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Editorial

Exactly 170 years ago (May 26, 1848), Henry Walter Bates and his
friend Alfred Russel Wallace arrived in Salinas, Brazil, the pilot-station
for vessels bound to Pard, the port of entry to the almost unexplored
Amazon basin [1,2]. Some four years later (July 21%, 1852) the young
German naturalist Johannes Friedrixh (“Fritz”) Miiller disembarked at
San Francisco, Santa Catarina, about 120 km of his final destination,
the German colony of Blumenau [3,4]. After parting with Wallace in
1852 who returned to England in an ill-fated voyage [5] Bates stayed
for seven more years exploring the Amazon basin. Facing perils and
disease [1-8]. Instead, Miiller stayed the rest of his life in Blumenau
exploring the fauna and flora of Santa Catarina’s forests, rivers and
Atlantic coast until his death at 76 years old [3,4]. Both man, Bates a
self-taught naturalist, and Miiller with degrees in Pharmacy and
Medicine, were ardent explorers and lovers of the luxuriant Brazilian
forests and their unique biodiversity. Bates returned to England in
1859 [1,2], the year of the publication of the most famous and
influential book in biology, The Origin of Species by Charles Darwin
[9] while Miiller received a copy of the book in 1861 [4]. Both
naturalists were immediately convinced of Darwins ideas about
natural selection and descent with modification (evolution) which
could explain a number of puzzling facts they had found in their
research of animal species.

Miiller and Bates became great friends of Darwin who admired
them both and always praised their fundamental contributions to his
theory of natural selection. Their respective correspondences were
prolific and in both cases lasted until the death of the great master in
1882 [10-12]. Darwin called Miiller ‘the prince of observers and
consulted Bates on the minutest entomological matters. Bates was
essentially an entomologist who collected almost 15,000 specimens in
Amazonia, most of them insects [2,6,7]. He was an expert taxonomist
of Coleoptera, Lepidoptera, and Phasmatodea describing hundreds of
new species [13]. Miiller had wider interests in animals and plants
although insects were primary research subjects for him specializing in
Lepidoptera, Hymenoptera, and Isoptera to which he devoted many of
his 274 publications [14].

Charles Darwin expressed his appreciation and admiration for these
two great naturalists not only because they were expert and serious
scientists and kind gentlemen, but because substantial parts of their
research became fundamental proof and support of his (and Wallace’s)
theory of natural selection. This work involved the elucidation of the
puzzling and complex phenomenon of mimicry [15-20]. Bates made
numerous and perceptive observations on Amazonian rainforest
butterflies of the subfamilies Ithoninae and Heliconinae
(Nymphalidae) which led him to propose that the striking
morphological resemblance between species not even closly related,

could be due to the protection against predators gained by a palatable
species by becoming similar to an unpalatable or unprofitable species
[21]. This phenomenon is today called “Batesian mimicry” [19,20,22].
In this evolutionary mechanism the imitating species is the mimic, and
the unpalatable or venomous species is the model. The predator that
mediates the interaction is the dupe or signal receiver which, upon
learning to avoid the model, makes the mimic gain an evolutionary
advantage [18-22]. Bates’s model was hailed by Darwin and Wallace as
an extraordinary discovery and one of the best proofs of the theory of
natural selection [10,23,24].

However, Bates was puzzled by cases where an unpalatable species
resembled another one also toxic to predators advancing the
explanation that rare harmful species could benefit from resembling
more common unpalatable ones, but also that the similarity could
result from “pseudomimicry” [22,25]. The solution was provided by
Fritz Miller who first advanced a number of possible but
unsatisfactory solutions-some based in the theory of sexual selection-
in letters to Darwin [12,26]. He came to the fruitful model now called
“Miillerian mimicry” in a short paper published in 1878 [27], later
expanded in a 1879 article published in German but quickly translated
to English by Raphael Meldola owing to its relevance to evolutionary
theory [28]. He not only produced a new hypothesis to explain the
resemblance between unprofitable species but he also developed the
first mathematical model in evolutionary ecology to explain this
complex process based on natural selection. This model (Miiller’s
number-dependent or strength-in-numbers model) was based on
frequency dependent natural selection [28-30] it essentially postulates
that when two or more unpalatable species mimic each other, the cost
of learning (to avoid this kind of prey) by the predator, will be shared
by all prey species which always leads to favourable and mutualistic
gains for all prey species [29,30].

These two extraordinary scientists, the Prince of Observers and the
Butterfly Hunter, were early staunch Darwinians that not only
produced incredibly valuable support to the theory of natural selection
but gave birth to a new one, the theory of mimicry which today is a
very active research field in multiple model organisms [19,31]. Both
co-founders of the modern evolutionary theory praised these two
notable naturalists and explorers. Darwin said of Bates’ work: “Mr.
Bates has given to these facts the requisite touch of genius, and has, we
cannot doubt, hit on the final cause of all this mimicry” [23]. And
Wallace commented on Miiller’s model: “The merit of the discovery is
wholly due to Dr. Fritz Miiller” [32].

May all biologists follow their steps.
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