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One might not expect to find eleven immaculately painted plaster
chicken heads (Figure 13.1) in a museum of the history of science
such as the Whipple. The heads are cast from individual birds: they
each share with their originals the same lifelike heft, the same scarlet
comb and wattle with the same stippled reptilian feel, the same
plumage colouring - even a few of the same feathers, transferred
during the moulding process. A slice from the right side of each head
has been removed to form a flat surface, with the back edges bevelled
and painted in black to bring the head’s profile into relief when
displayed on a table. The heads were made in the early 1930s and
have been attributed to Reginald Punnett, Alfred Balfour Professor
of Genetics at the University of Cambridge from 1912 to 1940. His
experimental notebooks, held by the Cambridge University Library,
reveal that during each of these twenty-nine years he conducted
detailed breeding experiments with chickens - his commitment to
poultry was such that in 1923 he admitted that ‘the hen has seldom
been out of my thoughts.”* Punnett’s chicken-breeding experiments
are bound up with the invention for which he is known today, a form
of visualisation quite different from the Whipple’s chicken heads: the
Punnett square, a tabular array still used in genetics to represent the
outcome of a cross between two organisms.

While interest in three-dimensional scientific models has grown
among historians over the past two decades, scholars also acknow-
ledge that such models remain an ‘understudied historical resource’.”
In investigating the various roles that models and visualisations can
play in science, Punnett’s case is a particularly fruitful one, because

1 R. C. Punnett, ‘Preface’ to Heredity in Poultry (London: Macmillan, 1923).

2 J. Nall and L. Taub, ‘Three-Dimensional Models’, in B. Lightman (ed.),
A Companion to the History of Science (Chicester: Wiley Blackwell, 2016),
p- 572; and S. de Chadarevian and N. Hopwood (eds.), Models: The Third
Dimension of Science (Stanford: Stanford University Press, 2004).

https://doi.org/10.1017/9781108633628.014 Published online by Cambridge University Press


https://doi.org/10.1017/9781108633628.014

276 MATTHEW GREEN

Figure 13.1 Eleven
painted plaster
chicken heads,
attributed to
Reginald Punnett,
early 1930s. Image ©
Whipple Museum
(Wh.6547).

his scarcely studied career spans a period in which Mendelian
genetics in Britain was an emerging science that operated at the
geographical and academic fringes of the University. Funding and
academic reputation were at stake in debates over the practical
benefits of this recently rediscovered way of understanding heredity;
new research techniques were being developed to prove and extend
Mendel’s laws; and new students had to be attracted to the discipline
and trained in its theory and praxis. In this chapter, I am interested
in how both Punnett’s square and his chicken-head models, qua
visualisations, played different but related roles in all three of these
areas during this crucial period in the development of genetics in
Britain. Historians of three-dimensional models have often under-
stood their work as addressing a conspicuous void in broader studies
of representational media in science, with the result that there is a
dearth of scholarship that treats three-dimensional models together
with other visual media. I follow Nick Hopwood in endeavouring to
show that models and their uses in science are most clearly illumin-
ated when their relations to and differences from other forms of
visual media, including flat material such as the Punnett square, are
made clear.’

I begin by describing Punnett’s partnership with the geneticist
William Bateson, and with the help of their famous comb experi-
ment I explain the function of the Punnett square, which was

3 N. Hopwood, Embryos in Wax: Models from the Ziegler Studio (Cambridge:
Whipple Museum for the History of Science, 2002).
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developed around the same time. Scholarship on the Punnett square
has tended to focus on its genesis and its use in research; I build on
these accounts by exploring how the square, along with the chicken-
head models, were used in Punnett’s teaching.4 While the practice of
constructing a Punnett square imparted knowledge of Mendel’s laws
and the theoretical basis of genetics to students, the chicken heads
served as in-class teaching aids, their lifelike detail helping students
gain the phenotypic literacy so essential to the practice of breeding
experiments in early genetics. I describe how these functions, along
with the use of the Punnett square as a conceptual tool in research,
dovetailed with the efforts of Bateson, Punnett, and others, in fun-
draising campaigns, to pitch genetics as a science with important
practical yields. I then explore the differing afterlives of the square
and the heads, explaining these differences in reproduction and
dissemination not only as a function of their materiality but also in
terms of their uses in the theory and practice of a rapidly changing
science. This leads me to conclude with a brief philosophical discus-
sion of how my account of Punnett’s chicken-head models aligns
with and informs practice-centric accounts of the structure of know-
ledge in genetics.

The Comb Experiment and the Punnett Square

On Christmas Day, 1903, Punnett received a letter from his older
colleague William Bateson, with an exciting request. Bateson, a
fellow of St John’s College, had already been studying variation
and heredity for over a decade when he was made aware of Gregor
Mendel’s hybridisation experiments in 1900;> he quickly became an
ardent defender of Mendelism, and sought to demonstrate and
extend Mendel’s laws by conducting carefully controlled breeding
experiments with chickens and other organisms, largely at his home

4 On the genesis of the Punnett square, see A. W. F. Edwards, Punnett’s Square’,
Studies in History and Philosophy of Biological and Biomedical Sciences, 43
(2012), pp. 219-24; and A. W. F. Edwards, ‘Punnett’s Square: A Postscript’,
Studies in History and Philosophy of Biological and Biomedical Sciences, 57
(2016), pp. 69-70. For use in research, see W. C. Wimsatt, “The Analytic
Geometry of Genetics: Part I: The Structure, Function, and Early Evolution of
Punnett Squares’, Archives of the History of Exact Sciences, 66 (2012), pp. 359-96.

5 This date has been disputed: see R. Olby, ‘William Bateson’s Introduction of
Mendelism to England: A Reassessment’, British Journal for the History of
Science, 20.4 (1987), pp. 399-420.
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in Grantchester.® By 1903, Bateson needed help: his wife and assist-
ant Beatrice would be ‘incapacitated’ (i.e., pregnant) for the next
season, and the breeding experiments - the menial and technical
tasks involved in raising hundreds of chicks and carefully recording
their characteristics — were ‘not a one-man job’.” The sole Fellow at a
Cambridge college engaged in genetics, Bateson’s academic position
was lonely and precarious. He had to cobble together an income
and financial support for his research from different studentships,
bequests, and individual donors, and would not secure a professor-
ship until 1908, and then only in biology.® Luckily for him, Punnett’s
response to his request came less than a week later, and was enthusi-
astic: “There is nothing I should like better.”

Thus began a six-year partnership that introduced Punnett to
chicken breeding and cemented his interest in Mendelism. One of
Mendel’s key insights was that factors (roughly equivalent to today’s
genes) were separate from but responsible for certain observable
traits; by following patterns in the inheritance of observable traits,
Mendel was able to define several laws that governed the inheritance
and expression of factors. Early geneticists such as Bateson and
Punnett experimentally confirmed many of Mendel’s findings, but
also encountered traits with inheritance patterns that weren’t easily
explained by his laws. One of their most famous experiments from
this period was a demonstration of epistasis, or interaction between
different genes, in four comb types in chickens: the rose, the pea, the

6 A.G. Cock and D. R. Forsdyke, Treasure Your Exceptions: The Science and Life of
William Bateson (New York: Springer, 2008); and M. Richmond, ‘The “Domesti-
cation” of Heredity: The Familial Organization of Geneticists at Cambridge
University, 1895-1910’, Journal of the History of Biology, 39 (2006), pp. 565-605.

7 B. Bateson, William Bateson, F.R.S., Naturalist: His Essays and Addresses,
Together with a Short Account of His Life (Cambridge: Cambridge University
Press, 1928), p. 87; Cambridge University Library Manuscripts & University
Archives, William Bateson: Scientific Correspondence and Papers (hereafter
Bateson Papers), 25 December 1903 (Add.8634/H.31). Until then, the breeding
experiments had been a one-man job, since Bateson’s collaborators and assistants
were almost all women: his wife, Beatrice Bateson, and various female scientists
associated with Newnham College, including Edith Saunders, Hilda Blanche
Killby, and Muriel Wheldale (all of whom worked primarily with plants); see
Richmond, ‘The “Domestication” of Heredity’; and M. Richmond, ‘Women in
the Early History of Genetics: William Bateson and the Newnham College
Mendelians, 1900-1910’, Isis, 92.1 (2001), pp. 55-90.

8 Bateson, William Bateson, pp. 317-33.

9 Bateson Papers, 30 December 1903 (Add.8634/H.31).
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walnut, and the single.10 These observable characteristics, now col-
lectively referred to as an organism’s phenotype, were known to
Punnett as unit-characters, and like Mendel he termed factors the
‘somethings’ which corresponded to these unit-characters and were
contained in and inherited through parental gametes."" When Pun-
nett and Bateson crossed a rose-comb chicken and a pea-comb
chicken, they might have expected that the first generation produced
(F;) would be comprised of roses and peas in a ratio of 3 : 1,
suggesting that the more common form of comb was dominant over
the other. This would have aligned with Mendel’s laws of independ-
ent assortment and of dominance. Instead, F; consisted entirely of
chickens with a third form of comb, the walnut. Furthermore, a
walnut x walnut cross produced a second generation (F,) in which
chickens with four types of comb - the walnut, the rose, the pea, and
the single — appeared in a ratio of 9 : 3 : 3 : 1. Mendel had observed
this same ratio with two independent pairs of dominant-recessive
unit-characters, such as seed colour and seed shape in pea plants, but
never with the same unit-character. This suggested that comb type,
as a unit-character, was determined by two interacting factors - an
example of epistasis.

The design of the experiment is not complicated, but it can be
difficult to grasp the inheritance pattern with only a verbal descrip-
tion. When Punnett explained this experiment in the 1911 edition of
his short but popular book Mendelism, he illustrated the inheritance
pattern in F, using a method he had invented in 1906, now called the
Punnett square (Table 13.1)."* T summarise his description here.
Both parents of F, are walnut-combed, with the factors RrPp: the
capital letters represent dominant factors, and the lower-case reces-
sive. Each gamete from each parent contains only one factor from
each dominant-recessive pair, so the egg cell and sperm cell that
form the zygote will each randomly contain RP, Rp, rP, or rp. Chicks
end up with varying combinations of these factors. Any chick with at
least one dominant R factor and one dominant P factor will go on to
exhibit a walnut comb, like its parents; any chick with R as its only
dominant will develop a rose comb, and likewise with P for the pea
comb; and the rarest chick with no dominant factors will have a

10 W. Bateson, R. C. Punnett, and E. R. Saunders, ‘Experimental Studies in the
Physiology of Heredity’, Reports of the Evolution Committee of the Royal Society,
2 (1905), pp. 1-131 and 3 (1905), pp. 1-53; and F. B. Hutt, Genetics of the Fowl
(New York: McGraw-Hill, 1949).

11 R. C. Punnett, Mendelism (London: Macmillan, 1911), p. 31.

12 Punnett, Mendelism, p. 38.
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TABLE 13.1 An example of a Punnett square

RP RP RP RP

RP Rp rP p
Walnut Walnut Walnut Walnut

Rp Rp Rp Rp

RP Rp rP rp
Walnut Rose Walnut Rose

rP rP rP rP

RP Rp rP rp
Walnut Walnut Pea Pea

p P p Y

RP Rp rP rp
Walnut Rose Pea Single

single comb. There are sixteen possible combinations of factors,
which Punnett represented in a 4 x 4 square tabular array. To
construct the square, one begins by filling the cells in the top row
with RP, the second row with Rp; the third with rP; and the fourth
with rp. These represent the factors that each zygote receives from
the egg cell. Then one follows the same pattern in the columns,
representing the factors from the sperm cell. Each square in the
completed table represents a chick, and the four letters that appear
in each square represent that chick’s combination of factors, from
which one can infer its comb type. The genius of the Punnett square
is that it reveals all of the possible combinations of factors and
resulting unit-characters for any given cross; it demonstrates how
one arrives at the ratio of 9 : 3 : 3 : 1 for those unit-characters from
the combination of factors; and it does both of these elegantly and
economically.

The biochemist Dorothy Needham attended Punnett’s under-
graduate course in genetics in 1917-18, when she was a student at
Girton College. Her lecture notes reveal that Punnett used the square
to illustrate basic breeding experiments and illuminate Mendel’s
laws: there are three Punnett squares in her notes for the first lecture
of the course, including a square identical to the one in Table 13.1,
used to illustrate epistasis.'> He gave these lectures, which were
intended for students reading Zoology for Part I of the Natural
Sciences Tripos, on Tuesdays and Thursdays for the duration of
his professorship.

13 Girton College Archive & Special Collections, Personal Papers of Dorothy
Needham, Undergraduate Notebooks, volume 23, 3/2/23.
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Needham was a meticulous note-taker and may have recorded
more information than the average student, but it is likely that
Punnett encouraged all students in his classes to construct Punnett
squares themselves. In his book Heredity in Poultry, a ‘handy guide’
to Mendelian inheritance in chickens, he not only includes several
Punnett squares, but actually takes the reader through every step of
creating one, ordering her to ‘draw’ the lines, ‘write’ the letters to fill
in each cell, and ‘examine’ the finished product to draw conclusions
from the information thus represented.'* Punnett understood that
the student of genetics needed to learn by making and doing:
by constructing the square herself repeatedly, she would be led
through the logic of genetics — indeed, through a demonstration of
Mendel’s laws.

Since each parent contributes two of four possible ‘letters’ to each
row or column, and there are four rows or columns, each with an
equal number of squares, it is evident that one of each pair of factors
is inherited from each parent, and that the likelihood of getting
either is random, resulting in equal distribution. This is Mendel’s
first law, the law of segregation. Once the whole square has been
filled with letters, the reader then fills in the observable traits
according to the capital letters in each square: in doing so she
demonstrates Mendel’s third law, the law of dominance, which states
that dominant alleles (capital letters) override the expression of
recessive alleles (lower-case letters). Finally, the reader tallies up
the occurrences of each trait to arrive at the ratio of 9 : 3 : 3 : 1,
which is a demonstration of Mendel’s second law, the law of inde-
pendent assortment.'> Amazingly, with a single visualisation, Pun-
nett is able to guide a student through the demonstration of all three
of Mendel’s laws of heredity. It is the teacher’s hope that the com-
pletion of a Punnett square entails a kind of ‘a-hal” moment of
pattern recognition and understanding; the didactic power of the
square lies in its ability to allow the reader to see and understand
for herself how the laws of genetics are borne out in particular
experiments.

14 Punnett, Heredity in Poultry, preface, and pp. 14-15, 24, 28, 30, 33.

15 This law states that different factors are inherited independently of one another.
The Punnett square in Table 13.1 does show this, but it would be most clearly
illustrated with a dihybrid cross square, which Punnett actually used more
frequently in his books: see Punnett, Heredity in Poultry, p. 14.
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‘How to See’ a Chicken Head

In 1910 Bateson departed Cambridge for the John Innes Horticul-
tural Institute, but he remained a mentor and correspondent of
Punnett, who stayed at Cambridge and continued working with
chickens for the rest of his life, as Alfred Balfour Professor of
Genetics. In the late 1920s, with the financial support of the National
Poultry Institute, Punnett and his assistant Michael Pease developed
the Cambar: the first autosexing poultry breed whose chicks could be
sexed at birth by their plumage, allowing egg producers to immedi-
ately rid themselves of cockerels and reduce costs.'®

The Whipple’s accession catalogue states that Punnett’s plaster
chicken heads may have been a part or a product of his research
surrounding the Cambar, but this seems unlikely for several reasons.
Punnett and Pease acknowledged the creation of the Cambar in a
paper published in 1930, the year their partnership ended and two
years before the earliest date inscribed on the chicken heads; at least
one of the chicken heads clearly exhibits a rose comb, which is not
a trait associated with any of the breeds involved in Punnett and
Pease’s research into autosexing; and finally, it is unclear what such
models would have added to Punnett’s research, since he and Bate-
son had already developed a consistent system of notation for
breeding experiments, in use and virtually unchanged by Punnett
since 1903."

If Punnett had wanted to record the chickens’ traits for his
research, he would only have had to note them down; if he
had wanted a representation of those traits, he could have taken
photographs, which he had done in his research for the Cambar.'®
Instead, he went to the trouble of creating painted, textured three-
dimensional models, suggesting that the chicken heads were meant
not only to be viewed but also to be interacted with: to be touched, to
be compared with each other, and perhaps to be brought into the
classroom and used as a teaching aid. The use of models and physical
specimens as teaching aids had a precedent in Punnett’s own life:

16 Punnett’s relationship with the poultry-breeding community and industry is
fascinating, but falls outside the scope of this chapter: see J. Marie, ‘For Science,
Love and Money: The Social Worlds of Poultry and Rabbit Breeding in Britain,
1900-1940’, Social Studies of Science, 38.6 (2008), pp. 919-36.

17 R. C. Punnett and M. S. Pease, ‘Genetic Studies in Poultry: VIIL. On a Case of
Sex-Linkage within a Breed’, Journal of Genetics, 22 (1930), p. 397; and R. C.
Punnett, ‘Genetic Studies in Poultry: XI. The Legbar’, Journal of Genetics, 41
(1940), pp. 1-9.

18 Punnett and Pease, ‘Genetic Studies in Poultry: VIIT, Plate XVII.
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he was at an early, formative period in his career when he spent three
years as a demonstrator at the University of St Andrews, where
specimens from the departmental museum were fundamental to
the curriculum. Professors used the specimens in lectures to illustrate
key points, and students were also questioned on the specimens for
their examination.'® Professors at Scottish universities were known
for making use of models in their lectures because, Margaret Maria
Olszewski argues, their salary depended on lecture attendance, and
the engaging models often succeeded in attracting students.”® While
Punnett’s professorship guaranteed a salary, his genetics course was
not covered by the Zoology composition fee, and cost £1 1s per term
to attend.?! It is not clear whether Punnett received the fee himself,
but in any case to students the charge constituted an obstacle, which
it was in Punnett’s interest to overcome by making his lectures
engaging and hands-on.

The chicken heads are an ideal size for handling, and the level of
detail both in the painting and in texture (Figure 13.1) suggests that
they were meant to be observed from up close. No other medium,
short of real live chickens - highly impractical in the lecture room -
would be able to convey this sensory information with such vivid-
ness and specificity. I have described the heads as sharing many of
the same characteristics, and even some of the same matter, as their
originals. In her 2004 study of natural history displays in early-
twentieth-century German museums, Lynn Nyhart argues that such
models, with their lifelike detail, were intended to teach the lay
public ‘how to see — how to look thoughtfully at objects ... [and]
to take in their meaning’.?* Similarly, Hopwood observes that the use
of Ziegler’s wax embryo models in the classroom was meant to teach
students how to see microscopically.”® But did Punnett’s students
really need to be taught how to see a chicken?

In order to answer this, we need to understand the skills involved
in the practice of genetics in this period. Bateson asserted that there

19 F. A.E. Crew, ‘Reginald Crundall Punnett, 1875-1967’, Biographical Memoirs of
Fellows of the Royal Society, 13 (1967), p. 312.

20 M. M. Olszewski, ‘Auzoux’s Botanical Teaching Models and Medical Education
at the Universities of Glasgow and Aberdeen’, Studies in History and Philosophy
of Biological and Biomedical Sciences, 42 (2011), 285-96.

21 Cambridge University Reporter (Cambridge: Cambridge University Press,
1933-4), p. 807.

22 L. Nyhart, ‘Science, Art, and Authenticity in Natural History Displays’, in S. de
Chadarevian and N. Hopwood (eds.), Models: The Third Dimension of Science
(Stanford: Stanford University Press, 2004), pp. 307-35, on p. 315.

23 Hopwood, Embryos in Wax, p. 33.
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was no other way to learn the laws of heredity and variation than by
‘the direct examination of the phenomena ... [which] can only be
provided by actual experiments in breeding’.>* For Bateson and for
Punnett, research in Mendelian genetics took place not in the
laboratory, but outdoors: Punnett kept poultry pens and a shed with
incubators on the University Farm, two miles northeast of the city
centre but quite close to Whittingehame Lodge, where Punnett lived
and kept chickens in the adjoining rooms and yard; he also carried
out sweet-pea experiments at the Botanic Gardens.>

Punnett’s experimental notebooks provide a glimpse into how
these experiments proceeded. The essential goal was to track pat-
terns in the inheritance of particular traits, and to do this one needed
very large sample sizes. On average, Punnett bred about 500 chicks
per year — though sometimes as many as 1,000 — and each had its
own page in that year’s notebooks. At the top of this page Punnett
noted the chick’s lay date and hatch date, a code for its parentage,
and an identifying number that corresponded to a brass label clipped
around the chick’s leg. A list of dated observations followed as the
chicken developed, with the death date concluding the entry. How-
ever, many of the chick’s relevant traits could be recorded straight
after hatching: the comb type, plumage colour, number of toes,
presence of feathers on the legs, and so on.”® With so many chicks
to assess and so many traits to record, Punnett and Bateson initially
developed a series of abbreviations that Punnett continued to use in
the notebooks for the rest of his life: for example, It., nts., r.c., n.e., f.
1. meant ‘light down, no coloured ticks seen, rose comb, no extra toe,
feathering on leg’.”” Speed was valuable, but so was precision: traits
could be ambiguous and require further description, and it was also
important to note similarities between birds of different lineages as
they matured.

For the geneticist, then, seeing a chicken did have to be taught.
One needed a practised eye for detail and the ability to isolate and

24 B. Bateson, ‘Heredity and Variation in Modern Lights’, in A. C. Seward (ed.),
Darwin and Modern Science: Essays in Commemoration of the Centenary of the
Birth of Charles Darwin and of the Fiftieth Anniversary of the Publication of the
Origin of Species (Cambridge: Cambridge University Press, 1909), p. 92.

25 D. L. Opitz, ‘Cultivating Genetics in the Country: Whittingehame Lodge, Cam-
bridge’, in D. N. Livingstone and C. W. J. Withers (eds.), Geographies of
Nineteenth-Century Science (Chicago: University of Chicago Press, 2011),
pp- 73-98; and Crew, ‘Reginald Crundall Punnett’, p. 312.

26 Cambridge University Library Manuscripts & University Archives, Bateson-
Punnett Notebooks (MS Add.10161); see, for example, 1931 notebook, p. 57.

27 R. C. Punnett, ‘Early Days of Genetics’, Heredity, 4.1 (1950), p. 6.
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identify traits, which explains why having lifelike models was so
important for Punnett. Drawn in by the heads’ detail and novelty,
the student would notice the subtle differences in specific character-
istics: how one comb type might be distinguished from another, how
to identify ambiguous traits within a type, how traits such as wattle
size and plumage might differ between otherwise similar males and
females (the sex of most models is noted on the rear), and so on. For
Punnett, the careful observation and comparison of specific traits
was the very foundation of studies in genetics, and the chicken-head
models would have been indispensable in teaching students how to
see’ in the mode that was necessary for early genetics research at
Cambridge.

Genetics: A New and Changing Discipline

While the Punnett square taught Mendelian theory through the
practice of constructing a combinatorial diagram, the chicken heads
imparted the visual skills necessary for the practice of early experi-
mental genetics at Cambridge. In tandem, the two visualisations
made pursuing genetics accessible and appealing to students.
Attracting and training new talent would have been of great import-
ance to Punnett, since genetics in this period was far from an
established discipline in Britain. During Punnett and Bateson’s col-
laborative period, leading journals such as Nature had refused to
publish their research, which led them to jointly establish the Journal
of Genetics in 1911.>® They also helped form the Genetical Society of
Great Britain in 1919, but academic enthusiasm for the discipline
remained limited. By 1924, the society comprised mostly private
individuals and plant and animal breeders; fewer than a quarter of
the 108 members were affiliated with universities, and this was not to
increase significantly until after the Second World War.*’
Difficulties were also encountered on the path to the endowment
of Punnett’s 1912 Alfred Balfour Professorship, and published fund-
raising pleas from supporters of the protracted campaign for a
genetics chair offer insight into the self-understanding and self-
fashioning of an emerging discipline. Bateson, along with Punnett,
Adam Sedgwick, Arthur Balfour, and other well-connected friends of

28 Punnett, ‘Early Days of Genetics’.

29 W. Leeming, Ideas about Heredity, Genetics and “Medical Genetics” in Britain,
1900-1982°, Studies in History and Philosophy of Biological and Biomedical
Sciences, 36.3 (2005), pp. 538-58.
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his, petitioned individual donors, the Evolution Committee of the
Royal Society, the University of Cambridge Council of the Senate,
and the Cambridge community for almost ten years, insisting that
research into Mendelian genetics had a ‘sure prospect of future
success’.” Generally, this group adopted a strategy that focused on
the practical benefits that a deeper understanding of Mendelian
heredity might yield. Their ‘Plea for Cambridge’, published in the

Quarterly Review in 1906, takes such an approach:

The extreme importance of these studies [in genetics], which,

if they prove a key to heredity, will place in man’s hands an
instrument as powerful as Watt’s application of steam, is shown
by the fact that Mr [Rowland] Biffen has already discovered
that susceptibility to rust in wheat is Mendelian, and is thus a
property which may be eliminated by breeding.”'

According to this projection, the success of genetics research could
be measured in part by the number of different isolated traits that
could be shown to fall under Mendel’s laws of inheritance, so that
they could be bred out (or, in the case of the Cambar, bred in) for
practical purposes. Punnett took a similar tack in Mendelism, where
he argued that the Mendelian laws had been ‘found to hold good’ for
everything from coat colour to the waltzing habit of Japanese mice,
and that it would be reasonable to expect that, over time, more traits
would be ‘brought into line in the light of fuller knowledge’.**
Attracting and retaining new students helped recruit the man-
power needed to conduct the labour-intensive breeding experiments
that would uncover Mendelian patterns in the heredity of more and
more traits. But Punnett’s visualisations also served the research
programme of early genetics in a more direct sense. As William
Wimsatt observes, the Punnett square was not only a didactic aid,
but in fact constituted a conceptual tool that could be used to make
inferences from observed phenotypic patterns to possible genetic
explanations of them.” The square’s way of integrating and ordering
information permitted the extension of Mendel’s laws to new

30 Petition circulated by Arthur Balfour, quoted in Opitz, ‘Cultivating Genetics in
the Country’, p. 86.

31 Cambridge University Association, ‘A Plea for Cambridge’, Quarterly Review,
204 (1906), pp. 521-2.

32 Punnett, Mendelism, pp. 29-30. For more on waltzing mice, see W. H. Gates,
‘The Japanese Waltzing Mouse, Its Origin and Genetics’, Proceedings of the
National Academy of Sciences of the United States of America, 11.10 (1925),
pp. 651-3.

33 Wimsatt, ‘The Analytic Geometry of Genetics’, p. 373.
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hereditary patterns, by working backwards from observed character-
istics to the genetic factors at play. To the extent that geneticists,
aided by the Punnett square, could bring an ever-wider scope of
observable traits within the regular order of hereditary laws, they
justified the existence of their discipline in the university and pro-
moted the endowment of their science.**

Having discussed the various functions of the square and the
chicken heads in the particular context of early genetics at Cam-
bridge, further and broader insight into the nature of models in
science may be gleaned by elucidating the afterlives of these visual-
isations. The Punnett square was rapidly disseminated in articles,
letters, books, and textbooks; it became so useful and ubiquitous that
no biologist educated after 1920 could have avoided encountering
it.>> Meanwhile, Punnett’s chicken heads seem to have fallen into
obscurity, with (apparently) no one after Punnett taking much notice
of them at all until the Whipple Museum acquired them in 2013.
Why might this be so?

At least some of the credit for the spread of the Punnett square
should be given to Punnett himself, who included eight examples in
the 1911 edition of Mendelism (which went through seven editions
and several translations) and about as many in the less popular
Heredity in Poultry.”® Reviewers noted that Mendelism was ‘richly
illustrated with figures and coloured plates’.”” Plates were attractive
and clearly an asset, but they were also expensive to reproduce, while
simple tables such as the Punnett square could be easily and cheaply
typeset, which contributed to their propagation.’® The square’s sim-
plicity also meant that it was somewhat flexible, and subsequent
copiers of Punnett’s square made important additions that became
canonical: Herbert Walter added gamete types in the margins in
1913, and Edmund Sinnott and Leslie Clarence Dunn added visual

34 In this capacity, the Punnett square could be understood as what Ursula Klein
has termed a ‘paper tool: a visible and manoeuvrable ‘tool’ that, while not
physically interacting with the object of study like a laboratory tool, still permits
the manipulation and comparison of relevant representations of the research
object. While potentially fruitful, this comparison has to do with the use of
Punnett squares in research, which is not my primary focus in this chapter. See
U. Klein, Experiments, Models, Paper Tools: Cultures of Organic Chemistry in the
Nineteenth Century (Stanford: Stanford University Press, 2003), pp. 245-7.

35 Wimsatt, ‘The Analytic Geometry of Genetics’, p. 393.

36 Punnett, Mendelism; and Punnett, Heredity in Poultry.

37 L. Doncaster, ‘Review: Mendelism, Third Edition’, Eugenics Review, 4.2 (1912)
p. 206; and G. H. Shull, ‘Review of Mendelism by R. C. Punnett’, Botanical
Gazette, 52.3 (1911), pp. 235-6.

38 Wimsatt, ‘The Analytic Geometry of Genetics’, p. 363.
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representations of characters in the individual cells in 1925.>” Wim-
satt notes that the square’s open-ended structure permitted ‘enor-
mous adaptive radiation into a variety of new contexts where [the
square has] played a role in conceptualizing and solving a number of
diverse problems’.*® Punnett first used the square to represent a
dihybrid pea-plant cross, but the square was never bound to the
particular content for which it was initially conceived: it was not only
simple, but also easily adaptable.

In contrast, the chicken-head models are by nature irreproducible
in a strict sense, because they are plaster casts of individual, short-
lived birds. Plaster hardens over time and becomes fragile, which
would have restricted the models’ movement. For the uses I have
described, the choice of particular bird is unimportant so long as
variety exists amongst the models, so in theory one could have made
similar models from different individuals without any loss in utility.
However, this is certainly much more difficult, time-consuming, and
expensive than typesetting and printing a black-and-white table.

This cannot be the only reason why the heads were never repro-
duced - after all, three-dimensional models such as Ziegler’s wax
embryos and Auzoux’s papier-méaché anatomical and botanical
models achieved a fairly wide circulation, even though they were
expensive and difficult to make compared with books or other flat
media.*! Rather, the chicken-head models were rooted in the par-
ticular practice of genetics in the service of which they were created
and used - that is, a science based on the tracking of directly
observable phenomena in ‘backyard’ breeding experiments. The
practice of genetics changed rapidly over the course of the following
decades.*” T. H. Morgan’s experiments with fruit flies precipitated
that organism’s dominance in genetics experimentation, and shifted
the locus of research away from the chicken pen and botanical
garden into the laboratory. Teaching geneticists how to see’ no
longer meant telling a rose comb from a walnut but, for example,

39 Wimsatt, ‘The Analytic Geometry of Genetics’, pp. 388-9; p. 371.

40 Wimsatt, ‘The Analytic Geometry of Genetics’, p. 393.

41 Hopwood, Embryos in Wax; and Olszewski, ‘Auzoux’s Botanical Teaching
Models’.

42 Some of these developments were already under way when Punnett made the
heads in 1932-4, but Cambridge was somewhat isolated and not an important
centre for genetics research at the time: see M. Ashburner, ‘History of the
Department’, University of Cambridge Department of Genetics website, www
.gen.cam.ac.uk/department/department-history (accessed 11 December 2018).
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learning to see through a microscope.*’ As the practical knowledge
involved in doing genetics changed, Punnett’s highly specific
chicken-head models quickly became obsolete, while his square lived
on, kept alive thanks to its simplicity and theoretical adaptability, as
well as the continued relevance of Mendelian laws to the study of
genetics.

Still, in the context of the particular kind of genetics research
being carried out in Cambridge in the early twentieth century, the
practical knowledge imparted by the use of the chicken heads in
teaching was fundamental. This insight both aligns with and illu-
minates philosophical accounts of early genetics in the United States
by scholars such as Kenneth Waters, who have similarly attempted
to supplant theory-centric accounts by emphasising the complemen-
tary role of practice.** According to Waters, ‘philosophers typically
assume that scientific knowledge is ultimately structured by explana-
tory reasoning and that research programs in well-established sci-
ences are organized around efforts to fill out a central theory and
extend its explanatory range.”*> This account is by no means incor-
rect: indeed, the extension of the explanatory range of a theory is
precisely the kind of process at play in the use of the Punnett square
in research as a conceptual tool to extend Mendelian laws, as
described above.

However, the chicken heads testify to the deficiency of such an
account. The heads and the practical know-how they impart are not
intended to explain anything about heredity - rather, they make
possible the transmission of certain investigative strategies, namely
the observation of chickens in breeding experiments.*® Waters’s
larger point is that these investigative strategies, underpinned by
practical knowledge, are central to research programmes, but are
often overlooked in philosophical accounts of the structuring of
scientific knowledge. We have seen that the square and the heads,
particularly their use in teaching, made possible the dissemination of

43 R. Kohler, Lords of the Fly: Drosophilia Genetics and the Experimental Life
(Chicago: University of Chicago Press, 1994).

44 C. K. Waters, ‘A Pluralist Interpretation of Gene-Centered Biology’, in S. H.
Kellert, H. E. Longino, and C. K. Waters (eds.), Scientific Pluralism, Minnesota
Studies in Philosophy of Science 19 (Minneapolis: University of Minnesota
Press, 2004), pp. 190-214.

45 Waters, ‘A Pluralist Interpretation of Gene-Centered Biology’, p. 783.

46 C. K. Waters, ‘What Was Classical Genetics?’, Studies in the History and
Philosophy of Science, 35 (2006), pp. 783-809.
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experimental expertise and theoretical understanding, processes that
were crucial to research programmes in early genetics.

Not only does my analysis of Punnett’s chicken heads support
Waters’s argument that practical know-how was as important as
theoretical explanation in early genetics, but it also helps explain
why the former is frequently overlooked: it can be difficult to
recover. In the case of early genetics at Cambridge, practical know-
ledge was most clearly embodied by fragile plaster models whose
reproduction would have been difficult and time-consuming, if it
were even possible. Luck, institutional resources, and curatorial
diligence were all fundamental in allowing the uncovering of this
knowledge and the reconstruction of a highly specific research
method - and such a combination of resources is seldom guaranteed.

Punnett’s visualisations — the square and the heads - played
important but different roles in the classroom: while the square
helped students understand Mendelian laws, the heads trained them
to isolate, identify, and differentiate particular traits. To the extent
that the Punnett square served as a conceptual tool used to infer the
underlying factors at play in inheritance patterns, it also contributed
to the narrative, advanced by Bateson, Punnett, and others, that
genetics could yield practical benefits by enabling greater control
over particular traits in domesticated animals and plants. I have
shown that visualisations played a crucial role in establishing genet-
ics as an academic discipline at Cambridge by disseminating theor-
etical and practical knowledge through educational channels and by
helping to justify the endowment of a professorial Chair in 1912.
I have also described how the differing afterlives of the square and
the heads are the result of important material and scientific condi-
tions, including the differing rates of change in the theory and
practice of genetics in the first half of the twentieth century. If the
roles of visualisations in science are both as fundamental and as
varied as I have described, then further study of such visualisations
and of the nuanced differences in their use and reproduction has the
potential to illuminate the didactic strategies, self-fashioning, and
research practices of additional scientific disciplines.
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