Review of a Ph.D. thesis "Effect of drainage and restoration on the ecology of peatlands in
the Sumava Mountains" by Zuzana Urbanova

Kari Minkkinen, University of Helsinki, Finland, Nov. 19, 2012.

This PhD study deals with the carbon dynamics in peatlands under different land uses, pristine,
drained and restored. Changes in peat properties, microbial populations, carbon dioxide, methane
and nutrient fluxes were studied following drainage and restoration in peatlands in Sumava
Mountains, Czech Republic. Biogeochemistry of restored spruce swamps were studied also in
Finland.

General evaluation:

This thesis provides valuable information about changes in peatland ecology following land use
changes, drainage and restoration. Although most of the ecological findings in this thesis are not
entirely new, they are, to my knowledge, new for the area, Sumava Mountains, Czech Republic. The
findings mostly confirm earlier findings made elsewhere.

The reasons for the observed changes in the field were studied in the laboratory: potential CO, and
CH,4 production and microbial population structure and number of microbes were (mostly) in good
accordance to the observed changes in fluxes. Thus these findings nicely confirmed the field
observations, making this study a well balanced PhD thesis.

Detailed comments and questions:

In the following | have formulated some comments and questions (in red) for the candidate about
the study in the order of appearance in the thesis:

List of papers:

It is not customary to give the name of a journal, if paper has not been accepted, since it may be
rejected, as has apparently taken place with the manuscript IV. Any paper can be submitted to
Nature, for example, but no credit should be claimed until it is accepted.

p. 4, chapter 1.3.

AGRICULTURE is the main reason for drainage of peatlands in the world, rather than forestry or
mining.

p. 10-12. Description of study sites and methods

It would have been nice to see a bit more detailed information about the study sites in the summary,
for example vegetation composition, tree stand structure, peat properties etc. There is empty space
in p. 12. for such a table for example. These can of course be found from the articles, but it wouild
serve reader much better to have the essentials also in the summary.

p. 13 row 9.




What do you mean by "sedimentation" here? Perhaps sedentation (i.e. accumulation of peat?)

p. 15. halfway you state that "drainage caused a decrease in microbial biomass and activity"

Usually drainage increases peat oxidation and decomposition through the increases in microbial
activity. Don't you find your finding and this well-known fact controversial? What may be the reason
for this? How do you interpret your finding - what would it mean in field conditions?

p. 16 halfway you state that "we found that drainage did not necessarily lead to a negative
ecosystem C balance". Seasonal balances are presented also in Table 1 in the summary and in the
articles. The positive C balances seem very high. However, as they are only seasonal, not annual,
they may not be that high after all. But what would you think the situation would be, if you
estimated the annual C balance?

You could use models of P and R to estimate C exchange throughout the year. To me, using seasonal
C exchange values only to state something about C balance, is a bit misleading. Especially in your
case when the season was only 4-5 months.

p. 18, end "CH4 emissions varied between 0 and 90 g CH4-C m-4" / season. This 90 g/season is an
EXTREMELY high emission from a pristine peatland. You do not, however, emphasize this nor
compare to other studies. Why?

It is difficult to understand how fluxes were actually measured. You say (p. 58) "gas samples were
taken from the chamber headspace, using a syringe in three replicates; 20 min after the chamber
was closed".

So did you take all these three replicates after 20 minutes? If you did, why?

Or did you take them in regular intervals during 20 minutes? If you did, you should say when to
make this clear.

Neither do you mention how fluxes were calculated (manuscripts Il and Ill). You just mention (p. 59)
"CH4 flux was calculated assuming a linear change of its concentration during closure of the
chamber". What does this mean? Did you use linear regression? How did you use it if all three
samples were taken at 20 minutes as you say (hopefully not)?

And finally, how did you handle the variation? If you used only three samples per one measurement,
any deviation from linearity makes the calculated flux uncertain, i.e. it is very sensitive to these
variations. What if you got bubbles inside chambers, how did you detect them and how did you
handle them? Did you delete them from data or not? Does your 90 g flux include bubbles or diffusive
flux only? All these are important questions and should be described in each manuscript, rather than
citing some earlier study.

p. 31. Is the aim of rewetting really to "reduce soil aeration and decrease N availability for wetland
plants". Why would it be? Many wetland plants grow naturally on N rich peat soils, and they do not
suffer about high N contents. After drainage they suffer about dryness and they lose competition to
plants adapted to drier conditions - no those adapted to higher N content.

p. 33, 46 etc. "degraded, degradation"




What do you mean with these words? You should define them. "Degraded" usually means that the
state of the site is somehow worse than the original. In cases of extreme drainage, in agricultural or
mined peatlands you could say that the peatland has degraded, because the ecosystem has been
seriously damaged or totally removed. But in your case, if the mire ecosystem has been replaced by
another kind of peatland ecosystem that still acts as a C sink or is even more productive than the
original one (Table 1) - why would you call it degraded? Why not use a neutral word like changed or
altered?

In connection to the previous: What is the "advanced successional stage of degradation"??? (p. 33)

p. 34. what kind of water level sensors did you use (pressure or conductivity)?

Same page: "minimally six plastic boreholes" ??What??

p. 34. Table 1.

Bulk density in FENdTr is extremely high (920 kg/m3). It is very high in all othe sites also. The values
are also different from those in the MS Il Table 1, where they are about one third of these values -
and seem more reasonable. Why is there such a big difference and which are the correct ones?

p. 34. HOW did you sample the soils (what kind of soil sampler)? This is relevant question since many
samplers are known to compress the soil (see previous question). What was the size of the samples?

p. 39. Anaerobic CO2/CH4 production rates vary greatly. Why? Do you have any good explanation
for this behaviour?

p. 41. No correlation was observed between the number of methanogens and CH4 production. What
do you think: if methanogens are increased in number, they do it since conditions get better for
them to live and function (make methane). So why did methanogenesis not increase here?

p. 55. "a mountain slope bog" is a new mire site type for me. Usually sloping mires are fens. Is this
similar to the blanket bogs in Britain and Norway, with very high precipitation but poor soil? Please
explain and give a citation.

p. 56. You use here "Julian day" in the meaning of ordinal date, i.e. day of year. | know that Julian
day is often, although erroneously, used in the same sense. You should avoid using terms incorrectly
in scientific literature. Please check the real meaning for Julian day for example from wikipedia.

p. 58. You define NEE = Pg — Reco
Later in table 3, for example, you give Reco negative values, meaning that NEE = Pg + Reco.
So which one is correct?

This is not a big deal, since it is easy to see how you think, because the equations are simple.
HOWEVER, you should always be accurate when writing equations, since when they get more
complicated, it is essential that the signs are correct.




So please correct the equation to NEE = Pg + Reco

p. 59 Table 1: check bulk density values vs. MS |

p. 61 Figure 1 text - change "scatter plots" to "dots"

p. 63. up: "net CO2 exchange ... varied between —600 and 800... | can not see any NEE value as low
as —600 in Fig. 2??? The lowest may be around -400.

Table 3. " (C balance = NEE - CH4)" should be (C balance = NEE + CH4) in case the values and signs in
the table are correct. (see the previous comment about equations).

Figure 5. Why do you have unit CO2 here, when you have C elsewhere? | guess by mistake since
values are apparently C not CO2??

p. 66-68. C balance. | can not follow your logic. First you state that the drained sites are high C sinks
(table 3 and text). Then you state (p. 68) that " our results support the hypothesis that drained sites
are net source of C". No they do not! Your results are in contrast with that hypothesis. They MIGHT
support your hypothesis, had you estimated the ANNUAL C balance, not only seasonal. But since you
have not done so, your statement is very strange and not in line with your results! | encourage you
to use your models and observations to calculate and estimate respiration and photosynthesis
outside your "seasons". Respiration continues while photosynthesis should be very low or zero.

p. 68. You mention about the water table drawdown here (10 cm) but you do not give any data
(table or figure) where one could see WT for different plant communities. This would be essential
since you have separated these plant communities for functional groups - but you do not tell how
they differ from each other by their most important variable affecting C dynamics - water table
depth!

p. 84. The gene "mrcA" should be "mcrA".

p. 88. Table 3. Why have you used R instead of r2? R is normally used for correlations, r2 for
regressions. If this R is really R, should it not be negative with water table (you used negative values
for water table depth, so the deeper WT, the smaller value for WT (more negative), and the higher
CH4 emissions).

Same R/R2 with Table 4.

p. 90

Why do you state that on FEn methanogens were higher by several orders of magnitude compared
to bog? One order of magnitude means "ten times higher". Here (Fig. 6) FEN has about 6 times
higher number of methanogens than BOG, in case your figure is correct.




p. 91. Fig. 7 There are no numbers 1-4 in the figure.

p. 94. | think your results about the quantification of methanogen communities are the most
valuable parts of your study, since such studies are still quite rare. Yet you do not emphasize your
results, nor do you cite any existing studies made in peatlands and compare the results. Why? | think
you should do the both.

p. 102, up: rewetted zones have sometimes been extremely high SOURCES for PHOSPHORUS not
sinks as mentioned here.

p. 104. Why did you not divide the 30 cm soil sample to thinner layers? It might have helped you to
explain the results of higher microbial biomass, and aerobic CO2 production in the pristine vs.
drained sites. Now you have a mixture of peat from very different conditions in terms of soil
moisture and root biomass, for example. Same question for the fen and bog sites (MS 1).
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of peatlands in the Sumava Mountains" by Mgr. Zuzana Urbanova, and recommend that the
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Oponentsky posudek na disertac¢ni praci

»Effects of drainage and restoration on the ecology of peatlands
in the Sumava Mountains*

Mgr. Zuzany Urbanové
doktorandky studijniho programu Biologie ekosystému
na Prirodovédecké fakulté Jihoc¢eské univerzity v Ceskych Budéjovicich

Pfedlozena disertacni prace sestdva z 6 uvodnich stran s povinnymi udaji a poté ze 124
¢islovanych stran textu. Byla vydana jako tisk PfF JU v edici Ph.D. Thesis Series, 2012, No. 10 a je
opatfena datem 31.7.2012.

Disertace je ¢lenéna zpusobem obvyklym pro zminénou publika¢ni fadu doktorskych disertaci
na PiF JU a sestava z (1) dvacetiSesti-strankového souhrnu a (2) ¢tyt ¢lankt, respektive v dobé
vydani disertace dvou publikovanych ¢lankt (Ecological Engineering, Plant Ecology & Diversity) a
dvou rukopist nabidnutych k publikaci (Ecosystems, Soil Biology & Biochemistry). Uchazecka je
prvni autorkou tf{ z t€chto Ctyt praci. Disertace tim napliuje pozadavek zakona (Zakon ¢. 111/1998
Sb.), kdy podle jeho ptislusného ustanoveni musi doktorska diserta¢ni prace obsahovat publikované
vysledky. Disertace také spliiuje podminky definované vnitinimi ptedpisy PfF JU a JU. Po
formilni strance puisobi prace na prvni dojem uhledné, technické provedeni obrazki, tabulek i
textu je vzorné, zpracovani svédéi o peclivosti autorky. Vcelku dobra je i jazykova stranka textu
souhrnu, ktery je az na nemnoho vyjimek gramaticky spravny a stylisticky zdafily a ¢tivy.

Téma prace je vysoce aktudlni. Problematika ekologie raselinist’ je pfedmétem zdjmu pidnich
mikrobiologli, chemikl i ekologi jiz dlouho, nicméné teprve moderni metody, tj. metody
prosazujici se v pidné biologickém vyzkumu v poslednich letech, poskytuji opravdu u¢inny nastroj
pro mnohem detailn€j$i poznani struktury spoleCenstev pidnich mikroorganismti odpovédnych za
procesy vyznamné v cyklu uhliku, nez tomu bylo donedavna. Vyuziti téchto novych technik pro
studium problematiky ekologie raselinist, moktadi a podobnych ekosystému vnasi novy aspekt i do
této oblasti vyzkumu a je vysoce zadouci a veskrze moderni v tom nejlepSim smyslu.

Nizev priace je mozna zbytecné piiliS obecny ("...ecology of peatlands...."), védecké prace
tvorici jadro disertace se z velké vétSiny tykaji uhlikatych procest, pfipadné konkrétné CO, a CHa,
a s nimi svazanych mikrobialnich spolecenstev.

Uvod souhrnu (1 Introduction) je stru¢ny, poukazuje na nutnost obnovy raselinist v CR, jez
byla z vétSiny v minulosti odvodnéna, pfiblizuje hlavni pidni procesy a dynamiku uhliku v
raSeliniStich, v§ima si vlivu odvodnéni na fungovani raSelinist’ a kone¢né uvadi (zatim nevelké)
zkuSenosti s obnovou raselinist’.

Cile priace (2 Aims of the study) jsou popsany stru¢né a vystizné a tvoii uceleny soubor
dokladajici erudici uchazecky a jejiho Skolitele. Je pravdépodobné, Ze se na formulaci feSenych
hypotéz podileli i finsti kolegové, ktefi jsou spoluautory dvou ze étyi praci. ReSené problémy
vyzaduji mezindrodni spolupréci a je velmi chvalyhodné, ze uchazecka se skolitelem vyuzili této
moznosti. Maji fimské &islice I-IV implikovat to, Ze takto oznacené cile byly pfedmétem zkoumani
déle uvedenych védeckych praci (I-IV)? Pokud ano, mohlo to byt feCeno, pokud ne, neni takové
Cislovani cilt vhodné (protoze jsou v celé praci fimské Cislice vyhrazeny pro jednotlivé ¢lanky).

Material a metody (3 Description of study sites and methods) by se snad v nazvu obesel bez
"Description”, ale jinak popisuje standardnim zpisobem experimentalni podminky prace. Uvital
bych podrobnéjsi informaci o pouzitych metodach pro pidné mikrobiologické analyzy; naproti
tomu se mi zd4 nadbyteCnym detailem uvadét, ze v pribéhu méfeni toku plyni byla také méfena
teplota... (str. 11); zkratka BOGR (str. 10) asi ma byt BOGD (str. 10).

Vysledky a diskuse (4 Results and discussion) tvoii jadro souhrnu prace. Kapitolu nepovazuji
za Upln€ zdafilou, misto smési uvah a vysledkd by bylo vhodné&jsi nejprve sumarizovat hlavni
experimentalni data a poté je diskutovat. Mozna ale tento pfistup nebyl mozny s ohledem na
pomérn¢ Siroky experimentalni zabér celé prace. Piehlednosti by napomohlo i ¢lenéni kapitoly na
podkapitoly, analogicky napt. k Uvodu.




Zavéry (5 Conclusions) stru¢né, ale na rozdil od ptredchozi kapitoly i pomérné piehledné,
shrnuji podstatna fakta a vystupy ziskané analyzou experimentalnich vysledki.

Literatura (References) je seznamem pouzité literatury. MnoZstvi citovanych prament a jejich
zaméfeni svédéi o tom, Ze uchazecka jednak dobie zvladla teoretickou piipravu na zamyslené
experimenty, jednak shromazdila informace potiebné pro analyzu a diskusi vysledkd.

K jednotlivym <¢lankim vcetné rukopisi nabidnutych pro publikaci nemém zasadni
pfipominky, pfedstavuji velmi solidni soubor pfinasejici nové a originalni informace o zkoumanych
fenoménech.

Pfi vefejné obhajobé disertacni prace zddam uchazecku o struéné odpovédi na nasledujici

otazky:

1. V &em by méla spoéivat obnova raselinist na Sumavé a jak by se asi projevila na cyklu uhliku
obecné a na produkci a emisich uhlikatych plynti konkrétné?

2. K obrazku ¢. 1 na strané 6: (a) jsou difuse a transport skrze rostliny jedinymi mechanismy
pohybu metanu z pidy do atmosféry? (b) existuje i pohyb opaénym smérem? (c) je mozny i jiny
osud metanu v anoxické vrstvé raselini$té, nez na obrazku uvedené toky CH4 do atmosféry?

3. Ve svych pracich se autorka dotyka i procesti piemén dusiku. Jaké jsou toky N ze Sumavskych
raselinist™?

Predlozenad diserta¢ni prace fundované a kriticky popisuje vybrané aspekty ekologie raselinist’ na
Sumavé. Jeji silnou strankou jsou zejména disertaci tvorici 4 védecké publikace/rukopisy. Tyto
prace pfinaseji fadu zajimavych a novych poznatki o ekosystému, jenz sice v Ceské republice patii
k okrajovym co do vymeéry, ale k velmi vyznamnym pokud jde o fadu roli a funkci v krajing. Slabsi
Casti predlozené disertace je souhrn, pfedchazejici vlastni publikace. Tato ¢ast disertaéni prace
pusobi misty mirné chaoticky a zaslouzila by lépe promyslet, zejména jeji kapitola Vysledky a
diskuse.

Zavérem Konstatuji, Ze po podrobném prostudovani diserta¢ni prace jsem nabyl
presvédéeni, Ze predlozena disertace splnila vytéené cile. Uchazecka ziskala Fadu originalnich
vysledki a osvédcila schopnost samostatné odborné priace. Ziskané vysledky povazuji za
prFinosné pro dalsi rozvoj poznani v daném oboru. Disertaéni prici pani Mgr. Zuzany
Urbanové hodnotim vcelku jako zdarilou a kvalitni a riad doporucuji, aby byla prijata
k obhajobé.

V Ceskych Budgjovicich, 11.11.2012 , (
(i

Prof. Ing. Miloslav Simek, CSc.
Biologické centrum AV CR, v.v.i.
a Prirodovédecka fakulta JU, Ceské Budéjovice
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Oponentsky posudek diserta¢ni prace Mgr. Zuzany Urbanové na téma "Effect of drainage and
restoration on the ecology of peatlands in the Sumava Mountains"

Ustiednim tématem pfedloZené disertadni prace je vliv zm&ny hladiny vody v raselinitich na fyzikalni
a chemické vlastnosti plidy, slozeni vegetace, aktivitu a sloZeni mikrobidlnich spolecenstev, emise
CO,; a CH,, a nasledné na celkovou uhlikovou bilanci. Prace ma Siroky zabér jak z hlediska mnozstvi
typll zkoumanych lokalit (vrchovisté, slatinisté, raselinné smr¢iny mirného i boredlniho pasma) v
rGznych hydrologickych podminkdch (piivodni, odvodnéné, revitalizované), tak z hlediska pouzitych
metod (dlouhodobd méfeni v terénu, rizné laboratorni experimenty a analyzy). Vysledky préace jsou
prezentovany ve Ctyfech védeckych ¢lancich, které jsou publikovany/pfipraveny pro publikaci v
prestiznich mezindrodnich védeckych ¢asopisech.

Zpracované téma této disertatni prace je védecky i prakticky dulezité. Pivodni (neodvodnénd)
raSeliniS§té predstavuji vyznamnou skupinou mokiadli nejen z hlediska biodiverzity, retence vody v
krajin€ a krajinotvorby, ale soucasné funguji jako dlouhodobd tlozisté atmosférického uhliku ve forme
organické pidy (raSeliny). Obrovské plochy raselinist’ byly v minulosti odvodnény, hlavné z diivodu
zvySeni jejich produkce. V soulasnosti pfichdzi opa¢ny trend, je snaha o revitalizaci nékterych
raSeliniSt’ ndpravou jejich naruSeného vodniho reZimu. Problémem je nedostatek informaci o tom, jak
odvodnéné, degradované raSeliniSté zareaguje na zpétné zvySeni hladiny vody, jaké jsou kliCové
faktory, na kterych zavisi dspéch revitalizace, jaky ¢as je potfeba k obnoveni veSkerych ekologickych
funkci. PredloZzend prace poskytuje jak podrobny védecky rozbor procest v raSeliniStich za ménicich
se hydrologickych podminek, tak sou¢asné odpovida na nékteré praktické otazky revitalizace.

PredloZend disertacni prace tvofi logicky uzavieny celek, s dobfe definovanymi cily a jasné
prezentovanymi vysledky. Je celkové piehlednd (s malymi vyhradami ke kapitole 4 "Results and
Discussion" v dvodni souhrnné ¢asti), na velmi dobré jazykové trovni. Autorka prokdzala schopnost
orientace v nejnov&jsi literatufe, napldnovani a koordinace experimentll, vybéru a pouZziti vhodnych
metod vyzkumu, vyhodnoceni a interpretace vysledkd a prezentace vysledkdl v mezindrodni védecké
komunité. SloZeni autorli posledni publikace ukazuje jeji schopnost védecké spoluprace na
mezindrodni drovni.

Celkové praci hodnotim jako vybornou a jednozna¢né ji doporucuji k obhajobé.

18. listopadu 2012

e
Dr. Petra Strakova

Department of Forest Sciences
Peatland Ecology Group
University of Helsinki

Finland
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1) Ve vybéru zkoumanych typti raseliniSt’ chybi revitalizované slatinisté (¢lanek II, III).
Jaky predpokladate priibéh zmén ve fyzikdlnich a chemickych vlastnostech pldy, sloZeni vegetace,
aktivité¢ a slozeni mikrobidlnich spoleenstev, emisich CO, a CH,, a nésledné v celkové uhlikové
bilanci na slatinisti v diisledku revitalizace, v porovnani s revitalizovanym vrchovistém?

2) Hodnoty koncentrace C, N, P a S v pidé vrchovisté rok po revitalizaci (Tabulka 1, ¢lanek II) jsou
identické s koncentracemi pred revitalizaci (Tabulka 1, ¢lanek I).
Jedna se o chybu nebo nebyly naméfeny Zadné zmény v chemismu pidy v disledku revitalizace?

3) Na odvodnéném slatinisti je koncentrace C v piidé podstatn€ niZ$i nez v puidéch ostatnich stanovist,
sou¢asné je objemova hmotnost né€kolikandsobné vyssi (Tabulka 1, ¢ldnek II). Cim je to zpiisobeno?

MiiZe niz8i koncentrace C a vysokd objemova hmotnost vysvétit fakt, Ze ptida odvodnéného vrchovisté

vvvvvvvv

4) Analyzy slozeni mikrobidlnich spoleCenstev jsou zaloZeny na DNA (¢lanek I, III). Pro¢ ne na RNA,
zachycujici aktivni mikroorganismy?

5) Vegetaéni pokryv raelinnych smréin na Sumavé a ve Finsku je ziejmé velmi rozdilny (Fig. 1,
¢lanek IV). Prezentovand data ukazuji primeéry sledovanych lokalit? Bylo by vhodné do grafu doplnit
"error bars".

Predpokladdm, Ze v raSelinnych smr¢indch budou mit vyraznou ekologickou funkci stromy (zastinéni,
produkce nadzemniho opadu a kofend, atd.), ale stromy v prezentovaném pokryvu vegetace bohuzZel
chybi. Jak zareagovaly stromy v raselinnych smréindch na odvodnéni a ndslednou revitalizaci?

Dalsi komentare:

1) Souhrnnd &ast piedlozené disertace ma p&€kny uvod, jasné definované zaméfeni a cile studie, kde
zvlasté oceriuji jejich grafické znazornéni (Fig.1, str. 6), jednodusSe a jasné shrnuté pouZzité metody
vyzkumu. Kapitola 4 "Results and Discussion" vSak plsobi pon€¢kud nepiehledné, nejvyznamnéjsi
vysledky a zdvéry studie se v textu ztraceji.

Pomohlo by roz¢lenéni dané kapitoly na nékolik podkapitol (ne podle ¢lanki, ale tematicky) a
hierarchické usporddani textu v rdmci jednotlivych podkapitol: od obecnych zavérti k zajimavym,
neCekanym detailim. Vyborné by bylo pouziti hlavnich zdvéra ("take home message") jednotlivych
podkapitol v jejich nadpisech.

2) Osobné bych uvitala, kdyby u ordina¢nich diagrami byla vzidy uvedena vysvétlend variabilita
zvlast pro 1. a 2. osu, ne pouze jako jejich soucet.

3) Fig 2, strana 18, "pristine", "restored" a "drained" by jako kvalitativni proménné bylo vhodnéjsi
oznacit symboly (centroidy pro skére vzorkl; nominal variables) spiSe nez Sipkami.




