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Abstract
Herbivory is an interaction with great impact on plant communities since relationships between herbivores and 
plants are fundamental to the distribution and abundance of species over time and space. The aim of this study 
was to monitor the rate of leaf expansion in the tree fern Cyathea phalerata and evaluate the damage caused by 
herbivores to leaves of different ages and whether such damage is related to temperature and precipitation. The 
study was performed in a subtropical Atlantic Forest fragment located in the municipality of Caraá, in the northeast 
hillside of Rio Grande do Sul state, in southern Brazil. We monitored 24 mature individuals of C. phalerata with 
croziers in a population of approximately 50 plants. Leaf expansion rate, percentage of damaged leaves and leaf 
blade consumption rate by herbivory were calculated. Monthly means for temperature and accumulated rainfall 
were calculated from daily data. Croziers of C. phalerata were found to expand rapidly during the first and second 
months after emergence (3.98 cm day-1; 2.91 cm day-1, respectively). Damage caused by herbivory was observed in 
all of the monitored leaves, but none of the plants experienced complete defoliation. The highest percentage (57%) 
of damaged leaves was recorded at 60 days of monitoring, and also the highest monthly consumption rate of the 
blade (6.04%) occurred with young, newly-expanded leaves, while this rate remained between 1.50 and 2.21% for 
mature leaves. Rates of monthly leaf consumption and damaged leaves showed positive and strong relationship 
with each other and with temperature. The rapid leaf expansion observed for C. phalerata can be considered a 
phenological strategy to reduce damage to young leaves by shortening the developmental period and accelerating 
the increase of defenses in mature leaves.
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Resumo
A herbivoria é uma interação de grande impacto sobre as comunidades de plantas, uma vez que as relações entre 
herbívoros e plantas são fundamentais para a distribuição e abundância das espécies ao longo do tempo e do espaço. 
O objetivo deste estudo foi monitorar a taxa de expansão foliar da samambaia arborescente Cyathea phalerata 
e avaliar o dano causado por herbívoros a folhas de diferentes idades, assim como verificar se este dano está 
relacionado à temperatura e à precipitação. O estudo foi realizado em um fragmento de Floresta Atlântica subtropical 
localizado no município de Caraá, na encosta nordeste do estado do Rio Grande do Sul, no sul do Brasil. Nós 
monitoramos 24 indivíduos maduros de C. phalerata com báculos em uma população de aproximadamente 
50 plantas. A taxa de expansão foliar, a porcentagem de folhas danificadas e a taxa de consumo da lâmina foliar 
por herbivoria foram calculados. Médias mensais de temperatura e precipitação acumulada foram calculadas a 
partir de dados diários. Báculos de C. phalerata expandiram rapidamente durante o primeiro e o segundo mês 
após emergência (3,98 cm dia-1; 2,91 cm dia-1, respectivamente). O dano causado por herbivoria foi observado em 
todas as folhas monitoradas, mas nenhuma das plantas sofreu desfolhação completa. A maior porcentagem (57%) 
de folhas danificadas foi registrada aos 60 dias de monitoramento, e também a maior taxa de consumo mensal 
(6,04%) ocorreu em folhas jovens, recém expandidas, enquanto esta taxa permaneceu entre 1,50 e 2,21% em folhas 
maduras. As taxas mensais de consumo da lâmina foliar e de folhas danificadas mostraram relação positiva e 
forte entre si e com a temperatura. A rápida expansão foliar observada em C. phalerata pode ser considerada uma 
estratégia fenológica para reduzir o dano a folhas jovens, abreviando o período de desenvolvimento e acelerando 
o aumento das defesas em folhas maduras.

Palavras-chave: clima, herbívoro, produção foliar, fenologia, samambaia arborescente.
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may or may not have trichomes on the abaxial and adaxial 
surfaces (Fernandes, 2003). The species is widely distributed 
in Brazil, occurring in all regions (Windisch and Santiago, 
2015), and also in Bolivia (Lehnert, 2006). Information on 
C. phalerata is still limited and practically restricted to 
taxonomy (Fernandes 2003), pharmacology (Hort et al., 
2008), and germination and gametophyte development 
(Marcon et al., 2017). Due to the drastic reduction of the 
Atlantic Forest (SOS Mata Atlântica, 2020), and having 
only been registered between latitudes 29°17’ - 31°00’S 
(Gonzatti et al., 2016), C. phalerata is considered Critically 
Endangered by the list of endangered species of flora of 
the state of Rio Grande do Sul (Rio Grande do Sul, 2014).

The authors observed frequent and intense damage 
to leaves at the beginning of a phenological study of 
C. phalerata in a subtropical climate in southern Brazil. 
The lifespan of the leaves of C. phalerata exceeds one year, 
as in most species of the genus (mean of 17.3 months 
according to the survey done by Silva et al., 2018). This 
allows herbivory monitoring on the same leaves throughout 
all seasons of the year. Considering that herbivores act 
on vegetative growth (Crawley, 1989), and that they 
could harm leaf growth and development of ferns with 
different intensities according to the climate (Patra and 
Bera, 2007) and the stage of leaf development (Mehltreter 
and Tolome, 2003; Mehltreter et al., 2006), this study 
aimed to monitor C. phalerata plants for leaf expansion 
and consumption by herbivores and to assess whether 
they are related to temperature and precipitation. In situ 
monitoring was developed to address the following 
hypotheses: (1) herbivory rates will be higher for mature 
leaves than for young leaves; and (2) damage intensity 
will be related to temperature but not to precipitation, 
since rainfall is well-distributed throughout the year in 
the studied region.

2. Material and Methods

2.1. Study area

The study was performed in a subtropical Atlantic 
Forest fragment located in the municipality of Caraá, in the 
northeast hillside of Rio Grande do Sul state (RS) in southern 
Brazil. The studied population of C. phalerata is located in a 
one-hectare plot (29°42’25.0” S, 50°17’27.8” W; 420 m asl). 
According to the Köppen climate classification, the region 
has a humid subtropical climate (Cfa) characterized by 
well-distributed rainfall throughout the year (Peel et al., 
2007).

2.2. Leaf expansion, leaf damage and leaf blade 
consumption rates

We selected for monitoring 24 mature individuals of 
C. phalerata (evidenced by the production of spores), in a 
wild population with approximately 50 plants on September 
2014 (Time 0). The plants were selected because they 
possessed croziers at the time of the start of the study. 
Two leaves in expansion were selected in each plant and 
marked with rubber rings. Leaf length was measured 
monthly, from October 2014 to September 2015, using a 

1. Introduction

Herbivory is one the most negative impactful 
interactions in plant communities (Coley and Barone, 
1996), since relationships between herbivores and plants 
are fundamental to the distribution and abundance of 
species over time and space (Edwards and Wratten, 
1981). Plants respond in many ways to herbivory, such 
as regulating consumption by producing substances that 
change the concentrations of nutrients in tissues (Neuvonen 
and Haukioja, 1984; Tuomi et al., 1984; Agrawal, 2007; 
Futuyma and Agrawal, 2009); depositing a thicker cuticle, 
thickening the epidermis and producing and depositing 
abundant crystals in leaves; using physical barriers, such 
as trichomes and leaf fibers (Fernandes, 1994; Mello and 
Silva-Filho, 2002; Hanley et al., 2007); and employing 
chemical defenses, such as toxic substances, repellants or 
compounds that interfere with the digestibility of vegetal 
tissue (Mello and Silva-Filho, 2002). In addition to resistance 
strategies, some plants may develop other characteristics 
to reduce the impact of damage from herbivory, such as 
compensatory growth and reproductive rate (Strauss and 
Agrawal, 1999), and nectaries that promote ant visitation, 
reducing the damages by herbivores, once the ants protect 
the ferns against antagonistic insects (Koptur et al., 2013). 
Rates of herbivory in plant populations can vary according 
to climate seasonality (Nascimento et al., 2011), such as in 
some tropical forests where the abundance of herbivores 
is higher during the wet season following the period of 
leaf flush of many plant species (Lowman, 1982; Coley 
and Barone, 1996).

Morphological, physical and chemical defenses do 
not seem as effective at protecting young leaves as they 
are for mature leaves, with young leaves being damaged 
more for most species (Feeny, 1970; Coley, 1983; Coley and 
Aide, 1991; Aide, 1993). This discrepancy could be due to 
the greater nutritional content, and lower concentration 
and diversity of defense compounds of expanding young 
leaves (Crawley, 1983; Lowman, 1985). Ferns, however, 
present a different scenario. Despite the softer texture, 
higher water content and higher nutrient concentration 
of young fern leaves (Cherrett, 1972; Bowers and Porter, 
1981; Crawley, 1983; Howard, 1987), which would likely 
increase feeding preferences for them, they possess toxic 
substances (Zangerl and Bazzaz, 1992). Thus, higher rates of 
herbivory on mature than young leaves have been recorded 
for terrestrial and epiphytic ferns (herbaceous species) 
(Mehltreter and Tolome, 2003; Mehltreter et al., 2006; 
Patra and Bera, 2007). Nonetheless, a still understudied 
strategy that may explain the preference for mature 
leaves of ferns is phenological defense. Employing such 
a defense, fern leaves can: (i) expand rapidly; (ii) be 
produced synchronously at community level to satiate 
herbivores; and/or (iii) be produced during seasons with 
low herbivore abundance (Aide, 1988, 1991, 1993; Murali 
and Sukumar, 1993).

Cyathea phalerata Mart. (Cyatheaceae) is one of the 
Brazilian ferns that possesses arborescent habit (Schmitt 
and Windisch, 2010, 2012; Mallmann et al., 2019), with 
a caudex that can reach up to 10 meters in height with 
leaves of up to 3.5 meters in length with thick blades, which 
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measuring tape. Leaf expansion rate, expressed as cm day-1, 
was determined by dividing the length of each totally 
expanded leaf by the total number of days since crozier 
production. Each of the 48 marked leaves was inspected 
during monthly field work.

Due to the large size of the leaves, herbivory was 
estimated visually in situ for each leaf and assigned to 
one of six classes of leaf area consumption denoting the 
proportion of leaf area lost: 0, 1-10, 11-25, 26-50, 51-75 
and 76-100%, according to the method of Winkler et al. 
(2005) already applied to other ferns. The class median 
(e.g. the median of the 1-10% class is 5.5) for each leaf 
was used to calculate the mean consumption rate per leaf 
(Mehltreter and Tolome, 2003).

The monthly consumption rate (MC) was calculated 
for each leaf blade by the formula: MC=C2-C1, where 
C2 = leaf area consumed in a given month and C1 = leaf 
area consumed in the previous month. The cumulative 
consumption rate (AC) was calculated for each leaf blade 
by the formula: AC=MC1+MC2+MC3+...+MC9, were MC1 
is the consumption rate in November 2014, and so on, 
until September 2015.

2.3. Meteorological data

Data of temperature (°C) and local precipitation (mm) 
were obtained for October 2014 to September 2015 using 
a mobile meteorological station (Davis Vantage PRO 2 USB 
NS), which was located 7.5 km in straight-line distance 
from the site of the monitored plants (29°44’15.88” S; 
50°21’34.52” W; 375 m asl). Monthly means for temperature 
and accumulated rainfall were calculated from daily data.

2.4. Statistical analysis

Monthly consumption rates of leaf blades were not 
normally distributed (Shapiro-Wilk test), and so the 
Friedman test was applied followed by the Wilcoxon 
test with step (Holm, 1979) correction. The Spearman 
rank correlation test was used to assess the relationships 
between monthly consumption rate, number of damaged 
leaves, temperature and precipitation. To qualify the 
correlations, the following reference values were adopted 
(Callegari-Jacques, 2003): 0 < r < 0.3 (low), 0.3 ≤ r < 0.6 
(moderate), and r ≥ 0.6 (strong). Analyses were performed 
using SPSS version 25, with a significance level of 5%.

3. Results

Leaves of C. phalerata exhibited a faster expansion rate 
during the first and second months after their appearance 
(3.98 ± 1.69 cm day-1; 2.91 ± 1.89 cm day-1 in October 
and November 2014, respectively), when the monthly 
mean temperature was 19.5 and 20.9 °C (Figure 1). The 
maximum expansion rate of 7.16 cm day-1 was registered 
in October. The final length of the expanded leaves was 
174.27 ± 50.38 cm with a range of 66-274 cm.

The highest percentage of damaged leaves occurred 
with 60 days monitoring (Figure 2A), which was recorded 
in December 2014, when 57.1% of the leaves showed new 
damage compared to the previous month. Comparing with 

other seasons, higher percentages of damaged leaves were 
observed late spring and summer, when leaves were in 
expansion and young (November 2014 to March 2015), 
and temperature varied from 20.9 to 23.6 °C (Figure 1). 
Herbivory was not observed in August and September 
2015, respectively, in 300 and 330 days of monitoring 
(Figure 2A), after the coldest months (June and July). 
Positive and strong relationship was observed between the 
percentage of monthly damaged leaves and temperature 
(rs = 0.657; p = 0.020).

Leaf blade consumption was observed for all of the 
monitored leaves, but none of the plants experienced 
complete defoliation. A total of 27% (13) of the marked 
leaves died during the study period, three of which 
already had 50% of the blade consumed at 90 days. The 
35 leaves that completed expansion by the end of the 
study period (September 2015) had a mean of cumulative 
consumption rate of 24.3% (Figure 2B). Most leaves had 
low to medium leaf consumption, with the lowest being 
5.5%, and the highest being 63% (according to respective 
class medians); most leaves had 11-25% and 26-50% of 
their blade consumed (Figure 2C).

The highest monthly consumption rate of the blade 
(mean of 5.54%) was concentrated at 60 days of leaf age 
(X2 = 84.433; p < 0.001), when leaves were completely 
expanded and young (Figure 2D). The consumption rate 
was significantly lower (1.93%) during the expansion of 
young leaves (up to 30 days) and also for mature leaves, 
with no more than 1.50% of a mature leaf blade being 
consumed. From 180 days on, the percentage of leaf blade 
consumption was one third of the value recorded in the 
previous month, remaining low during the following 
three months. No additional herbivory was observed after 
270 days (July 2015). Monthly leaf blade consumption 
showed positive and strong correlation with monthly 
damaged leaves (rs = 0.970; p < 0.001) and temperature 
(rs = 0.669; p = 0.017).

Precipitation was continuous throughout the period. The 
minimum accumulated precipitation occurred in August 
2015 (149.4 mm) and the highest value was recorded in 
July 2015 (489.4 mm). Accumulated precipitation during 
the 12 months of the study was 3,273 mm (Figure 1). Both 
percentages of monthly leaf consumption and of damaged 
leaves did not correlate with precipitation (rs = -0.021; 
p = 0.948 and rs = -0.0035; p = 0.9913, respectively).

Figure 1. Accumulated monthly rainfall (columns) and monthly 
mean temperature (line) during monitoring of leaf expansion and 
herbivory on Cyathea phalerata from October 2014 to September 
2015.
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4. Discussion

No previous studies have reported on leaf expansion 
and quantitative leaf consumption by herbivores for 
C. phalerata in subtropical southern Brazil. The only 
plant-insect interaction reported for C. phalerata refers 
to gall production (Farias et al., 2018). Other studies have 
described maximum foliar expansion rates for tree ferns 
of Cyatheaceae Kaulf. and Dicksoniaceae M.R. Schomb. 
native to the study region (Table 1). Schmitt and Windisch 
(2012) reported higher expansion rates during the first 
60 days of foliar development, as observed in the present 
study, which appears to be a pattern for tree ferns in the 
state of Rio Grande do Sul. Increased rachis length during 
the stage when leaves are rapidly developing is almost 
entirely due to the elongation of cells of the adaxial surface 
of the leaf, in comparison to the abaxial surface (Voeller, 
1966). The magnitude of the damage caused by tissue 
consumption during this stage was higher because usually 
it interrupted the development of croziers. We emphasize 
that approximately 27% of the tagged croziers did not 
complete expansion due to the impacts of herbivory, as 
was also described for individuals of two populations of 
Alsophila setosa Kaulf., another Cyatheaceae (Schmitt and 
Windisch, 2005).

We did not observe the organisms responsible for 
consuming the leaves of C. phalerata, however, the damage 
was consistent with the action of arthropods (Patra and 
Bera, 2007; Del-Claro and Torezan-Silingardi, 2012; 
Farias et al., 2018). Insects are generally are well-adapted 
for feeding on ferns because they are capable of consuming 
leaf tissues despite of morphological and physiological 

barriers (Balick et al., 1978; Shuter and Westoby, 1992). 
Although sucking insects are considered the main group 
of herbivores that damage ferns (Balick et al., 1978; Shuter 
and Westoby, 1992), we do not attribute the herbivory 
observed in the present study to be due to this kind of 
interaction since the leaves of C. phalerata had entire parts 
of their leaf blades removed. Balick et al. (1978) asserts that 
although damage in ferns is considerable, few arthropods 
can be found on the plants, which Schmitt and Windisch 
(2005) attributed to the nocturnal habit of the herbivores.

All 24 individuals and 48 tagged leaves monitored were 
damaged by herbivores at some stage of their development. 
This rate of herbivory is considered high according to 

Figure 2. Monitoring of herbivory on Cyathea phalerata from October 2014 to September 2015: monthly damaged leaves (A), cumulative 
leaf blade consumption (B), leaves in each consumption class (C), monthly leaf blade consumption (D). Bars: standard deviation.

Table 1. Maximum leaf expansion rates for ferns of the state of 
Rio Grande do Sul, Brazil.

Species
Maximum 
rate (cm-1)

Reference

Dicksonia sellowiana 3.45 Schmitt et al. (2009)

Cyathea atrovirens 5.18 Schmitt and Windisch 
(2012)

Cyathea delgadii 6.71 Schmitt and Windisch 
(2007)

Cyathea phalerata 7.16 Present study

Alsophila setosa 7.48 Schmitt and Windisch 
(2005)

Cyathea corcovadensis 10.14 Neumann et al. (2014)
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data published in literature for ferns of different sizes 
and habits, with the most similar values being reported 
by Winkler et al. (2005) in a tropical mesophilic montane 
forest in Xalapa, Mexico. These authors found that between 
60.7% and 95% of the leaves of five epiphytic fern species 
were damaged by herbivores, with three of the species 
having herbivory percentages above 90%. Schmitt and 
Windisch (2005) reported lower values for individuals 
damaged, with herbivory in 28.8 and 35.4% of the A. setosa 
individuals of two populations situated in the municipalities 
of Morro Reuter and Sapiranga, Rio Grande do Sul, Brazil, 
in a seasonal semideciduous forest under the same climate 
as the C. phalerata population studied here. About 15.4% 
of individuals were recorded damaged in a population of 
Blechnum brasiliense Desv. in Novo Hamburgo, also in Rio 
Grande do Sul (Franz and Schmitt, 2005). Farias and Xavier 
(2011a) recorded a maximum of 13.63% of damaged plants 
for Meniscium serratum Cav., 23.52% for Lygodium volubile 
Sw. and 26.31% for Acrostichum danaeifolium Langsd. & 
Fisch., in a fragment of the Atlantic Forest in the state of 
Paraíba, in Northeast Brazil.

Consumption rates for leaves of C. phalerata were high 
not only considering the number of damaged leaves, but 
also the consumption rate on each leaf blade. About 94% 
of the tagged leaves had 50% or less of their area damaged, 
and 68.6% had 25% or less of consumed area. These values 
are higher than those obtained for Thelypteris turrialbae 
(Rosenst.) C.V. Morton, Adiantum obliquum Willd. and 
Polybotrya cervina (L.) Kaulf., which had 5.5, 7.3 and 9.9% 
of leaf area damaged, respectively, and about 52 to 72% of 
the leaves with 10% of the area or less damaged (Hendrix 
and Marquis, 1983). The strong relationship between 
monthly rates of leaf consumption and damaged leaves 
indicates that the herbivores presented a wide distribution 
in individuals of C. phalerata, at the same time that they 
presented higher foliar consumption per individual.

The rate of cumulative leaf consumption in C. phalerata 
(24.3%) is intermediate compared to the rates reported by 
Balick et al. (1978) for Blechnum varians (E. Fourn.) C. Chr. 
(12%), Polystichum muricatum (L.) Fée (16%) and Thelypteris 
cheilanthoides (Kunze) Proctor (38%). Lower rates were 
obtained by Mehltreter and Tolome (2003) for Diplazium 
expansum Willd. (5.8%), Blechnum glandulosum Kaulf. 
ex Link (6.1%) and Marattia laxa Kunze (11.1%). Despite 
there being no loss of individuals due to herbivory and 
no complete defoliation in the present study, the high 
percentages of consumed leaves, and the consumption 
rate of each leaf, may act as limiting factors for the 
development of C. phalerata. Marquis (1984) reported 
that even partial defoliation can have negative effects on 
plant development, setting back growth and reproduction 
and reducing competitive abilities, mainly by reducing 
photosynthetic capacity (Balick et al., 1978).

Leaves of C. phalerata were damaged during all stages 
of their development, as also observed by Mehltreter et al. 
(2006) for five epiphytic species of Polypodiaceae. Despite 
accumulated damage being greater when leaves are mature, 
as reported by other studies with ferns (Mehltreter and 
Tolome, 2003; Mehltreter et al., 2006; Patra and Bera, 
2007), analysis of monthly herbivory data verified that 
herbivory is continuous beginning with leaf emission 

and reach its maximum in totally expanded young leaves 
(60 up to 150 days). The physical, chemical and biotic 
defenses in young leaves are not as effective at reducing 
herbivory as those possessed by mature leaves, which 
tend to be less palatable and have better defenses against 
herbivores (Coley et al., 1985). The lesser damage to mature 
leaves of C. phalerata can be attributed to the chartaceous 
texture they present in this stage (Fernandes, 2003). Leaf 
hardness can provide an obstacle to insect feeding due 
to the presence of lignified fiber bundles and cellulose 
(Edwards and Wratten, 1981; Varanda et al., 2005). It should 
be noted, however, that other factors may be influencing 
consumption rates, such as nutritional value, water 
content and chemical defenses (Nascimento et al., 2011). 
However, as discussed by Farias and Costa (2018), even 
fully expanded and turgescent fern leaves can serve as a 
water source for herbivores. Secondary metabolites that 
are usually present in mature leaves may also contribute 
to reducing herbivory. Investigating antioxidant activity, 
Hort et al. (2008) found the chemical composition of the 
crude extract prepared from the leaf and the fresh stem of 
C. phalerata to be rich in flavonoids. These compounds have 
different functions, such as protection against insects, fungi, 
viruses and bacteria; as antioxidants; and in controlling 
plant hormones and enzyme inhibition (Zuanazzi, 2001; 
Havsteen, 2002). According to Feeny (1976), secondary 
compounds may even render plants unpalatable, thus 
guaranteeing advantages for their survival (Santos, 2004). 
The higher monthly damage when the leaves were already 
expanded and also the greatest accumulated damage in 
mature leaves may be related to the appearance of the 
plant, as proposed by Feeny (1970, 1976): larger plants that 
have their tissues and organs exposed for a longer time 
are more likely to be found and damaged by herbivores.

The rapid leaf expansion observed for C. phalerata 
can be considered a strategy to reduce leaf damage in 
young leaves by shortening the developmental period and 
accelerating the increase of defenses typical of mature 
leaves. This behavior was also observed by Aide and 
Londoño (1989) and Kursar and Coley (2003) in several 
species of angiosperms, which suggests that plants can 
invest more energy into rapid leaf expansion, and thus 
reduce the length of the developmental period when 
leaves are soft and vulnerable to herbivores (Feeny, 
1976). Synchronous foliar production (pers. obs.) may be 
an additional strategy of C. phalerata to reduce damage 
from herbivory in each of the young leaves (Coley, 1983; 
Aide, 1988), by spreading the damage through the entire 
fern population and avoiding a higher rate of dead leaves.

Monthly leaf consumption and number of damaged 
leaves over time were strongly seasonal, occurring mainly 
between late spring and throughout the summer, when 
C. phalerata has expanding and young leaves. Patra and Bera 
(2007) reported important seasonality in the occurrence 
and abundance of herbivorous beetles on ferns in India, with 
the insects appearing during the hottest and rainiest season. 
A relationship between herbivory and precipitation was 
not found here for the C. phalerata population inserted in a 
subtropical forest without a defined dry season. Farias and 
Xavier (2011b) did not find differences in herbivory rates 
for Cyclosorus interruptus (Willd.) H. Itô when comparing 
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damage that occurred during the wet and dry seasons, 
although the plants were growing in a forest subjected to 
seasonal rainfall in Northeast Brazil. These observations 
point out that the occurrence and intensity of herbivory 
in ferns vary greatly according to the taxa studied, the 
different climatic conditions, and also in response to the 
interaction between plant and animal. These observations 
suggest that herbivory in ferns may be more related to 
the developmental stage of the plants than to variation 
in abiotic factors where they are growing.

Our study revealed the relationship between the 
vegetative phenology of C. phalerata, herbivory and 
temperature. The rapid leaf expansion observed for 
C. phalerata can be a strategy to reduce damage of young 
leaves, minimizing the likelihood of total leaf loss and 
accelerating the production of defense elements. It is 
noteworthy that no plant loss or total defoliation was 
observed, even though this fern seems to be an important 
food resource for herbivores. The methodology used here to 
investigate herbivory at different stages of leaf expansion 
can be applied to other species of tree ferns and other 
families whose plants have large leaves.
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