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Abstract
Nearly 150 years ago, Ernst Haeckel published a three volume monograph on the calcareous sponges. These volumes con-
tained the results of his extensive investigation of the anatomy, reproduction, and development of these marine invertebrate 
organisms. This paper discusses how Haeckel’s contribution to spongiology was so distinct from that of earlier writers on 
the natural history of sponges, by focusing on his “philosophy of sponges.” This included “an analytic” proof of Darwin’s 
theory of descent, an argument for the monophyletic origin of the Metazoa from an ancient sponge-like embryo (the “gastraea 
theory”), and proof of the philosophy of monism that humans are no different than lowly sponges in their perfectly natural 
and material origins according to the laws of ontogeny in a universe devoid of supernatural beings or purpose. Haeckel was a 
philosopher using the methods of natural science. He was also a gifted artist—as his illustrations attest—and like most artists 
he disliked criticism of his creations, including his theoretical work. His observations and speculations regarding sponges 
(and certainly his more philosophical conclusions drawn therefrom) were and continue to be criticized, but as a review of 
the current literature shows, Haeckel’s imprint on sponge biology is still very evident.
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Introduction

In 1872, Ernst Haeckel published an extensive three vol-
ume monograph on calcareous sponges, a group of marine 
sponges whose internal skeleton consists of a network of 
needles (spiculae) composed of calcium carbonate. The first 
volume, Biologie der Kalkschwämme, was devoted to their 
anatomy, physiology, reproduction, development, and dis-
tribution; the second, System der Kalkschwämme, attempted 
a systematic classification or taxonomy of all known 

species of calcareous sponges; and the third, Atlas der 
Kalkschwämme, contained 60 plates of illustrations depict-
ing exterior gross morphology, internal canal systems, and 
finer details of the various cell types, spiculae morphology, 
and their arrangement into a supporting skeleton, all drawn 
with great artistic talent by Haeckel himself. But perhaps 
most remarkable about this monograph is the fourth and 
final section of the first volume, strikingly titled “Philoso-
phie der Kalkschwämme.” A philosophy of sponges? What 
on earth could that mean? one wonders. That the phrase 
sounds odd to our modern ears is probably an anachronism, 
habituated as we are to associate philosophy with the high-
minded contemplation of abstract and ethereal concepts like 
beauty, truth, and justice, when in fact it is still relatively 
recent since philosophy and science have grown quite sepa-
rate as professional disciplines. (One need only to recall that 
in the nineteenth century science was still commonly known 
as “natural philosophy.”)

Nevertheless, one could still be excused for thinking that 
a discussion of the “philosophy of sponges” is a bit unusual 
or out of place in a technical treatise intended for a rather 
narrow and specialized audience of professional zoologists. 
Indeed, it is my intention here to explain why Haeckel’s 
discussion of the philosophy of sponges is remarkable, and 

This article is a contribution to the Special Issue Ernst Haeckel 
(1834–1919): The German Darwin and his impact on modern 
biology—Guest Editors: U. Hossfeld, G. S. Levit, U. Kutschera.

To the natural philosopher there is no natural object unimportant 
or trifling. From the least of nature’s works he may learn the 
greatest lessons. The fall of an apple to the ground may raise his 
thoughts to the laws which govern the revolutions of the planets in 
their orbits. John Herschel section 9 Preliminary Discourse on the 
Study of Natural Philosophy (1830).
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how it is emblematic of both the genius and the daring (some 
might say rashness) that made Haeckel simultaneously an 
inspirational and a controversial figure. It was in Die Kalk-
schwämme that Haeckel first introduced the Gastraea theory, 
his argument for the monophyletic origin of all multicellular 
animals or Metazoa–including humans—from a sack-shaped 
diploblastic ancestor similar to the gastrula stage found in 
embryos of representatives of all the major animal phyla, 
and it is here too that the idea that “ontogeny is a short and 
brief recapitulation of phylogeny” was branded by Haeckel 
the “fundamental biogenetic law” (biogenetischen Grundge-
setze) (Olsson et al. 2017, 21). These were important ele-
ments in Haeckel’s lifelong mission to do science with big 
philosophical implications, a mission that drove him to write 
about quite technical matters of embryology, anatomy, and 
evolution for a much broader audience beyond that of his 
professional scientific peers.

Haeckel’s ability to look at a group of rather small and 
seemingly unremarkable sponges and see implications of 
great scientific and philosophical significance evokes the 
opening line of William Blake’s poem Auguries of Inno-
cence: “To see the world in a grain of sand.” Like Blake’s 
poem, with what Wikipedia describes as its paradoxical 
juxtaposition of innocence with evil and corruption,1 Hae-
ckel has become iconic of the fine line separating scientific 
and artistic genius from over-zealous romanticism. Robert 
J. Richards in his excellent study of Haeckel’s life and work 
attributes Haeckel’s negative reputation to his success as 
a science popularizer (Richards 2008, 213). Richards has 
done much to rehabilitate Haeckel’s scientific reputation, 
yet even he concludes that “The sustained hostile reaction to 
Haeckel over the years has stemmed, I believe, from his pas-
sionately driven personality and the reckless abandon with 
which he pursued his Darwinian modernist convictions” 
(Richards 2008, 453). Haeckel’s study of sponges reveals 
both his passion and energy for empirical research and his 
philosophical vision and imaginativeness. It also reveals 
perhaps a bit of the recklessness mentioned by Richards; 
for Haeckel’s ability to spin an entire philosophy about the 
nature of humanity and the cosmos from the spongy mate-
rial of lowly marine organisms is emblematic of his genius. 
Haeckel was essentially a philosophical zoologist or, that is 
to say, a philosopher using the methods of science to answer 
the big questions that spurred him to investigate and to write 
so feverishly. He refused to be bound by narrow professional 
disciplinary norms in his pursuit of answers to essentially 
philosophical questions about the nature of humankind and 
the universe in which we find ourselves. With analogy to his 
famed ability to see with one eye through the microscope 

and the other on the page on which he drew his specimen, 
Haeckel always had one eye focused on the big questions 
while the other observed a concrete reality before him.

Haeckel was also a talented artist—as both his profes-
sional and more popular biological illustrations plainly dem-
onstrate—and like any artist he was protective of his crea-
tions, whether they were visual in nature or theoretical. This 
too, I believe, helps us to understand his complex attitudes 
toward observational fact and theoretical insight.

Earlier studies of sponges

Historically sponges have been a source of great perplexity 
for naturalists. Some regarded them as plants, on account of 
their sessile nature and in some case their plant-like shape. 
Aristotle noted that some observers claimed they exhibited 
an animal-like ability to contract in response to external 
stimuli.2 Naturalists like Linnaeus, Lamarck, and Cuvier in 
the eighteenth and early nineteenth centuries grouped them 
with the corals, sea anemones, and medusae (“jellyfish”) 
among the Zoophyta—those polyploid organisms whose 
natures were somehow midway between the two major king-
doms (Brusca and Brusca 2003, 180). Proper understanding 
of their animal nature is generally credited to the efforts of 
Robert Grant, who was a student of Lamarck and a mentor 
to the young Charles Darwin when he was a medical student 
in Edinburgh.3

Sponges are today generally regarded as multicellular 
animals, but of a distinct kind, because they lack true spe-
cialized tissues and possess no organs, no nervous system, 
no true musculature, no blood or circulatory system, nor 
any stomach or digestive system, relying on a unique aquif-
erous system for obtaining food and disposing of wastes. 
They are sessile filter feeders found in both fresh water and 
marine environments.4 By means of the beating activity of 
internal flagella-bearing cells called choanocytes, water is 
drawn through the many small pores (ostia) dotting the outer 
dermal layer of the sponge into the internal channels and 
eventually expelled through larger openings called oscula. 
Digestion of small plankton and other organic particles 
occurs intracellularly in the choanocytes and other amoe-
bocyte cells that line the canals and chambers internal to 
the sponge body. Digestion occurs therefore as it does in 

1  “Auguries of Innocence”, Wikipedia [https​://en.wikip​edia.org/wiki/
Augur​ies_of_Innoc​ence] accessed July 18, 2018.

2  Sponges are in fact able to respond to external stimuli in subtle 
but observable ways, for instance, by closing their pores upon being 
touched (Brusca and Brusca 194–196).
3  See (Stott 2003) for an account of Darwin’s initiation into marine 
invertebrate biology under the tutelage of Grant, the “sponge doctor.”
4  With the exception of members of the family Cladorhizidae, which 
trap and envelop their prey with tentacle-like structures (Brusca and 
Brusca 2003, 194–195).

https://en.wikipedia.org/wiki/Auguries_of_Innocence
https://en.wikipedia.org/wiki/Auguries_of_Innocence
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the unicellular amoebae and other protozoans, but may be 
shared among neighboring cells of the sponge. The sponge 
body consists of two cell layers: an outer pinacoderm and an 
inner choanoderm, between which is a middle mesohyl com-
posed of non-cellular collagen fibers, spicules, and a variety 
of motile cell types responsible for reproduction, digestion, 
and spicule formation. From a histological perspective, 
sponges appear similar to a colony of unicellular protozoa 
consisting of totipotent amoeboid and flagellated forms 
(Pechenik 1991, 63; Brusca and Brusca 2003, 182–183). 
Upon mechanical disaggregation, the individual cells of a 
sponge will crawl about and reaggregate to form smaller 
sponge bodies (Brusca and Brusca 2003, 191). They are thus 
said to exhibit a cellular grade of construction as opposed to 
the Metazoa that develop germ layers during embryogenesis 
from which specialized tissues and organs are created. It is 
for this reason that some biologists still classify them as 
Parazoa (as T. H. Huxley did in 1875), keeping them sepa-
rate from the tissue-forming animals or Eumetazoa.

Sponges are generally divided into three (sometimes 
more) classes on the basis of the composition and morphol-
ogy of the spicules and/or collagen fibers comprising the 
internal skeleton: Hexactinellida (glass sponges with skel-
etons composed of silicate spicules), Demospongiae (skel-
etons composed of soft spongin fibers, silicate needles, or 
both), and Calcarea with skeletons composed of calcite, a 
form of calcium carbonate (Brusca and Brusca 2003, 182). 
The Calcarea are typically small in size (less than 10 cm in 
height) and limited to shallow waters (less than 100 meters) 
in temperate regions (Brusca and Brusca 1990, 202–203).

In his historical introduction to the study of the calcare-
ous sponges, Haeckel (1872, I, 3–37) discusses the work of 
Robert Grant (1793–1874), George Johnston (1797–1855), 
J. S. Bowerbank (1797–1877), Nathaniel Lieberkühn 
(1822–1867), Oscar Schmidt (1823–1886), Albert von Köl-
liker (1817–1905), Henry James-Clark (1826–1873), Henry 
John Carter (1813–1895), and his own student Nicolaus 
Miklucho-Maclay (1846–1888). In a series of papers in the 
1820s Grant provided solid evidence of the animal nature 
of sponges (Grant 1825, 1826a, b, c, d, 1827). Using newly 
improved microscopes, Grant discovered the small pores that 
dot the sponge body through which they draw water and with 
it food and oxygen. In reference to these small pores, Grant 
devised the name Porifera for the group as a whole. He also 
observed the ova cells and ciliated embryos (planulae) as 
they emerged through the larger excurrent pores (oscula) to 
swim about freely in the water. Grant divided the sponges 
with reference to the composition of the spiculae into three 
main classes: horny sponges, siliceous sponges, calcareous 
sponges.

Johnston and Bowerbank (1858, 1862a, b) are chiefly 
credited by Haeckel with describing the grosser anatomical 
features of various British sponges and the details of the 

spiculae of which their skeletons are composed. Lieberkühn 
described in the 1850s and 1860s the flagellated cells of the 
internal canals responsible for creating the inward current 
and the fertilization of the ovum cell by a sperm cell. Hae-
ckel credits Schmidt for being the first to do proper com-
parative anatomical investigations of sponges and to apply 
the theory of descent to his investigations carried out in 
the in 1860s (Schmidt avoided the Calcarea in recognition 
of Haeckel’s own concurrent research). Haeckel approves 
of Schmidt’s identification of a sponge individual with a 
mass of material surrounding an osculum, so that a sponge 
exhibiting several oscula would count as a colony (or corm 
in Haeckel’s terminology) of sponge individuals. Kölliker 
paid close attention to the cellular and histological nature of 
sponges and believed they belonged with the protozoa. Like-
wise, James-Clark (1867) believed sponges to be colonies of 
individual choanoflagellate protozoans, each of which pos-
sess a single long flagellum surrounded by a collar of pro-
toplasm strongly reminiscent of the flagellated sponge cho-
anocytes. Carter (1848) also considered the sponges to be 
protozoan colonies, although of rhizopods or amoebae, and 
therefore not directly related to the multicellular animals.

Miklucho-Maclay accompanied Haeckel in 1867 to the 
Canary Islands where he discovered a new species of Cal-
careous sponge that he named Guancha blanca (Miklucho-
Maclay 1868). This was a colonial form of sponge remark-
able for its polymorphosis, i.e., its variability of form 
spanning what appeared to be distinct species and even, 
according to Haeckel, distinct genera.5 [see Fig. 1] Haeckel 
would rename this species Ascetta blanca under his own 
system of taxonomic nomenclature which he intended to be 
more logically coherent and precise than previous attempts. 
Miklucho-Maclay and Haeckel believed that in G. blanca 
water was both drawn in and expelled through the larger 
osculum, on account of which they referred to it as a “mouth 
opening” leading into a central “stomach” cavity, in analogy 
with the Coelenterata (e.g., corals, sea anemones, jellyfish).6 
As a matter of fact, Haeckel would claim this similarity of 
organization to be homologous and therefore of momentous 

5  Haeckel distinguished polymorphosis from polymorphism (the 
occurrence of differentiated and specialized forms of organs and per-
sons within a single individual organism or colony of organisms, e.g., 
the siphonophorae, which arises through a division of labor among 
the parts). By polymorphosis, Haeckel referred to the great variability 
of morphology of outer form observed among individuals of one and 
the same species, or a polymorphism without any division of labor 
(Haeckel 1872, 480). This is more frequently today called phenotypic 
plasticity.
6  Rudolf Leuckart in 1847 introduced the term Coelenterata to 
denote invertebrate animals with a single opening into the gastrovas-
cular cavity functioning as both mouth and anus. Haeckel preferred 
the older term Zoophyta and for the purposes of this paper the two 
will be used interchangably.
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phylogenetic significance. Other spongiologists, however, 
disputed this and today there is consensus that in all sponges, 
water is taken in exclusively through the smaller ostia and 
expelled through the osculum.7

Two senses of “philosophy”

In Die Kalkschwämme and other related writings of the same 
period Haeckel employs the term “philosophy” (Philoso-
phie in German) in two distinct senses: i) with respect to 
the methodology to be followed in the empirical study of 
sponges and the logical interpretation of the results and ii) 
in reference to the broader implications of the results of the 
study for questions of a more general and theoretical scope, 
for instance, the nature of species generally, the reconstruc-
tion of the phylogenetic tree of genealogical relations among 
all the members of the animal kingdom, including the ori-
gins and nature of the human species itself, and the philo-
sophical implications for understanding humanity’s place 
in the universe.

Philosophy as methodology

In the first of his publications recounting his observations 
and experiments on the anatomy and physiology of the 
sponges, Robert Grant wrote,

the philosophy of the sponge, the immutable founda-
tions on which scientific discriminations of the species 
ought to rest, the minute investigation of the mecha-
nism, the composition, and the uses of all the parts 
of this animal, and of the extraordinary phenomena it 
exhibits in the living state,—its mode of growth,—its 
kind of food,—its habits and diseases,—the means 
of cultivating an animal, which has so long rendered 
important services to mankind,—its mode of propa-
gating the species, and extending them over the globe, 
and the great purposes which it is destined to fulfil in 
the universe, have remained where Aristotle left them. 
(Grant 1825, 99)

In a similar vein Haeckel discussed in the second chap-
ter (the “methodological introduction”) of the first volume 
(Biologie der Kalkschwämme) the method of philosophical 
investigation, in addition to the method of empirical investi-
gation (with separate sections pertaining to the investigation 
of both the living and dead condition of specimens), and the 
method of systematic classification.

Haeckel begins his section on the “method of philosophi-
cal investigation” with a quote from his former professor and 
mentor, Johannes Müller (1801–1858).

The most important truths in science are not found 
through dissection of philosophical concepts alone, nor 
through naked or raw experiences, but rather through 
an intellectual experience, which is essentially distinct 
from a chance one, and through it fundamental prin-
ciples are found that lead to many more experiences. 
This is more than a simple experience, if one wishes, 
it may be called a philosophical experience.8 (Haeckel 
1872 1, 63)

Haeckel proclaims this recognition of the essential inter-
action between empirical observation (Empirie) and philoso-
phy, between experience (Erfahrung) and perception (Erk-
enntniss), between observation (Beobachtung) and reflection 
(Reflexion), to be fundamental to all mature scientific inves-
tigation. This was intended to be a middle path between the 
excesses of the speculative Naturphilosophie of the eight-
eenth and early nineteenth centuries and the too restrictively 
empirical approach limited to simple description by which 
it had been replaced, (an approach typically described as 
Baconian inductivism in the English-speaking world). Hae-
ckel railed against what he called the ruling empiricism of 
his time (der herrschende Empirismus), the tendency for 
researchers to publish mere catalogues of facts and obser-
vations without any theoretical or “philosophical” guidance 
nor any attempt to draw from them broader hypotheses or 
theoretical framework for further investigation. The mass 
of facts piled up by zoologists were, he believed, in need of 
some organization and interpretation in order to attain the 
proper status of science. This was not only the method of 
Müller in anatomy and physiology, but also of Karl Ernst 
von Baer (1792–1876) in embryology and of Darwin on the 
question of species and of biology more generally (Haeckel 

Fig. 1   Development of a calcareous sponge (Olynthus). From Hae-
ckel (1876) frontispiece. 1 egg cell, 2 egg cell after cleavage, 3 mor-
ula, 4 planula, 5–6 gastrula, 7–8 juvenile ascula (Olynthus), 9 adult 
Olynthus, 10 Ascometra primordialis a social corm consisting of sev-
eral ‘artificial’ species (cp. G. blanca Miklucho-Maclay), the simplest 
flute-shaped forms on right; more complicated (anastomosed) forms 
in the middle. Figure 9 is adapted from Haeckel (1872), III, Tafel I, 
Fig. 1. Figure 10 originally appeared in Haeckel (1872), III, Tafel II 
as Fig. 17

◂

8  Translations are my own unless otherwise noted. Haeckel speaks 
here of experience (Erfahrung) rather than observation (Beobach-
tung), but modern philosophical discussions of epistemology in Eng-
lish typically draw the distinction between observation and theory or 
sensation and thought. At first glance Haeckel seems to be making 
the Kantian claim that there is no perception without conception or 
that all observation is theory-laden; but in reality, he does not seem 
to be denying the possibility of pure observations (blosses Erfahren) 
but that science requires the conscious and therefore voluntary intel-
lectual reflection upon pure observations.7  Ironically, osculum is Latin for “little mouth.”
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1872, I, 65). Science, he insisted, involves the assimilation 
of empirical analysis and induction (i.e., careful, precise 
observation) with the intellectual activities of synthesis and 
deduction (careful reasoning and inference). To quote Goe-
the, as he often did, “Only the two together, like inhaling and 
exhaling, makes for the life of Science” (ibid., 66).

Haeckel was making it clear that his monograph on 
sponges was not going to be a dry descriptive catalogue of 
facts about the shapes and sizes of the specimens in his col-
lection. He was not interested in doing traditional natural 
history but natural science or wissenschaftliche Zoologie, 
i.e., he intended to situate the empirical facts within a theo-
retical framework of causal laws that would provide a sci-
entific explanation of those facts.9

Haeckel then went on to explain how this approach had 
led him to the subject of the fourth section—the “Philos-
ophie der Kalkschwämme”—where he described a new 
approach to solving “the problem of the origin of species,” 
one he referred to as an “analytical solution” in contrast to 
all earlier “synthetic” attempts, such as had been offered 
by Lamarck, Darwin, and Haeckel himself in his earlier 
Generelle Morphologie (1866) and Natürliche Schöpfungs-
geschichte (1868).

The section on “The Philosophy of the Calcareous 
Sponges” consists of two separate chapters: chap. 7 “The 
place of the calcareous sponges in the animal kingdom”, and 
chap. 8 “The calcareous sponges and the theory of descent.” 
In these chapters Haeckel makes two chief theoretical claims 
of great import for the theory of evolution or “Descendenz-
Theorie.” One is that the calcareous sponges demonstrate the 
truth of the species transmutation thesis, that species change 
over time and as a consequence species that appear to be 
closely related are in fact related by a history of genealogi-
cal descent from some common ancestor. The other is that 
all the tissue-forming animals or Metazoa share a common 
descent from a sponge-like ancestor. The first, what Hae-
ckel called his analytic solution to the species problem, is 
immediately specific to the Calcispongiae; the other, which 
involves his gastraea theory, has more general significance 
beyond the taxonomy of the Metazoa, for human origins and 
as a purported proof of his philosophy of monism.

Haeckel’s “analytic” proof of Darwin’s theory 
of species transmutation

Haeckel began the foreword of his sponge monograph by 
explaining that his objective was to provide an “analytic 
proof” of the common descent of all the species of an 
entire group of organisms (Haeckel 1872, I, xi). “One could 
describe this way of proof,” he wrote, “as ‘the analytic solu-
tion of the problems of the origin of species’, in contrast to 
the synthetic solution, which Lamarck attempted in 1809 
in his admirable Philosophie Zoologique, and then a half 
century later was carried out brilliantly by Darwin with his 
On the Origin of Species” (ibid.).

In an earlier letter to Darwin (dated Dec. 21, 1871) Hae-
ckel wrote: “I have now attempted to treat the whole ques-
tion not synthetically—as earlier—but rather analytically, 
and to prove through a single immensity of facts the com-
mon origin of a whole group of species.”10 By describing 
the approach as “analytic” Haeckel meant a concentrated 
empirical investigation of a specific group rather than the 
more abstractly theoretical and general discussion he had 
provided in his Generelle Morphologie, Natürliche Schöp-
fungsgeschichte, or Darwin had in the Origin of Species.11

The Calcareous sponge monograph would therefore pro-
vide a precise and concentrated empirical analysis of one 
particular group, supporting the inference that all the mem-
bers of that group are descended from one original stem-
form ancestor. This it seems was intended by Haeckel to 
provide a definitive response to Heinrich Bronn’s criticism 
that Darwin had in the Origin only shown his theory of 
descent with modification to be a possibility, but had failed 
to demonstrate it as a positive fact (Richards 2008, 256).12

As Haeckel explained in a later edition of the Natürliche 
Schöpfungsgeschichte: “They [the critics and opponents to 
Darwin] demand…that the descent of species from com-
mon ancestral forms shall be proved in a particular case; 
that, in contradistinction to the synthetic proofs adduced for 
the Descent Theory, the analytic proof of the genealogical 
continuity of the several species shall be brought forward” 
(Haeckel 1876, xv). Later Haeckel wrote of the monograph 
on the Kalkschwämme:

Here, I think, I have given an analytic solution of 
the problem of the origin of species, and so met the 
demand of certain opponents of evolution for an actual 
instance of descent from a stem-form. Those who are 

10  Darwin Correspondence Project, “Letter no. 8114,” accessed on 8 
April 2018, http://www.darwi​nproj​ect.ac.uk/DCP-LETT-8114.
11  I draw out this point because ‘analytic’ means something quite dif-
ferent in the context of Kantian philosophy.
12  Bronn (1800–1862) had made this criticism in the final chapter of 
his translation of The Origin of Species, see Bronn (1860).

9  Nyhart (1995) and Gliboff (2008) discuss the emphasis on wis-
senschaftliche Zoologie in the German context of the 18th and 19th 
centuries, indicated in part by the move of instruction in zoology out 
of the medical faculties into the philosophical faculty and its gradual 
recognition as an autonomous Wissenschaft in its own right. Haeckel 
was himself appointed the first full professor of zoology, and in the 
philosophical faculty, at the University of Jena in 1865.

http://www.darwinproject.ac.uk/DCP-LETT-8114
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not satisfied with the synthetic proofs of the theory of 
evolution which are provided by comparative anatomy, 
embryology, paleontology, dysteleology, chorology 
[biogeography], and classification may try to refute 
the analytic proof given in my treatise on the sponge, 
the outcome of five years of assiduous study. I repeat: 
It is now impossible to oppose evolution on the ground 
that we have no convincing example of the descent of 
all the species of a group from a common ancestor. 
(Haeckel 1906, 34) (italics mine)

Haeckel’s approach for providing this analytic proof 
included the inspection of the morphology of adult sponges 
and the ontogeny of embryonal and larval morphology.

Haeckel explained that he chose the calcareous sponges 
as the subject matter for this analytic approach to the species 
problem for the following four reasons: (1) The sponges pos-
sess a relatively simple organization compared to the other 
animal phyla (the worms, echinoderms, molluscs, and ver-
tebrates all possess a body cavity and organ systems), and 
the calcareous of all the sponges include some of the very 
simplest forms; (2) the relationship between the morphologi-
cal and physiological relations (form and function) is not so 
complicated that they are not adequately described; (3) they 
exhibit a remarkable variability of form (polymorphosis) 
that demonstrates how fluid and inconstant the notion of a 
species is among them; (4) they comprise a relatively small 
group in number of species and would therefore allow him—
with assistance from the worldwide scientific community of 
sponge collectors—to investigate the entire group as a whole 
(Haeckel 1872, I, xii–xiii). The calcareous sponges would 
also turn out to have been a fortuitous choice because they 
provided the clearest and simplest example of development 
from what he insisted were two primary germ layers analo-
gous and homologous to those in the other major animal 
phyla, and this made them ideal for tracing the stem history 
of the whole group of sponges and the Metazoa.

On account of the extreme variability of form in the 
sponges Haeckel announced that there are in the group no 
“bona species” or truly sharply delimited species as under-
stood by traditional systematists (Haeckel 1872, I, xii, 354). 
The sponges he insisted were so highly plastic and adaptable 
to their local environments that it was impossible to draw 
rigid and clearly defined boundaries around various groups, 
one could at best devise a multitude of artificial systems 
premised upon different choices about which characters to 
use as species definitive, and even then the polymorphism 
(i.e., phenotypic plasticity) within those characters frustrated 
efforts to definitively place each and every specimen in one 
species box rather than another. One could identify 21 gen-
era with 111 species, 39 genera with 289 species; 43 genera 
with 381 species; 113 genera and 590 species; or 3 genera 
and 21 species, or even 1 genus and 1 species according to 

how one wished to mark characters (ibid., 477). Because 
there were no “good species” within these sponges, there 
was no one uniquely correct taxonomy for them. This he 
argued could only be explained by the descendence theory, 
and therefore, the only natural system was a genealogical 
one that attempted to identify as best as possible the correct 
relations of descent among the apparent “bad” species.

Of special importance in this regard was Miklucho-
Maclay’s colonial or “social” sponge, Guancha blanca 
(renamed Ascetta blanca by Haeckel), because it seemed to 
reveal distinct species and even genera all growing together 
from one common root or point of attachment to the sub-
strate.13 It revealed he said species “in statu nascenti,” in the 
process of being born (Haeckel 1872, I, 36). The simplest 
form of calcareous sponge Haeckel dubbed the Olynthus, 
a cylindrical tube with a single large osculum (“mouth”) 
leading into a “stomach cavity” (ibid., 34) [see Fig. 1, fig. 9].

Haeckel identified three families of calcispongia based 
on main types of adult morphology: asconoid (a simple sack 
or tube shape with one major osculum, the Olynthus form), 
syconoid (body folded into distinct pouches each containing 
a chamber of choanocytes), and leuconoid (a more compli-
cated subdivision of the interior into multiple choanocyte 
chambers connected by a system of internal canals). The 
occurrence of the ascon or Olynthus form in the juvenile 
stage of all three classes of calcareous sponge Haeckel inter-
preted as evidence that it is the original ancestral form from 
which all the others have evolved. Haeckel proposed a series 
of evolutionary forms, beginning with the Prosycum—a sim-
ple sack-shaped sponge consisting simply of a “stomach” 
and “mouth” lacking pores or spiculae, followed by the 
Olynthus—a simple sponge with mouth and stomach but 
whose body wall is perforated with small pores and with 
spiculae in the exoderm (Haeckel 1872, II, 216).

Previous to completion of the Kalkschwämme mono-
graph, Haeckel published an article (Haeckel 1870a; Eng-
lish translation Haeckel 1870b) in which he discussed the 
evidence for a close genealogical relationship between the 
sponges and the corals (and other acalephs or zoophytes). 
Despite the obvious difference that sponges lack the tenta-
cles and stinging cells (cnidocysts) characteristic of corals 
and other cnidaria, Haeckel pointed to the following evi-
dence of their close relationship: (1) the morphological and 
physiological analogy between simple sponges like the flute-
shaped G. blanca and the body of a coral, namely that both, 
according to Haeckel, possess a mouth leading into and out 
of a digestive cavity (this was why Miklucho-Maclay and 

13  Haeckel (1872, II, 38). G. blanca is now accepted as Clathrina 
Gray, 1867 according to the World Porifera database. http://www.
marin​espec​ies.org/porif​era/porif​era.php?p=taxde​tails​&id=19273​
4#sourc​es. Accessed Aug. 10 2018.

http://www.marinespecies.org/porifera/porifera.php%3fp%3dtaxdetails%26id%3d192734#sources
http://www.marinespecies.org/porifera/porifera.php%3fp%3dtaxdetails%26id%3d192734#sources
http://www.marinespecies.org/porifera/porifera.php%3fp%3dtaxdetails%26id%3d192734#sources
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Haeckel’s claim that the apical osculum of this particular 
sponge had both an incurrent and excurrent function was so 
significant); (2) sponges and corals are both composed of 
two layers (exoderm and endoderm) each a single cell thick, 
while the “higher” animal phyla all have a third middle cell 
layer or mesoderm; (3) a similarity of embryogenic events in 
both groups, in particular the events leading to the formation 
of what Haeckel called the gastrula stage.

The gastrula denoted a stage in the development of the 
free-swimming sponge larva, at which point the cleavage 
cells derived from a fertilized ova arrange themselves into a 
tiny egg-shaped body consisting of two cell layers (an outer 
ciliated layer and an inner non-ciliated) enclosing an internal 
cavity with an opening at one end. Haeckel initially believed 
the gastrula was created from the earlier morula stage when 
a central fluid-filled cavity eventually burst through at one 
end to create the mouth-osculum opening (Haeckel 1872, 
I, 336). Later he would identify invagination of the single-
layered blastula at one end as the primary and original form 
of gastrulation. [see Fig. 2] The simplest sponges he sug-
gested retained the basic gastrula form throughout their adult 
lives only adding the features of incurrent pores (ostia) and 
spicule formation. This was the Olynthus form. [see Fig. 1]

By claiming that the process of gastrulation in sponge 
larvae was homologous with similar events in the embryo-
genesis of the other animal phyla, Haeckel created a wide-
sweeping argument for the monophyletic origin of all 
the metazoa. In accordance with the biogenetic principle 
(“ontogeny recapitulates phylogeny”), he would argue that 
the gastrula stage in animal embryogenesis was a conserved 
recapitulation of the earliest and most primitive multicel-
lular animal, a stem-ancestor which he called the gastraea 
(Haeckel 1872, I, 345, 347, 466–467).

The Gastraea theory—an 
empirical‑philosophical argument 
for the monophyletic origin of the Metazoa

Key to Haeckel’s gastraea theory was the supposition that 
the internal cavity of the sponge gastrula was analogous 
(and homologous) in rudimentary form to the gastrovascu-
lar cavity of the coral polyp and other zoophytes. Indeed, 
Haeckel derived the term “gastrula” from the Greek gastrin, 
meaning belly or gut. Haeckel interpreted the creation of the 
gastrula cavity in the sponges to be a primordial stomach 

(Urdarm in German, progaster in Latin), and the opening 
created by the invagination hole to be the rudiment of a 
mouth (Urmund, prostoma), as it is in the coelenterates or 
zoophytes. This again explains the significance of the claim 
made by Miklucho-Maclay and Haeckel that the sponge G. 
blanca (in its simplest Olynthus form) used its apical oscu-
lum as both inhalant and exhalant cavity (as a mouth and 
anus) in homology with the corals, jellies, and freshwater 
hydra (zoophyta).14

Another important element in the gastraea theory was 
the assumption that the two cell layers in the sponge larva 
created by gastrulation were equivalent to the two primary 
germ layers known in other animal embryos to be responsi-
ble for the development of all the differentiated tissues and 
organs.15 “[T]hese tissues,” he wrote, “always arise from 
the two primary germ-lamellae only which have been trans-
ferred as an inheritance of the Gastraea of all the Metazoa, 
from the simplest sponge up to the man” (Haeckel 1874a, 
150). Insisting on this homology was further evidence in 
Haeckel’s mind for associating the sponges with the other 
two-layered or diploblastic animals.

Haeckel initially believed that in sponges the gastrula 
formed when a solid morula (or planula in the case of 
the free-swimming sponge larva) developed a fluid-filled 
internal cavity (the primordial gut) that eventually broke 
through at one end to form a primordial mouth that would 
eventually become an osculum in the adult sponge. Later he 
would insist gastrulation via invagination of the blastula at 
one end is the original and most significant form (Haeckel 
1875, 159). Pressed in part by divergent observations made 
by others on sponges and other animals (e.g., Metschnikoff 
1875; Schmidt 1876; Schulze 1875), Haeckel (Haeckel 
1877a, 78ff) came to recognize four distinct forms of gas-
trula resulting from distinct processes of gastrulation: the 
archigastrula, amphigastrula, discogastrula, and perigastrula. 
Yet still he insisted the first (the archigastrula formed by 
invagination) to be the original Ur-form, while the others 
represented cenogenetic “falsifications” or alterations of the 
original and simplest palingenetic form that resulted from 
adaptations in the larval or embryonal stage. [See Fig. 2]

The basis for claiming any one gastrula form and pro-
cess of gastrulation to be the original from which the others 

Fig. 2   Three distinct means of gastrulation in holoblastic eggs with 
total cell cleavage. Tafel II from Haeckel (1877b). 1–6 gastrulation by 
invagination in Amphioxus, resulting in an archigastrula (the original 
palingenetic form according to Haeckel). 7–11 gastrulation by invo-
lution in a frog resulting in a cenogenetic amphigastrula. 12–17 gas-
trulation by epiboly (or unequal cell growth) in a mammal (human) 
resulting in an amphigastrula

◂

15  The other animal phyla are all triploblastic, having a middle germ 
layer (mesoderm) derived from either or both the endoderm and exo-
derm. Haeckel was building here on the earlier work of T. H. Huxley, 
Fritz Mueller, Nicolai Kleinenberg, and Alexander Kowalevsky who 
had identified the presence of the germ layers (first described in ver-
tebrates) in jellyfish, crustaceans, hydra and, the amphioxus, respec-
tively. See Hall (1998).

14  Grant (1825a) had similarly spoken of the osculum as a ‘fecal 
pore’ and a ‘mouth,’ without however claiming that the water current 
ever entered through the osculum.
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had evolved, however, was highly subjective and subject to 
much criticism (Nyhart 1995, 191-193). Still, the gastraea 
theory represented the sort of intellectual work that Haeckel 
believed necessary to move research beyond natural history 
to a properly scientific (wissenschaftliche) zoology. As he 
would later explain:

I must lay claim to that liberty of natural philosophical 
speculation (or in other words, intelligent comparison 
of empirical results), without which, in my opinion, 
general biology cannot advance a step forwards. I have 
fully explained my ideas of the right of necessarily 
combining the empirical and philosophical methods in 
my “critical and systematic introduction to the general 
morphology of organisms,” as well as in my systematic 
introduction to the monograph of calcareous sponges. 
(Haeckel 1874b, 153)

In the Generelle Morphologie, he had proclaimed that 
“All natural science is philosophy, and all true philosophy 
is natural science. All true science is natural philosophy” 
(Haeckel 1866, II, 447).16 In the first instance, Haeckel 
meant by philosophy the search for general causal laws—and 
mechanical laws most importantly, those appealing solely to 
the properties of material bodies and processes. This was the 
very basis for his philosophy of monism (about which more 
below). Philosophy for Haeckel also meant the employment 
of theoretical speculation and of hypotheses to interpret 
empirical facts. His gastraea theory involved several other 
key theories and hypotheses, for instance: the theory of the 
germ layers, the biogenetic law and the theory of recapitula-
tion, and of course Darwin’s theory of descent or evolution 
by means of natural selection. But Haeckel was not content 
to stop there. His monism was a direct challenge to the tra-
ditional philosophy of dualism, which was premised on the 
belief that aside from material bodies and material processes 
(to which the natural sciences must be restricted), there also 
exist immaterial minds, souls, a Deity (and his miraculous 
acts), which could only be comprehended through religious 
practice and its system of superstitious beliefs.

The philosophy of sponges: philosophy 
as interpretation of the science’s broader 
implications (proof of the philosophy of monism)

If “philosophy” is taken literally, as “the love of wisdom”, or 
more specifically as contemplation of the questions “What is 
man?,” “Why are we here,?” “What is the meaning of life?,” 

then one might naturally wonder what one can learn about 
these profound and deeply cosmic questions from reflection 
on a simple sponge–“This humble and apparently insig-
nificant being,” as Robert Grant described it (Grant 1825, 
97). Most people’s familiarity with sponges extends little 
further than what was once a common household item—a 
bath sponge—and what could such a mundane and lowly 
object possibly teach us about the question of “Man’s place 
in Nature”?17 A scientific route to answering this question 
became possible after Darwin provided his solution to what 
the astronomer John Herschel had called “that mystery of 
mysteries, the replacement of extinct species by others.” 
Darwin’s suggestion that new species gradually arise from 
existing ones by means of a natural selection of favorable 
subspecies variants as they adapt to changes in local environ-
ments removed the need to appeal to acts of special creation 
on the part of a supernatural being. On the Origin of Species 
(1859) presented a serious challenge to the traditional Bibli-
cal account of “man’s creation,” even though Darwin him-
self would not directly address the implications for humans 
until 1871 with his The Descent of Man, and Selection in 
Relation to Sex. But in the opinion of many of his critics, 
such as the somewhat sympathetic German paleontologist 
Heinrich G. Bronn, while Darwin had made the case for say-
ing that it was a possibility that species could change over 
time and diversify into a branching tree of related types, 
he had not positively shown that they had in fact done so. 
Haeckel, we noted earlier, chose the calcareous sponges spe-
cifically for this purpose. But additionally, by revealing that 
humans, like all other animals, developed by purely natural 
(i.e., mechanical) means from primitive cells (the male and 
female gametes), in recapitulation of the events that pro-
duced our ancient Gastraea ancestor, Haeckel also sought 
to prove the purely natural origin of the human species with-
out intervention from any supernatural deity. In his words: 
“But as the body of the Calcispongiae in the developmental 
stage of the Gastrula already consist of the same two germ-
lamellae which compose the body of man and all the higher 
animals at an early period of embryonic development, we 
must consistently assume the same mechanical development 
for man also” (Haeckel 1873, 430). Haeckel would make an 
extensive case for the wholly natural origin of humankind 
in his popular Anthropogenie (Haeckel 1874c).

So it was, as Mario di Gregorio noted, that the “calcare-
ous sponges…became a real piece of cosmic philosophy, 
in which these apparently insignificant creatures acquired 

16  It is not at all clear that this syllogism is valid (assuming Haeckel 
intended the third line to be a conclusion drawn from the first two), 
but it would seem to follow from this set of statements that ‘All phi-
losophy is science’!.

17  “Die Frage aller Fragen fuer die Menschheit, die Frage von der 
Stellung des Menschen in der Natur” (Haeckel 1872, I, 67). Bath 
sponges are in fact the dead remains of a demosponge, whose skel-
etons consist of a fibrous and “spongy” network of collagen proteins, 
quite unlike that of the sharp flinty spicules of calcareous or siliceous 
sponges.
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universal meaning” (Di Gregorio, 203).18 Haeckel himself 
summarized the significance of his study of the calcareous 
sponges thus: “The most general results furnished by the 
present monograph of the Calcispongiae are of a purely phil-
osophical nature, and may be summed up in the statement 
that the biogeny of the Calcispongiae is a coherent proof of 
the truth of monism” (Haeckel 1873, 430).19

Reaction to Haeckel’s sponge work

Haeckel believed that sponges like Ascetta blanca and 
Ascometra primordialis form colonies including forms 
characteristic of distinct species and even distinct genera 
of sponge. This led him to the conclusion that “The entire 
natural history of the sponges is a coherent and striking 
argument ‘For Darwin’” (Haeckel 1870b, 118), and that 
“In these extremely remarkable and important sponges the 
organic species is to be observed as it were ‘in statu nas-
centi’” (ibid., 119). Sponges are in fact notoriously variable 
and difficult to classify (Brusca and Brusca 2003, 180), but 
it is the opinion of modern spongiologists that the specimens 
of G. blanca and A. primordialis that so impressed Haeckel 
were in fact mixed colonies of separate species grown one 
on the other (Borojevic et al. 2002; Rapp 2006).

Haeckel’s observations and interpretations of sponge 
development were also strongly contested by his contem-
poraries. William Saville Kent’s remarks were not unusual, 
except perhaps in the effort to be charitable, when he wrote 
that,

not only has it been shown that errors do exist [in 
Haeckel’s observations and depictions of the sponge’s 
so-called gastrula], but that these are of such a radi-
cal and fundamental nature that the inference is most 
reluctantly arrived at that Haeckel, carried away in his 
ardent pursuit of the Metazoic archetype, has lost for 
the time his power of discrimination between matters 
of fact and hypothesis, and so evolved from his own 
inner consciousness those details that are wanting to 
complete and perfect his theory. (Kent, 1880-81, I 158)

Kent disputed that the ciliated larva of the sponges ever 
possesses two distinct cell layers comparable to the exoderm 
and endoderm of other animal planulae or embryos, that 
there is a distinct gastric cavity or oral-apical opening, and 
thirdly, he claimed Haeckel had reversed the true anterior 
and posterior poles of the larvae as they are found in nature 
so as to conform to his theory that the opening into the gas-
trula–larva became the mouth–osculum of the adult sponge. 
“Taken altogether,” Kent concluded, “it is clearly evident 
that the so-called sponge-gastrulae, described and figured 
over and over again in Haeckel’s ‘Monograph,’ are an entire 
myth, and that the superstructure of the gastraea theory, so 
far as it rests upon this basis, is entirely worthless” (Kent 
1880–1881, I, 158). Metschnikoff (1875) doled out similar 
(and even more strident) criticism.

But not all reviewers were so unkind. The British geolo-
gist and spongiologist William Johnson Sollas (1849–1936) 
wrote in the Encyclopedia Britannica (9th edition) article 
on sponges that,

However erroneous in detail, Haeckel’s views are con-
firmed in their broad outlines, and it was with true 
insight that he pronounced the Calcarea to offer one 
of the most luminous expositions of the evolutional 
theory. In this single group the development in general 
of the canal system of the sponges is revealed from its 
starting point in the simple Ascon to its almost com-
pleted stage in the Leucon, with a completeness that 
leaves little further to be hoped for, unless it be the 
requisite physiological explanation. (Sollas 1878, 422).

It is also worth mentioning that Haeckel’s work on 
sponges was valued highly enough by the coordinators of 
the massive scientific project on marine organisms resulting 
from the Challenger Expedition (1872–1876) that he was 
one of six naturalists asked to write a report on one of the 
major sponge groups, Haeckel being assigned the deep-sea 
keratosa (Haeckel 1889). Haeckel also wrote the reports on 
the deep-sea medusae (1882), radiolaria (1887), and sipho-
nophorae (1888). It is hard to imagine that he would have 
been asked to make such significant contributions to the 
project if there were serious doubts about the quality of his 
research.

With respect to his interpretation of the events of embryo 
development, critics have, however, suggested the two pri-
mary germ layers may be an adaptation leading to greater 
physiological efficiency and that the distinct modes of gas-
trulation are instances of convergent evolution, not modifi-
cations of one original hereditary form, thereby weakening 
Haeckel’s case for a monophyletic origin of the Metazoa 
on the basis of the occurrence of the gastrula stage in rep-
resentatives of all the major animal phyla (Ereskovsky and 
Dondua 2006). Some dispute that gastrulation, if properly 
understood to mean the formation of the two primary germ 

18  Gliboff (2008, 181) also discusses the broader significance of the 
empirical study of the calcareous sponges for what he called Haeck-
el’s “sponge philosophy”, i.e. his mechanistic monism.
19  This line is from an English translation of an excerpt of Die Kalk-
schwämme. In the original Haeckel wrote “The biogeny of the calcar-
eous sponges is a coherent proof for the truth of Monism” (Haeckel 
1872 I, 483). The final line of the first volume (Biologie der Kalk-
schwämme) says, in reference to the development of the calcareous 
sponges, that “This explains most clearly the high significance of the 
calcispongiae for the monistic philosophy” (Haeckel 1872, 484).
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layers from which the other specialized animal tissues and 
organs eventually develop, occurs in the sponges at all. The 
morphogenetic movements of cells in sponge larvae they 
claim do not result in the formation of true germ layers, and 
sponges do not develop a true gut or differentiated and spe-
cialized digestive organ. Sponges, according to this interpre-
tation, have inherited the capacity for these cell movements 
from earlier unicellular ancestors and true gastrulation in the 
metazoa has not been inherited from any sponge ancestor.20

It has, however, recently been argued “that the present 
interpretation of early metazoan evolution implies that all 
eumetazoans, including man, are descendants of derived 
sponge larva or, more specifically, a larva of a homoscle-
romorph-like ancestor” (Nielsen 2008, 254).21 And simi-
larly, the evolutionary developmental biologist Brian Hall 
has written, “Whether Haeckel’s Gastraea theory was right 
or wrong, it represented a brilliant synthesis of recapitula-
tion, Darwin’s theory of evolution, comparative morphol-
ogy, homology of structures, comparative embryology 
(which had revealed the common embryological plan shared 
by many animals) and subsequently in the discovery that 
these organisms were all constructed on the basis of similar 
(equivalent) germ layers…” (Hall 1992, 61).22

As for Haeckel’s attempt to establish a natural phylogeny 
of the Calcispongiae, one modern reviewer concludes that 
it is “particularly demonstrative of an ideal conception of 
the classification reflecting a biological thinking dominated 
by the pre-eminence of universal laws and logic” (Manuel 
2006, 231).23 Haeckel attempted to devise an entirely logi-
cal system for naming the sponges that would reflect key 
characteristics, e.g., the prefixes ‘Asc-’, ‘Syc-’, and ‘Leuc-’ 
referred to the asconoid, syconoid, and leuconoid organi-
zation, and similarly suffixes, such as ‘-etta’, ‘-illa’, ‘-yssa’ 
indicated combinations of the three spicule morphologies 
(diactine, triactine, tetractine). While this was intended to 

bring clarity and precision to the task of classification it has 
been largely abandoned for a number of reasons (Manuel 
et al. 2002, 1107-1108). “Although coherent and aesthetic, 
Haeckel’s ‘natural system’ of the calcareous sponges was 
soon regarded as unsatisfactory and artificial by other spe-
cialists because it split into remote genera many species 
whose body and skeleton architecture were very similar” 
(Manuel 2006, 231). Klautau et al. (2013), on the other hand, 
report that their molecular analysis largely vindicates Hae-
ckel’s phylogeny of the Calcarea.24

In summary, despite there being some difference of opin-
ion about his ideas (which is not at all surprising or uncom-
mon for science nearly a century and a half old), Haeckel’s 
imprint is still clearly visible on modern sponge biology, as 
evidenced by the continued use of his classification of the 
aquiferous system into the asconoid, syconoid, and leuco-
noid varieties, continued discussion of his interpretation of 
sponge embryology, and the number of species named either 
by him or eponymously for him.25

Conclusions

Haeckel’s efforts to forge a research program around his gas-
traea theory illustrate that a clearly articulated statement of a 
hypothesis can be quite valuable for the progress of scientific 
investigation, especially in times when a glut of empirical 
data exists, needing interpretation and guidance with the 
prioritizing of which experiments to tackle next. Nyhart 
(1995, 183) writes that “The basic elements of the theory 
had the kind of simplicity Haeckel found appealing” and 
as Di Gregorio (2005, 208) observed Haeckel adopted the 
unhealthy practice of looking for evidence that confirmed his 
theories and dismissing evidence that refuted them. “All this 
embodied the whole spirit of Haeckel’s search for perfection, 
featuring as it did empirical research and theoretical biol-
ogy finally united through the humble calcareous sponges” 
(ibid., 212).

Haeckel was never interested in merely doing descrip-
tive empirical science; but neither was he content to be a 
theoretical biologist alone. Haeckel was also—and perhaps 
primarily—concerned to sketch out his monistic philosophy. 
Bob Richards (2008, 454) has suggested that the tragedy of 
Haeckel’s legacy is the result of his having contained two 
souls: “a deeply feeling spirit and the aggressively rational 
mind.” But I would like to propose a slight variation on this 

20  Ereskovsky and Dondua (2006), Ereskovsky (2007) and Nakani-
shi et  al. (2014). Leys and Eerkes-Medrano (2005) offer a contrary 
opinion partially vindicating Haeckel’s account of sponge develop-
ment. Comparative analysis of a draft sequencing of the genome of 
the demosponge Amphimedon queenslandica suggests that sponges 
evolved from an earlier animal ancestor of much greater genetic com-
plexity than previously suspected (Srivastava et al (2010)). See Brei-
dbach (2006) for a historical and critical review of Haeckel’s gastraea 
theory in light of modern scientific evidence.
21  Nielsen proposes that the first step toward eumetazoans occurred 
when the larval stage of a sponge ancestor achieved sexual maturity 
in a process called dissogony, thereby abandoning the sessile lifestyle 
of the adult sponge form (Nielsen 2008), 248–249.
22  For more historical and scientific analysis of the gastraea theory 
and the theory of recapitulation see Hoßfeld and Olsson (2003), Lau-
bichler and Maienschein (2007) and Levit et al. (2015).
23  See Rieppel (2016) for an extensive evaluation of Haeckel’s 
approach to taxonomy as well as the broader philosophical issues 
(e.g., his monism) treated in this paper.

24  Haeckel failed, however, to recognize the widely accepted division 
of the Calcarea into the subclasses Calcinea and Calcoronea, as sug-
gested by Minchin (1896).
25  Klautau et  al (2013) introduce the new genus of sponge in the 
order Clathrinida, named Ernstia. For explanation see Collins (2013).
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thesis: that the two souls struggling within Haeckel’s breast 
were scientific and artistic. As a theoretical biologist Hae-
ckel was guided by a creative vision that he sought to make 
tangible or real (e.g., the reconstruction of the phylogenetic 
tree of life on the basis of the fundamental biogenetic law 
and the gastraea theory), and just like the striking illustra-
tions he created for which he is both famous and infamous, 
he sought not to capture the exact details of the material 
specimens before him but the more abstract and general truth 
or idea to which they pointed.26 But whereas it is acceptable 
for the artist to shield his creation from criticism until it is 
completed and to wish for it eternal appreciation, this is not 
acceptable for a scientist; and it was that struggle within 
Haeckel’s persona that invoked the most severe criticism of 
his scientific work from his peers. And yet even now, one 
hundred years after his passing, it remains difficult to ignore 
his many contributions to science and culture.
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