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Resumen:

HI?RREito, A., PL<AOA, C., PANGUA. E., EScUOERo, A., Rtjn¡o, A. & FAJARON, 5. 1993. Mor-
foLogía del gametófito de cuatro subespecies de Asplenium trichomanes L. Bol Complaíensrs
18: 67-77

Mediante el cultivo de esporas de Aspleniam tr-ic-homanes L. (subsp. trichomanes. subsp.
qucrdr-rr-a/ens DE Meyer. subsp. pachyrac-lris (Christ) Lovis & Reichsl. y subsp. inexpec-tans
Lovis) se ha estudiado el desarrollo de los gamelófitts y sus características morfológicas.
Exeeplo en la subsp. irrexpeclans y en dos de las cuatro muestras estudiadas de la subsp.
¡racl;yrahis. se forman pelos pluricelulares marginales en una proporción variable de prolalos
según el laxon Se analiza la longitud, número de pelos por prolalo y densidad de los mismos y
se disci¡te su valor taxonómico, así como el de otros caracteres morfológicos como el margen y
la escotadura.

Abstract:

iIFRRFRO. A.. PRADA, C., PANChA. E., ESCUDERO, A., Run¡o, A. & PAJARON. 5. 1993.
Gaíneíopliyíe morphology of four subspeeies of Asplenium trichomanes L. Bat. Conrplatensis
18: 67-77

By cr¡lturing spores of Aspleniuni trichomanes L. <subsp. Ériclioí,,anes, subsp. quadrivaLens
DE. Meyer, subsp. pachyrachis (Chrisl) Lovis & Reichst. and subsp. inexpeelans Lovis), we
have sludied Ihe developmenl of Ihe gamelhophytes and Iheir morphological fealures. Multice-
halar marginal hairs were produced in different numbers, depending on Ihe laxon, excepí [br
subsp. inexpecíans and two samples of subsp. pachyrachis. Length, density and number of
hairs per gaíneíophyíe weu-e analyzed and Iheir taxonomic value is diseussed as welI as níher
morphoiogicaL fealures such as margin and apical nolch.

* This rescarclr was supponed by a DGLCYT graní, number PE 87-0553

Botórrica Complrríerrsis 18: 67-77. Edil. Universidad CompLutense 1993
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INTRODIJCTION

Studyof fern gametophyteshasbecomeessentialto completemorpho-
logical, ecological and reproductiveknowledgeandhas contributed to a
better understandingof taxonomicrelationship(STOKEY, 1951; NAYAR &
KAUR, 1969 and 1971; ATKINSON, 1973; WINDHAM & HAUFLER, 1986). In
spiteof the presenceof numerouspaperson fern gametophytes,the num-
ber of specieswhosegametophytesare know in detail is still small (TAY-
LOR & MICKEL, 1974). The prothallial developmentof some Asiatic and
FuropeanAsp/eniaceaewas studiedby MoMoSE (1959, 1960a, 1960b,
1961aand 1961b),NAYAR & al. (1968), HUREL-PY (1950), ARMENISE
(1959) andHENRIET (1970).

Among the naturally occurring Asp/eniumspeciesin Spain,we chose
Asp/eniurn trichornanesL. becauseof the diversificationof this taxonof
which four subspeciesare recognized:subsp.u-ichornanesandsubsp.
znexputansLovis, both diploid, andsubsp.quadriva/ensD.F. Meyerand
subsp.paChvrachis(Christ) Lovis & Reichst.,both tetraploid.The morp-
hologicalcharacteristiesandthe habitatpreferencesof the sporophytesare
well known (LovíS, 1964; JERMY & PAGE, 1980; Lovís & REICHSTEIN,
1985; PANGUA & al., 1989); gametophytes,however,havebeenstudied
only in part. especiallya few detailsof their morphology(NAYAR & al.,
1968; NAYAR & KAUR, 1971). In a previousstudy (ROA & al., 1987) we
examinedgametophytesof the two tetraploid subspeciesin orderto deter-
mine if they provide distinctive morphologicalfeatures;the resultspoin-
ted to somedifferencesthat stimulatesus to continueand to completethe
studyof gametophytesof this group, including the diploid subspecies.

Therehas beendescribed (RASEACH & al., 1990) a fifth, tetraploid,
subspecies,subsp.coriaCeífoliumfrom Mallorca. This taxon hasnot been
includedin our study.

MATERIAL AND METI-IODS

Sporesfor gametophytecultureswere obtainedfrom the following
plants:

A. trichomanessubsp.triuhornanes

Spain: Madrid, La Pedriza, sustratosilíceo, 22-IV-1991, Pangua&
P¡adaCElSI.

Spain: Madrid, La Pedriza,sustratosilíceo, 22-IV-1991, Pangua &
Proc/aCEI83.
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A. tí-ichomonessubsp.inexpeCtans

Austria: Therman-Alpen,bei Gutensteinan der langen Brúcke, limes-
tonerocks, 13-VI-1983, leg. Melzersn., det. II. RasboCh.Frondspressed
15-1-1991.

Switzerland:Tilfels-Cheller, bei Wettingen,Baden,J. Schnel/er1536.
Frondspressed16-V-1991.

A. nichomanessubsp.quadrivalens

Spain: Orense,entreCórgomoy San Vicente, pizarras,24-IX-1990,
Prado & al. CE 121.

Spain: Orense,Barco de Valdeorras,Coedo,pizarras, 31-III-1991,
Proc/aCEIS?.

A. trichomonessubsp.pochyrachis

Spain: Cuenca,CiudadEncantada,calizas,29-IV-1991,PradoCE193.
Switzerland:St. Wolgang, Balsthat,Hinterflue, 530 m.s.m.,1. Súhne-

//er 1535. Frondspressed16-V-1991.
Spain: Cuenca,Friego,“El Martinete”, cercadel río Guadiela,calizas,

exposiciónN., 900 m.s.m.,24-111-1991,EscuderoCEI6O.
Spain: Valencia, Benifaró de Valídigna, caminodel repetidor,6-1V-

1991,Proc/a& a/. CEI3I.
Sporesfrom each samplewere sown in plastic boxes(4,5 x 4,5 x 2,5

cm.) on minera! agar(DYER, 1979) for study of the early stagesof deve-
lopment; they were also grown on soil autoclavedtwice at 1200C during
30 minutes in the samekind of boxes, in order to obtain matureprothalli
andsporophytes.Four replicationsof each samplewere made.Cultures
were maintainedunder constantenvironmentalconditíonsín a growth
chamberat 230C andcontinuousillumination with white fluorescent
tubes.Cultureson soil werewateredoncea week.

During the first 45 days after sowing, cultureson agarwere checked
weekly andsampleswere studiedunder light mícroscope;subsequently,
about50 gametophytesgrowing on soil were removedfrom eachsample
everytwo weeks.AII observationson morphologyanddevelopmentwere
carriedout on gametophytesfrom theselaboratorycultures.

We havecalculatedthe numberof hairs per gametophyte,the lengthof
hairsandtheir density(numberof hairs/perimeter)by taking ten measure-
ments of each parameterrandomly. The perimeterof the prothalli was
measuredwith an image-analysingcomputer.To test the equalityof means
bothamongthe individualsandamongthe taxa, two univariatestatistical
procedureswere used in this study. Analysis of variance(ANOVA) was
used when the assumptionsof normality, homogeneityof variancesand
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randomsamplingwere nel (Cochran’sC test P-ct0,05).When the assump-
tions of homogeneityof varianceswas violated,a Kruskal-Wallis testwas
performed.

RESULTS

AII samplesstartedgerminatingbetween5 and 20 days afler sowing;
subsp.quodriva/ens audsubsp.pochyrochisshoweda fasterdevelopment
thandid subsp.inexpe~§-tonsandsubsp.trichornanes.

The sporegerminationpatternfollows the Vittoria type, andprothallial
developmentseemsto follow the Adianturn type (NAYAR & KAUR, 1971).
Sporesof aH samplesproduceashort germfilamentof 1 to 3 celís (Fig. 1
a-c) exceptfor suhsp pachvrachis which produces2 to 6 celís (Fig. 1 e\
The fiLaments bear 1 or 2 rhizoids on the basal cdl. Developmentof a
bidimensionalstageoccursin ah samples8-10 days after sporegermina-
tion (Fig. 1 d-f), and the apical notch becomesevident threeweeksaftcr
germination(Fig. 1 g). Mature prothalli are cordate,broaderthan long as
usual in the family (Fig. 1 h-I); in subsp.inexpec-tans,the apical notcb is
broaderthanin 4w othersubspecies(Hg. 1 h, 2 a).

The protalli of subsp. tri~i-homanes, subsp.quadrivo/ensandsubsp.
pac-hy¡-ochis(excepíforthe samplesCEI3I andCEIÓO) bearmulticellular
marginalhairswith (3)4-5(6)greencelís (Fig. 2); the terminal ceil is gran-
dular, slighíly swollen at Ihe apexandcontainsa brown secretion.The
hairs are straight or curved.The proportion of hairy gametophytesis
shown in figure 3. l-lairs appear30-40 days after germination in ah hair-
bearingsampleswhen the prothalli havebecomedistinctly cordate.The
dataof parametersstudiedareshownin table 1.

The numberof hairsper ganietophyteisvariable-amongthe taxa; InSO
days oid gametophytes,when sex organsare well developed,subsp.qua-
drivo/enshasa meanof 8 hairs,whereassubsp.trichornanesandpochvv-a-
<his haveonly 2 or 3 hairs(Fig. 4 a). In oldergametophytes(90 daysoid),
when fertilization hasbegunlo lake place in Ihe cultures,the meannum-
ber of bairs increasesconsiderablyin subsp.c,ruodriva/ens,but in subsp.
tí-ichornonesandpoc-hy¡-achisthe meandoesnol change(Fig. 4 b).

In ihe sameway, the densityof the hairs vanesamongthe taxa; there
are significaní differencesin density in the 50 aud90 days oíd stages
(Table 1) for alí taxa.

The Iength of thc hairsalsovaneswith Ihe taxon; in 50 days oíd game-
tophyíesthe luir lengíh differs significantly amongtaxa; samplesof
subsp.trichomonesliave shorterhairs(about 90 ~int, subsp.quodrivalens
hashairs of about 110 jam, and subsp.pochvrochisshowsIhe longest
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hairs, about 130 ~ím(Fig. 4 c). In 90 daysoíd gametophyteshairs areIon-
ger and5h11 show significantdifferencesamongthe taxa(Fig. 4 d), but 15
days later,the hairs of subsp.pac-hyraChishavegrown,exceedingslightly
the meanlengthof the hairsof subsp.quodrivalens,whereasin subsp.tri-
chomanesthe meandoesnot change(Fig. 4 e).

One month after germinationalí samplesproducedarchegonia,but the
diploid subspecieshada lower percentageof prothalli bearingarchegonia
than the tetraploid ones.Antheridiaappearedabout two weeks later in alí
cases.

DISCUSSION

The morphologicalfeaturesof the gametophytesaresimilar in alí four
taxa, but subsp.inexpeCtonshasa notably broadapical notch andthe mar-
ginal celís frequently protrude,giving the prothalli a characteristieappea-
rance;the edgeis alwaysnaked.

NAYAR & al. (1968) found gametophytesof A. trichomanesto be
naked, but accordingto our observationsin three of the subspeciesthe
prothalli bearhairs in different proportion. in subsp.quodrivalenshairy
gametophytesareproducedat a high rate so that practically alí plantsof
the culturesbearhairs. In Uds casethe higher densityof hairs imparts a
typical appearanceto the prothalli as comparedwith the othertaxa.

An unexpectedproblem wasposedby subsp.trichomanesandsubsp.
pachyrachissamplesCEI6O andCEI3I; in thesecases,both hairy and
nakedgametophyteswere produced.We did not find any referenceto this
in the consultedliterature. Studieson gametophyteniorphologyare not
usually doneover a sufficiently long period of time and with enough
gametophyticindividualsto establishthe characteristicvariationsin each
species.In studiesof hairy gametophytes,attentionis focusedmainly on
ihe typeof hair. its positionand the time of its development,but thereare
no indicationsof nakedand hairy gametophytesgrowing together,both
producedby sporesfrom the samesporophyticindividual. PRAY (1968)
mentionsmorphologicalvariation in a gametophyticpopulation arisen
from a single sporophyteof Pci/oea and¡-omedaefo/ia (Kaulf.) Fée var.
puhescensD.C. Faton; the variation consistedin sornedifferencesin the
shapeof the gametophytes.

Wc have observedthat size,sex, andageof prothalli arenot relatedto
dic presenceof hairs,so that at presentwe do not haveany explanationfor
thisstriking feature.

The highest incidenceof hairy gametophytesfor subsp. trichomanes
occurs in 60 days oíd prothalli, later decreasinggradually, being about
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10% of the culturesin 135 days oíd individuals; the behaviourcoinciden-
ce of both samplesstudied is remarkable.We haveobservedin theseoíd
prothalli that the basal celí degeneratesandis easily ruptured(Fig. 2 e, Q.
This might explain why the numberof hairy gametophytesdecreases.
Diploid Phy//ftis sc-olopendrium from Europehas beenreportedto have
unicellularhairs on the gametophytes,whereasAmerican tetraploidshave
1, 2, and3-celled hairs (ATKINSoN & STOKEY, 1964). In our study, the
numberof celís doesnot differ significantly both in diploid andtetraploid
taxabut the lengthof the hairs is much less in 4w d~ploid.

With regardto subsp.poc/uíyrochis, we must emphasizethe different
behaviourfound in the studiedsamples.As noticedaboye, two of them
bearhairs on some of their gametophytes,the other two being naked.
Lovís & REICHSTEIN (1985) indicated the existenceof plants “close but
distinct from true A. tíichomonessubsp.pachyrochis”; PANGUA & al.
(1989) also mentionedvariability within this taxon, as was illustrated in
their fig. 1 G, H. Fronds of typical subsp.pachya<hishavepinnae that
are serratolobate,tendto be symmetrical,2-4 times longer thanwide with
biauriculatebase;thereare plants in which the main morphologicalcha-
ractersare the sameas in the typical forms, but the pinnae are less than
twice as long as wide and they are not alwaysbiauriculate.In the four
samplesof subsp.poc/ryrochis studied,two had typical morphology:
gametophytesproducedby theseplantswerealwaysnaked.The othertwo
sporophytes,whosepinnae were shorter,producedgametophyticcultures
of mixed hairy andnaked prothalli. These differencesin gametophyte
morphologyagreewith the idea that morphologicallyatypical plants may
representa differenttaxon.

The origin of tetraploids in A. ¡‘richomones is not well known at pre-
sent. Hybridization betweencytotypesis common; reticulateevolution
andpossiblepolytopic origin of the different lineagesmakeit difficult to
ascertainrelationshipsin the complex. Electrophoreticanalysisof isozy-
mesin gametophyticand sporophyticpopulationsmay help in íesolving
theseproblems.Our next investigationswill be focussedon this topic.
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Fig. 1: a-g, Early stages of prothaltial development: a, firsí rhizoid; b, germ fila-
mení; c, beginning of laminar stage; e-f, development of meristemalie celis; g, begin-
ning of apical notch; h-I, silhouette of malure gametophytes: h, subsp. inexpectans;
subsp. trichomanes; j, subsp. quadrivalens; kA, subsp. pachyrachis. Scale bars: a-g,
55 I.lm; h-I, lmm.
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Fig. 2: a-d, Morphologicalfeatures of margin andapical notch; a, subsp. inexpec-
íans; b, subsp. tric-homones;e, subsp. quadriva/ens; d, subsp. paehyraehis. e-g, delail
of hajís: e-f, subsp.trichomanesshowiuga detachinghair; g, subsp.pachyrachis.
Seale bars:a-d, 60 pm; e-g, 35 íInv Arrows indicate the point of breaking of hairs.
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pachyr-achis (CE 131, CFI 60); subsp. Ir-ichornanes (CE 181, CE 183).
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Table 1: Means (X) and standard deviaíions (SD) of gametophyle characters sco-
red for Ihe studied populaíions. TesIs of significance refer to ANOVA excepí those
rnarked with KW, which ¡udicate results of KW test (*** indicates p<O.OO 1).

Saniple size: len individuals in each population
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