
224 Zygon 

trajectories of evolution?" (p. 24). "Convergence occurs because of 'is­
lands' of stability, analogous to 'attractors' in chaos theory" (p. 127). 

Conway Morris asks whether "intelligence is some quirky end point of 
the evolutionary process or whether in reality it is more-or-Iess inevitable, 
an emergent property that is wired into the biosphere" (p. 148). His dis­
covery is that "life is full of inherencics" (p. 8). "Life shows a kind of 
homing instinct given enough time, the inevitable must happen" (p. 
20). He asks, and answers: whether "given time, evolution will inevitably 
lead not only to the emergence ofsuch properties as intelligence, but also 
to other complexities, such as, say, agriculture and culture, that we tend to 
regard as the prerogative of the human? We may be unique, but paradoxi­
cally those properties that define our uniqueness can still be inherent in 
the evolutionary process. In other words, if we humans had not evolved 
then something more-or-Iess identical would have emerged sooner or later" 
(p. 196). 

"Human languag~ may, on this planet, be unique, but waiting in the 
wings of the theatre of consciousness are other minds stirring, poised on 
the threshold of aniculation"; examples are the dolphins and bonobo 
chimps. "What we call language is an evolutionary inevitability" (p. 253). 
"Ifwe hadn't walked out ofMrica then probably sooner, rather than later, 
our analogues would have strolled out of South America, holding tools, 
and probably enjoying the taste ofmeat" (p. 268). "'Hominization' is not 
as unique a process as many may think" (p. 274). "Rerun the tape oflife as 
often as you like, and the end result will be much the same. On Earth it 
happens to be humans" (p. 282). "If humans were inevitable from the 
Cambrian period, a visit to the Moon was on the cards when the Palaeolithic 
painters surveyed the bare cave walls ofLes Chauvet" (p. 275). 

Maybe the visit to the Moon was in the cards from the Cambrian period 
onward, but Conway Morris can simultaneously find that "what evolution 
cannot do is see· into the future diversification as far as the envelope of 
possibilities is concerned, although it can be equally sure that a great deal 
ofwhat does one day evolve will have emerged in parallel circumstances in 
other times and places" (p. 307). In evolutionary biology "we can only 
retrodict and not predict" (p. 12). At this point Conway Morris can seem 
to want it both ways--both inevitability and openness in natural history. 

The account seems to be that, despite these inherencies and inevitabili­
ties, they can only be known ex post facto. It: p" impossibik, some extra-· 
terrestrial biologists had had Earth under observation back in the pre-Cam­
brian, the headings of natural history were not then predictable. They 
would not have known what the convergences were to be. But after these 
inherencies home in, converge on intelligent life, after these surprises do 
happen, biologists, terrestrial or extraterrestrial, can see that they had to 
happen more or less as they did. "Life has a peculiar propensity ~o 'navi­
gate' to rather precise solutions in response to adaptive challenges. I would 
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suggest that one such solution is manifested in a biological property that 
we choose to call 'mammal-ness'. So, too, within this czone' there are more 
localized solutions, one of which is 'ape-ness'.... On any other suitable 
planet there will I suggest be animals very much like mammals, and mam­
mals much like apes. Not identical, but similar, perhaps surprisingly simi­
lar" (p. 308). Conway Morris also reminds us that the chances of finding 
such a similar planet are remote. Space is mosdy "the Empty Quarters of 
biological non-existence" (p. 309). 

The degree of order versus contingency in the ~atura1 world is under 
intense debate in both the physical and the biological worlds. The strength 
ofConway Morris's case lies in his survey of the convergences in biological 
natural history. "The details of convergence actually reveal many of the 
twists and turns ofevolutionary change as different statting points are trans­
formed towards common solutions via a variety ofwell-trodden paths" (p. 
144). (There is a separate five-page index to these convergences, pp. 457­
61.) 

The evolution of the placentals around most of the planet compared to 
the marsupials in Australia is perhaps the best known example. That mar­
supials came to characterize the Australian fauna is, most would say, a his­
torical accident ofbiogeography, resulting from the drift of tectonic plates 
and the resulting isolation of the Australian continent-not uncaused but 
resulting from the unrelated interactions of geological plates and the an­
cient mammalian fauna that once happened to be located there. But, given 
that circumstance, there are striking parallels in the ways that placentals 
and marsupials evolved, both in Australia and elsewhere, especially South 
America, where also marsupials have at times survived. Some are rodendike, 
some molelike, some catlike with canine teeth. 

We can expect that life diversifying on Earth wi1llearn to exploit various 
kinds ofavailable environments and that, when they do so, the species that 
fill similar niches will require paraUd skills. Some will learn to live above 
ground, others underground, some in trees; some will learn to live at night, 
others during the da~ Some species will be plandike, some animallike. 
Some animals will be herbivores, some carnivores. Some animals will evolve 
feet adapted for running, others for digging, some will grow horns for 
fighting, some evolve noses for smelling, others whiskers for feeling. 

But does this add up to making the whole life story more or less inevi­
table? It is not enough that evolution converges. Events have to converge 
"upward." Convergent evolution produces serrate leaf margins and com­
pound leaves repeatedly. Does evolution converge "up" on biodiversity 
and biocomplexity repeatedly? Evolutionary natural history also contains 
numerous surprises, and these seem to introduce unpredictable novelties, 
often dramatically changing the course ofIife on Earth. About 2.7 billion 
years ago eucaryotes developed from the ongoing procaryote line. Much 
later, but before plants and animals had diverged, by endosyrrlbiosis what 
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were to become mitochondria transferred into the pre-plant/animalline 
and became the powerhouse organelles for all subsequent life. There 
emerged a new kind of system in which the organism has highly efficient 
and specialized power modules, the mitochondria, something not possible 
to either of the precedents before they interacted, criss-crossed, synthe­
sized, and transformed each other. 

About 1.6 billion years ago the plant and animal lines diverged. Later 
still, by another remarkable endosymbiosis this time, plastids made the 
lateral transfer into the plant line to become the chloroplasts critical for 
the capture ofsolar energy. Again, new, higher-powered forms of life be­
came possible, both in the plants and in the animals that feed on plants 
(see Fig. 1; data from Dyall, Brown, and Johnson 2004). Perhaps one can 
say that endosymbiosis is likely to occur, there are frequendy "mobile ele­
ments" that transpose and reshape evolution, DNA sequences that can be 
"cut and pasted" in multiple locations within a genome or laterally trans­
ferred "hopping" from one species genome to another (Kazazian 2004). 

But is there any "inherency" in the earliest microbial life making inevi­
table or even probable these two especially vital endosymbioses, both 
thought to initiate as singularities, and both dramatically changing the 
history of life on Earth? One can say that evolution is disposed toward 
exciting serendipity. (This cascading serendipity, however, is found so far 
only on Earth; the moon and Jupiter are quite unserendipitous.) But is 
serendipity predictable or even retrodietable in such singular and profound 
events? 

Animals Plants Prokaryotes Even inside descending lin­
eages oforganisms there are nov­

Ga- elties that would be difficult to 
billion years predict. Biologists call this "co­
ago 

option." Within the cell Conway 
Morris notices "some of the pro­

Plastkts­ teins being recruited in quite sur­< 1.2 Ga 
prising ways from some other 

Mitochondria ­ function elsewhere in the cell" (p. 
< 1.5Ga 111). "Evolution is a past master 

at co-option and jury-rigging: re­
Eucaryotes ­ deploying existing structures and 
2.7Ga cobbling them together in some­

times quite surprising ways. In­
deed, in many ways that is evolu­
tion" (p. 238). The crystallinsLife­

3.5Ga used in lenses in eyes started out 
as heat-shock proteins, which 

Fig. I. Evolutionary development by happened to be transparen.t, and 
endosymbiosis. got co-opted into lenses for eyes. 
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What were once float bladders got transformed into lungs. Acetylcholine, 
an ancient molecuIe_ has been around for millennia doing other things in 
plants and bacteria_ but when nerves appear it gets co-opted for use in 
synaptic transmission. 

What stan out as body pressure cells in fish get transformed into ears, 
with the radical co-option ofskull bones as amplifiers; this makes possible 
first hearing, which is widely present, but then hearing is co-opted for 
language in human brains, making possible the transmission of ideas that 
characterizes a cumulative transmissible culture. Does this make eyes, lungs, 
ears, brains, culture, and modern science inevitable? Inherent from the 
beginning? Perhaps. But one can as plawibly say that new possibility 
spaces open up en route in evolutionary history. 

In such cases of co-opted emergence, repeatedly compounding, some­
thing that is genuinely new pops out, pops up. The novelty is, of course, 
based on the precedents, but there is genuine novdty not present in any of 
the precedents. What emerged required the precedents, but the presence 
of the prior organisms did not determine or make inevitable these results. 
There are critical turning points in the history oflife that hinge on events 
more idiographic (unique events) than nomothetic (lawlike, inevitable, 
repeatable trends). Things get recruited for new roles. Novel possibilities 
open up whole new regions of search space; old molecules recombine to 
learn new tricks. 

Sometimes the explanatory account is by laws applied to initial condi­
tions, and the same laws reapplied to the resulting outcomes, now treated 
as further initial conditions. But sometimes, with co-options, endosym­
bioses, lateral genetic transfers, and mutations, the outcomes are not just 
further sets of initial conditions. The novel outcomes revise the previous 
laws; the rules of the game change, and the future is like no previous past. 
One can say that all of this surprising serendipity is somehow inherent 
from the stan, but the explanatory power of such a claim is rather vague. 
The main idea in co-option is the unpredictable and unexpected. Co­
option is as revolutionary as it is evolutionary. 

Retrospectively, of course, after these novelties happen, the historian 
can trace the steps by which events happened. One can claim that the 
possibilities were always there; one can with equal plausibility claim that 
new possibility space has opened up en route in the course of natural his­
tory. Prospectively, if one could stand at each present moment, at each 
now over the course ofevolution, there is always the great unknown. There 
is the generation of new possibility space in which information break­
chroughs become possible. The pivotal element in a metaphysics ofsuch 
evolutionary biology is the future, not 'the past, not even the present. Past 
and present are necessary but never sufficient for the future. In that sense 
our accounts will always be insufficient, incomplete, before this capacity 
for future innovation. 
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Despite this inevitability of the evolutionary destiny to produce hu­
mans, or something more or less anthropic, Conway Morris can with equal 
enthusiasm proclaim, "Self-evidendy we humans are now utterly differ­
ent" (p. 282). "Humans are very peculiar creatures indeed; clearly a prod­
uct ofevolution, yet a species that has, or has been allowed, to know men­
tal states that transcend (so far as we know) any other sentience on Eanh" 
(p. 325, following John Greene). "We need to acknowledge that not only 
does our unique knowledge reveal a transcendence in wholly remarkable 
ways, but it also enables us to understand how the emergence ofsentience 
is imprinted in the evolutionary process" (p. 303). So we seem to be si­
multaneously"on a continuum" with the other more or less cultural crea­
tures and "utterly different." 

Conway Morris finds that culture is one of these inherencics in natural 
history. There arc convergences toward culture. "It is difficult to escape 
two conclusions: first, that the emergence ofcultural capacities represents 
a continuum, and second, that convergences are inevitable. This is not to 
deny that humans have gone further; they have what has been termed a 
'hyperculture', but it does not rule out such a phenomenon evolving else­
where" (p. 259). 

But convincing precursors to culture in nature are not so persuasive. 
Individual ants coordinate their stereotyped and genetically determined 
activities with millions of other ants, but this is a doubtful analogue of 
culture. Leaf-cutter ants carry leaffragments to fungi in their underground 
anthills, the products ofthe fungi benefiting the ant colony. But this bears 
no serious resemblance to the development ofhuman agriculture: one gen­
eration teaching another how to select seeds to plant, how to plow the 
ground, grind grains, build fires to cook food. Even the much-discussed 
primate analogues are borderline. Chimps imitate tool use; vervet mon­
keys communicate with simple calls. None of these approaches within 
several orders of magnitude the complexity of human cumulative trans­
missible culturcs, in which ideas are consciously taught and evaluated from 
one generation to the next, passing from mind to mind over many centu­
rIes. 

Conway Morris closes approaching "a theology of evolution" (Chap. 
11). Where in evolutionary history is there place for divine action? His 
account (so to speak) frondoads it all into the evolutionary system, and 
events thereafter both naturalistically and marvdously unfold. Conway 
Morris might also find that God is always there, in, with, and under the 
ongoing system, doing everything in general and nothing in particular. 

But to see humans landing on the moon as "in the cards" at the pre­
Cambrian, even retrodictively, is quite a stretch. Certainly such life adven­
tures are nowhere inherent in any current theories in evolutionary history, 
much less lurking among those facts established by fossil or genetic evi­
dence. One can, at best, find room for this view in the current lack of 
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consensus among biologists as to what the real determinants in evolution­
ary history are. Others who approach a natural theology may focus on the 
emergence of novel information at critical turning points, on the opening 
up ofnovel possibility spaces en route, which were not there at the startup, 
on the autonomous self-development of complexity, or on intelligent de­
sign. There must be some way to get from microbes to rocket scientists 
and saints, since this has managed to happen. Conway Morris's account is 
the most imponant contribution to this literature in the last decade. 
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