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Predmluva

Tato magisterska prace je tvofena dvéma samostatnymi ¢astmi. Prvni kapitola je zaméfena
na dva terénni experimenty. V prvnim jsem se vénovala pocatec¢ni fazi myrmekochorie, tedy
interakci mravencl se semeny, kdy zjistuji jejich atraktivitu. V tomto odnosovém pokusu
byla mravenciim nabizena riznymi zpusoby skladovana semena a poté porovnavana jejich
atraktivita. Ve druhém terénnim experimentu jsem se zaméfila na posledni fazi roznosu
semen mravenci, tedy umisténi semen na konecné odkladisté, misto, kde myrmekochorni
rostliny také pravdépodobné vykli¢i, a jeho semennou banku. Druhd cast této diplomové
prace pojedndva o chemickém slozeni elaiosomd a semen vybranych druht
myrmekochornich rostlin. Tato ¢ast je manuskriptem piipravovaného védeckého c¢lanku,
proto je psana anglicky. Text nebyl dosud revidovan budoucimi spoluautory z Laboratote
analytické biochemie a metaboliky Biologického centra AV CR, ktefi vzorky analyzovali;

jsou to Martin Moos, Petr Simek a Helena Zahradni¢kova.



| Terénni experimenty
1. Uved

1.1 Priitbéh myrmekochorie

Myrmekochorie je typ Sifeni rostlin zprostifedkovany mravenci a zaroven typ mutualismu.
Mravenci za roznos semen myrmekochornich rostlin ziskaji vyzivny elaiosom (Sernander
1906), coz je atraktivni ¢ast diaspory tzv. specializovanych myrmekochornich rostlin (Gorb
& Gorb 2003). Tyto rostliny mohou pouzivat k Sifeni vyluéné¢ myrmekochorii ¢i byt
specializovany jesté¢ na néktery dalsi typ Sifeni semen. Rostliny, které vyuzivaji vice typi
Sifeni semen, muzeme také nazyvat diplochorni; myrmekochorie se miize vyskytovat
v kombinaci s anemochorii, endozoochorii ¢i balochorii. (Sernander 1906, Vander Wall &
Longland 2004).

Celou diasporu specializovanych myrmekochornich rostlin pfenesou délnice mutualistickych
mravencti do mravenisté, kde elaiosom slouzi jako potrava prednostn¢ larvam (Gammans &
Bullock 2005, Fischer et al. 2005, Fokuhl et al. 2012). Poté je manipulaci neporusené
semeno (uz bez elaiosomu) odlozeno spolecné s dalSim nepotiebnym materidlem
na odkladis$té¢ v mravenisti ¢i mimo né€, kde pravdépodobné také vykli¢i (Gomez & Espadaler
1998). Takto vypadd pribéh odnosu u mutualistickych dvojic druhi myrmekochornich
rostlin se semeny, na nichz jsou pfitomny elaiosomy a vSezravych, dravych ¢i fungivornich
mravencti (Gammans et al. 2006, Hughes et al. 1994, Christianini et al. 2012). Autofi Carroll
& Janzen (1973) navrhuji, ze jsou elaiosomy z hlediska vyhledavani potravy mravenci
analogii mrtvého hmyzu. Navic nékteré latky v elaiosomech obsazené, napf. kyselina
olejova, je hlavni slozkou hemolymfy hmyzu (Hughes et al. 1994), a sou€asné je nejCastéji
zminovana jako spousté¢ odnosu semen mravenci (Boulay et al. 2006, Pfeiffer et al. 2010).
Elaiosomy by mély byt tedy pro mravence dulezité pifedevsim v dobé nedostatku hmyzu,
mnoho myrmekochornich rostlin plodi brzy na jate — kvetou v priméru o 7,1 tydne diive nez
nemyrmekochorni rostliny (Oberrath & Bohning-Gaese 2002). Elaiosomy pravdépodobné
hraji dtlezitou roli v zivotnim cyklu mravenci, a to hlavné béhem rastu larev. Pro larvy jsou
vice atraktivni elaiosomy nez vyzivov€ optimalizovana uméla strava Bhatkar (Fischer et al.
2005).

Mravenci i rostliny se v8ak mohou chovat také jako ,vykofistovatelé”. Mezi né patii

na jedné strané¢ semenozravi mravenci, na druhé strané napf. rostliny bez vyvinutého



elaiosomu, pouze s chemickymi atraktanty napi. Anemone nemorosa’ (Pfeiffer et al. 2010,
Bresinsky 2014). Podil semen uspés$né rozsitenych od matetské rostliny zavisi podle studie
Gorb et al. (2000) na kazdé ze tii fazi myrmekochorie — (1) vybér atraktivnich semen
mravenci a nasledny odnos (removal), (2) vlastni pfenos semen (transport) a (3) sekundarni
odnos, tedy odnos na konec¢né odkladisté (secondary relocation). Autofi studie Prior et al.
(2014) dodavaji, ze dalsi dialezitou fazi je ta nejméné prostudovana — manipulace se
semenem v mravenisti (handling).

(1) Semena raznych druhtt myrmekochornicch rostlin jsou pro mravence rtiznou meérou
atraktivni (Sernander 1906, Oostermeijer 1989, Chlumsky et al. 2013). Neni ale dosud jasné,
jakym zpisobem mravenci ziskavaji informaci o atraktivit¢ semen, a tento zpusob se
pravdépodobné 1isi i mezi jednotlivymi druhy. Nékteti mravenci se orientuji v prostoru spise
zrakem (Carroll & Janzen 1973), n¢které druhy piedevsim pomoci ¢ichu, ale bez pouziti
zraku (Bresinsky 2014). Kjellsson (1985) vsak uvadi, Ze ani zrak ani ¢ich nebyly u mravencti
druhu Myrmica ruginodis dostacujici a k lokalizaci diaspor potfebovali piimy kontakt
tykadla se semenem.

(2) Semena myrmekochornich rostlin jsou pii pfenosu do mravenisté také s rozdilnou
¢etnosti mravenci upousténa (Gorb & Gorb 1999), opétovny odnos zvlasté malych semen se
odehrava s nizkou frekvenci. Tim se sice zmensSuje vzdalenost od matetské rostliny, na druhé
strané je timto zpltisobem zamezovano shlukovani semen na odkladistich (Gorb et al. 2000).
Castéji dochazi napt. ke ztraté malych semen diplochornich rostlin (v 20% — 100% piipadii)
naopak semena obligatnich myrmekochornich rostlin jsou ztracena méné (8 — 10 %) a jsou
Casto donesena az do mravenisté¢ (Gorb & Gorb 1999). Autofi studie Leal et al. (2014)
definovali dvé kategorie mravenct, a to ,kvalitni roznasec* (v jejich studii druhy rodu
Camponotus, Dinoponera a Ectatomma) a ,,nekvalitni roznase¢“ (druhy rodu Dorymyrmex,
Pheidole a Solenopsis). ,,Kvalitni roznase¢i“ se nekrmili na elaiosomech pfimo na misté
nalezeni semena, semena odnaseli rychle do mravenisté a urazili se semeny témét 20 krat
delsi vzdalenost neZ ,nekvalitni roznase¢i“. Cetnost Usp&$ného prenosu diaspor do
mraveniSté se mezi t€émito dvéma skupinami velmi liSila, ,,kvalitni roznaSec¢i“ prenesli 78 %

Z nabizenych semen pfimo do mraveniste, naproti tomu nekvalitni roznaSeci pouze 12 %.

! Nomenklatura druht rostlin byla sjednocena podle Seznamu cévnatych rostlin kvéteny Ceské republiky
(Danihelka et al. 2012).



(3) Diaspory byvaji odneseny do chodeb k larvam, napt. u druhu Temnothorax crassispinus
tomu bylo v 50 % piipadd, ¢i jinych ¢asti mravenisté (Fokuhl et al. 2012). Chodbic¢ky larev
se nachazeji v hlubsich ¢astech mravenisté, napf. u druhu Ectatomma brunneum v hloubce
mezi 14 — 40 cm (Renard et al. 2010, Francie). Doba, ktera ubéhne od piineseni semene
do mravenisté do odstranéni elaiosomu se u riznych druhi mravenct lisi. Kratsi doba byla
pozorovana u masozravych mravenci Myrmica rubra, kdy byly vSechny elaiosomy
odstranény do 2 hodin. Oproti tomu druh Lasius niger, ktery chova msice, oddélil za 6 hodin
pouze 3,3 % elaiosomi ze stejného mnoZstvi semen (Servigne & Detrain 2010). Cast
elaiosomtl vSak zkonzumuji 1 dospé€lci — délnice, ty poté semeno odnesou na konecné
odkladist¢ (Gammans & Bullock 2005). Dale se lis§i mezi druhy mravenci téZz doba, po
kterou je diaspora pfitomna Vv mravenisti, pokud se kone¢né odkladist¢ nachazi mimo
mraveni$té. Doba od dopraveni diaspor do hnizda, pies odstranéni elaiosomu a k jejich
vyneseni z mraveni$t¢ na povrch byla zméfena napt. u druhu Viola odorata (132 min),
Chelidonium majus (22 min) (Fischer et al. 2005, Servigne & Detrain 2010, Prior et al.
2014).

1.2 Zachovani atraktivity semen pro mravence
Odnosové experimenty jsou provadény pievazné za Ucelem porovnani atraktivity semen

riznych druhd (Sernander 1906, Martins et al. 2006, Chlumsky et al. 2013) ¢i dokazani, ze
elaiosom je pro mravence atraktivni ¢asti diaspory myrmekochornich rostlin — nabizeni
celych diaspor a semen s oddélenymi elaiosomy (Sernander 1906, Koneéna 2012).
Atraktivitu elaiosomt dokazuji téz autofi Espadaler & Gomez (1997). Uvadgji, ze 67,6 %
mravenct, ktefi objevili semeno druhu Euphorbia characias ho také odnesli. Nicméné u
semen bez elaiosomu byla Cetnost odnosu pouze 9 %. Kjellsson (1985) navrhuje, Ze je
Cetnost odnosu (removal rate) mize byt ovlivnéna napf. akutni potiebou potravy, stadiem
zivotniho cyklu, vzdalenosti od zdroje potravy €i atraktivitou diaspor. Atraktivita semen se
po uvolnéni rostlinou u tzv. m&kkych elaiosomi Castych v mezickych biotopech temperatu
rychle snizuje (Mark & Olesen 1996, Servigne & Detrain 2009). Autoii Mark & Olesen
(1996) porovnavali odnos semen Cerstvych a téch, ktera byla po 2 dny ponechana samovolné
vysychat, ve vétsin¢ pripadii byla odnaSena rychleji semena cerstva. Je otazkou, zda
atraktivita semen souvisi pifimo s mnozstvim obsazené vody v elaiosomech ¢i ne. Servigne
& Detrain (2009) pozorovali snizujici se atraktivitu semen druhu Chelidonium majus i po
stabilizovani jejich vahy. Rychlost vysychani se li§i mezi druhy myrmekochornich rostlin

(Servigne & Detrain 2009) a riiznymi habitaty — rychlej$i vysychani bylo pozorovéano na



louce nez v lese (Guitian et al. 2003). Autoii Servigne & Detrain (2009) uvadéji, ze ztrata
vody dosahla piiblizné jedné tietiny vahy semen béhem 24 hodin u obou studovanych druhti
Viola odorata a Chelidonium majus. Nicméné pouze u druhu Chelidonium majus vysychani
pokracovalo dale a vaha se stabilizovala po dalSich 24 hodinach vysychani. Ackoliv jsou pro
mravence nejatraktivnéjSi semena cCerstva, pro odnosové pokusy ¢i jiné dalsi analyzy je
potfeba semena skladovat. Je tedy potieba brat v potaz, ze tzv. mekké elaiosomy, které se
v mirném pasu vyskytuji nejcastéji (Mayer et al. 2005), vysychaji a méni strukturu (Servigne
& Detrain 2009). Zptsoby uchovavani téchto semen pied pokusy mohou byt napt. mrazeni,
uchovani v lednici, usuSeni a ptipadné opétovna rehydratace. Posledni zminiovand metoda by
se mohla jevit jako idedlni vzhledem k vysledkiim studie Servigne & Detrain (2009). Autofi
porovnavali atraktivitu cerstvych semen a téch ponechanych ptred pokusem vyschnout a poté
po dobu 18 hodin rehydratovat. U druhu Chelidonium majus, byla atraktivita semen po
rehydrataci zcela obnovena a u druhu Viola odorata z velké ¢asti také. Pilotni pokus vSak
naznacoval, ze tomu tak nemusi byt u vSech druht, napf. u Potentilla erecta, vyskytujiciho
se na zkoumané lokalité Ohrazeni® (vlastni pozorovani 2013). Semena rehydratovand byla
odnasena s vyrazné mensi cetnosti nez semena Cerstva. Dal§im diivodem pro zkoumani vlivu
riznych typt skladovani na atraktivitu semen bylo zjistovani chemického obsahu diaspor,
které bylo provadéno v ramci této magisterské prace. Diaspory myrmekochornich rostlin
byly pro tuto analyzu skladovany pomoci mrazeni. Zjistovali jsme tedy, zda takto

uskladnéné semena budou nadale mravenci odnédSena a neztraci pro né atraktivni latky.

1.3 Odkladisté jako mozna vhodna mista pro kliceni semendacu

Poté, co je elaiosom odstranén a zuzitkovan mravenci, mize dochazet k tzv. sekundarnimu
odnosu, tedy k vyneseni semen na kone¢né odkladisté. Pokud k nému nedojde, nemusi byt
semeno vV hloubce mravenis$té, kde se nachéazeji larvy, schopné vykli¢it. Semena manioku
(Manihot esculenta) byla schopna kli¢it pouze do 13,8 cm hloubky, coz bylo nad Grovni
chodeb s larvami (Renard et al. 2010). Umisténi tohoto kone¢ného odkladisté (,,garbage
dumps, refuse piles®) se mezi druhy mravenci lisi. MuiZze se nachazet uvnitié mravenisté, blize
k povrchu nez jsou komurky s larvami (Renard et al. 2010), mimo mravenisté pfi jeho okraji
(Mark & Olesen 1996), ¢i na okraji teritoria (Gorb et al. 2000). Proces sekundarniho odnosu
byl detailné sledovan naptiklad u mravencti druhu Aphaenogaster rudis v Severni Americe,

jimiz bylo zpét na povrch z mravenisté odneseno v riznych mravenistich od 26.5 % do 98 %

2 Ohrazeni je vlhka oligotrofni louka pattici do svazu Molinion s prvky svazu Violion. Lokalita lezi 10 km
jihovychodné od Ceskych Budégjovic v blizkosti obce Ohrazeni (48°57's. §. 14°36 v. d.; 510 m n. m). Na
lokalité probiha fada souvisejicich pokust zkoumajicich ekologii lu¢nich spolecenstev.
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celkového poctu sesbiranych semen s primérnou vzdéalenosti 51.5 cm od mravenisté (Canner
et al. 2012; Hexastylis arifolia a Asarum canadense). Naproti tomu Kjellsson (1985)
zaznamenal pouze 16 — 20 % semen druhu Carex pilulifera opétovné vynesenych
z mraveni$té prevazné mravencem Myrmica ruginodis.

Konec¢na odkladisté jsou uvadéna jako mista vhodna pro kliceni (Levey et al. 1993). Vyhody
téchto mist, jsou predev§im nasledujici: lepsi svételné podminky (Dean et al. 1997) a
zivinami bohatsi substrat (Culver & Beattie 1987). Dalsi vyhodou ma byt snizeni kompetice,
a to jak s nemyrmekochornimi rostlinami (Handel 1978), tak kompetici vnitrodruhovou
(Beattie 1985), a to s vlastni matetskou rostlinou (parent-offspring competition) (Andersen
1988, Prior et al. 2014) i mezi ,,sourozeneckymi* semenacky (Canner et al. 2012). Oproti
mnoha jinym typim Sifeni semen jsou semena myrmekochornich rostlin pfemisténa piesné
na vhodna mista ke kli¢eni (direct dispersal) (Hanzawa et al. 1988). Kli¢ivost semen navic
mize byt u nékterych druhi rostlin odstranénim elaiosomu mravenci zvy$ena (Lobstein &
Rockwo00d1993; Sanguinaria canadensis, Martins et al. 2006; Ricinus communis). Na
druhou stranu Lisci et al. (1996) uvadi, ze pfitomnost elaiosomu umoznila kli¢eni za sucha,
které by semena bez elaiosomu nepickonala. Dale Prior et al. (2014) navrhuji, Ze odstranéni
elaiosomu kli¢eni neovliviluje, pozorovali spiSe pozitivni vliv pfiznivych podminek
mravenisté, rozdilny u riznych druhd mravenct. Pokud jsou zde semena ponechana déle,
vykli¢i Castéji a diive.

Studie, které se pribcéhem odnost zabyvaji, byly pfevazné¢ provedeny na trvalych
mravenistich, kolonie takovych druhi mohou vytrvavat beze zmény stanovisté i nékolik
desitek let (King 1981; Lasius flavus). Nékteré druhy mravenci tvoii ale v lu¢nim porostu
nendpadna hnizda. Tyto kolonie jsou tvofeny centralnimi mravenisti, vytrvavajicimi pouze
nékolik let a jsou mistem zimovani. Po dobu aktivnich mésict kolonie vytvofi jesté sezonni
mraveniSté pro pokryti vétsi oblasti ke hledani potravy. Pouze mravenisté tohoto druhého
typu se vyskytuji na ndmi zvolené pokusné lokalit¢ Ohrazeni, a patii predevSim
dominantnimu druhu Myrmica scabrinodis.

V roce 2011 byla na této lokalité¢ v rdmci mé bakalatské prace zjisténa piitomnost odkladist
— mist v porostu vzdalenych od mravenisté¢ 5 — 30 cm (Ptiloha II a III). V této préci jsem se
chtéla vice zaméfit na zjisténi pfitomnosti t€chto odkladist’ a na jejich funkci, tj. do jaké miry

jsou na né skute¢né odkladana semena myrmekochornich rostlin.



2. Cile prace

e Porovnat atraktivitu semen s riznym zpisobem uskladnéni pro mravence. Zjistit,
ktery zpusob skladovani semen je vhodny pro zachovani atraktivity diaspor.

myrmekochornich rostlin s tzv. mé¢kkymi elaiosomy pro mravence?

e Lisi se zivotaschopna semenna banka odkladist” a kontrolnich plosek? Nachazi se zde

vice zivotaschopnych semen myrmekochornich rostlin?



3. Metodika

3.1 Usporadani pokusii

3.1.1 Zachovani atraktivity semen pro mravence

Dne 12. 7. 2014 byl na lokalit¢ Ohrazeni proveden odnosovy pokus, pii kterém byl zjistovan
vliv typu uskladnéni semen na jejich atraktivitu pro mravence. Mravencim byla nabizena
Serstva, mrazend a rehydratovana semena druhu Pedicularis sylvatica. Cast semen vsivce
byla sesbirana dne 16. 6. Jedna polovina z nich byla poté zamraZzena pii — 35°C. Druha
polovina byla ponechana samovolnému vysuSeni pii pokojové teploté do provedeni
experimentu (témét mésic) a pred pokusem opétovné rehydratovana po dobu ¢trnacti hodin.
Poslednim typem byla Cerstvd semena, kterd byla ziskana z tobolek pfimo na lokalité tésné
pfed pokusem. Experiment sestaval z tficeti korkovych karticek (6 x 6 cm) umisténych
Vv pravidelné ctvercové siti, nejblizsi karticky byly vzdéleny od sebe 3 m. Na kazdé karticce
bylo shlukovité¢ umisténo po 10 semenech od kazdého ze tii typt uskladnéni v pevné
stanoveném prostorovém uspoiadani (Pfiloha I). Pokus byl zapocat v 10:30 a po 7 minutach

ptitomnosti na kartickach byla spo¢itana zbyla semena.

3.1.2 Odkladisteé jako mozna vhodna mista pro kliceni semenacii
V tomto pokuse byl zjistovan piipadny rozdil v semenné bance mravencich odkladist,

nachdzejicich se mimo mravenisté a kontrolnich plosek. Mravenc¢i odkladisté byla pro tento
pokus na lokalit¢ Ohrazeni vyhleddna v roce 2013. Jejich hledani probihalo pomoci ¢asti
cvrékd nabarvenych oranzové (lakem na nehty), které byly mravencim nabizeny
na kartickach (Pfiloha IV). Mista v porostu, kam byly nestravitelné ¢asti cvrckli mravenci
odlozeny, byla stanovena jako odkladisté. Dne 4. 10. 2013 bylo odebrano 25 parové
umisténych ptidnich vzorkii odkladist’ a odpovidajicich kontrolnich plosek 10 cm vzdalenych
od okraje odkladisté. Vzorky pidy byly odebrany do hloubky 1,5 cm pidni sondou o
vnitinim priméru 5 cm (objem vzorku 29,4 cm3). Vzorky plidy byly nejprve vysuSeny pii
pokojové teploté a poté dany do mraziciho boxu, kde probéhl chilling pii -21 °C po dobu
Sesti tydnt.

Po skonceni mrazové stratifikace (4. 2. 2014) byl za ucelem zjisténi Zivotaschopné semenné
banky zalozen pokus v klimaboxu se stalou teplotou 19 °C. Pii pokusu se postupovalo
dle instrukei pro zjisténi zivotaschopné semenné banky Leda TraitBase (Knevel et al. 2003).
Pudni vzorky byly homogenizovany v kadince s vodou a poté rovnomérné rozprostieny
na sterilni pisek (susarna — 2 hod, 100 °C) v péstebnich nadobach. Semenacky byly pribézné

urovany a vytrhavany, aby nebraly Ziviny dal§im rostlindm a nestinily jim, pfi vytrhavani
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nedochazelo k odstraniovéani piidniho vzorku z misek. Pokus byl ukoncen dne 12. 9., travy a
ostfice, které nebylo mozné do té doby urcit, byly piesazeny a dopéstovany do urcitelného
stadia. Determinace ostfic probihala pomoci fezti listi podle diplomové prace Tadease

Stérby (2012) a byla jim revidovéna.

3.2 Statistické zpracovani

3.2.1 Pouzity statisticky software

Jednorozmérné metody byly provedeny v programu Statistica 12 (StatSoft 2013). Pouzité
mnohorozmérné gradientové analyzy byly provedeny v programu Canoco for Windows 5.0
(ter Braak & Smilauer 2012).

3.2.2 Zachovani atraktivity semen pro mravence

Pokus zkoumajici vliv uskladnéni semen na atraktivitu pro mravence byl vyhodnocen
pomoci dvoucestné ANOVy. Zavisla proménna byly pocty odnesenych semen, kategorialni
prediktory pak bylo ¢islo karticky (1 — 30) a typ uskladnéni semen — Cerstvd, mrazena ¢i
rehydratovana. Proménna cislo karticky byla pouzita jako faktor s ndhodnym efektem.
Pivodni pocet semen od kazdého skladovaciho typu na kartickach byl roven 10. Na konci
pokusu se pocet odnesenych semen pohyboval mezi 0 — 10, krajni hodnoty byly pomérné
Casté, rozdéleni neni tedy blizké normalnimu. Proto byla pouzita arcsinova transformace
podle vzorce P’=Arcsin(\(1n/10)), kdy n je pocet odnesenych semen mravenci. Déle byl
pouzit na ANOVu navazuji post-hoc test Tukey, diky némuz bylo zjisténo, které typy

uskladnéni se od sebe prukazné li§i po¢tem odnesenych semen mravenci.

3.2.3 Odkladisté jako moznd vhodna mista pro kliceni semendcii
Rozdily v druhovém sloZeni mezi Zivotaschopnou semennou bankou odkladist a

odpovidajicich kontrolnich ptadnich vzorkl byly testovany piimou gradientovou analyzou
RDA (Smilauer & Lep$ 2014). Jako kategorialni vysvétlujici proménna byla pouZita
ptislusnost k umisténi pudniho vzorku na odkladisti (O) ¢i mimo né&j — kontrola (K) a jako
kovariata cislo paru vzorka (1 — 25). Prob¢hla logaritmicka transformace pocti vyklicenych
semendckii podle vzorce Y'=log(Y+1) a dale centrovani po druzich. Permutace byly
omezeny kovariatou, tedy Cislem paru vzork. Timto zplisobem probehly dvé oddé€lené

analyzy, jedna pro celkové druhové slozeni, druha pro myrmekochorni druhy rostlin.



4. Vysledky

4.1 Zachovani atraktivity semen pro mravence

Nejcastéji byla odnaSena semena cCerstvda, Smen$i Cetnosti mraZzend a nejméné
rehydratovana. Mezi typy uskladnéni byl zjistén prikazny rozdil (Fss = 8,89, p = 0,0004)
(Tabulka 1) (Obr. 1). Avsak jak Tukyeho test ukazal, Ze rozdil byl dan ptedevsim
rehydratovanymi semeny, ktera se liSila prikazné od obou zbylych typt uskladnéni, ty se ale
mezi sebou prikazné nelisily (Obr. 1).

1.0

a) b) b)
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0.8
0.7
0.6

0.5

Podil odnesenych semen

0.4

0.3

0.2

0.1

rehydratovana mrazena Cerstva

Typ uskladnéni semen

Obr. 1 Rozdily v poctech odnesenych semen transformovanych podle vzorce [P'=Arcsin(N(n/10))] v zavislosti
na typu uskladnéni semen (Fpss = 8,89, p = 0,0004), zobrazen LS means — least square, chybové tsecky
zobrazuji 95 % konfiden¢ni interval. Pismena nad pruméry jsou vysledkem Tukeyho testu — primeéry, které
nemaji stejné pismeno, se statisticky prikazné 1isi (P < 0,05).

Tabulka 1. Vysledky ANOVy s Arcsinovou transformaci testujici rozdil ¢etnosti odnosu semen s rtiznymi
zpusoby uskladnéni.

SS DF MS F P
zptisob uskladnéni 2.05910 | 2 1.02955 | 8.89188 | 0.000428
karticka 8.27476 | 29 0.28534 | 2.46436 | 0.001743
chyba 6.71554 | 58 0.11579

4.2 Odkladiste jako moznad vhodna mista pro kliceni semendacii

Zivotaschopnou semennou banku ptidy odebrané z odkladist’ a kontrolnich plosek tvofilo 25
druhd rostlin (Tabulka 2). Celkem vykli¢ilo 1560 jedinct rostlin, z nichz 834 z pudy
odebrané¢ z odkladist a 726 z kontrolnich plosek. Analyza RDA neprokazala rozdil
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mezi ¢etnostmi zivotaschopnych semen v semenné bance ptdy odkladist’ a okolni pady (F =

1,0; p = 0,408; kanonicka osa vysvétluje 4 % variability) (Obr. 2), obrazek tedy uvadim jen

jako ilustraci trendl. V Zivotaschopné semenné bance byly mimo jiné zastoupeny i 4

myrmekochorni druhy (Luzula multiflora, Potentilla erecta, Viola palustre a Carex

pilulifera) z celkovych 8 pfitomnych na Ohrazeni. Rozdil jejich vyskytu v odkladistich a

kontrolnich ploskéch nebyl rovnéz prukazny (F = 1,1; p = 0,288; kanonicka osa vysvétluje

4,47 %) (Obr. 3).

™ ViolPalug RanuFlam
o |
BetuPend / LuzuMult
PoaTriv
A RanuSp VeroCham A
K CeraHolo TrifCamp
NardStri AgroCapi O
™ AnthOdor ConyCanlf\:l/lyosNemo
o | SeliCarv .
-1.0 1.0

Obr. 2 Ordina¢ni diagram RDA poctl semenackii v zavislosti na kategorii odkladisté (O) a kontrolni plosky
(K). Rozdil neni prikazny (F = 1,0, p = 0,408; kanonicka osa vysvétluje 4,002 % celkové variability). V grafu
je znazornéno pouze 15 druhti nejlépe fitujicich kanonickou osou.

Tabulka 2. Seznam druh rostlin pfitomnych v Zivotaschopné semenné bance odkladist’ a kontrolnich plosek se
zkratkami druhd, které byly pouzité v grafu Obr. 2. a Obr. 3. Tuénym pismem jsou znazornény druhy
myrmekochorni. Souéty vykli¢enych jedinct jednotlivych druhti rostlin pfitomnych v Zivotaschopné.

pocet Zivotaschopnych semen

druh rostliny zkratka odkladi§t¢  kontrolni plosky celkem
Agrostis capillaris AgroCapi 1 0 1
Anthoxanthum odoratum AnthOdor 7 11 18
Betula pendula BetuPend 0 1 1
Carex ovalis CareOval 2 2 4
Carex pilulifera CarePilu 3 4
Cerastium holosteoides CeraHolo 2 5 7
Conyza canadensis ConyCana 1 0 1
Epilobium adenocaulon EpilAden 3 3 6
Holcus lanatus HolcLana 3 3 6
Juncus sp. Junc sp. 771 672 1443
Luzula multiflora LuzuMulti 23 14 37
Lychnis flos-cuculi LychFlos 1 2 3
Molinia caerulea agg. MoliCaer 1 2 3
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Myosotis nemorosa MyosNemo 5 1 6
Nardus stricta NardStri 0 2 2
Poa pratensis PoaPrat 1 1 2
Poa trivialit PoaTriv 1 0 1
Potentilla erecta PoteErec 1 1 2
Prunella vulgaris PrunVulg 2 2 4
Ranunculus flammula RanuFlam 1 0 1
Ranunculus sp. Ranu sp. 1 3 4
Selinum carvifolia SeliCarv 1 0 1
Trifolium campestre TrifCamp 1 0 1
Veronica chamaedrys VeroChama 1 0 1
Viola palustris ViolPalu 1 (] 1
Q 4
© LuzuMult
ViolPalu
L A A
g ‘ PoteErec" Carepilu ©
2
-1.0 1.0

Obr. 3. Ordinacni diagram RDA pocti semenacktt myrmekochornich rostlin v zavislosti na kategorii odkladisté
(O) a kontrolni plosky (K). Rozdil neni prukazny (F = 1,1; p = 0,288; kanonicka osa vysvétluje 4,47 % celkové
variability.
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5. Diskuse

5.1 Zachovani atraktivity semen pro mravence

Elaiosomy mezickych habitat temperatu jsou citlivéjsi na ztratu vody nez elaiosomy rostlin
z xerotermnich biotopd, které jsou pevné a vytrvalé (Berg 1975) a soucasné i nez semena
k nim patiici (Servigne & Detrain 2009). Cerstva semena vétsiny temperatnich druhd jsou
pro mravence atraktivnéjsi nez star$i semena (Smith et al. 1986, Mark & Olesen 1996,
Servigne & Detrain 2009). Servigne & Detrain (2009) dokumentovali prubéh atraktivity
elaiosomi v zavislosti na ¢ase od dozrani semene. Béhem prvnich 24 hodin jejich atraktivita
i ubytek vahy klesaly prudce, poté se pokles zmirnil. Autofi dale navrhuji ke na zdivodnéni
dilezitosti piitomnosti vody pro atraktivitu diaspor dvé nevylucujici se hypotézy: (1) voda je
rozpoustédlem pro latky spoustéjici odnos mravenci, (2) voda dodava elaiosomu lepsi
konzistenci, ktera umoznuje délnicim lepsi manipulaci se semeny. Autofi dale uvadéji, ze

rehydratace (napt. de§t€ém) muze atraktivitu elaiosom navracet.

Toto feSeni vSak zfejm¢ nemuze fungovat zcela univerzaln€. V mém odnosovém pokusu
byla atraktivita semen Pedicularis sylvatica rehydratovanych po mésici vysychani nejnizsi
(pouze /5 odnesena) ze tfi zvolenych typi skladovani a soucasné prikazng odlisna
od Cerstvych i mrazenych semen. Naopak mrazena semena nebylo mozZné statisticky
od &erstvych odlisit, prestoze rozdil byl pomé&mé velky, odnesena byla pouze priblizng Y/
rehydratovanych a % Cerstvych. Také v praci Servigne & Detrain (2010) byla pro mravence
semena obou zkoumanych druht (Viola odorata a Chelidonium majus) rizné atraktivni i
pfes pfiblizné stejnou ztratu vody. Zatimco u druhu Chelidonium majus nebyl zjistén
prikazny rozdil v ¢etnosti odnosu semen cerstvych a rehydratovanych po jednom mésici
vysychani, u druhu Viola odorata byla, podobné jako v nasem experimentu, takto
rehydratovana semena noSena mén¢. Autofi se domnivaji, ze diivodem rozdilného odnaseni

po rehydrataci by mohl byt rizny obsah lipofilnich latek v elaiosomech, které jsou méné

nachylné k vysychani.

Tuto domnénku podporuje i chemického slozeni elaiosomi, nebot’ ty obsahuji vétsi podil
mén¢ stalych latek nez semena, napt. cukra ¢i polyolt (Fischer et al. 2008, druha ¢ast této
prace). Tyto nestabilni latky jsou meziprodukty, které se naslednou katabolickou reakci na
vzduchu méni a zpusobuji to, Ze elaiosomy voni, ¢imZ lakaji tak mravence. Elaiosom tedy
obsahuje vétsi mnozstvi latek vice nachylnych k oxidaci (Ale§ Tomcala ust. sdél.).
Skladovanim mrazem tedy tyto sloZky nedegraduji, naopak suSenim se nezachovaji.

Rehydrataci je sice obnoven ,.erstvy vzhled” elaiosomu (Servigne & Detrain 2009), ale
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tékavé latky postupem casu ,,vyprchaji“ a nemohou byt namocenim obnoveny (Ales
Tomcala ust. sd¢l.). Mravenci se orientuji riznymi zpusoby, které se liSi i mezi druhy
vramci jednoho rodu. U vétSiny druhti mravenct je vSak pii vyhledavani kofisti
pravdépodobné pouzivan predevsim Cich (Pavel Pech ust. sd€l.). Rehydratace elaiosomt by

tedy mohla obnovit atraktivitu semen pourze pro mravence, ktefi se orientuji spise zrakem.

Kjellsson (1985) uvadi, ze mravenci vzdy nejvice odnaseli semena ze zdroje, se kterym se
setkali jako s prvnim. Pfiina toho muze byt, jak autofi navrhuji, pachova stopa, kterou
zanechaji ,,prvotni vyhleddvaci“ pro ostatni mravence. V naSem experimentu byly typy
uskladnéni semen na kartiCkdch rozmistény vzdy stejnym zplisobem, mravenci vSak
neodnaseli semena nahodné. Byli pozorovani mravenci, ktefi zkoumali semena z vice
hromadek, neZ se pro nékteré rozhodli. Neodnaseli tedy ta seminka, na ktera narazili jako

na prvni.

Odnos semen z karti¢ek probéhl velice rychle, do 7 min byla vzdy odnesena témét vSechna
Cerstva semena, odnosy tedy probihaly daleko rychleji nez ty, které jsem na Ohrazeni diive
provadéla (vice nez jedna hodina). Nicméng¢, jak uvadi Mark & Olesen (1996), existuje velka
variabilita v ¢ase, za ktery mravenci semena odnesou, a to v ramci druhu mezi jednotlivymi
mravenc¢imi Koloniemi i jednotlivymi odnosovymi experimenty. Pravé Cas nalezeni semen
mravenci hraje dulezitou roli u elaiosomii vétSiny myrmekochornich druhti vyskytujicich se
v temperatu, jelikoz jejich atraktivita prudce klesa (Servigne & Detrain 2009). Jak ale autofi
Servigne & Detrain (2010) uvadéji, pro rostlinu je dilezité, aby byla semena brzy mravenci
nalezena, proto na mistech s velkou pravdépodobnosti nalezu a odnosu rychlé vysychani

nevadi (napf. v blizkosti mravenist’).

5.2 Odkladisteé jako mozna vhodna mista pro kliceni semendcii

Zivotaschopnou semennou banku piady odebrané z odkladist’ a kontrolnich plosek tvofilo
pouze 25 druhd rostlin, z celkového poctu 101 druht vyskytujicich se na Ohrazeni
(Koutecky 2006, nepublikovana data). Vyskytoval se zde ale i druh Conyza canadensis,
ktery se ve vegetaci nevykytuje (jedna se o invazni druh, jehoz semena jsou Sifena na velké
vzdalenosti vétrem). Vykli¢ily i 4 myrmekochorni druhy rostlin z celkové 8 ptitomnych
na Ohrazeni. Velkou ¢ast Zivotaschopné semenné banky tvofily zastupci rodu Juncus, stejné
jako tomu bylo v pfedchozich pracich ze stejné lokality (Zeleny 1999, Kone¢na 2012).
Mirn¢ vice semen bylo nalezeno v pidé z odkladist. Stejny trend vySSiho zastoupeni
zivotaschopnych semen byl zjiStén téZ v mraveniStich (Gorb et al. 1997, Kone¢na 2012).

V mé pilotni studii v bakalaiské praci jsem podobny experiment provedla s tim rozdilem, Ze
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pudni vzorky byly stratifikovany v pfirozenych podminkdch béhem zimy venku a kliceni
probihalo ve sklenikovém pokusu. V tomto pilotnim pokusu vsak kli¢il vétsi pocet druhii
(47) nez v této praci. DalSim rozdilem bylo mnozZstvi zjisténych semen v obou pokusech, na
1 cm® odebrané pudy bylo v odkladistich téméf dvakrat mensi (1,14 semene) nez
v mravenistich (2,12). Tento trend ale platil i pro kontrolni plosky (0,99 a 1,89). Toto miize
byt zplisobeno jednak rozdilnosti sezon, ve kterych oba pokusy probihaly ¢i rozdilnou
mrazovou stratifikaci (mrazici boxu pii —21 °C oproti vystaveni vnéj$§im podminkam pies
zimu). Dalsi pii¢inou mohou byt rozdilné podminky pro kli¢eni v klimaboxu se stalou
teplotou (19 °C), ktera nemusela byt optimalni pro kliceni nékterych druht, oproti skleniku
s kolisajici teplotou. Misto odbérti se v obou pracich nachazelo piiblizné ve stejné Casti
lokality, v této praci byl viak objem kazdého vzorku mensi (29,4 cm® oproti 78,5 cm?).
Nicméné, tento odebrany objem pldy z odkladist’ o mocnosti 1,5 cm by mél byt dostacujici

k zachyceni semen, ktera mravenci umist'uji na povrch.

Rozdil mezi semennou bankou odkladist’ a kontrolnich plosek nebyl prokazan, navic byly
pocty zjisténych zivotaschopnych semen jednotlivych druhli nizké. Zkouman byl relativné
maly pocet vzorkli i v porovndni s mou bakaldiskou praci, proto je pravdépodobné, ze
z tohoto diivodu nebyly vzacné druhy Vv Zivotaschopné semenné bance zaznamenany. Piesto
byl pfitomen napt. myrmekochorni druh Viola palustris, ktery patii k méné castym na
lokalité. Samotna analyza myrmekochornich druhii také neodhalila prikazny rozdil mezi
kategorii odkladist¢ a kontrolni ploska. V odkladiStich se vSak nachazelo mirné vice
zivotaschopnych semen tii myrmekochornich druhd, a to Luzula multiflora, Viola palustris a
Carex pilulifera, pouze vyskyt druhu Potentilla erecta se zda byt na této kategorii nezavisly.
Ve sklenikovém pokusu mé bakalaiské prace klicily tyto myrmekochorni druhy: Luzula
multiflora, Carex pallescens, Potentilla erecta a Danthonia decumbens. Luzula multiflora je
druhem castéji se vyskytujicim jak v mravenistich, tak v odkladistich nez v kontrolnich
ploskach. Druhu Carex pilulifera tedy pro kliceni spiSe svédCily podminky, které se
vyskytovaly béhem magisterské prace (napf. stalejsi podminky klimaboxu), oproti druhtim

Carex pallescens a Danthonia decumbens, které kli¢ily pouze ve sklenikovém pokusu.

Diivodi, pro¢ nebyl prokazan rozdil v semenné bance odkladist’ a kontrolnich plosek, mtze
byt nekolik. Prvnim divodem by mohlo byt to, Zze se ncktera seminka nedostanou ani
do mravenis$té, protoZe jsou pii pfenosu mravenci upusSténa (Gorb & Gorb 1999). Jak zjistil
Kjellsson (1985), mnoho semenackt Carex pilulifera se nenachazelo v blizkosti mravenisté

na odkladistich, ale naopak podél mravenci stezky, kudy semena do mravenisté odnaseli a

15



cestou je upustili. Vzhledem k dob& odbéru pidnich vzorki (4. 10.) jiz neni pravdépodobné,
ze by néjaka semena byla jest¢ ve fazi pred vynesenim z mravenisté na kone¢né odkladiste,
protoze v této dobé jiz mravenci nebyvaji aktivni. AvSak zna¢na ¢ast semen mohla zustat
v mravenisti, jelikoz jak Kjellsson 1985) uvadi, 80 — 84 9% semen neni sekunddrnim
odnosem pteneseno na konecné odkladisté. Nevyneseni nepotiebného organického materialu
Z mraveni$t¢ Vv mém pokusu by také nasvédcovalo to, ze velkd ¢ast nabarvenych cvrééich

Casti se neobjevila na odkladistich.

Duvodem pro nerealizaci sekundarniho odnosu mize byt napiiklad i to, ze po odstranéni
elaiosomu, ktery slouzi jako pfirozeny uchyt pro mensi mravence, mize byt sekundéarni
odnos znemoznén, pouze vétSim druhm mravenct toto umoziiuje dostatecnd mezera
mezi kusadly (Gomez et al. 2005). Na Ohrazeni dominuje druh Myrmica scabrinodis, ktery

patii spiSe mezi mensi mravence.

Prace zkoumajici pribéh myrmekochorie se vétSinou zabyvaji umisténim semen uvnitf
velkych trvalych mravenist’ (Gorb et al. 1997, Dauber et al. 2006) poptipad¢ na odkladistich
v lesnich biotopech (Farji-Brener & Medina 2000, Gorb et al. 2000, Lobo et al. 2011). V této
praci jsem se zabyvala nendpadnymi luénimi mravenisti, ktera nemaji az na ta centralni, stalé
umisténi (setrvavajici pouze po nékolik malo let). Protoze se na pokusné lokalité¢ vyskytuji
mraveni$té sezonniho charakteru, ziejmé ani odkladisté¢ nebudou mit dlouhého setrvani na
misté. Primérna vzdalenost odkladist’ od nejbliz§iho mravenisté ¢inila 10,5 cm, coz tedy
okraji hnizda ani teritoria neodpovida. Kjellsson (1985) uvadi, u pfibuzného druhu M.
ruginodis vzdalenost 1,3 — 3 m, po kterou propatravaji terén pii shanéni potravy.
V nékterych piipadech se dokonce zda, Ze mravenci upoustéji semena bez specifického

umisténi (Giladi tst. sdé€l.).

Odkladisté se mohou nachazet jak pod zemi, tak i na povrchu. Podzemni odkladisté maji tu
vyhodu, Ze je mali hlodavci nenaleznou (Hanzawa et al. 1985), coz v ptipadé¢ pozemnich
odkladist’ neplati. Na odkladiStich nachazejicich se mimo mravenisté by méla byt zvySena
dostupnost zivin pro kli¢ici semenacky oproti okolni pudé¢ (Farji-Brener & Medina 2000).
Tato mista byla ale také méné druhové bohatd, predev§im protoze existovala silna preference
mravenci pro semena druhu Miconia argentea. Podobny trend jsem ve svém pokusu

nezaznamenala.

Vyss§i zastoupeni semen na odkladisti, podobné jako v této praci, zjistili také prace
provadéné v tropickém lese (Farji-Brener & Medina 2000, Lobo et al. 2011). Na odkladisté

jsou mravenci pienesena pifedevs§im semena bez elaiosomll. Nékdy ale miize dojit k tomu, Ze
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semena vynesena z mraveni§t¢ maji stale na sobé elaiosom (vlastni pozorovani). K tomuto
jevu muze pravdépodobné dochézet z diivodu cisténi teritoria, kdy jsou odndSena vsechna
pritomna semena (Dauber et al. 2006). Naopak semena bez elaiosomu mohou v hnizd¢ ztstat
(Servigne & Detrain 2010), ¢imz se semena mohou vyhnout predatoram (Manzaneda et al.
2005) Podle autoru studie Lobo et al. (2011), by odkladist¢ méla byt mista s mensi predaci
semen, konkrétné¢ uvadi tfikrdt mén€ cetnou oproti jinym mistim V okoli mraveniste.
Hanzawa et al. (1985) uvadi, ze hlodavci prikazné ¢astéji predovali semena bez elaiosomu
nez ta s elaiosomy. Predace probihala bez ohledu na to, zda semena méla suchy ¢i vlhky

elaiosom — a autofi navrhuji dalsi funkci elaiosomu jako ,,odpuzovace hlodavci.
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6. Zavér

U druhu Pedicularis sylvatica byl prokazan rozdil v atraktivité diaspor cCerstvych a
mrazenych oproti suSenym po dobu jednoho meésice a poté rehydratovanych. Atraktivita
semen druhu Pedicularis sylvatica nebyla vodou obnovenacoz miize byt zptisoboeno tim, ze
latky lakajici mravence obsazené v elaiosomech nejsou stalé a na vzduchu se rozkladaji.
Rehydrataci neni tento proces vratny. Elaiosomy tedy rehydrataci neziskaji pocatecni slozeni
latek, a tedy ani neziskaji pivodni atraktivitu pro mravence.

Zivotaschopna semenna banka odkladi§t a kontrolnich plosek se prikazné nelisila.
V odkladistich se nachdzelo vice semen, za vyznamny povazuji piedevSim vyssi vyskyt
semen myrmekochorniho druhu Luzula multiflora (1,6 krat). To poukazuje na skute¢nost, ze
¢ast semen je prenesena na odkladisté sekundarnim odnosem. Znacna ¢ast vSak z mravenci
roz§ifovanych semen zUstdvd v mraveniS$ti a nepatrnd ¢ast je upuSténa pii pienosu do

mraveniste.
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8. Prilohy

Piiloha I Karti¢ka s nabizenymi semeny v odnosovém experimentu.
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Ptiloha 1V Odkladisté, zvyraznéna nabarvena ¢ast cvrcka.

24



Il Attractivity of elaiosomes for ants, their chemical composition and phylogenetic
differences

Abstract
Myrmecochory is a type of plant dispersal resulting from mutualism with ants. Several

characteristics on both sides of the partnership influence the removal frequency
of myrmecochorous diaspores, besides other, the chemical composition of the diaspores. The
influence of more hierarchical levels (family, genus, species and population and part) on this
characteristic has been barely studied, though.

Therefore we focused on four families (Amaryllidaceae, Boraginaceae, Papaveraceae and
Poaceae) with 2 different genera in each (each represented by a single species) and 3
populations per each genus. Five focal chemical groups, amino acids, free fatty acids,
organic acids, polyols and sugars in elaiosomes and seeds were determined separately.
Redundancy analysis revealed significant trends on all levels, more frequently in the case
of individual chemicals within groups, though. For instance, individual polyols and sugars
were family specific. Further, rate of chemicals sum distinction between diaspore parts was
genus dependent with evident differences among populations. Moreover, there is a trend
of convergence in elaiosomes chemical composition with a higher content of easier
digestible compounds in elaiosomes, specifically amino acids and shorter chained free fatty
acids. However, the total content of free fatty acids, presumably the main ant attractants, was
higher in the seed part than in the elaiosome one. This group of chemicals is the only one
with this trend, while the other groups were opposite. All general statements about chemical
composition should be done with great caution, since the total content and also the

composition of individual chemical compounds varies widely even within one species.
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1. Introduction

Myrmecochory is a type of plant dispersal as well as plant-ant mutualism (Sernander 1906).
This phenomenon is widespread across plant families (at least 77), it has originated from
different plant tissues of seed, fruit or floral parts (Mayer et al. 2005, Ciccarelli et al. 2005).
This mutualism occurs around the world but Antarctica (Lengyel et al. 2010), even though it
ensures a small distance from the maternal plant (average 1,99 m according to Gémez &
Espadaler 2013, but some authors present much longer distances, e.g. Chlumsky et al. 2013;
36,5 m). This distance depends also on the fact, that not all myrmecochorous plant species
use solely ants as dispersers of their seeds. Several plant species use diplochory, a
combination with other dispersing agents, balochory, endozoochory or anemochory
(Sernander 1906, Vander Wall & Longland 2004), in this case is the distance mediated by
ants shorter. On the other hand, even this shorter distance helps to reduce parent-offspring
competition as well as competition among seedlings and also improves precise targeting to
favourable sites for seed germination (Culver & Beattie 1978). The advantage for ants is the
food source: ant-attracting appendages, called elaiosomes, which are present in seeds of most
myrmecochorous plants (Sernander 1906, Brew et al. 1989, Mark & Olesen 1996).
Therefore, a diaspore of a myrmecochorous plant is composed of a seed (fruit respectively)
and one or more elaiosomes — high quality food rewards for ants (Gammans & Bullock
2005).

However, this dispersal mechanism is present with uneven success at both plant and ant
species and has involved in partnerships of different plant and ant species (Gorb & Gorb
1995). Both sides of this partnership determine the effectiveness of myrmecochory. Firstly,
crucial ant characteristics affecting this relationship are: size, (Pizo et al. 2005), food
specialization and dispersal ability. According to food specialization, ants could act as seed
predators — granivores, who eat the whole diaspore. Another type of exploitation is by
omnivorous ants, who usually remove elaiosome in situ, whereas carnivores and fungivores,
removing whole diaspore to the nest, act as mutualists (Hughes et al. 1994, Gammans et al.
2006, Christianini et al. 2012). Dispersal ability includes the speed of diaspores removal by
ants, elaiosom eating in situ on baits, a distance they transport seeds and preference for
different size of elaiosomes (Leal et al. 2014). Secondly, at plants, the mass ratio of the
diaspore parts (Leal et al. 2014), diaspore size (Mark & Oesen 1996), its morphology
(Boulay et al. 2006, Leal et al. 2014), number of revealed diaspores per one plant (Boulay et
al. 2006, Helleborus foetidus), the time since they release by a plant (attractiveness is
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decreasing with time) (Servigne & Detrain 2009) and chemical content and composition
(Lanza 1992, 3 species of genera Trillium, Reifenrath et al. 2012) belong among the main
plant traits determining the attractiveness. Further, even the configuration of present
chemical compounds was revealed as important for diaspore removal by ants (Brew et al.
1989).

Chemical composition of several myrmecochorous species elaiosomes has been investigated.
It was shown previously, that the composition of amino acids, fatty acids and carbohydrate
of elaiosomes is more similar to each other than to the corresponding seeds (Fischer et al.
2008). For example, elaiosomes of species Asarum europaeum and Leucojum vernum
contained less than 5 % of lipids. Among lipids, probably free fatty acids are the most
abundant and after them triacyl-glycerols (Perternelli et al. 2008). Also the protein content
was greater in seeds than in elaiosomes (Fischer et al. 2008). However, in diaspores of
myrmecochorous plants are present essential fatty acids, oleic, a-linolenic and y-linolenic
respectively (Gammans & Bullock 2005). The starch content is negligible in elaiosomes
(less than 1 %), whereas in seeds is reaching about 10 %, the content of elements N and C
did not differed (Fischer et al. 2008). The low content of lipids, starch and proteins in
diaspores could be explained by more dispersal agents used by certain plant (diplochory)
(Ciccarelli et al. 2005). Brew et al. (1989) proposed three possible causes of seeds removal
by ants: (1) elaiosome as a nutrient source, (2) elaiosome as a source of essential chemical
compounds for ants and (3) presence of chemical signals releasing seed removal. (1) The
evidence for the first hypothesis could be preferential feeding of elaiosomes to larvae after
the seed removal. Fischer et al. (2005) found out that around 61 % of the nitrogen from
Corydalis cava elaiosomes was found in the larvae of Formica rubra. However, ant workers
profit either, those of Myrmica ruginodis in colonies without queen produced heavier larvae
after being fed with elaiosomes of two Ulex species (U. minor and europaeus) (Gammans &
Bullock 2005). On the other hand, Caut et al. (2013) did not found any significant
importance of Helleborus foetidus elaiosomes for Aphaenogaster senilis ants and they
suggested that the advantage for ants is a food source, when other food resources are scarce.
In conformity with this is the fact, that myrmecochorous plants flower on average 7.1 weeks
earlier than non-myrmecochorous ones and provide so food for ants before the insects as a
food resource is available (Oberrath & Bohning-Gaese 2002). (2) Gammans & Bullock
(2005) highlighted the presence of essential chemical compounds for ants in elaiosomes —
fatty acids (e.g. linolenic and linoleic) and sterols (e.g. cholesterol), which cannot be

synthesised by ants themselves. (3) Brew et al. (1989) proposed a theory of chemical signals
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produced by a single compound or group of them, and supported it by their own data. As
mentioned previously, the lipid content does not have to be high, but it seems to be crucial
for triggering the diaspore removal. Even diaspores of nonmyrmecochorous plants with
greater lipid content are removed more frequently than those with lower lipid amounts (Pizo
& Oliveira 2001). However, total lipids amount only does not determine the attractiveness.
In the study of Brew et al. (1989), who impregnated small pieces of pith by different
chemicals, non-polar lipids fraction was the most abundant besides polar lipid fraction and
aqueous fraction but were not removed more frequently than “untreated pieces of pith” (no
extract from elaiosome). Further, as the main releaser of diaspore removal by ants is mostly
stated a fatty acid — oleic acid (Boulay et al. 2006, Pfeiffer et al. 2010). Higher amount of
several fatty acids are present in elaiosomes, for instance in the study by Fischer et al. (2008)
was oleic acid on average 2.6 times in elaiosomes than in seeds. Moreover, this compound
was the most abundant fatty acid in elaiosomes of most target species in study by Fischer et
al. (2008). Oleic acids induced quick removal of artificial bait soaked by this compound by
ants. In other study, the most attractive compound was 1,2 diolein, in which is oleic acid
incorporated (Gammans et al. 2006). This acid also causes ant removal behaviour of dead
bodies of insects ,,dead body simulation” (Brew et al. 1989), further it is the major
component of hemolymfa (Hughes et al. 1994). Bresinsky (2014) compared attractiveness of
oleic, linoleic and ricinoleic acids. The last mentioned was the most attractive one in
all measurements. Linoleic acid was after 120 min two times less attractive than oleic acid
and even than control filter paper without any fatty acid. Brew et al. (1989) stated, that oleic
acid, 1,2-diolein and triolein were removed by ants at the same rate as elaiosomes, which
could suggest that they are also triggers of the diaspore removal.

It is usually stated, that elaiosome — literally “oil body” — is a nutrient rich appendage with a
high lipid and protein content (e.g. Vander Wall & Longland 2004). The real trends
in chemical content remain not completely determined. Studies focused on chemical
composition in myrmecochorous plants are interested mainly only in ant-atracting part,
elaiosome (Lanza 1992, Schmeer et al. 1996, Peternelli et al. 2008, Boieiro 2012), single
species (Schmeer et al. 1996, Commiphora guillaumini, Boulay et al. 2006, Helleborus
foetidus, Perternelli et al. 2008, Mabea fistulifera, Boieiro 2012 Euphorbia characias).
Studies mostly focused on limited spectrum of chemical compounds, especially lipids
(Schmeer et al. 1996, Boulay et al. 2006), their components — fatty acids (Lanza 1992,
Hughes et al. 1994, Boieiro et al. 2012) or searching for the attractive compounds (Brew et

al. 1989, Schmeer et al. 1996). Very few studies compared the influence of more levels on
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chemical composition, specifically within one specimen, to our knowledge only Boieiro et
al. (2012), within one species (Boulay et al. 2006, 2 populations; Perternelli et al. 2008, 2
populations; Boieiro et al. 2012, 4 populations) or between species (Hughes et al. 1994, only
fatty acids, 12 species; Fischer et al. 2008) and families (Fischer et al. 2008).

The study of Fischer et al. (2008) is to our knowledge the only one comparing more groups
of chemical compounds in both diaspore parts of higher number of species in temperate
region. They specifically focused on 15 species unevenly distributed in 7 families and
collected in the surroundings of Vienna and the Botanical Garden of the University
of Vienna. However, the influence of different taxonomical levels on the chemical
composition was not revealed yet — so we chose myrmecochorous species hierarchically
organized and tried to separate the variability in chemical composition of their diaspore
to parts attributable to differences between populations within target species, between
genera, within target families, and between families. Therefore, we attempted to answer the

following questions:

1. Are there any consistent differences in chemical composition between elaiosome and the
rest of the diaspore across various species?
2. Are there consistent differences in chemical composition of parts of diaspore attributable

to their taxonomic distinctness?

2. Materials and methods

2.1 Selected species, diaspore collection and storage

Concentration of selected chemical compounds present in diaspores (amino acids, free fatty
acids, organic acids, polyols and sugars) of eight myrmecochorous plant species was
analysed. We chose a pair of myrmecochorous species from each of four families:
Boraginaceae and Papaveraceae from Dicots, and Amaryllidaceae and Poaceae from
Monocots. Species in pairs belonged to different genera and had comparable seed weight
(Pulmonaria officinalis and Symphytum officinale, Corydalis cava and Chelidonium majus,
Galanthus nivalis and Leucojum vernum, Danthonia decumbens and Melica nutans). (Fig.1).
We studied four monocot and four dicot species with different origin of elaiosome:
Danthonia decumbens (floral parts — sterile spikelet), Galanthus nivalis (seed — chalaza),
Leucojum vernum (seed — chalaza), Melica nutans (3 elaiosomes — 2 fruit origin — lemma

and 1 floral origin — sterile spikelet) and dicots Corydalis cava (seed — raphe), Chelidonium
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majus (seed — raphe), Pulmonaria officinalis (fruit — pericarp base) and Symphytum
officinale (fruit — pericarp base). Therefore, each diaspore was divided into two parts —
elaiosome (E) and seed (S). The term “seed” is used (to follow the terminology used in the
seminal paper of Fischer et al. 2008). However, morphologically it is incorrect, because it is
a nutlet for Boraginaceae and a caryopsis for Poaceae. Because the pairs of species within a
family belong to different genera, we use in further text the name of factor “genus”, even
though we have no replication of species within a genus.

Diaspores of selected myrmecochorous plants were collected in the years 2013 and 2014.
For one sample were used more plant individuals of each population. Number of used
elaisomes in one sample (representing one population) was species dependent, because of
different elaiosome size, approximately 5 mg of dry mass was needed. For example, in case
of Amaryllidaceae the sample contained only several elaiosomes, in contrast to the sample of
Chelidonium majus, which contained more than one hundred elaiosomes. Diaspores of one
population per each of 3 selected localities defined by 1 km minimal distance from each
other were sampled (Table 1, Fig. 2). The diaspores were stored in a freezer (-35 °C) in
order to preserve the chemical composition. Storage endured the whole period between
sampling and analysis with the exception of the segregation of two diaspore parts (using a
binocular microscope and a scalpel). Exception was the presence of two different types of
elaiosomes on caryopsis of Melica nutans, therefore these diaspores were divided into three
samples — S, E as two elaiosomes originated from glum, and B as elaiosome originated from

a bud(both parts were analysed but only part E was used in the statistical analysis).
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Fig. 1. — Diaspores of species of interest: Galanthus nivalis (a), Leucojum vernum (b), Pulmonaria officinalis
(c), Symphytum officinale (d), Corydalis cava (e), Chelidonium majus (f), Danthonia decumbens (g) and Melica
nutans (h) (orig.).
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Table 1. — Location of target species populations.

locality number

plant species

name of locality

date of seed collection

GPS location

© 00 N o g B~ W N P

NN N NN R B B B B B R R R e
5 WO N P O © 00 N O U h W N B O

Corydalis cava

Danthonia decumbens

Galanthus nivalis

Chelidonium majus

Melica nutans

Leucojum vernum

Pulmonaria officinalis

Symphytum officinale

Hluboka nad Vltavou

Kti§
Libochovka
Ohrazeni
Zvikov
Ruda

Brdo
Hrad¢any
Zahoti
Bosice
Hradcany
Ceské Budgjovice
Brdo
Vénec
Cizov
Kohoutov
Brdo
Opolenec
Bohumilice
Budilov
Hrad¢any
Kalisté
Bosice

Plaveg

21.4.2014
24.4.2014
20.4.2014
1.8.2013
17.7.2014
18.7.2014
21.5.20104
24.5.2014
20.5.2014
1.7.2013
14.9.2013
13.6.2013
11.7.2014
15.6.2014
12.6.2014
15.6.2013
16.6.2014
20.5.2014
3.5.2014
17.5.2014
29.4.2014
14.9.2013
16.9.2013
11.6.2014

49°2'25.492"N, 14°27'28.558"E
48°55'31.901"N, 14°7'17.601"E
49°5'1.883"N, 14°28'19.313"E
48°56'58.056"N, 14°35'46.949"E
48°59'20.366"N, 14°36'28.119"E
49°8'47.051"N, 14°41'38.199"E
49°4'46.178"N, 13°50'35.839"E
49°3'3.729"N, 13°49'17.819"E
49°4'55.029"N, 13°49'57.043"E
49°522.053"N, 13°50'23.369"E
49°6'8.060"N, 13°50'13.382"E
48°58'27.662"N, 14°27'17.536"E
49°4'44 831"N, 13°50'34.700"E
49°5'43.067"N, 13°52'24.846"E
48°51'48.031"N, 15°51'49.539"E
50°27'7.804"N, 15°532.144"E
49°6'8.060"N, 13°50'13.382"E
49°520.641"N, 13°47'47.304"E
49°5'37.535"N, 13°49'57.131"E
49°4'52.688"N, 13°50'59.020"E
49°6'14.252"N, 13°49'34.074"E
48°57'55.380"N, 14°34'44.488"E
49°5'0.635"N, 13°50'35.910"E
48°55'46.295"N, 16°4'42.105"E
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2.2 Chemical analysis
Chemical composition of diaspores was analysed in the Biological Centre ASCR,

Laboratory of analytical biochemistry and metabolomics, in 2014 (April — October). Amino
acids, free fatty acids, organic acids, polyols and sugars were main chemical substance
groups of our interest. Firstly, each separated sample of elaiosomes and seeds was
lyophilized, and then divided into three parts to create triplicates (average concentrations
counted for each sample). Each part with the minimal weight 5 mg of elaiosomes and 10 mg
of seeds was further analysed separately. To each sample in microtubes, 1 ml of hexane was
added and then the plant material was ground using a steel ball during shaking in the Tyssue
Lyser, (5 min, 40 oscillations.s™). An adjusted method described by Fischer et al. (2008) was
used during extraction. Liquid and solid parts were separated by centrifugation (10 min,
7000 r. p. m). Free fatty acids were analysed from the liquid part; solid part was used
for analysis of amino acids and organic acids (ECF method; Kostal 2011b) and polyols and
sugars by SAC method. Chromatography was used as the separation method and peak
heights were used in all analyses.

Free fatty acids were analysed according to the study (Zahradnickova et al. 2014)
after transesterification to fatty acid methyl ester (FAMES) by gas chromatography
with flame ionization detection (GC/FID). The transesterification procedure is shortly
mentioned here:

After extraction, 100 pl of supernatant aliquots were placed into microtubes and evaporated
with liquid nitrogen, then 50 pl of hexane, 10 nmol of tetracosane (IS) and 100 pl of newly
prepared 2M sodium methoxide were added and shaken intensely for 10 s and then gently
for 15 min. After 100 pul of hexane and 250 ul of 1 M HCI were added in order to maintain
the acidic pH, the sample was shaken again. The upper hexane layer was collected, than 200
pl of hexane was added to the remaining sample and the solution was shaken. Finally, both
obtained hexane parts were combined, dried by nitrogen steam, diluted with isooctane
(concentration 1 mg of sample in 1000 pl of isooctane) and 1 pl was injected into GC/FID.
For extraction of amino acids, organic acids, sugars and polyols the pellets were washed 5
times with 200 pl of 30% EtOH and the extracts were stored at 60 °C for 60 minutes. Then
the samples were transferred to 1ml microtubes and centrifuged (10 min. 7000 r. p. m).
For SAC analysis 100 pul of the sample was taken and after the addition of xylitol (IS) it was
evaporated to dryness. Derivatization occurred in two steps — oximation and silylation,
sugars and polyols were than quantified by gas chromatography with FID (Kostal et al.
2011a).
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Amino acids and organic acids were quantitatively determined after derivatization by ethyl
chloroformate under pyridine catalysis and simultaneous extraction into chloroform by a
combination of gas chromatography with mass spectrometric detection and liquid
chromatography with mass spectrometric detection (Husek 1997, Kost'al et al. 2011b).

As a result, for each group, we have its total content (total sugar content, total amino acid
content), and then detailed quantitative composition of individual chemical substances

within each group.

2.3 Statistical analysis
For the univariate responses (i.e. total content of each group analysed separately) we used a

type of mixed effect Nested design (hierarchical) ANOVA — using Statistica 12 (StatSoft
2013). For analysing all total contents of five major chemical groups together was used a
corresponding multivariate method (in this case Redundancy Analysis, Smilauer & Lep3
2014) using programme Canoco for Windows release 5.0 (ter Braak & Smilauer (2012). The
same multivariate analysis was also used in case of individual chemical compounds for each

group separately.

For all analyses, concentrations of all chemical compounds were counted on 1 mg of
elaiosome and seed dry mass (DM) of eight target species and transformed according to the
formula Y'=log(Y+1). For multivariate analyses, centering and standardization by chemical
compounds was applied. Chemical analysis of polyols and sugars of one elaiosome sample
of Danthonia decumbens elaiosome failed, and the data were inputted by averages for the
other two populations to keep the balanced design needed for further analyses.

2.3.1 Composition of major chemical groups
To identify main differences between the diaspore parts (i.e. between elaiosome and seed),

sums of compounds concentrations within five groups were analysed by partial RDA
with category population as the covariate. This category was also used as a block to define
permutations within blocks. The same data (each group separately) were analysed also
by Nested design ANOVA with categorical explanatory variables (factors) part,
genus(family)*part, genus(family) and family (the brackets signify nesting, so that
genus(family) means genus nested in family). The factor genus (and also its interaction) was

taken as factor with random effect.
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2.3.2 Interaction genus*part
Further, the significance of interaction of the category genus and part was tested by RDA,;

this interaction reflects the non-additivity of the main effects of factors genus and part — in
other words, low variability explained by this interaction means that the differences between
elaiosome and seed are consistent across various genera. This analysis was conducted both

with sums of concentrations and with individual chemical compounds.

2.3.3 Individual chemical compounds — hierarchical decomposition
Because the amount of explained variability (also called trace) is dependent on degree

of freedom (DF) of the corresponding explanatory variables used, the characteristics called
Means Square - MS was used (similarly to the variation partitioning in the Canoco 5
package, ter Braak and Smilauer (2012), obtained by dividing the explained variability
by corresponding DF.

2.3.3.1 Diaspore
Hierarchical decomposition of variability was for individual chemical compounds revealed

by partial RDA on three levels: part, genus and family (Table 2). Distinction
between diaspores of eight selected plant species in individual chemical compounds of five
main groups were analysed by partial RDAs. On the family level, part was used as a
covariable and permutations defined by hierarchical design (freely exchangeable within
wholeplots). On the genus level, variable family and part was used as covariates and
permutations were done unrestrictedly. In order to determine the differences between
diaspore parts, category population was used as a covariable and permutations were
performed unrestrictedly with blocks defined by covariate (population).

Afterwards, the variability explained by population after subraction of explained variability
by all levels (family, genus and part) and variability explained exclusively by (“pure”)
genus*part interaction from one was computed. Pure genus* part interaction obtained
in order to compute the population level was obtained by partial RDA with genus*part
interaction as explanatory variable and part and genus as covariate was done. Therefore, the
results of these analyses were proportions of explained variability of chemical content by

each level.

2.3.3.2 Elaiosome
Proportion of explained variability by each hierarchical level was also examined

for elaiosome part separately, because of its importance for ant dispersal. On the family level,

RDA with hierarchical design of permutations was used. On the genus level, partial RDA
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with family as a covariate was used and permutations were performed freely exchangeable.

Proportion of variability in elaiosome composition explained by the category population was

computed by subtracting of sum of variability explained by family and genus from one.

Further, RDA of all individual chemical compounds together was done with unrestricted

permutations, to determine differences among populations within each genus.

Table 2. — Overview of variables and manner of permutation used in hierarchical decomposition by RDA. f =

family, g = genus, p = part.

diaspore elaiosome
tested level covariate  permutations  covariate permutations
family part freely within - hierarchical design
wholeplot
genus family, unresticted family unrestricted
part
part population  block defined - -
by population
population 1- — 1-—(f+g) -
(f+g+p)
genus*part part, genus - - -
(pure)
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3. Results

3.1 Composition of major chemical groups

In total, 61 chemical compounds were detected and analyzed (26 amino acids, 14 fatty acids,
6 organic acids, 9 polyols and 6 sugars — Appendix Table 1-V). The total concentrations
sums of these five chemicals groups in elaiosomes and seeds of the target species were
compared (Fig. 2). Concentrations significantly differed between elaiosomes and seeds
(partial RDA analysis; F =18.3; p = 0.0001; the only canonical axis explained 44.34 % of
the total variability). Whereas amino acids (AA), organic acids (OA) and polyols (P) were
highly correlated and more abundant in elaiosomes, sugars (S) and free fatty acids (FA)
seem to be independent and were negatively correlated to each other. Sugars were the most
abundant group of chemicals (Fig. 3). All groups of chemical compounds analysed with the
exception of FA were more abundant in elaiosomes. The greatest difference was detected in
AA, which were on average 8.9 times more abundant in elaiosomes than in seeds of the same
species. The nested design ANOVA revealed significance of these differences in
concentrations of each separately analysed chemical group. Note that concentrations are log-

transformed, so the relative differences are tested.
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Fig.2. — Ordinational diagram of partial RDA depicting the difference in five main chemical compounds groups
between seeds and elaiosomes (F = 18.3; p = 0.0001). Cannonical axis explains 44.34 % of the total variability.
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Fig.3. — Mean total sums of concentrations of five chemical groups counted on dry mass [pg/mg], bars
represent standard error of mean.
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3.1.1 Amino acids
Amino acids content differed significantly between elaiosome and seed (i.e. part factor), as

well as the significant genus*part interaction was found (Table 3; Fig. 4). Only family
Papaveraceae showed consistent trend of higher AA amount in elaiosomes of both genera.
Also at the genus level, the greatest distinction was found within the family Poaceae, AA
content in genus Danthonia was rather similar in both diaspore parts, on the other hand
genus Melica had approximately 10 times higher content of AA in elaiosome. Similar trend,
though weaker, was found in the family Boraginaceae, higher AA content was detected in
Pulmonaria officinalis.

The amount of AA was significantly higher in elaiosomes — part factor (F17; = 12.0; p =
0.0105). The greatest distinction occurred in Papaveraceae and the only exception from this
pattern was the species Galanthus nivalis. Differences between elaiosomes and seeds varied

across genera (genus* part; F73, = 10.1; p < 0.0001).

Table 3. — Results of nested design ANOVA for amino acids.

effect SS DF MS error DF F p
Family Fixed 1.778 3 05927 4 0.6 0.6285
Part Fixed 53677 1 5.3677 7 120  0.0105
Genus(family)*part Random 3.1382 7 0.4483 32 10.1 <0.0001
Genus(family) Random 3.7086 4 09272 7 2.1 0.1888
Population 1425 32 0.0445
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Fig. 4. — Differences in average content of amino acids at the part, genus and family level; by nested design
ANOVA,; significant: part (F7 = 12.0; p = 0.0105); genus*part interaction (F73, = 10.1; p < 0.0001).
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3.1.2 Free fatty acids

Overall, the amount of FA did not differ significantly between seed and elaiosome.
However, slightly higher free fatty acids amount occurred in seeds, with the exception of the
species Leucojum vernum and Danthonia decumbens. The highest difference between
diaspore parts was showed by the species Pulmonaria officinalis. Free fatty acids content
differed significantly at the genus level; (F47 = 5.4, p = 0.0267; Table 4; Fig. 5). Moreover,
the differences between genera resulted in genus*part interaction significance (F73, = 3.5, p
= 0.0065). Genera differed also within family Poaceae, Danthonia decumbens had rather

distinct sums of FA between diaspore parts, whereas both Melica nutans parts contained

similar FA amounts.

Table 4. — Results of nested design ANOVA for sums of free fatty acids.

effect SS DF MS error DF F p

Family Fixed 10.7774 3 3.5925 4 3.3 0.1408
Part Fixed 0.1399 1 0.1399 7 0.7  0.4347
Genus(Family)*Part Random 1.4267 7 0.2038 32 3.5 0.0065
Genus(Family) Random 43859 4  1.0065 7 54  0.0267
Population 1.8508 32  0.0578
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Fig. 5. — Elaiosomes and seed differences of average content of free fatty acids at genera and family level; by
nested design ANOVA; significant: part (F4; = 5.4, p = 0.0267); genus*part interaction (F73, = 3.5, p =

0.0065).
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3.1.3 Organic acids
In organic acids content, the part level was the only significant one (F,;; = 7.8, p = 0.0266;

table 5; Fig 6). Sums of OA were higher in elaiosomes with the exceptions of Galanthus
nivalis and Danthonia decumbens. Out of our species, Corydalis cava contained the highest

sum of OA, especially in elaiosomes.

Table 5. — Results of nested design ANOVA for sums of organic acids.

effect SS DF MS error DF  F p
Family Fixed 1.6516 3 0.5505 4 1.2 0.4002
Part Fixed 1.7253 1 1.7253 7 7.8  0.0266
Genus(family)*part Random 15434 7 0.2205 32 1.8 0.1172
Genus(family) Random  1.7479 4 0.4370 7 20 0.2019
Population 3.8738 32 0.1211
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Fig. 6. — Elaiosomes and seed differences of average content of organic acid at genera and family level; by
nested design ANOVA; significant: part (Fy; = 7.8; p = 0.0266).

3.1.4 Polyols
The difference in polyols concentrations at the part level was significant (F17; = 26.4; p =

0.0013), with greather concentrations in elaiosomes in all species with the exception of
Galanthus nivalis. The highest amount of polyols was detected in elaiosomes of the species
Danthonia decumbens. The greatest differences are between parts of Pulmonaria officinalis
and Chelidonium majus diaspores. The genus level was also significant (F47 = 0.6275; p =
0.0128; Table 6; Fig. 7), thus trends within family differed.
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Table 6. — Results of nested design ANOVA for sums of polyols.

effect SS DF MS error DF  F p

Family Fixed 09323 3 0.3108 4 0.5 0.7049
Part Fixed 23075 1 2.3075 7 26.4 0.0013
Genus(family)*part Random  0.6127 7 0.0875 32 1.2 0.3184
Genus(family) Random 25098 4 0.6275 7 7.2 0.0128
Population 2.2872 32 0.0715
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Fig. 7. — Elaiosomes and seed differences of average content of polyols on genera and family level; by Nested

Poaceae
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design ANOVA; significant: part (Fy ;= 26.4; p = 0.0013); genus*part interaction (F; 3, = 0.6275; p = 0.0128).

3.1.5 Sugars

In case of sugars, the only significant level was family (Fs4 = 32.2640; p = 0.029; Table 7;
Fig. 8). Higher amount of sugars was in seeds of the target species, although the highest
amount of sugars by far occurred in elaiosomes of Galanthus nivalis. Also, slightly higher

amount of sugars occurred in Leucojum vernum, other species had higher concentrations of

sugars in seeds.

Table 7. — Results of nested design ANOVA for sums of sugars.

effect SS DF MS error DF  F p
Family Fixed 8.0243 3 2.6748 4 32.2640 0.0029
Part Fixed 03321 1 03321 7 1.9740 0.2028
Genus(Family)*Part Random  1.1778 7 0.1683 32 2.2670 0.0541
Genus(Family) Random 0.3316 4 0.0829 7 0.4930 0.7424
Population 2.3747 32 0.0742
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Fig. 8. — Elaiosomes and seed differences of average content of sugars at genera and family level; by nested
design ANOVA,; significant: part (Fs4 = 32.2640; p = 0.029).

3.2 Interaction genus*part
Significant distinction

between diaspore parts of
each genus in sums of five
groups of chemical
compounds was identified by
RDA with interaction of
category genus and part as
the explanatory variable for
sums of  concentrations
within groups (F=8.3; p =
0.0001; first axis explained
3767 % of the total
variability; Fig. 9) and for
concentrations of individual
chemical compounds (F =
6.0; p = 0.0001, first axes
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Fig. 9. — Ordination diagram of RDA with sums of five chemical groups
depicting the difference in chemical compounds of elaiosomes and
seeds (lines connect parts of one species), interaction with genus (which
includes in this case both main effects) (F =8.3; p = 0.0001; first axis
explained 37.67 % of the total variability).

explained 30.21 % of the total variability; Fig. 10a, b). Amaryllidaceae differed at least
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between seeds and elaiosomes of all studied families, on the other hand Poaceae the most.
There was higher concentration of sugars in seeds and elaiosomes of the family
Amaryllidaceae, higher in Leucojum vernum. The species Pulmonaria officinalis contained
the highest amount of free fatty acids. Elaiosomes were at some species more similar to each
other across different families than to seeds of the same species. For instance, elaiosome of
Melica nutans from Poaceae is rather similar to Leucojum vernum from Amaryllidaceae or
Corydalis cava to Chelidonium majus — both from family Papaveraceae. On the other hand,
both diaspore parts of family Amaryllidaceae genera appeared to be rather similar.
Elaiosomes usually contain more polyols, amino acids and organic acids with the exception

of elaiosome of Danthonia decumbens.
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Fig. 10. — Ordination diagram of RDA with individual chemical compounds (a) corresponding ordination with
individual chemical compounds (all five chemical groups) and (b) individual chemical compounds of seeds and
elaiosomes depicting the differences between elaiosomes and seeds (lines connect parts of one species)
interaction with genus (which includes in this case both main effects); F = 6.0; p = 0,0001, first axes explained
30.21 % of the total variability.

3.3 Individual chemical compounds — hierarchical decomposition

3.3.1 Diaspore

In order to get the hierarchical decomposition of variability, the proportion of explained
variability by each level was revealed by RDA. For both diaspore parts, these two levels
were examined: genus and family and also the difference between elaiosomes and seeds
(Table 8). For revelation of variability explained by population level, which cannot be tested,

RDA with interaction of genus and part as explanatory variable was conducted.
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The proportion of variability which is explained by each level differs between groups of
chemical compounds. In case of fatty acids and sugars, level family explained most of the
variability. On the other hand, in amino acids, polyols and organic acids, level part had the
strongest influence. Genus*part interaction alone explained the smallest proportion of the
variability.

Table 8. — Results of RDA analyses of individual chemical compounds for each level. Hierarchical
decomposition of variability of (a) amino acids, (b) fatty acids, (c) organic acids, (d) polyols and () sugars.

a) amino acids.

trace DF MS F p
Family 0.1486 3 0.0495 3.5 0.5165
Genus 0.2143 4 0.0536 531 0.0001
Population 0.2063 16 0.0129 - -
Part 0.244 1 0.2440 22.49 0.0001
genus*part 0.1868 7 0.0267 4.1 0.0001
b) fatty acids
trace DF MS F p
Family 0.3325 3 0.1108 8.3 0.0827
Genus 0.1673 4 0.0418 3.99 0.0001
Population 0.2196 16 0.0137 — -
Part 0.0913 1 0.0913 8.14 0.0001
genus*part 0.1893 7 0.0270 3.9 0.0022
C) organic acids
trace DF MS F p
Family 0.1615 3 0.0538 3.3 0.3828
Genus 0.1895 4 0.0474 3.55 0.0013
Population 0.3882 16 0.0243 - -
Part 0.1286 1 0.1286 14.17 0.0002
genus*part 0.1322 7 0.0189 1.56 0.1059
d) polyols
trace DF MS F p
Family 0.2116 3 0.0705 41005 0.0197
Genus 0.1577 4 0.0394 45066 0.0001
Population 0.3833 16 0.0240 - -
Part 0.0489 1 0.0489 3.2195 0.0020
genus*part 0.1985 7 0.0284 2.37 0.0001
€) sugars
trace DF MS F p
Family 0.3049 3 0.1016 7.2 0.1059
Genus 0.1784 4 0.0446 4.1 0.0001
Population 0.2281 16 0.0143 — —
Part 0.0885 1 0.0885 7.0 0.0005
genus*part 0.2001 7 0.0286 4.0 0.0001
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3.3.2 Elaiosome

Separate RDA analyses of elaiosomes variation differences in chemical compounds on two
hierarchical levels — genus and family were examined (Table 9). These analyses revealed in
all cases significant influence of genus level. In addition, differences in sugars were also
highly influenced by the family level. Also the rate of variability among populations of the
same species was relatively low, particularly in comparison with differences among genera.

The variation in particular chemical composition of populations within one genus differed

among genera (Fig. 11).

Table 9. — Proportions of explained variability for five chemical groups occurring in elaiosome itself in four

levels (family, genus, population and part).

a)

b)

<)

d)

€)

amino acids
trace DF MS F p
Family 0.2545 3 0.08483 2.3 0.5471
Genus 0.4771 4 0.11928 7.1 0.0001
Population 0.2684 16 0.01678  — —
fatty acids
trace DF MS F p
Family 0.33 3 0.11000 3.3 0.2778
Genus 0.3028 4 0.07570 3.3 0.0001
Population 0.3672 16 0.02295 - —
organic acids
trace DF MS F p
Family 0.2414 3 0.08047 2.1 0.5459
Genus 0.3402 4 0.08505 3.2 0.0051
Population 0.4184 16 0.02615 — —
polyols
trace DF MS F p
Family 0.29303 3 0.09768 2.7 0.443
Genus 0.3691 4 0.09228 4.3 0.0001
Population 0.33787 16 0.02112 - —
sugars
trace DF MS F p
Family 0.4559 3 0.15197 5.6 0.0475
Genus 0.2663 4 0.06658 3.8 0.0001
Population 0.2778 16 0.01736 — —
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3.3.3 Diaspore parts
RDA of individual chemical compounds revealed significant differences in all five groups,

the trends differed, though. All amino acids occurred more in elaiosomes (Fig. 12a; F = 22.5;
p = 0.0001; first canonical axis explained 49.44 %; showed 10 best fitting amino acids). Free
fatty acids differed in individual compounds (Fig. 12b; F = 8.1; p = 0.0001); first canonical
axis explained 26.14 % of the total variability). Several shorter chained, therefore easily
digestible ones (e.g. C14:0), occurred in elaiosomes and longer in seeds (e.g. C21:0 + C20:2
which cannot be separated). All organic acids occurred more in elaiosomes (Fig. 12c; F =
14.2; p = 0.0002, first axis explained 38.12 % of the total variability). Some polyols,
especially glycerol, were represented in greater amount in elaiosomes, whereas none was in
seeds (Fig. 12d; F = 3.2; p = 0.002; first axis explained 12.28 % of the total variability). In
case of sugars, only one disaccharide, respectively saccharose, occurred more in seeds,
whereas the other disaccharides and monosaccharides in elaiosome. (Fig. 12e; F= 6.9; p =
0.0005; first axis explained 23.09 % of the total variability).
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organic acids (F = 14.2; p = 0.0002; first axis explained 38.12 % of the total variability), (d) polyols (F = 3.2; p = 0.002; first axis explained 12.28 % of the total variability)
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and (d) sugars (F = 6.9; p = 0.0005;first axis explained 23.09 % of the total variability).
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3. Discussion

Elaiosome is an example of a convergence - it has evolved at least 101 times (possibly up to
147 times) independently across angiosperms (Lengyel et al. 2010) from different tissues of
seed, fruit or floral parts (Mayer et al. 2005, Ciccarelli et al. 2005). In spite of diverse
elaiosome origins, its purpose remains the same — attracting ants and triggering the seed
removal (e.g. Kjellsson 1985 — Carex pilulifera, Espadaler & Goémez 1997 — Euphorbia
characias, Kone¢na 2012 — Potentilla erecta). Convergence could be also documented in the
chemical content of elaiosomes, because similar differences between elaiosome and seed
developed in various taxonomic groups (Fischer et al. 2008), and further because of higher
similarity to insects prey of ants than to seeds (Hughes et al. 1994). Only limited number of
studies focused on chemical composition of both diaspore parts at higher number of
myrmecochorous species (Hughes et al. 1994, Australia; Fischer et al. 2008, Austria).
Moreover, Fischer et al. (2008) is the only study, where elaiosome and also seed chemical

composition of more myrmecochorous species was analysed in temperate region.

4.1 Composition of major chemical groups
Three out of five detected chemical groups were clearly associated with elaiosomes, specifi-

cally AA, organic acids and polyols. The other two chemical groups appear to be independ-
ent on the diaspore part. They are mutually negatively correlated — higher FA amount was
found in seeds, whereas sugar concentration was higher in elaiosomes (mainly due to the
family Amaryllidaceae). The most abundant group were in our study sugars, whereas in
study Fischer et al. (2008) lipids (more frequent in seeds). However, unlike Fischer et al.
(2008), we examined only FA, whereas lipids occured in elaiosomes also in other forms —
mainly diglycerides and triglycerides (less frequently monoglycerides) (Boulay et al. 2006).
According to Perternelli et al. (2008), lipids forms in order of their concentrations in elaio-
somes are FA, triglycerides and diglycerides, whereas monoglycerides occurred only in one
population. The FA was slightly more abundant (in total 1.3 times) in seeds except in species
Danthonia decumbens. Similarly, Fischer et al. (2008) found significantly higher lipid con-
tent in elaiosomes only in family Dipsacaceae (three Knautia species), no difference in Fu-
mariaceae, Boraginaceae and Amaryllidaceae, moreover in Ranunculaceae and Pa-
paveaceae lower in elaiosomes. The greatest average difference in chemical content between

elaiosomes and seeds was found in case of amino acids - in our target species on average 8.9

48



times more abundant in elaiosomes. Similar results (7.5 times) were obtained by Fischer et
al. (2008), whereas Reifenrath et al. (2012) detected only 3.6 times higher AA content in
elaiosomes. As authors mentioned, it is probably a sign of easier digestible chemical com-
pounds presence in elaiosomes. The biggest difference between genera of one family in AA
content occurred within Poaceae. Whereas Danthonia decumbens diaspore parts had rather
similar chemical content, Melica nutans elaiosome had higher AA content. On the other
hand, FA had a reverse trend, dissimilarity in Danthonia decumbens and similarity in Melica
nutans diaspore parts. However, the third Melica nutans elaiosome, originated from a sterile
bud, was not included in comparisons with other species ones. However, both types
of Melica nutans contained together the same amount of fatty acids as seed part.

4.2 Interaction genus*part
In all cases, the genus level explained considerably higher proportion of variability, than

genus*part interaction. However, both levels were significant. Therefore, difference between

diaspore parts content was great and more or less consistent across unrelated plant genera.

4.3 Individual chemical compounds — hierarchical decomposition

4.3.1 Diaspore

Chemical content of diaspores of myrmecochorous plants is barely studied at more levels.
One of these studies is Boieiro et al. (2012) who studied sub-individual, individual and
population level. To our knowledge, in our study for the first time is conducted the
decomposition of variability between levels family, genus, part, population and genus*part
interaction. This is possible due to the experiment design with even species distribution into
families. The hierarchical decomposition of variability showed in three out of five groups
(FA, polyols and sugars) identical order of explained variability rates (in terms of MS),
respectively family > part > genus > genus*part > population. Whereas in group organic
acids the order part > family > genus > population > genus*part and in AA part > genus >
family > genus*part > population were found.

In all these cases, the smallest amount of variability is explained by population, followed by
genus*part, with exception of organic acids, where the order of the two least powerful
explanatory terms is reversed. It means that despite some variability among populations of
one species, this variability is always lower than variability among genera. The low value of
variability explained by interaction signifies that the differences between seeds and

elaiosomes are very consistent in various taxonomical groups.
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4.3.2 Elaiosome
In case of ant attractive diaspore part — elaiosome — was the order of the explained variability

rates in order family > genus > population for all chemical groups but AA. Their order of

rates was genus > family > population.

4.3.3 Family
It seems that there are rather large differences between families, but these are mostly not

significant, because we considered individual genera to be independent “replications” for
individual families (which is expressed by the fact that genus is a factor with random effect
and is reflected by applied hierarchical permutation scheme). Therefore, we were not able to
get sufficient number of replications for the test of differences among families. This is,
however, a general phenomenon. In most cases, only one target species or at most 3 species
in one family in the study (Fischer et al. 2008) compared to two species in each out of our 4
target families. Our eight target plant species belonged to different taxonomical groups (4
monocots, 4 dicots). Selected monocots (Liliopsida), specifically families Amaryllidaceae
and Poaceae differed on the subclass level — Liliidae, respectively Commelinidae. Dicots
belong to families Boraginaceae, which belongs to one of the most derived taxonomical
classes of eudicots — Euasterids | in Asterids, on the other hand Papaveraceae belong to
Ranunculales from basal eudicots. This level can explain the biggest rate of variability in
most cases. The trend of the difference between diaspore parts is with a few exceptions
consistent over our target families; however, the rate of distinction differs. Amaryllidaceae is
the most consistent target family in the chemical content, both diaspore parts originated from
the same tissue — seed. This similarity could be also caused by the fact, that genera
Galanthus and Leucojum belong to the same tribus. Therefore they are the most relative
genera within family in our experiment. On the other hand, the most differing group was
Poaceae. Also monocots differed a lot but their diaspore parts did not originated from the
same tissue as in the previous case. This suggests that the chemical composition of
elaiosomes is determined not only by taxonomical similarities, but also by the morphological
origin of elaiosomes. This is particularly visible in cases of elaiosome origin from different

plant tissues in different genera of the same family.

4.3.4 Genus
A great difference between genera in their chemical composition was found even within

families. The greatest one was found in the family Poaceae at Melica nutans. Although

chemical composition of both elaiosome parts — bud and also glum origin — was studied at
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this species, in the statistical analysis only glum part was used, in order to have comparable
samples within the family Poaceae, but also bud probably play a rule in myrmecochory.
Melica nutans have two types of diaspores with or without elaiosome originating from the
bud. Chemical content of the bud originated elaiosomes differed from glum originated ones
in content of our target chemical groups. Amino acids were in the bud more abundant than in
seed only approximately twice whereas in glumes 8.9 times. Fatty acids of both elaiosomes
types together contained the same concentration of free fatty acids as seeds. Concentrations
of sugars were comparable in all three parts of the diaspore. In case of polyols and organic

acids was the concentration in bud similar to seed and lower than in glum.

4.3.5 Populations
Characteristics of populations of myrmecochorous plants differed widely. For instance, the

study of Boulay et al. (2006) mentioned variation in elaiosome size and also in the
probability of diaspore removal between populations of the species Helleborus foetidus. The
influence of the population on chemical contents was not studied very closely in previous
studies. The rare exceptions are articles by Boulay et al. (2006, 2 populations of Helleborus
foetidus) and Boieiro (2012, 4 populations of Euphorbia characias) which revealed
important differences, e.g. signifiant distinction between fatty acids composition (Boieiro et
al. 2012). In our study, the population level could not be tested, because we had 3 population
of one species, each represented by one sample, the proportion of explained variability of
this level can be counted though (this is the residual variation in the analysis). The revealed
proportion of explained variability indicate, that differences between population should not
be neglected, although they are probably the least powerful explanatory level in all but one
case - organic acids. In this group there was found the highest proportion of explained
variability within our compound groups sum by population level, respectively (MS =
0,0243) for diaspore and for elaiosome (MS = 0,0261). This proportion of explained
variability is much smaller than the one explained by genus or family level. Therefore, we
can conclude that although the differences among individual populations are not negligible,
the differences among genera and families are much larger, and so the chemical content is

rather taxonomically specific on the studied taxonomical levels.

4.3.5 Diaspore parts
Diaspores of our target plant species were divided into elaiosome and seed part (the rest of

diaspore). However, both parts can have the same origin — seed tissues, other possible
origins are fruit and floral parts (Mayer et al. 2005) Elaiosomes of our target species also
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originated from different plant tissues — seed (Amaryllidaceae and Papaveraceae) or fruit
parts (Boraginaceae and Poaceae), which suggests that elaiosomes and seeds of the first two
families should be more similar to each other. This seems to be true only in case of
Amaryllidaceae, in our study the most consistent family in chemical composition, especially

the species Galantus nivalis.

4.3.5.1 Amino acids
Reifenrath et al. (2012) found out, that preference of different ant species was influenced by

amino acids content. In our chemical analysis and also in Fischer et al. (2008), amino acids
were the group with the greatest difference in concentrations between elaiosomes and seeds.
Moreover, also the hierarchical decomposition of variability showed in this chemical group
the greatest proportion explained by part followed by genus. The trend of higher

concentrations in elaiosomes was consistent in all detected amino acids.

4.3.5.2 Free fatty acids
This group is considered as an attracting group for ants (Reifenrath 2012), but effect of

individual fatty acids was not supported. Lipids occured in elaiosomes in three forms:
triglycerides, diglycerides and free fatty acids (Boulay et al. 2006). We studied only free
fatty acids, in total 14 of them was found in the diaspores of our target species. Their
content did not significantly differ between diaspore parts; moreover, this group was slightly
more abundant in seeds except from all three examined populations of Danthonia
decumbens, two of Leucojum vernum and one population Symphytum officinale. In the study
by Fischer et al. (2008), which focused on all lipids, significant difference between seeds and
elaiosomes was not also find and elaiosome of species Leucojum vernum was distinct from
other elaiosomes. They found significantly lower lipid content in Chelidonium majus
elaiosomes. Higher lipid content occurred only in family Dipsacaceae, in Knautia arvensis
(two times) higher but it was less than 5 % in 4 out of 15 species.

Trends in fatty acids of elaiosomes of different species should be more similar to each other
than to the respective seed of the same species (Fischer et al. 2008 — 15 species, Boieiro et
al. 2012 — 1 species), studies differed in the order of their content. In our study, the most
abundant chemical compound in elaiosomes was linoleic acid, followed by palmitic acid and
oleic acid. Further, the study of Fischer et al. (2008) and Boieiro et al. (2012) detected oleic
acid as the dominant fatty acid present in elaiosomes, whereas seeds were dominated by
linoleic acid (Fischer et al. 2008). Further, in Boieiro et al. 2012, palmitic acid was second

most abundant fatty acid, other ones only reached up to 5 %. Linoleic acid is essential fatty
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acid for most of insects (Lanza et al. 1992). Differences could be caused by individual
species and according to palmitic acid (C16:0) was the most abundant in elaiosomes in

September and linoleic in October (Perternelli et al. 2008; Mabea fistulifera).

4.3.5.3 Organic acids
To our knowledge, organic acids were not studied yet. The hierarchical decomposition of

variability showed the greatest proportion explained by part followed by family in this
chemical group. All detected organic acids showed trend in higher occurrence in elaiosomes.

4.3.5.4 Polyols
To our knowledge, no other study focused on these compounds. In Fischer et al. (2008), the

chemical analysis revealed that soluble carbohydrates contained sugars, including also
polyols. However, the trend of these two groups in our study differed. Higher total sum of
polyols across all target species was associated with elaiosomes whereas sugars were
roughly equally represented in two parts of the diaspore. The same trend in polyols occurred
also in majority of populations with an exception of Chelidonium majus, slightly more
polyols occurred in its seeds (and one population of Leucojum vernum and Danthonia
decumbens). We detected in total 9 different polyols, from which glycerol had the most clear
trend of higher concentration in elaiosomes. Only the study of Fischer et al. (2008)
mentioned two different polyols, glycerol and myo-inositol, in comparison with 9 different
polyols detected by us. They found higher concentration of glycerol in seeds, whereas we
found clear association of glycerol occurrence with elaiosomes and the higher amount of

myo-inositol in elaiosomes was mutual to both studies.

4.3.5.5 Sacharids
We found higher total sum of sugars in elaiosomes than in corresponding seeds across all

target species, similarly to Fischer et al. (2008). Further, sum of five out of six detected
sugars was found with higher concentration in elaiosomes. The order of their frequency was
trehalose, fructose, ribose, glucose, maltose and saccharose. Last mentioned saccharose, a
disaccharide, was the only sugar more frequent in seeds what corresponds with findings of
Fischer et al. (2008), where it composed 74.9 % of all saccharides in seeds, whereas
elaiosomes had more evenly distributed concentration of all sugars. Bresinsky (2014)
mentioned concentration of hexoses, in our case fructose, glucose and saccharose as
important for the ant removal and disaccharides, e.g. trehalose, maltose occurring in our

elaiosomes, whereas saccharose more in seeds. Which is in contrast to findings of Bresinsky
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(2014), who frequently detected saccharose and no ribose in elaiosomes. Other discrepancy
is with findings of Fischer et al. (2008). In our study, no oligosacharids has been found. The
highest total sum of saccharides was detected in elaiosomes of Galanthus nivalis. On the
contrary, Fischer et al. (2008) mentioned higher content (above 10 % dry mass) in family
Amaryllidaceae represented by Galanthus nivalis and Leucojum vernum, further Bresinsky
(2014) stated, that the sweet taste of Galanthus can be even recognised by human sense. The
total content of sugars differed widely even within species. Several species, i.e. Corydalis
cava, Chelidonium majus, Leucojum vernum and Melica nutans did not show even uniform
trend in the higher occurrence in seeds or elaiosomes. Only Danthonia decumbens showed
higher content of sugars in seeds in all of the populations. Chelidonium species are
mentioned as one of few exceptions with no sugars in elaiosomes, which is in conflict with

this study and with Fischer et al. (2008) where was found concentration above 10 %.

Since the species and also populations differed widely, all comparisons with previous studies
and generalizations should be done with great caution. There is probably no danger of the
bias caused by collecting of certain part of the plant. Boieiro et al. (2012) uncovered, that the
position of a fruit on plant (species Euphorbia characias) does not influence the composition
of fatty acids. On the other hand, there is a danger of picking up not completely mature
diaspores, which can vary greatly from immature diaspores (Ciccarelli 2005 — Myrtus
communis; Perternelli et al. 2008 — Mabea fistulifera — lipids). This problem could occur
mainly because of the huge fresh diaspore amount needed for the analysis and because of
limited period of the optimum phase of the diaspores present on plants before ejecting. Also
seeds from different individuals from one population differed in the free fatty acid content
(Boieiro et al. 2012). Despite all these facts, several different trends have been found in the
manner that the phylogenetic relationships reflect the chemical composition of elaiosomes

and seeds and also the differences within species.
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Appendix

Table I. — Detected amino acids in elaiosomes and seeds.

systematic name

abbreviation

3,4-Dihydroxyalanine

aminobutyric acid

arginin
asparagine
aspartic acid
cystathionine
cysteine
cystine
fenylalanine
glutamic acid
glutamine
glycine
histidine
isoleucine
leucine
lysine
methionine
ornithine
phenylalanin
proline
serine
threonine
tryptofane
tyrosine
valine

minobutyric acid

DOPA
ABU
Arg
Asn
Asp
CTH
Cys
CcC
Phe
Gin
Glu
Gly
His
Ile
Leu
Lys
Met
Orn
Phe
Pro
Ser
Thr
Trp
Tyr
Val
GABA
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Table Il. — Detected fatty acids in elaiosomes and seeds.

systematic name lipid number
arachidic acid C20:0
behenic acid C22:0
erucic acid C22:1n9
y-Linolenic acid C18:3n6
gondoic acid C20:1n9
heneicosylic acid + eicosadienoic acid C21:0 + C20:2
linoleic acid C18:2n6c¢
linolenic acid C18:3n3
myristic acid C14:0

oleic acid C18:1n9c
palmitic acid C16:0
palmitoleic acid C16:1n7
stearic acid C18:0

Table I11. — Detected organic acids in elaiosomes and seeds.

systematic name

Aconitic acid
Citric acid
Fumaric acid
Lactic acid

Maleic acid

Succinic acid
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Table IV. — Detected polyols in elaiosomes and seeds.

systematic name

arabinitol
erythritol
glycerol
chiro-Inositol
mannitol
myo-Inositol
ribitol
scyllo-Inositol
sorbitol
threitol

Table V. — Detected sugars in elaiosomes and seeds.

monosaccharide disaccharide
fructose maltose
glucose saccharose
ribose trehalose
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