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Abstract

Karrro, Paavo & Hminonen, Sami (Kevo Station, Univ., 20500 Turku 50, Finland)
Eeology of Rhacomitrium lanuginosum (Hedw.) Brid. Rep Krvo Susarcric RES StaT

10. 43—54. Illus. 1973. — Net photosynthesis and its dependence on temperature, light
and moisture have been studied in Rhacomitrium lanuginosum (Hedw.) Brid. strains
from Spitsbergen, Finnish Lapland, S Finland, W Norway, the British Isles, Austrian
Alps and from S Georgia. The effect of freezing was also studied. The optimum
temperature in high light intensities of 12000—15000 lux was ca. -5°C, and the mini-
mum —8° to —10°C in all the different strains. The maxima show larger variation
between ca. +25° to +30° in short-time experiments. The activation after low tempera-
ture of —30°C is very rapid — ca. 60 % during the first three hours in all strains.
It seems that there are hardly any forms clearly adapted to e.g. arctic and temperate
regions in this very cosmopolitan moss, as regards the temperature. The moss is ”preadapt-
ed” to a very wide ecologieal temperature variation. Moisture conditions must be very
important to the distribution of this plant. The rhythm of light may have some signi-
ficance as an ecologieal factor, and the high demand of light restricts the habitats to

open rocks and bogs. Comparisons are made to Pleurozium schrebert,

1. Introduction

Rhacomitrivm  lanuginosum (Hedw.) Brid,
is a widely distributed moss species in the
maritime Arctic (STeEERE 1954) where it may
be one of the most common and abundant
mosses (Herzo¢ 1926) forming stands particu-
larly on non-calcareous slopes (ef., however,
Tarris 1958) at rather high elevations, but also
close to the sea level. It is common e.g. in
Ellesmere Land (Brassarp 1971), in the whole
of Greenland (Houmew 1960), in Spitsbergen
(STOrRMER 1940; observations also by the au-
thors) and in the Siberian Arctic (LAZARENKO
1957). It is widely distributed in the temperate
zones, too, particularly in oceanic climate re-

gions and on mountains all over the globe
(Herzoe 1926; Tarris 1958). Although the
species is to be regarded mainly as oceanic in
its ecological demands, it must be ecologically
quite adaptable, considering its occurrence in
less oceanic distributional regions, e.g. in Lap-
land and in many continental areas in the Are-
tie.

In fact this moss is a real cosmopolitan.
Many attempts have been made to divide the
species into intraspeeific taxa (PopPErA 1954),
but apparently the great variability caused by
external conditions has confused the taxonomy
(ef. Tarr1s 1959). Is the moss really so flexible
that the same genetical constitution ean respond
"gdvantageously” to the wide environmental
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temperature, moisture and light variations and
stand the competition of different plant species
with different adaptational types? Or are there
ecologically distinet races, genetically adapted
to different environments (ie. different ”pro-
venances” as in all vascular plants with wide
distributional areas)? These questions (ef.
RASTORFER 1972) were among the stimuli lead-
ing to this investigation. In the frames of
IBP it is also important to investigate whether
the various growth rates in different parts of
the globe reflect differences of the environ-
ment, or various vesponse types of a plant
called Rhacomitrivm lenuginoswm.

2. Material and methods

The Rhacomitrivm material used was from the follow-
ing areas:

1. The Subarctic Research Station Kevo in Utsjoki,
Finnish Lapland (lat. 69°45’N). The moss grows there on
the boulder field of Jesnalvaara mountain at the hight of
about 250 m. The species is not very rare in the area
but does not form continuous stands. These northernmost
mountains in Lapland have some oceanic features, which
seem  to determine the distribution of Rhaeomitrivm
lanuginosum in TFinland (JAnAs 1955). The habitat is,
however, not well protected against the low temperature
in the winter time because the snow cover may be rather
low or temporarily ahsent. Thus temperatures of e.g.
—20° to 30° must belong to the environmental fea-
tures for the species in this season, as shown in the de-
seription of the area (KaLLio 1964; Karnuio et al
1969).

2. South Finland, Yline, Nousiainen and Turku (lat.
60°27'N). The species grows on open weathered acid
gran'te rocks as rounded isolated tufts, often partly co-
vered by (Nadonie lichens. This area is the most oceanic
corner of Finnish mainland, but when compared with W
Norway very con.inental.

3. Spitsbergen (Svalbard), Ny Alesund (lat. 78°
55'N), a real arctic area, on the heaths near the sea level.
Material collected by the Kevo expedit'on in August 1972,

4. West Norway, Bergen (lat. 60°23'N), one of the
most oceanic areas in Iennoscandia, specimens repre-
renting an epilithic Rhacomitrivm lmuginosum society,
typical of aveas with high precipitation (LYE 1966),

this material sent by conservator D. Moe.
5. Ireland, Glenamoy (lat. 54°12'N), material sent

by Dr. G. G. Doyle.

6. Scotland (lat. 57°10'N) to 8W of Banchory, north
side of valley of River Avon, Aberdeenshire, dry, granite
block scree. This material was sent by Dr. R. L. Lewis
Swmith,

7. Wales, Llandegfan Common, Anglesey (lat, 53°
14'N) from siliceous rocks, collected by Prof. Richards.
— The localities 4-—7 represent oceanic areas.

8. The Austrian Alps at the hight of 600 m, Piburger
See near Innsbruck (lat. 47°17’N), material sent by
Dr. W. Moger.

9. South Georgia, Royal Bay (lat. 53°30'S), mode-
rately exposed rock ledge, ca. 150 m N side of Moltke
Harbour. This material was collected at the end of January
1972 and held out of doors untld April, then transported
in a ship’s vegetable store, the voyage taking five weeks.
Thereafter the material was “eultivated” out of doors
in Birmingham for four months, and was sent to our
lahoratory by Prof. S. W. Greene,

Pleuroziwm schreberi was taken as a representative
of a more chionophilous habitat and of a forest eco-
system having also depauperate forms towards the north
(STEERE 1954: 427). This moss is, however, a panboreal
species reaching up to the Arctic (HERzOG 1926: 232),
and is common particularly in subaretic and temperate
zones in Burope and in Siberia (KATENIN & Bock
1970) as well as in N America.

Specimens from Ievo and Turku area were eompareq
Some measurements were also made with Hylocomiyy,
proliferum and some other species from Turku. 7he
mosses were sent {o our laboratory mostly by air and e
experiments were started as soon as possible. Often
however, this took some days, and meanwhile ihe Tiossey
were kept in a culture cabin at the temperature neay
0°C and the light intensity ca. 4000 lux. In culture
cabins the mosses retain their activity unchanged for
many weeks., The net photosynthesis was studied Wy
Urasg, Infra-Red gas analyzer, the technique being the
same as in earlier experiments by the authors (ef. Kai,.
vio & HEINONEN 1971). The moss was moistened with
distilled water so that the water- % was bel!Ween 200 ¢
and 400 ¢% dwt. Thereafter the specimens were trans.
ferred to assimilation chambers, in sizes 0.5 or 0.9 dms,
These chambers are thermostated and equipped with g
moistening botle. In the experiments in which responses
to different temperatures were measured, the temperature
was changed in steps of 5° and one hour was the
shortest interval between the measurements, The flow of
air was 10 liters/hour.

The light intensity in these experiments was 12000
14000 lux. This is the saturated light intensity for
Rhacomityiwim; for Plewroziwm this is apparently too
high an intensity. An illumination of 6000 lux in the
rhythm of 12 + 12 hours was used in longer experi-
ments. It was possible in these conditions to keep the
specinens continuously in the assimilation chambers for
many days wiih the activity being constant. The moisture
did not change significantly during five days, owing
largely to the reduction of the air flow to two liters/h
for the night time.

The moss was mounted in a Petri dish, diameter 9 em.
The density of the tuft was kept as normal as possible.
The moss carpet was cut so that it was 2 em (Rhaco.
mitriwm) or 8 em thick (Plewrozium, Hylocomivm).

Responses to the low temperature were examined in
all strains. The activity was measured first at 0°, after
which the temperature was lowered at a rate of 69
hour down to 30°C, where it was kept over night
(i.e. for 12—16 hours). Thereafter the temperature was
raised at the same vrate. The activity after the cold
treatment and the "recovery’ were observed. This meth-
od was used by the authors in their lichen experiments
(KALLIO & HEINONEN 1971; cf. also KAPPEN & LANGE
1972).

Experiments inguiring into the possible stress of nitro-
gen deflciency for the net photosynthesis in mosses were
carried out as follows: fresh moss malerial was sub-
merced into a solution of KNO; (0.1 or 0.01 gfliter dist.
water). A control moss was dipped only in distilled
water. These treatments were repeated every day, the
net photosynthess was measured every week at +5°C
in optimum light eonditions, and the rest of the time
these mosses were kept in culture cabins at a tempera-
ture of +5°C and in the rhythmic light, 12 hours 4000
lux and 12 hours dark.

3. Results

3. 1. Rhacomitrium lanuginosum

The eurves in Fig. 1 show the responses of
the net photosynthesis of the different strains
to the temperature. In Fig. 2 the curves are
drawn so that in all the 9 different strains
the maximum  value is plotted to 100 %,
and all the other values are indicated as
percentages of this maximum value. Tt is
seen that the optimum temperature is at +5°,
the minimum for the compensation near —10°,
and the maximum temperature near +30°. At
both ends of the curves the time factor is im-
portant: at the temperature of +30° the inten-
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Tig. 1. Temperature response of net photosynthesis in Rhacomitrivm strains. A = Ny Alesund (do's, 28.38.—4.9.
-72) and § Georgia (eircles, 23.—30.9.-72), B = Wales (dots, 27 —31.10.-72) and Kevo (cireles, 1126, 11.
-71), € = Glenamoy (upper ve, 19.—25.5.-72) and 8 Finland (¥), D = Bergen (circles, 13.—20.1.-72) and
Piburger See (dols, 29.4.—9.5.-72).
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Fig. 2. The curve indicates the mean value of the curves Fig. 8. Respiration as dependent on temperature in some
(see Pig. 1.); the maximum value is plotted to 100 % Rhacomitrium strains.

and the other values are given as percentages of this

value.




46 Karrio anp Hemvonen: EcoLogy oF RHACOMITRIUM LANUGINOSUM
mg C0y/50emilh mg C0p/50cmZh

03 03
IS 04

0 I 1 //‘T
A 0:\\ B o o ; o,oa\& w&w 00 -

-02 o2 -03 3
i e @ &, o
\\ p
-3 %0 ) : 2
¢ 8 mo®oH % BB epors Y 8 1w % 220 % B 32 36 40 hours
mg C0y/50emih mg C02/5O Cm2/h
s
. 08 08
B 01 \w\\ U 1] T |
-o1 S/ 04 06 06
03 03
04 04
o //f-«ﬁ——oq__‘—f___« o
jo\\ 2 02 02
4 3 12 1 20 24 8 32 36 450 L4 48 hours F
mg C0»/50¢m2/h 00 . 00
12 1.2 -01 EOJ
10 1.0 o° *
08 08
@ o
06 06 -30 X 30
C 4 8 12 16 20 2 hours
04 mg COz/50cmh
04 04 04
02 0.2 02 02
00 oo
00 00 R4
-02 02
-01 o G
<}o O° (1% /f,,_.w_o_‘_-_f‘. —n O
3 \\_ e 4

o . 8 12 1% 2 % B/ 32 3B Lk uBhours
0%} e 430 g COz/50¢mPin
4 8 12 16 20 % 28 hours
.
m3 COZISOCrnZ/h 06 ®
o
04 R 04
02 02
s 02 02

i 1%1/ 00 . 00
zi 02 R

-0 -01 01
o
7 /fmo—————’—“ 0 o‘\,\n o
-39‘”1;\\ -l - ————— 5
4 8 12 1 20 22 28 32 3B 4D 44hours 4 8 2 % 20 2% 28 32 36 40 4b hours
Fig. 4. A—H. Freezing experiments with different strains of Rhacomitrivm lanuginoswm. The lower curve indicates

the temperature during freezing. The upper curve indicates the CO2 consumption before the treatment at 0°C,
respiratory surges during the freezing, and the reactivation after freezing.

A = Kevo (3.—8.11.-72), B == Ny Alesund (6.—9.10.-72), C=38 Finland (13.—14.10.-72), D = Bergen ({(25.—
27.10.-72), E = Scotland (28. 9.—1.10.-72), F = Glenamoy (18.—20.5.-72), G = Wales (1.—3.1L. -72), H= |
Piburger See (8.—10.5.-72). :
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Fig. 5. TFreezing experiment in the dark, Rhacomitrium
strain from 8 Finland (18.~22. 12, -72). The light period
has started at 44 hours.

sity deereases within a few hours and is irre-
versible; at -—10° the positive assimilation
proceeds for many hours. The form of the
curve is rather flat in comparison with many
other plants. This means that the moss is not
sensitive to temperature variations in the wide
range between —5° and +15°.

In the respiration curves there are essen-
tial differences between the different strains
(Fig. 3).

The effect of the low temperature is indi-
cated by the curves in Fig. 4. The lower curve
shows the change of the temperature during
the experiment and in the upper curve the
CO,-content fixed or released, is indicated.
When the temperature goes down at the rate
of 6°/h, the activity will continue down to ca.
—10°, If the air flow fo the cuvette is closed,
some respiration can be observed in all strains
in temperatures between —10° and —15°, too.
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Fig. 6. Dependence of net photosynthesis on light inten-
sity in different temperatures. The compensation points
arve indicated by the smaller curve. A = Kevo strain,
B = 8 Finland strain,

The absolute lowest limit was not measured,
but our normal method (without the continuous
air cireulation) revealed respiration at —15°
in some experiments in both Kevo and Ylidne
strains.

At —30°, the air having been closed for 15
hours, no accumulation of CO, was observed.

‘When the temperature goes up, a clear respi-
ration peak, ie. a release of CO, was always
seen in our experiments at the temperature
between -—10° and 0°. The positive net assimi-
lation usually takes place below 0°. Also in the
dark, the curve of CO, surges has almost the
same form (Fig. 5).

When the temperature is made constant at
0°, CO,~consumption increases rapidly during
the first three hours. In all strains the recovery
of the net photosynthesis was on an average
60 9% of the value measured before freezing.
In the following hours reactivation goes om,
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bui on an average only ca. 70 % of the level
previous to freezing was reached. The control
specimen that was kept in the assimilation
chamber in continuous light and at the tem-
perature of 0° for the same time as in the
freezing experiment also showed a decrease
but not in the same degree. That the high light
intensity in low temperature conditions is the
cause for the decreasing activity in these ex-
periments, is seen in Fig. 5 which shows a moss
that has been in the dark during the freezing.
The reactivation is total. Thus no ”eold damage”
in the short-time freezing experiments is obsery-
ed. There were no significant differences be-
tween the strains examined. No differences were
found in responses to freezing in autumn and
spring experiments. Apparently no seasonal
hardening process is needed for the reactivation
in the Rhacomitrium strains studied.

The response to the light intensity is seen in
Fig. 6. The compensation point varies between
5500 and 500 lux in Rhacomitrium, and the opti-
mum (during short period) is apparently at the
level of 12000—14000 lux in the optimum tem-
perature conditions (-+5°) used in our experi-
ments. The dependence of the light compen-
sation point on temperature is seen in Fig. 6.
There are considerable differences in the light
response curves when different strains are com-
parved. In continuous low light conditions the
compensation point goes down in constant tem-

lux
3000
2000 \M
1000
0
[ It I v A VI vii VI day
Fig. 7. The change (decrease) of the compensation point

in continuous low light conditions and in constant tem-
perature .
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Fig. 8. The effect of moisture on net photosynthesis in
Rhacomitrium (8 Finland strain).
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Fig. 9. Dependence of net photosynthesis on {emperature
in Plewrozium schreberi; the upper curve = 8 FPFinland
strain, the lower curve = Kevo strain.

peratures (Fig. 7). Some acelimation of Rhaco-
mitrium to low light conditions is seen particu-
larly in the Scotland strain. The light ecompen-
sation goes in 4 days down from 2800 lux to
1400 lox at -}-5° and in optimal moisture eon-
ditions (ea. 300 % dwt.).

The effect of the continwous light, in the in-
tensity of eca. 15000 lux was studied with the
Scotland, Spitsbergen, Austrian Alps and S
Finland strains. A decrease of 50 % in the
activity was seen in five days in all other
strains but not in the Alps strain, whieh had
only a decrease of 15 %. No changes occur in
constant rhythmic light conditions, the light
intensity being the same during a period of a
week.

The effect of moisture on the net photo-
synthesis is represented in Fig. 8. Moisture is
a very important ecological factor in mosses,
and its effect has been studied by Tarnis
(1964) in Rhacomitrium. The moisture values
between 200 % and 400 9, were taken as limits
in our experiments because the moisture res-
ponse curve shows rather little variation in
this area. The minimum moisture content for
the positive net assimilation is around 50 %.
There is also a descending part in the eurve
showing that the water eontent was too high
at that point,

The nitrogen fertilization has no, or a very
small, effect on the photosynthesis. A bhad da-
mage results in stronger eoncentrations, but in
the concentration of 0.001 9% KNO, Rhaco-
mitrium still seems to suffer little.
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3. 2. Pleuroziwm schreberi

Fig. 9 shows the temperature response of
the net assimilation for Pleurozium schreberi.
When compared with Rhacom trium the cardi-
nal points of the curves reveal some differences.
The minimum temperature for net assimilation
is about —7°C, the optimum eca. +15°C and
the maximum +32°C in the optimal light and
moisture conditions. A ecomparison of the Kevo
and 5 Finland material shows that the northern
strain is less active and the temperature range
of its net assimilation is narrower.

The freezing experiments are demonstrated
in ig. 10. The recovery is slow: in both strains
it is only ea. 35 9 during the first three hours
after exposure and the final reactivation rarely
eaches more than the level of 60 %. The CO,
surge is almest the same in comparison with
Rhacomitrium. The light eurve of Plewrozium
for the net photosynthes’s is seen in Fig. 11.
The compensation values varied between 400—
1000 lux at 0°C, and as regards the dependence
of light compensation on the temperature, the
values are between 400 lux and 5000 lux (in
the temperature range 0° and +15°), In the
longer experiments the light intensity must not
be too high. 15000 lux lowers the activity rapid-
ly, at +5° ca. 50 % in 5 days. In a continuous
light of 3000 lux there is also to be seen a de-
crease in the activity, while in eonditions of
the rhythmie light, i.e. dark in the night and
the light of 6000 lux for 12 hours, the activity
is constant. It is hence not only a question of
the light intensity but also of the photoperiodie
response.

No differences were observed in this respect
in the comparison of the Kevo and S Finland
strains.
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The optimum moisture is between 200 9% and
400 9, and between these limits the variation
in the photosynthetic aectivity is small. The
compensation point is ea. 50 % at the tem-
perature of +10° and in the light of 12000 Jux;
this is thus the lowest moisture value for aceu-
mulation of CO, in the moss.

The positive effect of nitrogen fertilization
is clearly seen in Plewrozium, particularly in
the Kevo strain. During a period of 8 weeks
the photosynthetic activity was increased 25 9.
The same trend was also seen in the Hylocomi-
um proliferwm from Turku.

4, Discussion

Although the variation is high as regards the
activity of different strains of Rhacomitrium,
responses to the temperature seem to be simi-
lar; the optimum temperature for net photo-
synthesis is ea. +5°C although the curve is
flat in shape. All provenances still have a posi-
tive net assimilation at temperatures below 0°,
and it continues in most cases until —10°, in
some experiments until —15°, but no signi-
ficant differences are seen in eompensation
points of the low temperatures in the diffevent
strains.

The minimum temperature for the net photo-
synthesis in Rhacomitrivm lanuginosum is one
of the lowest among the moss species studied.
In Bryum sondbergii the photosynthesis has
been measured at —5° (RAsrorrer & IIGIN-
pormAM  1968), and Aranasiv (1971) has
found a positive net photosynthesis in Brac-
hythecium gehebiv and Campthothecium philip-
peanum at —9° and in Isothecium viviparum
at —8°. The limit is even lower than in the
typical antarctic mosses which have the corres-
ponding minimum at —4°C (Aumapsian 1970;
Gaxyurz 1970; Rasrorrrr 1972).

The optimum temperature for net photo-
synthesis in Rhacomitrium lanuginosum is one
of the lowest known. In two Bryum-species
from the Antarctic investigated by RASTORFER
(1970), Brywm argentewm and B. antarcticum,
the optimum temperatures were estimated bet-
ween +15° to +20°C and +5° to +10° res-
pectively, and over +25° in some other species
(RasTorPER 1972). Bazzaz et al. have for Poly-
trichwm  juniperinum a value of +10° to

GCOLOGY OF RHACOMITRIUM LANUGINOSUM

+15°C, the maximum being over -+30°C,
whieh is one of the highest values for the forest
mosses; RasTorRrER & IHicinpormam (1968)
have a value of +24° to +30° for Brywm sand-
bergii, Stivperr (1937) +14° to -+15° for
Hylocomium  squarroswm and Tarris (1959)
+14° for Rhacomitrium lanuginoswm.

Rhacomitrium lanuginosum has a rather wide
temperature range for positive CO,-balance,
mostly near 40°. The curve indieating the tem-
perature response is usually rather flat between
0° and +15°, i.e. changes of temperature have
no great effects on the quantity of the CO,
change in this area.

All strains are able to reactivate rapidly
after being in the low temperature of —30°
for many hours. This recovery is as rapid as
in many plants which ave well-adapted to the
most severe habitats (Lancm 1962; 1965; An-
MADJIAN 1970; GrEENE & Loxaron 1970; Kau-
Lo & HmiNoxexy 1971; KarpeEN & Laxce 1972),

The freezing temperature —30°C in our
studies represents an average minimum in many
habitats. The surges of respiration, whose quan-
tity is to some extent dependent on the freezing
stress (cf. BAUER et al. 1969), also represent
the maximum stress oecurring in nature; for
instance, after a freezing to —15° the surge is
a little smaller. This respiration peak occurs
very soon after the temperature has reached
the normal active range. Mosses are thus as
flexible as lichens (Karnio & Hemwonex 1971),
in contrast to slower vaseular plants (Pisex &
Keuyrrzer 1968).

Between different strains there are big
differences in quantities of photosynthesis.
How much this depends on differences in
chlorophyll content, on density of tufts, per-
haps on the seasonal differences of the experi-
ments, remains to be discussed. The conditions
before the experiments, especially the trans-
portations ete., may also have some effect on
the results. There may be some differences he-
tween the different strains particularly in the
response of photosynthesis to high tempera-
tures,

The strains from Spitsbergen, Turku, Ire-
land and the Alps are rather similar when
compared on the areal basis. On the other hand,
the result is quite different when the values are
compared on the basis of the dry weight unit.
The density of the stands is the main factor
responsible for this disecrepancy: the stands
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Tahle 1. The maximum and mean photosynthetic values

of different Rhaeomitrivan strains and some other mosges.
mg CO2

/50 em?h /g dwt /h

Species Liocality t°

Rhacomitriuvm

lanuginosum Ny Alesund (+ 5°) 0.95 0.20
mean 0.60 0.15
Kevo (+ 3°) 040 0.25
mean 0.29 0.19
Kevo (May) (4+10°) 0.83 0.27
mean 0.78 0.26
S Pinland  wean{+4 5°) 0.76 0.61
(Yline) (+ 5°) 1.32 0.71
(Nousiainen) (4 5°) 1.17 0.66
(Uusikaupunki) (4+10°) 0.94 0.46
{(Harvaluoto) (+ 5°) 0.72 0.52
Bergen (+ 5°) 0.88
Tiean 0.74
(tlenamoy (+10°) 1.11 0.37
mean 1.01 0.28
Piburger See (+ 5°) 0.95 0.78
liean 065 0.46
S Georgia ( 0°) 0.47 0.15
mean 0.38 0.12
Plewrozium
schreberi Kevo (+ 5°) 0.28 0.24
" S Pinland (+15°) 1.17 1.13
Hylocomium
proliferum S Finland (+11°) 1.16 2.46
Hypnum
cupressiforme S Finland (+10°) 1.03 1.86
Pohlia
drummondit S Finland (+ 5°) 1.82 1.96
Poiy richum
juniperinum 8 Finland (+5-10°%) 2.21 1.56
Dieranuin
elongatum Kevo (+ 5°) 0.43 0.34

of the strains from Spitsbergen and the Alps
are much denser than e.g. the S Finnish strain.

As a  whole, Rhacomitrium lanuginosum
shows a low activity when compared with the
other mosses from S Finland. These have al-
most the same average photosynthetic activity
as the average (2.3 mg/g dwt) of the forest
mosses studied by Stivrerr (1937). E.g. the
Hylocomium proliferwm value of SrALFELT
2.5—3.2 mg/g coincides well. The values given
by Hosoxawa et al. (1964) to epiphytic
mosses vary in the range 0.6—1.4 mg/g dwt
and are on the average lower than those of
the soil mosses. The mean values of four antarc-
tic mosses studied by Rasrorrrer (1972) is near
2 mg/g dwt.

It seems that Rhacomitrivim lanuginosum
represents a species with a low photosynthetic
activity. On the other hand, the adaptation to
wide range of ecological variation makes it
able to such a yearly growth which apparently
is not much lower than the average growth
of mosses. Although there are no quite com-
parable data, the average near 10 mm/year
(Tazris 1964) seems not to be slow when
compared with the values given e.g. for the
antarctic Chorisodontium aciphyllum by BAKER
(1972) or with those given by Romoss (1940)

tor Homalothecium (ca. 500 g/m?/year) or
Taaar (1953) for Hylocomium.

These observations contribute to the dis-
cussion of the problems of ecology and distri-
bution of the species. Tarris (1958) excel-
lently dealt with these problems and grouped
the factors controlling distribution to lati-
tude, oceanity and biotie pressure. In a later
publication (1964) he studied experimentally
the effeet of two ecological factors, mois-
ture and temperature. The response of photo-
synthesis to temperature offers an explanation
to the preference of Rhacomitrium lanuginosum
for colder climates. Our experiments fully con-
firm the main idea that the preference for a
colder climate is a reflection of the metabolism
of Rhacomitrium lanuginosum. It is, however,
likely, that the temperature range for growth
is not so limited as TaAniis (1964) proposed,
evidently owing to too small numbers of experi-
mental data. The climatic conditions, e.g. in
the maritime Antarctic, where the temperature
is near 0° the whole year (Lonerox 1967), gives
the species possibilities for positive energy
vield at South Georgia, partieularly from Oc-
tober to March (ef. Loxeron 1970; fig. 2). In
OGreat Britain this is possible almost throughout
the year. On the other hand, the conditions are
more severe at Kevo, where the low humidity
in the summer time restriets the growth to the
oceasional rain periods, to the dew formation
and to the autumn, i.e. to seasons with a lower
temperature than the average summer tempera-
ture; still, the species has been able to survive.
The ecological problem is the same as in lichens
in the same area (KArmNrampr 1972). In the
aretic and subaretic conditions partieularly, as
well as in the Antaretic, even the most active
period for the species is characterized by night
frosts and greal daily lemperature ranges (ef.
Tixmomirov et al. 1960; Ruporrr 1965; BIesL
1968; LoxeroN 1970; Rastorrer 1970). There-
fore adaptation to changing temperature con-
ditions is a prerequisite for the distribution in
many localities, e.g. in Kevo and apparently in
Spitsbergen. It is important to note that the
response of a species to low temperature and
to its effects afterwards is not easily deduced
from the “oceanity” of the habitat. The adap-
tation to a night frost of —30° gives no advan-
tage to the strains of Rhacomitrium in Glena-
moy, or in Wales, but it has no disadvantages,
either. In the avetic conditions the distri-
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bution is a'so primarily determined by draina-
ge and air-humidity (ef. Taruis 1958).

This species has a preadaptation which gives
it wide ecological possibilities. In the develop-
ment of the species the local recent environ-
mental features thus have not functioned as
factors of the evolution pressure. In this re-
spect mosses resemble the group of lichens as
a whole. It is typical of this group — with
many exceptions of course (ef, Kappmx &
LANGE 1972) — that it tolerates low tempera-
tures even though it grows in temperate
regions and even in tropics (ef. Laxcm 1965,
Birpr 1968).

The preadaptation means that Rhacomitrium
lanuginoswm has mnot developed any special
adaptative mechanism particularly for the
arctic conditions alone. This matter has been
emphasized by AmEMapsiax (1970) in his study
concerning the tervestrial life of the Antarctic
as a whole. This means also that in Rhacomit-
yiwm the primary resistance, as defined by
ALEXANDROV et al. (1970), the structure and
the genetically controlled ”common flexible base
without a loeal adaptation or acclimation are
enough for the hardening”. In Rhacomitrium
lanuginosum no  good physiological ecotypes
are found although this is typical of many
cosmopolite plants (cf. GEMMEL 1950). TIts
adaptation to different altitudes presented by
Tarnis (1958) may be explained in terms of
phenotypes. This is well in accordance with the
previous discussion. Rhacomitrium lanuginosum
represents an arctic/antarctic species with all
the ecological features discussed by the authors
of the ”polar biologists” (cf. SYRENSEN 1941;
PrrEoMiRoY eb al. 1960; WarreEx WILSON
1960; Briss 1962; Laxck 1965; RupoLrH 1965;
GREENE 1967 ; Bresr 1968; Brmrmnas & MOONEY
1968).

Dicranum elongatum from Kevo and Dre-
panocladus uncinatus from Spitsbergen show
almost the same response type as regards the
net assimilation curve in different tempera-
tures, as well as the reactivation after the
freezing (the authors, unpubl). The lichens
from the subarctic and arctic zones show quite
the same adaptational features of “primary
resistance”.

Tn addition to the lack of the ecotype for-
mation, Rhacomitrium lanuginoswm shows no
clear short-term acclimation to temperatures as
it is e.g. in Fontinalis (Harppr 1925) and in

many algae (ALBXANDROV et al, 1970). This
lack of the ability to acclimation manifests it-
self also in the small seasonal differences. The
acelimation for different seasons is apparently
smaller than in the forest mosses studied by
StivrrLr (1937) Romoss (1941), ATANASIU
(1971), or in epiphytic mosses (Mivara &
Hosoxawa 1961). Although our experiments
were not designed to elucidate the annual
thythm of activity, they seem to indicate that
this is not very important. The values in spring
and in autumn do not differ significantly.

Rhacomitrium is a heliophilous plant grow-
ing on open habitats, its compensation point
of the light for net photosynthesis being higher
than in most typical forest mosses (cf. Srir-
FELT 1937; 1960; Tarwts 1958; PAOLIL-
10 & Bazzaz 1968, fig. 2). Its light saturation
is also one of the highest among mosses. The
time factor, however, may affeet this species
as well as many mosses (ef. Rastorrer 1970).
Rhacomitrium is sensitive to high continuous
light intensity. There seem to be no big diffe-
rences between the different strains. But when
compared with Pleurozium schreberi and Hylo-
comium splendens, clear differences are seen
also in this respect: the degradation of the
¢hlorophyll in Rhacomitrium (ef. TALLIS 1959)
is much less sensitive to continuous light than
in Pleurozium. However, Rhacomitrium is par-
ticularly sensitive to high light intensities at
Jow temperatures, which conditions are rarely
found in nature.

The rhythm of light, which probably has a
great significance to the reproductive ecology
also among mosses (cf. CLARKE & GREENE
1971), has not been studied thoroughly.

In literature there are, however, examples of
a physiological race formation among mosses.
Bazzaz et al. (1970) in their studies with forest
and alpine populations of Polytrickum Juni-
perinum, found eclear differences in the res-
ponse curves of net photosynthesis to the tem-
perature, the differences reflecting climatie
conditions in the habitats of the two species.
Adaptation to different light conditions is also
seen in these species. CLARKE & GREENE (1971)
showed eclear adaptations of the reproductive
ecology to loeal climatic conditions in the com-
parison of Pohlia nutans and P. crude from
S Georgia and England. In Hypuwm cupressi-
forme different response types to moisture are
known (LeE & StEwArT 1971).




REp.
Are there any special features in arctic
mosses when compared with those of tempe-
rate zones? A very typical moss of forest
regions 18 Plewrozium schreberi. This species is
adapted to growing at a low temperature, too.
One difference is rather clear when compared
with Rhacomitrium. The reactivation of Plewro-
zium after the freezing to —30° is slower than
i Rhacomitrium lanvgimosum. Plewrozium in
its main distribution area is a forest plant and
as regards the habitat strietly chionophilous,
and is covered by snow during the winter sea-

son: the plant apparently has a main growth
(activity) season in autumn (ef. Tanmm 1953;

1964 ; Kroana 1962). It is also rather a shadow
plant, adapted to growing in the canopy effect
of trees, like Hylocomium (Tayum 1953; 1964).
In the tundra and oceanic area there are only
habitats without trees; these are suitable for
Rhacomitrium but wnfavourable to Plewrozium.
The difference in the nitrogen content may be
correlated with the particular differences in
the nitrogen content in arctic and temperate re-
gions. It is likely that the susceptibility of
Rhacomitriwm to the variation in the humidity,
and its high demands for moisture, are the de-
c¢isive reasons for the oceanie distribution.

Aecknowledgements- We ave very indebted to all the
persons who have helped us gettmv the material. The
assistance of Mr, Matvrr KARUNEN. M Se., and of Mrs.
AULT ALONEN is gratefully acknowledged. Thls work is
a part of the Finnish IBP tundra project.

AHMADJIAN, V. 1970: Adaptations of antarctic terrest-
rial plants In HoupcATE, M. W. (ed.): Ant-
arctic licology 2: 801—811. London.

ALBENANDROV, V. Ya.. LoyaGIN, A, (. & FELpMAN, N. L.
1970: The responsive increase in thermostability
ol plant cells. — Protoplasma 69: 417-—458.

Aravasiv, L. 1969: La photosynthése et la respiration
chez les mousses et les lichens pendant Ihiver. —
Re.s. Bryol. & Lichénol. 86: 747—753.

—,—= 1971: Photosynthesis of threc mosses ai winter
low temperatures, —- The Dryologist 7d: 23—927,

Baxer, J. H. 1972: The rate of production and de-
compozition of Chorisodontinum aciphyllnm (Hook.
f. & Wils.) Broth. — Brit. Antarctic Surv. Bull.
27 123—12

9

Bavur, H., Hurer, M. & LArRcCHER, W. 1969: Der Kin-
fluss und dio Nachwirkung von Hitze- und Kiilte-
stress auf den Gaswechsel von Tanne und
Ahorn. — Ber. Disch. Bot. Ges. 82: 65—70

Bazzaz, F. A, PaoniLno, D. J. & Jacens, R, H. 1970:
Photogynthesis and Respiration of Torest and Al
pine Populations of Polytrichum juniperinum. The
Bryologist 73: 579—585.

P. 19()5 Uber Wirmehaushalt und Temperatur-

i + Pflanzen in Westgronland., —

DBIsBL,

I‘lma 157:
BinvrNgs, W, D, & M(m\'
(xunc and alpine plar
529
Briss, L. ¢ 1962:
to environmen’al conditions.
144.

H. 1968: The ecology of
g, — Biol. Rev. 43: 481—

Adaptation of arctic and alpine plants
— Avctie 15 117—

Krvo Stusarcrie REs.

10. 1973 53

STAT.

Drassarp, G R 1971: The mosses of Northern Flles-
mere Island. Arctie (‘anada 1. Beology and phyto-
geography, with analysis for the Queen Ilizabeth
Islands. — The DBryologist 74: 233—281.

CLaripae, G. G, C MPBELL, J. B. 1968: Origin of
nitrate depos Nature 217: 428—430.

Crarke, G C. 8. & GrEeEwE, 8. W, 1971: Reproductive
performance of two ecies of Pohlia from tem-
perate and sub-Antarctic stations under controlled
environmental conditions. ~— Trans. British Bryol
Soe. 6: 278—205.

GanyNurz, T. P, 1967 Effects of environmental extremes.
on lichens. — Soc. bot. Fr., Colloque sur les
Lichens: 169—179.

== 1970: Photosynthesis and respira‘ion of plants in
the Antarctic Peninsula area. Antarctie J. of
the United States 5: 49—51.

GEMMEL, A, R. 1950: Studies in the bryophyia. I. The
influence of sexual mechanism on varietal pro-
duction and distribution of British musei. — New

Phytol. 49: 64—71.

GREENE, S, W. 1967: The changing pattern of Ant-
arctie botanical studies. — Proc. Symp. on Pacific-
Anlarctic Sciences, Jare Scientif. rep.: 236—244.
Japan.

CrenNg, 5. W. & Loxcron, R. E. 1970: The effecs

of climate on Antarctic plants. In Houpgars,

M. W. (ed.): Antarctic Fcology 2:
London.
Harpor, R, 1925: Uber die Assimilation von Kilie- und

Viarmeindividuen der gleichen Pflanzenspezies. —
Jahrb. far wiss. Bot. 64: 169-——200.

Herzow, T. 1926: Geographie der Moose. — 439 pp.
Jena.

HonMEeyx, K. 1960: The mosses of Peary land North
Greenland. — Medd. om Grenland. 163: 1-—96.

JAaLas, J, 1955: Rhacomitrium lanuginosum (Hedw.)
Brid. als Klimaindikator in fistufmmoslmndiem
— Arch, Soc. Vanamo 9 (suppl):

JoHNsoN, P. 1969: Arctic plants, eco%ystems and strate-
gies. — Aretic 22: 341—355.
Kanpio, P. 1964: The Kevo Subarctic Research Station

Univ. Turku.
Stat. 1):

of the University of Turku. — Ann.
A. IX: 32 (Rep. Kevo Subarctic Res.
1—40.

—,,— & HEBEINONEN, S
low temperature on
subarctic lichens. -— Rep.
Stat. 8: 63—72.

— ,— LaiNg, U. & MixiveN, Y. 1960: Vascular flora
of Inari Lapland. 1. Introduction and Lyco-
podiaceae-Polypodiaceae. —— Rep. Kevo Subarctic
Res. Stat. 1—108.

Kareex, L. & Lo 0. L. 1972: Die Kiiltere
L‘an&;‘kl Macro 1(heneu — Flora 161: 1

KareNIN, A. E. & Bock, M. 8. 1940 prati(s m
and, lichens. — In NorIx, B. (ed.) @ A detaile
study of edafovegetntional (,omp]e\es in the for

1971: Influence of short-ferm
net pholosynthesis in some
Kevo Subarctic Res.

tundra zone. I. Akad. Nauk SSSR. Leumg radl.
KrsaLa, 1962: Die Dicke der Moosschicht in de

Heidewdldern Finnlands. — Comm. Inst. Forvest.
Fenn. 55: 1—6.

KArReENTAMPI, L. 1971: Studies on the relative growth
rate of some fruticose lichens. — Rep. Kevo

Subarctic Res. Stat. 7: 83—39

Laxs, M. 1970: Antarctic terrestrial plants and their
ceology. —— Tu Houpoatrs, M. W. (ed.): Antavetic
ecology 2: T733—751. London.

Laxae, 0. 1962: Die Photosynthese der TFlechten bei
tiefen Temperaturen und nach Frostperioden. —
Ber. Disch. Bot. Ges. 75: 351-—352.

—, — 1965 Der CO:Gaswechsel von J:lerhmn bei tiefen
Temperaiuren. — Planta 64: 1—19

LAZARENEKO, A, 8. 1957 : Versuch einer Anal) se_der Laub-
moosflora vom Nordostlichen Asien. Rev. Bryol
Lichénol. 26: 146—157.

Ler, J, A. & Stewart, G. R. 1971: Desiccation injury
in mosses. 1. Intraspecific differences in the
effect of moisture stress on pholosynthesis. — New
Phytol. 70: 1061—1068.

LoxuroN, R. . 1967: Vegetation in the maritime Ant-
arctic. — Phil. Trans. Royal Sce. London B,
252: 213—235.

—,,—— 1970: Growth and productivity of the moss Poly-
trichum alpestre Hoppe in Antarctic regions. —
In Houpeare, M. W. (ed.): Antarctic Eecology

2: B1&—837.




54 Karvio Axp HEINONEN:

LoveToN, R, E. & Houpaatr, M. W. 1967: Temperature
relationships of Antaretic vegetation. -— Phil.
Trans. Royal Soc. London B, 252: 237—250.

LUNDAGER, A. 1912: Some noles concerning the vege-
tation of Germania Land: north-east Greenland.
— Medd. om Grenl. 43: 349—414.

Lye, K. A. 1966: A quantitative and qualitative investi-
gation of oceanic bryophyte communities and their
relation to the environment. — Nytt Magasin for
Botanikk 18: 87-—133.

Mivars, I, & Hosoxawa, T. 1961:
of the photosynthetic effici
content of epiphytic mosses
775.

Seasonal variations
ency and chlorophyll
— licology 42: 7T66—

Paorinno, D. J. Jr. & Bazzaz, F. A, 1968 Photosvntlwcls
in Sporophytes of Polytn(‘hum and Funaria. —
The Bryologist 71: 835—3843.

P1seEx, A, & KEMNITZER, R. 1968: Der Einfluss von
Frost auf die Photosynthese der Weisstanne, ——
Flora B 157: 314—326.

PoppreRrRas, J. 1954: Conspectus muscoruin europaeuin.
— 297 pp. Praha.

RASTORFER, J. R. 1970: Effects of light intensity and

temperature on photosynthesis and respiration of
two Antarctic mosses, Bryum argentenm and

Bryum antarcticum. — The Bryologist 73: 544—
556.

—,— 1972: Comparative physiology of four west Ant-
arctic mosses. — Antarctic Res. Ser. 20: 143—
161.

—— & HicinBorsayM, N. 1968: Rates of photo-
synthesis and respiration of the moss Bryum

sandbergii as influenced by light intensity and
temperature. ~— Amer. J. Bot. 55: 1225—1229.

RomosE, V. 1940: Okologische Untersuchungen iiber
Homalothecium sericeum, seine Wachstumsperi-
oden und seine Stoffproduktion. — Dansk. bot.
arkiv 10: 1—134.

EcoLogy OF RHACOMITRIUM LANUGINOSUM

lichens and vaseular
285—

Ruporry, K. D. 1965: Antarctic
plants: thelr significance. — BioScience 15:
287,

Saxra, D, ¢ 1962: The biology of lichen thalli, —
Biol, Rev. 37: 537—570.

Sterre, W. C. 1954: Bryophytes. — Bot. Rev. 20:

425—450.

STALFELT, M. G. 19387: Der
— Planta 27: 30-—60.

—,,—— 1960: Flechten und Moose. — In RUHLAND, W.
(ed.) : Handbuch der Pflanzenphysiologie V/2:
364—3875.

STORMER, P. 1940: Bryophytes from Franz Josef Land
and eastern Svalbard. -— Norges Svalbard. og
Tshav$-Undersokelser 47: 1-—16.

SeriNsEN, T. 1941: Temperature relationships and phe-

nology of the northeast (neenland flowering plants.

—Medd. om Grenl. 12 —305.

J. H. 1958: Studies m “the bi ology and ecology
of Rhacomitrium lanuginosum Brid. Distri-
bution and ecology. — J. Eeol. 46: 271—288.
—,,— 1959: Studies in the hiology and ecology of Rhaco-

mitrium lanuginosum Lud TI. Growth. repro-
duction and physiology. — J, Ecol 47: 325—3850.

—,,— 1964: Growth studies on Rhacomitrinm lanugi-

nosun. — The Bryologist 67: 417—422.

C. 0. 1953: Growth, yield and nutrition in
carpets of a forest moss (Hylocomium splendens).
—  Meddél. frin Statens Skogsforskningsinst.
(Stockholm) 43: 1—140.

—,,— 1964: Growth of Hylocomium splendens in re-
lation to tree canopy. — The Bryologist 67: 423—

V. F. & Surers, V. 8.
Isv.

Gasaustausch der Mooce,

TALLIS,

TAMM,

TIKHOMIROY, B. A., SHAMURIXN,
1960: Temperatura arktitsheskih rastenii.
Akad. nauk. SSSR, Ser. Biol. 3: 429—442.
WARREN WILSON, J. 1960: Observations on net assimi-
: environments. — Ann. Bot.
381,

N.8. 24: 372




