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1   |   Introduction

The Second International Symposium on Women in Tunicate 
Biology was co-organized by Marie Nydam, Sydney Popsuj, 
Lucia Manni, and Anna Di Gregorio, and was held virtually on 
March 25th and 26th, 2025. On both days, online attendance 
averaged around 50 participants from Brazil, France, India, 
Israel, Italy, Japan, Mexico, Türkiye, and the United States, and, 
as in the previous edition, this meeting included a pre-recorded 
presentation from a researcher in New Zealand. While the first 
symposium, held in March 2023, mainly focused on highlight-
ing the research carried out by women scientists of past decades 
(Wilson 2023; De Bernardi 2023; Di Gregorio and Nydam 2023; 
Di Gregorio et al. 2023; Manni and Anselmi 2023; Mondal 2023; 
Nydam 2023; Nydam et al. 2023), this second meeting, in addi-
tion to leaving space for seasoned career scientists, was mainly 
aimed at highlighting research projects led by women in the 
early stages of their scientific paths.

The program comprised 15 presentations, organized according 
to the speakers' time zones, starting with Japan. The speakers 
provided valuable information on the biology of numerous as-
cidian species, including some newly discovered ones (Figure 1). 
Among the topics discussed in the presentations were the ex-
ceptional regenerative abilities of colonial ascidians, their cyclic 
aging and rejuvenation, and the morphological and physiolog-
ical changes associated with their dormancy. Presentations on 
solitary ascidians explored their limited yet remarkable regener-
ative ability, their larval nervous system, microbiome and host–
microbe interactions in their digestive tract, and included the 
first long-term culturing attempt for a deep-sea predatory ascid-
ian. This report includes ten abstract-like contributions provided 
by each of the authors and five summaries of the remaining pre-
sentations. The contributions are organized in broad thematic 
order, beginning with regeneration in solitary and colonial as-
cidians, and their content and organization reflect both the ca-
reer stage of the presenter and the current status of each project.
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2   |   Insights Into the Cellular and Molecular 
Mechanisms of Invertebrate Chordate Regeneration

Tal Gordon, Ph.D., Hopkins Marine Station, Stanford University; 
Institute for Stem Cell Biology and Regenerative Medicine, 
Stanford University School of Medicine, USA; Department of 
Biology, University of Padova, Italy.

Comparative studies of ascidians with high regenerative abil-
ity, such as colonial ascidians, can uncover crucial factors 
involved in regeneration, but achieving a deeper mechanistic 
understanding requires examining also species with limited 
regenerative capacity, such as the solitary ascidian Ciona 
(Figure 1A). Following bisection of the solitary ascidian Ciona 
robusta from the dorsal side of the animal to the ventral side 
of the animal, only the posterior part of the body regenerates 
all missing organs, while the anterior portion fails to regen-
erate and eventually disintegrates (Figure 2A). This research 

focuses on comparing the injury-induced responses in both 
anterior and posterior body parts following bisection, in order 
to address two fundamental questions: what enables regener-
ation in response to injury, and which cell types are involved 
in this process.

3   |   An Integrative Study of Whole-Body 
Regeneration in Botryllus humilis and Botrylloides 
niger

Fatıma Nur Oğul-Ünal, Ph.D., Dr. Arzu Karahan's Laboratory, 
Institute of Marine Sciences, Middle East Technical University, 
Türkiye.

Colonial ascidians (Figure  1) exhibit remarkable regenera-
tive capacities, which enable whole-body regeneration (WBR) 
(Figure 2B). Along with their close phylogenetic relationship 

FIGURE 1    |    Representative ascidian species discussed during the symposium. Talks in the symposium discussed the biology of both solitary 
(A,D,G,I,J,K) and colonial (B,C,E,F,H,L) ascidians; some of the species that are being studied by the presenters are displayed here. (A) Ciona robusta; 
(B) Botryllus humilis; (C) Botrylloides niger; (D) Megalodicopia sp.; (E) Botrylloides diegensis; (F) differently colored colonies of Botryllus schlosseri; 
(G) Ascidia sydneiensis; (H) Trididemnum solidum; (I) Pyura vittata; (J) three color morphs of Rhopalaea abdominalis; (K) Molgula occulta; inset: 
Molgula oculata; (L) Botrylloides sp. 4. Scale bars: 1 cm (A), 1 mm (B). Photo credits: (A) Dr. Kristin Hultgren; (B) Fatıma Nur Oğul Ünal; (C) Dr. 
Lauren Stefaniak; (D,F,G) Dr. Marie Nydam; (E,H,I,J) Dr. Susanna López-Legentil; (K) Dr. Billie Swalla; inset in (K): Dr. C. Titus Brown; (L) Dr. 
Rosana Rocha.
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to vertebrates, they are valuable models for studying regener-
ation, asexual reproduction, and environmental adaptability. 
This study investigates the ecological, cellular, and molecular 
mechanisms underlying WBR and asexual reproduction in 
two widespread Mediterranean colonial ascidians, Botryllus 
humilis (Figure  1B) and Botrylloides niger (Figure  1C). The 
first part of the study examined the ecological preferences of 
these species in response to salinity and temperature, using 
controlled aquaculture systems and natural habitat compar-
isons. The results indicate the existence of species-specific 
adaptive strategies that facilitate coexistence and stress resil-
ience (Figure 3).

The second part of the study focused on characterizing the 
histological and cellular dynamics of blastogenesis and WBR 
using histology and immunohistochemistry. Ten hemolymph 
cell types were identified for both species, and immunostaining 
highlighted key markers associated with progenitor cell mainte-
nance and differentiation (Figure 3).

Lastly, transcriptomic analyses were employed to uncover gene 
expression changes during WBR in B. humilis, identifying mo-
lecular mechanisms involved in regeneration, such as the Wnt, 
Notch, and TGF-β signaling pathways. By integrating ecologi-
cal, cellular, and molecular perspectives, this study provides 
novel insights into the adaptive strategies and regenerative 
mechanisms of colonial ascidians, contributing to broader dis-
cussions on regeneration, adaptation, and resilience in marine 
invertebrates.

4   |   Decoding Regeneration: Uncovering 
the Genetic Regulation Driving Whole-Body 
Regeneration in Botrylloides diegensis

Devon Gamble, Ph.D. candidate, Dr. Megan Wilson's Laboratory, 
Department of Anatomy, University of Otago, New Zealand.

This thesis project focuses on whole-body regeneration, the 
process by which a fully functional organism regenerates 
from a tissue fragment. This extraordinary ability is exhibited 
by the colonial ascidian Botrylloides diegensis (Figure  1E), 
which can regenerate from a small fragment of its shared cir-
culatory system in just ten days (example in Figure 2B). WBR 
involves widespread changes in gene expression, yet the un-
derlying regulatory mechanisms remain largely unexplored. 
Previous studies have shown that histone deacetylase inhi-
bition disrupts WBR, highlighting the importance of chro-
matin remodeling in this process (Zondag et  al.  2019). This 
ongoing project is centered on mapping and characterizing 
key gene regulatory elements and analyzing their dynamic 
changes throughout WBR via histone modification profil-
ing. Integration with ATAC-Seq data across WBR stages is 
expected to reveal changes in regulatory region accessibility 
and activity. Additionally, RNA sequencing (RNA-Seq) of 
histone deacetylase-inhibited and control samples at various 
stages is being used to identify differentially expressed genes 
potentially regulated by chromatin remodeling. By construct-
ing a genomic landscape of epigenetic changes during WBR 
through chromatin profiling, this study will elucidate the 

FIGURE 2    |    Regeneration in solitary and colonial ascidians. (A) Illustration of the solitary ascidian Ciona robusta, showing the different regen-
erative potential of the two fragments of the adult body following bisection. (B) Simplified representation of a colonial ascidian, showing how, after 
ablation of all its zooids, regeneration niches (maroon) arise along the remnants of the vascular system and can reform one or more zooids, depending 
on the species (e.g., Oka and Watanabe 1957; Voskoboynik et al. 2007; Blanchoud et al. 2018).
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regulatory mechanisms that enable B. diegensis to undergo 
this extraordinary regenerative process.

5   |   Dormancy in a Botryllid Tunicate: A State of 
Deconstruction

Laurel Hiebert, Ph.D., University of California at Santa 
Barbara, USA.

Certain organisms can revert to a simple, dormant form to endure 
extreme conditions (Cáceres 1997; Wilsterman et al. 2020). Exiting 
dormancy requires whole-body regeneration, a process that de-
pends on maintaining a pool of cells capable of differentiating into 

the diverse cell types needed to reconstruct tissues (Özgüldez and 
Bulut-Karslioğlu 2024; Sinigaglia et al. 2022). Botrylloides diegen-
sis (Figures  1E, 4A), a colonial tunicate composed of intercon-
nected zooids, exemplifies this phenomenon. During dormancy, 
the zooids are resorbed, leaving behind a condensed vascular net-
work enriched with blood and mesenchymal cells that can persist 
under adverse conditions (Hyams et al. 2017) (Figure 4B). When 
environmental conditions improve, B. diegensis regenerates all 
adult structures via WBR (Blanchoud et al. 2018). In this study, 
dormancy was experimentally induced in colonies by altering 
culturing temperatures. Single-cell RNA sequencing was then 
performed on circulatory cells from both active and dormant col-
onies. An analysis revealed a diversity of cell types, including cells 
showing signatures of epidermal, heart, neural, and germline, as 

FIGURE 3    |    Whole-body regeneration and asexual reproduction in the colonial ascidians Botryllus humilis and Botrylloides niger. Through eco-
logical, cellular, and transcriptomic analyses, this integrated study revealed species-specific adaptations, regenerative capabilities, and key molecu-
lar pathways involved in whole-body regeneration.

FIGURE 4    |    Dormancy-associated shifts in circulatory cell states in Botrylloides diegensis. (A) Botrylloides diegensis colony in the active state, 
showing organized zooids (top right) and an extensive vascular network filled with pigmented blood cells. (B) Dormant colony following zooid 
resorption, composed of a condensed vascular system densely populated with blood cells. (C) UMAP projection of single-cell transcriptomes from 
blood cells isolated from active (orange) and dormant (blue) colonies. Cells from both states occupy both overlapping and distinct regions of tran-
scriptional space, indicating dormancy-specific reprogramming of cell states. Among the circulating cells in dormancy are putative progenitors of 
multiple adult tissues, poised for whole-body regeneration upon exit from the dormant state.
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well as intermediate cell states (Figure 4C). While some of these 
cell populations were expected in circulation (e.g., migratory ger-
mline cells; Langenbacher and De Tomaso 2016), many were un-
expected (e.g., putative neural cells or precursors), suggesting that 
additional somatic precursors may be present. A striking differ-
ence between active and dormant states involved the expression of 
cardiac-associated genes, potentially indicating that heart precur-
sors remain quiescent during dormancy. These findings suggest 
that B. diegensis maintains a deconstructed but ‘regeneration-
ready’ form during dormancy.

6   |   Unveiling the Cycle of Aging and Rejuvenation 
in Botryllus schlosseri

Oshrat Ben-Hamo, Ph.D., Israel Oceanographic and Limnologic 
Research, Israel.

To understand the phenomenon of fission in Botryllus schlos-
seri (Figure  1F), 81 colonies were followed in the laboratory 
from birth to death, an average of 2.5 years. Every 15 days, the 
following parameters were measured for each colony: number 
of zooids, reproductive status, and overall health. Some of the 
colonies started to split over time, and this fission was also doc-
umented. Three groups of colonies were noticed: colonies that 
never experienced fission (NF), colonies that split after achiev-
ing maximal colony size (FA), and colonies that split before 
achieving maximal colony size (FB). These groups of colonies 
differed significantly in their lifespans, with the FB colonies liv-
ing the longest and the NF having the shortest lifespan, suggest-
ing that fission may be an evolutionary adaptation that increases 
the lifespan of these organisms.

A second study focused on the cycle of aging and rejuvenation in 
Botryllus schlosseri. In the laboratory, B. schlosseri colonies some-
times start to deteriorate, and in a few days a colony either dies 
or rejuvenates. Once colonies become fertile, they also fluctuate 
between having either testes only or both testes and ovaries. Life 
cycles of the non-fission and fission types of colonies are sepa-
rated into four phases: alpha, beta, gamma, and delta. In phase 
alpha, the colony has testes and displays maximum health. In 
phase beta, the colony has grown and is now hermaphroditic. In 
phase gamma, the colony is still hermaphroditic, but its health is 
declining and the colony begins to split. Phase delta is takeover, 
and the fission is complete: either the colony dies, or it rejuve-
nates and the life cycle starts again. This cycle has been named 
“Orshina”, the Jewish name for the Phoenix, the mythical bird 
that cyclically regenerates.

7   |   Ascidian Diversity Along the Indian Coast

Jhimli Mondal, Ph.D., Estuarine and Coastal Studies Foundation, 
West Bengal, India.

273 species of ascidians have been reported so far from Indian 
territorial waters. However, West Bengal, located in eastern 
India, is the only coastal state where ascidians have never been 
reported (Figure  5). This striking asymmetric diversity and 
distribution could be the result of differences in water salinity 
and in the presence/absence of certain habitat characteristics, 
such as some patterns in the natural substratum that are used 
for settlement by ascidian larvae. The salinity of intertidal wa-
ters and substratum patterns are being studied and compared 
from samples collected in both West Bengal and on the Gujarat 

FIGURE 5    |    Distribution of ascidian species along the Indian coastline. Map of India, highlighting only its coastal states. Each number/circle in-
dicates the number of ascidian species that have been reported from a particular coastal state/Union Territory.
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coast, which is located in western India, to identify the key fac-
tors influencing the distribution of ascidians. The study showed 
that salinity is not the limiting factor for ascidian distribution. 
Rather, it was concluded that both salinity and the geomorpho-
logical characteristics of the habitat are influencing the inter-
tidal diversity and distribution of ascidians in Indian waters.

8   |   Identification of New Botryllid Species From 
Brazil

Júlia Maria Junkes Serenato, M.Sc., Dr. Rosana Rocha's 
Laboratory, Department of Zoology, Universidade Federal do 
Paraná, Brazil.

This presentation revolved around the identification of the 
species of ascidians from the genera Botryllus and Botrylloides 
(Order Stolidobranchia, Family Styelidae) in Brazilian waters, 
as part of a project that is currently being carried out in Prof. 
Rosana Rocha's lab. Before this work began, there were six 
species of Botryllus and two species of Botrylloides found in 
Brazil: Botryllus humilis, B. planus, B. primigenus, B. schlosseri, 
B. tabori, B. tuberatus; Botrylloides giganteus, and Botrylloides 
niger. The majority of the Brazilian coast is tropical with warm 
waters (26°C–28°C), supporting a diversity of marine life, and 
ten of the 17 coastal Brazilian states have recorded at least one 
Botryllus/Botrylloides species. It is therefore likely that Brazil 
has more species of botryllids yet to be discovered. Indeed, six 
new species have been identified: Botryllus sp. 1, Botryllus sp. 2, 
and Botrylloides sp. 1–4. Interestingly, these six species are geo-
graphically restricted; each of them is only found in one location.

9   |   Ascidians as Environmental Indicators of the 
Quality of Coral Reefs in the Puerto Morelos Reef 
National Park in Quintana Roo, Mexico

Lilian Abigaid Palomino Alvarez, Ph.D., Universidad Nacional 
Autónoma de México.

Coral reefs globally provide 375 billion USD in ecosystem ser-
vices per year, in terms of coastal protection, formation of nat-
ural barriers that attenuate wave energy, prevention of coastal 
erosion, food security, tourism, and carbon capture from the 
atmosphere. Unfortunately, coral reefs are experiencing severe 
degradation due to climate change, pollution, and human activi-
ties. Monitoring the health of coral reefs is crucial for sustaining 
the ecosystem services that these reefs provide. This research 
examines the diversity of ascidian species as a proxy of environ-
mental quality in coral reefs. Previous research has shown that 
certain species (e.g., Symplegma spp.) are only found on healthy 
reefs. The study area is the Puerto Morelos Reef National Park 
in Quintana Roo, México, where five reefs with different lev-
els of disturbance have been selected. Sampling via SCUBA is 
currently being conducted in all locations to collect ascidians, 
which will be identified using morphological and molecular ap-
proaches. Once the species identifications are complete, three 
parameters of species diversity will be analyzed: alpha (diver-
sity of ascidian species within sites), beta (diversity between 
sites), and gamma (diversity within and between sites across a 
landscape).

10   |   Collection, Husbandry and Culturing 
Techniques of Megalodicopia at Monterey Bay 
Aquarium

Kaylee Moody, B.Sc., and Megan Olhasso, M.Sc., Monterey Bay 
Aquarium, Monterey, USA.

Monterey Bay Aquarium's ‘Into the Deep/En lo Profundo’ ex-
hibit displays deep-sea animals from all over the world. A sig-
nificant portion of the gallery is dedicated to showcasing local 
animals that are just a few miles away, but dwell deep in the 
vast underwater Monterey Bay Canyon. In partnership with the 
Monterey Bay Aquarium Research Institute (MBARI), deep-
sea specimens are collected using remotely operated vehicles 
(ROVs) with specimen storage compartments that are capable 
of sealing in the deep, cold, low-oxygen water while bringing 
our collections to the surface. Collections of predatory tuni-
cates of the genus Megalodicopia (Figure  1D) occur at depths 
of 300–400 m. Specimens are collected by scooping underneath 
the rocks they are attached to, ensuring that the solitary, sessile 
tunicates remain attached to the sediment they have settled on. 
Adult Megalodicopia are kept in 4.5°C seawater under low-light 
conditions. Reduced oxygen and pH environmental parameters 
are replicated using mechanical and chemical filtration. The 
same parameters have been applied to the Megalodicopia cul-
tures in the Monterey Bay Aquarium. Adult Megalodicopia are 
kept in holding while waiting for spawning to occur naturally. 
Naturally spawned eggs, zygotes, and developing embryos are 
passively collected through a filter and held in glassware situ-
ated on a shallow shelf within a low-oxygen aquarium system. 
Scheduled, regular photo documentation has aided in estab-
lishing growth patterns and embryonic stages. This attempt at 
culturing a deep-sea predatory ascidian has progressed well 
beyond previously documented trials; it is currently at Day 164 
and has allowed the documentation of advanced embryonic and 
juvenile stages that have not been observed before.

11   |   Host–Microbe Interactions in the Digestive 
Tract: Lessons From the Protochordate Ciona 
robusta

Assunta Liberti, Ph.D., Biology and Evolution of Marine 
Organisms (BEOM), Stazione Zoologica ‘Anton Dohrn’, 
Napoli, Italy.

Host-microbial symbiosis is fundamental for multicellular or-
ganisms, influencing immune, digestive, metabolic, and neuro-
behavioral functions. Most interactions occur in the gut, where 
microbial dysbiosis is linked to gastrointestinal and neurolog-
ical diseases. The gut immune system, particularly the innate 
immunity repertoire, must balance tolerance of commensal mi-
crobes and defense against pathogens in a dynamic exchange 
shaped by diverse microbial encounters. To investigate these 
ecological interactions, it is necessary to use diverse experimen-
tal models. The tunicate Ciona robusta (Figure  1A), a marine 
protochordate closely related to vertebrates, provides an excel-
lent system for such studies. Ciona relies solely on innate im-
munity and develops into transparent juveniles, allowing the 
analysis of microbial colonization in its digestive tract. Ciona 
has been established as a model for host-microbiota interactions, 
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integrating microbiology, molecular biology, biochemistry, and 
functional assays. Key components of the Ciona gut have been 
identified, including a chitin-rich mucus layer, secreted im-
mune effectors such as immunoglobulin-like variable region-
containing chitin-binding proteins (VCBPs), and a stable adult 
microbiome (Figure  6). Additionally, bacteria and fungi have 
been characterized and can be used for controlled coloniza-
tion studies, and methods for rearing germ-free juveniles have 
been developed and are being used to dissect microbial roles in 
animal development. Notably, VCBPs mediate trans-kingdom 
interactions, influencing biofilm formation and colonization dy-
namics. Thus, Ciona serves as a powerful model for studying the 
innate immune adaptations that shape gut homeostasis.

12   |   From the Field to the Freezer: Clarifying the 
Methods of Microbial Characterization in Ascidian 
Hosts

Brenna Hutchings, Ph.D. candidate, IMESA Lab (Dr. Patrick 
Erwin and Dr. Susanna López-Legentil), Department of Biology 
and Marine Biology, and Center for Marine Science, University of 
North Carolina Wilmington, USA.

Ascidians host diverse microsymbiont communities that are 
species-specific and can assist in breaking down carbohydrates, 
processing pollutants, enhancing nutrient absorption, and in-
creasing their host's immune response. Since independent 
research groups use different methods for microbial character-
ization, it is critical to assess how different methodologies may 
influence the microbial communities. Here, four methodolo-
gies currently used to characterize ascidian microbiomes were 

investigated: (1) using menthol crystals to relax ascidian tissues, 
(2) implementing depuration to purge ascidian gut contents, (3) 
analyzing microbial sequences through either the mothur or 
QIIME 2 software packages (Schloss 2020; Bolyen et al. 2019), 
and (4) reporting the presence of macrosymbionts within ascid-
ian hosts, such as amphipods in the branchial sac of Ascidia syd-
neinsis (Figure 1G). Results from sequencing the 16S rRNA (V4 
region) of microbial communities in the ascidian tunic, bran-
chial sac, gut, and/or hepatic gland tissues indicate that (1) men-
thol addition does not significantly alter microbial composition 
in the colonial ascidian host Trididemnum solidum (Figure 1H), 
(2) depuration aids in identifying resident and core microbes 
in the solitary host Pyura vittata (Figure  1I), (3) mothur and 
QIIME 2 produce similar results when characterizing the mi-
crobial communities associated with different color morphs of 
the solitary ascidian Rhopalaea abdominalis (Figure  1J), and 
(4) macrosymbionts can share compositionally similar microbi-
omes with the host and should be reported when horizontal bac-
terial transfer between a host and macrosymbiont is suspected, 
but its directionality is unclear.

13   |   An Emerging Gene Regulatory Network for 
Cholinergic Fate and Motor Neuron Identity in 
Ascidian Larvae

Sydney Popsuj, Ph.D., Dr. Alberto Stolfi's Lab, Georgia Institute of 
Technology, USA.

The ascidian Ciona robusta is being used to characterize the de-
velopmental gene regulatory networks governing motor neuron 
differentiation as well as the downstream effectors specific to 
each motor neuron subtype. In the majority of tunicates, the lar-
val phase of life depends on two pairs of motor neurons in the 
motor ganglion, which stimulate the tail muscles and articulate 
all the movements necessary for larval dispersal before settle-
ment and metamorphosis. Using CRISPR/Cas9 mutagenesis 
and other gene manipulations, transcription factors specifically 
expressed in different types of motor neurons were investigated 
in order to identify their individual functions. Core differenti-
ation mechanisms for the establishment of cholinergic motor 
neuron fate and the development of neuromuscular synapses 
were identified, and efforts to untangle the specific effectors 
necessary for differentiating the two major motor neuron sub-
types in the Ciona robusta motor ganglion were initiated. The 
findings reveal substantial conservation in motor neuron devel-
opment between larval tunicates and vertebrates. Finally, pre-
liminary evidence suggests that some of these mechanisms are 
(a) evolutionarily lost in the species Molgula occulta (Figure 1K), 
which has tailless, immotile larvae, and (b) are likely undergo-
ing evolutionary loss in the closely related species Molgula ocu-
lata (inset in Figure 1K), which has tailed but feebly swimming 
larvae.

14   |   Origin of Vertebrate Characteristics 
During Chordate Evolution Under a Changing 
Environment: Insights From Ciona

Atsuko Sato, D.Phil., Ochanomizu University and Tohoku 
University, Japan.

FIGURE 6    |    The gut environment of Ciona robusta. Streamlined 
depiction of the digestive tract of Ciona robusta showing the epithelial 
barrier, which comprises distinct epithelial cell lineages and secretes 
immune effectors such as Variable region-containing Chitin-Binding 
Proteins (VCBPs, soluble immune molecules) into the gut lumen. The 
mucus layer, closely associated with the epithelium, is colonized by a 
variety of microorganisms, including bacteria, viruses, and fungi, and 
contains chitin fibers.
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The evolutionary origin of vertebrate characteristics has been a 
central interest in evolutionary biology. Over half a century ago, 
Alfred Romer famously proposed the idea of “The vertebrate as 
a dual animal – somatic and visceral” (Romer 1972). By morpho-
logical investigations, he recognized the vertebrate body as an 
imperfect welding of ‘somatic’ and ‘visceral’ animals. The ‘so-
matic’ animal is composed of the central nervous system, mus-
cles, and bones that are in charge of ‘external affairs’, whereas 
the ‘visceral’ animal is basically composed of the digestive tract. 
He then proposed the idea that the ‘somatic’ animal has evolved 
extensively during the evolution of chordates, possibly by envi-
ronmental impact. Using tunicates – Romer described adult tu-
nicates as mostly ‘visceral’ but a large proportion of their larvae 
as ‘somatic’ (Romer 1972) – this research has investigated de-
velopmental gene networks that might be impacted by thermal 
stress. By integrating comparative studies of two sister species 
of Ciona that are adapted to different thermal environments 
(Sato  2023) with differential co-expression analysis (Tesson 
et al. 2010), the temporal gene expression dynamics in the pres-
ence or absence of thermal stress were analyzed. As a result, a 
gene network involved in the formation of the ‘somatic’ animal 
that is influenced by thermal stress at the early neurula stage 
of Ciona intestinalis was found. This result is also supported by 
a study in zebrafish (Dorrity et al. 2023). Thus, thermal stress 
impacted the evolution of the central nervous system and neural 
crest cells, the ‘somatic’ animal in Alfred Romer's hypothesis.

15   |   A Tribute to the Academic Journey of 
Françoise Monniot: Sixty-Three Years of Dedicated 
Research on Ascidians

Sarah Samadi, Ph.D., Muséum National d'Histoire Naturelle, 
Paris, France.

Prof. Françoise Monniot passed away in December 2024 after 
dedicating 63 years of her life to research on ascidians (Nydam 
et  al.  2023; Ratti  Forthcoming). Françoise Monniot (née 
Weinstein) was born in 1936 in Paris, France. She was always 
interested in Biology, and after her undergraduate degree in 
Zoology, Physiology, Botany, and Geology, she earned a master's 
degree in Marine Biology at the University of Paris in 1958. She 
worked at the marine laboratory in Banyuls-sur-Mer, France, 
on Amphioxus, and earned her SCUBA-diving certificate. From 
1961 to 1963, she taught Zoology at the Université de Nancy, 
where she met and married Claude Monniot. In 1965, she was 
recruited to join the Muséum National d'Histoire Naturelle as an 
Assistant Professor and prepared a Ph.D. thesis titled “Ascidies 
interstitielles des côtes d'Europe” (Interstitial ascidians of the 
European coasts). In 1967, she joined the Marine Invertebrate 
section of the museum, and in 1984, she was promoted to re-
searcher. She officially retired in 2001 but continued to work at 
the museum almost daily until 2023. Françoise and Claude to-
gether are responsible for the discovery of 40% of the ascidian spe-
cies described in the scientific literature, Françoise for the Order 
Aplousobranchia and Claude for the Orders Phlebobranchia and 
Stolidobranchia. Françoise and Claude welcomed many taxon-
omists to their laboratory, and Françoise was also involved in 
the creation of the WoRMS taxonomic database (https://​www.​
marin​espec​ies.​org/​). Françoise had many notable achievements 
in her research career: just a few highlights will be presented 

here. Françoise and Claude created a tabular key for ascidian 
identification, which is still being updated and used. Françoise 
researched the ascidians of New Caledonia in the southwest 
Pacific; many of these samples were collected by Françoise her-
self. Françoise was also interested in the ecology and biology of 
ascidians and was proud of her collaborations with other scien-
tists, one of which led to the description of new species of cope-
pods living symbiotically with ascidians. Françoise and Claude 
also contributed substantially to deep-water ascidian taxonomy, 
reporting on Octacnemidae, such as Megalodicopia (Figure 1D) 
and Cibacapsa (Monniot and Monniot 1983).

16   |   Deuterostome Ancestors and Chordate 
Origins

Billie J. Swalla, Ph.D., Biology Department and Friday Harbor 
Laboratories, University of Washington, USA.

The theme of this research is the evolutionary origins of chor-
dates, on both micro- and macro-evolutionary scales. On the 
microevolutionary scale, changes between closely related spe-
cies with different phenotypes (e.g., tailed and tailless ascidian 
larvae) are being studied. On the macroevolutionary scale, this 
investigation centers on changes between deuterostome phyla 
(e.g., echinoderms and hemichordates). The deuterostome phy-
logeny has echinoderms and hemichordates as the sister taxa oc-
cupying the basal position, with cephalochordates evolving next, 
then Tunicates, and then Vertebrates. This phylogeny was pub-
lished in 2000 (Cameron et al. 2000). In this paper the authors 
assert, “Further developmental studies will be important in re-
vealing how the evolutionarily successful chordate body plan 
may have evolved from a worm-like deuterostome ancestor.” 
This statement was controversial at the time, but the evidence 
for this assertion continues to mount. In 2008, the presenter co-
authored a paper with Dr. Federico Brown and their colleagues 
that discussed three hypotheses on chordate origins: Garstang's, 
Romer's, and their own (Brown et  al.  2008; Garstang  1928; 
Romer 1967). The hypothesis set forth in this publication is that 
there was a split early in deuterostome evolution: echinoderms 
and hemichordates split into one clade (Ambulacraria), and 
chordates split into another clade. They have also published on 
the evolutionary position of the Xenacoelomorpha, which is an 
outgroup to the rest of the Bilateria (termed the Nephrozoa). The 
Xenacoelomorpha lack the nephridium, a kidney-like organ, 
that the rest of the Bilateria possess.

Other work focuses on hemichordates and echinoderms: there 
are “chordate-like” structures in these groups, and future work 
will explore the time of their appearance and the gene networks 
responsible for their development.

17   |   Concluding Remarks

Starting in 2000, the tunicate research community has gath-
ered biennially in Japan, Europe, Canada, and the United 
States. The main goals of establishing, in 2023, a complemen-
tary biennial symposium to be held online and free of charge, 
were to provide an accessible forum for researchers unable to 
attend the in-person meetings for financial or personal reasons, 
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and to highlight both the pioneering and current contributions 
of women scientists to the field of tunicate biology. In its 2025 
edition, the symposium continued to pursue these goals by pro-
viding early-career female researchers with the opportunity to 
present their ongoing work and discuss future plans.

In keeping with its first edition, the meeting concluded with 
an “open-mic” roundtable discussion that spanned multiple 
continents and brought together scientists from different back-
grounds and career levels to exchange ideas and consider col-
laborative projects. By improving the visibility of women at all 
career stages, this symposium aims to promote new collabora-
tions and help foster and retain emerging talent and scientific 
projects, within both the tunicate community and the broader 
scientific community.
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