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Abstract The photosynthetic response to photo-
synthetically active photon flux density (PPFD) was
measured in the field for nine New Zealand rain
forest lichen species spanning environments from the
deep shade within the forest through the forest mar-
gin to outside, open ground sites. Light compensa-
tion (PPFDcomp) and light saturation (PPFDsat) were
much higher for the species of the open sites (over
50 and 500 (J.mol/m2.s, respectively). Lichens at for-
est margin or within the forest had PPFDsat of 64.3-
29, and 61-162, (Xmol/m2.s, respectively, but showed
no apparent adaptive trends for these parameters.
PPFD response of photosynthesis was measured at
several thallus water contents (WC) for one species,
Pseudocyphellaria coronata, which showed severe
depression of photosynthesis at high WC because of
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increased diffusion resistances, at all PPFD above
compensation. PPFDsat was also depressed but not
dark respiration, PPFDcomp, or quantum efficiency.
Green algal and cyanobacterial lichens showed no
relationship between nitrogen and chlorophyll con-
tents but green algal species were always <0.7%
nitrogen. A third group, cephalodiate (nitrogen fix-
ing) lichens, had nitrogen contents of 1.5-4.4% dry
weight with a clear, positive relationship with chlo-
rophyll content. Chlorophyll and nitrogen contents
both increased at more shaded sites within the for-
est. It is suggested that the possession of cephalodia
providing a nitrogen source is advantageous within
these evergreen forests by allowing a greater con-
tribution to be made to photosynthetic machinery.
The PPFDsat of forest lichens seems to be too high
for the prevailing PPFD environment and the lichens
would rarely be able to photosynthesise at optimal
PPFD. It is suggested that this is a protection against
transient high light in sunflecks.
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INTRODUCTION

Phanerogamic plants show a wide range of both
physiological and morphological adaptations which
tend to optimise carbon gain to their light environ-
ment. A distinction has long been made between
"sun plants" and "shade plants" that grow obligately
in sunny and shaded locations, respectively (e.g.,
Stahl 1883; Boardman 1977; Bjorkman 1981). Sun
plants are generally capable of higher rates of net
photosynthesis (NP) at high photosynthetically ac-
tive photon flux density (PPFD) than shade plants.
The latter also have lower light compensation and
saturation values, a lower dark respiration rate, and,
therefore, the ability to perform more efficiently at
low irradiances. Sun plants can partially adapt to
lower irradiances and, within a canopy, "shade
leaves" demonstrate this ability and have properties
tending to those of shade plant leaves. In contrast,
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shade plants seem unable to adapt to higher light and
often show significant "photo-damage" from the
excess light.

Both sun and shade plants have similar quantum
efficiencies for CO2 fixation (<J>, initial slope of the
light response curve of NP, i.e., moles CO2 fixed per
mole of light quanta) but there has been less agree-
ment about leaf chlorophyll contents. Boardman
(1977) presented the commonly accepted statement
that shade leaves and shade plants have lower chlo-
rophyll contents per unit area. Bjorkman (1981),
from a later survey, suggested that only the ex-
tremely shaded leaves of a sun plant show reduced
chlorophyll content whilst contents can be high in
shade plants, especially evergreen shade plants in
tropical forests. Although sun and shade plants have
a similar quantity of chlorophyll per reaction cen-
tre, there are more PSII reaction centres per electron
transport pathway in shade plants. One consequence
is an enrichment in chlorophyll b relative to chloro-
phyll a and characteristic changes of the thylakoid
structure (Bjorkman 1981).

Although lichens might be expected to show simi-
lar adaptations to their light environment, their
poikilohydric nature represents an additional com-
plication. Poikilohydry becomes a possible shield
against high irradiation because lichens can become
desiccated and dormant during the drying conditions
normally associated with higher PPFD (Demmig-
Adams et al. 1990). A further complication is the
interaction between thallus water content (WC) and
NP which can greatly alter the response of NP to
PPFD (see Lange & Matthes 1981). At low WC
biochemical limitations to NP produce lower values
for PPFD saturation, light compensation, and <&. At
high WC, severe depression in NP can occur which,
although not affecting <& or light compensation,
normally causes lower PPFD saturation values
(Lange et al. 1996).

In addition, lichen thalli differ from leaves of
higher plants in their optical properties. The corti-
ces of lichens often contain substances or structures
which absorb or scatter a large portion of incident
sun radiation so that intrathalline light availability
for the photobionts becomes reduced. It is hypoth-
esised that the absorption shield of the cortex pro-
tects the photobionts against damage by excess
radiation, for instance in the UV band (see Rikkinen
1995). In Peltula euploca, the average PPFD at the
upper border of the photobiont layer was found to
be only 8-11 % of the light incident on the thallus
surface, and was lower still for other Peltula species
(Biidel & Lange 1994). This effectively means that

the lichen photosynthetic apparatus probably expe-
riences deep shade conditions even when exposed
to the brightest sunlight (Green & Lange 1994).

For all of the above reasons, it is possible that
adaptations in the NP response to the ambient light
environment in lichens might not be so clear-cut as
in phanerogams. However, the ability of lichens to
adapt to different PPFD environments cannot be
questioned, and saturating values of PPFD for NP
range from 1% to more than 50% of full sunlight
(Green & Lange 1991; Lange et al. 1991). Although
an extensive literature exists on the adaptations and
tolerance to environmental factors such as tempera-
ture and WC (Kappen 1988), there appear to have
been few detailed studies of NP response to PPFD.
Kershaw (1985) provided the most recent discussion
in which emphasis is placed on the ability of lichens
to acclimate to changing PPFD. Comparisons were
made between species which grew under a forest
canopy in the summer and in the open in the winter
after leaf fall. The expected adaptive changes were
found, with higher PPFD compensation and satura-
tion values for the higher irradiances in winter.
Kershaw (1985) provided a biochemical explanation
of the acclimation which, unfortunately, still awaits
a thorough experimental justification. More recent
studies have also suggested that lichens may even
predominantly photosynthesise under environmen-
tal conditions outside those suggested to be optimal
by NP response curves to both PPFD and WC
(Schroeter et al. 1995; Green et al. 1995).

In this study, we measured the NP response to
PPFD for several lichen species from a New Zea-
land rainforest under controlled conditions. Samples
were collected from a wide range of habitats span-
ning deep shade, through forest margins, to open
ground. It was hoped by this means that both gen-
eral and detailed adaptations would be found. This
present study is part of a larger project from which
other aspects of lichen response in the New Zealand
rainforest have already been published by Green et
al. (1993, 1995), Lange et al. (1993), Tarnawski et
al. (1994), and Budel et al. (1995).

RESEARCH SITE AND METHODS

The research site was located in the Aniwaniwa
River valley in the neighbourhood of the Urewera
National Park headquarters at Lake Waikaremoana,
North Island, New Zealand (38°45'S, 177°9'E). Both
the site and the methods used are fully described by
Lange et al. (1993) and Green et al. (1993). The


