the greater Australian continent, which involved multiple 

sea crossing including one of about 80 or more kilometers (50 miles) (O'Connell 
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and Allen, J. 2007) at least forty thousand years ago (40 ka), possibly earlier.1 

Sahul Land, as this continent is sometimes called, included Papua New Guinea in 

the north and what is now Tasmania in the south, the seas being some 100 

meters (300 feet) lower than today (Wells 2002). The southern reaches of the 

continent were occupied about 40-22 ka (Diamond 1978; Henrich 2004; Stringer 

2012). The people living there were cut off by rising seas on what became the 

island of Tasmania about 14 ka. Progressively over the following millennia, 

spear-throwers, fishing spears, barbed spears, boomerangs, nets, hafted tools, 

and bone tools (including fish hooks) disappeared from their arsenal, as well as 

cold-weather clothes (Diamond 1978; Henrich 2004; Stringer 2012). For 

instance, bone tools go back at least 18 ka in the Tasmanian archaeological 

record, but they began to decline from 8 ka and disappeared by 3 ka, and 

whereas Tasmanians formerly relied heavily on fish, by 3.8 ka fish bones fade 

from the scene. By the time they encountered European settlers and convicts at 

the start of the nineteenth century, the Tasmanian aborigines had the simplest 

technology of any modern humans. 

What was the cause of this technological regression? Diamond (1978) 

implies that it was the result of cultural drift—that is, random cultural change—

in a small population. The population of Tasmanian aborigines at the time of 

contact with Europeans in about 1803 was approximately 4,000 (Henrich 2004). 

According to Henrich, "imperfect imitation, experiments, errors, bad memories 

and ill fortune" (2004:200) conspire against successful transmission and, 

anyway, most learners attain skills lower than those of the experts they emulate. 

According to a mathematical model he develops, the low number of social 

learners created a situation that "(1) kept stable or even improved simple 

technologies, and (2) produced an increasing deterioration in more complex 

skills" (2004:197). To put it simply, the loss of knowledge outweighed the 

development and transmission of innovative ideas. Meanwhile, product quality 

declined with each generation. 

There is no reason to think that the Tasmanians were less intelligent or 

resourceful than their mainland cousins, who kept the technologies the islanders 

lost. By an accident of circumstances, the Tasmanians fell below a crucial 

threshold, one that would have allowed them to keep trans-generational 
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knowledge alive in their oral community. With writing, libraries, electronic 

storage, and the like, we save and transmit our knowledge and skills without 

relying on close personal contact with a pool of other technologists. By contrast, 

the Tasmanians were condemned by their isolation and small numbers to lose 

much of their material culture. 

 

Middle Stone Age Cases 

 

Henrich observes that "persistent technological losses among partially isolated 

cultural groups are substantially more common than is typically recognized" 

(2004:208). As evidence he cites canoes, bows and arrows, and pottery, across 

the various island groups of Oceania. Like the Tasmanian example, these involve 

small groups isolated by ocean expanses. As well, they all occurred in the 

Holocene, that is, within the last nine thousand years. But we can imagine similar 

forces operating much earlier in our species' history. Indeed, there are some 

important precedents in need of explanation. 

Two lithic industries—that is, traditions of working stone and the toolkit 

thus produced—emerged in southern Africa in the Middle Stone Age (MSA) 

(McBrearty and Brooks 2000; Henshilwood 2007; McBrearty 2007; Mellars 

2007; Powell, Shennan and Thomas 2009). The first, known as Still Bay, 

appeared about 75 ka and the second, Howiesons Poort, about 70 ka.2 Both 

involved sophisticated heat treatments to alter the flaking properties of the 

stone involved. The Howiesons Poort industry replaced the Still Bay industry at 

Klasies River Mouth and Diepkloof rock shelter in the South African cape and is 

further represented at other South African coastal sites—Blombos cave, Border 

cave, Sibudu—as well as Apollo 11 cave in Namibia. In addition to symmetrical 

stone blades, awls and scrapers, there were multipart and bone-tipped tools and 

weapons, some with abstract engravings. Associated at these sites (though 

varying in their prominence from place to place) there were collections of ochre, 

including ochre incised with patterns, engraved ostrich shells, and perforated 

marine shells that would have been used as personal ornaments. (There are 

thousands of ochre crayons at Blombos cave and hundreds of engraved ostrich 

shell fragments at Diepkloof rock shelter.) Meanwhile the bow and arrow was in 
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use at these sites at least 20,000 years before it appeared elsewhere (McBrearty 

2007; Lombard and Phillipson 2010; Lombard and Haidle 2012). 

This complex of technologies had been identified by paleoarchaeologists 

as markers of behavioral modernity, which includes the kind of abstract, 

symbolic, and imaginative thinking that now characterizes our species. It was 

once thought that behavioral modernity emerged in Cro-Magnon sapiens 

abruptly about 35 ka in Europe. (This was the majority view in Mellars and 

Stringer 1989.) And some people theorized that this represented a change to the 

human mind as a result of a modification to the operation of the brain. (Different 

accounts of what this brain alteration might have been are discussed in Nowell 

2010.) As many of those who have considered the MSA evidence have more 

recently observed, however, it counts decisively against both the abruptness and 

the Euro-centeredness of the arrival of the modern mind.3 The preferred view 

now is that demographic factors, rather than changes in cognitive capacity, can 

explain geographic variation in the timing of appearances of modern behavior. 

We need not pursue the ongoing controversies about behavioral 

modernity in our species, however. For us, the relevant point is that both these 

industries came to an end. The collecting (but not inscribing) of ochre goes back 

as far as 285 ka in Africa (McBrearty 2007) and by Neanderthals in Europe to 

250–200 ka (Roebroeks et al. 2012). That practice continued after 60 ka. But all 

the "modern" technologies associated with the Still Bay and Howiesons Poort 

industries disappeared. They were replaced by older MSA industries, perhaps 

wielded by different communities (Mellars 2007; Jacobs and Roberts 2009; 

Stringer 2012). This replacement of "modern" technologies with older, more 

simple and conservative ones resembles the Tasmanian case.  

Moreover, millennia passed before the "modern" technologies recurred. 

For instance, "around 40 ka, [shell and stone] beads reappear almost 

simultaneously in both Africa and the Near East and for the first time in Europe 

and Asia." (d'Errico et al. 2009:16051). 

 

Rare, even earlier, examples 
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Remarkable though they were for their time, the Still Bay and Howiesons Poort 

industries were themselves anticipated at earlier times. Barbed bone points and 

other bone tools from Katanda, Democratic Republic of Congo, are dated to 90 ka 

(d'Errico et al 2003; Marwick 2003; Powell, Shennan, and Thomas 2009). Other 

bone points from India and Java may be of similar antiquity (Henshilwood 2007; 

Bednarik 2013). But the earliest bone tools, at 1.8–1 million years ago, long pre-

date our species, as do the earliest hafted tools at 400 ka (d'Errico et al. 2003) 

and composite (multipart) tools at 285 ka (McBrearty 2007). Meanwhile, the 

practice of heating stone to alter its flaking properties was anticipated at 

Pinnacle Cave in South Africa at 164 ka (Marean et al. 2007). 

More intriguing, perhaps, are "symbolic" behaviors: abstract pictures or 

representational depictions, personal ornaments, ritual behaviors, and burial, 

especially with grave goods. These too had isolated precursors. Personal 

ornaments in the form of beads, shells, and animal teeth have a long history. I 

have already mentioned MSA cases of incised ochre and engraved ostrich shells. 

Older perforated shells, dated to 135–90 ka, have been found at a number of 

north African and Levantine sites, including burials (Vanhaeren et al. 2006; 

d'Errico and Vanhaeren 2007; McBrearty 2007; Pettitt 2011a). And a perforated 

Conus shell associated with infant burial at Border Cave dated to 80 ka (Pettitt 

2011a). At Rhino Cave, Botswana, archaeologists have uncovered many points 

made from colorful, non-local stones and dated to 70 ka. These were elaborately 

and carefully made and, without leaving the cave of manufacture, were then 

burned and destroyed. This is interpreted as evidence of ritual behavior 

(Coulson, Staurset, and Walker 2011).  

Meanwhile, the treatment of corpses in burials (such as defleshing, but 

not involving cannibalism), grave goods (such as ornaments or parts of animals), 

and the addition of ochre to graves are all associated with psychological 

modernity, being common in the Upper Paleolithic after 30 ka. (The treatment of 

all of these as "symbolic" and as equally so is problematic, of course: 

Henshilwood and Marean 2003; Pettitt 2011b.) Though burials prior to this time 

are comparatively rare, in them one or more of these characteristics usually is 

present. And this applies even to some very old burials of early humans with 

robust rather than fully gracile facial features  (McBrearty and Brooks 2000; 
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Caspari and Wolpoff 2013)—in graves at Herto, Ethiopia, dated 160–150 ka, in 

multiple inhumations at Skhūl, Israel, dated 130–100 ka, and at Qafzeh, Israel, 

dated to 100-90 ka (Mellars 2007; Henshilwood 2007; Pettitt 2011a). 

As it happens, there is evidence of similar behaviors in other hominin 

species, though these were apparently not widespread. Indeed, there are 

grounds to think that Neanderthals used shells as ornaments or ritual objects 

prior to the arrival of our species in Europe (Zilhão et al. 2010; Cook 2013). And 

they removed large feathers from birds of prey they killed, which is again 

thought to demonstrate ritualistic behavior (Peresani 2011; Finlayson et al. 

2012). A remarkable case is that of a necklace of interlocking eagle talons dating 

to 120 ka, which is 80,000 years before our species encountered them (Radovčić 

et al. 2015). They also collected and carried crystal, fossils, and oddly shaped 

stones over distance (Mellars 1996), as well as ochre (Roebroeks, et al. 2012).4  

Neanderthals also occasionally buried their dead (McBrearty and Brooks 

2000; Renfrew 2009; Pettit 2011a).5 Evidence of funerary caching goes back to 

240 ka, but most burials are in the period 70–34 ka (Pettitt 2011a; Cook 2013); 

that is, mainly prior to their encounter with Cro-Magnon sapiens but in the latter 

phase of their existence. Pettitt (2011a) concludes that at least some 

transmission of mortuary tradition occurred among some Neanderthal groups, 

though grave goods were only rarely involved. Others (d'Errico et al. 2003) 

maintain that there was an organized and very ancient funerary tradition among 

Near Eastern and European Neanderthals. 

Still, it is frequently held that Homo sapiens is the only species to make art. 

The oldest known European sapiens cave art is in Chauvet Cave, France, and 

dates from 35 ka (Clottes, Bahn, and Arnold 2003; Lawson 2012). Hand stencils 

and figurative animal pictures of the same age or older are found in seven cave 

sites in the Maros karsts of Sulawesi, Indonesia (Aubert et al. 2014) and animal 

pictures on stone slabs in Apollo 11 Cave, Namibia, may be older (McBrearty and 

Brooks 2000; Zilhão  2007). But the exclusiveness of art to Homo sapiens also has 

been challenged (d'Errico and Vanhaeren 2007; Zilhão et al. 2010; Zilhão 2011) 

and no consensus has emerged. In part it depends on whether one thinks ochre-

painted shells qualify as art when compared to the paintings of Chauvet.  
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Some recent findings are more persuasive, however. The first known 

example of an abstract pattern engraved by Neanderthals, from Gorham's Cave 

in Gibraltar, consists of a deeply impressed cross-hatching carved into the 

bedrock of the cave that has remained covered by an undisturbed archaeological 

level containing Mousterian artifacts made by Neanderthals (Rodríguez 2014). 

Dated at 39 ka, it is unlikely to have been influenced by Homo sapiens' image 

making. And hand stencils in El Castillo cave, Spain, have been dated to at least 

40.8 ka and attributed to Neanderthals (Garcia-Diez et al. 2015). 

The most extraordinary precursor of "modern" "artistic" behavior, 

however, is a shell with a geometric engraving sourced from Trinil, Java, 

Indonesia. The piece is attributed to Homo erectus, a much earlier emigrant from 

Africa. (Indeed, Trinil is the site where the first specimen of Homo erectus, 

popularly known as Java Man, was found in 1891.)  The engraved shell dates to 

half a million years ago (550–425 ka)! As the scientists who reported on this say, 

"the manufacture of geometric engravings is generally interpreted as indicative 

of modern cognition and behaviour. Key questions in the debate on the origin of 

such behaviour are whether this innovation is restricted to Homo sapiens, and 

whether it has a uniquely African origin" (Joordens et al. 2015:228). They 

answer both questions in the negative. 

 

So, what happened? 

 

If we agree that "modern" behaviors did not arrive abruptly but were probably 

frequently anticipated, often scores of thousands of years before they became 

permanently established from 35 ka, and if we note also that these anticipations 

were not always short-lived and fluky, but persisted in the Middle Stone Age 

over many millennia before they were again lost, then there is no reason to 

invoke a sudden change to the working of the brain as explaining them. A more 

likely explanation, both for their persistence and for their loss, will take into 

account the environments, physical and cultural, in which the events occurred.6 

And that is why the comparison with the Tasmanian case is apt. 

This is how Stringer reasons: "What happened in Tasmania may help 

explain events in Africa more than 50,000 years earlier. … [S]mall populations 
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would have been prone to population crashes and even to extinction, or forced 

into relatively rapid movement or adaptation to survive, and this could have led 

to the regular loss of innovations that might have been useful in the longer term. 

Thus repeated 'bottlenecking' did not just remove genes but also eradicated 

discoveries and inventions associated with the human populations concerned, 

and rapid environmental change or population movements would have had the 

same effect" (2012:221–2). He goes on to draw some lessons: "[T]he populations 

who progressed the most culturally were not necessarily the most intelligent and 

skillful … but those who were able to network and pass on learning in large 

groups, and to maintain those group sizes most consistently through time and 

space. … Density was thus important for developing new ideas, but migration 

between groups was also vital, to ensure that such ideas had a better chance to 

persist and thrive, rather than decay and perish. … [G]enetic continuity, large 

brains, and intelligence on their own will not ensure success for human groups; 

the survival of knowledge itself is also vital" (2012:223–4). 

So, here are the factors to check on: population bottlenecks, population 

density, climate change, migration, and inter-group relations. Let's begin with 

bottlenecks. 

 

Bottlenecks 

 

The Homo sapiens population in Africa in MSA was low by modern standards, 

with people living in small, dispersed groups (McBrearty 2007). Caspari and 

Wolpoff (2013) suggest that for most of the Pleistocene the total would not have 

exceeded 1,000,000. 

About 75 ka there was a super-eruption of Mt. Toba in Sumatra, Indonesia 

(Wells 2010). The extensive ash fallout produced a "nuclear winter", with 

temperatures falling 5–15°C (10–22°F). The cold persisted for millennia (Wells 

2010; Lane, Chorn, and Johnson 2013). Undoubtedly this rapid climate 

deterioration affected those alive at the time. India was influenced in particular 

and populations of non-sapiens hominins there are speculated to have suffered 

severely, as did Neanderthals in Europe (Finlayson 2009).  
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It is also known by genetic analysis that the Homo sapiens population 

crashed at about the same time. Because conditions in East Africa were less 

affected by ash fall than in India and Europe, Lane, Chorn, and Johnson (2013) 

have questioned whether this reduction was a result of the eruption, though 

others (Fagan 2010; Wells 2010) have made that connection. The change in 

climate would have been globally felt, however, so most people would have been 

indirectly affected by the aftermath of the eruption. Indeed cold in Europe, 

whether or not caused by Toba's eruption, affected the climate in Africa, as is 

discussed further below. 

In any case, our species looked extinction in the eye. Some estimate that 

the total surviving Homo sapiens population fell as low as, perhaps, 2000 

individuals (Wells 2006, 2010; Henshilwood 2007); Fagan (2010) suggests 4–

10,000 females of reproductive age.  

The Tasmanian case indicates the likely result: where there were severe 

bottlenecks, sophisticated technologies probably all were lost and there was 

reversion to older, simpler technologies. In effect, our species went down a snake 

to the START square. 

 

Population expansion 

 

Population expansion became rapid in Africa after the nadir at about 70 ka 

(Wells 2002; Henshilwood 2007; McBrearty 2007; Mellars 2007). And when 

members of our species left Africa (again, at) about 60 ka, there was a further 

expansion of population in India and Asia beginning about 50 ka (Wells 2002). In 

the period 45–35 ka when our species entered Europe from the east and 

overlapped there with Neanderthals, there was an estimated tenfold increase in 

our population (Mellars and French 2011) and the expansion continued there 

after the extinction of the Neanderthals (Wells 2002, 2010; Mellars 2009). 

Moreover, more individuals lived longer, which added to the cultural capital of 

their groups (Caspari and Wolpoff 2013). 

Though the period we are considering here is known as the Ice Age and 

was generally much colder than is usual now, it was characterized by 

considerable climatic variability and instability. Climate patterns, known as 
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Dansgaard-Oeschger events, in which there was an initial rise of 10° C (18°F) or 

more within a few decades, followed by about a millennium of gradual cooling, 

occurred twenty-one times between 75–15 ka (Mellars 1996; Shackleton 2001; 

Maslin 2009). Inevitably, these had a major impact on the flora, fauna, and 

weather of a given locale. For instance, in some places forest changed to open 

steppe on average in only 142 years (Finlayson 2009:132). Sometimes there was 

a swift onset to an especially cold period, usually of less than 1000 years. These 

Heinrich events, as they are called, were irregular (HE 5 was at about 45 ka; HE 4 

at 38 ka; HE 3 at about 30 ka; HE 2 at about 24–23 ka; HE 1 at 16.8 ka). Some of 

them apparently were brought on by volcanic action (Golovanova et al. 2010). 

As native European citizens of long-standing, the Neanderthals' large 

noses and stocky frames were adaptations to the cold weather. But Heinrich 

events drove them to the southern coastal extremes of their range. Their 

extinction more or less corresponded with HE 4 and some posit a causal link 

between the extremely cold weather and their final capitulation (Gilligan 2007; 

Golovanova et al. 2010; Bradtmöller et al 2012).7 Homo sapiens, on the other 

hand, developed the eyed needle and could produce the tailored, layered clothing 

that saved us from the cold (Wells 2002; Gilligan 2007; Fagan 2010; Cook 2013). 

We survived for long periods on the Mammoth Steppe by constructing dwellings, 

using mammoth bones for framing and for fuel (Wells 2002; Finlayson 2009). Of 

course, this is not to deny that extreme cold also would have impacted many 

small, isolated groups as badly as it did the Neanderthals and it would exclude 

the survival of supra-regional networks (Bradtmöller et al. 2012). 

Meanwhile, in wetter, warmer periods Homo sapiens were inclined to 

expand their range. The Sahara and Nile regions attracted people when the 

weather was favorable and expelled them when it was not (McBrearty 2007). 

There may have been earlier excursions outside of Africa—there certainly was 

one to the Middle East about 110–80 ka (Wells 2002, 2006)—but many non-

Africans have an ancestry that goes back to people who left Africa about 60 ka 

(Wells 2002; Klein 2008; Stringer 2012). This corresponded with a 

comparatively warm and stable period (Finlayson 2009; Fagan 2010). More 

generally, the climate began to warm about 17 ka, apart from the "Younger 

Dryas" Ice Age at 12.9–11.6 ka (Finlayson 2009; Fagan 2010; Wells 2010). By 
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16–14 ka the European ice sheets were in retreat and Homo sapiens occupied 

northern France, Denmark, and Britain. The Younger Dryas was followed by 

further warming until a change in the earth's orbit that brought it nearer the sun 

produced the comparatively warm and stable climate of the Holocene (beginning 

at about 9 ka) (Guthrie 2005). So, the strongly marked European rise in the 

Homo sapiens population noted above correlates with the amelioration of 

prolonged cold and climate instability. Of course, the ever-increasing rate of 

population growth has continued since then, as has been true also (until 

recently) for many other animal species (Guthrie 2005). 

 

The connection between technological innovation and climate change 

 

Our hominin and Homo sapiens ancestors all first evolved in Africa and it has 

been claimed that the habitat crucial for the selection of their adaptations was 

the savannas that appeared at the time (Wilson 1975; Orians 1980). But the fact 

of ongoing climate change, not only in the period discussed above but in the 

preceding millions of years (Potts 1998a, 1998b; Gräslund 2005; Maslin 2009), 

makes it unlikely that we adapted to any particular habitat (Davies 2012). 

Rather, we adapted to be capable of dealing with variable climates and habitats 

(Potts 1998a, 1998b). And at least in the case of our species, this response often 

took the form of developing technologies appropriate to the local conditions. 

Consistent with this is the idea that innovation is driven by climate and/or 

environmental change (Potts 1998a, 1998b; Gilligan 2007; Bradtmöller et al 

2012).  

Finlayson gives this example: "The people living in Eurasia and 

developing transitional or early Upper Paleolithic cultures [about 40 ka] were, 

not surprisingly, on the edge of the geographic range. As the steppe-tundra 

encroached, these edge populations became the front line troops. They were 

faced with two options: adapt to the new circumstances quickly or die. The 

required change involved finding ways of living in, and hunting the animals of, 

the alien open and treeless habitats suddenly appearing everywhere. … It seems 

that the [people of this time] behaved with great flexibility and adjusted their 

activities and tools in response to changes in the environment" (2009:131). 
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Aside from the flowering of art and ornament in the Upper Paleolithic, 

nothing more dramatically illustrated the innovativeness of European Homo 

sapiens than the turnover in lithic industries. The early-Homo Acheulian industry 

persisted for more than a million years. The Neanderthals' later Mousterian 

industry was largely unchanged for at least several hundred thousand years. 

With the arrival of the Aurignacian about 40 ka, a number of transitional, 

regional industries (Châttelperonian, Szeletian, Uluzzian) were short-lived. The 

Aurignacian industry gave way to the Gravettian (29–22 ka), which was followed 

by the Solutrean (22–17.5 ka) as the weather turned cold, after which came the 

Magdalenian (18–10.2 ka) with the upturn in the climate.8 

 

Immigration  

 

It is not only as a result of climate change that our ancestors faced the challenge 

of unfamiliar or changing environments. Seasonal alterations can be dramatic for 

those who are sedentary. And those who journey globally encounter a range of 

environments on their travels. 

Under favorable conditions, our ancestors would have dispersed into 

similar, adjacent territories (Finlayson 2009). Eventually these would have given 

way to changed landscapes. Being generalists rather than habitat-specific 

specialists, we might have explored these willingly, adapting our survival 

techniques and technologies to match the new conditions.9 As we have already 

observed, when our predecessors left Africa they progressed to Australia and 

looped back into Europe via central Asia. They occupied eastern Asia at 45 ka, 

arrived in northwest America by 15 ka, and occupied the north of South America 

by 12 ka (Wells 2002; Dunbar 2004). Plainly these treks involved negotiating 

many types of environments.  

And people settled. Members of our species came to live in the full range 

of habitats. We occupy tropical and temperate forests, plains, and savannas; 

mountain peaks and valley floors; coasts and interiors; even the arctic, arid 

deserts, and swamps. And then, as now, we buffered ourselves against the raw 

environment or molded it to suit our needs (Laland, Odling-Smee and Feldman 

2000; Taylor 2010). We wore clothes—starting some time between 170–83 ka in 
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Africa, so the clothing lice indicate (Toups et al. 2011)—built shelters, camped 

under overhangs or in caves. Typically, those who took up residence developed 

special technologies that allowed them to exploit the resources to hand; consider 

kayaks, barbed harpoons, spear throwers, nets, fish traps, and boomerangs, to 

name only a few. 

 

Population density 

 

So, the demands of new or unstable environments are crucial drivers of 

technological innovation. But the preservation and communication of 

technological advances in oral communities depend also on population density, 

as we saw in the Tasmanian case. There is some critical population mass—

presumably captured by Henrich's formula—that, if not attained, leads to the 

cross-generational loss of sophisticated technologies and regression to much 

simpler ones. 

There are two further respects in which high population density is likely 

to be relevant to the level of innovation, one positive and the other not. More 

people means more brains, and where there is a social climate that 

acknowledges and rewards technological progress, this results in an increased 

likelihood that current technologies will be improved or that replacement 

technologies will be discovered. But also, a high population might put pressure 

on limited resources, and this in turn could foster the creation and refinement of 

ways in which to increase the harvest that can be garnered (McBrearty and 

Brooks 2000; Henshilwood and Marean 2003). 

This last consideration might reasonably be thought to apply to us 

moderns, but not to the comparatively small populations that struggled for 

survival in prehistoric times. They were small-part players in a world dominated 

by wild animals. But recall the extremes of the Heinrich events that affected 

Europe in the Upper Paleolithic. These would have removed many animals and 

down-graded the prospects of catching them, all at a time when groups were 

fragmented and inter-group networks were fractured. This could have led, 

imaginably, to intense competition where different groups—of sapiens, 

Neanderthals, or both—came into contact. Perhaps this is relevant to isolated 
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examples of cannibalism among Neanderthals (Fagan 2010; Stringer 2012) and 

among Homo sapiens, including 80,000-year old bones at Klasies River Mouth  

(McBrearty and Brooks 2000; Stringer 2012). 

 

Intergroup contact and trade 

 

The hunter-foragers of the Upper Paleolithic lived in groups. These are estimated 

at 30–50 people (Dunbar 2004; Gräslund 2005; Guthrie 2005). But at some times 

of the year it may be that groups congregated and exchanged goods and 

marriageable young people. In the southwest of France, large reindeer-hunting 

settlements were occupied for weeks or even months during the winter (Mellars 

2009). These might have involved several hundred people (Fagan 2010). 

Intergroup contact at such times would have been crucial for the spread and 

preservation of new technologies. 

It is likely that the growing population of the time led to increased 

mobility and more complex systems of cooperation and competition between 

groups, resulting in increased personal ornamentation, material expressions of 

individual and group identity, as well as other forms of material information 

exchange between groups (Caspari and Wollpoff 2013). But above all it led to 

extensive trade networks connecting groups at a distance. As evidence of this, 

exotic items mostly used for decoration—perforated shells, pierced, rare teeth, 

crystals, amber, jet—are found far from their original sources (Vanhaeren and 

d'Errico 2005; Mellars 2009). 

 

Back to the Middle Stone Age 

 

We've focused mainly on the Upper Paleolithic, where the persistence and 

development of technology is apparent and where relevant archaeological 

material is readily available. But if we are to explain why the Still Bay and 

Howiesons Poort industries arose and persisted for millennia, we would expect 

to find similar evidence—climate instability (or socio-cultural instability and 

competition) as a prompt for innovation, and population density and intergroup 
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trade as sustainers of new technologies. Here the evidence is less clear but 

suggestive nevertheless. 

 Geneticists who have adapted Henrich's mathematical model calculate 

that population densities in Sub-Saharan Africa during the Middle Stone Age at 

about 101 ka were similar to those in Upper Paleolithic Europe from 45 ka 

(Shennan 2001; Powell, Shennan, and Thomas 2009). Here it is relevant to 

appreciate that some of the crucial sites, such as Klasies River Mouth, Border 

Cave, and Blombos Cave were already in regular use before 100 ka (McBrearty 

and Brooks 2000) and that innovative uses of ochre were already apparent at 

that time (Marean et al. 2007; Henshilwood et al. 2011). 

 As well, an increase in trade (raw material transfer) occurred after about 

130,000 years ago in Africa (Marwick 2003). The perforated shells in north 

Africa dated to 135–90 ka were at locations up to 190 km (115 miles) from the 

nearest coastal source (Vanhaeren et al. 2006; McBrearty 2007). And obsidian 

was transported in excess of 200 km (125 miles) in Kenya and Tanzania 

(McBrearty and Brooks 2000; McBrearty 2007); stylistic differences in tools 

made from the same raw source materials imply they were traded rather than 

transported. 

Turning more particularly to the Still Bay and Howiesons Poort 

industries, the evidence for long-distance trade is less obvious (Soriano et al. 

2015). Perforated shells at Blombos Cave were 20 km (12 miles) from the source 

(Henshilwood 2009) and silcrete for tools at Klasies River Mouth came from at 

least 15 km (9 miles) distant. Meanwhile, the small, geometric tools (such as 

arrow heads) of Howiesons Poort style were made from high quality raw 

materials that would be widely dispersed (McBrearty and Brooks 2000). These 

tools are like those exchanged by modern San groups. It has been suggested that 

such artifacts had symbolic significance, being valuable items in exchange 

networks, and that they were used to maintain group cohesion at times of 

resource stress (Deacon and Wurz 1996; Wurz 1999). McBrearty and Brooks 

argue that network maintenance among groups requires elaborate, ritualized 

exchanges: "Exchanges may involve marriage partners, raw materials, red ochre, 

objects of adornment and technologically important items such as projectile 

points, knives or axes, often in exotic and colorful materials carrying symbolic 
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meaning. Such exchanges create far-flung reciprocity networks that can operate 

in times of scarcity to allow exchange partners and their families access to 

distant areas where resources are plentiful" (2000:532–3). 

The repeated appearance of the same lithic industries at multiple sites at 

more or less the same time, as occurred in Africa’s southern cape region, is 

probably indicative of intergroup communication and exchange. Jacobs and 

Roberts (2009) appeal to the genetic record in arguing that population 

expansion and the development of extended networks were crucial in promoting 

the innovation and spread of the Still Bay and Howiesons Poort industries, and 

that population decline and isolation went with their disappearance. 

A further driver of technological change, here as elsewhere, was abrupt 

climate change. Cold events in Europe led to drought in much of Africa and 

reduced monsoons in Asia, but also to unusually wet periods in the African Cape 

(Ziegler et al. 2013). Such climatic events corresponded to the appearance (and 

disappearance) of the Still River and Howiesons Poort industries. "The age of the 

SB [Still Bay] industry (71.9–71.0 ka) coincides within the error margins with 

one of the most extreme cold events in the Northern Hemisphere (cold 

Greenland stadial 19) … Similarly, the duration of the HP [Howiesons Poort] 

industry (64.8–59.5 ka) coincides with cold conditions in the North Atlantic 

Ocean and a dry phase in Asia. Our [data from river depositions at the time 

suggest] particularly wet (humid) conditions in the Eastern Cape during each of 

these intervals. The abrupt ending of the HP industry at 59.5 ka coincides with a 

rapid transition to drier conditions. During this transition, the Northern 

Hemisphere warmed abruptly (into MIS 3) and summer monsoon strength in 

West Africa and Asia increased" (Ziegler et al. 2013:4–5). 

These humid climate pulses created desirable "refugial" conditions in 

southeast Africa and favored population expansion there, as against the 

bottlenecking caused further north by climate deterioration. "The resultant 

demographic pulses can be linked to the innovations of the SB and HP industries, 

thus supporting one of the key models of cultural change in the Palaeolithic—a 

correlation between innovation and the adoption of new refugia with 

subsequent increases in population size, density and both intra- and intergroup 

networking" (Ziegler et al. 2013:6). As we have noted, population growth may 
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have played a crucial role in perpetuating the technological innovations present 

in these lithic industries. 

As each phase ended and the climate altered for the worse in the south 

but improved in the north, the conditions for sustaining these industries 

presumably failed. When McBrearty and Brooks refer to subsistence "under 

adverse conditions such as those documented for the Howiesons Poort" 

(2000:516), presumably it is this period of decline to which they refer. 

 

Conclusion 

 

At least one of the initiators of technological innovation has been identified: 

exposure to environmental change (caused by abrupt climate alteration, 

incursion into new areas, or increased pressure on resources). And 

considerations relevant to the perpetuation and development of existing 

technologies have been located: population density and intergroup sharing of 

knowledge and technologies.  

 When applied to the events of the Upper Paleolithic in Europe from 40 ka 

and on, these help make sense of the spread and rate of technological invention 

and change. One would hope a similar story could be told about the anticipation 

of "modern" technologies lasting 80–60 ka in late MSA Africa. The evidence here 

is more sparse, but it appears to point to the same factors as leading to invention, 

transmission, and loss in cultural technologies.10 

 

Stephen Davies 
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ENDNOTES 
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1  O'Connell and Allen 2007 put the date at 45–42 ka. Wells 2002, Dunbar 2004, 

and Stringer 2012 suggest even earlier dates; Klein 2000 and Pettitt 2011a 

argue for 40ka. 
2  Stringer 2012 gives 72 ka for Still Bay and 65 ka for Howiesons Poort; Jacobs 

and Roberts 2009 indicate 72–71 ka and 65–60 ka; McBrearty and Brooks 

2000 suggest 66±5 ka for Howiesons Poort, while noting other estimates. The 

advanced tools at Blombos Cave are dated to about 75 ka (Mellars 2005; 

McBrearty 2007; Powell et al. 2009), as are the pierced shells (Henshilwood 

et al. 2004; d'Errico and Vanhaeren 2007). It should be noted that there is 

controversy about the accuracy of the optically stimulated luminescence 

(OSL) method of dating these industries (Soriano et al. 2015). 
3  Not everyone thinks the African evidence completely changes the picture, 

however; see Conard 2010. 
4  Here I ignore the status of the Châtelperronian lithic industry (and the 

similar Szeletian and Uluzzian industries), a regional and very modern style 

of working stone and bone that is apparent about 42–38 ka. This has caused 

heated debate. Some authors insist that the evidence shows that it was an 

autonomous creation of Neanderthals. Others maintain that it was copied 

from Cro-Magnon sapiens. (Even if this is the case, however, this borrowing 

still speaks to the mental abilities and flexibility of Neanderthals—d'Errico 

and Vanhaeren 2007; Nowell 2010—though White 1992, 2007 disagrees.) 

Yet others fear that contamination of the archaeological record and 

difficulties in applying dating methods to the crucial period makes it appear 

only as if Neanderthals made and used these tools. 
5  But note that flowers in a grave at Shanidar are now not thought to be grave 

goods but rather the storage work of gerbils (Pettitt 2011a; Stringer 2012). 
6  Or to put the matter in terms that Wheeler (this volume) uses, it is outer-to-

inner processes of creation, rather than inner-to-outer ones, that explain the 

dissemination or loss of technologies. 
7  There is disagreement about our possible role in the extinction of the 

Neanderthals that I will not discuss here, but see Mellars 2005. 
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8  Select references on the succession of lithic industries: Klein 2000; Mellars 

2005; Fagan 2010; Stringer 2012. Lithic industries illustrate a point 

emphasized by Bird and Hills (this volume): that creative change takes place 

against the background of traditions that constrain and channel in positive 

directions. 
9  See Wheeler (this volume) on how created products become adapted to their 

environmental niches. 
10  I'm grateful to Chris Stringer for answering some queries and directing me to 

helpful readings. 


