A Plant Ecology 148: 195-205, 2000.
'ii‘ © 2000Kluwer Academic Publishers. Printed in the Netherlands. 195

Pteridophyte richness in the NE Iberian Peninsula: biogeographic
patterns

Juli G. Pausds& Lloreng SaeZ

1Centro de Estudios Ambientales del Meditameo (CEAM), C. Darwin 14, Parc Tecrmgjic, 46980 Paterna,
Valgncia, Spain (e-mail: juli@ceam.eDepartament de Biologia Vegetal, Universitat de Barcelona, Av. Diag-
onal 645, 08028 Barcelona (current address: Unitat dea®ta, Facultat de Gihcies, Universitat Aotioma de
Barcelona, 08193 Bellaterra, Spain)

Received 11 December 1998; accepted in revised form 21 December 1999

Key words:Biodiversity, Conservation, Ferns, Monolete ferns, Species richness, Trilete ferns

Abstract

The richness and coexistence of pteridophyte species were studied at the mesoscale level in the NE Iberian Penin-
sula (Catalonia and Andorra) using a grid system with<x100 km cell-size. The number of pteridophytes, the
number of monolete and trilete ferns (two spore patterns), and the number of polyploid and diploid ferns were
studied in 371 of such units. The results suggest: (a) a significant relationship of pteridophyte species richness with
higher-taxon richness (genera, family, order, class); (b) a significant relationship between pteridophyte richness and
maximum altitude (positively related), bedrock type (higher richness in siliceous types), and distance to the coast
(interacting with altitude); (c) a significant positive relationship of monolete/trilete ratio with altitude (in the study
area) and with latitude (at the European scale); (d) a significantly higher polyploid/diploid ratio for monolete ferns
than for trilete ferns, and a significant relation of this ratio with altitude. We conclude that at the scale studied, the
distribution of pteridophyte richness is mainly related to terrain and climate parameters and that the monolete/trilete
pattern may be explained by the higher polyploidy rate and better migration capacity in monolete species.

AbbreviationsMTR — monolete:trilete ratio; PDR — polyploid:diploid ratio

Introduction strong dependence on high moisture for sexual re-
production because they have flagellate gametes and

The distribution of the world’s biodiversity is poorly  external sexual fertilisation. Furthermore, there are
known. To reach a conservation objective (e.g., Con- no known pteridophytes where dispersion is aided by
vention on Biological Diversity, UNEP 1992) more animals. Given the high dispersability of spores, it
knowledge of the species richness and distribution could be hypothesised that the occurrence of ferns at
patterns of the different taxonomic groups is needed. a given locality is mainly limited by the suitability

Pteridophytes represent a very important plant of sites for germination and gametophyte establish-
group in biogeography and conservation ecology be- ment (Werth & Cousens 1990); however, life-history
cause they are an ancient group of species with a and population parameters (e.g., fecundity, antherid-
large number of relict and endemic taxa. They pro- iogen response, mating system) are also important
vide us with a lot of information on the evolution of (Masuyama & Watano 1990; Peck et al. 1990; Chiou
plants and their components, and on evolutionary as- & Farrar 1997) indicating that most diploid species
pects of biogeography (R. Tryon 1986). They are also reproduce by outcrossing between gametophytes de-
quite fragile and vulnerable to disturbances and cli- rived from different spores. The distribution of the
mate changes due to their microclimatic dependence. pteridophyte species is based on its relationship with
Note, for example, that pteridophyte species have a
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the environment and evolutionary history, without the
influence of animal vectors for dispersal or pollination.
Basic fine-scale data on the distribution of species
are lacking and expensive to acquire. Furthermore,
knowledge of organisms at the species level requires €
high level of experience. For these reasons, alternative
cost-effective sampling methods based on surrogate
measures of species diversity have been suggestec
For example, it has been hypothesised that higher- 3
taxon richness (e.g., families) may reflect the richness ;
of lower poorly studied taxa (e.g., species; Williams :

& Gaston 1994; but see also Prendergast Evershan L‘ Gl <&
1997). If this hypothesis were true, the knowledge of gg O
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higher-taxon richness would provide a first approxi-
mation to the distribution of biodiversity and a guide
for conservationists and environmental managers. In Figure 1. Location map of the study area and the grid system of
the present study we have tested this hypothesis for UTM 10 x 10 km units.
the pteridophytes species in the NE Iberian Peninsula.
On the other hand, several studies (Game & Peterken
1984; Ruokolainen et al. 1997) have shown that accu-
rate knowledge of a specific taxon (e.g., pteridophytes)
may provide a good indicator of the richness of the
regional species pool (e.g., other plant groups).
Species richness is caused by a variety of eco-
logical and evolutionary processes, historical events
and geographical circumstances (Ricklefs 1987). This
study concerns the richness and coexistence of pterl'implications in understanding the evolutionary history
dophyte species on the mesoscale (Ricklefs & Schluter of ferns in the study area.
1993), that s, at the scale where local processes (e.g., The specific questions addressed in this study are:
resource avai_lability and competition)_are Iess_impor- How many species of pteridophytes are in the study
tant than regional Processes g, cllmat_e, dlspersal,area? Is there any relationship between the diversity of
landscape hete_rogenelty, and geographical CIFCUM- the different taxonomic levels? Is there a geographical
stances). For this approach we use a<100 km grid pattern to the pteridophyte species richness? If so, can
systemin an area of about 33000%m : this spatial variation be explained by terrain parame-
Species richness patterns along environmental 9 erg (at 10 km resolution)? Is there any pattern of MTR
at regional and continental scales?
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tudes. We tested the validity of this pattern in our
study area and at the European scale, and whether dif-
ferential polyploidy rate (measured as the number of
polyploid/number of diploid species; PDR) between
monolete and trilete species may explain this pattern.
The MTR may not have any direct applicability for
conservationists (as opposed to the higher-taxon rich-
ness relationship described above), but it does have

dients have been extensively studied (e.g., Currie

1991; Pausas 1994; Austin et al. 1996). Although we

do not have direct environmental variables, we use the

available terrain parameters (indirect environmental Methods

variables; e.g., altitude, distance to coast and bedrock

type) to test whether pteridophyte species richness is The study area

related to the environment, and to study the spatial

distribution of pteridophyte diversity. The area studied includes Catalonia (ca. 31 908)km
A morphological parameter used in the systemat- and Andorra (464 ki), the north-east of the Iberian

ics of ferns is the spore type: spores may be trilete peninsula (Figure 1); the altitude ranges from sea level

(tetrahedral) or monolete (bilateral); this character has to 3143 m (top of Pica d’Estats). It is situated between

not been related to the phylogeny of ferns. However, ca. 15 E and 320 E longitude and 4®0 N and

Ito (1972, 1978) found that the number of monolete 42°40' N latitude. In the northern part of the area (the

fernsincreases in relation to the number of trilete ferns pyrenees) the climate is mainly a temperate middle-

(monolete:trilete ratio, MTR) from lower latitudes to European type with a cold climate in the higher parts

high latitudes, and from low altitudes to high alti- of the mountains. In the remaining area the climate
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is typically Mediterranean, with a maritime tendency subdivided into two groups following their spore mor-
towards the coast (at the east) and a continental andphology: species with monolete spores and species
sub-arid tendency inland (towards the west). This tran- with trilete spores. Heterosporic ferrddrsileaceag
sition between temperate and Mediterranean climateswere not considered in this subdivision (Ito 1972). For
(Terradas 1991) makes the area very interesting from the UTM units where homosporus ferns were present,

the biogeographical and biodiversity point of view. the monoletel/trilete ratio (MTR) was also studied.
MTR values from different European areas were also
Terrain parameters calculated from available information. On the basis

_ _ _ o _ of bibliographic references (Castroviejo et al. 1986;
The basic spatial unit of sampling is the Universal Tytin etal. 1993), each fern was considered to be poly-
Transverse Mercator (UTM) 1R 10 km grid system.  ploid, diploid or unknown, and for each UTM cell the

The area studied is Composed of 371 of such units ratio of po|yp|0|d/ d|p|0|d taxa (PDR) was Computed,
included in the zone 31T (Squal’es DH, CH, BH, EG, for both monolete and trilete species_

DG, CG, BG, DF, CF, CE and BE). The UTM system

was used for its compatibility with several chorologic  statistical analyses

atlases that include our study area (Jalas & Suominen

1972; Salvo et al. 1984; Bolos 1985). Relations between species richness and higher taxo-
Available variables for each UTM unitwere (Bolds nomic levels, and between species richness and terrain

1985): (a) dominant bedrock type: siliceous (e.g., parameters were studied by analysis of deviance. Be-

schist, granite, etc.), calcareous (e.g., limestone, cause dependent variables were discrete data (counts),

marls, etc.), calcareous bedrock with marked de- the Poisson distribution of errors was assumed and

carbonation processes or where both siliceous anda logarithmic link function was used (McCullagh &

calcareous bedrock were frequent, or UTM units Nelder 1989). For the relation between richness and

where saline soils are frequent; (b) maximum altitude: terrain parameters, a forward stepwise procedure was

<500 m, 500-1000 m, 1000-1600 m, 1600-2300m or employed to enter the variables in the model, and

>2300 m; and (c) distance from the coast measured asonly variables explaining a significan?( < 0.02)

the number of UTM squares from the Mediterranean amount of deviance were included in the statistical

Sea. model. Interaction terms were also tested. The change
in deviance was tested by the F-ratio test. A similar
The pteridophyte data approach has been used elsewhere (Margules et al.

1987; Pausas 1994; Pausas & Carreras 1995; Austin
The number of pteridophytes in each UTM unit was et al. 1996). The terrain parameters tested were: dom-
obtained by an extensive literature search, visits t0 jnant bedrock type, maximum altitude, and distance
regional herbaria, and field observations (Séez 1997)t0 the coast. The relation of genera and fam”y rich-
Different taxonomists have different Concepts of tax- ness to Species richness was made using the |ogarithm
onomic levels, and for the present work the species transformation of the number of species plus one. The

concept is based on cytogenetic studies (mainly fol- re|ation of MTR and PDR to altitude and latitude was
lowing the criteria of Tutin et al. 1993, see Appendix). tested using analysis of variance.

To include some genetic variation, we consider species

and subspecies, and hereafter we use the term species

(and, consequently, species richness) for any taxon results

at species or subspecies level; that is, subspecies

of Asplenium trichomanes, A. obovatwend Dry- Eighty-eight species of pteridophytes included in 20

opteris affinisare also considered in the present work. families have been recorded in the study area (see Ap-

Varieties, hybrids and naturalised species were not pendix for full list). Pteridophytes occur in most (93%)

included in the analysis. of the units, with a mean number of 9 species per unit,
The pteridophytes were grouped into 10 taxonomic pyt up to 33 species were co-occurring in a single unit

orders, and these into 4 taxonomic classes (see Ap-(Table 1).

pendix):Lycopsida, Equisetopsida, Ophioglossopsida  The number of species is closely related to higher

and Filicopsida The classFilicopsida (ferns) is the  taxon richness (Figure 2). Genus richness, family

most abundant and the richest in species and wasrichness, order richness, and class richness increase
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Table 1. Characteristics of the sampled units studied=€ 371).

For each group the columns are: number of UTM units in which the
group occurs (Num. units); number of species in the group found
in the whole area, i.e. Catalonia and Andorra (Num. species); the
maximum number of species found together in a unit (Max. Num.

species); mean number of species found together in all plots (Mean
Total); and, mean number of species where the group is present

(mean presence).
Group Num. Num. Max. Mean Mean
units  species num. total presence
species
Lycopsida 68 11 6 0.30 1.62
Equisetopsida 308 7 5 1.68 2.02
Ophioglossopsida 77 5 2 0.24 1.16
Filicopsida (ferns) 323 65 26 6.86 7.88
Monolete 302 48 21 5.45 6.70
Trilete 285 14 10 141 1.84
Total 357 88 33 9.08 9.43
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Figure 2. Relationship between the number of genera (a), fami-
lies (b), orders (c) and classes (c), with the number of species in
10 x 10 km units for the pteridophytes in the NE Iberian Penin-
sula. Lines are the significanP( < 0.00001) logarithmic fit with
explained deviance of 90.4, 88.6, 80.7 and 61.2% respectively.
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Figure 3. Number of pteridophyte species (and 95% confidence in-
terval) for different maximum altitude values and bedrock types (Si:
siliceous; Ca + Si: calcareous with frequent descarbonatations; Ca:
calcareous; Na: saline soils). Elaborated from the model in Table 2
with distance to the coast set at 9 units (the median). Note that there
are no data with maximum altitude greater than 1600 m and with
calcareous or saline bedrock.

higher in UTM units dominated by siliceous bedrock
than on the ones with calcareous bedrock, and units
with both siliceous and calcareous bedrock types show
intermediate richness (Figure 3). The lowest richness
is on the units with saline soils. Bedrock type is the
variable explaining the most deviance in the model.
Species richness is lower when the maximum altitude
is <500 m and higher in the other altitude classes.
Species richness decreases with distance from the
coast (inland) for UTM units with maximum altitudes
lower than 2300 m (Figure 4). For UTM units with
maximum altitudes higher than 2300 m the opposite
pattern was found (Figure 4): there was a tendency
towards increasing species richness inland.

Fourteen filicopsida species (ferns) were trilete
and 48 were monolete (Table 1), giving an overall
MTR for the studied area of 3.43. There was a clear
and significant relationship between MTR and altitude

with the increase in species richness (Figure 2), and (Figure 5). When the variance was explained by al-
the explained variance decreases from family richnesstitude, no other variable was significant. High MTR

(90.4%) to class richness (61.2%).

The number of species was significantly related to
bedrock type, maximum altitude, and distance from
the coast, and the full model explains ca. 56% of the

values (i.e., a high number of monolete ferns in re-
lation to trilete ferns) occur in UTM units with high

maximum altitude. The overall MTR value for Europe
is 3.10 (Table 3), and for different European zones

deviance (Table 2). Pteridophyte species richness isthere was a clear positive relationship with latitude
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Table 2. Analysis of deviance for total pteridophyte species richness. Variables
included in the model are: Bedrock (dominant bedrock type), MaxAlt (range
of maximum altitude) and Dist (distance to the coast). The level of signifi-
cance refers to the change in deviance associated with the addition of the terms
(% %% P < 0.0001;* % xP < 0.001;*P < 0.05).

Model Deviance DF Change F P

in deviance
Null 2023.1 370
+ Bedrock 1069.5 367 953.6 109.1 s % %%
+ Max Alt 987.7 363 81.83 7.52 %% *x
+ Dist 951.8 362 35.84 13.63 % %
+ Max Alt x Dist 894.3 358 57.53 5.75 x*
Expl. deviance: 55.80%

(Table 3, Figure 6), i.e., areas in the south have lower

MTR values than areas in the north of Europe. The Alt. < 500 m
size of the area considered was not related to the MTR 30
value. g 251
The number of monolete ferns was higher than E 20 1 Alt. = 1600 - 2300 m

the number of trilete ferns, and the PDR was also ¢ 5T 30—
higher for monolete than for trilete ferns (Figure 7). 96{ 10 8 25\
There was a tendency towards increasing the PDR® 5 £ 20r.
with altitude. e ‘ @ 151

0 5 10 15 20 25 g ol

g

Alt. = 500 - 1000 m ® 5

Discussion 30 ol o v o
g 25+ 0 5 10 15 20 25

The area considered is very rich in pteridophyte £ 20
species. It is 17 times smaller than France, 18 times g 1577 Alt. > 2300 m
smaller than the Iberian Peninsula, and 9 times smallerg 10 f 30
than Italy, but it has more than 70% of the number & 5 = § 257
of species in these areas (Table 3). Half of the Euro- 0 6 5 1'0 1'5 2*0 2'5 g 207
pean pteridophyte flora occurs in this area. This high g 1571
diversity may be due to its privileged location and re- _ g 10r
lief: present here are Mediterranean species, Central- 30 Ae—1900-1600m = & 51

European species and some Macaronesian species. 18 251 0 (‘) 5 1'0 1'5 2‘0 2'5
the area, endemic or very rare species occur, such asg 20| -\,

-~ .
Asplenium seelosubsp.catalaunicumiendemic to = 15| Distance from the coast
the study area)A. celtibericum(occurring also in the § 10t
eastern Iberian Peninsula and in the Magré#jpdsia & 5 ; '
pulchella(present in the study area and reappearing in Ol — S
0 5 10 15 20 25 . Ca

the Alps); Pellaea calomelanoésubtropical element
with African affinities that has its only European lo-
cality in the study area; Terradas & Brugues 1973); Figure 4. Number of pteridophyte species (and 95% confidence in-
Cheilanthes maderensimd Ophioglossum azoricum {05050, 5 e e oo o coastaradiont, Dis
(relict species of Macaronesian affinities). Atthe UTM  tance from the coast is measured as the number of 10 UTM
scale (10x 10 km), the number of co-occurring pteri-  units to the Mediterranean Sea. Elaborated from the model in
dophyte species is also high (a mean of ca. 9 and up to Table 2.

33 species were found together; Table 1).

Distance from the coast
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Monolete / Trilete Ratio

Figure 5. Monoleteftrilete ratio values (and 95% confidence inter-
val) for different maximum altitude values. The statistical model is

12

10

Table 3. Number of pteridophyte species, number of monolete fern species, number of trilete
fern species and the monolete/trilete ratio (MTR) in different European areas. Data is sorted
by the MTR (descending order). See also Figure 6.

Total Num.of  Num.of Monolete Ré.

pteridophyte  monolete trilete trilete

species ferns ferns ratio
Finland 64 30 3 10.0 1
Sweden 71 35 4 8.75 1
Germany 77 43 4 8.60 1
Norway 72 36 5 7.20 1
Belgium+ Luxembourg 54 30 4 6.00 1
Britain 71 40 7 5.71 1
Catalonia+ Andorra 88 51 11 4.63 2
France 120 65 16 4.06
Europ® 175 93 30 3.10 1
Italy 119 59 16 3.68 4
Iberian Peninsula 120 66 20 3.30 5
Balearic Islands, Spain 38 21 7 3.00 6
Valencia Region, Spain 39 20 10 2.00 7
West Andalucia, Spain 54 27 15 1.80 8

I
<500

500-1000

I T T

Maximum Altitude

highly significant ¢4 259 = 51.5; P < 0.0001).

1000-1600 1600-2300

I
>2300

Monolete / Trilete Ratio

12

8Data source: 1. Tutin et al. 1993; 2. Present study; 3. Prelli & Boudrie 1992; 4. Pignatti
1982; 5. Castroviejo et al. 1986; 6. Roséadt al. 1992; 7. Herrero-Borgoii et al. 1989; 8.

Valdés et al. 1987.
boverall Europe except Macaronesian islands (Canary Islands, Madeira, Azores, etc.).

| i !

30

50 60 70 80
Latitude N

Figure 6. Monoleteftrilete ratio for different European areas (see

latitude of each area.

Table 3). Horizontal lines refer to the latitudinal range of the area
considered. Regression Iinez(: 0.92) is calculated from the mean

There is a relationship between species richness richness. Similar results were found for British ferns
and_hlg_her taxon richness, suggesting that genera Orat 100x 100 km grid squares by Williams & Gas-
family richness may be a good surrogate for species oy (1994). Pteridophytes have also been suggested
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3 Altitude and distance to the coast have also been
Monolete ferns shown as significant parameters in explaining pteri-
IS\ Trilete ferns dophyte richness (Figures 2 and 3), probably due to

their relation to climate and moisture patterns in the
study area. Moisture is a well known factor for the
2+ occurrence of most pteridophyte species. Tryon (1989)
found a unimodal pattern of pteridophyte species rich-
ness along an altitude gradient in tropical mountains,
NN but his data includes a larger altitudinal gradient (0—
4500 m) than our study. In general, UTM units with
1 - high maximum altitude and low distance to the coast
%§ S %Q have higher moisture (higher rainfall), and this is fol-
lowed by higher pteridophyte richness (Figures 2 and
3). However, at the highest altitude (in the Pyre-
\ \ nees), the influence of the Atlantic winds from the
\ west produces a wet corner in the north-west of the
area. This pattern is also followed by an increase in
. . pteridophyte richness (Figure 4). Several species of
Maximum Altitude (m) Atlantic distribution appear only in this corner (e.g.,
Figure 7. Mean number of polyploid ferns in relation to the num-  Dryopteris remota, Lastrea limbosperma, Phegopteris

ber of diploid ferns (and 95% confidence interval) for the monolete oh ;
and trilete species and for the different maximum altitude values. connectllls. All this suggests a strong dependence of

ANOVA: Monolete ferns: F4 231 = 656, P < 0.0001; Trilete  Pteridophyterichness on climate.
ferns: F4230 = 3.54; P < 0.01; All togetherfy 273 = 9.43, The monolete-trilete ratios (MTR) have been

P < 0.0001. Note that the sample size Yalue) is different for shown to increase significantly with altitude and with
Ee'lrcl\q Sgizpw(itzr??hiﬁri?%iﬁzﬁfgg‘;i'& g?cause it depends on the|yiit,de (Figures 5 and 6), confirming the pattern
found at a larger scale in Asia and Oceania by Ito
(1972, 1978). This pattern also suggests that differ-
as an indicator for tree species richness in tropical ent taxonomic groups have different environmental
rainforests because of the difficulty in identifying tree niches, as has been shown for other taxonomic groups
species in these ecosystems (Ruokolainen et al. 1997)like eucalypts (Austin et al. 1996) and cacti (Mourelle
Several studies support the idea that comprehensive& Ezcurra 1996). There is no intuitive cause-effect
biodiversity protection may be attained by target- relation between the spore pattern and these climatic
ing a subset of taxa (e.g., Game & Peterken 1984; related variables (latitude and altitude), and the expla-
Ruokolainen et al. 1997). nation is more probably related to differential evolu-
There is a clear relationship between species rich- tionary history. There are more monolete than trilete
ness and terrain parameters. Bedrock type is a veryspecies in our study area (mean MER3.43) and in
important parameter in explaining the pteridophyte Europe overall (mean MTR= 3.10). Trilete species
richness, as has been found in other studies for vascu-are a phylogenetically older group of ferns occurring
lar plant species richness (e.g., Pausas 1994; Pausas &arlier in the fossil record and evolving mainly in
Carreras 1995). However, the pattern found for pteri- the tropics (A.F. Tryon 1986), while most monolete
dophyte richness (higher richness on siliceous bedrock species are probably in phylogenetically derived fam-
than on calcareous one; Figures 2 and 3) is the oppo-ilies (e.g., Aspleniaceae, Dryopteridaceae and The-
site of the pattern found in vascular species richness lypteridaceae), most of which have become adapted
in Pyrenean forests (i.e., higher richness on calcare- to colder environments.
ous than on siliceous bedrock types; Pausas 1994; There is more polyploidy (in relation to the num-
Pausas & Carreras 1995). This pattern may be dueber of diploid species) in monolete species than in
to the fact that siliceous bedrocks often produce sub- trilete species (Figure 7), and also there is some re-
strates with higher water-holding capacity and moister lationship between increasing polyploidy and altitude
environments for nurturing gametophyte growth and (Figure 7). The increase in poliploidy in relation to
fertilisation. altitude and latitude has been reported elsewhere for
different taxonomic groups (Grant 1971; Rosenzweig

Polyploid / Diploid Ratio

0 i
<100 100-1000 1000-1600 1600-2300  >2300
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1995). The number of hybrid taxa in the study area Currie, D. J. 1991. Energy and large-scale patterns of animal- and
(not considered in the present study) is also higher o plantbsr;ec';‘e; “ChEESS(-;AE\-lggz 1,\?71 27-49. ot

. . . ame, D. R. eterken, G. F. . Nature reserve selection strate-
for monOI?te species (15 monolete hyb”d vs. 1 trll_ete gies in the woodlands of central Lincolnshire, England. Biol.
hybrid; Saez 1997); for example, at least 7 hybrids  conserv. 29: 157-181.
of the genudAspleniumhave been found in the study Grant, V. 1971. Plant Speciation. Columbia University Press, New
area (Herrero et al. 1995; S&ez 1997; Séez et aI.H Y?Ifk- . H. 1987 Electrophoresis | difyi < of

. . aurler, C. H. . ectrophoresis IS moditying our concepts o
1997). Spme mqnoletg Species are very aCtI_Ve from evolution in homosporus pteridophytes. Amer. J. Bot. 74: 953—
the speciation point of view (Bouharmont 1977; Cubas  oge.
1989), and have a large number of subspecies (e.g.,Herrero, A, C. Prada, S. Pajaron & E. Pangua 1995. A Aew
see genuAspIeniumandDryopterisin the Appendix). plenium hybrllq from Spaln' mvolvmgAspIenlum forezienske
Both developmental studies of fern qametophvtes and Grand ex HéribaudAspleniaceae, PteridophytaAnales Jard.
: p g phy Bot. Madrid, 53: 246-247.

genetic studies of natural sporophyte populations (See Herrero-Borgofién, J. J., Ibars, A., Iranzo, J., Vilar, M., Pina,
review by Masuyama & Watano 1990) indicate that = A., Garcia-Verdugo, J. C. & Salvo, A. E. 1989. Ensayo bio-

most dip|0id species are not capable of successfully %if)g;aﬁsgc; de la pteridoflora valenciana. Acta Bot. Malacitana

reproducing from a single isolated spore (the result i, 'y 1972 pistribution of monolete and trilete ferns in eastern
of long-distance dispersal), either because of failure  Asia and Northern Oceania. J. Jap. Bot. 47: 321-326.

to become functionally bisexual or because of high Ito, H.1978. Distribution of two spore patterns in the ferns floras of
; ; ; ; ; the world (A preliminary survey). J. Jap. Bot. 53: 164-171.
inbreeding depresgllon.. Polyploid SpECIe.S tend to be Jalas, J. & Suominen, J., eds. 1972. Atlas Florae Europaeae. Dis-
capable of self-fertilisation (Haufler 1987; Mas_uVana tribution of Vascular Plants in Europe. 1. Pteridophyta, The
& Watano 1990) and thus are better long-distance  Committee for Mapping The Flora of Europa, Helsinki.
migrators. Polyploid species are thus better able to dis- Mafgulels, C. R., Nicholls, Ad: O.(;&t;Austm, :\/I P. _19bs|37. Diversity of |
perse between mountains and perhaps have exceeded gfaiﬁgnpttuéjcpjggz o 2'gtge_23g a multi-variable environmenta
diploids in the ability to recolonise the northern lati- \asuyama, S. & Watano, Y. 1990. Trends for inbreeding in
tudes following deglaciation. Furthermore, differential polyploid pteridophytes. Plant Species Biology 5: 13-17.
spore morphology may also provide different aerody- McCullagh, P. & Nelder, J. A. 1989. Generalized Linear Models.
namic properties (e crests and folds, sometimes 2nd ed. Chapman and Hall. London.

; prop 9. . ! Mourelle, C. & Ezcurra, E. 1996. Species richness of Argen-
with a large aerolae, are frequent in some monolete  tine cacti: A test of biogeographic hypotheses. J. Veg. Sci. 7:
genus such aAspleniumand Dryopterig that could 667-680. o _
have implications for their dispersability and distribu- Pausas, J. G. 1994. Species richness patterns in the understorey of
tion. The joint effect of the large number of monolete

PyrenearPinus sylvestrigorest. J. Veg. Sci. 5: 517-524.
. ) _ . . Pausas, J. G. & Carreras, J. 1995. The effect of bedrock type, tem-
polyploids and their better migration capacity may
explain the MTR pattern in relation to altitude and lat-
itude (Figures 5 and 6). However, further study in this

topic is needed before we can unambiguously provide

any causal relationship.
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Appendix 1.Taxonomic list of all pteridophyte (Division Pteridophyta) species and subspecies found in the study area (Catalonia and
Andorra). Hybrids and naturalised species are not included. Families of ferns (Class Filicopsida) with an ajteréstatnilies with

trilete spore pattern.

1. Cl. LYCOPSIDA

1.1. O. LYCOPSIDALES

F. Lycopodiaceae

Huperzia selagdL.) Bernh. ex Schrank & C.F.P. Mart.
Lycopodium annotinurh.

Lycopodium clavaturh.

Diphasiastrum alpinungL.) J. Holub

1.2. O. SLAGINELLALES
F. Selaginellaceae

Selaginella selaginoided..) P.B. ex Schrank & C.F.P. Mart.

Selaginella denticulatél.) Spring

1.3. O. ISOETALES

F. Isoetaceae

Isoetes lacustré.

Isoetes setaceuiram.

Isoetes velatum. Braun subspvelatum
Isoetes echinosporuBurieu

Isoetes durieuBory

2. Cl. EQUISETOPSIDA

2.1 O. QUISETALES

F. Equisetaceae

Equisetum variegaturBchleicher ex Webber & Mohr
Equisetum hyemale.

Equisetum ramossisimubesf.

Equisetum telmatei&hrh.

Equisetum arvenske.

Equisetum fluviatile..

Equisetum palustrée.

3. Cl. OPHIOGLOSSOPSIDA

3.1. O. OPHIOGLOSSALES

F. Botrychiaceae

Botrychium lunaria(L.) Swartz

Botrychium matricariifolium(Retz.) A. Braun ex Koch

F. Ophioglossaceae
Ophioglossum lusitanicurtn.
Ophioglossum azoricui@. Presl
Ophioglossum vulgaturn.

4. Cl. FILICOPSIDA
4.1. 0. GSBMUNDALES
F. Osmundaceae
Osmunda regali..

4.2. 0. BOLYPODIALES

F. Polypodiaceae
Polypodium cambricurh.
Polypodium interjectunshivas
Polypodium vulgaré..

4.3. O. PFERIDALES

F. Sinopteridaceae

Cheilanthes acrosticéBalbis) Tod.
Cheilanthes maderensiowe
Cheilanthes tinaetod.
Notholaena marantaé..) Desv.
Pellaea calomelanogSwartz) Link

F. Cryptogrammaceae
Cryptogramma crispéL.) R. Br.

F. Adiantaceae:
Adiantum capillus-venerik.

F. Hemionitidaceae:
Anogramma leptophylld_.) Link
Cosentinia vellegAiton) Tod. subspvellea

4.4. O. MARSILEALES
F. Marsileaceae
Marsilea quadrifoliaL.
Marsilea strigosawilld.
Pilularia globulifera L.

4.5. O. DENNSTAEDTIALES
F. Hypolepidaceae
Pteridium aquilinum(L.) Kunhn subspaquilinum

4.6. O. ASPIDIALES

F. Thelypteridaceae

Phegopteris connectili@Michaux) Watt
Lastrea limbosperm#All.) J. Holub & Pouzar
Thelypteris palustrisSchott

F. Aspleniaceae

Asplenium marinuri.

Asplenium petrarchagGuérin) DC. subsppetrarchae
Asplenium trichomanes. subsptrichomanes

Asplenium trichomanesubspquadrivalendD.E. Meyer emend.
Lovis

Asplenium trichomanesubspinexpectand.ovis

Asplenium trichomanesubsp hastatum(Christ.) Jessen
Asplenium csikiKummerle & Andrazovsky [A. trichomanes
subsppachyrachid_ovis & Reichst.]

Asplenium trichomanes-ramosum

Asplenium fontanur(L.) Bernh.

Asplenium foreziendee Grand ex Hribaud

Asplenium obovatur¥iv. subsp.obovatum

Asplenium obovatursubsplanceolatum(Fiori) Pinto da Silva
Asplenium onopterit.

Asplenium adiantum-nigrur. subsp.adiantum-nigrum
Asplenium septentrionalg.) Hoffm.

Asplenium celtibericurRivas-Martnez subspceltibericum
Asplenium seelosiieybold subspcatalaunicum(O. Bolos &
Vigo) P. Monts.

Asplenium ruta-murarid.. subspruta-muraria

Asplenium scolopendriutn. subsp scolopendrium
Asplenium sagittatur(DC.) A.J. Bange

Asplenium ceterach. subsp.ceterach

F. Woodsiaecae
Woodsia alpingBolton) S.F. Gray
Woodsia pulchellgBertol.) A. & D. Léve

F. Athyriaceae

Cystopteris fragiligL.) Bernh. subspfragilis

Cystopteris fragilissubsp.huteri (Hausm. ex Milde) Prada &
Salvo
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Cystopteris alpingLam.) Desv.

Cystopteris montané_am.) Desv.
Gymnocarpium dryopterif_.) Newman
Gymnocarpium robertianurtHoffm.) Newman
Athyrium filix-femina(L.) Roth

Athyrium distentifoliunTTausch ex Opiz

F. Dryopteridaceae

Dryopteris filix-mag(L.) Schott

Dryopteris affinis(Lowe) Fraser-Jenkins subsgffinis
Dryopteris affinissubspborreri (Newman) Fraser-Jenkins
Dryopteris affinissubsp cambrensig-raser-Jenkins
Dryopteris oreadegomin

Dryopteris submontana

(Fraser-Jenkins & Jermy) Fraser-Jenkins

Dryopteris remotgA. Braun ex Ddll) Druce

Dryopteris carthusiangVill.) H. P. Fuchs

Dryopteris expanséC. Presl.) Fraser-Jenkins & Jermy
Dryopteris dilatata(Hoffm.) A. Gray

Polystichum lonchitigL.) Roth

Polystichum setiferurtForsskal) Woynar

Polystichum aculeaturtL.) Roth

4.7. O. BLECHNALES
F. Blechnaceae
Blechnum spicanfL.) Roth subspspicant




