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Abstract In Chilean evergreen temperate forest, fern
species of the genus Blechnum occur in diverse micro-
habitats in a light gradient. We hypothesized that dif-
ferences in the habitat preferences of three co-occurring
Blechnum species would be associated with differences in
the magnitude of responses of light capture [chlorophyll
(Chl) content] and use (photosynthetic capacity and
performance) to light availability. We measured the
abundance, chlorophyll content, photosynthetic capac-
ity (A), and photosynthetic performance (chlorophyll
fluorescence of photosystems I and II) of juvenile indi-
viduals of each species growing in different light levels in
the field. While Blechnum magellanicum covers a broad
light environments range, B. mochaenum is restricted to
shade, and B. penna-marina occupies full sun sites.
Despite significant interspecific differences in average
total chlorophyll content, this trait did not differ among
species along the light gradient. There was significant
interspecific variation in both the mean value and the
plasticity of Chl a:Chl b ratio and A to light availability.
While B. penna-marina showed a flatter reaction norm
(lower response) of Chl a:Chl b ratio to light availability
than its two congeners, B. mochaenum showed a lower
response of A to light availability. B. penna-marina and
B. magellanicum individuals from open sites had higher
light saturation points of the electron transport rate
(ETR) of both photosystems (ETRLSP I and II) and
photochemical quenching (qL and NA) than the
shade restricted B. mochaenum. Additionally, non-pho-
tochemical quenching values for both photosystems

(NPQ and ND) were higher in ferns species occurring in
shaded sites. The adjustment of the photosynthetic
capacity and performance to light availability appears to
be an important mechanism of acclimation in these three
Blechnum species that differ in their habitat preferences
across a light gradient.
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Introduction

Most pteridophytes live in moist and shady environments
(Page 2002;Aldasoro et al. 2004;Karst et al. 2005),mainly
because fern species are dependent upon a moist envi-
ronment for growth of their nonvascular gametophyte
generation. In addition, hydraulic characteristics of fern
foliage result in poor control of water conduction and loss
(Woodhouse and Nobel 1982; Robinson 1994; Brodribb
and Holbrook 2004). Nonetheless, some fern species are
able to recruit in high-irradiance sites (Saldaña et al. 2005,
2007), thus having a wide ecological breadth despite the
above constraints. Moreover, there are fern species that
occupy almost exclusively open sites (Banister and Fagan
1989). It iswidely known that plant species growing across
different light environments should be able to produce
leaves that aremorphologically andphysiologically suited
to a wide range of light environments (Björkman 1981;
Walters and Field 1987; Lambers et al. 1998). Heteroge-
neity of light environments can influence photosynthetic
performance of ferns by means of a direct effect on the
photosynthetic apparatus and its damage under stress
conditions (Valladares and Pearcy 1997; Lambers et al.
1998;Walters 2005). The balance between the light energy
absorbed and that used for metabolism is critical in pho-
tosynthetic organisms (Hüner et al. 2002), hence for the
maintenance of a positive carbon balance in a wide range
of environments and for successfully occupying diverse
habitats (Chazdon 1992; Spencer et al. 1994).
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From an ecophysiological perspective, interspecific
differences in leaf chlorophyll (Chl) content along a light
gradient are important to our understanding of the
ecological performance of fern species in occupying
different light environments. The amount of solar radi-
ation absorbed by a leaf is largely a function of foliar
concentrations of photosynthetic pigments. Therefore,
low concentrations of chlorophyll can directly limit the
photosynthetic potential and primary productivity
(Curran et al. 1990; Filella et al. 1995). Since the relative
concentrations of chlorophylls are known to change
with light environments (e.g., sun leaves have a higher
Chl a/b ratio; Lambers et al. 1998; Larcher 2003),
quantifying this ratio in plants across a light gradient
may provide important information about relationships
between plants and their light environment. Addition-
ally, the maintenance of a positive carbon balance in a
wide range of environments is a key feature of species
that successfully occupy diverse habitats (Chazdon 1992;
Spencer et al. 1994). Leaf traits relevant to net carbon
gain, and hence to components of plant fitness, include
photosynthetic rate (A) (Givnish 1988; Chazdon 1992;
Reich et al. 1998). Given the influence of photosynthetic
capacity on plant growth and reproduction, plasticity in
this ecophysiological trait could be associated with
variation in ecological breadth (Sultan et al. 1998).

The use of chlorophyll a fluorescence as a tool
for measuring photosynthetic response to light has
shown a considerable potential for assaying both the
rate of energy transfer through photosystem II (PSII)
and characteristics of the energy-dissipating processes
(Demmig-Adams et al. 1995), which modulate the pho-
tochemical response to light. Measuring the yield of
chlorophyll fluorescence provides information about
changes in the efficiency of photochemistry and heat
dissipation (Maxwell and Johnson 2000). In this context,
the response of the apparent electron transport rate
(ETR) to photosynthetic photon flux density (PPFD)
expresses the relative rate of electron transport through
PSII, which would potentially reduce NADP+, and
thus, it is closely related to the rate of carboxylation
(Edwards and Baker 1993; Brodribb and Hill 1997). The
measurement of ETR provides a means for probing the
primary photochemical response and photochemical
capacity of the leaf without masking effects such as dark
and light respiration rates (Brodribb and Hill 1997).
Skillman and Winter (1997) argued that a relatively
greater increase in UPSII could be observed during
sunflecks; hence, this parameter is particularly relevant
to fern species established in the forest understorey,
where spatial and temporal variability in light avail-
ability occurs (Chiariello 1984; Walters and Field 1987).
Furthermore, the extent and composition of non-pho-
tochemical quenching (NPQ) has been successfully used
to explore differences in photoprotection and photoin-
hibiton between sun and shade leaves within species
(Demmig-Adams et al. 1995). Additionally, there is
paucity of research on photosynthetic performance in
relation to ecological breadth of ferns species.

This study addressed the interspecific differences of
functional responses to light of traits related to light
capture and use in three sympatric fern species of the
genus Blechnum (Pteridophyta, Blechnaceae) that differ
in ecological breadth in the Chilean evergreen temper-
ate rain forest. Blechnum magellanicum (Desv.) Mett.
covers a broad environmental range, from shaded un-
derstoreys to open sites; Blechnum mochaenum Kunkel
is restricted to shady and moist sites; and Blechnum
penna-marina (Poiret) Kuhn occupies mainly full sun
sites. Variation in leaf functional traits appears to be
an important mechanism of acclimation of Blechnum
species to this wide range of light environments
(Saldaña et al. 2005, 2007). We evaluated the hypothesis
that interspecific differences in the magnitude of re-
sponses of chlorophyll content, photosynthetic capacity
and photosynthetic performance to light availability of
the three Blechnum species reflect their ecological
breadth. This was considered likely because the life cycle
of these Blechnum species is short, relative to the life-
spans of tree species whose growth and mortality
control most of the variation in light environments
associated with patch dynamics. First, we assessed the
ecological breadth by measuring the abundance of
the juvenile individuals in the field light gradient. Then,
we compared the values of chlorophyll content, pho-
tosynthetic capacity, and chlorophyll fluorescence of
juvenile individuals of each species growing in different
light levels in situ.

Methods

Species distributions in relation to canopy openness

This study was performed in a forest stand at Katalapi
Park in Pichiquillaipe, southcentral Chile (41�31S,
72�45W). The climate at Pichiquillaipe is considered
temperate and strongly humid with an oceanic tendency
(Di Castri and Hajek 1976), although winter frosts
occur. Annual precipitation is around 2,200 mm (mean
annual rainfall) (Reyes-Dı́az et al. 2005). The old-
growth rainforest of the lower western slopes of the
Andes is composed exclusively of broad-leaved ever-
green species (Saldaña and Lusk 2003).

Sampling was carried out on ten transects run
through old-growth stands including tree-fall gaps of
varied sizes and open sites. Sets of parallel transects were
run through accessible stands, spaced at least 20 m
apart, the angle and number of transects depending on
terrain, access considerations, and proximity to forest
margins. At 150 sample points (15 per transect) spaced
at random intervals (2–10 m apart) along transects,
canopy openness (percentage of diffuse light) measure-
ments were made at 100-cm height with the LAI-2000
(Li-Cor, Lincoln, NE, USA). A pair of LAI 2000 canopy
analyzers was used to quantify light environments under
uniform overcast sky conditions. One instrument was
used to take measurements 50 cm above each sampling
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point, while the other, placed at the center of a 2-ha
clearing, was programmed to take readings at 30-s
intervals. Fifty meters was the minimal distance among
both instruments, to ensure the independence of light
measurements. Integration of data from the two
instruments enabled estimation of diffuse non-inter-
cepted irradiance (%) at each sampling point within the
forest, equivalent to percentage canopy openness over
the quasi-hemispherical (148�) view field of the LAI-
2000 sensors. LAI-2000 measurements are a good sur-
rogate of spatial variation in mean daily photosynthetic
photon flux density within a stand (Machado and Reich
1999).

To determine the ecological preferences of the three
Blechnum species, the presence of each fern species was
recorded in a plot of 1 m2 centered on each sample
point. Given that in most forests the frequency distri-
bution of light environments is highly skewed towards
microsites at <ca 5% canopy openness (Montgomery
and Chazdon 2002), one way to incorporate the relative
availability of different light environments is to work
with rank order of canopy openness at microsites, in-
stead of actual canopy openness values (Lusk et al.
2006). Equal intervals on a rank-transformed gradient
represent equal areas of microsite availability. Accord-
ingly, we ordered our 150 samples by light environment
(from 0.1 to 70% canopy openness) at 10% intervals.
Thus the abundance of each fern species across the light
gradient was estimated as the frequency of occurrence in
the number of plots resulting within each canopy
openness interval.

Chlorophyll content and photosynthetic
capacity measurements

We measured chlorophyll content in 20–22 juvenile
individuals of each fern species, distributed across the
light gradient. For each sampled individual three circu-
lar disks of fresh tissue were punched from one frond for
posterior chlorophyll extractions. The percentage of
canopy openness was determined above each sampled
individual. Given that some of these fern species can
develop red-colored fronds from the accumulation of
anthocyanins, we selected only green fully expanded
fronds. We used standard extraction techniques and a
spectrophotometer to measure Chlorophyll a (Chl a),
Chlorophyll b (Chl b), and total Chl content (Lichtent-
haler and Wellburn 1983).

Area-based photosynthetic capacity (A) was mea-
sured in situ in 16 individuals of each fern species, dis-
tributed across the light gradient. The percentage of
canopy openness was determined above each sampled
individual. A measurements were made using a portable
infrared gas analyzer and leaf chamber (PP Systems,
Hitchin, England). Photosynthetic capacity was mea-
sured at PAR 800 lmol m�2 s�1 (assumed to be a sat-
urating level), at 20�C. These measurements were carried
out in mid-growing season (October) on two fully

expanded leaves per plant. The average of these mea-
surements was used as an individual plant value.

Chlorophyll fluorescence and P700 measurements

Light-response curves of chlorophyll a fluorescence and
P700 assessment were performed simultaneously with a
Dual-PAM-100 measuring system (Walz-Effeltrich,
Germany) in detached new fully expanded fronds. These
were immediately dark adapted for 30 min (to obtain
open reaction centers). A saturating pulse was applied to
obtain Fm; then, leaves were exposed 5 min at each
PPFD in order to obtain steady-state lectures. All
measurements were performed at 15�C. Temperature
was controlled with a water jacket system placed around
the Dual-D leaf holder and connected to a thermoreg-
ulated water bath. Frond temperature was monitored
with a fine K type thermocouple (Sper Scientific, Ltd.
USA). During these measurements, the environmental
temperature ranged from 15 to 18�C. Recordings and
calculations were performed with the Dual-PAM 1.7
data analyses and control software (Walz-Effeltrich,
Germany). The saturation pulse method originally
developed for chlorophyll fluorescence quenching anal-
ysis (Schreiber et al. 1986) was used for assessment of
PSI quantum yield (Klughammer and Schreiber 1994).
Electron transport rate of PSII (ETRII), yield of energy
dissipation by downregulation U(NPQ), and the fraction
of PSII centers in open state (qL) were calculated
according to Kramer et al. (2004). Analysis of PSI was
based on a routine for assessment of the maximal P700
change (Pm determination), which involves preillumi-
nation with far-red light (FR) for 2 s and a saturation
pulse that induces maximal P700 oxidation followed by
full reduction. The Pm determination is analogous to Fo
and Fm determinations. The concept of excitation
energy partitioning originally conceived for PSII by
Kramer et al. (2004) was adopted for PSI. Hence, the
relative electron transport rate for PSI (ETRI) and the
non-photochemical quenching donor U(ND) and
acceptor U(NA) side limitation were obtained. The non-
photochemical quantum yields of PSI, ND, and NA,
represent the fraction of overall P700 that is oxidized in
a given state and the fraction of overall P700 that cannot
be oxidized by a saturation pulse in a given state due to a
lack of acceptors, respectively. Both centers with oxi-
dized P700 and acceptor side limited centers transform
absorbed excitation energy quantitatively into heat. ND
is a measure of donor side limitation, which is enhanced
by a transthylakoid proton gradient (photosynthetic
control at cyt b/f complex as well as down-regulation of
PSII) and damage at the level of PSII. Additionally, NA
is a measure of acceptor-side limitation, which is en-
hanced by dark adaptation (deactivation of key enzymes
of Calvin–Benson cycle) and damage at the level of CO2

fixation. The light saturation points of ETRII
(ETRIILSP) and ETRI (ETRILSP) were obtained
homologous to the methodology for light curve of CO2
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assimilation proposed by Farquhar et al. (1980). Briefly,
ETRLSP was the PPFD corresponding to the intersection
of the horizontal line described by the average of non-
significant different maximal ETR values. The projec-
tion of the initial linear portion with maximal slope of
the light curve corresponding to the ETR maximum
quantum yields.

Data analysis

An ANCOVA was applied (species as main effect and
light as covariate) in order to test interspecific differences
in total chlorophyll content, Chl a:Chl b ratio, and
photosynthetic capacity across the light gradient in the
field. Values for chlorophyll fluorescence and P700
measurements correspond to the mean of five measure-
ments performed in five different plants. Data were
subjected to a one-way ANOVA (where the factor was
species in each light environment). Before ANOVA,
data were checked for normality and homogeneity of
variances. In order to simplify the post hoc analysis
interpretation of the light curves, the whole light rank
was not considered. The analysis was performed at two
independent fixed irradiances by each photosystem.
These irradiances correspond to ETRIILSP and ETRILSP
of the shade specie B. mochaenum (27 and 221 lmol

photons m�2s�1) and the sun specie B. penna-marina (58

and 435 lmol photons m�2s�1). A Holm-Sidak method
was used for post hoc analyses. Differences were con-
sidered significant at P £ 0.05. All the statistical anal-
yses were performed with SigmaStat 3.1 software (2004,
Systat Software, Inc. Richmond CA, USA).

Results

Breadth in the light gradient

The three Blechnum species coexisted around 30% can-
opy openness (Fig. 1). B. mochaenum was the most
abundant species at low light availability; B. magellani-
cum occurred continuously across most of the light
gradient (Fig. 1). B. penna-marina was restricted mainly
to full sun sites, being the most abundant Blechnum
species in open habitats (Fig. 1).

Chlorophyll contents and photosynthetic capacity

Whereas the mean value (elevation of reaction norms) of
total Chl, Chl a:Chl b ratio, and A of the Blechnum
species was different, plasticity (slope of reaction norms)
of total Chl to light availability did not differ among
species (Table 1). In any given light environment, Chl
a:Chl b was greater on average in B. penna-marina than
in B. magellanicum and B. mochaenum (Fig. 2b). While
total Chl decreased and Chl a:Chl b ratio increased with

light availability in B. mochaenum and B. magellanicum,
these traits showed a relatively flat response to light in
B. penna-marina (Fig. 2a, b). Photosynthetic capacity
increased with light availability in all three species
(Fig. 2c). ANCOVA showed differences in slope among
species for Chl a:Chl b and A (Table 1). Thus, although
all three species displayed fronds of higher Chl a:Chl b
ratio and greater photosynthetic capacity in high light,
these increase were more marked in B. mochaenum and
B. magellanicum than in B. penna-marina (Fig. 2b, c).

Effect of light environment on chlorophyll fluorescence
and P700 light response curves of the three species

Changes in the use of absorbed light energy were per-
formed by comparing ETRIILSP and ETRILSP of the
strict shade and sun fern species. At 27 lmol photons
m�2s�1 all species showed a similar ETRII (about
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Fig. 1 Distribution (% frequency) of Blechnum fern species in
plots across the light gradient (canopy openness intervals)

Table 1 ANCOVA of total chlorophyll content (mg cm�2), Chl
a:Chl b ratio, and photosynthetic capacity (A, lmol m�2s�1) of
Blechnum mochaenum, B. magellanicum and B. penna-marina
growing across a light gradient

df SS F P

Total Chl
Species 2 0.003 8.06 0.001
Light 1 0.001 2.27 0.137
Species · light 2 0.001 1.28 0.286
Chl a:Chl b
Species 2 0.002 18.46 0.001
Light 1 0.001 10.24 0.002
Species · light 2 0.001 3.22 0.051
A
Species 2 21.853 28.14 0.001
Light 1 8.261 21.27 0.001
Species · light 2 4.489 5.78 0.006

Main factor: species; covariate: light
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7.5 lmol electrons m�2s�1). B. penna-marina exhibited a
slightly higher but significant ETRII than the under-
storey species B. mochaenun and B. magellanicum shade
ferns (Fig. 3a). At the ETRIILSP (221 lmol photons
m�2s�1) for B. penna-marina, this fern species exhibited
a 51% higher ETRII than B. magellanicum sun indi-
viduals, 77% than B. magellanicum shade individuals,
and 83% than the umbrophile fern B. mochaenun.
Additionally, B. penna-marina and B. magellanicum
(both sun and shade individuals) were able to increase
their ETRII in 33, 180, and 473% relative to the
B. mochaenun ETRIILSP, respectively (Fig. 3a). At
B. mochaenun ETRIILSP B. penna-marina exhibited an
80% lower U(NPQ) than the other species (Fig. 3c). At
the B. penna-marina ETRIILSP, this species exhibited a
54% lower U(NPQ) than B. magellanicum sun and shade
ferns, and 22% than B. mochaenun. Additionally,
B. penna-marina, B. magellanicum, and B. mochaenun
were able to increase their U(NPQ) in 500, 132, and 82%
relative to the B. mochaenun ETRIILSP, respectively
(Fig. 3c). At 27 lmol photons m�2s�1, B. penna-marina
exhibited significantly higher qL (38%) than B. magel-
lanicum sun individuals and 80% than understorey ferns
B. mochaenun and B. magellanicum shade individuals
(Fig. 3e). At the B. penna-marina ETRIILSP, this fern
species exhibited a 73% higher qL than B. magellanicum
sun ferns, 420% than B. magellanicum shade, and 940%
than the umbrophile fern B. mochaenun (Fig. 3e). Con-
sistently at B. penna-marina ETRIILSP, B. penna-marina,
B. magellanicum sun and shade ferns and B. mochaenun
were able to maintain different fractions of PSII reaction
centers open relative to initial dark conditions (59, 34,
11, and 6%), respectively (Fig. 3e). At B. mochaenun
ETRILSP (58 lmol photons m�2s�1) sun species showed
equal ETRI. Understorey ferns B. mochaenun and
B. magellanicum shade individuals presented a 56 and
44% significantly lower ETRI than sun ferns, respec-
tively (Fig. 3b). At the B. penna-marina ETRILSP
(435 lmol photons m�2s�1) this fern species exhibited a
106% higher ETRI than B. magellanicum sun individu-
als, 300% than B. magellanicum shade individuals, and

620% than the umbrophile fern B. mochaenun. Addi-
tionally, B. penna-marina and B. magellanicum sun and
shade individuals were able to increase their ETRI in
300, 94, and 50% relative to the B. mochaenun ETRILSP,
respectively (Fig. 3b). At B. mochaenun ETRILSP
B. penna-marina and B. magellanicum sun ferns exhib-
ited a 0.74% lower U(ND) than B. magellanicum shade
ferns and an 81% than B. mochaenun (Fig. 3d). At the
B. penna-marina ETRILSP this species exhibited a 25%
lower U(ND) than B. magellanicum sun ferns, 36% than
B. magellanicum shade individuals, and B. mochaenun.
Additionally, B. penna-marina and B. magellanicum sun
and shade ferns, and B. mochaenun were able to increase
their U(ND) in 620, 440, 118, and 57% relative to
B. mochaenun ETRIILSP, respectively (Fig. 3d). At
B. mochaenun ETRILSP B. penna-marina and B. magel-
lanicum sun ferns exhibited a 460 and 260% higher
U(NA) than shade species. (Fig. 3f). At the B. penna-
marina ETRILSP there were no differences between fern
species reaching a value of 0.08 (Fig. 3f).

Discussion

Blechnum fern species that coexist in the Chilean ever-
green temperate forest differed in ecological breadth in
relation to light availability. Their differences in photo-
synthetic responses to light variation are consistent with
their ability to occupy different light environments.
Light is the most important resource limiting plant
survival and growth in the understorey of humid forests
(Pacala et al. 1994; Finzi and Canham 2000; Saldaña
and Lusk 2003). Therefore, the ability of fern species to
capture and use this resource may determine to a large
extent their ecological breadth in this forest ecosystem
(Saldaña et al. 2005, 2007).

Both Blechnum species that coexist in forest shaded
environments (B. magellanicum and B. mochaenum)
showed greater chlorophyll content than the open-site
species B. penna-marina. This interspecific difference in
chlorophyll content reflects that their distribution across
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the light gradient is concomitant with the fact that light
harvesting complexes (LHC) are greater in plants
growing in shade environments. The interspecific dif-
ferences in response of Chl a:Chl b ratio could be
related to the more restricted ecological breadth of
B. mochaenum with respect to the other two species.

Additionally, the more plastic Chl a:Chl b ratio re-
sponses of B. magellanicum may allow this species to
occupy a wider range of light environments, reflecting
the ability of this fern species to adjust its light-capture
mechanism. A change in Chl a:Chl b ratio alters the
amount of light that can be intercepted by LHC. This is
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one of the most important biochemical mechanisms in
maximizing carbon gain in response to light availability
variation (Lambers et al. 1998; Larcher 2003). Hence,
the apparent lack of biochemical adjustment in response
to prolonged exposure to high light may partly explain
why B. mochaenum, a shade-tolerant species (Saldaña
et al. 2005), does not occur on open sites.

When these three Blechnum species were exposed to a
range of irradiances, the interspecific differences in
photosynthetic capacity and performance could explain
their habitat preferences and specificity. The rela-
tively low photosynthetic capacity and performance of
B. mochaenum at higher light levels may therefore limit
its distribution to shaded sites by means of several
mechanisms. Low A determines low growth rates, with
the result that B. mochaenum is outcompeted by faster-
growing species in high light (Lambers and Poorter
1992). Alternatively, low photosynthetic capacity
and performance could render B. mochaenum susceptible
to photoinhibition in high light (Long et al. 1994).
B. magellanicum individuals may cope with the hetero-
geneity of light availability changing the structure of its
LHCs. At any given light level, ETRI and ETRII were
generally higher in ferns from open sites (B. penna-marina
and B. magellanicum open-site individuals) than in ferns
from shaded sites (B. mochaenum and B. magellanicum
shade individuals) (Fig. 2a, b). The higher ETR(I) and
ETR(II) of B. penna-marina in fronds from open sites at
high light intensity may reflect a higher capacity of this
species for cyclic electron transport or reduction of P700
by stromal components as discussed elsewhere (Asada
et al. 1992). Simultaneousmeasurements of light-response
curves of PSI and PSII provide information on electron
transport capacity and limitations considering the inter-
play of the consecutive light reactions of PSII and PSI,
which are connected via the intersystemelectron transport
chain. The fates of light energy in exposed and shaded
Blechnum species reflect a previously described mecha-
nism for flowering plants (Roberts et al. 1998): a combi-
nation of both high photosynthetic light use and thermal
dissipation, which diminishes the excess excitation energy
and photodamage.

The interspecific differences in the increase of thermal
dissipation of excess energy (NPQ) with light intensity in
these Blechnum species (Fig. 2c), reflect that B. magel-
lanicum individuals are able to acclimate to different light
environments. B. penna-marina showed lower NPQ than
the other two fern species, however, this species has the
greater photochemical quenching as well, reflecting its
preference by high-irradiance habitat. On the other hand,
the shade species B. mochaenum and B. magellanicum
open-site individuals showed greater NPQs than
B. penna-marina and B. magellanicum shade individuals.
The process of non-photochemical quenching is known
to be induced in plants under conditions of stress to
dissipate excess light energy, protecting the plant from
light damage (Horton et al. 2000). It has been reported
that plants growing in the shade typically show lower
photosynthetic capacity, high levels of NPQ, and mini-

mal light use (Griffiths and Maxwell 1999). However,
B. magellanicum individuals from open sites showed a
slightly higher NPQ response than shade species.
Therefore, it seems that B. magellanicum is also able to
withstand high light and sustain a primary photochemi-
cal response under such condition. This probably reflects
the capacity of B. magellanicum shade fronds to adjust
the photochemical capacity of individuals from shade to
use high-energy inputs coming from sunflecks, as ob-
served in many understorey plants (Leakey et al. 2004).

All three Blechnum species displayed increases in
photosynthetic capacity with greater available light.
However, in any given light environment, A was greater
on the average in B. penna-marina and B. magellanicum
than in B. mochaenum. The latter species behaves photo-
synthetically like a typical ‘‘shade’’ plant (sensuBjörkman
1981), with low rates of photosynthesis. The relatively low
plasticity of B. mochaenum to higher light levels may
therefore limit its distribution to shaded sites by means of
several mechanisms (Saldaña et al. 2005). There was evi-
dence of differential plasticity in photosynthetic capacity,
with B. magellanicum and B. penna-marina showing a
steeply increase in A with light availability.

The differences observed in these three Blechnum
species in their natural habitat preferences across a light
gradient probably reflect intrinsic or structural differ-
ences between shade and light ferns photosynthetic
machineries. The occurrence of spatial and temporal
environmental variability product of forest gap dynam-
ics (Denslow 1987), determines habitats that differ in
light availability (Chiariello 1984; Walters and Field
1987). In this context, the wide light gradient used by
B. magellanicum in this temperate forest may reflect its
ability to maintain the photosynthetic performance and
display physiological responses that appears to be
important mechanisms of acclimation to light avail-
ability. This is suggested by the fact that this fern can
adjust its photosynthetic capacity to forest-changing
environments such as when gaps are created or closed or
even to shorter-term light variations, such as sunflecks.
On the contrary, our results suggest that B. mochaenum
and B. penna-marina lack the ability to adjust their
photosynthetic machineries to maintain a high photo-
synthetic capacity and performance in wide range of
light environments, being restricted to shaded under-
storeys and full sun sites, respectively. Further research
on the ecophysiological basis of fern ecological breadth
should also include the relationship between photosyn-
thetic capacity and plant growth. Finally, we cannot rule
out that the photosynthetic differences between the two
extreme species could be the result of phenotypic accli-
mation rather then being inherent. Experimental expo-
sure to a common growth irradiance is thus required to
understand better the contribution of this functional
responses to the segregation of the species along the light
gradient.
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nitrogen status with canopy reflectance indexes and discrimi-
nant-analysis. Crop Sci 35:1400–1405

Finzi A, Canham C (2000) Sapling growth in response to light and
availability in a southern New England forest. For Ecol Manag
131:153–165

Givnish TJ (1988) Adaptation to sun and shade: a whole-plant
perspective. Aust J Plant Physiol 15:63–92

Griffiths H, Maxwell K (1999) Does exposure in forest canopies
relate to photoprotective strategies in epiphytic bromeliads?
Funct Ecol 13:15–23

Horton P, Ruban AV, Wentworth M (2000) Allosteric regulation
of the light harvesting system of photosystem II. Philos Trans R
Soc Lond B Biol 355:1361–1370
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