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ALGAL sTAскs AND FUГ{GAL STAСKS Il{ LIсItЕIчs AND TIIEIR IIVIPORTANСЕ
FoR sURvIvING IN ЕхTRЕIVIЕ I{ABITATS

Jan Vоndrikl & Jiйi Кub6sеk2
L,Itt'stittttе 

о.f,Bоtаnll, Ассtdеntу,оf SсiеtICе.', Zdmеk l, Prfihoпiсе, СZ-25213, Сzесh Rеptbliс.Glohаl Сhапgе Rе,sеаrсh ('.еntrе, Асаdеnlу ф Sсiеttcеs' Вё|idlа 1а, Bпrcl, Сzесh Reptbliс

Thе liсhеn is a соmplех symbiotiс еntity, typiсallу сomposеd оf a liсhеnized fun.qus
(myсоbiоnt) and an alga or сyanobaсtеrium (phоtоbiont). Тhе <tеxtbоok liсhеn> has a thallus
сomposеd оf an uppеr fungal соrtех ovеrlyingan intеrnal algal |aуer, whiсh in tuгn ovеrlays a
fungal mеdullary laуer. Some liсhеns dо indеed сorrеspond to this tidy piсturе, but in оthеrs thе
arтangеmеnt and abundanсе of thе photobiont сеlls differ; еvеn сlosеly rеlatеd spесiеs grоwing
in diffеrеnt habitats may show markеd diffеrеnсеs in rеsponsе tо thеir diflГеrеnt rсоlоgy [7].
Pоllutеd еnvirоnmеnts also affесt algal pattегns [9]. Grоwth aсtivity оf thе flungal рaгtnеr сan
also influеnсе pattеrns in thе algal layеr [3].

Liсhеn phеnotypеs in ехtrеmе habitats may diffеr соnsidеrably frоm thоse grоwing undеr
mild сonditiоns; for instanсе, the uppеr сortех in liсhеns living in dеsеrt arеas is muсh thiсker
(up to 6 timеs) in сomparison with avегagе Еuropеan liсhеns; similarly algal layеr is 2 -3 tinrеs
thiсkег in dеsегt liсhеns. A <<rеvегsе>> struсtuге оf thallus has bееn rеportеd by Vоgеl [10] fоr a
South Afriс,an spесiеs of Вuеlliс growing on quartzitе pеbblеs. It has its algal paгtnеr hiddеn
bеlоw blaсk, light-impеrmеablе mеdulla but in соntaсt with transluсеnt quaгtzitе; thе algal сеlts
rесеivе diffusе light fгom bеlow, thrоugh the rосk. Vоgеl I l0] alsо mеntiоnеd an unusual
anatomy (hе introduсеd thе tеrm <<Fеnstеrflесhtеn> : windоw liсhеns fоr it) in thе South Afll.iсan
Рs'rlrа с.tу,stаllifеrа' whеre thе thiсk сoгtех is сraсkеd intо transluсеnt сrystal-likе stгuсturеs
abovе thе algal layеr, Fеnstегf]есhtеn havе also bееn rеpоrtеd lrom thе Ataсama Dеsегt [2].

Sinсе thе еnvironmеnt оan influеnсе thе pattеrn оf algal сеlls, it would nоt bе suгprising
if liсhеns frоrn ехtrеmе habitats - thosе that arе еsресially соld, hot, dry or insolatеd - wеrе tо
show paгtiсularly unusual pattеrns. our rеsе arch on somе liсhеns from thе dеsегts оf Сеntгal
Asia, a rеgiоn in whiсh all fоuг of thеsе ехtrеmе сonditiоns arе сommonly ехpегiеnсеd, shоws
that algal сеlls in many of thеm arr organizеd in vеrtiсal staсks, rather than as an еvеn hoгizоntal
layеr. Тhеsе algal staсks arе sеparatеd by what wе havе tегmеd fungal staсks' namеly rеgiоns
of vепiсally оriеntеd, transluсеnt fungal plесtеnсhyma that ехtеnds downwards from thе uppеr
согtех. our fl-rrthеr сomparisоns havе shown that various liоhеn spесiеs frоm unrеlatеd groups
rvith bоth algal and Гungal staсks oссur in stгongly insolatеd arеas in thе wоrld.

In оuг projесt, wе will fосus on this staсk anatomy in liсhеns, whiсh is analоgоus tо thе
Sоuth Afriсan living stоnеs and оthеr window.lеavеd plants grоwing paгtly undеrground to
obtain lightby staсks of tгansluсеnt сеntral mеsophyll сеlls and сhlоrophуll сontaining сеlls arе
aггangеd bеlow thеm and at margins of undегgrоund lеavеs [a]. This anatоmy is соnsidеrеd to bе
adaptеd for watеr absoгptiоn and avoiding hеat strеss from thе sunlight [8], but its rеal funсtion
is still not сlaгifiеd Il].

A rеal staсk anatomу in liсhеns, but slightly dеvelоpеd, was dеsоribеd by Poеlt [6], who
introduсеd thе tеrm <Kеgelrindеш [сortех сonеs] Гor соniсal еxtеnsions оf соrtеx tissuе intо thе
a|ga| 1ayеr in lоbatе spесies of Саndеlаriеllа and LесаnОrа Speciеs. Algal staсks in thеsе spесiеs
arе, hоwlvеr' rathеr indistinсt. Nеvеrthеlеss' Мalсolm [5] found a rеmarkablе ехamplе оf algal
staсks in Lаbуriпthа implеха (mоnospесifiс gеnus Lаbуrinthа is еndеmiс to I{еw Zea|and). Hе
mеasurеd thе light transmissiоn thrоugh transluсеnt hyphal bundlеs and fully hydratеd algal
staсks' and found that absoгption ratеs wrrl 8.6 timеs lower in thе foгmer. Мalсolm did not
makе any further physiologiсal mеasurеmеnts. Hе disсussеd possiblе advantages оГthis thallus
anatomy but, оthеr than obsеrvingthat it may inсrеasе illumination of thе dееpеr algal сеlls, he
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did nоt rеaсh any сlеar соnсlusiоns. Althоugh this spесiеs dоеs oссur in a rathеr dry, though
сегtainly not dеsегt.likе, paгt of thе Sоuth Island, it is also prеsеnt in muсh morе humid, oсеaniс
arеas' е.g. Сampbеll Island; it is a rarе spесiеs throughout its rangе. This spесiеs doеs not fit thе
pattеrn shоwn by all thе оthеr obsеrvеd liсhеns with staсk anatomy, whiсh oссur in dry arеas or
alpinе habitats.

Wе suggеst that thе purposе of algal staсks is tо inсrеasе a pеriоd during whiсh
phоtоsуnthеsis сan ocсur. Liсhеns in dгy habitats havе a rathеr limitеd оppогtunitу fоr
phоtosynthеsis, as thеy arе nоt usually suftjсiеntly hydratеd, so adaptatiоns whiсh еxtеnd tlrе
pеriоd оГ phоtоsynthеsis оught to bе advantagеous. In liсhеns withоut algal staсks, as thе thallus
driеs out frоm thе surГaсе, tlrе photobiont сеlls. whiсh arr arrangеd in a thin hоrizоntal layеr, will
staу in an оptirnal statе оf hydration fоr оnly a shоrt pеriod of timе. on thе оthеr hand,
phоtоbiont ое1ls in an algal staсk are arrangеd in atal'I сolumn' whiсh may геaсh right to thе basе
of thе thallus; сеlls at diffеrеnt hеights arе in diffеrеnt statеs of hydratiоn as thе thallus
dеsiссatеs; and phоtosynthеsis сan сontinuе fоr longеr. Тhе prоblеm оf сеlls dееpеr in thе staсk
bеing shadеd by thоsе abovе may bе ovеrсomе bу thе fungal staсks, whiсh pеrmit light tо
pеnеtratе deеp into thе thallus.

Fungai staсks dо, ol соursе, rеduсе thе prоportiоn оf thе thallus surfaсе area that is
undеrlain bу phоtobiont се11s. This obviouslу rеduсеs thе amount of sunlight that сan bе dirесtly
intеrсеptеd by phоtоbiоnt сеlls, and this must bе disadvantagеоus tо somе ехtеnt. Liсhеns with
algal and fungal staсks havе also highеr dark rеspiration than thоsе with layеrеd anatоmy (sее
our unpublishеd rеsults bеlow).

Prеliminary Rеsults
Two hуpоthеsеs that bеar on ouг prоjесt havе alrеady bееn tеstеd: (1) during dеsiссatiоn,

algal staсks and fungal staсks ехtеnd thе pеriod of Сo. uptakе (phоtоsynthеtiс aсtivity) duе tо
dynamiс usе оf phоtоbiоnt сells at diffеrеnt hеights, and (2) undег сonditiоns оf high iгradianсе,
liсhеns with algal staсks and fungal staсks inсrеasе thеir Сo', uptakе сomparеd with liсhеns fiоm
thе samе habitats that laсk thоsе fеafurеs'

our first hypothеsis, that algal staсks and fungal staсks ехtеnd thе pеriod оf Coz
assimilation, was not suppогted by our еxpеrimеnts' on thе сontrary, Аspiciliа dе,gеrtortlm, one
of thе spесiеs with tissuе staсks, appеarеd tо dеsiссatе fastеr than spесiеs from thе samе plaсе
withоut staсks (our unpublishеd data). Howеvеr, it did not disprоvе the hypоthеsis еithеr, and
fuгthеr ехpеrimеnts arе justifiеd, as dеsiссatiоn is a соmplеx pгoсеss that is affесtеd bу many
variablеs, inсluding rеlativе humidity of thе a\r,irradianсе' wind spееd and thеrmal prоpеrtiеs оГ
thе substratе.

our ехpеrimеnts do suppогt thе sесond hypothеsis, that undеr light saturatiоn liсhеns
with tissuе staсks havе highеr photоsynthеtiс сaрaсitiеs (Сo: uptakеs undеr saturatеd light
сonditions) than сo-oссurring liсhеns withоut tissuе staсks (Fig 1)
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layеrеd шratomv (nоn-AS. various сrustosе liсhеns). Gas ехсhangr mеasurrmеnts wеrе madе aссоrding
thе mеthоd dеsсribеd brlorv. First mrasurеmеnt rvas madе on rvholе сommunity соntаining ASl and non.
AS togеthеr. Twо сonsеqurnt mеasurеmеnts Wrrе madе on tlrе samr sшrrplе brrt aftеr rеmoving of non.
AS spесiеs (blaсk dots). Thе light rеsponsе of spесiеs rтith laуеrеd anatоmy (и,hitе dots) r,vas сalсulatеd
as di1Ъrеnсеs bеtrvееn first and sесond mеasurеmеnt шrd rvеightеd b1. arеas оf AS t vs. non.AS.

High photosуnthеtiс сapaсitу would srеm to bе сlеarly advantagеous in aгеas with high
insolatiоn, but - еquallу сlеагlу - high rеspiration of liсhеns with staсks (Fig l; shown by
nеgativе valuеs during lоw iгradiatiоn) must offsеt this advantagе tо somе ехtеnt. High
rеspiratiоn оbsегvеd in liсhеns with staсks is probably сausеd by a largеr biоmass pеr unit оf
aгеa. Thе sесоnd hуpоthеsis is alsо supportеd, indirесtlу, by thе оbsеrvеd gеоgraphiсal
distгibutiоn of liсhеns with tissuе staсks. They oссuг in arеas of high insolatiоn and thе faсt that
thеy oссLlr in thеsе arеas in unrеlatеd grouрs suggrsts that this is not mегеlу a сoinсidеnсе:
сonvеrgеnt еvоlution in rеspоnsе to thе samе sеlесtion pressuге sееms tо bе morе plausiblе
ехplanation. Thе faсt that liсhеns with algal staсks oftеn dominatе thе соmmunitiеs in whiсh
thеy oссur impliеs that this adaptatl,on is a suссеssful onе.

Aims for оur futurе rеsеarсh
Thе main hypothеsis <Thе staсk anatomy rерrеsеnts есolоgiсal profit in dеsеrts and

has an impaсt on speсiatiоn рroсrss)) will bе tеstеd by a сomplех rеsеarсh dividеd into thе four
following arеas.

1. Physiolоgy
. Arе thеrе diffеrеnсеs in Сoz assimilation bеtwееn liсhеns with laуеrеd anatomY artd

liсhеns with variоusly dеvеlopеd staсks undег a сhanging еnvirоnmеnt?
o In whiсh сonditions do both liсhеn typеs diffеr in paгtiсular?
2. Gеnеtiс fiхation
О Is thе formation оf staсks only thе phеnotypе rеsponsе to еxtrеmе сonditiоns оr is it

gеnеtiсally fiхеd?
З. Rolе of algaе
O Arе thе liсhеns with staсks assoсiatеd with spесifiс algal linеagеs, diffеrеnt Гrom

thosе in liсhеns with tissuеs in horizontal laуers?
. Arе thе a|ga| сеlls in staсks morpholоgiсally diffеrеnt from thosе in liсhеns without

staсks?
4. Есologiсal prоfits
. Whiсh соnditiоns makе thе staсk anatomy advantagеous?
О Dо thе liсhеns with alga| staсks and fungal staсks suгvivе morr ехtrеmе сonditions

(е g light, hеat' Гrоst) than othеr liсhеns?
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Boндрак Ян1 & Kubflsеk Jiйi2

'tr'I',сшt,t,Iуm БОmсIнзtкtt LIАH, За.l'tсlк-], Пpуzoнtltуе, 25213, (IеutсксIя Pесttl;блtка
. ? ' ,.,-,,, 
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-

-II,енmр uсс.lеdoвсttttttt z..цoбазьньtх ltЗ.л,Iененttti (IАII, Бе.,tttd-'lа 4сl, Бpнo, LIеlttская Республuка

Haши ПoЛеBЬlе rrссЛе,цoBaНИЯ 1r изyЧенtrе Геpбaр}IoГo МaТеptraЛa ПoкaЗaЛtt FraЛllЧt{е

BrpTиКaЛЬF{o офopмлеH}lЬIх BoдlopoсЛеBЬIх |1 гpибньrх сToЛбцoB (вместo ГОpl{ЗoнTaЛьFlЬtХ

слоев) B ЛIlшIap"lНt{кaх t{з pазЛl{ЧнЬIХ сисТrI\4aTIlЧескlIx ГpyПП, l{o ПpotrзpaсTaЮЩtrХ. B сиЛЬНo

ЗaсyшIЛI{вьгх l/иЛи инсoЛИpoBaНHЬtx местообtIТaЕ{и'Iх. Haшrt ЭКсПеpиMенTЬI Пo.цTвеp}кtaЮТ
Гt]ПoТеЗy, ЧTo Пptr сBеToBoМ FraсЬIщен}rи у лlrrпaйникoB с TкaнеBЬIMи стoлбцaМИ есTЬ бoлее
BЬlсoКI{е фотосllнTеTI{Ческl{е спoсобнoсTrt (поглощен[{l Сoz), ЧеM y Л}1шIa1"lHI,lкoB без
ТкaнеBЬгх стoлбЦoB.

УtlK 574. з.. 582.29

Л }I IшAЙникII PoДA XAN TH o PА R||4 E L IА (Y 
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B o PЕtIБyPгскoЙ oБЛACTr4 (PoССpl,{)

O.С. Boндрaкo*а,, Е.B. Кaлиноuс,{a"', B.A. Хaнин2

'У.'pе*ленltе Pоссrrйской aкaДеI\{иtl нayк ИнcтъlтуT сTеПи УpaльскoГo oTtеЛе}IиЯ PAн
Poссlrя, г. opенбyрГ, mеr.оs@mail ru

,Бo'an,.ческtll-{ 
l1нсTl{ТуT ttМ. B.Л. йо'apовa PAH

Poссия, г' Сaнкт-Петеpбypг

B pезvльтaте oбpaбoтки сoбственнЬIх ПoЛlBьIх сбоpoв, кoЛЛекций paзлинньIк ЛI.txoHo;1oГoB,

хpaнJIrrII.Iхся B кp\.пнейIIIих геpбapиях N{иpa' }tat.tи oбнapr,xсенo tЛЯ TrppиTopии opенб1,pгскoй
облaсти 14 видoв Poдa }.апthоpаrmеhа (Vain.) Нalе. 3 из кoTopЬIх _ нoBьIе lцЛя prГиoнa и Уpa,.ra.
Пoкaзaньt п,rоpфoлoГиrlескиl. хи\{иtlgскиr и ЭкoЛoГиЧескиl oсoбеннoсTи BиДoB.

Wе havе rеvisеd hеrbanum spесinrеns of Xаnthopсlrmеliс (Vain.) Halе frоm thе orrnburg rеgion
inсluding оur rесеntl,v сollесtоd samplеs. Wе havе соnfirmеd thе oссulтеnсе of 14 spесiеs in tlrе rеgiоn; 3

оf thеsr spесiеs arr nrw to thе Ural Мts. our appraisal of mоrphologiсal, сhеmiсal and есologiсal
сharaсtеrs of thе spесiеs rеsultеd.

BвеДение
B нaстояЩее BpеMя Poд Хсtпthо1lаrmеliа (Vain ) Нalе * o.циt^r [{з крyпнеГrrпrтх po.цОB

кyсTисTЬtх И ЛисToBaтЬIх лишaйникoB B Mиpе t8] с цеHTpaМИ paзнooбpaЗИЯ B Южной
Aфpике и AвстpaЛИИ, B Евpoпе oн HaсЧI{TЬIBaеT З3 вllдa [9], в Кaзaхстaнe 9 [10]' aвPoccии

18 [4], ЧTo yкaзЬIBaeT I{a не.цoсTaToЧ}Iyю eгo иЗyЧrrlнoстЬ B пpе.цеЛaх тaкoй больrшой

22 Boп PoсЬl отЕ п Е BЕ ДЕH|4Я
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