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'REDMLUVA

Tato disertace je usporadana jako série Cesky a anglicky psanych ¢lankd, které bud’ jiz
yly publikovany v odbornych ¢asopisech nebo jsou k publikaci urCeny. Jednoticim tématem
Sech ¢lankd je vegetace vytézenych Stérkopiskovych jezer na Treborisku. Disertace navazuje
a mou diplomovou praci na téma "Stav litoralnich porostd jako hnizdniho prostfedi pro
taky na nadrzich po t&zb& §térkopisku v nivé Luznice" zroku 2002 a shrnuje data z Sesti
egetanich sezén (1999-2004). Zapoceti prace predchazel nalez nezvykle robustniho klonu
akosu obecného, ktery upoutal mou pozornost na téchto lokalitich a motivoval mé
- naslednému vyzkumu.

Metodicky jsem spolupracovala s Klarou Okrouhlikovou, diplomantkou na katedre
kologie, doc. Ing. Vladislavem Curnem, Ph.D. a Ing. Barborou Kubatovou, doktorandkou
' biotechnologickém centru ZF JU a Mgr. Petrou Vaviovou, doktorandkou na katedre
*kologie. MUij metodicky okruh zahrnoval fytocenologii, charakteristiky ristu a morfologii
nokfadni dominanty rakosu obecného a kultivaci rakosu obecného. Predpéstovani sazenic
akosu obecného pro kultivaci a genetické analyzy, financované z GAJU 26/2002/P-ZF
Fenotypova a genotapova variabilita populaci rakosu obecného (Phragmites australis)

'mokradnich ekosystémech aluvia horni LuZnice", provadéla Mgr. Petra Vaviova, ktera mi
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o svém odchodu za studiem do zahranici prenechala tato data a material.




OUHRN

Vytézené piskovny tvofi vyznamny prvek Treboriské panve. Po vytéZeni Stérkopisku
od hladinu spodni vody vznikaji zcela nové biotopy - pomérné hluboka jezera (desitky
retr). VétSina piskoven je mirn& pritoénd, fadové kilometry za den, maji oligotrofni az
iezotrofni charakter. Sukcesi rostlinnych a zivoCiSnych spoleCenstev ovliviiuje kromé jiného
1ké riznorodé vyuziti piskoven po ukonéeni té€zby (rekreace, rybafstvi a lesni hospodafstvi).

Do sledovani vletech 2000 — 2004 bylo zafazeno 13 nadrzi 4 hlavnich soustav na
Febofisku (Cep, Tust, Halamky a Veseli). Vypracovanim fytocenologickych snimkl
toralnich porostd a floristickymi seznamy rostlin bylo zjisténo, Zze vytéZené piskovny jsou
okalitami  vyhovujicimi svym charakterem nejen druhlim vyskytujicim se b&zné na
hoGeskych rybnicich, ale i druhim chranénym dle vyhlasky 395/1992 Sb. Na fad¢é mist je na
iskovnach po ukon&eni tézby pisku evidovan vyskyt ohrozenych rostlin a Zivocichu.

Neékteré lokality (Jizni jezero Halamky) jsou vyznamné unikatnim vyskytem robustnich
norfotypt rakosu obecného. Tyto odlisné morfotypy jsou vyznamnym fenoménem Ttebofiské
»anve. Populace radkosu byly studovany na dvou vybranych lokalitach situovanych v
Tfeboriské panvi (Jizni Cechy, Ceska republika): (1) piskovna Jizni jezero Halamky a (2)
ybnik Opatovicky. Fenotypova variabilita byla sledovana na zakladé morfologickych a
ustovych charakteristik stébla, méfenych na vrcholu vegetacni sezony. Robustni morfotypy
ie od ostatnich lidi délkou stébla (az 5 m), bazalnim primérem stébla (az 18 mm), Sitkou listd
1 zbarvenim kvétl. Genotypova variabilita byla zjiSténa pouzitim analyzy RAPD, ktera
ukazala vysoky pocet klont na obou stanovistich.

Dal3im cilem prace bylo posoudit fenotypovou rozmanitost mezi morfotypy dvou populaci
(Jizni jezero Halamky a rybnik Opatovicky) v jejich prirozenych podminkach a ovérit zjisténé
skute¢nosti v kultufe za stejnych klimatickych a zivinovych podminek. Na kazdé lokalité
bylo vzorkovano pét ¢tvercu. Pro stanoveni genetické diverzity populaci rakosu byly pouzity
Cerstvé listové segmenty. Rostliny byly namnoZeny ze stébelnych fizki. Na jafe byly sazenice
premistény do S-litrovych kbelikli plnénych fi¢nim piskem, za pfidavku hnojiva OSMOCOTE
Plus v mnoZzstvi 30 g na kbelik. Rostliny byly sklizeny v obdobi 9. - 12. zari 2004. Rozdily v
rustovych charakteristikach jsou dany jak genetickymi vlohami, tak faktory prostiedi.

Péstovanim v kultufe byly ovéfeny rastové rozdily rakosu. Robustni morfotypy dorustaly

vetSich vySek nez ostatni vzorky a stejné tak jako v terénu kvetly méné nebo vubec.




UNDMARY

Sand pits originating from sand extraction represent important elements of the Treboi
asin Area. After finishing mining activities the groundwater level new biotopes are formed —
iite deep lakes (tens meters). The majority of sandpit lakes are slightly through-flowing (km
iy"') and have oligotrophic to mesotrophic character. The succession of plant and animal
sociations is affected by various types of exploitation after finishing of mining (recreation,
shing and forestry).

Thirteen lakes on 4 basic systems were observed in the Trebon Basin Area (Cep, Tust,
alamky and Veseli) in 2000-2004. After the elaboration of phytocenological relevés of
toral growths and floristic lists of plants the following was learned: sandpit lakes are
litable localities not only for plant species occurring in the fishponds but also for species
rotected by Czech law (395/1992). The occurrence of endangered species of plants and
1imals is recorded on a lot of sites of sandpit lakes after finishing of sand mining.

Some localities (Halamky sand pit) are important for unique occurrence of robust
rorphotypes of Phragmites australis. These distinct morphotypes of Phragmites australis are
conspicuous phenomenon of Trebon Basin Biosphere Reserve. Populations of Phragmites
ustralis (CAV.) TRIN. ex STEUD. were studied in the littoral of two chosen localities located
| the Treboni Basin (South Bohemia, the Czech Republic): (1) Halamky sand pit and (2)
)patovicky fishpond. Phenotypic variability was assessed on the basis of shoot morphological
nd growth characteristics, measured at the time of seasonal maximum aboveground biomass.
‘he robust morphotypes are distinguished by shoot length (up to 5 m), basal culm diameter
up to 18 mm), leaf width and colour of panicles. Genotypic variability was detected by using
he RAPD approach, which demonstrated a high clonal diversity both habitats.

The next aim of the work was to assess the relation between the phenotypic variation
mong morphotypes of the two populations (Opatovicky fishpond and Halamky sand pit) in
heir natural habitats and in a common garden experiment under identical climatic and trophic
.onditions. Five quadrates were sampled in each stand. Fresh leaf samples were used to
‘haracterize the genetic diversity of Phragmites australis populations. The plants were
wropagated from stem cuttings. The offspring plants were transplanted into S-liter plastic
wuckets (1 plant per bucket) filled with river sand with addition of OSMOCOTE Plus at a
ose of 30 g per bucket. The plants were harvested on 9 to 12 September 2004. The

ifferences in growth characteristics are caused by genotypic dispositions and environmental

actors too. In a common garden experiment grow differences of Phragmites australis were
5




UVOD
[ Charakteristika CHKQO a BR Trebornsko

Tieboiisko se rozklada v jihovychodni ¢asti jiznich Cech pfi hranicich s Rakouskem
blizné mezi 48°10°N a 48°51’N. Podstatna ¢ast oblasti leZi na uzemi okresu Jindfichlv
adec, okrajové zasahuje do okrest Tabor a Ceské Budgjovice. Priimérna nadmofska vyska
ave se pohybuje okolo 410 az 470 m n. m. (Jenik es al. 1996). Prirozenou osou celého
emi Trebofiské panve je feka LuZnice s hlavnimi pfitoky Nezarkou a Dracici. Soutasna
sace je viak vysledkem rozsahlych vodohospodarskych uprav krajiny, které byly
ovedeny ve 14. — 16. stoleti (Balounova et al. 1997).

Tiebotiska panev patii podle klimatologické klasifikace do oblasti mirné teplé a mirng
1ké s mirnou zimou typu pahorkatinového. Primérna rolni teplota je kolem 7 °C a
amérny rocni Uhrn srazek je 600 az 650 mm, ve vegetacnim obdobi je to potom méné: 400
450 mm (Plan péce CHKO Trieborisko 1995).

Tieboriska panev je vyplnéna usazeninami senonského az miocenniho stari. Nejmladsi
stihorni sedimenty pliocenniho stafi jsou namodrale Sedé piscité jily a jilovité pisky.
kvartérnich usazenin jsou nejvyznamnéj§i a plo$né nejrozsahlejsi pleistocenni
srkopiskové naplaveniny podél vodnich tokl LuZnice a NeZzarky. Dal3imi vyznamnymi
artérnimi  usazeninami jsou raseliny a radelinné zeminy. Trebonska radelinisté jsou
finovana jako raselinisté pfechodového typu (Jenik ef al. 1996).

Tiebofisko je nejvétsim souvislym arealem semihydromorfnich a hydromorfnich pad
Cechach. Organogenni pidy jsou zde nejpocetndjsi a vytvareji ploiné nejvétsi souvislé
lky. Casté je zastoupeni hnddych pid podzolovanych a pravych podzold v relativnd nizké
idmofiské vysce. Treborisko bylo pivodné Gzemim velkoplosné oligotrofnim. Cela oblast
7la dosycovéana Zivinami ze zemédélské a rybarské Cinnosti az v poslednich desetiletich, kdy
»chazi k postupné eutrofizaci puvodné zivinami chudych pad a vod.

Tiebonisko je predevsim krajem rybnikarskym. JihoCeské rybnicni soustavy vznikly
tSinou ve stfedovéku a jsou dosud plné funkéni. Prvotnim Géelem vybudovéni rybnikd je
wov ryb, vnaSich podminkach predeviim domestikovanych forem kapra obecného
“yprimus caprio) (Rajchard et al. 2002).

Jako oblast mimotadného prirodovédného vyznamu bylo Treborisko zafazeno v roce

277 v ramci programu ,,Clovék a biosféra® do sité biosférickych rezervaci (BR) UNESCO.
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Chréanénou krajinnou oblasti (CHKO) o rozloze 700 km? bylo vyhlageno 15. listopadu 1979
vynosem Ministerstva kultury CSR. Vodni a mokfadni plochy na Tieboiisku jsou od roku
1990 chranény jako mokfad mezinirodniho vyznamu podle ,Ramsarské konvence® pod
nizvem , Tieboiiské rybniky*. V Ceské republice spliiuje v soutasné dob& kritéria této
umluvy celkem 9 tzemi. Od roku 1993 je mezi tzv. Ramsarské lokality zahrnuta i &ast

radelini$t’ jako ,, Trebonska raselinisté” (Jenik et al. 1996).
1.2 Obecna charakteristika vytézenych piskoven jako novych biotopu

Antropogenni jezera: takto je mozné nazyvat vSechny vodni plochy, které vznikly
v disledku Cinnosti ¢lovéka. Jedna se o vodni dila vybudovana za G¢elem urcitého vyuziti €i
jezera vznikla jako dusledek tézebni Cinnosti. Jsou to jezera mnohdy nepravem opomijeni a
vzhledem k vysoké kvalit€¢ nékterych dilnich a lomovych vod by mohla byt v budoucnu
efektivné vyuzita, napi. k vodohospodarskym ucelim. Nezanedbatelny je rovnéz jejich
ekologicky vyznam, kdy az na vyjimky pozitivné ovliviiuji své okoli a mnohdy tvoii tzemi
vyznamnych prirodnich hodnot (Jansky er al. 2003).

Vzhledem k velké variabilité antropogennich jezer je nutné jejich daldi rozdéleni.
Prvni velkou skupinu tvofi rybniky, druhou tUdolni nadrze a tieti pak vodni plochy vzniklé
v souvislosti s tézebni Cinnosti ¢lov€ka. Zajem vzbudila predevsim jezera vznikla po tézbé
nerostnych surovin (hlavné pisek a Stérkopisek), protoZe jsou jednim z nejrozsifengjSich
druhli jezer v Ceské republice. Tato jezera jsou téméf vidy lokalizovana podél vétsich &
men3ich vodnich tok( v oblastech kvartérnich $térkopiskovych naplavi. Casto se jedna o
vodni plochy velkych rozméra.

Existence vody v jezerech souvisi predev$im s vysoko poloZenou hladinou podzemni
vody podél vodnich tokd, sniz je také hladina vody v jezerech v hydraulickém spojeni.

W

Ponévadz se jednd o vodu podzemni nebo vodu fi¢niho plvodu filtrovanou skrze
Stérkopiskové naplavy, je jeji kvalita Casto velmi dobrda a propijéuje témto jezerim
modrozelené zbarveni vody pfi prihlednosti az n&kolik metrd. Zivinami chudy pisity
podklad a hloubka nadrzi jsou dva hlavni faktory, jez urluji charakter umélych jezer.
Z hlediska trofie lze jezera klasifikovat jako oligotrofni (SPS Halamky 2002). Vyuziti jezer je
riznorodé a zavisi hlavné na velikosti, hloubce a poloze jezera, pfi¢emZ dilezitou roli hraje
kvalita vody. Dulezity je rovnéz vyznam bioekologicky (Jansky ef al. 2003).

V souasné dob¢ probiha tézba Stérkopisku dvéma zplisoby: nad hladinou spodni vody
a pod hladinou spodni vody. Pri zplsobu tézby nad hladinou spodni vody jsou vyt&Zzené
8




ochy po nasledné rekultivaci navraceny pavodnimu Gcelu, tj. lesni nebo zemédélské vyrobé.
ytéZenim piskoven pod hladinu spodni vody vznikaji zcela nové biotopy: pomérné hluboka
zera (i pfes 20 m) s zkymi litoralnimi pasmy a s birehovymi porosty (Hanék ef al. 1985).

Pri hloubkové tézbé zvodnélych vrstev Stérkopiskd vznika mimo jiné i nebezpeci
eCisténi spodni vody, protoze se v nich §térkopiskové usazeniny t€Zi az pod uroven
odnich vod, které spolu vzijemné komunikuji. Zlomy v usazenych horninach zistaly
stami pro vystup Cetnych artézskych vod, ale i drahami pro hlubinné prisaky vod
wrchovych (Dykyjova 2000).

Mala, ale povrchova tézba pisku az mélce pod hranici spodni vody, ktera probihala
blizkosti téméf kazdé obce na fadé mist, z prirodovédného hlediska téméf vzdy zvySovala
uhové bohatstvi fauny a flory nebo ji umoziiovala v krajiné prezivat. Vétsi, rozsahla a
chle probihajici tézba zde vedla k ohrozeni, az k vymizeni nékterych druhd rostlin. Na
uhé strané probihd na ¢astech ploch naruSenych velkoplodnou tézbou sukcese, ktera
thrnuje Casto unikatni a zcela jiz neznama nebo v krajiné ohrozena spoleCenstva rostlin
fadou druhQ chranénych a ohrozenych. Jedna se zpravidla o inicialni stadia s vyskytem
onkurenéné méné schopnych druhd, &asto piavodnich, které zde prezivaji. Nazory, jak
aClefiovat devastované plochy do krajiny, se v poslednich letech zadinaji diametralné lisit.
atimco drive byl b&zné zachovani rovnych bfehovych linii, nyni je upfednostiovan volny
ubé&h sukcese, nalet (Hlasek 1995).

S ukonCenim tézby vsak nepfestavaji byt tyto ekosystémy ovliviiovany cloveékem.
lasledné vyuzivani piskoven rusivé plsobi na zainajici sukcesi rostlinnych a nasledné 1
ivo¢inych spoletenstev. Clovék se sem vraci predeviim za G&elem rekreace, kdy dochazi
seSlapu az uplnému vyhubeni vegetace na piislusnych mistech. Stejny vliv ma i sportovni
ybarstvi. Rybarfi si udrzuji sva "mista" vysekavanim vegetace a jejim seSlapem. Né&které
iskovny jsou svou rozlohou tak velké, Zze na Casti nadrze se jiz Ctyficet let neté€Zzi, ale na
pacném konci probiha velmi intenzivni tézba. Dochazi tak k stalym prejezdiim saciho bagru.
fodni i pobfezni vegetace je tak ovliviovdna. A to vlastnostmi vody, jako je napf.
nechanicky zakal a néasledné mala prihlednost vody, nebo vlnami vytvorenymi prijezdem

vagru, které narazeji na breh.
.3 Charakteristika Trebonskych piskoven a jednotlivych studovanych lokalit

Pro trebonskou krajinu a dalsi vyvoj Gdolni nivy feky Luznice se stal malem osudnym

bjev zivel v nejstarSich terasovych usazeninach u Halamek (v r. 1962), ktery rozhodl o
9
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velkoplodné t&zbé Stérkopiskt. Po zahdjeni té€zby a prizkumu suroviny se ukazalo, ze bylo
objeveno nejmocnéjsi lozisko zivcovych Stérkopiskd v naSem staté (Belej 1978).

Stiety mezi tézbou nerostnych surovin a zajmy ochrany prirody a krajiny patfily
v poslednich zhruba dvaceti letech mezi nejvazngjsi problémy CHKO Trebornisko (Plan péce
CHKO Trebonsko 1995). Velkoplosnou tézbou Stérkopisku se nendvratné smazaly Cetné
piirodni detaily unikétni tfeboriské krajiny. Po tézbé zustavaji velké plochy jezer s prilehlymi,
desitky hektart velkymi Gzemimi ovlivnénymi tézebni spoleCnosti. Vyuziti jezer je znalné
problematické, vétSinou se s nimi pocitd pro vodarenské ucely (Hlasek 1995). Jezera vznikla
po tézbé Stérkopiskd jsou zdrojem kvalitni a &isté vody, kterd je vyuZivana bud pro
vodarenské GcCely, nebo pro primysl, zavlahy v zemédélstvi a vodnim sportim a rekreaci.
Kvalita vody v jezerech se vSak vlivem nejriiznéjsich faktort Casto rychle zhor3uje (Plan péce
CHKO Trebonsko 1995, Jansky et al. 2003, Hlasek 1995).

Na tUzemi CHKO je soustiedéno priblizné 6% zasob Stérkopisku v Ceské republice
(Hlasek 2000, Plan péte CHKO Treborisko 1995). Tyto zasoby jsou prevazné vazany na staré
ficni terasy podél Luznice a Nezarky, tj. na lokality majici zaroven vyjimeCny vyznam
ekologicky, krajinafsky a vodohospodarsky (Plan pé¢e CHKO Treborisko 1995). Velkoplo3na
tézba Stérkopiskil poskytuje prilezitost ke zvySeni diverzity krajiny a jeji biologické hodnoty.
Pri rekultivacich je proto nutno chranit spontanné vznikla ekologicky cenna stanoviité a
rizené vytvaret dalsi. Zejména v pripadé mokradi a mélkych vodnich nadrzi (po tézbé
s oligotrofnimi aZ postupné mezotrofnimi charakteristikami vodniho prostiedi) je nutno
chranit tato stanovisté jako nahradni biotopy, ve kterych mohou nalézt Gto&isté ty druhy
ohrozenych rostlin a zivo€ichd, které jsou postupné vytlatovany z okolni krajiny v disledku
Jeji plosné eutrofizace. Prednost by méla zéroven byt davana terénnim upravam, které plsobi
co nejvice prirozené a nevnadeji do krajiny ryze technické prvky a geometrické linie (Plan
péte CHKO Tiebonsko 1995). Ve vzijemné dohodé prislu§nych organd statni spravy je
zadouci stanovit pro kazdou ukonCovanou tézebnu uréité priority dalsiho vyuZiti a tém
prizplisobit rekultivaci. V zasadé prichazi v ivahu tyto typy vyuZiti: vodarenské vyuZiti,
lesnické nebo zemeédelské vyuziti, genofondové plochy resp. biocentra — priorita ochrany
prirody, rekreacni vyuziti. Pred ukoncenim tézby a pii aktualizaci planu rekultivace je nutno
provést inventarizaci vech prirodovédecky cennych mist v rameci tézebny a pfi rekultivaci
tato mista zachovat v nejvétSi mozné mire. Pfi Gpravé svahl na biezich jezer je nutno vytvofit
na pfechodu ze souSe do vody velmi pozvolny sklon pobfezi s ponechanim lavice mirného
sklonu az do vzdalenosti 5 — 10 m od bfehu. Hloubka vody na této plosiné by méla umoznit
alespon v pasmu 5 m od biehu vyvoj litoralni vegetace (Plan pé¢e CHKO Tieborisko 1995).
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Vétdina nadrzi se nachazi v mensi &i vétsi vzdalenosti od feky Luznice, od niz jsou
Idéleny piskovymi pilifi. To zplsobuje, Ze jsou mirné€ prito¢né, rychlosti fadové kilometry
.den.

Nékteré nadrZe jsou zaneseny do USESu jako vyznamna biocentra.

Jednotlivé studované lokality jsou situovany v ramci Ctyf soustav podél feky Luznice.

soustava Haldmky: zahrnuje &tyfi nadrze v tésném sousedstvi oddélené takika pouze
skovymi pilifi: Severni, Prostfedni, Jizni a Vychodni jezero. Naléza se mezi obci Halamky a
itni hranici s Rakouskem cca 100 m od hlavni silnice. Zde probihd velmi intenzivni tézba.
a pobrezi, kde dosud nebyla provedena lesnicka rekultivace, nastupuje zajimava sukcese
oralnich a mokfadnich spoletenstev rostlin. Uprostied této lokality se nachazely velmi
élké a zlasti vysychajici mokfady a plochy zaristajici prirozenym lesnim naletem,
soutasné dobg jsou zdevastovany. Exploatace loziska je provadéna kolovym nakladalem ze
gny ,,na sucho® a sacim bagrem ,z vody". Oba zpiisoby tézby probihaji sou€asné. Na této
yustavé se jedna o vody mékké obsahujici znadné mnozstvi zeleza. U nékterych vzorki byla
iSténa kysela reakce vody, coz lze vysvétlit pfitomnosti huminovych kyselin (SPS Halamky
002). Na lokalité Halamky bylo od zahajeni tézebni Cinnosti az do souCasnosti provedeno
>a 25 ha lesnické rekultivace, cca 22 ha vodni rekultivace a cca 6 ha ponechanych pfirozené
ikcesi pro vytvoieni mokiada (Vrana 2000).

soustava Cep: vroce 2000 predstavovala tato soustava nejrozlehlejsi nadrz Cep a
1délenou jeji jizni ¢ast Cep 1. V roce 2001 doslo k odstranéni Stérkopiskového pilife mezi
idrzemi a znacna c¢ast vody nadrze Cep I pretekla do nadrze Cep. Pilif byl odstranén
davodu dalsi planované tézby na této nadrzi. Nadrze se nachézeji na levobrezi feky LuZnice

km severné od obce Suchdol n./Luz a 1.8 km jizné od obce Majdalena 100-800 m
ychodné od hlavni silnice. TéZba probiha v soucasné dobé na casti Cep sacim bagrem, ktery
adrz prohlubuje, nikoli méni rozlohové. Uzemi je zdrojem kvalitnich podzemnich vod.
mesni vymeéra vodni plochy piskovny Cep 1 je 40 ha, po ukonceni tézby 44 ha (KotrCka
000).

soustava Tust: tato soustava zahrnuje nadrze Tudt' a FrantiSkov. Nachazi se na
ravobiezi feky Luznice cca 500 m vychodné od obce Suchdol n./Luz. Podélna osa nadrzi je
olma na tok feky. Na této lokalité byla tézba v roce 2000 ukonCena, o rok pozdéji byla
aznamenana je$t€ nepatrna aktivita tézebni spoleCnosti, ale tézba obnovena nebyla.

Horusicko-Veselsko-Vikovska soustava: zahrnuje pét nadrzi situovanych v nivé LuZnice

km severovychodné od obce Vlkov n./Luz. Dvé lezi na levobrezi Horusice, Horusice 1. Je

de podminéna eutrofizace predeviim pritokem vody zblizkych rybnikii a splachy ze
11
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zem&délské plidy. Zbyvajici tii nadrze jsou na pravém biehu feky Luznice Veseli, Veseli I,
Vikov. Vyméry vodnich ploch: Veseli — 10 ha, Veseli I — 24 ha, Horusice — 23 ha, Horusice I
— 15 ha (Kotrcka 2000).

Schematické mapy studovanych soustav viz kapitola 5. "Prispévek ke kvétené piskoven na

Treborisku".

Tab. 1: Prehled parametr jednotlivych piskoven (Rajchard & Prochazka 2001)

Nidrz vyméra vodni priamérnd tézba v letech
plochy (ha) hloubka (m) ncbo ukonéena
Cep 123 7 1949-neukonéena
Cepl 40 6.5 1983-ncukondena
Tust’ 395 3 1955-2000
Frantiskov 9 4,5 1970-1975
Halamky- Severni j. 33,47 16 1970 - 1994
- Jizni j. 18,75 4 1976 — 1985
- Prostiedni j. 22,74 14 1976 - 1979
- Vychodni j. stdle se méni 17 1976-ncukonéena
Horusice 1 15 25 1977-1986
Horusice 23 6,5 1972-1983
Veseli | 24 3y 1981-1986
Veseli 10 35 1963-1986
Vikov 46 2,8 1963-1986

1.4 Riakosiny a vyznamné rostlinné druhy ve svété

Vodni makrofyta ve sladkovodnich mokradech jsou stale vice povaZzovana za
nejproduktivngjsi rostlinnd spoleCenstva. Prestoze zarustaji pouze 1% zemského povrchu,
prispivaji az 5% kcelkové primarni produkci (Muthuri 1993). Hlavnimi primérnimi
producenty mokradnich ekosystému jsou Phragmites a Typha (Kvét a kol. 1973). Phragmites
australis je jeden z obecné nejrozdifenéjSich rostlinnych druhli na svété Druh ma vysokou
fenotypickou rozmanitost v morfologii i vyvoji zmén zakladnich rysi rostliny. Tato vysoka
fenotypicka rozmanitost maze byt dana rdznosti poétu chromozomi, klonovou rozmanitosti,
plasticitou klonl nebo kombinaci téchto faktorl. Znalosti tykajici se mnoZstvi, pfi¢in a
udrzovani genetické rozmanitosti Phragmites australis jsou viak znaéné omezené. V Evropé
dominuji tetraploidni jedinci, v Asii pak oktoploidni. Na evropskych lokalitach byl nalezen
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rekvapivé velky pocet klonl (Clevering & Lissner 1999). Geneticka podstata rozdild mezi
orfotypy byla dokumentovana pro pripady odlisné ploidie.  NejrobustngjSi morfotyp
znaCovany jako “giganticky” rakos je znam z delty Dunaje a je oktoploidni (Clevering &
issner 1999, Pauca-Comanescu er al. 1999). Dalsi znamé urovné ploidie zahrnuji 2x
dykyjova & Pazourkova 1979), 3x, 4x, 6x, 7x, 8x, 10x, 11x a 12x, pri x=12 (Bjork 1967,
levering & Lissner 1999). Nejbézngjsi z nich je tetraploid jak celosvétove, tak v ramci
eské republiky véetnd Treboriska (Clevering & Lissner 1999, Cizkova — Gstni sdéleni).
ozdily pozorované ve fenotypu tetraploidnich ekotypti byly dokumentovany-ve vazbé na
ydminky prostiedi (Dykyjova & Hradecka 1973, 1976), ale vliv genotypu nebyl
:;perimentalné odliSen od fenotypové plasticity. Prace studujici genetickou variabilitu
»pulaci rakosu modernimi genetickymi metodami (Neuhaus er al. 1993, Koppitz et al. 1997,
oppitz  1999) a jeji vztah k fenotypové plasticité (Daniels 1991, Kuhl er al. 1999,
olletschek er al. 1999) byly v zahrani¢i publikovany az v nedavné dob¢ a pro tzemi Ceské
epubliky zatim zcela chybgji.

Nejzastoupengjsimi druhy emerznich makrofyt v litoralni z6né na mnoha evropskych
kalitach jsou Phragmites australis a Typha angustifolia. Studium téchto porostt je vedeno
iznymi sméry. Mnozstvi praci se zabyva vlivem zivin (predevsim N a P) a samotného
«dimentu na rakosiny a to vrlznych castech Evropy. Napriklad v Estonsku se touto
oblematikou zabyvala Ksenofontova (1988), ve Svédsku Weisner (1990). Dalsi &asto
udovanou problematikou je genetika samotného rakosu obecného, viz kapitola "Phenotypic
id genotypic variation of Phragmites australis populations in two man-made lakes of
fferent age and history". O produkénich charakteristikach litoralu nebo rakosu obecného
djednavaji mimo jiné prace pochazejici z Polska (Kufel & Kufel 1985), ze Slovinska
Jrbanc-Bercic & Gaberscik 2000), zMadarska (Dinka & Szeglet 1998) nebo z iranu
larami et al. 2001).

Phragmites australis je jednim z dominantnich druhl v evropskych mokfadech, aviak
1 pocitku 50. let 20 stoleti byl zaznamenan ustup rakosin predevsim v centralni a vychodni
vrope. Zda se, ze jednim z hlavnich kli¢i k tomuto problému je eutrofizace (Van der Putten
297). Z pohledu dynamiky rakosu ve stiedni Evropég, byl vyzkum vétsinou veden ve spojeni

: studiem odumirajicich rakosovych porostl podél breht jezer nebo s eutrofizaci (Guesewell

al. 2000; Bornkamm et al. 1980; Van der Putten 1997; Ostendorp 1989).




_

1.5 Rikosiny a vyznamné rostlinné druhy na Treborisku

Z pobfeznich porostl rybni€nich i jezernich jsou nejvyznamnéjsi rakosiny. Na Treborisku

dortstaji vySky az 4 m a tvofi pasové lemy kolem mélkych pobiezi. NejrozsirenéjSimi druhy
jsou Phragmites australis, Typha latifolia a Typha angustifolia. Lemy rakosin podél vod maji
své vyznamné ekologické funkce, predevsim jako hnizdisté vodniho ptactva a Zivocichd.
Slouzi ale také jako ochranny filtr, ktery zadrzuje zneciSt'ujici latky, prichazejici do vody
z okolni zemédélské krajiny. Za pobiezim rakosinovych lemt smérem k volné vodni hlading
se vyvinula charakteristicka vegetace mélkych jezer. Jsou to predeviim lekniny (Nymhpaea
candida), stuliky (Nuphar luteun), razné druhy rdesta (Potamogeton spp.), bublinatky
(Utricularia spp.), lakudniky (Batrachium spp.) a rdesno obojzivelné (Polygonum amphibium)
(Dykyjova 2000).

Na Trebonsku plosné i druhovym zastoupenim vazné ubylo ,tvrdé" rybniéni vegetace,
reprezentované rakosinami (Phragmitetea) a vysokymi ostiicemi (Magnocariceta). Pocaly se
viak Sifit nékteré typy ,mékké™ vegetace vodnich rostlin, ktera rychle vyuziva nadbytek
mineralnich 1 organickych Zivin, napf. zblochan vodni (Glyceria maxima) (Janda et al. 1996).
Faktory pfispivajicimi odumirani rakosu se zabyvali Cizkova er al. (1996) a Cizkova-
Koncalova et al. (1992).

Litoraly Trebonskych rybnikdi byly jiz studovany zmnohych hledisek, stejné jako
v ostatni Evropé: produkéni charakteristiky (Obstova 1989; Dykyjova ef al. 1973; Dykyjova
et al. 1970), vyziva a vlastnosti sedimentu (Cizkova e al. 2001; Dykyjova 1978) nebo napt.
zasahy Clovéka (koseni) (Dykyjova & Husak 1973). V litoralech rybnik( Treboriské panve
byla také pozorovana koexistence riznych morfotypi rikosu (Hradecka 1973a,b; Obstova
1989), ale tyto morfotypy jsou rlstové vyrovnanéjsi nez na piskovnach a aZz na jedinou
znamou vyjimku (rybnik Rod v Nadgjské soustavé — Pechar er al. 2002) nezahrnuji robustni
morfotypy.

V prirozené starnoucich jezerech dochazi k postupnému sniZovani priméarni produktivity
planktonu. K dramatické zméné produktivity viak dojde, kdyz se hloubka jezera sniZi natolik,
ze raSelinotvorna makrofyta jako rakos obecny (Phragmites australis), skiipinec

(Schoenoplectus sp.) a orobinec (7ypha) osidli organogenni dno (Bjork 1996).
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1.6 Rakosiny a viznamné druhy vytézenych piskoven

Dlouhodoby integrovany ekologicky vyzkum byl vénovian biotopim rybnik(.
rybni¢nich  litorald, mokrych luk, nivé Horni Luznice a raSelinistim. Vvsledky byly
publikovany v monografiich mezinarodniho vyznamu (Dykyjova & Kvét 1978, Prach er al.
1996, Kvét er al. 2002). Ve srovnani s vySe zminénymi biotopy zUstaly ponékud stranou
pozornosti piskovny, které byly predmétem jednotlivych dil¢ich studii prevazné v 80. letech
20. stoleti (Krupauer et al. 1990).

Devastovana uzemi (vytézené piskovny) se stala uto¢istém vyznamné flory, kterd by
jinak z krajiny jiz vymizela. Mezi nejcennéjsi druhy patii: [llecebrum verticillatum. Drosera
rotundifolia, Lycopodiella inundata (Hlasek 1995). I tizemi vznikla po tézbé raseliny spliuji
podminky pro osidleni vzacnymi druhy, jako je lllecebrum verticillatum aj. (Husak & Hlasek
2000).

Diky eutrofizaci do§lo k téméf totalnimu vymizeni plevelové vegetace chudych piscitych
ptd. Dnes zbyva téméf posledni lokalita u Vlkova. Najdeme zde i n¢kolik druhu ohrozenych
na existenci, jako napt. Illecebrum verticillatum (Prach 2000).

Na piskovnach se vyskytuii druhy rostlin: a) druhy rostlin uvedené do zachrannych
kultivaci, z nichz jsou posilovany populace v prirodé (/llecebrum verticillatum). b) Cl
kriticky ohrozené druhy rostlin, vyskytujici se pouze na jednom az né¢kolika mistech
(lllecebrum verticillatum), ¢) C2 — silné ohrozené druhy rostlin, trvale ustupujici
(Lycopodiella inundata), d) C3 — ohrozené druhy rostlin, pomaleji, 1 kdyz zfetelné ustupuyjici
(Drosera rotundifolia, Lysimachia thyrsiflora), e) C4 — vzacnéjsi druhy rostlin, vyZzadujici
sledovani (Sagittaria sagittifolia, Schoenoplectus lacustris, Utricularia australis) (Husak er

al. 2000).
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CILE DISERTACNI PRACE

Vytézené piskovny predstavuji vyrazny krajinny prvek CHKO a BR Tiebonsko.
zhledem k jejich ekologickému vyznamu vsak o nich existuje jen malo dat (Krupauer er al.

p90). Cilem této prace je popsat soucasny stav vegetace vzhledem k hlavnim faktorlim, které

liviiuji jeji dynamiku. Disertace je koncipovana tak, aby ziskané vysledky mohly byt
uzity jako soucast dlouhodobého monitoringu. V ramci tématu jsem si stanovila nasledujici
[€i cile:

Popis soucasného stavu litoralni a vodni vegetace vytézenych piskoven v aluviu horni
1znice. Vyznam litoralnich porostd pro faunu piskoven (obojzivelniky a ptactvo).

Popis rostlinnych spolecenstev a jejich ovliviiovani ¢innostmi clovéka.

Na vybranych stanovistich na soustavé Halamky (Jizni jezero) detailni studium rdstové a
odukéni charakteristiky dominantniho rékosu obecného (Phragmites australis) a vyliseni
dnotlivych morfotypt. Geneticka analyza a ovéfeni vysledki rastovych, produkénich a
:netickych charakteristik v kulture.

Zhodnoceni vysledkl z nasledujicich hledisek:

Vyvoj vegetace v pétiletém obdobi (2000 - 2004), vCetné¢ zachyceni zmén po
wodriové ving 2002,

Srovnani s vegetaci rybnicnich popf. jinych sladkovodnich ekosystémd.

Vztah k historii a zpiisobu vyuziti (délka obdobi od ukonceni tézby, zplisob a intenzita

ucasneho vyuziti — rekreace, rybarstvi, tézba).
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vod

Krajina Tiebonska byla ¢lovékem pietvarena jiz pied mnoha staletimi. Budovanim
bniku, zakladanim luk a pastvin zde vznikaly rozmanité biotopy, které jsou dnes zdrojem
soké diverzity rostlinnych a zivo¢isnych druhti Trebonska. V roce 1977 bylo toto Gzemi
fazeno do mezinarodnich fondu biosféry a o dva roky pozdéj vyhlaSeno Chranénou
ajinnou oblasti. Zaroven byly nékteré jeho casti zarazeny do seznamu mokradu
ezinarodniho vyznamu (tzv. Ramsarskda umluva) (Jenik et al. 1996). Nejnovéj bylo
ebonsko v ramei projektu NATURA 2000 vladou CR schvileno jako jedna z Ptacich
slasti a na jeho tzemi bylo v narodnim seznamu schvileno 16 evropsky vyznamnych lokalit
‘hrany druhti a stanovist.

Ttebonisko je znamé piedevsim svymi rybniky a raselinisti. vyznamny prvek zdejsi
-ajiny vsak tvofi také vytézené piskovny. Po vytézeni Stérkopisku pod hladinu spodni vody
znikaji zcela nové biotopy - pomérné hluboka jezera (i pres 20 m) s uzkymi litordalnimi
asmy a s biehovymi porosty (Hanak er al. 1985). Na tato jezera se také soustiedilo nase
ledovani. Jeho prvni ¢asti byl botanicky pruzkum s cilem zaznamenat zakladni druhy
odnich a mokfadnich rostlin a celkové zhodnoceni vegetace piskoven a jeji srovnani
rybniky. Dal$i ¢asti byl potom priizkum batrachologicky. Jeho cilem bylo zmapoviani
yskytu obojzivelnikii na piskovnach a jejich zhodnoceni 7 hlediska vyznamu pro tuto
kupinu obratlovce.

Vétsina piskoven je mirné pruto¢na. fadove kilometry za den (1 kdyz nemaji pritok ani
idtok jako takovy). Vzhledem k tomu, ze pisek funguje jako spolehlivy filtr, maji tyto nadrze
rligotrofni az mezotrofni charakter.

Sukcesi rostlinnych a zivoc¢isnych spolecenstev ovliviiuje kromé jin¢ho také ruznorode
syuziti piskoven po ukonéeni tézby. Neékteré dosahuji kvality az kojenecké vody a jsou
/yuzivany jako vodarenské nadrze na pitnou vodu pro okolni obce. Dalsi slouzi k rekrea¢nim
1¢elim a na mnoha z nich je provozovan sportovni rybolov. Nékteré nadrze jsou rovnéz

zaneseny do USESu jako vyznamna biocentra.

Charakteristika sledovaného uzemi
Do sledovani v letech 2000 — 2002 bylo zafazeno 13 nadrzi 4 hlavnich soustav na
Tiebofisku (viz kapitola 5 " Prispévek ke kvétené piskoven na Tiebonsku").

Soustavu Cep predstavovala v roce 2000 nejrozlehlejsi nadrz Cep (123 ha) a sni

sousedici Cep I (40 ha). Nadrze se nachézeji na levobiezi feky Luznice mezi obecemi Suchdol




n./Luz. a Majdalena. V soucasné dobé probiha na ¢asti Cep téZzba sacim bagrem. ktery nadrz

prohlubuje, neméni viak jeji rozlohu. Uzemi je zdrojem kvalitnich podzemnich vod.

Soustava TuSt’ zahrnuje nadrze Tudt' a FrantiSkov. Nachazi se na pravobiczi feky
LuZnice vychodné od obce Suchdol n./Luz.

Soustava Halamky piedstavuje Ctyfi nadrze v tésném sousedstvi oddélené pouze
piskovymi pilifi (Severni, Prostiedni, Jizni a Vychodni jezero). Naléza se mezi obei Halamky
a statni hranici s Rakouskem. Zde probiha velmi intenzivni tézba. i kdyz nékteré ¢asti pobiezi
nastupuje zajimava sukcese litoralnich a mokfadnich spolecenstev rostlin.

Soustava Veseli zahrnuje pét nadrzi v nivé Luznice situovanych mezi obcemi Vikoy
n./Luz. a Veseli n./Luz. Dv¢é nadrze lezi na levobiezi (Horusice, Horusice I) a predstavuji
eutrofnéjsi typ piskoven. Eutrofizace je zde podminéna pritokem vody z blizkych rybniku a
splachy ze zemédélské pudy. Zbyvajici tfi nadrze jsou na pravém bichu feky Luznice (Veseli.

Veseli I, Vlkov) a maji vice oligotrofni charakter.

Flora piskoven

Botanickym pruzkumem bylo zjiSténo, Zze vytézené piskovny jsou lokalitami
vyhovujicimi svym charakterem nejen druhum vyskytujicim se bézné¢ na jihoceskych
rybnicich, ale i druhim chranénym dle vyhlasky 395/1992 Sb. (tab. 1). Byly zde nalezeny
vzacné druhy jako nehtovec preslenity (Hllecebrum verticillatum), plavunka zaplavovana
(Lysimachia thyrsiflora) nebo rosnatka okrouhlolista (Drosera rotundifolia). Nomenklatura
byla pouzita dle Kubata (2002).

Vzhledem k charakteru piskoven (jejich zna¢na hloubka a strmost biehu) je v3ak
pobiezni zona vegetace dosti izka (max. 8 m): husté porosty vrb (Salix sp.) ¢asto dosahuji az
k volné vodni hlading.

Na rybni¢nim ckosystému je ve vetsing piipada vytvoien souvisly Siroky pas litoralu,
¢lenény na epilitoral, supralitoral, eulitordl, a sublitoral. Oproti tomu na piskovnach neni
typickd zonace zcela vyvinuta a vegetace se liSi i mirou zapoje. Na biezich je vétSinou
limitujicim prvkem les, at’ uz se jedna o nalet, rekultivovanou plochu nebo puvodni dieviny
(1. takova, kterd tu s nejvétsi pravdépodobnosti byla jesté pfed zahajenim tézby). Dalsim
limitujicim prvkem je nedostatek vody, ktery opét plyne ze strmcho sklonu biehli a dna

nadrzi.




Batrachofauna

Na vyvoj wvegetace navazuje osidleni Zzivo¢iSnymi spolecenstvy. Béhem
batrachologického pruzkumu bylo na sledovaném Gzemi piskoven nalezeno celkem 12 druhu
obojZivelnikti a 1 klepton (tab. 1).

Kromé hlavnich nadrzi byly do prizkumu obojzivelnikt zahrnuty také malé nadrzky
vzniklé umysinym, caste¢nym odtézenim tézebni spolecnosti nebo nekontrolovanou tézbou
vefejnosti, popf. i kaluze vzniklé pojezdem tézké techniky.

Za nejvyznamnéj$i lze z hlediska druhové rozmanitosti batrachofauny povazovat
Horusicko-Veselsko-Vlkovskou soustavu, kde byla té¢zba ukoncena jiz v 80. letech minul¢ho
stoleti. Lokalita se jiZ vyrazné neméni a pro obojzivelniky poskytuje stabilni prostredi. Bylo
zde zaznamenano celkem 10 druhd, ztoho pouze u ropuchy zelené nebylo prokaziano
rozmnozovani. Naopak nejméné vyznamnd, z hlediska vyskytu obojzivelniki, je v soucasne
dobé je lokalita Halamky, kde byla té¢zba ukoncena bud v dobé nedavne nebo jeste stile
pokracuje. Nékterd mista tak zanikaji a vznikaji zase nova. Tato lokalita je vhodnd predevsim
pro druhy, které jsou schopny osidlovat nové vzniklé nadrze — pro ropuchy nebo ..vodni®
skokany. Naopak Horusicko-Veselsko-Vlkovska soustava poskytuje vhodné podminky i pro
colky, ktefi v nadrzich vyzaduji dostatek vegetace (Dandova, 1997, Diesener ef al.. 1997).

Pfi stanoveni faktord, které vyskyt obojzivelniku na piskovndch ovliviuji. se podafrilo
prokazat vliv velikosti, hloubky a ¢lenitosti nadrze. Jako vhodngjsi pro vyskyt obojzivelniku
se ukazuji naddrze mensi a mél¢i. DuleZita je také ¢lenitost nadrze — vyhodné jsou bud’ vetsi,
ale €lenitéjsi nadrze s mnozstvim méléich zatok, které rychle zartstaji vegetaci nebo skupinky
mensich nadrzi. Vhodna byla napi. jezirka u piskovny Cep. kde se vyskytovalo 7 druhu
obojzivelnikl a ktera tak zajist'ovala druhovou pestrost soustavy. Ostatni piskovny soustavy -
hluboké, se strmymi biehy a zarybnéné, jsou totiz pro obojzivelniky nevhodné. Na strmych
brezich se neuchyti litoralni vegetace, obojzivelnici ztraci misto pro nakladeni snusck a
v ptipadé vyskytu ryb navic potencialni tkryt pied predatory.

Vzhledem k tomu, Ze stézbou vznikaji nejen rozsahlé vodni plochy. ale v jejich
blizkosti také mensi jezirka o ruznych parametrech, poskytuji vytézené piskovny vhodné

zivotni podminky pro celou fadu nasich obojzivelniku.

Zavér
Zavérem lze fici, Zze na jedné strané jsou vytézené piskovny biotopem nové

vytvofenym ¢lovékem a narusujicim raz krajiny. Na stran¢ druhé se jedna o biotop s vysokou

ekologickou hodnotou, kde je dana ta moznost sledovat sukcesni stadia od prvopocitku. Na
b




fadé mist je na opusténych piskovnach evidovan vyskyt ohrozenych rostlin a Zivocichu

(Vlkov, Tust, Branna, Cep, Nova Hlina, Spoli aj.) a tato Gzemi si zaslouzi ochranu jako
genofondové plochy (SCHKO CR 1995). Pro obojzivelniky mohou slouzit jako nahradni
biotop v krajyiné s intenzivnim zemédélstvim a rybnikarstvim. Intenzivni obhospodaiovani
rybnikt (vysoka obsadka, likvidace bichovych porostii, vysazovani polokrotkych kachen
nebo nevhodné odbahnovani) totiz zplsobuje, Ze se tyto ,klasické™ biotopy stavaji pro
obojzivelniky nevhodnymi. Z hlediska vodohospodaiského jsou Stérkopiskova jezera
nenahraditelnym a kvalitnim zdrojem podzemnich vod a zasobarnou pro okolni obce. Na
svém vyznamu nabyvaji tyto lokality také z hlediska rekreac¢niho a skytaji vhodné podminky

pro sportovni rybarstvi.

Tabulka 1: Vodni vegetace a obojzivelnici vytéZzenych piskoven

Nalezené druhy rostlin

bahni¢ka jehlovitd (Eleocharis acicularis), bahnicka mokfadni (Eleocharis ,'?LJH.%‘I.".".\‘L bazam)\-‘ccwk_;-ll\'_{\"l\:_\-'é-l_\ﬂ
(Lysimachia thyrsiflora)*, bublinatka jizni (Utricularia australis), chrastice rakosovita (Phalaris arundinacea). |
kamysnik pfimoisky (Bolboschoenus maritimus), kosatec zluty (Iris pseudacorus), lakusnik vodni (Batrachivm
aquatile), nehtovec preslenity (/llecebrum vercillatum)**, orobinec Sirolisty (7Typha latifolia), orobinec
Uzkolisty (Typha angustifolia), ostiice (Carex sp.), plavuika zaplavovana (Lycopodiella innundata)®, |
puskvorec obecny (Acorus calamus), rékos obecny (Phragmites australis), rdesno obojzivelné (Polvgonum
amphibium), rdest kadefavy (Potamogeton crispus), rdest svétly (Potamogeton lucens), rdest vzplyvavy |
(Potamogeton natans), rosnatka okrouhlolistd (Drosera rotundifolia)®, sitina rozkladitd (Juncus cffusus),
skfipina lesni (Scirpus sylvatica), skiipinec jezerni (Schoenoplectus lacustris), stolistek preslenity
(Myriophyllum spicatum), Sipatka stielolistd (Sagittaria sagittifolia), vodni mor kanadsky (Elodea canadensis), |
zblochan vodni (Glyeeria maxima), zblochan vzplyvavy (Glveeria fluitans), zevar vzpfimeny r.S‘/m:-gm:iurn‘

erectum), zabnik jitrocelovy (Alisma plantage-aquatica)

Nalezené druhy obojzivelniki U e =S 1

blatnice skvrnita (Pelobates fuscus), Colek obecny (Triturus vulgaris), ¢olek velky (Triturus cristatus), kKunka

obecna (Bombina bombina), ropucha kratkonoha (Bufo calamita), ropucha obecna (Bufo bufo), ropucha zelena
(Bufo viridis), rosnicka zelend (Hyla arborea), skokan kratkonohy (Rana lessonae). skokan ostronosy (Rana |
arvalis), skokan skiehotavy (Rana ridibunda), skokan §tihly (Rana dalmatina), skokan zeleny (Rana Kkl |

esculenta) ‘

**kriticky ohrozené, *siln¢ ohrozen¢
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Abstract

The occurrence of waterfowl was monitored in 13 sandpit lakes in the Tiebon Basin
Biosphere Reserve in 1999 - 2003. These sandpit lakes. created by sand mining. are
absolutely new landscape elements in the Tiebon Basin. An important component of the
Tirebon Basin is represented by several centuries old man-made shallow lakes — fishponds. but
in last forty years plant and animal communities gradually colonize also the new sandpits
lakes. The results confirm the beginning of colonization of qualitatively quite new wetland
habitats by birds. Direct observations proved the occurrence of 35 species of waterfowl.
These species belong to 10 orders of birds: Pelecaniformes, Gaviiformes, Podicipediformes,
Anseriformes, Ciconiiformes, Coraciiformes, Charadriiformes, Falconiformes, Gruiformes.

and Passeriformes.

Key words: waterbirds, sandpit lake, occurence, nesting, factors.




Introduction

Sandpit lakes, deep water bodies created by opencast mining, represent a new type of
aquatic ecosystems in the Tfeboil Basin Biosphere reserve (BR), completely different from
fishponds and other wetlands typical for this region. While intensive rescarch of fishpond
avifauna has been carried out for several years, the monitoring of bird species occurrence was
performed on sandpit lakes only once several years ago (Handk e a/. 1985). They monitored
one of the sandpit lakes near Vlkov village and one on the Cep locality. Twenty-five bird
species were identified on the sandpit Lake Vlkov, including the species from surrounding
biotopes which were intruding into marsh places. Out of this number, 13 species of birds had
a direct relation to water. On the Cep sandpit, 16 bird species were directly associated with
water habitats.

Since that time substantial changes of the lake size and progressive succession by
plant and animal communities have taken place. Therefore the research of the colonization of
sandpit lakes by birds and other groups of animals has a fundamental importance not only for
the region, but also for other places with opencast mining activities.

Sand pit lakes resemble lake ecosystems in their character, especially their
morphology and topic status. The current condition of sand pit lakes is more similar to the
state of fishponds soon after their construction than to current fishponds. This holds both for
fish stock, and nutrient status (trophic level), which has been raised considerably owing to
intensive pond management. It is assumed that the sand-pit lakes may, to some extent.
develop 1n a similar manner as fishponds after their construction several hundred years ago.
and may thus give insight into the process of incorporation of fishponds into the wider
landscape and their colonization by plant and animal communities. However, the sand pit
lakes are much deeper than fishponds. Results of the natural succession by phyto- and
zoocenoses are important not only as theoretical knowledge, but also for the prospective
compilation of biological restoration projects. The mentioned observations were performed on
sand-pit lakes of different age, therefore it is possible to make implications for the course of
colonization.

Very few authors in the world have dealt with avifauna of sandpit lakes. Siddle &
Kirsch (1993) mentioned the nesting of threatened species Least Tern Sterna antillarum and
Piping Plover Charadrius melodus on sandpits in Nebraska, USA. In the authors™ opinion
both threatened species found alternative places for nesting on lakes created by sand mining
after most of their natural nest places on river alluvia were destroyed. Approximately 60 — 90
% of existing populations of these species nested on sandpits.
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Many authors have investigated the waterfowl in fishponds of the Trebon Basin arca.
More than 160 species of birds breed here and tens of species regularly use the Tiebon Basin
area during migration or as winter habitat (Zasadil 1990). Waterfowl belong to the most

threatened groups of vertebrates as a consequence of large-scale drainage of wetlands.

destruction of shoreline habitats as a consequence of fishpond dredging and canalisation of

rivers, as well as eutrophication resulting from intensive fishpond management by the
fishermen (Janda & Repa 1986). Sandpits may play an important role as refuge for specics
vanishing from the Ttiebon Basin region as a result of the high trophic status of fishpond
ecosystems and other factors. Increased numbers of breeding populations of many waterfowl
species and the colonisation of fishponds by new species had been observed until the 1970s
(Hudec 1994). An evident decrease of numbers of bird populations took place in the 1980s.

This trend was monitored by Bejcek er al. (1990) and Musil (1998) on fishponds of the

[tfebon Basin: the decrease of numbers was recorded for 31 species, i.e. for most species of

Ducks (Anas spp). An increase was found for 10 bird species. A declining frequency was
ecorded for 26 species and a rising frequency for 14 species. The results received may
ndicate the destabilization of fishpond ornithocoenoses reflecting the disturbance of their

nternal and external feedbacks (Janda & Sevéik 1990).

Description of monitored area
The monitored area is located in the Trebon Basin. a shallow and large depression

situated in the southern part of Bohemia, at the Austrian-Czech border. Typical altitude

anges from 410 — 500 m. Among soil types, primary pseudogleys, gleys and some types of

he cambisol and podzol prevail in the Trebon bioregion. There are significant deposits of

sravel sand and a sporadic abundance of peat bogs (Balounova ef al. 1997). The extraordinary
iatural significance of this region was recognized by its inclusion in the UNESCO/MAB
system of Biosphere Reserves in 1977. The Tiebon Basin BR is one of the most important
vlaces with regard to the occurrence of water birds in Central Llurope. It is a place for
breeding and stopping place for migrants. Since 1990 aquatic and wetland biotopes of the
[febont Basin BR have been protected as wetlands of international importance according to
he Ramsar Convention.

According to the classification of climatic zones in Central Europe, the Tiebon Basin
BR mainly belongs to the moderately warm region. In the central part (Tfebon town), the

mean annual temperature is 8 °C, with average January and July temperatures of —2.8 “C and

18 °C, respectively. Mean annual precipitation is 651 mm (Jenik & Kveét 2002).




‘The Luznice River with its most notable affluents, the Nezarka and the Dracice, forms
the natural axis of the whole Ttebon Basin area. However. the current hydrologic situation
results from large water management modifications of the landscape performed in 14th - 16th
centuries. The area is also a source of high quality groundwater. During the last decades the
water balance of the landscape on some places was disturbed by large scale arca drainage.
Large-scale gravel-sand mining has had a significant negative effect on the groundwater
reserves. Agriculture, especially a large-scale pig farms, appears to be the most important

source of pollution (Balounova er al. 1997). Another characteristics in tab. 1.

Methods

In 1999 — 2002, monitoring of waterfowl occurrence on sandpit lakes was performed
in the Luznice river floodplain in the Trebon Basin Biosphere Reserve (hereafter the Tirebon
Basin BR). The field monitoring of occurrence of waterfowl included two basic methods
(Janda & Repa 1986):

- identification of bird numbers on the water level

—- direct detection of nests.

The numbers of birds on the water level were counted on a regular basis approximately once
every two weeks. The numbers and the species composition of bird communitics on the water
level were monitored by binoculars of different make with an efficiency of 10 x 50 or by an
eyepiece telescope BRESSER 20 — 60. Crossings over the observed locality, trails in sand.
vocal activities and other traces of birds present were registered.

The direct detection of nests consisted of searching for nests on banks and in littoral
vegetation of lakes during the nesting time.

Three most numerous species (Mallard, Mute Swan and Great Crested Grebe) were
chosen as a main model species for the analysis of effects of time (seasonal) factor on the
number of individuals.

In order to identify possible preferences for nesting habitats of single bird species. a
complete inventory of hard littoral flora was made on all of the sandpit lakes. Subsequently.
the nesting frequency was compared among different species and morphotypes of the littoral

vegetation. The nomenclature of plant species follows Kubat (2002).




able 1: Characterisations of observed sandpit lakes on single localitics.

Locality | Lake Area | Average | Sand ’ Other characterises
’ (ha) |depth mining
(m)

Cep 123 |7 yes sheer banks, afforested up to water, littoral sone

- almost doesn’t exist -
Cep | 40 6.5 | ves, shore is articulated. sporadically afforested, partly
partly sandy with incipient littoral invasion: small islands
raising the diversion of lake; annual rich expansion

S {of submerged vegetation (especially Myriopinllim

= ) .

E Tust 395 |35 yes, ‘gr()wlhs of Common Reed Phragmites australis

& partly and Common Cattail Typha latifolic on some

e places of bank; other parts of the bank sandy or

oy scrub stands of Willow Salix sp.

o FrantiSkov |9 4,5 no shallow shore. especially in it’s southern side large
growths of Spike Eleocharis sp., transiting into the
shallow wetland, which gets inundated during high
water level; sandy beaches create northern and
eastern sides of the lake; partly terrestrial growths
of Common Reed in the north-western part

Southern 335 |4 Vs, articulated bank and shallow places. reaching
i partly relatively far from the bank; these places are
E shaggy by dense vegetation of Common Reed.
| [ sporadically  Narrow-leafed  Cattail Npha
_ o angustifolia and Common Cattail;  submerged
| = - | vegetation, sheer sandy banks 7
§ Eastern 104 |16 yes, oblong in shape and major sandy banks with slight
| = intensive | trace of invasion of littoral vegetation

= Middle 12,7 |14 yes sheer banks with a bushy growth, sporadic

occurrence of Common Reed; sandy eastern banks
Northern 18,8 |16 no from major part afforested, sandy eastern bank.
relatively large growths of Common Reed on
south-western part; partly terrestrial
Horusice 23 6,5 no sporadic sandy banks, area of littoral growths
minimal; rich expansion of submerged vegetation
= (primarily  Myriophyllum sp.) coming up in

= summer ) e

>, Horusice 1 |15 2.5 no banks mostly planted by Willows

% Vikov 46 2,8 no slightly articulated and sporadically sandy banks:

&z growths of trees mostly reaching water; growth of

>' ) - ] Common Cattail only in north-eastern part

3 Veseli 10 3.5 JH]O surrounded by higher trees including the 1sland

) L{ SRS — G, B S ]

g Veseli | 24 3.8 no articulated  banks, large peninsula, a  small

= ‘ afforested island; shallow wetlands with littoral,

s | emerged and deep vegetation, wetlands verging

| into the lake’s banks in northwestern and partially
1 northeastern part.

oW is mining to 22 m
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Results and discussion

Littoral flora as a most important component of waterfowl environment

On 13 sandpit lakes investigated, 17 species of “hard littoral flora™ were found (table

2). All of them were common wetland species found also in other wetland habitats, especially

fishpond littorals (Hejny & Husdk, 1978). Distinct morphotypes of the common reed

(Phragmites australis) were a conspicuous feature of littoral vegetation of the Halamky

system. The morphotypes differed in stem basal diameter (5 to 15 mm), stem length (2 to 4. 7

m), leaf width and the colour of panicles. The coexistence of different morphotypes was

observed also in fishpond littorals (Hradecka 1973 a.b, Obstova 1989), but they were more

uniform in their growth characteristics and, except for Rod fishpond in the Nadgje fishpond

system (Pechar et al. 2002), did not include the robust morphotype.

Table 2: Hard littoral flora of sand-pit lakes of the Ttebon Basin Biosphere Reserve

Sandpit lake

Littoral vegetation

Cep Carex sp., Phalaroides arundinacea, Glyceria fluitans, Eleocharis palusirs, Juncus
effusus, Acorus calamus, Scirpus sylvatica, Alisma plantago-aquatica, Phragmites
australis, Typha latifolia, Iris pseudacorus

Cepl Phragmites australis, Typha latifolia, Schoenoplectus lacustris, Lleocharis palusiris,
Scirpus sylvatica

Tust Phragmites australis, Typha latifolia, Phalaroides arundinacea, Eleocharis palustris,
Sparganium erectum, Carex sp., Juncus effusus, Scirpus sylvatica, Iris pseudacorus

Frantiskov Eleocharis palustris, Glyeeria maxima, Phu[ur(}ia’c’_.\' arundinacea, Carex sp., Typha
latifolia, Tvpha angustifolia, Acorus calamus, Eleocharis acicularis, Phragmites
australis

Halamky* Phragmites australis, Typha latifolia, Typha angustifolia. Phalaroides arundinacea,

Sparganium erectum, Carex sp., Alisma plantago-aquatica, Scirpus svivatica, Juncus
effusus, Glveeria fluitans

Horusice

Phragmites australis, Typha latifolia, Typha angustifolia, Eleocharis palustris, Scirpis
sylvatica, Alisma  plantago-aquatica, Glyeeria maxima, Phalaroides arundinacea,
Sparganium erectum, Carex sp., Iris pseudacorus

Horusice |

Phalaroides arundinacea, Eleocharis palustris, Glyceria maxima, Scirpus sylvatica
Typha angustifolia, Typha latifolia, Phragmites australis, Carex sp., Bolboschoenus sp..
Iris pseudacorus

Vikov Phragmites australis, Typha latifolia, Typha angustifolia, Juncus effusus. Scirpus
sylvatica, Eleocharis palustris, Carex sp., Phalaroides arundinacea, Alisma plantago-
aquatica, Glyceria maxima, Iris pseudacorus

Veseli Typha angustifolia, Phragmites australis, Typha latifolia, Carex sp., Phalareides
arundinacea, Glyceria maxima

Veseli | Typha latifolia, Phalaroides arundinacea, Eleocharis palustris, Phragmites australly,

Tvpha angustifolia, Glyceria maxima, Scirpus sylvatica, Sparganium erectum, Carex sp.,
Iris pseudacorus

* Halamky system includes 4 lakes - South, Middle, East and North. The East lake was not observed for the

intensive exploitation.
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Number of bird species |
In total 35 species of birds. belonging to 10 orders. were observed (table 3). This is

more than was found approximately 15 years ago. Hanak er al. (1985) observed 13 — 16

species of birds with a direct relation to water (i.e. less than half of the present number). The

»bservations do not include all species reported from adjacent fishpond localities. but the

yroportion of the orders corresponds with the structure of the local avifauna (Zasadil 1990.

Jejéek er al. 1990, Musil 1998, Janda & Sevéik 1990). Composition of avifauna on all

andpit lakes expressed by the occurrence of separate bird orders is represented in Fig. 1.

omparison of the avifauna composition in the single lake systems is in Fig. 2.

‘able 3: Number od species of waterfowl in sand-pit lakes of the Trebon Basin Biosphere

\eserve

Irder Number of species Yo
nseriformes 10 27
‘haradriiformes 7 20
‘iconiiformes 4 11
asseriformes 4 11
alconiformes 3 9
oraciiformes 2 6
alliformes 2 6
odicipediformes 1 3
elecaniformes | 3
aviiformes | 3

1 total 35 100

igure 1: Composition of avifauna on sandpit lakes expressed by the occurrence of separate

ird orders in all localities. [%]
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The seasonal course of birds occurrence

The seasonal course of occurrence reflects the causes of the occurence of the
individual species. The nesting species colonized the sandpit environment in the nesting time
(only nesting occurrence in the less numerous species: warblers of the genus Acrocephalus.
Little Bittern, Moorhen — see next parts). There were mostly migratory species. The peak of
occurrence of the migratory species, using the sandpit lakes as a rest place during the
migration, occurred in the spring and in the autumn (an example is the Red-Crested Pochard).
This group included also the mallard (but small numbers of this species nested in the sandpit
lakes, too) - with the a high occurrence in some lakes in the hunting time - and the Goldeneye.
The occurrence of birds, attending the sandpits occasionally as a food places was more or less
regular (Black-headed Gull, Grey Heron). The seasonal course of occurence of three most
abundant species (Great Crest Grebe, Mute Swan and Mallard) as an example is in Fig. 3

(Great Crest Grebe, Mute Swan) and Fig. 4 (Mallard).

Figure 2: Composition of avifauna on single localities expressed by the occurrence of single

orders (same legend as in Fig. 1).
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he relation between the waterfowl occurrence and the current mining activity. ‘
In the localities with the mining activities the Mallard accounted for 98 % of total bird

imber. This 1s caused by the fact that the Mallard find a refuge on sandpit lakes in the time

“autumnal hunts, because hunting is forbidden there. In winter time. the water does not

zeze on the lakes as a consequence of mining activities. Other bird species occurred at

ndom. The species composition on lakes after cessation of mining activities corresponds to

lonization of these biotopes in relation to the succession of other communities (plants,

vertebrates).

g. 3: The seasonal course of number of Mute Swan (Cygnus olor) (fully line) and Great

=k

rest Grebe (Podiceps cristatus) (dashed line)

1 S P o
100 -

number of individuals
()]
o

"he influence of the model species occurrence to environmental and anthropogenic
actors

It was largely related to the causes of preference and seasonal course of occurrence.
[he markedly high numbers of the Mallard on lakes without littoral vegetation is due to the
ceurrence on lakes with mining activities, outside of breeding time. Similarly, a marked
securrence was found for the Mute Swan on lakes with minimum littoral vegetation. By

ontrast, a greater occurrence of Great Crest Grebe on lakes with well developed littoral

regetation was related to breeding.
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The refuges for endangered species

The results support the hypothesis that the sand-pit lakes represent biotopes that can
serve as refuges for the endangered species. (This holds especially for the species. whose
numbers markedly decreased in fishponds in consequence of the intensification of the
fishery). This fact concerns two species: Little Bittern and Great Reed Warbler. The Little
Bittern nested regularly in sandpit lake of Halamky — South in number of 1 — 3 pairs. The
nests were found in the stands of the most robust morphotype of reed (Phragmites australis).
The nesting of this species was not proved in other localities in Bohemia for many vears.
Great Reed Warbler nests in the same stands of the robust morphotype of reed (5 — 8 nests).
but has recently nested very rarely in the fishpond localities. The sandpit lake of Halamky
South, having an area of 33,5 ha, is now the only nesting place of the Little Bittern and the
most abundant nesting place of the Great Reed Warbler in the South Bohemia and probably in
the whole of Bohemia. The situation, observed for the Little Bittern and the Great Reed
Warbler in the sandpit lakes, resembles that of Piping Plower and Least Tern in sandpits in

Nebraska (Siddle & Kirsch 1993).

Fig. 4: The seasonal course of number of Mallard (Anas platyrhynchos)
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)ther potential colonizers

Some other bird species were observed on the sandpit lakes in small numbers may
eregarded as species potentially able to colonize these biotopes. They may be divided in
:veral groups according to their habitat preferences:
. Species requiring orthogonal sand walls for the nest holes. They include the Kingfisher,
‘hich moreover exploits the lakes for fishing, and the Sand Martin. The occurrence of the
and Martin colonies relates to occasional observations of the Hobby, as a predator of the
rrmer species. The Kingfisher and the Sand Martin find suitable nest opportunities as early
; during the mining activity, but their nest holes are threatened during subsequent mining.
he nest holes are often destroyed during the post-mining arrangement of terrain. Isolated
esting of the Bee-Eater, observed in a small sandpit near one of lakes studied in 2002, was
»solutely unique.
. Species living in the bare sands without vegetation include Little Ringed Plover and
ommon Sandpiper. Both species were sporadically observed in suitable localities. Nesting of
ie Little Ringed Plover was observed in the Halamky locality. Considering the high
equency of human attendance on the shore, only sporadic nesting and a small nesting
lccess 1s expected.
. The species living in reed. In addition to the Little Bittern and Great Reed Warbler.
aitable localities were colonized by Reed Warbler, Reed Bunting and Moorhen. Reed
varbler inhabit (except other localities) also the Halamky — South, where it made nests in
tands of more subtle morphotypes of reed than the great reed warbler.
. The species of the lake biotopes, using the sandpits especially during migration. This group
wcludes the Black-throated Diver and Osprey. Both species seem to prefer sand pits because
ney resemble lakes more than the shallow and eutrophic fishponds.
. Species prefering steppelike biotopes. These localities represent surrounding biotopes of
ome of sandpit lakes until they are destroyed by sand extraction and subsequent inundantion
r colonization by woody vegetation. This group includes the Lapwing, Skylark and Hoopoe.
"he Hoopoe was repeatedly observed in the Vlkov locality. The nesting was supposed in the
tump cavities in the near forest, in one case one the nest was found in the cavity in an

rrthogonal sand wall above water level.

Conclusions

A total of 37 bird species were found on the sand pit lakes studied. 13 of them (35 %)

were nesting. The influence of many factors is evident, whose effects frequently differ on
41




sand pits as compared with other biotopes and are difficult to quantify. The sandpits can be

important migration stops for birds during migration, as well as quicscent zones. There may
act as refuges for endangered species and have a positive influence on the biodiversity of the

landscape.
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BSTRAKT
Na Uzemi Treborniské panve bylo sledovéano tfinact piskoven na Ctyfech soustavach
“ep, Halamky, Tust, Horusicko-Veselsko-Vlkovska soustava). Na vSech piskovnach byla

rovedena kompletni inventarizace pobiezni (tzv. tvrdé litoralni) a submerzni flory.

licova slova: pobfezni vegetace; piskovny

BSTRACT
Thirteen sandpit lakes were studied in four systems (Cep, Halamky, Tust, Horusice-
eseli-Vlkov system) in the Trebon Basin area (South Bohemia, Czech Republic). The ,hard

ttoral” flora and submerged flora were mapped in detail in all sandpit lakes.

ey words: coastal vegetation; sandpit lakes

omenklatura: Kubat (2002)
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UvoD

Tieboriska panev je mistem mnoha vyznamnych mokfadnich lokalit jako napf. n€kolik
set let staré rybniky, radeliniité a v neposledni fadé uméle vytvofené nadrze vzniklé tézbou
stérkopisku (vytéZené piskovny). Jako oblast mimofddného prirodovédného vyznamu bylo
Tieboiisko zatazeno v roce 1977 v ramci programu , Clovék a biosféra® do sit& biosférickych
rezervaci (BR) UNESCO. Chranénou krajinnou oblasti (CHKO) o rozloze 700 km?* bylo
vyhlaSeno o dva roky pozdéji v roce 1979 vynosem Ministerstva kultury CSR. Zarovefi jsou
vodni a mokfadni plochy na Tieboiisku od roku 1990 chranény jako mokiad mezinarodniho
vyznamu podle , Ramsarské konvence™ pod nazvem ,Tiebonské rybniky“ (Jenik et al. 1996).
V Ceské republice spliuje v soucasné dobé kritéria této umluvy celkem 9 tizemi. Primérna
nadmoiska vyska panve se pohybuje okolo 410 az 470 m n. m. (Jenik et al. 1996). Prirozenou
osou celého tzemi Treboniské panve je feka Luznice s hlavnimi pritoky NeZarkou a Dradici.
Soucasna situace je vSak vysledkem rozsahlych vodohospodarskych Uprav krajiny, které byly
provedeny ve 14. — 16. stoleti (Balounova er al. 1997).

Vytézené piskovny tvofi velmi vyznamny novy prvek v krajiné Trebonské péanve.
Vyrazné se odliSuji od rybnikl a dalSich mokfad( a svym charakterem se blizi spiSe jezernim
ekosystémim. Oproti soucasnym rybni¢nim lokalitam se vyznaCuji nizsi trofii, jakou
pravdépodobné mély rybniky v dobé svého vzniku (2. polovina 14. stoleti) (Jenik ef al. 1996).

Studium vyvoje piskoven a jejich osidlovani rostlinnymi a ZzivoCidnymi spoleCenstvy proto

mize napomoci také porozuméni zaclefiovani rybnikG do krajiny po jejich vzniku pred
nékolika sty lety.

Vzhledem k tomu, ze piskovny byly dosud zcela opomijeny z botanického hlediska,
nebyl k dispozici dostatek literarnich pramen, tykajicich se primo téchto vybranych lokalit. [
Cilem prace bylo v letech 2000 az 2001 zpracovani soucasného stavu poznatki a mapového |
materialu 13 piskoven na 4 soustavach v oblastech Veseli nad Luznici, Chlum u Tfebong -
Suchdol nad Luznici a Halamky a vyhodnoceni vyskytu tzv. tvrdé litoralni fléry a

submersnich druhi rostlin.

MATERIAL A METODIKA

Na vrcholu vegetaCnich sezdon (Eerven, €ervenec 2000 a 2001) byly viechny nadrze
obchazeny a do schematickych map poskytnutych tézebnimi spole¢nostmi byly zakreslovany
porosty jednotlivych vodnich a mokradnich druhd rostlin, zaznamenany dle velikosti (v&etng
jednotlivych rostlin).
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Pred datem nalezu jednotlivych druht je vzdy uvedena zkratka autora nalezu: OS —
a Sucha, JR — Josef Rajchard, JM — Josef Michal. PoZet vodnich a mokfadnich druhi
lin, zjitény pfi terénnim prizkumu na kazdé lokalité, byl vztazen na stafi piskovny a

>n kilometr jejiho pobrezi.

arakteristika jednotlivych soustav piskoven:

_ep (obr. 4.1)
V roce 2000 zahrnovala tato soustava nejrozlehlejsi nadrz (1)Cep (123 ha) a oddélenou

jizni ¢ast (2)Cep I (40 ha). V roce 2001 doslo k odstranéni §térkopiskového pilife mezi
Irzemi a zna¢na Cast vody nadrze Cep 1 pretekla do nadrze Cep. Pilif byl odstranén
uvodu daldi planované tézby na této nadrzi. Nadrze se nachazeji na levobrezi feky LuZnice
xm severné od obce Suchdol n/Luz. a 1.8 km jizné od obce Majdalena 100-800 m
:hodné od hlavni silnice (viz obr. 1). Tézba probiha v soucasné dob& na ¢asti Cep sacim
wrem, ktery nadrz prohlubuje, nikoli méni rozlohové. Uzemi je zdrojem kvalitnich
dzemnich vod.

Tust’ (obr. 4.1)

Tato soustava zahrnuje nadrze (3)Tust a (4)Frantiskov. Nachazi se na pravobrezi feky
znice cca 500 m vychodné od obce Suchdol n/Luz. (viz obr. 2). Podélnd osa nadrzi je
Ima na tok feky. Na této lokalité byla t&€zba v roce 2000 ukoncena, o rok pozdéji byla
znamenana je§té nepatrna aktivita tézebni spole¢nosti, ale tézba obnovena nebyla.

Halamky (obr. 4.1)

Soustava predstavuje Ctyfi nadrze v tésném sousedstvi oddélené takika pouze piskovymi
iri: (5)Severni, (6)Prostiedni, (7)Jizni a (8)Vychodni jezero. Naléza se mezi obci Halamky
statni hranici s Rakouskem cca 100 m od hlavni silnice (viz obr. 3). Zde probiha velmi
tenzivni tézba. Na pobfezi, kde dosud nebyla provedena lesnicka rekultivace, nastupuje
gimava sukcese litoralnich a mokfadnich spolecenstev rostlin. Uprostied této lokality se
ichazely velmi mélké a z€asti vysychajici mokrady a plochy zarustajici prirozenym lesnim
iletem, v soucasné dobé jsou zdevastovany.

. Horusicko-Veselsko-Vlkovska soustava (obr 4.2)

Zahrnuje pét nadrzi situovanych v nivé Luznice 1 km severovychodné od obce Vlkov
JLuz. (viz obr. 4). Dvé lezi na levobrezni: (9)Horusice, (10)Horusice 1. Eutrofizace téchto
adrzi je podminéna pfedeviim piitokem vody z blizkych rybnikd a splachy ze zemédélské
udy. Zbyvajici tfi nadrze jsou na pravém biehu feky Luznice: (11)Veseli, (12)Veseli I,

13)Vlikov.
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Obr. 4.1: Soustava Cep, Haldmky a Tust.
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r. 4.2: Horusicko-Veselsko-Vikovska soustava.
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Tab. 1: Prehled parametrt jednotlivych piskoven/The parameters of sandpit lakes (Rajchard a
Prochazka 2001)

Nadrz vyméra vodni|pramérna hloubka |tézba v letech nebo
plochy (ha) (m) ukoncena

Cep 123 7 1949-neukoncena
Cepl 40 6,5 1983-neukoncéena
Tust 395 5 1955-2000
Frantiskov 9 4,5 1970-1975
Halamky — severni | 33,47 16 1970 — 1994

- jizni 18,75 4 1976 — 1985

- stiedni 22,74 14 1976 - 1979

-vychodni |stale se méni 17 1976-neukoncena
Horusice | |15 2,5 1977-1986
Horusice {23 6,5 1972-1983
Veseli 1 |24 R EE 1981-1986
Veseli {10 3,5 1963-1986
Vikov 46 2,8 1963-1986

VYSLEDKY

Pri pravidelnych navstévach jednotlivych lokalit bylo patrné, Zze pas litoralu je zna&né
uzky (1 - max. 8 m). Tato skuteCnost je dana predevsim sklonem dna a biehl piskovny, ktery
lze odvodit zjejich rozlohy a hloubky (tab. 1). Velka €ast pobfezi byla zarostla stromy
(predevsim Salix sp.) az k volné vodni hladiné. Litoralni pas byl na mnoha mistech narusen
lidskou Cinnosti, predevsim rekreaci, rybarenim a tézbou samotnou, a to na viech lokalitach.

Z tabulky 2 je na prvni pohled patrné, ze na starSich piskovniach se vétsinou
vyskytovalo vice druhi, coz mize byt oviem zplisobeno riznym stadiem postupujici sukcese.
Na piskovnach se vyskytuji druhy obvyklé, jako Phragmites australis, Typha latifolia nebo
Typha angustifolia, dale druhy méné Casté, jako Acorus calamus, Utricularia australis a Iris
pseudacorus, ale 1 druhy vzécné, chranéné zikonem, Drosera rotundifolia, Lycopodiella

inundata, Ilecebrum verticillatum a Lysimachia thyrsiflora.

n
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Tab. 2: Pocet rostlinnych druhl nalezenych na piskovnach (2000, 2001)/The number of plant

species

Piskovna Délka pobrezijPocet  druhti|Pocet druhl na|Stafi piskovny
(km) celkem 1 km pobrezi (roky)

Cep 8.3 13 1.6 neukonc.
Cepl 3.4 5 1.4 neukong.
Tust 3.31 11 3.3 4
FrantiSkov 1.2 10 8.3 29
Hal - sev. 2.55 5 1.96 10
- StT. 1.33 7 3,20 25
- vych. 2.5 nesled. nesled. neukonc,
- Jiz. 2.01 5 2.5 19
Horusice 3.8 10 2.6 2]
Horusice I 2 20 10 18
Veseli 1.64 11 6.7 18
Veseli 1 2.4 15 5193 18
Vikov 4.8 15 Sl 18

Vyskyt a rozsifeni jednotlivych druht litoralnich porosti a submersni vegetace na
dnotlivych lokalitach:
corus calamus
HFrantiSkov: SZ breh, mélky mokiad, 110 m od silnice rozdélujici piskovny Tudt a
-antiSkov (OS 10. 7. 2001). — (1)Cep: SZ bieh, 100 m jizn& od tézebny (OS 5. 7. 2001);
bieh v poloving piskovny (OS 5. 7. 2001)
lisma plantago-aquatica
)Cep: J breh, nejjiznéji polozené misto piskovny (OS 5. 7. 2001). - (6)Prostiedni jezero

alimky: mélky zCasti vysychajici mokfad SV od Prostfedniho jezera, 300 m od pfijezdové

)01). — (9)Horusice: Z bieh, 70 m S od mostu pres feku Luznici (OS 30. 6. 2001); Z bieh 50
od jezirka (OS 30. 6. 2001); JZ bfeh 100 m od hlavni silnice (OS 30. 6. 2001). -
3)Vlkov: JZ bieh, 30 m S od mostu pres feku Luznici (OS 16. 6. 2001); JZ breh, 100 m J od
hodovitého vybézku piskovny (OS 16. 6. 2001). — (3)Tust: V breh Z laloku piskovny, 200
S od byvalé tézebny (OS 6. 7. 2001).




_

Batrachium aquatile

(4)Franti$kov: JV breh (OS 10. 7. 2001). — (6)Prostfedni jezero Halimky: SV bieh, mélky

mokfad (JM 6. 7. 2001). — (7)JiZni jezero Halamky: V bfeh, vyplavené rostliny a terestrické
formy podél celého pobrezi (OS 6. 7. 2001). — (13)Vlkov: JV bieh (OS 16. 6. 2001). -
(3)Tust’: SZ breh (OS 6. 7. 2001).

Bolboschoenus sp.

(10)Horusice I: Z breh, 70 m od hlavni silnice v fidkém vrbovém porostu (JR 30. 6. 2001).
Carex sp.

(1)Cep: J bieh (OS 5. 7. 2001); JV bieh, témér souvisly porost cca 100 m S od tézebny
v délce 100 m (OS 5. 7. 2001); V breh, nesouvisly porost v délce 350 m (OS 5. 7. 2001);V
bieh, nesouvisly porost v délce 120 m (OS 5. 7. 2001); SV breh, smiSeny porost s Phalaris
arundinacea (OS 5. 7. 2001); S breh, 2x souvisly porost 50-70 m (OS 5. 7. 2001); Z bieh,
nesouvisly porost vdelce 100 m (OS 5. 7. 2001); Z breh, smiSeny porost s Phragmites
australis o délce cca 120 m (OS 5. 7. 2001), Z breh, souvisly porost o délce 110 m (OS 5. 7.
2001); Z breh, v porostu vrb cca 600 m (OS 5. 7. 2001). — (3)Tust’: V bieh Z laloku piskovny,
220 m S od byvalé tézebny (OS 6. 7. 2001); JV breh V laloku piskovny, smiSeny porost
s Phalaris arundinacea (OS 6. 7. 2001); V breh V laloku piskovny (OS 6. 7. 2001); V bieh V
laloku piskovny, 350 m jizné od stanového tabora (OS 6. 7. 2001); SV bieh, 250 m JZ od
stanového tabora (OS 6. 7. 2001); S bieh, smiSeny porost s Eleocharis palustris (OS 6. 7.
2001); S breh, 1 trs (OS 6. 7. 2001). — (4)FrantiSkov: SV breh, 20 m zapadné od silnice (OS
10. 7. 2001), SV bieh, 20 m Z od silnice, 70 m JV od suchého porostu Phragmites australis
(OS 10. 7. 2001). — (6)Halimky Prostredni jezero: SV bieh, 20 m Z od mokradu, 1 trs (OS
6. 7. 2001); JZ bieh, mezi porosty Phragmites australis (OS 6. 7. 2001). — (7)Halamky Jizni
jezero: porosty nesouvisle kolem celé nadrze predevsim pii porostech Phragmites australis
(OS 6. 7. 2001). — (10)Horusice I: SZ breh, v porostu vrb, 1 trs, 20 m od cesty k piskovné
(OS 30. 6. 2001). - (9)Horusice: V bieh, 15 m Z od reky LuZnice (OS 30. 6. 2001); SV breh,
I trs na vybézku (OS 30. 6. 2001); S bieh, smiSeny porost s Eleocharis palustris (OS 30. 6.
2001); Z bieh, 50 m SV od tin¢, smiSeny porost s Glyceria maxima a Iris pseudacorus (OS
30. 6. 2001); tan pfi Z brehu, 10 m od piskovny (OS 30. 6. 2001); Z bieh, 350 m Z od hlavni
silnice, smiSeny porost s Eleocharis palustris a Alisma plantago-aquatica (OS 30. 6. 2001). -
(13)Vlkov: JZ breh, 70 m Z od mostu pres feku Luznici, smiSeny porost s Calamagrostis
epigejos o délce cca 150 m (OS 16. 6. 2001); Z breh, smiSeny porost s Juncus effusus (OS 16.
6. 2001); Z breh, vétsi trs (OS 16. 6. 2001); Z breh, 50 m J od malé pisCité plaze, 1 trs (OS 16.
6. 2001); SZ bieh, 100 m S od malé piscité plaze (OS 16. 6. 2001); SZ breh (OS 16. 6. 2001);
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S bieh, 1 trs (OS 16. 6. 2001); S bieh, 10 m Z od piscité plaze, souvisly porost o délce cca 50
n (OS 16. 6. 2001); SV breh, mezi trsy Iris pseudacorus a Glyceria maxima (OS 16. 6. 2001);
V breh, 1 trs v porostu Glyceria maxima (OS 16. 6. 2001); JV breh, 1 trs (OS 16. 6. 2001); J
»feh, maly porost (OS 16. 6. 2001); J bieh, smiSeny porost s Phalaris arundinacea (OS 16. 6.
2001). — (11)Veseli: JV roh nadrze (OS 16. 6. 2001); JV breh, 1 trs (OS 16. 6. 2001); JV bfeh,
iesouvisly porost o délce cca 100 m (OS 16. 6. 2001); S bieh, nejsevernéjsi misto nadrze (OS
6. 6 2001); Z bieh, v porostu vrb (OS 16. 6. 2001); JZ bieh (OS 16. 6. 2001); J bieh, 40 m
»Z od nadrze Vlkov (OS 16. 6. 2001). — (12)Veseli I: S bieh V vybézku nadrze (OS 16. 6.
001); Sbreh, 1 trs (OS 16. 6. 2001); S bieh, 1 trs, zapadn&ji od pfedchoziho (OS 16. 6.
001); SZ breh, okraj mokfadu, 1 trs (OS 16. 6. 2001) Z breh, smiSeny porost s Phalaris
rundinacea (OS 16. 6. 2001); JZ breh (OS 16. 6. 2001); V breh, 1 trs (OS 16. 6. 2001);
" bieh, porost o délce cca 100 m (OS 16. 6. 2001); J bieh V vybézku nadrze, smiSeny porost
Phalaris arundinacea a Sparganium erectum (0OS 16. 6. 2001).

‘rosera rotundifolia

»)Halimky Prostredni jezero: mélky mokfad 20 m V od Prostiedniho jezera (JM 6. 7.
201).

leocharis acicularis

DFrantiSkov: JV breh, 1 vétsi trs (JR 10. 7. 2001).

leocharis ovata

nHalamKky Prostredni jezero: stfed mélkého mokradu, V od Prostredniho jezera (JM 6. 7.
J01).

leocharis palustris

)Franti§kov: JZ breh, husty vysoky porost o délce cca 200 m navazujici na pisCitou plaz
)S 10. 7. 2001); J breh, vétsi trs (OS 10. 7. 2001); JV breh (OS 10. 7. 2001); S bieh, 50 mV
1 suchého porostu Phragmites australis (OS 10. 7. 2001); S bieh, porost o délce 120 m,
nisena v Phragmites australis (OS 10. 7. 2001); SZ breh (OS 10. 7. 2001). - (6)Halimky
rostiedni jezero: J ¢ast mélkého mokradu V od Prostiedniho jezera (JM 6. 7. 2001); stied

¢lkého mokfadu vychodné od Prostiedniho jezera (JM 6. 7. 2001). - (7)Halamky Jizni

zero: V bieh, vybézek do vody (JM 6. 7. 2001). - (10)Horusice I: Z bieh, uprostied Z
brezi, 1 trs (OS 30, 6. 2001); Z breh, v porostu vrb, 1 trs (OS 30. 6. 2001); SZ bieh,
porostu vrb, 1 trs (OS 30. 6. 2001). — (9)Horusice: J vybézek (OS 30. 6. 2001); JZ breh, cca
)0 m V od hlavni silnice (OS 30. 6. 2001); Z bieh, 250 m od hlavni silnice (OS 30. 6. 2001);
breh, porost o délce 20 m (OS 30. 6. 2001); Z bieh, tan pfi Z biehu (OS 30. 6. 2001);
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Z bieh, smér S, porost o délce cca 40 m (OS 30. 6. 2001); SZ breh, schudek (OS 30. 6. 2001
S breh, S roh piskovny, 1 trs (OS 30. 6. 2001); SV breh, nesouvisly porost o délce cca 130 n
(OS 30. 6. 2001); V breh, pod vybézkem (OS 30. 6. 2001); V bieh, porost o délce 20 m (O!
30. 6. 2001); V breh, stied nadrze, 20 m Z od feky Luznice (OS 30. 6. 2001). — (13) Vlkov: ]\
breh (OS 16. 6. 2001); V breh, nesouvisly porost o délce cca 100 m (OS 16. 6. 2001); V bieh

nesouvisly porost o délce cca 120 m J od pis¢ité plaze (OS 16. 6. 2001); SZ bieh, 2 trsy (O¢
16. 6. 2001); Z bieh, 1 trs (OS 16. 6. 2001). — (11)Veseli: V breh, 1 trs (OS 16. 6. 2001). -
(12)Veseli I: Zbreh, 1 trs (OS 16. 6. 2001). — (3)Tust: nesouvislé porosty kolem cele
piskovny (OS 6. 7. 2001). — (2)Cep 1. S breh, smiSeny porost s 7Typha latifolia a Scirpu:
sylvaticus (OS 1. 7. 2000). — (1)Cep: Z bieh, cca 500 m J od tézebny (OS 5. 7. 2001); Z breh,
nesouvisly smiSeny porost s Carex sp. a Juncus effusus o délce cca 200 m (OS 5. 7. 2001);
Z breh, souvisly porost o délce 15 m (OS 5. 7. 2001); Z breh, vybézek, jednotlivé trsy
v porostu Phragmites australis (OS 5. 7. 2001), JZ breh, souvisly porost o délce 20 m, 110 m
V od hlavni silnice (OS 5.7. 2001); J breh, roztrousené porosty (OS 5. 7. 2001); V breh,
smideny porost s Carex sp. (OS 5. 7. 2001); V bieh (OS 5. 7. 2001).

Elodea canadensis

(13)Vlkov: Z breh, schodovity vybézek nadrze (OS 16. 6. 2001). — (11)Veseli: JZ roh nadrze
(OS 16. 6. 2001); V breh (OS 16. 6. 2001).

Glyceria fluitans

(6)Halimky Prosti‘edni jezero: JV bieh (OS 6. 7. 2001); J bieh (OS 6. 7. 2001). — (1)Cep:
Z bieh, 350 m J od tézebny (OS 5. 7. 2001); V bieh, smieny porost s Lysimachia thyrsiflora
(OS 5.7.2001); V bieh, mezi porosty /ris pseudacorus (0OS 5. 7. 2001).

Glyceria maxima

(4)FrantiSkov: JV bieh, 1 trs (OS 10. 7. 2001); V bieh, v&tsi trs (OS 10. 7. 2001); V cip
nadrze, maly porost (OS 10. 7. 2001). — (10)Horusice I: JZ bieh, 1 trs (30. 6. 2001); JZ bieh,
okraj porostu Phalaris arundinacea (OS 30. 6. 2001). — (9)Horusice: J breh, 1 trs (30. 6.
2001); J breh, nejjizngjsi cip nadrze, v porostu Phalaris arundinacea (OS 30. 6. 2001); JV
bieh, 1 trs (OS 30. 6. 2001); V breh, 170 m severné od mostu pres feku Luznici, 2x 1 trs (OS
30. 6. 2001); S cip nadrze, 1 trs (OS 30. 6. 2001); Z bieh, tan pii zapadnim biehu nadrze (OS
30. 6. 2001); Z breh, smiseny porost s Alisma plantago-aquatica (OS 30. 6. 2001); Z breh, 1 |
trs v nesouvislém porostu [ileocharis palustris (OS 30. 6. 2001). — (13)Vlkov: Z breh, 1 trs 50
m S od mostu pres feku Luznici (OS 16. 6. 2001); Z bieh, 30 m J od schodu (OS 16. 6. 2001)
Z breh, 1 trs, 50 m S od schodu (OS 30. 6. 2001); Z bieh, 5x roztrou$ené porosty (OS 16. 6.
2001); S breh, maly porost na okraji porostu Carex sp. (OS 16. 6. 2001); SV bieh, 1 trs (OS
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6. 6. 2001); V breh, J piscité plaze (OS 16. 6. 2001); V bieh, porost o délce cca 50 m (OS 16.
. 2001); JV bieh, smiSeny porost s Phalaris arundinacea (OS 16. 6. 2001). — (11)Veseli: J
feh, 2x mensi porosty (OS 16. 6. 2001); V bieh, 1 trs (OS 16. 6. 2001), S bieh, v porostu vrb
Phalaris arundinacea (OS 16. 6. 2001); Z breh, 1 trs (OS 16. 6. 2001). — (12)Veseli I:
" breh, zatoka, 1 vysoky trs (OS 16. 6. 2001); S bieh, 2x 1 trs (OS 16. 6. 2001); Z bfeh, 3x
1aly porost po 20 m (OS 16. 6. 2001); JZ breh, 2x 1 trs (OS 16. 6. 2001); J bieh, 2x 1 trs (OS
6. 6. 2001); V breh, jednotlivé trsy v porostu Carex sp. (OS 16. 6. 2001).

llecebrum verticillatum

3)Tust’: JZ breh, 60 m S od byvalé tézebny (JM 3. 7. 2000).

ris pseudacorus

10)Horusice 1. Z bieh, 1 trs (OS 30. 6. 2001). — (9)Horusice: J bieh, zatoka, maly trs (OS
0. 6. 2001); J bieh, 20 m S od zatoky, 1 trs (OS 30. 6. 2001); V bfeh, 150 m S od mostu pfes
eku LuZnici, 2x 1 trs (OS 30. 6. 2001); V bieh, 160 m S od mostu pres reku Luznici, maly
orost (OS 30. 6. 2001); S cip nadrze, 1 trs (OS 30. 6. 2001); Z bieh, 30 m SV od ting,
miSeny porost s Carex sp. (OS 30. 6. 2001); Z breh, tin (OS 30. 6. 2001); Z breh, 30 m JV

yd tang, smiSeny porost s Alisma plantago-aquatica (OS 30. 6. 2001); Z bieh, 1 trs (OS 30. 6.
'001). — (13)Vikov: JV bieh, 1 trs smiSeny s Phalaris arundinacea (OS 16. 6. 2001); V breh,
orost o délce cca 20 m (OS 16. 6. 2001); V breh, porost v J ¢asti piscité plaze (OS 16. 6.
1001); SV bieh, 1 trs (OS 16. 6. 2001); S bieh, 1 mensi porost (OS 16. 6. 2001); Z breh, 4x1
rs (OS 16. 6. 2001); Z breh, 5x maly porost stridajici se s porosty Typha latifolia (OS 16. 6.
2001); Z bieh, schodovity vybézek nadrze (OS 16. 6. 2001). — (12)Veseli I. SV bieh, 2x1 trs
‘0S 16. 6. 2001). — (3)Tust’: JV bieh zalivu, 1 trs (OS 6. 7. 2001). — (1)Cep: jednotlivé trsy

roztrouSené kolem celé nadrze (OS 5. 7. 2001).

Juncus articulatus

(6)Prostredni jezero Halamky: J cip nadrze (JM 6. 7. 2001).

Juncus effusus

(7)Jizni jezero Halamky: Z breh, podél pobfezi smisené porosty s Phragmites australis a
Phalaris arundinacea (OS 6. 7. 2001); V bieh, vybézek do piskovny (OS 6. 7. 2001). -
(6)Prostiedni jezero Halimky, mélky mokiad JV od Prostredniho jezera (OS 6. 7. 2001). -
(13)Vlkov: JZ bieh, cca 100 m S od mostu pres feku Luznici (OS 16. 6. 2001); Z breh,
smiSeny porost s Carex sp. (OS 16. 6. 2001); Z bieh cca 50 m S od schodovitého vybézku
nadrze (OS 16. 6. 2001). — (3)Tust: V bieh Z laloku nadrze, smiSeny porost s Carex sp. a
Phalaris arundinacea (OS 6. 7. 2001). — (1)Cep: V bieh, J polovina nadrze, smieny porost

s Phragmites australis, Scirpus sylvaticus a Carex sp. o délce cca 120 m (OS 5. 7. 2001); JV
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bieh, 1 trs (OS 5. 7. 2001); JJV breh, smieny porost s Carex sp. a Scirpus sylvaticus o délce
100 m (OS 5. 7. 2001); J breh, porost o délce 70 m (OS 5. 7. 2001); J bieh, 1 trs (OS 5. 7.
2001); Z bieh, S polovina nadrze, nesouvisly smiSeny porost s Carex sp. a FEleocharis
palustris o délce cca 200 m (OS 5. 7. 2001); Z bieh, cca 350 m jizn€ od tézebny, ltrs (OS 5.
7.2001).

Lycopodiella inundata

(6)Prostitedni jezero Halimky: mélky mokiad V od Prostiedniho jezera (OS 6. 7. 2001).
Lysimachia thyrsiflora

(6)Prostiredni jezero Haliamky: J cip nadrze (JM 6. 7. 2001). — (8)Vychodni jezero
Halamky: Z bieh, okraj mokfadu (JM 6. 7. 2001). — (9)Horusice: Z bieh, 100 m J od
koridoru (OS 30. 6. 2001). — (11)Veseli: JZ breh, 1 trs rostlin (OS 16. 6. 2001). — (1)Cep:
V bieh, ] polovina nadrze, maly porost (OS 5. 7. 2001); V bieh, J polovina nadrze, 3x maly
porost po 20 m (OS 5. 7. 2001); JV breh, 2x vétsi shluk rostlin, vzdalené 50 m od sebe (OS 5.
7.2001).

Myriophyllum spicatum

(7)Jizni jezero Halimky: v bieh, vybézek do nadrze (JM 6. 7. 2001). — (9)Horusice: cela J
gast nadrze zarasta (OS 30. 6. 2001); J ¢ast, cca 50 m J od koridoru prochazejicim nadrzi (OS
30. 6. 2001). — (11)Veseli: JV roh nadrze, porost 20x20 m (OS 16. 6. 2001). — (12)Veseli I:
zaliv v S ¢asti nadrze (OS 16. 6. 2001).;

Persicaria amphibia

(12)Veseli 1: V bieh (OS 16. 6. 2001). — (1)Cep: V bieh, J polovina nadrze (OS 5. 7. 2001).
Phalaris arundinacea

(1)Cep: jednotlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia,
Nypha angustifolia a Glyceria maxima kolem celé nadrze (OS 5. 7. 2001). — (2)Cep I
jednotlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha
angustifolia a Glyceria maxima kolem celé nadrze (OS 1. 7. 2001). — (3)Tust’: jednotlivé trsy
a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha angustifolia a
Glyceria maxima kolem celé nadrze (OS 6. 7. 2001). — (4)FrantiSkov: jednotlivé trsy a
porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha angustifolia a
Glyceria maxima kolem celé nadrze (OS 10. 7. 2001). — (5)Severni jezero Halimky:
jednotlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha
angustifolia a Glyceria maxima kolem celé nadrze (OS 29. 6. 2001). — (6)Prostredni jezero
HalimKky: jednotlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia,
Typha angustifolia a Glyceria maxima kolem celé nadrze (OS 6. 7. 2001). — (7)Jizni jezero
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ldmKky: jednotlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia,
pha angustifolia a Glyceria maxima kolem celé nadrze (OS 6. 7. 2001). — (9)Horusice:
notlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha
oustifolia a Glyceria maxima kolem celé nadrze (OS 30. 6. 2001). — (10)Horusice I:
notlivé trsy a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha
sustifolia a Glyceria maxima kolem celé nadrze (OS 30. 6. 2001). — (11)Veseli: jednotlivé
y a porosty doprovazi porosty Phragmites australis, Typha latifolia, Typha angustifolia a
ceria maxima kolem celé nadrze (OS 16. 6. 2001). — (12)Veseli I: jednotlivé trsy a porosty
rovazi porosty Phragmites australis, Typha latifolia, Typha angustifolia a Glyceria
xima kolem celé nadrze (OS 16. 6. 2001). — (13)Vlkov: jednotlivé trsy a porosty doprovazi
osty Phragmites australis, Typha latifolia, Typha angustifolia a Glyceria maxima kolem
> nadrze (OS 16. 6. 2001).

ragmites australis

FrantiSkov: S breh, jediny porost na nadrzi, suchy, ustupujici (OS 10. 7. 2001). —
Severni jezero Halimky: souvislé porosty od S pres Z po J breh (OS 29. 6. 2001). -
Prostredni jezero Halimky: mélky mokrad, smisené porosty s Typha latifolia a Typha
ustifolia na ploSe cca 200x200 m (OS 6. 7. 2001); jednotlivé trsy a porosty se nachazeji
em celé nadrze (OS 6. 7. 2001). — (7)Jizni jezero Halamky: Z bieh, jednotlivé porosty
€l celého Z brehu, SZ - giganticka forma (4.7 m) (OS 6. 7. 2001); J bieh, souvisly porost
lélce cca 150 m (OS 6. 7. 2001); JV bieh, 3 rizné morfotypy v tésném sousedstvi,
odovity vzhled (OS 6. 7. 2001); SV breh, smiSené porosty s Iypha latifolia a Typha
ustifolia vybihajici do nadrze (OS 6. 7. 2001). — (10)Horusice I: S bieh, 1 trs (OS 30. 6.
1), Zbreh, 1 trs (OS 30. 6. 2001); J breh, 1 trs na okraji porostu Salix sp. a Populus
nula (OS 30. 6. 2001). — (9)Horusice: J zatoka, smiSené porosty s Typha latifolia (OS 30.
2001); jednotlivé trsy malého vzristu roztrouseny kolem celé nadrze (OS 30. 6. 2001). -
)VIkov: V breh, maly porost 100 m J od piscité plaze (OS 16. 6. 2001); S bieh (OS 16. 6.
1), Zbreh, 1 trs na J okraji pistité plazky (OS 16. 6. 2001); Z bieh, 2x porost malého
istu (OS 16. 6. 2001). — (11)Veseli: SV breh, 1 trs malého vzriistu (OS 16. 6. 2001); SZ
1, nizky porost (OS 16. 6. 2001). — (12)Veseli I: Z breh, 4x1 trs (OS 16. 6. 2001); JV bieh,
visly porost o délce cca 40 m (OS 16. 6. 2001); V breh, 5x1x trs (OS 16. 6. 2001). -

[uSt’: nesouvislé husté porosty podél celého SV brehu (OS 6. 7. 2001); Z bieh, 2x1 porost
6. 7.2001). — (2)Cep I: ostriivky uprosted nadrze (OS 1. 7. 2000); V cip nadrze, porost o
e 50 m (OS 1. 7. 2000); S breh, nizky porost (OS 1. 7. 2000); Z breh, 3 souvislé porosty o
e cca 20 m (OS 1. 7. 2001). — (1)Cep: S bieh, porost o ploSe 2x5 m (OS 5. 7. 2001);
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V bieh, J polovina nadrze, maly porost (OS 5. 7. 2001); V bieh, J polovina nadrze, 1 trs (O
5.7.2001); V bieh, J polovina nadrze, smiSeny porost s Carex sp. (OS 5. 7. 2001); V breh,
polovina nadrze, smiSeny porost s Scirpus sylvaticus (OS 5. 7. 2001); V bfeh, 2 porosty
délce cca 30 m (OS 5. 7. 2001); Z bfeh, J polovina nadrze, maly porost (OS 5. 7. 2001
Z breh, S polovina nadrze, 1 trs (OS 5. 7. 2001); Z breh, S polovina nadrze, 1 trs (OS 5.
2001).

Potamogeton crispus

(9)Horusice: Z bfeh, vyplavena rostlina (OS 30. 6. 2001). - (13)Vlkov: Z bieh, pi
schodovitém vyb&zku nadrze (OS 16. 6. 2001); Z bieh, 2x1 rostlina (OS 16. 6. 2001); Z brel
(OS 16. 6. 2001). — (12)Veseli I J bieh (OS 16. 6. 2001).

Potamogeton lucens

(9)Horusice: J breh, zatoka (OS 30. 6. 2001); J ¢ast nadrze, cca 100 m J od koridoru, porost ¢
velikosti 20x20 m (OS 30. 6. 2001); stied nadrze, jizngj3i ¢ast, koridor (OS 30. 6. 2001).
Potamogeton natans

(4)Frantiskov: SZ breh (OS 10. 7. 2001). — (7)Jizni jezero Halimky: Z bieh, tan (OS 6. 7.
2001). = (11)Veseli: V bieh (OS 16. 6. 2001); Z breh (OS 16. 6. 2001). — (12)Veseli I: V bieh,
zatoka (OS 16. 6. 2001).

Sagittaria sagittifolia

(10)Horusice I: S bieh, 1 trs (OS 30. 6. 2001).

Scirpus sylvaticus

(5)Severni jezero Halimky: S bieh (OS 29. 6. 2001). — (10)Horusice I: Z bieh (OS 30. 6.
2001). - (9)Horusice: J breh, zatoka (OS 30. 6. 2001). — (13)Vlkov: JV bieh, 1 trs (OS 16. 6.
2001), Z breh, 1 trs (OS 16. 6. 2001); Z bieh, maly porost (OS 16. 6. 2001). — (12)Veseli I:
Z bieh, 2x maly porost (OS 16. 6. 2001); V bieh, 1 trs (OS 16. 6. 2001). — (3)Tudt’: Z bieh V
laloku nadrze, 2x1 trs (OS 6. 7. 2001); SV bieh, 2x maly porost (OS 6. 7. 2001); Z bieh (OS
6. 7. 2001). — (2)Cep 1. Sbieh, smiSeny porost s Lleocharis palustris (OS 1. 7. 2000). — |
(1)Cep: V breh, J polovina nadrze, smiSeny porost s Carex sp. a Juncus effusus o délce cca 70
m (OS 5. 7. 2001); V bieh, J polovina nadrze, smiSeny porost s Phragmites australis o délce
40 m (OS 5. 7. 2001); JV breh, smiSeny porost s Juncus effusus o délce 50 m (OS 5. 7. 2001);
J bieh (OS 5. 7. 2001); JZ breh (OS 5. 7. 2001); Z breh, S polovina nadrze, nesouvisly porost
(OS 5.7.2001).
Schoenoplectus lacustris
(2)Cep I: ostrov (JR 1. 7. 2000).
Sparganium erectum
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(6)Prostiredni jezero Halimky: JV breh (OS 6. 7. 2001). — (9)Horusice: Z bieh (OS 30. 6.
2001); Z breh, tan (OS 30. 6. 2001). — (12)Veseli I: V bfeh (OS 16. 6. 2001). — (3)Tust":
Z bieh, 1 rostlina (OS 6. 7. 2001).

Typha angustifolia

(4)FrantiSkov: JZ breh, v porostu Eleocharis palustris (OS 10. 7. 2001); SZ bieh (OS 10. 7.

2001). — (6)Prostredni jezero Halimky, SV breh, mélky mokfad, smiSeny porost s Typha
latifolia a Phragmites australis (OS 6. 7. 2001). — (7)Jizni jezero Halimky: SV Cast nadrZe,
porosty vybihaji smérem do nadrze (OS 6. 7. 2001). — (9)Horusice: J bieh, zatoka (OS 30. 6.
2001), J breh, zatoka, smiSeny porost s Typha latifolia (OS 30. 6. 2001), Z bieh (OS 30. 6.
2001), Z breh, tan (OS 30. 6. 2001), SV bieh, smiSeny porost s Typha latifolia (OS 30. 6.
2001), V breh (OS 30. 6. 2001). — (13)Vlkov: SV breh, nesouvisly porost o délce 20 m (OS
16. 6. 2001). — (11)Veseli: V bfeh, 3x maly porost (OS 16. 6. 2001). — (12)Veseli I:
V vybézek nadrze, zatoka, smiSeny porost s Typha latifolia (OS 16. 6. 2001); SZ bieh,
nokfad (OS 16. 6. 2001). — (3)Tust”: JV breh, pisecna plaz, smiSeny porost s Typha latifolia
0S 6.7.2001).

Nypha latifolia L.

4)Frantiskov: JZ breh, 2x porost v Eleocharis palustris (OS 10. 7. 2001); SZ breh, porost
nalého vzristu (OS 10. 7. 2001). — (5)Severni jezero Halamky: Z breh, 1 trs (OS 29. 6.
001); J bieh, u tézebny (OS 29. 6. 2001). — (6)Prostrredni jezero Halimky: SZ bieh (OS 6.
. 2001); JZ breh, na J okraji porostu Phragmites australis (OS 6. 7. 2001); J cip nadrze (OS
. 7.2001); JV bieh, nesouvisly porost o délce 20 m (OS 6. 7. 2001); V breh, jednotlivé trsy
oztrouSene podél celého pobrezi (OS 6. 7. 2001); SV bieh, mélky mokrad (OS 6. 7. 2001). -
7)Jizni jezero Halimky: J bieh (OS 6. 7. 2001); Z breh, 3x1 trs (OS 6. 7. 2001); V breh,
x1 trs v porostu Phragmites australis (OS 6. 7. 2001). — (10)Horusice I: Z bieh, 1 trs (OS
0. 6. 2001); Z breh, porost o délce 5 m, velky vzrist (OS 30. 6. 2001); JZ bieh, 2x1 trs (OS
0. 6. 2001); V bieh, 1 trs (OS 30. 6. 2001). - (9)Horusice: J bfeh, zatoka, smieny porost
Typha angustifolia (OS 30. 6. 2001); jednotlivé trsy a porosty roztrousené kolem celého
ytku nadrze (OS 30. 6. 2001). — (13)Vlkov: jednotlivé trsy a porosty roztroudené kolem
:lé nadrze (OS 16. 6. 2001). — (11)Veseli: vyjma zapadni pobiezi, jsou jednotlivé trsy a

orosty roztrouSeny kolem celé nadrze (OS 16. 6. 2001). — (12)Veseli I: V bieh, zatoka,

niSeny porost s Typha angustifolia (OS 16. 6. 2001); V bieh, poloostrov, 3x maly porost
)S 16. 6. 2001); S breh, jednotlivé porosty podél celého S pobrezi (OS 16. 6. 2001); S breh,
okfad (OS 16. 6. 2001); S breh, 2 ostrivky (OS 16. 6. 2001); ostrov uprostied S poloviny
\drze (OS 16. 6. 2001); Z breh, 2x1 trs (OS 16. 6. 2001); JZ bieh, 1 trs (OS 16. 6. 2001); JV
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breh, 1 trs (OS 16. 6. 2001); V bieh, 2x1 trs (OS 16. 6. 2001). — (3)Tult’: jednotlivé porosty

roztrouSené kolem celé nadrze, vétsi porosty pfedevsim na Z biehu (OS 6. 7. 2001). — (2)Cep
I: JV breh, 2x1 trs (OS 1. 7. 2000); SZ pobrezi zarlista souvislymi porosty o primérné délce
15 m (OS 1. 7. 2000); Z breh, 2 porosty o délce cca 20 m (OS 1. 7. 2000). — (1)Cep: V bieh, J
polovina nadrze (OS 5. 7. 2001); V breh, J polovina nadrze, 1 trs (OS 5. 7. 2001); V bieh, J
polovina nadrze, smiSeny porost s Phragmites australis (OS 5. 7. 2001); J bieh, 2x1 trs (OS 5.
7. 2001); Z breh, J polovina nadrze, 3x1 trs (OS 5. 7. 2001); Z breh, S polovina nadrZe,
nesouvisly porost o délce cca 50 m (OS 5. 7. 2001); Z breh, S polovina nadrze, 1 trs (OS 5. 7.
2001); Z breh, 1 trs cca 200 m J od téZzebny (OS 5. 7. 2001).

Utricularia australis

(6)Prostiredni jezero Halimky: SV breh, mélky mokrad (OS 6. 7. 2001).

DISKUSE

Vytézené piskovny jsou lokalitami vyhovujicimi svym charakterem nékterym druhiim
chranénym dle vyhlasky 395/1992 Sb. Konkrétné zde byly nalezeny tyto chranéné druhy:
Hlecebrum vercillatum (kriticky ohroZeny druh)

Nehtovec preslenity se nachdzi poCetné na malo lokalitich Treboriské panve,
objevoval se predevdim na periodicky obnazovanych rybni¢nich dnech a pobfeznich pisCinach
(Jenik et al. 1996). Vyskytoval se ale i na uzemi po tézbé radeliny, napfiklad v Branné, kde
byla nastartovana sukcese vegetace veetné nehtovce pieslenitého (Husak 2000). Prach (2000)
uvadi, ze vsouCasné dob¢ doSlo témér k totalnimu vymizeni vzacné plevelové vegetace
chudych pis€itych puad jiz v celé stfedni Evropé. Na lokalité u Vlkova se nachazi nékolik
druhd ohrozenych na existenci v celém svém arealu, mezi nZ patfi i nehtovec pieslenity.

Ze studovanych lokalit byl nalezen na lokalité¢ Tust' na "odhaleném" pis¢itém biehu,
strmé se svazujicim k vodni hladiné. Misto je po cely den vystaveno pfimému slune&nimu
svitu. Ackoli misto nilezu je pouze cca 2 m od vodni hladiny, nachazi se ve svahu a je proto
znaéné suché.

Lysimachia thyrsiflora (silné ohrozeny druh)

Bazanovec kytkokvéty se vyskytuje pocetné na mnoha lokalitach Tfeboriské panve.

Preferuje mista jako jsou luzni lesy a olSiny, nivy fek i bfehy starych rybnikG (Jenik et al.

1996).




Na studovanych lokalitach (Prostfedni jezero Halamky, Vychodni jezero Halamky,
/eseli, Cep a Horusice) se bazanovec kytkokvéty nachizi predev§im na stile vlhkych
istech, pri okraji vody nebo v malych mokiadech, které jsou soucasti okoli piskoven.

yeopodiella inundata (silné ohrozeny druh)

Plavurika zaplavovana se vyskytuje pouze na nékolika lokalitach Tieboiiské panve
lenik er al. 1996). Prostiedni jezero Halamky je jedinou lokalitou, kde byla plavurika
aplavovana nalezena, a to v mélkém mokradu nachazejicim se mezi tfemi jezery (Prostfedni,
zni, Vychodni). V souCasné dob& misto nélezu jiz neexistuje, protoze tato plocha byla
téZena a nachazi se zde Vychodni jezero.
rosera rotundifolia (silné ohrozeny druh)

Rosnatka okrouhlolista patii mezi pocetné se vyskytujici druhy na hodné lokalitach
‘ebonské panve. Stejné€ jako plavunka zaplavovana dava prednost ostificovym porostim a
Selinnym loukam (Jenik er al. 1996). Jako priklad vyskytu rosnatky okrouhlolisté lze uvést
bnik RoZzmberk, kde byla nalezena dosti hojné na jiznim bfehu a pii malych tlnich,
nikajicich prichodem jarni vody (Hroudova, Hejny a Zakravsky 1988).

Jak vyplyva z uvedenych nalez(, na studovanych piskovnach jsou vhodné stanovistni
dminky pro rust nékterych chranénych druhi mokfadnich rostlin. Soucasné je v3ak jejich
skyt ohrozovan intenzivni lidskou Cinnosti probihajici na téchto lokalitach.  VétSina
koven je zna¢né postizena ruivymi vlivy, jako jsou rekreace, tézba Stérkopisku a rybafeni.

terénnim sledovani byly patrné také neprimé vlivy tézby, jako je napriklad anorganicky
<al vody, jeji zbarveni, mechanické naruSovani biehl vlnami vznikajicimi pohybem saciho
Iru.

Na vytézenych piskovnach byly nalézany druhy tvrdé litoralni flory, které se bézné
skytuji také na rybnicich. Piskovny se od rybnikd lisi predevsim zpisobem hospodareni,
Sim vékem, nasledné pak mirou zapoje pobfezni vegetace a menSim mnozstvim
;anického sedimentu na dné. Organicky sediment pfedstavuje zdroj zivin pro pobfezni a
Ini vegetaci. Nahromadéni organické hmoty na dné rybnikd v3ak Casto vede k vyCerpani
liku jak v sedimentu, tak v dolni &asti vodniho sloupce. Vlivem nedostatku kysliku u dna
‘hazi k anaerobnimu rozkladu organické hmoty a celkovému zhorSeni stanovistnich
Iminek (Cizkova et al. 1996, Santriickova et al. 2001). Na piskovnach je dosud vrstva
anického sedimentu mala a vlivem strmosti breh se Casto akumuluje az ve vétich
abkach, a poroto neni v litoralu obvykle k dispozici. Litoralni vegetace piskoven je tedy
:azana na ziviny dostupné ve vodé, ale na druhou stranu neni vystavena toxickym vliviim

erobniho sedimentu,
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—

Na rozdil od rybnik(, kde je ve vétSiné pripadi vytvoren souvisly Siroky pas litoralni
vegetace, neni typicka litoralni zonace na piskovnach zcela vyvinuta. Divodem je kratka
existence biotopl piskoven a dale zna¢né strmé dno témér na vSech studovanych lokalitach,
coz ovliviiuje predevsim §ifi litoralniho pasu (max. 8 m). Rozsifeni litoralniho pasu na biezich
je vétsinou limitovano lesem, at’ uz se jedna o nélet, rekultivovanou plochu nebo plvodni
dreviny. DalSim limitujicim prvkem je nedostatek vody, ktery souvisi jak se strmosti biehl

nadrzi, tak s malou retenci vody v pidnim profilu.
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ntroduction

The extraction of gravel and sand is currently one of the greatest human impacts on
1¢ landscape of the Ttebofi Basin Biosphere Reserve (Czech Republic). Situated in the
uznice river floodplain, the sand pits are filled with water infiltrated from the Luznice River
ed. The resulting lakes that represent new types of aquatic ecosystems in the Trebon Basin
:gion. By their depth and fairly steep slopes they markedly differ from other wetland habitats
1 the region, including fishponds, i.e. shallow man-made lakes. most of which were
nstructed one to several hundred years ago. In spite of the eutrophication of the LuZnice
iver catchment, mainly from non-point sources, the sand-pit lakes have still preserved their
ligotrophic to mesotrophic character. In this respect they resemble natural lake ecosystems.
ither than to fishponds, which are fertilized by the fisheries in order to promote the food
1ain supporting fish production. Individual lakes have different age. which is in most cases
recisely known. That is why they represent valuable sites on which colonisation by plant and
1iimal communities can be studied since early succession stages.

In comparison with other wetland habitats, surprisingly little is known of their
egetation and its relation to both environmental factors and various types of human
ctivities. The aims of this work were, therefore:

) to document the present state of the vegetation of 11 sandpit lakes belonging to four
systems within the Tiebon Basin Biosphere Reserve, in order to provide a basis for
long- term monitoring;

1) to relate the vegetation composition to main environmental factors and main ongoing

human activities.

Tethods

Two types of records were taken on 11 of a total of 13 sand-pit lakes. belonging to
ur systems (two lakes were excluded from the surveys because of ongoing intense sand
Xtraction).

The first type of records was aimed at documenting main features of the vegetation
vith respect to vertical structure and dominant plant species, as related to main environmental
haracteristics and human impact. Records were taken in squares placed at regular distances

long the shores of each sand-pit lake during summer 2004. The distances between squares

vere set separately for each lake in order to obtain similar numbers of records (15 to 18) per
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lake. The area (5 x 5 m) and position of the squares on the elevation gradient were selected so
that the squares included all types of the shore vegetation, from aquatic to terrestrial. The
lakeward side of the square, most frequently coincided with the shoreline, but in some cases it
extended in deeper water. Total vegetation cover, total height of the vegetation and dominant
plant species and cover of single vegetation layers (E1: 0 to 0.5 m, E2a: 0.5to 1 m. E2b: 1 to
4 m, E3: over 4 m) were recorded for each square. The height limits of vegetation lavers were
set according to prevailing dominant plant species. Thus, the height limit of E2b layer (4 m)
corresponded to the height of reed belt species (mainly Phragmites australis and Phalaris
arundinacea) and the height of E2a layer corresponded to the height of tall sedges (mainly
Carex acuta). If woody plants were present in the squate, their probable origin was
characterised by categories “natural succession”, “plantation”, or “original wood ™. Plantation
included woodland consisting of dense trees of the same species occurring in regular intervals
(usually Pinus sylvestris). “Original wood™ was assigned to woody vegetation of a similar
species composition and total height as was found also further from the lake shore. In
addition, the following characteristics were assessed for each square: slope exposition. the
shore profile stair-like , steep: over 45", moderate: 20 to 45°, flat: below 20), and main types
of human impact (sand extraction, path, recreation, fishing). The extent of the human impact
was expressed as percentage area within the square.

The second type of records was aimed to document the species richness of the littoral
vegetation. Standard phytosociological relevés were placed on species rich sites of varying
slope exposition. Eight relevés were taken at each lake. The size of the relevés was
determined by the width of the belt of the littoral vegetation and a distance of 5 m of the
shoreline. All plant species were recorded using the seven-degree abundance-dominance scale
according to Braun-Blanquet (Dierschke, 1994). The following characteristics were recorded
in the same manner as in the first type of records: total vegetation height and cover of
particular vegetation layers, slope exposition, the shore profile, main types and extent of
human impact. In addition, thickness of organic horizon, degree of shading (using a
semiquantitative scale of 0 to 3), water level and water transparency as Secchi disk depth (at
two places on each lake were recorded.

Gradients in vegetation and the environment were reconstructed using the DCA and
CCA algorithms of the CANOCO 4.5 package (ter Braak & Smilauer 2002). The percent
frequency of the species was used and rare species were downweighted. The vegetation data
set was subjected first to Detrended Correspondence Analysis (DCA), in order to assess the
overall variation patterns in species composition. Ordination site scores were correlated to
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:nvironmental factors using Pearson’s correlation coefficient. All environmental variables
vere plotted onto DCA ordination diagrams as supplementary environmental data for better
:cological interpretation of the axes.

Subsequently we used CCA to further examine the species-environmental
elationships. Ten environmental variables were subjected to forward selection (ter Braak &
smilauer 2002, Leps & Smilauer 2003) in order to determine the variables that best account
or the species distribution. We then tested marginal and conditional eftects of each of these
'xplanatory variables on species composition. The eftect of the first canonical axis was tested
)y permutation test (499 permutations were always used). The tests of statistical significance

vere performed for all four canonical axes.
Results and discussion

The first DCA axes is the longest one (Fig. 1., 2; Tablel) and explains 6.7 % of the
otal species variability. The second axis explains 5.4 % of the total species variability. The
irst DCA axis was significantly correlated with maximum water level in the littoral belt. total
weight of the vegetation, cover of E3 layer, shading. depth of organic horizon and extent of
wman impact. The maximum water level and the type of shore profile were correlated with
he second DCA axis (Table 2).

Four canonical axes of CCA with all environmental variables were significant (P <
).01), explaining about 9.7 % of the total variability in the species data (Table 3). Species-
:nvironmental correlation is similar to that in unconstrained ordination (Table 2). According
o the forward selection, water level in the littoral belt, water transparency. shading. and
elevé area were the four most important variables

Water transparency was aftected by ongoing sand extraction (causing a mechanical
wurbidity) or, alternatively, by the density of planktonic algae in older lakes with a higher
rophic status. The relation between the trophic status, water transparency and composition of
aquatic vegetation has been well documented (Pokorny er al. 1990). Exchange of plant
species is to be expected in the newer, and therefore still less eutrophicated sand-pit lakes
with proceeding eutrophication (and the associated reduction of water transparency owing o
the increasing production of planktonic algae).

The vegetation development is associated with accumulation of organic material. as
indicated by the significance of the organic horizon on the first DCA axis. The development

of the organic soil horizon coincides with the development of the tree and the upper shrub
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laver, occurring on flat or stair-like shores. The woody vegetation of such sites was dominated
mainly by willows (Salix fragilis. S. caprea, S. cinerea). Among herbaceous species. Lythrum
salicaria, Lysimachia vulgaris. Ranunculus repens and Gallium palustre were frequently
found.

Shading by adjacent woody vegetation is another feature of the littoral vegetation of
sand-pits. As the littoral belt is usually very narrow, the stands are frequently shaded by forest
plantations occurring on the more elevated parts of the shore. In comparison, much wider
unshaded littoral belts are developed around fishponds, the shores of which are usually flat
(Hroudova, 1988, Hroudové and Zakravsky, 2002).

The extent of human disturbance (caused by sand extraction, movement of lorries
transporting the sand, and recreation activities such as fishing and bathing) signiticantly
affects species composition. The results of Sucha er al. (2005) lead to the same conclusion.
The danger of habitat disturbance should therefore be taken into consideration when
evaluating the sand-pit biotopes as potential refuge habitats for plant species that disappear

from other wetland habitats in the region.
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Table 1. Summary of detrended correspondence analysis (DCA) of 88 relevés of sand-pit

littoral vegetation (Tfebon Basin, Czech Republic).

Eigenvalue Length of Species Cumulative percent
gradient environment variance
Axis correlation Species-

Species data  environment

relation

1 0.613 4.050 0.700 6.7 101
2 0.491 3.332 0.602 12.1 16.7

3 0.417 3.210 0.698 16.7 0.0

4 0.320 3.333 0.660 20.2 0.0
Total inertia 9127
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able 2. Correlation coefficients between environmental variables and DCA ordination axes

iee Fig. 1). P<0.05, n.s — not significant.

AXI AX2 AX3 AX4
\rea (m2) _ o - ns. n.s. 0.48 ns
Vater level (cm) -0.24 -0.21 n.s. n.s
leighE 0.22 n.s. -0.34 -0.38
thore P n.s. -0.27 0.22 n.s
0% 15.5; n.s. n.s 0.27
2% n.s. n.s n.s -0.36
3% 0.34 n.s -0.31 n.s
hadow 0.43 n.s. -0.30 n.s
)epth of organic horizon (cm) 0.27 n.s. n.s. n.s
ercent area with human impact -0.26 n.s. n.s. n.s
diversity n.s. n.s. n.s 0.28
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Table 3. Summary of canonical detrended correspondence analysis (CCA) of 88 relevés of

sand-pit littoral vegetation (Trebon Basin, Czech Republic).

Eigenvalue Species Cumulative pé?:cnt variance
environment Spu?l;\
AXis correlation Species data  environment
relation
I 0.328 0.808 3.6 2
2 0.230 0.755 6.1 63.1
3 0.200 0.737 8.3 85.8
4 0.126 0.673 9.7 100.0

Total inertia g.127
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“ig. 1. DCA ordination diagram of vegetation samples with passive environmental variables.




(o]
Salfra
Salcap
. Popire + Phaaru
Cirpal PUR oot
Alnaitia Rubspe Phipra Elyrep. + Betpen
"IV scisyl Myocae o4 e Glyflu
; _Myrsg ', Oenbie Lol +24dU" Depaqu ©  Myoaqu
Ep’h’r : ‘ X Dx}-Jer < Rumcri ¥ 5 Galtet
Vulmyu Junbuf Poaann };'a’:rc:/%t.'reMena qu  Quepet
Phraus - . Perlap Salcap " . " Lytsal
Tarsec = & P * . Plamaj
. Tusfar Lyceur .Rummar " Bidesr ’éysvui
Gnauli . ¥ Sclann -+ ; ¥ carhir © TrirEPV‘P e
Aforeq s Junart . Bataqu sajcin ¢+ b
Junten ¢ Juneff scuygal ¢ Galpal
Concan + Calepi Peupal Poanem
Salfra * bs & 2 :
- " Sperub  «Carova Myoarv _:_A?lepar
Rumace Etosn ~ Trihyb _ A”;:nﬁa Iripse Salcin
Typlat ;
Myopal . Pinsyl  sajcap
Typang Caracu
Elepal
—
1

Fig. 2. DCA ordination diagram of species with passive environmental variables.

Agrsto - Agrostis stolonifera. Alipla - Alisma plantago-aquatica, Alnglu - Alnus glutinosa.
Aloaeq - Alopecurus aequalis. Bataqu - Batrachium aquatile. Betpen - Betula pendula. Bidcer
- Bidens cernuus, Calepi - Calamagrostis epigejos, Caracu - Carex acuta, Carfla - Carex flava.
Carhir - Carex hirta, Carova - Carex ovata. Cirpal - Circium palustre. Concan - Conyza
canadensis, Elepal - Eleocharis palustris, Elyrep - Elytrigia repens, Epicil - Epilobium
ciliatum, Epihir - Epilobium hirsutum, Epipar - Epilobium parviflorum, Equary - Equisetum
arvense, Galpal - Galium palustre, Galtet - Galeopsis tetrahit, Glyflu - Glyceria fluitans.
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Gnauli - Gnaphalium uliginosum, Hollan - Holcus lanatus, Hypper - Hypericum perforatum.
Iripse - Iris pseudacorus, Junart - Juncus articulatus, Junbuf - Juncus butfonius, Juneft -
Juncus effusus, Junten - Juncus tenuis, Lolper - Lolium perenne., Lyceur - Lycopus europaeus.

Lysvul - Lysimachia vulgaris, Lytsal - Lythrum salicaria, Menaqu - Mentha aquatica, Myoaqu

- Myosoton aquaticum, Myoarv - Myosotis arvensis. Myvocae - Myosotis caespitosa. Mvopal

Myosotis palustris, Myrspi - Myriophyllum spicatum. Oenaqu - Oenathe aquatica. Oenbie

Oenothera biennis, Peramp - Persicaria amphibia. Perlap - Persicaria lapatifolia. Peupal -

Peucedanum palustre, Phaaru - Phalaris arundinacea, Phlpra - Phleum pratense, Phraus

Phragmites australis, Pinsyl - Pinus sylvestris, Plamaj - Plantago major. Poaann - Poa annua.

Poanem - Poa nemoralis, Poptre - Populus tremula, Quepet - Quercus petraca, Ranfla

Ranunculus flamula, Ranrep - Ranunculus repens. Roramp - Rorippa amphibia. Rubspe
Rubus specie, Rumace - Rumex acetosella, Rumeri - Rumex crispus. Rummar - Rumex
maritimus, Salaur - Salix aurita, Salcap - Salix caprea, Salcin - Salix cinerea, Salfra - Salix
fragilis, Scisyl - Scirpus sylvatica, Sclann - Sclearnthus annus. Scugal - Scutellaria
galericulata, Sperub - Spergularia rubra, Tanvul - Tanacetum vulgare. Tarsec - Taraxacum
sect. ruderalia, Trihyb - Trifolium hybridum. Triino - Tripleurospermum innodorum. Trirep -
Trifoliumn repens, Tusfar - Tussilago farfara, Typang - Typha angustifolia. Typlat - Typha

atifolia, Vulmyu - Vulpia myuros.
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Abstract

The exploitation of gravel sand in Tiebon Basin Area has started in 1950'. After
finishing exploitation human activities further affect the lakes originated by this way. The aim
of this work was to record the human impact (fishing, recreation and exploitation) on the
vegetation of these new water ecosystems. Eleven lakes were observed on four water systems
in Tieboni Basin Area in 2004. Almost all lakes are affected by recreation (not the eutrophic
ones). The most man-damaged stands are reed belts with species Phragmites australis, Typha

latifolia, Typha angusti folia, Glyceria maxima l.e.

Key words: vegetation. sandpit lake, human impact

Abstrakt

Tézba Stérkopisku probiha na Tiebonisku od 50. let a 1 po jejim ukonCeni nepfestava
{lovek takto vznikla jezera ovliviiovat. Cilem prace bylo zaznamenat vliv ¢lovéka (rybafeni.
rekreace, t&€zba) na vegetaci téchto novych ekosystému. V roce 2004 bylo sledovano 11 nadrzi
4 hlavnich soustav na Trebonsku. Témér vSechny nadrze jsou ovlivnény rekreaci (az na

eutrofnéj$i typ). Nejvice poskozeny jsou rdkosiny sdruhy Phragmites australis, Typha

latifolia, Typha angusti folia, Glyceria maxima a dalsi.

Kli¢ova slova: vegetace, piskovna, vliv ¢loveéka
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Uvod

Tieboriskd panev je mistem mnoha zajimavych a vzacnych ekosystému: pocinaje
staletymi rybniky, nasledovano bohatymi raselinisti a vytézenymi Stérkopiskovymi jezery
konce. Tézba stérkopisku na Tiebonsku probiha jiz od 50. let minulého stoleti a ackoli na
vét§iné nadrzich byla jiz tézba ukoncena, nepfestava je ¢lovék ovliviovat nadale. Teézba
Stérkopisku je provadéna dvéma zpasoby - nad hladinou spodni vody a pod hladinou spodni
vody. Pii zplsobu tézby nad hladinou spodni vody jsou vytézené plochy po nasledné
rekultivaci (pfirozeny nélet nebo planovana vysadba) navraceny puvodnimu ucelu. tj. lesni
nebo zemédeélské vyrobé (Handk er al. 1985). Mala, ale povrchovd tézba pisku. Ktera
probihala v blizkosti témét kazdé obce na fadé mist, z pfirodovédného hlediska téméi vzdy
zvySovala druhové bohatstvi fauny a flory. Vétsi, rozsahla a rychle probihajici tézba zde vedla
k ohroZeni, az k vymizeni nékterych druht rostlin. Na druhé strané probihaji na castech
velkoplosnou tézbou naruSenych ploch sukcesni stadia a vyskytuji se zde ohrozena ¢i uz zecla
neznama spolecenstva rostlin, Jedna se zpravidla o inicidlni stadia konkurenéné meéné
schopnych druhii, ¢asto plvodnich, které zde piezivaji na mizejicich stanovistich (Hlasck
1995). Vétsina piskoven se nachdzi v mens$i ¢ veétdi vzdalenosti od feky Luznice, oddélena
piskovymi pilifi. To zplsobuje, ze jsou mirné pritoc¢né, fadove kilometry za den (i kdyz
nemaji pritok ani odtok jako takovy). Vzhledem k tomu, Ze pisek funguje jako spolehlivy filtr,
maji tyto nadrze oligotrofni az mezotrofni charakter. Avsak s postupem Casu, tak jako selze
kazdé ,zafizeni®, piskovy filtr zatéz nevydrzi a ve starSich piskovnach dochazi k postupné
eutrofizaci. U nékterych dochdzi navic k piimému znecisténi splachy z okolni zemedélské
pudy.

Cilem prace bylo zaznamenat vliv ¢lovéka na vegetaci téchto novych. jedinecnych

vodnich ekosystému a zhodnotit vyznam tohoto vlivu.

Materidl a metodika

V pribéhu vegetaéni sezony (Cerven, Cervenec, srpen) byla jednotliva jezera
obchdzena. Po obvodu kazdého jezera (po uritych vzdédlenostech, které byly u kazdé nadrze
stanoveneé tak, aby kazda byla charakterizovana osmi ¢tverci) byly vyty¢eny Kontrolni Ctverce
o velikosti 5 x 5 m. Na kazdém ¢tverci bylo zhodnoceno naruSeni vegetace ¢lovékem
rybafeni, koupani, tézba, seslap, cesta, reliéf. V souvislosti predevsim s tézbou. ale 1 ostatnim
lidskymi aktivitami, byly zméreny prihlednosti vody, na kazdé z nadrzi na dvou vybranycl
mistech — s vysokou a s nizkou frekvenci aktivit ¢lovéka.

Do sledovani v roce 2004 bylo zafazeno 11 nadrzi 4 hlavnich soustav na Trebonsku.
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Soustavu Cep predstavovala v roce 2000 nejrozlehlejsi nadrz Cep (123 ha) a sni
sousedici Cep I (40 ha). Vroce 2001 doslo z duvodu dal§i planované tézby k odstranéni
Stérkopiskového pilife mezi nadrzemi a znacna ¢ast vody z nadrze Cep [ pretekla do nadrze
Cep. Nadrze se nachazeji na levobrezi feky LuZnice mezi obcemi Suchdol n./Luz. a
Majdalena. V soucasné dobé probihda na ¢asti Cep tézba sacim bagrem. ktery nadrz
prohlubuje, neméni viak jeji rozlohu. Uzemi je zdrojem kvalitnich podzemnich vod.

Soustava Tust’ zahrnuje nadrze Tust' a FrantiSkov. Nachazi se na pravobrezi feky
Luznice vychodné od obce Suchdol n./Luz. Podélna osa nadrzi je kolma na tok feky. Na této
soustavé byla tézba ukoncena 80. letech minulého stoleti. Vroce 2001 byla ¢asteéné
obnovena na nadrzi Tust’.

Soustava Halamky predstavuje Ctyfi nadrze v tésném sousedstvi oddélené pouze
piskovymi pilifi (Severni, Prostiedni, Jizni a Vychodni jezero). Naléza se mezi obei Halamky
a statni hranici s Rakouskem. Zde probiha velmi intenzivni tézba, 1 kdyz nékteré ¢asti pobiezi
maji jiz kone¢nou podobu. Na pobiezi, kde dosud nebyla provedena lesnicka rekultivace.
nastupuje zajimava sukcese litordlnich a mokfadnich spolegenstev rostlin. Uprostied této
lokality se nachazi velmi mélké a z&asti vysychajici mokfady a plochy zartstajici pfirozenym
lesnim naletem.

Horusicko-Veselsko-Vikovska soustava zahrnuje pét nadrzi v nivée LuZnice
situovanych mezi obcemi Vlkov n./Luz. a Veseli n/Luz. Dvé nadrze lezi na levobiezi
(Horusice, Horusice 1) a predstavuji eutrofnéjsi typ piskoven. Eutrofizace je zde podminéna
piitokem vody z blizkych rybniku a splachy ze zemedélské pudy. Zbyvajici tin nadrze jsou na

pravém biehu feky Luznice (Veseli, Veseli I, Vlkov) a maji vice oligotrofni charakter.

Vysledky

Jezera, na kterych stdle probiha tézba, jsou vice ¢ méné postizena mechanickym
zdkalem praveé z préace se Stérkopiskovou masou. Neustaly pohyb ve vodé zabranuje narustu
fytoplanktonu, tim jsou tato jezera spiSe mezotrofniho charakteru s vyssi prahlednosti vody (1
pres mechanicky zékal viz tab. 2) a tim vice jsou navitévovana v letnich mésicich za ucelem
rekreace, Rekreanti seSlapavaji vegetaci a postupem casu tak méni jeji druhové slozeni.
Intenzivni tézba probihd na soustavé Halamky a Cep. Ostatni nadrze jiz podléhaji piirozené
sukcesi rostlinné i zivo¢isné stdle za pfitomnosti ¢loveka. Témér bez vyjimky vSechny nadrze
jsou navstévovany rybari. ktefi si "oSetiuji" sva rybarska mista napf. seslapavanim ¢i kosenim

vegetace v jejich okoli. Kazdy jednotlivy vliv ¢lovéka byl procentuelné zaznamenan (viz tab.
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1). Porosty, které jsou nejvice zasazeny jsou piedevsim rakosiny s druhy jako Phragmites
australis, Typha latifolia, Typha angusti folia, Glyceria maxima a dalsi.

Néadrze FrantiSkov a Tust' jsou nejvice ovlivnény rekreaci, predev$im Kkoupanim.
jelikoz v jejich blizkosti se nachazi kemp a hotel. Timto zpusobem je zde na néktervch
mistech ovlivnéno €1 zni¢eno az 70% vegetace. Na nadrzich Cep a Cep I probiha intenzivni
tézba, proto je zde vegetace ovlivnéna predevsim tézbou samotnou a reliéfem terénu (90%).
Rekreace zde ma také svii) podil (20-30%). Nadrze Horusice a Horusice I jsou zastupci spise
eutrofnéjsiho typu piskoven, z ¢ehoz plyne, Ze nejsou tak intenzivné navstévovany rekreanty.
SpiSe je zde hojnost rybait nebo jsou vybrana mista zcela neporudena. Nadrz Vlkov je
v letnich meésicich rekreanty ¢asto vyhledavanou lokalitou (75%). stejné tak nadrz Veseli.
Nadrz Veseli I vzhledem ke zhorSené pristupnosti k vodni hladiné jiz tolik rekreantt ani
rybaii nehosti (50%). Na soustavé Halamky probiha intenzivni tézba a vegetace je zde
ovlivnéna predeviim reliéfem terénu. Severni jezero je hojné navstévovano rekreanty (50%) i

pies prisny zakaz vstupu, Jizni jezero ne v takove mire (20%).

Diskuse a zaveér

Jednotliva jezera jsou vice ¢i méné neustale ovliviiovdna ¢lovékem 1 po ukonleni
tézby. Uz samotny vznik téchto jezer t¢Zbou §térkopisku byl obrovskym zasahem do krajiny
Trebonské prirody. Na jedné stran¢ jsou vytéZzené piskovny biotopem nové vytvoienym
&lovékem a narusujicim raz krajiny. Na strané druhé se jedna o biotop s vysokou ckologickou
hodnotou. Z hlediska vodohospodarského jsou Stérkopiskova jezera nenahraditelnym a
kvalitnim zdrojem podzemnich vod a zasobarnou pro okolni obce. Na svém vyznamu
nabyvaji tyto lokality také z hlediska rekrea¢niho a skytaji vhodné podminky pro sportovni
rvbarstvi, Prave témito aktivitami jsou ovliviiovana rostlinna spolecenstva kazdé jednotlive
nadrze. Tyka se to predevsim pribieznich porosti jako jsou rakosiny (Phragmites australis.

Typha latifolia, Typha angusti folia, Glyceria maxima a dalsi).
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Tabulka 1: Vliv ¢lovéka [%]

% ' Piskovna - )

[Gtverec | Frantiskoy | Tust Cep Tcep | Horusice | Horusice I [Vikov | Veseli [Veselil [ Halamky SJ | Halimky JJ
I K. R 20 Ks K, R 20 T90 K, R 50 K 50 K75 K.C5 : K, R50 RT 20
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Introduction

The lakes formed in sand pits following sand extraction represent important new
zlements in the landscape of the Tiebon Basin Biosphere Reserve. They differ remarkably
from other wetland habitats in the region, including fishponds. i.e. older man-made lakes.
nost of which were constructed one to several hundred years ago. Situated in the Luznice
river flooplain, the sand-pit lakes are fed by water infiltrated from the river bed. In spite of
zutrophication of the LuZznice River, mainly from non-point sources, the sand-pit lakes still
sreserve their mesotrophic character. Therefore, they resemble natural lake ecosystems in
their trophic status, rather than to fishponds, which are fertilized by the fisheries in order to
sromote the food chain supporting fish production.

The complex of sand-pit lakes, situated near the township of Halamky on the Czech
Austrian border, is of especial interest as it provides a variety of microhabitats, ranging from
deep water to dry land and, accordingly, hosting diverse vegetation. A conspicuous feature 1s
occurrence of robust morphotypes of Phragmites australis. which have a genetic basis (Curn
et al., in prep.). As the topsoil has been completely removed from the shores. the sand-pit
represent valuable sites on which colonisation by plant and animal associations can be studied
since very early succession stages.

Only scarce information exists on the vegetation of sand pit lakes both in the area and
world wide. The aims of this study, therefore, were:

(1) to document the present state of the vegetation on the sand pit as a basis for the long
term monitoring;

(2) to relate the vegetation composition to main environmental factors. namely. watcr
availability, chemical composition of the soil. shore slope. and geographical
orientation:

(3) to document the development of the robust morphotypes of Phragmites australis in

their natural habitats.

Site description

Halamky sand pit is a new lake formed by sand extraction, proceeding in 1970-1994.
The area of the lake is 22.89 hectares. The maximum length and width of the shoreline is 0.79
and 0.41 km, respectively, and its shoreline length is 2.01 km. The sand-pit is situated in the

Luznice river floodplain and is fed with its water, filtered through a sand barrier. Halamky
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sand-pit represents a mesotrophic habitat, hosting young and expanding reed stands. All the
reed vegetation there is certainly younger than 35 years. but much of it is probably younger
than 20 years. It 1s likely that it established itself from seeds, as the lake does not direct

connection with any watercourse in the catchment.

Methods

Environmetal characteristics

Soil samples were taken in July 2003 from plots selected for phyvtosociological relevés
(see further). A 1- to 10-mm thick organic surface horizon was developed on some plots while
it was still absent on others. One sample (0.5 to 0.8 kg fresh mass) was taken from each soil
horizon and each plot. The samples were air-dried and ground to pass a 2-mm sieve. The
analyses were performed by an agricultural laboratory AGRO-LA (Jindfichuv Hradec), using
the standard methodology for soils (Javorsky 1982). The pHH20 and pHCaCl values were
determined after extraction with distilled water and solution of CaCl,. respectively. The
content of total nitrogen was determined coulometrically. after mineralization with sulphuric
acid and hydrogen peroxide. Total phosphorus was determined colorimetrically. Available
nutrients were determined according to Mehlich after extraction in a solution of ammonium
fluoride, ammonium nitrate, acetic acid and nitric acid and EDTA. Available phosphorus was
then detemined spectrophotometrically. Cations were determined by atomic emission
spectrometry (K) or by atomic absorption spectrometry (Ca, Mg). using an AAS spectrometer

9200X (Unicam), with the flame of acetylene-air (Moore and Chapman, 1986).

Flora and vegetation

Plant species were recorded on nine plots around the lake. selected in order to
document the diversity of both microhabitats and their flora. Different types of microhabitats
were selected in order to cover a broad range of water availability and related environmental
parameters from flooded to arid conditions. The borders of the plots copied the fringes of the
vegetation.

The shore vegetation was studied in more detail along eight transects that differed in
their geographical orientation (N, NE, E, SE, §, SW, W, NW). All transects were laid in a
perpendicular direction to the shore. Each transect was divided in three segments: littoral,
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shoreline and terrestrial. Within each segment, the vegetation was characterised on a 2x2 m
plot by phytosociological relevés using the 7-degree semiquantitative scale (Dierschke. 1994).
The records were taken in July 2003. The slope of the shore was also measured. The

nomenclature of plant species follows Kubat 2002.
Growth characteristics of Phragmites australis

At the time of investigation, P. ausitralis formed mostly isolated stands reaching a
length, or diameter, of up to 20 m. Some stands formed isolated islands, whose borders copied
elevated parts in the bottom relief. Samples of aboveground biomass of P. australis were
taken from 0,5 x 0.5 m squares located along transects in periodical distances (5 m). Shoreline
reed was sampled on transects laid perpendicular to the shore. In the island reed. the transects
were laid along the greatest dimension of the stand. Care was taken to include both stand
types in the sampling (Table 1). Samples of plants were harvested at the time of maximum
seasonal above-ground biomass (in mid-August) in 2000, 2001, 2003 and 2004. In 2002 the
growth of reed could not be documented because of a heavy flood in August. during which
the water level raised over 2 m above usual. A total of 21, 34, 49, and 44 plots situated along
7,10, 14 and 13 transects, respectively, was sampled in the successive years. Reed stands that
were mechanically damaged by waterfow] were omitted.

The water depth, the numbers of live shoots, flowering shoots and death shoots were
measured in each sample. On five randomly selected shoots, the following morphological
characteristics were measured: the shoot length (to the apex of the uppermost leat or to the
apex of the inflorescence), basal culm diameter, total number of nodes and the length of the
inflorescence. Except for 2000, the fresh mass was determined for all samples on site. A
subset of samples was taken to the laboratory in order to determine the fresh mass to dry mass
ratio. Their dry matter content was determined after drying in an electrical oven to constant

weight at 80" C.
Data analysis

In order to assess the variation patterns in plant species composition. the floristic lists
and phytosociological relevés were subjected to Detrended Correspondence Analysis (DCA)
using the CANOCO 4.5 package (ter Braak & Smilauer 2002). In the floristic lists. the

presence-absence data of the species were used and rare species were downweighted. In the
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phytosociological relevés, the species were weighted in accordfance with their abondance-
dominance value on the Barun-Blanquet scale. Mean Ellenberg indicator values for relevés
were calculated by averaging the available indicator values for the species present in the
relevé using the JUICE programme (Tichy 2002). Ordination site scores were correlated to
Ellenberg indicator values, total cover of vegetation, the size of the relevé, and species
richness using Pearson’s correlation coefficient. All environmental variables were plotted
onto DCA ordination diagrams as supplementary environmental data tor better ecological
interpretation of the axes. Mean and standard error of environmental variables were calculated
by one way ANOVA. Differences between types were tested by Tukey post hock test for a
significance level P < 0.05.

The soil characteristics and growth characteristics of P. australis were subjected to
statistical analysis (correlation analysis, ANOVA, Kruskall-Wallis non-parametric test) using

the package STATISTICA 6.0 (Statsoft).

Results

Flora of different microhabitats

A total of 135 plant species, including 45 ruderal species (according to Kopecky and
Hejny 1992) and 3 protected species (Drosera rotundifolia, Lycopodiella inundata and
Lysimachia thyrsiflora) were found on the nine microhabitats. None of the plots had a 100%
cover. The total number of species ranged from 25 to 79 in particular microhabitats. Ruderal
species accounted for 20 to 35% of the respective total numbers. Five plots hosted at least one
protected species (Table 1).

The first and second DCA axes explained 21.8% and 12.2% of total species
variability, respectively (Table 2, Fig. 1). The first axis was significantly correlated with mean
Ellenberg’s index for moisture (r=0.93). Plots 2, 3, 7 and 6 represented wet sites with typical
wetland plant species, such as Juncus articulatus, J. tenuis, Lysimachia thyrsiflora, Persicaria
hydropiper, Phragmites australis and Typha latifolia (I'ig. 2). The driest habitat was
represented by plot 1, which hosted plant species adapted to dry conditions (including
Calamagrostis epigejos, Calluna vulgaris, Cirsium arvense, Holcus mollis, Pinus syivestris.
and Senecio viscosus). The second DCA axis was significantly correlated with mean
Ellenberg’s indices for pH (r=-0.67) and nutrients (r=-0.85). Nutrient-poor and acidic
mocrohabitats were represented by plots 3 and 4. Their drier parts were dominated by Pinuys
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wivestris, with Avenella flexuosa, Vaccinium myrtillus in the understorey, while their wetter

sarts hosted (among others) several Salix species.
Phyvtosociological relevés

The slope of the shores ranged from 8 to 37°. A steeper slope or a step was frequently
found between the limosal and littoral ecophase. As is indicated by the soil analyses (Table 3).
ill plots studied were very poor in organic carbon. A visible surface organic horizon was
‘ormed only on 6 of 24 plots investigated. Also the concentrations of mineral nutrients were
very low. The mean values, within a particular ecophase, of available P and K ranged from 40
0 50 mg.kg”" and froim 45 to 90 mg kg, respectively. Magnesium concentrations were
selow 10 mg kg™ in 17 out of 30 samples analysed. Similarly. calcium concentrations were
below 20 mg kg'l in 25 out of 30 samples.

The first and second DCA axes explained 12.6 and 7.8% of the total plant species
variability (Table 4). The relevés belonging to the terrestrial. limosal and littoral ecophase
formed three partly overlapping groups on the DCA plot (Fig. 3). The correlations of first
three DCA axes with environmental data are given in Table 5. The first axis is significantly
correlated with the Ellenberg’s indices for light, continentality. moisture. pll and nutrients.
while the second axis is significantly correlated only with Ellenberg’s index for light. Values
of Ellenberg’s indices for soil moisture, pH and nutrient availability were mutually correlated
(Fig. 3).

Similarly as in the microhabitats. the dryland plots frequently hosted Calina vulgaris.
Pinus sylvestris and Vaccinium myrtillus (Fig. 4). The greatest species richness was found in
limosal plots, which included Carex acuta, Carex hirta. Juncus tenuis. Juncus hulbosus.
Juncus buffonius, and Lysimachia thyrsiflora. In comparison with the limosal ecophase. the
littoral ecophase was poorer in plant species. Phragmites australis and Typha latifolia were

the most common dominants there.
The growth of Phragmites australis

A significant correlation was found between shoot length and basal shoot diameter.
yielding a determination coefticient of 0.673 (n=840). An even closer correlation (yielding a
determination coefficient of 0.722, n=168 was found between the shoot length and basal

diameter for the tallest shoots within sampled quadrats. The panicle length was not
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significantly correlated with any of the morphological parameters measured. The density of
all live shoots was correlated only with the density of flowering shoots, yelding a
determination coefficient of 0.38. The aboveground biomass was correlated with both the
shoot length and the basal culm diamater. The determination coefficients for its correlation
with mean shoot length and mean basal culm diamater were 0.57 and 0.47. respectively. The
aboveground biomass was, however, not significantly correlated with the shoot density.

Both the shoot length and the basal culm diameter were positively correlated with the
water depth (Fig. 3). However, these correlations explained only a minor part of their
variability, with both determination coefticients reaching 0.12. For this reason. the data were
pooled within each year in order to graph the inter-annual variation (Fig. 4). The maximum
shoot length reached 3 to 4 m and for most stands, with the highest value of 5.13 m measured
in 2004. The maximum basal culm diameter was above 10 mm for 50% of all samples in all
years. The highest value of 17.9 mm was measured in 2001. The panicle length varied from
13 to 43 cm. It did not show a clear relation to any of the parameters measured.

The most frequent densities of green shoots were 50 to 100 shoots per m? (Fig. 4). A
maximum value of 224 shoots per m® was recorded in 2001. Up to 50% flowered. In many
stands, the densities of dead old culms, remaining on the spot from previous years were also
considerable. A maximum value of 320 shoots per m” was found in 2000. The aboveground
biomass commonly reached one to two kg (dry mass) m~ in 2001 and 2003. Shoots numbers.
as well as the abovergound biomass were reduced in 2003 as compared with other years ot
investigation (Fig. 4). A similar pattern was observed for the shoot length and basal culm

diameter (data not shown).
Discussion
DCA of plant species lists and phytosociological relevés

As is indicated by the DCA ordination, the high species richness found in the ninc
microhabitats studied is mainly due to marked changes in water availability over shor
distances. Similarly, the positions of particular relevés on the DCA plot correnspond witl
their position on the elevation gradient, from the terrestrial through the limosal to the littora
ecophase.

Many of the plots in the terrestrial ecophase did not have a 100% cover. The organu
surface horizon was frequently not formed, either. The fairly high species richness i th
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vland microhabitats as well as in the relevés in the terrestrial ecophase is. therefore.
obably due to the high incidence of R species in terms of the Grime strategies (Grime
79). Such development is expected in early successional stages such as occur on the shores
the sand-pit.

The occurrence of protected species that are disappearing from other wetland habitats
the area with generally high trophic status might suggest that the sand-pit represent
luable habitats in which oligrotrophic wetland species may find a refuge. Nevertheless.
ese habitats are endangered by frequent disturbance associated with continuing human
tivities such as sand extraction, movement of lorries transporting the sand. and subsequent
creation activities as fishing and bathing. If the sand-pits are to serve as refuges of rare

ecies, a suitable protection status would help prevent the eccessive degree of disturbance.
1e growth of Phragmites australis

Common reed (Phragmites australis) is an example of an almost cosmopolitan species
ith great ecological variability. In some stands, presumably genetically different clones or
orphotypes live next to each other under the same edaphic conditions. Even given the close
mtact, each ecotype keeps its own arca and differing characteristics (Dykyjova 1978:
levering 1999; Clevering et al. 2001). Remarkably different morphotypes of reed were
‘eviously recorded in some fishponds: e.g. Opatovicky (Dykyjova 1978) and Rod (Pechar ef
' 2001). However, the effects of edaphic conditions were not separated from the effect of
:notype in these earlier studies. This work is the first to document the large phenotypic
wiability of reed stands soon after colonization of a new habitat. At the same time. the the
:netic variability has been assessed and related to the phenotypic variability (Curn er al.
)03. Sucha er al. 2005).

Different morphotypes have different possibilities for spreading in different water
epths. The Halamky lake was distinguished by extreme values of water depths. to which reed
enetrated. Some morphotypes were found in water depth of 250 ecm. This is a unique finding
oth in the Trebon Basin area and. to our knowledge, in the whole of Central Europe. It does
ot agree with any values found by Clevering (1999). Pauca-Comanascu et al. (1999).
[radeckd (1973), Cizkova er al. (1996a), Weisner (1987), Weisner (1988). Cizkova e al.
2001a). Cizkova et al. (2001b). Pechar et al. (2001) or Weisner (1990). These authors report

eed penetration to water depths of 0.30 to 1.50 m.
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The densities of live shoots differ among sites investigated. While some stands have lower
densities - about 100 shoots per m” (Bornkamm & Raghi-Atri 1986; Hradecka & Kvét 1973;
Kloubec 1996; Setlik 1996; Cizkové er al. 1996b; Cizkova et al. 2001b). some others reach
densities of up to150-400 stébel na m” (Dykyjova 1971; Van der Putten 1997; Koppitz et al.
2000; Kloubec 1995; Obstova 1989; Dinka & Szeglet 1998).

The shoot lengths are as exceptional as the water depth penetration. The highest stem
found there measured 5,13 m, while values from 2.70 to 3.60 m have usually been found
(Bornkamm & Raghi-Atri 1986; Dykyjova 1971; Setlik 1996; Kloubec 1996: Kloubec 1995
Obstova 1989; Cizkova et al. 1996b; Cizkova et al. 2001b).

The aboveground biomass is a characteristic which integrates effects ot both shoot
morphology and shoot density. While close correlations were found with both the shoot
length and basal elum diameter, no significant correlation was found with shoot density in this
study. This indicats that the aboveground biomass was largely determined by the
morphometric characteristics of the plants, but it was probably not limited by shoot desnity.
This is probably associated with the early succession stage of the vegetation. where no spatial

limitation occurred yet.
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Table 1. Basic characteristics of selected microhabitats around Halamky lake (Tfebon Basin

Biosphere Reserve, Czech Republic).

Plot No.

1
2
3
4
5
6
7
8
9

100

Anm(nf)

Total cover

(%) of species
770 30 31
15 60 29
350 65 27
400 40 25
400 40 30
400 60 91
625 79 A
225 80 64
90

229

78

ruderal

species

Number of

protected

species

9
10

0
1
0

o O N




Table 2. Summary of detrended correspondence analysis (DCA) 9 microhabitats of

Halamky sand pit

Cumulative ;{;if&nage variance
7 Species:n -
Length of environment
AXis Eigenvalue gradient Species data  relation
DCA DCA DCA DCA
1 0.412 3.257 218 215
2 (229 2.133 34.0 35.9
3 0.089 1. 799 38.7 0.0
4 0.024 1.146 40.0 0.0

Total inertia 1.887




Table 3. Chemical characteristics of the soil on the shore of Halamky sand-pit lake (South

Bohemia, Czech Republic). T - terrestrial ecophase, Lim. — limosal ecophase, Lit. - littoral

ecophase.
organic carbon total nitrogen
Ecophase [)I‘Ing() I)H(_‘a(_'n
(Cox) (Ntot)
T 445 5.28 040 009
Lim. 4.89 5.94 0.30 0.08
Lit. 4.74 5.80 0.28 0.08
total
available
Ecophase phosphorus potassium magnessium
phosphorus
(Ptot)
T : 0.02 50.43 6820  46.00
[im. 0.02 43.57 8§9.00 29.00
Lt 39.71 44 .88 15.00

0.02
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Fig. 1. Detrended correspondence analysis (DCA) ordination of diverse microhabitats

occurring on the shores of Halamky lake (Ttebon Basin, Czech Republic).
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Fig. 2. Detrended correspondence analysis ordination of plant species found in various
microhabitats on the shores of Halamky lake (Tiebon Basin, Czech Republic). Agrgig

Agrostis gigantea, Agrsto — Agrostis stolonifera, Achmil — Achillea millefolium, Alipla -
Alisma plantago-aquatica. Alnglu — Alnus glutinosa. Aloaeq — Alopecurus aequalis. Avefle
Avenella flexuosa. Betpen — Betula pendula, Bidcer — Bidens cernuus. Bidfro — Bidens

frondosus, Bidtri — Bidens tripartitus, Calcan Calamagrostis canescenc. Calepi

Calamagrostis epigejos. Calvul — Calluna vulgaris, Carova — Carex ovata, Carros — Carex
rostrata, Carspe — Carex specie, Carves — Carex vesicaria, Cerhol — Cerastium holosteoides.
Cirarv — Cirsium arvense, Cirpal — Cirsium palustre, Cirvul — Cirsium vulgare. Concan -
Conyza canadensis, Drorot — Drosera rotundifolia, Echeru — Echinochloa crus-galli. Elepal -
Eleocharis palustris, Epiang- Epilobium angustifolium. Epicil — Epilobium ciliatum, Epihir
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Epilobium hirsutum, Fesspe — Festuca specie, Filarv — Filago arvensis, Fraves - Fragaria
vesca, Galpal — galium palustre, Glyflu — Glyceria fluitans, Gnasyl — Gnaphalium sylvaticum,
Holmol — Holcus mollis. Hypper — Hypericum perforatum, Hyprad — Hypochaeris radicata.
Chepol — Chenopodium polyspermum, Junart — Juncus articulatus. Junbul — Juncus bulbosus.
Juneff — Juncus effusus, Junten — Juncus tenuis, Lemmin - Lemna minor, Leoaut — Leontodon
autumnalis, Lolper — Lolium perenne, Luzpil — Luzula pilosa, Lyceur — L.vcopus europacus.
Lyvcflo — Lychnis flos-cuculi, Lycinu — Lycopodiella inundata, Lysthy — Lysimachia
thyrsiflora, Lysvul — Lysimachia vulgaris, Lytsal — Lythrum salicaria. Molcae — Molinia
caerulea, Myoarv — Myosotis arvensis, Myrspt — Myriophyllum spicatum, Peppor - Peplis
potula, Perhyd - Persicaria hydropiper, Perlap — Persicaria lapatifolia, Phaaru - Phalaris
arundinacea. Phlpra — Phleum pratense, Phraus — Phragmites australis. Picabi — Picea abies.
Pinsyl — Pinus sylvestris, Plamaj — Plantago major, Plauli — Plantago uliginosa, Poaann - Poa
annua, Poapal — Poa palustris, Popalb — Populus alba. Poptre - Populus tremula. Potnat -
Potamogeton natans, Ranfla — Ranunculus flamula. Ranrep — Ranuculus repens. Rubspe -
Rubus specie, Rumobt — Rumex obtusifolius, Salaur — Salix aurita, Salcap — Salix caprea.
Salcin — Salix cinerea, Salfra — Salix fragilis, Salpur — Salix purpurea. Saltri — Salix triandra.
Scugal — Scutellaria galericulata, Senvis — Senecio viscosus, Sillat — Silene latifolia ssp. alba,
Sperub — Spergularia rubra, Stegra — Stellaria graminea. Tarsec — Taraxacum sect. ruderalia.
Trihyb — Trifolium hybridum, Trirep — Tritolium repens, Tusfar — Tussilago farfara. Typang -
Typha angustifolia, Typlat — Typha latifolia, Vacmyr — Vaccinium myrtillus, Vicera — Vicia

cracca.
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position

Fig. 3. Detrended correspondence analysis (DCA) ordination of phytosociological relevés
taken on elevation gradients on the shore of Halamky lake (Tfebon Basin, Czech Republic).
Dark grey symbols — terrestrial ecophase, light grey symbols — limosal ecophase, open

symbols — littoral ecophase.
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Fig. 4. Detrended correspondence analysis  ordination of plant species  found in
phytosociological relevés taken across the elevation gradient on the shores of Halamky lake
(Ttebon Basin, Czech Republic). Agrcan — Agrostis canina, Agrcap — Agrostis capilaris,
Agrspe — Agrostis specie, Avefle — Avenella flexuosa, Bataqu — Batrachium aquatile, Betpen
— Betula pendula, Bidspe — Bidens specie, Bidtri — Bidens tripartitus. Braspe — Brassica
specie. Calepi — Calamagrostis epigejos, Calvul — Calluna vulgaris, Caracu — Carex acuta,
Carspe — Carex specie, Crecap — Crepis capillaris, Eleaci — Eleocharis acicularis. Eplang -
Epilobium angustifolium, Epicil — Epilobium ciliatum, Epihir — Epilobium hirsutum. Fesfil -
Festuca filiformis, Galpal — Galium palustre, Gnauli — Gnaphalium uliginosum, Gypmur

Gypsophila muralis, Hiepil — Hieracium pilosella. Hollan — Holcus lanatus. Junart — Juncus
articulatus, Junbuf - Juncus buffonius, Juncon — Juncus conglomeratus, Juneff — Juncus
effusus, Junten — Juncus tenuis, Leoaut — Leontodon autumnalis, Lysthy - Lysimachia
thyrsiflora, Lysvul — Lysimachia vulgaris, Lytsal — Lythrum salicaria, Molcae — Mollinia
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:aerulea, Myrspi — Myriophyllum spicatum, Peramp — Persicaria amphibia. Perlap -
>ersicaria lapatifolia, Phraus — Phragmites australis, Pinsyl — Pinus sylvestris. Popalb

opulus alba, Poptre — Populus tremula, Poteri — Potamogeton crispus, Roramp — Rorippa
imphibia, Rumcon — Rumex conglomeratus, Salaur — Salix aurita. Salfra — Salix fragilis.
salpur — Salix purpurea, Sperub — Spergularia rubra, Spisal — Spiraea salicifolia. Tarspe -
Taraxacum specie, Triino — Tripleurospermum inodorum, Trirep — Trifolium repens, Tusfar -

['ussilago farfara, Typlat — Typha latifolia, Vacmyr — Vaccinium myrtillus.
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Abstract

Populations of Phragmites australis (Cav.) TRIN. ex STEUD. were studied in the
littoral of two man-made lakes located in the Trebon Basin (South Bohemia, the Czech
Republic): (1) Opatovicky fishpond, a shallow artificial lake constructed in 1510-1514 by
damming a shallow valley and used since for carp production, and (2) Halamky sand pit, a
new lake formed by sand extraction. proceeding in 1970-1994. Phenotypic variability was
assessed on the basis of shoot morphological and growth characteristics, measured at the time
of seasonal maximum aboveground biomass. Genotypic variability was detected by using
RAPD approach, which demonstrated a high clonal diversity both habitats. The clonal
diversity would be strongly underestimated when based on morphological differences only, A
higher genotypic variability has been found in the fishpond reed, non-corresponding with a
low variability in its phenotype performance. Based on analysis of 160 samples. four patterns
of genotypic variation were detected: (1) In both populations studied. some stands were
genetically uniform and, therefore, were considered monoclonal. (2) At Halamky sand pit.
some stands consisted of several clones. However, these clones were more similar within the
particular stand than to clones of adjacent stands. (3) In the population of Opatovicky
fishpond, multiclonal stands consisted of clones with a low degree of similarity. (4) In the
population of Opatovicky fishpond, identical clones were detected in several neighbouring
stands separated by gaps. The findings appear to support a model of colonization postulating
that populations initiated by seeds are initially genetically diverse and over time become
dominated by a few clones due to the competition and selection. These processes then

decrease both genetic and morphological variability.

1. Introduction

Stands of common reed (Phragmites australis) oceur in various wetland types world-
wide. The differences between the structure and production of reed stands have been related
to the trophic state of their sites (Rodewald-Rudescu, 1974: Dykyjova and Hradecka. 1976:
Kiihl and Kohl, 1992; Koh!l er al. 1998), difterences in climatic and meteorological
conditions (Haslam. 1971, 1973; Dykyjova and Hradecka, 1976; Zemlin er /.. 2000) or the

genetic differences between reed clones (Daniels, 1991; Koppitz, 1999; Kihl er al. 1997:

Kiihl er al., 1999: Lippert et al., 1999; Rolletschek er al.. 1999).




Several authors have shown that many aquatic reed stands have a low genetic
diversity. Zeidler er al., 1994; Koppitz et al., 1997). This has been ascribed to the mainly
vegetative propagation of reed, since a whole stand can develop from one or a few seeds.
According to an alternative hypothesis, the genotypic diversity of some stands might
originally be higher and subsequently decrease because of competition and selection
(Neuhaus er al., 1993). Kiihl and Zemlin (2000) suggested that the different sensitivity of reed
clones to stress factors is based on genetically determined ecophysiological differences. Low
genetic diversity might therefore reflect a different sensitivity of reed clones to stress factors
and their consequent selective die-back (Eriksson. 1993, Koppitz er al., 1997).

Kiihl and Neuhaus (1993), and Koppitz and Kiihl (2000) suggested that the assessment
of clonal diversity might indicate the potential vulnerability of reed stands to environmental
change — polyclonal stands are thought more likely to include genotypes that are adapted to
new environmental conditions or that are sufficiently plastic to tolerate them. Nevertheless.
few field data yet exist to test the validity of this hypothesis. This mav partly be due to
difticulties in finding populations of different known age, within the same climatic conditions.
In this study, we have chosen two man-made lakes whose age 1s known and difters by an
order in magnitude. Although the age of the littoral reed populations is not known precisely. it
can be inferred from the age of the lakes and type of management, which has not changed
markedly during the existence of the water bodies. The general aim of this study was to
describe patterns of both morphological and genetic variability of these two reed populations
in order to provide further information on the relation between phenotypic and genotypic
diversity of populations of different age. Within this aim, we sect the following partial

hypotheses:

(1) The number of clones per unit of population area is lower in the older population than
in the younger population.

(2) The maximum area covered by a single clone i1s greater in the older than in the
yvounger population.

(3) Morphologically homogenous stands are monoclonal.

(4) In multiclonal stands and populations, the morphological variability is a good
indication of the genetic variability.

2. Material and methods

2.1, Site description
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Two localities were selected in the Trebon Biosphere Reserve (Trebon: 90 03'N.. 14

6'E.. altitude 430 m), South Bohemia, Czech Republic:

(1) Opatovicky fishpond is a shallow water body constructed in 15310-1514 by damming a
shallow valley and used since for carp production. The maximum flooded area is 160
hectares. Its maximum length and and width of the shoreline i1s 2.6 and 1.1 km.
respectively, and the shoreline length is 9.40 km. The fishpond is filled with naturally
dystrophic water originating from large peatbogs occurring in the whole Tiebon basin.
This water, however, has turned highly eutrophic through the fertilization and
manuring of the whole fishpond system as well as of the surrounding agricultural land.
Well developed reed stands. fringing over a half of the shore length. have been subject

of a series of scientific studies since the 1960s (Dykyvjova and Kvét. 1978, Hroudova
and Zakravsky, 2002), but are probably much older.

(2) Halamky sand pit is a new lake formed by sand extraction, proceeding in 1970-1994,
The area of the lake is 22.89 hectares. The maximum length and width of the shoreline
is 0.79 and 0.41 km, respectively. and its shoreline length is 2.01 km. The sand-pit is
situated in the Luznice river floodplain and is fed with its water. filtered through a
sand barrier. Halamky sand-pit represents a mesotrophic habitat. hosting young and
expanding reed stands. All the reed vegetation there is certainly yvounger than 35 years.
but much of it is probably younger than 20 years. It is likely that it established itself
from seeds, as the lake does not direct connection with any watercourse in the

catchment.
2.2. Sampling

Well developed, healthy looking and visually homogenous stands of P. australis were
chosen in the littoral zone of both lakes. The visual homogeneity was judged by uniformity of
shoot heights, angle, width and colour of leaves and colour of panicles. The selected stands
were mostly bordered by stands of other helophyte species or open water. In one case.
adjacent segments of reed belt distinctly differed in morphological features (stand height,
stem thickness, leaf angle and colour) and were. therefore, considered different stands. Seven
and nine stands were selected at the Halamky and Opatovicky lakes. respectively. In June

2003, five shoots were sampled from all stands along transects laid parallel to the shore at a
I
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Two localities were selected in the Trebon Biosphere Reserve (Tiebon: 90 03'N.. 14

t6°E., altitude 430 m), South Bohemia, Czech Republic:

(1) Opatovicky fishpond is a shallow water body constructed in 1510-1514 by damming a
shallow valley and used since for carp production. The maximum flooded area is 160
hectares. Its maximum length and and width of the shoreline is 2.6 and 1.1 km.
respectively, and the shoreline length is 9.40 km. The fishpond is filled with naturally
dystrophic water originating from large peatbogs occurring in the whole Tiebon basin.
This water, however, has turned highly eutrophic through the fertilization and
manuring of the whole fishpond system as well as of the surrounding agricultural land.
Well developed reed stands, fringing over a half of the shore length. have been subject
of a series of scientific studies since the 1960s (Dykyjova and Kvét, 1978, Hroudova
and Zakravsky, 2002), but are probably much older.

(2) Halamky sand pit is a new lake formed by sand extraction. proceeding in 1970-1994.
The area of the lake is 22.89 hectares. The maximum length and width of the shoreline
is 0.79 and 0.41 km, respectively, and its shoreline length is 2.01 km. The sand-pit is
situated in the Luznice river floodplain and is fed with its water. filtered through a
sand barrier. Halimky sand-pit represents a mesotrophic habitat, hosting young and
expanding reed stands. All the reed vegetation there is certainly younger than 35 years.
but much of it is probably younger than 20 years. It is likely that it established itself
from seeds, as the lake does not direct connection with any watercourse in the

catchment.
2.2 Sampling

Well developed. healthy looking and visually homogenous stands of P. australis were
chosen in the littoral zone of both lakes. The visual homogeneity was judged by uniformity of
shoot heights, angle, width and colour of leaves and colour of panicles. The selected stands
were mostly bordered by stands of other helophyte species or open water, In one case.
adjacent segments of reed belt distinctly differed in morphological features (stand height,
stem thickness, leaf angle and colour) and were, therefore, considered different stands. Seven
and nine stands were selected at the Halamky and Opatovicky lakes. respectively. In June

2003. five shoots were sampled from all stands along transects laid parallel to the shore at a
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depth of 0.4 to 0.5 m. These shoots were used for preliminary genetic analyses. The sampling

distance reflected the total length of the stands and was 2.5 and 10m at Halamky and
Opatovicky lakes, respectively. In August 2003, the total aboveground biomass was harvested
from 0.5 x 0.5 m quadrats along the same transects and at the same distances as in the
previous sampling. Five quadrats were sampled at each stand. In September 2003, two
parallel transects were laid along fringes of the reed belts adjacent to open water and to the
land, respectively. At Halamky, the transects were situated in water depths of 0.5 and 2 m,
respectively. At Opatovicky lake, the water level was 0.2 to 0.3 m below the soil surface at
the terrestrial edge of the reed belt. The water depth was about 0.5 m along the open water
edge. Five shoots were collected along each transect and subjected to both morphological

measurement and the genetic analyses.

2 3. Analysis of molecular markers

Sampling and DNA extraction: Fresh leaf samples were collected as described above.
DNA from the leaf samples was isolated by using Invisorb Spin Plant Mini Kit (INVITEK.
Germany) according to standard protocol. DNA samples were stored at -20°C prior to their
use. DNA samples used for primer screening were isolated using the same procedure. leat
samples were collected in end of June from the same stands as above.

RAPD analysis: Random primers (OPERON Technologies, CA) were selected for the
RAPD analysis. The volume of the final PCR reaction (25 pl) composed of 1= bufter (10 mMI
Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl,), 200 uM dNTP. 10 pM of primer. 1 U Taq
DNA polymerase (TAKARA) and 25 ng of template DNA. Amplifications were carried out in
an MJ Research Thermocycler PTC 100 according to a program that included an initial
denaturing step of 3 min at 94°C, then 45 cycles of 1 min at 94°C. 2 min at 35°C and 3 min at
72°C followed by final elongation for 10 min at 72°C. Final step was followed by a holding
temperature of 4°C. PCR products were separated on 1.5% agarose gels in TBE bufter which
included lanes of 100 bp DNA ladder (NEB) and DNA bands were visualized after ethidium
bromide staining under UV light. RAPD patterns were photographed using Epson Ultra Cam

Data analysis: RAPD data files were analysed by the BioProfil 1D++ software (Vilber
[L.ourmat, France) with manual correction. Fingerprint patterns were transformed into a binary
character matrix with 1 for presence or 0 for absence of a band at a particular position in a
lane. After removing monomorphic bands, genetic distance matrices were generated using Nei
& Li similarity metrics and Cluster analysis (UPGMA - unweighted pair group method
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averages) and PCA, PCO and Correspondence analysis were performed. These statistical
analyses were calculated using MVSP (Kovach Comp.Serv.) and STATISTICA 6.0 software

package (Statsoft).

2 4. Shoot growth and morphology

Characteristics of reed production (density of live, flowering and dead shoots. total
above-ground biomass) and morphology (shoot length to the tip of uppermost leaf, number of
internodes per plant, basal diameter, panicle length) were recorded in the time of seasonal
maximum aboveground biomass, using recommendations by Dykyjova et al. (1973). In order
to facilitate comparisons, special attention was paid to the tallest shoot within each sample.
which had presumably originated from the most vigorous rhizome buds (Hradecka. 1973).
Therefore, they were presumably of similar age and were probably least affected by

intraspecific competition. The samples of aboveground biomass were collected in late August

2003. as described in a previous section. After determination of the morphologica
characteristics of a single sample, its fresh weight was immediately determined on a
mechanical balance. The samples were then transported to the laboratory, dried to constant
weight in an electrical oven at 80° C, and weighed.

Statistical analyses were carried out using the software package STATISTICA 6.0
(Statsoft). The morphological differences between stands were tested using the Kruskall-
Wallis nonparametrical test. The contribution of measured morphological and growth
characteristics to the overall differences among stands and populations was explored with

PCA analysis.

3. Results
3.1. RAPD analysis

A total of 5 random primers (OPA-03, OPA-04, OPA-11, OPB-04 and OPB-08) were
surveyed across all samples on 16 stands. All these primers exhibited a suftficient level of
polymorphism. These five primers amplified altogether 88 bands and 75 (85%) of these bands
were polymorphic. 13 bands exhibited a low level of polymorphism (polymorphic bands had

~

a weak staining intensity or polymorphism was detected in only 1-3 plants). so 62 (70
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amplified bands were highly polymorphic. This gave on average 12.4 polymorphic products

per one polymorphic primer. The highest polymorphism was detected using primers OPA-04
and OPB-08 and these primers were used for analyses of all 160 reed samples.

Primers OPA-04 and OPB-08 amplified 19 and 16 bands and only two bands
generated by OPB-08 were non-polymorphic. Five additional bands exhibited a low level of
polymorphism (3 and 2 using primers OPA-04 and OPB-08. respectively). 28 highly
polymorphic bands represent 80% of all amplified bands and this high level of polymorphism
allowed to characterise individual clones and to distinguish them.

The size of amplified band ranged from 100 to 1500 basepairs. RAPD fingerprints
were amplified repeatably and the clear and distinct banding patterns indicate that this method

is suitable for genetic studies of P. australis.
3.2, Genetic diversity of analysed populations

The genetic similarity was estimated for all comparisons of samples according to Nei
and Li metrics and was calculated from the total number of polymorphic bands. This matrix
of genetic distances was utilised to cluster samples, based on their degree of genetic similarity
using different methods. Cluster analysis (UPGMA method with 5% confidence interval)
resulted in the dendrogram (Fig. 1) that grouped populations “geographically”™. This
dendrogram presents results where only plants representing distinct clones are analysed (for
example, the sample O-2 on the dendrogram represents the clone that includes plants O-1 o
0-5, 0-8, O-23, and O-24).

Clones from all stands of Opatovicky lake were clustered in one group. The level of
genetic similarity between individual clones was higher than 83% except for two clones
located in the most east-northern part of the pond. The similarity of these two clones with the
others was only 70%, but still all clones formed one group highly distinct from clones of
Halamky lake. In comparison with Opatovicky lake, the level of genetic polymorphism was
markedly higher between clones of Halamky lake. All clones from this habitat formed again
one group but the diversity was higher than in Opatovicky lake. the dissimilarity of groups of
clones ranging between 15-33%. An extreme polymorphism was found for stand B. The
group of seven clones found in this stand exhibited a conspicuously high distinctness and also
the polymorphism within this cluster was exceptionally high.

PCA, PCO and CA analyses gave very similar results and clones formed two
independent and distinguishable clusters (Fig. 2). Similarly as in the cluster analysis. clones
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from Opatovicky lake were aggregated in a relatively compact group. In contrast. clones from

Halamky sand pit created an expanded group. whose polymorphism was twice as high as in

the group of Opatovicky clones.

3.3. Clone distribution and genetic variation of stands

In some investigated stands, all reed samples exhibited an identical RAPD pattern
suggesting that all analysed plants belong to one clone and, therefore. that this particular stand
is settled by only one clone. Such monoclonal stands were present both in Opatovicky and
Halamky lakes (stands E, F*, Tand J, N, O, P). A more frequent situation was that stands were
occupied by higher numbers clones of different similarity. Considering multiclonal stands
only, the numbers of clones were significantly smaller in Opatovicky than in Halamky lake (t-
test, p=0.04). The largest area, within both populations. was covered by clone O-41 at
Opatovicky lake, which was idenfied with a frequency of 28 % among samples of Opatovicky
lake. In contrast, each of the three largest clones of Halamky lake had a frequency of 14 %
among samples of Halamky lake.

It was possible to detect basic patterns of genotypic variation (Fig. 3). (1) In both

populations studied, some stands were genetically uniform and. therefore. were considered

monoclonal. (2) At Halamky lake, some stands consisted of several genotypes. However.
these genotypes were more similar within the particular stand than to genotypes of adjacent
stands. (3) In the population of Opatovicky lake, identical clones were detected in several
neighbouring stands separated by gaps. The most cosnpicuous example of this pattern was
represented by clone O-41, which occurred in five stands along the eastern shore. (4) In the
population of Opatovicky lake, multiclonal stands consisted of genotypes with a low degree

of similarity.
3.4. Morphological and growth characteristics of reed stands

The PCA analysis showed a close correlation between morphological characteristics
describing single shoots. i.e. maximum and mean shoot length and maximum and mean basal
culm diameter (Fig. 4a). In addition, the density of live shoots was closely correlated with the
density of flowering shoots. The first PCA axis accounted for 49 % of total variation. which
was associated with characteristics of single shoots in one direction and partly with shoot
densities in the other. The second PCA axis accounted for 23 % of variation. It was associated

mainly with the panicle size and, to some extent, with shoot densities and the related effect of
21
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shoot densities on aboveground biomass. The plot of case scores separated the two
populations with almost no overlap (Fig. 4b). In comparison with Opatovicky, the Halamky
population showed more variation along the first axis, which corresponded to a greater
variation in shoot size among single stands. Its left extremes along the first axis corresponded
to stands with robust shoot sizes, which were recorded in some Halamky stands but in none of
Opatovicky lake. The position of Halaimky population along the second axis corresponded to
generally smaller panicles and. to some extent. also to the lower shoot densities as compared
with Opatovicky lake.

Morphological differences were detected between some stands within either
population (Table 3, Fig. 5). Conspicuous differences were found in shoot length. both
between stands within the populations and between ranges covered by whole populations. The
maximum shoot heights of single stands ranged from 2.9 to 4.6 in the studied stands of
Halamky lake, but only from 1.80 m to 3.30 m at Opatovicky lake. Maximum basal diameters
ranged from from 6 to 16 mm at Halamky, but only from 6 to 10 mm at Opatovicky. The
basal diammeters were significantly (p<0.0001) correlated with stem  lengths. The
determination coeffiecients R” were 0.861 and 0.818 for the tallest stems of Halamky and
Opatovicky lakes. respectively. and 0.681 and 0.611 for all measured stems of Halamky and
Opatovicky lake, respectively. Unlike the stem lengths. the panicle length values were fairly
uniform within either population.

Differences between stands were found also in shoot densities in both lakes. Live
shoot densities varied from 20 to 120 shoots per m™ at Halamky. At Opatovicky lake, values
above 100 shoots per m™~ were found in all stands and the maximum density of live shoots
was over 500 shoots per m™. On both sites, the densities of flowering shoots were
significantly (p<0.0001) correlated with the densities of all live shoots. The determination
coeffiecients R” for these correlations were 0.678 and 0.510 for Halamky and Opatovicky

lake, respectively.
4. Discussion
4.1 Genetie variation
As reed has not been considered an economically important plant. the knowledge
about its molecular biology. especially about its genome, 1s limited in comparison with

cultured plant species such as wheat, barley, alfalfa. Much information on the genetic
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tructure and diversity of reed populations has been gained using the RAPD technique. RAPD
s an effective method to detect intra- and inter- population variation and is widely and still
1sed for these purposes in many plants. Keller (2000), Koppitz (1997, 1999) and Kiihl ¢ al.
1999) also studied genetic relationships among and within reed populations using the RAPD
echnique. In addition to the use of RAPD markers, the genetic structure of reed populations
vas studied also using other molecular methods, like SSR analysis. ITS and cpDNA
sequencing. Saltonstall (2002, 2003) applied these two approaches to evaluate the genetic
variation in the North American population of reed and to detect alien invasive genotypes

»eeurring in North America.
1.2 Clone distribution and genetic variation of stands

The results of genetic analyses indicate that both populations were multiclonal and a
high clonal variability existed within either of them (Fig. 3). Both monoclonal and multiclonal
stands were found at either site. A higher number of clones, within a single multiclonal stand.
were found at Halamky lake than at Opatovicky lake (Table 1. Fig. 3). The numbers of clones
found in both in single multiclonal stands (Section 3.3.. Table 1) and in the whole populations
(Table 2) support our hypothesis 1, stating that the number of clones per unit ot population
arca is lower in the older. as compared with the younger population. The disclosed general
pattern of clonal diversity (Section 3.3., Fig. 3) also supports our hypothesis 2. stating that the
maximum area covered by a single clone is greater in the older that in the younger population.
Some additional support to both hypotheses is provided by the fact that the transect. along
which the sampling was performed, represents a 4 times longer segment of a reed stand at
Opatovicky than in Halamky lake. However, it should also be born in mind that as a result of
a greater sampling distance at Opatovicky lake, it is more probable that some clones were not
detected.

Like in other European populations, studied by Koppitz (1999). we found different
forms of clonal diversity: monoclonal or polyclonal stands. stands with neighbouring or
intermingling clones. Monoclonal stands (E, 1. J, N, O. P) were inhabited by only one clone.
which presumably spread over the area by vegetative propagation. This could be the result of
colonization by several clones followed by natural viability selection as suggested Koppitz
(1999). This model can explain the situation in old well established populations like in
Opatovicky lake. A rather different model should be applied to the development of

monoclonal stands in Halamky lake. With respect to the relatively short period of the
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development of the reed population on this site we can suppose that these stands were
established from one plant and selection was probably on the level of suitable conditions for
seed germination and/or on the level of young/juvenile plants establishment.

In polyclonal stands different clones were found to coexist next to each other without
penetration into one another (stands D and F at Opatovicky lake). Also a mixed growth of
different clones was observed — this is supposed to be caused either by spreading of reed by
vegetative propagation and intermingling of rhizomes or a dispersal of pieces of rhizomes or
shoots (stands A, G, H). Extremely high values of clonal diversity were found in three stands
in Halamky (K, L. M). This can be ascribed to the presumable establishment from several
diaspores, which spread vegetatively into the current. fairly small patches. Again this can be
explained by the relatively short age of this population. Further development of this stands
can bring new and exact data for modelling of reed populations development. It seems
reasonable to assume that in such patchy populations. the clones may compete between one
another for space, which might result in a successive shift of their borders.

The presence of the same clone in several stands, like clone O-41 in 5 stands situated
along several hundreds of meters of the shoreline (Fig. 3), might have one more explanation.
These currently separate stands may represent remnants of a formerly continuous stand
dominated by one clone, which spread vegetatively in a period of favourable conditions and
was fragmented in later times. The relatively low degree of genetic similarity between this
widely spread clone and its geographic neighbours may indicate that the diaspores came from
less related sources, which could happen if their establishment took place over a longer time
span. Field observations would also support this explanation. During our investigation, we
observed scarce, fairly small areas of mud flats saturated with water, which might provide
suitable conditions for seed establishment. Judging by their appearance, these openings in the

reed belt might have been created on sites where reed was formerly damaged by swans.

4.3 Morphological variation as related to the clonal diversity

As follows from the sampling scheme, each of the stands sampled tor genetic and
morphological analyses was selected as visually homogenous. The fact that some of them
were found monoclonal while some others were polyclonal (Table I. Fig. 3) contradicts our
hypothesis 3, stating that morphologically homogenous stands are monoclonal. The fairly
high genotypic variability (as indicated by distances between clones on the UPGMA
dendrogram, Fig. 1), which was found in the Opatovicky lake reed. did not correspond with
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the low variability in its phenotype performance (as displayed by fairly the close positions of
samples within particular stands in the plot of PCA case scores, Fig. 4b). These results
contradict our hypothesis 4, stating that in multiclocnal stands and populations, morphological
variability 1s a good indication of genetic variability.

Both these conclusions increase insight into information on visually uniform stands.
which were previously assumed monoclonal on the basis of morphological analysis (Hradecka
and Kvét, 1973; Hradecka, 1973; Dykyjova and Hradecka, 1976). It is possible that the stands
investigated could really be monoclonal. as indicated by a very detailed morphological
analysis (Hradeckd, 1973). However, it cannot be excluded. either, that these stands might
have consisted of groups of clones, which could not be distinguished using the morphometric
approach only.

Our findings are in contrast with results of Kiihl (1999). who showed that RAPD
clearly identified plants belonging to a distinctive morphotype. Also Ncuhaus er all (1993).
Kiithl and Neuhaus (1993) and Keller (2000) reported low levels of genetic variation on
particular sites (lakes) and presence of one or limited numbers of clones forming
homogeneous stands, a single stand covering an area of more than 3000 m”. Our results. based
on more detailed sampling of two populations of different age, showed a high level of
polymorphism detected by RAPD markers and the genetic similarity between particular
clones was found to range from 70 to 100%. This range of genetic variation within polyclonal
stands is in correspondence with results of Koppitz (1997. 1999). who investigated reed
stands in Europe. Our results, based on the use of the RAPD technique. support the
conclusion that the genetic variation in reed populations of will probably be higher than is
usually reported and than is estimated on the basis of phenotype. Also more precise sampling
and employment of further suitable methods of genetic analysis could disclose the possibly

existing higher level of genetic variation.
4.4, Implications for a long-term stability of reed stands

A hypothesis was put forward in the 1990s (Kiihl and Kohl. 1992: Kiihl and Neuhaus.
1993; Neuhaus er al., 1993) that in originally diverse populations only those clones that able
to survive persisted, which was reflected by a reducing genetic variability of the population.
The resulting populations, consisting of only few large monoclonal stands. were supposed to
be more vulnerable to rapid changes in environmental conditions such as eutrophication

because the low genetic diversity does not confer the stands sufficient phenotypic plasticity
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for successful adaptation. This was considered a possible explanation for the low variability
of reed populations and its decline. Evidence of this hypothesis is, however, complicated by
the fact that it is difficult to ascertain the age of reed stands for most lakes. Our examples of
reed populations inhabiting water bodies of contrasting age have shown that both monoclonal
and multiclonal populations can exist in both newly formed and rather old populations:
however, their typical patterns can differ.

Within a pattern found in the older population, one clone formed a basis of the whole
stand and other clones were scattered within the stand. forming only small patches. In such a
stand. a collapse of the largest, and probably also the oldest, clone would bring about the
collapse of the whole stand because of toxic effects of decomposing dead parts both above
and below the ground (Armstrong et al, 1996a.b: Van der Putten et al.. 1997: Cizkova et al.
1999). Within an alternative pattern found in the younger population, patches of different
clones of similar size occurred next to each other within the same stand. In such a pattern. a
collapse of a single clone may lead to the formation of a gap inside the stand. The toxic
effects of decomposing plant matter may affect edges of adjacent reed clones, but 1t does not
seem likely that the whole stand would be affected as in the former case.

These inferences about the possible relation between the population age. clonal
structure and consequences of collapse of one clone for the whole stand. would be in
accordance with the hypothesis of Kiihl and Neuhaus (1993) and Koppitz and Kiihl (2000).
suggesting that older populations are more vulnerable to environmental change as a result of a
loss of clonal diversity in the process of preceding selection. However, as these inferences are
based only on two sites, care is needed in extrapolating these conclusions. untl further

rigorous data are available.
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Fable 1. Numbers of individual distinct clones in stands of P. australis along shores of

Jpatovicky fishpond (old lake) and Halamky sand pit (new lake), South Bohemia, Czech

Republic.

site Opatovicky

Stand A B C D E F G H [
Number of clones along 1 3 3 2 l 1 2 1 |
he open water edge

Number of clones along 3 l I 2 l 2 3 2 l
he terrestrial edge

l'otal number of clones 3 3 3 3 1 2% 3 2 I
Clones present only in - 2 1 2 - i I ! I
one stand

Site Halamky

Stand 17 K L M N O P
Number of clones along the open water | 3 2 3 ] l 1
edge

Number of clones along the terrestrial |1 4 2 3 1 l I
edge

Total number of clones 1 7 3 5 I I I
Clones present only in one stand 1 7 2 4 I | I

* these two clones are very similar, distinctness is less than 0.1%
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Table 2. Clonal diversity of populations of P. australis growing along shores of Opatovicky

fishpond (old lake) and Halamky sand pit (new lake), South Bohemia, Czech Republic.

Opatovicky  Halimky
Total number of clones _ 14 s
Number of monoclonal stands 2(3%) 4
Number of clones present only in 1 stand 9 17
Number of clones occurring in 2 neighbouring stands 2 1
Number of clones occurring in 2 non-neighbouring 2 0
stands
Number of clones occurring in more than 3 stands | (in 5 neigh- 0

bouring stands)




Table 3. Differences in shoot characteristics in the time of seasonal maximum aboveground

biomass among stands of P. australis growing along the shores of Opatovicky and Halamky

lakes (South Bohemia, Czech Republic), tested by Kruskall-Wallis non-parametrical test.

Variable df N H p Significantly
different stands

Opatovicky -

Maximum shoot length 8 45 2931 <0.001 C-E;C-F:E-G

Maximum basal diameter 8 45 2523  0.001 C-F: C-I

Maximum panicle length 8 e 430  0.401

Number of live shoots 8 43 28.71 <0.001 C-F; D-F

Number of flowering shoots 8 45 16.86 0,032

Live shoot biomass 8 45 21.92  0.005 B-H

Halamky o -

Maximum shoot length 6 23 2869 0001 K-N:N-P;O-P

Maximum basal diameter 6 33 19.77  0.003 K-N; P-N

Maximum panicle length 6 34 8.05 0.235

Number of live shoots 6 34 20.75 0.002 J-K: J-P

Number of flowering shoots 6 34 19875  0.004 J-P

Live shoot biomass 6 3 0.229

8.13




Fig. 1. Dendrogram of individual P. australis clones constructed on the basis of RAPD data.

by the UPGMA method, resulting from distance matrix calculated with the metric of Nei and

L&

- LT 1y UPGA {
R s — 1|
.
Fnaaaas o - S—— ]
| - — o
- " - s |
| ] — S
.
| 4 |
| — -
o e |
‘ -
_ ) - ‘
S . , s =
[ 1] |




“ig. 2. PCA case scores of P. australis stands of Opatovicky (circles) and Halamky (triangles)

akes calculated from RAPD data.
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Fig. 3. Spatial distribution of distinct clones in stands of P. australis growing along shores of
Opatovicky fish pond (old lake) and Halamky sand pit (new lake), South Bohemia, Czech
Republic, as indicated by RAPD analyses performed in 2004.
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Fig. 4a PCA biplot of morphological and growth characteristics of stands of P australis
growing along shores of Opatovicky fish pond (old lake) and Halamky sand pit (new lake).
Ngreen — number of green shoots (m™). Nflower — number of flowering shoots (m™), Maxpan
— Maximum panicle length, Meanpan — mean panicle length, DW - seasonal maximum
aboveground biomass (g.m'z), Maxint — maximum number of internodes detected on a culm,
Meanint — mean number of internodes. Maxbase — maximum diameter of culm base.
Meanbase — mean diameter of a culm base, Maxhght — maximum shoot length. Meanhght -

mean shoot length.
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Fig. 4b. PCA case scores of P. australis stands of Opatovicky (blue symbols) and Halamky
(red symbols) lakes. Different symbols denote different stands.
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1. Introduction

Distinct morphotypes of Phragmites australis are a conspicuous phenomenon found in a
recent man-made lake, sand pit resulting from sand extraction. in the tfloodplain of the upper
Luznice River in the Trebon Basin Biosphere Reserve. Czech Republic (Suchd er al. 2003).
The morphotypes differ from each other by shoot length (2 to 5 m). basal culm diameter (5 to
18 mm), leaf width and colour of panicles. The different morphotypes host different
waterfowl species, although they occur in close vicinity. Coexistence of reed morphotypes
was also observed in the littoral of older man-made lakes. constructed one to several hundred
years ago: fish ponds in the Tiebon Basin (Hradecka 1973a, b, Obstova 1989). However. their
morphological and growth characteristics are more uniform. Except for one population
(Pechar et al. 2002), the fishpond reed stands do not include robust morphotypes.

The coexistence of morphotypes, often having distinct borders. may indicate that the
morphotypes represent different clones, which have spread vegetatively from seedlings that
had established themselves in favourable conditions. In addition to earlier research into ploidy
levels, the genotypic variation has recently been studied using the RAPD method (Neuhaus ef
al. 1993, Koppitz et al. 1997, Koppitz 1999). Its results support the view that the
morphological differences have a genetic basis (Curn er al 2005). However. scanty
information exists as yet about the relation between genotypic and phenotypic variation.

The presence of the robust morphotypes in the sand pit and absence in most fish ponds
raises a question: whether the robust morphotypes are absent from fishponds or whether they
are present, but their growth is suboptimal owing to unfavourable habitat conditions. Such
limiting factors may include accumulation of organic matter resulting from intense
eutrophication (Cizkova et al. 1996) and toxic products of its anacrobic decomposition
(Cizkovd ef al. 1999, Picek et al. 2000, Cizkova et al. 2001, Santrickova er al. 2001),

This study is focused on the growth and morphometric characteristics of morphotypes
originating from two populations, inhabiting a sand pit and a fishpond littoral. as related to
their genetic variation. The aim is to test the following hypotheses:

(1) The morphological and growth characteristics of the robust morphotypes have a

genetic basis.

(2) The robust morphotypes inhabiting the sand pit are genetically different from

morphotypes occurring in the fish pond littoral.
The following steps were taken:

(1) Assessment of the genotypic variation of the populations using the RAPD technique:
141
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(2) Assessment of the relation between the phenotypic variation among morphotypes of

the two populations in their natural habitats and in a common garden experiment

under identical climatic and trophic conditions.
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2. Material and methods
2.1. Site description

Two localities were selected in the Trebon Biosphere Reserve (Tiebon: 90 03'N.. 14
46’E., altitude 430 m), South Bohemia, Czech Republic:

(3) Opatovicky fishpond is a shallow water body constructed in 1510-1514 by damming a
shallow valley and used since for carp production. The maximum flooded area is 160
hectares. Its maximum length and width of the shoreline is 2.6 and 1.1 km.
respectively. The shoreline length is 9.40 km. The fishpond is filled with naturally
dystrophic water originating from large peat bogs occurring in the whole Trebon
basin. This water, however, has turned highly eutrophic through the fertilization and
manuring of the whole fishpond system as well as of the surrounding agricultural land.
Well developed reed stands. fringing over a half of the shore length. have been subject
of a series of scientific studies since the 1960s (Dykyjova and Kvét, 1978, Hroudova
and Zakravsky, 2002), but are probably much older.

(4) Halamky sand pit is a new lake formed by sand extraction, proceeding in 1970-1994.
The area of the lake is 22.89 hectares. The maximum length and width of the shoreline
is 0.79 and 0.41 km, respectively, and its shoreline length is 2.01 km. The sand-pit is
situated in the Luznice river floodplain and is fed with its water, filtered through a
sand barrier. Halamky sand-pit represents a mesotrophic habitat, hosting young and
expanding reed stands. All the reed vegetation there is certainly younger than 33 years.
but much of it is probably younger than 20 years. It is likely that it established itself
from seeds. as the lake does not direct connection with any watercourse in the

catchment
2.2. Sampling

Homogenous and healthy looking stands of P. australis have been chosen in the
littoral zone of both lakes. The selected stands were mostly bordered by stands of other
helophyte species or open water. In one case. adjacent segments of reed belt distinctly
differed in morphological features (stand height, stem thickness, leaf angle and colour) and
were, therefore, considered different stands. Nine and seven stands were selected at the

Opatovicky and Haldmky, respectively. In June 2003, four shoots were sampled from all
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stands along transects laid parallel to the shore at a depth of 0.4 to 0.5 m. These shoots were
used for RAPD analysis and were subsequently propagated vegetatively as described below.
The sampling distance was set at 10 and 2.5 m at Opatovicky and Halamky lake, respectively,
in order to account for the different size of the reed stands. In August 2003, the total
aboveground biomass was harvested from 0.5 x 0.5 m quadrates along the same transects and

at the same distances as in the previous sampling. Five quadrats were sampled at each stand.

2.3. Analysis of molecular markers

Fresh leaf samples were used to characterize the genetic diversity of Phragmites
australis populations. Leaves were taken in August from 160 plants (10 plants per each of 16
stands) analysed for morphological and production characteristics. DNA from the leaf
samples was isolated by using Invisorb Spin Plant Mini Kit (INVITEK, Germany) according
to standard protocol. DNA samples were stored at -20°C prior to their use. DNA samples used
for primer screening were isolated using the same procedure. leat samples were collected in
end of June from the same stands as above.

Random primers (OPERON Technologies. CA) were selected for the RAPD analysis.
The protocol for RAPD analysis was adapted from that of Williams et al. (1990). The volume
of the final PCR reaction (25 pl) composed of 1x buffer (10 mM Tris-HCL, pH 8.3, 50 mM
KCI, 1.5 mM MgClL), 200 uM dNTP, 10 pM of primer, 1 U Tag DNA polymerase
(TAKARA) and 25 ng of template DNA. Amplifications were carried out in an MJ Research
Thermocycler PTC 100 according to a program that included an initial denaturing step of 3
min at 94°C, then 45 cycles of 1 min at 94°C, 2 min at 35°C and 3 min at 72°C followed by
final elongation for 10 min at 72°C. Final step was followed by a holding temperature of 4°C.
PCR products were separated on 1.5% agarose gels in TBE buffer which included lanes of
100 bp DNA ladder (NEB) and DNA bands were visualized after ethidium bromide staining
under UV light. RAPD patterns were photographed using Epson Ultra Cam.

RAPD data files were analysed by the BioProfil 1D+ software (Vilber Lourmat.
France) with manual correction. Fingerprint patterns were transformed into a binary character
matrix with 1 for presence or 0 for absence of a band at a particular position in a lane. After
removing monomorphic bands, genetic distance matrices were generated using Nel & Li
similarity metrics and Cluster analysis (UPGMA - unweighted pair group method averages)

and PCA. PCO and Correspondence analysis were performed. These statistical analyses were
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calculated using MVSP (Kovach Comp. Serv.) and STATISTICA 6.0 software package
(Statsoft).

2.4. Cultivation

The plants were propagated from stem cuttings. After collecting leaf tissue for
genetical analyses, all leaves including leaf sheaths (except for the top ones) were removed
from the culms. The culms were laid in a shallow layer of water in a 1x2 m tank and shaded.
Within 2 to 3 weeks, new shoots and roots were formed from internodes of all shoots. The
resulting stem cuttings were matched in size and planted into 1-liter plastic pots filled with
river sand. Mineral nutrients were added as 6 g OSMOCOTE Plus. mixed with the sand at the
time of planting. The cuttings were allowed to establish themselves and form well developed
root systems by autumn. On 15 May 2004, the shoot number and the height of the tallest
shoot were measured for all plants and the plants were then selected for uniformity. Two
mother plants of the same genotype, each giving a series of four offspring plants. were used
for further cultivation. The offspring plants were transplanted into 3-liter plastic buckets (1
plant per bucket) filled with river sand. The nutrient dose was adjusted by addition of
OSMOCOTE Plus, mixed with the sand at the time of transplantation. at a dose of 6 g.I''. i.e.
30 g per bucket. Each bucket was placed in a separate bowl. in which the water level was kept
at a level of 0.1 m from the bottom throughout the cultivation. The plants were situated in a
randomized design in an outdoor cultivation area.

A solution of FeSO,.7H,0O was used to treat an initiating leat chlorosis twice during
the cultivation (21 May and 13 June). A dose of 28 mg. diluted in 100 ml. was applied per
bucket. Twice during the cultivation, the plants were treated by PIRIMOR 25 WG at a
concentration of 1 g.l'l in order to reduce aphid infestation.

The plants were harvested on 9 to 12 September 2004. The numbers of green and
flowering shoots were counted for each plant. Shoot length to the tip of uppermost leaf.
number of internodes per plant, basal diameter, and panicle length were recorded for the
longest culm and for five randomly chosen culms. After cutting the above-ground parts. the
belowground parts were removed from buckets and cut into two halves. One half was cleaned
from sand with tap water and used for determination of below-ground biomass. Samples of

both above-ground and belowground biomass were dried in an electrical oven at 80 C to

constant weight and weighed.




Statistical analyses of growth characteristics were carried out using the software

package STATISTICA 6.0 (Statsoft). The differences between clones in the morphological
characteristics were first tested using one-way ANOVA. As variances of some stands were
not homogenous, the morphological differences between clones were finally tested using the
Kruskall-Wallis nonparametrical test. The contribution of measured morphological and
growth characteristics to the overall difterences among clones and populations was explored

with PCA analysis.
2.4. Shoot morphology and growth of field populations

Characteristics of reed production (density of live, flowering and dead shoots, total above-
ground biomass) and morphology (shoot length to the tip of uppermost leat, number of
internodes per plant, basal diameter, panicle length) were recorded in samples of aboveground
biomass collected in late August. Total above-ground biomass included stems. live part of
leaves and panicles. Their dry weight was determined after drying to constant weight at 80" C.
The data were assessed statistically in the same manner as described above for the cultured

plants.
3. Results
3.1. The genetic diversity of analysed populations

The genetic similarity was estimated for all comparisons of samples according to Nei
and Li metrics and was calculated from the total number of polymorphic bands. This matrix
of genetic distances was utilised to cluster samples, based on their degree of genetic similarity
using different methods. Cluster analysis (UPGMA method with 5% confidence interval)
resulted in the dendrogram (Fig. 1) that grouped populations “geographically™ This
dendrogram presents results where only plants representing distinct clones are analysed.
Clones from all stands of Opatovicky lake were clustered in one group while clones from
Halamky lake formed another. Similarly, PCA analysis yielded two independent and clearly
distinguishable groups for the two populations (Fig. 2).

In Opatovicky lake, reed samples exhibited identical patterns within eight of the nine
stands investigated, suggesting that within each of those stands, the samples belonged to the

same clones. In contrast, only four of seven stands had identical patterns in Halamky lake
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Table 1). The total number of identified clones was smaller at Opatovicky lake in spite of the

rreater number of stands investigated (Table 2).
3.2, Shoot growth and morphology of cultivated plants

T'he maximum shoot length was fairly uniform in plants of all clones of Opatovicky lake but
areatly varied among clones of Halamky lake (Fig. 3). In addition, the Halamky lake included
both the tallest and the shortest shoots of both populations. The panicle length did not ditter
among plants either within or between populations. However, only one plant of 16 belonging
to the two tall clones of Halamky lake flowered. The shoot numbers were more varied in
Opatovicky lake compared to Halamky, whose shoot densities were similar to intermediate
densities of Opatovicky lake (Fig. 4). The densities of flowering shoots were generally lower
at Halamky as compared to Opatovicky lake. Plants of both populations formed similar
aboveground biomass, but the Halamky had a lower belowground biomass that Opatovicky
(Fig. 5). This resulted also in lower R:S values for Halamky, as compared to Opatovicky
plants.

In both lakes, the first and second PCA axis explained over 43% and over 20% of total
variation, respectively (Fig. 6). In both lakes, the shoot length was correlated with the culm
basal diameter, and the number of live shoots was correlated with the number of flowering
shoots. The aboveground biomass was correlated with belowground biomass in Opatovicky,
but not in Halamky lake (Fig. 6). In the case plot of both populations together. plants of both
two populations occurred in the same cluster (Fig. 6).

The similarity between the growth characteristics of cultivated plants and field reed
stands was evaluated using correlation analysis (Table 3). When plants of both populations
were pooled together, significant correlations between cultivated and field plants were found
for the maximum heights, maximum basal diameter, and density of flowering plants. Within
Halamky population, the maximum height yielded a significant correlation. None of the

characteristics studied was significantly correlated within the Opatovicky population, when

evaluated separately.
4. Discussion

As indicated by the genetic analyses. both populations were multiclonal and include

both monoclonal and multiclonal stands. In addition, the populations were separated on
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distinct clusters, indicating that they are genetically different. This is in accordance with our

more detailed analysis, carried out on the same populations (Curn er al. 2005). The latter
study has shown a greater number of clones within either population and also within some
stands. This may partly be due to the greater amount of samples analysed. In addition. the
time of sampling may account of differences in phenology, which may be more important
during the period of fast growth in spring. Consequently, it might have been more important
in this study, in which samples were taken in spring, as compared to the other. in which
sampled were taken in late summer, when all clones have presumably reached tinal heights
and seasonal maximum aboveground biomass.

The genetic basis of differences among morphotypes has been documented for
different ploidy levels. The most robust morphotypes, which are found in the Danube delta.
are octoploid (Pauca-Comanescu et al., 1999). The most common ploidy level. both in the
Czech Republic and worldwide, is tetraploid (Clevering and Lissner. 1999).. Preliminary
investigation (Cizkova et al., unpublished results) carried out on 20 stands of Halamky
population has shown only tetraploid genotypes. This indicates that the robust growth. found
in some morphotypes of the Halamky population, is not due to increased ploidy level.

Within the tetraploid reeds, the phenotypic differences were examined with respect to
the geographical provenience of reed plants within Europe. Clevering et al. (2001) found
significant differences in morphological characteristics of reed seedlings between north-
western as compared south-eastern reed populations. Both seedlings and one-vear old plants
originating from south-eastern part of Europe formed fewer but taller shoots as compared with
plants coming from North-East. A similar difference was found between two-year-old plants
originating from different sites across the European latitudinal gradient (Bastlova er af
2004).

Phenotypic differences among morphotypes were also studied in relation to habitat
conditions (Dykyjova and Hradecka 1973, 1976), but the role of genotype was not assessed.
Clevering et al. (1999) studied the relative effect of genotype and main environmental factors
in young cultivated reed plants originating from different populations across LEurope. She
found that the plants responded to differences in nutrient supply in a similar manner.
Bastlova et al. (2004) came to the same conclusion for two-year old reed plants. This may
indicate that the nutrition was not among the key selection factors for the reed populations
studied.

Both genetic and environmental factors affect the plant phenotype. Yet, few studies
have considered both influences in reeds at the same time. The main aim of this study was to
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examine to what degree the differences observed in the field are preserved in controlled
conditions with respect to climate and nutrition. According to our results the morphological
characteristics of single shoots were preserved in reed plants originating from Halamky. but
not from Opatovicky population. This may indicate that the genotype was manifested to a
greater extent in the plants of the young expanding population. while environmental factors

were of greater importance in the old population.
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Table 1. Numbers of individual distinct clones in stands of P. australis along shores of
Opatovicky fishpond (old lake) and Halamky sand pit (new lake), Trebon Basin, Czech

Republic.
Site Opatovicky
Stand A B C D E F G H [
Total number of clones 1 1 1 1 1 1 2 1 1
Clones present only in one - - | 1 l 1 2 I 1
stand o -
Site Halaimky e
Stand J K K1 N NI O P
Total number of clones 3 1 2 1 3 | ]

7 - 2 1 3 I I

Clones present only in one stand




Table 2. Clonal diversity of populations of P. australis growing along shores of Opatovicky
fishpond (old lake) and Halamky sandpit (new lake), Trebon Basin. Czech Republic.

o Site
Opatovicky ~ Halimky

Total number of clones 9 12
Number of monoclonal stands 8 =
Number of clones present only in 1 stand 8 10
Number of clones occurring in 2 neighbouring stands 1 1
Number of clones occurring in 2 non-neighbouring

stands 0 0
Number of clones occurring in more than3stands 0 0
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Table 3. Determination coefficients resulting from correlation analysis of morphological and
growth characteristics of P. australis clones in the cultivation experiment as compared with
the original field stands in Opatovicky fishpond (old lake) and Halamky sand pit (new lake).
Trebon Basin, Czech Reoublic. Significant correlations at P<0.05 are in bold characters.

Origin of clones

Opatovicky  Halamky All clones
Maximum shoot length <0.01 0.82 0.50
Maximum basal diameter 0.03 0.58 0.38
Maximum panicle length 0.29 0.43 0.25
Density of live shoots 0.26 0.54 0.24
Density of flowering shoots 0.05 0.12 0.41
Aboveground biomass ~ 0.13 - 0.73 7 0.26 )




UPGMA

0,64 0.7 0.76 0,82 0.88 0.94 1

Nei & Li's Coefficient

Fig. 1. Dendrogram of individual clones of P. australis constructed on the basis of RAPD
data, by UPGMA Method, resulting from distance matrix calculated with the metric of Nei
and Li.
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11. DISKUSE A ZAVERY

Vytézené piskovny se staly utocistém vyznamné flory, ktera by jinak z krajiny }iz
vymizela. VétSina jezer ma nizkou trofii, jsou oligo- az mezotrofni. Néktera star§i jezera
vlivem splachll z okolni zemédélské pidy jsou jiz eutrofni. Mezi nejcennéjsi rostlinné druhy
nalezené na piskovnach patti: [llecebrum verticillatum, Drosera rotundifolia, Lycopodiella
inundata (Hlasek 1995). Na piskovnach byl potvrzen vyskyt: a) druhu rostlin uvedenych do
zachrannych Kultivaci, z nichZ jsou posilovany populace v ptirodé (/llecebrum verticillarum).
b) C1 — kriticky ohrozenych druht rostlin, vyskytujicich se pouze na jednom az nékolika
mistech (/llecebrum verticillatum), c) C2 - silné ohroZenych druhu rostlin, trvale ustupujicich
(Lycopodiella inundata), d) C3 — ohrozenych druhti rostlin, pomaleji, 1 kdyz zfetelné
ustupujicich (Drosera rotundifolia, Lysimachia thyrsiflora), e) C4 — vzacngjsich druhu rostlin,
vyzadujicich sledovani (Sagittaria sagittifolia,  Schoenoplectus lacustris,  Utricularia
australis) (Husak & Hlasek. 2000).

Litoraly Trebonskych rybniki byly jiz studovdany z mnohych hledisek. stené jako
v ostatni Evropé: produkéni charakteristiky (Obstova 1989: Dykyjova ef al. 1973: Dykyjova
et al. 1970), vyziva a vlastnosti sedimentu (Cizkovd es al. 2001: Dykyjova 1978) nebo napf.
zasahy c¢lovéka (koseni) (Dykyjova & Husak 1973). V litoralech rybniku Tiebonské panve
byla také pozorovana koexistence ruznych morfotyplt rékosu (Hradecka 1973a.b: Obstova
1989), ale tyto morfotypy jsou rustové vyrovnanéj$i nez na piskovnach a az na jedinou
znamou vyjimku (rybnik Rod v Nadéjské soustavé — Pechar er al. 2002) nezahrnuji robustni
morfotypy. Vytézené piskovny poskytuji prostor pro nové populace vodnich a mokradnich
rostlin, ptedevsim pro dominantu nejen Tiebofiskych rybnik - rakos. Jizni jezero Halamky je
unikatni pravé pro vyskyt robustniho morfotypu rakosu obecného. ktery se ze 13 studovanych
nadrzi vyskytuje pouze zde.

S ukoncenim tézby vsak 1 stavaji byt tyto ekosvstémy ovliviovany c¢lovekem.
Nasledné vyuzivani piskoven ru§ivé p’lsobi na za¢inajici sukcesi rostlinnych a nasledné i
Zivocisnych spolecenstev. Clovék se sem vraci predeviim za Géelem rekreace. kdy dochazi
k seslapu az dplnému vyhubeni vegetace na piislusnych mistech. Stejny vliv ma i sportovni
rybafstvi. Rybafi si udrzuji sva "mista" vysekdvanim vegetace a jejim seslapem. Nasledkem
neSetrného chovani ¢lovéka mizi zajimavé a vzacné lokality a s nimi i rostlinné druhy.
Nékteré piskovny jsou svou rozlohou tak velké, Ze na ¢asti nadrze se jiz Ctyficet let netéZi. ale
na opaéném konci probihd velmi intenzivni tézba. Dochazi tak k std]_\’-'m picjezdim saciho

bagru. Vodni i pobfezni vegetace je tak ovliviiovana. A to vlastnostmi vody. jako je napf.
161
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mechanicky zikal a nasledné mala prihlednost vody, nebo vinami vytvofenymi prujezdem

bagru, které narazeji na bieh.

Pouzita literatura viz kapitola 1.7
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Foto 1: Porosty rakosu obecného a orobince tzkolistého pri vychodnim bfehu Jizniho jezera
Halamky.

Foto 2: Pohled z dalky na stupriovité uspofadani porosti rakosu obecného na vychodnim
brehu Jizniho jezera Halamky.

Foto 3: Rzné morfotypy rakosu obecného na Jiznim jezefe Halamky.

Foto 4: Prace vterénu: ilustrace ruznych morfotyph rakosu obecného na odebranych
vzorcich.

Foto 5: Jeden z ostrovii na nadrzi Veseli. Tyto ostrovy jsou vhodnym uatocistém pro vodni
ptactvo.

Foto 6: Nadrz Horusice, ukazka eutrofngjsiho typu piskoven.

Foto 7: Sipatka strelolista na nadrzi Horusice 1.

Foto 8: Rosnatka okrouhlolista na lokalité Halamky
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