Becmuux Tel'V, cepusa «buonozus u sxonozusay, svin. 9, 2008

YIK 581.671

MOP®OJIOT sl MPOPOCTKOB, CTPOEHUE IIOBETOBO CUCTEMBI
U ITPUPOJIA PETPOAYKTUBHBIX CTPYKTYP Y IIPEJCTBABUTEJIEN
CEMEVCTBA HYDATELLACEAE (NYMPHAEALES)
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' MockoBckuii rocyapcTBeHHsII yHHBEpcuTeT, MockBa, Poccust
2 Koponesckue borannueckue Canpl, Cunneit, ABCTpaius
3 Otzen OXpaHbl OKpYXkarolien cpenbl, ManpkuMar, ABCTpanust
4 Koponesckue Boranmueckue Caspl, Kpto, Puamonn, Bennkoopuranus

Cmpoenue npopocmkog u nob6e206blx cucmem 2u0amennosvix, a MaKdice
Mopghonocuueckoe pasnoobpasue ux penpooyKmuHbIX CMpYKmyp 00 HOCIeOHe20 8peMeHU
ovLu usyuenst crabo. Ilpusedensv cospementvle OaHHbIE NO IMUM BONPOCAM 8 KOHIMEKCHe
npeocmagieHull 0 POOCHBEHHBIX CEA3AX MEHCOY 2UOAMENNOBbIMU U KYGUIUHKOBBIMU.

Heo6onbmoe cemeiictBo Hydatellaceae npencrasneHo B mupoBoit ¢uope 12 Bumamu,
OTHOCSIIUMHCSA K €OUHCTBEHHOMY pony Irithuria [16]. IlpencraBurenn cemeicTBa
pacnpocTpaHeHbl B OCHOBHOM B ABcTpanuu (10 BHIOB), oauH BUA BcTpeuaeTca B Hosoii
3enanauu v ouH B - B MHmuu. TpaauinoHHO BB, OTHOCHMBIC ceituac k pony Trithuria,
nmomenianu B cemerictBo Centrolepidaceae. Ilo3qHee oHM OBUTH BBIICICHBI B OTACIBHOE
cemeiictBo Hydatellaceae [7]. CemeiictBo Hydatellaceae nonroe Bpemsi paccMarpuBalid Kak
W30JIMPOBAHHYIO TPYIIY OJHOAOJBHBIX, €0 POJICTBEHHBIC CBSA3M ObUIM HESICHBL. JlaHHbIE
MOJIEKYJISIPHOH (PMIIOTEHETHKH TTOATBEPAMIIN TPAJAULMOHHYIO TOUKY 3PEHHS O POACTBEHHBIX
cBs13ax Centrolepidaceae n MoONOKEHUHU 3TOTO ceMeicTBa B cocTaBe mopsaka Poales [1; 2].
[TonmoxxeHne THAATEIIIOBEIX HA MOJICKYJSIPHO-(PIIIOTEHETHUYECKUX AEPEBBIX OKa3aloCh
HEOXXUIAHHBIM: POJICTBO C KaKHUM-JTHOO IMOPSIKOM OJHOIONBHBIX HE OBUIO MOATBEPIKICHO.
Hydatellaceae mamm cBoe MecTo cpenu 0Oa3adbHBIX ABYAOJNBHBIX, (OPMHPYS KiIafmy,
cectpuHckyto Cabombaceae u Nymphaeaceae [4]. Mopdonornueckue (cTpoeHue u
pa3BUTHE IUIOJOJMCTUKOB), NaJMHOJOTMYECKUE M 3MOPHOJIOTHYECKHE JaHHBIE TaKKe
CBHUJICTENILCTBYIOT B OBy pojcTea Hydatellaceae ¢ Nymphaeales, a He ¢ Centrolepidaceae
[10; 11; 13; 14]. Tem He MeHee CTpOEHUE MOOETOBOW CHCTEMBI THAATEIUIOBBIX, KOTOpas Ha
NEepBBIA B3MJISAA HE MMEET HHYEro OOLIero ¢ TaKOBOH y KYBIIMHKOLBETHBIX, H3Y4€HO
HenocTatoyHo. Kpome Toro, He sSICHBI TOMOJIOTHH penpoXyKTUBHbIX equnun Hydatellaceae,
KOTOpBIE JIa’Ke OTJAJICHHO HEe HAIIOMUHAIOT KpyIHbIe I1BeTKH Nymphaeales.

Uwucno cemsionei y TMAATEIUIOBEIX A0 HENAaBHETO BPEMEHH He OBIIO M3BECTHO, H
TOJIBKO TIOCJIE «PEBOJIOIIMOHHOT0» TIepEeMEIeHIsI THAATeIUIOBEIX B Nymphaeales mosBrimch
My ONMUKanK, TOCBAMIEHHBIE dTOMY Botipocy [15; 17]. Trithuria lanterna, eNMHCTBEHHBIH Ha
JAHHBI MOMEHT BHJ W3 TPONHWYECKOH ABCTpaIM{ C WU3yYCHHBIMH IPOPOCTKAMH, UMEET
OJIHy, PEIYLHPOBAaHHYIO J0 TayCTOPHH, CEMSIONI0. Y TPEX BHIOB, PACIIPOCTPAHEHHBIX B
YMEpEeHHOM KJIMMaTe B FOKHOW 4YacTH ABCTpalIHMH, pa3BUTa CEMSAONbHAs TpyOKa,
OXBAaThIBAIOIIAs IOYEUYKY CO BCEX CTOPOH. B nucTanbHOM cBOEH yacTu ceMsiiosibHas TpyOka
pasnenena Ha ae sonacty. CeMsiionbHas TpyOKa coeinHeHa ¢ raycropuem. [1o muenunio H.-
J. Tillich et al. [17], ctpoeHre TPOPOCTKOB TMIATEIIOBBIX MPUHINIHAIBHO HE OTIMYAETCS
OT TakOBOT'O y OJHOOJIBHBIX W, CJIEJOBATEIbHO, MOJ0KEHNE THAATEIUIOBBIX JIOJDKHO OBITH
nepecMoTpeHo. MBI mojaraeM, 4To HaJIW4Me JBYX JIONACTEH Ha BEpXYyIIKE CEMSIOJIbHOM
TpyOKH MOIJIO OBl CBHIETEJLCTBOBATH O €€ MPOHUCXOXKAEHHHM M3 JBYX CPOCHIMXCS
ceMs/I0JIel, TOMOJIOTHYHBIX CEMSIOMSIM IPYTUX KYBITMHKOIBETHEIX [15]. Tem He MeHee, MBI
COTJIaCHBl C WHTEpPIPETaliel TMPOPOCTKA THAATEIUIOBBIX KaK OJHOCEMSIOIBHOTO.
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OnHOCEeMSJONBHBIN 3apOAbII M3BECTEH BO MHOTMX TpYyHIaxX ABYAOJBHBIX PacTeHUH, He
CBSI3aHHBIX OJIN3KUM POJICTBOM KaK MEXKITy COOOH, TaK U ¢ OJHOIOIbHBIMHU.

[pencraBurenu cemeiicta Hydatellaceae — omHONMETHHE WM peke MHOTOJICTHHE
TPaBSHHUCTBIC PACTEHUS C 0a3aIbHON PO3ETKOH IWIOBHIHBIX JHCThEB. [Ipu hopmupoBanum
100eroBoi CHCTEMBI y OJHOJETHHX BHAOB NMPOHMCXOIAT MHOT'OYMCICHHBIC BETBICHHUS, NPU
3TOM MEXIOY3IHs OCTA0TCSl YKOPOUYEHHBIMH, YTO 3HAYUTENBHO 3aTPyJHAET YCTaHOBJICHHE
THIA HAapacTaHWsi. MHOTOJeTHHE BHABL, B 4acTHOCTH Irithuria  filamentosa,
pacnipoctpaHenHass Ha Tacmanum, Gosiee yJOOOHBI Al W3y4deHUs. DTOT BHJ (GopmupyeT
CHUMITOJJMaJIbHBIE, TOJICTBIE (OTHOCHTENBHO pa3Mepa IeJ0ro pacTeHHs), YIUIMHEHHBIC,
BEpTHKaJIbHbIE MHOTOJIeTHHE KOopHeBuina. Ha kopHeBwuie, B cBor0 ouepens, GpopmupyroTes
JMCThsI M Oe3TMHMCTHBIE cTeOnM (najee — [BETOHOCHI), 3aKaHUYMBAIOLIMECS] PENPOIYKTHBHOM
eauHune. Ock KaXa0ro Mopsiika Ha KOPHEBUILE pa3BUBAET 5 - 9 JIUCTbEB B CIHpaIbHON
MIOCJIEI0BATEIFHOCTH, IPHYEM HANPaBICHUE CIUPATIH MOXKET OBITH JTF0O0BIM (KaK MO YaCOBOH
CTpenke, Tak W mpotuB). [lepBEie ABa JmCTa JTUCTOBON cepud (TMPOGUILIBI) PaCIIONOKEHBI
TPaHCBEP3AJIBHO C YIIIOM TUBepreHiun, omm3kuM K 180°. HaunHas ¢ TpeTbero JmcTa, yriisl
TUBEPTeHLIMN MEXIy JHUCThIMU npuOmmKaroTcs K 137°. B ma3syxax BepXHHX IHCTHEB
3aKaapBaloTcss 1 - 2 mouku BO300OHOBIeHWs. Kpome Toro, B BepxHed yacTu molera,
HPOJOIDKas cIupanb GUIIOTaKCHca, BHENasyInHo Gopmupyrores 1 - 3 nperoHoca. Hammume
JIByX TPaHCBEP3aJbHO PACIOJOXKCHHBIX MPOPHUIUIOB, XapaKTEPHOE JUIs JBYIOJBHBIX,
COIJIaCyeTCsl ¢ MCKIIIOYEHHEM THJIIATEIIOBBIX U3 ONHOAOJIbHBIX. KOopHeBHIIa MHOTOJIETHUX
npencrasutenieii Hydatellaceae BHemine HamomuHaroT kopHeBuia Nymphaea v Nuphar
(Nymphaeaceae) B munuatiope. OmnHako u y Nymphaea, u y Nuphar KopHeBHIIa
MOHOIIOJMAIbHBIE, a HE CHUMIIOJWAlbHbE, Kak y TIrithuria filamentosa. Tem He MeHee
MOJIO)KEHWE IIBETOHOCOB (€CJIM MBI NPaBWJIBHO €ro HMHTEPIPETUPYEM) Ha KOpPHEBHUINIAX
Trithuria filamentosa IOX0Ke Ha MOJIOKEHHUE IIBETOHOXKEK Nuphar u Nymphaea.

PenponykruBHble emuHUNBI y npencraButeneid Hydatellaceae omaomoneie wim
oboeroneie. B 000€MONBIX pENpPONTYKTHBHBIX €AWHHUIIAX IEHTp 3aHAT 1 - 2 (peako mo 6)
TBIYMHKAMHU. TBIYMHKA  OKPYXKEHBI  pPACIOJIOKEHHBIMH  0€3  BHAMMOIO  TOpsAKa
IUIOZOMCTHKAMHU. 3aJ0KeHUe M JanbHellnee pa3BUTHE IUIONOIUCTUKOB KaK B 000EHOJIBIX,
TaK U B OJHOIOJBIX PENPOAYKTHBHBIX €IUHHUIAX LeHTpoOexxHoe [13]. PempomykTuBHbIe
OpraHbl OKPYKEHbI 00EPTKOI U3 2 WM OOJIBILEro YKCia YEeUlyeK, PaclojOKEeHHbIX KPyraMu
[13]. [IpennoskeHo TpU BO3MOXHBIX MHTEPIPETALUU CTPOCHUS PENPOSYKTUBHBIX €IUHHUIL Y
rugaremioBsix [13] (em. Takxe: [3; 6]). 1) Kaxxnas penpoaykTHBHAS eMHUIA MTPEICTaBIISET
co0Oll HEKoe «IIpeIlBETKOBOE» cocTosiHMe. 2) [Ipenxu TruaaTenioBBIX HWMENH LBETKH
«HOPMAJIBHOT0» CTPOECHUS C THITMYHBIM JJIsI IIBETKOB B3aMMHBIM PACIIOJIOKEHUEM aHAPOLEs
Y THHEIEs M C OKOJOLBETHHUKOM. PeTpOAyKTHBHBIC €AMHHIBI THAATEIUIOBBIX COUETAIOT KaK
MIPU3HAKH «COIBETHS», TaK U MPU3HAKA IIBETKA», YTO MOXKET OBITh CBSI3aHO C HAPYyIICHUEM
LEJIOCTHOCTH TIporpaMMbl MopdoreHe3a nBetka. Uemryliku obeptku y Trithuria submersa
CXOJIHBI B CBOEM 3aI0’KEHHU U PA3BUTHHU C 3JI€MEHTaMu okononseTHUKa y Cabomba. Kak n
nenectku y Cabomba, nucTOUKM BHYTPEHHETO Kpyra o0epTku y Trithuria submersa cCUisHO
3ama3IplBalOT B CBOEM pAa3BUTHU OTHOCHUTEIBHO HAapyXXHBIX JHCTOYKOB. 3) Kaxkmas
peNpoAyKTHBHAs €IUHMIA INPEICTaBIsIeT COO0O0H KOMIIAaKTHOE COLIBETHE W3 CHJIBHO
penyluMpOBaHHbIX IIBETKOB (TiceBiaHTuil). CoryiacHoO 3TOH rHIoTe3e, [BETKU, COCTABIISIOIINE
HC@B}IaHTHﬂ, ToJIbIC. MYXKCKHC COCTOAT U3 eﬂHHCTBeHHOﬂ TBIYMHKH, a >XCHCKHC — U3
€/IMHCTBEHHOTO IUIOONKCTHKA. VIHTepIipeTanus penpoayKTHBHBIX €IUHHUL] Y THIATEIIOBBIX
Kak IICeBJIAaHTUEB, SBISIETCS TPaguIMOHHON (cM.: [8]) m B HacTosiee BpeMs INPHUHATA
HanOosee mupoko [4; 5; 14]. Hamm nanHbIe 110 M3MEHYHBOCTH CTPYKTYPHI PETIPOLYKTHBHBIX
€IMHMILL Y aBcTpanuiickoro Buaa 1. submersa 3acTaBisIIOT YCOMHHUTBCSI B TIPAaBHIIBHOCTH MX
MICeBAaHTOBOM nHTepnpeTanuu [ 12]. TpagunuoHHas TOYKa 3peHHs O IICEBIAHTOBOMN IPUPOIE
PENPOAYKTUBHBIX E€IMHUI] THAATEIUIOBBIX BO MHOTOM OCHOBAaHAa Ha CpaBHEHWMH Irithuria c
Centrolepidaceae, npoBenenHom Hieronymus [9]. Cornacto Hieronymus [9], riaBHas ocb
couserus y npencrasureneil Centrolepis HeceT OpakTeH, B MMa3yxax KOTOPBIX Pa3BHBAIOTCA
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MapuuabHBIC COIBETHS — HM3BIUIMHBL. Ta e camas WHTEpIpeTanys M0 aHaJOrHH ObLia
nepeHeceHa W Ha Irithuria submersa, obnanmaromyio eme Ooyiee KOMIIAKTHBIMH, 9eM Y
Centrolepis, CONBETHAMHI U B TO K€ BpeMs IMOMEUIAEMYI0 BMECTEe C HUM B OJJHO CEMEICTBO.
Tam e yka3zaHO, 9TO YeITYHKH OOepTKU TMAATEITIOBBIX TOMOJIOTUYHEI OpaKTesM Ha TTIaBHON
ocu cousetus y Centrolepis u Kaxnas dellyiika HECEeT B ITa3yXxe KOMIIAKTHOE HapIiaIbHOe
COLIBETHE - M3BWINHY. VI3BUIIMHEI, pacIOI0KEHHBIE B IMa3yXax Hapy>KHBIX YEIIyeK 00epTKH,
UMEIOT KaK MY)KCKHE, TaK M JKEHCKHE I[BETKH, NMPUYEM HAYMHAETCS W3BWIMHA MY>KCKUM
I[BETKOM (COCTOSIIIIUM U3 CIUHCTBCHHOW THIYMHKH). M3BUIIMHBI, paCIIOIOKEHHBIC B Ma3yxax
YelIyeK BHYTPEHHEro Kpyra OOCpTKH, COCTOST TOJBKO M3 KCHCKHUX I[BETKOB (CM. TaKKe
[13]). CormacHo wHamuMm HaOmoneHusM [12], B3aWMHOE pACIONOXKEHUE THIYUHOK,
IUTOIOJIACTHKOB W dYelryek oOeptku y Trithuria rtopa3go Oonee BapuaOenbHO, YeM
mpeanuckiBacT cxeMa Hieronymus; TOJO0XKEHHE THAATEIDIOBBIX HA (DHMIOTEHETHYCCKHX
JIEPEBbSAX TIPEISITCTBYET TMPOBEACHUIO TOMOJOruii Mexny cousetueM Centrolepis u
penponykruBHEIMA equHunaMu Hydatellaceae. Hamm maHHBIE MOKa3BIBAIOT, YTO YEITYHKH
00epTKH y THIATEUIOBBIX HE WMEIOT PACIIONIOKEHHBIX TPH HUAX MA3yIIHBIX CTPYKTYp U
0oJTpITIe HATOMUHAIOT YaIICYKOBUIHBIA TPOCTOW OKOJIOIIBETHHK.

Paboma svinoanena npu yacmuunoii noodepaicke POOU (npoexm 06-04-48113).
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Hydatellaceae, as recently circumscribed [16], is a family of 12 species in a single
genus, Trithuria. Ten species of Trithuria occur in Australia, one in New Zealand and one in
India. Traditionally, these plants were placed within the monocot family Centrolepidaceae.
When segregated as a distinct family [7] Hydatellaceae were considered as taxonomically
isolated monocots of unclear relationships. Molecular phylogenetic data support the
traditional view that Centrolepidaceae are closely related to Restionaceae within the
monocot order Poales [1; 2]. In contrast, molecular data unexpectedly place Hydatellaceae
among early-divergent angiosperms as sister to Cabombaceae plus Nymphaeaceae, with
strong support from two genomes [14]. The hypothesis that Hydatellaceae are closely
related to waterlilies and not to Centrolepidaceae is supported by data from carpel structure
and development [13], embryology (summarised in: [11]) and palynology (reviewed in:
[16]). However, in terms of vegetative morphology and flower/inflorescence architecture,
Hydatellaceae are, at least superficially, quite different from waterlilies.

Cotyledon number was not documented in Hydatellaceae until the publications of
Tillich et al. [17] and Sokoloff et al. [15]. In Trithuria lanterna, the only tropical Australian
species studied so far for seedling structure, there is a single, extremely reduced cotyledon
consisting of a haustorium. In three temperate Australian species studied, there is a
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sheathing, distally bilobed cotyledonary tube to which a haustorium is attached. Tillich et al.
[7] interpreted seedling morphology as essentially the same as in monocots, and questioned
current views on phylogenetic placement of the family. Sokoloff et al. [15] suggested that the
sheathing tube could be homologous to two united cotyledons of waterlilies.

Hydatellaceae are annual or rarely perennial herbs with linear leaves in a basal
rosette. Due to extensive branching and very short internodes it is difficult to interpret shoot
architecture in annual species. On the other hand, we have made considerable progress in
studies of shoot morphology of the perennial Tasmanian species Trithuria filamentosa. The
rhizomes of T. filamentosa are thick, elongated, erect and perennial. They bear vegetative
leaves and elongated leafless stalks, each bearing a reproductive unit. Rhizome growth is
sympodial. Each shoot produces 5 — 9 vegetative leaves in a clockwise or anticlockwise
spiral, and in its distal part 1 — 2 lateral shoots and 1 — 3 lateral peduncles. Each lateral
shoot develops in the axil of a vegetative leaf. The two first leaves of each lateral shoot lie in
a transversal plane, with divergence angle close to 180° they are interpreted as prophylls.
From the third leaf onwards, divergence angles are close to the Fibonacci pattern.
Peduncles of reproductive units could be interpreted as the uppermost lateral extra-axillary
organs that continue the shoot phyllotaxic spiral. The presence of two lateral prophylls
supports removal of Hydatellaceae from the monocots. Rhizomes of perennial Hydatellaceae
superficially resemble miniaturized rhizomes of Nymphaea or Nuphar (Nymphaeaceae),
which are monopodial. However, rhizomes of perennial Hydatellaceae are sympodial. The
pattern of arrangement of reproductive units in T. filamentosa resembles patterns of flower
insertion in Nuphar and Nymphaea.

Reproductive units of Hydatellaceae are either unisexual or bisexual. In bisexual
reproductive units, carpels lie at the periphery and stamens in the centre. Carpel initiation
and development is centrifugal in both female and bisexual reproductive units [13]. Each
reproductive unit is surrounded by an involucre of two or more bract-like phyllomes of
whorled arrangement [13]. There are three possible morphological interpretations of
reproductive units in Hydatellaceae [13] (see also: [3; 6]). 1) Each reproductive unit of
Hydatellaceae could represent a “‘pre-floral state” — a step toward a true flower. 2) The
unusual reproductive structures of Hydatellaceae, which show some inflorescence-like and
some flower-like features, could have evolved through loss of flower identity. For example,
there is an intriguing developmental similarity between the inner-whorl perianth members in
Cabomba and the inner-whorl involucral bracts in Trithuria submersa. 3) Finally, each
reproductive unit could represent a pseudanthium — a highly specialized aggregation of
extremely reduced unisexual perianthless flowers. The latter interpretation is the traditional
(e.g., [8]) and currently widely accepted view [4; 5; 14]. However, our data on patterns of
spontaneous structural variation in reproductive units of the Australian species T. submersa
[12] make a pseudanthium interpretation problematic. The traditional pseudanthial
interpretation of the reproductive units in Hydatellaceae is largely based on comparisons
between Trithuria and Centrolepidaceae made by Hieronymus [9]. He found that, in the
inflorescence of Centrolepis, each primary bract subtends a cincinnus. By analogy, he
extended the same view to Trithuria submersa hypothesizing that here each involucral bract
also subtends a cincinnus. Cincinni located in the axils of the two outermost bracts each
start with a unistaminate flower and continue with unicarpellate flowers (see also: [13]).
However, the spatial arrangement of stamens, carpels and involucral bracts is more plastic
in Trithuria than predicted by the model of Hieronymus, and the current phylogeny does not
allow any comparison with Centrolepidaceae. Our data show that the phyllomes of the
involucre do not subtend axillary structures in Hydatellaceae and the entire involucre in
many respects resembles a floral perianth.
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