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RESULTS

Metric   characters

The   frequency   distributions   of   four   metric   characters   in   the   population   are   represented
in   Fig.   3.   They   are   taken   as   examples   for   all   the   other   measures   such   as   length   and   width
of   pinna,   length   of   petiole,   etc.,   which   show   very   similar   variation   patterns.

Considering   the   means   of   all   the   characters,   the   populations   differ   significantly.   Also
the   variance   of   the   characters   mostly   shows   a   significant   difference   (Table   1).   But   as   it
can   be   observed   in   the   examples   of   Fig.   3   the   histograms   overlap   strikingly   and   it   is   not
possible   to   attribute   all   the   individuals   to   a   definite   population.

Table   1   :   Comparison   of   means   and   variances   of   all   populations.

47.56   0.001
34.27   0.001
14.04   0.001

0.001   4.34   0.001
0.001

asal   pinna   9.31   0.001
irgest   pinna   22.67   0.001
argest   pinna   14.43   0.001
argest   pinnule   17.87   0.001
af   :   I.   of   petiole   4.74   0.001
eaf   :   1.   of   basal   pinna                                  3.17   0.01
rgest   pinna   :   w.   of   largest   pinna                 12.38   0.001

ot  sign.  ^
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1.   of   leaf   :   petiole   0.83   0.88   0.88   0.85   0.64   0.76   0.88   0.83   0.875
1.   of   pinnule   :   w.   0.80   0.86   0.90   0.78   0.77   0.85   0.76   0.88   0.861
1.   of   leaf   :   w.   0.74   0.88   0.91   0.87   0.77   0.89   0.86   0.83   0.832
1.   of   leaf   :   1.   of   basal   pinna   0.59   0.71   0.83   0.67   0.57   0.58   0.63   0.77   0.658

Samples   50   51   51   51   51   18   50   51   373

1.  :  length  ;  w.  :  width.



Table  3  :  Correlation  matrix  (all  the  populations  together).

0.658   0.659   0.777
0.856   0.698   0.977   0.760
0.665   0.572   0.86/,   0.754   0.852
0.647   0.551   0.857   0.738   0.850   0.984
0.588   0.499   0.781   0.671   0.767   0.848   0.861

-"•"II   -0.012   -0.095   -0.061   -0.077   -0.065   -0.074   -0.071
"•15"   0.177   0.161   0.139   0.169   0.134   0.129         0.088   0.227
0.448   0.334   0.472   0.387   0.463   0.384   0.388        0.370   -0.022
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All   the   metric   characters   are   strongly   correlated   (Table   2,   3,   correlation   matnx)   As
mples   the   two   scatter   diagrams   Fig.   4   and   5   illustrate   this   markedly   for   all   the   others.

It   was   possible   to   distinguish   four   non-metric   charart.rs.   thru   impiency   aisxrmu-
tion   can   be   seen   in   Fig.   6.   There   is   no   considerable   correlation   between   these   characters
and   the   metric   characters   with   the   exception   of   density   of   scale   pigmentation   (Fig.   6   (3),

Table   3).
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Principal   component   analysis

It   could   be   seen   that   when   using   principal   component   analysis   the   first   two   principal
components   account   for   71   %   of   the   total   variability.   The   first   principal   component
is   made   up   mainly   of   8   metric   and   1   non-metric   character   (scale   pigmentation)   and   it
explains   60   %   of   the   total   variability   (Table   4).

The   second   principal   component   stands   for   2   non-metric   characters,   which   are   neither
correlated   inter   se   nor   with   the   other   characters   (Table   3).

The   compactness   of   the   principal   components   is   remarkable,   so   factor   rotation   was
unnecessary   (Table   4).

Table   4   :   Values   of   the   factor   loadings.

0.960   0.0  2
0.956   0.0
0.920   0.0
0.914   0.0

0'.845   o!o
0.844   0.0
0.771   0.0
0.520   0.0
0.0   0.784
0.0   0.749

60   %   11   %

w.  :  width.

The   resulting   dendrogram   (based   on   all   the   data)   does   not   sho
ces   to   a   randomly   produced   dendrogram   and   can   not   be   used   as

inability   within   populations

A.   filix-femina   shows   considerable   polymorphism   within   populations.   The   genetic
ombination   is   to   some   extent   controlled   by   an   antheridiogen-system   which   promotes
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the   formation   of   unisexual   (male)   prothalli   (Schneller,   1979).   The   genetic   load   and
perhaps   some   kind   of   incompatibility   also   play   a   role   in   maintaining   heterozygosity.
Breeding   experiments   by   Schneller   (1979)   have   confirmed   that   a   high   degree   of   hete-

rozygosity  in   individuals   is   found.   The   F   1   progeny   —   resulting   mainly   from   intra-   and
intergametophytic   selfing   —   shows   a   very   variable   fitness.   It   is   expected   that   in   nature
a   wide   range   of   recombinants   is   permanently   formed   and   is   exposed   to   selection   ;   it   is
therefore   likely   that   this   polymorphism   is   connected   with   the   breeding   system.   However,
natural   selection   in   ferns   acts   very   differently   on   the   two   independent   generations.   The
gametophyte   is   adapted   to   more   ruderal   conditions,   to   disturbed   places   of   microeco-
logical   character   (r-plant   in   the   sense   of   Grime,   1979   .   The   sporophyte   at   least   of   A.
filix-femina   shows,   on   the   other   hand,   rather   the   character   of   a   stress-tolerant   compe-

titor  (C-S   plant   ;   Grime,   1979).

In   this   investigation   only   the   sporophytic   generation   lias   fieen   studied.   Stress-tole-
rant  competitors   are   expected   to   show   a   mosaic   of   different   genotypes.   Where   environ-

mental  conditions   are   constantly   fluctuating   and   where   habitats   are   differentiated   into
numerous   microhabitats   polymorphic   pattern   may   reflect   adaptation   to   local   environ-

mental  conditions.     Sporophyte   populations   of   A.   filix-femina   conform   to   that   scheme.

Differences   between   populations

The   investigated   populations   were   growing   at   environmentally   rather   different   sites
expressed   as   differences   in   altitude,   exposition,   humidity,   temperature,   etc.   Considering
the   observed   intra-population   variability   the   inter-population   variability   is   small,   but
in   most   cases   statistically   significant   (see   Table   1).   The   overall   pattern   of   variability
of   size   characters   may   largely   be   due   to   phenotypic   plasticity.   There   is   no   question   that
leaf   size   is   influenced   by   environmental   conditions   but   the   relative   size,   the   shape,   of   the
leaf   is   determined   by   genetic   factors   and   remains   very   constant.   The   degree   of   pheno-

typic  plasticity   is   also   heritable   and   also   reflects   to   some   extent   a   genetical   polymorphism.
This   is   supported   by   experiments   reported   by   Schneller   (1979).

The   F-l   progeny   of   plants   collected   from   different   natural   populations   shows   a   great
variance   of   leaf   size   ;   some   dwarf   forms   have   leaves   which   have   not   exceeded   20   cm   length
after   six   years   in   cultivation.   Leaf   size   is   controlled   hv   more   than   a   single   pair   of
alleles.

There   is   evidence   of   genecotypic   differentiation.   In   the   spring   1978   six   plants   which
were   collected   in   Sicily   were   cultivated   in   the   garden   of   the   institute   of   the   University   of
Zurich.   In   October   1979,   1980,   1981,   all   the   six   plants   were   still   green   whereas   the   Swiss
plants   —   cultivated   under   the   same   conditions   -   had   dead   leaves.   In   1981   offspring
of   a   Sardinian   plant   started   growing   in   February   in   the   greenhouse   while   the   Swiss   plants
were   still   in   a   dormant   state.   It   seems   that   genecotypic   differentiation   is   (mainly)   mani-

fested  in   physiological   adaptation   to   the   environment.
Looking   at   the   morphological   characters   as   a   whole   it   may   seem   that   the   significant

differences   in   metric   characters   between   populations   are   based   on   both   genetic   differen-
tiation  and   phenotypic   plasticity.   But   one   has   to   hear   in   mind   also   that   our   samples

were   taken   from   a   restricted   area   compared   to   the   whole   distribution   of   the   species.



Gene   flow   within   and   between   populations

Ehrlich   &   Raven   (1969)   have   stressed   that   gene   flow   in   flowering   plants   is   much
more   restricted   in   distance   than   previously   thought.   The   dispersal   of   fern   spores   like
that   of   many   diaspores   in   higher   plants   is   leptokurtic   (Schneller,   1975   ;   Rayhor   &
al,   1976;   Conant,   1978).   It   seems   from   measurements   made   by   Schneller   (1975)
that   the   distance   for   gene   exchange   in   A.   filix-femina   in   one   generation   is   relatively   small
and   should   be   measured   in   meters   rather   than   in   kilometers.   Considering   this,   the   overall

polymorphism   might   be   regarded   as   a   consequence   of   adaptation   to   microniches   as   pre-
viously  discussed.   However,   the   question   of   the   importance   of   long-distance   dispersal

as   well   as   the   importance   of   statistical   outlyers   remains   unanswered.      In   ferns   successful

i„"the   studies   on   recolonization   of   Krakatau   (Ernst,   1934)   and   Surtsey   (Fridrikson,

1975).   On   both   of   these   volcanoes   ferns   were   amongst   the   first   colonizers   after   the   catas-
trophe.  Dealing   with   the   problem   of   long   distance   dispersal   we   have   to   consider   also

the   immense   amount,   of   spores   that   ferns   can   produce.   A   population   of   1,000   adult   ferns
of   the   size   of   Athyrium   filix-femina   produces   in   one   season   about   5   X   1011   spores   (approxi-

mative  calculation   after   Schneller,   1975).   Even   if   99.999   %   of   all   these   spores   fall
within   close   vicinity   of   the   population,   a   considerable   amount   will   still   be   available   for   long
distance   dispersal,   which   may   be   important   for   pioneer   colonisation,   and/or   for   gene   trans-

port  between   diH'ereni   populations.     Thus,   the   large   overall   —   and   within   group   —   varia-

Comparison   with   Athyrium   filix-femina   s.l.   of   North   America

Liew   (1972)   has   studied   the   variability   of   North   American   lady   ferns   using   nume-
rical  techniques.   In   contrast   to   Europe,   four   morphologically   distinct   taxa   can   be   dis-

tinguished.
The   "   W-type   "   (.4.   filix-femina   subsp.   cyclosorum   (Rupr.)   C.   Chr.)   seems   to   be   nearest

to   the   European   species.   In   Europe   there   is   evidence   for   genecotypic   differentiation
within   the   species   (mainly   in   adaptation   to   environmental   climate)   but   the   species   cannot
be   separated   into   morphologically   discontinuous   subspecies.   There   seems   to   exist   an
overall   polymorphism   which   may   overlap   the   essential   physiological   adaptations.

This   striking   difference   in   the   differentiation   of   A.   filix-femina   (in   the   wide   sense)
in   Europe   and   North   America   may   be   due   to   the   very   different   history   of   the   flora   during
the   glacial   period.

The   non-metric   characters

Two   characters,   the   rachis   colour   and   the   hairiness   are   neither   correlated   inter   se

nor   correlated   with   other   characters.   Andersson-Kotto   (1931)   suggested   that   the
occurrence   of   anthocyanine   (red   rachis)   is   controlled   by   one   dominant   allele.   Crossing
experiments   by   Schneller   (unpubl.)   have   led   the   to   same   conclusion.   The   frequency
of   the   red   phenotype   in   the   observed   populations   is   between   5.8   and   27.8   %   the   mean
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frequency   of   all   the   samples   is   17.7   %.   Supposing   a   normal   diallelic   inheritance,   nearly
17   %   of   the   total   plants   then   were   heterozygous   for   the   two   alleles.   This   is   in   good   agree-

ment  with   the   results   one   expects   when   looking   at   the   breeding   system.
The   offspring   of   a   pruinose   plant   (hairs   in   the   whole   leaf)   from   Horgen   (No.   A-2)   did

show   segregation   to   "normal   type   "   (hairs   on   adaxial   side   of   leaf   blade   only)   and   "   prui-
nose  ".   Crossings   with   the   normal   type   segregate   in   experiments   of   Scunkller   (unpubl.)

about   1   :   1.   The   frequency   of   "   pruinose   *'   which   also   seems   to   he   controlled   by   a   dominant
allele   is   very   low   (2.1   %   in   the   mean).   The   phenotype   "   pruinose   "   was   found   to   occur
in   nearly   all   the   observed   populations.   Both   the   frequency   of   "red   rachis"'   and   the
frequency   of   "   pruinose   "   do   not   differ   much   in   the   dilferent   populations.   "   Red   rachis   "
was   found   in   about   the   same   frequency   (20   %)   in   a   population   in   Norway,   ca.   1500   km
away   from   the   populations   considered   here.

One   could   argue   that   both   characters   have   no   selective   value   and   are   the   phe-
notypic   expression   of   neutral   genes   (Kimira,   1979),   hut   in   this   case   one   would   expect   a
greater   variance   in   the   frequency   distribution   unless   effective   population   sizes   are   large
and   differences   between   populations   due   to   genetic   random   drift   are   strongly   reduced
by   gene   flow   between   populations.

Pattern   and   density   of   scale   pigmentation   are   weakly   correlated   with   the   metric
characters   ;   this   cannot   yet   be   explained.   It   may   be   in   some   way   connected   with   pheno-
typic   plasticity   and  /or   depend   on   physiological   conditions.

Andersson-Kotto,   I.,   1931.   —   The   genetics   of   ferns.   Bibliogr.   Genet.   8   :   269-293.

Conant,   D.   S.,   1978.   —   A   radioisotope   technique   to   measure   spore   dispersal   of   the   tree   fern   Cya-
thea   arborea   Sm.   Pollen   et   Spores   20   :   583-593.

Dixon,   W.   J.   &   Brown,   M.   B.,   (eds.),   1977.   —   BMDP-77   Biomedical   Computer   Programs   P-
series.   University   of   California   Press,   Berkeley,   Los   Angeles,   London.

Ehrlich,   P.   R.   &   Raven,   P.   LL,   1969.   —   Differentiation   of   populations.   Science   165   :   1228-1232.

Ernst,   A.,   1934.   —   Das   biologische   Krakatauproblem.   Vierteljahresschr.   Naturf.   Ges.   Zurich   79,
Beiblatt   22.

Fridrikson,   S.,   1975.   —   Surtsey   —   Evolution   of   life   on   a   Volcanic   Island.   Butterworts,   London.

Grime,   J.   P.,   1979.   —   Plant   Strategies   and   Vegetation   Processes.   John   Wiley   &   Sons,   Chichester,
New   York,   Brisbane,   Toronto.

Jalas,   J.   &   Suominen,   J.,   1972.   —   Atlas   florse   Europaex.   1.   Pteridophyta.   Suomalaisen   Kirjalli-
suuden   Kirjapamo   Oy,   Helsinki.

Kimura,   M.,   1979.   —   The   neutral   theory   of   molecular   evolution.   Scientific   American   241   (5)   :   94-
104.

Liew,   F.   S.,   1972.   —   Numerical   taxonomic   studies   on   North   American   lady   ferns   and   their   allies.
Taiwania   17   :   190-221.

Luerssen,   C,   1889.   —   Die   Farnpflanzen,   in   Babenhorsts   Kryptogamen-  Flora   von   Deutschland,
Osterreich   und   der   Schweiz,   Bd.   3,   Leipzig.

Moore,   T.;   1860.   —   The   Nature   Printed   British   Ferns,   Vol.   2,   Bradbury   &   Evans,   London.



-   228   -

[or,   G.   S.,   Ogden,   E.   C.   &   Hayes,   J.   V.,   1976.   —   Dispersion   of   fern   spores   into   and
forest.   Rhodora   78   :   473-487.

EterisVilixJma^   I   mI-.m,,   I,,,,,.,   n.   Hrr.   Schweiz.   hot.   C

110-159.
eller,   J.   J.,   1979.   —   Biosystematic   investigations   on   the   lady   fern   (Athyrium   filix-

Plant   Syst.   Evol.   132   :   255-277.



Schneller, Johann Jakob and Schmid, Bernhard Walter. 1982. "Investigations
on the intraspecific variability in Athyrium filix-femina (L.) Roth." Bulletin du
Muse
́
um National d'Histoire Naturelle Section B,Adansonia, botanique, phytochimie 
4(3), 215–228. 

View This Item Online: https://www.biodiversitylibrary.org/item/49423
Permalink: https://www.biodiversitylibrary.org/partpdf/276265

Holding Institution 
Missouri Botanical Garden, Peter H. Raven Library

Sponsored by 
Missouri Botanical Garden

Copyright & Reuse 
Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Muséum national d'Histoire naturelle
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 18 May 2022 at 12:56 UTC

https://www.biodiversitylibrary.org/item/49423
https://www.biodiversitylibrary.org/partpdf/276265
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

