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Abstract

The gas exchange of six temperate rain forest lichens was measured in the field in
the Urewera National Park, New Zealand. Two shade species, Collema laeve and
Sticta filix, were measured only in the forest; two open ground species, Cladia
retipora and Cl. aggregata, only outside the forest and two marginal species,
Pseudocyphellaria colensoi and P. faveolata, at both locations. The diel
measurements for each species were analysed so that a net photosynthesis (Pn)
response to both thallus water content (WC) and light (PFD) could be obtained. It
proved possible to delineate limits and to determine WC/PFD combinations that
would allow maximal Pn at the given habitat conditions. It was found that the
lichens were rarely, between 3-13% of measurements, at maximal Pn. Lichens were
limited mainly by low PFD and high WC in the forest, and by low WC and low PFD
outside the forest. At WC which allowed positive Pn, the two open ground Cladia
species were unaffected by full sunlight whereas the forest margin lichens were
damaged by high PFD within one day. It is suggested that evidence is growing that
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lichens are rarely able to experience situations where Pn would be maximal. In
these forests high production is possible because of the long periods during which
the lichens are wet so that Pn continues for long periods although often at much
lower than maximal potential.

Keywords: cyanobacterial lichens, green algal lichens, gas-exchange, photosynthesis,
Cladia, Pseudocyphellaria, Sticta, Collema.

1. Introduction

New Zealand is known for its abundant lichens with the temperate
Nothofagus-dominated rain forest being particularly rich in foliose species
(Galloway 1985). The latter lichens, especially the genera Pseudocyphellaria
and Sticta, have been the subject of many ecophysiological studies (Green and
Lange 1991). Initial investigations on the response of photosynthesis to thallus
water content (WC) led to suggestions as to how the thallus structure could
maintain effective CO;-exchange in the presence of stored water (Green et al.,
1985). Adaptation of thallus structure to different environmental water status
was also shown (Snelgar and Green 1981) and the cyanobacterial species,
Pseudocyphellaria dissimilis, found to be desiccation-sensitive and to be killed
by low humidity (below 50% rh) even if exposed for periods less than 24 hours
(Green et al., 1991). The unusual joined thalli of photosymbiodemes in
Pseudocyphellaria allowed the differences between cyanobacterial and green
algal lichens to be investigated using plants of identical growth history. The
disparity in their ability to utilise water from air humidity alone was shown
to be maintained within single joint thalli (Lange et al., 1988). The balance of
environmental conditions that appears to allow the mixed thalli to develop
was also clarified (Demmig-Adams et al., 1990 b; Green et al., 1993).

However, the above work was mostly on small numbers of thalli in the
laboratory. Research on lichens in other ecosystems has often included
extensive studies on the day-to-day performance of the plants most often with
the responses of individual thalli also 'being determined for comparison. The
performance of lichens has been investigated in this manner in several
ecosystems (see Kappen 1988). Early studies were on the desert lichen
Ramalina maciformis (Lange et al., 1970) and later ones on fog communities of
the Namib Desert (Lange et al., 1991). Temperate lichens were studied in
Germany (Schulze and Lange 1968; Hahn et al., 1989; Bruns-Strenge and Lange
1991) and tundra species, in an extensive programme, in Alaska (Hahn et al.,
1993). Kappen and coworkers have achieved considerable success with studies
on antarctic lichens, especially Usnea and Umbilicaria species, again being
able to link laboratory performance with field studies (Kappen 1993). Zotz
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and Winter (1994) and Lange et al. (1994a) have extended the work to cover
species in tropical rain forests.

In all these studies an important objective has been the clarification of the
environmental and thalline factors that limited production of the lichens, the
overall aim being to achieve the ability to predict annual production from
climate data. Schroeter et al. (1995) have found that the antarctic lichen,
Usnea antarctica, may not often function in the so-called optimal sections of
photosynthetic response curves. Also, Lange et al. (1993) have shown that
supraoptimal thallus water contents previously thought to be rare, are
apparently both common and detrimental to COj-exchange in the field. It is
now clear that knowledge of the behaviour of New Zealand forest lichens in
the field would be useful to complement the existing laboratory results. An
introductory study was therefore carried out in the lichen-rich Urewera
National Park, New Zealand with the main objective being the obtaining of
field performance data for a variety of lichen species. We now report diel
patterns for six lichens and, also, that the lichens do indeed seem to operate
only rarely at maximal photosynthetic rates.

2. Materials and Methods
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 (latitude 38° 45' S, longitude 177°
9" E). Both the site and the methods used have been fully described in Lange et
al. (1993) and Green et al. (1993). The following points are, however, of
importance to this study. Two research sites were used. The first site was
inside the forest (evergreen and dominated by Nothofagus menziesii, Ixerba
brexioides and Dacrydium cupressinum). The canopy was fully closed at
20-25 m. Subsequently the measuring equipment was moved to the second site
which was about 30 m distant and just outside the forest margin in a clearing.
Lichens studied at each site were those found in the immediate vicinity, only a
small number of species (all forest margin species) were studied at both sites.

For ease of measurement of photosynthetic and respiratory CO,-exchange
the lichen thalli were fixed in wire-mesh baskets (3.8 ¢cm diameter, 1-1.5 cm
high, mesh width 1.6 mm). COs-exchange rates were measured as described in
Lange et al. (1993) by brief, 1-2 minute, enclosure of each sample in a. small
cuvette under natural ambient conditions. Several samples were measured in
sequence with the result that each sample would be remeasured at 40-90 minute
intervals, depending on sample numbers and time of day. In general, the need to
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survey a wide range of species necessitated that only one or two samples could
be measured for each species. In order to minimise problems from inter-thalli
variability we used as large a sample as possible, made up of thallus portions
from several larger lichen thalli. Preliminary tests, in which we compared
several samples (3 to 5) of selected species, demonstrated that this
methodology gave excellent replication of lichen response. Between
measurements the samples were returned to a moss-covered log (inside forest) or
ground (outside forest) where they were exposed to natural conditions of PFD,
humidity and temperature. At each determination the lichen plus basket was
also weighed so that thallus water content could be determined later. In this
manner the diel pattern of CO;z-exchange could be constructed for several
samples. The entire measuring period was from 30 October to 13 November
1991.

Microclimate

Microclimate parameters were recorded routinely during the CO;-exchange
measurements and air temperature and PFD (photosynthetic photon flux
densities, pmol m2 s71) are presented with each diel graph of CO,-exchange
(Figs. 3-5). Temperature and rainfall data were also available from a nearby
meteorological station (Lake Waikaremoana) and a summary is given in
Table 1 for the experimental period and for the whole year in Fig. 1. The CO;
environment has been reported by Tarnawski et al. (1994) and, for the lichens,
is not significantly different from the surrounding air. However, CO; levels
within the forest are consistently higher than for outside air.

Lichen species

Species reported are listed in Table 2 together with brief habitat details
and research site(s) at which they were studied. The species represent only six
of the 23 studied (for complete list see Lange et al. 1993) but have been selected
because they were measured over several days and come from a range of
habitats. Collema laeve (cyanobacterial) and Sticta filix are typical of the
deep shade areas of the forest. Pseudocyphellaria faveolata and P. colensoi
are found in forest margin habitats with P. colensoi being in the brighter areas.
Both species grow within the forest canopy and would receive direct sunlight
only in the form of sunflecks. Cladia retipora and Cl. aggregata are ground
species of open grassy or scrub habitats where exposure to full sunlight is
possible. Of the two, Cl. aggregata prefers slightly more protected sites.
Collema laeve and S. filix were studied only within the forest and Cl. retipora
and Cl. aggregata only outside the forest. The other two forest margin species
were measured through the entire experimental period.
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Table 1.  Summary of climate parameters for the experimental period 30th October to 13th
November. All data, except for the PFD, are from the Lake Waikaremoana
weather recording station about 250m from the measuring site. The PFD data
are from the actual measurement site, it should be noted that the maximal PFD
reported in the forest normally represents a single high value and should be
interpreted with the PFD distribution given in Fig. 2. Measurements were made
inside the forest from 30th October to 8th November and outside the forest from
10th to 13th November (inclusive).

Date PFD max. Temperature (°C) Rainfall
pumol m2 571 min max range ()
Oct 30 31 6.3 7.9 1.6 21
Oct 31 72 6.7 11.5 48 3
Nov 1 580 L7 19.9 18.2 1
Nov 2 65 5.6 16.5 10.9 0
Nov 3 14 6.1 8.7 2.6 34
Nov 4 176
Nov 5 174
Nov 6 73 9 15.6 6.6 11
Nov 7 29 8 11.6 3.6 3
Nov 8 420 8.9 16.1 8.9 12
Nov 9 6
Nov 10 1,906 1.9 24 221 5
Nov 11 1,900 4.1 19.8 1547 3
Nov 12 2,000 79 19.9 12.6 3
Nov 13 1,612 7.7 19.9 122 1
3. Results
Microclimate

The Waikaremoana district has a wet temperate climate with cool wet
winters and summers that are warmer and drier (Fig. 1) but still with
considerable day-to-day variability. The weather during the 15 day
experimental period was very typical for early summer with considerable
differences between days (Table 1). There was only one completely dry day
although nine had rainfalls of 6 mm or lower. On two days, 7th and 11th
November, showers during the day rewetted previously dry lichens: There
were two exceptionally wet days, with 176 and 174 mm of rain, during which
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Table 2. Lichen species studied with brief habitat information and the duration of their
respective measurement periods. Only P. faveolata and P. colensoi were
measured both inside and outside the forest. Lichen names are according to
Galloway (1985).

Lichen species Thallus Normal PFD Measuring Days
morphology* habitat status site measured
Collema laeve BG foliose, forest deep forest 7
J.D.Hook. et Taylor gelatinous, floor shade
homoiomerous
Sticta filix G (c) foliose forest deep forest 6
(Sw.) Nyl heteromerous tree trunks  shade
Pseudocyphellaria G (c) foliose forest moderate  forest and 1.2
faveolata heteromerous twigs shade clearing
(Delise) Malme
Pseudocyphellaria G (c) foliose forest moderate  forest and 9
colensoi heteromerous margins shade clearing

(Church. Bab.) Vainio

Cladia retipora G fruticose open sunny clearing 4
(Labill)) Nyl heteromerous ground
Cladia aggregata G fruticose open sunny clearing 4
(Sw.) Nyl. heteromerous ground

*Thallus morphology: G = green algal photobiont, (c) with cephalodia;
BG = cyanobacterial photobiont.

experimentation proved impossible. Wetter days (eg.: 30th October, 3rd
November) had smaller temperature ranges, under 5°C, than drier days (1st,
2nd and 10-13th November) with ranges reaching 20°C. Extreme temperature
minima were lower than 2°C and extreme maxima 24°C, both occurring on clear
days. Temperatures within the forest were very similar to those at the
weather station (compare Figs. 2—4 with Table 1). The PFD environment was
very different between the inside and the outside of the forest (Fig. 2).
Daytime PFD exceeded 50 umol m~2 s71 in the forest for only 6% of the
measurements whilst, in contrast, outside the forest only 8% of measurements
were below 50 pmol m—=2 571,
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Figure1. Climatic data from the Waikaremoana weather station: monthly means are given
for rainfall (bars), maximum (upper line with dots) and minimum (lower line)
temperatures. The research period was exceptional in that twice the mean
monthly rainfall for November fell in only two days, however other days were
typical for the area. Periods of brief, intensive rainfall are possible at any time
of the year.

Table 3. Maximal photosynthetic rates found during experimental period. Measurement
techniques are given in the methods and all data were obtained under natural
ambient conditions in the field. Full lichen authorities are given in Table 2.

Species Maximal photosynthetic rate
nmol g‘1 s pmol m2s1 nmol (mg chl)‘1 sl

Collema laeve 17.41 na %72

Sticta filix 14.97 2.12 3.89

P. colensoi 9.33 2.09 7.54

P. faveolata 12.41 1.59 .l

Cladia retipora 6.08 na 311.69

Cladia aggregata 6.84 na 7011

Maximal  photosynthetic rates

Maximal Pn, dry weight basis, found in the diel studies was highest for the
shade lichens, intermediate for the forest margin species and least for the open
ground species (Table 3). Rates on an area or chlorophyll basis were relatively
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Figure2. Distribution of PFD categories inside (upper panel) and outside (lower panel)
the forest. PFD categories are 10 pmol m™2 s~1 wide for inside the forest and 100
pmol m~2 s wide outside the forest. Labels on the horizontal axis indicate the
lower boundary for each category i.e.: 10 on the upper panel indicates 10 to 19
umol m™2 571 etc. Note that in the lowest categories (labelled 0) for both panels
the frequencies given do not include values of 0 pmol m™2 s~ since these would
represent overnight readings. Frequency of measurement (vertical axis) indicates
the number of times a particular PFD value was measured, measurements were
made at the conclusion of each gas exchange determination.

constant and it seems that mass per unit area declined with prevailing PFD, a
typical shade response known from higher plant leaves. Sticta filix had a low
and Cl retipora a very high Pn on a chlorophyll basis. In the case of Cl.
retipora other samples had higher chlorophyll contents and, therefore, lower
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Figure 3. Diel pattern of gas-exchange for the first measuring period from 30th October to
3rd November inside the forest. Lower panel shows PFD (solid line) and
Temperature (dashed line). Upper panels are for the indicated lichen species and
show Photosynthetic Rate (Pn) on a chlorophyll basis (solid line) and Thallus
Water Content (WC), on a dry weight basis (dashed line). Periods of positive net
photosynthesis have a black filling, periods of respiratory CO; release a dotted
filling. Note that the vertical axes for photosynthesis and thallus water content
have different scales for the different species. Results for a single thallus that
was representative of the replicates used. Different thalli are used for Figs 3-5.
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Figure4. Diel pattern of gas-exchange for the second measuring period from 6th November
to 8th November inside the forest. Other details are as for Fig. 3.

Pn on a chlorophyll basis; the reason for the low chlorophyll value for the
particular sample used is not known. The Pn maximal rates fall within the
range of those measured by eg. Snelgar et al. (1980) and in Alaska, Hahn et al.

(1993), and do not appear to be exceptional.
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Figure5. Diel pattern of gas-exchange for the third measuring period from 10th November
to 13th November outside the forest. Other details are as for Fig. 3. Note that the
two of the species studied have changed.

Diel patterns of COj-exchange

Results are reported over three time periods which totalled twelve days: in
the first two periods (30th October to 3rd November and 6th to 8th November)
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measurements were within the forest, and outside the forest for the third
period (10th to 13th November). During the first period lichens gradually
dried initially (Fig. 3). Both P. faveolata and Co. laeve showed
photosynthetic rates (Pn) that tracked PFD on 30th and 31st October. This
situation more or less continued for the next two days for Co. lgeve, however,
the other three lichens all showed limitation from low thallus water content
(WC) late in the days with some remoistening overnight. PFD levels were
always low and rarely above 50 umol m— s~1. On the final day, 3rd November,
there was heavy rainfall with lichens attaining very high WC, all above
1000% dry weight. PFD was also very low, never exceeding 14 pmol m~2 571, so
that Pn was only occasionally above compensation. During the next two days
rainfall was even higher and prevented experimental work. On these days the
lichen Pn would have probably been depressed to an even larger extent by the
low PFD and very high WC.

During the second measurement period (Fig. 4) low PFD again seemed to
prevail. PFD was higher on 6th November but was still predominantly below
50 pmol m2 s~1 and all lichens showed a response in Pn to a PFD transient that
reached 170 pmol m=2 s71, although high WC prevented maximal rates. The
situation continued on 7th November until the middle of the day when a
shower of rain sharply increased the previously declining WC. Thallus water
contents did not reach the high values of the first measuring period but were
still sufficient to produce depressed Pn, this being especially obvious for P.
faveolata. Pn was restored to more normal levels on the next day as WC
declined. Over both measurement periods the cyanobacterial lichen, Co. laeve,
had the higher WC and was least affected by drying out. Although a more
severe effect of low PFD might have been expected for the marginal habitat
lichens, P. faveolata and P. colensoi, this was not apparent in the results. This
is possibly because of the continuously very low PFD which was probably below
Pn saturation for all the species so that their full photosynthetic potential
could not be appreciated.

During the third period (Fig. 5) the measurements were made outside the
forest and the two shade lichens were replaced by Cl. retipora and Cl.
aggregata, both open habitat lichens. The environmental conditions were more
variable with both PFD and temperature showing large diel ranges.
Desiccation stress was greater, all the lichens showed larger changes in WC
and dried down to below moisture compensation for Pn on every day. Rain
showers returned WC to higher values on both the 10th and, especially, the
11th November. The consequent Pn response was particularly well shown by
both Cladia species with a pronounced double peak that exactly followed the
changes in WC. Whereas both Cl. retipora and Cl. aggregata resumed
photosynthesis on rewetting it was apparent that the marginal habitat



wreg 21 lty aatng Sy sarty woenhyg eamecamanty 181 & wileSel S @ goad

o o -
Aar Eag, §- ke peacam ‘e a0 o0 sy wivies Migh MIZ) daty poce e
_uhhﬂWhhﬂm“nﬁd

saliann, be et At areme Sipag yuome Tae meanTmeed mede oa
hm - ‘l-‘i—g;nmhnﬁ
ok g At iy e e AL T Doy o0

e Lt
= ot lnh_hm!nbm of trozsnaed E¥ah o rowiteTn e
Crne o oL, (0N Tasgs wb i3y 1038, Winee Hunt Inptis oo Sy 400 &




