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Once known as ‘polyzoans’ or ‘ectoprocts’, bryozoans are unique in being the 
only animal phylum in which the great majority, if not all, species form colonies. 
But what exactly constitutes a colony? In the context employed here it is an 
aggregate of genetically identical, conjoined modules, unlike a colony of sea-
birds or of ants. Coloniality has evolved on numerous occasions among aquatic 
invertebrates. However, coloniality is not homologous between bryozoans and 
corals or hemichordates, although these independently evolved groups of colonial 
animals do exhibit several similarities. The most important feature of colonial 
invertebrates is their modular construction: new modules (zooids) are added 
during the growth of the colony and, with a few exceptions, remain physically 
attached to their neighbours throughout the life of the colony. The process of 
adding a zooid – termed budding – involves mitotic cell divisions only. Thus, all 
of the zooids in a bryozoan colony are genetically identical clones.

1.1  Zooids

Bryozoan zooids are small, typically measuring under a millimetre in length. However, because 
bryozoan colonies can contain a large number of zooids, individual colonies are typically a 
centimetre to a few decimetres in size. For example, seven‐year‐old colonies of Flustra foliacea, 
the so‐called ‘hornwrack’, less than 10 cm tall have been estimated to contain more than 100 000 
zooids (Stebbing 1971). Much larger colonies occur in a few bryozoan species: a 2‐metre diam-
eter colony of the Recent cheilostome Pentapora foliacea (the ‘Ross coral’) was recorded 
from British coastal waters in the early nineteenth century (Lombardi, Taylor, and Cocito 
2010). In freshwater habitats, gelatinous masses formed by aggregations of colonies of the 
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I n t r o d u c t i o n2

phylactolaemate bryozoan Pectinatella magnifica 
can be as much as one metre in diameter (Dendy 
1963; see also Cahuzac and d’Hondt 2017). And fos-
sil trepostome bryozoan colonies up to 66 cm 
across have been recorded from the Late Ordovician 
of Kentucky (Cuffey and Fine 2005), and over a 
metre wide in Permian deposits of Tasmania (Reid 
2003). At the other extreme are the tiny colonies of 
the ctenostome Monobryozoon and related genera, 
little more than a millimetre in length and consist-
ing of a single feeding zooid plus stolons and 
detachable buds (Franzén 1960; Berge, Leinaas, and 
Sandøy 1985; Schwaha et al. 2019). Bryozoans are 
able to benefit from being simultaneously diminu-
tive in terms of zooid size – bringing the advantages 
incurred by a large surface area relative to volume – 
but large with respect to colony size – enhancing 
their survival from various sources of mortality 
such as predation and physical disturbance.

In common with other colonial animals, bryo-
zoan colonies are able to endure the death of one or 
more zooids in the colony. This phenomenon is 
known as partial mortality. Death of zooids can be 
due to their natural ageing, or external factors such 
as predation. In Mediterranean colonies of the pal-
mate cheilostome Pentapora fascialis studied by 
Cocito, Sgorbini, and Bianchi (1998), local tissue 
necrosis caused by silt accumulation and algal 
overgrowth impacted mainly older colonies and 
caused collapse of their centres while younger zoo-
ids at the periphery of the colony continued to live.

As colonies grow, they accumulate an ever‐
increasing number of dead zooids in their older 
parts, forming a necromass. For example, the basal 
branches of bushy and foliaceous colonies may 
consist entirely of dead zooids, like the dead wood 
of trees (e.g. McKinney and Taylor 2006, fig. 3). 
The skeletons of zooids in the necromass remain 
functional in the sense of providing structural 
support for the feeding zooids closer to the branch 
tips. Describing these old zooids as dead is not 
strictly accurate. In at least some species, colonies 
may be reactivated if, for example, the colony is 
broken and reparative growth ensues.

One important implication of partial mortality 
is that bryozoan colonies may exhibit negative 

growth – with time, more zooids may be lost than 
new zooids budded, resulting in a net decrease in 
colony size. In a study of encrusting cheilostomes 
on settlement panels in Jamaica, Jackson and 
Winston (1981) found an increasing proportion of 
colonies showing negative growth through a 
period of two years. The existence of shrinking 
colonies means that colony age cannot always be 
estimated from size  –  colonial animals may ‘lie 
about their age’.

The budding of new zooids in bryozoan colo-
nies is usually restricted to specific growth zones, 
for example, around the perimeters of patch‐like 
encrusting colonies, or at the branch tips of tree‐
like erect colonies. In some species, however, new 
zooids may be budded more widely across the 
entire outer surface of the colony.

The basic bryozoan zooid (Figure 1.1) consists 
of a body wall (cystid) containing a fluid‐filled cav-
ity (coelom) within which is suspended a polypide 
with a lophophore and gut. This arrangement has 
led to bryozoans occasionally being portrayed as 
‘animals‐in‐a‐box’, a concept that can be mislead-
ing because the box‐like cystid, including the min-
eralized skeleton, if present, is actually an integral 
living part of the zooid rather than an inert con-
tainer. Nevertheless, some degree of independence 
between the cystid and the polypide is evident in 
bryozoan zooids. This is most clearly manifested 
by the phenomenon of polypide cycling (Figure 1.2) 
in which the polypide periodically degenerates and 
is replaced by another within the same cystid, a 
process characterizing nearly all marine bryozoans 
(cf. the cheilostome Epistomia bursaria where 
the zooids have only one polypide generation: 
Dyrynda 1981). The lifespans of individual polypi-
des range from a few days (Bayer and Todd 1997) to 
9–10 months for some slow‐growing species from 
the Antarctic (Barnes 2000). When placed under 
stress (e.g. low pH, simulating ocean acidification), 
polypide cycling is diminished in favour of the 
budding of new zooids (Lombardi et  al. 2017; 
Swezey et al. 2017).

The remains of the degenerated polypide form 
a brown body (Gordon 1973, 1977). This is either 
retained within the coelom of the zooid, or defecated 
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through the gut of the new replacement polypide. 
In the cheilostome Steginoporella, individual zoo-
ids can contain as many as 22 brown bodies 
(Palumbi and Jackson 1983), signifying an equiva-
lent number of polypide cycles. As marine bryozo-
ans lack a specialized excretory system, polypide 
cycling furnishes a means of removing waste 
material, crudely comparable with autumnal leaf 
fall in trees.

Although polypide cycling is a mechanism for 
prolonging the lifespans of zooids, they are not 
immortal and evidence for zooid senescence can 
be seen in the decreasing durations of successive 
polypides and increasing time required for a new 
polypide to be formed in zooids of some cheilos-
tomes (Bayer and Todd 1997). In addition, older 
zooids tend to be more heavily fouled and exhibit 
slower regeneration of colony growth following 
damage (Palumbi and Jackson 1983).

Fossil evidence for the degeneration of polypides 
in bryozoans occurs in the form of diagenetically 
altered brown bodies – brown deposits – which are 
often seen in thin sections of Palaeozoic bryozoans 

(e.g. Morrison and Anstey 1979; Ernst and Voigt 
2002; Key et  al. 2008; Plate 4A). Most brown 
deposits have a high iron content and some appear 
to have been pyritized. Calcified brown bodies are 
known in a few living cheilostomes (Cummings 
1975; Gordon and Parker 1991a) but have yet to be 
reported in the fossil record. However, so‐called 
phosphatic pearls or calculi, 30–600 μm in diame-
ter, described from within the zooidal chambers of 
the Silurian cystoporate bryozoan Favositella by 
Oakley (1934), may perhaps represent encapsu-
lated brown bodies (Lindskog et al. 2017, p. 36).

Polypides are the food gathering and digestive 
organs of bryozoans. They consist of an inverted 
cone-, bell- or horseshoe-shaped crown of tentacles 
(lophophore), with a mouth at the centre where the 
tentacles converge (Plate 5). The mouth leads into 
the U‐shaped gut comprising a sucking pharynx 
(Nielsen 2013), stomach, pylorus, rectum and, in a 
few species, a gizzard (e.g. Gordon 1975). Bryozoan 
lophophores have between 8 and over 100 tenta-
cles, depending on species. The largest lophophores 
are found in the freshwater phylactolaemates and 
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Figure 1.1 Basic cheilostome bryozoan labelling some of the most important anatomical features of the zooids. Growth 
direction is from left (proximal) to right (distal). Only the zooid on the right has its lophophore expanded for feeding; in 
the other three, the lophophore is retracted into the security of the box‐like skeleton (after Taylor, Lombardi, and Cocito 
2015, fig. 1. © The Trustees of the Natural History Museum, London).
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are horseshoe‐shaped in plan view (Wood 1983; 
Plate 5E). All bryozoans are active suspension 
feeders. Marine bryozoans mainly consume 
phytoplankton (Chapter 3.1), but recent research 
by Wood (2019) on phylactolaemates has identi-
fied ciliate protists and rotifers as major food 
sources, which may explain the generally larger 
size of their zooids. The tentacles of the lopho-
phore bear several lines of tiny, hair‐like cilia, 
including a paired series of lateral cilia that beat in 
a metachronal wave to force water with entrained 

plankton through the open end of the lophophore 
and towards the mouth.

A key characteristic of bryozoans is the ability 
of zooids to withdraw the lophophore into the 
sanctuary of the cystid, expanding again into the 
water column to resume feeding. Consequently, 
feeding zooids in bryozoans always have an open-
ing in the cystid for passage of the lophophore. 
Such openings in the zooidal skeleton are conven-
tionally referred to as apertures in stenolaemates, 
and orifices in gymnolaemates (Figure  1.3). 

zooid 7

zooid 6

zooid 5
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first polypide

first degeneration

second polypide
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time

zooid 4

zooid 3

zooid 2

zooid 1

Figure 1.2 Schematic figure of polypide cycling in a bryozoan in which brown bodies are retained by the zooid. Starting 
from a single zooid (lower left), six zooids are budded in succession, making a total of seven zooids in the final growth 
stage depicted (vertical row on the far right). By the third growth stage, the polypide of zooid 1 has degenerated, 
leaving a brown body in the cystid, a fate repeated by the other, successively younger zooids as they age. However, 
through time, new polypides form within the old cystids, giving a second polypide generation. This in turn is followed by 
a second degeneration, as indicated by the presence of two brown bodies in the oldest zooid (lower right).
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Withdrawal of the lophophore is achieved by con-
traction of retractor muscles that are attached to 
the base of the lophophore. Protraction is a more 
complicated process that relies on the contraction 
of muscles pulling on the cystid walls or a mem-
brane, the precise mechanism varying in different 
major taxonomic group. Muscular contractions 
squeeze the coelom and cause the tentacle sheath 
– a sock‐like structure enclosing the retracted 
lophophore – to turn inside out. This eversion of 
the tentacle sheath pushes the lophophore out 
through the orifice or aperture (Chapter  3.1). In 
some bryozoans, including most species belonging 
to the class Stenolaemata, the zooids have the shape 
of straight or gently curved tubes (Figure  1.4A), 
typically becoming progressively wider in diame-
ter distally towards the skeletal opening for the 
lophophore. In other bryozoans, such as most 
species of the order Cheilostomata, the zooids 
are approximately box‐shaped (Figure  1.4B) and 

have a distinct frontal surface containing a distal 
opening through which the lophophore extrudes.

The outermost component layer of the cystid, 
at the interface with the external environment, is 
a thin organic coating called a cuticle. Like the 
periostraca of molluscs and brachiopods, this is 
secreted by an underlying epithelium. Those 
parts of the cystid wall that are deformed by 
the muscles involved in tentacle sheath eversion 
must be flexible and therefore cannot develop a 
rigid biomineralized layer beneath the cuticle. 
However, parts of the cystid not deformed by 
parietal muscles can potentially develop a 
biomineralized skeleton between the secretory 
epithelium and the outer cuticle (Chapter  2.1). 
Bryozoan skeletons are composed of the calcium 
carbonate biominerals calcite and aragonite. Both 
of these biominerals, calcite in particular, are 
relatively stable and have a high fossilization 
potential. The palaeontological literature often 

(A) (B)

Figure 1.3 Comparative external skeletal morphology of the feeding zooids in a cyclostome stenolaemate (A) and a 
cheilostome gymnolaemate (B). Note the simple, rounded aperture at the distal end of the cyclostome but the more 
complex orifice with lateral processes (condyles) at the distal end of the cheilostome zooid. Both zooids in these examples 
have calcified exterior frontal walls, that of the cyclostome pierced by tiny pseudopores, while that of the cheilostome 
comprises nine overarching spines fused laterally and along the midline of the zooid, each spine containing a few large 
pores (pelmata). A, Reptomultisparsa incrustans (Jurassic, Bathonian, Caillasse de la Basse‐Ecarde; Ranville, Calvados, 
France). B, Hayamiellina aff. constans (Pleistocene, Setana Fm.; Kuromatsunai, Hokkaido, Japan). Scale bars = 200 μm.
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employs the terms zooecium (pl. zooecia) and 
zoarium (pl. zoaria), which are the skeletal parts of 
the zooid and colony, respectively. These terms are 
largely superfluous and are not used in this book.

1.2  Colonies

Based on zooids that range from tubular to box‐like 
in shape, bryozoans have evolved a myriad of col-
ony‐forms (Plates 6–8, 10–12). Bryozoan zooids may 
be likened to building bricks that can be arranged 
in different ways to generate structures diverse in 
shape and varied in function. The inherent plastic-
ity endowed by the modularity that characterizes 
bryozoans accounts for the large disparity in col-
ony‐forms (Chapter  4.1). Some colony‐forms are 
common, particularly sheet‐like encrustations, 
whereas others are found in only a handful of taxa. 
Identical colony‐forms have evolved repeatedly in 
different bryozoan clades through the long geological 
history of the phylum (Chapter 9.11). Evolutionary 
convergence in colony‐form can be viewed in 
terms of fitness landscape theory: within the lim-
its imposed by various developmental, structural, 

and phylogenetic constraints, particular colony‐
forms represent adaptive peaks – they are optimal 
morphological strategies for coping successfully 
with the challenges of living as a sessile benthic 
suspension‐feeder.

An important consequence of the rampant 
convergent evolution of colony‐forms in bryozo-
ans is that the overall shape of a colony is seldom 
a reliable indicator of its taxonomic identity. 
Therefore, bryozoan taxonomy has been founded 
mainly on the morphological characters of the 
zooids. For bryozoan groups having mineralized 
skeletons, most of the characters used in taxon-
omy are skeletal, both in living and fossil bryozo-
ans. Indeed, it is standard practise for living 
bryozoans to be bleached prior to identification, a 
process mimicking taphonomic loss of soft tissues 
during fossilization. This means that the same 
morphological characters are usually employed in 
the identification and classification of fossil bryo-
zoans as those used for living taxa. Unlike some 
phyla, a parataxonomy for fossils has been unnec-
essary in bryozoans. Notwithstanding the identi-
cal taxonomic procedures and classifications 
employed for living and fossil bryozoans, it is 
becoming apparent from molecular studies that 

(A) (B)

Figure 1.4 Typically tubular zooidal skeletons of a stenolaemate compared with the box‐shaped zooidal skeletons of a 
cheilostome: (A) fractured colony of the trepostome Stenopora crinita with long prismatic zooids intersected by 
prominent growth bands at the bottom and top of the image (Permian; Illawara, New South Wales, Australia); (B) 
broken colony of the cheilostome Schizoporella errata showing five frontally budded layers of box‐like zooids (Recent; 
Haifa Bay. Israel). Scale bars: A = 1 mm; B = 500 μm.
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traditional skeletal characters are not always 
closely correlated with phylogeny (Chapter  8). 
Bryozoan classifications will need to be compre-
hensively overhauled if they are to reflect phylog-
eny more clearly.

Discordance in taxonomy can also result from 
the different methods employed to study the skel-
etons of fossil bryozoans. Palaeozoic bryozoans are 
most often studied in thin sections, which are sel-
dom used for post‐Palaeozoic bryozoans where sur-
face features are employed. There are two main 
reasons for this contrast in study methods. The 
first is that Palaeozoic bryozoans more often occur 
in hard, strongly lithified rocks from which it is dif-
ficult to extract specimens showing reasonably 
well‐preserved colony surfaces. Secondly, the dom-
inant bryozoans of the Palaeozoic belonging to the 
superorder Palaeostomata have fewer external 
characters than the cyclostome and cheilostome 
bryozoans of the post‐Palaeozoic. Thin sections of 
palaeostomate bryozoans are cut in three standard 
orientations – transverse, longitudinal, and tangen-
tial  –  to reveal internal skeletal characters and 
build up an understanding of the three‐dimensional 
morphology of the skeleton (Figure 1.5).

1.2.1  How has coloniality arisen?
Coloniality has evolved multiple times in meta-
zoans (e.g. Ryland 1981). It is easy to envisage how 
a colony may have developed from a unitary 
ancestor by reference to the well‐known freshwa-
ter cnidarian Hydra. This animal reproduces asex-
ually, budding clonal daughter individuals on the 
side of the body. These grow to a certain size and 
then drop off. If the buds had instead remained 
attached to the parent, then a colony would result. 
Retention of asexual buds to initiate coloniality 
has been termed clonoteny (Rosen 1986). In the 
case of bryozoans, the unitary ancestor would 
have resembled a modern ‘worm’ of the lophophor-
ate phylum Phoronida. The most reliable recent 
molecular phylogenetic analyses (Nesnidal et  al. 
2013; Laumer et al. 2019) have corroborated ear-
lier anatomical suggestions (Hyman 1959) that 
phoronids are the sister‐group of bryozoans. 
Whereas most phoronids are unitary animals, one 

species (Phoronis ovalis) forms true colonies by 
budding, while several others are able to multiply 
asexually. The model of Farmer, Valentine, and 
Cowen (1973; see also Farmer 1977) for the origin 
of bryozoans starts from a unitary phoronid worm 
in which the asexual buds are retained. This is 

transverse section

longitudinal
section

tangential
section

exozone

endozone

Figure 1.5 Cutaway diagram of a branch from a ramose 
trepostome colony (after Madsen and Håkansson 1989), 
showing the three standard sections employed by 
bryozoologists, as well as the division of the branch into 
an inner endozone, in which the zooids have thin walls 
and parallel the length of the branch, and an outer 
exozone in which zooids have thick walls and are 
oriented at right angles to branch length.
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followed by size reduction of the zooids constitut-
ing the new colony. Because the genetic individ-
ual (genet) is the entire colony, the zooids can be 
small without sacrificing the advantages that 
large overall body size brings to competitive inter-
actions, resistance to disturbance etc. The dispro-
portionate relationship between body size and 
metabolic rate – metabolic allometry – acts as a 
constraint on the physiological rates of animals 
which can be ameliorated to some extent by 
having a modular colonial construction (see 
Hartikainen, Humphries, and Okamura 2014). 
Small zooid size brings with it the physiological 
advantages for metabolic exchange and efficiency 
of having a relatively large surface area/volume 
ratio (Ryland and Warner 1986). Indeed, bryozoan 
zooids dispense with the sophisticated circulatory 
and excretory systems found in larger unitary 
animals.

1.3  Colony Propagation

Sexual reproduction in bryozoans is important not 
only as a means of generating genetic variation, 
but also because the larvae produced by sexual 
reproduction are the principal agents of dispersal. 
Most bryozoan colonies – and often their constitu-
ent zooids – are hermaphroditic and produce both 
testes and ovaries (see Reed 1991 and Ostrovsky 
2013 for reviews of bryozoan reproduction). In 
contrast, a few species of crisiid cyclostomes seem 
to be dioecious with colonies that are either male 
or female (Robertson 1903; Jenkins, Bishop, and 
Hughes 2015). Individual zooids are typically 
sequential hermaphrodites, functioning first as 
males and then as females. In some species, how-
ever, the sexes are separate and male and female 
zooids are distinct polymorphs that differ mor-
phologically and, in some instances, lack the abil-
ity to feed (Chapter 3.6).

While self‐fertilization between zooids belong-
ing to the same colony is in theory possible, cross‐
fertilization between colonies is believed to be the 
norm. For example, colonies of the cheilostome 

Celleporella kept in isolation fail to produce 
larvae (Cancino, Castañeda, and Orellana 1991) 
and invest less in producing female zooids 
(Hughes, Manriquez, and Bishop 2002). In another 
cheilostome, Bugulina stolonifera, selfing can occur 
if colonies are kept in isolation but results in fewer 
viable larvae and these are less likely to complete 
metamorphosis after settling (Johnson 2010).

The production of female polymorphs (gono-
zooids) in cyclostomes can be considerably 
reduced in the absence of sperm from other colo-
nies (Jenkins, Bishop, and Hughes 2015). Sperm 
are released into the water through pores in the 
tips of the tentacles and must be acquired by 
female zooids from another colony, a process 
which is aided by the feeding currents of the recip-
ient zooids drawing water towards themselves. 
The period of viability of water‐borne sperm is 
limited, with an estimated half‐life of just 1.2 
hours in the cheilostome Celleporella hyalina 
(Manríquez, Hughes, and Bishop 2001). Depending 
on species concerned, fertilization can occur 
either externally or internally in gymnolaemate 
bryozoans (Temkin 1996), while in stenolaemates 
the location is unknown but is almost certain to 
be internal, with the sperm being gathered by the 
transient polypide present during the early devel-
opment of the gonozooid. After fertilization of the 
egg, the embryo in most bryozoan species is 
brooded by the parent colony before being released 
as a swimming larva when sufficiently developed. 
The diverse styles of embryonic brooding or incu-
bation found among bryozoans (e.g. Ström 1977) 
are discussed in Chapter 3.

Brooded bryozoan larvae are short‐lived, inca-
pable of feeding, and must settle quickly to estab-
lish a new colony before their provision of energy 
resources from the parent becomes exhausted. 
Therefore, settlement commonly occurs in close 
proximity to the parent colony (e.g. Mariani 2003), 
a phenomenon called philopatry. In the cheilos-
tome Bugula neritina larvae also tend to settle 
close to sibling larvae (Keough 1984). Settlement 
is followed by metamorphosis, entailing radical 
changes in tissue organization and resulting in the 
founding individual of the new colony called 
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the ancestrula. The ancestrula initially adheres to 
the substrate using a sticky acid mucopolysaccharide 
secretion from the pyriform organ of the larva 
(Loeb and Walker 1977). The first asexually bud-
ded zooids originate directly from the ancestrula 
and these in turn bud further zooids to continue 
colony growth. Rates of budding in new colonies 
vary greatly: fast‐growing encrusting bryozoans 
such as Conopeum tenuissimum are capable of 
producing as many as 150 budded zooids in the 
first week of their life (Dudley 1973), while the 
bushy fouling cheilostome Bugula neritina may 
grow to a height of 20 mm in the first month of 
life (Mawatari 1951).

Although sexual reproduction is the main mech-
anism for colony multiplication in bryozoans, frag-
mentation of colonies provides an additional means 
of propagation in some species, especially in free‐
living species (see Chapter 4.4). Barnes, Webb, and 
Linse (2006b) found that nearly half of the colonies 
of the erect palmate cheilostome Cellarinella nutti 
they collected from the Weddell Sea, Antarctica, 
had grown from fragments of pre‐existing colonies, 
a similar proportion to that of Neogene fossils of 
another palmate cheilostome, Metrarabdotos, from 
Venezuela (Cheetham et al. 2001).

A study of Late Cretaceous and Paleocene pal-
mate colonies of the cheilostome family 
Coscinopleuridae (Håkansson and Thomsen 2001) 
revealed an increase in asexually propagated colo-
nies through geological time at the expense of 
colonies formed by larvae. The same authors 
(Thomsen and Håkansson 1995) had earlier found 
that most of the erect species in their samples 
reproduced predominantly through fragmenta-
tion. In one of these  –  Columnotheca cri-
brosa  –  there was a strong positive correlation 
between the proportion of ovicellate brooding 
zooids in the colony and the proportion of sexu-
ally recruited colonies when samples from differ-
ent habitats were compared (Figure 1.6). Colonies 
formed through fragmentation dominated in reef 
mounds, larvally recruited colonies in most other 
habitats.

Very few bases of attachment indicative of 
larvally recruited colonies are known in the 

common Carboniferous fenestrate Archimedes 
(McKinney and Burdick 2001). Taken together 
with the abundant evidence of axial screws origi-
nating from the edges of meshworks, this led 
McKinney (1983) to propose that colony multipli-
cation by fragmentation was a dominant process 
in Archimedes (Figure  1.7). Many of the larger 
colonies toppled and came to rest horizontally on 
the seabed. New screws grew from the edges of 
the prostrate colonies before eventually breaking 
off and forming the nuclei for a new generation of 
screws.

Fragments derived from a single colony are, 
of course, genetically identical. Borrowing from 
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Figure 1.6 Correlation between the proportion of brooding 
zooids within colonies and that of sexually produced 
colonies in the cheilostome Columnotheca cribrosa from 
10 samples collected in the Danian of Denmark (based on 
Thomsen and Håkansson 1995, fig. 6).
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nomenclature devised for clonal plants, each 
fragment is called a ramet, whereas the entire 
complement of ramets is known as the genet. 
Occasionally, the ramets of bryozoans come back 
into contact during growth, in which case they are 
able to fuse. Fusion between parts of the same 
genet, including not only separated ramets but 
also separate lobes of a single integral colony, has 
been termed autosyndrome. Although less com-
mon than autosyndrome, fusion between two 
genetically distinct colonies of the same species 
can also occur (e.g. Craig and Wasson 2000; 
Hughes et al. 2004). This is known as homosyn-
drome. ‘Colonies’ produced by homosyndrome are 
chimaeras as they consist of zooids of more than 
one genotype. In other colonial animals (corals 
and tunicates), chimaeras show reduced fitness 
(Rinkevich and Weissman 1987), implying that 
homosyndrome should be selected against. Ishii 
and Saito (1995) described four possible outcomes 
when colonies of Watersipora (referred to by them 
as Dakaria) came into contact: (i) overgrowth of 
one by the other; (ii) back‐to‐back growth of the 
two colonies to produce a bilamellar erect struc-
ture; (iii) non‐fusion stand‐off (see Chapter  5.1); 

and (iv) fusion between the colonies and subsequent 
growth as a continuous sheet. Fusion between colonies 
of another cheilostome, Membranipora membranacea, 
results in temporary neural integration, which 
enables behavioural coordination of lophophore 
retraction following disturbance, but there is no 
exchange of metabolites between the fused 
colonies (Shapiro 1996).

Production of asexual reproductive propagules 
called statoblasts (Figure 1.8) is ubiquitous in the 
freshwater phylactolaemate bryozoans. These 
resistant seed‐like bodies have a chitinous cover-
ing and are used in dispersal, sometimes by becom-
ing attached to the plumage of waterfowl, and also 
in overwintering. Statoblasts are able to survive 
freezing and desiccation (e.g. Hengherr and Schill 
2011). The fossil record of statoblasts is poorly 
known: most examples are from the Holocene or 
Pleistocene (e.g. Francis 1997; Courtney Mustaphi 
et al. 2016), but they have been recorded back to 
the Late Triassic (Kohring and Pint 2005) and pos-
sibly even the Permian (Vinogradov 1996).

Hibernacula are incipient zooids with thickened 
cuticles found in some ctenostomes, such as 
Victorella, which function as asexual overwintering 

Colony prostrate on
sediment surface

Sexually
produced
colony

Formation of
secondary
screw axis

Asexual
cycle

Detached
secondry
screw axis

Sediment

Sediment

Sediment

Figure 1.7 Life history of the fenestrate bryozoan Archimedes (based on McKinney 1983, fig. 2). A colony recruited from 
a larva (left) is shown attached to a cylindrical substrate (as in McKinney and Burdick 2001). After toppling of the 
colony onto the sea‐bed, a secondary screw axis grows vertically. Subsequent detachment of this screw axis initiates 
an asexual cycle of propagation.
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propagules (e.g. Carter et  al. 2010) or as resting 
stages at times of food shortage (e.g. Jebram 1975).

‘Overwintering’ may also be achieved among 
some marine cheilostome bryozoans. For exam-
ple, Aetea is capable of producing a special type of 
zooid called a saccule that persists on the sub-
strate after loss of the other zooids in the colony 
and is capable of reinitiating colony growth 
(Balduzzi, Barbieri, and Gristina 1991).

A recent study of bryozoans from the 
Cretaceous Chalk (Taylor, Di Martino, and Martha 
2018) found that some species encrusting echi-
noid tests apparently underwent periods of dor-
mancy and regeneration, comparable to the 
overwintering described above for the living bryo-
zoans. In a few species of cheilostomes, sealed, 
non‐feeding zooids were budded around the 
margins of the sheet‐like colonies and growth evi-
dently ceased, later resuming with the budding of 
new feeding zooids. The best example is found in 
‘Micropora’ eleanorae where the sealed zooids 
survived on the substrate, despite the destruction 
of the autozooids which had more thinly calcified 
skeletons, to give rise to new generations of feed-
ing zooids (Figure 1.9).

In Hislopia, specialized zooids break away from 
the parent colony and swim for a time before 

settling to found a new clonal colony (Wood, 
Anurakpongsatorn, and Mahujchariyawong 2006), 
a remarkable mode of asexual propagation 
known only from this single genus of freshwater 
ctenostomes.

1.4  Ecology

Bryozoans are widely distributed today across the 
globe, from polar regions to the equator. Diversities 
are high in some parts of the world. For example, 
no fewer than 556 species have been recorded 
living in the Mediterranean Sea (Rosso and Di 
Martino 2016).

Although most marine bryozoans inhabit 
subtidal environments on the continental shelf, 
they are known from the intertidal down to abys-
sal depths: the greatest recorded depth for a bryo-
zoan is 8300 metres (Hayward 1981). Freshwater 
bryozoans are locally abundant in rivers and 
lakes. While most marine bryozoans can be cate-
gorized as stenohaline (i.e. intolerant of salinities 
differing significantly from normal marine), some 
species prosper in lower salinities (Winston 1977), 
including the brackish waters of estuaries and the 
inner parts of the Baltic Sea, as well as the fluctuating 

(A) (B)

Figure 1.8 Statoblasts produced by freshwater phylactolaemate bryozoans for asexual reproductive, dispersal and 
overwintering: (A) statoblasts of the living phylactolaemate Cristatella mucedo with hook‐like spines around the 
annulus (Recent; Luxembourg); (B) putative fossil statoblast showing cracked convex capsule and marginal annulus 
(Lower Cretaceous, Korumburra Gp; South Gippsland, Victoria, Australia). Scale bars: A = 1 mm; B = 200 μm.
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salinities found in coastal lagoons (see Chapter 6.1). 
Calcification tends to be relatively weak in these 
bryozoans. Menon and Nair (1974) remarked that 
during low salinity monsoonal times the euryha-
line cheilostome Einhornia crustulenta in the 
Cochin backwaters of India showed little calcifi-
cation and the normally calcified opercula con-
sisted only of unmineralized cuticle.

Of fundamental importance for both marine 
and freshwater bryozoans are hard or firm 
substrates onto which the larvae can settle to 

establish new colonies (e.g. Eggleston 1972a). 
Commonly used substrates are rocks, shells, and 
plants, the latter including coastal algae and sea-
grasses in marine environments, and submerged 
branches of trees in freshwater environments. A 
few bryozoan species, most belonging to the 
cheilostome genus Jellyella, are specialized to 
grow on floating Sargassum or on the buoyant 
dead shells of the squid Spirula and consequently 
have a pelagic, pseudoplanktonic ecology (Taylor 
and Monks 1997). Another floating bryozoan is 
the Antarctic ctenostome Alcyonidium pela-
gosphaerum which forms hollow, ball‐like colo-
nies up to 23 mm in diameter and lacking an 
obvious substrate (Peck, Hayward, and Spencer 
Jones 1995; Porter and Hayward 2004).

All bryozoans are suspension feeders, consuming 
predominantly dinoflagellates. Some other potential 
sources of nutrition have been suggested. Exudates 
from seaweeds may be used as an alternative trophic 
resource by epiphytic bryozoans (De Burgh and 
Fankboner 1978; Manríquez and Cancino 1996), dis-
solved organic matter has also been proposed as a 
source of nutrition (Best and Thorpe 1991), while 
uptake of amino acids directly from seawater by the 
cheilostome Bugula neritina has been demonstrated 
(Stephens and Schinske 1961). However, there is as 
yet no indication that these contribute significantly 
to the diet of bryozoans, at least not for species 
inhabiting shallow‐water environments.

Bacteria living within bryozoan tissues have 
also been hypothesized as nutritionally beneficial 
to the host (e.g. Karagodina et al. 2018). Perhaps of 
more interest in a palaeobiological context is the 
notion of bryozoan symbiosis with nutrition‐pro-
viding zooxanthellae, given the effects of such 
symbioses on host skeletons, including hypercal-
cification, and reef‐building capacities of other 
invertebrates through geological time. Zahl and 
McLaughlin (1957) mentioned the occurrence of 
zooxanthellae in the tissues of bryozoans but this 
has not been confirmed. Good candidates for bryo-
zoans hosting symbiotic zooxanthellae are giant 
colonies of the trepostome Tabulipora sp. from 
the Early Permian of North Greenland with 
branches up to 7 cm thick. However, analysis of 

(A)

(B)

Figure 1.9 Dormancy and regrowth in the Cretaceous 
cheilostome ‘Micropora’ eleanorae (Campanian, Chalk 
Gp.; Norwich, Norfolk, UK): (A) autozooids (bottom) 
transitioning to closed kenozooids (top) believed to be 
formed during periods of colony dormancy; (B) regrowth 
from the edge of a band of kenozooids (bottom) through 
the formation of a new subcolony commencing with a 
pseudoancestrula (arrowed). Scale bars = 500 μm.
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the stable light isotopes in skeletons of these bry-
ozoans failed to find the expected higher ∂13C val-
ues, leading to rejection of the zooxanthellae 
hypothesis (Key et al. 2005). Symbiosis was also 
dismissed as a cause of gigantism in some 
Moroccan Late Ordovician bryozoans by Jiménez‐
Sánchez, Vennin, and Villas (2015) because the 
trepostomes concerned lived in low mesophotic to 
oligophotic conditions and at a high palaeolatitude.

Bryozoans themselves feature in the diets of a 
wide range of animals, notably pycnogonids (sea 
spiders) and nudibranchs (sea slugs) (see 
Chapter 5.2). Some bryozoan predators take single 
zooids at a time, while others consume the entire 
colony or large parts of the colony.

1.4.1  How long do bryozoan colonies live and how 
fast do they grow?
The lifespan of individual colonies varies accord-
ing to species. Many species living in latitudes 
experiencing strong seasonality survive for a year 
or less (e.g. Eggleston 1972b). Colonies of some 
such species die after sexual reproduction. Their 
demise in the winter can be due to the deteriora-
tion or destruction of their substrates. Bryozoans 
such as Membranipora membranacea living as 
epiphytes of macroalgae may perish when the 
fronds they colonize become detached or decay, 
which occurs annually in some algae (e.g. Seed 

et al. 1981; Cook, Bock, and Gordon 2018, p. 73). 
In polar environments winter ice‐scour can totally 
obliterate benthic communities annually, includ-
ing any bryozoans (Conlan et  al. 1988). At the 
other end of the spectrum are perennial colonies. 
Conspicuous annual growth bands are evident in 
the skeleton of some long‐lived cheilostomes 
(Plate 7A). For example, Pentapora has dense but 
narrow winter bands that alternate with broad 
summer bands (Lombardi et  al. 2008). Similar 
bands have allowed colony ages to be estimated in 
some living species (Stebbing 1971; Brey et  al. 
1998; Barnes, Webb, and Linse 2006a, b). In the 
Antarctic cheilostome, Melicerita obliqua, 
growth bands reveal a maximum age of 45 years 
(Bader and Schäfer 2004). The congeneric 
Melicerita chathamensis from New Zealand has 
smaller colonies that live for about nine years, 
growing at a linear rate of about 5.3 mm per 
annum and adding approximately 110 zooids each 
year to the single palmate branch of the colony 
(Smith and Lawton 2010; Key et al. 2018).

Bryozoan growth rates, which have been quan-
tified in several ways, vary enormously between 
colonies of the same species from different locali-
ties, and even more so between different species. 
For example, Smith (2014) compiled published 
data on linear growth rates which are summarized 
here in Figure 1.10. Most of the studied colonies 

0

5

10

15

20

25

fr
eq

ue
nc

y

0–5 5–10 10–20 20–40 >40
linear growth rate (mm/yr)

Figure 1.10 Linear growth rates of bryozoan species using data compiled from the literature by Smith (2014, supplemen-
tary material).
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grew at less than 5 mm per annum but some grew 
much more quickly. Possibly the highest linear 
growth rate recorded is from the runner‐like 
encrusting cheilostome Aetea in which branch 
tips can advance across the substrate at 72 cm per 
annum (Jackson and Coates 1986). Kuklinski et al. 
(2012) reported growth rates of sheet‐like encrust-
ing bryozoans on settlement panels across a lati-
tudinal gradient of 44–78°N in Europe. They found 
growth rates in terms of colony area to be lower at 
higher latitudes, both overall and for particular 
taxa, e.g. colonies of the cyclostome Diplosolen 
from the Adriatic Sea grew at a rate of about 180 
mm2 per annum compared to 4 mm2 per annum in 
Spitsbergen.

Sokolover, Ostrovsky, and Ilan (2018) found the 
growth rate of Schizoporella errata to be much 
greater in high ambient flow velocities than in low 
flow, echoing findings from other taxa (e.g. Hughes 
and Hughes 1986). Both field‐ and laboratory‐reared 
colonies of the cheilostome Membranipora mem-
branacea showed significant increases in growth 
rate with increasing temperature, with a roughly 
fivefold increase in mean growth rate between col-
onies in the laboratory kept at 6°C and 14°C 
(Saunders and Metaxas 2009). A prodigious rate of 
growth was recorded by Cocito et al. (2006) in colo-
nies of the erect cheilostome Pentapora fascialis 
living close to submarine freshwater springs in the 
Adriatic Sea. Here colonies grew at almost 10 cm 
per year, compared to a ‘normal’ rate of growth of 
about 3 cm per year elsewhere in the Mediterranean. 
High concentrations of bicarbonate in the freshwa-
ter of the springs may be a key factor in the higher 
growth rate in this case.

Growth bands interpreted as annual incre-
ments have been noted in a few fossil bryozoans. 
Using this evidence, a large cyclostome colony 
from the Late Cretaceous was estimated as having 
lived for more than 35 years on the basis of its 
growth bands (Taylor and Voigt 1999), while some 
trepostome colonies from the Permian of 
Tasmania may have reached 75 years in age (Reid 
2014). Cyclical variations in zooidal aperture 
spacing in a colony of the cryptostome 
Rhombopora from the Carboniferous of Ireland 

(Hageman et al. 2011) could be detected at average 
frequencies of every 5.3, 9.4, and 23.3 zooids. On 
the basis of growth rates in modern bryozoans, the 
23.3 zooid cycle was interpreted as annual and the 
5.3 cycle as lunar/tidal, allowing the inference to 
be made that the 20 cm‐tall colony lived for 
about 20 years. There remains considerable scope 
for studies of geochemical signatures to estimate 
growth rates and colony ages in fossil bryozoans, 
extending research using isotopic profiles in 
some Recent species (e.g. Pätzold, Ristedt, and 
Wefer 1997).

1.5  Taxonomy

Three bryozoan classes  –  Phylactolaemata, 
Gymnolaemata, and Stenolaemata  –  have long 
been recognized on the grounds of major anatomi-
cal differences. Their status as monophyletic 
clades has been confirmed recently by molecular 
phylogenetic studies (Waeschenbach, Taylor, and 
Littlewood 2012). Phylactolaemates form the sis-
ter‐group of gymnolaemates + stenolaemates. 
Whereas all phylactolaemates living today are 
found in freshwater environments, the other two 
classes have an overwhelmingly marine distribu-
tion. Key morphological features of the three bry-
ozoan classes are summarized in Table 1.1.

Order‐level subdivisions are employed in gym-
nolaemates and stenolaemates but not in the low 
diversity phylactolaemates in which there are 
fewer than 100 described species. The two gym-
nolaemate orders are: ctenostomes, which lack 
mineralized hard parts, and cheilostomes, which 
are characterized by biomineralized skeletons as 
well as zooidal orifices closed by a lid‐like oper-
culum. Elevation of Ctenostomata and Cheilos
tomata to subclass level has been proposed 
recently by d’Hondt (2016), together with numer-
ous other categorical rank adjustments. However, 
large‐scale changes to the classifications used for 
gymnolaemates (and other bryozoans) must await 
a better understanding of bryozoan phylogeny that 
will emerge as molecular sequence data becomes 
available in a greater number of taxa.
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1.5.1  Ctenostomata
Most modern ctenostome species are ‘weedy’ and 
inconspicuous, although a few develop bushy or 
gelatinous colonies of considerable size. For an 
impression of colony‐form disparity in recent 
ctenostomes, see d’Hondt (1983) and Hayward 
(1985), while the paper on Brazilian ctenostomes 
by Vieira, Migotto, and Winston (201a) contains 
excellent photographs of living colonies.

Cryptopolyzoon is unusual in agglutinating 
grains of sand which stick to the zooids, in some 
instances almost entirely covering the colony 
(Dendy 1889). The small pedunculate ctenostome 
Clavopora has a stalk of muscular heterozooids 
which can contract to alter the position and orien-
tation of the head on which the feeding zooids are 
situated (Mawatari 1968).

Aside from their lack of a mineralized skele-
ton, a characteristic structure found in cten-
otomes, plus a few cheilostomes (e.g. Cellaria: 
Perez and Banta 1996), is the setigerous or pleated 
collar. This is a thin membrane with a cuff‐ or col-
lar‐like form that emerges just before the lopho-
phore is protruded and can be reinforced by rods 
(M.J. McKinney and Dewel 2002). Its function 
may be to push aside debris and generally prevent 

the lophophore from being fouled in the muddy 
habitats colonized by many ctenostomes.

Despite their soft‐bodied nature, ctenostome 
bryozoans can be found in the fossil record, either 
as borings in calcareous substrates (Chapter 4.8), 
or as bioimmurations (Figure 1.11) resulting from 
overgrowth by other organisms with hard skele-
tons (e.g. Voigt 1979; Taylor 1990a, b; Todd 1994; 
Todd, Taylor, and Favorskaya 1997). Bioimmurations 
can take the form of natural moulds on the under-
side of the overgrowing organism (Figure  1.11A, 
G), or casts on the substrate surface when the 
spaces left by decay of the bryozoan zooids are 
filled by diagenetic minerals such as calcite or 
pyrite (Figure 1.11B–D, F). A related, non‐biogenic 
process  –  lithoimmuration  –  may have been 
responsible for the preservation of the ctenostome 
Pierrella larsoni encrusting the insides of the body 
chambers of baculite ammonites in the Late 
Cretaceous Western Interior Seaway of the United 
States (Wilson and Taylor 2012; Figure  1.11E). 
Early diagenetic growth of authigenic calcite asso-
ciated with formation of the concretions contain-
ing the ammonites seems to have moulded the 
bryozoan zooids before their decomposition. In 
addition, outlines of encrusting ctenostome zooids 

Table 1.1 Morphological characteristics of the three classes of bryozoans.

Phylactolaemata Gymnolaemata Stenolaemata

Mineralized skeleton absent present or absent present
Zooid shape tubular tubular or box‐like tubular
Polymorphism lacking present present
Lophophore large and usually horseshoe‐ 

shaped
small to moderate in size  
and circular

small and circular

Musculature intrinsic body wall muscles parietal muscles parietal muscles
Epistome* present absent absent
Lophophore frontal cilia present present absent
Habitat freshwater marine, rarely brackish or 

freshwater
marine

* the epistome is a flap above the mouth, shared with Phoronida and believed by some to represent a separate body cavity – the 
protocoel – an interpretation contested by Gruhl, Grobe, and Bartolomaeus (2005) for phoronids, and later by Gruhl, Wegener, and 
Bartolomaeus (2009) for phylactolaemates.
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(A) (B)

(C) (D) (E)

(F) (G)

Figure 1.11 Immured fossil ctenostome bryozoans: (A) mould bioimmuration of Simplicidium brandesi on the underside of 
a serpulid annelid tube (Cretaceous, Berriasian; near Balki, Crimea); (B) natural cast biommuration of another colony on 
the outside of the same serpulid; (C) cruciate branching pattern in a natural cast bioimmuration of Simplicidium smithii 
(Jurassic, Kimmeridgian; South Ferriby, Lincolnshire, UK); (D) artificial cast of a bioimmured zooids of an un‐named 
arachnidiid (Triassic, Anisian, Upper Muschelkalk; Künzelsau‐Garnberg, Baden‐Würtemberg, Germany); (E) steinkern of 
the body chamber of a baculite ammonite with impressions of zooids of the ?lithoimmured Pierrella larsoni (Cretaceous, 
Campanian or Maastrichtian, Pierre Shale; Red Bird, Montana, USA); (F) natural cast bioimmuration of an un‐named 
arachnidiid, each zooid with a pair of longitudinal grooves possibly marking the edge of the frontal membrane (Jurassic, 
Upper Callovian or Early Oxfordian, Oxford Clay Fm.; Stanton Harcourt, Oxfordshire, UK); (G) mould bioimmuration of 
Buskia waiinuensis with a stolonal network to which were attached formerly erect autozooids flattened against the 
substrate during overgrowth by a cyclostome bryozoan from bottom right towards top left (Pleistocene, Nukumaru 
Limestone; Waiinu Beach, Whanganui, New Zealand). Scale bars: A, B = 2 mm; C, D, G = 500 μm; E = 10 mm; F = 200 μm.
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can be preserved on shell substrates through a pro-
cess termed epibiont shadowing (Palmer, Taylor, 
and Todd 1993). Described from the Jurassic, these 
traces are formed when the surface of the shell not 
covered by the bryozoan was bored by microendo-
liths, creating a pale background to the dark, 
unbored patches where the bryozoan zooids were 
situated.

Putative ctenostome body fossils include 
Demafinga pennsylvanica (Plate 7E) from the 
Carboniferous of Pennsylvania which was described 
as an Alcyonidium‐like ctenostome by Cuffey, 
Dodge, and Skema (2014), and Syringothenia 
bystrowi from the Middle Ordovician of the St 
Petersburg region redescribed by Viskova and 
Ivatsov (1999) as an alcyonidiid. As it is unclear 
how either of these soft‐bodied, possible ctenos-
tomes came to be preserved, their affinities require 
further research for confirmation.

Other Palaeozoic fossils (notably Ascodictyon 
and Allonema) with calcareous skeletons previ-
ously identified as ctenostomes (e.g. Ulrich and 
Bassler 1904; d’Hondt and Horowitz 2007) are 
now regarded as Problematica (Olempska and 
Rakowicz 2014; Wilson and Taylor 2014).

1.5.2  Cheilostomata
More than 80% of bryozoan species living at the 
present‐day belong to the Cheilostomata (Bock and 
Gordon 2013), yet this order first appeared in the 
fossil record as recently as the Late Jurassic and 
remained uncommon until the mid‐Cretaceous 
(Taylor 1988b). The classification of cheilostomes is 
in a state of flux. The two traditional subor-
ders – Anasca and Ascophora – are clearly morpho-
logical grades, anascans being paraphyletic and 
ascophorans polyphyletic. Attempts to replace 
these with suborders more reflective of phylogeny 
have begun in recent years. However, a robust new 
classification must await the molecular sequencing 
of a far greater number of taxa and the construction 
of a more complete molecular tree than currently 
available. The rich fossil record and importance of 
cheilostomes means that, unlike ctenostomes but 
like stenolaemates, they recur throughout this book 
and are not discussed further at this point.

1.5.3  Stenolaemata
All stenolaemates have calcareous skeletons and 
the prolific fossil record of the class begins in the 
Early Ordovician (Ma et al. 2015). At the time of 
the first bryozoan part of the Treatise on 
Invertebrate Paleontology (Bassler 1953), only 
three stenolaemate orders were recognized: 
Cyclostomata, Trepostomata, and Cryptostomata. 
However, the new orders Cystoporata, Esthonioporata, 
and Fenestrata have since been separated off, 
respectively from Cyclostomata, Trepostomata, 
and Cryptostomata. An additional order  – 
Timanodictyina (Morozova 1966)  –  has also been 
recognized, making a total of seven stenolaemate 
orders in all (Figure 1.12). Cryptostomata is occa-
sionally subdivided into two orders – Cryptostomida 
and Rhabdomesida – while to avoid homonymy of 
jawless fishes with the same name, Cyclostomata 
is sometimes referred to as Tubuliporida (Gorjunova 
1996). Both the phylogenetic relationships between 
stenolaemate orders, and indeed the distinctive-
ness and validity of these orders, remain to be reli-
ably resolved.

The dominantly Palaeozoic stenolaemate 
orders (i.e. all apart from the extant cyclostomes) 
are now placed in the subclass Palaeostomata, 
erected recently by Ma, Buttler, and Taylor (2014). 
Palaeostomates have a ‘free‐walled’ skeletal 
organization lacking calcified frontal exterior 
walls and most possess styles embedded within 
their interior walls. Table  1.2 summarizes the 
morphological features, and geological ranges, of 
the seven stenolaemate orders.

1.6  Collecting and Studying Fossil 
Bryozoans

Fossil bryozoans are collected in the field in two 
main ways: as individually picked specimens or 
in bulk samples. The first of these methods is 
most useful for obtaining larger erect colonies 
and their fragments. Encrusting colonies can be 
found by seeking potentially encrusted sub-
strates, such as brachiopods in the Palaeozoic 
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and oysters in the Mesozoic and Cenozoic. 
Fortunately, localities depleted in other macro-
fossils favoured by fossil enthusiasts may remain 
rich in bryozoans, and bryozoan‐encrusted shells 
are often discarded by collectors in search of 
more pristine shells. Fragments of erect bryozo-
ans, free‐living cheilostomes and encrusters 
detached from their substrates are best recovered 
from bulk samples after washing and sieving. 
The majority of fossil bryozoans occur in shal-
low‐water carbonates, and interbedded lime-
stones and shales can be particularly bryozoan‐rich 
in the Palaeozoic (Plate 2A).

Robust fossil colonies can be prepared by clean-
ing uncemented sediment from the colony sur-

faces using a soft brush under running water, 
while all but the most fragile of colonies benefit 
from treatment in an ultrasonic bath. Silicified 
bryozoans can be etched from limestones using 
acids (e.g. Elias and Condra 1957; Tavener‐Smith 
1973a; Gautier, Wyse Jackson, and McKinney 
2013). However, silicification is often surficial and 
internal walls are not always preserved (Taylor 
and Curry 1985), while in some cases the fidelity 
of silicification is too coarse for satisfactory pres-
ervation of zooid‐level morphology (e.g. Schneider 
et  al. 2013). Phosphatic steinkerns (internal 
moulds), which have been very little studied, may 
also be recovered using acid dissolution (e.g. 
Datillo et al. 2016). Steinkerns of bryozoan zooids 

(A) (B) (C) (D)

(E) (F) (G) (H)

Figure 1.12 Examples of fossil bryozoans belonging to the eight orders possessing mineralized skeletons: (A) 
Cheilostomata – Copidozoum planum (Plio‐Pleistocene, Burica Fm.; Burica Peninsula, Panama); (B) Cyclostomata –  
Hyporosopora rugosa (Jurassic, Kimmeridgian; Ponte du Chay, Charente Maritime, France); (C) Esthonioporina – 
Nekhorosheviella sp. (Ordovician, Upper Tremadocian, Fenhsiang Fm.; Hubei, China); (D) Cystoporata – Fistuliphragma sp. 
(Devonian, Eifelian, Upper Junckenberg Fm.; Gondelsheim, Prüm syncline, Germany); (E) Trepostomata – Monotrypa 
pulchella (Silurian, Wenlock, Much Wenlock Limestone Fm.; Dudley, West Midlands, UK); (F) Cryptostomata – Nematopora 
lineata (Ordovician. Ashgill, Ojl Myr flint; Gotland, Sweden); (G) Fenestrata – silicified phylloporinid ?Moorephylloporina 
typica (Upper Ordovician, Edinburg Fm.; Strasburg, Virginia, USA); (H) Timanodictyina – tangential thin section of 
Timanodictya sp. (Permian; USA). Scale bars: A, F, H = 200 μm; B, C, D = 500 μm; E = 2 mm; G = 1 mm.
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are very occasionally found in the fine fraction of 
bulk sediment samples (Hara 2015). Decalcified 
bryozoans preserved as moulds are difficult or 
impossible to identify, especially those of palaeos-
tomates in which the interiors of colonies are 
lacking because the presence of basal diaphragms 
prevents penetration of sediment.

As already mentioned, the study of most 
Palaeozoic bryozoans relies on the preparation of 
thin sections, preferably cut in three standard 
orientations (Figure  1.5): longitudinal, tangen-
tial, and transverse (Wyse Jackson and Buttler 
2015). These can be prepared using rock samples 
containing bryozoans, in which case obtaining 
standard orientations may depend on chance 

intersections, or from loose branches that may 
first need to be embedded in resin to avoid loss 
of the outer parts of the specimen and to aid 
manipulation. As an alternative to thin section-
ing, cellulose acetate peels can be prepared from 
polished and etched surfaces flooded with ace-
tone followed by the application of acetate sheet 
that is lifted off when dry to reveal an impres-
sion of the cut surface. Serial peels have been 
employed to reconstruct three‐dimensional mor-
phology and budding patterns (e.g. Boardman 
and McKinney 1976).

Post‐Palaeozoic bryozoans are studied 
predominantly using surface morphology. Scanning 
electron microscopy (SEM) has become an 

Table 1.2 Main morphological features and geological ranges of the orders of stenolaemate bryozoans. Order 
names were derived as follows: Cyclostomata = round mouthed, referring to the shape of the skeletal aperture; 
Esthonioporata = porous bryozoan from Estonia; Cystoporata = referring to the vesicular cystopores found in many 
species; Trepostomata = derived from ‘trepos’ meaning to turn, apparently referring to the zooids bending 
from the endozone into the exozone; Cryptostomata = hidden mouthed, referring to the notion that the mouth is 
located beneath the skeletal aperture, at the position of the hemisepta; Fenestrata = derived from fenestra, or 
window, in reference to the openings (fenestrules) in the often reticulate colonies; Timanodictyina = bryozoan 
from Timan, Russia.

Colony‐form
Calcified exterior  
frontal walls

Pores in skeletal  
walls Zooidal polymorphism Range

Cyclostomata Varied yes/no yes common: gonozooids, 
kenozooids, nanozooids

Ordovician–
Recent

Esthonioporata Dome‐shaped or  
ramose

no no generally lacking Ordovician–
Devonian

Cystoporata Varied no rarely rare Ordovician–
?Triassic

Trepostomata Varied no no common: mesozooids  
and exilazooids

Ordovician–
Triassic

Cryptostomata Ramose, bifoliate or 
cribrate

no no occasional exilazooids Ordovician–
Triassic**

Fenestrata Mostly reticulate or 
pinnate***

no no uncommon* Ordovician–
Permian

Timanodictyina Ramose or bifoliate no no rare Devonian–
Permian

* a large number of polymorphs have been named but their validity it is uncertain as it is unclear whether they represent functionally 
distinct types of zooids; ** Tebitopora is a cryptostome from the Triassic of Tibet (Hu 1984); *** Schischatella is a rare example of an 
encrusting fenestrate bryozoan (Ernst and Bohaty 2009).
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essential tool for observing small‐scale morpho-
logical features as well as producing clear images 
at the level of the zooid. The advent of low‐
vacuum and environmental chamber instru-
ments that do not require coating of specimens 
with a conducting metal has revolutionized 
bryozoan SEM, allowing type and other valuable 
specimens to be studied unaltered (Taylor and 
Jones 1996). Coupled with voluminous speci-
men chambers, this has also permitted large 
colonies or colonies encrusting large substrates 
to be examined intact.

X‐ray CT‐ and synchrotron‐tomography are being 
used increasingly for fossil bryozoans and offer 
immense potential for future advances (e.g. Viskova 
and Pakhnevich 2009; Koromyslova and Pakhnevich 
2016; Federov, Koromyslova, and Martha 2017; 
Koromyslova, Martha, and Pakhnevich 2018). 
However, aside from the large amount of time 
needed to process and clean image stacks, these 
techniques suffer from the problem of the minor 
density contrast between the calcareous bryozoan 
skeleton and the carbonate cement or sediment that 
normally infills the chambers of the zooids.
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