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Vignettes of Haeckel’s Contributions to Biology
Amitabh Joshi
Ernst Haeckel was a very versatile and complete biologist,
equally at home with imaginative leaps of conceptualization,
serious natural history in the wild, and meticulous experimentation in embryology. His work shaped the development
of a holistic evolutionary perspective that brought ecology,
ontogeny, phylogeny, and biogeography together into a unified explanation of the patterns of diversity seen in the living
world. He, along with Darwin and Mendel, was perhaps one
of the three most consequential biologists of the nineteenthcentury, in many ways the golden age of biology.
Have you ever wondered what ecology, ontogeny, and phylogeny
might have in common? In the light of today’s understanding of
the evolutionary process, we might say that, ultimately, the longterm moulding of phylogeny by ecology, through the medium
of ontogeny, lies at the heart of the process of adaptive evolution. The other answer to the question is that all the three terms
were coined by Ernst Haeckel, nineteenth-century German biologist extraordinaire, whose work contributed greatly to shaping
the holistic evolutionary perspective initiated by Darwin, as well
as to its popularization in society at large. He was also largely responsible for setting up evolutionary theory as a vehement counterpoint to traditional religious views. Haeckel also coined the
terms gastrula and gastrulation, as well as the concepts and terms
phylum, anthropogeny, and chorology (later known more widely
as biogeography). The accompanying Article-in-a-Box in this issue sketches out the biography of Ernst Haeckel, attempting to
place him and his work in the context of the times and place he
lived in. In this article, I shall briefly discuss some of his major
contributions to the development of biological and, specifically,
evolutionary thinking in the several decades after Darwin’s book,
On the Origin of Species, was published.
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Haeckel was the first to
experimentally show that
individual cells of an
early embryo, if
separated, could develop
into complete larvae,
thus establishing what
we today call the
totipotency of early
embryonic cells
(embryonic stem cells).

Darwin himself referred
to Haeckel as “one of the
few who clearly
understands natural
selection”.

Haeckel was the first to boldly postulate that the cell nucleus was
the site wherein hereditary information was located. He was also
the first to suggest that the so-called unicellular plants and animals were better thought of as constituting a separate kingdom,
the Protista. He described thousands of new species of marine
invertebrates, more than anybody else, and was also the first person to describe and name the process of gastrulation, a key event
in the early development of animal embryos, and to link it to the
early evolution of animal body-plans. Moreover, Haeckel was
the first to experimentally show that individual cells of an early
embryo, if separated, could develop into complete larvae, thus establishing what we today call the totipotency of early embryonic
cells (embryonic stem cells). Although his famous students Hans
Driesch and Wilhelm Roux are often credited with the discovery
of totipotency, it was Haeckel who had anticipated it almost two
decades prior to their work.
Haeckel’s exposition of natural selection was, perhaps surprisingly, clearer and crisper than that of Darwin’s. It was also Haeckel
who first recognized, and pointed out to Darwin, that the principle of natural selection followed, with all the certitude of a
mathematical deduction, from the observations that trait variations could enhance an individual’s success at surviving and reproducing in the ‘struggle for existence’, and that many of these
variations were to some degree heritable. It was Haeckel, too,
who first pointed out that advances in medicine had evolutionary
consequences in opposition to natural selection. Indeed, Darwin
himself referred to Haeckel as “one of the few who clearly understands natural selection”. In 1908, most fittingly, Haeckel was
awarded the Darwin–Wallace Medal of the Linnaean Society of
London. In addition, he was a member of over ninety learned
societies and scientific associations.
Another aspect in which Haeckel excelled was in his role as a science communicator. Throughout his active academic life of over
forty-five years, Haeckel gave public lectures on various aspects
of biology and biology education. He also wrote several books on
evolution aimed at the general public, and it has been estimated
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that, in this regard, his influence was unparalleled among evolutionary biologists between 1859 and the 1970s, a period which
includes Darwin himself, as well as many other illustrious evolutionary biologists. In his hugely impactful general book on the
natural history of creation, Haeckel wrote, “I hold it as the duty
of natural scientists that they should not simply remain circumscribed within the narrow confines of their speciality, improving
and making discoveries, that they should not merely cultivate lovingly and carefully the study of their special subjects, but that they
should also make their particular study useful for the polity and
that they should help to broaden the scientific education of the entire people”. These words, penned in 1868, resonate even today!

Haeckel wrote several
books on evolution
aimed at the general
public, and it has been
estimated that, in this
regard, his influence was
unparalleled among
evolutionary biologists
between 1859 and the
1970s, a period which
includes Darwin himself.

A Holistic View of the Living World
Biology, as is increasingly realized today, lies somewhat uncomfortably, in a conceptual space spanning hard sciences like physics
on one side, but also, and this is especially true of evolutionary
biology, a set of softer sciences including sociology, psychology
and history. Of course, this positioning need not be a source of
discomfort; it could as easily be a reason to celebrate, as it renders biology vaster than other sciences, both in its subject matter
and in its conceptual span. Owing to the earlier maturation of
physics, and its triumphant demonstration of the success of the
deductive method in elucidating universal physical laws, however, biologists have often tried to avoid or deny the softer side
of their science. This has especially been true in the second half
of the twentieth century, after the early successes of molecular biology raised the hopes of a fully mechanistic understanding of all
biological phenomena, a dream that still lives on in the hearts and
minds of many reductionist biologists. In the nineteenth century,
the situation was slightly diﬀerent. Biology was just beginning
its progression from a purely descriptive endeavour to a formal
science and Haeckel, both in his philosophy of science and education, and in his researches in biology, was one of the earliest
scholars to argue for recognizing many parts of biology, especially evolution and ecology, and geology as constituting a dif-
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Haeckel’s grasp of
biology was both deep
and exceptionally wide,
ranging from the
microscopic minutiae of
early embryonic
development to the
large-scale patterns seen
in biogeography.
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ferent kind of science than physics. This was a view that eventually got eclipsed within both biology and geology in the twentieth
century, but one that, at least in biology, is now slowly but surely
making a comeback, at least in some western countries.

Haeckel also anticipated
Darwin by almost a
decade in bringing
human origins and an
understanding of human
behaviour and society
under the purview of
evolutionary
explanation, and in
invoking the role of mate
choice in the evolution
of behavioural traits.
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Haeckel’s grasp of biology was both deep and exceptionally wide,
ranging from the microscopic minutiae of early embryonic development to the large-scale patterns seen in biogeography, a field
he was a pioneer in delineating, although his label for it – chorology – did not take root. He saw, immediately upon reading Darwin’s On The Origin of Species, that the theory of evolution provided a perspective that would intertwine embryology, heredity,
ecology, palaeontology and biogeography into one unified whole,
which when applied to humans would also encompass comparative linguistics, psychology and sociology. In his appreciation
of the almost infinite sweep of the evolutionary Darwinian perspective, he was perhaps ahead of most of his contemporaries,
including Darwin’s intellectual descendants in England. Moreover, Haeckel also saw, and clearly enunciated, the corollary to
this realization: that biology as an attempt to explain why and
how the living world, including human societies, was the way
it was would have to be a historical science, leaning heavily on
inductive approaches to interpretatively arrive at an understanding of how the living world is structured and changes. It is clear
from Haeckel’s extensive correspondence with Darwin that, in
this respect, he was perhaps a more holistic biologist than even
Darwin himself. He convinced Darwin about the relative importance of the biotic environment to adaptation, arguing that the true
‘struggle for existence’ was not waged against the physical environment but against other living beings, whether conspecific or
heterospecific, thus anticipating the metaphor of ‘the ecological
stage and evolutionary play’ by almost a century. Haeckel also
anticipated Darwin by almost a decade in bringing human origins
and an understanding of human behaviour and society under the
purview of evolutionary explanation, and in invoking the role of
mate choice in the evolution of behavioural traits. In later editions
of On The Origin of Species, Darwin often mentioned Haeckel
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by name when incorporating his suggestions in the text. In his
own book on human evolution and sexual selection, The Descent
of Man and Selection in Relation to Sex, referring to Haeckel’s
recently published book on the natural history of creation, Darwin wrote: “If this work had appeared before my essay had been
written, I should probably never have completed it. Almost all
the conclusions at which I have arrived I find confirmed by this
naturalist, whose knowledge on many points is much fuller than
mine”.

Biological Individuality
In the contemporary literature on the philosophy of biology, one
can find many papers on the vexatious issue of what constitutes
a biological individual. In the nineteenth century, too, this issue attracted great interest, especially following the discovery of
alternation of generations and the complex life-cycles of many
algae and marine invertebrates, with free-living as well as colonial, primitively multicellular forms. Haeckel was one of the first
to try and systematically analyze varied conceptions of biological
individuality. At that time, thinking about what constituted the
true biological individual varied widely, and many of Haeckel’s
mentors and idols held diﬀerent views on the subject. His botany
teacher, Alexander Braun, believed that flowering plants were
collections of diﬀerently modified individuals, or buds, that could
form leaves or flowers or stems. Goethe had argued that all flowering plant organs were modified leaves, whereas Haeckel’s teacher,
Virchow, believed that the true biological individual was the cell
and that multicellular organisms were a sort of a cellular society,
just as a bee-hive was a society of individual bees. Similar views
of the multicellular organism as society rather than an individual
were to be found in the writings of the zoologist Müller, who had
first introduced Haeckel to the joys of studying marine invertebrates.
In trying to clear up these muddy waters, Haeckel proposed that
we needed to consider three distinctly diﬀerent types of biological
individuality, distinguishing between morphological, physiologi-
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physiological individuals
tended to undergo
sequential
morphological
transformations that
mimicked, at least
loosely, the sequence of
morphological forms
exhibited by the
evolutionary ancestors in
that lineage.
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cal (or functional), and genealogical individuals. Morphological
individuals, in Haeckel’s view, were the most short-lived, temporally speaking, as an organism often changed morphologically
during its lifetime. For example, a cnidarian individual may exist as a free-living medusoid, and later also as a colonial polyp,
or an insect individual as morphologically distinct larva, pupa
and adult. He described morphological individuality as “a unifying expression of form that constitutes a complete and continuously connected whole, a whole whose constituent parts cannot be removed and, in general, cannot be separated without destroying the nature or character of the whole”. What we would
typically think of as a biological individual, having a continuous existence from fertilized egg to adulthood and death, Haeckel
viewed as a physiological or functional individual, one that could
maintain itself in a state of being alive, while in principle undergoing dramatic changes in morphology and habit. In keeping with his views regarding the relationship between ontogeny
and phylogeny, Haeckel also noted that physiological individuals tended to undergo sequential morphological transformations
that mimicked, at least loosely, the sequence of morphological
forms exhibited by the evolutionary ancestors in that lineage. Extending the domain of observation to a longer timescale, Haeckel
conceived of species and, indeed, higher taxa such as phyla (entire lineages), as constituting genealogical individuals, made up
of long sequences of physiological individuals, just as they, in
turn, were comprised of long sequences of morphological individuals through a lifetime. Thus, Haeckel thought that considering diﬀerent kinds of biological individuality in this schema reflected the close intertwining, across increasing timescales, between embryological development, systematic (taxonomic) relationships and palaeontological relationships, the same intertwining that underlay his development of stem-trees, or phylogenetic
trees as a metaphor for, and description of, the fundamental evolutionary process of descent with modification.
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Developmental Biology
In the late nineteenth and early twentieth century, experimental
embryology (Entwickelungsmechanik in German) was the queen
of the biological sciences and it was widely believed that it was
this sub-discipline that would illuminate the mysterious mechanisms of heredity and evolution. The flowering of experimental embryology is inextricably wound up with the work of Roux
and Driesch, and work done at the Zoological Station at Naples,
founded by Dohrn, which remained the post-doctoral Mecca for
aspirational embryologists, including a certain T H Morgan, well
into the twentieth century. What is often forgotten, however, is
that Roux, Driesch and Dohrn were all doctoral students with
Haeckel, and some of the foundational experimental findings for
which they are known were actually anticipated in Haeckel’s own
work decades earlier.
In early 1867, while on a trip to the Canary Islands with students
and colleagues, Haeckel became interested in the siphonophores,
a particularly beautiful order of cnidarians. He wrote to his friends
back in Jena, “The siphonophores surpass all of the animal forms
in these waters by their beauty and delicacy, and by their great
scientific interest...Think of a delicate slim bouquet of flowers,
the leaves and coloured buds of which are as transparent as glass,
a bouquet that winds through the water in a graceful and lively
fashion – then you will have an idea of these wonderful, beautiful, and delicate colonial animals.”
Haeckel conducted a series of experiments to better understand
the developmental biology of these beautiful cnidarians. Their
basic structure and life-cycle had already been described in detail, in part by Haeckel’s senior colleagues Gegenbauer and von
Kölliker, but their development was not well understood. First,
Haeckel described the early embryonic stages of a number of
species from ten diﬀerent genera of siphonophores, when cultured in the laboratory, and noted that the earlier stages of embryos of diﬀerent genera were extremely similar, with divergence
among genera being observable only later in development. Such
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conditions faced by early
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observations, of course, had already been made multiple times
on arthropod and vertebrate embryos, even those from diﬀerent
classes or orders.
Next, Haeckel examined the eﬀects of altering temperature, light,
or salinity, and of various mechanical perturbations on the morphology of the developing embryos. In those days, mechanisms
of heredity were not known, as Mendel’s very recent work had
not yet been widely read. Many biologists, including Darwin
and Haeckel, believed like Lamarck that the environment could
directly induce heritable variations in organisms. The logic of
Haeckel’s experiments, thus, was to see whether environmental
perturbations could alter the ontogeny and, thereby, the form of
organisms in potentially heritable ways. Haeckel observed that altering the environmental conditions faced by early embryos could
induce changes in the morphology of siphonophore larvae, sometimes altering the morphology into something very similar to the
form characteristic of other genera. Haeckel interpreted these results as suggesting that organisms had the potential to generate
forms characteristic of other, perhaps ancestral species or genera, under the influence of the environment. Based on the pattern of transformations he observed, Haeckel speculated that the
ancestral form of siphonophora was probably a free-living medusoid, and this conclusion has now been established for not just
siphonophora but the entire phylum of cnidarians. This work also
foreshadowed by over a century the more recent work that attempts to link environmental changes to altered spatio-temporal
patterns of gene expression in developing embryos.
The third set of experiments that Haeckel did on siphonophore
embryos anticipated by about two decades the work of Roux and
Driesch on totipotency, and, together with his environmental perturbation experiments, established the underlying logic of Entwickelungsmechanik. He split up early-stage embryos into halves,
thirds or quarters and found that each piece of the embryo could,
in fact, regenerate a complete, though small, larva. This work,
along with his other siphonophore work was published in a monograph on the developmental history of Siphonophora in 1869,
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for which Haeckel was awarded a gold medal by the Utrecht
Academy of Arts and Sciences. Strangely, though, Haeckel is
rarely credited with the demonstration of totipotency of early embryonic cells, and neither Roux nor Driesch acknowledged this
earlier work of their teacher.

Evolutionary Origins and Relationships
In On the Origin of Species, Darwin prudently avoided any detailed discussion of two vexatious topics on which an evolutionary view would be in stark opposition to the church. One was the
origin and evolution of humans, and the other the origin of life itself. On human evolution, Darwin later published a whole book,
The Descent of Man and Selection in Relation to Sex. On the origin of life, he remained vague, at least in his published works.
Although his letters and diaries clearly indicate that Darwin did
consider the possibility of spontaneous generation of primitive
life-forms via chemical means, his books leave open vague possibilities of creation, and of multiple origins of life. Haeckel, on the
other hand, took a much stronger view, and it is the Haeckelian
take that is closer to contemporary evolutionary thinking on this
issue. In a footnote to his first book, a monograph on radiolarians,
Haeckel wrote, “The chief defect of the Darwinian theory is that
it throws no light on the origin of the primitive organism – probably a simple cell – from which all the others have descended.
When Darwin assumes a special creative act for this first species,
he is not consistent, and, I think, not quite sincere”. In his fairly
extensive correspondence with Haeckel, Darwin did not specifically respond to this critique, also made by Heinrich Bronn, the
German translator of Darwin’s first book, but did continue to argue that “I much wish that this latter question (i.e. origin of life)
could be settled, but I see no prospect of it. If it could be proved
true this would be most important to us.”
Early on, Haeckel in his 1866 book Generelle Morphologie der
Organismen argued that the Monera (his term for the simplest
unicellular organisms, lacking even a nucleus) must have arisen

RESONANCE | November 2018

Haeckel in his 1866
book Generelle
Morphologie der
Organismen argued that
the Monera (his term for
the simplest unicellular
organisms, lacking even
a nucleus) must have
arisen spontaneously
from some distinctive
chemical processes.
1185

GENERAL ARTICLE

Haeckel argued strongly
in favour of either a
single moneran origin
for all life-forms or, at
best, two separate
moneran origins – one
for the protists and one
for everything else.

spontaneously from some distinctive chemical processes. In 1868,
in his popular science book on the evolutionary world-view, he
used stronger language, arguing that although it might be comforting for many to keep open the possibility of God creating life
and leaving it to evolve under biological laws, any such attempt to
bring God into an explanation of how the world is and came to be
would be akin to “jumping into the inconceivable” (einen Sprung
in das Unbegreifliche thun). On the issue of whether there was
one or a few origins of life, Haeckel was initially more equivocal. In 1866, he advanced three hypotheses (Figure 1): a single
moneran origin for all life-forms, separately arisen monerans giving rise to plants, animals and protists, and multiple origins of
diﬀerent moneran ancestors of major phyla. The last alternative
was initially considered the most likely by Darwin and Haeckel,
but, in subsequent editions of his book, Haeckel argued strongly
in favour of either a single moneran origin for all life-forms or, at
best, two separate moneran origins – one for the protists and one
for everything else. This view is close to the modern understanding, bolstered by molecular data and phylogenetic techniques, but
the final word on this vexatious issue is yet to be said.

Haeckel was the first to
make extensive use of
tree-diagrams, the
forerunners of
phylogenetic trees that
are today ubiquitous in
the biological literature.

In the context of visually depicting evolutionary inter-relationships,
Haeckel was the first to make extensive use of tree-diagrams,
the forerunners of phylogenetic trees that are today ubiquitous
in the biological literature. Haeckel’s use of ‘stem-trees’ (Stammbaum) in his 1866 book, and subsequently, represents the first deployment of phylogenetic trees to bolster evolutionary arguments
about real relationships among taxa. In 1858, Darwin and Bronn
had both independently suggested that tree-diagrams could be
used to depict evolutionary relationships of ancestry and descent
among species and other taxa, but they did not use them to depict
any real groups of organisms. In 1863, Haeckel’s friend August
Schleicher, a linguist, included a stem-tree of all the Indo-German
languages in his book on Darwinian theory and linguistics, an endeavour he had been encouraged to undertake by Haeckel. Haeckel
himself used stem-trees, both in his technical books and in works
aimed at a general public audience. In his books, Haeckel de-
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Figure 1. Stem-tree of plants, animals and protists, representing in one figure Haeckel’s three hypotheses
regarding the origin of life. The full figure, enclosed in the rectangle p-s-t-q, represents a single moneran origin
of all life-forms. The subset of the figure enclosed in the rectangle p-x-y-q represents three separate moneran
origins, for plants, animals and protists, respectively. The subset of the figure enclosed in the rectangle p-mn-q represents separate moneran origins for all major phyla within the three kingdoms of plants, animals and
protists (from Generelle Morphologie der Organismen, 1866).
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palaeontology literature.
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picted stem-trees in a few diﬀerent ways. He diﬀerentiated between palaeontologically grounded genealogical stem-trees, representing physiological individuals and depicting historicity and
temporal depth, and systematic stem-trees, representing morphological individuals, that were based only on morphological and
embryological similarities. He also clearly distinguished between
trees that highlighted “that part of phylogeny which concerns the
palaeontological developmental history of the direct progenitors
of each individual organism” from “true stem-trees” in which “the
whole of the phylogeny forms a branched or tree-like developmental series”. The former kind of idealized tree (Figure 2a) was
used by Haeckel primarily in books aimed at the general public,
whereas the latter was typically used in the more technical scientific monographs, and he was quite clear that it was the latter
that represented the “natural system”. Many critics have focussed
only on the first kind of tree, used for illustrative purposes in the
more general books, and criticized Haeckel for not appreciating
the nuances of Darwinian thought, because those trees do give
the appearance of the author thinking in terms of a ladder-like
progression from one form to the next, higher, form. This criticism, however, does not hold if one looks at the “true stem-trees”
(Figure 2b). Moreover, later in his career, Haeckel also made
tree-diagrams that plotted diversity, as well as phylogeny, against
time, a form of illustration that became increasingly popular in
the early twentieth-century palaeontology literature. In light of
the criticism of Haeckel’s stem-trees, it is also instructive to note
that Darwin himself was perfectly satisfied with Haeckel’s phylogenetic depictions, writing in the fifth edition of On the Origin of Species, “Professor Haeckel, in his Generelle Morphologie
and in several other works has recently brought his great knowledge to bear on what he calls phylogeny, or the lines of descent
of all organic beings. In drawing up the several series he trusts
chiefly to embryological characters but draws aid from homologous and rudimentary organs, as well as from the successive
periods at which the various forms of life first appeared in our geological formations. He has thus boldly made a great beginning,
and shows how classification will in the future be treated”.
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Figure 2a. An example of one of the two kinds of stem-trees used by Haeckel: a ladder-like depiction of the
lineal progenitors of humans, who are at the apex (from Anthropogenie; oder, Entwickelungsgeschichte des
Menschen, 1874.)
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Figure 2b. An example of the other kind of stem-tree used by Haeckel: true stem-tree of mammals, with Homo
sapiens in the extreme right top corner (from Generelle Morphologie der Organismen, 1866).
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These soundly appreciative lines of Darwin render the criticism
that Haeckel’s trees were somehow not truly Darwinian rather
hollow.

Early Animal Evolution
During the Canary Islands expedition of 1867, one of Haeckel’s
students, Nikolai Miklucho (also called Nikolai Miklouho-Maclay)
focused his attention on sponges. For a very long time, sponges
had been thought of as either plants or plant-like animals. At that
time, many zoologists, including Haeckel, believed the sponges
(horny, silicious and calcareous) to be an independent evolutionary lineage deriving directly from the rhizopod protists (amoebae
and foraminiferans) as a colonial form, and not closely related
to the cnidarian, arthropod, mollusc and vertebrate groups that
made up the animals. Miklucho described a calcareous sponge
(he named it Guancha blanca) that seemed to be a colonial form
made up of distinct kinds of individuals, all variants on a common
type resembling a champagne glass in shape. Miklucho speculated that the various forms arose by modification, or fusion, of
the basic form, which he termed the ‘olynthus’. Miklucho also
indulged in an evolutionary speculation that perhaps the sponges
were, in fact, closely related to the cnidarians, a relationship that
he believed was suggested by both forms having a digestive cavity with only one opening from which food was both ingested and
expelled. The general belief at the time was that ingestion took
place through smaller pores and the expulsion of waste from digestion alone occurred through the large opening of the internal
cavity. Miklucho’s evolutionary speculations spurred Haeckel’s
interest, and he undertook a characteristically detailed study of
the reproduction and embryology of sponges – topics about which
little was known at the time – over the next several years which
included further collecting trips to Norway and the Adriatic.
Haeckel was the first to identify spermatozoa in sponges and worked
out their reproductive cycle in some detail. He then studied their
early embryonic stages and described the process that he would
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Haeckel speculated that
a gastrula-like organism
was probably a common
ancestor of sponges and
all other animal groups
(the Gastraea Theory of
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protein-coding genes
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imaginatively suggested
over 130 years earlier,
that calcareous sponges
are likely to be more
closely related to
cnidaria, ctenophores
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or horny sponges.

later term ‘gastrulation’ (Figure 3), in his first paper on sponges
that appeared in 1869: “After the egg, through the cleavage process, has formed into a spherical, mulberry-shaped mass of densely
packed, similar, naked, spherical cells, the mulberry-shaped embryo, by a stronger growth in one direction, takes on an ellipsoidal
or egg-shaped form and covers its surface with cilia. Then within,
a small central cavity (the stomach) expands; and at one pole of
the long axis, an opening breaks through the mouth”. He further
noted the similarity of gastrulation in sponges with that in cnidarians, and also, as reported by other zoologists, in close vertebrate
relatives like Amphioxus. Based on this similarity of a very early
embryonic stage across diverse animal groups, and various other
morphological and functional observations on sponges, Haeckel
speculated that a gastrula-like organism was probably a common
ancestor of sponges and all other animal groups (the Gastraea
Theory of animal origins). He further speculated that calcareous
sponges were related via a common ancestor to cnidarians and
other animal groups, and independently, as an ancestor, to the silicious and horny sponges. Though there is no empirical evidence
for a common gastraean ancestor of all animals, it is widely believed today that a sponge-like animal was indeed the ancestor
of all metazoans (implying that metazoa are monophyletic) and
that the sponges are clearly not an evolutionary dead end as was
believed before Haeckel’s work on this group. Moreover, recent
phylogenetic work based on both rRNA and protein-coding genes
confirms that the metazoa constitute a monophyletic group, and
also suggests, as Haeckel had imaginatively suggested over 130
years earlier, that calcareous sponges are likely to be more closely
related to cnidaria, ctenophores and other metazoans than they are
to silicious or horny sponges.
There is, however, a final and ironic twist to this tale of the sponges.
Haeckel had named the polymorphic colonial sponge studied by
Miklucho Ascetta primordialis and, believing it to be a conglomeration of polymorphic individuals in colonial form, had used it as
the centre-piece in arguments for classifications based on a natural system (phylogenetic relationships) as opposed to arbitrary
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Figure 3. Haeckel’s drawing of the early embryonic stages, showing gastrulation (from the 1897 English
translation of Anthropogenie; oder, Entwickelungsgeschichte des Menschen, 1874).
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A mistaken conclusion
can, nevertheless,
sometimes drive great
scientific insights.

morphology-based classifications (artificial system). The point
he stressed was that all the polymorphic individuals that made
up a colony of this sponge would, under an artificial system, be
classified as diﬀerent species. He also thought that polymorphic
sponges like A. primordialis had perhaps given rise to other more
morphologically specialized sponge species. In one more striking
example of how a mistaken conclusion can, nevertheless, sometimes drive great scientific insights, later work has indicated that
A. primordialis was an illusion: it was not a colonial species,
but rather many diﬀerent species whose individuals had so overgrown one another in intertwined closeness that both Miklucho
and Haeckel mistakenly thought they were looking at a complex polymorphic colonial sponge. Yet, most of the insights that
flowed from this first, mistaken, conclusion have stood the test of
time and render Haeckel’s sponge work of continuing relevance
to understanding early animal evolution and, indeed, evolutionary
relationships among the diﬀerent types of sponges themselves.

Human Evolution
Haeckel became the first
biologist to extend and
apply the Darwinian
logic of evolutionary
modification to humans.
Haeckel clearly stated,
where Darwin had been
ambiguous, that the
explanation of human
origins required no
divine miracles.
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Once On the Origin of Species was published, Haeckel became
the first biologist to extend and apply the Darwinian logic of evolutionary modification to humans. Haeckel clearly stated, where
Darwin had been ambiguous, that the explanation of human origins required no divine miracles. He was also one of the earliest
biologists to explicitly declare that “man is separated from the
other animals only by quantitative, not qualitative, diﬀerences”,
and to treat anthropology as a part of zoology, in particular using comparative morphology and anatomy to speculate that humans arose from the catarrhine apes, sometime during the Tertiary Period (66 million to 2.6 million years ago). He postulated that a genus Pithecanthropus (a bipedal, catarrhine ape) was
the ancestor of modern humans, and predicted that this “missing link” would be found in Southeast Asia. Darwin believed
that modern humans arose in Africa (which is now the accepted
view), but both Wallace and Haeckel believed that humans were
more closely related to orangutans than to chimpanzees or goril-
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las, and therefore favoured a Southeast Asian origin of modern
humans. Interestingly, though, Haeckel also stated that comparative anatomy and morphology alone were suﬃcient to unequivocally place humans as catarrhine apes and that, therefore, whether
or not a “missing link” was to be found would not substantially alter the taxonomic status of humans. In the 1890s, Eugene Dubois,
inspired to search for ancestral human fossils in Indonesia by
Haeckel’s predictions, indeed found fossil remains of such a creature at Trinil, near Surabaya in East Java. He named the species
Java Man (Pithecanthropus erectus); it is now called Homo erectus erectus. At the time, this was the oldest hominid fossil found,
dating back to between 1.8 million and 141,000 years ago, and
remained so till the discovery of the roughly 2.8 million-year-old
fossil Australopithecus africanus in South Africa in 1924.
Haeckel was also the first to respond to Wallace’s criticism that
natural selection could not explain the large size of the human
brain, by invoking selection operating on important and complex
behavioural skills, mediated by language and sexual selection,
an argument that Darwin, too, subsequently used. Haeckel believed language to be a great driver of human evolution and held
the view that humans consisted of diﬀerent varieties (sometimes
called races, sometimes species, leading to a lot of confusion)
corresponding to the major language families. This is, of course,
a view that is no longer held, but for a long time enjoyed considerable support. In his later years, Haeckel believed that protohominids had one origin, having arisen in a subsequently lost
continent of Lemuria, in the Indian Ocean, and that after Asian
and African proto-hominids had been separated geographically,
diﬀerent varieties of humans and apes eventually evolved on the
two continents. Once again, these views are no longer tenable, in
the light of subsequent discoveries and knowledge, but that does
not detract from the imaginative creativity of Haeckel’s speculations based on the information available in his time. The parallelism of phylogenies of language and of human groups based on
genetic data (work pioneered in the twentieth century by the recently deceased geneticist Luigi Cavalli-Sforza), however, clearly
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vindicates Haeckel’s basic insight into how human biological divergence parallels linguistic divergences.

The Biogenetic Law
Most students first
encounter Haeckel as the
author of the so-called
biogenetic law, namely
that “ontogeny
recapitulates
phylogeny”.

Von Baer stressed that
early embryonic stages
of diﬀerent species types
within a group of
animals were similar,
while later stages
became progressively
diﬀerent, but rejected the
notion that embryonic
stages were sequentially
mimicking the adult
forms of ancestral
species.
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Most students first encounter Haeckel as the author of the socalled biogenetic law, namely that “ontogeny recapitulates phylogeny”. Unfortunately, for most students that is also their last
encounter with him, perhaps with the exception of a brief mention that Haeckel described the process of gastrulation. It has
been quite fashionable among the legions of Haeckel’s critics to
dismiss the biogenetic law as one more example of his mystically
motivated deviations from true Darwinism, a flight of romantic
fantasy that has little biological basis. This criticism is not really
accurate, either trivially or more substantially, as I shall argue below.
To begin with, the biogenetic law was based on sound empirical
as well as theoretical principles and was already quite well accepted before Haeckel proclaimed it as a ‘law’. Starting from the
late 1700s, biologists began observing that, at least within major
animal groups, embryos of species with very diﬀerent adult forms
were actually quite similar, especially in their early stages, and
then diﬀerentiated only during subsequent stages of development.
The notion that this could be interpreted as a tendency of embryos
to pass through developmental stages reminiscent of their phylogenetic ancestry was codified in the early nineteenth century by
German zoologists Johann Friedrich Meckel, Étienne Serres and
Carl Friedrich Kielmeyer. The same observations about patterns
of similarity across vertebrate embryos were also noted by the
great German embryologist and pioneer of comparative embryology, Karl Ernst von Baer, but, being a strong critic of evolutionary views, he rejected any implication that ontogeny recapitulated
phylogeny. Von Baer stressed that early embryonic stages of different species types within a group of animals were similar, while
later stages became progressively diﬀerent, but rejected the notion that embryonic stages were sequentially mimicking the adult
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forms of ancestral species.
By Haeckel’s time, the empirical fact about species within major animal groups (echinoderms, vertebrates, arthropods and molluscs) showing greater resemblance in early embryonic stages
than later was well established, though debates about the interpretation of this pattern were ongoing. Added to this was the fact that
most of those who rejected the idea of ontogenetic stages mimicking a phylogenetic sequence were also those who were opposed
to the evolutionary notion of descent with modification. Given
Haeckel’s tendency to militantly proselytize for an evolutionary
world-view, it is perhaps unsurprising that Haeckel favoured an
evolutionary interpretation of the observed embryological patterns. Incidentally, during the second half of the nineteenth century, not just Haeckel, but Darwin, as well as all other Darwinians,
accepted some version of the biogenetic law as correct, with interpretations ranging from the more literal to the relatively metaphorical. Theoretically, too, the idea of developmental stages bearing
an imprint of ancestral lineage was not as far-fetched as it sometimes is made to appear today. After all, if a species could give
rise to another, entailing some change in adult form, then there
would have to be some change in development underlying the
generation of this new adult form. Therefore, if one was to look at
a linear series of ancestor and descendent species, one would expect to see in the embryology of the most recent species some imprint of all the previous changes that occurred with each sequential speciation event in that lineage. This is what both Darwin and
Haeckel explicitly believed, and this expectation is not too different from what is a widely held view in evo-devo (evolutionary
developmental biology) today. Indeed Haeckel’s 1870s views on
the important causal role of heterochrony and heterotopy (variations in the timing and location of embryological events in the
course of development) in the evolutionary origins of new adult
forms constitute one of the key tenets of present-day evo-devo.
Let us now see what Darwin and Haeckel said about this issue
of recapitulation. Haeckel in his 1866 book on morphology, before he elevated the principle to the status of a ‘law’ in one of
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Darwin, explicitly
causally linked natural
selection to the pattern of
recapitulation. Darwin
argued that conditions in
the womb (or egg), and
very early in life, were
often stable and isolated
enough for many aspects
of selection to be
inoperative, relative to
how much selection
acted on the individual
later in life.

his popular science books, wrote that an individual organism “repeats during the quick and short course of its individual development the most important of those changes in form that its ancestors had gone through during the slow and long course of
their palaeontological development according to the laws of inheritance and adaptation” (note that, in Haeckel’s terminology,
adaptation meant parents passing on acquired characteristics to
oﬀspring, whereas inheritance implied a variation arising in the
oﬀspring while not manifest in the parents). Darwin, in similar
nuanced vein, had written in On the Origin of Species, in 1859,
“The adult diﬀers from its embryo, owing to variations supervening at a not early age, and being inherited at a corresponding age.
This process, whilst it leaves the embryo almost unaltered, continually adds, in the course of successive generations, more and
more diﬀerence to the adult. Thus the embryo comes to be left as
a sort of picture, preserved by nature, of the ancient and less modified condition of each animal”. Thus, Darwin, explicitly causally
linked natural selection to the pattern of recapitulation, a nuance
repeated more cryptically by Haeckel in 1866. Darwin argued
that conditions in the womb (or egg), and very early in life, were
often stable and isolated enough for many aspects of selection to
be inoperative, relative to how much selection acted on the individual later in life, when it had to participate more fully in the
struggle for existence. Clearly, both Darwin and Haeckel had
a more nuanced view of why and how ontogeny often seems to
recapitulate phylogeny than the standard, somewhat caricatured,
textbook accounts would have us believe.

Both Darwin and
Haeckel had a more
nuanced view of why
and how ontogeny often
seems to recapitulate
phylogeny than the
standard, somewhat
caricatured, textbook
accounts would have us
believe.

Darwin, however, as was his nature, was somewhat restrained and
tentative in his presentation of recapitulation as a pattern consistent with a selective explanation, especially as he was not really an embryologist, and he felt there was little empirical evidence in support of his proposed mechanism driving recapitulation. Haeckel, characteristically, made a stronger case, arguing that recapitulation was a principle (later, a law) rather than
a hypothesis. Both Darwin and Haeckel were strengthened in
their espousal of the evolutionary significance of the principle

1198

RESONANCE | November 2018

GENERAL ARTICLE

of recapitulation, and the veracity of the proposed underlying
mechanism, by the work of the German naturalist and Darwinian,
Fritz Müller (more widely known for his discovery of Müllerian
mimicry). Müller examined various crustaceans, especially crabs
and shrimp, and found that all species shared a common nauplius larval form, although the adults of various species diﬀered
considerably in morphology. He further noticed two diﬀerent patterns in various crustacean species. In one case, later appearing
species in a group showed successive modifications towards the
later part of their ontogeny, thereby mirroring reasonably accurately the phylogenetic history of the group. In the other case,
even earlier ontogenetic stages showed diﬀerences among ancestor and descendent species, thus erasing the phylogenetic history.
Müller argued that this pattern was characteristic of groups of
related species wherein the larvae were exposed to a vigorous
struggle for existence. He further made the point that both these
patterns were explained by Darwinian theory, whereas the argument of Louis Agassiz that recapitulation was a divinely inscribed
pattern was falsified by the groups within which ontogeny did not
accurately depict the phylogenetic sequence. Both Darwin and
Haeckel mentioned Müller’s crustacean studies in their later writings, with Haeckel coining the terms ‘palingenesis’ and ‘cenogenesis’ to refer to these two patterns, respectively.

Darwin was as much a
believer in the principle
of recapitulation as
Haeckel was and,
moreover, provided an
evolutionary explanation
for this pattern that
invoked natural selection
as a causal mechanism.

It should be clear from the foregoing account that Darwin was
as much a believer in the principle of recapitulation as Haeckel
was and, moreover, provided an evolutionary explanation for this
pattern that invoked natural selection as a causal mechanism. Second, the views of Haeckel, Darwin and Müller on recapitulation
were fairly nuanced, and considerably more sophisticated than
the critiques of the notion imply. For example, recapitulation,
at best, was believed to hold within, not across, major animal
groups. Thus, early mammalian and fish embryos would resemble each other, both being vertebrates, but neither would have
any particular tendency to resemble an early embryo of a starfish
or an insect or an octopus. Furthermore, it was recognized that
selection acting strongly and diﬀerently on the larval stages of
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Haeckel’s (and
Darwin’s) understanding
of the principle of
recapitulation was
actually pretty close to
contemporary thinking
in evo-devo.

related species would tend to obscure the ‘imprint’ of phylogeny
on the ontogenetic stages. Adding to this the fact that evolutionary changes in adult form must be achieved through alterations
in the ancestral ontogeny, and the consideration that changes in
late ontogeny are less likely to adversely aﬀect viability as much
as changes in early ontogeny, brings one to the conclusion that
Haeckel’s (and Darwin’s) understanding of the principle of recapitulation was actually pretty close to contemporary thinking in
evo-devo.

Concluding Remarks

Among those who took
up Darwinism in the half
century or so after
Darwin’s seminal book,
Haeckel was certainly
the most complete
biologist, and also the
closest to Darwin’s own
thinking.

It is, puzzling that one
often finds historians of
science, and quite a few
scientists, dismissing
Haeckel as a mere
popularizer of science,
prone to metaphysical
flights of fancy, and one
whose ideas about
evolution deviated
greatly from Darwin’s.
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I rank Haeckel as one of the three most consequential biologists,
along with Darwin and Mendel in terms of how important his
legacy has been in shaping the present-day biological weltanschaaung (world-view). Among those who took up Darwinism in
the half century or so after Darwin’s seminal book, Haeckel was
certainly the most complete biologist, and also the closest to Darwin’s own thinking. For example, compared to either Galton or
Weismann, who got mired in the heredity versus selection debate,
Haeckel’s view of the evolutionary process, rooted in comparative
embryology and ecology, was much closer to Darwin’s own. Indeed, on many topics Haeckel influenced Darwin. Some of the
best and earliest supporting evidence for Darwinism came from
Haeckel’s work on marine invertebrates, as did some of the most
cogent early descriptions of the process of natural selection. The
extension of Darwinian analysis to the evolution of humans and
human social behaviour was articulated in detail by Haeckel even
before Darwin published his own views on this theme. Darwin
himself clearly regarded Haeckel as one of his most important
intellectual heirs. In addition, Haeckel was possibly the greatest
invertebrate zoologist of all time.
It is, therefore, puzzling that one often finds historians of science,
and quite a few scientists, dismissing Haeckel as a mere popularizer of science, prone to metaphysical flights of fancy, and one
whose ideas about evolution deviated greatly from Darwin’s (see
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Box 1). Such, one supposes, are the vagaries of history. I can only
speculate that this continuing tendency to dismiss Haeckel, while
often additionally vilifying him as a fraud and racist proto-Nazi,
is the outcome of a fortuitous concatenation of three phenomena. First, a lot of critics of Haeckel seem to base their assessments on his popular rather than technical writings. When writing, or speaking, for a general audience, Haeckel was also simultaneously pushing an ideological agenda of replacing religious
with scientific explanations of the universe, as well as fighting
a battle for the inclusion of evolutionary science in school curricula in Germany. Thus, in his avatar as a science popularizer,
Haeckel was not a detached and neutral figure, but rather a crusader doing battle against what he considered reactionary forces
inimical to progress and liberalism. This coloured both his language and his tendency to exaggerate or put the case more dramatically than he would in his more technical scientific writings.
Second, Haeckel’s very bitter writings against what he perceived
was British perfidy during World War I, and his patriotically motivated but, in some sense, misplaced, attempted defence of the
German position on that war, obviously, did not endear him to the
English-speaking world. And finally, the Haeckelian way of looking at evolution was, in part, overshadowed by the meteoric rise
of Mendelian genetics in the early twentieth century1 . The rapid
rise of the neo-Darwinian merger of genetics and natural selection relegated Haeckelian considerations of embryology, systematics and phylogeny very much to the background of evolutionary
thought, although that more holistic way of looking at evolution
has been making a comeback in the past few decades, both in
evo-devo and in what is often called the ‘extended evolutionary
synthesis’. I am personally hopeful that Haeckel’s contributions
to evolutionary biology will be appreciated more strongly in the
decades to come, and I also hope that this article helps explain
why I think that will be the case.
In writing this article, and the accompanying Article-in-a-Box, I
have drawn heavily from R J Richards’ excellent biography [1],
which also describes Haeckel’s work in some detail and in his-
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1 See Amitabh Joshi, Weldon’s
Search for a Direct Proof of
Natural Selection and the Tortuous Path to the Neo-Darwinian
Synthesis, Resonance, Vol.22,
No.6, pp.525–548, 2017.
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torical context, and a few other sources, including a couple [2,
3] that admirably describe the intellectual and cultural backdrop
against which Haeckel grew up and worked. I must state here
that, in stark contrast to its usual high standards of completeness
and accuracy, the Wikipedia page on Ernst Haeckel, at least at the
time of writing this article, is exceptionally poor: there are factual
errors and important omissions, and the overall write-up is very
superficial. If one wishes to learn about Haeckel, the Wikipedia
page on him is, in its present form, best avoided.

Box 1. Haeckel and accusations of mysticism, non-Darwinian Lamarckism, fraud, racism and
Nazism.
Haeckel is perhaps the most unfairly maligned figure in the history of biology. He is routinely accused of
being a romantic mystic masquerading as a scientist, a follower of Lamarck who did not understand, or
believe in, Darwinism and the theory of natural selection, a scientific fraud, a virulent racist, and a protoNazi, whose views laid the foundations for some of the worst excesses of Nazi rule. I am motivated to
discuss this issue here because all of these accusations pop up prominently if one searches for material on
Haeckel on the internet, even though most of them are ludicrous or just plain wrong, as has been pointed
out in great detail by R J Richards [1, 4]. Therefore, I believe, it is important to at least oﬀer the readers a
brief refutation of most of these charges, especially given our tendency today to believe what is found on
otherwise generally reliable websites.
Regarding the charge of mysticism, it seems to stem from Haeckel’s promotion of what he often called his
religion of monism, the closest Indian parallel to which would be non-deistic ‘advait’. What critics seem
to miss, though, is that Haeckel was very clearly a rational materialist in his scientific thinking, and this
is exemplified by his writings from youth onwards. His well-known falling out with his former student
Hans Driesch was entirely because of the latter’s espousal of vitalism, a stance that was exactly the sort of
romantic excess that Haeckel detested, but of which Haeckel’s critics ironically accuse him. It is abundantly
clear that, despite some ambiguous rhetorical language in his popular writings, Haeckel saw no place for any
non-physical, supernatural or divine mechanisms in our explanations of the universe. This is exemplified
by the following quote from his 1866 book, dismissing teleology, as he so often did: “so the mechanistic
conception of the organism is recognized alone as the right one.”
Contd.
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Box 1. Contd.
The charge that Haeckel was not really a Darwinian, but rather a follower of Lamarck, is ludicrous, as is
the often repeated statement that Haeckel did not really believe in natural selection. Certainly, Haeckel
thought that acquired characters could be inherited, but, then, so did Darwin. Moreover, Haeckel repeatedly
explained the principle of natural selection, claimed that it followed mathematically from a consideration
of biological variations, the struggle for existence, and inheritance of successful variants, and held that the
exposition of the mechanism of natural selection was one of Darwin’s two greatest achievements. And if this
were not enough to summarily dismiss this charge, consider the many laudatory references to Haeckel in
Darwin’s own writings and his description of Haeckel as being one of the few people “who truly understand
natural selection”.
The charge of fraud is the one that at least has some substance to it, although the most balanced conclusion is
that it was an error of judgement rather than deliberate scientific misconduct, fuelled perhaps by Haeckel’s
generally propagandist and crusading frame of mind when writing for the general public. In the first edition
of his popular book Natürliche schöpfungsgeschichte (The Natural History of Creation), three repetitions of
the same wood-cut picture were used to depict a dog, a chicken and a turtle embryo, in a figure illustrating
the similarity between the early embryonic stages of vertebrates from diﬀerent classes. The charge was
correct, and certainly represented a gross error of judgement. Haeckel’s response was that the mistake arose
in the rush to publish the book, and he also argued that the book in question was meant for the general
public rather than being a scientific publication, and that the figure was meant only to illustrate a very
well established principle of early embryonic similarity. The error was rectified in the very next edition.
Somewhat similar, but far more tenuous, charges were also made with regard to various other figures of
embryos in his popular science books. It is worth noting that no such charge was ever made about any
figure in his technical scientific writings.
The charges of racism and having been an intellectual forerunner of, and inspiration for, the Nazis are easily
debunked, despite having been repeatedly trumpeted from the mid-twentieth century on, often by influential
writers, such as Stephen Jay Gould, who really should have been more rigorous in examining the evidence.
Ironically, for much of his life, Haeckel was reviled by his enemies for being too liberal in his political
views, too crassly materialistic and atheistic, too anti-war, and too positive in his appreciation of the Jews
in Germany! Indeed, Nazi party intellectuals often explicitly ruled out any contribution of Haeckel’s Darwinian and rational materialism to their own theories of racist biology. Consider the following quote from
an article entitled ‘Biology and Nazism’ by Günther Hecht, zoologist and oﬃcial in the Nazi Party’s Racial
Politics Division: “The common position of materialistic monism is philosophically rejected completely by
the racial-biological view of Nazism...more generally, every internal party dispute that involves the particulars of research and the teachings of Haeckel must cease”. Even the often repeated canard that Haeckel
became a member of the extreme right-wing, Bavaria-based, proto-Nazi, Thule Society in 1918 (one year
before his death at the age of 85) is utterly false. First, by that time Haeckel was an invalid, pretty much
restricted to his house in Jena. Second, Rudolf von Sebottendorﬀ, the founder of the Thule Society, explicitly mentions that the Ernst Haeckel who was a member of the society is not be confused with Prof. Ernst
Haeckel of Jena.
Contd.
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Box 1. Contd.
On racism, of course, Haeckel, in common with almost all European biologists of his era, was racist by
present standards, as also a believer in eugenics in some form. However, like Darwin, Haeckel was considerably less racist than the average for that time. Although Darwin’s views have been widely recognized to
be relatively liberal for his time, though clearly racist by present standards, the same courtesy has, inexplicably, not been extended to Haeckel, and some critics have even twisted or completely misinterpreted his
written statements to support their charge. One striking example of this is the statement by some critics that
Haeckel’s writings about the likelihood of more primitive human groups going extinct in competition with
more technologically advanced Europeans (very similar concerns were also expressed by Darwin, without
similar criticism) represent nothing less than his calling for the extermination of inferior races!
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