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1. Introduction 
The living world appears to us as a collection of individual organisms. This individual-

based view of life probably runs deep in our "folk-biological" habits of thinking. Indeed, 

if we imagine the scene confronting our ancestors in prehistory, organisms must have 

been some of the most clearly bounded and conspicuously countable things around, 

especially before people started making artifacts. When Aristotle wanted examples of 

primary substances, the most basic kinds of things that exist, in his Categories, the 

examples he gave were individual horses and individual men.1  

 From at least the late 18th century onwards, there has been a keen interest in 

puzzle cases – those where individuality is unclear, or as Darwin described one marine 

example, "not yet completed." Recent work in biology and the philosophy of biology 

now contains an extensive literature on what individuals are, how individuals of different 

kinds arise, and how to think about intermediate and enigmatic cases.2  

 In retrospect, the majority of recent discussion has been concerned with what 

collects the parts – the spatial parts – of a system into a living individual. People discuss 

superorganisms, genetic chimeras, modular organisms (such as trees and corals), and 

symbiotic consortia. But individuals are also unified in time; you are made up of both 

spatial parts (arms and legs) and stages or temporal parts (you yesterday, you today). 
                                            
1  Aristotle, Categories, 1a20, 2a13 (Ackrill 1963). 
2  See Buss (1987), Maynard Smith and Szathmary (1995), Dupré and O'Malley (2009), and the 
papers in Bouchard and Huneman (2013). For the Darwin quote, see The Voyage of the Beagle 
(1839, p. 128). 
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Individuals like Aristotle's man and horse persist through time, as well as extending in 

space.  

 One term in metaphysics for an object that persists over time is "continuant." This 

term has narrower and broader uses. In its narrower sense, a continuant is something that 

is wholly present at various different times. In the broader sense, a continuant is 

something that persists, but where this "persistence" might be a matter of different stages 

or temporal parts existing at different times, and a living thing would be seen as a 

connected succession of these temporal parts. In this paper I use the broader sense of the 

term, not taking a stand on metaphysical debates about the nature of persistence itself. 

Familiar living organisms, then, seem to be reproducing continuants. They come into 

being, persist for a while, may reproduce, and eventually die. While they are alive they 

grow and develop, and when they reproduce they make more things of the same kind.  

 This paper is about some questions about individuality in biology that involve 

time, especially some that put pressure on the idea of a "reproducing continuant." These 

are cases of complex life cycles, featuring an "alternation of generations," between 

physically different forms. I'll introduce the problem using a particular example, briefly 

consider a range of solutions that involve relatively minor adjustments to standard 

frameworks, and then outline a new way of approaching these issues, in which the 

familiar notion of "reproduction" is treated as a special case of a broader category. 

 

2. Individuals and Evolution 
I began above by noting the role of individuality in an intuitive view of living organisms. 

To begin the move to scientific contexts, I'll introduce a standard summary of evolution 

by natural selection, due to the geneticist Richard Lewontin (1985, p. 76). 

 
A sufficient mechanism for evolution by natural selection is contained in 
three propositions: 
 
1. There is variation in morphological, physiological, and behavioral traits 
among members of a species (the principle of variation). 
2. The variation is in part heritable, so that individuals resemble their 
relations more than they resemble unrelated individuals and, in particular, 
offspring resemble their parents (the principle of heredity). 
3. Different variants leave different numbers of offspring either in immediate 
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or remote generations (the principle of differential fitness). 
 
[A]ll three conditions are necessary as well as sufficient conditions for 
evolution by natural selection.… Any trait for which the three principles 
apply may be expected to evolve. 
 

Lewontin's summary can be applied to individuals that are smaller or larger than familiar 

organisms, but it's certainly supposed to be applicable to organisms as well. In other work 

I've argued that there is a bifurcation in the "individual" concept as it plays a role in 

modern biology (2013). A distinction can be made between organisms and Darwinian 

individuals. Organisms, in this sense, are metabolic units, which may or may not 

reproduce. Darwinian individuals are reproducing entities, which may or may not have 

the metabolic features of organisms. Both are important kinds of "individuals" from a 

biological point of view. Within mainstream views of reproduction and metabolism, 

entities such as people and pigeons are examples of both. Viruses, in contrast, are 

Darwinian individuals without the metabolic features of organisms, and some symbiotic 

collectives might be organisms without being Darwinian individuals.3  

 Most of this paper is about Darwinian individuals, because I'll be discussing 

evolution rather than metabolic and physiological units. But let's focus here on cases that 

seem, at least initially, to be in both categories. The Lewontin summary has it that species 

evolve as a result of patterns in the survival and reproduction of many individual 

organisms. Individual organisms come to exist, often reproduce, and die. Some reproduce 

more than others. An important feature of some traits of organisms is heritability, a 

tendency for offspring to resemble their parents more than they resemble unrelated 

individuals. When a trait is helpful in reproduction and is heritable, it tends to become 

more common in the species (though there are many exceptions and special cases). 

Through the accumulation of many of these events, new forms of life can arise. The main 

ideas here are due to Darwin, a thinker who focused on observable phenomena as much 

possible. He knew a lot about breeding – of pigeons and farm animals, for example – and 

drew on these cases when developing his theory. So far, the requirements in Lewontin's 

summary have a comfortable relationship to the folk-biological view of organisms 

                                            
3  See Dupré and O'Malley (2009), Pradeu (2012) for relevant arguments, and Godfrey-Smith 
(2013) for discussion. 
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(though the same probably cannot be said about the folk-biological view of species). 

There are no immediate tensions.  

 A scientifically oriented person might next note that below these conspicuous 

countable objects are the entities of basic physics. Modern physics has an uneasy relation 

to the idea of an individual object (see other papers in this volume, such as the paper by 

Saunders). If we imagine zooming in on a living organism, we find it is made of cells, of 

molecules, of atoms,.. and below the atomic level, the notion of a persisting and 

countable object becomes problematic. In this chapter I'll remain at a more macroscopic 

level, though there are interesting questions about how the themes I'll discuss are related 

to those arising in physics.  

 As well as organisms, biology recognizes individuals at different scales in time 

and space. Some relationships between these scales are represented in a famous diagram 

due to Willi Hennig (1966, figure 1 here). Circles represent individuals at different scales, 

and time goes up the page. Species are the largest circles. Within them are smaller circles 

for individual organisms, connected by sexual reproduction. Below that level, an 

individual organism is broken down by Hennig into stages, which he called 

semaphoronts. Hennig, an entomologist, was very attentive to changes in form within the 

lifetime of an individual. A juvenile can look entirely different from an adult. In some 

cases the "stages" are only artificially bounded, as change is more or less continuous. In 

other cases there is a sharper and non-arbitrary divide between some stages – a 

metamorphosis step.  
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Figure 1: Change at three scales, in a diagram simplified from Willi Hennig (1966). 

 

 I take it that "folk biology" is not greatly troubled by change within a lifetime. A 

caterpillar changes into a butterfly. Aristotle's horse and human also change a great deal, 

though more continuously than the caterpillar. Someone might insist that the butterfly is a 

new object, a different individual, from the caterpillar: when the divide between stages is 

sharp and the forms are very different, the result is a new organism. But if someone else 

disagrees, and says it's the same individual though it has changed some of its properties, 

there does not seem a lot to argue about. The view that the caterpillar and butterfly are 

stages of a single individual is certainly an available position here. 

 It's also possible to note something like an inconsistency in Hennig's diagram. 

Organisms are drawn as, roughly speaking, spatial and temporal parts of a species. At 

each time, a species-stage has many organisms which are its spatial parts, and at different 

times in the species' life, different organisms are alive. That is how Hennig handles 

species and their parts. But at the next level down, an organism usually contains parts of 

something like the same kind – its cells. It's possible to re-draw the Hennig diagram, with 

the structure within his "individuals" drawn in a way analogous to the within-species 

structure. In my philosophy of biology textbook, the Hennig diagram was redone to make 

part-whole relationships more consistent (2014, p. 29). The smallest scale in the drawing 
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then looks quite a lot like the largest scale; in cell division, each cell gives rise to two, 

and species do the same thing. Between them, at the level of individual organisms, there 

is a different pattern: two parents give rise to each new organism, and each organism can 

enter into many of these interactions and contribute to many new organisms. So far, the 

theoretical machinery of evolutionary biology and the picture of individual organisms 

seen in folk biology, filled out with some metaphysics, fit together fairly well.  

 

3. Alternation of Generations 
This section begins taking a closer look at reproduction, change, and time. The Lewontin 

summary I quoted does not explicitly mention reproduction, or say what it must involve, 

but two of its clauses make implicit reference to it: the clause about fitness differences 

and the clause about heritability. Further, this summary presupposes reproduction in a 

sense that is stronger than mere recurrence; there must be parent-offspring lineages. Each 

new individual is mapped to one or a few parent individuals, who have special causal 

responsibility for it. Only if reproduction in that sense is occurring can we ask Lewontin's 

Darwinian questions: do some individuals reproduce more than others, and to what extent 

are the traits of successful individuals inherited by their offspring? 

 I'll now introduce some phenomena that put pressure on standard ways of 

thinking. These phenomena involve the alternation of generations. They interfere with 

the ordinary idea of reproduction in the following manner: rather than As making more 

As, As make Bs which in turn make As.4 

 Alternation of generations is common; it is seen in plants, fungi, protists, and 

some animals. In some cases there is compression of one generation, so the alternation is 

barely noticed. In other cases there is more symmetry. Alternation of generations is often 

part of a haploid-diploid cycle: genomes double and halve in size. 

                                            
4  Some pressure on a simple view of the role of reproduction in evolution comes from sexual 
dimorphism, especially in organisms where the sexes are more different than they are in horses 
and men. In anglerfish, barnacles, and other animals, females can be hundreds of times the size of 
the males, which may be little parasites clinging to the female. Sometimes the two fuse 
altogether. Setting aside questions arising from fusion, in any mating in a dimorphic species one 
parent has offspring very different from itself, and this puts pressure on the idea of heritability. 
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 Ordinary ferns are a dramatic case. The sporophyte (familiar fern-shaped plant) is 

diploid (with two sets of chromosomes). It produces spores by meiosis. Spores have one 

set of chromosomes. Each spore can grow up into a haploid plant, a gametophyte. These 

are visible plants, with photosynthetic capacity. These produce haploid gametes (sex 

cells). Male gametes swim to female gametes on gametophytes, and fuse with them. A 

new sporophyte grows up there, attached to the gametophyte. So sporophytes produce 

gametophytes asexually. Gametophytes produce sporophytes sexually. (See Figure 2 for a 

summary of the pattern.) 

 

 

Figure 2: Fern life cycle 

 

 Is this a case of metamorphosis, which we encountered above with butterflies and 

caterpillars? Perhaps the sporophyte to gametophyte step is metamorphosis? No, because 

each A can make many Bs, just as each B can make many As. If only one B can come 

from each A, then this step could be seen as metamorphosis. Here, though, at both stages 

there is multiplication, and at both stages there is also a bottleneck, a narrowing to a 

single-celled stage. 

 To think about the ferns, imagine that humans were all the same sex, and 

produced sperm-like stuff, each cell of which could grow up by cell division into 

something that looked like a giraffe, and the giraffe-like things mated with each other and 

produced humans.  



 8 

 What are the "individuals" in this case? It is straightforward to say that both the 

gametophytes and the sporophytes are organisms, metabolic units in their own right. 

More generally, I don't suggest that there is a problem saying that both gametophytes and 

sporophytes are continuants, persisting individual objects. The problem arises around the 

idea of a reproducing continuant – something that persists and makes more things of the 

same kind. It is the Darwinian individual that is not so clear. 

 Let's look more closely at cases like the fern. As produce Bs, and Bs produce As; 

who, if anyone, reproduces? You might say that the new A is made indirectly by the old 

A. But the new A has also been made directly by a B. There are fitness-like properties on 

both sides: a sporophyte can be good at making gametophytes. A gametophyte can be 

good at making sporophytes. 

 If we want to think about a case like this in a way that applies a familiar notion of 

reproduction, there seem to be five ways to do it: 

 
Priority: Make the A-to-A process (or B-to-B) the reproduction step. The other step is 
part of the reproductive machinery. This is due to some objective distinction between 
them. Perhaps one stage is larger than the other, or one stage is phylogenetically prior 
in some relevant way. 
Conventionalism: We freely choose which thing is seen as the reproducer; we 
foreground one and background the other, and the choice is based on convenience. We 
might switch to and fro if that is helpful. 
Reduction or Subsumption: Treat neither A nor B as reproducers. Find something 
lower-level, or higher-level, that does not have alternation: perhaps genes, or cells. If 
there is reduction to a lower-level reproducer, then A and B are treated as non-
reproducing products of these other objects. If there is subsumption to a higher-level 
reproducer, A and B are both treated as mere parts of the reproducing object. 
Strange heredity: A making B is reproduction, even though they are so different. 
Entanglement: Both A and B are reproducers. There are two Darwinian processes tied 
together. A makes A with B as a waystation; B makes B with A as a waystation.  

 

In the case of ferns, some might initially choose priority, and say the sporophyte 

reproduces while a gametophyte is a mere waystation. The sporophyte is bigger and 

longer-lived (not so in mosses). But gametophytes sometimes resist the idea that they are 

not genuine reproducers. They can break out of the cycle of alternation, either entirely or 

partially (Farrar 1967, 1990). About 10% of fern species have gametophytes that 
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reproduce vegetatively, by means of "gemmae" – little propagules with one "apical" cell, 

plus other material, that give rise to more gametophyes. In some cases gametophytes shift 

between allocating resources to asexual reproduction of gametophytes, and allocating 

them to sexual reproduction of sporophytes. In other cases they have given up alternation 

completely; in the Appalachian mountains of the USA there are at least four species of 

ferns that have become gametophyte-only. Sporophytes have not been seen for a long 

time. There are cases of sporophyte break-out as well. 

 Many biologists might opt for reduction. Genetic reproduction (replication) has 

no alternation, and both sporophytes and gametophytes might be treated as among the 

varied products of gene action. Parent-offspring relationships between these larger 

objects are not important – those objects are like clouds in the sky, or dust storms in the 

desert. Alternation of generations might be used to motivate the replicator-interactor 

framework of Dawkins (who made the analogy with dust and clouds, 1976) and Hull 

(1980). 

 This reductionist approach is a genuine possibility, but in this paper I'll set it aside 

without arguing against it. My aim is to use the alternation of generation cases to 

introduce and motivate a different approach, one involving abstraction rather than 

reduction, but in this paper I won't argue that abstraction is superior.  

 A more unorthodox view of reproduction, which might be applied here, holds that 

the cycle itself is the reproducing object. One token or instance of the cycle gives rise to 

others (Griffiths and Gray 1994). I think there is a question about the causal claims 

required by such a view even in simple cases – rather than a cycle-token producing 

another cycle-token, each stage produces the next stage, in a way that eventually gives 

rise to a return to earlier forms. A cyclical pattern is better seen as the upshot of stage-to-

stage causation, rather than a cause itself. In cases like the fern there is a further problem. 

When a sporophyte (for example) gives rise to several gametophytes, each of those 

gametophytes initiates a chain that can give rise to several new sporophytes. If a cycle-

token is taken as a concrete material entity here, something that reproduces more things 

of the same kind, then many of these cycle-tokens will overlap, sharing parts. If 

sporophyte A1 produces gametophytes B1 and B2, which (sexually) give rise to more 

sporophytes, those gametophytes are part of many cycle-tokens, depending on how many 
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sporophytes arise downstream. Perhaps this is not a bad problem for the view, but in the 

next section I'll develop a framework that avoids consequences of this kind.  

 The other options listed above, strange heredity and entanglement, seem ad hoc 

as responses to the problem when considered individually. In some ways, the view I'll 

sketch below combines elements on both of these. More importantly, although I used to 

think we had to choose between the options above, now I think cases of the alternation of 

generations motivate a different kind of move, a generalization in which we treat the 

existence of objects that allow standard Darwinian forms of counting as a special case of 

something broader.  

 

4. Forms of Production 
My analysis begins with a very broad – almost indefinitely broad – concept of 

production.5 This is seen when one object, or an arrangement of objects or a larger 

system, gives rise to another, which might be anything at all. This product may in turn 

give rise to something else.  

 Within this broad category, some patterns of production exhibit cycles, with 

recurrence of forms seen earlier: A makes B, B makes C..., and eventually this sequence 

gives rise to a new A. Such a cycle can be short – A makes A directly – or long and 

indirect. The amount of cycling can change; in the fern "break-out" cases discussed 

above, a larger cycle (A to B to A) has been reduced to a smaller one (A to A). 

 Any form in a sequence might be seen as the "beginning" of a cycle, and whether 

a cycle is seen at all will depend on the scale at which the system is viewed. There might 

be recurrence at a microscopic level, but where collections of these low-level objects 

always give rise to macroscopic novelty, never returning to the same state. In this 

discussion I'll assume we are dealing with multicellular organisms, and looking at them 

on a scale where that fact is apparent.6 If one looks closely, it will also be evident that a 

                                            
5  The framework I'll outline here has been influenced in places by Griesemer's work (2005). 
Appendix A6 of my 2009 book also complements this section by giving a formal treatment of 
some features of production in a generalized sense. 
6  See O'Malley (forthcoming) for a discussion of unicellular forms of reproduction. It would be 
interesting to consider using something like the framework developed here to these cases, but it 
would probably have to be modified. 
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"cycle" is never perfect; a new object of the A type will be a bit different from earlier 

ones.7 

 A further distinction can then be made, dividing cases of cyclical production into 

those that involve multiplication and those that do not. From one A or a small number, 

many might arise, directly or indirectly. If there is no cycle – if A makes B which makes 

C, and onwards – this distinction concerning multiplication still seems available, but it 

will (sometimes? always in principle?) be unclear whether there is multiplication or not, 

because of questions about how to count the products (is that one B or several?) If a cycle 

is present, the distinction between multiplicative and non-multiplicative cases is clearer: 

either more objects of the A type appear than were present before, or not. The earlier A 

gives us a "reference object" for assessment of multiplication. 

 Adding another distinction, some chains of production include a bottleneck step 

and some do not. A bottleneck is a dramatic narrowing in the amount of structure present, 

as in the human reproductive bottleneck to a single-celled stage. As in the case of 

multiplication, the question of whether bottlenecks exist in a sequence seems applicable 

in cases without cycles, as well as cases with them. But perhaps questions about "more 

versus less" arise that are analogous to those that arose with multiplication? In any case, 

from here onwards I'll only consider cases with cycles, and will also only discuss 

narrowings that reduce multicellular stages of organisms to single-celled stages, though 

the distinction could be handled in a broader way. 

 Lastly, there may or may not be sex at any stage. I understand sex very broadly 

here, as any fusion of contributions from two productive lineages. Whether sex is present 

depends, again, on the scale at which the system is viewed. 

 "Biological reproduction" in the broadest possible sense is cyclical production in 

a living system, that includes some sort of event that differentiates the situation from one 

of simple persistence with change. Sex, bottlenecks, and (especially) multiplication are 

                                            
7  Here I generally treat symbols like "A" as referring to types, which may be coarse or fine-
grained. Some sentences in this discussion will not differentiate types and tokens, in a way that I 
hope will be clear in context.  
      Various special cases may arise that are not considered here. It would be possible, for 
example, for a "cycle" to exist with respect to one form in a sequence but no others – A recurs but 
the intervening steps are always different.  
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all events that might be seen as playing this role, but the cases of reproduction that we are 

familiar with have a particular arrangement of these features.  

 Figure 3 represents the human life cycle in a way that makes this clear. In this life 

cycle there is sex, multiplication, and a bottleneck, and they take place once before 

recurrence at roughly the same place. Humans make many gametes, which can each fuse 

with a gamete of the other sex to make a zygote, which can grow up into a new human. In 

Figure 3, I mark the "multiplication" step as the production of gametes, as this is the point 

at which many future humans may have their histories converge.8 Small circles indicating 

bottlenecks are drawn at both the gamete and zygote stages, but I count this as a single 

narrowing. The diagram is not drawn as a cycle; as noted before, it's good to make 

explicit the fact that "recurrence" is to a state that is similar, not qualitatively identical, to 

what was present before. 

 

 
 

Figure 3: The human life cycle, drawn in a way emphasizing the location of 
multiplication (diverging arrows), single-celled "bottleneck" stages (small circles), 
and sex (converging arrows).  

 

 A case like this is naturally described in terms of reproduction by a temporally 

extended object, reproduction by a continuant. A new human appears at conception and 

continues to death, with reproduction along the way. Humans are reproducing 

continuants. Once we have isolated the features that make this fact clear, we see that the 

arrangement of them seen in familiar cases is just one of many ways these features can be 

arranged, even when all of them are present. Figure 4 gives a diagram of the same kind 

for ferns. In each turn of the cycle there are now two multiplication steps, both with a 

bottleneck, one with sex. (Note that the spores and gametes, here represented as little 

circles that look similar, are different sorts of things, so there is no tighter cycle from one-
                                            
8  They may also converge at the zygote stage, as in monozygotic twinning, but I'll set those cases 
aside to keep things simple. 
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celled-stage to one-celled-stage within the main cycle.) Sex is present, the narrowing of a 

bottleneck is present, and multiplication is present, but not in the same places they are in 

the human cycle. 

 

 
 

Figure 4: The fern life cycle, drawn in a way emphasizing the location of multiplication 
(diverging arrows), single-celled "bottleneck" stages (small circles), and sex (converging 
arrows).  

  

 The feature that causes the most disruption for standard ways of thinking about 

reproduction, as I see it, is the second multiplication step. Without that step, you could 

see a fern as a reproducing continuant, a single Darwinian individual, despite a lot of 

change through its life. If each sporophyte could make at most one gametophyte, this 

could be seen as a metamorphosis step. A sporophyte-gametophyte continuant would 

then make, by means of sex, more things of the same kind. The bottleneck within the life 

of the sporophyte-gametophyte would look like a partial "fresh start," but this could be 

treated as an ontogenetic change of the caterpillar-butterfly kind, though with a more 

dramatic narrowing.9 In any case, in ferns there are two steps, not one, with bottlenecks 

and multiplication before recurrence, and that makes it more difficult to identify a 

reproducing continuant in the system. There are plenty of continuants, and plenty of 

producing ones, but no reproducing ones, at least in the familiar sense. 

 I'll introduce a case with yet another arrangement of these ingredients. Figure 5 

represents the life-cycle of a Scyphozoan jellyfish (the most familiar kind of jellyfish) in 

                                            
9  Ben Kerr (personal communication) suggested that this move can be applied to the ferns even 
with the second multiplication step: all the asexually produced material (including all the 
gametophytes coming from one sporophyte) could be seen as parts of a continuant initiated by 
sex. In the terms of the taxonomy introduced earlier, this is a "subsumption" move. One feature of 
this view that some might regard as problematic is the fact that the gametophytes are genetically 
different from each other, because of meiosis, as well as being different from their originating 
sporophyte. On these issues see also Godfrey-Smith (2009, Chapter 5) for discussion of the 
evolutionary importance of multiplication. 
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a redrawn version of a 19th century diagram by Mattias Schleiden. Here there is 

alternation between polyp and medusa forms. The medusa swims, and the polyp, formed 

by development of a sexually produced larva, lives anchored to a surface. In this case 

there is a bottleneck only at the sexual production of gametes by the medusa, but there is 

multiplication at two stages: polyps produce medusae multiplicatively but without a 

bottleneck (stage 11 in Figure 5). 

 

Figure 5: Life cycle of a scyphozoan jellyfish, redrawn from a figure by M.J. Schleiden 
("Die Entwicklung der Meduse," 1869). Stages 1-8 – planula attachment and 
metamorphosis to scyphistoma stage; 9-10 – scyphistoma strobilation; 11 – ephyra release; 
12-14 – transformation of the ephyra into an adult medusa. 
 

 

 Figure 6 gives the linear diagram for the jellyfish. As the figure shows, before 

recurrence there are two multiplication steps, one bottleneck, with sex at the  

multiplication step with the bottleneck.10 In Cubozoan jellyfish, in contrast, each polyp 

metamorphoses into a single medusa. But polyps themselves can multiply by budding, so 

                                            
10  Earlier I mentioned the possibility of using phylogenetic criteria as a basis for "priority" claims 
in these cases (as suggested by an anonymous referee). In the jellyfish case, it is thought fairly 
likely that the medusa stage is a later addition to the life cycle in which the adult form was a 
polyp (Marques and Collins 2004).  
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again there are two multiplication steps with one bottleneck. And in the Cubozoan case, 

there is a subcycle from polyp to polyp within the larger cycle from medusa to medusa. 

 

 
 

Figure 6: The scyphozoan life cycle, drawn in a way emphasizing the location of 
multiplication (diverging arrows), single-celled "bottleneck" stages (small circles), and  
sex (converging arrows).  

 

 Many other ways of arranging the features are possible. Some, as far as I know, 

are hypothetical. Suppose one bottleneck step and one multiplication step are present 

before recurrence, but these are not the same step. Then two features of familiar 

"reproduction" would appear once in the cycle, but at different points. For me, the 

multiplication step would be in a sense the more important one, with respect to 

identifying the beginning of the life of a continuant, but I don't see this as something to 

argue about. The important point, rather, is that this dissociation of the multiplication and 

bottleneck steps would be a departure from the structure that makes thinking in terms of 

reproducing continuants natural and convenient. 

 One interesting empirical case has recently been revised in response to ongoing 

work. For some time it appeared that in rhizocephalan barnacles, which parasitize crabs, 

the barnacle is able to cross into the interior of the crab's body by injecting a single-celled 

stage through crab's shell (Glenner and Høeg 1995). The single-celled stage, it was 

thought, then grows up into a multicellular structure, which eventually reproduces 

sexually, having made its way again to the exterior of the crab. Assuming that the normal 

outcome would be a single multicellular stage inside each crab, this would be a case 

where there are two bottleneck stages in the cycle, one multiplicative and one non-

multiplicative, where the multiplicative one includes sex. However, more recent work 

indicates that there is no reduction to a single-celled stage after all, and the invader 
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remains multicellular in its passage into the interior of the crab (Glenner et al. 2000).11 So 

this is not, as it seemed to be, a case with a non-multiplicative single-cell bottleneck. I 

don't know whether there are other cases. 

 It would be interesting to multiply examples in a longer discussion (see Herron et 

al., 2013, and Haber, this volume, for some good and difficult cases), but instead I'll take 

stock.12 The kind of cyclical production seen in familiar cases of reproduction, the kind 

that enables us to recognize reproducing continuants – Darwinian individuals – is a 

subset of a larger set of phenomena, actual and possible.  The simplest cases (simple for 

us to think about, not simple in their biology), have a cycle with one multiplication step, 

one bottleneck, and sex, all at roughly the same location in the cycle. If those features are 

in place, a good deal of metamorphosis can be present without interfering with the folk-

biological impression of a series of reproducing continuants. Sometimes there is no sex at 

the step with a bottleneck and multiplication, and that has prompted some to recognize 

distributed "evolutionary individuals" who grow through the bottleneck rather than 

reproducing (Janzen 1977). Others, including myself (2009), have seen these asexual 

cases as reproduction. As we move further and further from a situation with a single 

multiplicative bottleneck, we reach phenomena that are harder and harder to think of as 

ordinary reproduction by a continuant. In a case like the jellyfish, with two multiplication 

steps, there is considerable disruption of the familiar pattern. When both multiplication 

steps have their own bottlenecks, as in the fern, there is more disruption still.  

 To the extent that standard concepts of heritability and fitness depend on simple 

and familiar modes of reproduction, they need to be generalized in some way to cover all 

cases. Some would see this as a reason to shift Darwinian description down to a genetic 

level – to reduce rather than abstract. An alternative is to see the form of multiplication 

                                            
11  This case was discussed by Stephen Jay Gould (1996) and picked up as a problem for 
Dawkins's analysis of reproduction (1982) by Sterelny and Griffiths in Sex and Death (1998). I 
made use of the case in Darwinian Populations and Natural Selection (2009) but without 
checking more recent empirical work. So this is not, as I said in that book, a case where a 
metamorphosis stage without multiplication includes reduction to a single-celled bottleneck. I am 
grateful to Jens Høeg for correspondence about this case. 
12  Herron et al. and Haber both emphasize cases where life cycles have alternative paths (A can 
give rise to A via B..., or via C....). This is seen also in some of the fern "gametophyte breakout" 
cases mentioned earlier. This is an important complication which a fuller development of these 
ideas would have to consider in detail. 
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and recurrence present at the genetic level as one of the variants. What we call 

"persistence" of sequence in genes across replication events is a very tight cycle.13  

 It would be interesting also to link this treatment of production and reproduction 

to recent literatures on symbiosis, and the role of symbionts in the evolution of 

multicellular collectives. It can be argued, for example, that because of their metabolic 

dependence on cellulose-digesting bacteria, horses like Aristotle's are recurring objects 

that arise through the repeated fusion of animal and bacterial parts, without being things 

that stand in parent-offspring relations of the familiar kind.14 The part of a horse 

comprised of eukaryotic animal cells does not make a new horse (even sexually). Instead, 

this object and its sexual partner produce the eukaryotic animal part of a new horse, and 

that provides a context in which the prokaryotic part of the new horse becomes 

established and grows up. I don't yet accept, or reject, this analysis, but if we work within 

it provisionally for a moment, it combines with the ideas above in an interesting way. 

There are two sets of phenomena at odds with the simplest "like makes like picture." One 

is comprised of cases where there is production without each object giving rise to similar 

things; organisms make, but don't make "like." Another is comprised of cases where the 

recurrence of organism-like units occurs through the fusion of many productive lineages, 

so that "like" recurs, but not through its production by a small set of parent individuals of 

similar form. In two ways, then, the elements of an intuitive notion of reproduction –

 recurrence and production – can be separated from each other. These are two coins, 

rather than two sides of the same coin, because the phenomena that involve recurrence 

without simple parent-offspring relations can (for all that's been said so far) involve 

relatively simple like-makes-like phenomena at the level of the parts that come together, 

and the phenomena that involve cyclical production without like directly making like 

need not include the fusion of many diverse productive lineages. Each can, in principle, 

occur alone, but they also occur together.  

 

 

                                            
13 See Godfrey-Smith (unpublished) for development of this point. 
14  Herron et al. 2013 discusses the connection between the two sets of issues, and see Dupré and 
O'Malley (2009) and Pradeu (2012) for arguments bearing on the horse. 



 18 

5. Closing Thoughts 
I'll conclude by indicating some themes that might be developed in further work. 

Individuality of the familiar horse-and-man kind is a derived trait, especially in 

collectives. The evolution of individuals of this kind involves organization of biological 

material in space and time. Here I've looked specifically at organization in time. What 

evolutionary factors tend to give rise to life cycles that support familiar notions of 

individuality?  

 Applying adaptive thinking here is complicated by the fact that we are talking 

about the evolution of arrangements that help make adaptive evolution possible. 

Bottlenecks, for example, make collective lineages more "evolvable," but that may not be 

the reason they exist. As organisms evolve, forms of reproduction change, and then so 

does the mode of evolution. With those cautions in mind, though, here are some thoughts.  

 The idea of "division of labor" is usually applied to spatial parts, but it can also be 

applied to stages, including metamorphosing stages and alternation of generations. Over 

space, division of labor is a form of heterogeneity that does not compromise collective 

individuality; it is heterogeneity with "common purpose." The same thinking can be 

applied to time. Familiar cases of metamorphosis often have a division of labor between 

feeding and reproduction (and other tasks such as dispersal). A temporal division of labor 

is associated with special expenses of breakdown and rebuilding, however, and a 

temporally organized division of labor can sometimes be replaced by a spatially 

organized one. Complex life cycles are often associated with simpler (ie., spatially 

simpler) organisms. Simplification of the life cycle is seen in some conspicuous lineages, 

such as flowering plants and vertebrates. One evolutionary path has been towards a large, 

physiologically complex life-form that has a simpler life cycle than various of its relatives 

(algae and ferns, cnidarians) and likely ancestors. This is part of what gave rise to the 

paradigm folk-biological organisms – Aristotle's individual man and individual horse – 

the sorts of objects, back before Aristotle, that perhaps most induced us to think and talk 

in subject-predicate structure in the first place, a structure that exerted such strong effects 

on the philosophical tradition. 

 

___________ 
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