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Truth re-nomination and  
the Lotka-Volterra model
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The predator-prey model
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Lotka and Volterra

Vito Volterra 
(1860–1940)

Alfred J. Lotka 
(1880–1949)
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A system of coupled differential equations

The Model

growth
decrease

dN1

dt
= (✏1 � �1N2)N1

dN2

dt
= (�✏2 + �2N1)N2

where N1=prey, N2=predators, ε1=growth coefficient prey, ε2=growth coefficient 
predators, and γ1=coefficient of voracity, γ2=coefficient of defense. 

With specific values, one class of solutions looks like this…

…and thus phenomena such as fluctuations in population size can be explained.
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Idealizations and abstraction in the 
predator-prey-model

continuous 
variables

linear dependencies 
between the abundances 

of predators and prey

infinite growth of the 
prey in the absence of 

predators

and not to mention: the model 
does not accommodate such 
common occurrences as an 

especially harsh winter!

all individuals (regardless 
of age) have the same 

death rate

dN1

dt
= (✏1 � �1N2)N1

dN2

dt
= (�✏2 + �2N1)N2
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Mäki’s on truth re-nomination

by meta-claimby paraphrase

applicability

negligibility
(ontic or 

epistemic)

early-step

tractability

pedagogy

…

Mäki, U., 2011. The truth of false idealizations in modeling. In P. Humphreys & 
C. Imbert, eds. Representations, Models and Simulations. pp. 1–18. 
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Idealizations and abstraction in the 
predator-prey-model

continuous 
variables

linear dependencies 
between the abundances 

of predators and prey

infinite growth of the 
prey in the absence of 

predators

and not to mention: the model 
does not accommodate such 
common occurrences as an 

especially harsh winter!

all individuals (regardless 
of age) have the same 

death rate

dN1

dt
= (✏1 � �1N2)N1

dN2

dt
= (�✏2 + �2N1)N2

(applicability?)

(negligibility?)

(negligibility?)
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Paraphrase by aggregation
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Mäki’s on truth re-nomination

by meta-claimby paraphrase

applicability

negligibility
(ontic or 

epistemic)

early-step

tractability

pedagogy

…

Mäki, U., 2011. The truth of false idealizations in modeling. In P. Humphreys & 
C. Imbert, eds. Representations, Models and Simulations. pp. 1–18. 

aggregation
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Paraphrase by aggregation

[I]n a real gas, there will be 
transfers of energy from 
molecules to walls, and from 
walls to molecules. These will 
balance out (since the walls are 
made up of molecules at the same 
temperature as the gas). The rates 
of transfer back and forth can be 
ignored; all that need be specified 
is that the transfers have no 
cumulative effect. (Strevens, 
p. 313) 

Strevens, M. 2008. Depth: An account of scientific explanation. Harvard University Press.
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Paraphrase by aggregation
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Paraphrase by aggregation

Volterra, V. 1928. Variations and fluctuations of the number of individuals in 
animal species living together. J. Cons. int. Explor. Mer 3(1): 3–51.

The assumption that the 
coefficients of increase and of 
decrease be respectively linear in 
relation to N2 and N1, may seem 
very loose, but it is justified as we 
shall see [. . . ], if we compute 
these coefficients by means of the 
probable number of encounters of 
the individuals of the two species. 
(p. 9–10)
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Paraphrase by aggregation

Volterra, V. 1928. Variations and fluctuations of the number of individuals in 
animal species living together. J. Cons. int. Explor. Mer 3(1): 3–51.

The method adopted for the 
general case consists in studying 
the effects produced by the 
encounters of two individuals of 
the different species, and we will 
call it the method of encounters. 
It is analogous to the method 
which is the basis of the theory of 
gases. (p. 14)
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Lotka proposes the same strategy

Frequency of Collisions and of Capture. If v is 
the average velocity of the individuals of S1, the 
frequency collision will be, approximately at 
any rate, 

F = v N1 N2 s 

In general not all collisions, but only a certain 
fraction c, will result in capture. The total 
captures per unit of time, per square mile, will 
then be  

C = c v N1 N2 s 

It may be noted in passing that the expression 
thus found represents, in certain cases at any 
rate, the term k N1 N2 which appears in 
equation (38) of Chapter VIII, where it was 
introduced without analyzing its precise 
physical significance. 

Lotka, A. J. 1925. Elements of Physical Biology. Baltimore: Williams and Wilkins. 

14



Test by experiment
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Test by experiment

Georgii Frantsevich Gause 
(1910–1986)
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Didinium 
(eats Paramecium)

Paramecium 
(eats bacteria)

17



as soon as predators are added 
to the system, the prey is 
eradicated – and then the 
predators die off as well

if the prey have refuges in which 
they can hide, the predators die 
off and the prey repopulate the 
culture

if small numbers of both prey 
and predators re-immigrate into 
the microcosm occasionally, 
fluctuations can occur
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“seizing surface”

[I]n the actual case Didinium in spite of 
the insufficiency of food continues to 
multiply intensely at the expense of a 
vast decrease in the size of the 
individual. […] This vast increase of the 
“seizing surface” represents, 
metaphorically speaking, those 
“tentacles by means of which the 
predators suck out the prey 
completely.” (1934, p. 120-121)

Gause, G. F. 1934. The Struggle for Existence. Dover.
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“seizing surface”

Translating all this into mathematical 
language, we can say: the function 
characterizing the consumption of prey 
by predators [f1(N1,N2)] [is] apparently 
more complicated than Lotka and 
Volterra have assumed in the 
equation […], and as a result the 
corresponding process of the struggle for 
existence has no periodic properties. 
(1934, p. 121)

Gause, G. F. 1934. The Struggle for Existence. Dover.
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Conclusions
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Among realism-preserving truth re-nominations, we should add 
“paraphrase by aggregation” in addition to applicability and negligibility.

Conclusions

by meta-claimby paraphrase

applicability

negligibility
(ontic or 

epistemic)

early-step

tractability

pedagogy

…aggregation
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Among realism-preserving truth re-nominations, we should add 
“paraphrase by aggregation” in addition to applicability and negligibility. 

We have seen that both Volterra and Lotka justify the linear dependence 
between predator and prey by showing how this is plausible at an 
aggregate level of description. 

The case of Gause shows that whether paraphrase by aggregation is 
legitimate can be investigated empirically – if an appropriate artificial or 
natural experiment can be found. 

Gause’s method was to decompose the model’s components such that 
intervention on them is possible. Thesis: this is a frequent methodological 
approach in the sciences, and philosophically it is under-investigated.

Conclusions
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