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Dozens of scientific papers about carnivorous plant research are published each year on diverse
topics ranging from new species descriptions, through phylogenetic approaches in axonomy and
systematics, to ecology and evolution of botanical camivory, biomechanics and physiology of traps,
among many others. By the time a paper is published, however, it is already "old news"” because
the salient results often are presented months or even years earlier at scientific conferences. Such
meefi ngs are the perfect venues to discuss ongoing research and "hot” topics and present them to
colleagues from around the world.

The first and last authors of this report were in the lucky situation to organize symposia about
carnivorous plant biology during two major conferences: Simon Poppinga chaired a one-day ses-
sion—"Carnivorous plants - Physiology, ecology, and evolution”— on July 6, 2017, as part of the
Annual Main Meeting of the Sociﬂfor Experimental Biology (SEB) in Gothenburg, Sweden.
This first symposium included two keynote and two invited talks given by renowned carnivorous
plants experts and six additional lectures, Aaron Ellison chaired a half-day session co-organized
with Bartosz Ptachno—"Evolution, ecology, and physiology of camivorous plants”—on July 25,
2017, as part of the XIX International Botanical Congress (IBC) in Shenzhen, China. This second
symposium included 11 invited talks.

These two symposia harkened back to the 1980 SEB sympaosium on carnivorous plants orga-
nized by Barrie Juniper (Fig. 1; see also the review by Williams (1981)) that led to the well-known
book The Carnivorous Plants (written by Juniper, Richard Robins, and Danny Joel, published in
1989), and presaged the new publication (D ecember 2017) of Carnivorous Plants: Physiology, Ecol-
ogy, and Evolution (edited by A aron Ellison and L ubomir A damec). This summary aims to inform
the CPN readership about the research presented at these two symposia.

Present at both symposia, Dr. A ndreas Fleischmann discussed the multiple evolutionary lines of
carnivorous plants. Current research shows that carivory has evolved at |east ten times in flowering
plants, resulting in 19 carnivorous plant genera containing at | east 800 species (Fig. 2). Five basic trap
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Figure 1: Schedule of the 1980 symposium on carnivorous plants presented at the Oxford
Conference of the Society of Experimental Biology, December 1980. Thanks go to Prof.

Stephen Williams for providing the scans.
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Figure 2: Family tree of the flowering plants, with botanical orders containing carnivorous
plants highlighted in green. Evolutionary origins of carnivorous lineages indicated by red
dots. The further to the left the dot on a branch, the older the carnivorous lineage. Figure
modified from Fleischmann et al. 2017, and reprinte d with permission of Oxford University
Fress.

types are found among carnivorous plants (pitfall traps, adhesive traps, snap traps, eel traps, and suc-
tion traps; Fig. 3). Some trap types (especially motile traps such as suction traps or snap traps) have
evolved as modifications of passive flypaper-type traps within the same lineage (“homology"), but
others have evolved in parallel in distantly related groups n::muplasy" or convergent evolution). Prof.
Aaron Ellison also gave talks in both symposia, where he presented a comprehensive synopsis on how
carnivorous plants can be used as experimental systems to address contemporary scientif ic problems.
His review included discussions of how carnivorous plants have illuminated studies of evolutionary
convergence, inspired biomimetic material s, been used to study complex ecological questions about
food-web assembly, and led to the development of school curricula and citizen science programs.
Studies of the morphology and the genomes of carnivorous plants confinue to yield new and
often surprising results. At the IBC symposium, M athias Scharmann showed that population ge-
nomics of naturally co-occurring Nepenthes species in Southeast Asia are clearly distinct but not
yet reproductively isolated (Fig. 4). The maintenance of genetic and phenotypic identities in the
presence of gene flow indicates adaptive processes, presumably through selection against certain
hybrids. Mr. Firman A lamsyah used both molecular data (internal transcribed spacer sequences of
nuclear DNA ) and morphological data on peristome structure to illuminate evolutionary trends in
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Figure 3: Distribution of the & basic trap types among the =800 species of currently known
carnivorous plants. The trap types can be classified as motile or non-motile, depending
upon capability of motion for prey capture or retention. Among the plants with sticky
traps, there are those motile and non-motile passive leaves. Photographs and drawings
by Andreas Fleischmann.

Nepenthes. He reported that narrow (< 10-mm) peristomes appear to be the ancestral {"plesiomor-
phic") condition in the genus, and that larger (10-20-mm or > 20-mm) peristomes likely evolved at
least 7 and 8 times, respectively, whereas the narrow peristome evolved again at least 4 times from
lineages with wider peristomes (Fig. 5). In asecond talk, A lamsyah reported new results on molecu-
lar evolution of the nepenthesin II digestive enzyme in 29 species of Nepenthes. These results soon
will be submitted for peer review and eventual publication.

Dr. Bartosz Ptachno and colleagues (M atgorzata Stpiczynska, Richard W. Jobson, Hans Lam-
bers) presented new research on glands and other features of the flowers of carnivorous plants. Al-
though most carnivorous plant enthusi asts focus on the traps, the flowers not only are beautiful (Fig.
&) but also need specific adaptations so pollinators don't end up as prey (Cross et al. 2017). Like
the unique glandular hairs of carnivorous traps, the entomophilous species of Pinguicula, Genlisea,
and U tricularia also have specialized glandular hairs on their flowers. These produce fragrances or
nectar to attract pollinators.

Prey capture and its importance for carnivorous plant growth continues tnwspir'e both basic and
applied research. In the SEB symposium, Prof. Ulrike M (ller explained the fluid mechanics during
prey capture by the suction traps of bladderworts (U tricularia vulgaris and U. gibba) and presented
fascinating and new insights into these enigmaﬁnd extremely complex mechanical trap devices.
Dr. Sebastian K ruppert and M artin Horstmann reported research on carnivorous plants from the
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Figure 4: Network of gene flow between seven Nepenthes spp. that grow together in the
same or adjacent habitats in the lowlands of Borneo (clockwise from above): Nepenthes
hemsleyana, upper pitchers; N bicalcarata, upper pitcher, N gracilis, lower pitchers; M.
ampullaria, rosette with lower pitchers; N. rafflesiana giant form, lower pitcher; N. rafflesiana
typical form, upper pitchers; center: N. mirabilis, upper pitcher. Population genomics
have revealed that hybridization and back-crossing has been occurring between some
of these species for thousands of generations. Gene flow and its estimated strength is
shown by the thickness of the green bars. All photographs by Mathias Scharmann.
1
grspech've of the prey. They showed how freshwater crustaceans react to botanical predators with
inducible morphological changes that impede capture. Three weeks later at the IBC sympaosium,
Ms. Saskia K link (with her colleagues Philipp Giesemann and Gerhard Gebauer) presented new
estimates of the amount of nitrogen obtained from prey by Pinguicula and U tricularia growing in
Austria and Germany. By measuring the concentration of stable isotopes of nitrogen, Klink et al.
showed that prey contribute about as much nitrogen to Pinguicula and Utricularia as they do for
other sticky leaf (Drosera spp.) and aquatic (Utricularia subgenus Polypompholyx) carnivorous
plants. They conclude that a closer look at the trophic levels of prey organisms can improve our
understanding of the performance of carnivorous plants in their specific habitats.

Inthe IBC symposium, the themes of evolutionary convergence and prey capture came together
in Ms. Laura Skates's talk. She presented part of her ongoing PhD research (done in collaboration
with M aria Paniw, Fernando Ojeda, Kingsley Dixon, Gerhard Gebauer, Jason Stevens, and A dam
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Figure 5: Character state reconstruction of Nepenthes for peristomes. Arrows indicate
repeated evolution of narrow, intermediate, and broad peristomes (figure modified from
Alamsyah & Ito 2013).

Cross) on the convergent evolution of the rainbow plant, Byblis gigantea, and the dewy pine, Dro-
sophyllum lusitanicum, with respect to the relationship between their investment in carnivorous
structures and the reliance on carnivory of these two species (Fig. 7). She discussed the ecological
relevance of prey capture for each species and the implications for their management and conserva-
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Figure 6: Flowers of Ulricularia bremii photographed by Bartosz Pltachno in sand-pit Cep
| in Suchdol nad Luznici, 5. Bohemia (Czech Republic).

tion. Tom Givnish presented an updated version of hisinfluential cost/benefit model for the evolu-
tion of carnivory in plants. 1

In the SEB symposium, Dr. Ulrike Bauer reviewed the biomechanics of pitfall traps, explained
how arthropods lose their foothold on them, m how such slippery pitcher-plant surfaces are in-
spiring novel technologies. A nna Westermeier gave new and fascinating insights into the trapping
mechanics of theVenus' flytrap’s litl e aquatic sister, the waterwheel plant (4/drovanda vesiculosa),
based on comprehensive binm@nical experiments and theoretical modelling. Dr. Simon Pop-
pinga presented an overview of recent research about the snapping behavior of the Venus' flytrap.
Westermeier's and Poppinga’s projects both are within the Collaborative Research Centre 141 and
are part of a broader effort at the University of Freiburg in which the movements of carnivorous
plants are being studied for development of biomimetic applications (Poppinga et al. 2016).

Two presentations, one at SEB and the other at IBC, examined commensal organisms, also
known as inquil irn that inhabit the traps of different carnivorous plants. At the SEB, Dr. Dagmara
Sirova discussed the highly complex plant-microbe interactions in the camivorous bladderworts
(Utricularia). M any researchers have observed living and reproducing algae and eukaryotes inside
the bladders, and Sirova and her colleagues are developing the U tricularia system as a model for
studying host-microbe interactions and their ecological dynamics (Sirova et al. 2017). Atthe IBC,
Ms. Amanda Northrop presented work that she and her colleagues (Rachel Brooks, Jéssica D uarte
Sousa, Aaron Ellison, Bryan Ballif, and Nicholas Gotelli) are doing to develop the purple pitcher
plant, Sarracenia purpurea and its bacterial inquilines as a model system for understanding and
predicting the dynamics of aguatic ecosystems and tipping points between aerobic and anaerobic
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Figure 7: Leaves of Byblis gigantea (left) and Drosophyllum lusitanicum (right).
Photographs by Laura Skates.

states. Northrop et al. use metagenomics and metaproteomics t identify differences in the composi-
tion and function of bacteriain pitchers with or withoutexcess prey (Fig. 8). They showed that the S.
purpurea micro-ecosystem can be ex perimentally manipulated to undergo a state change, that such
states can be distinguished using environmental proteomics methods, and that these findings from
the 5. purpurea model micro-ecosystem may be applicable to larger aquatic ecosystems.

Finally, one speaker at each symposium discussed possible new additio@®to the carnivorous
flora. Atthe SEB, Dr. Anneke Prins presented her ongoing investigations into the proto-carnivorous
properties of common teasel (Dipsacus fullonum [Caprifoliaceae: Dipsacales]). At the IBC, Mr.
Qianshi Lin discussed his dissertation work (co-authored with T. Gregory Ross, Fushi Ke, and
Sean Graham) on the possibilities of camivory in Canadian species of Triantha (Tofieldiaceae:
Alismatales) that grow in bogs side-by-side with Drosera and Pinguicula. In both cases, further
experimental work is ongoing to determine whether these plants possess all the characteristics of
thenarni\.rumus syndrome” (Ellison & A damec 2017).

With many people in the audience actively working on camivorous plants, each talk was accom-
panied by thorough discussion. The inspiring and exciting atmosphere also was supported by the
great venues. The many original research presentations about camivorous plant-prey interactions,
sophisticated fluid mechanics, evaluation of the "carnivorous status” of a certain species, and trap-
ping mechanicswill, once published, surely have a greatimpactin a variety of research fields. M any
of the speakers who presented at the symposia can be seen in the group photos (Fig. 9). Because the
SEB symposium was on the same day as the birthday of our highly esteemed colleague and friend,
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Figure 8: Distinctly different microbial communities contribute to protein expression in unfed
and fed Sarracenia purpurea pitchers. The bars illustrate the proportion of total peptides
from the top 220 proteins associated with specific microbial classes. Figure from Northrop
et al (2017) and reproduced with permission of the Ecological Society of America.

Figure 9: Left: SEB group photo with birthday greetings to Dr. Lubomir Adamec, and
participants (left to right): Sebastian Kruppert, Ulrike Mualler, Martin Horstrmann, Anneke
Prins, Dagmara Sirova, Aaron Ellison, Anna Westermeier, Simon Poppinga, Andreas
Fleischmann. Presenter Ulrike Bauer is not in the photograph. Right: ICB group photo,
with participants (left to right): Mathias Scharmann, Firman Alamsyah, Aaron Ellison,
Saskia Klink, Bartosz Ptachno, Amanda Northrop, Qianshi Lin, Laura Skates, Adam Cross.
Presenter Torn Givnish is not in the photograph.
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Dr.LubomirAdamec (Trebon, Czech Republic), we added a special greeting to him, which we sent
to him from the conference (Fig. 9).
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