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Predhovor

Popula¥na ekoldgia rastlin je moderna biologick4 disciplina, ktora Studuje populacie
rastlin, ich velkost, §truktiru a dynamiku, ako aj faktory regulujice velkost' a Struktiru
populaeii.

" Ako samostatna, indtititucionalizovana vedna disciplina sa sformovala po roku 1975,
ked vznikla Medzinarodna spoloénost’ rastlinnej demografie (Societas Internationalis De
Plantarum Demographia). Na formovani populadnej ekologie sa vyznamnou mierou podielala
monografia anglického ekoléga J.L. Harpera "Population Biology of Plants", vydana v roku
1977 (odvtedy vysio 8 nezmenenych vydani).

Populacie rastlin dovtedy neboli ani na Slovensku predmetom ststredeného vyskumu a
vias sme nezachytili novy trend vo vyskume rastlinstva. V roku 1987 autor tejto prace
predniesol na pdde Slovenskej botanicke; spolo¢nosti pri SAV prednasku "Ciele, metddy a
aktudlne problémy populacnej bioldgie rastlin so zretefom na slovenské populdcie” a nasledne
inicioval zaloZenie pracovnej skupiny populanej biologie rastlin SBS pri SAV (vznikla v roku
1989). Pracovn4 skupina organizuje seminére (v roku 1996 to bude v poradi Stvrty seminar) a
podporuje tento moderny vedny odbor na Slovensku. V poslednych rokoch sme zaznamenali
rozvoj §tudia rastlinnych populdcii aj na Slovensku.

Vyskum rastlinnych populdcii ma svoje praktické aspekty - prispieva k poznaniu
biologie druhov a ekologie spoloenstiev (ekosystémov), uplatiiuje sa pri zachrane ohrozenych
druhov, monitorovani bioty, regulacii populadnej hustoty burin v agrofytocendzach,
dosahovani stabilnych a vysokych Grod, manaZmente a obnove spolodenstiev a populacii
ustupujicich (miznucich) druhov a pod.

Predkladana habilitagna prica predstavuje vybrany stibor publikovanych prispevkov,

ktoré v priereze reprezentuju populadni ekologiu rastlin ako modernii vednu disciplinu s



vlastnou teoretickou a poznatkovou bazou a metodikou.

Préca je rozdelend na sedem Casti. Uvod tvori prispevok "Pokrok v populalne; biologii
rastlin na Slovensku", v ktorom sa kratko zhrnuté informécie o sudasnom stave a historii
tohoto vedného odboru vo svete a na Slovensku. Sugast'ou prispevku je aj bibliografia prac o
rastlinngch populaciach od slovenskych autorova o rastlinnych taxénoch z izemia Slovenska.
V ostatnych &astiach st zaradené vybrané prispevky (5-9) o Struktire a dynamike rastlinnych
populacii, ako aj regulanych mechanizmoch, ktoré dokumentuja a ilustruji problematiku
viacmenej vo forme pripadovych $tadii. Zoznam zaradenych prispevkov s Gplnymi citaciami je
uvedeny v Literatire.

Autor sledoval druhy s rdznou Zivotnou stratégiou resp. druhy patriace k roznym
ivotnym formam. Sé to dreviny (stromy Quecus cerris a Q. petraea), jednoroné (Impatiens
parviflora, I. glandulifera, 1. noli-tangere) a efemérne rastliny (Asperugo procumbens),
monokarpické (Verbascum speciosum) a trvace byliny (Sambucus ebulus), ako 3j
polocudopasné rastliny (Loranthus europaeus, Melampyrum pratense), ktoré autor sledoval v
podmienkach Slovenska. Ide o druhy rastuce v lesnych porastoch, ale aj na stanovistiach
zmenenych, prip. vytvorenych Elovekom (rumoviskové stanoviStia, opusteniska, polia).

V zavereénej fasti prace su v kratkosti zhrnuté najddleZitejiie informacie, ktoré
zaradené prispevky reprezentuji vo svojich Specialnych pristupoch, zohl'adfiujue Zivotnu

formu a prisluny populagne-ekologicky aspekt.



1. Uvod

ELIAS, P., 1994: Pokrok v populacnej bioldgii rastlin na Slovensku.
In: Ehas P., (red.), 1994: Populaéna biolégia rastlin ITI. Vydav. STU Bratislava,

SEKOS, Bratislava, s. 7-25.
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\Pokrok v populaénej biologil rastlin na Slovensku

Pavol ELIAS

Botanicky ustav SA V, Dabravska 14, SK-842 23 Bratislava

ELIAS, P., 1994: Progress in population biology of plants in Slovakia. In: Plant Population
Biology I, Ed. Elias P., Bratislava, 1994, p. 7-25.

The paper deals with history and progress in population biology of plants in Slovakia.
Research, organisation, workshops, education, projects, working place, international
cooperation and applications are disccussed. Population-biological approaches and
quantitative ecological methods appeared in Slovakia before 1975 in study of vegetation
and species {census on a plot). The following topics were analysed: if variability of
individuals in populations (size structure), iif spatial arrangement of ‘plants on plots (spatial
structure) and iiif number of individuals and its changes with time (population density and
dynamics). In fiflies and sixties plant population research was stimulated by several
practical problems of agriculture, forestry and evironment, namelly: a/ density of soving and
amount and quality of harvest, b/ weed conirol in arable fields (experiments with
herbicides), ¢f effects / impacts of air poflution (immisions) on natural vegetation. In sixties
and seventies productional-ecological and ecosystem research on permanent plots was
made within national projects of the Intemnational Biological Programme (1.B.P.) (Forest
Research Site at Bab, Grassiand Research Site at Banska Stiavnica). Later, development
of the plant population research in Slovakia was run by two different directions: 1/
vegetation research (phytocoenosis), research in vegetation dynamics; 2/ research in
biology of plant species (rare and endangered species, invasive species and ruderals). In
1969 a working group of plant population biology was established at Slovak Botanical
Society (working  at slovak Academy of Sciences). The group  organised fwo
Czecho-Slovak workshops on plant population biology in Bratislava (1990, 1992) and
organisation of third one is running (1994). Some research project have been supported by
Grant Agency for Science at Slovak Academy of Science and Ministry of Education and
Science of the Slovak Repubilic. Courses in Plant Population Biology are held at Comenius
University at Bratislava and some students are working on their Diploma and Ph.D. Thesis
at some universities and institutes of the Academy. However, a Department and / or Unit
of Plant Population Biology was not yet established in Slovakia. Bibliography contains 120
references. Papers were published in Slovak andfor international scientific journals (e.g.
Bioldgia, Ecology, Buil. Siov. Bot. Spolod.) and presented at several national and/for
internationa! scientific meetings. Progress in plant population biology in Slovakia is evident.

Key words: population biology, Slovakia, history, progress, bibliography

Populadné biologia rastlin sa sformovala ako modema biologicka veda po roku
1975. V tomto obdobi sa objavila monografia "Population Biology of Plants"
(HARPER, 1977), viacero zbornikov a monografii, az po moderné ucebnice
(SILVERTOWN, LOVETT DOUST, 1993), ktoré predznamenali a sveddia o rozvoji
tohoto vedného odboru.

Popula¢na biologia (ekolbgia) vysla z demografie a rozvijala sa nama Vv
ekologii  Zivocichov. Populacna biolégia rastlin  vyuZiva teoreticke poznatky
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populadnej ekologie sivodichov (porov. ANDRZEJEWSKI, FALINSKA, 1986;
BEGON, MORTIMER, 1986), pricom ich rozvija a obohacuje, redpektujic osobitné
vlastnosti rastlin.

V poslednom desatroci sme svedkami expanzie analytickych Studii populacii,
objavuji sa teoretické, experimentélne a terénne stadie populdcii rastlin. V
geobotanike a vede 0 vegetacii tento pohyb suvisi aj s posunom v nazerani na
charakter rastlinného spologensiva (Gleasonova individualisticka koncepcia
spologenstva), s urcitou krizou stredoeurdpskeho klasifikacného systému. V
metodickej oblasti tento pohyb znamenal prechod na kvantitativny pristup k $tadiu
rastlinnych spoloCenstiev, na kvantitativny zber Gdajov (sampling), vyuzitie
gtatistickych a inych matematickych metéd. Na tomto pohybe sa iste podielalo aj
-avedenie a rozdirenie pocitacov a vstup novej generacie geobotanikov - ekoldgov.

V populacnej biologii rastin mézeme rozlidit niekolko $kol (ruska, japonska,
anglicka, americka) a prinajmensom dva pristupy: evoluéne-geneticky, odvodeny
od neodarwinizmu (HARPER 1967, 1977), a fytocenoticky, vychadzajuci z
fytocenologie (RABOTNOV,1950; URANOV ai). V poslednom obdobi sa vyrazne
rozvijaji obidva pristupy, pricom sa striedavo navzajom priblizujd a vzdalujd.

Populécia je subor jedincov, kioré patria k rovnakému druhu a rastd na
rovnakom mieste. Tato definicia ma dve zlozky: - geneticka zlozka sa vztahuje na
jedince patriace K rovnakému druhu, - priestorova zlozka sa vzt'ahuje na jedince
rasftice na rovnakej ploche. Populécia ma urditt &truktaru - genetickd, priestorovy,
vekovl, velkostnd (a sexualnu). Zmeny Vv genetickej Struktire v priebehu ¢asu su
predmetom evollicie. Zmeny v podte jedincov v priebehu gasu sU predmetom
populaénej dynamiky. Z uvedeného vyplyva, Ze pochopenie javov na urovni
populdcii je mozné iba integrovanym pristupom, aky v stiasnosti predstavuje
moderna populaéna biologia rastlin (SILVERTOWN, LOVETT DOUST, 1993).

V tomto prispevku nacrtavam v skratenej forme zarodky, zaciatky a vyvoj
populacnej bioldgie rastiin na Slovensku az po stcasnost. Prispevok si nenarokuje
na uplnost gj preto, ze je obmedzeny svojim rozsahom. Je rozdeleny do niekolkych

gasti, pricom najviac pozornosti venuje prvej ¢asti - vyskumu.
Vyskum

Popula¢ne biologické pristupy a kvantitativne ekologické metody sa uplatnili na
Slovensku pri $tadiu vegetacie a druhov (sCitanie jedincov na plogkach) uz pred
rokomn 1975. Vztahuja sa na: i/ variabilitu jedincov v populaciach (velkostna
truktura), i/ priestorove usporiadanie na plochach (priestorova Struktura) a i/
podty jedincov a ich zmeny s gasom (populaéna hustota a dynamika).

Prvé praca s Udajmi o poctoch rastlinnych jedincov (populacnej hustote), e
spojena s menom slovenského ekoldgia Fr. Turéeka (pdvodom zoolaga), ktory v
roku 1946 publikoval pracu o imelovei v polesi Kovarce (pohorie Tribed) (TURCEK,
1946). Je to symbolicke, pretoze v 1. polovici 20. storodia sa pozornost rastlinnych
ekologov sustredovala na stadium spoloGenstiev (opis, klasifikacia, mapovanie
podia roznych $kdl). Boli fo prave Zivocisni ekoldgovia, ktori Studovali populacie
(potty jedincov Vv populéciach jednotlivych druhov). Turéek aka predstavitel
kvantitativneho smeru v ekolégii pracoval s gislami ako samoodchovanec
americkej ekologickej $koly. V tom obdobi botanici v Eurdpe ignorovali populacné
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javy (porovn. ELIAS, 1980).

Vyskum poopulécifi druhov rastlin v 50-tych a 60-rokoch na Slovensku je
spojeny s riesenim viacerych praktickych problémov. I8lo najma o tieto otazky: a/
hustota vysevu a troda / kvalita urody; b/ G&inné spodsoby niéenia burin na poliach
(pokusy s herbicidmi); cf vplyv exhalatov na prirodzenl vegetéciu. V tomto obdobi
nas biologicky vyskum nadvézuje na rusku Gi sovietsku ekologickd $kolu, ¢o suvisi
s novym politickym vplyvom a rychlym budovanim spolocnosti nového typu.

Na zadiatku 50-tych rokov viaceri botanici na Slovensku takmer sucasne
sCitavali rastliny vé tvorcoch (1x1m). Dokonca sa objavil aj pojem populacia.
OPLUSTILOVA (1953) pri &tudiu vztahov medzi burinou a kultdmou plodinou
pracovala s trvalymi Stvorcami, pritom konétatuje, Ze "...pocitanie a zakreslovanie
porastu vo Stvorci je treba robit aspoil kazdy mesiac raz'. Vysledky z takychto
opakovanych scitani a sakreslovani viak neuvadza. KRIPPELOVA a KRIPPEL
(1955) pocitali a zakreslovali (mapovali} rastliny pri &tudiu zmien vegetacie na
pieskovych dunéch na Zahori. HEJNY (1957) $tudoval biolégiu obtaznych druhov
burin na ryzovych poliach juzného Slovensku. Termin populécia pouziva v zmysle
Rabotnova (1950) a $tuduje generacie, vyvoj a rast, kiidivost semien dvoch druhov
jezatiek (Echinochloa sp.).

V 50-tych rokoch sa zakladali plochy v lesnych porastoch v nadvéznosti na
Zlatnikov geobiocenologicky pristup v lesnej typologii (lesny typ ako produkénd
jednotka). V tomto obdobi boli zalozene plochy vo Vysokych Tatrach a v Nizkych
Tatrach (Biely Vah, porovn. GREGUS, 1980). Stcasne sa riesili otazky prirodzenej
a umelej obnovy lesnych porastov (ZACHAR). Tuto problematiku neskor
rozpracoval KORPEL (1965 a iné) pre jedlu bielu a buk lesny. ,

V rovnakom obdobi sa pozornost' zameriavala na dosahovanie vyckych urod a
kvality rastlinného produktu. Preto sa robili rézne pokusy, 0.i. & s réznou hustotou
vysevu. Tu treba spoment’ pracu Luxovej a spol. (LUXOVA a spol., 1956), kde su
uvedend podrobné kvantitativne udaje o vplyve hustoty (plosny vysev, riadkoy
vysev, hniezdovy vysev) na velkostny Struktdru populécii fanu siateho.

Aplikdcia novych herbicidov na Slovensku, najma vo vinchradoch, si
vyzadovala experimentaine overovanie. Pri tychto pokusoch sa vyuzili kvantitativhe
metody - poditanie jedincov a stanovenie biomasy rastiin na pokusnych ploskach
(RAGALA, 1963). Tento smer sa udrzal aZz do sucasnosti (RAGALA, 1971,
RAJCZYOVA, 1984).

Na zadiatku 60-tych rokov sa zacal sledovat vplyv exhalatov z lokainych
zdrojov na vegetaciu (dosledky rychlej industrializacie krajiny). HAJDUK (1963)
publikoval metodiku pre zameriavanie trvalych pidch pri geobotanickom vyskume
krajiny, pricom vychéadza z postupov a skuisenosti ziskanych pri vyskume vplyvu
imisii na vegetaciu. Navrhuje tiez salozenie siete TVP v ramci medzinarodne]
spoluprace na vyskume celych Karpéat. Praca publikovana v nemdine zostala bez
domaceho ohlasu.

V druhej polovici 60-rokov sa rozbieha produkéne-ekologicky a ekosystémovy
vyskum v ramci Medzinarodného biologického programu (1.B.P., 1965-1974). Na
Slovensku bol reprezentovany dvoma projektami. Vyskumny projekt Bab na
juhozapadnom Slovensku bol zamerany na vyskum produkcie lesného ekosystemu
(JURKO, DUDA, 1870). Pre stanovenie produkcie biomasy bylinnej vrstvy sa tu
pouzila tzv. metéda nepriameho odberu (BRECHTL, KUBICEK, 1968; KUBICEK,

I Sl
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BRECHTL, 1970). Na pokusnych ploskach rovnomerne rozmiestnenych na
gtudovanej ploche (1 ha) sa zistoval poCet jedincov zastUpenych druhov. V tychto,
ale ani v neskordich pracach autorov (napr. KUBICEK, SIMONOVIC, 1975) sa
nepouziva pojem populécia, ani hustota populacie.

Druhy projekt 1.B.P. na Slovensku bol zamerany na gtadium produkcie
pasienkovych porastov s Nardus stricta v okoli Banskej Stiavnice. Vysledky tohoto
projektu sG menej zndme a boli publikované iba Giastoéne (TURCEK, 1980).
Sledovala sa $trukitira, disperzia a populacna hustota a produkcia dominanty
(Nardus stricta) a dal$ich druhov (napr. Pulsafilla grandis, Crocus heuffelianus),
produkcia a klicivost' semien Nardus stricta a pod. (TURCEK, 1970; HILBERT,
1971, 1981; HILBERT, MUDRY, 1976 ai.). Pod vplyvom vediceho projekiu
(TURCEK, 1965) sa pritom pouZili viaceré moderné metddy matematickej statistiky.
Pouziva sa pojem populécia, disperzia a iné pojmy zname z populacnej resp.
kvantitativnej ekoldgie Zivocichov.

Prakticky orientovany vyskum [Uénych a pasienkovych spologenstiev na
Slovensku. sledoval vplyv hnojenia na produktivitu a floristické zmeny
travovo-bylinnych spolodenstiev vo vztahu k hlavnym abiotickym &initelom. Zistili
sa zmeny v pocte druhov rastlin (KRAJCOVIC, 1982), avSak pocty jedincov sa
vacsinou neurcovali.

V druhej polovici 70-tych rokov nastava doslova "revollcia” v populacnej
bioldgii rastiin, dochadza k zmene paradigmi v ekoldgil. Tento pohyb sa povazuje
za najvyraznej$i prvok v terénnej ekologii 70-tych rokov. Na Slovensku vSak
nenachadza adekvatny odraz  HAJDUK (1970) upozomil na potrebu ...
kvantifikécie rastlin vo fytocendzach', ale tento pristup nebol kompatibilny so
smerovanim ekoldgie vo svete (napr. neuvaZzuje o populéciach) a ostal aj bez
domace]j odozvy. Iba sém autor isiel touto cestou, ked na zaciatku 70-tych rokov
zalozil velkG sériu trvalych vyskumnych pldch pre vyskum zmien vegetacie na
celom Gzemi Slovenska (HAJDUK, 1989, 1993). Zial, vysledky tejto obrovskej
prace neboli doposial slborne publikované a zostavaju v rukopise (HAJDUK,
1994). V rokoch 1969-1970 uplatnil ELIAS (1971, 1983) metddu trvalého Stvorca pri
stadiu sezonnej dynamiky burin vo vinohradoch. Pocital a mapoval rastliny v
kratkych, 1-mesacnych intervaloch. Vysledky boli publikované iba Ciastocne.

80-te roky znamengju rozvoj evoluCnej bioldgie, fyziologickej ekologie a
populatnej ekolégie. Rozbehlo sa detailné $tadium populacnych javov, snaha po
generalizacii priviedla k spoloénej praci populaénych ekoldgov rastlin a Zivocichov,
rozvoj novej teoretickej ekolégie. Na Slovensku sa tento trend este dostatoCne
"neobjavil". Geobotanickd a ostatna botanicka obec bola prili§ zaneprazdnena
inymi Glochami.

Po roku 1980 sa aj u nas objavuji snahy o ciefavedomé a dihodobé sledovanie
populécie rastlin. V ramci udloh projektu Malé Karpaty vyskumného programu
"Slovek a Biosféra" (MaB) sa zadalo S$tidium populdcii lesnych bylin a
semenadikov drevin v lesnych porastoch. Sledovali sa v suvislosti s prirodzenou
obnovou lesa (dynamika populacii), biolégiou druhov v podraste (vratane
prezimovania) a invaziami cudzich druhov do lesnych spolo&enstiev (priciny a
podmienky invézie, kompeticia). Vysledky tychto $tudif boli publikované iba
ciastocne (ELIAS, 1986, 1987, 1992). V. 1981-1990 sa uskutocnil na vyskumnych
plochach v SPR MIagik v jedlobuline po holorube $iroko koncipovany
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ekosystérpovyv\{yskum, ktorého stdastou bolo aj stadium dynamiky popul&cii bylin
(KRIZOVA in SALY a spol., 1991)

Osobitnou problematikou, ktorej sa na Slovensku venovala pomerne velka
pozornost, je priestorova Struktira porastov (spoloCenstiev rastlin). Priestorovu
struktura porastov resp. populécii druhov, ktoré ich tvoria _(cenopopulécii), sledovali
na vyskumnej ploche v Babe uz BISKUPSKY a OSZLANY! (in JURKO, DUDA,
1970) z lesnickeho hradiska a neskdr ELIAS (1981, 1984, 1987, 1988) z
populac’:ne-biologického hiadiska. Osobitne treba spomenut uplatnenie tohoto
pristupu pre populacie imelovca eurépskeho - poloparazita drevin (ELIAS, 1981,
1987, 1988, 1989). Neskor 0OSZLANY! a ELIAS (1992) analyzovali dlhodobé zmeny
v priestorovej Strukture dubovo-hrabového lesa v Babe. Metodickymi problémami
inventarizacie lesa sa zaoberal SMELKO (1985). Na odkalisku cukrovaru v Trnave
MUCINA a ZALIBEROVA (1984) sledovali zonaciu vegetéacie, pricom sa vysledky
spracovali rovnakymi modernymi numerickymi metddami ako v pripade lesného
porastu v Babe (MUCINA a spol., 1988).

Vyskum rastlinnych populacii na Slovensku sa uskuto&noval v ramci: 1/
vyskumu rastlinnych spologenstiev (fytocendz), vyskum dynamiky resp. priestorovej
truktury vegetécie a 2/ vyskumu biolégie druhov (biologické flory, ohrozené
druhy). Tieto dva smery vO vyskume populécii mozeme rozligit az do sucasnosti.
Pretoze cielom tychto préc nebol populagne-biologicky yyskum v pravom slova
zmysle, nachadzame v nich iba &iastkové informacie, napr. o pocte jedincov, ©
reprodukénej biolégii a pod.

Po roku 1990 vystupuje a na Slovensku populacna biologia rastlin ako
samostany vedny odbor, ktory ma urdité organizacné a personalne zazemie.
Vyskum rastlinnych popultécii v rédmci fytocendz sa objavuje najskor na orngj pode -
sleduje sa banka semien vo vztahu k nadzemnej burinovej vegetacii (SEFFER,
1990, 1991, KVARTEKOVA a spol., 1992). Vyyiivajfj sa pritom skisenosti ziskané
v predchadzajicom obdobi (SEFFER, JAROLIMEK, 1988), ale osobitna pozornost
sa venuje faktorom, ktoré uréujd presnost stanovenia zasob semien v pode
(SEFFER, 1991). ELIAS (1989, 1991) upozormnil na potrebu  uplatnenia
popula¢ne-biologickych pristupov pri vyskume burin pre potreby efektivneho
riadenia ich popula¢nej hustoty pod prahom hospodarskej $kodlivosti. Neskdr sa
pozornost obracia aj na iné typy vegetécie. Populadna bioldgia a gradientova
analyza sa uplatiuju pri vyskume psamofytnej vegetacie na Zahorskej nizine (V.
STANOVA) a xerotermne] travovobylinne] vegetacie v Povazskom Inovei (M.
VESELA). Rozsiahly program vyskumu populécii sa uskutoSfiuje v ramci
komplexného vyskumu lesnych fytocenoz pri Kovacovej (vyskumny objekt Ustavu
ekoldgie lesa SAV vo Zvolene). Z tychto populaéne-biologickych vyskumov sa
publikovali napr. informacie o adaptéacii Carex pilosa na zmenene podmienky po
hospodarskom zasahu v lesnom poraste (KONTRIS, KONTRISOVA, 1992) alebo o
sezénnej  dynamike populacii  lesnych bylin na rabanisku (KONTRIS,
KONTRISOVA, 1994).

Druhy smer - vyskum bioidgie druhov a monitoring populacii ohrozenych
druhov kveteny Slovenska - sa realizuje v prevaznej vacsine v mensich projektoch
jednotlivych pracovnikov (8asto privatneho Ci poloprivaineho charakteru). P. ELIAS
od roku steduje populaéni dynamiku monokarpickej byliny Verbascum speciosum
SCHRADER na lokalite pri Pezinku, ¢o mu umornilo vyhodnotit vysledky
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15-roéného vyskumu (ELIAS, 1991, 1992,1994). V. FERAKOVA sa zameriava na
bioekologickom $tadium ohrozenych druhov vyssich rastlin bratislavskej flory,
najma na Devinskej Kobyle (v spolupréci s inymi botanikmi, v spojitosti s
monitoringom najma s J. Hajdukom). L. HALADA po aspesnej $tudii o Ruscus
hypoglossum v Malych Karpatoch, sa venoval druhu Gagea bohemica v okoli Nitry
(HALADA, 1990). T. KRALIK sledoval Ranunculus pygmaeus v Tatrach a potom
orchideovité v okoli Bratislavy, najma Spiranthes spiralis. Vysledky svojich Stadii
doposial nepublikoval, prednasal o nich na pdde Slovenskej botanickej spolocnosti
v Bratislave. V. BANASOVA sledovaia populacnd dynamiku a Dbiologické
charakteristiky Scopolia carniolica (BANASOVA a spol, 1991). Konecne, druh
Daphne arbuscula - slovensky endemit - je stredobodom zé&ujmu viacerych
botanikov, avsak pre poznanie jeho populacnej biolégie najviac priniesli SEFFER a
STANOVA (1993).

Okrem ohrozenych a vzécnych druhov kveteny Slovenska sa pozornost
zameriavala gj na ruderélne druhy, na dominanty ako je trvaci druh Sambucus
ebulus (ELIAS, 1981, 1992), ale aj druhy s kratkym Zivotnym cyklom - Asperugo
procumbens (ELIAS, 1990) a Sclerochloa dura (ELIAS, 1992). _Reprodukénﬂ
bioldgiu Asclepias syriaca na Z&horskej nizine sledoval VALACHOVIC (1988, 1989,
1991). Dalej sa intenzivne a viac ako 10 rokov skuma biolégia invaznych druhov -
impatiens parviflora a Impatiens glandulifera (ELIAS, 1989, 1992, 1993 ai.).

Osobitnt pozornost si zasluhujd prace o adaptacii populacii rastlin k stresovym
uginkom tazkych kovov (Z. HOLUB), © reakcii populécii druhu Coronilla varia L. na
kontaminéciu prostredia ortutou a inymi polutantami (BANASOVA, HOLUB, 1993).
BANASOVA (1990) sledovala tiez ckolégiu a biolégiu Salsola cali na haldach
niklovej huty.

Populagne-biologicky pristup sa uplatnil aj popri tudiu produkénej ekoldgii
porastov & rastlin rumanceka kamilkového (SALAMON, 1992, 1993). Sledoval sa
vplyv hustoty vysevu resp. hustoty porastu na rast a produkciu biomasy a kvalitu
drogy liecivej rastliny.

Spomentt treba prace Sanigu (SANIGA, 1989, 1990s, 1990b), ktory Studuje
konkurenéné vztahy (medzidruhova a vndtrodruhova konkurencia) lesnych drevin
(buk, smrekovec, smrek) v bukovej mladine z prirodzenej obnovy. Regulaéne a
kompenzadné mechanizmy Vv rastiinnych populéaciach zaujimajd Eliada (ELIAS,
1986, 1991, 1994). Zaujimavy pokus o uplatnenie populaéne-biologického pristupu
v ekofyzioldgii rastlin urobil ELIAS (1983) pri $tadiu vplyvu svetelnych Skvin v
podraste lesa na vodny rezim lesnych bylin.

V poslednych dvoch rokoch ziskava populatne-biologicky vyskum na
Slovensku novu dimenziu v suvislosti s projektom monitorovania Zivotného
prostredia SR, s monitorovanim bioty ako tzv. demograficky monitoring (ELIAS,
1993). Rozbieha sa dlhodoby vyskum vegetacie a rastlinnych populécii na trvalych
vyskumnych plochach. Tento pristup sa vyuziva aj pri vyskume vegetacie v
z&ujmovom (izemi vystavby vodnych diel na Dunaji (UHERCIKOVA, HAJDUK,
1993). Pri studiu "mikro&truktiry vegetacie" sa uplatnuje populacne biologicky resp.
populadne-ekologicky pristup a pouziva s&itacia metdda na trvalych vyskumnych
plochach (TVP). Tento pristupu bude treba uplatnit’ aj v novych projektoch pre
manasment a obnovu lGénych a inych spoloCenstiev, pri udrZiavani a obnove
populécii ohrozenych druhov rastlin a pod.



13
Pop. Biol. Rastlin 1l

V prehlade som neuviedol price populadne-genetické, hoci tento smer
vyskumu populécii rastlin sa u nas s Gspechom uplatiuje a rozvija, najma pri
vyskume listnatych a ihliénatych drevin, napr. pri stadiu genetickej Struktidry
kKarpatskych a hercynskych populacii buka lesného (J. Vy&ny, D. Goémory , L.
Paule, B. Comps).

Organizovanost’

Snahy o organizatné podchytenie zaujemcov o populadni bioldgiu rastlin na
Slovensku sa objavili na pode Slovenskej botanickej spolognosti pri SAV po roku
1985. Padu pre vznik urditej organizaénej $truktary pripravili odborné prednasky,
ktoré odzneli na pdde Spolocnosti v r. 1987 a 1988. Nasledne sa v v ma&ji 1987
vypracoval a predloZil navrh na vytvorenie pracovnej skupiny populacnej biolbgie
rastlin SBS pri SAV.

V roku 1989 bola schvélend odborna pracovna skupina PBR (ELIAS, 1989).
Cielom pracovnej skupiny je: al zdruZovat zaujemcov o &tidium rastliinnych
populacii z rozliénych botanickych disciplin (demografia, ekolégia, fyziologia,
genetika, geobotanika, systematika), b/ organizovat a rozvijat’ vyskum rastlinnych
populacii na Slovensku, ¢/ zabezpedovat transfer poznatkov svetove] vedy o
populaciach rastlin, d/ udrZiavat kontakt s Medzindrodnou spolo&nostou pre
rastlinnych populaénych biologov (ISPB).

Skupina vedie evidenciu &lenov s ich skutoénou i predpokladanou vyskumnou
¢innostou. Organizuje odborné semindre k problematike populaénej biolégie rastlin
(r. 1990, 1992, 1994). Udrzuje kontakt s medzindrodnymi spolognostami a
skupinami, ktoré podporujd rozvoj populaénej biolégie rastlin ako moderného a
perspektivheho vedného odboru.

Seminare

Problematika populacnej biologie rastlin sa v byvalom Cesko-Slovensku objavovala
sporadicky na vedeckych podujatiach zameranych na bioldgiu druhov a vegetaciu.
Pracovna konferencia CSBS v roku 1981 v Prahe bola venovana bioldgii
vybranych druhov ("ekobiolégii® sensu J. Holub) so zameranim na potreby
druhovej ochrany rastlin a zavadzanie mizntcich druhov do kultdr. V tomto pripade
sa populacne-biologicke tdaje pozaduji ako stitast ekobiologickej monografie.

Prvé samostatné vedecké podujatie zamerané jednoznadne na populadni
bioldgiu rastlin v Cesko-Slovensku bolo a2 v roku 1990 v Bratislave - 1. vedecky
seminar populacnej biologie rastlin. Organizovala ho odborna pracovna skupina
populacnej bioldgie rastlin pri Slovenskej botanickej spolo&nosti ako prvé poduijatie
tohoto druhu (15 prednasok, viac ako 50 G&astnikov z celej republiky).

Druhy semindr populaénej bioldgie rastlin sa konal v Bratislave v roku 1992
(ELIAS, 1992, 1993). Na organizovani sa podielala aj formujlica sa sekcia ekolégie
populacii a autekoldgie Slovenskej ekologickej spolocnosti pri SAV. Zo seminara
vysiel zbomik abstraktov prednesenych prispevkov (ELIAS, 1992, ed.). ZaloZila sa
tak tradicia seminarov (konferencif) v modernom vednom odbore, ktoré by sa mali
organizovat’ na Slovensku kazdé dva resp. tri roky.
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Treti seminar populacnej bioldégie rastlin na Slovensku sa pripravuje na
september 1894 v Bratislave.

Semindre si vytvorili okruh zaujemcov a sG ddkazom postupného prenikanie
tohoto pristupu do prace geobotanikov a ekolégov a svedkom rozvoja populacnej
biolégie na Slovensku.

Vyucba

Vyucba populadnej biolégie resp. ekoldgie rastlin na Slovensku patri zrejme medzi
najmladéie $tudijné predmety u nas vdbec. Doposial sa prednasdala v ramci
vdeobecnej ekologie téma "Ekolégia populécii’, ktora v8ak vychadzala z poznatkov
ziskanych pri §tudiu populacii zivogichov.

Po roku 1990 sa populacna biolégia rastlin sa zadala prednadat’ na vysokych
Skolach ako sttast' ekoldgie alebo geobotaniky, pripadne ako samostatny predmet
(Prirodovedecka fakulta UK Bratislava). Od roku 1992 na Prirodovedeckej fakulte
UK v Bratislave bola vypisand nepovinna prednaska "Populacna bioldgia rastlin®
pre $pecializaciu systematicka botanika a geobotanika, avSak doposial sa
nepredndsala. V sk r. 1993/1994 sa po prvy raz samostatne prednasala
"Populatng ekoldgia rastlin” v letnom semestri v rozsahu 2/0 ako povinny predmet
pre $tudentov 4. roénika Specializécie ekolégia. V 8k.r. 1994/95 sa na Fakulte
ekoldgie Technickej univerzity vo Zvolene bude prednadat tento predmet ako
volitelny.

Vychova

Vychova v populaénej biclogii sa realizovala na Prirodovedeckej fakulte UK v
Bratislave velmi ojedinele v ramci diplomovych pradc zameranych na biologiu
druhov  (HALADA: Ruscus hypoglossum) resp. v ramci geobotaniky
(UHERCIKOVA: synantropna vegetama) Vychova $pecialistov v oblasti populaénej
biolégie rastlin sa zaCina v ramci novej studijnej specxal:zacle ekoldgia na PriF UK
v Bratislave. Bolo by Ziaduce zalat' s takouto vychovou aj na inych fakultach a
univerzitach prlrodovedneho zamerania na Slovensku.

Ako novy prvok sa objavuje vychova Specialistov ako sucast
vyskumno-edukacného projektu "Populaéna dynamika a regulacné mechanizmy v
rastlinnych populaciach” v ramci nového $pecilizécie EKOLOGIA na rovnakej
fakulte. V roku 1992 to boli traja studenti (J. KORMANIKOVA, Z. KUDERAVA, M.
VOSKAROQVA) a v roku 1993 dvaja (M. SLAVIKOVA, T. VENETIANER). Na VSP v
Nitre zadané témy pre podporu projektu "Komplexné stadium kriticky ohrozenych
druhov dendrofléry Slovenska z aspektu ich ochrany” (KOCIANOVA).
Pripomeniem iba, Ze jeden diplomant GspesSne ukoncil Stadium v Halle s
diplomovou pracaou zameranou na popula¢nu bioldgiu rastlin (S. KVARTEKOVA),
Zial populacnej blologu sa dale] nevenu;e

Kandidétsku pracu so zameranim na populacnu biolégiu rastlin (Uplne alebo
ciastone) obhdjili nedavno dvaja aspiranti (J. SEFFER v roku 1992 so zameranim
na banku semien v pdde a |. SALAMON v r. 1993 so zameranim na bioldgiu
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lieivej rastliny). V stcasnosti su na Botanickom Ustave SAV v Bratislave dvaja
adpiranti (V. STANOVA, M. VESELA), ktori sa orientujl na modemné pristupy v
prepojeni na moderny ekologiu spoloenstiev.

Projekty

Samostatné projekty na $tidium populécii rastlin na Slovensku sa objavujll az po
roku 1990. Pokus vytvorit celoStatny (Gesko-slovensky) projekt na Stadium
popula¢nej biclégie druhov kveteny (Cesko-)Slovenska zfskal zaujemcov 0 priamu
U¢astiba na Slovensku. Projekt "Populadna bioldégia vybranych druhov kveteny
Cesko-Slovenska" obsahoval 15 tém vyskumu vzacnych a ohrozenych, invaznych
a karanténnych druhov kveteny Slovenska. Navrh predpokiadal Ugast 21 tvorivych
pracovnikov z 9 pracovisk zo SAV, vysokych $kol a ich zariadeni (botanické
zahrady) po celej SR (ELIAS, 1991). Pre administrativne prekéazky sa nepodarilo
presadit’ projekt ako celok. Predpokladani riesitelia riedili a riesia tuto problematiku
v samostatnych projektoch alebo ako stast inych projektov Na vysokych skolach
z tém projektu sa vytvorili samostatné projekty. Boli prepojené na $tadium biologie
ohrozenych a vzacnych druhov kveteny Slovenska.

Druhy projekt "Segetalne spolodenstva vo vztahu k zasobe semien v pbde" bol
zemerany na poznanie zasob semien v obrabanych pédach Slovenka vo vztahu k
nadzemen] burinovej vegetacii. Na jeho rieeni sa podielalo 4-5 pracovnikov z
dvoch pracovisk na Slovensku (porovn, ELIAS, 1991). Projeki sa riesil ako ustavny
na Botanickom Ustave SAV v Bratislave. Pre roky 1992-1993 Grantova agentura
SAV prijala projekt "Populacna dynamika a reguladné mechanizmy v rastlinnych.
populaciach" a nasledne pre roky 1993-1995 projekt "Priestorové aspekty banky
semien a dazd semien”. Obidve projekty sa riesia na Botanickom Ustave SAV v
Bratislave.

V roku 1991 sa na Ustave dendrobiologie zacal riesit projekt "Komplexné
stadium kriticky ohrozenych druhov dendroflory Slovenska z aspektu ich ochrany”,
ktory neskor presiel na Katedru botaniky VSP v Nitre. Botanicka zahrada VSP v
Nitre sa zameriava na zéchranu ohrozenych druhov kveteny Slovenska v
botanickych zahradéch. Botanicka zéhrada UPJS v Kosiciach riesi projekt "Biologia
vybranych ohrozenych druhov flory vychodoslovenského regiénu”. Od roku 1993
sa riesi daldi projekt podobného charakteru bol aj projekt biologie ohrozenych
druhov drevin Slovenska (odliduje sa vyberom druhov).

Z uvedenych projektov su na problematiku populaénej biologie zamerané iba
dva projekty (na BU SAV). Ostainé sa zaujimaju o otdzky populacnej biologie
rastlin v sGvislosti s komplexnym $tadiom bioldgie vybranych druhov. Vyskum
rastlinnych populacii na Slovensku v ramci projektov je poddimenzovany {mala
kapacita riesitelov).

Pracovisko

Zamer na vytvorenie pracoviska populacnej biologie rastlin na Slovensku vznikol
na Ustave experimentalnej bioldgie a ekolégie SAV v Bratislave v roku 1987 Prvy

10
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oficidlny névrh predpokladal vytvorenie oddelenia pri tomto Ustave v Nitre.
Opakovane bol upraveny navrh predlozeny v roku 1989 pri priprave novej Struktlry
Ustavu a nasledne v roku 1990 pri navrhu na obnavenie Botanického ustavu SAV.
Uvazovalo sa s vytvorenim oddelenia BU SAV v Nitre a siéasne so zriadenim
zdruzeného pracoviska populacnej bicldgie rastiin v Nitre, ktoré mali vytvorit
vyskumné pracoviskéd SAV, vysokych 2kl a rezortov sUstredenych v Nitre resp. v
blizkom okoli (povon. ELIAS, 1991). PretoZe BU SAV zostal v Bratislave, existencia
jediného oddelenia Ustavu v Nitre bola zamietnuta.

Hoci sa navrh na zriadenie pracoviska populacnej ekologie na Botanickom
lstave SAV v Nitre nerealizoval; nadalej v8ak exististuju moznosti na vytvorenie
pracovnej skupiny populacnej biologie rastlin. Posledny oficialny navrh bol
yypracovany a prerokovavany na Botanickom Ustave SAV v Bratislave v roku 1993.
Navrh predpokladal zdruzenie rieditelov dvoch orojektov do jedného oddelenia
populacnej biolégie. Ziskal podporu vedeckej rady Ustavu i veducich pracovnikov
astavu, avdak pri restrukturalizacii pracoviska sa nerealizoval.

V sGdasnosti populatné bioldgia ako moderny vedny odbor nema na
Slovensku pracovisko, ktoré by zabezpecovalo jeho rozvoj v potrebnom rozsahu.

Medzinarodna spolupraca

Medzindrodna spolupraca v populacnej bioldgii rastlin je spojena s XIl.
medzinarodnym botanickym kongresom v Leningrade v roku 1975, na ktorom sa
sformovala Sociefas Internationalis de Plantarum Demographia (SIPD). V roku
1976 vydala prvy adresér Clenov. Zabezpedovala g preklady ruskych prac do
angliétiny. V roku 1977 sa konalo prvé medzindrodné sympdzium o Strukture a
fungovani rastlinnych popul&ci (Wageningen), na ktorom sa podielala SIPD. V
roku 1980 sa Spoloénost premenovala na Infernational Society of Plant. Population
Biologists (ISPPB). V roku 1983 mala 450 ¢lenov v roznych krajinach sveta,
Adresar &lenov z roku 1984 (An International Directory of Plant Demographers)
obsahuje viac ako 400 adries. V roku 1985 evidovali uz viac ako 600 Elenov v 42
krajinach. Spolognost vydévala spravodaj (v roku 1988 vyslo 8. &islo). Neskor sa jej
ginnost utimila (finanéné a iné problemy).

V stidasnosti sa pozomost populagnych biolégov v Eurdpe zameriava skdr na
problematiku evoluénej bioldgie v ramci Eurdpskej spolo¢nosti evoluénej biologie
(porovn. JACQUARD, 1990). Na podporu rozvoja takto orientovaného vyskum sa v
rokoch 1990-1993 vytvorila ESF Eurdpska siet populatnej ekologie a genetiky
(European Network on Population Ecology and Genetics). V stcasnosti v Eurépe
existuje medzinarodny program na podporu rozvoja populacénej biologie (" Program
v populadnej biologii 1994-1988%, ktory financuje ESF. Program predpoklada
vymenu vedeckych pracovnikov a vedecké stretnutia workshopy (tri ro¢ne) v
krajindch Eurdpskej unie (porovn. ELIAS, 1994). Cielom programu je stimulovat
syntézy, integraciu a evolucny pristup K ekologii a genetike bez ohfadu na narodné
hranice v Eurdpe. Program bude bezat' pat rokov a bude podporovany Radami pre
vyskum a akadémiami vied v Belgicku, Dénsku, Finsku, Francuzsku. Nemecku,
Taliansku, Holandsku, Svédskuy, Svajdiarsku a vo Velkej Britanii. Priority budd mat
Fiadosti 0 navitevy do a z laboratérii v tychto krajinach.
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Uplatnenie v praxi

Populagna biolégia rastlin sa vyvinula z podnetov v aplikovanej sfére (sCitania
rastlin na ornej pdde, na pasienkoch, v lesnych porastoch). V tychto smeroch sa
uplathuje nadalej. .

7asluhou konzervacnej biolégie rastlin (ELIAS, 1890) sa vyuziva v ochrane
prirody. Pristupy populacne; biologie rastlin sa doposial' nedostatocne aplikovali v
praktickej ochrane zivej prirody a pri monitorovani bioty Slovenskej republiky, hoci
aplikovana PBR je zakladom tedrie konzervadénej biologie resp. biosozoldgie.

Tato skutodnost by sa mala prejavit aj pri vychove odbornikov v ochrane
prirody a Zivotného prostredia (environmentalistov).

Zaver

Populadna biotégia rastlin je v stdasnosti na Slovensku akceptované ako modermna
biologicka disciplina s osobitnym predmetom vyskumu a metodikou, ktora prinésa
nové informécie o druhoch a spologenstvach.

Viaceri slovenski botanici si uvedomili, Zze nevedomo pracovali v zaujmovej
oblasti populaénej bioldgie rastlin, co sa odrazilo na prezentacii a interpretacii ich
vysledkov (pouZivanie fytocenologickej terminologie alebo zavadzanie novych,
vlastnych terminov tam, kde existuje zauzivana a medzinarodne akceptovana
populaéne-biologicka terminologia).

Napriek tomu este stale prevlada nedostatoéné poznanie sUcasnej tedrie a
metodolégie populagnej biolégie rastlin, o sa prejavuje v nevyuzivani metodik a
modelov, terminolégie i su¢asnej literatary. Do urditej miery tejto situécii napomaha
skutoénost, e nemame doposial’ uCebnicu resp. metodickd prirucku populacnej
biologie rastlin.

Na Slovensku sa vytvorili podmienky a predpoklady pre rozvoj tohoto
moderného vedného odboru. Populaéna bioldgia rastlin sa vyucéuje na vysokych
gkolach, vychovavaju sa novi absolventi a adpiranti vo vednych odboroch ekoldgia
a biolégia/botanika. Napriek tomu populacna bioldgia rastiin nema este na
Slovensku svoje viastné vyskumné pracovisko.

Populatné bioldgia rastlin sa uplatni pri monitorovani bioty, pri zachrane
ohrozenych druhov, pri regulovani populaénej hustoty burin, pri dosahovana °
stabilnych a vysokych arod, pri manazmente a obnove spolodenstiev a populacii
mizntcich / ustupujucich druhov a pod.
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HORIZONTAL STRUCTURE OF THE QUERCUS-SPECIES
COENOPOPULATIONS IN AN OAK-HORNBEAM FOREST~

PAVOL ELIAS
Institute of Experimental Biology and Ecology of Centre of Biological and Ecological Sciences of the

Slovak Academy of Sciences, Obrancov mieru 3, 814 34 Bratislava, Czechoslovakia

Abstract
Elia P.: Horizontal structure of the Quercus-species coenopopulations in an oak-horn-
beam forest. Ecology (CSSR), Vol. 3, No. 4, 399—411, 1984.

The dispersion of individuals in coenopopulations of Quercus cerrisand Q. petraea was
examined in a temperate deciduous forest in SW Slovakia using a rectangular grid pattern
analysis. Several statistical and pattern analysis techniques were applied with different
results. Frequency distribution of tree density was close to Poisson variate. Measures of
aggregation used indicate a randomly dispersion pattern. Estimated ground maps and
spatial-arrangement-maps coustructed by methods of computer graphics discovered
tendency to aggregation, in the Q. cerris coenopopulation, along a diagonal of the
sampling area. The two species are distributed independently of one another.

Introduction

The horizontal structure of a coenopopulation is considered to be the dispersion
(arrangement) of individuals of a species in an area occupied by the same
community. It has been usually called spatial pattern of population or paitern of
dispersion, and classified as being either random, aggregated (clumped) or regular.
In natural populations both random and regular dispersion patterns have been
rarely observed. '

The methods of dispersion pattern analysis may be divided into two basic
groups: -

a) plotless or distance methods, and

b) plot or quadrat methods.

The former methods, of point pattern analysis, are based on measurements of
distances between plants or between random points and the nearest plant {(e. g.
plant-to-plant or nearest neighbour method, point-to-plant method, Hopkin’s
method etc., see e.g. Greig-Smith, 1964; Vasilevich, 1969; Pielou, 1969;
Lamacraft et al., 1983). The latter ones are based on counting of individuals in
sampling plots which are called quadrats. Size and shape of quadrats, sampling

+ Dedicated to Doc. RNDr. A. Jurko, D.Sc., on his 60th birthday.
399
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procedures and their effects on the results of the pattern analysis have been
frequently discussed (cf. e. g. Greig-Smith, 1964; Pielou, 1969 ; Kershaw, 1973).

Both distance and quadrat methods of pattern analysis estimate horizontal
structure of populations on the basis of the detection of non-randomness in species
dispersion by

a) analysis of statistical distribution of data, and

b) analysis of dispersion of individuals.

In the former case, frequency distributions of observed data are compared with
one of some statistical distributions, e.g. normal, Poisson, binomial, negative
binomial ones etc. and departures from those are tested. In latter one, various
indices (measures) of aggregation are used, e. g. index of dispersion, index of
clumping, Morisita’s index, Lloyd’s indices of mean crowding and patchiness (for
detail see e.g. Greig-Smith, 1964 ; Vasilevich, 1969; Pielou, 1969, 1977 ; Ker-
shaw, 1973 ; Stiteler et Patil, 1971). _

In the pattern analysis, using of a large sampling area divided into small quadrats
(grid or lattice of quadrats) appears to be more perspective. By counting of
individuals or by estimations of plant cover in grid cells we can obtain a picture on
actual dispersion of individuals on a study area and construct estimated maps.
Greig-Smith (1952, 1964) introduced grids of contiguous quadrats and used
a method of analysis of variance to discover shape and size of patches of
individuals. Pielou {1969) developed a method for analysis of a two-phase mosaic
pattern distinguishing areas occuppied by species (patches) from areas free of
species (gaps). Using a rectangular (square) grid, the data may be compared with the
random pattern simulated by the computer or constructed from tables of random
numbers. The number data may be considered as a matrix and analysed by
numerical methods. Lyubarski (1976) designated similar ways as an analysis of
population field. Stapanian et al. (1982) developed a technique to distinguishe
patterns of dispersion when a grid has been used in sampling of a coenopopulation.

In this contribution, the results are given of a grid pattern analysis of coenopopu-
lations of two Quercus species in a temperate deciduous forest in SW Slovakia.

Study site

The study was conducted in the I. B. P. Forest Research Site at Bab near Nitra
town, SW Slovakia, represented by an oak-hornbeam woodland (Carpinus betulus
L., Acer campestre L., Quercus cerris L. and Q. petraea Liebl.). For details see:
Jurko et Duda (1970) and Biskupsky (1975).

In the stand, Carpinus betulus predominates unambiguously ; it forms the core of
the stand. Individuals of Quercus cerris occur as dominant tress and form the above
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canopy. Q. petraea may be considered as a canopy level tree. Both shade intolerant
Q. species are most numerously represented in the first tree classes:

Characteristics of the woody species composition of the stand were shown by
Biskupsky (1970); more detailed characteristics of the tree species by Oszlanyi
(1975). In 1972, there were 733 trees in the research area of the size of 10 000 m®:
Carpinus betulus 411 (56.1 %), Acer campestre 123 (16.8 %), Quercus cerris 70
(9.6 %), Q. petraca 44 (6.0 %). The basal area of the research site was 25.6 m® per
10 000 m2. The age of the stand is 80 years in an average; the oldest groups of trees
are represented by Q. cerris and Q. petraca. The degree of the canopy density is
0.872, if only trees of diameter at breast height of 8 cm and more are reckoned
with. The variation span of the tree heights of the upper layer oscillates between
7.6 mi and 25.8 m ; mean heights for Q. cerris and Q. petraea are 20.7 and 18.1 m,
respectively.

Methods

1. Sampling procedure. It was used a rectangular grid of small square unit cells which completely
cover the area to be studied. The square area 100 x 100 m was carefully divided into sampling plots
(quadrats) of 10 X 10 m. The position of each quadrat in the grid is given by coordinate values (i, j)
where i=1,2,..., 10 and j=1,2,..., 10.

The number of individual trees of Q. cerris and Q. petraea in each quadrat was counted. Only tall
trees were considered which may be hosts of mistletoes { Loranthus europaeus Jacq.}; other individuals
of the tree species were ommitted.

The 100 x 100 m sampling area used in the study has not been ecologically homogeneous. Along one
of the diagonals, a cutting area, about ten-years old, was localised with an undergrowth of high density.

7. Statistical tests on quadrats. This is the case in which the organisms have a continuum of space that
they can occupy (Pielou, 1969).

In the analysis of the statistical distribution of observed data, a Poisson distribution was accepted to fit
the expected number of trees per quadrat (cf. Hopkins, 1954; Greig-Smith, 1964 ; Kershaw, 1973) for
two Quercus species coenopopulations in the sampling area. Q. cerris combined with Q. petraea will be
designated as “Quercus”. Chi-square test of goodness of fit with N-2 degrees of freedom was used to
test departure from randomness.

In the analysis of dispersion pattern, we used five measures of aggregation to test the departure from
the random dispersion pattern. Index of dispersion and index of clumping were calculated according the
formula given by David and Moore (1954). Index of dissonance (Mirkin et Rozenberg, 1978), Morisita’s
index (cf. Vasilevich, 1969 ; Stiteler et Patil, 1971), and Lloyd’s index of mean crowding (Pielou, 1969;
Collier et al., 1973) were also used. Chi-square test, Student test and Fisher-Snedecor test were used to
test the significance of differences from the random (a = 0.05).

The Greig-Smith’s method of contiguous quadrats (Greig-Smith, 1964) was applied. The data from
the “basic units” (unit cells) were grouped into blocks of 2, 4, 8, 16 and 32 samples and the total
variance between units apportioned by the usual procedure of analysis of variance into amounts derived
from the differences between units within blocks of two, between blocks of four, and so on. The results
may be represented as graphs of mean squares against block size (see Greig-Smith, 1961, 1964).

A method of iterations usually applied in studies of animal populations was recommended by
Vasilevich (1969) for the determination of patches in dispersion patterns of plant populations. We
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accepted data (presence/absence only) from the grid considered as transect of 1000 m long with
10-m-segments.

3. Statistical tests on grids. For the statistical analysis of data obtained on the grid, we used the
method of population-field-analysis (Lyubarski, 1976) and the statistical test for visitation pattern on
grids (Stapanian et al., 1982). Lyubarski (1976) defined the population field as a matrix of quantitative
data obtained in a fragment of the natural population.

The statistical test for visitation pattern on grids (Stapanian et al., 1982) used the sum of the square
distances between all possible pairs of observation points (C) as a measure of clustering and dispersion.
Small values of C indicate a clumped dispersion, whereas large ones indicate hyperdispersion.
A moderate value is consistent with the hypothesis of random dispersion.

4. Estimated maps. The data on stem density of naturally occurring populations were used for
constructing of ground maps of actual plant dispersion on a sampling area of 100 X 100 m. Two types of
estimated ground maps were constructed : two-phase, or presence/absence maps and stem density maps.
Poisson (simulated) ground maps were constructed for the simulation of a random pattern using sets of
data produced by random-number tables for two different frequencies (K =25 and 45).

Spatial-arrangement-maps (or hill maps) of tree density on the study area were constructed by
methods of computer graphics (Slavkovsky, 1983) in the Computing Centre of the Slovak Academy of
Sciences in Bratislava. It was used a set of graphic sub-programmes (in FORTRAN) developed in the
Centre (Duris et al., 1980).

5. Alssociation between the two species. We used only measures of species associations based on
presence/absence data listed in the usual 2 X 2 contingency table. The null hypothesis has been tested by
calculating chi-square with Yate’s correction. Six measures of interspecific association were calculated
(see Tab. 5). Most of these measures range from 1 (in the case of perfect positive association) to 0 or -1
(in the case of perfect negative association). For details see Goodall (1973).

Results and discussion

1. Frequency distributions

Mean density of populations of Quercus cerris and Q. petraea was (.68 and 0.29
per quadrat, respectively. In both coenopopulations, the density ranged from 0 to
3 per quadrat.

Distributions of frequencies of the number of trees in quadrats were close to the
random Poisson distribution (Fig. 1). The frequency of quadrats with Q. cerris and
Q. petraea trees was 45 % and 25 %, respectively. But the frequency of quadrats
without oak trees was 45 %. High frequencies were found for quadrats without
Quercus trees and for quadrats with one Quercus tree only.

Both differences between observed and expected frequencies as well as chi-squa-
re values increased with the number of frequency classes (Tab. 1). The observed
(or expected) frequency classes should be much less than 5. In the case of a very
small number of frequency classes, the chi-square statistic will be biased and the
test will be misleading. Accepting this condition, the calculated chi-square values
for Q. cerris and Quercus were lower, when compared with a chi-square table with
N-2 degree of freedom at a =0.05 or 0.025. In the case of Q. petraea it was not
possible to evaluate the chi-square value because N-2 = 0 at two frequency classes.
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The observed data are in good agreement with the random distribution. Every
sampling unit has the same probability of being occupied by the oak tree, and the
presence of the tree does not change the probability of another oak tree being
found there.

The oak trees appear to be assigned independently and at random dispersion.
The distribution of the observed frequencies of number of trees per quadrat is

Q. cerris Q.petroea Quercus

]

Frequency [%el

MNumber of trees per quodrat

Fig. 1. Distribution of the number of trees per quadrat of Quercus species. Open bars: observed.
Stippled bars: fitted Poisson distribution.

a Poisson variate but this does not mean in every case that also the dispersion
pattern of oak coenopopulations in the study area will be a random one {(cf.
Greig-Smith, 1964 ; Mirkin et Rozenberg, 1978). Some difficulties with using the
chi-square' test for the coenopopulations (two frequency classes only in Q. petraea,
high frequencies in classes 0 and 1) require further statistical analysis.

2. Measures of aggregation

Index values for six measures of aggregation are given in Tab. 2. The index of
dispersion is about equal to the number of observations when the dispersion
pattern is random (cf. David et Moore, 1954). The index of clumping for
a randomly dispersed population is 0 and increases as clumping incréases. The
index of dissonance ranges from 0 to 1 and values close to 0 indicates a regular
dispersion pattern. Morisita’s index values lerger than 1 refere to aggregated
dispersion pattern.

Index values calculated were somewhat higher than the theoretical ones at the
random pattern of dispersion, i. e. I, >0, I >100,dis>0, and I, > 1, but statistical
tests used have shown no significant differences from random values.

Mean crowding was defined by Llyod (cf. Pielou, 1969) as the mean number per
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Table 1. Results of chi-square test of goodness of fit of the observed and expected distributions of
frequencies of number of individuals of Quercus species per quadrat in the sampling area. The expected
frequencies are based on the Poisson distribution

Degree of Observed
Tree species freedom numbers of Chi-square Probability
(N-2) guadrats*
Quercus cerris 2 >5 4.127
1 >5 1.878 <0.01
>5 0.754
Quercus petraea 2 <5 2.014
1 <5 0.068
0 >5 0.002
Quercus 3 <5 9.381
combined 2 >5 7.241 0.05—0.025
1 >5 5.015 0.05—0.025
0 >5 2.136

* in last frequency class

Table 2. Index values, from five measures of aggregation, for Quercus-species coenopopulations in an
oak-hombeam forest

Name of Quercus Quercus Quercus
index .cerris petraea combined
1. of dispersion (Ip) _ 117.3 105.5 118.5

1. of clumping (Ic) ) 0.185 0.066 0.197

I. of dissonance (dis) 0.570 0.216 0.812

Morisita’s I (I,) 1.273 1.066 1.197

I. of mean crowding (m’) 0.500 0.138 0.433

The data are not statistically different from random (a=0.05)

individual of other individuals in a unit; these other individuals may be thought of
as co-occupants of the unit with the first individual. The index of mean crowding
for Quercus species coenopopulations is lower than 0.5 (Tab. 2).

3. Contiguous quadrats

The dependence of mean density, variance and variance to mean ratio on the
block size for Q. cerris and Q. petraea coenopopulations is evident in the
oak-hornbeam forest (Tab. 3).
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Table 3. The effect of the quadrat size on variance and variance to mean ratio for two Quercus species
ceonopopulations in an oak-hornbeam forest

-

Degree

Block Quercus cerris Quercus pelraea
size of 7 4 viz : v Vis
freedom
1 63 0.70 1.818 2.59* 0.27 0.230 0.86
2 31 1.41 2.055 1.46 0.53 0.386 0.73
4 15 2.81 5.096 1.81 1.06 0.663 0.62
8 7 5.63 9412 1.67 2.13 0.958 0.45
16 3 11.25 22.917 2.04 4.25 4.417 1.04
32 1 22.50 24.500 1.09 8.50 38.250 4.50

* statistically different from random (a=0.05)

The expectation for density data with the random distribution is constant
variance equal to the mean. A randomly dispersed population will have the same
mean square for all block sizes and the mean square will be equal to mean number
of individuals per grid unit. Thus, the V/% ratio is the unity for the population. If
the dispersion of individuals is contagious, the mean square will increase up to
a maximum which corresponds to the mean patch size of the coenopopulation
(Greig-Smith, 1964). :

Mean density and variance increase with block size (Tab. 3). Variance to mean
ratio is larger than one in Q. cerris and lower than one in Q. petraea populations.
In Q. cerris, V/% ratio is large as 95 % confidence upper limit for random
distribution at block size 1 (quadrat of 10> 10 m) and is close to the upper limit at
block size 4 (quadrats of 20 x 20 m). Other ratios in Q. cerris and in Q. petraca are
within the 95 % confidence limits given in Thompson’s table by Greig-Smith
(1961).

Oblong blocks consistently give mean squares less than those indicated by the
square on either side of them in the sequence of sizes (Picloy, 1969, 1977). Thus,
the V/# ratio values at block sizes 2 (20x10m) and 8(20x40m)are relatively low.

Using the method of iterations, the significance of differences between the
observed number of iterations and the expected number at random pattern was
tested by the formula given by Vasilevich (1969). For both Q. cerris and Q. petraea

coenopopulations, t-values were close to — 1. According Terentyev’s scale, 1=0
to +2 indicates the random dispersion pattern (cf. Vasilevich, 1969).

4. Estimated maps

Two types of estimated ground maps are compared in Fig. 2. A, B. Presence
/absence ground maps show up clearly the arrangement of quadrats occupied by
oak trees in the area of 100x 100 m (Fig. 2A), neglecting changes in tree density
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Fig. 2A Two-phase (presence/absence) estlmated maps for Quercus species coenopopulations in an
oak-hornbeam forest.

Fig. 2B. Tree density estimated maps for Quercus species coenopopulations in an oak-hornbeam forest.
The small, middIe and large circles disignate low, middle and large tree density, respectively.

from place to place. However, in Q. cerris and Quercus the concentration is
evident of occupied quadrats along one of the diagonals of the square area.
Density-estimated ground maps (Fig. 2B) express also the variation of tree density
in the area. In Q. cerris and in Quercus the quadrats with high tree density are
accumulated along the diagonal.

Variations in tree density on the square area were expressed in space by
spatial-arrangement-maps (Fig. 3A, 3B, 3C). Hills in the maps refer to quadrats
occupied by oak trees, and height of the hills indicates the degree of tree density.
Facts found in estimated ground maps and described above are demonstrated in
excellent form. :

5. Statistical tests on grids

Some general statistical parameters of fragment-population-fields of the two oak
coenopopulations are given in Tab. 4. The parameter values are close to those
introduced by Lyubarski (1976) for grassland communities.
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Fig. 3A, B, C. Spatial pattern of tree density for
Quercus species populations in an oak-hornbeam
forest constructed by methods of compu-
ter-graphics.
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Relative coefficients of the dislocation of the centroid of field (L., L.) indicate
dislocation of the values towards lower ones in the lines, and to higher ones in the
columns. This dislocation is more evident in the case of Q. cerris. The coefficient of
variation is in Q. petraea relatively high (V=115.4 %) in comparison with Q.
cerris (V =55.8 %). The variance to mean ratio (M) is in both species lower than
1 and indicates relatively regular dispersion, predominsantly in Q. cerris coenopo~
pulatiomn.

The sum-of squares of distances between all possible pairs of observation

quadrats (C;) on the grids 10 X 10 was close to the values ((;) found in randomly
dispersion of quadrats occupied by the oak trees in the grids (Fig. 5). For example,
in Q. cerris C;=16.06 and C.=16.9 to 19.4, K=45. The C; — values calculated
from the grids 7x7 were in Q. cerris and Q. petraca between probability
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Table 4. General statistical parameters of fragment population field of two Quercus species
coenopopulations in an oak-hornbeam forest at Bib

Species I i x i L. L, L 7 s limy S8 8§, M

Quercus cerris 5.5 55 5.6 50 215 —-9.1 93 1.36 0.076 0—3 0.576 0.759 0.424
Quercue petraea 5.5 5.5 5.7 4.96 4.07 —9.7 10.5 0.58 0.067 0—3 0.448 0.669 0.772

Table 5. Index values, from six measures of association between two species, for Quercus cerris and
Q. petraea coenopopulations in an oak-hornbeam forest

Name of Name of

coefficient Value coefficient Value
Iverson simple matching

coefficient 0.273 coefficient 0.600
Dice point correlation

coefficient 0.429 coefficient 0.055
Forbes ' cole

coefficient 1.330 coefficient 0.466

0.100—0.250 and 0.005—0.010, respectively (the data on probability are from
Tab. 1 in Stapanian et al. (1982), for cumulative distribution of C: for 7 x 7 grid).

6. Association between the species

In the studied area, both oak species co-occurred together in 15 quadrats only.
The highest frequencies were found in quadrats with the lowest number of oak
trees (Fig. 4). There were the following combinations of Q. cerris/Q. petraea: 1/0,
1/1 and 0/1. The absence of quadrats with high tree density of both Quercus
species is evident. Distribution of frequencies for the oak combinations indicate
negligible interactions between the two species.

The chi-square test of goodness fit did not prove the existence of an association
between these two species. The chi-square value calculated (x*=2.276) is lower as
the critical value of the theoretical distribution of chi-square with one degree of
freedom. It may be concluded that the two species are distributed independently of
one another. |

It is interesting that association coefficients calculated, which express the degree
of association between the species (Tab. 5), did not exclude a certain association
between the species in question. In this way, foundings of Elias (1981) were proved
on the low sensitivity of the coefficients used. An exception is the point correlation
coefficient only. The calculated value for oaks (r = 0.055) indicates a non signifi-
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Fig. 4. Frequency distribution of number of Quer-
cus cerris/Q. petraea density combinations in
sampling plots (quadrats) on the sampling area in
an oak-horbeam forest.
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Fig. 5. Two-phase (presence/absence) estimated maps for two theoretical (simulated) populations with
random dispersion pattern. Case A: 25 quadrats occupied by trees, case B: 45 guadrats occupied by
‘trees.

cant association. Goodall (1973) found that the Iverson index and the point
correlation coefficient are unbiased in general, even with samples of only ten
quadrats.

Translated by the author
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Eliaé P.: Horizontilna 3truktiira cenopopulicii dubov v dubovo-hrabovom lese.

Autor analyzoval rozmiestnenie jedincov v cenopopulaciach duba cerového a duba zimného
v opadavom listnatom lese na juhozdpadnom Slovensku. Zakladné udaje ziskal rozborom pravidelnej
mriezky. Aplikoval viacero itatistickych metéd na stanovente nenihodnosti rozptylu {pattern)
a dosiahol rozne vysledky. Rozdelenie pogetnosti hustoty stromov v pokusnych tvorcoch sa bliZilo
Poissonovmu rozdeleniu. Pouzité indexy zoskupovania poukazovali na ndhodné rozmiestnenie jedin-
cov. Odhadové ploéné mapy a priestorové mapy zostrojené metédami pocitacovej grafiky odhalili
tendenciu k zoskupovaniu pozdii jednej z uhlopriecok pokusnej plochy (v cenopopulicii duba
cerového). Skimané dva druhy stromov sd rozmiestnené nezavisle od seba.
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s I1.: FopR3oATATLAAY CTPYKTYpPA NeHoNONyAANEH xy6oB B AyGoBo-rpaGoBom recy.

ABTOp aHATHIAPOBAT paiMeriieHde HHEMBHNYYMOB B LEHOTIOMYIANMAX 1y6a (paHIy3cKOTo A Ny6a
AMMHETO B OCHINAIOIMIEMCS JHCTBEHHOM Jecy B orosamagsoit Cnopaxuu. OcHOBHbie faHHbIE GbLIK
[ONYyYeHs! C TOMOUILIC AHANH3a PETYNAPHOA peMeTRH. [IpEMeHnI HECKONLKO CTaTRCTHISCKUX METOIOR
IS YCTAHOBNERHA He-CTyYaWHOCTH paccesHms (pattern) m ObLno MOCTHTHYTO PasHBIX Pe3YABTATOB.
Paanenenne MHOTOURCIEHHOCTH [LIOTHOCTH 1ePEBLEB B NONONLITHRIX KBA/IpaTax MPpHOIMXKaNOCh pasge-
nernio Tokcona (Poisson). [IpuMmeHeRHbIe HHAEKCH IPYNIMAPOBKH YKA3EIBANK HA CIIyHaHOE pasMelne-
Ane AEIMBHEYyMOB. [IprOANIHTENLHO ONpeReTeHHble IPOCTPAHCTBEHHBIE KAPThI ¥ TPOCTPAHCTBEHHBIE
KapThHI COCTPOEHKBIE METONAMHA BHIIHCTHTENEHOM rPapHKH OTKPBLUIA TEHACHINIO K TPYIIIHPOBKE BAONL
ORHOfl M3 MRATORANEH MORONLITHOH womany (B HeHOMONYNAIAN AyGa (hpaHny3ckoro). McecnenyeMsie
IBA BHAZ HepeBbeB pa3MellleHbl HE3ABUCHMO IPYF OT ADYTa.
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QUANTITATIVE ECOLOGICAL ANALYSIS OF

A MISTLETOE (LORANTHUS EUROPAEUS JACQ.)
POPULATION IN AN OAK—HORNBEAM FOREST:
SPACE CONTINUUM APPROACH

PAVOL ELIAS _
Institute of Experimental Biology and Ecology of Centre of Biological and Ecological Sciences of

the Slovak Academy of Sciences, Obrancov mieru 3, 814 34 Bratislava, Czechoslovakia

Abstract

Eliai P: Quantitative ecological analysis of a mistletoe (Loranthus europaeus
Jacq.) population in an oak-hornbeam forest: space continuum approach. Eco-
logy (CSSR), Vol. 6, No. 4, 359—372, 1987.

The dispersion of mistletoe deciduous shrubs in coenopopulation of Loranthus
europaeus was examined in a temperate hardwood forest in SW Slovakia using
rectangular grid pattern analysis. Several statistical techniques were applied with
similar results. Frequency distribution of the mistietoe density was close to a negative
binomia) variate. Six measures of aggregation used also indicated aggregated disper-
sion pattern. Frequency of infested quadrats was 24 % and mean mistletoe density
was 2.16 per 10m x 10 m quadrat. Mistletoe shrubs occurred only in quadrats with
tall oak trees. Association indices discovered absolute association (segregation) bet-
ween the mistletoe and oak quadrats. The correlation between the mistletoe and host
density was not simple. Comparative trend-surface analysis did not confirm such
correlation. High infested quadrats were concentrated into three groups located in
different positions in the sampied stand. Dispersion and density of fruiting (female)
mistletoes were also analysed. '

Introduction

Mistletoes are obligate epiphytic parasites of higher plant species (Kuijt,
1969). Loranthus europaeus Jacq. is a deciduous dioecious hemiparasitic
mistletoe limited by its geographical distribution to the southeastern Europe.

Hemiparasitic mistletoes are autotrophic obligate parasites inhabiting bran-
ches of trees. It was hypothesized (Schulze et al., 1984; Ehleringer et al., 1985)
that xylem-tapping mistletoes which were parasitic for water were also nutrient
parasites, differing in their water use efficiency relative to that of their hosts on
the basis of host nitrogen supply in the transpiration stream.

In forest stands heavily infected by the mistletoe (Loranthus euUropaeus),
growth losses caused by the hemiparasite were indicated (Lux, 1952 Cerny,
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1976). The increase of infection of Quercus species by mistletoes in the north-
and southeastern part of Austria is already alarming (Gostel et al., 1986).

In southwestern Slovakia (Czechoslovakia), several coenopopulations of
Loranthus europaeus in hardwood temperate forests were analysed by quan-
titative ecological methods (Eli3, 1981b). Two different approaches were used:
discrete unit and space continuum approach (cf. Pielou, 1969). The discrete unit
approach is the case in which the organisms are confined to dicrete habitable
sites or “units”. In a continuum, either an area or a volume, is available to the
organisms, and they may be found anywheré throughout it (Pielou, l.c.).

In the case of the tree hemiparasite, the space continuum approach was
accepted for two reasons: '

1. The sampled stands were formed by closed stands of tall trees, therefore,
in edch sample plot (quadrat) more than one tree should be occurred. Theoretic-
ally, each tree may be used by hemiparasite as a host plant (neglecting host
specificity).

2. Spatial dispersion of hemiparasitein a stand (community) is important for
study and evaluation of epidemiology and infection spread, and factors modify-
. ing the dispersion. '

This paper contains data on dispersion of the mistletoe (Loranthus europaeus
Jacq.) in the sampled stand in relation to the dispersion of host plant spe-
cies.

Material and methods

The study was conducted in an unequally aged and biosociologically markedly differentiated
oak-hornbeam forest at-Bab, SW Slovakia. The stands were approx. 90-year-old and 18-m-tall, in
average. Five different tree species participated in the forming of main canopy (Carpinus betulus L.,
Acer campestre L., Quercus cerris L., Q. petraea Liebl, and Sorbus torminalis Cr.), among them
Carpinus betulus was a dominant species. ’

A rectangular grid pattern analysis was used (cf. Elia3, 1981b, 1984). The sampled stand was a
square area of 100 m x 100 m divided into 100 sample plots (quadrats) of 10 m x 10 m. The closed
forest stand was considered in this study to be a continuum of space which could be occupied by
the mistletoes. All measurements and observations were made in the winter 1977/1978, when leaves
fell from the deciduous trees. In each quadrat, the mistletoe shrubs and tall trees were counted.

Sampling procedures, statistical tests on quadrats and on grids, estimated maps, and association
between pairs of species were used, constructed, and evaluated, respectively, by the same ways as in
the previous paper (Elia3, 1984). In the analysis of statistical distribution of observed data, a negative
binomial distribution was accepted to fit the expected number of mistletoe per quadrat (Bliss and
Fisher, 1953; Poole, 1974; Havranek et al., 1981). The constant k, a parameter of the distribution,
was obtained by a somewhat tedious iterative method (Bliss and Fisher, Lc.). The following
maximum likelihood estimator of k was used

Niloge(l + %/ks) —Z (A/k; + x) =0,

where A_ is the sum of the observed frequencies of units containing more than x individuals. The
constant k can be any positive number: very small values of & are associated with a high degree of
aggregation, and as k — o the negative binomial distribution approaches the Poisson’s.
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The correlation between spatial patterns of the mistletoe and that of oak trees in the sampled
stand was assessed by a method of polynomial comparative trend-surface analysis, originally used
for quantitative assessments of the similarity between fitted surfaces in physical geography (Mather,
1976). A modified COMPARE, a Fortran [V program (Goodman, 1933) was accepted to calculate

polynomial trend surfaces up to the third-order (cubic) for two data sets, and to derive comparative
measures.

Table 1. Mistletoe population characteristics for an oak-hornbeam coenopopulation in SW
Slovakia. The data are expressed per 10 x 10m quadrat

Mistletoe Frequency Density

In {%] mean range

All quadrats {(n = 100) 24 2.16 0-37

Oak quadrats only 44 3.90 0-37

Infested oak quadrats only 100 9.0 1-37
Results

1. Dispersion of mistletoe in a forest stand

The mean density of mistletoe population in the stand was 2.16 shrubs per
quadrat and frequency of the quadrats with mistletoe (“infested quadrats’) was
24 % (Tab. 1). Frequency distribution of number of the mistletoes in quadrats
differed from Poisson distribution expected at random dispersion pattern (cf.
Elia%, 1981b; variance to mean ratio = 14.58, chi-square = 434.9, p < 0.01) and
it was close to the negative binomial distribution (Fig. 1). The parameter & for
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NUMBER OF MISTLETOES PER QUADRAT

Fig. 1. Distribution of the number of mistletoes per quadrat. Open bars: observed. Sippled bars:
fitted negative binomial distribution.
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Tabie 2. Index values, from six measures of aggregation, for mistletoe population in an oak-
hornbeam forest. The indices were calculated on the basis of 10 x 10 m quadrats

Name of index Value Name of index Value
I. of dispersion (/) 147.7 Morisita’s T.(1) 7.166
I. of clumping (1) 13.577 I. of mean crowding (m™) 0.888
1. of dissonance (dis) 0.933 Negative binomial parameter (k) 0.085

The data are statistically different from random {p < 0.01)

LORANTHUS HAG

Fig. 2. Spatial pattern of mistletoe density for mistletoe (Loranthus europaeus) population in an
oak-hornbeam forest constructed by methods of computer graphics.

[LORANTHUS
160T
@
* 120}
>
@,
vy
Z 8ot
w
>
LOF
| 1 1 t 1
12 4 8 16 2

BLOCK SIZE

Fig. 3. The effect of quadrat size on variance (mean square) for Loranthus population in a maodel
oak-hornbeam stand.
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Table 3. Index values, from six measures of association between pairs of species, for Loranthus
europaeus population in an oak-hornbeam forest. The coefficients were calculated from quadrat data

Association between mistletoe

Name of coeflicient and
Quercus Q. cerris Q. petraea

Iversen coefficient 0.491 0.425 0.189
Dice coeflicient 0.638 0.597 0.318
Forbes coefficient 1818 2.020 1.474
Simple matching coefficient 0.720 | 0.730 0.730
Point correlation coefficient 0.550 0.565 0.663
Cole coefficient 1.00 0.948 0.545

oak quadrats only was 0.08458. Several calculated indices also indicate ag-
gregated pattern (Tab. 2).

Spatial pattern of infested quadrats in the model stand is shown in Fig. 2,
using spatial arrangement map (“hill map”). Three patches (“hills” or “hill-
-groups”) with high density of infested quadrats may be distinguished. Aggrega-
tion of the infested quadrats occurred at block size “8”, viz. 800 m? (Fig. 3).

2. Association between mistletoe and tree quadrats

The mistletoe did not occur in all quadrats studied but only in 24 % of the
quadrats of the sampled stand. It occurred only in the quadrats with tall cak
trees (“oak quadrats”); in other quadrats occupied by different tree species,
namely hornbeam and maple, it was absent. Association between infested and
oak quadrats was absolute (Tab. 3). However, differences in association were

PERCENTAGE OF
TREES INFESTED

1-25

26—50

51—75

. 76—100

Fig. 4. Estimated map for oak population in the model forest stand, considering degree of tree
infestation by the mistletoe.
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found between the mistletoe and two oak species occurred in the stand. Chi-
square test indicates association only between the mistletoe and Quercus cerris
(chi-square = 21.7, p < 0.01) but not between the mistletoe and Q. petraea
(chi-square = 1.06). Similarly, association coefficients referred higher associa-
tion between the mistletoe quadrats and quadrats with Quercus cerris (Tab. 3).
Cole’s coefficient was 0.948 for Q. cerris and 0.545 for Q. petraea.

Mistletoe did not occur in all quadrats occupied by oak trees (Fig. 4). It
infected only 43.6 % quadrats with oak trees, and its population density was 3.9
shrubs per 100 m’ (Tab. 1). Butlocal variation in density was large: the variation
range was 36. In 50 % of infested quadrats there occurred less than 5 shrubs and
in other 20 % of infested quadrats from 6 to 10 mistletoes were presented.

3. Correlation between mistletoe and vak densities

Infested quadrats differed in degree of infestation of oak trees (Fig. 4). The
quadrats with 76 to 100 percentage of oak -tree infestation were most frequent.
They were concentrated in three different localities within the sampled stand.
Frequency distribution of number of quadrats with various density of tall oak
trees differed from that of quadrats with infested oak trees (Fig. 5). Analysis of

50
Quercus (Bab)
40-
< . infested
S 30
>
[
-4
=
g 20
w
x
o
104 I |
0 Fig. 5. Frequency distribution of number of oak
01 2 3 4 per quadrat in the model forest stand. Infested
TREE DENSITY PER QUADRAT quadrats are also given.

frequency distribution of quadrats with different oak density versus guadrats
with infested oaks (Fig. 6) showed that between the oak-tree density per quadrat
and degree of mistletoe infection of oak trees there was no evident correlation.
Quadrats with one oak tree were more frequently infested than other oak
quadrats with more oaks per quadrat. But this fact is associated with the

frequency of the one-oak quadrats in the sampled stand.
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Comparative trend-surface analysis did not show any correlation between
fitted spatial patterns of infested and oak quadrats in the model stand. Product-
-moment correlation (PMC) coefficient for predicted Z values was —0.129,

PMCbetweenweighed coefficients was 0.235 and PMC of slope angles was 0.353.
Maximum distortion at a point between standardized surfaces was 2.778 and

Guercus cerris (Bab)
-20

20 /
>—
0 10-
: |
g L 1
[T

D L) L] L§

0 1 2
TREES IN QUADRAT

Quercus petraea {Bab)

75 20

201 ) 1/ 0
s ' - 3 &
. v S

- 2 &

2 10- &
i - 4 5
i 11 2 2 4 &

0 T L] T T \%

g 1 2 3
TREES IN .QUADRAT

Fig. 6. Frequency distributions of numbers of infested/total oak density combinations in sampling
plots (quadrats) in the model oak-hombeam stand. Upper: Quercus cerris population. Bottom:
Quercus petraea population.

365

41



unweighed and weighed taxonomic distance between coefficients (exclusive base)
was 9.228 and 4.453, respectively.

4. Dispersion of fruiting mistletoes in the stand

Dispersion of infested quadrats with fruiting mistletoes somewhat differed
from the dispersion of all infested quadrats (Fig. 7) but it was similar to that.
Frequency of quadrats with fruiting mistletoes was only 17 %. The fruiting
mistletoes occurred in 70 % of infested quadrats with mean density 2.33 shrubs
per quadrat (Tab. 4). Sex ratio calculated as fruiting/total infested quadrats was

0.709 for oak-host population.

LORANTHYS PLODNE BAR

L I L I N 0 I 9 I

Fig. 7. Spatial pattern of fruiting (female) mistletoe density in the mistletoe population in oak-horn-
beam forest constructed by methods of computer graphics.

Table 4. Population characteristics for fruiting (female) mistletoe population in an oak-horn-
peam forest in SW Slovakia. The data are expressed per 10x 10m guadrat

Mistletoe Frequency Density

In [Ye] . mean range

All quadrats (n = 100) 17 . 0.56 0—12

QOak quadrats only 31 1.00 0—12

Infested oak quadrats only 71 2.33 1—12
Discussion

In the introduction we suggested that the mistletoe could use space con-
tinuum of the sampled forest stand and that it could potentially occur in all
quadrats of the grid. But the mistletoe was found only in 24 % of quadrats of
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the model stand. It did not occupy a1l habitable units (quadrats). The potential-
ity for infestation here is very large: 100 quadrats of 10 m x 10 m in which more
than 730 trees occurred, among them 82 dominant and 105 codominant trees.

It was shown that the mistletoe occurred only in quadrats occupied merely
by tall oak trees. This absolute association between the mistletoe and oak trees
species is known from the territory of Czechoslovakia (Elias, 1981a) and also
from other countries of southeastern Europe (cf. Tutin et al., 1964). In Austria
it was found on oak trees, on Castanea sativa Mill.,, and occasionally also
on Prunus avium L. and Carpinus betulus (Glatzel, 1982). In the sampled stand
dominated by Carpinus betulus, the dominant tree species was not used by the
mistletoe as a host plant. Loranthus europaeus is restricted to one or a few
related host species and, therefore, can be considered to be host-specialized
(Atsait, 1983). Host specificity may be caused by several physiological, bioch-
emical, morphological, genetical, and some other features of hosts (Tsivion,
1979; Atsatt, 1983; Lynn, 1985: Clay et al., 1985). Thomson and Mahall (1983)
found clear geographic differences in specificity on a single host.

In the sampled stand, host specificity of the mistletoe could be correlated with
vertical structure or architecture of the stand and with the positions of the trees
in the stand. In the forest stand, the oaks, namely Quercus cerris, were dominant
trees with upper parts of their crowns above the main canopy level, which was
formed predominantly by crowns of Carpinus betulus and Acer campesire.
Helio- and thermophilous mistletoe ( Loranthus europaeus) intolerates the deep
shade within the hornbeam and maple canopy and, therefore, inhabites predo-
minantly open, sunny oak crowns (Elia, 1981b). Light appeared necessary also
for the infection of some host plants by mistletoes. The highest percentage of
infection of Pinus sabiniana Dougl. by Arceuthobium occidentale Engelm.
occurred under full and half sunlight. Little infection occurred in the absence of -
light (Scharpf, 1972). .

The mistletoe did not occur in all quadrats with tall oak trees but it infested
only 43.6 % of the oak quadrats. The occurrence of the mistletoe in the stand
may be explained by stand structure, namely horizontal structure of oak popula-
tions, by the mistletoe dispersal or spread of infection, as well as by the time of
infection and spread.

Horizontal structure of oak populations in the sampled stand was analysed
in detail (Eliag, 1984). Spatial pattern of Quercus petraea trees was random,
while that of Q. cerris trees aggregated. The occurrence of the Q. cerris trees was
concentrated along one of the diagonals of the sampled area, and was in relation
to the stand regeneration. These two oak species were distributed independently
of one another.

In direction of one of the diagonals of the sampled area there was a con-
tinuous occurrence of oaks in the quadrats. All quadrats were occupied by tall
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oaks. But yet the mistletoe did not occur in all oak quadrats not even in this zone
of continuous oak occurrence, where the distance between the oak trees was
minimum. The occurrence of the infested quadrats was concentrated into three
different local centres. The largest group of totally infested oak quadrats was
located in marginal part of the sampled stand, in insulated inland of oak
quadrats within continuous Carpinus quadrats area. The mistletoe occurred also
on oak trees in the vicinity of the sampled stand, close to the infested quadrats.
We assume, therefore, that the above mentioned infested quadrat group could
be an initial centre of mistletoe infection in the sample stand. In the centre,
maximum density of mistletoe (37 shrubs per quadrat) within the stand was
found. Two secondary centres of infested oak quadrats occurred in the area of
continuous distribution of oaks along the diagonal, at its opposite ends.

Spread of mistletoe infection in the stand from the primary centre of infection
is a long-term process, depending on several factors, such as seed production,
host density, natural vectors, €tc. Seed production and dispersal are very impor-
tant in this context. The mistletoe is a dioecious shrub and, therefore, fruits are
produced only by female shrubs. Sex ratio was calculated as the ratio of fruiting
(female) to total infested quadrats. It included only adult female shrubs which
were able to produce fruits. Young female mistletoes yet unable to produce
fruits were not distinguished from male plants. The sex ratio is, therefore,
somewhat underestimated. The generation time from seed, production, infec-
tion, and development of a mature fruiting plant of dwarf mistletoes is five years
or longer (Scharpf and Parmeter, 1976).

In the model stand, the spatial pattern of infested quadrats with fruiting
mistletoes was similar to the spatial pattern of all infested quadrats. There were
distinguished three groups of infested quadrats with fruiting mistletoes, similar-
ly located in the stand.

Another factor is the occurrence of natural vectors. Seed -eating birds are the
only known vector of mistletoe (Pijl, 1969). In winter, birds of the family
Turdidae were usually observed in the crowns of host trees, eating the fruits on
female mistletoe shrubs. In the context of spread infection, population density,
and etology of the avian dispersers were considered as very important (ELas,
1985). In the sampled stand, some species of Turdidae were found (Ferianc et al.,
1970), being winter guests with high percentage and relative regular occurrence.
The tallest trees of the stand were chosen by the birds for setting during the
visits. Dominant and codominat trees of Quercus cerris were 21.4m and 20.0 m
tall in average, respectively. Their crown tops were located some metres above
the main canopy of the forest stand.

An important factor determining dispersion of mistletoes in stand is also the
time of initial infection. In the case of the sampled stand we did not know either
the time of mistletoe introduction by birds or dynamics of its spread.
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 The spread of mistletoe infection may be also limited by the presence of
barriers to spread such as 2 high non-host component in a stand. This factor is
very important for autochorous mistletoes such as dwarf mistletoe but in
ornitochorous mistletoes non-host barriers did not usually reduce the spread of
infection.

Fig. 8. Third order trend surface fitted to data on population density of Loranthus europaeus in the
model stand.

Mistletoes did not occur at random on the susceptible plants in a community
but they had a clumpy (aggregated) dispersion (ELas, 1981b; Alfaro et al., 1985;
Hoffmann et al., 1986). Such dispersion type suggests that infection with mist-
letoe may proceed from a «founding” infected host plant and from there it
proceeds more Of less centrifugally to the neighbouring hosts (Alfaro et al,
1985). Spread of infection tends to occupation of ail habitable units (sites) and,
in such a way, to the uniform dispersion in monospecific host stand or to the
same (or similar) dispersion of host-species plant in mixed host and non-host
species communities. In the sampled stand, there were many unoccupied sites
and quadrats with Jow degree of mistletoe infection of host trees. It was the case,
when we did not find correlation between the mistletoe and oak-tree densities as
well as between spatial patterns of mistletoes and oak trees, while the com-
parative trend-surface analysis was used. However, application of the method is
limited here because of large dispersion patterns of mistletoes and their host
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trees. Fitted dispersion of hosts in the stand was close to actual dispersion but
fitted dispersion of mistletoes was inadequate to the aggregated dispersion of the
mistletoe population in the stand (Fig. 8). This inadequate fitting was indicated
by large percentage of residual sum of squares (RSS) for all three orders of trend
surfaces (up to 55.03 % for cubic surface). On the other hand, frequency
distribution of the residuals showed an approximately normal distribution.

From the discussion it is evident that for knowledge of the epidemiology of
mistletoe infection in a stand it is not possible to applicate a simple model based
for example on density and dispersion of the hosts. The investigation must be
oriented to the knowledge of large relationships and to the construction of
complex simulation models.
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Eliaé P.: Kvantitativne ekologicky rozbor populicie imelovea (Loranthus europaeus Jacq.) v dubo-
vo hrabovom lese: priestorovo kontinualny pristup.

Autor analyzoval rozmiestnenie krikov v populacii imelovca eurdpskeho ( Loranthus europaeus)

v opadavom listnatom lese na juhozipadnom Slovensku, pricom pri zbere adajov pouZil metodu

pravidelnej mrieZKy. Aplikoval viacero $tatistickych metdd na stanovenie nenahodnosti rozptylu
(pattern) s podobnymi vysledkami. Rozdelenie frekvencii hustoty imelovea bolo blizke k negativne-
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mu binomickému rozdeleniu. Sest poufitych indexov zoskupovania tie naznalovalo skupinovité
rozmiestnenie krikov v populdcii. Frekvencia napadnutych Stvorcov bola 24 % a priemerna hustota
imelovea 2.16, pri pouZiti §tvorcov o velkosti 10x 10m. Imelovcové kriky sa vyskytovali iba vo
ttvorcoch s vysokymi dubmi. Asocialné indexy odhalili absolutni asociaciu (segregaciu) medzi
Stvorcami s imelovcom a tymi s dubmi. Korelacia medzi hustotami imelovea a jeho hostitelov nebola
jednoznacné. Porovnavacia analyza povrchovych trendov takito korelaciu nepotvrdila. Silne na-
padnuté Stvorce sa koncentrovali do troch skupin na rdéznych miestach v sledovanom poraste. Autor
analyzoval tie? rozmiestnenie a hustotu plodnych (sami¢ich) krikov v populacii.

s 11 KoaRdecTBeHHO IKONOIMYECKMH 2HA/IM3 MOMYIAUHHA OMeJbl (Loranthus europaeus
Jacq.) B ayGoso rpaGosom Jiecy: NPOCTPARCTBERHO KOHTARYAbLABLIA ROJX0.

ABTOp AHATU3UPOBAJ PA3MELUEHHE XYCTOB B IONYRALHA Loranthus europaeus B OCBIMAIOUIEMCH
necy 8 FOrozanaasoii Cnosakuy, NpHIeM IIPH c6ope AaHHb MOAB30BAJICE METONOM perysipHOH
ceTxi. OH MPHMEHS] MHOTO CTATHCTHYECKHX METOIIOB IS yCTAHOBICRIA HeCITy4aiiHOCTH CTPYKTY-
pH y3opa (pattern) ¢ MoaoGHBIMH pe3yibTaTaMH. Pasfenenne 1acToT INIOTHOCTH omenei ObiI0
67H3KOE K HETATHBHOMY GMHOMMYECKOMY pasfiejenuto. [llecTh NPUMEHEHHBIX HRACKCOB PYNIH-
POBKH TOXE HAMEK2JIH Ha IPYNIHPOBAKHOE PASMELICHHC KYCTOB B NMONYJIAIAK. YacToTa 3aTPOHY-
THX KBajpaTos Osuta 24 e W CTPEZHAA IIIOTHOCT: OMEIISE 2.16, npn DpAMEHEHHH KBAIpaTOB
peqmauEoil B 10 x 10 M. KyCTEI oMenbl BCTPEYaIHCh TOBKO B KBApaTax € BHICOKHMH oybamu.
AcCONHaTRBHBIE MHAEKCH OTKPHITH abCOMOTHYO 2CCOLHAHAIO (cerperaupro) MEXIY KBAOpaTaMH
C KYCTAMH OMeNIbl H MeXTy TeMH ¢ IybaMA. Koppensaiusa MekIy ILIOTHOCTAMH OMEIIBL €€ XO3ACH
se GUTa OgHO3HAYATENbHON. COnOCTaBIMIOMAN AHANH3 TOBEPXHOCTHBIX TPEHLOR Taxo# Koppe-
AsuAR He nonTBepami. CHIILHO 3aTPOHYTHIE KBANPATH KOHUCHTPHPOBAIACE B TDH rpyINBl HA
PA3HBIX MeCTax B HCCNEAyeMOH NOpOCHH. ABTOp aHAJM3KPOBAJ TAKKE PA3MEILCHAE H [WIOTHOCTE
NTOZOBUTEIX (KEHCKUX) KYCTOB B TIONYJIALHH.
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QUANTITATIVE ECOLOGICAL ANALYSIS

OF A MISTLETOE (Loranthus europaeus JYacq.):
POPULATION IN AN OAK-HORNBEAM FOREST:
DISCRETE UNIT APPROACH

PAVOL ELIAS .
Institute of Experimental Biclogy and Ecology of Centre of Biological and Ecological Sciences of

the Slovak Academy of Sciences, Obrancov mieru 3, 81434 Bratislava, Czechoslovakia

- Abstract
Elias P Quantitative ecological analysis of a mistletoe (Loranthus europaeus
Jacq.) population in an oak-hornbeam forest: discrete unit approach. Ecology
(CSSR), Vol. 7, No. 1, 3—17, 1988.

The population of the mistletoe (Loranthus europaeus I acq.), a deciduous
shrub of southeastern-European distribution, inhabiting oaks was examined in a
temperate hardwood forest in SW Slovakia. The mistletoe infected 34 % of oaks
(38 % of Quercus cerris and 24 % of Q. petraea) with mean density of 2.23 shrubs per
tree (range from 0 to 20). The dispersion pattern of the mistletoe on habitable units
(trees) was aggregated. The negative binomial distribution performed a good fit of the
distribution of the number of shrubs on trees. Within the coenopopulation, only
2599 of the shrubs were fruiting with mean density of 1.70 fruiting shrubs per
infested tree. Shrub size varied between 10 and 80 cm in diameter. The shrubs were
predominantly observed at the heights above 16 m (on the canopy surface and
higher), inhabiting host twigs thinger than 5 cm. Hypertrophied host branches (swell-
ings) and end-death of the infected host branch distal to the hemiparasite were found
in 21.2 % of infested trees. Dry phytomass and surface of the mistletoe shrubs was
1.41 kg per host in average (or 1.62 kg with “tumor™), and 7.96 m? per host (leaf area
— both sides — was 6.54 m® per host}, respectively. Reproductive effort was close to
10 % in average but it might exceed 17 % in large fruiting shrubs. Standing crop of
leaf-blade chiorophylls was about 2.7 g per host tree.

Introduction

Loranthus europaeus Jacq. is a deciduous hemiparasitic shrub inhabited
branches of deciduous oaks in southeastern Europe. The mistletoe is an auto-
trophic obligate parasite (sensu Tsivion, 1979) which photosynthesizes and
draws no assimilate from its hosts. The xylem vessels of the mistletoe are directly
(without any interruptions) connected with the xylem vessels of the host (Lux,
1952; Buchleitner and Krapfenbauer, 1986). The direct structural connection
enables highly effective transport of xylem solution from the host tissue to the
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tissue of the mistletoe. At similar conditions, the mistletoe had higher rates of
transpiration and leaf conductance, and lower leaf water potentials than its
hosts (Elia§ and Huzuldk, 1978; Glatzel, 1983; Schulze et al., 1984). High
transpiration rates caused large accumulation of number of mineral elementsin
mistletoes. This results from the lack of any translocation of minerals from the
parasite back to its host in contrast to the retranslocation possible within the
host. Schulze et al. (1984) suggested that the high rates of transpiration might
be necessary for the parasites to take up sufficient nitrogen from the xylem of
the host for production of biomass (leaves, fruits, and stems). Thus, Loranthus
europaeus is considered as water and nutrient parasite.

Loranthus europaeus is dioecious in that male and female flowers are born on
separate plants. The female shrubs in time produce seeds. Reproductive effort
of the mistletoe population was close to 10 % in average (FElias, 1983). The
aumber of fruits per shrub varies from 100 to 4000 in old shrubs (Petrlik, 1982,
of. Buchleitner and Krapfenbauer, 1986). The fruits were considered as syn-
zoochorous bird diaspores. The edible berries, similarly of Viscum album (cf.
Pijl, 1969), carried in the beak, in which the viscid seed is immediately re-
deposited when the bird whets its bill on branches. Some bird species of family
Turdidae are specialized to some degree on the mistletoe fruits. However, most
of the seeds is just regurgitated from the gizzard or passes completely through
the animal (endozoochory). Germination of seeds, seedling establishment, and
growth of the mistletoe are known very poor. The mistletoe is host-specialized
(Elia3, 1987), parasiting on deciduous oaks, but the nature of the host specificity
is unknown.

The mistletoe induced abnormal growth or hypertrophy of the host branches
concerned. Such apparent branch swellings were observed on infested oak in
forest stands as well as on soliters (cf. Lux, 1952; Elias, 1981a). Another type
of growth disturbances which was observed was end-death of the infested host
branches distal to the parasite. In such way, Loranthus europaeus caused losses
. in growth and wood quality of hosts and of heavily infested forest stands and
it was able to impoverish of forest soils through large accumulation of nutrients.
But the losses were not yet exactly determined.

In a previous paper (Elias, 1987) we found that Loranthus europaeus popula-
tion occurred in an oak-hornbeam stand was host-specified, inhabiting only oak
trees. We analysed in detail the dispersion pattern of the mistletoe population,
considering the forest stand as a space continuum. This paper, which is second
in a series on quantitative ecological analysis of the mistletoe population in an
oak-hornbeam forest in SW Slovakia, deals with the dispersion pattern, dry
phytomass, surface, and chlorophyll content in Loranthus europaeus Yacq,
considering discrete habitable units. '
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An oak-hornbeam stand infested by the mistletoe (Loranthus europaeus) in Bab, SW Slovakia,
was chosen for the study. The stand was dominated by Carpinus betulus L. Two oak species, namely
Quercus cerris L. and Q. petraea Liebl., were present. The stand was approx. 18 m tall and
about 80-year-old in average. Means of height and age of Q. cerris and Q. petraea trees were 20.5m
and 90 years, and 15 m and 75 years, respectively.

In the forest, a 1 ha modetl stand area was used for pattern analysis (Elias, 1981b, 1987). In the
winter 1977/1978 all oak trees taller than 5 m were counted and infested and uninfested trees were
distinguished. On each infested tree, number of mistletoes, approx. shrub size, and its position in
the crown (height above the ground surface, diameter of infested host branches) were recorded. ~
Fruiting and non-fruiting mistletoes were also distinguished.

The field data were used for calculation of frequency and population density per all and infested
oaks. The Quercus, Q. cerris and Q. petraea host populations of the mistletoe were separately
analysed.

Dispersion pattern of the mistletoe populations was evaluated using frequency distribution of
number of mistletoe shrubs per host and indices of aggregation. Two theoretical distributions,
namely Poisson and negative binomial distribution, were used. The agreement between the observed
and expected (theoretical) frequencies in a given distribution was tested by Pearson’s chi-square test.
Bliss and Fisher (1953) did not recommend the use of chi-square test, because chance irregularities
could distort the chi-square statistic. Bliss (1971) recommended the Pearson’s chi-square with N
— 1 — Q degrees of freedom, where N is number of ratios that are summed and Q is the number
of estimated parameters of the distribution under consideration. The variance: mean ratio and
Lloyd’s indices of mean crowding and patchiness were calculated following the formulae given by
Greig—Smith (1964) and Pielou (1969). The parameter k of the negative binomial distribution was
estimated using the maximum likelihood procedure (Bliss and Fisher, 1953; cf. Elias, 1987).

Dry phytomass of the mistletoe was estimated by destructive, harvest method (Elias, 1983). In
the summer 1978 (July 17 and August 28) several mistletoe shrubs different in age and size (40 to
100 cm in diameter), sexes, and position within host crowns (from 16 to 18 m above the ground,
usually in southern gxposition) were sampled together with hypertrophied host branches (“‘tu-
mors”). The sample shrubs were separated into leaves, young (green), and old twigs or branches,
reproductive organs (flowers, fruits) and “tumor”. Number of shrub parts was counted and their
surface was estimated. Leaf area was measured with Hayashi—Denko automatic photoplanimeter.
All leaves of sample shrubs were used. Surface of twigs and branches was calculated from the
diameter and length of segments. Dry mass, determined after drying-up at 105 °C, and surfaces were
expressed in kg and m?, respectively, per host and per mistletoe coenopopulation (1 ha).

Chlorophyll a, b, and a + b contents in leaves of Loranthus europaeus were determined directly
in acetone extract according to Vernon (1960). A spectrophotometer UNICAM SP 800 was used
for measurements of absorption spectra of the extracts (cf. Elid8 and Masarovidova, 1980).
Chlorophyll content was expressed in units of fresh mass, dry mass and leaf area.

The standing crop of mistletoe leaf-blade chlorophylis was calculated by multiplying the data per
phytomass unit by the leaf mass of mistletoe (method A) and by multiplying the data per leaf area
unit by leaf area size of the mistletoe (method B) (cf. Elia$ and Masarovicova, 1985). The standing
crop of chlorophylls was expressed in g per host and in g per mistletoe ceonopopulation (1 ha).
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Table 1. Population characteristics for the mistletoe (Loranthus europaeus Jacq.) population
inhabiting oak trees in an oak-hornbeam forest in SW Slovakia. Mean densities (X) per host trees
and their standard errors {s;) are given

Mistletoe Frequency Density

on [%] x 5s range

Quercus 34.02 2.23 0.417 0—20

Q. cerris 38.23 2.44 0.546 0—20

Q. petraea 2413 1.93 0.825 0—13
Results

1. Association between mistletoe and oak populations

The mistletoe was found only on oak trees in the oak-hornbeam stand (cf.
Elia3, 1981b, 1987). The associtation between the mistletoe and oak populations
was absolute. However, the mistletoe population was closerly associated with
Q. cerris population than with Q. petraea population, as indicated association
coefficients calculated separately for two host species. .

2. Dispersion of mistletoe population

The mistletoe infected 34 % of all oak trees presented in the oak-hornbeam
community (Tab. 1) with mean density 2.23 shrubs per tree. Frequency and
density of the mistletoe in the Q. cerris population were higher than in the
Q. petraea population (Tab. 1). Mistletoe density ranged from 0 (‘“‘uninfected

tree”) to 20 shrubs per host.
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Table 2. Aggregation indices calculated for the mistletoe (Loranthus europaeus Jacq.) popula-
tion on oaks in an oak-hornbeam forest in SW Slovakia. The variance: mean ratio and Lioyd’s
indices of mean crowding and patchiness are given

Mistletoe _ Lloyd's index of

Vix . .
on mean crowding patchiness
Quercus 7.61 8.84 3.96
Q. cerris 8.33 9.77 _ 4.00
Q. petraea 10.25 11.18 5.79
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Fig. 2. The distribution of the number of mistletoe (Loranthus europaeus Jacq.) shrubs per oak
tree. Open: observed, stippled: fitted negative binomial distribution. a — for Quercus host popula-
tion, b — for (. cerris host population.
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Table 3. Population characteristics for the mistletoe (Loranthus europaeus Jacq.) population on
oaks in an oak-hornbeam forest in SW Slovakia. Numbers of total and fruiting shrubs per infested

oaks as well as sex ratios (femal/total) are given

Mistletoe Density ‘s Sex ratio
total frmting
on (F:T)
mean range mean range
Quercus 6.55 1—20 1.70 0—5 0.259
Q. cerris 6.15 1—-20 1.96 0—5 0.319
Q. petraea 8.00 1—18 0.71 0—4 0.089

The dispersion of the mistletoe population was statistically different from
random pattern (Fig. 1, Tab. 2). Pearson’s chi-square for agreement with the

Poisson distribution was 331.59 (p < 0.00
indicating an aggregated spatial pattern.

{). The variance exceeds the mean
The distribution of the number of

mistletoe shrubs in crowns of tall trees may be effectively fitted by negative
~ binomial distribution (Fig. 2a, 2b; chi-square = 9.69 for Quercus, df =7,
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Fig. 3. Frequency histograms for selected characteristics of the mistletoe (Loranthus europaeus
Jacq.) population on oaks in an oak-hornbeam forest in SW Slovakia. a — shrub density per
infested tree, b — shrub size (diameter),c — shrub position in crown of host tree (height above the
ground), d — natural diameter of host branch inhabited by the mistletoe.
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p < 0.01). The parameter k, calculated by the maximum likelihood procedure,
was 0.1555 and 0.1832 for Quercus and Q. cerris host population, respectively.

Number of mistletoes in crowns varied from tree to tree (cf. mean crowding
in Tab. 2) and mean mistletoe density on infected oaks was 6.55 shrubs per host
(Tab. 3). The mean density was higher in the Q. petraea host population, viz. 8
shrubs per tree (Tab. 3), than in the Q. cerris host population.

‘In the populations, host trees with relatively low number of mistletoe shrubs
per crown were most frequent (Fig. 3a). Infested oaks with one to two and with
three to four shrubs per host occurred with frequency 27.3 % (summed
percentage was 54.6 %). More than 10 shrubs per host were found only in 1 %
of infested tree, with maximum density of 20 mistletoes per host.

3. Fruiting mistletoe population and sex ratio

Within the mistletoe coenopopulation only 25.9 % of the shrubs were fruit-
ing, at the time of counting (cf. Elia§, 1983), with the mean density of 1.70 fruit-
ing shrubs per infested tree (Tab. 3). The overall sex ratio was significantly
different from the expected 0.5 ratio (Tab. 3, chi-square test, p < 0.001). The
host species populations differed in both mean density of fruiting shrubs and sex
ratio. Frequency and density of fruiting shrubs as well as sex ratio were very low
in the Q. petraea host population of the mistletoe (Tab. 3). '

4. Size structure of the population and mistletoe occurrence in tree crowns

Shrub size varied between 10 and 80 cm in diameter. Mistletoes with diameter
of 40—50 cm (28.0 %) and of 50-—60 cm (32.4 %) prevailed (Fig. 3b). In the size
classes with intervals between 30 and 70 cm occurred 86.4 % of the mistletoe
shrubs. Fruiting shrubs were usually larger than non-fruiting mistletoes.

The mistletoe shrubs were predominantly observed in the heights more than
16 m above the ground (86.1 %), viz. in upper parts of tree-leaf canopy, on the
canopy surface or higher. Only 3.2 % of the mistletoes were found in heights
fower than 15 m above the ground (Fig. 3¢).

In some trees, mistletoe shrubs grew on distal parts of branches, terminated
inem and formed, therefore, crown top of the trees. These end-death disturban-
ces of tree branches were found in 21.2 % of infested oaks, namely in 19.2 % of
Quercus cerris and 28.2 % of Q. petraea irees. The host plants were charac-
terized by high mistletoe density (from 8 to 20 shrubs per tree) and by occur-
rence of large branch swellings. In one oak, heavily infested by the mistletoe,
distal parts of terminal branch was evidently drying. The mistletoe shrubs on
heavily infested hosts were large and participated in large amount to abnormal
host-branch growth or hypertrophy.
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Table 4. Dry phytomass of the mistletoe (Loranthus europaeus Jacq.) population on oaks in an
oak-hombeam forest. The data are given per an infested oak and per stand area of 10000 m’
(=1ha)

Dry mass kg
Shrub per Relative
parts host 1 ha a b
Leaves 0.321 10.59 229 19.8
Young (green) twigs 0.097 321 6.9 6.0
Old twigs 0.848 27.98 60.6 52.4
Flowers, fruits €.134 4.43 9.6 83
Shrub total - 1.40 46.20 100.0
“Tumor™ 0.219 7.22 13.5
Total 1.619 5342 100.0

Hypertrophied host branches (swellings or “tumors™) were found in 21.2%
of infested oaks and their size varied between 4 and 15 cm in diameter. The
response of the hosts to the infection was induced by large and, therefore, old
mistletoe shrubs.

The mistletoe inhabited the host twigs thinner than 5 cm (90.9 %) but the
most shrubs were found on twigs with 2 to 3 (40.4 %) and 3 to 4 cm (24.3 %)
in diameter (Fig. 3d). In one case only a shrub on the trunk with 15¢cm in
diameter was observed.

5. Dry mass and surface of mistletoe population

Dry phytomass of the mistletoe coenopopulation was estimated to
46.2 kgha~' and together with hypertrophied host branches (“tumors”) it was
53.4 kg ha~! (Tab. 4). Old mistletoe twigs formed more than 50 % of the phyto-
mass and young twigs with green surface participated by about 20 % of the
mass. Reproductive effort was close to 10 %, in average, but in large fruiting
mistletoe shrubs it might be even 17 % and more.

Dry phytomass of the mistletoe shrubs varied from host to host, and it was
1.41 kg per tree, in average (Tab. 4). The maximum of dry phytomass per tree
was estimated near 4.3 kg or 5.0 kg (with “tumor”) per tree with 20 shrubs.

Surface of the mistletoe coenopopulation was estimated to 262.8 m?ha™"
(Tab. 5). Leaf area participated by more than 80 % and it was 215.8 m*ha™';
leaf area index of the mistletoe population was only 0.0108. Differences in
surface between shrubs and host-tree populations of the mistletoe were large. In

average, the mistletoe surface was 7.96 m? per host and leaf area was
6.54 m*host™' (Tab. 9).
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Table 5. Surface of leaves and twigs or branches
population on oaks in an oak-hornbeam forest

of the mistletoe (Loranthus europaeus Jacq.)

Mistletoe surface [m?]

Shrub parts per

host relative 1ha
Leaves (both sides) 6.54 82.2 215.84
Young {green) twigs 0.37 4.6 12.17
Old twigs 1.05 13.2 34.79
Total 7.96 100.0 262.80

Table 6. Chlorophyll

content in leaves of mistletoe (Lor
upper and lower crown parts of host oak tree (Quercus cerris

anthus europaeus Jacq.) sampled from
I_..) in an oak-hornbeam forest at Bab,

SW Slovakia

Host Chlorophyll conient

crown gkg~'f.m gkg~'d.m gm™?

part o o

Upper a 1.759 4+ 0.073 6.142 + 0.210 0.644 £+ 0.032

0.520 + 0.015 1.614 3+ 0.153 0.172 + 0.029

a+b 2.279 + 0.084 7,756 + 0.168 0.816 4+ 0.046
a/b 3.383 + 0.098 .

Lower a 1.599 + 0.040 6.976 + 0.204 0.595 + 0.039
b 0.507 + 0.033 2.875 1+ 0.718 0.236 + 0.037
at+b 2.106 + 0.073 9852 + 0.892 0.832 4+ 0.022
a/b 3.165 + 0.126 |

Table 7. Standing crop of leaf-blade chlorophylis in the mistletoe (Loranthus europaeus Jacq.)
population on oaks in an oak-hombeam forest. Two different ways of calculation were used

Standing crop [g]

per

Chioropbyll host mistletoe coenopopulation (1 ha)
A B A

a 2.085 2.028 69.43 66.91

b 0.720 0.667 23.76 22.01

total (a + b) 2.823 2.695 93.15 88.92

A — calculated on dry matter basis, B — calculated on leaf area basis

6. Standing crop of leaf-blade chlorophylls of mistletoe population

Chlorophyll content and chlorophylla:b ratio in leaves of the mistletoe were
higher in shrubs growing on branches in lower layers of host crowns than in
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shrubs growing in upper, top layers of the host (Tab. 6). The reference unit
 partially affects the observed differences. They were Jargest among values ex-
pressed on dry matter basis.

Standing crop of leaf-blade chlorophylls in the mistletoe coenopopulation
was about 90 g ha~!orabout 2.7 g per host (Tab. 7). The values obtained by two
different ways of calculation were similar.

Discussion

In the oak-hornbeam stand Loranthus europaeus Jacq. inhabited only tall
oak trees. This absolute association (segregation) between the mistletoe and
oaks confirmed extreme host-specificity of the shoot parasite (Elias, 1987).
Other tree species in the stand, namely Carpinus betulus and Acer campestre,
were not infected by the mistletoe and, therefore, they could be considered as
resistant to mistletoe infection. Resistance mechanisms may include bark
characteristics, €.8. wash-off ability, bark exfoliation, and formation of a cork
barrier in response to penetration (Felix, 1971), crown architecture and position
of the crown in a stand, heights and age of trees, determining e.g. effective crown
area or target area (Wicker and Shaw, 1967), and some physiological, biochemi-
cal and genetical factors (cf. Atsatt, 1983; Tsivion, 1979). Crowns of the horn-
beam and the maple with many leaves and many small twigs, forming main
canopy, are not attractive for avian dispersers of the mistletoe. They are uns-
table in wind. The crown microenvironment is probably not suitable for ger-
mination and seedling establishm-nt and growth of the mistletoe. Larger and
open crowns of the oaks with large branches, located above the main canopy
level, are more attractive for birds inbabiting and visiting the stand (Ferianc et
al., 1970). The oak crowns are more stable in wind. And then, the crown
microenvironment is also more suitable for the seedling establishment and
growth of the heliophilous and thermophilous mistletoe (Elias, 1987). The
mistletoe shrubs were predominantly observed in sunny top and marginal parts
of the oak crowns. Light is a very important environmental factor limiting
physiological activity of the autotrophic parasite.

However, we found differences in degree of infestation between two oak
species occurred in the stand. More than 38 % of Q. cerris trees presented were
infested, while the mistletoe occurred only on 24 % of Q. petraea trees. But
mean density of mistletoe on infested trees was higher on Q. petraea trees than
on Q. cerris trees. This host specificity maybe is physiological and biochemical
in nature. The mistletoes exhibit racial variation corresponding to variations in
host (Thomson and Mahall, 1983; Clay et al, 1985). Several special forms
(formae speciales) were distinguished in Viscum album each of which parasitizes
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hosts selectively (cf. Atsatt, 1983). Populations of Phoradendron sp. are genetic-
ally differentiated such that early seedling development is greatest when there is
correspondence between maternal and seedling host species (Clay et al., 1985).
Germination of the mistletoe seeds was relatively insensitive to their substrate.
But, in contrast, seedling establishment was more specific, entailing physiologi-
cal integration with the host. We propose that within the mistletoe (Loranthus
europaeus) population studied two physiological races may occur: first adapted
to Q. cerris host and second adapted to Q. petraea host. Differences in bark and
wood chemistry, mineral content of the xylem solution, and in physiology could
be participated in the host specificity. This racial variation determined spread of
the mistletoe infection in host populations and in the oak-hornbeam stand.
Probability for seedling establishment and growth is high for the seeds
originated from the same host species.

The dispersion pattern of the mistletoe population on oaks was aggregated.
The occurrence of the mistletoe shrubs was concentrated into several discrete
habitable units, viz. oak trees. The aggregated dispersion of mistletoes evolved
from dispersal of fruits. In ballistochorous Arceuthobium species the number of
infections in the source trees increases by self-infection (Wicker and Shaw,
1967). In ornitochorous mistletoes, edible yellow berries in crown of tall trees
act as attractive for some seeds-eating birds and, therefore, the host trees are
frequently visited by birds. The seeds are redeposited when birds whet their bills
on branches. Host trees with male, non-fruiting shrubs as well as uninfected
trees are visited more rarely and thus the probability of secondary or primary
infection, respectively, is very low. But the birds maybe recognize at first tumors
in the crowns of tall trees. Then the probability of mistletoe infection could be
similar in both hosts with fruiting shrubs and hosts without fruiting shrubs.

The female: male ratios in the mistletoe population deviated from expected
1:1 aduit sex ratio. The overall as well as within host-species population ratios
were male-biased ratios. Fruiting (= fernale) shrubs formed only 26 % of all
mistletoe shrubs. Young, non-fruiting shrubs were not considered (cf. Eliag,
1987) in the sex ratios. Nixon and Todzia (1985) found in Phoradendron tomen-
tosum populations a female-biased sex ratio (males/total) with overall value
0.360. They observed no significant association between size of host tree (as
measured by dbh) and within-tree sex ratio. A general trend of increasing
within-tree female bias was associated with higher number of mistletoe per tree.
The deviations of the sex ratios from expected ratio may be caused by preesta-
blishment, establishment, and postestablishment factors (cf. Nixon and Todzia,
1985). But we have no data for exact evaluation of the causes which changed
expected sex ratio. It is only evident that birds visit female shrubs, a source of
edible fruits, more frequently and, therefore, secondary infection of the host
plant has higher probability, in comparison with hosts inhabited by male
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shrubs only. High proportion of male shrubs in the mistletoe population may
be a limiting factor of infection spread in the stand.

Loranthus europaeus in as autotrophic obligate parasite with green, de-
ciduous leaves. The chlorophyll content in the leaves is comparable to that of
foliage from its hosts. The values obtained lie within the range for chlorophyll
content of oak species in an oak-hornbeam forest at Bab (cf. Elia§ and Masa-
rovicova, 1980). Similarly, Hull and Leonard (1964) found the chlorophyll
content in leaves of Phoradendron equal to or only slightly less than that of the
foliage of its hosts. But content of chlorophylls in Arceuthobium was only about
1/4 of that found in the leaves of its hosts. High chlorophyll content in Loran-
thus, Phoradendron and in other autotrophic hemiparasitic angiosperms indicate
the ability of the mistletoes to satisfy their own energy requirements. Chloro-
plasts of the mistletoes are similarly developed as in other autotrophic plants,
having well developed thylakoid systems (Dodge and Lawes, 1974; Harpe et al.,
1980; Hudék and Lux, 1986). At comparable conditions, Loranthus europaeus
and its host (Quercus petraea) had similar rates of CO, assimilation (Schulze et
al., 1984). It is evident that the mistletoe i1s only water and nutrient parasite.

However, growth disturbances of trees heavily infected by the mistletoe, such
as branch swellings and end-death, were found. The responses of the hosts to
infection by mistletoe are caused by an abnormal activity of the host cambium
(Kuijt, 1969), induced by haustorial growth in host tissue. The hypertrophie of
the host tissue was considered to be actually advantageous to the parasite
(Smith, 1981). We do not know the amount of growth losses of the oaks infested
by the mistletoe in the forest stand. Our data show phytomass contribution of
the hemiparasitic shrub population to total phytomass of the community and
amount of mass of hypertrophied host branches. This contribution is low
because of low population density of the mistletoe in the stand. But in heavily
infested stands the contribution may be large. Glatzel (1983) found in a coppice
with Quercus petraea standards heavily infested with Loranthus europaeus
(80 oaks per hectare, 100-years old) 800 kg ha ' leaf dry matter, and 660 kgha ™"
dry matter of flowers and fruits as well as 7.050 m*ha ' leaf area. The data may
be also expressed per host oak: 10 kg leaf dry matter, 8.25 kg dry matter of
reproductive organs and 0.0088 m? of leaf area. Note that the oaks were fre-
quently inhabited by more than 100 mistletoes per oak.

The mistletoe may uptake high amounts of mineral nutrients from transpira-
tion stream of its host. Total mineral nutrient incorporation into leaves, seeds
and new twings of Loranthus europaeus was following (in kgha="): 22.0 N,
31.12 P, 55.2 K, 296.0 Ca, and 3.60 Mg (Glatzel, 1983). The overall incorpora-
tion of NI, P, K, Ca, and Mg was 113.52 kgha™' or about 1.419 kg per host tree.
During the growth of 100 kg of dry mass of the mistletoe accumulated 3.229 kg
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of mineral nutrients in the shrub (Novadek, 1985). The data confirm a hypoth-
esis that hemiparasitic xylem-taping mistletoes are nutrient parasites.

Translated by the author
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Elias P.- Kvantitativne ekologicky rozbor populacie imelovea (Loranthus europaeus ¥ acq.)
v dubovo-hrabovom lese: diskrétno jednotkovy pristup.
Autor analyzoval populaciu imelovca eurépskeho, opadavého krika juhovychodoeuropskeho

rozdirenia osidTujticeho duby, v opadavom listnatom lese na juhozapadnom Slovensku. Imelovec
infikoval 34 % dubov (38 % dubov cerovych a 24 % dubov zimaych) s priemernou hustotou
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2,23 krikov na strom (rozsah od 0 do 20). Rozmiestnenie imelovca na obyvatelnych jednotkach
(stromoch) bolo skupinovité. Negativne binomické rozdelenie dobre odhadovalo rozdelenie poétu
krikov na strom. V populacii bolo iba 25,9 % plodnych krikov s priemernou hustotou 1,7 plodného
krika na napadnuty strom. Velkost krikov kolisala od 10 do 80 ¢cm (priemer krika). Kriky sa
vyskytovali vo vyske nad 16 m (na povrchu porastu), pricom osidlovali kondriky hostitela ten3ie
ako 5 cm. Zhrubnutie kondrov {,,nadory™) a odumieranie kondrov hostitela sa zistilo na 21,2 %
napadnutych siromov. Sucha hmotnost krikov bola 1,41 kg na strom (alebo 1,62 kg s nddormi) a
povrch krikov 7,96 m? na strom (obojstrannd listova plocha bolo 6,54 m?). Reprodukéné Gsilie sa
blizilo k 10 % (v priemere), ale mdZe presahovaf 17 % pri velkych plodnych krikoch. MnoZstvo
chlorofylov v listoch imelovca bolo ca 2,7 g na hostitelsky strom.

Emugmnr I1.: KojmvecTseuno JK0JOMHYECKHil awanns gonynsunu oment: (Loranthus europaeus
Jacq.) 8 nyGoso rpaGosom Jecy: AHCKPETHO eXMHHYHLIH HOXXOR.

ABTOp aHANR3IHPOBAT HOIYIAIHIO OMEIEI, OCBIIZIOUIErOCH KyCTA FOT0BOCTOYHOEBPONEHCKOrO
PACTIPOCTPAHEHHU, 3aCeNaronIero AyOsl, B OCHIIAONMIEMCH THCTBEHHOM Jecy B FOrosananuoi Cro-
BaKHH. DTOT KycT HE(uuuposan 34 % aybos (38 % dpanmyscxoro myba u 24 % 3umMuero xyba)
C IUIOTHOCTBIO B cpeaneM 2,23 kycra Ha onHo Fepeso (auana3soH oT 0 go 20). PasMmewienne oment
Ha 6OWHALAX (JepeBbax) IPUroAHLIX JTd XHThS, Obio rpynmuposansoe. Heratusnoe 6unomuyec-
KO€ pa3fencHHE XOpOWIO MpHOJMIHTEIbHO OLEHHBAJIO PAa3fCHACHHE KOJIMYECTBA KYCTOB HA ONHO
nepeBo. B nonynmanuu G6aino Toneko 23,9 % IUIOZOHOCHBIX KYCTOB € IUIOTHOCTRIO B CPENHEM
1,7 NIONOHOCHOTO KYCTAa HA OAHO 3aTPOHYTOe AepeBo. BenuumHa xycToB kosiebanacek oT 10 mo
80 cM (cpenuee). KycTsi HAXOMHIKHCH HA BBICOTE CBHILIE 16 M (Ha NOBEPXHOCTH AOPOCIH), IPHYEM
34CENSIH BETOYKH XO3aMHA TOHLINE 9eM 5 cM. YTonmierde BerBei («ONYXouH») H OTMHpPaHHE
BeTBeH Xo3auHa Gbu10 06xapy:keHo Ha 21,2 % 3aTpoHyThIX nepesnes. {Cyxad Macca KyCTOB COCTa-
anana 1,41 kr Ha aepeso (win xe 1,62 KT BMECTE C ORYXOJISIMH) H TIOBEPXHOCTh KycTOB 7,96 M’ Ha
J€peBO (ABYCTOPOHHA TLIOMAS KCThEB ObL1a 6,54 M), CTpeMIEHHE K PENPOYKIHA MpuGIHKa-
aock k 10 % (B cpeanem), a MOXKeT nepeBuiats 17 % y G0MBINHX IUIOAOHOCHEIX KycToB. Konduec-
TBO XJIOPOGHIIOB B THCThAX OMeJbl 6bIn0 npubausnTensHo 2,7 I HA OIHO AE€PEBO-XO3AMHA.

17

63
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SIZE STRUCTURE AND SEX RATIO OF A HOST-TREE POPULATION
OF LORANTHUS EURQPAEUS MISTLETOE

Pavol El1ias

Institute of Experimental Biology and Ecology, CBES, Slov. Acad. Sci.,
Obrancov mieru 3, 814 34 Bratislava, Czechoslovakia

Eliag, P., Size structure and sex ratio of a host-tree poulation of Loranthus
europaeus mistletoe. Biologia (Bratislava) 44, 855—861, 1989.

In the crown of a 23 m tall oak tree [Quercus cerris L.} growing in an
oak-hornbeam woodland in western Slovakia, a host-tree population of
Loranthus europaeus ] a ¢ q. mistletoe was analysed. The population consisted
of 61 living shrubs of different age, inhabiting 29 twigs on three main
limbs {mean density 1.9 = 0.214 mistletoes per twig). Young (juvenile] shruhs
formed 14.8 % of living shrubs and dead shrubs made up 4.8 % of the
whole mistletoe population. Overall within-host-tree sex ratio [male : total]
was 0.69 = 0.117. Size of mistletoe plants ranged from 0.02 to 1.25 m (Cy =
= 58.4 0] with a mean of 0.457 = 0.03 m; size distribution of adults was close
to normal distribution. The size of more than 40 % of all shrubs was from
0.31 to 0.50 m.

Key words: Loranthus europaeus, mistletoe, size, sex ratio.

Introduction

In previous papers (E 1i 4§, 1987, 1988), a woodland poulation of the mistle-
toes (Loranthus europaeus Jacaqg.)] was analysed in detall. This contribution
deals with size and sex variations of the hemiparasitic deciduous shrub in
a crown of tall oak tree {Quercus cerris L.}, growing in an oak-hornbeam forest
at Bab, SW Slovakia.

Material and methods

The host tree was 23-m-tall Quercus cerris tree (dbh = 0.462 m]), heavily infested
by Loranthus europadeus. The host tree grown in the oak-hornbeam stand in distance
ca 100 m from the sample area which was used for analysis of the woodland population
of the mistletoe [cf. E114§, 1981, 1987). In the vicinity of the tree, tall trees of
Quercus petraea L iebl, Acer campestre L., and Carpinus betulus L. were grown. The
host tree was a dominant according 1o its position within the stand. Its trunk was 8.3 1m
“tall and it ramificated into three main branches [limbs], forming different crown
aspects. The lenght of the crown was abhout 13.0 m.

20-m-tall steel tower was built up around the host tree to made possible the measu-
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rements and collections of the mistletoe plants directly in the crown. In June and
July 1987 all mistletoe plants, occurred in the crown of the host tree, were counted
and measured to the closest cm, accepting main tree limbs. The lenght of the longest
branch of the mistletoe shrub was measured from the site of attaching to the branch
apexes. This measure of the shrub size appears to be better one than the shrub diameter;
Loranthus europaeus is not regular, globular shrub with globule centre in the site of
attaching to host branch. It has sympodial branching habit with usually one main, bifur-
cated branch.

In the host-tree population, young, adult and dead mistletoe plants were distinguished.
Young shrubs did not form inflorescences and they were usually smaller than 0.1 m.
They represent all age states of pre-reproductive (juvenile) period sensy Uranov
(see Gatsuk et al, 1980, for details). Adult plants (= all age states of reproductive
period sensu Uranov) produced male and female inflorescences in separate indivi-
duals. Loranthus eurcopaeus is dioeeious species. Sex determinations of flowering in-
dividuals were easy because of distinctive morphology of the inflorescences (for female
inflorescence, see figure in Kuijt, 1981). Dead (= dry without leaves]) mistletoes
presented yet in the crown were distinguished. Partially dead or drying individuals
were also observed. Autoparasitism was found in one large shrub only.

The quantitative data obtained by measurements of plants directly in the host crown
were used for statistical analysis. Means, standard errors and variation coefficients were
caleulated. Two statistical tests, namelly t-test and y’-test, were used for evaluations
of statistically significant differences between variants, and deviation from axpected
sex ratios, respectively.

. Results and discussion
1. Population size and density
The host-tree population of the mistletoe consists of 61 living shrubs, including

9 young ones; 3 shrubs were found dead (tab. 1). The population size is much
higher than that found in host trees in the sample area of the oak-hornbeam

Table 1

Variations in shrub density per branch, twig, and host tree and in sex ratios for
mistletoe [Loramthus europaeus Jacg.} population on oak tree {Quercus cerris L.}

Mean density
Number of shrubs . .Sex ratios
=8 | a.. 503 per twigs
o - S n o) et
58|52z 528 le| | dead| total| < M:F|M:T
2% | 258|545 |young| male maje| 462 ota X range : :
1 N 6 1 4 5 0 10 133 |[1—2| 0.80 | 0.44
= 0.219 ‘
2 w 9 0 17 3 3 20 233 |15 587 | 0.85
=+ 0.386
3 S 14 8 15 8 0 31 1.88 | 1—4 | 1.88 | 0.65
~ 0.274
Host total - 29 | 9 | 36 | 16 3 } 61 | 183 |1-5] 225] 069
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stand (cf. E1143%, 1888). But in heavily infested trees also more mistietoe
nlants were frequently found; e.g. on solitery Quercus petraea irees in Bra-
tislava-Patronka we observed about 120 shrubs per host tree. In a coppice
with a stand of standard Quercus petraea heavily infested with Loranthus
europaeus, in the Weinviertel north of Vienna, there were frequently more
than 100 mistletoes per oak (Glatzel, 1983). Sizes of host-tree population
of hemiparasites appear to be a function of host size, but the relationship is
more complex. Potentiality for higher sizes of host-tree population evidently
increase with tree size.

The density of the mistletoe varied between 1 and 5 plants per infested twig
or branch of the host tree [tab. 1). The densities of 1 (26.4 % of all cases)
and 2 (18.9 %)) prevailed. Mean density of the host-tree population was
1.9 = 0.214 mistletoe plants per infested twig. It is evident that the dispersion
of the mistletoe population in the host-tree crown is neither random nor
regular. The mistletoes occurred only in the height of 13 m and more above the
forest floor; at the height ca. 11 m one dry (dead) host branch with Jfumor® [pro-
duct of previous mistletoe infection) was found. Light intensity in the host
crown {better in the forest stand] at the level of 13 m and lower may limited
now the occurence of the mistletoe. But crown architecture of the host-iree
participated in the lower limit of the mistletoe dispersion.

2. Sex ratio

Male plants prevailed in the host-tree population of the mistletoe: they formed
69.2 Y% of all living plants. Overall within-host tree sex ratio was significantly
different from the expected 1:1 ratio {tab. 1, chi-square {fest, xz = 22.8,
p < 0.001). This male-biased sex ratio is in relation with the woodland popula-
tion of the mistletoe (cf. E11 43§, 1988). '

We have any other comparative data on sex ratios for Loranthus europaeus.
Viscum album have strongly female-biased sex ratios in naiural populations,
but in other European and Asian species of Viscum sex ratios not differing from
1:1 have been found {Barlow et al, 1978). Sex ratios were at unity in most
dioecious African species of Viscum, but female-biased ratios as low as 0.52
and male-biased ratios as high as 1.40 may occur in some species (Wiens,
Barlow, 1579}. A female-biased sex ratios were found over all populations of
Phoradendron tomentosum in Central Texas {Nixomn, Todzia, 1985). Sex
ratio of mistletoes appears to he related not only {o a species but also to the
Jlocality” {(but see Nixon, Todzia, 1985). Biological and ecological causes
of the variations in sex ratios in mistletoe populations are not yet known. In
dicecious species of Viscum, males are normally heterozygous for sex-assnciated
chromosomal translocations, and in V. album male plants usually form a ring
of eight or ten chromosomes at meiosis {(Wiens, Barlow, 1879].

Nixon and Todzia ([1985) found that only trees with one mistletoe
exhibited a class ratio near 1:1. Trees with two or more mistletoes generally
showed female-biased ratios. The authors suggested that a general trend of
increased within-tree female bias is associated with higher numbers of mistletoe
per tree. Loranthus europaeus showed similar sex ratios in both the woodland
and within-tree host populations.
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3. Size structure

Shrub size varied exiremely from 0.02 to 1.25 m (tab. 2, fig. 1]. Mean size
of the mistletoe plants was 0.457 = 0.03 m and coefficient of varlation was
58.4 9%.

Table 2

Snhrub size variation in host-tree population of mistletoe {Loranthus europaeus Jacq.]

according to branches, age and sexes. The lenght of the longest branch of the mistletoe

shrub was used as a measure of the shrub size. Means [(in cm), their standard errors
(sz) and size ranges are given

Branch | Branch Shrub size
infes- exposi- young female male host total
ted tion Z range X range X range X range
1 N (10.0} —_ 54.0| 30—80 680.5| 47—79 52.2f 10—80
‘ +=8.7 =49 =0.8
2 w o 44.3| 30—68 63.3| 20—125 60.5 | 20—125
=11.9 =6.1 =5.6
3 S 4.2 0.2—-10 521} 30-—70 416 15—100 34,01 0.2—100
=14 =4.1 =5.8 =4.4
4.82 50.0 53.9 45.7
Host total wld 0.2—10 40 30—80 41 15—7-125 234 0.2—125

The distribution of sizes of adults was close to the normal distribution.
Mistletoes with the longest branch of 0.31 to 0.40 m (18.9 %) and 0.41 to 0.50 m
(21.6 %) prevailed. In the size classes between 0.31 and 0.80 m occurred 75 %
of the adults {fig. 1). These foundings are in good agreement with our pre-
vious data for the woodland population of Loranthus europaeus {E1i4s§, 1888]).

Differences between mean sizes of male and female plants were not statisti-
cally significant, however mean size of male plants was larger than that oi
females (53.9 cm versus 50.0 cm). Frequency distributions of the plant sizes
were bimodal or polymodal ones. In males larger range of sizes was found, in
comparison with females (tab. 2]. '

Young mistletoes { = small plants not-produced inflorescences) participated
by 14.8 % to all living plants. Mean size of the shrubs was 0.0482 = 0.0137 m
and range size was 0.02—0.1 m. (tab. 2).

Dead plants formed 4.8 % of all individuals of the population, but their size
cannot be measured; habit of the shrubs was disturbed.

There were large differences in shrub size among three main -branches sub-
populations; the largest individual inhabited branch with western orientation
(tah. 2].

We have yet any comparative data on size structure of mistletoe population
from other geographical region. Size structure of a mistletoe population expresses
also age structure of the population. In the mistletoe population, a plant with
the longest branch of 0.36 and 1.2 m was ca. 8 and 16 years old, respectively
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(E1id3, unpublished). Barlow (1881) suggested that the loranthaceuos
mistletoes are probably short-lived plants {perhaps normally less than 135 years)
with correspondingly high replacement rate. In many communities appear
to be more susceptible to climatic extremes than their hosts, so that local po-
pulations may come and go in relatively short cycles (Barlow, 1983]. This
hypothesis may be supported by study cof population dynamics of mistletoe spe-
cies in natural habitats. In the other hand, the mistletoes have a relatively

16 V A
£ % r,//?;//
gﬂ ié 7 %///%

A A a
0 1=0.1 >0.1 6.1 1=01  >03

Fig. 1. Size structure of host-tree population of mistletoe (Loranthus europaeus
Jaca.). Left: all living plants, Right: adults only. Class interval was 0.1 m in both
cases.

long life cycle compared to most tree pathogens. Pre-reproductive {juvenile]
period may last some years. In dwarf mistletoe it typically takes 5 to 6 years
or mote from the time of infection to the production of mature fruits (Scharpi,
Parmeter, 1976; Hawksworth, Shaw III[, 1984). In Loranthus euro-
paeus the juvenile period appears to be much shorter. In the host-tree popula-
tion males of size of 0.2 m and some smaller (about 0.15 or 0.18 m) produced
inflorescences; female plants were larger (0.3 m and more}.

Translated by author
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VELKOSTNA STRUKTORA A POMER POHLAVI POPULACIE IMELOVCA
"~ (LORANTHUS EUROPAEUS) NA HOSTITELSKOM STROME

Pavol E1i&s

" Autor analyzoval populdciu imelovca eurdpskeho (Loranthus eurcpaeus Jacg.) v ko-
vune duba cerového, (Quercus cerrisL.), vysokého 23 m, ktory rdstol v dubovo-hrabovom
lese na zdpadnom Siovensku. Nerovnovekd populdciu tvorilo 61 Zijticich krikov, ktoré
osidlili 29 kondrov na troch hlavnych konaroch korumy cera (priemernd hustota bola
1,8 = 0,214 imelovecov na konarik). Mladé juvenilné kriky tvorili 14,8 % zo Zijicich
a gdumreté 4,8 % zo vietkych krikov populdcie imelovca. Pomer pohlavi bol posunuty
smerom Kk muZskému pchlaviu, alebo bol blizky 1,0. Velkost krikov varirovala od 0,2
do 1,25 m (Cv = 58,4 %); priemerna velkost bola 0,457 = 0,03 m a distribcia velkosti
dospelych krikov sa bliZila k normélnemu rozdeleniu. Viac neZ 40 U v3etkych krikov
malo velkost medzi 0,31 a 0,50 m. O tychto vysledkoch sa v pract podrobne hovori.

Doslo 6. 7. 1988
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CTPYKTYPA T[IQ BEIWMYUHE M COOTHOIIEHME [10JIOB T[MOIYIALNK
LORANTHUS EUROPAEUS HA PACTEHHUM-XO3AMHE

Tlapor B iM A Il

ABTOp AHaIM3MpOBAI wmomyasumo Loranthus europaeus Jacqg. B KpOHE Quercus
cerris L. BBICOTOM B 23 M, KOTOpPBHIA POC B nyBoso-rpaGosom necy ua 3amagaon Ciosa-
xiuy. [IOOYAANMIO DPA3HOrO BO3PACTA CO3apamu 61 JKHBYIIMX KyCTAPHMKOB, KOTOPEIC
sacesumi 20 BETBE HA TPEX FRABHBIX BETBAX KPOHHI Quercus cerris L. (cpeguss IUIOT-
HoCTh Oblta 1,9+0,214 oMeN Ha 1 BETKy). MonOjsi¢ (IOBEHUIBLHBIC) KYCTADHUKK CO3XABA-
mt 14,8 % w3 uBymux M oTMepumMe 4,8 % u3 BCEX KYCTAPHMKOB NOMyJSIMI OMCJILL
COOTHOMIECHME TONOBR ObII0 HDOABMTHYTO B HAOPABICHMNM K MYECKOMY IIONYy MM JKE
Geino Omu3Ko 1,0, BenMYMHA KYCTADHHUKOB KoneBamace ot 0,02 Ko 1,25 m (Cy = 58,4 %);
cpeiussa BeluwymHa Oema 0,457=0,03 M ¥ DacnpEeReIeHe BEJIMYHH B3IPOCHBIX KYCTAapHH-
K08 OpHOMMKANIOCE K HODMAaNBPHOMY DacIpeNeNCHHIO. Bonsmme yem 40 % BcexX KycTapHi-
KOB HMEJI0 BEIMUYMHY MEXKIY 0,31 1 0,50 M. DT pe3y/isTatsl nHoaApodH0 MPEeHCTaBIAIoT S
¥ OUCKYTUPYIOTCA B HAcToAmen padoTe. '
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BIOLOGIA ([BRATISLAVA) 39, 1, 55—61, 1948

KVANTITATIVNA ANALY¥ZA VYBRANYCH MORFOLOGICKYCH
7NAKOV SLOVENSKE] POPULACIE DIVOZELA UHLADNEHO

Pavol E1143

UIstap experimentdine] blolbgle a ekoldgie Slov. akad. vied, CBEV,
814 34 Bratislava, CSSR

Eli4%, P., Quantitative analysis of selected morphological features im
Slovak populations of Verbascum speclosum Schrader. Biolagia {Brati-
slava] 39, 55—61, 1984.

The author study the biology of a threatened species of the Czecho-
slovak flora which is restricted by its occurrence to the Pannonian xero-
thermic region (W Slovakla, S Moravia). In this paper he analysed the
largest local population of the species in SW Slovakia {Pezinok mear
Bratislava). Mean value of plant height, stem height, long and width
of the inflorescence, and numer of inflorescence branches was 167.5, 98.4,
69.5, 28.7 and 33.8, respectively, At certain morphological features, the
observed frequency distribution of individuals fn the plant population.
was disruptive one, usuvally bimodial distribution. Typical architecture of
the plant species is determimed by linear positive correlations of mor-
phological features, namelly between plant height and inflorescence lon-
gevity, and between longewvity and width of the inflorescence.

Poznanie biolégle vzdcnych a ohrozenych druhov je zékladny predpoklad
na uchovamle ich genofondu (porov. E1id§, 1977—1978]), najmd vSak na
zéchranu keiticky ohrozenych druhov vo forme génovych bdank (E 1148 1978,
1980). Vyskum bioldgie takychto druhov na$ej flory je velmi neuspokojivy;
lepS$ia situdcia nie je ani v ostatngch skupindch druhov {porov. Kolektiv,
1981).

Divozel Ghladng {Verbascum Speciosum Schraderx) je vzacny a ohrozeny
taxén Ceskoslovenske] kveteny ([E1143, 1981bj. Vgskyt tohtocrientdlneho
druhu sa u nds obmedzuje diba na oblast pandnskej xerotermnej kveteny
(E1143, 1981a); vyskytuje sa v Podunajskej niZine a v ddoli rieky Dyie.

Blolégiu divozela dhladného sledujeme na viacerych vyznamnejSich loka-
litdch na zédpadonom Slovensku. V tomto prispevku predkladdme prvé infor-
mécie o variabilite vybran§ch morfologickych znakov druhu a ich vzdjomngch
koreldcii v jeho slovenskej populdcii.

Materidl a metdody

TLok&lne populécie divozela dhladného na juhozdpadmom Slovensku sa 1i8fg svojou
velkostou, popula&nou hustotou i obsadencu plochou. Vyskytuja sa najcastejfie ma
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prirodngch stanovistiach zasiahnutych nudskou &innostou [svahy Zelezni¢nych trati
a ciest a ich okolie a pod.). Stabilizovang populdcie strednej velkosti sa yyskytuji
w okoli Pezinka (Myslenice, Limbach), Senkvic, Horngch OreS3tan, Dvorov mad Zitavou.
NaSou najrozsiahlej$ou a ndjpotetneidou je populécia v okoli ¥eleznitnej trate medzi
pezinkom a Senkvicami {krdtka charakteristika je v préci Eliasa, 1981b). Velkost
tejto populdcien sa menf Z roka na rok, a to aj podet generativnych jedincov (divozel
ihtadng je dvojrodna bylina!}. Tak v rokoch 1978—1981 sme tu zistili od 44 do 184
generativioych jedincov. V roku 1981, ked sme tito populdciu podrobilt analyze, mala
fba 44 plodnfch jedincov a 700 prizemnych listovych ru¥ic roznej velkosti [politané
na koneci vegetatného obdobia].

Sledovali sme tieto kvantitativne morfologické znaky: vySka rastliny, dlzka stonky
po stkvetie, dlzka a Sirka sikvetia, podet kondrov stkvetia a diZka najkratSieho a naj-
dihgieho konéra sikvetia. Merania sme arobili na vietkych jedincoch v generativnej
tize. Pri anal§ze sme vylidili jednu rastlinn so sikvetim vymastajicim hned z listowve]
ru¥ice, takZe polet peipadov n = 43. Merania sme urcbili v septembri — oktébri 1981,
pretoZe aZ do odkvitnutia, resp. vytworénia semien sikvetia rasti. Napriklad rovnaka
rastiina 13. jina bola vysokdé 152 cm {dlZka stonky po sikvetie bola 90 cm}, kfm
v okt6brt u¥ 172 cm (dlZka stonky 92 cm). Sikvetie sa prediZilo o 20 c¢m (z pévodnych
62 na 80 cm]. Pofet kondrov sikvetia sa prakticky nezmenil.

7iskané sibory ddajov o skimanych morfologickych znakoch sme spracovalli mate-
maticko-Statistickymi metddami ako zdkladné, resp. vyberové Statistické sidbory (po-
vov. Smelko, Waolf, 1977). Pre kaZdy sibor sme vypoditali tieto zdkladné Statisticke
charakteristiky: aritmeticky priemer {X), variatné rozpitie (R = Xmax—Xmin], SMEro-
dajnd odchflku (s) a variadng koeficient (s.%).

Na grafické vyjadrenie varlability jednotliv§ch znakov sme pouZili stipcové dia-
gramy (histogramy). Prvotné kvantitativme ddaje sme usportadall do tried, &im sme
ziskali rad skupinového rozdelenia pofetnosti, Velkost (dlZku) triedneho infervalu
{i} a potet tried (m] sme uréili v zévislosti od rozsahu stboru (n] podla vzorcov

Amax—Xmin
f=m— @ K = 1 + 332 log n. Potet trfed (K) bol zvyCajne sedem a dlZka

triedneho intervalu kolisale od 5 do 13. Dolnd bremicu prvej triedy sme vypoditali
podfa vzorca 1 = Xmin — 1/2. Podetnosii (frekvencie} v triedach sme vyjadrilé ako re-
lativne pofetnosti, t. j. v percentdch.

vzhladom ma osObitnii anchiteltontku rastlin divozela (hladného sme pomocoun Xo-
relatnej a regresnej amalyzy hodnotili aj Statisticki zdvislost medzl tymito kwvantlta-
tivnymi znakmi: vy3ka rastliny—dlZka sikvetia, diZka stonky po sikvetie—dlzka si-
kvetia, dlzka sdikvetia—3irka stkvetia, dl¥ka sikvetia—pocet konérov sikvetia, polet
konarov sikvetia—S$irka stikvetla a vy¥ka rastliny—pomer dlZka stkvetia: girka sikve-
tia. Typ koreladnej zdvislosti medzi jednotlivfmi znakmi sme zistili zostrojenim bodo-
vych diagramov. Rovnica regresn¢ch priamok tvaru y = a + byx.x sme urcili metddoun
najmensich §tvorcov. Stupeil koreladnej zdvislosti sme vyjadrili korelaénym koeficieniom
(ryx) a koeficientom determi dcie [r°xy) (povov. mapr. Lakin, 1980}

Vysledky a diskusia
1. Variabilita znakov
Divozel Ghladny je statnd priama bylina, ktora dorastd do v§sky 2—2,5 m.
priama stonka je v dolnej iretime husto olistend. Baz&lne listy dorastaji do
dlzky a% 50 cm. Listy na stonke smerom hore sa postupne zmen3Sujid. Byl je
v hornej tretine rozkonarena déo bohatého metlinovitého siukvetia.

Priemernd rastlina populdcie pri Pezinku r. 1981 je schematicky ZNAZoTnena
na obr. 1. Zdkladné 3tatisticke charakteristiky vybranych morfologickych zna-
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kov st v tab. 1. V§Ska rastliny sa

£~
(=]
'

Dizka Sika Podet kondrov
pohybovala od 122 do 205 cm, pri-
W R ¢om najviesi pocet jedincov {viac
s [T ako 60 %) mal v§Sku 150—190 cm
2 201 (obr. 2}. DIZka stonky varirovala
g medzi 82—120 cm, ale najviac je-
& 10 dincov bolo zastipengch v triede
H] 97—103 cm {takmer 31 %).

S b SR N . Aj analyzované znaky sikvetia
v T T e T s el v§znamne varfrovall [porovnaj va-
‘ _ riatné koeficienty v tab. 1j. DIZ-
Obr. 3. Histogramy potetnostf jedincov ka sdkvetia sa pohybovala od 41

populdcie divozela thladného pri Pezin- do 103 & . h tri
ku v jednotlivich triedach dlzky [vlave) © cm, pricom v slyroch trie-
a 3trky {v strede) sikvetia a po&tu ko- dach medzi 47 a 86 cm bola frek-
néroy sdikvetia (vpravo). vencia vy3%ia ako 15 % {obr. 3).

Naprotl tomu 3irka stkvetia bola

ststredend do dvoch tried {medzi
22—23 cm bolo aZ 53 % jedincov), pri celkovom rozsahu od 18 do 54 cm. Po-
dobne podet konérov sikvetia mal najvyssiu frekvenclu v dvoch triedach {me-
dzi 27—36 bola 55 %}, pri rozsahu 19—51 cm (obr. 3].

Relatfvne podetnosti v triedach vyznamne varirovali pri vdtsine sledovanych
znakov, prifom najmi pri dlZke stonky po stkvetie rozdelenle pocetnosti malo
vyrazne disruptivny chanakter. Tento disruptivny typ rozdelenia bolo dvoj-
a viacvrcholové rozdelenie poetnostl, t. j. vyskytovali sa dva alebo tri vrcholy
(maximélne podetnosti). Tento jav bol velmi z4avisly od volby podtu tried
a dlfky triedneho intervalu. Pri postupnom zvacSovani triedneho intervalu
bolo moZné dosiahnut stimerné, ,normélne” alebo jemu blizke rozdelenie po-
Zetnostf, Pravda, to sa dialo na dkor vypovednej hodnoty histogramov. Dis-
ruptivne rozdelenie podetnosti sa zistilo v poslednom obdobi pri populdcidch
viacerych jednorotnych druhov (napr. For d, 1975; Prach, 1982) a bolo aj
predmetom matematického modelovania (napr. Gates, 1978; Diggle, 1976;
Aikman, Watkinson, 1980).

1107 1107
. . .
— y=058x - 45468 . g
E 90{ r-0876 Ty o * y.
8 .
g- LI .
k] 1 . [ §
"% 70 70 . > .
o . ~ .
o - - L
_ﬁ 501 501 .l :
K= - "
307 s T T T T 1 a0 ¥ T 1
no 130 150 e 190 210 70 50 ] 130°
Vyika rastiny {em) Dika stonky lcm)

Obr. 4. Grafické vyjadrenie korela&nej zdvislosti medzi vy3kou rastliny a dlZkou
stikvetia (vlavo] a medzi dlZkou stomky po sikvetie a dlZkou sikvetia {vprava]. Vy-
pofitans regresnd priamka, je] rovnica a koreja&ny koeficient sd uvedené v grafe.
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obr. 5. Grafické vyjadrenie korelatne] zévislosti medzi Al¥kou sukvetia a 3irkou
stkvetia {vliavo) a medzi vf¥kou rastliny a pomerom dlzky sukvetta k Sirke slkvetia
{vpravo) pre populédciu divozela thladného pri Pezinku.

5. Korelaéng zdvislosti medzi znakmi

Statistickd analyza potvrdila korelalné zévislosti medzi sledovanymi morfo-
logickymi znakmi {obr. 4, 5, 6], s v¢nimkou vztahu dlZka stonky—dlZka sa-
kvetia {obr. 4].

Dlzka sdkvetia sa zvddSuje s narastajicou vySkou rastliny, pritom tento
vztah mé& linedrny charakter (obr. 4). Medzf dlZkou stonky po stkvetie a
dI¥kou stikvetia sa nezistlla preukaznd koreldcia (r = 0,277). Rozptyl hodnot
je prili§ vysoky (obr. 4]. Z toho mo¥no usudzovaf, Ze vy3ku rastlin divozela
vhladného urtuje v skutotnosti dlzka stkvetia. Tento fakt sme mohli dokédzat
aj meraniami rastlin v obdobi kvitnutia (resp. na zallatku kvitnuiia) a po
odkvitnuti. DIZka stonky po stkvetie sa zmenila relativne mé&lo {resp. zostala
konstantna), kym v§ska rastliny vezrdstla zdsluhou predlZenia sa stkvetia.

Porovnanie pomeru tfchto znakov ukdzalo, Ye vy3ka rastliny je priemerne
2.5-krat vicSia ako dlZka stikvetia. Pomer vySky rastliny:dlZka rastliny sa
pohyboval medzi 1,85—3,03 (priemer 2,48). Dalej, dlZka stonky po sdkvetie je
priemerne 1,48-kriit vatsia ako dl¥ka stkvetia {rozsah pomeru bol 0,85—2,03).

Medzl dlZkou stkvetia a Sirkou stikvetia existuje vysoko preukazné pozitivna
korel&cia (obr. 5). Pomer tychto dvoch znakov sa pohyboval medzi 1,37 a 3,78,
pritom priemer bol 2,51. To znadi, ¥e stkvetie divozela dhladného je priemerne
2,5-krdt dlhdie ako 3ircké. Tenio vzfah sa s vySkou rastliny meni iba mélo
{obr. 5). Korelatny koeficient je nepreukazny (r = 0,277).

601

y= 60 +0393x y=51+0692x
2 r= 0,794 . E r=0,750
_§ £0 * ~ 407
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[+ 18 wn
0‘ r T T T 1 0' Lo T T ¥
40 50 80 £ 11/ T P4} 10 30 50 70
Dizka sikvetia (cm) Podet kondrov sakvetio

Obr. 8. Grafické vyjadrenie korelatne] zavislosti medzi dl¥kou stkvetia a poftom
komdrov stkvetia [vlavo) a poftom kondrow sGkvetla a Sfrkou sikvebtia (vpravo] rast-
lin divozela Ghladného v populdcii pif Pezinku.
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Zaujimavé bolo porovnanie poctu konarov sikvetia s jeho dlzkou a Sirkou
[obr. B). Vysoko preukaznéd pozitivna koreldcia je medzi dlZkou sikvetia a
poStom kondrov siukvetia, 1. }. dlhiie stkvetia maji aj vdCSi poCet konarov.
Sirka stkvetia zasa zavisi od poCtu kondrov stikvetia. Koreldcla méa pozitivhy
charakter a korela&ény koeficient (r = 0,750] je vysoko preukazny (obr. B).

Uvedené vysledky ukazujd, Ze napriek znatnej variabilite sledovanych mor-
fologickych znakov sa zdkladné ¢&rty architektoniky rastliny zachovéavaji.
Ide najmd o vztah vysky rastliny a dizky sikvetia a relativne staly pomer
dizky a 3irky stkvetia.

Stthrn

Autor sleduje biologiu ohrozeného druhu Seskoslovenskej flory, ktorého vy-
skyt je obmedzeny na oblast pandnskej xerotermnej kveteny (juhozdpadné
Slovensko, juZnd Moraval. V prispevku analyzuje vybrané morfologické znaky
nadej najvicSej lokainej populécie pri Pezinku. Priemerné hodnoty sledova-
nfch znakov boli tieto: vy8ka rastliny 167,5 4+ 13,75 cm, d1Zka stonky po 5G4~
kvetie 98 - 20,45 cm, diZka stikvetla 69,5 - 15,86 cm, Sirka stkvetia 28,7 *
8,14 cm a pocef konérov sikvetia 33,8 * 8,62. Pri miektorych morfologickych
znakoch pozorované distribicie poéetnosti jedincov v populdcii mali disrup-
tivay charakter (dvoj- &i trojvrcholovy). Typickd architektoniku rastliny ur-
¢nji linedrne pozitivne koreldcie morfologickfch znakov, najmé medzi vyskou
rastliny a dlZkou stkvetia a medzl Sirkou a diZkou sukvetia.

Do%lo 17. 12. 198Z
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KOMMUECTBEHHBIN ANAJKM3 HU3BPAHHBIX MOP®OJNOTHUYECKMX TPH3HAKOB
CHOBALIKOM 1ONYJIAITHH KOPOBJSIKA (VERBASCUM SPECIOSUM SCHRADER)

Mapon 3 nmaAm

ABTop crenmt 3a GMONOTHER B YrpOAwLiEM COCTOAHHAN HAXOMADIErOCA BUNA YEXOCHOBAUKOH
$JIOpEL, BCTPEYACMOCTD KOTOPOrQ OTpaHiueHa Xa 067ACTY TAHOHCKOH KCepOTePMHAYECKOH §AOPEI
(orosanammas Cnosakus, Joxmas Mopasus). B [PEmNOMKEHHOR CTaTbe AHATHSKDPYET usfipaHHLIe
MOpPONOTHYSCKHE TPH3HAKH manfonomell Hamedt JOKaNbHOK momyxauuy y Ilesuuka, (Pezinok).
Cpennue BeXHYHHB! OGCAENOBAHHBIX IPHIHAKOE fBIZM CTEMyOOIHE: BICOTA PpacTERMA 167,5=
13,75 cm, mruHa crefnd QO COLBETHA 98,4=20,45 cM, miBHA COLBETRA 69,5+15,86 cp, mwHpHHA
cogperss 28,7+8,14 cM m RONNTIECTBO perseit compermg 33,8%8,62 cM. YV HEKOTOPHIX mopdono-
THYECKHX IIPH3HAKOB uabmonaeMee PBCHPEILQJIEHKH KOJIUYECTE HMHELEBAIOYYMOB B HOHYJKEIIHH
EMend paspymapuuit  xapakTep (mBy-, wxm Tpexsepxymeunsiii). Taniumas apXHTEKTORZEA
paCTEHKK OIIPEJIGJIHGTCK JNHHeHHBIMH TOJ0XHTENBHEIME KOPPEJI}H_XI’IHMH MOP@OJ’(OI‘I‘I‘.{ECKHX npH3Ha-
OB, MMEHHO MEEIY BBHICOTOH PpacTesua # AMMHOH COLBETHA, M MEKIY WHPHHOH M INHEOR
COLIBETHA.
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SIZE INEQUALITY IN COENOPOPULATIONS OF A WOODLAND
ANNUAL IMPATIENS NOLI-TANGERE L.

Pavol E1143

Institute of Experimental Biology and Ecology, CBES, Slov. Acad. Sci.,
Dibravskd 14, 814 34 Bratislava, Czechoslovakia

Eli4s, P., Size inequality in coenopopulations of a woodland annual Im-
patiens noli-tangere L. Biologia [Bratislava] 42, 881-—891, 1987.

Variability in plant size was analysed in two wopodland populations
of Impatiens noli-tangere L., an erect annual, in Malé Karpaty Mts., wes-
tern Slovakia. In sumimer, an alderwood population (Cl1], growing in high
soil fertility and better light conditions, was thinner and it was formed
by taller and heavier plants in average. An ashwood population ([C2},
growing in lower soil fertility and lower light-intensity conditions, was
denser and it was formed by smaller and lightier plants. In the C1 and C2
populations dominance-suppression hierarchy [an L-shaped distribution
of masses of plant individuals and bimodal height distribution) and more
uniform distribution of plant heights, respectively, was usually found. Size
inequality, expressed by Lorenz curves and Gini coefficients, was similar
or equal in both C1 and C2 populations. However, coefficient of variation
indicated larger variations in Cl than in C2 population. Size inequality
was larger in individual phytomasses than in plant heights. Sources of
the variations within and the differences between the populaticns are dis-
cussed.

The variation in sizes of individuals is a general phenomenon found in
natural and experimental populations of living organisms. Even in even-aged
monocultures size hierarchies, i. e. a frequency distribution of individual plant
sizes in which relative few individuals contribute most of the population’s
biomass and most individual are relatively small (Weiner, Solbrig,
1984), were Ifrequently observed. They may be caused by internal (genetic,
metabolic) or external [abiotic, biotic) factors. The relative importance of each
of these factors is not known for any populatibn, and these factors may
interact with each other (Weiner, 1985].

Size variabillty plays an important role in population and evolutionary
biology. Most of the population features are size-dependent ones. The size
is correlated with fitness, fecundity and survivorship in plants (cf. Harper,
1977; Silvertown, 1982).

Many researchers have analysed skewness of size distributions. However,
Weiner and Solbrig (1884} proposed studying size variability in terms
of measures of size inequality using the Lorenz curve and Gini coefficient
rather than skewness. The skewness is insensitive to absolute differences in
plant size.
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Size inequality was analysed In experimental, even-aged populations of
cultivated or wild plant species. In this contribution I will analyse size
inequality in two woodland coenopopulations of Impatiens noli-tangere L.,
differed in densitv. phytomass and size of plants.

Material and methods
plant material

Impatiens noli-tangere L. [Yellow balsam| is an erect summer annual, native
to subcontinental Eurasia, frequently found in woodlands in streambanks and floodplains.
It was considered to be a vicariant species of Impatiens capensis Meerb, a nord-
American species, from the synecological point of view (Jouret, 1977}. Yellow
palsam is more sciophilons and more hydrophilous amaong Impatiens species. The
hemisciophyte and hemi-nitrophyte (nitrophyte] frequently forms monodominant ground
canopies in floodplain Iorests and in alderwoods [alliance Alno-Ulmion) and it also
occurs in other mesophilous deciduous forests (order Fagetalia}. It occupies habitats
with a rich nutrient supply, especially nitrogen, fresh to moist, little acid to neutral
soils. It has been used as a good indicator of soil moisture and suitable conditions
for rapid nitrification in soils,

In ,open”, sunny habitats Impatiens noli-tangere frequently forms larger chasmoga-
mous (CH) flowers, in more shady habitats it produces only cleistogamous {CL}
flowers.

Two coenopopulations of the species were choosen for analysis of the size inequality:
an alderwood population (Cl} and an ashwood population, differedin pepulation
density, structure and phytomass.

Research sites

The woodland populations of Impatiens noli-tangere were analysed in the MaB
Project Research Sites in the Malé Karpaty Mts., western Slovakia. The alderwood is
situated in western marginal part of the mountains, whereas the ashwood is sitnated
in central part of the mountains. Main characteristics of the research sites and the
communities are given in tab. 1. In general, the alderwood may be classified, on the
basis of trophic profile of the ecofope, as the eutrophic habitat, while the ashwood
as the mesotrophic one. For more detail informations on the research sites see jurko
and Kontrig (1981), Koreii [1985] and Simonovifové (1987).

Methods of sampling and data analysis

Plant material was collected in summer 1981, 1982 and 1984 in the alder and
the ash woodlands from 50x 50 cm or 100 x 100 cm sample plots. In both the Cl and
C2 populations, all individuals of Impatiens noli-tangere occurred in the sample plots
were harvested, measured and their above-ground phytomass wass determined by
drying at 80 °C for 48 h.

The data recorded in each of the populations and in the same date were classi-
fied into 10 or -less groupings (classes) and ifrequency distribution diagrams [histo-
grams) were constructed. Both untransformed, raw data as well as transformed (logio)
data were used. Size intervals often differed between the populations as well as among
the sampling date.

In size distributions of phytomasses and of heights, the deviations from normality was

882

79



Table 1

Main characteristics [or two woodland stands where the Impatiens noli-tangere popu-

lations were studied. Data from summer of 1981 to 1984 were used.

Soil features
—_— type+

— humus form+

— reaction

— CaC0s content+ +

— nufrient supply

— moisture content
Decomposition processes++
— cellulose decomposition rate
— ammonization rate

— nitrification rate
Relative light intensity I/l
— in the understorey

Trophic type of habitat

Feature Alderwood Ashwood

MaB Project Research Site No. 1/9 1/6

Locality _ Lozorno Maly favornik

altitude (m above the seej ca. 200 ca. 500

Community type Stellario- Alno-Fraxinetum
-Alnetum

Tree layer

— cover (%) _ 70 85

— dominant species Alnus glutinosa Fraxinus excelsior

Herb (ground] layer

— cover {%) 100 a5

— dominant species Impatiens Impatiens noli-
noli-tangere -tangere

— species richness 50 30

— density (I m—~) 584 988

— dry phytomass (g m~-7} 75.9 35.0

Gley riverside
soil

Mull moder
neutral

high

high

wet to fresh

very rapid
high
high

ca. 2 % and
more
eutrophic

Semi-gley brown
soil

Fenmull

slightly acid

1%

moderate

drying in sumimer

rapid
iow
very low

1.5 % and
less
mesotrophic

+by Koreii {198%), ++by Simonovidova {1987).

indicated by the standardized measure of skewness based upon the third moment
around the mean (s?), viz. g; given by the following formula:

gl=n.£1[xi-—-i’]'3/[n-—i} fn—2)s3
i =

where n is number individuals, x; is a size of individual i ond ¥ is the arithmetic
mearn.

The coefficient of variance {Cv) of plant mass or plant height was used for a mea-
sure of size variability, The coefficient is given as
Cy =Vs2 /% {21
where X is the mean and s? is the variance of x.

Size inequality was assessed in the populations by computing the Lorenz curve and
Gini coefficient, which provide a useful quantification of inequality and allow to
compare populativns (Weiner, Solbrig, 1984). In the Lorenz curve, individuals
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Table 2

Varjations in plant mass and plant heigh

in each population,

t for two coenopopulations of Impatiens

15 August 1984

noli-tangere L., growing in woodlands of the Malé Karpaty Mts.,, Western Slovakia.

plants occurred in sample plots of 1xl m were harvesied In

Population Alderwood Ashwood
Feature (C1) (cz3
Population density (i m—2) 29 127
Population phytomass (g m~2) 279 121
Height [cm] X 57.9 28.2
5% 4,190 0.877
range 16.5—93.0 9.3—46.0
Cv 0.39 0.35
Dry phytomass (g) X 0.897 0.108
5% 0.169 0.012
range 0.036—3.26 0.0075—0.388
Cv 0.80 0.84

are ranked according to biomass {height] from the smallest to the largest and the
cumulative percentage of biomass {height] is plotted against the cumulative percentage
of the populiaton. Perfect equality will result in a diagonal line from the origin 10 the
upper right corner. Any inequality results in curve below the diagonal. The fraction
of the area below the diagonal that is between the curve and the diagonal is the
Gini coefficient, a measure of inequality. It has a minimum of 0 and a theoretical maxi-
mum of 1.0. The Gini coefficient is equal to one-half of the relative mean difference,
i. e., the arithmetic average of the aifferences between all pairs of individuals:

G = En 23 Jx; — x3] / (2n2 X], (3]
iml j=1 .

where x; represents the size of individual i. Calculated G values were multiplied by
n [n—1) to give unbiased values [G’).

Hara (1986) used the coefficient of variation (Cv]) for a measure of size variability
instead of the Gini coefficient because of the high correlation between them. Skewness
gives an indication of the shape of size distributions and g; is really a measure of the
degree of asymmetry in a distributions while Cy gives the relative degree of size ine-
quality (Hara, L c.}. Theretore, we used both Cv and skewness to understand size

variability more deeply.
Results
Population density and phytomass
The alderwood population (C1) showed lower population density and higher
total phytomass than the ashwood population (C2} {tab. 2]. In both C1 and C2
populations, spatial variations of density were observed, in relation to soil
moisture content, light penetration 10 the understorey, and the presence or

absence of coocurring species.
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Mean sizes of individuals

Individual plants in the C1 population were taller and heavier in average
than the individuals from the C2 population (tab. 2]. The differences in plant
sizes between the C1 and C2 populations were more evident in summer. In the
C1 population, large plants with many twigs on main stem were frequently
found and they formed upper herbaceous layer in the alderwood. Similar
results on the mean plant sizes in the populations were obtained by both plot
sampling and by randomly sampling of individuals.

50" Coenopopuiation 1 Coenopopuiation 2
. n=29 n =57
-ni- BIOMASS [ g}
— 10}
oo ==l Ll e
" 0.0 i=0.4 35 00  i=q0os 0.4
-a -
s
= q0b ™27 log BIOMASS n=57
2
<
s
5101
<
§ o
= 13 i=025 375 080 i=0.20 260
20l n=2% HEIGHT [CTT‘] n=127
0 111
15 i=10 95 5 i=5 50

Fig. 1 Histograms for dry masses {upper], for logip dry masses {middie] and for
heights of plants {bottom] in two woodland coenopopulations of Impatiens noli-tangere
L. Data were collected in 15 August 1384 in the alder (C1) and ash [C2] woodland
situated in the Malé Karpaty Mts. Sample size [n), ranges of values and class-inter-
vals (i} are given.

Size population structure

Phytomass distributions for the C1 and C2 populations indicate positive
skewness (g, for Ci was 0.92) and L-shaped distributions of phytomasses
(fig. 1). If the transformed, log,, values were used, the negative skewned
distributions were found (fig. 1].

Height distributions differed between the €1 and C2 populations. In alder-
wood population the bimodality was evident, whereas in the ashwood popula-
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tion high frequencies were found in most of the height classes [fig. 1). This
last type of distributions is close to the platycurtic distribution with low
kurtosis. In summer 1982, similar distributions of plant heights were found
in the C2 populations (fig. 2). The distributions were unimodal, if the larger
height-class interval was used (i = 5.0 versus 2.5 cm].

EL) July 1982 Coenopopulation 2

- n=37

301
§ —
E 107 | l
2 O - _
‘-% L 10 August 1982 Coenopopulation 2
£ n= 127 .
S 301
&
'D -
3 .
el T

0

5.0 .go 350 50 =28 X0
Height fem] Height fem]

Fig. 2 Histograms for heights of plants in the ashwood population [C2} of Impatiens
noli-tangere L. sampled in July and August 1982, Two size class-intervals were used:
interval of 5.0 cm [left) and of 2.5 cm {right).

Plant mass versus plant height

The relation between dry mass of individual plants of Impatiens noli-tangere
and their height was curvilinear (fig. 3) with rapid changes in masses of plants
per height unit in taller plants. The relation may be expressed by guadratic
function w = a + bH + cH2? or by logarithmic function Inw = —a + blnH.
Data from both C1 and C2 populations formed one curve.

Size ineguality

Size inequality assessed by the Lorenz curve and the Gini coefficient was
very similar or egual in both C1 and C2 pepulations {fig. 4). G’ was near 0.266
for phytomass and 0.123 for height. However, the coefficient of variation was
somewhat lower in the C2 population than in the C1 (tab. 2}.

The Lorenz curves were more concave for phytomass data than for height
data (fig. 4], and G’ and C, were significantly lower for heights of plants
than for dry masses of plants. Thus, the ineguality in plant heights was lower
than the inequality in plant masses. : '
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Fig. 3 The relation between plant height 4.0

and dry mass of individual plants. for impatiens noli- tangere L.

coenopopulations of Impatiens noli-tange- .

re L. C1 — the alderwood, €2 — the MALE KARPATY Mts.
15Auvgust 1984

ashwood population.
e Comnopopulation 1
1.01 o Loenopepulation 2

Dry plant mass [g]

Plant height [cm]

Coenopoputation 1 Coenopoputation 2
100 100 '

wy

i

=]
b
LU s ]
o
o)
§=
O
g_ 0 100 0 100
.a?.! 100 100
g
O Z

S

v

£

0 D
0 100 0 100

Lumulotive percentage of population

Fig. 4 The Lorenz curves for two coenopopulations of Impatiens noli-tangere L. from
the Mal¢é Karpaty Mts. [C1 — alderwood population, C2 — ashwood population]. Data
for plant dry masses [upper) and heighis (lower) were used for calculations from

the harvest in 15 August 1984,
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Discussion

Our results on variability in sizes of mature plants in coenopopulations of
Impatiens noli-tangere L. may be discussed in the relation to density-dependent
and density-independent regulation factors operating in plant populations
{cf. E1i 43, 1986).

Plants in the denser population (C2) were smaller, shorter and lightier in
average than the plants in the thinner population {Ci}. This founding cor-
responds with the relation between mean plant mass and density of survivors
in plant populations found by many researchers (Harper, 1977]. Mean plant
mass was lower in the denser population and it was higher in the thinner
population of the same species. The relation resulted from regulation and
compensation mechanisms in plant populations during growth and development
of a stand, namelly from self-thicking, self-layering and self-thinning (E1i 435,
1386].

The population of adults in the alderwood, growing on fertile soils and In
better light and soil moisture conditions, was thinner, containing only 29
individuals per m? in comparison with the population in the ashwood
(127 i m~?}. This is in agreement with the ,Sukatschew effect“ (Harper,
1977), L e. that seli-thinning was most intense on the high fertility habitats.
In August, height distribution of survived adults of Impatiens noli-tangere in
the alder population was bimodal and this type of size distribution was found
in intensively self-thinning plant populations {For 4, 1975].

The self-thinning should be used only as one of possible explanations of
the differences found in the woodland coencpopulations of Impatiens noli-
-tangere. But the self-thinning or the successive decrease in plant density due
to competitive interactions among individuals in a population {Hozumi,
15877) operates in even-aged plant populations in the absence of crowding-inde-
pendent mortality (Westoby, 1984}. However, both the C1 and C2 popula-
tions were far from monocultures: they grown in phytocoenoses together with
other coocurring herbaceous species and tree seedlings, differing in abundance
and population density. And then, mortality induced by environmental stresses
{cf. E1i48, 1984), mainly by soil droughts in Cl, operated here as external
density-independent regulation factors.

Size differences among individuals in plant populations may be caused
either directly or throughout variation in growth rates due to age differences,
genetic variaton, heterogeneity of resources or other environmental factors,
competition or the effects of herbivors, parasites or pathogens (Weiner,
Solbrig, 1984; Weiner, 1985). In each of the coenopopulations studied
most of the factors interacted by different ways and produced different size
distribution patterns.

Bimodality in the Cl population may be explained by larger genetic diversity
of the population where both cleistogamous [CL} and chasmogamous [CH])
flowers are usually produced. In more shady habitat of the ashwood, plants
of the C2 population produced only CL, self-pollinated flowers. CL flowers
remain closed and are structurally modified for antogamy. It is evident that
production of CH or CL flowers depend on the habitat conditions. Waller
{1980) found that drought, deep shade or injury often restricted Impatiens
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capensls to producing only CL flowers. The dry populations produced the
shortest plants and were the first to wilt. Similarly, Schemske. {1978)
shown that sl! plants under dense shade were predominantly cleistogamous.
Chasmogam production was greatest at ,open" sites receiving the most light
and lowest at the shaded sites.

Seeds or fruits from Cl flowers may differ from seeds or fruits from CH
flowers in size, viability, and timing and range of dispersal. Seeds from CH
flowers of Impatiens capensis were significantly larger and heavier than CL
seeds (Schemske, 1978; Howell, 1981; Waller, 1982). Larger seeds
tended to germinate sooner, as did seeds derived from CH flowers (Howell,
18817 Waller, 1985) and earlier seedlings with larger cotyledons growing
at the lowest density grew into the largest plants (Howell, 1981; Waller,
1984, 1985]). CH seedlings out performed CL seedlings, and their advantage was
expressed during most phases of growth {(Waller, 1985). Both intrisic dif-
ferences in growth rate, and competltlve dominance and supression fuel the
establishment of size hierarchies.

- According the Har a's diffusion model for the growth and size distributions
in plant populations (Har a, 1984), size inequality (C, of plant mass) increa-
ses with increasing density if the one-sided competition [for light] occur, and
it decreases with increasing density, if the two-sided competition {competition
for nutrient) occur {cf. Hara, 1986). In experimental annual populations of
Weiner [1985), size ineguality always increased with increased density. In
the woodland populations of Impatiens noli-tangere with extremely different
density, both Lorenz curves and Gini coefficients indicated the same ineguality.
Only coefficient of variation (C,) indicated some differences in size inegquality,
viz. lower inequality in C2 than in C1. However, all measures of inequality
indicated lower inequality for heights than for masses. _

Size distributions differed when plant mass and plant height was used as
measures of size. In general, in populations of adults the distribution of indivi-
dual mass is expected to be L-shaped while that of height is expected to be
J-shaped (Koyoma, Kira, 1956). This difference result from no-lmear
relationships between plant mass and plant height.

Demographic studies of plant populations growing under controlled and
natural conditions discovered typical changes in size distributions during the
growth and development of plant stands. As a stand of plants grows and
develops, the size distribution of individuals changes from an approximately
normal shape to an increasingly positively skewed, sometime lognormal,
pattern {Koyoma, Kira, 1956; cf. Harper, 1977; Silvertown, 1982).
In field experiment with Impatiens balsamina L., plant height, stem diameter
and individual plant mass had their specific size-dependent growth pattern,
and shown almost normal, positively skewed and more positively skewed
size distribution, respectively (Har a, 1984).

In general, frequency distribution of sizes in the same coenopopulation of
Impatiens noli-tangere may be either normal, bimodal or skewed, depending
on severity of inter-species and intrapopulation competition, changed during
the growing period ({development of stand) and from year to year [wet vrs
dry, hot vrs cold etc.).

Translated by the author
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NEROVNOST VELKOSTI RASTLIN V CENOPCPULACIACH LESNE] JEDNOROCNE]
RASTLINY IMPATIENS NOLI-TANGERE L.

Pavol E1i4 %

Vv dvoch lesnych populdciach Impatiens noli-tangere L., vzpriamenej jednoroinej
rastliny, rastdcich v Malych Karpatoch (zépadné Slovensko], autor analyzoval premen-
livost vo velkosti rastlin. V letnom obdobt populacia v jelSovom lese fC1), rastica
na trodnej$ej péde a v lepSich svetelnych podmienkach, bola redSia a tvorili ju v prie-
mere vySiie a taZSie rastliny. Naproti tomu populécia v jasefiovom lese {C2}, ktord
r4stla na menej trodnej pode a v podmienkach mengej svetelnej intenzity, bola bo-
hattia a tvorili ju men¥ie a fah3ie rastliny. V populécii C1 sa zistila hierarchia do-
minujicich a potlatengch rastiin, konkrétne rozdelenie hmotnosil jednotlivgch rastlin
tveru 1 a bimodélne rozdelenie v¢3ok rastlin, kym v populécii C2 bolo rozdelenie vy-
%ok rastlin uniformnej%ie. Nerovnost velkosti, vyjadrend pomocou Lorenzovych kriviek
a Giniho koeficientov, bola v obidvoch populédcidch podobnd alebo rovnaka. Variafny
koeficient viak naznatoval va&siu premenlivost v populdcii C1 ako v populécii C2. Ne-
rovnost velkosti bola pritom véfSia, ak sa pouZili hmotnosti jedincov {v porovnani
s vyikami rastlin). O zdrojoch premenlivosti vo vnltri populécii, ako &j o0 rozdieloch
medzi populdciami sa diskutuje.

Do3lo 28. 10 1886

HEOZRIIITAKOBEIE PABMEPH PACTEHHM} B LEHONONYAALMAX JECHOIO
OAHOJETHEIO PACTEHMA IMPATIENS NOLI-TANGERE L.

Masox Jnmsm

B amyx aecuux nonynsusax Impatiens noli-tangere L., BHIPAMIERHOT0 OARONETHETO pacTenusd,
pactymere » Mamux Kapnartax (Bamammas CJOBaKHA), ayTOp AaHalH3EPOBAN HIMEHYMBOCTD
pasamepos pactenmii. B aerHee spems, IOmyAAmRMA B onpmaxmkax (C1), pacryman na Goxee
[UTOGOPORHOR MOABe K B JYSMEX CBETOBHX YCIOBRAX, 6rna Oonee PpemrROE H CO3ZABAIM g€
B cpemieM BHCmme M TEXesse pacterus. C npyToR CTOPORH, NONyAZnHA B scernesom yecy (C2),
pacTymas Ha MeHe¢ IUIOROPOXNHOH TIOYBE M B YCAOBHAX Memsmeit CBETOBOH WHTEHCHBHOCTH, Osina
fonee NMAOTHOR W e CO3NABAJH MEHBINHE H Goxee nerkme pacTemms. B momynsmum Cl 6ma
ofHapyXeHR Bepapxuf IOMMHHDYWOIHX ¥ NONABJCHHEIX PacTeERIl, KOHKDETHOE pasmpeieiernue
Maccw OTDenbEWX pacTenmit dopmmt Gyxsst ,L" m GuMonanbmoe pasfenciie BHICOT DacTeHwH,
rioka B momyasimy C2 Guno pasnpeie’eRye BHCOT PacTeHEH Gonee emumooBpasHuM. HeposnoMep-
HOCT BHpAXeHR TpH noMomy Xpuswx Jlopernma (Lorenz) » kosddmumentos wemm (Gini),
Geuid B offlemx MOMyAAHMAX UNOXOXAA, MK KC ONHHAKOBAL, Bapranwounsi Kos$OHHIHEHRT, Npania,
YRa3:BAZ Ha GONBUTYID MSMEHIEBOCT, B TONYIANEH Cl mpe cpasmesum ¢ momynanueir C2.
PasMepuiie pasiMussA NOKI3ANHCH OPHTOM B Gomee IMIXpOKOM Macmrabe, ecar OBHITE MCIOILIC-
BaMLl MACCH MHUMBALYYMOR (IpH COMOCTABNEHHIE € BHCOTAME pacreumii). Hcrounumer BHIMER-
YHBOCTH BHYTPA NONYAANHA ¥ TalKe PasSHEIN MORLY NONYTATELEMH NECKY THPYIOTCH.
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VERTICAL STRUCTURE, BIOMASS ALLOCATION AND SIZE
INEQUALITY IN AN ECOTONAL COMMUNITY OF AN INVASIVE ANNUAL
(Impatiens parviflora D C.) ON A CLEARING IN SW SLOVAKIA

PAVOL ELIAS
Institute of Botany, Slovak Academy of Sciences, Dibravska 14, 842 23 Bratislava, Czechoslovakia

Abstract

Eli4$ P.: Vertical structure, biomass allocation and size inequality in an ecotonal comrmunity
of an invasive annual (fmpatiens parviflora D C.) on a clearing in SW Slovakia. Ecology
(CSFR), Vol. 11, No. 3,299 - 313,1992.

Populations of Impatiens parviflora D C., an erect annual invaded forest commuanities in
Europe, have been studied in the Malé Karpaty Mts., SW Slovakia, since 1981. The largest
plants were found in ecotones along forest margins (near roads) and in clearings (few years
after cutting). A monospecific stand (stand height, density and biomass were 1.24 m, 23im~
and 1100 g m~, respectively) growing along a forest edge on clear-cutied area at Bratislava-
Feleznd Studienka was chosen for a detail analysis of size and biomass structure in the stage
of peak standing crop (July 1985). Three distinct groups of the plants were distinguished and
characterized: a) suppressed (0.0 — 0.50 m), b} codominant (0.60 — 1.05 m) and c) dominant
(1.06 - 1.25 m) plants. Differences in plant habit (plant architecture), resource allocation and
reproductive effort, leaf area and size inequality were markedly large among the plant groups.
In the understorey of the fmpatiens stand, small plants have survived up to the period of peak
standing crop; their habit was close to the plants growing in understorey of neighbouring forest
communities. The suppressed individuals presenied in the population sample strongly affected
so called "mean characteristics” calculated for the whole stand (MSC). In the case using of the
MSC should give a falsed picture of the population forming monospecific stand. Size variation
analysis and more detailed structural analysis of such stands are needed.

Introduction

Ecotones, transition zones between adjacent ecological systems (cf. operational
" definition of M. M. Holland in di Castri et al., 1988) arc often considered as sources Of
high biotic diversity. They are postulated to contain greater biomass, resources and
biodiversity than the patches they separate (Forman, Godron, 1986). A tendency for
communities to be denser and often more diverse in ecotonal situations is known as

"The paper is based on the author’s lecture "Variability of plant species popuiations in ecotones” presented
at Czecho-Slovak conference on ecotones (éeské Bud&jovice, October 14 - 15, 1990).
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the edge effect (Leopold, 1933; Odum, 1971). The population behaviour in the ecotone
is therefore an important feature of the ecotone concept.

This paper deals with populations of Impatiens parviflora D C. which have been
studied in the Malé Karpaty Mts., SW Slovakia, since 1981. The species is an erect
annual originating in Central Asia and introduced into Europe in 19th century (cf.
Coombe, 1956; Trepl, 1984); it now invades forest communities and colonized opened
and semi-shaded habitats in woodland landscape of Central Europe (Elids, 1985,
1989a). It has been considered as a shade -tolerant plant (Coombe, 1956, 1966; Hughes,
1965) or facultative sun plant (Rackham, 1966). Extreme phenotypic plasticity of the
invader was pointed out by Eli43 (1986a, 1989a). Largest plants were found in ecotones
along forest margins (near roads) and in clearings few years after tree cutting (cf. also
Coombe, 1956).

In this paper I present data on a detailed analysis of size and biomass structure of
a monospecific stand of Impatiens parviflora occurred in ecotonal situation in the Malé
Karpaty Mts, SW Slovakia. It is a contribution to the explanation of the behaviour of
plant populations in ecotones.

Material and methods

In July 1985 a monospecific stand of Impatiens parvifiora on a clearing at Bratislava-Zeleznd Studienka
(the first year after tree-cutting: trees were cut in winter 1984/1985), situated along a forest edge, was chosen
for the analysis. The stand was not damaged before the harvest term because individual plants were not
measured during the stand development.

At the harvest date, at the stage of the peak standing crop (see Fig. 1}, I-meter-square plots were sampled
for dry weight shoot biomass, vertical and size structure, and leaf area determination. Live standing shoots,
including green and senescent leaves, were separated by plant individuals, counted, weighed, and measured
for height, hypocotyl diameter etc. Plant height was measured from the stem base to the terminal apical
meristem, while hypocoty! diameter was measured with callipers at base and at the midpoint of the hypocotyl
lo the nearest 0.1 cm. In ramificated plants the number of lateral branches (1st, Znd and 3rd order) was
counted and the branch (twig) length was measured. ’

In the following analysis individual plants were separated inlo three size groups according plant habit,
height, hypocotyl diameter and ramification degree. Then in each size group, the plants were divided into
30-cm vertical layers and stems, leaves flowers {{lower buds) and {ruits were counted, weighed and measured.
Fresh mass and dry mass (at 75 °C) were determined in the institute laboratory in Bratislava. Roots were
washed by distilled water before drying.

Leaf area was estimated by a leaf copies method. Leaves collected [rom each vertical layer and each size
group were used for the leaf area estimation.

Dry mass and leaf area data were used for calculations of standing crop (g m"z), vertical distribution of
phytomass and leaf area index (LAI), biomass allocation and several plant and stand growth characteristics.

Resource (biomass) allocation to vegetative and reproductive organs is given in absolute (g) and relative
(% of total or above-ground biomass) values. Reproductive allocation or reproductive effort (RE) was
calculated as the proportion of inflorescence (seed, involucral bracts, peduncles and scapes) mass to
above-ground biomass of reproductive plant (see Thompson, Stewart, 1981; Bazzaz, Reekie, 1985; Lovett
Doust, Lovett Doust, 1988, for futher information). '

The following plant and stand growth charactenstics were calculated (assuming an active growth interval
of 100 days): relative growth rate (RGR, g g'1 day'l), crop growthrate (CGR, g m day ']), net assimilation
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rate (NAR, g m day "1), leaf area ratio (LAR, dm? g'l) and its components, leaf weight ratio (LAR) and
specific leaf area (SLA). For the calculations see Evans (1972), Hunt (1978, 1982), Hardwick (1984},
Warren Wilson et al. (1986).

Coefficient of energy conversion efficiency (n7, %) was calculated for the global radiation of 100-day
interval. A conversion unit was 4.48 kcal (= 18.75 kI) per 1 g of ash-free dry mass.

Size variation of plants in the monospecific stand (the population) was analysed by frequency distribution
diagrams, Lorenz curves, coefficient of variation (C., %) and Gini coefficient (G ") (see Elid$, 1987 for detail
information). The relationships between C, and G' is linear (Fig. 2) as was pointed out by €. g. Hara (1984)
and Benjamin, Hardwick (1986).

For a more detailed analysis of plant architecture and biomass allocation, a tallest plant of the mono-
specific stand (the population) of lmpatiens parviflora was separalely harvested, measured and sketched.

Allometric relationships between selected plant size characterislics were estimated and equations of
curves were calculated.

0.2
15 ‘ eH
. 154
Harvest 0.5 ® Dmax
¥
— [
E - ;
‘E‘LO' "E 0.10 1
z =
5 g
£ o5 - =
P . [= =
5 . ‘ 5 005
o s - o clearing
« forest
0 ,. H H H T 0
Months of year (1985)—— - Coefficiert of variation [%4]

Fig. 1. Seasonal changes in height of Impatiens par- Fig. 2. The relationships between coefficient of va-

viflora D C. plants growing in an ecotonal commu- riation (C.) and Gini coefficient (G’) calculated

nity (on clearing) and in forest understorey of the from the same size data collected in the fmpatiens

neighbouring forest communities. parviflora ecotonal population on clearing. ff - plant
height, Dmax - maximum hypocotyl diameter.

Results and discussion

1. Standing crop

Dry mass of shoots (stems + leaves + fruits and flowers) of Impatiens parv({lora in the
1.24 m tall monospecificstand wasca 110 g m~2and that of roots was ca 15 gm ™~ (Table 1).
Fresh mass of the stand was much more higher due to high water content in the
tissues of the piant species. Fresh weight to dry weight ratio was close to 100. Fresh
mass of the shoots was close to 1.1 kg m~2. Uhercikovd, Elias ( 1987) reported similar
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Tablel Above-ground and root biomass of mpatiens parviflora stand growing along forest margin in
clear-cut area, the Malé Karpaty Mts., SW Slovakia (July 1985)

Plant parts ' Stand dry mass

Phytomass absoiute [g m'z] relative [%]

Stems | 63.0 57.3 50.6
Leaves 36.7 334 29.5
Fruits + flowers 10.2 23 8.2
Above-ground total 109.9 100

Roots 146 11.7
Stand total 124.4 100
Root : shoot ratio 1.33

data for dry and fresh mass of Impatiens parviflora stand ("fringal communities”) along

forest roads in the Malé Karpaty Mts. :
For a 100-day interval, relative growth rate (RGR) was ca 48 mg g day™ and crop
growth rate (CGR) averaged 1.12 g m™ day‘1 (shoots only) or1.24 g m* day_1 {shoot

and roots). Effectivity of utilization of solar energy (n) was 1.2 %.

2. Vertical distribution of biomass

An inverse pyramidal arrangement of the dry phytomass was found in the mono-
specific stand of Impatiens parviflora (Fig. 3A): shoot biomass increased from the
bottom layer to the uppermost one, but the differences between neighbouring layers

15— T

E 0.90 E

5

5 040 E

;: [ Leaves

Z 0% 1 EZZ4 Stems
Fruits

"0 0 20 30 i) 10 0 05 10 13
Relative biomass [%%e] Dry biomass (g.m™2] Leaf ares index LAl

Fig. 3. Vertical distribution of relative biomass (A), absolute dry mass (B) and leaf area index (C) in the
monospecific stand of Impatiens parvifiora at Bratistava-Zelezn4 Studienka (July17,1985). In B stems, leaves
and reproductive structures (flowers and fruits) are distinguished.
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were relatively small. The difference between the bottom layers and uppermost layer
in absolute values wasca 6 g m™2. Stand space occupied by the Impatiens parviflora
plants was relatively uniformely filled up by the phytomass.

Stems, leaves and reproductive organs (flowers and fruits) occurred in all vertical
layers (Fig. 3B) but the proportion of individual organs in the biomass of vertical layers
was evidently different. Proportion of stems decreased and proportion of leaves
increased from the bottom layer to the uppermost layer (Table 2).

T a b1 e 2. Biomass allocation to vegetative organs (stems and leaves) and to reproductive organs (flowers
and fruits) in a monospecific stand of Impatiens parviflora, situated along forest edge in a clearing, the Malé
Karpaty Mis., SW Stovakia (July 17, 1985)

Vertical stand layer Biomass allocation to
stems leaves fruits total
0.0-03 97.86 A 2.05 0.07 100
03-06 82.40 14.83 0.28 100
0.6-09 4513 44.52 10.38 100
09-1.24 15.63 63.56 20.81 100

3. Biomass allocation

More than 50 per cent and ca 30 per cent of the shoot biomass of the stand was
allocated to stems and to the leaves, respectively (Table 2, Fig. 3B). Reproductive effort
(flowers + fruits + supported organs) was near 10 per cent of the shoot biomass.
Biomass allocated to roots was 11.7 per cent of the total stand biomass (Table 1).

4. Leaf area of the stand

Leaf area index (LAI, one side only) of the monospecific stand of Impatiens

~ parviflora was estimated to 2.95.

Vertical distribution of LAI in the stand showed a concave arrangement with the
maximum accumulation of leaf area in the layer 0.61 — 0.90 m (Fig. 3C). However, the
jeaves have occurred in all stand layers distinguished at harvest, including the bottom layer
too.

Size of individual leaves varied extremely among plants but also within a plant
individuum. At an individual plant leaves inserted on the main stem were the largest
ones: the area of the leaf was usually more than 100 cm?. Leaves attached on the lateral
branches were smaller (about 35 cmz), most of them were smaller than 50 cm®.

Effects of the canopy position on leaf size were evident, t0o. Area of the leaves in
two lower layers was close to 35 cm? per one leaf (Fig. 4). In the stand the specific leaf
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Fig. 4. Variations in mean area of individual leaf (A) and in specific lea area (B) with position in the fmpatiens
parviflora canopy. Ecotonal community at Bratislava-Zelezn4 Studienka, July 17, 1985.

area decreased from 12.7 dm? g‘1 in the bottom layer to 4.8 dm? g‘1 in the uppermost
iayer (Fig. 4).

5. Plant size inequality in the stand
Variation in plant size within the monospecific stand of Impatiens parvifiora is

shown in Fig. 5 and Table 3 by frequency distribution diagrams (Fig. 5A), Lorenz
curves (Fig. 5B), coefficient of variation {(Cy), and Gini coefficient (G") (Table 3).

Plant height, H Hypocotyl diameter, Dmax H:Dmax
- Ly}
3
= 30 4
. ,%
4 7
g Vi
a .
o ANA
60 i=15em 150
100
£e '
g 7 1
=
g @ ]
3 :
3 2
g
0 20 40 60 80 100 D 20 40 60 B0 100 0 20 40 60 80 100

Gmulative percentage of populaticn

Fig. 5. Frequency distribution diagrams (upper) and Lorenz curves (bottom) for plant height (A), hypocotyl
diameter (B) and plant height: stem diameter ratio (C) in the ecotonal population of fmpatiens parviflora
(Bratislava-Zelezn4 Studienka, July 1985).
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T a b l e 3. Morphological characteristics of the three main
Impatiens parviflora D C. along forest edge on a clearing,
Means, standard errors, minimum and maximum values,

groups of plants forming a monospecific stand of
the Malé Karpaty Mts., SW Slovakia (July 1985).
coefficients of variation (C.) and Gini cocfficient

(G') are given
Plant Stem height Stem diameter  Plant height Particioning in the stand [%] by
size H + sgicm] Dmax = SDmax © §tem E aumber dry mass of
group Hain, Hmax [cm] diameter o of shoots total
(m] G G’ ‘min, max ratio g individuals roots
Cy G’ H: Dmax

Suppressed 342+ 4.8 036 £002  935%85 0 261 124 121 124
(0.90 - 0.05) 19.0,49.0 0.29,0.45 65.5,108.9 (1)

342 0.105 17.0 0.051 20.4
Codominant 86.0 £5.6 0.81 = 0.10 112781 1-5 347 141 160 143
(0.51-1.05) 6390, 105.0 0.49,1.20 81.5, 146.0

18.5 0.056 35.4 0.105 203
Dominpant 1182 =13 1.53 £ 0.09 78.9 + 3.6 3-5 391 83.5 828 834
(106-125) 1120,1240 120,200 615,933

3.4 0.002 18.5 0.055 136
Stand 851+ 74 0.98 £ 0.11 945 = 4.7 0-5 100 100 100 100
(0.00 - 1.25) 19.0,1.24 0.29,2.00 61.5,146.0

420 0.11% 56.0 0.161 24.0

Plant height varied from 0.19 to 1.2
formed ca 60 % of all plantsint
ht distribution (Fig. SA).

5A); they

typical of the plant heig
presented in asize class 0

4 m but plants taller than 0.85 m prevailed (Fig.
he stand. J-type of frequency distribution is
The frequency peak (39.4 %) was
£1.06 to 1.25 m. Coefficient of variation was 42.0 % and Gini

coefficient 0.119 (Table 3).

Hypocotyl diameter (Dmax) varied from 0.29 to 2.0 cm and the frequency distrib ution
diagram showed two peaks of frequency, 34.8 % and 21.7 %, in the diameter classes
from 0.3 t0 0.5 cm and 1.2 to 1.4 cm, respectively (Fig. 5A). Coefficient of variation was
higher (56 %) in comparison with plant height (Table 3).

Plant height: stem diameter ratio (H: Dmax) varied from ca 61 to 146 and the
frequency distribution diagram was negatively skewed with a peak frequency in the
size class of 76 to 90 (Fig. SA). Coefficient of variation was relatively lower (24.0 %,
see Table 3).
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"Extremely" high size inequality, resulted from regulation and compensation
processes during stand development, needs a more detail analysis of the plants forming
the monospecific stand.

6. Dominant, codominant and suppressed plants in the stand

Plants forming the monospecific stand were grouped into dominants, codominants
and suppressed plants. Morphological characteristics of the plant size groups are
given in Table 3.

Dominants are the tallest plants forming the canopy, with thicker stems, long
and ramificated lateral branches (3 - 5 branches of the first order) and the lowest
plant height: hypocotyl diameter ratio. They participated in the stand formation by
39.1 % and ca 83 % by number of individuals and dry mass, respectively.

The group called "suppressed plants” consists of smallest plants forming the under-
storey of the stand up to a height of 0.5 m above the ground; they occurred in two lower
vertical layers of the stand (0.0 — 0.3 and 0.31 - 0.60 m). The plants exhibit thinner
stems without lateral branches (one plant was an exception only). Their habit was very
similar to the plants growing in deep shade of the understorey of nei ghbouring forest
communities (cf. E1i43, 1986a, 1989a). :

Codominants are plants of an intermediate size with a higher height: hypocotyl
diameter ratio than either very small (suppressed) and very large (dominant) plants.
They exhibit short lateral branches (1 -5 branches of the first order) but 37.5 % of the
plants was without any lateral branches.

The three groups differed in portion on the stand formation. In the suppressed and the |
codominant plants the portion by number of individuals was higher than by dry mass. In
general, the group portion increased from the suppressed to the dominant plants but
the dominants participated by more than 80 % in the dry mass of the stand (Table 3).

The size groups distinguished in the stand differed also in the size inequality,
expressed by Cyand G (Table 3). Stem height variation decreased from the suppressed
to the dominant plants, in other characteristics this tendency was absent (Table 3).

It is evident from Table 3 that the characteristics of the stand differ from the characteristics
of the size groups being the closest to the intermediate group (except H : Dmax ratio).
Differences in the growth characteristics among the size groups can be illustrated by
RGR: 0.003 (suppressed), 0.028 (codominant) and 0.046 (dominant) g g dayh.

7. "Mean plant” and the tallest plant in the stand
Morphological characteristics of the calculated "mean plant” for cach size group in the
stand (Table 3) are added by biomass allocation characteristics and leaf area in Table 4.
Absolute biomass allocation is related to the plant height and position in the stand.

Relative biomass allocation showed the following patterns (tendencies): from the
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Table4. Biomass allocation to vegetative and reproductive organs and leaf area for "mean plant” of each
of the plant size groups forming the monospecific stand of /mpatiens parviflora D C.

Plant organs Suppressed Codominant Dominant Stand
abs.[g] rel.[%] abs.[g] rel[%] abs.[g] rel.[%] abs.[g] rel.[%]

Stems 0.1038 46.2 1.01 5211 6.03 592 2.74 57.3

Leaves 0.108 47.5 0.785 40.5 3.21 315 1.60 335

F"ruits + flowers 0.014 6.2 0.144 74 0.96 9.4 0.44 9.2

Shoots total 0.227 100 1.94 100 10.2 100 478 100

Roots 0.029 11.4 0.292 131 1.342 11.64 0.64

Root ; shoot ratio 1.29 1.503 1.393 1.34

Plant total 0257 100 223t 100 1153 100 5.41

Leaf area [cm’) 137.4 834.1 2334.2 1282.8

suppressed to the dominant plants, allocation to stems and to reproductive organs
increased and to leaves decreased. Dominant plants allocated ca 60 % of shoot biomass
to stems, ca 30 % to leaves and ca 10 % to reproductive organs. Suppressed plants
allocated similar amount of biomass to stems and leaves (46.2 % versus 47.5 %) but
only 6.2 % to flowers and fruits (Table 4).

The data have supported the opinion of Samson, Werk (1986) and Herndon (1987)
on the size-dependent effects on the resource allocation and reproductive effort in
plants. In the monospecific stand, the variation in resource allocation and reproductive
intensity within a single population of Impatiens parviflora was high, depending on the
plant size and plant position in the stand. '

'The root: shoot ratio varied among the size groups being the lowest in the suppressed
plants (Table 4). The ratio changed during the stand development (Elis, 1991b).

The differences in leaf area per plant among the size groups were large (Table 4).
The suppressed plants have only few leaves attached on the main stem, while the
dominant plants exhibit lot of leaves on lateral branches of Ist to 3rd order.

More detail characteristics are given in Table 5 and Fig. 6 for the tallest plant of
the monospecific stand, which was analysed separately. Shoot architecture of the
dominant individuum was the same as a habit very typical for sun-grown plants of
Impatiens parviflora (cf. E1id3, 1986a, 198%a). The plant was 1.36 m tall with Dpax 1.9
cm and exhibited 24 internodes, five lateral branches of the first order (their total length
was 3.1 m), about 20 leaves attached on the main stem and about 150 leaves on the
lateral branches. Coombe (1956) reported that the largest Impariens parvifiora plant
seen, growing in a woodland clearing, was 1.46 m high, Dmax = 2.2 cm, and exhibited
76 branches thicker than 1.0 cm (36.4 m long). The tallest plant found in the
clearing at Bratislava-Zelezn4 Studienka exhibited in July about 70 flowers and/or
flower buds and about 100 fruits. Daumann (1967) counted in the 0.8-m-high stand
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of Impatiens parviflora (stand density 23 i m‘z) in August 108 inflorescences and 864

flowers per plant.

Biomass allocation to vegetative and reproductive organs of the tallest plant was
similar to the dominants. In the piant differences were between resource allocation to
the main stem and allocation to the branches of the first order (Table 5).

T a bl e 5. Biomass allocation to vegetative and reproductive organs for the tallest plant of Impariens
parviflora DC. found in the monospecific stand along forest margins at Bratislava-Zelezn4 Studienka, SW

Slovakia (July 1985). For shoot architecture see Fig. 6

Main
stem

Plant

organs 1st pair

rel.
(%]

abs.

(]

abs. rel.
[g] (7]

Lateral branches of the first order (from plant base)

Shoot total
2nd pair 3rd branch

abs. rel.
gl [%]

rel.

[%]

abs. rel. abs.

(gl [  lg]

4491 648 0218

Stems

1701 245 0112

Leaves

Flowers + fruits 0.740 107 0.014

63.4
326
4.97

1.602 498 1362 5107 7.67 57.03

1.254 3898 0.947 32.03

0.358

35.5 4.31

0361 112 134 147 7.43

6932 100 0.344

Sum

100

3217 100 2667 100 1346 100

1.5 <
Zelernd Ctudienka, 15.7.85

Plant height, H [m]

0

Fig. 6. The shoot architecture of the tallest plant of
Impatiens parviflora growing in an ecotonal commu-
nity in SW Slovakia. Number of interncdes of the
main stem, number, length and slopes (angles} of
lateral branches of the first and second-order are
shown.
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8. Allomerric relationships in the stand

The relationships between the plant
height (length of stem) and stem base
diameter (= hypocotyl diameter) for
plants of the monospecific stand is curvi-
linear (Fig. 7, left); it may be fitted by an
exponentijal equation H = a Dmax™

Fig. 7 (right) shows differences in the
allometry among the plants of the three
plant size groups forming the mono-
specific stand. The allometric relation-
ships between H and Dpax for each group
of the plants may be expressed by a linear
curve H =a + b Dpax. However, the
curves differ in their slopes, i. €. in the rate
of change of plant height with the unit of
hypocotyl diameter. The suppressed,
codominant and dominant plants ex-
hibited the following differences in the
AH/O.1 cm Dmax: 19.0, 4.7 and 1.2 cm,
respectively.
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Fig. 7. The relationships between plant height () and hypocotyl diameter (Dmax) of Impatiens parviflora
plants growing in an ecotonal community in SW Slovakia. In right dominant, codominant and suppressed
individuals of the population are distinguished.
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Fig. 8. The relationships between the number of first order branches and selected quantitative plant (stem)
characteristics and their products.

In Fig. 8 the relationships between the number of 1st order branches and selected
quantitative plant characteristics is analysed. Plants taller than 1.0 m and thicker
(Dmax) than 1 cm exhibited more than 2 branches of 1st order (usually 3 and more}).
Products of H x Dmax and H/Dmax did not give better (closer) relationships.
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Discussion and conclusions

The behaviour of plant populations in ecotones was compared by Falinska (1979)
with pioneer populations and/or with populations living under extreme conditions.
Populations of Impatiens parviflora in ecotonal situations (forest margins, clear-cut
areas) have formed physiognomically conspicuous stands dominated by tall and robust
individuals. The distinct character of the ecotonal populations was documented by data
in the paper.

The ecotonal populations of Impatiens parviflora in the "mature” stage are size-hie-
rarchized into three groups of plants - dominant, codominant (intermediate) and
suppressed plants - exhibited different plant habit (architecture) and quantitative
characteristics. Codominant plants of intermediate size have high plant height : stem
base diameter ratios than dominant and suppressed plants. Thomas, Weiner (1989)
showed such data for populations of Impatiens pallida growing in different stand
density.

Tall, intermediate and small plants of the ecotonal population show different
biomass allocation patterns. Dominant plants allocated more dry mass to stems (lot of
branches and twigs) than to leaves. And they contain more "woody" elements in the
stems forming supported systems of the tall plants. Small plants allocated similar
amounts of dry mass to stems and to leaves. .

Several authors found no differences in overall allocation strategy among several
distinct populations growing under different conditions. E. g. Abrahamson, Hershey
(1977) stated that although the growth of Impatiens capensis was environmentally
controlled, resource allocation was not. Waller (1980) showed that the allocation of
above-ground biomass to stems increased slightly with increasing total plant weight,
but this trend was not significant.

Biomass allocation to reproductive organs is frequently considered as an important
life strategy characteristics (Harper, 1967) and it was reported to be a constant for
a given plant species. However, the reproductive effort (RE) in plants depends on the
methods of determination (Thompson, Stewart, 1981; Bazzaz, Reekie, 1985) and on
the stage of plant growth (Reekie, Bazzaz, 1987). Samson, Werk (1986), on the
contrary, discussed the role of differing plant sizes in natural populations on variability
in observed resource allocation to reproduction (reproductive effort). They concluded
that the size-dependent variation in RE appeared to be a common phenomenon in
many plant species. In the ecotonal Impatiens parviflora populations tall plants allo-
cated to reproductive organs more dry mass than small plants. Tall plants invest also
more dry mass to build up the supported organs - petioles and inflorescensces parts
which are large and long and yield more large flowers and fruits. On the other hand,
an increase in reproductive effort (%) in a woodland annual Impatiens capensis was
not correlated with an increase in overall plant size (Cid-Benevento, Werner, 1986). It
increased with absolute reproductive biomass or with a decrease in relative allocation
of biomass to vegetative parts or both. Differences in shoot and root architecture,
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rather, than percentage of biomass allocation, appeared more likely to explain the
restricted distribution of the woodland annual.

Small plants of Impatiens parviflora have survived in the understorey of the mono-
specific stand, at low light intensity conditions under (deep) shade of the canopy
(dominant) plants, up to a period of peak standing crop. Due to shade tolerance and
extremely high phenotypic plasticity, they have survived and produced flowers and
fruits. Their plant form (shoot architecture) was similar as a habit of Impatiens parvi-
flora plant growing in the understorey of neighbouring forest communities. The
portion of small plants in the stand density and stand biomass (standing Crop) was
relatively very low, although they have participated in the population density (number
of plants per 1-m-square) by more than 25 %. On the contrary, they may affect several
stand (or population) characteristics calculated on the basis of number of plants and
plant dry mass. These effects were documented in the case of the monospecific stand
of Impatiens parviflora at Bratislava-Zeleznd Studienka. The presence of small sur-
vivors in a population may affect density-biomass relationships and trajectory of mean
plant mass-log density during (stand) population development (cf. Eli43, 1986b, 1991a).

Our detail analysis of size and biomass structure of the ecotonal population of
Impatiens parviflora showed that the so-called "mean stand characteristics' calculated
as average values on the basis of number of individuals may false actual relationships
between neighborous plants and competition in the stand. There are need, therefore,
more detail analyses of the size structure of populations and stands in productional-
-ecological and populational-ecological studies. "Mean values” are not real values as
they are affected by proportion of individuals presented in distinct size classes.

Translated by the author
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Elis% P.: Vertikilna Struktiira, ukladanie biomasy a nevyrovnanos{ velkosti v ekotonovom spolo&enstve
invammeho druhu (Jmpatiens parviflora D C.) na rabanisku, jz Slovensko.

Populicie netykavky malokvete] (fmpatiens parviflora D C.), jednoroénej vzpriamenej byliny prenika-
jicej v Eurépe do lesnjch spolodenstiev, v Malych Karpatoch (jz Slovensko) sme skimali od roku 1981.
Pozorovali sme extrémnu fenotypickd plasticitu, priom najvid3ie rastliny sme zistili v ekotonoch pozdfz
lesnych okrajov (blizko ciest) a na rbaniskdch (nickofko mélo rokov po vyribanf). Aby sme zhodnotili
sprivanie sa populdcie tohto druhu v ekotone, vybrali sme na ribanisku v Bratislave-Zelezne] Studienke .
monodominantny porast netykavky (v§3ka 1,24 m, hustota 231 m2 such4 biomasa 110 g m'z) a urobili sme
detailni analyzu velkostnej 3truktdry a biomasy v obdobi sezénneho maxima biomasy (jui 1985). Porast
(populdcia netykavky) mal vfrazne hierarchickii Strukttiru velkost! jedincov, preto sme mohli rozli¥it
a charakterizovat tri rozdielne skupiny rastifn: a} potlatené (0,0 — 0,50 m), b) droviiové (0,60 - 1,05 m)ac)
nadiroviiové (1,06 — 1,25) rastliny. Tieto skupiny sa v architektiire rastlin, v ukladani zdrojov (biomasy)
a v reprodukénom Usilf, listovej ploche av nevyrovnanosti velkosti jedincov v§razne odlifovali. Malé rastliny
preZivaji v podraste porasiu netykavky aZ do obdobia sezénneho maxima biomasy, kvitnii a prind3ajd semend;
ich vzhlad je velmi podobny rastindm, ktoré rastii v podraste susediacich lesnych spoloZenstiev. Tieto
potlaené rastliny, ak sa vyskytujd v populadnej vzorke, velmi ovplyviiujd tzv. "priemerné charakteristiky"
vypoditané pre cely porast (PCHP). V takomto pripade by pouZitie iba PCHP mohlo skreslit obraz o populdcii
formujiicej porast. Preto je potrebnd analyza velkostnej premenlivosti a podrobnejia analyza Struktiry
takéhoto porasti.
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3. Dynamika populicii
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BIOLOGIA [BRATISLAVA) 41, 5, 459-~489, 1986

FLUKTUACIE V POCTE KVITNUCICH RASTLIN V POPULACII
VERBASCUM SPECIOSUM SCHRAD.

Pavol E1i45

Ustav experimentdinej bioldgie a ekoldgie Slov. akad. vied, CBEV,
814 34 Bratisiava, CSSR

Elid%, P., Fluctuations in number of flowering plants in Verbascum
speciosum Schrad. population, Biolggia {Bratislava] 41, 459—489, 19386.

Local population of Verbascum speciosum Schrad., a threatened spe-
cles of Czechoslovak flora, near Pezinok was investigated by the author
throughout seven years. The population occupied an area about 1.200 m?
along 1 km of railway. Mean population size was 185 « 54 flowering
plants per year, ranged from 44 to 475 among years, and mean population
density was 0.156 =0.045 { m-2 (range 0.037 to 0.396). The coefficient
of variation was 78 %. The largest population size as well as population
density were in hot and dry year [1983). Disperzion of flowering plants
in the population was aggregated. Distributon of flowering plants into
years and population segments was not random, According the analysis
of variance [ANOVA), the vears are the most important source of varian-
ce. The fluctuations in number of flowering plants in the population were
determined by environmental variables, number rosettes in previous years
as well as some anthropogenic factors {disturbances, fire].

Divozel thladny (Verbascum speciosum Schrader]) je vzécny a ohro-
zeny tax6bn Seskoslovenskej kveteny, ktorého vyskyt u nés sa obmedzuje na
oblast panfnskej xerotermnej kveteny (E1{4§, 1981a). Niekolko rokov sle-
dujeme vybrané lokélne populécie tohto druhu na juhozdpadnom Slovensku.
V predchédzajicom prispevku sme urcbili kvantitativnu analgzu vybrangch
morfologick§ch znakov kvitnficich rastlin a urili tie znaky a ich korelécie,
ktoré rozhoduji o charakteristicke] architektire rastliny (E1148§, 1S984b).
V tomto prispevku predkladéme prvé informécie o populaine]j dynamike
Verbascum speciosum na zf8klade anal¢zy lokélne] populédcie prl Pezinku. Vy-
hodnotenie sa t¥ka kvitndGcich rastlin.

Materidl a metddy

Sledovali sme lokdlnu populdciu Verbascum speciosum Schrad, pri Pezinku. Krétka
charakteristika lokality je v prdci Elid%a (E1i&% 198la}. Uzemie, v ktorom sa
populdcia vyskytuje, je ohranifené z jedne] strany intenzivne obrdbanou ornoun pddou
[pole}, z druhe] strany kosievanymi a spdsanymi trdvoymi porastmi. Stredom uze-
mia prechédza Zeleznitnd traf Bratislava-Trnava. Takto ohranifené fizemie mé plochu
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ca 3200 m® a tiahne sa pozd!z Zelezni€nej trate takmer 1 km. Striedajd sa tu trivne
porasty, kroviny a pdsy vysokych stromov.

Na analyzu lokalnej populdcie sme pouZili dva 800-metrové transekty, kaZdy z jed-
nej strany trate. Sirka transekiov sa pohybovala pribline od 5—8 m v I. transekte
do ca 10 m v II transekte, podla skuto&ného charakteru reliéfu terénu a Zelezniné-
ho telesa. Ka¥d¢ z transektov sme rozdelili na 50-metrové tseky (segmenty), v kto-
r¢ch sme pravidelne zistovalf pofet jedincov [ru¥ice, kvitntice rastliny, semenAliky].
Plochu zaujatdi populdciou sme urgili priamym meranim meracim pasmom.

Kvitnfice rastliny sme poéitali v Jednotlivych segmentoch r. 1978—1984 obyCajne
v septembri alebo oktébri, vo viacerych rokoch aj niekolkokrit. Za kvitnticeho jedinca
sme povaZovali kaZdd stonku so sikvetim. Viac ako 95 % populdcie kvitndcich
rastlin vyrastalo z korefia jednotlivo. ZvySok stoniek vyrastal z jedného podzemného
orgdnu v pofte 2—4. Napr. r. 1983 aZ¥ 45 % rastlfn malo viac kvitndcich byli, z toho
58,3 % dve, 33,3 % tri a 83 % Styri stonky vyrastajice z jedného korefia. Do pofi-
tania sme samozrejme zaradili aj po3kodené alebo odlomené & odrezané stonky,
ktorych poZet v beZnom roku dosahoval pribli¥ne 10 %. Tak napr. r. 1982 to bolo
129 % ar. 1983 9,3 % v3etkfch kvitnticich rastlim.,

Velkost populédcie vyjadrujeme ako pofet kvitndcich jedincov na cele] ploche
zaufatej lokélnou populdciou. Hustotu populdcie uvddzame v pofte kvitnficich jedin-
cov na plochu 1 m? Podty kvitndcich jedincov aj hustotu populdcie uvadzame aj pre
200-metrové segmenty, Zikladné Gdaje ziskané v teréne sme spracovall Statisticky
tak, Ze uvddzame aritmeticky priemer (%), strednt chybu aritmetického priemeru
{sz], varialné rozp#tie ako Xmin 4 Xmax a Koeficient varidcie vypolitany podla vzorca

Cy = 100 (%).

0 (1)

Horizont&lnu 3truktiru populdcie sme urdili metddou najbli¥Sieho suseda. Na urée-
nie vyznamnosti odchy¥lky od ndhodného rozmiestnenia smerom k zoskupovanin alebo
pravidelnosti sme pouZili disperzn§ index [R] podla Clarka a Evansa {Clark,
Evans, 1954):

Ta

A= (2}

kde r, vyjadruje priemerndi pozorovanid (meranid) vzdialenost medzi najbliZsfmi su-
sedmi (% ra/n} a E (r) je priemernd ofakdvand vzdialenost najbliZdich susedov pri
predpoklade ndhodného rozmiestnenia, vypotitand podla vzorca:

1
E(r] = 2pliz’ (3)
kde p je hustota populdcie vyjadren& ako polet jedincov na jednotku plochy. Pri
ndhodnom rozmiestneni R = 1, pri skupinovitom rozmiesineni O<R <1 {Eim viac
sa R blf#i k O, t¢ym je zoskupovanie va¥Bie] a pri pravidelnom {regulérnom) rozmiest-
nenf 1< R <2 .14986, _

Horizontdlnu 3Struktdiru populdcie sme dalej analyzovali metSdou iterdcif { porov.
Vasilievi& 1969; E1i4%, 1984a). Pou?ili sme 50-metrové tiseky v rdmeci I. i 1II.
transektu. Rozdiel od néhodného rozmiesinenia sme testovali pomocou t-testu. Hod-
nota t sa vypod&itala podla vzorca:

( r—_2mnz )

¢ ny + .nz
- 2mn; (2ninz —n; — nz}
(1 + n2)2 [N + nz2—1) (4)
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kde r je podet iterdcif, ny je podet segmentov, v ktorych sa vyskytovall kvitndce
rastliny a nz fe pofet segmentov bez kvitnicich rastlin. Ak hodnota t je od 0 do =2,
fe rozmiestnenie ndhodné, ak t < -2 kontagiézne a ak t> 2 pravidelné.

Varjabilitu v poétoch kvitndcich rastlfn (velkost a hustota cele] populdcie aj jed-
notlivfch 200-metrovfch dsekov]) sme hodnotili pomocou variatného koeficienta vy-
poéftaného podfa vzorca {1].

Néhodnost, resp. nendhodnost rozdelenia po&tov kvitndcich rastlin do rokov a lse-
kov sme testovall dvoma spdsobmi. Chi-kvadrit-test sme pouZili na zistenie, & sa
rozdelenie poftov kvitndelich rastlin v jednotlivfch idsekoch a rokoch odchyluje, alebo
neodchyluje od Poissonovho rozdelenia, ktoré sa ofakdva, ak sd rozdelené nahodpe.
Sdfasne sme vypolitali index disperzie ake pomer medzi varianciou a priemern¢m
(V/X} poétom kvitnGcich rastlln v jednotlivfch dsekoch v rozdielnych rokoch. Od-
chylka smerom k pravidelnosti alebo zoskupovaniu [agregdcii] sa urdovala porgovna-
nim vypefitanej hodnoty s 95 % konfidendnfm intervalom pre tento parameter

{(Greig-Smith, 1961).
Na vyhodnotenie zdrojov premenlivosti v poétoch kvitndcich rastlin v lokélne]j

populdcii sme pou¥ili analfzu variancie [ANOVA]. Vypo&itali sme priemerné 3tvorce
smerodajnych odchflok (variancie) a hodnoty F-testu (v menovateli bola vidy zvy3ko-
vd variancia), ktoré sme porovndvali s tabulkovfml hodnotami.

Vesledky

1. Velkost a hustota populdcie

. Lokélna populdcia Verbascum speciosum prl Pezinku sa vyskytuje na plo-
che ca 1200 m? pozdlZ ¥elezni®nej trate medzi km 21.9 a 22.7. V rokoch 1978—
1984 bola priemernd velkost populédcie 185 = 54 kvitndcich rastlin rone, v roz-
sahu od 44 do 475 rastlin ro&ne. Varia®ny koeficient bol 76 %.

Priemernd hustota celej populdcie v rovnakom obdobi bola 0,156 = 0,045,
v rozsahu od 0,037 do 0,368 kvitnicich jedincov na 1 m? Variainy koeficlent
bol rovnaky ako v pripade celkovej velkostl populdcie {76 %).

2. Horizontdlna Struktira populdcie

Rozmiestnenie kvitndcich rastliin na ploche zaujatej populdciou je skupi-
novité {kontagidzne). Naznaluji to aj indexy disperzie (R) podla Clarka
a Evansa, urfené v troch réznych dsekoch dvoch transektov prech4dzaji-
cich populdciou (tab. 1). Index vypo&itany zo vietkych tdajov ziskangch z po-
puldcie r. 1983 bol 0,9298.

Priemernd vzdialenost medzi najbli?3fmi kvitndcimi rastlinami {susedmi] bo-
la blizko 1 m, v rozsahu od 0,07 do 8,00 m (tab. 1]. Do vzdialenosti 0,4 m sa
vyskytovalo aZ 29 % Jjedincov a vo vzdlalenostl 0,8—1,2 m 264 % jedincov
{obr. 1).

Hodnoty t vypo&itané pomocou metddy iterscie pre 50-metrové dlhé seg-
menty v I. a II. transekte [tab. 2] sad prevaXne v Intervale od 0 do = 2, %o
indikuje n&hodné rozmiestnenie kvitndcich rastlin v 50-metrovych segmentoch.
Vynimkou je iba I. transekt r. 1984, pre ktory je hodnota t < —2, teda pre-
ukazne odchylné od ndhodného rozmiestnenia a indikufje skupinovité rozmiest-

nenie.
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Obr. 1. Frekvencia vzdialenostf medzi

30r
najbliz3imi kvitndcimi rastlinami [sused-

"o mi) Verbascum speciosum Schrader
= v lokédlnej populdcii pri Pezinku (1883).
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3. FIukIudcie medzi rokmi

Celkova velkost lokédlnej populédcie Verbascum speciosum sa v sledovanych
rokoch vyrazne menila. Maly polet kvitniicich rastlin sme zistili r. 1979,
1980 a 1981, vysoky pofet r. 1978, 1982 a 1984 a extrémne vysoky r. 1983.

Na obr. 2 st fluktudcie v podte kvitndcich rastlin v analyzovanej populécii
v obdobi 1978—1984 zndzornené podla dvoch transektov. V I transekte bolo
viac kvitnicich rastlin ako v IL transekte r. 1979 a 1982, kym obrédteny pomer
bol r. 1978, 1980 a 1984. Pribli¥ne rovnaky podet kvitndcich rastlin v obidvoch
transektoch bol pri najmen3ej a najvidSej celkovej velkosti populdcie r. 1981
a 1983. ' '

V sledovanom obdobi sa striedali roky s velk¢m a malym potom kvitni-
cich . rastlin. Tito tendenciu naruviil rok 1983, ked po roku s velk§m podtom
kvitntcich jedincov (1982) prisiel znova rok s extrémne velkym poftom je-
dincov. Prvy transekt sa odliSoval od tejio celopopula&nej tendencle tym, Ze
r. 1978 aZ 1981 velkost populédcie postupne klesala a potom stipala [obr. 2).

Tabulka 1

Vzdialenost medzi najbliz§imi susedmi a Je] variabilita (%, sz a Cv} vo vybrangch
skupindch a, b, c¢) Verbascum speciosum Schrad., hustota poulacie [p) a index
disperzie podla Clarka a Evansa [R) v lokélnej populécii pri Pezinku

‘Skupina b4 Sr Rozsah Cy 3] R
a 1,034 0,455 0,18—4,55 132,0 0,208 0,940
b 1,918 0910 | 0,10-8,00 134,4 0,123 1,345
c 1,051 0,185 | 0,07—2;60 64,8 0,094 0,845
spolu i,251 0,255 0,07—8,00 119,2 0,138 0,930

quialenost’ medzi jedincami je v metroch a hustota v poftoch kvitnidcich rastlin
na m?
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Tabulka 2
vysleqky t-testu vypolitané podla met6dy iterdcii (bliZ¥le vysvetlenle pozri v texte)

Roky
Transekt

1983 1984
I —1,885 —2,226*
11 0,714 0,349
Obidva —0,833 —1,068

~* Preukazny rozdiel pri Grovni v§znamnosti ¢ = 0,05.

2501
. l.transekt
'§ 2004, D Il .transekt
N 15p1
: 7
10
L, % %
g 1004 / %
ar
7] %-ﬂ% /
L i
177 1
50 7 / / / %
Al D
1=
il
0 Joe 1980 1982 1984

Roky

Obr. 2. Fluktudcie v pofte kvitnicich jedincov v lokalnej populécii Verbascum
speciosum Schrader pri Pezinku. Uvedené sii ddaje pre kaZdy z dvoch transektov
prechddzajtacich populdciou v difke 800 metrov.
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4, Fluktudcie podla isekov

Fluktudcie v polte kvitndcich jedincov podla jednotlivfch rokov v 6smich
200-metrovych dsekoch s zndzornené na obr. 3. Tendencia je pribli¥ne rovna-
kd v udsekoch s malou aj velkou hustotou jedincov a odpovedd fluktudcidm vo
velkostl cele]j populdcie. Najmen$i pofet kvitndcich rastlin bol vo v3etkfch
tisekoch r. 1981, najvdcsi r. 1983. Variatn§ koeficient bol medzi 47,9 %
a 153,2 %, prifom v#&3ia variabilita bola v tsekoch s malou hustotou jedin-
cov (tab. 3).

Premenlivost v po&toch kvitnicich jedincov v 200-metrovych usekoch je
vyhodnoten& pre kaZdy¢ rok osobitne v tab. 4. Najvidtsia variabilita bola v ro-
koch s malym poCtom jedincov {1980, 1981), najmensia v roku s extrémne vy-
sokym pottom jedincov {1983).

50

231

a

e Vrzz

1001

50-

Polet kvitnucich Jedincov za rok

T 777 A

LA

N1t

Useky, roky 1978-1984

%7

7

Obr. 3. Fluktudcie v pocte kvitndcich jedincov v lokdilnej populdcii Verbascum
speclosum Schrader pri Pezinku v rokoch 1878--1984. Udaje s uvedené pre
osem 200-metrovgch segmentov, na ktoré bola populdcia rozdelend. [Hore = dseky
s nizkou hustotou kvitndcich rastln, dole = dseky s vysokou hustotou.)
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Tabulka 3

Vyhodnotenje variability v po&toch kvitndcich rastiin v jednotlivgch rokoch v IokéInej
populécii Verbascum speciosum Schrad. pri Pezinku podla 200-metrov§ch segmentov

Segment X Sr Rozsah Cv
A 244 11,7 1—81 126,5
B 8,7 2,8 0—21 112,0
C 44,6 11,7 17—104 69,5
D 13,0 3,4 2—25 69,9
E 91 53 0—37 153,2
F 223 7,1 3—46 84,8
G 451 8,2 17—75 47,9
H 19,6 11,0 1—85 1481

5. Zdroje premenlivosti

Rozdelenie poftov kvitndcich jedincov do rokov a tdsekov nie je néhodné.

Index disperzie, vypoé&itany z pomeru varidcie a priemeru (V/%), je 324,25
a chi-kvadrét-test potvrdil odklon od Poissonovho rozdelenia,

Analyza variancie {ANOVA) potvrdila vysoko preukazni v¢znamnost rokov
a preukazni v§znamnost dsekov ako zdrojov premenlivosti v poftoch kvitnd-
cich rastlin lokdlnej populdcie Verbascum speciosum pri Pezinku r. 1978—
1984 {tab. 5). Hodnoty F-testu prevy3ovall tabulkové hodnoty.

Diskusia

Kvitnice jedince v populdcii Verbascum speciosum si rozmiestnené skupi-
novito. V populécii je niekolko skupin s vaGsim poc¢tom jedincov, v prvom
transekte dve a v druhom tri, medzi ktorymi sa velké vzdialenosti &i u¥ bez
kvitntcich rastlin, s jednotlivfmi kvitnGcimi rastlinami alebo s malopodetny-

Tabulka 4

Vyhodnotenie premenlivost! v poftoch kvitnGcich rastlin v dsmich 200-metrov§ch
isekoch v lokélnej populdcii Verbascum speciosum Schrad. prl Pezinku podla rokov

Rok b Sr Rozsah Cy
1978 209 8.6 1—80 89,4
1979 105 33 0—24 88,5
1980 i29 7,0 0---58 153,1
1981 5.5 2.6 0-—-17 132,2
1982 25,4 7,2 2—53 80,3
1983 58,9 10,9 24104 52,4
1984 27.8 7.8 0—62 79,4
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Tabulka 5

vyhodnotenie v§znamnosti zdrojov premenlivosti v po¥toch kvitnicich rastlin Verbascum
speciosuin Schrad. v lokélne] populdcii pri Pezinku (ANOVA]

7droj Poiet Priemerny

; stupiiov Stvorec F
premenlivosti volnosti (V)
Roky 8 3583.8 21,3
Useky 7 802,3 4,8
Zvy3ock 42 168,0

mi skupinkami. Index disperzie (R] potom vyjadruje skor stupeft zoskupenia
jedincov v skupine ako rozmiestnenie jedincov v celej populécil.

Ani priemernd hustota kvitnicich jedincov Vv populécil nevyjadruje skuto€-
pd hustotu Vv skupindch, ktord je niekolkondsobne vyssia. Nie je neobmedze-
né, pretoZe aj na iplne obnaZenej ploche s vysokou hustotou semenéfikov sa
uplatnia 1ba niektoré, najvatsie ruZice v dssledku vnttrodruhove] kompeticie.

Skupinovité rozmiestnenie jedincov v populédcii sa prejavuje aj v znatne]j va-
riabilite v poftoch kvitndeich jedincov medzi jednotlivymi analyzovan?mﬂ
Gsekmi. Useky s malou hustotou jedincov sd charakterizované vyskytom hus-
tgch travnych porastov, na niektorych dsekoch pravidelne kosievangch, a v§-
skytom krovin, ktoré najm#d v druhom transekte takmer dplne porastajd plo-
chu niektoryjch usekov. Naproti tomu iseky s vysokou hustotou kvitndcich
rastlin obsahujd . obnaZené plochy & plosky, teda vhodné mikrostanoviitia na
rast semenaéikov a ruZic Verbascum speciosunt.

Skupinovité rozmiestnenle jedincov Vv popul4cil podmieiiuje jednak distri-
bdcia vhodnych mikrostanovidt na ploche zaujatej lokélnou populéciou, jed-
nak reprodukZnd stratégla, spdsobom roziirovania a rozmnpoZovania druhu.
Vysoké dvojrotné divozely nemalji Ziadne Epecializované mechanizmy na uvol-
#ovanie a rozdirovanie semien vetrom alebo ¥ivotichmi. Produkujd velké
mnoZstvo semien, ktorgch rozdirovanie v priestore Je silne obmedzené (S a-
lisbury, 1961). Gross a Werner (1978) uvadzajd, ¥e semena Verbascum
thapsus sa rozgiruji najdale] do vzdialenostl 11 metrov, hocl 93 % =z nich
padé do vzdialenosti 5 m, 75 0 do 1 m od materskej rastliny. Semené viak
mozu vytrvavat dihy tas v pode bez straty kli¢ivosti. Napr. semend V. thapsus
si uchovévajd klitivost asl 35 rokov a V. blattaria najmenej 90 rokov [Salis-
bury, 1961; GTOSS, werner, 1978). Tleto druhy sd sice pomalé pri ob-
sadzovani novych obyvatelnych miest (obnaZené pbdy), ale vo forme pddnej
banky vytkévaji na vhodné podmienky, aby sa mohli znova vratit [Harper,
1977). Preto pred odumretim produkujd velké mnoZstvo semien V tzv. ,bhig
bang® reprodukeil.

Tgmto mdZeme vysvetlovat ich nahle objavenie sa, napr. na povodne trév-
natych lokalitdch poO odstr4dneni vrstvy drou alebo jeho znatnom naruieni.
V takfchto podmienkach sa rychlo vyvija spolotenstvo divozelov, ktoré rov-
nako ustupuje v sukcesil {porov. E1145, 1981b). Populécia V. thapsus moZe
zaberat plochu niekolkych hektérov alebo niekolkych kilometrov pozdl? no-
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vych ciest. Na rtibanisku, dva roky po vyrdbani lesa, moZe dosahovat hustotu
a¥ 5,2 kvitndcich rastlfn na m? {Sallsbury, 1942).

Divozely sa povaZuj za koloniza&né druhy, ktoré sa vyskytujd na obtas
narusovanych stanovidtiach {kaZdoroZné parudovanie je yiak pre nich le-
t4lne). SG, pravda, vylutované z neskordich fdz sukcesie, pretoZe majd malé
semend a semen&tiky, ktoré vyZaduji na svo} tispe¥ny -rast priame svetlo
{nezné3aji zatienenie), a len tak vyrastaji do ru*ic (Harper, 1977). Popu-
14cia divozela sa objavi, reprodukuje a lok4lne vymizne (V zmysle nadzemnej
populécie] v priebehun 2—3 rokov po paruleni {Salisbury, 1942; Gross,
Ww.erner, 1978). Na opustenom poli {dhor) sa kvitndce rastliny V. thapsus
objavuid obytajne v druhiom roku po opusteni. V 3-ro¢nom Ghore boll rastliny
rozmiestnené ndhodne pri hustote 11im-2 ale v 12-rognom Ghere bola husto-
taiba 0171 m~2(Gross, werner, 1978}.

Lokélna populécia verbascum speciosum pri Pezinku sa udrZuje takmer 60
rokov (porov. E114% 198ia). Je to moZné preto, Ze plocha zaujatd populé-
ciou sa z Zasu na tas narn3uje. Je 10 viac-menej pravidelné vypalovanie tréav-
. nych porastov 2 krovin na svahu (svahoch]) ¥eleznitnej trate a nésledné
erozia vetrom a dazdom. Druhym faktorom je pravidelnd kultivdcia ornej
pédy v. priamom dotyku lokality, nepravidelna tdr¥ba trate, napr. tistenie
priekop, naruienie lokality v stivislostl s elektrifikdcion trate Bratislava-Tr-
‘nava a pad. vetky tleto zésahy zvy3uja frekvenciu pléch a plosok bez vege-
tacie, ktoré s vhodné na Kklitenle semien a rast semen&tikov divozela. Se-
menné banka v pdde, ktora sa vytvérala v priebehu dihej existencie populécie
a kazdorotne sa dopliiuje, musi byt neobyajne poleina.

Fluktuécia vo velkosti populécii, najmi potu kvitnicich rastlin, je zn&my
jav [BorTg, 1979). Pozorovala sa aj pri viacerych trvacich druhoch ({napr.
Anthyllis pulneraria, Anacamptls pyramidalis], pritom sa pritiny hladaji
v ekologickych podmienkach. Divozely sa povaXuji za tzv. dvojrotné rastliny.
Vv prvom roku yytvdraja vegetativnu rastlinu (prizemnd ru¥icu), v druhom
roku kvitnicu rastlinu, ktord po odkvitnutf odumiera [monokarpické rastlina).
Pre fluktuéciu v po&toch wyitnicich rastlin Verbascum spectosum bude preto
doleZity polet vegetativnych ru¥fc v predchédzajicom roku. Pri kvitnutf ta-
k¢chto druhov gi rozhodujice sezonny stimul (napr. vernalizacia alebo foto-
periodicka indukcia) a velkost ruZice (tzv. kriticka alebo minimélna), ktord
musf{ rastlina dosiahnut skor, ako vytvori kvitngeu stonku so gikvetim. Napr.
ru¥lce V. thapsus menZie ako 9 cm V priemere nekvitni. Pravdepodobnost
kvitnutia sa zvysuje s narastajiicou velkostou ruZice a vietky ruZice vacsle
ako 41 cm Vv priemere kvitni v nasledujdcom roku (Gross, 1981). Preto
je termin 4dvojroné rastlina® pre tleto rastliny klamlivy. vek, v ktorom je-
dinec kvitne, z4visf od poltu vegetatnych obdobf, polas ktorgych dosiahne
kritickd velkost na kvitnutie. Viaceré vyskumy ukazujd, Ze mnohé ,,dvojroﬁné“
rastliny ukontujtt svo] Zivotny cyklus neskor, t. j. v tretom alebo aZ v 3tvrtom
roku Zivota (napr. Werner, 1975; Gross, 1981: Hiroseg, Kachi, 1982).
NaSe vyskumy na lokalite aj transplantafné pokusy ukazujt, Ze rastliny Ver-
pascum speciosum kvitni zvyCajne Vv trefom a Stvrtom roku Zivota (E1145,
nepublikované]. Mo¥no teda zhodne S Harperom (Harper, 1977) kon-
Ztatovat, Ze ide © rastlinu trvécu monokarpicka s potencidlom pre komple-
tizéciu Zivotného cykiu v 2 rokoch.

NaZe predbeZné porovnania nazna®uja vztah medzi poliom ruffc v populé-
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cli v predchédzajicom roku (rokoch) a pottom- kvitndcich rasflin v nasle-
dujGcom roku. Tento vztah vSak nie je taky jednoduchy, najmi v ddsledku
vysokej -mortality semenadikov a malych ruZic. Velky potet ruZic v predcha-
dzajdcom roku e viak potencidlom pre velky potet kvitntcich rastlin v na-
sledujicom roku (rokoch). Prl malom pofte ru¥fc nemdZeme ofakdvat ani
velky potet kvitndcich rastlin.

Tendencla poklesu v poftoch kvitnicich rastlin v prvom transekte od r. 1978
k r. 1981 fe dasledkom . postupného zatrévitiovania a zarastania svahov f{rate
krovinami. Jarné vypalovanie T. 1980 [1981) viedlo ku klitenin  vadsieho poc-
tu semien a k vytvoreniu ruZic, ktoré vyrastali v konkurencii trév. Pritom re-
zistencia dvoj- a viacrotnych ru¥ic V. speciosum voti vypalovaniu je velk&:
Oheii spéll staré a odumierajiice listy na povrchu pody- a ¢tiastocne poskodzuje
aj mladsie listy {apikdlne Casti, niekedy aZ do polovice gepele], ktoré viak
#iastotne regenerujd, ochrénia puk, z ktorého vyrastaji nové listy aj kvitndca
stonka.

Osobitnd zmienku si zasluhuje r. 1983, ked sme v populécii zaznaf€ili re-
kordny potet kvitndcich rastlin. Viedli k tomu jednak vysoky potencidl ruZic
vyrastenych v predchédzajicich rokoch, jednak osobitné klimatické podmienky
r. 1983. Vysoké teploty uZ na jar 1983 vyvolall r¢chly rast ruZic, ktoré vytvo-
rili dostatotny potet listov na tvorbu biomasy na vytvorenie kvitnacej ston-
ky. Vysoké teploty a sucho vyvolali, Ze sa do generativnej fazy dostali je-
dince, ktoré by sa za inych klimatick¢ch podmienok {chladnejsi a vihkejsi rok]
dostali aZ v nasledujicom roku. Vytvorili kvitnicu stonku u? v tretom, prip.
v druhom roku Zivota.

V zdvere moZno kondtatovaf, Ze pri interpretdcii fluktuacii vo velkosti
populécié verbascum speciosum je nevyhnutné uvaZovat o ekologick§ch pod-
mienkach lokality (stanovi§ta), pocte ruZic v predchédzajdcich rokoch a an-
tropogénnych faktoroch [vypalovanle, mechanické narudovanie, ich frekvencia

a intenzita).

Do%lo 6. 5. 1985
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OIYKTYALHNA YHUCJEHHOCTH HBETYHIHUX PACTEHM# B NONYAALNA
VERBASCUM SPECIOSUM SCHRAD.

Tason D ARAMD

Ha npoTaxenuyn 7 JeT asrop Mayyan JOKAaNbHYo MOyt Verbascum speciosum S chrad.,
yrposaeMorc BHAZ paopst  UexocnOBIKUH, oxono Topopa llesumka (Pezinok). Tlomynsums
pcTpegaeTcs Ha IUIOWani npuBAASHTENBHO 1200 “* Bmonk meAeSHOMOPOXKHOA AHHHUK LAMHOH
s 1 kM. CpenHas BemHUMHA nonynanmu  (TOABKO LBETYIIHE pacTenys) NpeicTasnaia 185=54
ARQMBHAYYMOB, TPHUEM HSMEHANACH or 44 no 475 ( BapuAlMOBHELH xoapduumenT BBLI 76 %).
Cpennsa TIOTHOCTE Jenofi MOTyNAMHK HIMEHANACH Mexgy TOmAMH OT 0,037 mo 0,396 mamn-
BAEyyMOS Ha 1 m? (cpennee 0,156:l=0,045). Haibossmas penMddHa [ONYAALNE M TaKKe Hau-
Gonsmas IUIOTHOCTH LBETYIHX pacteHmit fet1a B fopadeM W CyXoM TOARY (1983). Pasmemennue
HHIMSHAYYMOB B NOMyNALER §LIA0 KOHTATHOSHBIM. JucTprOyIHa WBETYUIHAX pacTeHnit B OTHCHB
gele TOOS! M TIONYJIALMOHHBIE cerMenTH He OBLIA cayuaifinoir. Jlo aHanu3y paprauun Apona
(Anova) TOms ABIAOTCH pelamuM WCTOUHHAKOM H3MEeAIHBOCTH. O ayKTyauHuw B YHCJAEHHOCTH
HBETYMHUX HHIHBHIYYMOB [IPenOTIPEAeaAI0T IKONOTHHIECKHE $AKTOPE, KONWYECTBO PO3ETOK B mpe-
AnIymleM TOAYy M TaKke HEKOTOpHle AHTPOTIOreHHbIE JaxTops {BRUKHTAHHE, Hapymense).
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2 semipar populadnej biologie rastlin

Bratislava, 29. september 1992

POPULACNA DYNAMIKA MONOKARPICKE] BYLINY VERBASCUM SPECIOSUM:
VYSLEDKY 15-ROCNEHO VYSKUMU

Pavol Elias
Botanicky dOstav SAV, Dubravska cesta 14, 842 23 Bratislava

Divozely (druby rodu Verbascum) sa vSeobecne povazuja za TZV.
dvojrocné rastliny, ktoré v prvom roku vytvoria ruZicu listov a Vv
druhom roku kvitnicu stoonku a Ppo dozreti ﬁiodov odumieraji.
Demografické stndie vSak ukézali, e mnohé druhy povaZované Za
dvojrocné vytvarajia kvitnGcu stonku neskor ako v drubom roku (az
po dosiahnuti TZV. kritickej velkosti rastliny) a Vv skutoénosti
sfi to monokarpické rastliny, ktoré kvitnd raz za svoj Zivot. Nase
niekolkoroCné pozorovania divozela tihTadného (Verbascum speciosum
Schrader) na 1okalitéch.juhozépadného Slovenska tieZ ukazujgd, Ze
ide o monokarpickil rastliou, ktora vytvara kvitoicu stonku
najskor v trefom roku Zivota. Pri bodpoteni kriticke] velkosti
ruzic je potrebné uvaZovat nielen veTkost (priemer) ruzice, ale
aj pocet listov V ru¥ici.. Prechod rastliny =Z vegetativoeho do
gensrativneho stadia je v Ozke] xorelacii s epergetickym obsahom
zasobnych latok v podzemnfch,orgénoch rastliny.

Populacna dynamika divozela thIadného sa sleduje na lokalite
pxi Pezinku od roku 1978 (ide o jednu =z najvacsich lokalit tohoto
ohrozeného druhu na Slovensku) . Populdacia je viazana D& uzku
plochu so zvySkami prirodzenej vegeticie poO obidvoch stranich
feleznictnej trate V dlzke ca 800 m. Pre ohranidenie a &lenenie
pokusnych ploéch sa vyuzilo znadenie vzdialenosti pri seleznidne]
trati (po 100 resp. 50 m). Podet ruZic & podet kvitnicich rastlin
v populacii velmi kolise medzi je3 jednotlivymi Gastami
(segmentami) =& medzi rTokmi pozorovani . Prispevok dokumentuje ,
charakterizuje 2a kauzaloe interpretuje tieto fluktuacie V

poctoch kvitoicich rastlin v sledovanej populacii pri Pezinku.
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POPULATION DYNAMICS OF A MONOCARPIC PERENNJTAL
(Verbascum speciosum Schrader) IN SLOVAKIA:
FLUCTUATIONS IN NUMBER OF FLOVERING PLANTS

P. ELIAS

Institute of Botany, Slovak Academy of Sciencies,
SK-842 23 Bratislava, Slovakia

The occurrence of Verbascum spectosum Schrader,
a mullein of south-eastern European distribution, in Slovakia is
restricted to few permanent jocalities in south-western part of
the country, where some local populations of wvarious sizes
occurred (Blias, 1981). The iocalities represent northern limit
of its geographical distribution in Central Europe.

It was found that Verbascum speciosum, reported from southern
Europe to be biennial, is monocarpic perennial in Slovakia with
flowver stalk in 3-4 years after seed germination. Rosettes
with diameter lager than 60 cm and consisted more than 30 leaves
at the beginning of the growing season usually form flowering
stalk in a current year (E1ias 1985).

Long-term studies on population size and structure dynamics have
been made since 1978 in a large local population of the species
in Slovakia. Two parallel 800-meters-long transects, segmented
into 50 m parts, on embankments along railway double track at
Pezinok were used. In each year, number of rosettes and flowering
plants werxre counted in each of the segments. The results were
evaluated by ANOVA and other statistical procedures and models.-
Number of flowering plants extremely varied from year to year. In
the studied fifteen years period (1978-1992) it varied more than
twenty times (from 44 to more than 900).

The fluctuations in number of flowering plants in the population
wvere determined by environmental variables, number of rosettes in
previous yeaxrs, a5 well as some anthropogenic features

(disturbance, fire).
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CRITICAL ROSETTE SIZE FOR FLOWERING IN A ,,BIENNIAL« PLANT
SPECIES (Verbascum speciosumnt SCHRADER)
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ABSTRACT

Eliad, P.: Critical rosette size for flowering in G “biennial’ plant species ( Verbascum
SPECIOSUM Schrader). Acta univ. agric. (Brno), fac. agron., XXXIIT, 1985, No 3,
p- 435—444.

Population biology of a south-eastern European mullein was studied in a largest
local population in SW Slovakia, Czechoslovakia, over 7 years. For forming a flo-
wering stalk appears to be important not only rosette diameter but mainly sufficient
number of leaves in i rosette. Rosettes exhibit more than 30 leaves and with
diameter larger as 60 cm ab the beginning of growing period will form flowering
stalk in the current year. Height of flowering stalk and number of branches in
inflorescence are in correlations with stalk base diameter and number of leaves
in rosette. These foundings support the concept of the integrated physiological

units in a plant.

Biennials, Flowering; eritical rosette size; number of leaves; a measure of plant
gize.

Biennials require a seasonal stimulus (vernalization and/or photopericdic induction) before
they will fower but there may also be a critical size that must be achieved before flower iniciation
will oceur (Harper 1977). In fact, many biennials have a eritical plant size for flowering, and
the lenght of the vegetative growth period varies with the environmental conditions (Hirose
and Kachi 1982). Some biennials remain vegetative for several years when the environment
is unfavorable, and some flower within a year under favorable conditions. A group of so-called
biennials, therefore, may be best described as perenial monocarpic species with the potential for
completing the life cyclo in two growth sessons (Harper 1977).

Several characteristies have been ased as & measure of plant size: dry mass, plant height, rosette
diameter, root crown diameter, and number of leaves per plant. Flowering in biennials is frequently
correlated with rosette size, namely rosette diameter andjor root crown diameter (Werner
1975, Gross 1981).

In this contribution there are presented data from 7-year-studies of population biology of
Verbascum speciosum, a “biennial” plant species, in SW Slovakia. We will suggest that number
of leaves in rosette and not only rosette diameter or rosette dry mass may be best measure
of eritical plant size for fowering in biennials.

MATERIAL AND METHODS

Verbascum speciosum Schrader is a south-eastern European mullein, & threatened species of
the Czechoslovak flora. It is restricted by Its oceurrence to the Pannonian xerothermic region
(SW Slovakia, S. Moravia). In 3—4 growing season it forms tall flowering stalk with many {20—50)
branches in the inflorescence (Fig. 1, Elias 1984a}.
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speciosum Schrad. in local population near Pezinok

Fig. 1. Mean flowering plant of Verbascumn
(1981}
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The mullein was studied in a local population near Pezinok, SW Slovakia, a largest local po-

of V. speciosum in Czechoslovakia (see Elidd 1981), in 1978 —1985. Population size

pulation
(number of rosettes and flowering plants) and plant size structure (stem height, rosette diameter
rosettes) differing in diameter and number

ete) were determined for each year. Many plants (
of leaves were designated in the natural population for long — term investigations and determi-

nation of critical rosette size for Sowering. Some plants were also transplanted into gardens
in Bratislava where they were planted up to flowering and dying- At the beginning of a growing
period, rosettes of different size were sampled for determination of dry mass and energy content.
Samples were over dryed at 85° C by 48 hours. Total amount of stored energy in roots was de-
termined by adiabatic calorimeter IKA C 400 according Lieth (1978). Four repetitions were used.

RESULTS AND DISCUSSION

nok, it was found large space, size and time heterogeneity of the local
population of the species. In the studied period, population size fuctuated between 44 and 475
flowering plants per year (Fig. 9} and mean population size in 1978 1084 was 185 + 54 flowering
plants per year (Elidd 1985). Plant size and other quantitative morphological festures of the
species varied markedly in the population (Elis% 1984b). There were year-to-year differences’
in means, ranges and frequency distributions of some phenotypic data which were confirmed
by statistical tests. In tab. 1 data for height of flowering plants are given for illustration (see

also Fig. 3).

Such large fluctuations in number of flowering plants between years and variations in plant
size structure of the local population of V. speciogum may be explained by the study of vegetative
individuals (rosettes). In the former case, number of rosettes of critical size for flowering, in later
one variation of rosette size In relation to size of flowering plants, will be very important.

In the locality near Pezi

5001

300F

3

Number of individuals per year

1978 —_——- 1985
Years

Fig. 2. Fluctuations In pumber of flowering plants in loecal population of V. speciosum near
Pezinok in the period 1978 — 1985 (8 years).
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Fig. 3. Variations in plant height of flowering plants of V. speciosum in local population in SW
Slovakia in three successive years. Absolute (left) and relative (right} values vere used.

Population size of rosettes per year also Auctuated in the study period (Fig. 4) but there are
differences from fiuctuations in pumber of flowering plants. High population sizes of rosettes
were found in years with some disturbances in the locality near Pezinok (1982, 1984). There were
large differences in mullein rosette size in the population. Tn spring of 1983, for example, rosettes
with diameter 25— 35 cm and 75— 85 cm wers the most frequent (Fig. 5). Rosettes with lower
diameter usually formed 30 to 70 % of the population.

Rosette size of plants which formed flowering stalk in the current year also evidently varied.
Tn 1984, rossettes with diameter between 48 and 190 em formed flowering stalk; the highest
frequency was found in size class 106—116 cm (Fig. 6). These differences in diameter among
rosettes may explain variation in plant gize of flowering individuals. However, correlation between
rosette diameter and height of flowering stalle is open (Fig. T), because flowering plants differ
also in stem base diameter, pumber of branches in inflorescence as well ag in lenght and widht
of inflorescence (cf. Elid5 1984a). Diameter of stemn base is in correlation, meinly, with number
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Fig. 4. Fluctuations in number of rosettes of V. speciosum in the local population in SW Slovakia

through 7 years.

Table 1. Year-to-year variation in height of flowering planis of Terbascum speciosum Schrader
in local population near Pezinok, S W Slovakia

Year n : % x _, —x Yariation s Cv %
‘ l min ~max range °
1981 42 167.5 122205 83 13.8 8.2
1982 106 153.9 83—212 129 25.6 16.6
1983 B8 163.6 100229 129 26.9 16.4
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Fig. 5. Population size structure of rosetles of V. speciosum in the local population near Pezinok
in the beginning of a growing period. Rosette diameter is given as a measure of plants size.
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Fig. 6. Variation in rosette diameter of flowering plants in local population of V. speciosum near
Pezinok.
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Fig. 7. Correlation between rosette diameter and height of fowering stalk of V. speciosum growing

in SW Slovakia.
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Fig. 9. Correlation between rosette diameter {a) and rosette dry mass and number of leaves (b)
and rosetted dry mass in local population of V. speciosum near Pezinok.
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of branches in inflorescence: plants with the largest stem base diameter have also the largest
inflorescence. We found that plants with stem base diameter larger as 3 cm formed inflorescence
with more than 50 branches. In the other hand, correlation between diameter of stem base and
stem height wsas also open. High plants may exhibit thinner stems — then they were developed
from smaller rosettes and they exhibit also infloreseence with few branches only.

The rosettes differ not only in diameter but also in number of leaves. It is evident, that rosettes
with large diameter {large leaves} may exhibit only few leaves, mainly if they grow in favorable
environment. And in the other hand, rosettes with small diameter may exhibit lot of leaves, if
they grow in infarouvable environment. Therefore, it is not close correlation between rosetie
diameter and number of leaves and age of plants. (Fig. 8). Rosette diameter appears, therefore,
to be not the best measure of plant size. Number of leaves per plant was in closerrelation to
rosette dry mass, in comparison with rosette diameter (Fig. 9 a, b).

In Fig. 8 we distinguished rosettes forming flowering stalk from rosettes persistent in vegetative
stage. It is evident from the figure that the rosettes with more than 30 leaves and with larger
diameter as 60 cm will form with high probability (p = 0.95) flowering stalk in the current
year. Such rosettes have stored more than 18000 J g1 dry mass in roots; the root dry mass con-
tains lower than 5 9% of ashes (Tab. 2).

Table 2. Some characleristics of roseites of Verbascum speciosum Schrader differing in diameler
and in number of leaves (May 1985)

Rosette Number Lenght of Dry mass (g) Root Stored energy in Proporticn
diame- of leaves che largest | leaves roots total crown dia- root dry mass | g~’ of ashes in
Ter meter dry mass
(em) (>10em} leaf (cm) {mm) A% B* (94)
5 (4) 2,3 0.024 0.003  0.027 1.1 ND ND ND
15 {10} 7 0160 0,284 0444 4.4 163209 18666.3 12.6
&6 19 233 12,79 7.98 22.497 11.8 17415.4 18853.0 7.6
71 22 35.5 25.9 8.21 37.79 13.0 17296.1 18847.5 8.2
40 39 31.0 36,48 40.55 88.67 22.5 17981.5 18704.9 39
80 79 404 250.6 62.39 2601 32.0 18272.5 191827 47
120+ 108 59.5 2345 9113 420.2 40.0 17317.0 18931.0 8.5

ND = not determined
*A = per dry mass, B = per ashe-free dry mass
** piant forming flowering stalk

Foundings presented in the paper support the concepts of modular structure of plants and
integrated physiological units (IPUs) in a plant (Watson and Casper 1984). Flowering of
biennials as well as branch diversity of inflorescence of the mullein are viewed from the point
of differentiation of metamers. The development of sufficient numiber of leaves will be important

for forming the flowering stalk as well as for differentiation of a inflorescence into branches.

Acknowledgements: The author is grateful to Dr. BoZena Vookova from Institute of Expe-
rimental Biology and Ecology, Bratislava, for her help with measurement of caloric values
of the mullein roots.
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EFFECTS OF DROUGHT ON POPULATION DYNAMICS
OF MELAMPYRUM PRATENSE L.

Pavol E1i&8

Institute of Experimental Biology and Ecology, CBES Slov. Acad. Sci.,
814 34 Bratislava, Czechoslovakia

Eli4%, P., Effects of drought on population dynamics of Melampyrum
pratense L. Biol6gia (Bratislava)] 41, 57—68, 1986.

Density of seedlings and mature plants, its variations throughaout the
growing period, were studied in M. pratense L. [Rhinanthoideage], an annual
hemiparasite of woody plants, growing in a subxerophilous oak forest in
Malé Karpaty Mts, SW. Slovakia. Density of adult plants usually exceeded
50 or 100 individuals per m?, excepting last year. Spring mortality was
close to 30 per cent. Summer rmortality in dry and hot year (1983) reached
to 70 9%. Population density of mature plants in next year [1984] was
only abeut 10—20 % of the previous year. Population dynamics of the
species was strongly affected by climatological cenditicns {temperature,
humidity), mainly by summer drought.

Melampyrum pratense L. {Rhinanthoideae, Scrophulariceae) is an annual
chlorophyllous parasite which parasifizes exclusively woody plants (Hartl,
1974}. Their hosts are various species of Fagales, coniferous and some Erica-
ceae. Sometimes, two different subspecies of M. pratense have been distingui- "
shed: subsp. vulgatum occurs only on Fagales, while subsp. pratense in the
other woody plants [cf. Har tl, 1974). M. pratense is restricted to open woods,
edges of woodlands, hegderows and wooded roadsides, usually on poor and
acid soils. In Czechoslovakia, it occurs predominantly in acidophilous and
subzerophilous cak forests.

Mature plants of M. pratense start flowering in June and die in late summer
and autumn. Flowers are visited by several species of Bombus which act as
nototribic and stenotribic pollinators (Kwak, 1977]. A pollen collecting
behaviour different from the normal way resulting in pollination of European
species is mentioned by Meidell (1944) for bees and bumblebees on M.
pratense. The average number of seeds per flower was found to range irom
2.2 to 3.1 {(Kwak, 1979), the low values prevailing in late in the growing
seasorn. Dne plant may produce 40--50 flowers thoughout summer and there-
fore about 100—150 seeds. However, in most populations the number of seeds
per plant was much lower, vizZ. 4075 seeds, of which 20—60 may germinate,
the others being viable but dormant [Masselink, 1980). Seeds are shed
from July to early September. The seeds are large {3—b6x1--2 mm) and newly
shed, they become dispersed by ants {Faormicidae], because they have an
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elaiosome, containing a fatty substance that is attractive to them (Hartl,
1974). Germination take place from late September until November. A root
systems with haustoria, exhibited a smoth surface and root hairs (Weber,
1975), develops during winter and seedlings emerge in March (Masselink,
1980].

Germination in M. pratense is of long standing and comprises three stages.
It occurs at low temperatures. Masselink ({1980} found optimal tempera-
tures for radicle germination (7.5 to 10 °C), breakdown of epicotyl dormancy
(5 °C) and subsequent seedling emergence [10 to 15 °C). The duration of the
whole germination process under optimal temperatures is close to 3—4 months
(as a minimum of the duration). In the field the germination response changes
with time and appears to be related to macroclimatic changes, especially in
temperature.

Primary and secondary dormancy may be induced by warm and dry weather.
Masselink (1980) found a positive correlation between percentage of non-
-germinating seeds at 10 °C and average daily temperature, calculated over the
period during which the seeds develop.

In this contribution we introduced results on population dynamics of Me-
lampyrum pratense in a subxerophilous oak forest in Malé Karpaty Mts. near
Bratislava city. The paper illustrates effects of severe drought on population
density and dynamics of seedlings and mature plants of the species.

Materialand methods
1. Study site

Investigations were made in a subxerophilous cak woodland in Malé Karpaty Mts,,
SW Slovakia. The woodland formed a study area No. I/3 of the Man and Bmsphere
Project [Subproject No. 90). It was situated on a slope [15—20 °, SSW, 310 m alt.]
near Bratislava-Rafa town part. In the stand, Quercus petraca (age 60—100 years,
height 12—18 m, cover 85—80 %) is dominant, Fagus sylvatica, Carpinus betulus,
Castanea sativa, Pinus sylvestris, and locally also Tilia cordata are sparsely present
in the tree layer. The shrub layer includes only young individuals of Castanea sativa,
Fagus sylvatica and Tilia cordata; its cover was very low (5—10 %]. In the herb
layer, more than 50 plant species occur; some acidophytic and thermophytic species
were present. In 1982, the following plant species were the most abundant: Melampyrum
pratense L. (a dominant plant species), Pog nemoralis L., Melica uniflora L., Hieracium
sylvaticum  (L.) L., Galium mollugo L., Luzula albida (Hofim.) DC. Convalwzia
majalis L. and Campanula persicifolia L.

2. Sample procedure

The coenopopulation of Melampyrum pratense L. was sampled by using sample
plots of 05x05 m and 0.25x0.25 m, which were randomly placed in the understorey
of the forest stand within the area of 50x20 m. In 1983 and 1984, the population density
was estimated regularly, from March—April to October—November, usually more than
one time per a month. Number of plants, plant height, phenological stage were de-
termined in each sample plot, and number of mdlwduals cr shoots of cooccurring
species only in selected squares.

The field data were used for calculations of dynamic life tables [for details,
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see Silvertown, 1981) and the data from the tables were used for construction of
figures. Relative mortality is used for expression of population losses during an interval
o relation to the stage at the start of the interval of observations (population density
at the start time of each interval = 100 %). Actual mortality was determined by
counting of living and dying plants in the same sample plot.

Association between Melampyrum pratense and the other plant species in the plant
community was evaluated by using chi-sguare-test and a point correlation coefficient

{cf. Goodall, 1873].

c
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Fig. 1. Climadiagrams for meteorological station Bratislava-Koliba situated In southern
slope of Malé Karpaty Mts.

In.July 1982, above ground biomass of the herb layer of the subzerophilous ocak
forest was estimated. Sample plots of 0.5x0.5 m for harvest were selected in the
layer according the occurrence of Melempyrum pratense. The plant samples were
dried up at 105 °C.

3. Environmental conditions in the study years

Investigations were made in the period of 1382—1084. The years differed by clima-
‘tological conditions; their climate differed also irom long-term means of standard
climatological characteristics (fig. 1)}. In 1982 spring was dry, summer was wet (large
amounts of rainfall in July and August] and autumn was drier as usually. Winter
1082/1983 was relatively warm: month mean of air temperature decreased below 0 °C
only in February. In 1983 the climate was hot and dry: in 55 days daily mazximum
of air temperature increased above 25 °C and in 28 days it reached 30 °C and more
{= tropical days). The sumimer was extremely dry and hot. The distribution of the
tropical days was following: june —1, July —17 and August —8. Winter 1983/1384
was dry and relatively warm. In 1984, the climate was wetter and colder, in comparison
with the previous years.

Soil water centent in the upper layer (0—10 cm], in the period before summer
droughts {June} have been usually close to 14 0h. The maximum values reached up
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Table 1

Frequency of herbaceous species cooccurring with Melampyrum pratense L. in the
subxerophilous oak forest in Malé Karpaty Mts., SW Slovakia. Sixty three sample
plats of 0.25x0.25 m were used in growing period of 1983

Species [gi] Species [g};]
Melampyrum praténse L. 100 | Poa nemoralis L. ] 48
Asperula odoratd L. 20,6 | Genista tinetoria L. 48
Galium mollugo L. 20,6 | Deschampsia flexuosa (L.)
Luzula albida {(Hoffm.] DC. 254 | Trin. 32
Melica uniflora L. 14.3 | Anthericum ramosurm L. 1.8
Convallaria majalis L. 14.3 | Dactylis polygama
Ajuga reptans L. 79 | Horv dtovszky 1.6
Hieracium lachenglii C. C. Gme L 53 | Campanula persicijolia L. 18
Veronica chamaedrys L. 6.3 | Mercurialis perennis L.
Hieracium sylvaticum [L.] L. 48 | Carpinus betulus L. 1.6
Solodago virgaurea L. 48 | Acer campestre L. 1.8

to 23 % (e. g. in September 1984]. In the second half of Tuly 1983, the soil moisture
decreased below 7 % and in the beginning of September 1983 it decreased 0 S % [1).
In the lower layer (11—20 cm], the soil moisture was lower in each sampling time
in comparison with the upper horizon, and in the beginning of September 1983 it was
close to 455 0. These data sndicate extreme soil drought in sumumer 1983.

Resultis
1. Cogeccurring species

The sample plots of 0.75%0.25 were used to determine of the species which
the most frequently cooccurring with Melampyrum pratense. In 1983, in more
than 60 squares, where Melampyrum pratense was present, we found more than
20 plant species (flowering plants were only considersd, mosses were omitted].
Five species belong to the grasses and two to the tree seedlings (tab. 1). The
most frequent cooccurring species were ruzula albida, Galium mollugo, Asperu-
la odorata, Melica uniflora and Convallaria majalis. In a sample plot only 3
plant species usually occurred; the highest number was 6. In 1984, we obtained
similar results. Within 20 plant species the most frequent cooccurrings were
Galium mollugo, Ajuga repians, Asperula odorata and Veronica chamaedrys.

The association between Melampyrum pratense and the cooccurring species
was not confirmed. Chi-square-test was not significant and the point corre-
lation coefficient was lower than 0.1 in all species.

2. Phenology and plant growth

Seedlings have emerged on the soil surface in the end of March and in the
beginning of April. Young plants grew intensively up to the end of July or
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Population density {i m—2} of Melampyrum pratense plants in the subxerophilous oak
forest in a period before summer drought {June].

Table 2

Year 1978 1882 1883 1984
Datum 6/5 6/16 6/10 8/20

X 75 246 157 13

3 i2.5 345 28.2 3.0
Range 42—112 132—444 64—208 0—32—(96]
Cv (%) 33.6 58.2 54.1 92.3

June (fig. 2]). Cotyledons were observed on {mature] plants still in June, when
the plants formed lateral branches. _

First flowers were observed on the plants in June, but the optimum ifar
flowering occurred in the summer period {July—August). In 1884, first flowers
were observed in July, the plants were in flowers in August and rarely they
flowered also in the end of Sepiember. Fruits have ripened successively from
July to September (October].

Dying mature plants (,black plants“) we observed seldom in the end of
June, and in high amounts in the end of the growing season, viz. in October.
In the summer period their occurrence differed among vears, depending on
weather conditions.

3. Population density and dry biomass

Population density of Melampyrum pratense in the habitat have varied
among vears and alsc within a growing season. In the period before summer
droughts {in june), the mean population density ranged 75 to 246 plants per
m?, éxcept 1984 [tab. 2). Variation in the values within the population was
large, at the same time: coefficient of variation ranged from 30 to 90 %.

Standing crop of the herb layer of the subxerophilous cak woodland is illu-
strated by data from 1882 {tab. 3}. Mean dry biomass of the layer was 675 g
m~2 at plant density 435 1 m~2; from the total dry mass, the biomass of Me-
lampyrum pratense contained 33.2 % (range from 33 to 74 %] at mean plant
density 246 i m—2

Kubicek et al. {1880) estimated dry mass of the herb layer using sample
plots of 1x1 m (five replications). In the same stand, the dry mass was 54.0
g m~3, at plant density 417.2 i m~2 (year 1878). The biomass of Melampyrum
pratense was 16.0 g m~2 (29,6 %) and mean plant density was 75 i m~—2
(17.9 %).

4. Population dynamics

Population dynamics of Melampyrum pratense in the oak forest we will
illustrate by 1983 and 1984, as an example {fig. 3). The former year was very
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Table 3

Above ground biomass of herb layer in the subxerophilous oak forest near Bratisla-
va-Rafa (Malé Karpaty Mts.]. June 16, 1882

Sample plot Total
{0.5x0.5 m]) 1 2 3 4 (gm—23]}
Herbs
Melampyrum pratense L. N |58 33 11 44 246
w 9.20 6.54 12.7 6.14 3457
Hieracium lachenalii N 2 4 1 1 8
C.C. Gmel W g.08 0.10 0.02 0.06 0.2
Hieracium sylvaticum N 1 1 1 3 8
{L.] L. W { 016 0.27 0.10 | 067 1.21
Luzula albida N | 24 3 5 32
(Hoffm.) DC. W 2.93 0.20 0.61 3.74
Galium mollugo L. N 12 4 1 36 ]
W 0.91 0.20 1.31 2.41
Ajuga reptans L. N 5 11 16
W 1.07 1.29 2.36
Veronica chamaedrys L. N 2 9 i1
w 0.10 1.87 1.97
Digitalis grandiflora N 1 1
Mill w 0.5 0.05
Verbascum nigrum L. ™ 1 1
w 0.59 0.59
Impatiens parviflora N 1 1
‘D. C. W 0.01 0.01
Campanula persicifolia L. N 4 4
' w 0.70 0.70
Solidage virgaurea L. N 3 3
W 111 | 111
Lapsana communis L. N 3 3
W 0.07 0.07
-Anthericum ramosum L. N 1 1
W 0.55 0.55 .
Grasses
Dactylis polygama N 2 1 3
Horvatovszky W 0.36 0.20 0.38
pPoa nemoralis L. N 37 44 81
w 151 240 352
Festuca ovina L. N 4+ 4+
w 10.32 10.32
Deschampsia flexuosa N 5+ 5+
(L.] Trin. W 2.92 2.92
Tree seedlings
Quercus petraea N 1 1
(Matt) Liebl W 0.16 0.18
Carpinus betulus L. N 1 1
w .02 0.02
Nuomber of species per plot 4 1190 8 15 20
Number of individuals
per plot 85 65 165 120 435
Dry matter per plot 12.37 19.79 18.44 | 16.84 87.44
N = number of individuals or shoots per plot, W = dry matter of the species per

plot {in grams]), +tmats.
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hot with extremely dry and hot summer. The latter one was richer in rainfalls
‘and lower air temperatures (iig. 1).

In 1983, the population exhibited high density of seedlings and young plants,
in average up to 230 i m~% in April, locally up to 62 individuals per 0.25x0.25
m. Then, the population density have decreased up to the end of October,
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Fig. 2. Height growth of Melampyrum *—e 1983
pratense L. plants in two ditferent years t—1u 1984
in a subxerophilous oak forest near Bra- 0 _ ; "
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are given.

when it reached null value. In 1984, the population exhibited, as opposed to
the previous year, Very low plant density during the whole growing season.
In spring, the density of seedlings or young plants was only 18 i m~2 and
the decline to the end of growing period was not such marked as in the previous
year.

In 1983 the population losses have two maxima: first in May and the second
in July—August. In the former period maximum, the population losses were
the highest due to dying of lot of seedlings and/or young plants. In 1984, there
was only one evident summer maximum [fig. 3B}, although, we recorded
losses also between May and June.

Relative mortality exhibited three maxima: first maximum in the spring period
(April—May]), second one in the summer period [July—August), and third in
the end of a growing period (fig. 4) with the Iollowing values: more than
30 %, to the 70 % and 100 %, respectively. Actual mortality was somewhat
higher. In 1983, it was about 48 9% in average In July (range 12 to 75 %) and
85 94 in the beginning of September (range 64 to 100 9%]). In 1984, it was
about 55 % in average in September (range 22--100 %). Higher values of
actual mortality in comparison with the values calculated from dynamic
life tables, maybe resulted from counting of dying plants (plants died in the
previous period may be included]. :

Survivorship curves (fig. 5} differ according to years. In 1983, number of
survived mature plants have successively decreased, in 1984 the population
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Fig. 3. Seasonal changes in population' density {left] and actual number of dyings
during intervals (right) for Melampyrum pratense population growing in a subxero-
philous oak forest.

density was stabilized approximately to one level, in the period July—Septem-
ber. In the latter year, last surviving plants were killed by frosts in the be-
ginning of November.

Discussion

Fluctuations in population density, mainly in the number of flowering plants
in a population, from year to year are known (cf. Harper, 1977; Bor g, 1979;
gilvertown, 1981) and have been explained by environmental variables
as well as by biotic factors.

In annuals, seed banks is an important part of the population dynamics
(Harper, 1977). These species have, dependent on seed longevity, to buffer
their populations against environmental unpredictabilities.

Forest herbaceous species are reprezented predominantly by perennials with
underground organs with storage reserves which play an important role in
stress avoidance and stress tolerance of the species (cf. E11 43, 1984). Annuals
are relatively rare in forest herb communities (Bierzy chudek, 1982). In
Wisconsin forests [USA), only 5.6 % of forest species were annuals (S truik,
1965). In woodlands of Czechoslovakia, annuals are presented in 4—6 % of
forest species (E 114§, unpublished). Most of the annuals belong to heliophy-
tes and to species growing in wet or moisture habitats. '

The critical elements of population biology of forest herbs are seed produc-
tion, seed dispersal and seed storage in the soil, germination rate, and seedling
and adult survival {Solbrig et al, 1980). Death risks of these elements are
not constant and varied markedly with life-cycle stage and habitat. Smith
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(1983) found, in a forest-floor annual species, that mortality risks vary with
life-cycle stage and that different environmental factors influenced mortality
rates at different stages. Plant survivorship in Impatiens paliida and I. biflora
popu‘ations growing in different forest communities varied markedly between
sites and was aflected by abiotic agents such as drought and flocding, and
occasional heavy damage from host-specific herbivores (Schemske, 1978).

Melampyrum pratense is a special case of forest-floor annuals: it is a hemi-
parasite of woody plants. Some hemiparasites, e.g. Rhinanthus, are capable
of autotrophic existence but their growth is stimulated enormously after
attachment to the roots of a host plant by mean of haustoria (Klaren, 1975]).
This fact may be decisive for life of the-plants in poor habitats as well as
for surviving in exposure to the siresses. S

Fluctuation in density of mature plants of Melampyrum pratense in the
subxerophilous oak forest may be interpreted by using the life table made
up bv Masselink (1980) on the basis of the studies of seed population dy-
namics of the species in Hoelland. He considered seeds produced in the current
year as well as hibernated seeds. Seeds attacted by insect larvae [Phytbzoma}
and by fungi form 20—25 % and losses of seeds caused by herbivory of small
mammals {Mus musculus, Sylvaemus sylvestris) reach up 64 %. Seed dormancy
and epicotyl dormancy are induced and breaked by environmental factors
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(temperature, soil moisture). Germination occur at temperatures below 15 °C
{Oesau, 1975; Masselink, 1980]. The seeds produced in current year
may usually participate in the population dynamics during next two growing
seasons.

Fluctuations in density of the mature plants of Melampyrum pratense in
SW Slovakia may be explained by changes in environmental factors. High
plant density in 1983 resulted from the previous year, namelly autumn and
winter. In 1982, we can assume high production o! seeds, considering high
density of flowering plants as well as favourable moisture conditions. Theo-
retically, seed production may reached up to 10000 seeds per m? from which
about one half could germinated. Habitat conditions for germination in autumn
1982 were favourable. In October rains were frequent {total amounts of pre-
cipitations was 60 mm) and air temperature fluctuated close to 10 °C. Air
temperature decreased successively, fluently and slowly (month mean of air
temperature for November was 5.0 °C). Warm winter with low frequency of
frosts permited the roots from haustorial connections at a time in which the
epicotyl was still resting. Favourable environmenial condition during the period
of long standing germination resulted in high density oi seedlings in the
spring of 1883 (it reached locally up to 880 1 m~2, in April).

Spring mortality, which means population losses during the period April—
June, reached up about 30 0, in 1983, and included mainly seedlings and
young plants. It was may be induced by high population density or it may be
connected with the process of attachment on host roots. It was observed also
in 1984, then at low population demsity, and it reached 27 %. Masselink
(1980) found, in Holland population of Melampyrum pratense, the mortality
between March and April was 32.4 %.

High mortality of mature plants of Melampyrum pratense in 1983 was caused
by extreme dry and hot weather which induced high water stresses in soil and
plants. High water stress reached lethal values in many plants of the forest
stand. The weather drastically reduced of the population in the study forest.
High population losses ol the hemiparasite in the summer period we also
considered in connection with hosts stressed by unusuall drought. Summer
martality of mature plants of Melamplyrum pratense occurred also in 1984 but
in evidently lower extent.

Extreme drought, in such way, reduced seed production in Melampyrum
pratenise because it started still in the end of June and high mortality hit flowe-
ring plants as well as plants with flower buds. Hot and dry weather induced
also primary dormancy of fresh seeds [cf. Masselink, 1980). High tempe-
ratures and low rainfalls persisted up to the end of September and inhibited
germination of fresh and hibernated seeds. In October, rainfalls were low
abundant {month amount of precipitations was only 31.3 mm) and it was only
10 days with air temperature below 9 oC. During the last ten days of November
air temperatures rapidly decreased below 0 °C: month mean of air temperature
in November was only 2.2 °C. The unfavourable environmental conditions
during the period of long standing germination of seeds of Melampyrum
pratense in 1983 resulted into low population density of seedlings in the spring
of 1884 {only 18 i m~2 in average}.

Our results show that the major death risk of adult plants of Melampyrum
pratense occured during summer months when survivors are exposed to dry
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and hot environment. Summer mortality caused that the survivoorship curve

of the species in 1683 differs from Deevey I type which is usually considered
as typical for annuals (cf. Harper, 1977; Silvertown, 1981). In 1984,
the year which may be designated as favourable one for studied plat spe-
cies, the survivorship curve approachs theoreticall one.
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UCINKY SUCHA NA POPULACNU DYNAMIKU MELAMPYRUM PRATENSE L.

Pavol E114%

U Melampyrum pratense L. (Rhinanthoideae), jednorofnej poloparaziticke] byliny
lesnych drevin (sa sledovala hustota semenédikov a dospelfch rastlin a ich variabilita
pofas vegetalného obdobia v subxerofilnom dubovom lese v Malych Karpatoch [juho-
zdpadné Slovensko). Hustota dospelfch rastlin obyCajne prevySovala 50 alebo 100
jedincov na m?, s vynimkou posledného roka. Jarnd mortalita bola blizka k 30 %.
Letnd mortalita v suchom a hortcom Toku (1883} dosiahla aZ 70 %. Popula&nd hustota
dospelych rastlin v nasledujicom roku (1984) hola iba asi 10—20 % z predchadzaji-
ceho roka. Populadndl dynamiku M. pratense silne ovplyviiovali klimatické podmienky
{teplota, vihkosf, najmi letné sucho].

DoSlo 17. 12. 1984

AENCTBUE CYXA HA TIONVIAIDWOHHYHY THHAMHKY MELAMPYRUM
PRATENSE L.

Ilapgn 3 xzEsam

Y Melampyrum pratense L. (Rhinanthoideae), onHONeTHEr0 NOAYNAP23HTHYECKOTO TPABIHHCTO-
IO pacTeHmA JeCHHX NPEBECHEIX HOpPOLd, Obla OBCIEHOBaHA NOOTHOCTR CEAHIEB W BIPOCJILIX
pacTeHZd M WX HMIMEHZHBOCTHR B0 BDEMA EETeTANMONHOTO NEpHoAa B cybrcepodunrzoM AySoBOM
aecy B Manux Kapmarax, IOrosamanmas Cropaxua, [IZ0THOCTE B23DOCKEIX pacTeEHEH OOLIKHO-
penno nepesermana 50 mam 100 mExEBEayyMor za M%, LPHM HCKNOYEHHM NOCHEINETO TONA.
Becemsts cvepraocTts Grita Samsxas ® 30 %-am. Jletnam cMepTHOCTL B CYXOM M IOpsYeM TOXY
(1983) nocturna pame 70 %-om, Tlonymanmommas IIOTHOCTE BIPOCHEIX DACTEHHI B CASKYIONIEM
rory (1984) 6zima tomsro oxono 10—20 opoue=Tos mpennMAYIUSrs roxs. [lOTyIsmHomHAS OH-
mamura M. pratense =axommaach ION CEESHHIM BIHSEHeM KIHMATHIeCKHX ycrosmi (TeMmepa-
Typa, BIAKEOCTE) MMEHHO NeTHeH 3acvim. '
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POPULATION DYNAMICS OF IMPATIENS GLANDULIFERA ROYLE
INA YEAR WITHOUT SUMMER FLOOD EVENTS

by
Pavol ELIAS
Slovak Academy of Sciences, Bratisiava

Impatiens glandulifera Royle, a tail erect annuai, native in West Himalayas, has been
naturalized in Slovakia (Central Europe) and invaded flood-plain forests at the Danube
river. :

Seasonai changes in population density and size structure were studied during the
growing period of 1988, & year without summer flood events. Permmanent piots weres
established in forest understorey and along forest margins at Kralovska Idka (Gabéikova),
SW Slovakia. .

First seedlings were observed in the beginning of April and the seedlings density at the
and of April varied from 150 to 450 i m?and above 220 i m? in forest interior and forest
margins, respectively. Population density has changed very slowly up to June but then it
has declined in both forest interior and forest margins populations. The decline was very
rapid in the forest margins population, caused by strong competition among /mpatiens
plants for limited light and water resourses. See Fig. 1, for details.

Impatiens glandulifera Royle
Gabcikovo, SW Siovakia, 1988
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Is Asperudgc procumbens a spring ephemeral ?

by Pavol ELIAS

Institute of Botany, Slovak Academy of Sciences,

Dibravskd 14, CS-842 23 Bratislava, Czecho-Slovakia

Asperugo procumbens L., an annual epizoochoric archeophyte, is

usually considered as a spring ephemeral. It forms dense stands
belongs to the spfing ephemeral nitrophilous plant communities,
distributed over regions of warm and dry c¢limate. The stands occur-
ring in western Slovakia were classified within the association
Bromo sterilis - Asperugetum procumbentis ELIAS 1981 (alliance
Bromo-Hordeion murini). Its growing period is very short with opti-
mal development stage in late spring ; in early summer the stands
usually dried out. The seeds germinate in first half of April, the
seedlings rapidly grow and the mature plants are in flower in May.

puring the period 1985~ ~-1987 populations of Asperuqo;g;ocumbens

were studied on humus heaps in the Institute s garden at Bratislava
-Patronka. Population density, plant size, mortality, vegetative
growth, dry biomass, seed production and dispersal were estimated
throughout the study period, including winter. In 1985 population
dynamics of the species was typical for spring ephemeral. The seed-
lings emerged in April and maximal population density was found at
“2).

the end of April (more than 1300 im In the following period

population density decreased up to 20C 1 m_2 (dry plants in middle
of June). Overall seed rain was 18 550 s m 2. In summer 1986 the
humus heaps were disturbed by gardeners. Then unexpected emergence
of Asperugo seedlings was observed on bare soil surface.The plants
grown and flowered in autumn and some of them survived to next
spring. In such way in 1986 and 1987 several cohorts have been

distingushed in the population. It is evident that Asperugo procum-

bens iz a short-iived plant, an ephemeral (1ife cycle about two
months). In Central Europe it usually behaves as spring ephemeral,
but seeds can germinate from seed bank (in certain conditiocns) and

plants grow in autumn to.
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ECOLOGY OF SAMBUCUS EBULUS, A HERBACEOUS PLANT WITH CLONAL
GROWTH, IN URBAN AREAS

P. Elias
Slovak Academy of Sciences, Bratislava

The common Elder (sambucus nigra L.) is a woody plant species common in
European urban areas. In the other hand, the Dwarf Elder (sambucus ebulus L.)
is perennial, rhizomateous herb with clonal growth, occuring on cut-tree areas
(clearings) in forested landscape and on embankment and abandoned-areas
habitats in cultural landscape. In those habitats it forms dense stands
frequently classified within an association called "Sambucetum ebuli”. What
are the possibilities of the perennial herb to meet with success in urban
areas ? In SW Slovakia, Ilong-term ecological research on ecology, viz
population, production and physiological ecology, phenology, plant growth of
gambucus ebulus, was carried out in two towns: in Bratislava - the capital of
the slovak Republic, and in Trmava - the oldest royal town of slovakia. The
herbaceous elder was found in embankment and in abandoned-areas in industrial
parts and in railway areas where its tall-stem stands persisted for many
years. Plant height and population density varied between 1.5 and 1.8 m, and
12 and 32 i m-2, respectively. above-ground dry phytomass ranged from ©.5 to
1.3 (and more) kg m-2, depending on the stand height and density. “Root”":
shoot ratio was close to 1.4. It was found that the Dwarf Elder, as a
competitive ruderal with large underground system of ramificated peolycormons,
is able to form a tall-herb stands, to persist on the same site {place) for
many years and to tolerate disturbance of above—ground parts.
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A metapopulation approach to study
population dynamics in mistletoes

Elids, P.
Slovak Acad. Sci., Bratislava, Slovakia

The application of the metapopulation concept to mistletoe population dynamics studies is
analysed and discussed. Mistletoes are shrubby obligate parasites which growth attached to tree
branches. Mistletoe populations are spatially structured (aggregated) and they have been distin-
guished by localities, host stands and communities (coenopopulations), host species, host trees
and branches (¢f. Elids 1981, 1983, 1987, 1988, 1989). A metapopulation of mistletoes could be
defined as the collection of local popuiations on individual trees. However, the geiimitation of
a local ‘population is often subjective, e.g. in a forest stand.. Levin's original metapopulation
model is very limited and it must be modified to be successfully used in mistletoe population
studies, namely by including: (1) host specificity and tree resistance in colonisation process, (2)
dioecy and sex ratio in local populations, (3) dispersal behaviour (usually of birds) in dispersal
within and among host trees, (4) host-tree size and quality, (5) host-tree age structure and
mortality, and (6) spatial structure of host-tree populations.

The cyclic dynamics of lemmings along the arctic tundra

Erlinge, S., Frodin, P,, Hasselquist, D., Nilsson, P. & Svensson, M.
Dept. Ecology, Lund Univ., Lund, Sweden

The between-year cyclic pattern of arctic lemmings was examined during a Russian-Swedish
expedition along the Eurasian tundra in the summer of 1954, The phase of the cycle, in which
local populations of the Siberian lemming (Lemmus sibiricus) and the Coliared lemming (Dic-

. rostonyx torquatus) were ascertained by a standardized snap-trapping program (the “small
quadrat method™) and from demographic analyses concerning age-structure and reproductive
effort of captured animals at the different sites. Densities in the majority of the studied popula-
tions were high and considered to be in the peak phase. On two sites the lemming populations
were in the increase phase characterised by moderate densities but extremely high reproductive
rate with young individuals also being reproductively active. On one site the lemming populations
had crashed; no lemmings were caught but the densities in preceding winter had been high as
evidenced from the high number of winter nests and faeces. A population ina probabtly declining
phase (based on density data and the predominance of older cohorts in the population) occurred
in one site. Predation impact from weasels on the lemming population on that site probably was
high. This might have caused a decline. Thus, over extensive areas in the tundra the lemming
populations were in synchrony with each other but considering the total Eurasian tundra the cyclic
pattern was asynchronous. The causes of the cyclicity will be briefly discussed in the light of
available information from other projects of the expedition permitting an analysis of interactions
between organisms of different trophic levels in the tundra ecosystems, i.e. between lemmings,
their food plants and their predators.
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REGULACNE MECHANIZMY V RASTLINNYCH POPULACTIACH

Pavol ELIAS
Ustav experimentdlnej bloldgle a ekoldgle CBEV SAV, Ddbravskd
14, 814 34 Bratislava

Rastlinné populdcie ako sibory rastlin jedného druhu rastud-
ce na urditej ploche povazujeme za z4kladné evolu&né a ekolo-
gické organiza&né jednotky. pPrirodny vyber je totiz demogra-
fickym procesom.

Velkost populdcie urdujd vndtorné a vonkajsle faktory, t.].
faktory vo vnitri populdcie samotnej a.faktory stojace mimo
nej /faktory Jej prostredia/. Pri neobmedzenom raste je rast
populdcie exponencidlny, zdvisly len na po¢latognej velkostl
populdcie /No/, $pecifickej rychlosti rastu populdcie /r/ a
Gase /t/ /porov. Obr. 1/. Tak je tomu pri dostatku zivin i
priestoru pre rast vietkych rastlin v populdecii. V skutofnostl
je viak rast populdcie limitovany jej prostredim, nedostatkom
5ivin, nedostatkom priestoru 1 vplyvml susednef populdcie.
preto mi& rast velkosti populdcie charakter logisticke]j krivky,
ktorej hornd asymptota predstavuje hormi medzu podetnosti,K,
tzv. dnosnost alebo nosnd kapacltu prostredla /porov. s-krivku
na Obr. l1/. Populdcie maju tendenciu udrfovat svoju velkost
okolo ur&itej hodnoty a pri jej pribl{Zen{ sa zapfnajd vadtor-
né riadiace mechanizmy, ktoré zahfiiame pod pojem vndtrodruho-
v4 /intraSpecifickd/ kompeticia. Je preto celkom zrejmé, Ze
¥ nezdvis{ len na vlastnostlach prostredia, ale aj na druhu
rastliny.

velkost jednotlivych rastlin, ich priemernd fytomasa, ale
rovnako tak celkovd fytomasa populdcie /dreda/ si vysledkom
pésobenia vnuitornych a vonkaj&fch riadiacich {1 kompenzaldnych
mechanizmov. Ako prfklad uvddzame niektoré vysledky 3tidlia
populédcie jednorolnej trdvy /Tab. 1/. pri samostatne rastudcom
trse je jeho blomasa a daltie znaky limitovand len genaticky
podmienenymi rastovymi schopnostami druhu. Pri zoXlapovanom
poraste rast populdcie je limitovany vonkaj3imi, ekologlcky-

mi podmienkaml . najma mechanickym poikodzovanim pletiv a
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Tabulka 1

Vvariabilita velkost! a hmotnosti trsov a ich Cast{ pre jedno-
ro#nd trdvu /Sclerochloa dura L./, rastdicu pri rdznych ekolo-
gickych podmlenkach. Udaje sd 2 jdna 1985 /Trnava/.

Druh porastu Volne ZoZlapovany Husty
rastici porast porast
trs

Hustota / 1 m“i/ 1 220 49000

pomernd velkost trsu 1 0.75 0.50

Odnofe v trse

- polet 117 : 4-30 1-8

Klasy v trse _ pOéEt 108 4-30 1-6

- dl%ka 2,4-3,6 -1,9 0,7-3,0

Kldsky v klase_ podet 14-40 10-13 8-30
- dXZka 0,9-1,9

a zhorZenymi fyzikdlnymi vlastnostamiT;Zd vplyvom zo3lapu. V
hustom poraste je limitom vnitrodruhovd kompet{cia o priestor
a zdroje prostredia, ktoxd sa prejavuje jednak v plastickych
odpovediach /malé rastliny/ a jednak dhynom /mortalitou/ ras-
tlin.

V nasledujicom texte sa obmedz{me len na rovnoveké populd-
cle jedného druhu rastliny, &{m sa vyhneme otdzkam vyplgvaijd-
cich z medzldruhovej kompeti{cie a velkej genotypove] hetero-
genity pr{rodnych populdcif. Na druhej strane sa tak stotoi-
n{me s porastami kultdrnych rastlin, ktoré vlastne predstavu-
J4 takéto modelové populdcie. sd vysievané alebo vysddzané
v jednom &ase a predstavuijd geneticky pomerne vyrovnany mate-
ridl /&isté li{nie a pod./. Budeme sa pritom orlentovat najmi
na tie riadiace a kompenzaZné mechanizmy, ktoré operujd v

rastlinnych populdcidch potas vyvoja porastu.
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“obr. 1 Subornd schéma najdalte¥itej3fch demografickych

procesov a javov /bliZ3le pozrli v texte/.
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Vyvo} porastu

Vyvoj porastu po vzideni zdvis{ na raste rastlin, ktoré
ho tvorta. Rast jednotlivych rastl{n uréuje rychlost zvidcso-
vanla vyZky porastu /vy3kovy rast/ a rychlost zahusfovanlia,
presnej¥ie vyplitania porastu /zvidiovanie poltu a plochy
listov, rast boé¢nych xondrov/. Rychlost akoisa porast vypl-
fa zdvis{ tieZ na morfologicke] Struktire /archﬁéktﬁre/ dru-
hu rastliny, ktord urguje 0.i. aj maximilnu plochu /pries-
tor/, ktord dany jedinec md%e zaujat vo volnom priestore,
t.j. priestore neobsadenom inymi rastlinami.

Rast jednotlivych rastl{n v poraste vedie postupne k za-
husfovaniu porastu, t.j. k vypIfianiu vnitorného priestoru
zaujatého porastom, ktoré je spojené s jnterferenciou a efek-
tom zoskupovania'ako javmi vndtrodruhovej kompeticie /Obr. 1/.
v zahustujdcom sa poraste sa jednotlivé rastliny vzd jomne
ovplyQﬁujd, pridom intenzita interferencie postupne naxastd.
pri zahustovani sa zvy3uje celkovd pokryvnost porastu a poss
tupne sa blf¥i k 100 ¥; tdto pokryvnost sa dosiahne skor €i
negkdér v zdvislosti na pofiato&nej hustote /hustote vysiatia
&1 vzf{denia/ a na rychlosti rastu celkovej plochy listov.

Vv zapojenom poraste dosahuje intenzita jnterferencie najvic-
5iu hodnotu. '

Jednotlivé rastliny reagujd na zahustenie porastu jednak
smenSenim rychlosti rastu a zmenou ukladania &i distribicle
asimildtov do jednotiivfch orgdnov, teda zmenou tvaru a for-
my /tzv. plastické odpovede/, a Jjednak odumieranim najskor
jednotlivych orgédnov /listov/ a potom i celych €i3£%£ﬂ4/tzv.
dhypové odpovede/. Rastliny odumierajd v ddsledkuvzdrojov
pre dal¥i Iivot, a to vy&erpanim rastom rastlin resp. obme-
dzenfm pri{stupu k zdrojom /napr. tienenim susedmi/.

Odpovede jednotlivych rastlin na zahustenie /nerovnakd
velkost rastlf{n/ sa na drovni porastu prejavujd v rxozvrstve-
n{ porastu podla velkosti sastlin /vyika, fytomasa/ 1 podla
distribvdcie akt{vneho agimila&ného apardtu /plocha zelenych
listov/. Casto sa vytvdra vrstva dominujdcich, previddajd-
cich velkych rastlin a vrstva potlaZenych malych rastlin

/0br. 1 a 2/. Tento proces samorozvrstvenia porastu je obvyk-
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le spojeny tieZ s odumieranim listov v niZ¥%{ch vrstvich po-
rastu /a to aj listov veIkich'domInujﬁcich rastl{n/ a odumie-
ran{m malych rastlin. Sdvis{ to so zhorSenim svetelnych pod-
mienock v poraste, inymi slovami s vnutrodruhovou kompeticiou
o svetlo, '

V zahustenom poraste zvi&3ujdca sa hustota populdcif 1is-
tov a kondrov v ddsledku pokralujdceho rastu jednotlivych
rastlin zosiliiuje vnutrodruhovd kompet{ciu o zdroje prostre-
dia, zvySuje podet rastlin, ktoré odumierajd v désledku nad-
mernej hustoty. Dochddza k zriedovaniu pordstu, t.j. k pos-
tupnému poklesu podtu jedincov na plochu zaujatd porastom.
Toto zriedovanie v3ak neznamend, Ze sa zmenSuje aj celkovd
pokryvnost porastu, pretofe tu fungujd kompenzaténé mechaniz-
" my. Odumretim slab3{ch jedincov sa vytvdra viac priestoru
pre vit3ie prefivajudce rastliny, ktoré ho vyplIfiajd vlastnym
rastom, _

Vo vyv{jajicom sa poraste prebiehajd teda tri zdkladné
procesy - samozahustovanie, samorozvrstvovanie a samozrie-
dovanie -, z ktorych najmi samozriedovanie md rozhodujdci
samoriadiaci déinok /porov. Obr. 1/.

Samozahustfovanie porastu

Samozahusfovanie porastu predstavuje vyplilovanie priesto-
ru zaujatého populdciou /porastom/ rastom jednotlivych rast-
1in, ich rozkondrovanim /odnoZovanim pri trdvach/ a najmd
zvi&Sovanim poltu a plochy listov, teda zvy3ovanim hustoty
rastlinnych &ast{, hustoty populdcif{ &ast{ rastlin v poraste.
Navonok sa prejavuje vo zvit3ovan{ celkovej pokryvnosti po-
rastu s casom.

Najlep%{m vyjadrenim vyplnenia priestoru rastlinami je
ich objem v jednotke objemu porastu. Z hladiska interferen-
clie v nadzemnej Zasti porastu, najmi pokial ide o kompetfciu
o svetlo, je asi lep3ie pouiit projek&nid plochﬁ listov a os-
tatnych orgdnov. V urlitom slova zmysle to mb&Zu byl jednak
listovd pokryvnost /LAI/ a jednak priestorové olistenie /LAD/,
hocl aj tieto niekedy mdZfu skreslovat skutodné pomery v po-
rastoch. Priestor toti? mdie byt vyplneny jednak poletnymi
konfrmi s malymi listami, rovnako tak aj malym poltom kond-
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rov s velkymi listami. Porasty tvorend rastlinami s ploéhimi
horizontdlnymi listami sa budd zrejme zahustovat rgfchlejsie
a jav interferencle sa objavi skor /rastliny sa budd vzdjom-
ne ovpleﬁovat skdr/ ako'v pordstoch tvorenfch rastlinami s
dzkymi a vzpriamenymi listami.

pri zahusfovan{ porastov sme dovosial uvafovall zahusto—~
vanie nadzemnej Zasti, kde sd rozhodujice tie charakteristi-
ky rastliny a porastu, ktoré sa prejavujd v kompeticil o sve-
telné zdroje, svetlo, teda tie podmiefiujice vzdjomné tiene~
nie rastlin a efektivne vyuZf{vanie svetla. K zahusfovaniu
vEak dochidza aj v podzemnej Casti, v koreliovej sfére, kde
si rastliny konkurujd v odnimanf vody a Zivin.

samozahusfovanie porastu nie je neobmedzend, pretoZe maxi-
milna /povedali by sme potencidlna/ velkost rastliny a jej
architektira sd dané geneticky a modifikované skutodnfmi pod-
mienkami pfostredia. Mnofstvo dostumnych zdrojov a velkost
"volného" /nikym neobsadeného/ priestoru urdujd do akej mie-
ry sa realizuje &i nerealizuje geneticky potencidl druhu.

Rychlost a stdpeﬁ samozahustenia konkrétneho porahtu ja
podmieneny aj poéiatolnou /inicidlnou/ hustotou porastu. Pri-
tom obvykle platf, Ze &im Je po&iatodnd hustota vy3iia, tym
sa porast rfchlejdie zahust{ a%Z k drovni, kedy prebieha je~
ho samozriedovanie. pri nfzkych poéiatpénfch hustotdch sa
drovelt samozriedovania nemusi ani dosiahnut. Tak je tomu pri
kultuirnych porastoch s optimalizovanou ftruktirou pre maxi-
mdlnu drodu. |

0d samozahustovania porastu rastom rastlin odliZujeme
zvitEovanle hustoty populdcle jej rastom, t.j. zvyl3ovanie
podtu jedincov na jednotku plochy. Pri samozahustovan{ po-
rastu sa zvySuje hustota populdcif gast{ rastlfn, prifom po-
Zet rastlf{n na jednotku povrchu pddy /hustota populdcle ras-
tliny/ sa podstatne nemen{, aspoil od vzfidenia aZ po f4zu sa-
mozriedovania. '

_Samorozvrstvovanie porastu

v priebehu vivoja porabtﬁ, jeho samozahustovania, dochddza
‘postupne k jeho samorozvrstvovaniu do dvoch &1 viacerych vrs-
. tiev podla velkosti /hmotnosti, vysky/ rastlfn /Obr. } a 2/.
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Obr. 3 Rozdelenle potetnost{ suchej hmotnosti a vyS3ky rast-
1f{n a Lorenzove krivky pre hmotnosti a viSky rastlin v ceno-
populdcii netykavky nedotklivej /Impatlens noli-tangere L./
rastiicej v jel¥ine pri Lozorne.

v hustych porastoch je tento proces sprevddzany a podporova-
ny samozriedovanim, ktoré obvykle operuje v dolnych vrstvdch
porastu a zasahuje mentie rastliny s obmedzenym pristupom k
zdrojom. Rozdelenie vy%ck a hmotnostf jednotlivych rastlin
v poraste je najskor normdlne, neskdr sa stdva nesdmernym,

typu L-nesymernosti pri hmotnosti /tie? oznafované za log

~pormilne, pretoZfe hodnoty transformované do logaritmov majd

normalne rozdelenle/ a typu J-nesdmernosti pri vySkach /Obr. 2/,
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prifom sa niekedy objavuje bimoddlne rozdelenie ako v¥sledok
jednostrannej kompetfcie /o svetlo/ /porov. Obr. 3/. Rozdie~-
ly medzi distribdciami hmotnosti a vyZok v rovnake} populdcii
ukazujd, Ze aspon niektoré z pofetnych jedincov s malowhmot-
nostou v hustej populdcil sa usilujd udrZat si vyZku a ty¥m
aj postavenie v hornej vrstve, ktord vavérajd mdlopodetnd
velké rastliny /Harper"197?/.

Rozvrstvovanie porastu v rovnovekych populdcidch rastlin
mo%e byt vysledkom rozdielnych rychlost{ rastu jednotlivich
jedincov v poraste, ktoré sd podmienené geneticky, alebo s
vyvolané interferenciou. Prvd predstavu /model 1/ predlofild
Koyama a Kira /1956/ a predpokladajy, Ye variancia relatfv-
nych rychlost{ rastu je rozhodujdcou silou, ktord vedie k
gmene v tvare distribicie podetnost{ a Ze inﬁer:erencia me-
dzi susedmi len urychIuje resp. umociiuje nesdmernost, ale ju
nezapri&ifiuje. Pri¥inou je najskor polymorfizmus vo velkosti
gsemlen a ich genotypoch, ktory sa mdZe pfejavit v rjchlosti
kl{idenia a rastu semenddikov. VitZie semend majd obvykle aj
vy$siu kli&ivost a vytvdrajd vitiie semendliky, ktoré sd tak-
to zvyhodnené oproti ostatnym v pristupe k zdrojom prostfei
dia /svetlo, Ziviny, voda/. V nerovnovekfch porastoch s skér
kl{&iace resp. vzchddzajdce semend&iky v rozhodujﬁcej'vihode
oproti neskdr vzchédzajﬁq;m,;Onesko:enie len o niekolko dn{

v _podiatodnych fézach vivoia porastu mdie mat rozhodujdci,
osudovf viznaﬁ‘pre daléi-iivét rastliny, jej dspelnost v kom-
peticii so suéedmi. Tento model plati za predpokladu, e rast
rastlfn je exponencidlny, %¥e existuje premenlivost v rasto-
vfch rychlostiach a igrkompeticia-ju,redukujey

‘Druha predstava /model 2, hierarchia dominancle a potlia-
%enia/ vysvetlIuie rozdiely vo velkosti rastlin v porastoch
tak, e velké rastliny ﬁzurpujd zdroje a rastd na dkor malych
rastlin; hierarchia velkast{ reprezentuje tak hierarchiu ex-
ploatdcie /Harper 1977/. Populdcia 4a tvorend velkym po&taom
malfych jedincov a relat{vne malym poctom vnkaéh jedineov.
velké rastliny prijfmajd nedmerne vilile mnoZstvo dostupne]
energie /sﬁetla/ ako men3ie rastliny, ktoré sd tienend vel-
kynmi. Toto nedmarré vyuZivanie zdrojov medzl rastlinami /tzv.
jednostrannd kémpeticia/ vedie k tomu, Ze velké rastliny rastd
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viac, kym malé rastliny rastd pomaly, &o vedie k nerovnomer-
nej distribdcif velkost{. Ked priemernd velkost rastliny v
poraste dosiahne drovel samozriedovania, mentie rastliny odu-
mierajy. PodIa druhej verzie modelu dominancie a potldZania
interferencia vedie k bimoddlnemu rozdeleniu vy3ok s rozlf-
diteInymi dominantnymi a potlafenymi triedami /Foxnd 1975,
Ford a Diggle 1981/. , .

Nebudeme sa tu zaoberat ta¥kostami pri pou¥ffvan{ vyEsie
uvedenych modelov. Upozornime len na skutodnost, Ze dnes nie
je celkom jasné ako sprdvne ohodnotit hierarchiu velkost{
rastl{n v populdcidch. Doposial sa pouZfvali rozli&né miery
nesumernosti na kvantifikovanie odklonu distribdcie pofet-
nost{ od normdlneho rozdelenia. Welner a Solbrig /1984/ kri-
tizovall takyto postup s tym, 3e nesdmernost a hierarchia
velkost{ sa 1f{3ia svojim chdpanim; hierarchia velkosti je
synonymom nerovnocennosti velkost{ alebo koncentrdcie a na-
vrhli péuiivat metddy vyvinuté v ekxondmil, Lorenzovu krivkﬁ
a Giniho koeficient /Obr. i/.

samozriedovanie porastu

zriedovanie oznafuje.dhyn rastlin v poraste a termin sa-
mozriedovanle sa pouifva na oznadenie uhynu /mortality/ rast-
ifn v poraste vyvolaného nim samotﬁfm. Vyjadruje postupné
zmen3ovanie hustoty porastu v désledku kompetitivnych inter-
akcif medzi jedincami v populdcii. Povazuje sa za jeden z
najvyznamnejsich demografickych procesov.

.Samozriedovanie je vyznamny riadiaci mechanizmus Vo vndt-
ri populdcii rastlin, obdobny ako je v ZzivoZi3nych populd-
cidch mortalita z4dvisld na ‘hustote /zvySovanie rizika smrti
spojeného so zvySovanim hustoty populdcie/. Reguluje hustotu
populdcie okolo hodnoty dost pod hornd asymptotu alebo dnos-
nost, ktord by mohla dosiahnut, keby sa vyuZili vSetky zdro-

L]

je energie i priestor. mocrinoy
samozriedovanie opisuje "zaporny trojpolovinovazékon sa-

mozriedovania® /Yoda et al., 1963/
wecp /2 YV

kde w je priemernd hmotnost rastliny v poraste, kde je uhyn
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" Obr. 4 Trajektorie, ktoré sledovali viacmenej rovnovekd
'porasty jednoroénfch bylin poéas vaoya v bquVOm /o/, jel-

-§ovom /o/ a jaseﬁovom /x/ lese.

rastlin vyvolanf jeho vysokou hustotou, p Je hustota porastu
/ootet prezivajdcich rastlin na jednotku plochy/ a C'je dru-
hovo 3pecifickd kon§tanta.‘7 A o

Samozriedovac{ zdkon’ opisuije ﬁhyn rastlin v dosledku kom—
petfcie v hustych rovnovekfch porastoch jedného druhu. Opisu-.
je vlastne trajektdriu, ktord sleduje ten. isty porast od oka-
mihu, ked sa objav{i dhyn rastlin v ddsledku samozaliustenla
/obr. 1 a 4/. Sklon —3/2 znamend, Ze kim potet jedincov pri-
tomnich v populécii sa zmenéuje, hmotnost populdcie ako cel-
ku sa zvyéuje. chhlost rastu jedincov teda viac neZ kompen-
zuje /a pravdepodobne aj zodpovedé za/ Dokles v poXtoch.

Hoci je zdkon empirickej povahy, jeho platnost potvrdilo
vela autorov /porov. White 1980, Westoby 1984/. ~3/2 samozrie—
dovacla &iara ohraniéuje hornf limit priemernej hmotnostl
gastliﬁ v populdcidch uréitej hustoty. Tento sklon bol odvo-
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Tabulka 2

zmendenie poflatofnej vysokej hustoty populédcie vybranych
druhov rastlin v dbsledkuy requlaZnych mechanizmov /udaje
20 zadiatku a strednej casti vegeta&ného obdobia/.

Druh rotiatolnd Kone®nd Redukcia

hustota hustota na /%/

/i m 2/

Conyza canadensis 22000 | 100 0,45
Asperuqo procumbens 17800 170 0,96
Atriplex acuminata 7700 92 1,2
‘Impatiens parviflora 368 48 13,0
Impatiens noli-tangere 957 181 18,9
5c1érochloa durax 14700 6700 46,0
Polygonun avicularex 7300 2800 38,4

Sambucus ebulus 37 26 70,3

X*populdcie réstli spolu v jednom spoloenstve

deny z jednoduchého geometrického modelu, ktory vztahuje
hnotnost rastlin k obsadenej ploche /pozri Yoda et al. 1963/.
odr4d3a skdr kompetfciu o svetlo /tienenie/ v poraste, ako
xompet{ciu korefiov o vodu a ziviny. Indikuje to aj sklon
fiary blfzko -1 pre netykavku v zapojenom bukovom poraste
/obr. 4/. '

Vv obecnej podobe moZno samozriedovaci zdkon nap{sat nas-

ledovna /wWhite 1980/
w=cad ® -2/
kde W je hmotnost, d je hustota a C a 3 sy konZtanty; a je

sklon Giary v grafe log/log hustoty a priemernej hmotnosti
rastliny a log C je priese&nik &lary na ordindte

log We=log C - a logd /3/

" Konitanta C md 1imi£nf rozsah hodndt medzi 3,5 2 4,3 /wWhite

1980/ a a md éﬁsto hodnotu - 1,5 /Yoda et al. 1963/, ked 1ide
o porast, v ktorom je tdhyn rastlin vyvolany vysokou hustotou

/a vndtrodruhovou xompetficiou z nej vyplyvajdcou/. V redsich
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Hustotc vysuotla

Obr. 5 Vztah medzi vynoson /suchou hmotnostou na jednotku
plochy/- a hustotou vysevu stoklasa Bromus unioloides ori
troch Jroviiiach dusfkatej vyZivy /Donald 1951/.

porastoch je sklon priamky blizky -1, &o znamené' %e prie-
mernd hmotnost jednej rastliny v pOpulécii je tfm menéia Eim
je hustota populdcie vyséia.

Samozriedovania ovplyviiuid aj} vonjakﬁie faktory, napriklad
hlboky tief alebo chudobné pddy, tym, Ze oslabujd alebo zosil-’
Kujd jeho pdsobenie. V porastoch rastdcich v tieni sklon tra-
jektorie obvykle nedosahuje hodnotu ~1,5 , ale sa pohybuje
- ockolo hodnoty -1 /Westoby 1984/, Na druhej strane sa ukazujle,
. 2e samozriedovanie je intenz{vnej%ie na drodnejdich podach,
Toto zovieobecnenie ozna&il Harper /1977/ za "Sukalevov efékt',
pretofe vychddza z'pozorovﬁni tohoto ruského vedca. Pri rov-
nakej hustote ponulécii'je v55§1 dhyn rastlin na Jrodnej3ich
pédach. PreZivajice rastliny sd pritom vi&iie a podriadené
rastliny sd dplne eliminOVané

Stupeii redukcle po&tu jedincov v populdcidch v priebehu
rastového /vegeta®ného/ obdobia je rdzny a zdvlis{ na druhu
rastliny, poliatolnej hustote i vlastnostiach stanovista
/Tab. 2/. -

Hustata porastu a vinos.

Zivislost medzi hustotou vysiatia a celkovou hmotnostou
populdcle vyjadruje "zdkon o kondtantnom koneinom vynose
porastu® /Kira, Ogawa et Shinozaki 1953//0br. 5/. Ukazuje,
¥a so zvyZujdcou sa hustotou vysevu vinos porastu narastd
- len do urditej, tzv. kritickej hustoty a po je} prekroceni
‘sa u¥ dalej nezvy3uje /zostéva kondtantnyf/.
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25kon notvrdzuje existenciu kompenzaZnych mechanizmov v
populdecidch. V nezriedovanych porastoch /teda v porastoch
s hustotou pod droviiou samozriedovania/ interferencia medzi
jedincami vedlie k zmenZovaniu priemernej fyvtomasy jedinca,
avSak tdto je kompenzovand vysSou hustotou populdcie, takie
celkovd biomasa nopuldcie /t.j. vynos/ zostdva nezmenand.
V nezriedovanfch norastoch teda vynos nezdvisf{ na hustote
o mo¥no vvjadrit vztahom Y = kondt. V zriedovanych poras-—
~ toch dochddza tie? ku &iastolnej kompenzdcii, ktord vedle k

‘tomu, Ze sO zni%ujﬁcéu sa hustotou porastu /v dosledku samo-
sriedovania/ sa zvii3uje celkov{ biomasa vopuldcie. Vztah
medzl vynosom a hustotou moZno vyjadrit vztahom Y==Cd_1/2.
V¥nos v nezriedavanych porastoch po dosiahnut{ tzv. kri~
“tickej hustoty vysevu je urdovany podmienkami prostredia,
v rovnakych podmienkach sa nemen{ bez ohladu na polet jedin-
cov, ktoré porast tvoria. Nez4dvis{ na hustote populdcie.
Rovnaky vynos sa mdie dosiahnut men3im po¥tom velkych rast-
1fn, alebo velkym poftom malych rastlin. Premenlivost v hus~
tote vysevu je v 3irokom rozsahu kompénzované premenlivostot
v rychlosti rastu jednotlivych rastlin. | '

zdvislost priemernej hmostnostl jedinca rastliny na husto-
te vfsevu v obdob{ kone&ndého vfnosu je hyperbolickd /Obr. 1¢
So zvy3ujdcou sa hustotou sa zniiuje priemernd hmotnost je-
dinca. Tento vzfah opisuje v linedrnej forme rovnica reci-
pro¢nej drody
1/w = A d+ B . /4/

%o jé vzfah medzl obrdtenou /reciprokou/ hodnotou. priemerne
hmotnosti jedinca /1/w/ a po&iatofnou hustotou populdcie /h,
" Tento vztah je tak obecny, fe bol oznaleny za "zdkon reci-
pro&nej drody" /5hinozaki a Kira 1956/,

Vvyi&ie uvedené zdkonitosti poukazujd na to ako velmi su
ddlezité vyvinové dbsledky hustoty v rorastoch, vridtane po-
rastov kultdrnych plodin. Sud¥asne poukazujd na skutocnost,
je optimdlna hustota pre vynos porastu /t.j. pre predyksiy
celkovej suchej fytomasy/ sa mdie odlifovat od optimdlne}
hustoty pre osobitny produkt /nanr. semend, z&sobné korene

alebo cukor/.
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Medzi celkovou hmotnosfou rastliny a hmotncstou je) Casti
existuje dobre definovany vztah, ktory v logarltmickej- trans-~
formdcii m4 linedrny charakter /Kira et al., 1553/

log w = log K + £ log Weagt /5/

celkovd
kdedL a K sd kon3tanty. 2 tohoto vztahu vyplfva, ¥e optimdlna
rhustota‘pre'éast rastliny je niZiZfa ako optimdlna hustota pre
celkovy vynos porastu. Ak rovanicu réciproénej drody nap{3eme

' v obacnej%om tvare

w2 = ad A+ B 76/

potom exponent a =1 pre celkovy vynos a a1l pre Zast rast-

liny. Pritom aéast== a..lok X L,

Sdhrn

Vv rastlinnyfch populdcidch operujy riadiace a kompenzatné
mechanizmy, ktoré rozhodujd o celkove] biomase populdcle a
priemernej velkosti rastliny, ktoré ju tvorla, ako aj o vzta-
hu medzi hustotou a uvedenfmi populaZnymi charakteristikami.
vo vyvijajdcom sa poraste operujd tri procesy - samozahusfo-
vanle rastom rastlin, samorozvrstvovanie a samozriedovanie

-, z nich posledny md rozhodujucl samoregulainy charakter.
vztahy medzi hustotou a vynosom porastu ako aj medzi husto-
tou a priemernou veIkostou rastliny v populdcil majui exakt-
n} charakter a boli formulované do matematickich modelov
/rovafc/. Tieto vztahy je potrebné reipektovat pri optimali-
zovan{ Btruktdiry a architektdry porastu s clelom dosiahnut
maximdlny vynos, &1 drodu JelateIného produktu.
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Samozahustovanie, samorozvrstvovanie a samozried’ovahie v
rastlinnych populaciach

Pavol ELIAS
Botanicky tstav SAV, Dubravska 14, SK-842 23 Bratislava

ELIAS, P., 1994: Self-thickening, self-layering and self-thinning in plant populations. In:
Plant Population Biology 111, Ed. Elias, P., Bratislava, p. 29-33.

Tree different régulation and compensation processes (mechanisms) in plant populations
are considered: self-infilling, self-layering and self-thinning {cf. ELIAS 1986). The concept
integrates demographic, production-ecological and eco-physiological phenomena which
occur in a stand during its development, it also integrates dynamic and topographic
approaches to the study of plant opulation dynamics. The term self-thickening and
self-layering were introduced by ELI 3§ (1986) to describe of changes In piant populations
during growth and developmet of a stand. Self-thickening describe infilling of space
occuppied by a stand by growth of individual plants, including increasing in population
density of leaves, branches, and other organs. Self-layering describes the process of
vertical stratification of a stand during self-thickening. It includes size hierarchy and size
inequality. 1t was found (cf. ELIAS, 1992, 1993) that intrapopulation static allometric
relationships in dense (crowded) populations can be fitted by curve but the curve may be
divided into linear segments according size groups of individuals {dominant, subdominant
(intermediate) and suppressed planis].

Keywords: regulation mechanisms, population dynamics, self-thickening, self-layering,
self-thinning

V rastlinnych populacidch operuju riadiace a kompenzagné mechanizmy, ktoré
rozhodujti o hustote a celkovej biomase populacie, o priememej velkosti rastliny v
populécii, ako aj o vztahoch medzi hustotou a uvedenymi dalimi populagnymi
charakteristikami.

Vo vyvijajucom sa poraste operuju tri procesy - samozahustovanie rastom
rastlin, samorozvrstvovanie a samozriedovanie (ELIAS, 1986, 1991, 1992).
Priebeh tychto procesov, ich povaha a vzajomny vztah je schématicky znazomeny
na Obr. 1.

Samozahust'ovanie porastu

Samozahustovanie porastu predstavuje vyplhovanie priestoru  zaujatého
populaciou (porastom) rastom jednotlivych  rastlin, ich rozkonarovanim
(odnoZovanim pri trévach) a najma zvacsovanim poctu a plochy listov, teda
zvySovanim hustoty rastlinnych gasti (modulov), hustoty populacii Casti rastlin v
poraste. Navonok sa prejavuje vo zvacsovani celkovei pokryvnosti porastu s
casom. '

Jednotlivé rastliny reaguju na zahustenie porastu jednak zmensenim rychlosti
rastu a zmenou ukladania &i distriblcie asimilatov do jednotlivych organov, teda
zmenou tvaru a formy (tzv. plastické odpovede), a jednak odumieranim, najskor
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jednotlivych organov (listov) a potom i celych rastlin (tzv. Uhynové odpovede).
Rastliny odumieraju v hustych porastoch v dosledku nedostatku zdrojov pre dalsi
3ivot, a to ich vyCerpanim rastom rastlin resp. obmedzenim pristupu k zdrojom
(napr. tienenim susedmi).
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Obr. 1. Schéma troch regulaénych a kompenzacCnych procesov, operujucich v
. rastlinnych populaicach pocas vyvoja porastu (ELIAS, 1986).
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Samorozvrstvovanie porastu

Odpovede jednotlivych rastlin na zahustenie (nerovnaka vetkost rastlin) sa na
Grovni porastu prejavuji v rozvrstveni porastu podfa velkosti rastlin (vyska,
fytomasa) i podia distriblcie aktivneho asimilatného aparatu (plocha zalenych
listov) do dvoch ¢&i viacerych vrstiev. Casto sa vytvara vrstva dominujucich, vetkych
rastlin a vrstva potlagenych, malych rastiin. Hierarchia velkosti

Samozried'ovanie porastu

V zahustenom poraste zvadsujlica sa hustota populdcii listov a konarov v ddsledku
pokradujuceho rastu jednotlivych rastlin zosilfivje vnitrodruhovd kompeticiu o
zdroje prostredia, zvySuje pocet rastlin, ktoré odumieraja v dbsledku nadmernej
hustoty. Dochadza k zriedovaniu porastu, t.J. k postupnemu poklesu poctu jedincov
na plochu zaujata porastom.

Samozriedovanie oznatuje thyn (mortalitu) rastlin v poraste, ktory je vyvolany
samotnym porastom (jeho hustotou). Vyjadruje postupné zmendovanie hustoty
porastu v dosledku kompetitivnych interakcil medzi jedincami v populécii. Povazuje
sa za jeden z najvyznamnejsich demografickych procesov.

Samozriedovanie reguluje hustotu populécie okolo hednoty dost’ pod homt
asymptotu (alebo Unosnost), ktord by mohla populécia dosiahnut, keby sa vyuzili
vBetky zdroje energie a priestor.

Uvedent predstavu som testoval na_populéciach jednoroénych rastlin v
lesnych porastoch a na rubaniskéch (ELIAS, 1987, 1992, 1993), ale gj v hustych
porastoch jednoroénych a trvécich ruderéinych druhov (ELIAS, 1991, 1992). Na
Obr. 2 su zndzormené vysledky zo Stidia populacie Impatiens parviflora v
Bratislave-Zeleznej Studienke. Dobre demonstruji fungovanie vsetkych troch
spominanych procesov/mechanizmov v rastlinnych populaciach. Tieto pozorovania
potvrdzuj tiez, Zze proces zriedovania populécie prebieha rychlejsie v hustejsich
populaciach” a thyn jedincov zacina najmensimi jedincami v populacii, kym
najvadsie (najvyssie) jedince obvykle hynu ako posledné (Elias 1992).

Vysiedky z terénneho vyskumu [mpatiens glandulifera Royle na lokalite
Krafovska Ika pri Dunaji (Gab&ikovo) (ELIAS, 1993) ukazujy, Ze populécie na
okraji lesa maji vy3Siu hustotu a vykazujd v&csi uhyn rastlin pocCas vyvoja
populécie (porastu), v porovnani s populaciami v lesnom poraste (menSia hustota,
men&i Ghyn). Toto pozorovanie potvrdzuje a doplia vysledky dosiahnuté v
predchadzajicich rokoch v populaciach  Impatiens parvifiora DC. v
Bratislave-Zeleznej Studienke, o procese zriedovania populacie.

Zaujimavé vysledky sa ziskali pri $tudiu vertikalne] Struktary, biomasy,
velkostnej §truktdry a allometrii populécie Impatiens parviflora DC. na ekotonovom
stanovisti na lokalite Bratislava-Zelezna Studienka (ELIAS, 1992). Detailne som
analyzoval tri_skupiny jedincov: naduroviove, Uroviiové a potlatené. Prispevok
nezavisle dopina a rozvija allometricky model (modely), ktory publikovali Weiner a
Thomas (Ecology 73, 2, 648-656, 1992). Ukazuje, Ze vnatropopulaéné statické
allometrické vztahy v hustejdich populdciach vyjadruje sice krivka, ktord viak
mozno rozdelit na linedrne Gseky podla vefkostnych skupin jedincov. Tento fakt sa
doposial pri §tidiu populacii a pri modelovani populaCnych procesov
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nepredpokladal (predpokladali sa linedrne vztahy).

Doterajéie  skisenosti ukazuji, 2Ze predstavu o samozahustovan,
samorozvrstvovani a samozriedovani (ELIAS, 1986) v rastlinnych populaciach,
ktora bola aplikovana najskér na monodominantné porasty jednodruhovych
populacii jednoroc¢nych druhov, je mozné rozsirit
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Obr. 2 Zmena populadnych a rastovych charakteristik /mpatiens parvifiora DC.

podas vyvoja (april-september, 14-dfiové intervaly) v podraste dubovo-hrabového
lesa pri Bratislave.
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aj na populécie trvacich druhov, na zmes populécii viacerych druhov, vratane
spolodenstiev. Zda sa, Ze koncepcia ma univerzalnu platnost, pretoZe ju mozno
aplikovat nielen na vyvoj porastu, ale ajna sukcesiu rastlinnych spoloenstiev.
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Symposium 1C
Plant Growth and Competition

1i, B & Watkinson, A R (Norwich, UK).
WEED-CROP COMPETTITION.

The effects of both imtraspecific competition in
monocultures of carrots and interspecific competition
between carrots and 2 range of weed species are described
in this paper. Size hierarchy development in monecultures
of carrots is described and it is shown that small differences
in emergence time over a three day period have a strong
influence on plant performance. Variation in the relative
growth rate of cohorts is discussed in relation to asymrnetric
and symmetric competition. In mixtures of weeds and
carrots a neighbourhood approach was used to investigate
the competitive effects of eight weed species on the
performance of target plants of carrot. The relationship
between the performance of target carrot plants and the
density of neighbours was strongly non-linear. A nsw
index of competitive effect is outlined which allows the
competitive hierarchy of plant species to be quantfied. Itis
shown that the competitive effect of the eight weed species
is related primarily to the absolute growth rates of the weed
species grown in isolation.

Elias, P (Bratistava, Slovakia). :
SELF-INFILLING, SELF-LAYERING AND
SELF-THINNING IN PLANT POPULATIONS.

Population dynamics and structure of annuals were siudied
in monospecific populations during the development of a
stand. Three different phenomena and/or regulation
mechanisms were observed/distinguished: (1) Sclf-infilling
or self-thickening operates predominantly at beginning of
stand development at lower densities. It is an in-filling of
an area/space which is occupied by a population (a stand)
due to growth of individual plants. It is limited by gene-
potential of & plant, e maximal plant size and architecture
of a plant. Its rate and degree is determined by initial
density of a stand (sowing density, density of seedlings).
(2) Self-lavering operates at moderate densities. Itisa
differentiation of the stand into vertical layers (strata) due to
“plastic responses” of individuals. Increasing in size
variability in a population, asymmetry/skewness of plant
size distributions or bimodality in the distributions and “size
hierarchies”, viz. dominant (large) and suppressed (smaller)
individuals, can be observed. (3} Self-thinning operates at
higher densities, at limited availability of resources. Itis a
decreasing in density of a population (a stand) due to loss of
modules and individuals (“morality responses™). It is
considered as a density-dependent iniraspecific
competition, an important driving force for natural
populations. It was described and modelled by "-1.5th
power law of self-thinning”. ‘
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Puntieri, ] G & Pysek, P (Bariloche, Argentina).

BRANCH PRODUCTION AND SIZE HIERARCHIES
IN EXPERIMENTAL POPULATIONS OF GALIUM
APARINE.

We tested the following hypothesis: the development of size
hierarchies in Galium aparine populations is deiayed
because of the basipetal development of branches
characteristic of this species. An experiment involving a
branch-clipping treatment and a control for low density (one
plant per pot) and high density (about 40 plants per pot)
with 20 replicates was carried out. All branches longer than
2mm were clipped in the treated plants. Two non-
destructive measuremenis of labelled plants and a harvest of
above-ground and below-ground organs were carried out.
The clipping treatment affected the biomass at harvest only
in the case of isolated plants. The higher co-efficient of
variation of the relative growth rate for the clipped piants
and the higher number of shifts in the position of individual
plants within the ranking of sizes among the untreated
plants indicate that a more pronounced level of dominance
and then suppression was taking placing among the treated
plants. The resuits support the hypothesis proposed. By
placing their main branches at a low level in the canopy, the
dominant individuals may have a high probability of losing
their pasition in the hierarchy of sizes of the population.

Takada, T (Hokkaida, Japan).

THE OPTIMAL ALLOCATION MODEL FOR SEED
AND VEGETATIVE REPRODUCTION 1IN
PERENNIAL PLANTS.

Mosi of herbaceous perennial plants reproduce both
sexually and asexually, namely they regenerate through
sceds and vegetative propagules. Therefore, the
evolutionary significance of vegetative reproduction i$ an
important subject in order 1o understand the life history of
plants comprehensively. In the present paper, the optimal
allocation to both seed and vegetative reproduction is
analysed in terms of the density-dependent Lefkovitch
matrix model, which describes a density-dependent
population dynamics with a stage specific pattern of
repreduction and mortality. The obtained results are (1)
The ESS of the allocation to two kinds of reproduction
depends on the shape of the trade-off curve between the
number of seeds and of vegetative propagules. but does not
depend on the emergence rate of seeds and the survival rae
at seedling stage. (2) In the habitat where the survival rate at
the juvenile and flowering stages are low due to the
harshness or herbivory in the environment, perennial plants
with more seed reproduction are favoured. On the contrary.
perennial plants with more vegetative reproduction are
favoured in the favourable environment.
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Stem fungi disease (Puccinia
komarowii) on Impatiens parviflora
in Slovakia: effects on population
dynamics and its role in regulation
of plant populations

Pavol EL1AS

Institut of Botany, Slovak Academy of Sciences,
SK-842 23 Bratislava, Siovakia

Abscract:Since 1985 population dynamics opf Impatiens parviflora DC., an invasive annual of Cen-
tral-Asiaric origin, have been studied in several localities in western Slovakia (Malé Karpary Mts.). A
stem disease on Impatiens was observed first time in 1987 in the populations at Bratistava-Zeleznd
Studienka; it was determined as Puecinia komarawii (ELIAS 1994). Since that time number of infected
plants has progressively increased from a year to year and spreading of the disease was evident. In
April 1994 65-99% of plants in the forest populations was infected by the stem disease. The infected
plants have survived only some weeks and they were among the first plants died during next months
(predominantly in May). Extremely high mortalicy of infecred plants (close to 100%) resulred in
lower population density and in reduction of fruit production in the population. The infection of L
parviflora by the pathogenic fungi has a strong impact on its populiation biology.

Introduction

Fungal parasites can attack agricultural plants and can reduced harvest. There
are several reports on the occurrence of significant levels of disease in wild
populations (cf. SILVERTOWN and LOVETT DousT 1993) The fungi may influ-
ence the population dynamics of a plant population (HARPER 1977, BURDON
1987).

Puccinia komarowii TRANZSCH. 1903 was described on [mpatiens parviflora DC.
and I. amphorata EDGEW. in Central Asia and northern Himalayas. Since 1st
world war it spread on western direction up to Switzerland and northern Fran-
ce. In Eastern Europe (Ukraine) it was found in 1921, in Switzerland in 1938
(MAJEWSKI 1979) on Impatiens parviflora.

Puccinia komarowii attacks the stem of young I parviflora plants in closed
decidous stands of Carpinus betulus and Quercus petraea (Querco-Carpinetum)
and in beech forests (Asperulo-Fagetum). It forms eocies on stems and stalks
of young plants. In Slovakia it infects hypocotyls and stalk of cotyledons of
Impatiens parviflora in their dense stands. Up to 90% of plants/stems may be
attacked per | m?

The main goal of the project was to study role of a disease in regulation of
population dynamics and/or effects of the disease on mortality of plants during
the development of the stand/population,
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Material and methods

In an oak-hornbeam forest ac Bratislava Zelezna Studienka population dyna-
mics and regulation mechanisms in Impatiens parviflora DC. population have
been studied since 1985. Permanent quadrats (square plots) were selected and
fixed in forest understorey and in neighbouring cutted-areas. Since seedlings
emergence the plants were counted and measured in 14-days intervals.
Healthy status was analysed in field populations and diseased and healchy
stems were distinguished (healthy and infected plants). In 1993 and 1994 per-
manent plots were also situated in such stands of . parviflora where the stems
were attacked by fungi. Effects of the fungi on stem/plants morphology was
studied in both infected and healthy populations.

Results and discussion

A stem disease on Impatiens was observed first time in 1987 in che populacions
at Bratislava-Zeleznd Sctudienka; it was determined as Puccinia komarowii (ELIAS
1994). Since that time number of infected plants has progressively increased
from a year to year and spreading of the disease was evident. In April 1994
65-99% of plants in the forest populations was infected by the stem disease.

HARPER (1977) noted in crops pathogens persist in the soil (as a slow-growing
or resting mycelium, and long-lived spores) it seems probable that an entirely
similar disease accumulations occurs in the soil, under more natural vegetati-
on, but there has been lictle serious study of this possibility. Qur results show,
that such disease accumulation actually has occured in Impariens population.

In 1993 Puccinia komarowii affected directly more than 30 percent of individu-
als in the population and caused death of young plants during May and June.

Field observations, performed in different populations in April to May 1994,
showed infection percentages of 0 to 90%. High percentages of infecrion were
found in dense populations. In strongly infected populations the mean percen-
tage of disease appeared to be abour 70%. It 1s known also from other popula-
tions than dense plant stands are particularly susceptible to fungal disease
(BURDON 1987).

Puccinia komarowii affects morphology of Impatiens plancs. It stimulates the
elongation of the hypocotyls and shoots, so that shoots with an infection by
Puccinia komarowii surmount all other plants up to 5—7 cm.

Heavily infected stems died after one-two months of infection. High mortality
in parasitised plots has observed in May and June. During hot and drought
period only healthy plants have survived.

In the field, the majority of the infected plants die before flowering and/or
seed formation and set. It means that the fungi disease affects reproduction of
Impatiens by decreasing production of seeds in natural populations.

It is evidenc that Puccinia komarowis caused high mortality in Impatiens popula-
tions in spring and has important role in regulacion of population density of
the species.

The disease actually affected population dynamics and reproduction of Impati-
ens parviflora DC. and it must be, therefore, considered as an important regula-
tion factor also in the invasie species (anthropophytes).
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Zur Gattung Prztzelago
in den Ostalpen

Von Thorsten ENGLISCH

Fiir die kritische ,Flora von Osterreich® wurde die Gattung Prirzelago O.
KUNTZE (= Hatchinsia R. BR.) mit der nun einzigen Art P alpina (L.) O.
KUNTZE im Ostalpenraum einer kritischen Revision unterzogen. Anstol} dazu
lieferte die Publikation von TRPIN (1974), die aus dem Gebiet der Julischen
Alpen eine neue Sippe als Hutchinsia alpina subsp. austroalpina beschrieb und
damit erneut das Augenmerk auf die schon lange bekannten und mit vielen
Namen belegten ,Ubergangsformen® zwischen P. alpina subsp. alpina und
subsp. brevicaulis lenkte. Diese ,Ubergangsformen” waren auch der Grund,
daf diese beiden Sippen wiederholt ihren Status — vom Rang einer Art zur
Unterart bzw. umgekehrt — wechselten.

Die Unterscheidung der subsp. érevicanlis von subsp. alpina wurde durch
SPRENGEL bereits 1825 (unter dem Namen Hutchinsia brevicaulis) durchge-
fiihre, bekannt wurde sie vor allem durch Hoppg, der zahlreiche Belege in sei-
nem Umfeld verteilte. MELCHERS (1932) fiihrte ausgehend von der Problem-
stellung des , Kalk-Urgesteins-Vikariismus" eingehende Studien iiber Merk-
male und Areal der beiden Sippen durch, wobei er bemiiht war, Varietiten
fritherer Autoren (z. B. GraaB 1894) méglichst auszuschalten. Dennoch
mufite er auch abweichende Formen anerkennen, darunter als auffallendste
jene Pflanzen aus dem Bacherral in den Sextener Dolomiten, die er als . Dolo-
miten-Sippe” bezeichnete und die von MARKGRAF (1962) als Hutchinsia brevi-
canlis var. drex/erae benannt wurde.

Eigene Aufsammlungen in den Jahren 1993 und 1994 in Teilen der Siidalpen
und eine eingehende Merkmalsanalyse nach Herbarmarerial brachte nun auf-
schlufireiche Ergebnisse. Neben der frither vielbeachteten Form der Kronblic-
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RASTLINA AKO SUBQR POPULACIT

Pavol ELIAS
Ustav experimentdlnej bioldgle a ekoldgle CBev SAV, Dubravskd
14, 814 34 Bratislava

Na kaZdd rastlinu sa mdZeme pozerat ako na populdciu Casti
/jednotiek/, ktoré sd navzdjom spojené a tvoria jeden organi-
zatny celok /Harper 1977/. Tdto predstava vychddza z .principu
klasickej morfoldgle, podla ktorého vy$siu rastlinu tvorf opa-
kovany rozkondreny systém jednotiek, prifom kaZd4 z nich obsa-
huje segement stonky, listu a jej axildrneho pdcika /porov.
napr. Arbor 1950/.

Moduldrna Struktdra rastliny

Su¢asnd morfoldgia chdpe rastlinu ako zoskupenie metamér
/Hallé a Oldeman 1978/, z ktorych kaZdd obsahuje internddovy
komplex tvoreny udsekom sﬁonky s jeho.listami alebo listami a
8 nimi asociovanymi bolnymi /t.3. axildrnymi/ meristémami
/Prévost 1967/. Rast rastliny je vysledkom viacndsobne opako-
vanej tvorby metamér meristémami. Metaméry sa mdZu zoskupovat
do skupinovych drovn{ morfologickej organizécie; medzi nimi
do modulu a kondra /Obr. 1/. M o d ul Jje agregdt metamér
vytvoreny jedinym apikdlnym meristémom /Harper a White 1974,
Hallé a Oldeman 1978, Prévost 1978/, Je to morfologicky ter-
min oznadujdci vyvinovd jednotku, produkt jedného apikdineho
meristému. Modulom je aj kondr vytvoreny delenim bo&ného me-
ristému, pretofe aj tento je pri diferencidcii vytvoreny novym
rastovym vrcholom /apexom/. Vegetativne kondre sa tvoria viac-
ndsobnym opakovanim /reiterdciou/ zdkladnej metamerickej jed-
notky, zatial %o kvety a sudkvetia sa tvorila reilterdciou meta-
mér, sdc pritom modifikovanymi listami. Agregdt kondrov, jeden
alebo ich komplex, tvor{ rozliZiteIné telo rastliny alebo mo-
delovd jednotku, architektonicky model /Harper 1384/.
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Obr. 1 Schématickd zndzor-
nenie predstavy o moduldrnej
Struktdre rastliny.

Rastlina ako metapopuldcia

Populdcia sa definuje ako siybor geneticky blfzkych organiz-
mov alebo volnejsie ako subor rastlin jedného druhu /taxdnu/
rastdécich na ur&itej ploche /uzem{/. Pre obdobnyf pristup ku
¥tydiu rastliny navrhol White /1979/ term{n metapopuldcia
%{m sdfasne naznalil, Ze rastlina je vlastne suborom populd-
ci{ &astf{ alebo modulov rdzneho druhu /listy, kondre, korene
atd./. Termf{n definuje ako podielové elementy, ktoré vytvdrajd
. morfologickd Etruktdru genetického jedinca bez toho, Ze by
tieto elementy boll bli%ile definované.

Fyziologické ddsledky moduldrnej Struktdry rastlin

Rastliny sd tvorené hlelen morfologickymi /ped/Jednotkami,
ale tie¥ fyziologickymi podjednotkami. Metaméry samotné sa
pova¥ujd za relativna antonSmne jednotky, pokial ide o ich
hospoddrenie s uhlikom /napr. tzv. nutri&nd jednotky pri fa-
zull, rozlidené Adamsom, 1967/. Takéto jednotky Watson a Cas-

per /1984/ nazvall integrované fyziologické jednotky /1pUs/
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Pocet listov

Cas (dni)

Obr. 2 Vekovd 3truktira listov Ianu /Linum usita-
tiggimum/. Populdcia listov je zndzornend ako suk-
s{vne kohorty, ktoré sa vyvijajd potas trojdiiovych
intervalov . Podla Bazzaz-a a Harper-a /1977/.

a prepokladajd, Ze sd vytvorenélidentifikovatelnjmi radmi
morfologickfch podjednotiek, ktoré spolu fungujd ako relativ-
na autondmne %truktidry s ohIadom na agimiléciu, distribdciu,
utiliz4dciu vhlika.

Dékazov na podporu takejto predstavy je zatial pomerne md-
lo, pretoZfe fyzioldgovia doteraz len zriedkavo analyzovall
rastliny v metamerickej terminoldgii /Whité 1984/. Aviak aj
doposial publikované ddaje naznaZujd, %e vo vnitri alebo me-

dzil urditymi morfologlckymli jednotkami existujd obmedzenia
dotykaldce sa fyzlologickjch javov. Jednak sa ukazuje, Ze
bilancia uhl{ka vo vndtri urfitej metaméry alebo kondra Jje
requlovand samostatne, a dalej , #e tieto obmedzenla sa doty~

xajd aj dréhy pohybu asimildtov v rastline.Ukazuje sa, Ze
stupefi obmedzenia je Zlasto¥ne funkciou rastového %tiddia.
Pritom v3ak je zrejmé, %e tleto obmedzenia nie su zaprifine-
né nedostatolnou "priepustnosfou" vodivého pletiva per se.

Pohyb asimildtov v rastline je sektorovy, o je v protikla-
de s predstavou o uniformnej distribdcii, podla ktorej je v
rastline kapacita pre translokdciu asimildtov do vSetkych
orgdnov rastliny s rovnakou plynulosﬂoﬁ. v skutolnosti viak
je pohyb asimilftov v rastline obmedzeny do Zpecifickfch sek-
torov modulov, kondrov alebo ramét., Tento sektorovy transport
asimildtov je podmieneng anatomicky. zdd sa, %e konkrétne
pripady odrd%ajd fylotaxiu, %o je geometrické usporladanie
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Sambucus ebulus  (Trnava, 1983}
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Obr. 3 Zivotné cykly jednotlivich pdrov listov bazy chabzdy
/Sambucus ebulus L./. v podmienkach z4padného Slovenska. pIi-
ka &lar odpovedd dIfke Zivota listov,

1i{stov na stonke /Murray, Mauk a Noodén 1982/. Rozhodujﬂci
vfznam 8a prikladd vaskuldrne} arghitektdré /Glfford a Evans
1981/,

vzhladom na znaZnd premenlivost ragtlin v rozdelen{ na Cas-~
ti, rastliny existujy kdesi na kontinuu od dpinej integridcie
k vysocko lokalizovane]} sektorizdcles. Croveil morfologicke]j kom-
plexnosti, na ktorej sa vyskytuje fvyziologickd integrécia,
definujse sami~-autonémnu, intsgrovand fyziologickd jednotku
/1pu/. Polet IUPs v rdmcl jedného taxdénu z4vis{ na vaskuldr-
nej organizdcil taxénu a #tddiu dospelosti jedinca. Pritom
potet IPUs by mohol koreipondovat s po&tom vaskulfrnych sym=
p6dif /e.). listovych ortostichov/.

vyznam Htddia rastlinnfch &ast{ ako populdci{

Listy, botné vyhonky, kvety v sikvetiach a plody v sdplo-
diach atd. Tento pristup unoifiuje detatlnejiiu analfzu dynami-
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ky rastlinnfch Zast{, ich vznikanla, rastu a odumierania,
teda javov, ktoré pri celostnom pohlade na rastlinu unikaijd
alebo md%u unikat pozornosti.

Najviac pozornosti sa doteraz venovalo demografickému Stu-
diu listov. Studium populdcie listov na jednej rastline ukd-
zalo na rozdielne Zivotné cykly listov vytvdranych na rastli-
ne v priebehu je) vege ta®ného /rastového/ cbdobia. Prikladom
mo%a byt vekovd Btruktira listov ITanu /Obr. 2/ alebo bazy
chabzdy /Obr. 3/. V druhom pripade odumieranie listovych pd-
rov v dolnej tretine rastliny je vyvolané zapojenim /uzatvo-
ren{m/ porastu, ich tienenfm vy33ie postavenyml listami a
teda nedostatkom svetla. '

Vfhodné je vyuiit populaéno-biologickf pristup pri 3tddiu
sdkvet{ rastlin, priéom sfkvetie sa chdpe ako jedna populdcila
kvetov.

pemografické Studium rastlinnych ast{ m4 aj svoje praktic-
ké vyufitie. Demografia yvyhonkov a pu&ikov tvori ekonomicky
z4klad pre obhospodarovanle Eajovfch plantdif{, Demografia
nédov, pukov, kondrov alebo kvetov je rozhodﬁjdca pre urodu.
bavlnika, sdje, fazule a mnohjch infch plodin. Demografia
metamér resp. modulov tvor{ dynamicky model formovania poras-

tov a Jdrody.
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ZASOBA SEHMIEN V ORNICI A PREDIKCIA ZABURINENIA

SEED DBANK IM TOP SOIL AND WEED INFESTATIOH

E1i43, P.

Slovenska akadémia vied, Botanicky u=staw, Dubravska cesbla 14,

842 23 DBralislava, Czecho-Slovakia

Zidzsoba semien (alebo banka semien) predstavuje rezervoir
semien a ako Lakd Je na ornych pddach rozhodujidcim =drojon
akludlneho zaburinenia porastov., Vytviara sa v priebehu mnohych

sezdn a = nej sa kaZdorotne obnovuije akiludlne =aburinenie

kulturnych porastov. Prelo sa zdsobe =semien burin v pbde
v¥eobecne venulie velkd pozornosi, aj v suvislosLli so snahou
predpovedal akludlne zaburinenlie porasbov na najbliZz3ie

vegelLa®né obdobie.

Obsah semien burin v ornlci, Lij. rofet semien na jednolku
plochy, resp., cbijemu, sa sbtanovuie Jednak priamo, mokrym
preosiatim pddnych vzoriek cez susLavu sit, dednak dlhodobyn
kli&nyn tesmlom., V Labulke 1 su zhrnuté ddaje (priemerné¢ hodnoty)
o zAsobe semien burin v ornych pddach v Ceskoslovensku, kLoré
=({skall rbznil aultorl v rdznych Sasovych obdoblach a =a rdznych

rodmiencok.

Tabulka 1 Z4soba semien burin v _ornpici (0 - 30 cm) v C

Table 1 Yeed seed bark ln_arable soil layer (0.0 - 0.3 m) in
CSER
Localitly Nurber of seeds Reference

) Eer-sa. meter

éechy / Bohemia :
Ruzyng& u Prahy 12.900 Kropdd& 1966

KaXiLice u Podbofan 70.300

Horava / Horavia

HruZovany u Brna 79.830 Dvotdk et EKrej&if
1974
- .o 56.000 - 93.000 Dvoftdk et Krel&ip
, 1980
iabéice 14.700 - 33.400 Dvordk 1987

Slovenskos/Slovakia

Kamenica "/ Cirochou 1.900 Fridecky el Demo
Ondrochov 8.400 1966
Levice 11.300 "
Halanta &4.500 ”
Halania 42,295 Seffer 1990
- 435 -
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Obsah semien burin v ornicil je rozdielny nlelen med=i loka-
jitami, ale ma vyrazne menl =z roka na rok 1 v priebehu jedného
roka, pridom zidvisgsi na abLriedan! plodin, agrolechnike (frekven-
cia, obdoble a hibka kultliviclie pddy) a poulfvan! herblici{dov,

Hedz! aktudlnym =zaburinenfm a obsahom semlen burin v rédne’
s4dsobe nie je jednoduchy vztah. Hocl kvalitalfivne =zloZ%enie buri-
novej vegeldclie v =asad® zodpoveda druhovel] skladbe semien
v pdHdnej =4sobe, =2 kvnblilali{vneho hladiska sa =zlsgstilil vyznamné
rozdiely (porovn. Kohoul el Zimova 1973, Dvordk el Kre]l&(¥
1973) . Podiel jednotlivyech druheov na akludlnomn zaburlnen{ méie
byt mnohondsobne vy&3(, pribliZne rovnaky alebo podstalne niZ3{
{vo vitZine pripadov}, ne% je ich podiel v pddnej =d4sobe. Prelo
predikeia zmaburinenia kulburnych roraslov na z=dklade Jednori=zo-
vého slanovenia obsahu semien burin v ornici nie Je mo%nd. Popri
doteraz prevlddajiucom stalickom pristupe { odbery pddnych vzoriek
raz =za rok) je Lreba uplalnil popuiaéne-blo]ogick?, najmnd demo-
graficky pristup k 3Lddiu populdcil burin na obridbanych p&dach.

Banka semien v pdde ma svoju Zlrukldru, kbLord vyjadruie ni-
elen vertikidlne a horizonlilne rozmiestnenie {(uloZenie} burin
v pbédnych vrslvdch, ale najnmd fyzlologicky a "=mdravolny” stav
gemien {dormancia, kl[&ivoal, »ivolaschopnost, wvek, Uhyn). ¥
Ztruklure celkovej populdcie semien v p8de rozlifujeme frakcle
banky semien (aklivna a dormanlnd b. =.}, siraty a udhyn semien
( preddtor, palogén, staroba, k1i%enlie a vzchiddzanle) a Lvorbu
a doplfiovanie banky s. (Lav. di3d memien). Dynamiku banky semien
v pdde mOZeme oplisal pomocou ﬁodelov {napr. Cohenov model).

Survey.of Lhe data on weed seed bank (average numbers of
seeds per sg. mebter) In arable colla of Czecho-Slovaklia, collec-
Lted by several aulhors {in different time periods and by diffe-
renl appreoaches=, is glven in Table 1, The relallonships bebwveen
veed seed bank and weed infeslation are complex and, therefore,
simple prediclions of weed infestatlon for nexl. growving seasons
(from Lhe conbLentl of seeds In soil samplex) are not feasible.
Populalion-bicloglical, namel y demographlic approaches musl be
used in such sludlies.

Literalura
ELIAZ, P., 1990: Populadnd biloldgia burin (Population biology of
Weeds) , Ms. Prednd3ka na celoXtdlnom sgemindri populalne]

bioldgle rastlin. Bralislava.
- 436
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POPULACNA DIOLOGIA BURIHN

POPULATION BIOQLOGY OF WEEDS

Eit4as, P.

Slovenskd akadémia vied, Botanlcky ustav, Dubravska cesla 14,

842 23 Brallslava, Czecheo-Slovakla

Poznatky o bloldgli burln su tradi&ne doleZilym zdrojon
Informdcli | pPre Lav, boid protl burinim. Cesko-slovanské
agrobotanlika (herbolégla), osoblitne vSak herboloylické pracovisko
na Yysoke] LZkole =emddelgake’] v Prahe - Suchdole, vy znamnou
mlerou prispela k tomulo poznanliu. Vyvol V zdpadnych krajindch
smeroval k podrobndmu Studiu popula&nel dynamiky burin na
obr&banych rOdach, k populane-biologickému resp.

populaéne—ekologlckému 2Ltidiu burin, SLuduje sa dynamlka hustloly

populdcll a hladaja sa faklory a regulaéné mechanizny
kontrolujlice popula&ni huslotu burin. Poznalky populalne]
bioldgle burin sa uplatfiuld pri vypracovdvan| glralégli

bicloglieked kontroly burfn ako suU%asti syslému inlegrovanei
ochrany kultdrnych rast1in. vV podmienkach ndfho %L 4Lu Lenlo
trand sa uplatnil len okrajovo, preto dnes nemime k dispozicil
kompletnui populaéno-blologlckﬁ stadiu  antd jedndho = druhov
burin.

Popula&ni bloldgla rastlin Zluduje Zivolné prejavy rastlin
po&as #jvolnlho cyklu na populaZne] drovinli. Osoblitne =i viina
(a) semend uloZend v pode a na jej povrochu, ozna&ovand ako banka
semlen resp. =dascba semlen. a fch vitalllLu, dormanciu, ki&ivost
a slrany poZeron, chorobaml a tthynom v dbsledku poZkodenia a
sLarohy, (b)) klicencov resp. vzidencov na povrchu  pddy, fch
vzchddzavost, preXfvanle 1 vhyn, () dosplievajuce a dospeléd
raslLliny, preZ2ivanie a vuhyn rasLlin v doésledku vnulrodruhove] (a

medzldruhoveij?l interferencle (kompetlicle) a vonkaislch faktorov

proslredla, (d} tvorbu ( reprodukcla, reprodukZnd kapaclila) a
rozElrovanie semlen. Zidkladnou popula&ne bloleogickou
charakteristikou je hustota_ senlen, kl!éencov. rastlitn, 3.
rocet jedincov na jednolku povrchu pOdy (najastejsle sa
vyjadruije ako { m-2). Talo kvantiltalivna (Li. exaktind)

charakleristika sa 38 uspechom vyuZiva pri hodnoteni a modelovani
populacne]d dynamlky burin v porastoch kultﬁrhych rastlin I v
monocendazach. Je stastou modelov inLerferencle medz! rasilinami
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navzdjom (napr. kompelicla? i = inynmi organlzmaml (napr.
preddlormi) . Spolu s blomasou jedlncov resp. populdcie Je
sulastou modelov InLerakcie Dburin = kullurnyni rastlinami a

mode lov samozy lsdovania.

Hastdvajucu etapu rozvaole herboldgie Vv Cesko-Slovensku
vidime v aplikicli popu]aéne-blologick?ch (demografickych,
populaéne-eko]ogick?ch) pristupov pri Zt1iidiu burin na obrdbanych
pbdach (a na pokusnych pozemkoch). To ném umo®n{ =iskal poznalky
polrebné pre vypracovanie shtralégie blologickej konlroly burin v

konkrélnych plodindch resp. Vv ur®ilom rotanom cykle.

Czecho-Slovak agrobotany has evidenbliy conlrxibuted .o the
konvledge of Lhe bilology of weed species groving on arable
sofls. Agricullural universities in our counlry, namely
herbological vorking-place of Lhe Agricullural Universily In
Prague - Suchdol, have been very aclive iIn the studlie=s. Howvever,
in olLher developed counlries a trend tovards Lo Lhe
populaLlon-blolcglcal study of veeds appeared and nov is oflen
uged in Lhe sludy of populalion dynamics of weads and / or in
Lhe sludies of faclors and mechanisma which regulate ropulation
denslilLy in arable =sotls. Resulls of such studies are used lo
device Lhe slLrategy of blologl-conblrol of veeds as an important
part of integraled prolecllion of cultivated planls. On Lhe other
hand, Czecho-Stavak agrobolany has almost omitbted Lhe
demographic and / or populational-ecological aporcach Lo Lhe
study of weed specles on arable soilzm. This paper 18 an appsal
Lo accapl Lhe nmodern trend {n weed research and educal.ion in

Czecho-Slovakla.
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BIOSOZO0LOGIA — BIODIVERZITA - GENOFOND A BOTANICKE ZAHRADY

Pavol ELIL3

Miznutie rastlinngch a ZivodiBnych druhov v poslednjch desabro-
giach presiahlo rdmec regiénov (ostrovy, kontinenty) a charakter vy-
mierania endemickych taxonov. ZmenSovanie biologickej rozmani btostl
mé dnes uf charakter glob4dlneho, tJ]. celoplanetdrneho javu a zaraduje
sa spolu s oteplovanim, vysuSovanim, narudanim ozonovej vratvy a bto-
xifikdciou medzl globdlne zmeny. Stddium tohoto prooesu sa stéva si-
asfou dlhodobého medzinérodného programu IGBP - International Geo-
sphere-Blosphere Programme: A Study of Global Change. Ulchou tohoto
vyznamného "Medzindrodného programu geosféra-bloaféra: Studium globdl—
nych zmien" je opisaY a pochopit fyzikédlne, chemické a biologické pro-
cesy, ktoré regnluji cely systém Zeme, zmeny preblehajice v tomto sys-
téme a ich ovplyvnovanie ladskou &innostou.

Miznutie 81 vymieranie druhov, napriek svojmu globdlnemu charak-
teru, prebieha sko lokélny proces spojeny s deStrukciou alebo fragmen-
t4ciou biotopov, s ndslednou inzularizdocion (insula = ostrov) a zmena-
mi v miestnych populdcidch, ktoré mdiZu viest (& v mnohych pripadoch
s} skutodne vedi) k smendeniu Zivotaschopnosti na hranicu prezitia a
konedne k vymiznutiu (vymretiu). Vymieranie miestnyoh populdcii vedle
postupne k Gstupu druhu z lokality, regionu (oblasti, dzemia, kraji-
ny, kontinentu) a% k vymretiu druhu sko tekého. Freto sa poznanie to-
hoto lokdlneho procesu povazuje za kIlG3ové pri zdchrane ohrozenych
a vzdcnych taxonov, pri obmedzeni zmen3ovenia blodlverzity a zabrdneni
dalsieho vymieranie druhov na Zemi. Zial, aj v tomto pripede (sko pri
vasiline problémov Zivotného proestredia) teoretické poznanie javn a
procesu zaostéva za potrebaml praxe - prakticke]j ochrany Zivej priro-
dy. Kritickd situndcia vedie k hladanin rieSeni v obidvoch smeroch.

Teoretioké zdklady oohrany £ive} prirody (biosozoldgia) nie sd do-
statodne rozpracované, Praktiokd ochrana prirody vidy vychadzala visc
z emocli a entuziszmu ako z vedeokych poznatkov a teoretickych zdkla-—
dov bioleglekych vedﬁjoh disciplin., Tento nedostatok si uvedomovall
vedice oscobnostl organizovaného ochrandrskeho hputia ¥ Eurcope od trid-
simtysh rokov tohoto storo¥iam (Prochézks, Wodlozko, Goetel, Zapo3ni-
kov), navrhujlio poménovanie (fyziotaktike, sozologia, soziekologla,
ekosozoldgla al.) m obseh samostatnej vedy o ochrane prirody. § tymi-
to nedostatkami zdpasime dodnes, ked ochrana Zivej prirody sa pomaly
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gtrdos v Sirokom hnuti tvorby a ochrany 7ivotného proatredla &loveka
(environmqntaliatika). ¥ tomto hnuti sa tekmer vybtrdoa bilologlokd pod-
stata Zivého, ochrana Zive] prirody a do popredia sa dostdvaji krajin-
no-skologické, geografické = urbanistické predatavy o premene a vyuzi-
vani{ krajiny (geocentrizmus, antropocentrizmus), Svedii o tom napr.
tzv. uzemny aystém ekologlokej stabllity (USES) pretladeny do zdkona
do pozemkovyoh uprav & pretlddany aj do zdkona o ochrane prirody
(neboda) aj krejiny?!) pod heslom ekologizdole hospodérenla v krajlne.
7.4atancovia USES-u, pri kritike teoretickej plytkostl konoepcle, ar-
gumentuji pregmatickymi ddvodmi - snahou zachova® zvydky prirodzens]
prirody pred tlakom hospodérskej a ostatne] Ginnosti Sloveka. Iste,
prax nemf8Ze Sakal na vedecké rospracovanis teoretiockjych zékladov
ochrany %ivej prirody. Je celkom prirodzené, Ze hisd4 pregmatické
riedenia, vychddzajice Sasto zo skisenosti, rutiny a nezriedka i in-
tufoie.

V zdpadpom rozvinutom svete sa na koncl sedemdesiatych a od osem-
desiatyoh'fokov objavil a rozvijal novy pristup k ochrane Zivej pri-
rody na biologickjch zékladooh ~ tzv. konzerva¥nd bilologia (porovn.
E1145 1989). V sidasnosgti je reprezentovany tasopleom "Conservation
Biology" (vychddza od rokun 1987) a vedeckou spolodnostou "The Society
for Conservation Blology" (vzniklas v roku 1987 a dnes méd okolo 2000
%lenov). Cielom spolodnostl je pomdet vyvini® vedeocké a technioks
postupy (spbsoby) ochrany, udrZania a obnovy %ivota na tejto plandte
- jeho druhov, jeho ekologickych a evoludnych procesov & jeho osoblt-
ného a celkového %ivotného prostredia, Konzervadnd bilologla ako veda
o vzdenostl a rozmanitosti Zivého md jaané aplikadné zameranlie: po-
kifa sa zadriieval stratu blologlcke] rozmanitostli a prinajmenfom
pomdot zmiernil neprisznive u¥inky klesajioej diverzity (druhev, ge-
nov, stanovi3t). Wiekedy Je oznadovand za splikovami populalni biolo-
giu, ktord skutolne tvori jedro problémov rieSenych vedeckymi postup-
mi (terénny vyskum, modelovanie) na odpovedajioce] teorstickej 1 me-
todicke} trovni. Tomuto novému smeru (v ruske} literatdre ho pomeno-
v8li ako bioldgie ochrany prirody) a Jeho vyisledkom muaime 2j u nés
venoval zvySent pozornost. Rozblehajiol =ma moni toring miestnych popu-
1401f ohrozenfch druhov v rdznych regiomoch Slovenska (papr. aj v rém-
ci MONTAN-u vo Vysokych Tatrdch) musi reépektovaE gu&asgnéd poznatky
a metodlické skisenomti populadne] biologle rastlin; Xonzervadénej bio-
16gle {pripadne genetiky a injoh biologlckyoch, resp. ekologickych
disoiplin), ek mé priniest vysledky vyuzitelné v ochresne Zivej pri-
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rody & ak mé mat teda zmysel.

7.4kladné otdzky, ktoré je potrebné pri ochrane Zivej prirody rie-
517, méieme zoskupif do nasledujiolch okruhov (E1i4% 1990);

(1) Genofondové koncepcla druhu
(2) Konocepcls metepopuldolf
(3) Konoepola vzdonosti druhov
(4) Vymierenie druhov
(5) Teoria ostrovnej bilogeografle (ekologise)
(6) Koncepoia miniméine) velkosti Zivotaachopne] populdcie
(1) Z4sady budovanis rezervdcii
(velkost, poet a tvar chrénenjch tzemi).

Ne tomto mieste sa nebudeme podrobnejsie zaoberal jednotlivymi
problémami. Odkazujeme na predohédzajice prdce (El148 1989, 1990, 1991,
1992). Z rieSenia uvedenyoh okruho¥ vyplynd zdvery pre prak tickd
ochranu Zive)] prirody - od kategorizdoie ohrozenosti (vy8lenenle stup-
hov ohrozenoati) a evidencie chrozenych druhov, cez analyzu priéin
ohrozenostl a# po formy (espbsoby) ochrany &l zéchrany chrozenych dru-
hov (porovn, Bli4s 1977/78). V poslednom obdobi sme zeznamenall roz-
voj koncepcie metapopuldelf a je] uplatnenie v konzervacne}] biologlii.

Medzindrodnd ochranédrske organizdola (IUCN) a praktickd ochrana
prirody sa snaZili upozornovat a riedilt vanikejicu situdciu od sedem-
desiatych rokov. SpoSiatku sporadické a zriedkavé registrovanle &1
evidencia dstupu druhov z lokelit a vizemi ("prvé verovné hlasy") sa
prepracovalo k systematickému a periodickému hodnotenin ohrozenostl
druhov vo forme tzv. Servenyoh knih a fervenych zoznamov. Hoel sa
tieto kritické zoznamy stali velmi obIdbenyml e populdrnymi aktivita-
wi nielen pa urovni 3tdtov e regidnov, ale a] na arovni malych vzemi,
jch vplatnenie v ochrandreke] praxl a v legislative ochrany prirody
poatupuje velmi pomely. Iste by bolo ohybou sl myelief, Ze samotné
vyprecovanle derveného zoznamh &1 vydanis Servene) knlhy Je aktom
oohrany taxénov. Bola by to velmi nebezpe¥nd ilizis, ktord by mohla
velmi neprijemne prekvapil je} zédstancov. Dokonca gl myslim, Zze ani
stav ochrany prirody, resp. druhov Vv tej-ktorej krajline nemozno hod-
noti¥ len na zdklade toho, &i vydall Zerveny zoznam alebo Zervenid
knihu. 0d tohoto &inu k prakticke] ochrane konkrétnych taxonov mbdie
byl eSte velmi dlhé cesta. NaSa krajlna je dobrym prikladom tejto ne-
priaznivej skutocnosti.
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Rovnako "populdrne™ sl a)] koncepole na ochranu druhov. Prdve na
takjohto koncepcidch, ktoré vytyduJi rozhodujice ulohy prl ochrane
druhov na najbliZ3ie obdoble, mdZeme sledovat vivo] predstdv o druho-
ve} ochrane. Sprévnost tychto predstdv vEdy overuje prax. Udinnost
legislativnych a ostatnyoh opatreni Je zrejmd pri porovnani so sltud-
ciou vo volnej prirode, Ako je to u nds gved¥ia niekolkorodndé spahy
0 novelizdolu vyhlédsSsok na ochranu druhov, priprava nového zdkona o
ochrane prirody a pod.

Medzindrodnd uUnia ochrany prirody a prirodnych zdrojov (IUCN) vy-
dala v roku 1980 Svetovd stratégiu ochrany prirody (World Conservation
Strategy: Living Resources Conservetlon for Sustalnable Devslopment),
ktord vychddzala z aktudlneho zhodnotenia stavu a Gloh ochrany priro-
dy naSe) planéty. 0. 1. jednoznatne formulovala poZladavku na zacho-
vanle génetickej rozmanitostl ako jednu z priorit trvalého rozvojs.
Neddvno pripravend astratégla "Stardme sa o Zem: Stratégia trvaloc udr-
%atelného Zivota", ktord by malo prijat reprezentativne forum dlen-
skfch St4tov SOSN v Brazilii v jiml t.r., zd8raznuje tito poZiadavku
a kladie ju edte do 8ir3ich sivislosti: hovori o ochrasne vitality a
diverzity Zeme, o v praktickych terminoch znamend:

~ ochranu Zivot podporujicich systémov, ktoré priroda posgkytuje,
~ ochranu rozmanitoati Zivota pa Zeml,
- zabezpedenie trvalo udr¥atelného vyuZfvanla obnovitelnych zdrojov.

Vyuiivanie poznatkov bioldgie (vrdtane ekologile) v ochrane pri-
rody, zv148% potom populadne] biolégie v druhove] ochrane, ako aj for-
mulovanie novych dloh ochrany prirody v citovanych stratégidch, viedli
k posunom 8] v oblasti terminoldgis, Pri 1loh vzdjomnom porovnani md-
feme rozlidif tri skupiny termfnov. Biologickd rozmanitost (biodiver-
zita) je Siroko chédpany termin, ktory vyjadruje premenlivost génov
(genetickd diverzita), druhov (druhovd diverzita), spololenstiev a
ekosystémov. Obvykle sa ddva do vaztahu k stabilite blologickjch a
ekologickych systémov, dokonca celej biosféry. Biodiverzlsa je zédklad-
nd vlastnost kaZdého Zivého systému, je vyrazom jeho premenlivostl.
Termin se poufiva velm! Sasto v biologickej (ekologicke]), ochranér-

gkej literatire na celom gvete.

Druhd skupina terminov vychddza = koncepcie prirodnych zdrojov
& pouiiva ga v sivislogtl s ochranou a raciondlnym vyuZivanim obnovi-
telnych prirodnych zdrojov. Moino hovori® napr. o prireodnych zdrojoch
lie¢ivyeh rastlin, medonosnyoh rastlin atd., NajcasetejSie sa pouifva
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termin genetické zdroje, najma v sivielosti so Yachtenim novych kunl-
tivarov pestovanych restlin. Organizéola Spojenyoh ndrodov pre vyZlvu
o polnohospoddrstvo (FAO) a Jej 3pecldlne komisie reeslizujd program
na vyhladdvenie a ochranu divorasticich predkov kultdrnych rastlin,
gtarych a zanikajdclch 0drdd miestnych plodin & ovoenyoh drevin atd.
fento termin mé antropocentricky charakter a md zmysel len v givielos-
ti o vyuZivanim prirodného bohatstva Zlovekom pre uspokojovanie jeho
potrleb.

Druhej skupine sd velmi bifzke texminy fytogenofond, cenofond,
fond ekosystémov atd., ktoré vyjadruji fond Zive] prirody pre je] moZ-
né vyuiitle ako prirodného zdroja (pripadne inou formou) Judskou spo-
1To¥noafou. V tomto zmysle je biizky oznafeniu druhové bohatstvo pri-
rody (krajiny). U nds sa najviaso uplatnil term{n fytogenofond, ktory
je v3ak chépany Casto dost rozdlelne: raz ako genetioky zdroj (v pri-
pade tzv, kultdirneho genofondu), inokedy zasa ako sibor organizmov,
populédcii, druhov, spolodenstiev i ekosyatémov (v pripade tzv. asuto-
chténneho genofondu). V tomto druhom pripade je prakticky totoZny
g termfnom blodiverzita. Termin genofond, fytogenofond Je velmi po-
pulérny v Uesko-Slovensku, Neméd v3ek "rodisko™ v CSFR.

vitvidke (1987) oznadil za autora terminu lecha, ing. Véroslava
Samke, CSc. V januéri 1991 som sa obrdtil listeml na obidvoch auntorov
o poskytnutie origindlnej literatiry, resp. citdoif, ktoré by dokaeszo-
vell tento fakt. Odpoved som nedostel (Ing. Samek medzitym zomrel),
Termin genofond sa pouziva v ruske} literatire najmenej od prvych
prekladov anglicke} geneticke] literatiry. Termin sa uplatnil v geno-
fondove} koncepoll druhu. Dobzhansky (1950) zavledol pojem "obeony
genofond™ a Grant (1981) uvaZuje " ... biologiocké druhy eko populdcle,
di sponujioe rozsishlymi genofondaml, ktoré su pristupné pre vBetky
jedincs daného druhn", Termin je znémy aj z ruske] ochranférske] 1lite-
ratiry a je pouzity sj v prvej lervenej knlhe ZSSR (TachtadZjen 1975)
pripravenej pre XV. medzinédrodny botanioky kongres v Leningrade. Po-
uzil ho aj E1i43 (1976) v prispevku o zaochovani druhového bohatsbva.

(loha botanickjoh zéhrad pri zé&chrane fytogenofondu sa diskubu-
je v odbornej botanickej a ochrandrskej literatire a velkd pozornoaf
sa je] venuje aj medzi odbornymi praccvnikmi botaniockyoh zdhrad
(porovn. E114% 1978, Mach 1980 el.), pnajma v sivislostl s ochranou
win sltu" a "ex situ"., Stratégia ochrandrske) &innosti botanickych
zéhraed pofaduje rovnovshu medzi ochranou "in situ”" a "ex situ", Pri-
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tom upozornuje, Ze " ... formy zdchrany "ex situ" maji zretelne obmed-
zend hodnotu, ale nesmi sa podcenovat, pretoZe v mnohfch pripadoch to
je jedinf§ mo%nj spdsob, ktory zabrénil dplpému vyhynutiu®.

Aj citovand stratégla "Stardme sa o Zem" sa prihovéra za kombl-
nédcin ochrany "in situ" a "ex situ" pre zachovanle druhov a genetlo-
kjoh zdrojov. Prizndve najvadsiu prioritu pri ochrane blologickej di-
verzity "in sltu" ochrane drubhov na ich prirodzenych stanoviZtiach,
Uzndve v3ek silasne, #e za urditych okolnosti by sihrony program ge-
neticke3 ochrany daného druhu mal obsahoval tak prvky ochrany "in si-
tu" ako aj "ex situ", prifom prvky druhe) by sa mali uplatnif® ek®r
ako populdcia doslahne kriticky nfzku velkost, Za "ur8ité okolnosti"
sa povafujd degraddcis stanoviZla alebo pokles velkosti populdoii na
takd nfzku droven, %e nie je moZné zarudil pre#itie urdlitého druhu vo
volnej prirode. Uvafuje sa o nasledujiclch postupoch:

- lizka integrdcia medzl "ex situ" a "in situ"™ zdchrannyml programemi,
pridom by == ﬁfogramy ochrany drubu vo volnej prirode podporili pes-
tovenim a mnofenim (propagdciou) v zéhrade, &{m by sa ziskali jedlnoe
pre reintrodukeciu v tych pripadoch, ked je to vhodné,

- management pestovanjch populdoii takjm spB8sobom, Ze sa zarudi ich
genetickd a demograflick4 fivotmsohopnoat do take] miery, Ze nevyZaduld
nepretriité doplnanie jedincaml z volnej prirody,

- management pestovanoh populdoif spolo¥nou spoluprdcou viamcerych
indtiticif do takej miery, aby sa maximalizovala demografickd bezped-
nost - zdruka a genetickd diverszita,

- d0raz v pestovatelskych programoch chrozenych druhov na prospech
takychto drubov a vyhnutle sa komerdnym transakoldm (obchodnym Toko-.
vanism).

Pravda, stratégla formuluje Ulohy tak pre zoologlcké ako aj pre
botanické zdhrady, ktoré majd klddovd .dlobu pri udrZovani populdoeii
¥1vodichov a rastlin "ex situ”, Prl 3itan{ padrtnutych \iloh si musime
uvedomi¥ rozdiely medzl ZivoSiZnymi e rastlinnymi populdciami. AvSak
vSetky botanioké zdhrady by mali prispleval k realizdoii ochrandrske]
stratégle botaniokjch zédhrad (Botanic Gardens Conservation Strategy)
a spojit sa mo sekretaridtom botanickych zdhrad pre ochramu prirody
(Botanioc Gardens Conservation Secretariat).

Stratégia "Stardme sa o Zem" pamatd a) na zblerky v sikromnyoh

rukéch, kde sa dasto nachéddzaji vysnamné populdcie globdlne ohrozenjch
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druhov, PoZadule od #tdtov, aby upravill svoje zdkony tak, Ze zabrid-
nia sikromnym osobdm drZal medzindrodne ohrozend druhy, alebo budi
prisne reguloval zasobchddzenle s nimi.

Stratégla dalej potvrdzuje vjiznamni dlohu ochrane "in situ" a
"ax situ" pre divorasticlch pribugnych pestovanyoh rastlin a pre
mieatne odrody pestovanych plodin a ovoonych drevin, ktoré ai v nebez-
pedenatve vymiznutia., Uloba botanickych zdhrad v tomto smere Je jedno-
znadnd: mall by byt sidealou systémov ndrodnyoh genetickych zdrojov
rasgtlin,

Koncepcla ochrany fytogenofondu SR uvaZovala s vybudovanim né-
rodnej botanicke] zdhrady (Ben¥al 1990). Precenovala v3ak tlohu a vj-
znam tzv, genetlckych bénk (genobdnk), vrdtane zhlerok Zivych ragtlin,
prl ochrane genofondu divorastioclch rastlin na Slovensku. Nezohladno-
valae rizikd i ekonomlokd ndrodnost takfchbto foriem ochrany, resp. z4-
chrany ohrozenjch druhov rastlin, Na druhe] verzil koncepcle pracova-
la subkomisla pre genofond Komisle Predsedniotva SAV pre Zivotné pro-
gtredle od roku 1990, Koncepcia mala jednoznadne rozli3it prirodzeny
(autochtonny) genofond od kultdrneho genofondu a silasne mala vo Vad-
Se) miere akceptovaf zmenu stratdgie druhovej ochrany, najma Jej po-
sun k ochrane genobtypov a miestnych populdecli druhev, prl uplatneni
poznatkov populadne] biologle rastlin (porovn., E1id3 1991)., Vysledok
préce subkomisie publikoval Maglocky (1992) mko koncepciu pozndvania,
ochrany a raciondlneho vyuZivanla genofondu mikroorganlzmov, rastlin
a Zivodichov Slovenska. .

Zdverom moZno kondtatoval, Ze aj ked sme v propagdcil ochrany fytoge-—
nofondu 1 populaéne-biologického pristupu k ochrane druhov znadne po-
kro¢ill, stdle sme e3te len pa zaclatku praktického rieSenia druhovs]
ochrany rastlin na Slovensku. V spoluprdcl so Slovenskou komisiou pre
Zivotné prostredie by sme v najbli¥3ich dvoch rokoch mohli urobit
prvy vyrazny krok dopredu., Prispiel k tomu md%e aj ektualizovany pro-
Jekt "GENQFOND" (v sUlesnostl orlentovany na mapovanie biotopov Slo-
venska) a dalZie pripravované projekty "MONITORING - BIQTA"™ a Infor-
medny systém ochrany prirody (ISOP).
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Monitorovanie miestnych populacii ohrozenych druhov rastlin

Pavol ELIAS
Botanicky ustav SAV, Dlbravska cesta 14, 842 23 Bratislava

Monitorovanie druhov sa robi vo veikoplosnom (large-scale) a v maloplodnom
(small-scale) rozsahu. Prvy postup ma tradiciu v mapovani rozsirenia druhov. Opakované
mapovanie aktualneho rozdirenia druhov (vyskyl druhu na lokatite) poskytuje informacie
pre hodnotenie stavu vzécnosti a ohrozenosti druhu, ako aj tendencie Gstupu, stagnacie
a &irenia sa v Uzemi. Druhy pristup poskytuje informacie o velkosti a podetnosti populacii
druhu na konkrétnej lokalite a méZe siGZit' ako podklad pre hodnotenie Zivotaschopnosti
populacie a na predpovede prezitia resp. pravdepodobnosti vymiznutia populécie na
iokalite.

Monitoring miestnych populacii ohrozenych druhov by mal mat charakter tzv.
demografického monitoringu (Palmer 1986, 1987, Menges 1986, Owen a Resentreter
1992). V pripade velmi vzacnych a kriticky ohrozenych druhov by sa mali sledovat nielen
velkost a hustota miestnej populacie, ale aj jej Struktira {velkost rastlin, vekové zlozenia
resp. zastipenie rastovych Stadii, pomer pohlavi a pod.), reprodukena biclégia a dalsie
znaky jednotlivych rastlin v malopogetnych populéciach. Takétc udaje st nevyhnutné pre
vedecky podioZene opatrenia v starostlivosti {(managemente) o miestne populacie a pre
racionalne usmermend obnovu ohrozenych druhov. Osobitné rezimy ochrany (ORO)
kriticky ohrozenych druhov, ktoré sa na Siovensku spracovavaju, sa bez takychto udajov
nezaobidu.

Pri planovani jedroiného monitoringu Zivotného prostredia Slovenskej republiky
bude freba prihliadat na charakier vyskytu vzacnych a ohrozenych  druhov a
monitorovacie plochy volit podla vyskytu druhov, kloré sa maju monitorovat. Je zrejmé,

ze takéto plochy sa budl musiet' ¢asto vyberat' aj mimo zakladnej monitorovacej siete .

51
187



Monitoring local populations of endangered species of plants

Pavol ELIAS

Institute of Botany, Slovak Academy of Sciences, Bratisla

In" monitoring species both large-scale and small-scale approaches has been
applied. First approach has a tradition in mapping of species geographical distribution.
Repeated mapping of actual distribution of species (presencefabsence of species on a
locality) provides informations for evaluation of current status and rarity and
endangerment of a species as well as on tendencies of diminishing, stagnation or
spreading (expansion) in a teritory. Second approach provides data on size and
abundance of species population in certain locality and can be used as a basis for
evaluationfestimation of population viability and for prediction of survival or probability of
population extinsion in the locality.

Monitoring of local populations of endangered species should be made as
demographic monitoring (Palmer 1986, 1987, Menges 1986, Owen a Resentreter 1992).
In the case of rare and critically endangered species, not only population size and density
but also population structure (plant size, age and/or growth stage structure, sex ratio etc.),
reproduction biology and other characteristics of individual plants (in small populations)
shoul be sampled. Such data are asked for scientically based measures in local
population management and for rationally directed recovery of endangered species.
Particular conservancy regimes (ORQ), which have been elaborated in Slovakia for many
critically endangered piant species, should be based on those informations.

In unified concept of environmental monitoring in the Slovak Repubiic it must be
considered distribution character of rare and endangered species; monitoring plots should
be selected according to distribution/occurrence of the species to be monitored. it is

evident that such plots must often be choosen also outof fundamental monitoring network.
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V sulasnej etape poznanio Zivots rastlin da218i pokrok prine-
sie komplexny biologicky vyskum druhov, dbleZity nielen z teore-
tického, ale tieZ z pruktického hledisku. Vo viacerych krajindch
su prucuje nu blologickych florach, ake nudstavby klasickych
flor. Me XII. Hedzinarodnom botanickom kongrese v Leningrsade v r.
1675 bola zalocZend Medzindrodnd spoloénost demogrufie rastlin
/Societas Internationalis de Plantarum Demographisa/, ktord mné
.dnes cez 6C0O &lenov zo 42 krajin & nesie ndzov Medzindrodnd spo-
loénost rastlinnych populadénych biclogov /International Society
of Plant Population Riclogists/. Vo vedeckych duascpisoch sa pub-
likovali éldnky o biologii viacerych divorastdcich druhov /napr,
znémo sériuz v Casopise dJournsl of Ecology/, vySli viaceréd mono-
grafie /napr. Harper 1977, Grime 1979/ o niekolko zbornikov zo
sympozii.- Spominand spolocénost organizovala v r. 1984 uZ druhy
medzindrodny kongres "Structure and Functioning of Plunt Popu-
lations" vo Wageningene /liclandeko/ & na rok 1957 pripravuje
stretnutie na XVI. Medzindrodnom botanickom kongrese v Berline.

- Vyskum biologie aivorasticich druhov flory Slovenska nie je
v sucusnosti zabezpeleny Stétnym pldnom zdkladného vyskumu a
nemd kumplexny charakter. Na prucovnej konferencii USRS v Pruhe
v r. 1981 na tému "Biologie vybranych druhd” sa prezentevoli
informdcie o vyskume biologie (Cynodon dactylon, Sambucus ebulus
a Verbascum speciosum na Slovensku a dve prednagky vseobecného
chargkteru /o vyuZiti embryologie a trvulych pléch pri vyskusme
biologie aruhov/.’ ,

Komplexny vyskum bBiologie druhov vyZaduje tinovd prdacu 8pe-
clalistov v réznych oblastiach botunickej /&#le nielen botonic-
kej/ vedy. Takyto vyskun méfe v na&ich podmienksch najlepdie
sprostredkovat botanickd spolodnost, pretoZe zdruzuje' odborni-

kov rogliéného zumeraniu prsacujdcich na rédznych prscovisksdch.
V navrhoch &tdaineho plénu zdkladného vyskumwn na &. p8troénicu
sa po¢ita s vyskumom biologie druhov, preto v nastavajdcej
etape treba sformoval sktivne tvorivé pracovné tinmy.

P. Eli&s



6. Zaver

1. Populacnd ekolégia rastiin ako moderny biologicky vedny odbor priné$a nové informacie
o rastlinstve, charakterizuje spravanie sa druhovych populécii, ich priestorové rozmiestnenie,
vekovi, velkostnii a pohlavnu Struktiru, zmeny uvedenych znakov a charakteristik populacii s
gasom, ako aj usiluje o objasnenie mechanizmov, ktoré reguluju velkost’ populécii a ich
Struktaru. Tento vedny odbor v poslednom obdobi potvrdil svoje dominantné postavenie
medzi biologickymi disciplinami, pretoZe priamo prepéja problémy evolicie a tvorby druhov
(specidcia) s ekoldgiou, spravanim sa druhovych populacii v polnych podmienkach.
Uplatnenie poznatkov populagne-ekologického vyskumu v rozliénych praktickych oblastiach
Sinnosti Sloveka posunulo populadnil ekolégiu do polohy najrychlejSie sa rozvijajiiceho
ekologického odboru v siasnosti. Zaostédvanie rozvoja populatnej biologie na Slovensku za
okolitymi krajinami sa v poslednych rokoch spomaluje. Pochopenim vyznamu a postaventa
tohoto vedného odboru Sirokou botanickou resp. ekologickou obcou a vychovou mladych

ekologov sa mdzeme v kratkom &ase vyrovnat s touto situaciou.

2. Priestorova Struktira sledovanych populacii je ndhodna alebo skupinovita. Na priklade
populacii dubov (Quercus cerris a Q. petraea) v lesnom poraste sa testovali moZnosti vyuZitia
roznych metdd a $tatistickych postupov pri analyze, mapovani a interpretacii disperzie
rastlinngch populécii. Ukézalo sa, Ze skiimané druhy si rozmiestnené nezavisle od seba. Na
tieto $tidie nadvizuje rozbor populacii imelovea (Loranthus europaeus) v rovnakom lesnom
poraste. Asociaéné indexy potvrdili absolttnu asocidciu (segregaciu) medzi imelovcom a
dubmi. Rozmiestnenie imelovca na obyvatelnych jednotkach (stromoch) bolo skupinovité.
Distribticia velkosti dospelych krikov sa bliZila k normalnemu rozdeleniu. Pomer pohlavi bol

posunuty smerom k muZskému pohlaviu alebo bol blizky 1,0.



Velkostna §truktara populacii sa analyzovala na réznych stanovidtiach a v priebehu vyvoja
populacii a potvrdila sa zavislost’ na spologenstve, pouZitej kvantitativne) charaktenstike
velkosti a spdsobe vyjadrenia (biomasa versus vySka rastlin, variaény koeficient a Gini
koeficient a pod.). Hustej$ie porasty jednoro&nych rastlin (Impatiens noli-tangere, L
| parviflora, I. glandulifera) mali virazne hierarchicka Struktiiru velkosti jedincov, pri¢om bolo
mo¥né rozlidit’ a charakterizovat’ dve resp. tri rozdielne skupiny rastlin: potladené a dominujice

resp. potladené, arovitové a nadiiroviiové.

3. Dynamika populdcii rastlin je zavisla na Zivotnej forme a Zivotnej stratégii. Viac ako
15-ro¥né visledky viskumu dynamiky populacii divozela ahladného (Verbascum speciosum)
na zapadnom Slovensku ukazuju na velka fluktuaciu v poéte kvitnucich rastlin medzi rokmi,
&0 mo¥no povaZovat za charakteristicki &rtu monokarpickych rastlin. Tato medziro¢na
fluktuscia bola podmienena podmienkami prostredia, po&tom ruZic v predchadzajicom roku a
niektorymi antropickymi faktormi (naru$enia, oheii). Jednorotné netykavky (/mpatiens spec.
div.), na zéklade 10-roéného vyskumu v lesnych porastoch a na ribaniskach v Malych
Karpatoch, vykazuji pokles populagnej hustoty od vzidenia semenaéikov na jar az do leta
resp. jesene. PreZivanie semenadikov je podmienené faktormi vo vnitri populécie (vysoka
hustota, choroby), ale aj mimo populcie (najma sucho). Popula&nt dynamiku Melampyrum
pratense, jednoroénej polocudzopasnej byliny lesnych drevin, silne ovplyvilovali klimatické
podmienky roka (teplota, vlhkost, letné sucho). Najma sucho v letnom obdobi spdsobuje
velky tthyn jedincov. U efemérnej rastliny Asperugo procumbens sa moze vyskytovat’ (za
urditych podmienok) niekolko generécii v priebehu jedného roka. Trvéace byliny s klonalnym
rastom (napr. Sambucus ebulus) maji podobnit dynamiku ramet ako druhy s krat$im Zivotnym
cyklom, ale genety su pravdepodobne stabilnejSie. Populacie poloparazitického krika imelovca
(Loranthus europaeus) v lesnom poraste by sa mohli chapat” ako metapopulacie, aviak
pouzitie Levinovho pévodného modelu metapopulécie pre Stidium dynamiky tejto rastliny by
bolo velkym zjednoduSenim problému. Preto sa navrhlo niekolko tiprav, aby model vyjadroval

skutofnost’ v teréne.



4. Regulacné mechnizmy v populaciach rastlin (ako organizmov s obmedzenou
pohyblivostou, tzv. sesilita) maji niektoré spoloiné &rty s populéciami. pohyblivych
¥ivodichov, aviak aj viacero odli§nosti. Hustota populacie ovplyviiuje velkost i architektiiru
rastlin (napr. Sclerochloa dura & Impatiens parvifiora). Potas vyvoja populécie (porastu)
mdZeme rozli$it’ tri procesy: samozahustovanie, samorozvrstvovanie a samozried'ovanie.
Pracovna hypotéza o regulaénych a kompenza&nych mechanizmoch v rastlinnych populéciach,
ktord autor formuloval, bola potvfdené pre $tudované monodominantné porasty
jednodruhovych populacii jednoroénych rastlin, ale pravdepodobne bude mat’ vieobecnejsiu
platnost’ (bude platit’ aj pre populacie trvicich druhov & zmes populécii viacerych druhov) a
bude sa dat’ vyuzit pri §tadiu sukcesie a ekolégie rastlinnych spologenstiev. Pri $tadiu
populacie Impatiens parviflora pri Bratislave sa ukézalo, Ze tu funguju nielen vnitorné, ale aj
vonkajsie regulaéné mechanizmy. Hubova choroba, ktord napada stonky mladych rastlin na
jar, moZe spdsobit’ extrémne vysoky Ghyn napadnutych rastlin, zmenSovat’ populagni hustotu

a produkeiu semien v populacii.

5. Uplatnenie poznatkov populatnej ekologie rastlin je ve'mi Siroké. Uplatiiuje sa (s dlhSou
tradiciou) pri predikcii zaburinenia pofnych porastov, ako aj v stratégiach biologickej kontroly
burin v konkrétnych plodinach resp. v uréitom rotaénom cykle. Obvykle sa stanovuje zasoba
semien burin v pdde, hoci dnes vieme, Ze medzi aktudlnym zaburinenim a obsahom semien
burin v pddnej zdsobe nie je jednoduchy vztah. V poslednom desatroci popula&ne-biologicky
pristup k ochrane druhov zna&ne pokro&il, modeluje sa minimélna velkost’ Zivotaschopnej
populacie pre ohrozené druhy a rozbieha sa monitoring miestnych populécii ohrozenych
druhov rastlin. Niekedy je vhodné sa na rastlinu pozerat’ ako na populécii Easti (jednotiek),
ktoré sit navzajom spojené a tvoria jeden organicky celok. Demografické Stadium rastlinnych

Sasti sa s uspechom uplatnilo v poFnohospodérstve, najma v ovocindrstve.
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