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ABSTRACT
This paper presents an analysis of pteridophyte spore rain collected at
two different heights at the Reserva Biológica e Estação Experimental
de Moji Guaçu (São Paulo state), Brazil. This is a contribution on the
methodology of collecting spores in the spore rain in Brazil dealing
with the height at which the collectors should be placed. Spore rain
was collected monthly in four localities: open cerrado, cerrado, gallery
forest and marsh and at two heights: 0.5 m and 1.5 m above the
ground. The study was carried out from April 1995 to July 1996. A
total of 40 species of pteridophyte occur in the area but spores of only
16 species were present in the spore rain from the 0.5 m collector and
19 from the 1.5 m collector. Spores of some species were present in
both collectors, but some species were specific to one collector only.
In all localities and at the two heights the highest percentage of spores
was observed in the summer-autumn months (November-April). The
two collector heights provide a list for each site which is longer than
the lists for each collector individually. From the present results we
now know that in future studies of spore rain there is the need to use
more than one collector at each site and to combine the results in order
to obtain at least a reasonably  complete  qualitative assessment of the
fern spore rain.

INTRODUCTION

The analysis of pollen rain is, in general, concerned with pollen grains and has been
used in several regions with very different objectives. In urban areas it is used mainly
because of problems relating to allergy and the number and variety of the pollen
grains may be high in sites with parks and gardens (Singh & Devi, 1991). In Brazil,
because of medical studies about allergy,  analyses of pollen rain were carried out in
different localities (Oliveira-Lima et al. 1945, 1946; Oliveira-Lima & Guimarães,
1958, Salgado-Labouriau, 1973; Barth, 1975; Melhem & Makino, 1978). Fern spore
rain was never studied in these investigations and this was the reason for the study
carried out by Simabukuro et al. (1998a). For all these analyses, the pollen and fern
spore grains were collected either in slides covered with gelatin or collectors
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containing glycerin placed at different heights according to the site in which the work
was carried out.

Ferns can be epiphytes, and tree ferns can be very tall but the majority of
pteridophytes are small with spores being produced and released close to the ground.
In the investigation by Simabukuro et al. (1998a), also at Moji Guaçu,  collectors
using glycerin were used and they were placed at 1.5 m above ground. The results
showed spores of very few pteridophyte species in the spore rain in relation to the
number of species occurring in the studied area. In a work carried out in Itirapina,
São Paulo state (southeast Brazil), together with studies on the presence of a fern
spore bank (Simabukuro et al., 1999), a very preliminary study of  spore rain was
carried out. At the time there was neither a check list of the pteridophyta species of
the area nor a morphological study of the fern spores. The aerial collectors were
placed at two different heights, 1.5 m (as in Simabukuro et al., 1998a) and at 0.5 m
above ground. This preliminary study showed that the data from these two collectors
complemented each other (Simabukuro et al., 1998b).

The objective of the present investigation was to compare the efficiency of
collectors filled with glycerin placed at 0.5 m and 1.5 m above soil level when
studying pteridophyte spore rain. The height of 1.5 m was selected as it is
recommended by Melhem & Makino (1978) whereas the height of 0.5 m was
arbitrarily chosen by us as some species are around 50 cm high. The data from this
and the earlier study in the same reserve at Moji Guaçu (Simabukuro et al., 1998a)
will assist in developing techniques for the use in future studies of spore rain in
Brazil.

M ATERIAL AND METHODS

Study area

The Reserva Biológica e Estação Experimental de Moji Guaçu (from now on called
The Reserve), is located in Moji Guaçu, State of São Paulo, Brazil (22�18’S and
47�11’W). The Reserve (total area of 470,046 ha) includes gallery forest (situated
along the Cortado and Fundão streams), marsh (very near these streams), cerrado
sensu stricto and open cerrado and is surrounded by Pinus sp. plantation (Mantovani
& Martins, 1993). According to Eiten (1972), the natural cover of about 25% of the
land area of Brazil was savannah vegetation given the name of cerrado sensu lato;
cerrado vegetation is floristically and physiognomically diverse. When the cerrado
sensu lato presents scattered trees and shrubs to give a canopy cover of less than 2%
it is called open cerrado; when presenting a canopy cover less than 50% (but higher
than the open cerrado) it is called cerrado sensu stricto (in this paper always called
cerrado). Much of the cerrado is subject to prolonged and often severe winter drought
lasting for up to four months of the year (Eiten, 1972). According to Esteves &
Felippe (1985) and Simabukuro et al. (1994), forty species of pteridophyte occur in
the Reserve (Table 1). The morphology of the spores of the 40 species of
pteridophyte of the Reserve has been studied (Esteves & Melhem 1992; Simabukuro
et al., 1998a).
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Table 1. Pteridophyta collected as sporophytes growing in The Reserve.  (From
Esteves & Felippe 1985, Simabukuro et al. 1994)

species
Asplenium serra Langsd. & Fisch.                           (Aspleniaceae) g.f.
Blechnum brasiliense Desv.                                      (Blechnaceae) g.f.
B. glandulosum Link g.f.
B. raddianum Rosenst. g.f.
B.serrulatum Rich. g.f.
Salpichlaena volubilis (Kaulf.) Hook. * g.f.
Cyathea delgadii Sternb.**                                       (Cyatheaceae) g.f.
C. phalerata Mart.** g.f.
Lindsaea lancea (L.) Bedd.                               (Dennstaedtiaceae) g.f.
L. quadrangularis Raddi g.f.
Pteridum aquilinum (L.) Kuhn var. arachnoideum (Kaulf.) Kuhn g.f.
Cyclodium meniscioides (Willd.) C.Presl
     var. meniscioides                                           (Dryopteridaceae)

g.f.

Dicranopteris flexuosa (Schrad.) Underw.          (Gleicheniaceae) g.f.
Trichomanes cristatum Kaulf.                       (Hymenophyllaceae) g.f.
T. emarginatum C.Presl g.f.
Lycopodiella cernua  (L.) Pichi-Serm.                (Lycopodiaceae) m.
Osmunda cinnamomea L.                                      (Osmundaceae) g.f.
O. regalis L. g.f.
Campyloneurum phyllitidis (L.) C.Presl.                 (Polypodiaceae) g.f.
Microgramma squamulosa (Kaulf.) de la Sota *** g.f., cer.
Pecluma ptilodon (Kuntze) M.G.Price *** g.f.
Pleopeltis angusta Humb., Bonpl. ex Willd.*** g.f., cer.
Polypodium fraxinifolium Jacq.* g.f.
Polypodium hirsutissumum Raddi *** cer., o.cerr.
P. latipes Langsd. & Fisch. g.f., cer.,

o.cerr.
P. polypodioides (L.) Watt. var. minus (Fée) Weath. *** g.f., cer.
Adiantum fructuosum Spreng.                                   (Pteridaceae) g.f.
A. serratodentatum Willd. cer.
Doryopteris concolor Langsd. & Fisch. cer.
Pityrogramma calomelanos (L.) Link g.f., m.
P. trifoliata (L.) R.M.Tryon m.
Anemia flexuosa (Sav.) Sw.                                    (Schizaeaceae) cer., o.cerr.
A. raddiana Link cer., o.cerr.
Thelypteris brevisora (H.Ross) Ponce                  (Thelypteridaceae) g.f.
T. dentata (Forssk.) E.P.St.John g.f.
T. interrupta (Willd.) Barr. g.f., m.
T. linkiana (C.Presl) R.M.Tryon g.f.
T. longifolia (Desv.) R.M.Tryon g.f.
T. rivularioides (Fée) Abbiatti g.f.
T. serrata (Cav.) Alston g.f., m.

    Notes: * climber; ** arborescent, *** epiphytic species; all the others are terrestrial.
    cer.: cerrado; o.cerr.: open cerrado; g.f.: gallery forest; m.: marsh
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Spore rain analysis
This study was carried out monthly from April 1995 to July 1996. Aerial collectors
filled with glycerin were used rather than slides covered with a layer of gelatin (Potter
& Rowley, 1960) because the collectors remained in the field for a whole month and
over such long exposures the gelatin loses its adhesion properties; also they are not
reliable when exposed to precipitation, especially during the rainy season. The
collectors (cylindrical with 9 cm diameter aperture and 2 litres capacity) containing
100 ml glycerin, covered with fine gauze to prevent entry of insects and debris, were
placed together at 0.5 m (the 0.5 m collector) and 1.5 m (the 1.5 m collector) from
the soil surface. In each case the 0.5 m collector was placed beside (1 m distance) the
1.5 m collector both facing the same direction. Preliminary tests carried out in our
laboratory showed that no or very few pollen grains (or spores) remained attached to
the gauze. The collectors were attached to the top of different poles and placed in the
middle region of four different sites in the Reserve: gallery forest  (collectors under
the canopy), cerrado (collectors under the canopy), open cerrado and marsh (in the
open, not under canopy; no trees were present in the case of the open cerrado). The
distance from the ones in the open cerrado to the other sites was about 2 km. The
collectors in the other three sites (gallery forest, marsh and cerrado) were located
about 500 m from each other. The collectors were not placed very near adult fern
plants. In the case of the gallery forest the nearest ferns were trees of Cyathea
delgadii, some of them located about 2 m from the collectors. In the case of the
cerrado and open cerrado, some plants of Polypodium latipes were circa 1-2 m from
the collectors. No visible epiphyte mature ferns were present in the trees in the
vicinity of the collectors. The collectors were removed monthly during the period of
the experiment and the amount of liquid in each collector was measured. The
temperature and rainfall of the Reserve in the period of the survey can be seen in
Simabukuro et al. (1998c). The material from each collector was concentrated and
treated by acetolysis (Erdtman, 1971). A total of 500 grains (pollen + spores) was
always counted. According to Tejero-Diez et al. (1988),  500 grains are more than
enough for the analysis of plant communities; Hansen & Wright Jr. (1987) use only
200 grains. The number of slides required to be able to reach 500 grains varied from
three to fifteen. The spores were identified using the data of Esteves & Melhem
(1992) and Simabukuro et al. (1998a) and their percentage in each sample was
calculated. All the results relating to number of spores are thus presented as
percentages and not absolute numbers. Thus a change in value for a certain species
from month to month does not necessarily mean a change in the absolute numbers of
spores of that species; it could be the result of changes in frequency of other species.
This is a limitation of this method but no other available method for quantifying the
spores would have been more useful.

RESULTS AND DISCUSSION

It was impossible to distinguish between the spores of some species of pteridophyte
in the spore rain because their characteristics are very similar. Species in this study
with indistinguishable spores include Lindsaea lancea/L. quadrangularis,
Campyloneurum phyllitidis/Pleopeltis angusta,  Thelypteris (perispore with large
folds) and Thelypteris/Asplenium (reticulate perispore). This was also true for the
study carried out in 1994 in The Reserve by Simabukuro et al. (1998a). Some spores
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were not included in the descriptions presented in Esteves & Melhem (1992) and
Simabukuro et al. (1998a) and are here referred to as types 1, 2 and 3 (type 1 is a
trilete spore, convex in equatorial view, perispore with spiculae; type 2 is a large
trilete spore with a granulate surface; type 3 is a trilete spore with concave sides and
surface presenting large tubercles, verrucate). They are from species not collected in
the study area at present (see Table 1) but may be from plants growing in the vicinity
of the Reserve.

Figure 1 presents the percentage of pteridophyte spores of all species in relation
to the total number of grains (500) in the spore rain of the collectors placed at 0.5 m
and 1.5 m above soil level for the period April 1995 to July 1996. In relation to the
1.5 m collectors, the highest percentage of spores was found in the collector located
in the marsh and the lowest in the cerrado. For the year 1994, Simabukuro et al.
(1998a), also with the use of 1.5 m collectors, showed the same result for the marsh
site but the lowest percentage of spores of pteridophyte was found in the open
cerrado. The results for the 0.5 m collectors are similar. More spores were present in
the rainy season (November to March), and especially in the Summer months
(December-February) in all sites. In the gallery forest and in the marsh, spores were
present in all months of the year (spore-releasing sporophytes of some species, for
example Cyathea delgadii, can be found during the whole year in the gallery forest).
In open cerrado and cerrado, spores were almost entirely restricted to the summer
months: this is not surprising, as in the winter (dry season) the sporophytes are not
present or in a very dry state (depending on the species: for example the sporophytes
of Polypodium latipes, a very common species in the cerrado, disappear completely).
The annual rainfall pattern was the same for all the sites studied (Simabukuro et al.,
1998c). The prolonged and often severe winter drought is due to the absence of
ground water. There is a positive correlation between the higher percentages of
spores of pteridophyte in the summer months and the peaks of precipitation as shown
by the amount of water in the collectors during the period of the experiment shown in
Figure 2. This indicates that most of the fern spores are brought out of the air by
rainwater. The higher temperatures occur also over the same period (Simabukuro et
al., 1998c). This was also found during the study conducted in the Reserve in 1994
with 1.5 m collectors (Simabukuro et al., 1998a). In a study carried out in India, the
highest concentration of spores caught in collectors occurred in the period of higher
humidity (Hanumantha et al., 1991) but a negative correlation between rain and
spores and a positive correlation with temperature and spores was found in Portugal
(Silva, 1989).

The zero values on Figure 1 represent absence of spores of pteridophytes in
these samples; grains (pollen and bryophytes spores) were present in every month of
the year. A minimum of three microscope slides had to be examined in order to count
a total of 500 grains. In general, more slides were required when spore rain from the
open cerrado and cerrado was analysed. From this it can be said that both total grains
and spores of pteridophyte were in smaller numbers over the winter months (June -
September) for the four sites in 1995 and during the whole year for cerrado and open
cerrado.
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Figure 1. Percentage of spores of pteridophyta in relation to the total number of
grains (pollen + spores) in the spore rain of The Reserve, between April 1995 and
July 1996. Collector at 1.5 m (white areas) and 0.5 m (grey areas) above soil level.

The final volume of each collector was measured monthly and the results are shown
in Figure 2. The final volume represents the effect of additions of precipitation (direct
rain or indirect from the canopy) or less by evaporation (in the dry season). The
initial volume was 100 ml. In some cases in July and August, the months with less
rain, the final volume was similar to the original volume. In general the final volume
was very similar in the collectors placed at 0.5 m and at 1.5 m above soil level in the
four sites. There were differences sometimes, but they did not follow any pattern and
we do not have any explanation to account for this. For example: in the case of the
open cerrado site: in May 1995 a total of 110 ml  was found in the collector placed  at
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Figure 2. Final volume of water in the collectors placed at 0.5 m (grey areas) and
1.5 m (white areas) above soil level in the open cerrado, cerrado, gallery forest and
marsh of The Reserve from April 1995 to July 1996 (initial volume = 100ml).

0.5 m and 305 ml at 1.5 m and in May 1996 a total of 320 ml was found in the
collector placed at 0.5 m and 150 ml at 1.5 m above soil level.

The number of species or types of spores of pteridophytes collected at the four
sites was higher in the 0.5 m collector in some months and in 1.5 m collectors in
others (Figure 3). The diversity of species/types can be seen in Table 2 (compare with
Table 1). It can be seen that during the whole period of the experiment 19
species/types were identified in the spore rain from the 1.5 m collectors and 16 when
the rain from the 0.5 m collectors was analysed. Tables 3 and 4 show all the species
collected in the spore rain. The tables show the distribution of spores over the period
of the experiment and in all four sites studied. Most species were present in the spore
rain  types of  collector  (compare with Table 1).  Some  species  of  pteridophyte that



154                                                    FERN GAZ. 16(3)147-166. 2000

Figure 3. Number of species (or types of spores) per month in the spore rain
samples collected at 0.5 m (grey areas) and 1.5 m (white areas) above soil level in the
open cerrado, cerrado, gallery forest and marsh of The Reserve, from April 1995 to
July 1996.

occur in the Reserve (Esteves & Felippe, 1985; Simabukuro et al., 1994) were
present in one type of collector only. Thus the species Blechnum glandulosum,
Lycopodiella cernua, Pityrogramma trifoliata  and species producing type 1 and type
2 were present only in spore rain from the 1.5 m collectors. The species Osmunda
regalis and Thelypteris chrisodioides were present only in the spore rain from the 0.5
m collectors. Of the forty species that were collected in The Reserve (Esteves &
Felippe, 1985; Simabukuro et al., 1994) the following species were not found in the
spore rain collected in the period studied here: Adiantum serratodentatum, Adiantum
fructuosum, Anemia flexuosa,  Anemia raddiana, Blechnum raddianum, Blechnum
serrulatum, Dicranopteris flexuosa, Doryopteris concolor, Microgramma
squamulosa, Polypodium hirsutissimum, Polypodium polypodioides var. minus,
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Pteridium aquilinum var. arachnoideum, Salpichlaena volubilis, Trichomanes
cristatum and Trichomanes emarginatum. These species produced spores during the
time of the experiment. The most likely explanation is that in relation to the
collectors, these species are outside the range of their spore dispersal i.e. the nearest
ferns of the species in question are too far away for recoverable quantities of spores
to reach the collectors.

In Table 1 it can be seen that nine species of pteridophyte occurred in the cerrado
and open cerrado. Four of these also occur in the gallery forest: Microgramma
squamulosa, Pleopeltis angusta, Polypodium latipes and Polypodium polypodioides
var. minus. Spores of only two of these species were found in the spore rain:
Polypodium latipes and Pleopeltis angusta. P. latipes was found from November to
April in high percentages in the spore rain from the open cerrado and cerrado when
the 0.5 m collector was used and in open cerrado, cerrado and gallery forest from
November to January in the 1.5 m collector; the percentage of spores was lower in
the 1.5 m than in the 0.5 m collector. P. latipes, a very frequent species in the
cerrado in The Reserve does not produce spores over the winter season in The
Reserve. This species  is usually terrestrial and very rarely grows as an epiphyte; thus
the higher percentage of spores in the 0.5 m collector is to be expected. Pleopeltis
angusta is a very frequent epiphyte both in the cerrado and the gallery forest, and
spores of the Campyloneurum/Pleopeltis type were collected in both types of
collectors (higher percentages in the 1.5 m collector in the four sites studied).
According to Table 1, Lycopodiella cernua was present only in the marsh and
Pityrogramma calomelanos on the marsh and the gallery forest. Of these two,
Pityrogramma calomelanos was found in the spore rain in the marsh in April only in
the 0.5 m collector and in September only in the 1.5 m collector. Lycopodiella
cernua was present in the spore rain only in the 1.5 m collector in the cerrado.
Cyathea delgadii, a tree fern which is very frequent in The Reserve, produced spores
throughout the year with a peak in January - March and the spores are present in the
spore rain collected every month in both types of collectors. Spores of the climbing
fern Polypodium fraxinifolium produced spores during two different periods of the
year and spores were found in the two types of collector: from July to September
(gallery forest and marsh) in the 1.5 m collector and more widely distributed from
December to April (found in the four sites studied) in the 0.5 m collector. In view of
the complications caused by spore percentages, discrepancies between the two
collectors at a site, and absence of information about ferns near the collectors, the
most significant feature of the results is the presence in a collector of spores of a
species which does not grow in the habitat type in which the collector is sited. This
means dispersal of spores over a considerable  distance (about 2 km from the open
cerrado site to the gallery forest site). Cyathea delgadii grows only in gallery forest
(Table 1) but spores of this species were present in the spore rain of the four sites
(Table 3). In the case of the open cerrado only four species grow (Table 1): Anemia
flexuosa, A. raddiana, Polypodium hirsutissimum and P. latipes, but of these, only
spores  of  P. latipes were  present  in the open cerrado collectors. However it can be
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Table 2. Pteridophyte species (or types of spores) detected in spore rain samples
collected at 0.5 m and 1.5 m above soil level in the open cerrado, cerrado, gallery forest
and marsh of The Reserve, from April 1995 to July 1996. x = present.

Species / type of spores 0.5m
open

cerrado
cerrado gallery

forest
marsh

Blechnum brasiliense Desv. x x x
Blechnum glandulosum Link
Campyloneurum / Pleopeltis x x x x
Cyathea delgadii Sternb. x x x x
Cyathea phalerata Mart. x x x
Cyclodium meniscioides  (Willd) C.Presl x
Lindsaea x x x x
Lycopodiella cernua (L.) Pichi-Serm.
Osmunda cinnamomea L. x x
Osmunda regalis L. x
Pecluma ptilodon (Kunze) M.G.Price x x
Pityrogramma calomelanos(L.) Link x
Pityrogramma trifoliata (L.) R.M.Tryon
Polypodium fraxinifolium Jacq. x x x x
Polypodium latipes Langsd. & Fisch. x x
Thelypteris chrisodioides (Fée) Morton x x
Thelypteris x x x x
Thelypteris / Asplenium x x x
type 1
type 2
type 3 x x x

Notes: Type Campyloneurum / Pleopeltis=Campyloneurum phyllitidis (L.) C.Presl /
Pleopeltis angusta Humb.,  Bonpl. ex Willd; type. Lindsaea = L. lancea (L.) Bedd. and
L. quadrangularis Raddi; type Thelypteris = perispore with large folds: Thelypteris
dentata (Forssk.) E.P.St. John, T. interrupta (Willd.) Iwats., T. longifolia (Desv.)
R.M.Tryon., T. serrata (Cav.) Alston,; Thelypteris / Asplenium = reticulate perispore:
Thelypteris dutrai (C.Chr. ex Dutra) Ponce, T. rivularioides (Fée) Abbiatti, Asplenium
serra Langsd. & Fisch.; type 1, type 2 and type 3: spores of species not found growing
at the Reserve.
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Table 2 cont. Pteridophyte species (or types of spores) detected in spore rain samples
collected at 0.5 m and 1.5 m above soil level in the open cerrado, cerrado, gallery forest
and marsh of The Reserve, from April 1995 to July 1996. x = present.

Species / type of spores 1.5m
Open

Cerrad
o

cerrado gallery
forest

marsh

Blechnum brasiliense Desv. x x x x
Blechnum glandulosum Link x
Campyloneurum / Pleopeltis x x x x
Cyathea delgadii Sternb. x x x x
Cyathea phalerata Mart. x x x
Cyclodium meniscioides  (Willd.) C.Presl x x x
Lindsaea x x
Lycopodiella cernua (L.) Pichi-Serm. x
Osmunda cinnamomea L. x
Osmunda regalis L.
Pecluma ptilodon (Kunze) M.G.Price x x
Pityrogramma calomelanos(L.) Link x
Pityrogramma trifoliata (L.) R.M.Tryon x
Polypodium fraxinifolium Jacq. x x
Polypodium latipes Langsd. & Fisch. x x x
Thelypteris chrisodioides (Fée) Morton
Thelypteris x x x x
Thelypteris / Asplenium x x x
type 1 x
type 2 X
type 3 x

Notes: Type Campyloneurum / Pleopeltis = Campyloneurum phyllitidis (L.) C.Presl /
Pleopeltis angusta Humb., Bonpl. ex Willd; type. Lindsaea = L. lancea (L.) Bedd. and
L. quadrangularis Raddi; type Thelypteris = perispore with large folds: Thelypteris
dentata (Forssk.) E.P.St. John, T. interrupta (Willd.) Iwats., T. longifolia (Desv.)
R.M.Tryon., T. serrata (Cav.) Alston,; Thelypteris / Asplenium = reticulate perispore:
Thelypteris dutrai (C.Chr. ex Dutra) Ponce,  T. rivularioides (Fée) Abbiatti, Asplenium
serra Langsd. & Fisch.; type 1, type 2 and type 3: spores of species not found growing
at the Reserve.
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Table 3. Percentage of spores of each species in relation to the total number of pteridophyte spores per
month in the spore rain in the collectors placed at 1.5 m above soil level in the open cerrado (o.c.),
cerrado (ce.), gallery forest (g.f.) and marsh (m.) of The Reserve, from April 1995 to July 1996.

Species site 1995
A M J J A S O N D

B. brasiliense o.c. 25.0
ce. 12.5
g.f. 7.7 20.5 12.5
m. 1.4

B. glandulosum o.c  28.6
Camp/Pl o.c.

ce.
g.f.  33.3 11.1 12.5 6.7 25.0 27.3
m.

C. delgadii o.c.  42.9 25.0 6.2
ce. 66.7 62.5 60.0
g.f.  66.7 61.5 77.8 25.0 80.0 80.0 54.5 62.5
m. 100.0 100.0 97.7 89.5 100.0 48.6 58.3 97.6 63.2

C. phalerata ce.
g.f. 25.0 6. 7 75.0 27.3
m. 48.6 41. 7 31.9

C. meniscioides o.c. 50.0
ce. 33.3
g.f.

Lindsaea ce. 12.5 50.0
g.f.

L. cernua ce. 100.0
O. cinnamomea m 10.5
P.  ptilodon o.c.

g.f 3.8
P. calomelanos m 1.4
P. trifoliata o.c..
P. fraxinifolium g.f. 37.5 6. 7

m. 1.4
P. latipes o.c. 28.6 68.7

ce. 50.0 40.0
g.f. 6.2

Thelypteris o.c. 100.0 12.5
ce. 12.5
g.f. 26.9 11.1 9.1 18.7
m 2.3 2.8

T./Asp o.c.
g.f.
m.

Type 1 o.c 100.0 2.3 6.2
Type 2 m. 16.1
Type 3 o.c 6.2

Notes: B. brasiliense: Blechnum brasiliense; B. glandulosum: Blechnum glandulosum; Camp/Pl:
Campyloneurum/Pleopeltis; C.. delgadii: Cyathea delgadii; C. phalerata: Cyathea phalerata;  C.. meniscioides:
Cyclodium meniscioides; Lindsaea: Lindsaea; L. cernua: L.ycopodiella cernua; O. cinnamomea: Osmunda
cinnamomea; P.  ptilodon: Pecluma ptilodon; P. calomelanos: Pityrogramma calomelanos; P. trifoliata:
Pityrogramma trifoliata; P.  fraxinifolium:  Polypodium fraxinifolium; P. latipes:  Polypodium latipes; Thelypteris:
Thelypteris; T/Asp: Thelypteris/ Asplenium.
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Table 3 cont. Percentage of spores of each species in relation to the total number
of pteridophyte spores per month in the spore rain in the collectors placed at 1.5 m
above soil level in the open cerrado (o.c.), cerrado (ce.), gallery forest (g.f.) and
marsh (m.) of The Reserve, from April 1995 to July 1996.

Species site 1996
J F M A M J J

B. brasiliense o.c. 10.5 2.0 7.7 66. 7
ce. 100.0 25.0
g.f. 4.8 11.8 38.5 16.7
m. 0.7

B. glandulosum o.c
Camp/Pl o.c. 68.4 83.7 83.7

ce. 63.6
g.f. 4.8 17.6 23.1
m. 1.6 0.5 1.0

C. delgadii o.c. 7.0 38.5 33.3
ce. 36.4 62.5
g.f. 87.2 97.2 85.7 5.9 30.8 66. 7
m. 79.0 99.0 99.0 68.3 94.8 100.0 100.0

C. phalerata ce. 2.0 19.2
g.f. 5.9
m. 26.0 3.1

C. meniscioides o.c. 7.7
ce. 50.0
g.f. 4.3 23.5

Lindsaea ce.
g.f. 7.7

L. cernua ce.
O. cinnamomea m
P.  ptilodon o.c. 2.3

g.f
P. calomelanos m
P. trifoliata o.c.. 8.2
P. fraxinifolium g.f.

m.
P. latipes o.c. 50.0

ce.
g.f.

Thelypteris o.c. 21.0 2.0 23.1 100.0

ce. 100.0 12.5
g.f. 6.4 2.8 4.8 35.3 16.7 100.0
m 16.1 0.5 0.2 2.4 1.0

T./Asp o.c. 2.3 2.0 3.8
g.f. 2.3
m. 0.8

Type 1 o.c
Type 2 m.
Type 3 o.c

Notes: see Table 3
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Table 4.  Percentage of spores of each species in relation to the total number of pteridophyte spores
per month in the spore rain in the collectors placed at 0.5 m above soil level in the open cerrado (o.c.),
cerrado (ce.), gallery forest (g.f.) and marsh (m.) of The Reserve from April 1995 to July 1996.

Species site 1995
A M J J A S O N D

B. brasiliense o.c. 7.7
ce. 8.3 6.2
g.f. 18.2 5.3 40.0 20.0 3.6 9.9

Camp/Pl o.c. 20.0 100.0
ce. 66.7 6.2
g.f. 3.8 7.7 10.5 25.0 1.0
m. 1.7

C. delgadii o.c. 16.7 33.3 7.7
ce. 66.7 33.3 100.0 100.0 31.2 50.0
g.f. 40.9 46.1 53.8 78.9 90.9 50.0 60.0 57.1 40.6
m. 94.9 96.7 100.0 100.0 80.8 64.4 80.0 43.9 72.4

C. phalerata ce. 8.3 25.0
g.f. 31.8 25.0 17.9 9.9
m. 5.1 24.4 20.0 33.3 26.0

C. meniscioides o.c.
Lindsaea o.c. 16.7 100.0

ce. 8.3
g.f. 9.1
m.

O. cinnamomea ce. 6.2
m. 11.5 11.1 4.5

O. regalis m.
P.  ptilodon ce. 8.3

g.f. 1.0
P. calomelanos m.
P. fraxinifolium o.c 33.3

ce.
g.f. 9.1
m. 0.8

P.  latipes o.c. 66.7 33.3 84.6
ce. 12.5 25.0

T. chrisodioides o.c.
g.f.

Thelypteris o.c. 20.0
ce. 100.0 37.5
g.f. 50.0 38.5 5.3 20.0 21.4 35.6
m 1.7 1.5 0.8

T/Asp o.c. 20.0
g.f. 1.0
m.

Type 3 o.c.
ce.
g.f. 1.0

Notes: B. brasiliense: Blechnum brasiliense; Camp/Pl:  Campyloneurum/Pleopeltis; C.. delgadii: Cyathea
delgadii; C. phalerata: Cyathea phalerata; C.. meniscioides: Cyclodium meniscioides; Lindsaea: Lindsaea;
O. cinnamomea: Osmunda cinnamomea; O. regalis: Osmunda regalis; P.  ptilodon: Pecluma ptilodon;
P. calomelanos: Pityrogramma calomelanos; P.  fraxinifolium:  Polypodium fraxinifolium; P. latipes:  Polypodium
latipes;    T.  chrisodioides: Thelypteris chrisodioides; Thelypteris: Thelypteris; T/Asp: Thelypteris/ Asplenium.
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Table 4 cont. Percentage of spores of each species in relation to the total number
of pteridophyte spores per month in the spore rain in the collectors placed at 0.5 m
above soil level in the open cerrado (o.c.), cerrado (ce.), gallery forest (g.f.) and
marsh (m.) of  The Reserve from April 1995 to July 1996.

Species site 1996
J F M A M J J

B. brasiliense o.c.
ce.
g.f. 10.4 7.7 5.3 33.3 13.3

Camp/Pl o.c. 20.0 3.7 100.0
ce.
g.f. 2.6 16.7 6.7
m. 31.6

C. delgadii o.c. 1.5 5.3
ce. 41.7 25.0 100.0
g.f. 23.2 6.0 56.4 63.16 25.0 66.7 100.0
m. 96.7 96.1 95.6 97.56 100.0 100.0 100.0

C. phalerata ce. 8.3
g.f. 47.8 67.2 15.4 13.3
m. 3.9

C. meniscioides o.c. 100.0
Lindsaea o.c.

ce.
g.f. 11.6 4.5 8.3
m. 0. 7

O. cinnamomea ce.
m.

O. regalis m. 3.3
P.  ptilodon ce.

g.f.
P. calomelanos m. 2.4
P. fraxinifolium o.c

ce. 8.3
g.f. 1.5 8.3
m.

P.  latipes o.c. 70.0 93.4 86.6 90.0
ce. 25.0 36.8 50.0

T.
chrisodioides

o.c. 2.6

g.f. 1.5
Thelypteris o.c. 10.0 2.6 5.0

ce. 16.7 5.3
g.f. 17.4 8.9 17.9 31.6
m 1.3

T/Asp o.c.
g.f. 8.3
m. 1.3 0.8

Type 3 o.c. 1.3 8.2
ce. 25.0
g.f.

Notes: see Table 4
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Table 5.  Pteridophyte species (or types of spores) detected both in the in spore rain
and soil spore bank (rain + bank), in spore rain only (rain only) and soil spore bank
only (bank only) samples in the open cerrado, cerrado, gallery forest and marsh of
The Reserve, from April 1995 to July 1996. The data quoted here for soil spore bank
(in this case always dead spores because of the acetolysis method used) are from
Simabukuro et al. (1998c). x = present.

open cerrado cerrado
bank rain bank bank rain bank

+
rain

only only +
rain

only only

Blechnum brasiliense x x
Blechnum glandulosum x
Campyloneurum/Pleopeltis x x
Cyathea delgadii x x
Cyathea phalerata x x
Cyclodium meniscioides x x
Lindsaea x x
Lycopodiella cernua x x
Osmunda cinnamomea x
Osmunda regalis
Pecluma ptilodon x x
Pityrogramma calomelanos
Pityrogramma trifoliata x
Polypodium fraxinifolium x x
Polypodium latipes x x
Thelypteris chrisodioides x
Thelypteris x x
Thelypteris/ Asplenium. x
Type 1 x
Type 2 x
Type 3 x x

Notes: see notes in Table 2.
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Table 5 cont.  Pteridophyte species (or types of spores) detected both in the in
spore rain and soil spore bank (rain + bank), in spore rain only (rain only) and soil
spore bank only (bank only) samples in the open cerrado, cerrado, gallery forest and
marsh of The Reserve, from April 1995 to July 1996. The data quoted here for soil
spore bank (in this case always dead spores because of the acetolysis method used)
are from Simabukuro et al. (1998c). x = present.

gallery forest marsh
bank rain Bank bank rain bank

+
rain

only Only +
rain

only only

Blechnum brasiliense x x
Blechnum glandulosum
Campyloneurum/Pleopeltis x x
Cyathea delgadii x x
Cyathea phalerata x x
Cyclodium meniscioides x
Lindsaea x x
Lycopodiella cernua x
Osmunda cinnamomea x
Osmunda regalis x
Pecluma ptilodon x x
Pityrogramma calomelanos x x
Pityrogramma trifoliata
Polypodium fraxinifolium x x
Polypodium latipes x
Thelypteris chrisodioides x
Thelypteris x x
Thelypteris/ Asplenium. x x
Type 1 x
Type 2 x
Type 3 x

Notes: see notes in Table 2.
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seen on Table 3 that in the spore rain of this site (open cerrado), spores of species
occurring  in the other  sites  (compare with Table 1) were collected. There are
several cases more where species only occur in spore rain in other habitats and are
not recorded from the habitat to which their growth is restricted, e.g. Blechnum
glandulosum, Lycopodiella cernua and Pityrogramma trifoliata. Perhaps this could
be explained by the restricted range of spore dispersal within their native habitat.

The species Dicranopteris flexuosa and Salpichlaena volubilis found in the spore
rain of the Reserve in a survey carried out in 1994 with a 1.5 m collector
(Simabukuro et al., 1998a) were not found in the collectors of the two heights used
in the present work. Thus these two species probably do not produce spores every
year in the Reserve. The same can be said for the species Cyclodium meniscioides
var. meniscioides, Pityrogramma calomelanos, Pityrogramma trifoliata, Thelypteris
chrisodioides and species producing spores type 1, type 2 and type 3 which are
represented in the period April 1995 to July 1996 and were not present in 1994. The
1.5 m collectors used by Simabukuro et al. (1998a) in the survey carried out in The
Reserve in 1994 were placed in the same positions in the same sites as in the present
survey. According to Chen & Chien (1986) both the quality and the quantity of
grains in the air change from year to year in the same area because of the weather
conditions and the phenological behaviour of the plants.

From the above investigations it is not possible to conclude that a collector
placed at 0.5 m was more efficient at collecting spores for the study of spore rain
than one placed at 1.5 m above soil level. The two collector heights provide a list for
each site which is longer than the lists for each collector individually. This does not
mean that the list of species is complete, as other spores might be not recorded in the
spore rain of these two collectors. This confirms the preliminary results obtained in
Itirapina for a much shorter period (Simabukuro et al., 1998b). The present results
do not unquestionably establish that two collectors are sufficient or that 0.5 m and
1.5 m are the best heights. One conclusion is that for future studies there is the need
to use more than one collector (and at different heights) at each site and to combine
the results in order to obtain at least a reasonably  complete  qualitative assessment
of the fern spore rain. It is of interest to compare the spore flora trapped in the
collectors in the present study with the species represented in the spore bank, as the
soil acts in effect as a long-term spore trap for spore rain. A comparison of the
species present in the spore rain in this work compared with the data for spores
present in the spore bank at the same sites over the same period of time is presented
in Table 5. The spore bank data are from Simabukuro et al. (1988c) in which the
spores were treated with the acetolysis method. It can be seen that of all the species
present in the spore rain only about half of them were present in the spore bank. In
open cerrado 15 species were present in the spore rain and only seven were present
in the bank; in cerrado, of the 13 species present in the rain only five were present in
the bank; in gallery forest of 14 species in the rain only seven were in the bank and
in marsh, of the 12 species present in the rain only five were also present in the
bank.  Few  species  appeared  only  in  the  spore  bank:  Cyathea   phalerata
(open cerrado  site),  Lycopodiella  cernua  (open  cerrado  and  gallery  forest
sites), Pecluma ptilodon  (marsh  site),   spores   type   1   (marsh  site)   and    type  
2  (open   cerrado    site).     With    these   few   exceptions,   all   the   other   species
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present  in  the soil  bank were detected  in  the  spore  rain. It  is  difficult  to  think
of a plausible biological explanation to cover all  these cases. Rapid degradation
might explain the absence of some species in the spore bank. Some species have
short-lived spores and these will not be present in the bank. Cyathea delgadii is one
of only two species that are in the rain and the bank at all four sites, and that is
perhaps the species most consistently found, often at a high percentage, in the rain at
different times, heights and sites. This species presents long-lived spores, it has been
shown that the spores are still viable after been buried in cerrado soil for ten months
(Guimarães & Felippe, 1999).  It is of interest that also in the case of the soil spore
bank, there are some species present in the soil bank of a certain site that were not
recorded as growing in the same site (Table 1).

ACKNOWLEDGEMENTS

Thanks are due to Dr. Peter E. Gibbs (St. Andrew’s University) for correcting the
English manuscript, to the referees for very useful suggestions  and the CNPq for
E.A. Simabukuro’s and G.M. Felippe’s grants and financial help.

REFERENCES

BARTH, O.M.1975. Principais tipos de esporos de pteridófitas encontrados em
sedimentos do ar do Rio de Janeiro. Leandra 6:55-59.

CHEN, S. & CHIEN, M.1986. Two-year investigation of the airborne pollen at
Nankang, Taipei (Taiwan). Taiwania 31:33-40.

EITEN, G. 1972. The cerrado vegetation of Brazil. Bot. Rev. Lancaster 38: 201-341.
ERDTMAN, G.1971. Handbook of palinology (morphology-taxonomy-ecology). An

introduction to the study of pollen grains and spores. Munksgaard, Copenhagen.
ESTEVES, L.M. & FELIPPE, G.M.1985. Fotossensibilidade de esporos de

pteridófitas dos cerrados. Revista Brasil. Bot. 8:219-222.
ESTEVES, L.M. & MELHEM, T.S. 1992. Morfologia de esporos de pteridófitas do

cerrado da Reserva Biológica de Moji Guaçu (SP). Revista Brasil. Bot. 15:73-83.
GUIMARÃES, T.B. & FELIPPE, G.M. 1999. The survival and establishment

potential of spores of Cyathea delgadii Sternb. in soils from Itirapina and Moji
Guaçu (SP), Brazil. Revista Brasil. Bot. 22:385-390.

HANSEN, M.V. & WRIGHT JR., H.E. 1987. The modern pollen rain of North
Dakota, USA. Pollen & Spores 29:167-184.

HANUMANTHA, B.T., KANNAN, N., DAIVSIKAMANI, S. &
GOVINDARAJAN, T.S. 1991. Air-spores of a coffee plantation in Chikamagalur
region of Karnataka. J. Coffee Res. 21:20-31.

MANTOVANI, W. & MARTINS, F.R. 1993. Florística do cerrado na Reserva
Biológica de Moji Guaçu, SP. Acta Bot. brasil. 7:33-60.

MELHEM, T.S. & MAKINO, H. 1978. Precipitação polínica na cidade de São Paulo
(Brasil). Hoehnea 7:1-10.

OLIVEIRA-LIMA, A. & GUIMARÃES, O.1958. Contagens  de pólens na atmosfera
da cidade de São Paulo. Hospital (Rio de Janeiro) 54:153-162.

OLIVEIRA-LIMA, A., COSTA, P.D. DA & GALENO, R.1946. Contagem de pólens
aéreos na cidade de Porto Alegre (Rio Grande do Sul). Hospital (Rio de Janeiro)
30:513-515.



166                                                    FERN GAZ. 16(3)147-166. 2000

OLIVEIRA-LIMA, A., COSTA, P.D. DA, GALENO, R. & SANTOS, P.P. DOS
1945. Contagem de pólen aéreo na cidade de Florianópolis (Santa Catarina),
durante 10 meses consecutivos. Hospital (Rio de Janeiro). 28:197-199.

POTTER, L.D. & ROWLEY, J. 1960. Pollen rain and vegetation, San Ajugustin
Plains, New Mexico. Bot. Gaz. 122:1-25.

SALGADO-LABOURIAU, M.L. 1973. Contribuição à palinologia do cerrado.
Academia Brasileira de Ciências, Rio de Janeiro, 293p.

SILVA, Q.G.P. 1989. Análise polínica do ar no Observatório da Serra do Pilar
(Instituto Geofísico da Universidade do Porto) durante os anos de 1969 e 1970.
Bol. Soc. Brot. 62:263-288.

SIMABUKURO, E.A., ESTEVES, L.M. & FELIPPE, G.M. 1994. Lista de
pteridófitas da mata ciliar da Reserva Biológica de Moji Guaçu, SP. Insula 23:91-
98.

SIMABUKURO, E.A., ESTEVES, L.M. & FELIPPE, G.M. 1998a. Fern spore
morphology and spore rain of a preserved cerrado region in south-east Brazil
(Reserva Biológica de Moji Guaçu, São Paulo). Amer. Fern J. 88:114-137

SIMABUKURO, E.A., ESTEVES, L.M. & FELIPPE, G.M. 1998b. Fern spore rain
at Itirapina (SP, Brazil): preliminary results. Insula 27 39-62.

SIMABUKURO, E.A., ESTEVES, L.M. & FELIPPE, G.M. 1998c. Analysis of a
fern spore bank in Southeast Brazil. Hoehnea 25:45-57.

SIMABUKURO, E.A., BEGOVACZ, A., ESTEVES, L.M.  & FELIPPE, G.M. 1999.
Fern spore bank at Pedregulho (Itirapina, São Paulo, Brazil). Revista Brasil. Biol.
59: 131-139.

SINGH, J. & DEVI, S. 1991. Pteridophyte aerospora of Lucknow. Indian Fern J.
8:34-40.

TEJERO-DIEZ, J.D., REYES-SALA, M. & MARTINEZ-HERNANDEZ, E. 1988.
Lluvia de polen moderno en un gradiente altitudinal com vegetacion templada en
el municipio de Ocuilan, Edo. Mex. (Mex.). Palynol. PaleoBot. 1:61-80.


