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Entering the ZOOM Room
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This is a single Zoom session that will be open throughout. Participants may
come in and go out as they wish to. We ask participants to mute their
microphone unless speaking.
Timing
The conference is using New Zealand Daylight Time (UTC+13). We strongly
suggest you set a clock to this time on your phone or nearby. We will have to
be very firm on timing – nobody will be allowed to go over time.
Programme – see pages 3-4 for details.
There will be plenary sessions (35 mins), research talks (15 mins), posters (5
mins), breakout sessions, and business meetings.
There will be 10-min breaks between sessions.
Speakers will meet in a breakout room with their session chair during the break
before their session.
BryoTube
With speaker permission, we will record the talks and upload them to
BryoTube, a closed Youtube channel; only those with the link can find these
talks. We will email links after the conference, to conference participants only.
Bryo-Photo Competition
We are hosting a bryozoan photo competition with “people’s choice” voting
among conference participants. We will provide the link to photos on the day.
Voting will close at 17:00 NZDT. Winners will be announced at the Closing
Session.
Awards
A judging panel will award best student talk and best student poster.
Winners will be announced at the Closing Session, and on the IBA website.
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IBA Larwood and Australarwood On-Line Meeting
Programme
Times are in New Zealand Daylight Time = UTC+13 on Thursday 30 September
Time Activity

Speakers / Rooms

Support

0500
0510

Gathering and Technical Support
Welcome

0520

Plenary I: Fossil bryozoans and their future role in
Abby
palaeontology
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Hannah
Session 1: Five talks
0605 Antonietta Rosso
Hannah
12 minutes speaking
0620 Natalia Shunatova
3 minutes questions
0635 Tabita Symphonia
0650 Yasser El Safori
0705 Melissa Boonzaaier-Davids
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Hannah
Session 2: Five posters
0730 Mark Wilson
Hannah
1 min speaking
0735 Evgeniy Bogdanov
4 mins discussion
0740 Nadezhda Karagodina
0745 Andrej Ernst
0750 Mark Wilson
Movie: Bryozoans of the Adriatic
Maja Novosel
Hannah
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Abby
IBA Business Meeting
Antonietta Rosso
Abby
Discussion of 2022 meeting
Catherine Reid
Break: 10 mins to stretch, move, eat, drink. Set up rooms.
Abby
Social Event A: Breakout by CLASS
Room 1: Phylactolaemata
15 minutes of chatting
Room 2: Stenolaemat
Room 3: Gymnolaemata
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Tyler
Session 3: Six talks
0935 Caroline Buttler
Tyler
12 minutes speaking
0950 Jasmine Ferrario
3 minutes questions
1005 Sebastian Decker
1020 Ahmed Saadi
1035 Mildred Johnson
1050 Fabio Piccolin
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Session 4: Four talks
1115 Helen Jenkins
Tyler
12 minutes speaking
1130 Lara Baptista
3 minutes questions
1145 Lee Hsiang Liow -- recorded
1200 Sara Rodríguez Díaz
Break: 10 mins to stretch, move, eat, drink. Next speaker tech check
Abby
Plenary II: Opportunities in bryozoology in the
Andrea Waeschenbach
Abby
era of high-throughput sequencing
Break: 10 mins to stretch, move, eat, drink. Set up rooms.
Abby
Social Event B: Breakout by TOPIC
Room 1: Evolution & Phylogeny
15 minutes of chatting
Room 2: Taxonomy, Morphology, Development
Room 3: Ecology, Environment, Conservation
Room 4: Palaeontology
Room 5: Methods & Scientific Process
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Abby

0555
0605

0720
0730

0755
0810
0820
0900
0910
0925
0935

1105
1115

1215
1225
1300
1310

1325

Abby Smith
Antonietta Rosso
Emanuela Di Martino
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Abby
Abby

1335

1435
1535
1610
1620
1705
1715

1735
1745

1800
1810
1855
1910
To
1930

Session 5: Four talks
12 minutes speaking
3 minutes questions

1335 Megan McCuller
1350 Leandro Vieira
1405 Bernabê Moreno Leveroni
1420 Nickellaus Roberts
Long Break: 60 mins. Next speaker tech check at 1455
Plenary III: Life in a polymetallic nodule field –
Dennis Gordon
bryozoan diversity in the CCZ and the likely
impacts of mining
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Session 6: three talks
1620 Maria Susan Sanjay
12 minutes speaking
1635 Eckart Håkansson
3 minutes questions
1650 Catherine Reid
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Session 7: four posters
1715 Soja Louis
1 min speaking
1720 Loveille Gonzaga
4 mins discussion
1725 Seabourne Rust
1730 Abby Smith
Break: 10 mins to stretch, move, eat, drink. Set up rooms
Social Event C: Breakout by AGE
Room 1: Student
15 minutes of chatting
Room 2: Postdocs, early career
Room 3: Mid-career established
Room 4: Senior/retired
Break: 10 mins to stretch, move, eat, drink. Next speakers tech check
Photography Competition Voting Closes
Session 8: three talks
1810 Peter Batson
12 minutes speaking
1825 Tyler Feary
3 minutes questions
1840 Yuta Tamberg
Break: 15 mins -- Judges’ meetings
Closing: Student Awards, Prize-winning Photos,
Catherine Reid
Farewell
Katerina Achilleos
Abby Smith

Abby

Yuta
Yuta
Yuta
Yuta
Yuta
Yuta

Abby

Katerina
Katerina
Katerina
Katerina

Grateful thanks to everyone for making this complex meeting run smoothly.

Maybe someday you can come enjoy Dunedin in person!
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Student Talk

Estimating the diversity of Reteporella species in the Azores combining
molecular and morphological data.
Baptista, L1,2,3,4, Berning, B5, Curto, M1,6, Santos, AM4,7, Meimberg, H1, and
Ávila, SP2,3,4,8
1

Institute for Integrative Nature Conservation Research, University of Natural Resources and Life
Sciences (BOKU), Vienna, Austria
2
Centro de Investigação em Biodiversidade e Recursos Genéticos, InBIO Laboratório Associado,
Ponta Delgada, Azores, Portugal
3
MPB-Marine Palaeontology and Biogeography lab, Universidade dos Açores, Azores, Portugal
4
Faculdade de Ciências da Universidade do Porto, Porto, Portugal
5
Oberösterreichisches Landesmuseum, Geowissenschaftliche Sammlungen, Leonding, Austria
6
Marine and Environmental Sciences Centre, Faculdade de Ciências, Universidade de Lisboa,
Campo Grande, Lisboa, Portugal
7
Centro de Investigação em Biodiversidade e Recursos Genéticos, InBIO Laboratório Associado,
Universidade do Porto, Vairão, Portugal
8
Departamento de Biologia, Faculdade de Ciências e Tecnologia, Universidade dos Açores, Azores,
Portugal

Abstract: Reteporella Busk, 1884 is a speciose genus of the Phidoloporidae family with a
global distribution and lace-like, three-dimensional colonies. As in other phidoloporids,
classification is mostly based on the complex and often extremely variable morphological
characters that often render difficult taxonomic decisions. In the remote, central North Atlantic
Azores Archipelago some nine Reteporella species have historically been reported, while
examination of the original collection material already suggested that the diversity is distinctly
greater. In the present project, we performed phylogenetic reconstructions of newly collected
Reteporella species based on mitochondrial, nuclear, and microsatellite data, with an emphasis
on Azorean representatives from depths ranging between 10 and 500 meters. Molecular data
were complemented with morphological analyses based on scanning electron microscopy
images. The preliminary results show consistent differentiation of genetic lineages (i.e. putative
species) across the molecular markers analysed, supported by unique morphological features.
Based on historical records and results from recent analyses, we suggest that at least 16
Reteporella species are present in the archipelago, displaying great genetic divergence between
four larger groups, which may argue for the arrival of several distinct lineages in the Azores,
and possibly also for the need to split the genus Reteporella. Phylogenomics reveals deep
relationships and diversification within phylactolaemate bryozoans
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Student Talk

Colony remodelling – a cryptic innovation in a fast-paced world?
Batson, P1, Taylor, P2, Tamberg, Y1, Gordon, D3, and Smith, A1
1

Department of Marine Science, University of Otago, New Zealand
Department of Earth Sciences, Natural History Museum, London, United Kingdom
3
NIWA, Wellington, New Zealand
2

Abstract: Cyclostome colonies gather less energy per unit area than those of cheilostomes,
and have other morphological/life history traits inferred to place them at a competitive
disadvantage (McKinney 1993). The ecological effects of this disparity might be expected to
be strongest in productive (i.e. high-competition) settings, where cyclostomes would be most
disadvantaged. However, ecological studies show that some cyclostomes can be competitive
in such environments without resorting to ‘temporal refugia’ sensu McKinney (1995). For
example, a highly productive benthic community occurs on the mid- to outer-continental
shelf off Otago Peninsula, southeastern New Zealand. Here, multiple species of the
cyclostome genus Hornera regularly attain large (50–100 mm) colony sizes, and are among
the most-abundant members of the benthos—despite being in direct competition with
numerous cheilostomes and other sessile invertebrates, some of which routinely overgrow
erect bryozoans.
How does Hornera thrive in this potentially ‘cyclostome-unfriendly’ environment? Hornerid
colonies are long-lived and employ an elaborate system of colony remodelling via branch
abscission (cladoptosis) and selective regrowth. Remodelling dynamically optimises the
architecture and feeding efficiency of a growing Hornera colony. Cladoptosis also functions
as an anti-fouling adaptation (autotomy) and as a response to environmental stress (‘colony
downsizing’). In parallel with cladoptosis, skeletal resorption-mediated shedding of other
colony elements, including zooidal peristomes, gonozooids and struts, also occurs.
Iterated over time, remodelling results in progressive loss of older branches, formation of
colony branch ‘leaders’, self-pruning of trophically ‘shaded’ branches, and development of
self-scaling architecture. These structural changes closely resemble growth patterns in
terrestrial trees—a striking example of convergent evolution in two highly disparate clades of
multimodular, sessile organisms. In the context of clade dynamics over evolutionary
timescales, ‘cryptic innovations’, such as colony remodelling could play a part in maintaining
the relatively stable post-Cretaceous diversity of the cyclostomes despite their putatively
inferior zooidal bauplan.
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Student Poster

Ultrastructural study of symbiosis between Dendrobeania fruticosa and
bacteria.
Bogdanov, EA1, Vishnyakov, AE1, Kotenko, ON1, and Ostrovsky, AN1
1

Department of Invertebrate Zoology, Faculty of Biology, Saint Petersburg State University, Saint
Petersburg, Russia

Abstract: Symbiotic associations with bacteria are widely known among Bryozoa. Different
species are known to possess specific organs like vestibular glands and funicular bodies
containing symbiont. Such symbiosis provides some chemical agents that were shown to
perform defensive function in larvae.
Here we describe for the first time the ultrastructure and its dynamics of the funicular bodies
containing prokaryote symbionts in the cheilostome bryozoan Dendrobeania fruticosa. Details
of ultrastructure strongly indicate continuous co-evolution between bacteria and their host.
Ultrastructural studies showed that at the normal ‘mature’ state these organs play trophic
function supporting development of large population of bacteria. At later stage both funicular
bodies and bacteria show strong signs of degradation accompanied by development of the
virus-like particles (VLPs) that at the ‘final’ stage self-organize to unusual spherical structures.
Pronounced degradation patterns of funicular bodies that followed by formation of such
particles may suggest presence of some complex relationship between bryozoan host, their
bacteria and some kind of unknown viruses.

10

Talk

Zoogeography of marine Bryozoa around South Africa
Boonzaaier-Davids, MK1,2, Florence, WK1 and Gibbons, MJ2
1
2

Iziko South African Museum, Research and Exhibitions Department
University of the Western Cape, Department of Biodiversity and Conservation Biology

Abstract: The zoogeography of Bryozoa around South Africa was investigated using
published distribution records from the literature, museum catalogues and from an examination
of previously un-worked bryozoan material in (mostly) museum collections. Of the 276
validated species recognised, there was a clear geographic structure to communities that
mirrored established regional patterns of biogeography at all depths examined (shore and innershelf, 0-30 m; mid and outer-shelf, 31-350 m; bathyal, > 501 m). Communities on the shore
and inner-shelf and mid- and outer-shelf were more similar to each other than they were to
bathyal communities, and the pronounced structure in the latter suggests heterogeneity in the
deep sea around South Africa. During this study, one new genus and nine new species were
described to date, and highlights the importance of examining existing backlogged material
lodged in museum collections to better understand biodiversity and biogeographical patterns
over space and time.

11

Talk

Seeing inside tiny silicified Palaeozoic bryozoans – creating virtual thin
sections using x-ray microscopy.
Buttler, C1 and Mitchell, R2
1

Department of Natural Sciences, Amgueddfa Cymru – National Museum Wales, Wales, United
Kingdom
2
Department of Materials Science and Engineering, University of Sheffield, Sheffield, United
Kingdom

Abstract: In the final chapter of his 2020 book Bryozoan Palaeobiology Paul Taylor
highlighted a few important gaps in our knowledge of fossil and Recent bryozoans. One of
these was small Palaeozoic bryozoans and he explained that because of the size it was difficult
to study the internal morphology using conventional thin sections. This is especially a problem
with extremely small silicified colonies which can be acid extracted from the rock. They can
reveal beautiful external morphology, however we often do not know what if anything has been
preserved internally. This was the case with a fauna from the Early Silurian of Iran which show
good external preservation, but we knew nothing of the interior and thought they could just be
hollow tubes with nothing remaining.
Here, we have used X-ray Microscopy (XRM) to non-destructively image a variety of
bryozoans in 3D, revealing both external and internal morphologies and degrees of internal
preservation. A Zeiss Xradia Versa 520 was used within the Advanced Imaging of Materials
(AIM) Facility at Swansea University, UK. Resolutions (voxel sizes) achieved were between
2.75 and 8.47 µm, and scan times ranged between 2 and 10 hours. Imaging in 3D via this
method allows us to obtain virtual thin sections in any orientation through the specimens.
Due to the silicified preservation of the material this technique does not enable us to examine
zooecial wall structures and features within them because the calcite has been destroyed.
However, we can see the internal morphology via virtual thin sections at all levels throughout
the colony, impossible without precise destructive physical sectioning techniques.
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Student Talk

Morphology and systematics of the boring bryozoan family
Penetrantiidae.
Decker, SH1, Saadi, AJ1, Hirose, M2, Smith, AM3, and Schwaha, T1
1

Department of Evolutionary Biology, Unit Integrative Zoology, University of Vienna, Austria
School of Marine Biosciences, Kitasato University, Japan
3
Department of Marine Science, University of Otago, New Zealand
2

Abstract: An endolithic lifestyle within mineralized substrates has evolved multiple times in
various phyla including Bryozoa. Boring bryozoans are microborers which colonize calcified
substrates by means of chemical dissolution. The family Penetrantiidae includes one genus
with approximately a dozen species and occurs predominantly in shells of living and dead
molluscs. Based on several morphological characters such as an operculum, an external brood
chamber, but also true stolonial polymorphs, a true gizzard or a supposedly uncalcified body
wall, they were debated to be either cheilostome or ctenostome bryozoans. Consequently, the
aim of this study is to analyze the systematic position and species identity of the genus
Penetrantia by using modern morphological methods such as confocal laser scanning
microscopy combined with molecular data.
So far Penetrantia parva (New Zealand), Penetrantia concharum (North Sea, Europe) and a
potential new species from Japan were analyzed. First data on the musculature associated with
the operculum show strong similarities to other ctenostome bryozoans, particularly the occlusor
muscle seem to evolved independently and thereby should not be homologous to the
cheilostome bryozoan occlusor. This idea is also supported by first preliminary phylogenetic
analysis based on COI and 18S sequence data. Identifying boring bryozoans to species level
remains a great challenge but based on morphological and molecular data, specimens collected
in northern France are identical to P. concharum and thereby increasing its distribution area.
The specimens from Japan correspond in many characters to P. clionoides from Guam.
Especially the partial calcification is similar, however the presences of characteristic tubulets
(small connection from the stolon to the substrate surface) in the Japanese specimens indicate
a possibly undescribed species. Increased taxon sampling and a broader multigene
phylogenetic analysis will shed even more light on whether certain morphological traits
evolved convergent in this clade and clarify species identity of this little investigated bryozoan
family.
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Plenary

Fossil bryozoans and their future role in palaeontology.
Di Martino, E1
1

Natural History Museum, University of Oslo, Oslo, Norway

Abstract: If “the present is key to the past” as stated by Sir Charles Lyell as the principle of
uniformitarianism, “you have to know the past to understand the present and so the future” said
more than one century later the planetary scientist Carl Sagan, phrase that, in my opinion,
summarize well the value of palaeontology.
Several opinion papers about the future of palaeontology have been published in the last few
decades. All agree that palaeontology remains in business and that the field is increasingly
exciting and is still expanding, although often challenged by the lack of funds and jobs.
The fossil record is, indeed, key to discriminate between Earth’s cyclical environmental
changes considered as geologically normal and human-driven changes of the recent past. This
makes palaeontology an essential tool for (i) (paleo)biodiversity studies, in quantifying
extinction and speciation events to inform conservation management decisions over short- and
long-terms; (ii) molecular phylogenetics, in which fossil data are essential to calibrate
molecular phylogenies, and (iii) evolutionary biology for which fossil phenotypic time series
are now considered crucial to describe plausible selection scenarios.
In this panorama, fossil bryozoans represent a unique study system because of their rich,
continuous fossil record, colonial, polymorphic nature and trait-rich skeletal morphology
corresponding to genetic species. Their potential in palaeobiological studies has been
acknowledged in recent years by the support of funding agencies for several large projects
based on bryozoans. One of these is my current project – SELECT – funded by the Research
Council of Norway, in which I am using a group of cheilostome bryozoans to investigate
constraints and drivers of phenotypic evolution. I will show the results of pilot studies
illustrating how the study of species variation in contemporary and fossil populations provides
insights that are otherwise impossible to obtain.
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Talk

Intertidal encrusting bryozoans from the Arabian Gulf, Saudi Arabia.
El Safori, YA1, El–Sorogy, AS2,3, Youssef, M2,4, and Al–Malky, M2
1

Department of Geology, Faculty of Science, Ain Shams University, Cairo, Egypt
Geology and Geophysics Department, College of Science, King Saud University, Saudi Arabia
3
Geology Department, Faculty of Science, Zagazig University, Egypt
4
Geology Department, Faculty of Science, South Valley University, Egypt
2

Abstract: Twenty encrusting bryozoan species (19 cheilostomes, one cyclostome) collected
intertidally were identified from Ras Abu Aly, Al Jubail City, Al Jubail Industrial City, and
Ras El–Ghar, Saudi Arabia, along the Arabian Gulf. These species were found encrusting
molluscan shells, mostly bivalves. Among hundreds of molluscan shells, only 110 shells had
bryozoan colonies. Five species are described as new; Antropora symmetrica n. sp., A. zikoi n.
sp., Parasmittina arabiensis n. sp., P. arabiensis n. sp., and ?Pacificincola tarutensis n. sp. The
identified bryozoans (12 species) are previously known from the Indo–Pacific regions, with
sharing elements of Atlantic and/or Mediterranean regions. Among the studied assemblage
only one species (Scorpiodinipora costulata) has a fossil records of Miocene age.
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Poster

Bryozoan fauna from the Kunda Stage (Darriwilian, Middle
Ordovician) of Estonia and NW Russia.
Ernst, A1
1

Institute for Geology, University of Hamburg, Hamburg, Germany

Abstract: Bryozoan fauna from several outcrops of sediments of the Kunda Stage (Darriwilian,
Middle Ordovician) of Estonian and NW Russia contains 18 species which belong to the
palaeostomate orders Esthonioporata, Cystoporata, Trepostomata, and Cryptostomata. The
studied material comes mainly from the collection of the Department of Geology, Tallinn
University of Technology, as well as was sampled by own. One genus with one species and
one more species are new, four bryozoans are identified at the genus level. One cryptostome
bryozoan shows unique morphology unknown in any similar genera. In general, the studied
fauna shows close relations to other localities within the Baltic region. The majority of taxa
possess massive, often multi-layered colonies, adapted to the shallow near-shore environment.

16

Student Talk

Troubled waters: A pilot study on the spawning requirements, feeding
preferences, and growth of Watersipora subtorquata.
Feary, T1 and Smith, AM1
1

Department of Marine Science, University of Otago, New Zealand

Abstract: Watersipora subtorquata is an invasive Cheilostome bryozoan found locally in
Dunedin. The aims of this study were to develop a reliable method for spawning W.
subtorquata, assess the effect of different feeding regimes, and compare methods of measuring
growth rate. This was designed as a pilot study to contribute to further research next year. Eight
wild colonies were collected from a set of tires at Portobello Marine Laboratory in Dunedin,
New Zealand. These colonies were held in a dark tank for two days, before being induced to
spawn. This was achieved by a combination of light and temperature shock. This was
successful, though larvae experienced a high mortality due to spawning taking place in Winter.
Forty-two colony fragments were subjected to different feeding regimes for three weeks, and
were measured manually over this time by drawing a circle around them and recording the
diameter. Thirty-three wild colonies were photographed over three months and had colony
growth measured through photographic analysis with ImageJ and Photoquad. The results from
the analysis of these experiments will influence the methods of my research project in 2022.
The project will be focused on measuring the effect of temperature and pH change on the
growth and survival of W. subtorquata, contributing to the understanding of the relationship
between environmental change and bryozoans.
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Bryozoans detected during non-indigenous species monitoring in
Italian ports.
Ferrario, J1, Tamburini, M1, Marchini, A1, and Occhipinti-Ambrogi, A1
1

Department of Earth and Environmental Sciences, University of Pavia, Italy

Abstract: Biological invasions are considered one of the most important causes of biodiversity
loss worldwide. In particular, in the marine environments the introduction of non-indigenous
species (NIS) is scarcely controlled, and prevention is considered the most effective and
feasible management action, that starts with the monitoring of high-risk areas for NIS
introduction. In this context, a standardized American monitoring for fouling communities was
conducted in five marinas in the Gulf of La Spezia (Ligurian Sea, Italy), with the aim to early
detect NIS and apply the method for the first time in the Mediterranean Sea. The protocol was
developed by the Smithsonian Environmental Research Center and consists in the immersion
at one meter depth of bricks tied to downward facing PVC plates (14x14 cm), on which marine
organisms can settle. A total of 10 units per marina were deployed for three months in three
consecutive summer seasons (2018-2020).
A total of 79 species were identified, Bryozoa being the most abundant group: 23 species in
total, out of which four are NIS (Amathia verticillata, Celleporaria brunnea, Tricellaria
inopinata, Watersipora arcuata). The non-indigenous bryozoans were observed in all the
investigated marinas, except for A. verticillata. Furthermore, W. arcuata was recorded for the
first time in the Gulf of La Spezia.
In the marinas, different bryozoan assemblages were displayed on the plates. In fact, all the
localities in the Gulf of La Spezia are peculiar and unique, located close to different
anthropogenic activities (e.g., harbours, aquaculture facilities, shipyards) and a natural marine
park; these peculiarities might have influenced the different colonization success of bryozoans.
This monitoring highlights the preponderant role of bryozoans in fouling communities and the
importance to conduct long-term monitor surveys of NIS in high-risk areas, in order to early
detect and assess changes in the community composition across time and space.
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Anticancer activity of the marine bryozoan Cryptosula zavjalovensis.
Gonzaga, LJA1, Cavaco, I2, and Fortunato, H3
1

Department of Chemistry, College of Science and Mathematics, University of Southern Mindanao,
Cotabato, Philippines
2
Departamento de Química e Farmácia, Universidade do Algarve, Faro, Portugal
3
Department of Natural History Sciences, Faculty of Science, Hokkaido University, Sapporo, Japan

Abstract: Although novel biologically active secondary metabolites can be potentially found
in bryozoans, there have been a few studies on these organisms. Bryozoans are sessile colonial
animals commonly found in great diversity in shallow waters. In this study, samples of the
bryozoan Cryptosula zavjalovensis were collected from the Akkeshi Marine Station in Japan
and were extracted using ethanol. The crude extract was separated using ethyl acetate (EtOAc)
and water to obtain organic and aqueous fractions, respectively. The EtOAc fraction
demonstrated high cytotoxicity while the water fraction exhibited mild cytotoxicity towards
MCF7 breast cancer cells. The EtOAc extract was subsequently fractionated through solidphase extraction using a gradient of methanol and water (E1 80:20 v/v and E2 100:0 v/v) and
using methanol and chloroform (E3 50:50 v/v). Toxicity profiling revealed that the toxicity
toward the human MCF7 breast cancer cells of the E2 (IC50 = 6.46 µM) and E3 (IC50 = 6.66
µM) fractions is comparable to that of cisplatin, indicating the excellent cytotoxic activity of
the EtOAc fractions of C. zavjalovensis. Further studies are thus warranted to isolate the novel
compounds in these fractions and determine their potential chemotherapeutic application.
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Life in a polymetallic nodule field – bryozoan diversity in the CCZ and
the likely impacts of mining.
Gordon, DP1, Grischenko, AV2, and Viacheslav, PM3
1

NIWA, Wellington, New Zealand
Perm State University, Perm, Russia
3
Yuzhmorgeologiya, Gelendzhik, Russia
2

Abstract: This talk gives an update on the bryofauna associated with polymetallic nodules
collected by box-coring in the eastern part of the Russian exploration area of the ClarionClipperton Zone (CCFZ) at depths of 4510‒5280 m. A monograph published in 2018 provided
a taxonomic account of the Cyclostomata and Ctenostomata and a monograph on the
Cheilostomata will be submitted next year. Since 2018, additional collecting has yielded a
fertile colony of one of the cyclostomes that could not be attributed to a genus. It represents a
new, third, genus of Alyonushkidae from the CCZ. A third ctenostome species has also been
found, which appears to belong to Nolellidae. The total bryofauna now comprises 53 species:
17 Cyclostomata, 3 Ctenostomata, 33 Cheilostomata. A few species are scrappy and not
determinable to genus; notwithstanding, endemism is high at the species level (almost all of
the determinable species). Eleven new genera (8 cyclostome, 3 cheilostome) are endemic, and
the Cretaceous‒recent ctenostome genus Pierrella is endemic at the present day. Three new
families are endemic (2 cyclostome, 1 cheilostome). Most bryozoans are macrofaunal-sized
(0.5‒20 mm maximum length or height) so are both inadequately determinable and overlooked
in images obtained by ROVs; yet, with 53 species, Bryozoa appears to be the most speciose
sessile macrofaunal phylum in the area. Nodules constitute hard substrata in a fine-sediment
environment otherwise mostly inhospitable for Bryozoa, hence mining would lead to loss of
critical habitat. Further, as suspension-feeders, bryozoans are highly susceptible to smothering
by suspended sediment, and non-mined areas closely adjacent to extraction zones would likely
also be affected and their associated bryozoan fauna obliterated. More data are required on the
distribution of the CCFZ bryozoan species elsewhere in the east Central Pacific to determine
if mining would lead to local taxon extirpation or global extinction at both low and high
taxonomic levels.
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‘LUNULITES’ – where did they come from?
Håkansson, E1, O’Dea, A2, and Rosso, A3
1
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Smithsonian Tropical Research Institute, Panama
3
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2

Abstract: ‘Lunulites’ are a beautiful group of easily recognizable, adventurous, rather
inventive cheilostomes sharing little other than their life-style – ‘free-living’ & frolicking on
the vast expanses of soft sea-floor making up the largest portion of the warm water shelf across
the Globe. But where did they come from, and how many times have this particular life-style
evolved?
Known from the early Late Cretaceous onwards, their distribution and dominance has changed
dramatically, with a prominent, initial cauldron of evolution confined to the Northern European
Chalk Sea, which came to an abrupt end with the collapse of this unique depositional system.
We here discuss/explore to what extent possible survivors from the Chalk Sea environmental
collapse – if any – have given rise to the subsequent rise of the ‘Lunulites’ in other parts of the
World.
As you may appreciate, this talk will not provide all the answers – we might need a little
help"
%.
$
#
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Going around in circles – uncovering introns in bryozoan
mitogenomes.
Jenkins, HL1,2, Graham, R1, Hall, A3, Vieira, LM1,4, Almeida, AC4,5, Porter,
JS6, Coppard, SE7, O’Dea, A8, and Waeschenbach, A1
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7
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2

Abstract: Animal mitochondrial genomes (mitogenomes) are circular molecules with a
conserved, streamlined architecture comprising 13 protein coding genes, 22 tRNAs and two
ribosomal genes. Typically, the genes of animal mitogenomes do not contain any non-coding
regions (intron). To our great surprise, whilst assembling mitogenomes as part of our research
to generate a family-level cheilostome phylogeny, we discovered the widespread occurrence
of mitochondrial introns in species representing multiple cheilostome families. Further
investigation revealed most of them to be group IIA introns. These introns are self-splicing,
and have self-propagating capabilities. In addition to group IIA introns, we have found introns
of an unknown type.
Here, we share how we identified and confirmed the presence of introns using laboratory
techniques in exemplar species from three unrelated families: Antroporidae, Cupuladridae and
Exechonellidae. We confirm the occurrence of introns in multiple genes within a single
mitogenome and also multiple introns in single genes at a degree as yet unmatched across the
Bilateria. Furthermore, we present evidence for the potential origin of these introns and propose
hypotheses regarding the reasons for their exceptional widespread occurrence amongst
bryozoans.
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The morphology of Immergentia: a boring ctenostome.
Johnson, M1 and Schwaha, T1
1

Department of Evolutionary Biology, Unit of Integrative Zoology, University of Vienna, Vienna,
Austria

Abstract: The endolithic lifestyle has evolved multiple times in the phylum Bryozoa and at
least twice in Recent endolithic ctenostomes. Currently there are four Recent families namely,
Immergentidae, Penetrantiidae, Spathiporidae and Terebriporidae. Unlike other boring
ctenostomes, where stolons are kenozooidal polymorphs, immergentiids possess cystid
appendages that extend from the autozooid and interconnect with those from other zooids in
the colony. Current records indicate 17 species assigned to the only genus Immergentia, with
11 extant species. Contrary to the other boring families, autozooids of immergentiids also do
not possess a gizzard in the digestive tract. Though external characteristics such as zooid shape,
boring/aperture shape and colony growth patterns of representative species are well
documented for some species, this is not the case with soft body morphology. The last detailed
histological examination on immergentiids dates back to 1947. Therefore, the objective of this
study is to gain further insights into various zooidal aspects of this family. To achieve this, we
use a combined approach which includes traditional histological sectioning methods,
evaluation of zooids after decalcification of shells, visualization with confocal laser scanning
microscopy and imaging software, as well as casts. Preliminary results reveal the presence of
a cardiac constrictor in the gut, a characteristic found in other members with cystid appendages
and anastomoses. We suggest that combined descriptions of colony structure, external
characters of autozooids and soft-body morphology could be essential to adequately identify
species.
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Symbiosis of bryozoan Aquiloniella scabra and associated bacteria.
Karagodina, NP1, Vishnyakov, AE1, Kotenko, ON1, and Ostrovsky, AN1
1

Department of Invertebrate Zoology, Faculty of Biology, Saint Petersburg State University

Abstract: The term “holobiont” describes a host and its microbial community, including all
symbiotic microorganisms from beneficial to parasitic. Bacterial symbionts were earlier
described in several bryozoan species. They are known to populate specific organs in colony
zooids as well as larval pallial sinus.
Ultrastructural research on cheilostome bryozoan Aquiloniella scabra revealed a presence of
bacterial accumulations in different loci inside zooids and larvae. Bacterial cells were observed
within: the vestibulum area, the intestinal lumen, the swollen parts of a funicular system –
“funicular bodies”, in the brood chamber cavity, and the pallial sinus of the larva. Bacteria
colonize both areas that are not isolated from the external environment (cuticular folds in the
vestibulum and the apical part of the ooecial vesicle in the ovicell) and the internal tissues of
bryozoans. Certain niches are populated by a specific bacterial morphotype.
Our study indicates that bacterial symbiosis is a result of specific sorting from the environment,
not a vertical transfer. We propose that sorted bacteria from cuticular folds in the vestibulum,
as well as symbionts from larvae, may be internalized and further develop inside zooids, in the
“funicular bodies”.
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A fossil-calibrated bryozoan history: “invisible” ancestral lineage
leading to cheilostomes.
Liow, LH1, Orr, RJS1, Di Martino, E1, Ramsfjell, M1, Gordon, DP2, Berning, B3,
Chowdhury, I4, Craig, S4, Cumming, RL5, Figuerola, B6, Florence, W7, Harmelin, J-G8,
Hirose, M9, Huang, D10, Jain, SS10, Jenkins, HL11, Kotenko, ON12, Kuklinski, P13, Lee, HE4,
Madurell, T6, McCann, L14, Mello, HL15, Obst, M16, Ostrovsky, AN12,17, Paulay, G18,
Shunatova, NN12, Smith, AM15, Souto-Derungs, J17, Vieira, L19, Voje, KL1, Waeschenbach,
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2

Abstract: In this presentation, we briefly present the inferred topological relationships among
c. 400 genera of extant cheilostome bryozoans, together with a number of bryozoan and nonbryozoan outgroups, using genome-skimmed data from 15 mitochondrial and 2 nuclear (rRNA)
genes. We then employ 18 fossil calibrations and a relaxed molecular clock model to estimate
node ages in our phylogenetic tree. Using several different priors and constraints, we find the
robust result that cheilostome bryozoans have an origin that is substantially earlier than its first
definitive fossil record in the late Jurassic. We discuss the plausibility of this result in concert
with other inferred node ages in the context of our taxon and gene sampling.
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Species richness of genus Parasmittina in the Indian waters.
Louis, S1
1

Teresa’s College (Autonomous), Ernakulam, Kochi, Kerala, India

Abstract: Marine environment and its continental shelf play an important role in its ecology.
India being a peninsular landmass has a rich faunal diversity and well distributed benthic
organisms in the continental shelves of the Indian EEZ. Bryozoans are hard bottom benthos,
constituting an important component of the benthic community of these regions. They show
exceptional levels of species diversity than any other organisms known today. Indeed the
current research reveals that how common they are among all the stations investigated in this
region; the Indian EEZ. Various modes of sampling like the dredge, panel immersions, scuba
diving samples were encrusted to almost 70% by this fascinating group. The paper focuses on
the most abundant species available from all these sampling modes. A total of 278 species
belonging to 64 families under 125 Genus of Gymnolaemates has been identified from Indian
waters till date. Among the reported bryozoans, highest number of species are recorded
from Tamil Nadu (104) followed by Kerala (92). Family Smittinidae (Levinsen. 1909) were
found to be dominating in the Indian waters as it comprises of 28 species of bryozoans
belonging to 4 genus, followed by Bugulidae Gray. 1848 (19 species). Of the 28 species
belonging to Family Smittinidae (Levinsen. 1909) the Genus Parasmittina showed the highest
species richness of 21 species.
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Hidden bryodiversity in natural history museums: a case study.
McCuller, M1
1

North Carolina Museum of Natural Sciences

Abstract: Natural history collections are an invaluable yet widely overlooked resource for
biodiversity studies. Each specimen lot traditionally receives one catalogue number and is
shelved taxonomically when in fact, many lots contain more than just the catalogued taxon.
Other taxa associated with the parent lot may be on, or in, the catalogued specimen(s), on
inorganic material inside the container, or at the bottom of the jar. Marine holdings in the North
Carolina Museum of Natural Sciences (NCSM) Non-molluscan (NMI) and Molluscan
Invertebrate collections are being examined for bryozoans and other associates. Thus far, over
800 bryozoan specimens have been identified from 210 lots of various marine invertebrates
from sponges and sea squirts to oysters and hermit crab shells, raising the previous number of
bryozoan taxa held by NCSM NMI three-fold. The implications for such findings include a
better understanding of regional bryodiversity and historical community compositions,
discovery of new species, and more complete representations of museum holdings.
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Seeing inside tiny silicified Palaeozoic bryozoans – creating virtual thin
sections using x-ray microscopy.
Mitchell, R1 and Buttler, C2
1
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Abstract: In the final chapter of his 2020 book Bryozoan Palaeobiology Paul Taylor
highlighted a few important gaps in our knowledge of fossil and Recent bryozoans. One of
these was small Palaeozoic bryozoans and he explained that because of the size it was difficult
to study the internal morphology using conventional thin sections. This is especially a problem
with extremely small silicified colonies which can be acid extracted from the rock. They can
reveal beautiful external morphology, however we often do not know what if anything has been
preserved internally. This was the case with a fauna from the Early Silurian of Iran which show
good external preservation, but we knew nothing of the interior and thought they could just be
hollow tubes with nothing remaining.
Here, we have used X-ray Microscopy (XRM) to non-destructively image a variety of
bryozoans in 3D, revealing both external and internal morphologies and degrees of internal
preservation. A Zeiss Xradia Versa 520 was used within the Advanced Imaging of Materials
(AIM) Facility at Swansea University, UK. Resolutions (voxel sizes) achieved were between
2.75 and 8.47 µm, and scan times ranged between 2 and 10 hours. Imaging in 3D via this
method allows us to obtain virtual thin sections in any orientation through the specimens.
Due to the silicified preservation of the material this technique does not enable us to examine
zooecial wall structures and features within them because the calcite has been destroyed.
However, we can see the internal morphology via virtual thin sections at all levels throughout
the colony, impossible without precise destructive physical sectioning techniques.
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The multidimensional nature of growth in cheilostomatous bryozoans:
where to look in changing oceans.
Moreno, B1, Porter, JS2, and Barnes, DKA3
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Abstract: Cheilostomatous bryozoans are biomineralisers, and as such, potentially vulnerable
to ocean acidification and increasing temperature currently affecting the world’s oceans. Zooid
polymorphism has helped Cheilostomes become ecologically and evolutionary successful and
such variety also gives rise to a high array of growth forms, geometries and mineralogies.
Flustriforms, and related taxa, in particular are considerably speciose, ubiquitous, and highly
abundant in the benthic realm. An extensive literature review coupled with the analysis of
spatial distribution data was performed to address growth as a fundamental biological process
of multidimensional expressions. Growth can manifest in zooidal production, somatic growth
(both zooids and colonial) and area. However, a more comparable, albeit requiring additional
analyses, is the measurement of calcification (carbonate production). When temporal
dimension is considered, growth is expressed as rates. At wider temporal scales, growth can be
expressed via carbon immobilisation (secondary production) and ultimately sequestration. At
wider spatial scales, (population) growth can be measured by the expanding distribution ranges.
Higher temperatures are expected to increase metabolism, hence (up to a limit) growth rates,
but will affect calcification. Broadly, near-future predicted scenarios will likely increase
growth in flustrines in most dimensions addressed in this work. Evaluating these trends in a
polar-temperate gradient will provide important insights of the underlying mechanisms and
possible ecological trade-offs in cheilostomatous bryozoans.
*This work derived from the MSc dissertation project of the first author, full text is available
by clicking here.

Compound image depicting some of the different ways to measure growth in
cheilostomes; from zooids to carbon immobilisation and global distribution.
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Bryozoans of the Adriatic Sea.
Novosel, M1 and Novosel, A2
1
2

University of Zagreb, Faculty of Science, Department of Biology, Zagreb, Croatia
Geocustos, S. Vojnovića, Gajec, Croatia

Abstract: Film shows underwater living bryozoans on hard bottoms and in seagrass meadows.
The biggest Mediterranean bryozoan Pentapora fascialis is also acting, both in wide and
narrow-branched forms. But that’s not all: you will see the world’s fastest growing bryozoan
ever recorded! And it’s living happily among submarine freshwater springs in blurred water of
lower salinity.
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Metabolic responses in the cheilostome Schizoporella errata.
Piccolin, F1, Cocito, S1, Marin, F2, Lombardi, C1
1
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Abstract: The bioconstructional bryozoan Schizoporella errata Waters, 1878 is one important
component of intertidal calcifying reefs, promoting marine biodiversity and regulating the
climate and chemistry of the environment. Metabolic processes such as respiration and
calcification are the base of ecosystem functioning which determines the services they provide.
In this project, we measured metabolic rates (i.e. net respiration and calcification) and the
proteinaceous components of the skeletal matrix in S. errata from Santa Teresa Bay (La Spezia,
Italy).
46 colonies of S. errata were collected from the floating pontoon in S. Teresa Bay in June
2021, 36 were stained with red alizarin for 24 hours and 10 colonies were dried for studying
the skeletal matrix. Stained colonies were transplanted in 6 cages and deployed at 1.5 m of
depth for 3 months under the floating pontoon. Pictures were taken before and after the
transplanting period to evaluate species growth rates. At the end of the transplant, metabolic
responses (i.e. respiration and net calcification rates) were measured for both old multilaminar
part and young unilaminar branches by using two different respirometric chambers (volumes
of 1100 mL and 650 mL, respectively, provided with oxygen and pH probes) and the alkalinity
anomaly method. Skeletal matrices of entire colonies (10) have been extracted and studied by
SDS-PAGE, FT-IR Spectroscopy, Enzyme-Linked Lectin Assay (ELLA) and proteomics.
Respiration rates in encrusting old multilaminar vs young unilaminar branching parts were
significantly different (p = 0.004), with branches showing higher oxygen consumption rates
(2.1e-4 ± 4.0e-5 mg/L min) per g of sample compared to the older parts (6.1e-5 ± 1.6e-5 mg/L
min). Net calcification rates were also higher in the young unilaminar branches (0.029 ± 0.02
mmol CaCO3 m3/min) compared to old multilaminar parts (0.004 ± 0.004 mmol CaCO3
m3/min) per gram of sample. Due to the high variability associated to these measurements,
differences were not significant (p = 0.08), so further replication of metabolic rates are
currently in progress on wild colonies to optimize the samples size.
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A re-description of Stenopora, and intra-colony variation in the type
species Stenopora tasmaniensis Lonsdale, 1844.
Reid, CM1
1
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Abstract: The original type material for Stenopora tasmaniensis Lonsdale, 1844, collected
from Hobart, Tasmania, by Darwin in 1836 was lost in the late 19th century. Subsequent
discussions of the genus through the late 19th century were based on concepts of species
collected elsewhere in Australia, and specimens were in some cases incorrectly assigned to this
species. Bassler, in the 1953 Treatise on Invertebrate Paleontology based his description of
Stenopora on material incorrectly assigned to the type species. A neotype has recently been
erected for S. tasmaniensis from the original type locality and the genus re-described (Reid,
2021). The genus exhibits ramose, frondescent, encrusting and massive colony morphologies,
diaphragms are absent, and acanthostyles of a single size surround each aperture. This single
size of acanthostyles differs from the previously accepted Treatise description and may result
in existing species being removed from the genus.
The zooecial characters of a single colony exhibiting both frondescent and ramose
morphologies were examined and reveal clear differences between subsampled sections,
despite being from the same colony. Differences relate to details of zooecial parameters, are
not controlled by colony morphology, yet on analysis of data distribution are statistically
significant. This variation within a single colony confirms the importance of using qualitative
characters alongside quantitative measures in defining Palaeozoic bryozoan species.
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Resolving internal relationships among Entoprocta and the first
Entoproct genome.
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Abstract: Entoprocta is a phylum of more than 200 species of small-bodied filter feeders with
an adult body plan that consists of an attachment structure, stalk, and a calyx bearing feeding
tentacles. Only 200µm to 5mm in length, entoprocts feed by creating a bottom-up or “catch
up” current. The phylogenetic position of Entoprocta is unclear but placement within
Lophophorata (Brachiopoda, Bryozoa, Phoronida, Entoprocta,), Polyzoa (Bryozoa,
Entoprocta, Cycliophora), and Tetraneuralia (Entoprocta, Mollusca) highlight the uncertain
phylogenetic affinities of the phylum. Furthermore, the only molecular phylogenetic analysis
of Entoprocta to date found multiple traditionally recognized clades non-monophyletic, calling
into question the morphological characters used to describe them. We aim to develop a robust
internal phylogeny of the group utilizing already published and newly sequenced
transcriptomes. In doing so, we will identify slowly evolving taxa for large scale datasets,
confirm the presence of possible paraphyletic assemblages such as Loxosomella, and identify
consistent morphological characters for species delimitation. During transcriptome sequencing,
entoproct’s small size dictates that an entire animal must be used, including gut contents,
epibionts, and other sources of environmental contamination. Without a template for mapping
transcripts, it is extremely difficult to remove unknown contaminants which may introduce
conflicting phylogenetic signal. Thus, we aim to sequence the genome of Barentsia discreta to
serve as a template for transcriptome decontamination utilizing a read mapping and coveragebased approach. Furthermore, the genome will further resolve long-standing questions, such as
the makeup of the Hox cluster in entoprocts, and if rare genomic changes ally Entoprocta to
other Lophotrochozoan phyla.
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Bryozoan communities from artificial and natural substrates from La
Herradura, Spain (Alboran Sea).
Rodríguez-Díaz, S1 and Ramalho, LV1
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Abstract: A study on the bryozoans from natural and artificial hard bottom has been carried
out in La Herradura, littoral of Granada (northern Alboran Sea). The site is known by its clear
water,
upwellings,
heterogeneity
of
habitats
and
high
biodiversity
(www.litoraldegranada.ugr.es). This area is included the SITE of “Acantilados y fondos
marinos de la Punta de la Mona”, a protected area but with a marina (called Marina del Este).
The aim of this work was to identify the bryozoan community present in the artificial substrates
of the marina and the natural substrates from adjacent areas.
The samples were collected by scuba diving, between 0- and 3- meters depth; a surface of 15
x 15 cm was scraped with spatula and storage in alcohol 70%, totalizing 12 samples from
artificial substrate and 12 from the adjacent areas. The bryozoan colonies were picked up in
the laboratory and the best and more complete colonies were separated to SEM sections.
The preliminary results indicate 25 taxa including 21 Cheilostomes, 2 Ctenostomes and 2
Cyclostomes. The most frequent species in the natural substrate were Turbicellepora
magnicostata and Schizobrachiella sanguinea, while in the artificial ones the most frequent
species was Watersipora sp. These results indicate a high bryodiversity when compared with
Cebrián & Ballesteros (2004) which found only 2 species in the same area and depth (Punta de
la Mona North, 0-4 m): T. magnicostata and S. sanguinea, which were the most frequent
species in the present study.
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Bryozoans associated with lithic and biogenic hard substrata from
Pleistocene to present-day in Sicily.
Rosso, A1, Di Martino2, E, Sanfilippo, R, Sciuto, F, Serio, D, Vertino, A,
Alongi, G, Basso, D, Bracchi, VA, Catra, M, Di Geronimo, I, Di Geronimo, R,
Guido, A, Leonardi, R, Messina, C, Reitano, A, Viola, A, and Zibrowius, H
1

University of Catania, Department of Biological, Geological and Environmental Sciences, Catania,
Italy
2
Natural History Museum, University of Oslo, Oslo, Norway

Abstract: Bryozoans represent a relevant component in assemblages of hard, both
bioconcretional and rocky, surfaces. However, it is not always easy/possible to collect and
study them both in the past and the present-day. Notwithstanding some exceptional examples,
fossil outcrops are an examination of present-day assemblages is complex due to difficulties in
observation and sampling, mostly at high depth. Although with some exceptions, bryozoans
are a subordinate component in these assemblages, usually outclassed and masked by soft
algae, sponges, serpulids and corals. Regardless of their presence and abundance, even modern
technologies (scuba diving imaging and remote video surveys) only document large-sized,
obvious species, but fail in recording small-sized and cryptic components, often representing a
large percentage of the total number of colonies and species.
Particularly favourable to lucky instances allow documenting bryozoans abundance and
diversity in hard-surface assemblages, as colonisers of the rock and the concretion they
contribute to form, and in epibiosis on other sessile benthic organisms.
Presented examples originate from literature and unpublished observations from Sicily,
including Pleistocene shallow water cave habitats, exposed shelf, and bathyal settings, as well
as present-day submarine shallow-water caves (mostly the Plemmirio caves), infralittoral
vegetate bottoms and coralligenous bottoms. Collections (with promising first results) in this
habitat from SE Sicily, are ongoing in the frame of the FISR project “Grown in the blue: new
technologies for the knowledge and conservation of Mediterranean reefs” granted by the Italian
Ministry of Research.
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Late Eocene Bryopesanser from the Oamaru District, New Zealand.
Rust, S1 and Gordon, DP2
1
2

Kaikohe, New Zealand
NIWA,Wellington, New Zealand

Abstract: A Runangan (Priabonian) encrusting cheilostome bryozoan is described from
shallow marine volcaniclastics of the Waiareka-Deborah Volcanic Field exposed at the
Fortification Road locality in the Oamaru District of North Otago, South Island, New Zealand.
This previously undescribed escharinid species exhibits an interesting combination of features
of both the Indopacific genus Bryopesanser Tilbrook, 2006 and Taylorus Pérez, López-Gappa,
Vieira & Gordon, 2020, which has an austral fossil record. The presence of a fossil
Bryopesanser adds to the suggestion of significant diversity in the Family Escharinidae
occurring in the Cenozoic of New Zealand.
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Phylogenomics reveals deep relationships and diversification within
phylactolaemate bryozoans.
Saadi, AJ1, Bibermair, J1, Kocot, KM2, Hirose, M3, Calcino, A1, Baranyi, C1,
Chaichana, R4, Wood, TS5, and Schwaha, T1
1

Department of Evolutionary Biology, Unit for Integrative Zoology, University of Vienna, Vienna,
Austria.
2
Department of Biological Sciences and Alabama Museum of Natural History, University of
Alabama, Tuscaloosa, Alabama, USA.
3
Department of Natural History Sciences, Graduate School of Science, Hokkaido University,
Sapporo, Japan.
4
Kasetsart Univerity, Bangkok, Thailand.
5
Department of Biological Sciences, Wright State University, Dayton, Ohio, USA.

Abstract: Bryozoans are aquatic, mostly sessile colonial invertebrates that inhabit all kinds of
aquatic ecosystems. Extant bryozoan species fall into one of three classes with Phylactolaemata
being the only exclusively freshwater clade. The phylogenetic relationships within the class
Phylactolaemata have long been controversial owing to the absence of obvious characteristics
that reflect evolutionary relationships. Previous molecular evolutionary studies based on a
single gene or a combination of few loci have failed to fully resolve the interfamilial
relationships of phylactolaemates. Here, we present the first phylogenomic analysis of the
Phylactolaemata using transcriptomic data combined with dense taxon sampling to better
resolve the interrelationships and to estimate divergence time within this class. Our results fully
resolve interrelationships among phylactolaemate families with strong support. Our results
show a principal division between Stephanellidae and a clade comprising all other
phylactolaemate groups followed by a subsequent division within this latter clade between
Lophopodidae and the remaining phylactolaemate families. The Plumatellidae is a polyphyletic
family with Plumatella 37 ruticose clearly falling outside Plumatellidae as previous
investigations had suggested. Our preliminary results indicate that the most common ancestor
of the Phylactolaemata appeared in the early Cambrian (534 Ma) and the oldest lineage of the
phylactolaemate tree (Stephanellidae) appeared in the late Ordovician (443 Ma). The
diversification of the largest phylactolaemate family (Plumatellidae) began at the early Permian
(276 Ma) with most of the plumatellid lineages diverging in the late Cretaceous and in the
Paleogene, highlighting post-extinction diversification.
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Effects of anthropological stressors on reef bryozoans of India.
Sanjay, MS1, Louis, S2, Venkatraman, C3, and Babu, R1
1

Zoological Survey of India, Chennai, Tamil Nadu, India; University of Madras, Chepauk, Chennai,
Tamil Nadu, India
2
St. Teresa’s College, Ernakulam, Kochi, Kerala, India.
3
Zoological Survey of India, West Bengal, India

Abstract: Coral reefs are a valuable and diverse marine ecosystem that is crucial in respect of
ecosystem services and economy, yet they are facing a bleak future globally due to rapid coastal
development and climate change. India has four major coral reefs explicitly the Gulf of
Kachchh, Lakshadweep archipelago, the Gulf of Mannar, and the Andaman and Nicobar
Islands. The present investigation has looked into the taxonomy and adaptive features of a few
species of bryozoans collected from different Indian reefs classified based on the level of
anthropological stressors. The bryozoan samples were collected as part of the survey conducted
by the Zoological Survey of India between 2018 September – 2021 February from the shallow
waters (up to 5 m) from, Gulf of Kachchh (GoK), Gulf of Mannar Marine Biosphere reserve
(GoMBR) and Lakshadweep islands. This study shows that rising environmental stressors have
been disrupting the coral ecosystem and forcing the organism to modify so that it can adapt to
the changing ecosystem. Bryozoans from the Gulf of Kachchh (GoK), located north-western
part of the Indian Arabian Sea, show unique colony structure modification as this region
experiences some extreme climatic conditions like high Sea surface temperature (SST) and
sedimentation. Conversely, bryozoans from Lakshadweep, one of the near-pristine reefs due to
remoteness and less human perturbation were delicate. Whereas bryozoans from the Gulf of
Mannar Marine Biosphere reserve (GoMBR)in the south-east coast of India show a moderate
level of modification as this reef experience modest rate of sedimentation and pollution.
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The same or different: a comparative analysis of the funicular system
and pore plates in autozooids and polymorphs of Dendrobeania
fruticosa (Bryozoa: Cheilostomata).
Shunatova, N1, Denisova, S1, and Shchenkov, S1
1

Department of Invertebrate Zoology, Saint-Petersburg State University, St. Petersburg, Russian
Federation

Abstract: Cheilostome bryozoans display the highest diversity of non-feeding polymorphs,
which require nutrient supply from autozooids. The funicular system, together with rosette
complexes, is responsible for transport within the colony. Here, we provide a comparative
analysis of the ultrastructure of (i) the funicular system in autozooids and two types of
polymorphs (avicularia and kenozooids), and (ii) different pore plates: inter-autozooidal and
pore plates between autozooids and polymorphs. In Dendrobeania fruticosa, the small
adventitious avicularia have bird’s-head shape; the kenozooids are thin but very long rhizoids.
In autozooids, the branches of the funicular system mainly consist of elongated translucent
cells. The lumen of the funicular system is a network of small interstices filled with a
heterogeneous matrix and isolated by tight junctions. In addition to such strands, there is a
mesh formed by the stellate cells with long projections. The latter contact the translucent cells,
epidermis, intestine, and pore plates, and surround spaces filled with heterogeneous matrix,
which are continuous with the lumen of the funicular strands. The funicular system in avicularia
includes only stellate cells. The funicular system of kenozooids consists of both translucent
and stellate cells. The rosette complexes of all pore plate types lack limiting cells. In the
transversal and auto-kenozooidal pore plates, special cells are in direct contact with translucent
cells; in the lateral and auto-avicularian pore plates, stellate cells are located between them.
The special cells of different pore plates differ in ultrastructure and polarity. We suggest that
the funicular strands composed of translucent cells provide transport of nutrients over a larger
distance, whereas stellate cells distribute them locally; direct contact of translucent and special
cells increases the transport efficiency. The bidirectional polarity of the special cells is probably
due the necessity of the bidirectional transport of nutrients during the degenerationregeneration cycle occurring in autozooids and avicularia.
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Small dreams of grandeur: art + science.
Smith, AM1 and Steeds, K2
1
2

Department of Marine Science, University of Otago, Dunedin, New Zealand
Cottleston Gallery, Tauranga, New Zealand

Abstract: An ongoing science-informed art exhibition project entitled “Art + Science”
supports artists and scientists in forming partnerships and creating artworks, which are then
exhibited to the public. The ensuing discussions and debates are enriching, informative, and
fun. In 2020, the theme was “Earth Caught in Stone” and paired geoscientists with a range of
artists. Prof Abby Smith was able to share her enthusiasm for bryozoans and the complexity
of the journey from shell to fossil to stone with Kate Steeds, an artist and illustrator with a
strong interest in natural history.
Abby flooded Kate with figures, maps, micrographs, ideas, rocks, fossils and shells. Over a
series of discussions they settled on the format: a tall narrow accordion book in a slip case.
Reminiscent of a stone column, the book unfolds out of its case providing a rich series of
illustrations on both surfaces, which allows viewers to discover at their own pace. Figures of
SEM micrographs, buildings, scientific graphs, fossils, bryozoans, and maps are interwoven.
Some are coloured, some are classical black-and-white line drawings.
The completed accordion book (Fig 1) was exhibited in Dunedin, New Zealand in May 2021,
and its description forms Part Three of an exhibition report in the journal Scope (Art and
Design), volume 22. We anticipate a future exhibition in Oamaru, New Zealand (where the
buildings are made of bryozoan-based limestone). Kate made ten numbered copies of the book,
and during the first exhibition she sold five of them. A percentage of the price was donated to
the IBA.

Figure 1: Unfolded accordion book with slipcase
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Biodiversity and ecology of bryozoans from the Bay of Bengal, East
coast of India.
Symphonia, T1
1

Department of Earth Sciences, Mai Nefhi College of Science, Eritrea Institute of Technology,
Asmara, Eritrea

Abstract: The ecological record of bryozoans from the continental shelf-slope region of the
southwestern Bay of Bengal is very sparse, prompting this investigation. Forty-five sea-floor
sediment samples were collected along eight transects during the cruise on R/V Sagar Paschimi
from the offshore region between Chennai and Cuddalore in the southwestern Bay of Bengal.
The distribution of bryozoans was assessed based on the fragments of bryozoan colonies from
these samples, which were collected at depths ranging from 6-308m. The goal was to determine
the relationship between environmental parameters measured from the study area and the
abundances of various bryozoan species. Results revealed the presence of 29 species of recent
bryozoans in 24 genera pertaining to eight morphotypes. It is evident from the present
investigation that the major control on the spatial distribution of bryozoan colonies is the type
of substrate available as sample sites dominated by coarse sediments showed high species
richness though other factors such as ocean dynamics and rate of sedimentation also seem to
regulate their distribution pattern.
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The hornerid 'funnel organ' – a new type of polymorphic zooid?
Tamberg, Y1 and Batson, P1
1

Department of Marine Science, University of Otago, Dunedin, New Zealand

Abstract: Large conical pits are located in the branch axils of an undescribed species of
Hornera from northern New Zealand. These skeletal structures resemble bioclaustrations
described from several Cretaceous cyclostome genera, so were initially assumed to house an
endosymbiont. When soft tissues were examined using TEM and light microscopy, we found
that each pit contains a large (~300–400 µm diameter) muscular funnel beneath an uncalcified
cuticular wall. These funnels are not symbionts, but appear to be a new type of zooidal
polymorph. Each polymorph chamber comprises a narrow (~100 µm) proximal cylinder
enlarging distally into a wide cup. The ‘funnel organ’ rests within this cup, with its distalmost
surfaces just below (or fused to) an inferred terminal membrane. The funnel is composed of
ECM and supplied with circular musculature. Proximally, the ECM is thin and intricately
pleated, and muscles are few and delicate. More distally the folding diminishes as the ECM
thickness increases, reaching its maximum at the large outer 'lip' of the funnel, which supports
very prominent musculature. This structure may derive from a hypertrophied atrial sphincter.
Inferred movements of the funnel are muscular constriction and ECM-mediated recovery. The
funnel is bilaterally symmetrical so can probably open and close like a mouth. Sections
revealed another surprise: hidden beneath the fleshy ‘funnel organ’ lies a typical (although
reduced in size) polypide. All characteristic autozooidal organs are present, including ciliated
tentacles, digestive system, retractor muscles, membranous sac and muscular funiculus.
However, the length of the gut (< 100 µm) is 2–3 times shorter than those of nearby autozooids.
It is unclear whether this polypide can be protruded through the funnel. Without live colony
observations we can only speculate about the role of the funnel organ—if any. If they are
polymorphs, funnels may function like cheilostome avicularia or support reproduction.
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Revision of species of the genus Aetea Lamouroux (Bryozoa,
Cheilostomatida, Inovicellina).
Vieira, LM1,2, Spencer Jones, ME2, and Berning, B3
1

Laboratório de Estudos de Bryozoa, Departamento de Zoologia, Centro de Biociências,
Universidade Federal de Pernambuco, Brazil.
2
Departament of Life Sciences, Natural History Museum, United Kingdom.
3
Oberösterreichische Landes-Kultur GmbH, Geowissenschaftliche Sammlungen, Austria.

Abstract: Species of the cheilostome genus Aetea are characterised by colonies with a uniserial
encrusting portion from which a tubular part arises in each zooid that carries the frontal
membrane, by the absence of avicularia, and by embryos brooded in external ovisacs. They are
traditionally distinguished by the size of their entire erect portion, the size and shape of the
distal part of the erect portion with the membranous area, and by their zooecial ornamentation.
Owing to the simple zooidal morphology of this genus, some historical species reported from
British waters had been regarded to be widely distributed from polar to tropical waters.
Examination of the species using scanning electron microscopy, however, revealed subtle yet
species-specific differences, suggesting that some taxa may represent species complexes.
Based on type and non-type material, we investigate the morphological traits of Aetea species
to redescribe some putatively well-known species. In order to more precisely define the
different parts of the encrusting and erect portions of the zooids, we introduce new terms and
new morphological characters to distinguish species. Three widely reported species, Aetea
anguina (Linnaeus, 1758), Aetea sica (Couch, 1844) and Aetea truncata (Landsborough,
1852), along with three poorly known species, Aetea australis Jullien, 1888, Aetea azorensis
Calvet in Jullien & Calvet, 1903 and Aetea dilatata (Busk, 1851), are redescribed and imaged.
A reassessment of the other type specimens, including the type of Aetea cultrata Vieira,
Almeida & Winston, 2016, suggest some misidentifications of part of the original material.
Our results suggest that Aetea species have quite a complex morphology, and refined
taxonomic studies allow recognising a high diversity of this genus, including unnamed species
that need yet to be described.
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Opportunities in bryozoology in the era of high-throughput
sequencing.
Waeschenbach, A1
1

Department of Life Sciences, Natural History Museum, London, United Kingdom

Abstract: The adoption of high-throughput sequencing (HTS) in bryozoology has enabled the
generation of previously unthinkable amounts of data. Technological advances mean that data
generation continues to get cheaper, whereas ongoing improvements in methodologies, such
as ultra-low DNA input methods, have unlocked material previously deemed ‘useless’ for
sequencing, such as very small, dried or sub-optimally preserved samples. As a result, wellsampled molecular phylogenies are no longer figments of our imagination. They allow us to 1)
view bryozoan evolution in an entirely new light, 2) reassess how we interpret morphological
features, and 3) rethink bryozoan classification. Beyond building molecular trees, work has
also started to link morphology with molecules. Taking snapshots of genes being expressed
across time and colony space offers the prospect of elucidating the molecular signatures of
skeleton formation and (hetero)zooidal budding. I will illustrate the abovementioned advances
and associated caveats using work conducted by members within and outside the bryozoology
community. Furthermore, I will report on efforts underway to sequence the full genomes of all
UK bryozoan species as part of the Darwin Tree of Life initiative led by the Wellcome Sanger
Institute.
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Damage control in Late Ordovician trepostome bryozoans: recovering
feeding surfaces lost to fouling by soft-bodied encrusters.
Wilson, MA1, Runciman, KM1, and Buttler, CJ2
1

College of Wooster, Wooster, Ohio, USA
Department of Natural Sciences, Amgueddfa Cymru – National Museum Wales, Wales, United
Kingdom
2

Abstract: Fouling of a living trepostome bryozoan’s outer surfaces reduced the number of
feeding autozooids for the colony, forcing it either to bud compensatory zooids elsewhere or
continue with lower nutrient intake levels. Commonly the bryozoans grew around the infesting
encrusters, producing cavities in their skeletons called bioclaustrations. Usually these
bioclaustrations become open pits or elongated tubes on the bryozoan surface. The bryozoan
may have successfully walled-off the foulers, but the gaping holes still meant a loss of feeding
autozooids. Some trepostomes, however, were able to either roof over or fill in these
bioclaustration cavities, recovering feeding space that had been lost to fouling. In this study we
are microscopically examining sections through large trepostome zoaria collected from the
Upper Ordovician (Katian) of the Cincinnati region in the upper midwestern United States. In
some sections we see bioclaustrations of apparently soft-bodied encrusters that were repaired,
closing off the cavities and resuming normal growth and development of zooecia. This was
done in one of three ways: (1) Zooecia surrounding the cavity growing upwards and angling
inwards, creating a “tent” with the cavity closed off but still present in the skeleton; (2) Zooecia
growing laterally over the cavity, sealing it off but retaining it in the skeleton; and (3) Zooecia
budding down into the cavity then angling upwards, filling in all open space and resuming a
feeding surface above. Our work continues to interpret the budding processes used to repair
these feeding surfaces, and to determine if these structures vary across trepostome taxa.
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Studying fossil encrusting bryozoan astogeny and paleoecology with
acetate peels of basal layers: a simple and fast non-destructive
technique.
Wilson, MA1, Buttler, CJ2, and Marenco, KN3
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3
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Abstract: Acetate peels of encrusting fossil bryozoan basal surfaces can be made quickly and
easily, recording astogenetic and paleoecological information not usually visible without
using more expensive, time-consuming, and sometimes destructive techniques. These peels
can be made when the bryozoan zoarium has become cleanly detached from its substrate
either mechanically, as in sloughing off an oyster shell, or chemically, such as when an
aragonitic shell substrate dissolves, leaving the calcitic bryozoan skeleton base exposed. The
latter circumstance is common in fossils from Calcite Sea intervals, notably the Ordovician
and Jurassic, when skeletal aragonite dissolved early in shallow seas and calcitic encrusters
were common. Acetate peels of these bryozoan bases can be made without using acid
because the exposed surfaces tend to be naturally etched. We use a thin (sold as 0.003 inches
thick) di-acetate clear film that can conform to rough, irregular surfaces. Within an hour after
application the acetate can be removed from the surface, mounted between glass slides, and
viewed with a transmitting light microscope. The skeletal details replicated in these peels are
at the micron level. These peels can show astogenetic series, including ancestrulae, and the
overgrowth history of encrusters otherwise hidden. Other advantages of this technique
include a standard viewing plane (the basal surface), no specimen destruction, and the
opportunity to make unlimited peels of the same surface. Disadvantages are that only a small
subset of bryozoans are preserved with undamaged basal surfaces exposed, that the peels are
only two dimensional, and that peels of these irregular surfaces tend to have numerous
bubbles and other visual flaws. This acetate peel technique does not replace serial-sectioning
and other sophisticated analytical methods but provides a quick and simple alternative tool
for exploring encrusting bryozoan growth patterns and paleoecology. We demonstrate this
technique with Ordovician trepostome and Jurassic cyclostome bryozoans.
Useful reference: Wilson, M.A. and Palmer, T.J. 1989. Preparation of acetate peels. In:
Feldmann, R.M., Chapman, R.E. and Hannibal, J.T. (eds.), Paleotechniques. The
Paleontological Society Special Publication 4: 142-145.
[ https://markwilson.voices.wooster.edu/wp-content/uploads/sites/29/2012/05/Preparation-ofacetate-peels.pdf ]
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Summary Statistics
This 14.5 hour meeting included 74 scientists.
They presented 26 talks, 8 posters, 3 plenaries, and a movie.
They joined us from 23 countries in 12 different time zones.
18 were students, 18 were postdocs, 33 were mid-career, and 5 were seniors.
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