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�Introduction

The most primitive metazoan animal phylum 
Placozoa presently harbors a single named spe-
cies, the enigmatic Trichoplax adhaerens. In 1883, 
the German zoologist Franz Eilhard Schulze dis-
covered this microscopic marine animal on the 
glass walls of a seawater aquarium at the University 
of Graz, Austria (Schulze 1883). The animal, usu-
ally measuring less than 5 mm in diameter and less 
than 20 μm in thickness, looked like an irregular 
hairy plate sticking to the glass surface (Fig. 5.1) 
and was thus named Trichoplax adhaerens (Greek 
for “sticky hairy plate”) (see Schierwater 2005 for 
historical overview). Recent genetic analysis of 
placozoan specimens from different ocean waters 
around the world, including the Mediterranean 
Sea, revealed the presence of several cryptic spe-
cies (Eitel et  al. 2013), i.e., species, which are 
morphologically cum grano salis undistinguish-
able. The real placozoan biodiversity is estimated 
to include several dozen genetically, developmen-
tally, and ecologically distinguishable species.

In contrast to the “typical” multicellular ani-
mal, Trichoplax does not show anything like an 
oral-aboral axis, nor does the animal possess 
any organs, nerve or muscle cells, basal lamina, 
or extracellular matrix (Schierwater 2013). 
Because of the lack of any axis, placozoans also 
lack any type of symmetry. The defining char-
acteristic that separates placozoans (and any 
other metazoan) from protozoans is the number 
of somatic cell types. In contrast to protozoans, 
which consist of either a single cell or several 
cells of the same somatic cell type, Placozoa 
possess at least five defined somatic cell types: 
lower epithelia cells, upper epithelia cells, 
gland cells, fiber cells, and small potentially 
“omnipotent” cells (Jakob et  al. 2004; Guidi 
et al. 2011). The epithelia cells are arranged in 
a sandwich-like manner, with the lower epithe-
lia and gland cells at the bottom, the upper epi-
thelia cells at the top, the fiber cells in between, 
and the “omnipotent” cells at the margin 
between the upper and lower epithelium 
(Fig. 5.2). Cells of the lower epithelium attach 
the animal to a solid substrate, enable the ani-
mal to crawl (with the aid of cilia) and allow 

feeding. During feeding, the animal lifts up the 
center region of its body to form an external 
digestive cavity between the substrate and lower 
epithelium (see Schierwater 2013 for details). 
Interestingly, the upper epithelium is also capa-
ble of feeding. Algae and other food particles 
are trapped in a slime layer coating the upper 
epithelium and are subsequently taken up 
(phagocytized) by the inner fiber cells; this 
unique mode of feeding is called “transepithe-
lial cytophagy” (Wenderoth 1986). Placozoa 
presumably harbor endosymbiotic bacteria in 
the endoplasmic reticulum of the fiber cells 
(Grell and Benwitz 1971; Eitel et al. 2011). A 
possible role for these endosymbionts in feed-
ing is not yet understood.

In general, very little is known about the 
biology of Placozoa, and almost all current 
knowledge derives from laboratory observa-
tions. Ecological data are limited to records of 
finding Trichoplax on hard substrate surfaces 
from tropical and subtropical marine waters 
around the world (Eitel and Schierwater 2010; 
Eitel et al. 2013).

Fig. 5.1  The placozoan Trichoplax adhaerens, yet the 
only described species of the phylum Placozoa. The flat 
animal, which represents the most simple (not secondarily 
reduced) body plan of all metazoans, is found in tropical, 
subtropical, and certain temperate waters around the world 
((Photograph by Bernd Schierwater) © Bernd Schierwater 
All Rights Reserved)

B. Schierwater and M. Eitel



109

After its original description in 1883, 
Trichoplax attracted particular attention because 
it possibly mirrored the basic and ancestral state 
of metazoan organization. Almost a hundred 
years later, the German zoologist Karl Grell fur-
ther highlighted this view and created the new, 
and monotypic, phylum Placozoa (Grell 1971). 
The phylum name refers to Bütschli’s placula 
hypothesis (Bütschli 1884), which sees a 
placozoan-like animal as the Urmetazoon 
(Schierwater et al. 2010). Although a variety of 
molecular data support the traditional view that 
Placozoa are closest to the very root of metazoan 
origin, quantitative molecular systematics overall 
has created more confusion than resolution yet. 
We believe that eventually Haeckel’s biogenetic 
rule (c.f. Schierwater et al. 2010) will provide the 
answer we are looking for.

For a comprehensive comparative analysis of 
the development of all non-bilaterian and 
some basal bilaterian phyla, however, the recent 
bottleneck is the Placozoa. A lot more work on 
the development of placozoans is needed. Given 
the importance of this enigmatic phylum 
Placozoa, any investment in developmental 
research seems to be justified.

�Sexual Reproduction

Despite more than half a century of research 
efforts, the complete life cycle of Placozoa can 
only be suspected. Most likely, the adult placo-
zoon – after a series of vegetative reproductions – 
becomes sexually mature either as protandrous or 
simultaneous hermaphrodite. If the sperm is 
released into the open water, outcrossing might 
be possible, but in most cases selfing may occur. 
Sexual reproduction has been studied in the labo-
ratory using different placozoan species. 
Experiments have identified specific environ-
mental conditions that are required for the gen-
eration and maturation of oocytes. These include 
high animal density, food scarceness, and tem-
peratures above 23 °C (see Eitel et al. 2011).

�Oogenesis

Female gametocytes (oocytes) are presumably 
produced in the lower epithelium (Grell and 
Benwitz 1974), while maturation and fertiliza-
tion occur somewhere in the center of the body 
(Fig. 5.3). During oocyte maturation, the mother 

Fig. 5.2  Cross section of Trichoplax adhaerens showing 
the sandwich-like organization of the body plan: the cili-
ated upper epithelium, the ciliated lower epithelium, and 
the fiber cells in between. The interior fiber cells form a 
contractile, three-dimensional meshwork. The lower epi-
thelium serves as the nutritive body region with gland 
cells incorporated into the epithelium. The upper epithe-
lium shows no specializations, with the exception of the 

shiny spheres (originally named “Glanzkugeln”). These 
are lipid droplets, which are usually understood as resi-
dues of degenerated epithelial cells. A remarkable and 
exclusive feature of Placozoa is the lack of both an extra-
cellular matrix and a basal lamina. mc marginal cells, ue 
upper epithelium, le lower epithelium, fc contractile 
fiber cell, ss shiny sphere (Modified from Eitel et al. 
(2011))

5  Placozoa
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animal enters the so-called D phase (degenera-
tion phase) in which the upper epithelium lifts 
and the lower epithelium condenses. A key 
feature of this phase is the generation of yolk 
droplets, not only inside but also outside the 
oocyte. The outside yolk droplets accumulate to 
form a large cluster, possibly an energy source 
for the growing embryo while still inside the 
mother organism. To grow, the oocyte incorpo-
rates extensions from nursing fiber cells through 

pores on its surface (Grell and Benwitz 1974, 
1981; Eitel et  al. 2011). In the maturation pro-
cess, specific granules are formed throughout the 
oocyte. These structures of unknown material 
look strikingly similar to – and likely resemble – 
cortical granules known from other marine inver-
tebrates. During maturation, these granules 
increase in number and are transported toward 
the oocyte’s surface. In addition to yolk droplets 
and cortical granules, the oocyte stores lipid 

A B C

D

G H J K

E F

Fig. 5.3  Oogenesis and early embryonic development in 
the undescribed Placozoa sp. H2. Shown are light micros-
copy (A, B, F–H), transmission electron microscopy (C–
E), and fluorescence microscopy (J, K) images of oocytes 
and embryos. (A) An oocyte with a large nucleus grows in 
a flat animal without any signs of degeneration. (B) 
Accompanied by the generation of yolk droplets, the ani-
mal enters the degeneration phase after 5–6 weeks. (C) By 
incorporating extensions from fiber cells through pores, 
the oocyte grows. (D) After fertilization, the “fertilization 
membrane” is built around the zygote. This protective egg 
shell drives from the fusion of cortex granules in the mar-
gin of the oocyte. It has a characteristic two-layered 

appearance in early stages. (E) Later embryo with three-
layered egg shell. (F) By lifting the upper and condensing 
the lower epithelium, the mother animal rounds up and 
builds a “brood chamber” for the embryo. (G–K) The first 
and all later cleavages are total-equal. Fluorescence 
microscopy (DAPI in J and propidium iodide in K) is 
used to count nuclei and chromosomes in embryos 
(arrows in J and K, respectively). n nucleus, o oocyte, yo 
yolk outside oocyte, yi yolk inside oocyte, fc fiber cells, ex 
fiber cell extensions, fm fertilization membrane, sl striped 
layer, gs ground substance, dgs dense ground substance, 
li lipid droplet, e embryo, dma degenerating mother ani-
mal (Figure modified after Eitel et al. (2011))

B. Schierwater and M. Eitel
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droplets and glycogen granules. A fully mature 
oocyte reaches a variable size of 70–120  μm, 
depending on the size of the mother animal and 
the number of oocytes that are built.

From electron and fluorescence microscopy, 
it is known that a vast amount of bacteria are 
transferred into the oocyte during maturation. 
These are vertically transmitted from the nursing 
fiber cells (Grell and Benwitz 1974, 1981; Eitel 
et al. 2011).

�Spermatogenesis

The existence of male gametocytes (sperm) was 
claimed based on ultrastructural observations 
(Grell and Benwitz 1974; Eitel et al. 2011), but 
their functionality has not been confirmed yet. 
Sperm is probably produced in the center of the 
animal, but the exact location and the progenitor 
cells are unknown. The expression of sperm-
associated marker genes strongly suggests sper-
matogenesis and sperm maturation in 
placozoans. According to transcriptome analy-
ses of three placozoan species, the potential 
sperm markers cover various stages of sper-
matogenesis, ranging from early meiosis to 
sperm maturation (Eitel et al. 2011). Even mark-
ers known to encode proteins for functional 
sperm flagella and sperm-oocyte recognition 
proteins used in fertilization were identified. 
Sperm markers were found expressed in adult, 
healthy growing animals that did not show any 
sign of degradation. This indicates production 
and storage of sperm before the animal experi-
ences unfavorable conditions. It is thus likely 
that only oocytes are produced at that stage and 
that placozoans are possibly protandrous 
hermaphrodites.

�Early Embryonic Development

Mature oocytes are fertilized internally. 
Subsequently, the “fertilization membrane” is 
built by fusion of accumulated granulae on the 
oocyte’s surface. The “fertilization membrane” 
serves as a protective egg shell and resembles the 

cortex of other invertebrates (Grell and Benwitz 
1974; Eitel et  al. 2011). Early embryos grow 
inside the mother animal until the latter com-
pletely degenerates and releases the embryo. 
Despite great investigator efforts, the embryonic 
development was never completed under labora-
tory conditions. Here, embryos do not develop 
past the 128- to 256-cell stage. The reasons are 
unknown, but it must be speculated that the water 
chemistry (including microflora) under labora-
tory conditions does not meet the specific require-
ments for the developing embryos. What we do 
know from the early development is that cleavage 
is total and equal from the zygote to the 128-cell 
stage.

�Vegetative Reproduction

Besides the sexual reproduction outlined above, 
two modes of vegetative reproduction are 
known: (1) fission (normal type of vegetative 
reproduction in Placozoa) and (2) swarmer for-
mation (occasional type of vegetative reproduc-
tion). In fission, animals grow to a certain size 
and divide into two approximately equally 
sized daughter individuals, which then regrow 
to “normal” size. This mode of vegetative 
reproduction can go on ad  infinitum, and it is 
conceivable that there might be placozoan 
species and populations out there that only 
reproduce vegetatively. The second mode of 
vegetative reproduction has only been observed 
in the laboratory when environmental condi-
tions become unfavorable. Under such condi-
tions, placozoans may develop small spherical 
swarmers, which are planktonic (free-floating) 
and thus are taken by water currents to new 
habitats. Several different swarmer types have 
been characterized among which the “hollow 
spheres” have been shown to open at one point 
to create flattened animals (Thiemann and 
Ruthmann 1988, 1989). These spheres are 
made up of an outer layer of upper epithelial 
cells, a fiber cell layer, and an inner layer of 
lower epithelial cells. After opening, the 
spheres will fully rebuild the normal adult habi-
tus within a day.

5  Placozoa



112

�Developmental Genes

The study of developmental genes in placozoans 
is as exciting as explosive, since the interpretation 
of any kind of gene expression data depends on 
the evolutionary perspective one looks from. 
Those scientists believing in so-called quality 
data (cf. Osigus et al. 2013), which put placozo-
ans in an ancestral position to other diploblastic 
animals, see a clear picture for, e.g., ancestral 

Hox-like genes in placozoans. Here, Hox-like 
genes are responsible for coordinating an ances-
tral symmetry pattern which is called “polarity”. 
The putative Proto-Hox/ParaHox gene, Trox-2, 
determines the setup of polarity in Trichoplax 
(Jakob et al. 2004). Since polarity is the first step 
for creating symmetry, the “new placula hypoth-
esis” (Fig. 5.4; Schierwater et al. 2009b) derives 
as naturally as a baby’s smile. The possibly 
ancestral Hox-like gene fulfills a logical and 

Fig. 5.4  The “new Placula hypothesis of metazoan ori-
gin” (Schierwater et al. 2009b). A nonsymmetric and axis-
lacking body plan (placula) transforms into a typical 
symmetric metazoan body plan with a defined oral-aboral 
(or anterior-posterior) body axis (indicated by the arrow). 
This original idea from Bütschli (1884) has recently been 
complemented by expression patterns of the putative 
Proto-Hox/ParaHox gene, Trox-2 (in red). A single regu-
latory gene, like Trox-2, can control the separation 
between lower and upper epithelium (three lower rows), 
i.e., create polarity as a precursor of symmetry. Once a 

main body axis, like oral-aboral (e.g., in cnidarians) has 
developed, duplication of the Proto-Hox/ParaHox gene 
could aid the invention and organization of new head 
structures originating from the ectoderm-endoderm 
boundary of the oral pole (upper row). Indeed, two puta-
tive descendants of the Trox-2 gene, Cnox-1, and Cnox-3 
show these hypothesized expression patterns in the hydro-
zoan cnidarian Eleutheria dichotoma (upper row, for sim-
plicity, only the ring for Cnox-1 expression is shown) (See 
Schierwater et al. (2009b) for details © Bernd Schierwater. 
(All Rights Reserved)

B. Schierwater and M. Eitel
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predicted ancestral function, and animals, which 
give up symmetry and strict polarity (like 
sponges), do no longer need Hox-like genes. 
Scientists believing in one of the several contra-
dictive evolutionary scenarios arising from so-
called quantity data (Osigus et al. 2013) may have 
a completely different view. They may see placo-
zoans somewhere in a derived position in the tree 
of life and may interpret the Trox-2 expression 
patterns and Hox-like gene presence in any evo-
lutionary and less parsimonious way they want. 
Nothing to blame, this is scientific freedom.

When talking about developmental genes, one 
automatically comes to signaling pathways. In 
placozoans, representatives of all important com-
ponents are present for the BMB/TGF beta, Wnt, 
and Notch signaling pathways. In the Hedgehog 
pathway, however, only Fused was found in the 
genome (Srivastava et al. 2008; Schierwater et al. 
2009a). We do not know anything about the 
expression of these pathway genes neither in the 
embryo nor as maternal factors in the oocyte. 
Given that basically all major developmental 
gene families are present in placozoans, it seems 
disappointing how few expression and functional 
data we have here. Clearly, much more work is 
needed to obtain comparative developmental 
genetic data from placozoans. These data will not 
solve but contribute to the debate of ancestral 
versus derived developmental patterns to be 
found in placozoans.

�Open Questions

•	 Type of hermaphroditism
•	 Selfing versus outcrossing
•	 Completion of the life cycle
•	 Function and expression of developmental 

genes

References

Bütschli O (1884) Bemerkungen zur Gastraea-Theorie. 
Morphologisches Jahrblatt 9:415–427

Eitel M, Schierwater B (2010) The phylogeography of the 
placozoa suggests a taxon rich phylum in tropical and 
subtropical waters. Mol Ecol 19:2315–2327

Eitel M, Guidi L, Hadrys H, Balsamo M, Schierwater B 
(2011) New insights into placozoan sexual reproduc-
tion and development. PLoS One 6:e19639

Eitel M, Osigus HJ, DeSalle R, Schierwater B (2013) 
Global diversity of the placozoa. PLoS One 8:e57131

Grell KG (1971) Trichoplax adhaerens F.E. Schulze und 
die Entstehung der Metazoan. Naturwissenschaftliche 
Rundschau 24:160–161

Grell KG, Benwitz G (1971) Die Ultrastruktur von Trichoplax 
adhaerens F.E. Schulze. Cytobiologie 4:216–240

Grell KG, Benwitz G (1974) Elektronenmikroskopische 
Beobachtungen über das Wachstum der Eizelle 
und  die Bildung der “Befruchtungsmembran” von 
Trichoplax adhaerens F.E. Schulze (placozoa). Z für 
Morphol Tiere 79:295–310

Grell KG, Benwitz G (1981) Ergänzende Untersuchungen 
zur Ultrastruktur von Trichoplax adhaerens 
F.E. Schulze (placozoa). Zoomorphology 98:47–67

Grell KG, Ruthmann A (1991) Placozoa. In: Harrison 
FW, Westfall JA (eds) Microscopic anatomy of inver-
tebrates, placozoa, porifera, cnidaria, and ctenophora. 
Wiley-Liss, New York, pp 13–28

Guidi L, Eitel M, Cesarini E, Schierwater B, Balsamo M 
(2011) Ultrastructural analyses support different mor-
phological lineages in the placozoa, Grell 1971. J 
Morphol 272:371–378

Jakob W, Sagasser S, Dellaporta S, Holland P, Kuhn K, 
Schierwater B (2004) The Trox-2 Hox/ParaHox gene 
of Trichoplax (placozoa) marks an epithelial bound-
ary. Dev Genes Evol 214:170–175

Osigus HJ, Eitel M, Schierwater B (2013) Chasing the 
urmetazoon: striking a blow for quality data? Mol 
Phylogenet Evol 66:551–557

Schierwater B (2005) My favorite animal, Trichoplax 
adhaerens. Bioessays 27:1294–1302

Schierwater B (2013) Placozoa, Plattentiere. In: Westheide 
W, Rieger R (eds) Spezielle Zoologie, Teil 1: einzeller 
und Wirbellose Tiere, 3rd edn. Springer-Spektrum, 
Berlin, pp 103–107

Schierwater B, de Jong D, DeSalle R (2009a) Placozoa 
and the evolution of Metazoa and intrasomatic cell 
differentiation. Int J Biochem Cell Biol 41: 
370–379

Schierwater B, Eitel M, Jakob W, Osigus HJ, Hadrys H, 
Dellaporta SL, Kolokotronis SO, DeSalle R (2009b) 
Concatenated analysis sheds light on early metazoan 
evolution and fuels a modern “Urmetazoon” hypothe-
sis. Plos Biol 7:36–44

Schierwater B, Eitel M, Osigus HJ, von der Chevallerie K, 
Bergmann T, Hadrys H, Cramm M, Heck, L, MR L, 
DeSalle R (2010) Trichoplax and placozoa: one of the 
crucial keys to understanding metazoan evolution. In: 
DeSalle R, Schierwater B (eds) Key transitions in animal 
evolution. CRC Press, Enfield, USA. pp 289–326

Schulze FE (1883) Trichoplax adhaerens, nov. gen., nov. 
spec. Zool Anz 6:92–97

Srivastava M, Begovic E, Chapman J, Putnam NH, 
Hellsten U, Kawashima T, Kuo A, Mitros T, Salamov 
A, Carpenter ML, Signorovitch AY, Moreno MA, 
Kamm K, Grimwood J, Schmutz J, Shapiro H, 

5  Placozoa



114

Grigoriev IV, Buss LW, Schierwater B, Dellaporta SL, 
Rokhsar DS (2008) The Trichoplax genome and the 
nature of placozoans. Nature 454:955–960

Thiemann M, Ruthmann A (1988) Trichoplax adhaerens 
Schulze, F. E. (placozoa) – the formation of swarmers. 
Z Naturforsch C 43:955–957

Thiemann M, Ruthmann A (1989) Microfilaments and 
microtubules in isolated fiber cells of Trichoplax 
adhaerens (placozoa). Zoomorphology 109:89–96

Wenderoth H (1986) Transepithelial cytophagy by 
Trichoplax adhaerens F.E. Schulze (placozoa) feeding 
on yeast. Z Naturforsch C 41:343–347

B. Schierwater and M. Eitel

View publication stats

https://www.researchgate.net/publication/286842710

