Evaluation of the PhD thesis “Ecological constraints limiting the root-
sprouting ability in wetland plant species” by Monika Sosnova.

The thesis addresses two main problems, 1) the pattern of pant clonality
among different wetland communities experiencing contrasting environmental
stress (submergence, salinity) and disturbances, and 2) life history and
functional responses of a short-lived (annual/biannual), root sprouting
wetland herb, Rorippa palustris, to disturbance and stress (submergence).

The approach to the first problem is to analyse available detailed documentation
of wetland plant communities in the Netherlands in relation to information on
clonal growth organs and other clonal plant traits stored in the clonal plant
database CLO-PLA3 to answer novel questions on distribution of clonal growth
organs among plants in different wetland communities. Predictions of clonal
growth trait syndromes related to different clonal growth organs, based on the
conceptual model of by Grace (1983) were tested. The results are reported in
two papers (chapters II and III). The main findings are:

e 74% of wetland plant species are clonal, the majority being rhizomatous
(51%), while in open water habitats (stressed by submergence)
specialized clonal growth (budding, production of turions and fragments)
is more common and in disturbed habitats (salt mashes) clonal growth by
root derived organs (root-splitters, root-sprouters) and non-clonal plants
predominated.

e With the exception of highly disturbed communities (salt-marsh), root-
sprouting is underrepresented in wetland communities compared to
terrestrial communities.

e Predicted clonal plant traits are not supported by the analysis, indicating
that a variety of traits other than those liked to clonality differentiate
plant strategies in most wetland habitats.

e Wetland habitats characterised by strong stress factors (freshwater pools
and riverbeds) showed, however, distinct spectrum of clonal traits (high
offspring production, good dispersability, fast-splitting clones, monocyclic
shoots).

The approach to the second problem is experimental. The results are
presented in three papers (chapters IV, V and VI), each reporting results

from an experiment addressing specific question regarding life history and
functional responses of Rorippa palustris to disturbance (injury) and/ or
stress (flooding), a species common in natural or man-made moist-wet habitat
experiencing periods of flooding and disturbance. The main findings are that

e Rorippa palustris is able to tolerate sever injury by adjusting its life
history. The outcome depends on the timing of germination and injury
where the amount of stored carbon in roots plays a central role.

® R palustris also tolerates submergence stress (7 days) while the
combination of submergence and injury is detrimental (low survival)




irrespective of the origin of the experimental populations. It is concluded
that this may explain why root-sprouting plants are underrepresented in
wetland communities compared to terrestrial habitats.
The thesis thus adds significantly to our knowledge of both problems addressed.
The individual studies are carefully carried out and well designed and the thesis
is of high quality. Three papers have been published in relatively specialised
international peer-reviewed journals. | can recommend a defence of the thesis
for a PhD degree.

Comments, questions and discussion topics

My main concern is that however interesting the two problems addressed

by the thesis are, they do not tie very well together, i.e. they remain as two
rather separate parts. It is indicated in the introduction (chapter I) as well as
by the general structure of the thesis that the Rorippa studies were set out to
follow up on one of the findings from the studies of clonality in wetlands, i.e.

to find out what may constrain root-sprouting in wetland plants to cause the
underrepresentation of root-sprouters in wetlands as demonstrated in the first
part. Therefore [ wonder:

e How common is Rorippa palustris in the different plant communities
of wetlands in the Netherlands under scrutiny in chapters Il and I1?

e Why would Rorippa palustris be a good candidate to address the
problem?

¢ Do you find that experimental studies of a single root-sprouting species
already adapted to wet conditions is the best approach to provide
an answer to why root-sprouters are underrepresented in wetland
communities? Can you think of any better approaches as for example
comparative studies of related root-sprouting species adapted to
contrasting habitats? Such comparative study might also increase
our understanding why is Rorippa palustris is so successful in wet /
waterlogged habitats compared to most other root-sprouters in spite
of all the assumed costs linked with root-sprouting in waterlogged
situations.

Furthermore, the wetland clonality study showed that root sprouting was most
commonly found in species of salt marsh communities (high disturbance), a
habitat where Rorippa palustris is apparently not found.

e How do the root-sprouting species of salt marshes compare to Rorippa
in terms of life history? Would you expect them to respond similarly to
disturbance (injury) and stress (submergence)?

As discussed in Chapter III the reason why the clonal traits could not be
predicted by a given community type based on Grace’ conceptual model, other
traits than those under scrutiny may be of overriding importance in theses
wetland communities.

e Ifyou were to identify general plant strategies for the different wetland



communities, which other traits would you take into account in the

analysis?
One of the predictions was that persistence and carbon storage would be
selected in conditions of reduced light availability, i.e. shading in deep water
(submergence) and by large neighbours. There is evidence, although not
based on as thorough evaluation as presented here for the wetlands, that
carbon storage and persistence is common in shaded conditions of terrestrial
environments like forest floors.

e Do you have any idea what may be the reason for such discrepancy?

All the Rorippa studies were done under controlled experimental conditions.
Therefore I ask:

e Are any field studies available evaluating how important the ability
to regenerate by root sprouting is for the maintenance of natural or
semi-natural populations of Rorippa palustris? How important is root-
sprouting in relation to regeneration from seed after disturbance?

In Chapter IV the effect of timing of germination and injury on life-history
characteristics of Rorippa palustris is tested. Only one injury treatment

was applied, i.e. all aboveground biomass was removed to make sure that
regeneration was only possible by adventitious buds on the root. Such injury
must be regarded as very sever disturbance.

e How common is such sever disturbance? If it is more common with less
sever disturbance it might be informative to experimentally compare
life history responses to different degrees of disturbance. If you agree,
would you expect very different responses to less sever injuries?

In Chapter VI the effect of combined injury combined with submergence are
tested.

e How common is the detrimental situation of sever injury and prolonged
(7 days) total submergence?

In Chapter VII you conclude that carbon economy plays an important role in
the regenerative ability of plants and because root sprouting is energetically
costly it is inefficient in waterlogged situations. I am a bit confused by how
that conclusion was reached based on the Rorippa experiments because
they demonstrated, such great ability to regenerate from root-sprouting
after injury under waterlogged (but not total submergence) situations.

e Isit perhaps the case that under natural/semi-natural situations Rorippa
does not at all depend on root sprouting for population maintenance?
e If that were the case, what would be the adaptive significance of this trait?

Specific comments

In Chapters Il and III the structure of the vegetation data it is not made



very clear. More details would be needed for those not with an easy access
of the original data source. For example, in Chapter III it is not clear to

me the difference in how the presence/absence data and the species
frequency data (quantitative?) used in the two approaches were obtained.

In the experiments presented in Chapters [V, V and VI you use different sizes
of pots and you apply different levels of nutrients and waterlogged situations
(different water levels) in each experiment without any explanations.

e What s the reason for the different designs?
e Do you think these differences affected the outcome of the experiments?

Chapter III:

Table 3. -I presume that the values in the table Chi-square values?

Fig. 1. Table 4 is cited in the figure legend - should be Table 37

In Chapter VI the injury and flooding treatments were applied on 9t June.
e Which developmental stage were the plants in by that time?

In the same chapter more details are needed for description of how you
measured the different growth variables.

," , o . sasd (‘ o J( 2
e Mgt gog NGy BIER G S - Tons T
. / Vi . S g ;9 AR _;/(.} /
G//V—r]/( //)/7\7 ‘



Oponentsky posudek doktorské diserta¢ni prace Moniky Sosnové
Ecological constraints limiting the root-sprouting ability in wetland plant species

PiedloZena doktorskd disertace je zaméfena na vybrané aspekty vegetativniho rozmnoZovani
mokfadnich bylin. Zvlastni pozornost je vénovana rozmnoZovani z pupenti na kofenech.
Mozna ekologickd omezeni tohoto zplsobu rozmnoZovani byla studovdna v nadobovych
pokusech na modelovém druhu Rorippa palustris.

Prace je formalné uspofadana jako série péti védeckych ¢lanka (kapitoly 2 — 6), uvedena
struénym, ale vystiznym piehledem problematiky vegetativniho rozmnoZovani mokiadnich
rostlin (kapitola 1) a uzaviena souhrnem hlavnich ziskanych vysledka (kapitola 7). Z péti
zarazenych ¢lanku tfi jiz byly publikovany ve védeckych Casopisech (kap. 2, 4, 5) a jeden je
odeslan do redakce (kapitola 3). Posledni ¢lanek (kapitola 6) je pfedloZzen v podobé rukopisu
pfipraveného k odeslani do redakce. Prace véetné uvodni a zavéreéné kapitoly je sepsana
anglicky.

Vlastni experimentélni prace M. Sosnové sestava ze t¥i kultivaénich pokusu provedenych na
rukvi bahenni, v nichz byly postupné testovany hypotézy o vlivu riznych ekologickych
omezeni na charakteristiky Zivotniho cyklu rostliny. VSechny tii experimenty maji precizni
design a elegantni statistické vyhodnoceni. O kvalité ziskanych vysledkt svéd¢i publikace
dvou diive provedenych pokusii v impaktovych &asopisech (kapitola 4, 5). Urovei rukopisu s
vysledky tretiho, nejkomplikovanéjsiho a nejdéle trvajiciho pokusu (kapitola 6) opraviiuje
k domnénce, Ze i tento ¢lanek ma zna¢nou Sanci na pfijeti ve vhodné zvoleném védeckém
Casopise.

Ve srovnani s vysledky experimenti ma z hlediska pfinosu pro $irsi védecky obor mozna jesté
vétsi vyznam studie, kterou autorka provedla pfi své stazi v Holandsku v ramci programu
Erasmus. Studie fes$i otdzku zastoupeni riznych forem klonalniho S$ifeni rostlin v riznych
typech moktadnich spolecenstev Holandska. Je zaloZena na vyhodnoceni dat o zptsobech
vegetativniho rozmnozovani klonalnich rostlin v databazi CLO-PLA 3 a publikovanych
udajich o vegetaci riznych typi mokfadnich biotopti Holandska. Vysledky studie jsou
obsahem kapitol 2 a 3, z nichz kapitola 2 jiz byla publikovana.

Prace zdaftile rozviji odborné téma klondlniho $ifeni rostlin, jimz se $kolitelka J. KlimeSova
dlouhodob¢ zabyva. Autorka také vhodné vyuzila odborny potencial pedagogi a kolegu
Piirodovédecké fakulty JU, zejména pii volbé metod statistického zpracovani. Podobné pii
své zahrani¢ni stazi vytézila maximum z mozZnosti kontaktu se zkuSenymi zahrani¢nimi
kolegy jak po odborné, tak i jazykové strance. Mnozstvi provedené prace a také podil jiz
publikovanych vysledki je umoznén mimo jiné i tim, Ze autorka se ekologii rukve bahenni (s
hlavnim zaméfenim na vegetativni rozmnozovani z pupent na kotenech) zabyva jiz od své
bakalatské prace. Vysledkem je disertace mezinarodni trovné, ktera autorce slouzi ke cti a
jiste t&si i vedouci prace.

K praci mam nékolik drobnych dotazli a pfipominek, které jsou minény spise jako piispévek

do diskuse nez jako kritika.

1. V seznamu literatury v kapitole 1 chybi citace prace van Groenendala et al. 1996 —
vyjimka potvrzujici pravidlo o mimofadné peclivosti provedeni celé prace vcetné
formalni stranky!




2. Pro¢ byla pfi statistickém hodnoceni vysledki v kapitole 6 (str. 97) zvolena metoda
GLM s binomialni distribuci? Vzhledem k tomu, Ze jde o pokroCilou statistickou
metodu, s niZ nemusi byt mnozi Ctenafi obeznameni, stalo by zato vénovat vice
prostoru popisu metodiky (napi: jak byly formulovany statistické pracovni hypotézy?)
a také podrobnéji popsat vysledky ziskané touto metodou (nasla jsem k ni pouze jednu
vétu na strané 99).

3. V disertaci se nékolikrat odkazuje na vétsi energetickou naro¢nost tvorby pupent na
kofenech ve srovnani srustem jiZz zaloZzenych pupenti na oddencich, coz muze
znevyhodnovat zplisob rozmnozovani pupeny na kofenech u moktadnich rostlin diky
deficitu kysliku v zaplaveném substratu. Tuto Gvahu je moZzno doplnit jesté o vyznam
vnitiniho provétravani, jehoz kapacita je v oddencich zpravidla vétsi nez v kofenech
(byt" aerenchymatickych). Vzhledem k tomu, Ze dé€leni bun€k nemuze probihat bez
kysliku, nemohly by v anaerobnim prostiedi rist ani nové oddenky, byt’ z pupent jiz
diive vytvofenych, pokud by nemély zajistén staly a dostate¢ny piisun kysliku
aerenchymem.

4. 'V praci mi chybi souhrnna diskuse, ktera v podobné strukturovanych disertacich byva
zarazena jako zavére¢na kapitola. Souhrnna diskuse dava autorovi moznost zduraznit
souvislosti mezi jednotlivymi dil¢imi aspekty vlastni prace, oddélenymi do
samostatnych kapitol, a svou praci jako celek pak zac¢lenit do kontextu mezinarodniho
vyzkumu diskusi relevantnich praci jinych autor. Umoziuje tak pieklenout riziko
tematické roztfiSténosti, kterému jsou prace koncipované jako soubor c¢lankt
vystaveny. Toto riziko byva patrné i u obhajoby, pokud ji autor pojme jako linearni
vycet informaci o provedenych dil¢ich studiich. Pfedlozena prace bezesporu obsahuje
dostatek materialu pro syntézu (byt’ rozélenénou na experimentalni studie Rorippy na
strané jedné a spiSe teoretickou studii vyskytu riznych forem klonalniho Sifeni na
holandskych mokfadnich biotopech na stran¢ druhé). Bude ptinosné, pokud ji autorka
zatadi do obhajoby své prace.

Zaveérem lze konstatovat, ze predlozena disertace v plné mife splituje podminky na takovou
praci kladené, a s potéSenim ji doporucuji k obhajobé.

V Ceskych Budgjovicich 10.8.2010
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Doc. RNDr. Hana Cizkova, CSc.




Report on the PhD. thesis of Monika Sosnova

The thesis is a set of five papers, two of which deal with the analysis of clonal organs of
wetland species in the Dutch flora, and three with life history of a short-lived annual/perennial
plant with root resprouting. Although links between the two parts are scarce (more below), I
must say I like the thesis and appreciate the work that has been done. The research reported
here is based on good and fresh ideas, has been well performed (as far as I was able to judge),
data are well analyzed and summarized into papers.

Strong points of the thesis

The analysis (in the first) paper of the relationship between CGO types and clonal growth
traits. These two aspects have often been confused in the literature. This thesis represents one
of the first analyses that links the morphologically/developmentally defined CGO types with
their possible ecological functions.

Systematic analysis of the life history of a root-sprouting plant, Rorippa palustris. The three
papers on Rorippa address the key features of its life history and the role of injury by
disturbance/flooding. It proceeds in a systematic fashion from testing ontogeny/injury timing
interaction, through analysis of carbon storage to long-term fitness effects of the injury. I like
the approach that made possible the separation of the ontogenetic stage, season and injury (in
particular, discussion of the paper 3 is very good).

The last paper collected really valuable data on the ultimate fitness effects of root sprouting
under normal conditions and under injury. This required a rather long-term experiment. Such
approach is really laudable as most similarly conceived ecological studies use only indirect
fitness measures (such as size) in order to get results during a short-term experiment.

Weak points of the thesis

Description of methods/data analysis in most papers. At many places it is difficult to learn
what was done, and whether statistical tests used are appropriate or not. Presentation of the
statistical results is also rather heterodox. In some cases, meaning of statistical tests are not
clear (e.g. in Tab. 2, p 64), number of degrees of freedom is often not given (let alone the
denominator d.f. which is indicative of the ANOVA design/correctness). Sometimes it is
unclear whether "ANOV A" refers to general linear model or to the function anova in
R/Splus (Tab. 2, p 64, Tab. 3, p. 66). In most cases, I give the author benefit of the doubt, but
much clearer description must be required for further publications.

Almost completely missing discussion of the evolutionary implications of the experimental
findings. The author(s) carefully discuss(es) ecological processes, but almost invariably
avoids mentioning the bearing that these ecological processes have on selective forces that act
on the plants.

Splitting the analysis of the Dutch wetland flora into two papers. I (hope I) understand the
different messages of both papers, but I am convinced that putting all the analyses together
would result in a much stronger paper.



The introduction is too general and does not do a good job in providing the specific contexts
and motivations for the study. I would like to hear more general considerations on root
sprouting, and more general motivation for the whole study, and links between its individual
parts. On the other hand, there is too much stress on anoxia in the introduction. I understand
that anoxia is dealt with (indirectly) in the last paper, but still the stress on it here is undue.

Specific questions
Chapters 2 and 3 (papers 1 and 2)

The author says that hypogeogenous rhizomes might be more suitable in permeable
waterlogged soil of wetlands (p. 30). What about hypoxia, which may act in opposite
direction and prevent rhizomes to stay too long in the anoxic conditions?

If I understand it properly, alliances (sets of ecologically similar releves) were units in the
multivariate analysis. As the author herself admits, number of releves in individual alliances
differed. Did the analysis take this into account (e.g. by differential weighting). If not, why? If
yes, why?

Phylogenetic correction is mentioned in the first paper, but not in the second paper. Could you
please comment why it was done only for the part of the research that fell into the first paper?

The analysis shows that some traits are favoured in some habitat types, but their prevalence is
not absolute, and in almost all cases plants bearing less-favoured traits are also present. This
indicates that while environment selects to some degree, there are other factors that contribute
to trait richness of communities. Could you please comment on which factors may contribute
to maintaining the trait richness?

In the analysis of the whole flora as to species traits, there are many species that possess
clonal growth organ of more than one type. This poses difficulties for the analysis, which the
author handled by dealing with one CGO type for each species only. While the author says
that she used the one with most cells filled, it is unclear whether it refers to the amount of
information available on the particular CGO, or to the parameters of the clonal growth type. I
would also appreciate more information on the potential error introduced by deliberate
exclusion of some clonal growth organs. Could you comment on this?

The two parts of the thesis (analysis of clonal traits in the Dutch flora and population biology
of root-sprouting short-lived perennials) are only weakly connected to each other. The focus
of the second part of the thesis requires asking what specific traits are associated with root
sprouting. The author says that root sprouting is restricted in wetlands relative to other habitat
types, but then she chooses a wetland species as an example of root sprouting. This seems
odd. Is root sprouting specific in terms of the traits associated with it (compared with other
types of clonal growth organs) or not? How does Rorippa exemplify these traits? Could you
be more specific on the motivations/advantages of this particular choice?

Chapters 4 to 6 (papers 3 to 5)




In the last paper, I miss further analysis of cumulative fitness of plant individuals. I assume
that regenerating plants (since they regenerate from root buds) may form several "ramets",
each of which may bear seeds. Cumulative fitness should take into account this, but it should
also account for the fact that timing (and hence fitness contribution) of seed production of
injured plants is changed. (Fitness is affected not only by the number of offspring, but also by
generation time which is longer in injured plants.) This would also call for a deeper
"economic" analysis of tradeoffs between generative and vegetative reproduction.

In the fourth paper (carbon storage), control plants were analyzed as to the starch content
throughout their development, while injured plants were analyzed only at the end of the
experiment. Why? Could you be more specific on the information that you could gain if
injured plants were also sampled longitudinally?

I would be curious to know how the starch levels found in Rorippa compare with levels in
truly perennial plants and in plants that are strict annuals.

Do you have an idea how Rorippa behaves when winters are milder (and therefore less starch
resource is required for survival)?

Assessing the role of individual traits in plants is typically hindered by the fact that traits are
difficult to manipulate. This can be circumvented by a comparative approach used in the
thesis, e.g. by comparison of different life-stages/phenologies, and of plants from different
habitats, but this is either confounded with other effects (life stages) or having very little
effect (habitats). Have you even consider true manipulation of the root sprouting capacity by
e.g. hormonal means?

Minor comments
Chapters 2 and 3 (papers 1 and 2)

The first two papers revolve around the conceptual model of clonality in wetland plants of
James Grace. It is really odd that the first paper, although mentioning the model, is very
unspecific about which hypotheses to examine or test.

p. 23: the description of species selection is unclear and mixes species selection used in
Schaminee et al. and the present paper.

Table 2 (p. 27). the P-levels are not independent of each other.

p. 43: how good was the coverage of the Dutch wetland flora by CLO-PLA3? Was the
coverage similar over all vegetation units? (Systematic bias in coverage might have affected
the result.)

p. 44, data analysis. I am not fully satisfied with the analysis by contingency tables and CCA.
For the contingency tables, I would first expect an overall tests (as the individual tests are
interdependent). This test might be a CAA-like test, but not the current CCA, as this is based
on different null hypothesis than the contingency tables (it takes into account also species
frequencies).




Description to the phylogenetic correction is very incomplete. How was it done? What source
data were used?

Chapters 4 to 6 (papers 3 to 5)
p. 64, table 2. I do not understand what is tested here.
p. 79: Fixed effect (treatment) is nested within a random factor (container)?

p. 78: "For implementation of injury, the appearance of the plant rather than age was
important.": I do not understand. I assume that injury was applied to plants independently of
their size, based only on the design of the experiment.

The paper heavily uses concept of "Total starch", but the Methods do not say anything about
how it was calculated.

In the third paper, the key results should be tests of the interactions between treatment/injury
and cohort/ontogeny. Possibly I am a bad reader, but I was not able to find it in the results.

Fig. 2, p. 81: It is doubtful to plot transformed values of a variable - the reader is interested in
seeing the relationship between untransformed values. (Transformations should be reserved
for analysis and testing.) More details on the polynomial regression used are also needed.

Table 4, p. 84: residual d.f. are missing. This is especially important in hierarchical ANOVA
reported in the table. (This is a common omission in the thesis.)

p. 86, the para "The storage pattern...": This is going too far. Root sprouting is not the only
process that can turn an annual plant to a short-lived perennial; therefore one cannot ascribe
the survival pattern found in this species to root sprouting.

p. 87: the author notes here that biomass and starch allocation to roots do not match well, but
does not develop the idea further. Did biomass allocation and starch accumulation take place
at the same time, or is the biomass allocation just a carryover from the growth phase that
preceded starch allocation? When would biomass allocation to roots late in the season be
ecologically meaningful?

Paper five: was submergence for 7 days sufficient to induce anoxia in the roots?

p. 98: I do not understand why the factorial experiment was not analyzed in a factorial fashion
(i.e. anoxia and injury as separate orthogonal factors).

Conclusion

In summary, the thesis demonstrates the ability of the candidate to perform research in plant
ecology. It is based on a solid amount of laboratory and analytical work, it shows her
understanding of the subject and her ability to present her results in the form of scientific
papers. The number of questions I am asking (and I am looking forward to pose further
questions not listed here during the defence) is largely due to the thought-provoking nature of



the subject, and does not imply bad quality of the work. Some results presented would call for
further analysis/interpretation and I hope the author will have the chance to conclude her
research by doing it.

I recommend the thesis for defence.
Tomas Herben /‘7

Institute of Botany, Academy of Science of the Czech Republic, Prithonice, and Department
of Botany, Faculty of Science, Charles University



