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Abstract

The Very Hungry Caterpillar follows the story of a caterpillar on its journey from hatching to becoming a

butterfly. Over the course of a week the caterpillar eats through a variety of foods, by approximating the
caterpillar as a cylinder, the final mass of the caterpillar was calculated to be 61.8 g with a length of 85.3

mm and a radius of 8.53 mm. By extrapolating data of the mass of butterflies versus their wing length,

the wing length of the butterfly created by the caterpillar was calculated to be 1.88 m, approximately the

same size as a common ostrich or flamingo.

Introduction

The Very Hungry Caterpillar is a children’s book
published in 1969, authored by Eric Carle [1]. As the
title suggests, the book outlines the story of a cater-
pillar’s journey from hatching to becoming a butter-
fly, whilst eating inordinate amounts of food along
the way [1].

In order to calculate the amount of food eaten by
the caterpillar it is neccesary to first make some as-
sumptions. Firstly, the caterpillar is assumed to be
cylindrical, with a constant ratio of 1:10 between the
measurements of the radius and the length of the
caterpillar. Next, for each food that is consumed,
a cylinder is presumed to be eaten through the food,
where the cylinder eaten is assumed to have radius
equal to that of the radius of the caterpillar. Finally,
all foods and the caterpillar are assumed to have a
constant mass distribution and density.

Caterpillars generate copious amounts of waste,
called frass [2], caterpillars produce frass every 2 to
3 hours on average and lose a generous amount of
their body mass due to this. For this reason it has
been assumed that on the days the caterpillar is said
to be eating in the novel, the caterpillar will eat for
a total of 12 hours from 7 am to 7 pm. For sim-
plicity, the caterpillar will then generate frass from 7
pm to 7 am the following day with each frass equal
to 2.5% of it’s starting body weight at 7 pm. The
time frames chosen correlate with the novel stating

that the caterpillar hatched at sunrise, assumed to
be 7am and the assumption that the caterpillar will
only eat during daylight hours of 7am to 7pm. De-
spite the large amount of frass produced, caterpillars
are considered to have a very efficient metabolism,
hence it is assumed no energy is expended whilst di-
gesting food.

Methodology and Results

The author of the novel, Eric Carle grew up in New
York [1] and hence a caterpillar was picked that was
native to this region whilst also having the physical
attributes as illustrated in the book [2]. The Ho-
race’s Duskywing Caterpillar was chosen which has
a mass of approximately 0.1 g, a length of 10 mm
and a radius of 1.0 mm. From the initial dimensions,
the density of the caterpillar can be calculated using
equation (1) and the volume calculated simply.

p=m/V (1)

Where p represents density, m represents mass and
V' represents volume.

The book begins on Sunday morning when the
caterpillar hatches. The caterpillar searches for food
until Monday morning when it consumes an apple,
to calculate the mass of apple consumed, the apple
is assumed to be spherical and a cylinder is consid-
ered to be eaten through the centre of the apple. As
the radius of the cylinder is considerably smaller than



the radius of the apple [3], the ends of the cylinder
are approximately flat. Using the density of the food
[4] and the volume of the cylinder, the mass can be
calculated and added to the initial mass of the cater-
pillar. From this final mass value, utilising the previ-
ously calculated value for density, the final volume of
the caterpillar can be calculated. By multiplying the
initial values for the radius and length of the cater-
pillar by a constant value, ensuring the 1:10 ratio is
maintained, values can be found that satisfy the final
volume required. The new value for the radius can
then be used to calculate the volume and hence mass,
of the next food item consumed. For ease this can be
done iteratively using a computer programme. The
same methodology can be used for mass lost to frass
by using a multiplication factor less than one.

This process is repeated for the first five days of the
book, running from Monday to Friday, until the final
day where the caterpillar eats one leaf. The results
of this can be seen in Figure 1.

Time Initial | Initial | Initial Food Food Frass Final Final Final
interval | Mass | Radius | Length | Density | Mass Weight | Mass | Radius | Length
(hours) (g) (mm) | (mm) | (kgm?) (g) (g) (g) (mm) | (mm)
0-24 0.10 1.0 10 - - 0.03 0.070 0.88 8.80
24-36 0.070 0.88 8.8 240 0.029 - 0.099 0.99 9.90
36-48 0.099 0.99 9.9 = 0.0099 0.089 0.96 9.60
48-60 0.089 0.96 9.60 935 0.22 - 0.31 1.46 14.6
60-72 0.31 146 14.6 - = 0.031 0.28 141 14.1
72-84 0.28 141 141 1030 0.675 - 0.96 212 21.2
84-96 0.96 212 21.2 - - 0.096 0.86 2.05 205
96-108 0.86 2.05 20.5 940 0.99 - 1.85 2.64 26.4
108-120 1.85 2.64 26.4 - - 0.185 1.67 2.55 255
120-132 1.67 2.55 255 1030 8.42 - 10.1 4.65 46.5
132-144 10.1 4.65 46.5 - = 1.009 9.08 4.50 45.0
144-156 9.08 4.50 44.5 705 3.59 - 12.7 5.01 50.1
127 5.01 50.1 720 2.84 - 155 5.38 53.8
15.5 5.38 53.8 1014 2.77 - 183 5.67 56.7
18.3 5.67 56.7 915 1.85 - 20.2 5.86 58.6
20.2 5.86 58.6 1505 3.25 - 23.4 6.16 61.6
234 | 616 61.6 1600 5.43 - 28.8 6.61 66.1
28.8 6.61 66.1 1140 12.5 - 41.3 7.44 744
413 7.44 744 550 2.86 - 44.2 7.60 76.0
44.2 7.60 76.0 1180 10.7 - 549 8.19 81.9
549 8.19 81.9 650 8.22 - 63.1 8.58 85.8
156-168 63.1 8.58 85.8 - = 6.31 56.8 8.28 82.8
168-180 56.8 8.28 82.8 - 5 - 61.8 8.53 85.3

Figure 1: A table of data outlining how the dimensions of
the caterpillar change with time, including food consumed and
mass lost to frass, densities obtained from [4] and diameters
from [3]

Discussion and Conclusion

As can be seen in Figure 1, the final mass of the
caterpillar is calculated as 61.8 g with a length of 85.3
mm. An average caterpillar has a maximum mass of
around 2 g [5] meaning the Very Hungry Caterpillar
is approximately 30 times larger than average. Sup-
posing a caterpillar could accumulate this much mass,
the next logical step is to investigate how large the
butterfly would be that this caterpillar would create.

By obtaining a set of data outlining how the wing
length of butterflies varies with mass [5] it is possible
to observe the trend and extrapolate to the mass of

the very hungry caterpillar, assuming that the entire
mass of the caterpillar is used in the creation of the
butterfly. The data is presented in Figure 2, where a
linear relationship is clearly visible.
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Figure 2: A graphical representation of wing length versus
wet body mass, data obtained from [5]

By completing a linear regression on the data,
equation (3) was generated, outlining the relation-
ship between the two variables.

y = 0.03z + 29 (2)

Where z is the wet body mass in mg and y is the
wing length in mm.

Substituting the mass of 61.8 g into equation (3)
and using propagation of errors, a wing length of 1.88
+ 1.2x10™% m was calculated, a wing length compa-
rable to that seen for a flamingo or a common ostrich.
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