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ABSTRACT

Two populations of Alsophila setosa Kaulf. in secondary semi-deciduous
subtropical forest remnants in the State of Rio Grande do Sul, Brazil were
studied with attention to frond formation, expansion and senescence rates, as
well as to phenology of sporangia formation and spore release, during a 15
month period. Plants of various sizes were marked at a site at Morro Reuter (45
plants) and another at Sapiranga (48 plants) municipalities. The average frond
production rates were 5.51 fronds/year at Morro Reuter, and 4.14 fronds/year at
Sapiranga. After frost occurrence in early winter, all the exposed young croziers
were irreversibly damaged with necrosis of the tissues. A new set of croziers was
formed in October (spring), with all the croziers uncoiling almost
simultaneously, 84.4% of the specimens in Morro Reuter and 66.7% in
Sapiranga presenting one or more croziers in the initial expansion stages. The
senescence rates were 6.97 fronds/year at Morro Reuter, and 4.33 fronds/year at
Sapiranga. Low temperatures (including the occurrence of frost) and low rainfall
during winter coincide with the highest frond senescence, with some plants
losing all the fronds. The species presents the capacity to compensate for the
occasional loss of all the young fronds in a short period of time, keeping the
number of fronds relatively stable at a given development stage. The data
indicate ecological limits to the occurrence of this species in Southern Brazil.
Spore production occurred only in a few plants, which were at least 2.5m tall.
Spore formation is seasonal and maturation gradual to irregular even in a single
frond. 

INTRODUCTION

Information on reproductive aspects and growth patterns of ferns are relevant for a
better understanding of their role in forest formations. Ferns may set patterns in early
succession stages as well as influence the establishment of other species in regeneration
processes. Interesting data discussed by Coomes et al. (2005) suggest that the
competition of the ground layer herbs may reduce regeneration opportunities for some
seed plants. However, tree ferns and other caudex forming ferns may act as substrate
for seed germination and initial establishment of certain woody angiosperms and
gymnosperms, thus having an important role in their regeneration.

Biological data are also important for the conservation effort for endangered
species, such as the tree ferns which are subject to commercial (even if illegal)
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exploitation. Some species are the source of fibrous material formed by the adventitious
root mass covering the caudex which is used as substrate for growing orchids and
aroids, while others have plants removed from the field and used in landscaping,
decoration or as shelter building material. Even with the adherence to the CITES
agreements restricting the trade, local use still represents a major pressure on some fern
populations.

Ecological data for Neotropical ferns are mostly found dispersed in the taxonomic
and floristic literature and generally only of descriptive nature. There is a lack of studies
as to their reproduction, growth and development. Among the groups that need urgent
attention are the tree ferns (Dixit, 1986). Alsophila setosa Kaulf. (Cyatheaceae), one of
the species currently extracted from primary and secondary semi-deciduous subtropical
forests in the State of Rio Grande do Sul, Brazil (Windisch, 2002; Schmitt & Windisch,
2005), is the object of the present study.

In southern Brazil Alsophila setosa is found in the mixed humid forests with
Araucaria as well as in semi-deciduous forests. The removal of plants is not only a
problem for the conservation of this species but also leads to the alteration of the forest
formations. In contrast, Dickonia sellowiana Hook. is not under protection by any local
or national legislation. Even if not used for tree-fern fibre extraction, its aesthetic
properties make it an object of commercial exploitation for ornamentation, including
church decoration for weddings in certain localities (Windisch, 2002). The caudexes
support several epiphytic species, which themselves may also face conservation
problems due to the disappearance of the sporophyte. In the present study the frond
formation of A. setosa has been followed in situ in order to establish frond production,
expansion and senescence rates, as well as the phenology of sporangial production and
spore release.

MATERIAL AND METHODS

Two populations were studied, one in the municipality of Morro Reuter at 29o 32’ S and
51o 04’ W, 700m alt., another in Sapiranga at 29o 38’ S and 51o 00’ W, 570m alt., from
May 2000 to August 2001. These localities present secondary semi-deciduous seasonal
forest formations. 

The regional climate is subtropical with the absence of drought. Average
compensated monthly temperatures are normally under 15ºC during four months of the
year, this cold period being a determinant for physiological seasonality (Teixeira et al.,
1986). The closest Meteorological Station (Ivoti, 127m alt, data for the years 2000-
2001) indicated 13.3º C as the average of the coolest month (July) and 25.1º C for the
warmest (February), absolute minimum of –1.0º C (July) and maximum of 35.7º C
(September and January). At the Morro Reuter, local residents registered –5º.0 C in the
winter of 2000. During the period of the present study, precipitation data for Ivoti
indicated 2138mm yearly rainfall, with less during May (average 59.4 mm), and
maximum in September (232.2mm), October (303.9 mm) and January (308.6mm). Data
for an extended period of time could not be obtained. Frost may occur several times
during some winters.

Monthly visits were made in order to follow the frond production phenology of 45
plants in Morro Reuter and 48 plants in Sapiranga. The plants were selected and marked
by closely placed numbered stakes in the ground. During the 15-month period crozier
formation, frond maturation and senescence were observed on every visit. At the
beginning of the survey the youngest crozier was marked by a loose loop of plastic line
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(not interfering with the crozier development), and the marked crozier serving as a
reference in relation to the existing fronds and subsequently produced ones. In mature
plants sporangia formation and spore release were recorded. The selection of two
populations was decided upon in order to guarantee results in case of predatory
extraction in one of the sites. The 15 months observation period ensured data for a
complete seasonal growth-year. 

Soil samples were collected for NPK macronutrients analysis, with phosphorous
and potassium measured by atomic emission spectrophotometry and nitrogen by
standard nitrometric methods (Greenberh, 1992; Page et al., 1982). Statistical analyses
were performed using methods described by Vieira (1980) and Watt (1998) and through
the SPSS 9.0 software program (SPSS Inc., Chicago IL, USA) at the Universidade do
Vale do Rio dos Sinos data processing facility.

RESULTS AND DISCUSSION

Alsophila setosa is an understory arborescent plant, forming an erect caudex up to 10m
tall and up to ca. 10cm wide, covered by the spiny remnants of frond bases (and dry
frond remnants at the distal part), with a crown of up to 3m long, and fronds which are
tripinnate-pinnatissect at the base. The stipe is ascending, with blackish spines,
presenting 2-4 pairs of aphlebia (with laminar tissue) at the basal portion. 

The Morro Reuter soil samples showed an average of 0.35 (±0.20)% nitrogen, 4.5
(±1.36) ppm phosphorous, and 175.16 (±51.09) ppm potassium. The average values for
the Sapiranga samples were 0.36 (±0.15)% nitrogen, 3.8 (±0.69) ppm phosphorous and
229.33 (±92.81) ppm potassium. Soil analyses demonstrated heterogeneity in
macronutrients composition (NPK) among sites of each locality, but the application of
t-test for independent homogenized samples indicated that contents of nitrogen (P =
0.981), phosphorous (P = 0.440) and potassium (P = 0.282) in the soil are statistically
equal in both localities. Although the macro-nutrients (NPK) did not show significant
differences, considering the probability of different histories of soil usage in the two
sites, differences in micronutrients may be expected between the study sites. 

The average yearly frond production in the samples was 5.51 (±3.55) fronds/plant
for Morro Reuter and 4.14 (±1.93) fronds/plant for Sapiranga, the difference being
statistically significant (P = 0.024). After the occurrence of frost between May and the
beginning of July 2000, all young croziers at the apex of the caudex were damaged,
with necrosis of the tissues, keeping the frond production at zero until August (Fig. 1)
in both populations. 

With the arrival of the spring season, new croziers were formed and fronds started
to expand, almost simultaneously, with 84.4% (Morro Reuter) and 66.7% (Sapiranga)
of the specimens presenting one or more croziers in the initial phases of expansion. The
largest frond production occurred during the period of higher rainfall (Fig. 1), with the
peak in October (4.4±3.80 in Morro Reuter and 1.89±1.90 fronds/plant in Sapiranga).
These observations agree with Luederwaldt (1923), who commented that in
Southeastern Brazil new fronds of Alsophila setosa (cited as Hemitelia setosa) started
to bud in the spring, approximately by the end of October. Shreve (1914) observed that
Cyathea pubescens Mett. ex Kuhn, in humid mountain forests of Jamaica, formed new
fronds during the winter and spring. Tanner (1983) working in Jamaica observed that
the increase in the frond production of C. pubescens occurred in October, November
and December after an increase in rainfall. Durand & Goldstein (2001) observed the
native species of genus Cibotium Kaulf. in Hawaii produced most of their fronds
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between February and April, characterizing a marked seasonality, which does not seem
to be related with the rainy season. Seiler (1981) registered that the frond production in
A. salvinii Hook. was not synchronous, but occurred at the end of the dry season and
the beginning of the humid season. Data on the frond production of Dicksonia blumei

Moore from Java was presented by Jaag (1942), but unfortunately not covering a
complete growth year. The same author marked plants of A. glauca J. Sm, evaluating
the production and life-span of fronds, with the complete renewal of the crown
occurring between 182 and 254 days. 

The 55 croziers marked at Morro Reuter expanded on average 5.41 cm/day between
October and November, 0.93 cm/day between November and December. From
December to January 2001, 31 fronds continued to increase in length, but at a much
slower rate (0.083 cm/day). In the fourth month only 11 fronds still presented some
expansion (0.07 cm/day average). The maximum expansion rate was 7.48 cm/day
between October and November 2000. The 31 croziers marked at Sapiranga expanded
on average 5.38 cm/day between October and November, 1.24 cm/day between
November to December. From December to January 22 fronds increased in length, with
an average of 0.092cm/day. From January to February 2001 only eight fronds continued
expansion with an average of 0.037cm/day. These data agree with the observations by
Shreve (1914), who described different growth/expansion rates in different stages. The
highest expansion rate presented in his study, 4.94 cm/day for Cyathea pubescens

growing in the humid mountain forests of Jamaica, comes close to the values recorded
in the present study. 

The average total number of fronds varied throughout the year. In Morro Reuter the
smallest average was of 3.04 mature fronds/plant (October 2000), and the maximum
7.46 mature fronds/plant (May 2000). Comparing the average number of fronds in May
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Figure 1. Average monthly frond production of Alsophila setosa populations in
Morro Reuter and Sapiranga compared with precipitation (June 2000 to May 2001).



2000 with that in May 2001 (5.77 mature fronds/plant) a statistically significant
difference can be observed (P < 0.0001, n = 45). In Sapiranga, the smallest average was
of 3.68 mature fronds/plant (October 2000), while the highest value was 5.95 mature
fronds/plant (December 2000). Comparing the average number in June 2000 (5.62
mature fronds/plant) with that of June 2001 (5.33 mature fronds/plant), the values are
statistically equivalent (P = 0.644, n = 48).

The average yearly senescence rate of fronds in Morro Reuter was 6.97 fronds/plant,
being superior to the new frond production rate. In Sapiranga, the plants presented an
average yearly senescence rate of 4.33 fronds/plant, about the same as the new frond
production rate (Fig. 2). Our field observations indicate that with the intense cold and
frost occurrences, the fronds initially presented loss of photosynthetic surface, by
partial damage to parts of the laminar tissue, followed by the total drying out of the
fronds (Schmitt & Windisch, 2001). Reduction of the mature fronds was gradual, with
eight individuals in the total sample (both localities) losing all of their fronds. 

In the Sapiranga population, the similar yearly average production and senescence
of fronds indicates the maintenance of a constant number of fronds from one year to the
next. The significant reduction of the total number of mature fronds in Morro Reuter,
comparing data from May 2000 and May 2001, may be due to different local conditions
including exposure to frost. The canopy of the forest in Morro Reuter is more open than
that of Sapiranga, increasing the degree of exposure. These data may also indicate
ecological limits for the occurrence of this species in Southern Brazil. Alsophila setosa

presents the capacity to compensate for the occasional loss of all the young fronds in a
short period of time, and so the number of fronds is kept relatively stable at a given
development stage, although in a few cases no new fronds were produced. 

The production of new fronds and total number of fronds are similar to those found
in the literature for other tree-ferns (Table 1) in other parts of the world. Our data for
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Figure 2. Average yearly frond production and senescence in the Morro Reuter and
Sapiranga populations of Alsophila setosa (standard deviation indicated).



Alsophila setosa seem to be the first record of total loss of fronds. Low temperatures
(including frost occurrence) and low rainfall during the cold season coincide with the
loss of fronds. Seasonality in the loss of fronds was also observed in other tree ferns
such as A. salvinii (Seiler, 1981), Cibotium glaucum (Sm.) Hook. (Walker & Aplet,
1994), while it was less pronounced in Cyathea pubescens (Tanner, 1983) and C. hornei

(Baker) Copel. (Ash, 1987). 
Herbivory was observed in some fronds, but always partial and with preference to

young fronds. No total loss of fronds due to herbivory was observed. It was not possible
to identify the herbivore. Ants of the genus Iridomyrmex Mayr found on the plants
probably only use cavities at the stipe bases for nesting. 

In Morro Reuter 8.88% of the plants produced fertile fronds, but only 2.08% in
Sapiranga. All the fertile plants had caudexes at least 2.5m in length. Most of the fertile
fronds presented developing sporangia between February and March, while in April the
liberation of spores had already started. Spore maturation and liberation was gradual
and irregular even with respect to the position on a single frond. Rosenstock (1907)
observed that Alsophila setosa plants less than 8m tall are normally sterile. The low
fertility values observed are related to the age structure of the populations, as there is a
predominance of younger plants. Similar observation was made by Young & León
(1989) in the Peruvian Amazon region, where only two specimens of Trichipteris nigra

(Mart.) R. M. Tryon, from a total of 25 plants, were fertile and those were at least 5.5m
tall. 

In Alsophila setosa vegetative reproduction by underground structures (Schmitt &
Windisch, 2005) seems to be quite effective to allow for a low production of fertile
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a Jaag 1942, bSeiler 1981, 1995, cTanner 1983, dAsh 1987, eWalker & Aplet 1994,
fpresent study, *data from 10 month observation period.

Locality Species Fronds/plant Fronds/year

Java (Tjibodas)a Alsophila glauca 6-12 6-13*

El Salvadorb Alsophila salvinii 6 2.5

Jamaicac Cyathea pubescens 7 8

Fijid Cyathea hornei 3-11 3-9

Hawaiie Cibotium glaucum 5-16 3-5

Brazil (Morro Reuter, RS) f Alsophila setosa 0-21 0-14

Brazil (Sapiranga, RS) f Alsophila setosa 0-17 0-11

Table 1. Production of new fronds and total number of fronds in tree-ferns.



fronds. Page (1979) pointed out that spore production might be low when a plant is in
vegetative growth or high when the plant is under more severe ecological conditions,
competing with other plants. Furthermore, Sato (1982) suggested that the cold climate
has a restrictive effect on frond expansion as well as in the spore production period. The
present data for A. setosa seem to agree with that suggestion. The gradual spore
liberation over a period of time may be a positive aspect for species survival, allowing
for higher chances of dispersal to new recently exposed microhabitats (Ranal, 1995).
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