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The data in this report will form the basis oF a chapter dealing with
the internctional synthesis of the growth of individual tundra species, to
be presented at the final IEP Tundra Biome Meeting at Abisko, Sweden in
1974, In its Einal form, at prasent being prepared by the author and
Nigsl Collins, the chapher will include comparative data on graminoids and
mosges . The present report. is to circulate data cbtained so far for
licison with other working groups within the primary production section of
the Tundra Biome, Information contained herein should not be quoted without

permission of the author.

The work described within this report was made possible through the
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A COMPARISON OF THE GROWTH OF TWDRA PIAN‘.'I.‘ SPECIES
ar SEVERAL WII’ELY SEPARATED SITES

by

Terence V. Callaghan*

ABSTRACT .

.. ‘Part of a proviaird.n'ai :airn_theais of the growth of mqmami .tundra
élant species at é number of international Sités is presented'ih this
report. The processes of growth aqd pOpulatidn dynamics underlying
biomass and primary production of a forb and several dwarf shrubs are
: _'déécfibed and compared betwéen. different ha.bitats and between different
: '_.n;itiohal sites. B.z;:ief _‘i:éference is made to graminoids and bryophytes
.thch will be included in the final synthesis. |

The life cycles of Polygonum viviparum and several tundra dwarf

shrubs are outlined. 1In Polygonum viviparum, dry weight changes of

- plant components on an individual plant basis are followed throughout the
.- growing season, Maximum seasonal plant dry weight is shown to be
associated with site favourébility, Niwot Ridge showing the highest values
and Barrow meadow the lowest values. Biomass and rate of production on a
. ground area basis are synfhesised from growth data and the interaction
between plant density ;hd gi‘owﬂ': is oonsider‘ed. Differences i.n dry weight
'partitioning show that the highest proportions of below ground t:l.ssue and
standmg dead matter are found at the more severe sites. Invegtment of
dry weight into reproductive structures increases with site favourability
although this is more trueé of auxiliiary reproductive structures than of

- actual propagqules,
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In the dwarf shrubs, dry weight changes in perennating tissue are
followed throughout the life cycle and are compared between gites. Dry e
weight changes are also described at a more detailed level for individual
young shoots, deciduous and non-deciduous habits being contrastéd.
Both perennating tissue and young shoots show increases in dry weight with
site favourability, generally mirroring the trend found in Polygonum
viviparum, but bud dry weight is shown to be least at the more favourable
sites. Age plass structures of thé dwarf shrub populations are compared

and the fast turnover of Salix lapponum from the Norwegian wet meadow

contrasted with the great longevity of Vaccinium vitis~idaea from Finland.

From these data, long term inferences on population stability are made.
From data on dry weight changes and plant densities, total biomass
and rates of production are synthésised and compared between mites, the

interaction between the two processes being described.

INTRbDUCTION

The biomass of a population or commmity is fundamentally determined by
an interaction between the abundance of individuals (resuiting from the
dynamics of the population) and the dry weight of these individuals (growth)
{Callaghan, 1973).

Whereas the dry weight of an individual is, to a certain degree, a
reflection of environmental stresses, it is largely determined by a genetically
controlied range of plasticity (there are minimum and maximum dry weights
possible for a given species beyond which survival is impossible) and by the
stage of the life cycle, or age, attained by the individual. Where a range
of life cycles is available, the particular life cycle followed by an

individual (often selected by the environment) will impose its own limits on

growth at any particular stage.




The dengity of indivi.duals .on a 'ground area basis is deterxpined by the .

nunbers present at a gi.-ven time in the past, and the proportion of these .

" which die together. with the numbers of new offspring produced between the

two times. However, the mrtality and natality rates depend directly mon
the ages, or stages in the 1ife cycle, attained by the individuals present at

that given time :I.n the p_a_st._ Ina predonﬂ.nantly vegatativaly reproducing

. gramihoid, for example, old individuvals may show high mortality rates and low

-rates of production of new offspring: this leads to decreasing plant density

1

with time. In a given population, however, individuals of all possible ages,

would be expected and this is commonly found, although populations, like
'individual plants, follow 1ife cyclea. In cdlonising staqes, large numbers
.of young and no old J.ndividuals are present, wh:.lat the oonverse applien in

d_egenerating populations. " Thus the age class structum of a population is

important in determjni_ng' plant densities.

By synthesising biomass changes per unlt ground area from data on

_'-growth throughout the life cycle and population dynamics, the significance of
processes underlying biomass can be aasessede In addition, many critical

" points in the life cycle are available for detailed atudies of env:lronment;al

and genetic control of individual processes.
This method of biomass estimation allows detailed comparisons between the

biomass in two ér more areas. . similar biomass at two sites, for example,

‘may be determined by different dry weight/density relationships, the .
_ superficial simi.larity being interpreted through differences in grcmth and

o population structure,

This paper cunpar:eé j;lant growth forms at several of the internatiomal

tundra sites. The methods are extensions of those used in the Bipelar |

' Botanical Project (Lewis and Callaghan, 1970; ~Callaghan and Lewis, 1971,

- Callaghan, 1973). Two growth forms (herbaceous perennial and dwarf shrubs)




are compared at all possible levels of growth throughout the life cycle,

and comparisons of population maintenance are made. Differences and
similarities in these processes are illustrated between the two growth forms
and biomass, together with rates of production, is synthesised ftom these

more basic data wherever possible, .A major source of error in the
determination of biomass from area sampling techniques arises from differences
in floristic composition or plant densities between samples, The comparisons
of the growth of individual plants and their components in the present paper
are independent of this source of error. However, comparisons of overall
biomass changes will also be made in a fu£ure paper by another tundra biome

working group.

MATERIALS, SITES AND METHODS
Material -
Species were selected from each of the four main growth forms, i.e, forbs, .
dwarf shrubs, graminoids and bryophytes, from as many sites as possible, the
first two groups being dealt with here,

Of the forbs, a vbiquitous species {Polygonum viviparum) was chosen.

This species was sampled from five national sites and from two extreme habitats
 within each site, wherever possible (a favourable sheltered, floristically rich
meadow on one hand and a severe exposed floristically poor fell-field on the
other; Lewig and Callaghan, in press). Within the dwarf shrubs, however,
different species were sampled fﬁam tﬁo habitats, The dwarf shrubs were
chosen aé species showing ecological similarities and occ:upying analagous
niches at all the various gites.

Althoqgh the taxonomic variation between the dwarf shrub species 1s far

greater than between different populations of Polygonum viviparum from

different sites, ecological similarities enable valid between-site comparisons .

to be made. Even within Polygonum viv.'_ngaftm, congiderable gunetic differences




can exist resulting, to some extent,'from different pleidy levels (Engell,
1973). The genetic differentiation between populations from different sites
may be thought of as a response to particular environments. To some exteqt:
the species diffgrencea betﬁeen the dwarf shrubs at the various sites may be
considered to be a response to enviromental differences, This, together
with niche similarities, alioﬁé valid between-site compariscns of dwarf
shrubs, In addition, between-site comparisons of one growth form include a
smallei source of error_resulting from genetic differences than between-site
comparisons of overall biomass for comnunities often represeﬁted by different

growth forms.

 sites
During 1972 visits were made to the following I.B.P. tundra sites: Niwot
Ridge, Colorado; Barrow, Alaska; Devon Island, Canada; Stigstuv, Norway;
Kevo, Finland, and Glenamoy, Ireland. Sites not visited'dﬁring the present
Project, but where previous comparitive data had been collected are. located
on South Georgia in the sub-Antarctic, and Disko Island, west Greenland. In
addition, comparative data to be included aﬁ the final synthesis are also
available from Signy Island, Antarctica; BAbisko, Sweden, and Moor House,
England.
Collections of species considered in the present report were made at the
sites described in Table I, floristic and environmental site descriptions

have not been included as they are available elsewhere.

Methods
Each species was harvested, pressed and dried at the wvarious sites.

Concurrent with harvesting, estimates were made of the densities of plants

and/or aerial shoots of some dwarf shrubs. Material was also kindly collected




TABLE I

A site list for the collections of Polygonum ¢iviparum anéi dwarf shrubs,

including the species of dwarf shrubs sampled.

. : Polygonum
Sites viviparum Dwarf shrubs

Niwot Ridge, Colorado |
Edge of Kobresia meadow ' v -

" Between Kobresia meadow and snow bed site - Salix_planifolia

Kevo, Finland
Sub-alpine heath i . - Vaccinium vitis-idaea

Disko Island, Greenland : | |
Primary site (luxuriant herbslope) ' - 4 salix glauca
Fell-field site ' - 4 S. glauca

Stigstuv, Norway

~ Wet meadow _ v/ _ S. lapponum )
Dry meadow | v 8. reticulata .

Barrow, Alaska |
Beach ridge {gas-line ridge) ) / -
Meadow {behind field huts at Site 2) . -
Exposed and raised polygon centre

i : {between meadow and creek) - S. pulchra
‘ Devon Island, Canada

Beach ridge {transition zone) v/ -

Intensive meadow {northern borders) 7/ S. arctica




by workers at the various sites for other relevant times during the growing
season, About 25 dwarf shrub plants were harvested from most of the gites,

but only 10 of the extrﬂﬁely‘i'a_rge plants could be harvested from Keve and

Niwot Ridge. Sample sizes of young shoots, however, a.lwajrs exceedad 30.

In Polygonum viviparum, 16 flqwgring and 16 vegetative plants were collected
from each habitat at each harvesting date. |
| The plant collections ﬁrer.e. analysed into the various components described
in the following aectiéns and plant tissues were oven dried at 80° C for 48
hours.
Statistical analyses.consisted of si:llgle classification analyeis of
variance for plant dry we_-:_ight_s at a glven time and step—wi__se curvi-linear
' r_egressicms {(Callaghan, 1973) _on_.lplant weights over the Ife éydle. * Least
s_ignifidani: di f ferences are not includéd with the single classification
analysis of variance because of the difference;; in magnitude between all the
various comparisons. Standard errors presented graphically are the maximum
étandar_d errors for a giﬁgq parg.meber, émd when presented _with ‘regression
lines, | they represent the mimum standard error for any point on the

-

regregsion line.

LIFE CYCLES

The_.rnajurit.y' of tundi:g'plan't gpecies are perennials, with annuals almost
completely mreprese'nted (Eﬁliss_,' 1971) and they typically show efficient means
of vegetative propagation (Sgrensen, 1941; EBilling® and Mooney, 1968).

Sexual reproduction may be completely lacking as in Polygonum viviparum

{Engell, 1973) or lacking in some species under particular environmental

conditions as in Phleum'alpinmn' during short growing seasons {Callaghan, 1973).
' Even where sexual reproduction occurs effitient vegetative propagation of

tundra species often results in extensive clones. Where underground organs



(graminoids and some forbs) or prostrate aerial shoots (dwarf shrabsz) are
instrumental in this type of proliferation, complex and extensive interconnected
"systems" exist. The physiological independence of any part of these
ﬁsystems" iz at present poorly understood, but some data have beeﬁ obtained

on the grass Dupontia fischeri (Allessio and Tieszen, 1973), Phleum alpinum

(Callaghan, 1973) and mosses (Colling and Oechel, 1974) whilst other
data are presented in this report.. |

Occasionally, clones exist of a species represented by numerous but
completely independent units. These uniys must be physiologically

independent and they are perhaps best exemplified by Polygonum viviparum,

Life cycle of Polygonum viviparum

Reproduction takes place vegetatively by bulbils produced on spikes
below any flowers, where these are present. The number of culms per plant
varies according to the genotype (Engell, 1973) and site {(Table II}. Sexual
reproduction may be completely 1acking and flower production varies (Engell, 1273;
see Table II). Bulbils germinate on reaching moist ground at any time during
_the growing season and requirg approximateiy ten days for this process on
moist filter paper in the laboratory. Roots and leaves are produced and a
rhizome develops between the point-of insertion of the petioles and the bulbil;
the bulbil may remain attached to the rhizome for many years.

Out of approximately six hundred plants investigated,.ndne showed
vegetative reproduction resulting from division of the rhizome. Thus, each
plant remains an individual and the plant dies as a whole unit although death
of above ground organs occurs each autumn (See Fig. 1) and the rhizome
senesces from its point of attachment to the bulbil whilst growing from the
meristematic region at soil level.

The annual production of leaves is increased by production of.leaf
bearing culms and inflorescences in older plants. More than one culm per

prlant may be produced in any one year (see above) and during some years no




TABLE II

A between-site comparison of reproductive parameters for plants of Polygonum viviparum

Site Harvest date % of culms No. of culms No. of 1MNo. of 'Heén weight % of final
flowering per plant bulbils bulbils per bulbil development
' per culm per plant _ (in mg)

Niwot. Ridge 1877  36.59 1.375 6. s0.18 . 1.009 "'_” 100

Norway Dry Meadow 30/7 86.36  1.375 2922 4018 - 826 - 100

Nbrwaf Vet Maaapﬁ 2/8 9167  1.25 20.68 23.27 '_'_ 1.272 o 00 o
Devon Intensive Meadow 178 20,00 1225 2021 22.74 '_'35::';291 63

Devon Beach Ridge 11/8 0.00 1.000 18.19 18.19 ;; 383 97

Barrow Besch Ridge a8 s 1.063  18.76 1994 BT S

Bazraw Meadow o S | 4/8 3.64 i 1.125 :. 10;22 _' 11.5 353 '-ff :  100

Significance of F. Value . » R Ak L2 0]
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culm may be formed. The current year's above ground tissue is surrounded
by a sheathing non-photosynthetic bract. Part of this bract is persistent
for many years after death and removal reweals a scar on the rhizome.
Occasionally, it has been possible to count these scars and age plants from
a wet habitat, where rhizomes are elongated vertically. Table III shows
the relationship between age and total live dry weight on the Devon Island
Intensive Meadow. Mo replication was possible.

Polygonum viviparum differs from most tundra species in that it shows

a very simple life cycle, individuals rem;ining as discrete plants due to
lack of vegetative reproduction in undergrognd organs. B vegetative plant
therefore, can either die or produce a culm and inflorescence - it cannot
'produce another plant as in the case of dwarf shrubs, graminoids, some

mosses and many herbacdous perennials.

Life cycles of dwarf shrubs

| An important feature of the dwarf shrub growth form is the high proportien
of non-assimilating perennating tissue and the restriction of assimilating
tissue to specialised shoots. Fig. 2 compares the proportion of perennating
tissue to seasonal growth in a gramincid, herbacecus perennial and dwarf shrub.
Associated with this increése in perennating tissue iﬁ dwarf shrubs is an
increase in longevity, and the vast resources stored in this tissue become
increasingly important as growing seasons decrease in length, particularly in
snow bed habitats.

New assimilating tissue is inevifably produced from an over-wintering
bud. Buds are developed in the axils of leaves of current years shoots and
their dry weight remains constant over the first, dormant year in Salix
reticulata (see Fig. 3d). Following winter, and the breaking of dormancy,

the bud axis elongates and leaves are produced. During this season, a woody
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TABLE IIX

The relationship between dry weight and age in Polygonum viviparum from the

Devon Island Intensive meadow site.

. Age (xéars) | : Yotal live weight {(in g}
0 (bulbil)- - 0003
1 .0055
11 | 0796
12 1217
16 ‘ -1031

26 .0821
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stem, leaves and their axillary buds, and occasionally catkins are produced
(see Fig. 3}; this whole unit is termed a current vear‘’s shoot throughout .
this report. During autumn Ieaf fall occurs in deciduwouws species such as

Salix reticulata, leaving only stem and axillary buds to over-winter. These

two components form the unit shown as last year®s shoot in Fig. 3d. In
subsequent years, this shoot increases in dry weight as annual rings are
formed. The width of the annual ring formed prevides a comparative measure
of annual growth (see Table IVL Thus the seasonal growth of dwarf shrubs may
be divided intc the production of assimilatory and reproductive structures
from buds and the addition of an annual ring of xylem and other tissues in the
perennating portion of the piant.

In some deciduwous species the axillary buds may be differentiated at an
early gstage, vegetative buds produciﬁg a current year's shoo£ with leaves, and
reproductive buds (usually terminail) developiﬁg either into a current year's

shoot bearing a few leaves and catkins (5. reticulata and S, arctica) or an -

inflorescence which is itself equivalent to the current year's shoot (Myrica

~gale and S. pulchra). Current year's shoots bearing catkins may be extremely
modified, having only a few leaves (3. arctica) or they may not differ from

vegetative current year's shoots (S, reticulata). wWhere terminal reproductive

structures exist, growth ig esympodial, resulting from the death of the apical
meristem following flowering. In M, gale this results in considerable wastage
of dry weight because of the relatively great spatial separation of terminal
buds forming inflorescences and the lateral bhud forming vegetative current
year®'s shoots. .Afteg death of the inflorescence, the intervening length of
last year's shoot then dies.

In tundra regions, the evergreen habit is of great importance {Bliss, 1971}

in economising on the dry weight of assimilatory tissue and

in providing extra storage tissue in the older leaves. The longevity of
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| TABLE IV . | |
# Mean width of annual r:l.ngs in tundra dwarf shrubs wodified from Warren Wilson ;(1964)" '
to inciude con\pafatiw_daﬁ- fi‘m T.B.P, tundra sites. ‘For all other references see

. Warren Wilson (1964).

Locality o | Ring width  Reference

Devon Island ._(76"1;)' E L. .14  author |
Cornwallis Island (75°N) IR o e ‘Warren Wilson (1964)
Rast Greenland (74°N) | o a Kraus (1874)

Barrow, Alaska (71°N} . e Lo, - - 1l author .

North Finland (70°N) I R R Hustich (1948)

North Finland, Kevo S o : _ _ o
sub-alpine heath (70°N) S BUEERTY 1 author

North Siberia (69°N) = - S L .54 Middendorff (1867)

Russian Lappland (68°N) " | A . Kihiman {1830}

Baffin Land (67°N) . . - A .16 Ambronn (1890)

: South Finland_ (65°N) | R - _ o '1.11 . Hustich (1948)
South Greenland. {63°N) S R .69 . wéming {1888)

Norway, Hardangervidda (60°N}

Salix reticulata - R & author

Salix lapponum o ' B .09 author
South Alaska (59°NM) o _ 2.73 Cooper (1931)

Ireland, Glenamoy (54°N) ) : . IS - B author

United States, Niwot Ridge, Colorado (40°N) .40 author
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assimilatory tissues varies from the deciduous habit described above, to the

mainly short-lived leaves of Vaccinium vitis-idaea (see Fig. 4} and the

long-lived leaves of Cassiope tetragona (see Fig. 5).

Reproductiop usually takes place both vegetatively and sexually. Sexual
reproduction is demonstrated by the presence of many inter-specific hybrids
in the Salix genus at the Norwegian sites, for example, although vegetative

production is far more frequent. In erect shrubs, e.g. Salix glauca from

the Disko Island Primary site, layering occurs when aerial shoots are pressed
onto a moist soil/moss surface by the weight of overlying snow. On the

other hand, prostrate shrubs e.g. Vaccinium vitis-idaca from Kevo, produce

roots along their creeping aerial branches. In both erect and prostrate shrubs,
" new plants are produced when an old branch diles and a younger rooted branch
becomes separated from the parent plant gaining its own physiological

independence. ~ This method of propagation results in off-spring attaining

considerable ages before they can be classed as individuals. The lack of

_ younglindividuals in the age class distribution histograms (see Figs. 6 and 7)

is explained both by this and the comparative rarity of sexual reproduction,

PATTERNS OF GROWTH AND DEVELOPMENT

Patterns of growth and development in Polygonum viviparum

Because plant age was often difficult to determine, seasonal changes in
weight are presented for random flqweri_ng plants and these are described from
three sites.

At the beginning of season, nearly all the living dry'weight is found in
the rhizome and there is an e@ual dry weight of standing dead matter (Fig. 1).
Roots are also present at this time, with, at Niwot Ridge (Fig. 1), a small dry
weight component of leaves.' As the peason progresses, the rhizome increases
in weight, root weight remains fairly constant and the leaves increase in dry

weight at Niwot Ridge, or new leaves are produced, as at the two Barrow sites.
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At all three sites, reproductive structures increase in dry weidht. Some
reproductive tissue is represented at the Barrow meadow site at the beginning

of season, in the form of bulbils which were foxrmed during the previgus growing ..
season and remained attached to dead culms ﬂxrough the winter. These bulb:lls .
are still viable but as the present season progresses they are lost as old

culms decay and new reproductive structures are formed.

' Plants growing at Niwot Ridge (Fig. 1) show maximum ary weights earliest
in the growing season whilst the Barrow meadow planta show an earlier maximum
than those df the Bariow beach ridge. which dnly obtain maximum dry weights at
the end of season. In the lomger grow:l.ng. season of-uiwot.nidge,.._t_:ha. oarly
production of mdximum dry ﬁeights allows more time for death and decrease in
dry weight of above ground tissues so that only rhi.zome. root and standing dead
matter is found at the end of =eason, although the rhizome itself also shows
considerabhle loss of weight. At the Barron'sites, although leaf dry weight
decreases towards the end of season, the dry weight of reproductive structures
iﬁcreases s;ightly and the rhizome shows a much higher dry weight than it does
at the .b_eg:i.nning of season. 'ﬁle time at which the rhizome must subsequently
decrease ih dry weight before the start of the following season is not known.

The maximum dry weights of.the'various components differ not only in the
time of growing season at which they are achieved, but also in their magnitude
{Table V). Total living and total living plus standing dead show a trend from
very high values at the Niwot Ridge and Disko Ialdnd sites to low values at the '
Barrow and Devon Iasland sites, ‘The difference between the maxiﬁum {Niwot
Ridge) and minimum (Barrow meadow) dry weights of total living matter are
eighteen fold.

Considerable differences exist between the extreme habitats within a given
locality, although the two habitaté sampled in Norway are not as different ag the
extremes in other localities. | Surprisingly the most severe site at Hardangervidda,

the lichen heath, did not support Polygonum viviparum, However, the more

severe habitats within a locality at the higher end of the range of dry weights
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(the Greenland fell-field and Norwegian wet meadow site) show higher dry

weights than the more favourable habitats in a more severe locality. Thus, .
the Greenland fell-field site shows lower dry weights thaﬁ the Greenland

primary site but_higher dry weights than the Norwegian dry meadow site.

Similarly, the Norwegian wet meadow site shows lower dry weights thén the dry

neadow but higher dry weights than ﬁhe Devon Island intensive meadow . At the

lower end of the scale of dry weights this distinction does not heold, the

Barrow meadow showing higher dry weights than the Devon Island beach ridge.

The distribution of living dry weight between the varjous plant tissues
shows that the highest proportion is consistently allocated to the mainly
perennating below ground tissue (Table V). Reproductive structures also
possess a high dry weight investment with photosynthetic tissue somewhat lower.
Whilst the dry weight of below ground and reproductive tissue Shows the trend
described for total dry weight, the dry weight of leaves shows a more confused
pattern in that plants from the Norwegian dry meadow and the Barrow beach ridge
show lower dry weights than those found at their more severe counterparts, i.e.
the Norwegian wet meadow and the Barrow meadow respectively. The Greenland
fell-field shows an unexpectedly low leaf and reproductive dry weight. Standing
dead matter shows unusuvally high dry weight at the Devon Island intensive
meadow and Norwegian dry meadow site.

The dry weight of below ground tissue (rhizome plus root) relative to total
dry weight shows that the greatest investments into perennating tissue are shown
by the severe Devon Island, Barrow and Greenland fell-field sites {(Table VI).
These sites also show proportionally more standing dead relative to living
matter, but the Nivet Ridge site shows an egually high proportion of standing
dead. - Where higher investment into reproductive tissues might be expected at
the severe sites, as is seen in the dwarf shrubs for example (see below}, in
fact the opposite is found. Thus proportionally more dry wéight is allocated -
to reproductive striuctures at the Niwot Ridge, Greenland primary and Norwegian

sites (Table VI). However, this reproductive tissue is mainly structural
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rathef_than directly in propaéules. A very low reproductive investwent is
shown by the Greenland fell-field. site.

During the production of a culm, dry weight per unit iength increases.
This can be seen at the Barrow beach ridge site wheré development continues
until the end of season (Table VIX Iand Fig. 1} . After death of the culm.:l
there is a loss in dry weight over several years until the dead culms are
physically detached. The loss in dry weight per unit length of culm provides
a meaéure of weight losses due to translocation and/dbr decay. At the Devon
beach ridge, for example, the weight/length ratio is 1.3010 = 0.059 in the
year of production of the culm when the culm is living and this falls to
0.9863't 0,072 after one year and 0,6282 p 0.039 after two years, The rate
of losg in the first year, immediately following death is usuwally much faster
than that of the second year (Table ViI]. A very high rate of dry weight loss
is shown by culms from the Nofwegian wet meadow during the year of their
production (Table VII). High rates of loss are also shown by plants from
Niwot Ridge during both years and By plants from the Devon Island intensive
meadow during the second year., ' Low rates of loss are shown by plants from

both Barrow sites.

Thus, Polygonum viviparum shows a decrease in total plant weight with site

severity, and an increase in the proportion of dry weight allocated to standing
dead, below ground and reproductive tissuves. After the death of reproductive
gtructures, 10& rates of transldcation and/or decay are shown by the severe
Barrow sites. The species also shows a delay in the attainment of maximum

individual plant biomass with site severity or reduction in the length of the

growing seagon.

Patterns of growth and development in dwarf shrubs

a. Perennating tissue

Accumulation of perennating tissue is most rapid at the high alpine site

of Niwot Ridge where the maximum plant age was only 30 years {(Fig. 8).
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Similar dry weights were produwed by Vaccinium vitis-idaea growing at the

sub=-alpine heath, Kevo, In this specias however, the high dry weights were
produced over a much longer time interval, the oldest plant sampled being
109.years old. High dry weights were also obtained for the bisko Island
primary and fell-field sites (see Fig. 9) but the weights presented are

under-estimates since they only apply to above ground tissues, However,

as in the case of Polygonum viviparum, although great differences occur between
the favourable primary site dry weights and the lower ones at.the severe
fell-field site, the fell-field site still shows values higher than the
remaining national sites when the below éround dry weight is also considered.
The low dry weights_at:the_fell-field site are associated with greater
1onge§ity, At the reméining.sites, Salix pulchra at Barrow show.a higher

raté 6f accumulation of.living tissue but proportionately less standing dead
than 8. arctica from the Devon Island intensiﬁe meadow (Fig. 8). Both

species of Salix at Hardangervidda in Norway show very low rates of
accumulation of living and standing dead matter and they also show shortex

1life spans than ail but the above ground shoots of Salix glauca at the Disko

Island primary site.  Although'data were cbtaine® -for omy the above ground
' shdots of Myrica gale at Glenamoy, these show a rapid increase in both living
and standing dead dry weight over a six year period (Fig., 9). No aerial
shoots over gsix years old were found, and qonsiderable-numbers of completely
dead aérial shoots occurréd.

Associated with these rates of accumulation of dry matter are the width
of the annual rings. Thus high ring widths are found at Niwot.Ridge and
Glgnamoy whilst low values are found at the high arctic and Norwegian sites
(Table IV).' A comparison with data quoted by Warren Wilson (1964) shows
generally Lower,vaiues'at fhe_I,B,P._aites_than_for other siteé at comparable

‘latitudes (Table IV), but certain data quoted however, may represent maximum

measurements, and not avetaga ring widths for a particular region.




b. Young shoots

As described above, young shoots are produced from over-wintering
axillary buds. These accumulate weight“slowly during their year of
production (see Fig. 3} but after the breaking of dormancy, stem, leaves
and reproductive tissues are formed which quickly reach a maximum dry weight
at the Barrow site. The stem, with its axillary buds, is retained at the end
of season to become next year, last year's shoot,whilst leaves and -repreductive
structures are lost in all of the Salix species.

On Devon Island, dry weight increases quickly after dormancy has broken
but the maximum is achieved far later in ﬁhe growing season than at Barrow.

This situation may be compared with the immaturity of Polygonum viviparum

plants on Devon Island at a comparatively late point in the growing season.

In Norway Salix lapponum only achieves maximum dry weight of current year's
shoots at the end of the growing season and reproductive tissue is completely
lacking (Fig. 2¢c}. This may result from the possible hybrid nature of the

plant at the wet meadow site. 5. reticulata however, achieves maximum dry

weight earlier in the season and produces fully matured catkins (Fig. 3d}.
In both Norwegian species, the last year's shoots decrease slightly in dry
weight over the growing season.

A completely different pattern of growth of young shoots is shown.by the

evergreen Vaccinium vitis-idaea from Finland (Fig. 4). After the breaking

of dormancy; the extremely small buds (see Table VIII) produce a woody stem and
a much greater dry weight investment occurs in leaves than in the species of
Salix, Flowers are produced in the first year but their dry weight is
extremely small compared with that of assimilating tissue. During the second
and third years, the stem continues to increase in dry weight but the
assimilating tissue decreases in dry weight due to abscission of leaves, the

dry weight of attached dead leaves remaining very small. The rate of increase -

in the stem dry weight is reduced during the remaining years whilst the rate
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of decrease in agsimilatory tissue increases until all the leaves are lost,
Thus, the maximum life span of a leaf in this species is five years whilst

the majority of leaves survive for three years or less.

In Cassiope tetragoha from the rock out-crop site on Devon Island, leaf
length varies wifh the point during the growing season at which the leaf was
produced {see Fiq. 5}). This may also be found in many graminoids and mosses.
As leaves can be aged as a result of differences in leaf length, it can be
seen that senescence of leaves takes place after six years in the case of

- Cassiope - tetragona (Fig. 5).  After the onset of senescence, leaves remain

attached to the stems for a considerable period of time. Flower buds and
vegetative buds (i.e. those producing lateral branches) are formed in the
axile of living 1eaves.f The increase in size of a given leaf from year to
year is probably a rééulﬁ bf the life cycie'pattern of a given shoot in that
as a young shoot matures;.the leaves it produces may increase in size (years
12 to 7 in Fig. 5) but as the shoot senesces, its leaves may not achieve the
1§ngths of.earlier formed 1eavés ‘yaars 7 to 1 in Fig. 5). Thus, a particular
shoot 'may only be able to produde a givén number of leaves before it dies,

A comparison of the maximum dry weights achieved by the current year's
shoots of the various dwarf shrubs (Table VIII) shows that the highest dry
weights are attained at the moref£avourab1é_Glenamoy and Kevo sites whilst very

low values are shown at the Norwegian and Devon sites. Salix pulchra at

Barrow ‘shows an umexpectedly high dry weight of total living matter. The dry
weights of stem plus buds and leaves show a similar trend to the dry weight of
total living matter. Reproductive tissue however, shows very high dry
"weights at the éevare Barrow and Devon Is1and.sites, but at Kevo, the
investiment into reproductive structureé is very small, with no reproductive

tissue: found at all in Salix lapponum at the Norwegian wet meadow site, Dead

leaves were only found attached to current year's shoots at Kevo and Glenamoy
but this may be the result of late season sampling at these two sites. Bud

dry weight at the beginning of season (see Table VIII) tends to show a



TABIE VIIY
A bgtween—sité comparison of dry weight partitioning in current year's shoots of tundra dwarf shrubs at the stage of
their maximum development

Site _ Species Early season Maximum dry weight (g}
Minimum dry weight (g)

Stem + Leaves  Reproductive Total Total Harvest

Bud buds living dead date
Niwot Ridge Salix planifolia 0017 - - - - - -
Glenamoy Mzzica gale 0008 .0969 .0705 .0039 L1713 0045 3/10
Kevo, sub-alpine Vaccinium vitis-idaea 0004 .0080 0625 . 0008 L0713 .0007 21/8 =

heath . :

Norway Wet Meadow 'Salix lapponum 0008 ' | .019 .025 0.0 ' 044 0.0 3/9
Norway dry_Meadow S. reticulata _ .0019 ' 0069 .01al .0034 0264 0.0 6/8
Barrow S. pulchra .0031 .0162 ©,0450 .0191 .0803 0.0 15/7
Devon Island )
Intensive Meadow S. arctica .0013 ) .0082 .0278 .0077 .0437 0.9 17/8
Significance of .

Wk *% W e | 4 ok k

F. values
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negative correlation with site severity in that comparatively large buds are
found at the Barrow, bevon Island and Norwegian dry meadow sites whilst very

small buds are found at Kevo and filenamoy.

POPULATION DYNAMICS

*apulation dynamics of Polygonum viviparum

The maintenance and establishment of populations of Polygonum viviparum

is effected mainly by the production and dispersal of wvegetative bulbils;
sexual reproduction has not yet been demonstrated (Engell, 1973}). Flowers are
produced at some sites however, and betweén eightysix and ninety-two percent
of all culms possessed flowers at the Norwegian sites whéreas few culms possess
flowers at the two Devon Xsland and Barrow meadow sites (Table II). This may
be a reflection of stresses on development due to short growing seasons.
Flowers are produced at the apex of the infloréscence after the bulbils have
been formed, maximum development being achieved at sites where flowering' is
common {(Table 2), In order to assess the stage of development of culms at
a site, the mean length of this year's culms has been divided by the mean
length of entire last year's culms, Thus, whereas the two Norwegian and
Niwot Ridge sites with the longest growing seasons show maximum development,
the Devon Island sites shUW'imhature-reéroductive structures. The high
percentage of culms flowering at the Barrow beach ridge site is somewhat ancmalous.

The size and stability of populations will ultimately depend upon the
nurber of propagules produced and their viability, their numbers depending
upon the numbers of flowering plants present (Table IX), the number of bulbils
per culm and the number of culms per plant (Table II): viability can be
inferred from the mean dry weight per bulbil.

The number of culms per plant shows little variation betwe;n sites with a
maximum of 1,375 at the Niwot Ridge and Norwegian dry meadow sites (Table 1I),

However, these values are all generaslly low, up to nine culms per plant having

been reported by Engell (1973) for other areas. The number of bulbils per
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culm shows the same trend as the numher of culws per plant at all but the

Barrow meadow site. This leads to greater between-site variation in the

vinvbey of bulbils per plant. The high number of culms rer plant and bulbils
per culm lead to very high values-of buibils per plant at the favourable
Niwot Ridge and Norwegian dry meadow sites. Lower values are shown by the
Arctic sites and particularly by the Barrow meadow site.

High density of flowering plants at the Norwegian dry meadow and Dgvon
beach ridge sites (Table IX) leads to high production of bulbils on a ground
.area basis (1924 ang 432 bulbiia_/m2 respectively) whereas the low densities
of flowering plants at the Barrow meadow énd beach ridge sites leads to very
low production of propagules onla_ground area basis {24 and BO bulbils/m2
respectively. Althoughthe Devon beach ridge site differs from the intensive
meadow site by showing lower values for the number of culms per plant and the
pumber*of bulbils per culm {TabIeIII), the higﬁer density of flowering plants
at the beach ridge site.{Table IX) leads to a higher production of propagules
oﬁ a dround area basis (432 cempared with 276 bulbils/mz). Thus, although.
the reproductive capacity per plant may be associated with site favourability,
the reProductive capacity per ground area depends upon other factors, the most
important perhaps being seedliﬂg-survival as influenced by the physical
environment and competition.

Seedling survival can tb some'extent:, be facilitated by the production of
laxrge propagules with high energy stores. As the energy stores increase, the
period during which the seedling can develop be fore hecoming self-sufficient
increases. This will lead to a delay in the effects of competition, by which
time the seedling is better able to compete. Bulbil weight again shows a
trend associatgd with site favourability, the Niwot Ridge and Norwegian sites
showing the highest dry weights (Table II}). Howewer, the 3.5 éold difference
between waximum and minimum &ry weight (the Norway wet meadow and Barrow
meadow:sites, neglecting the_disaased bulbils of the Devon Island intensive

meadow) is less than the 4.5 x difference between the total living dry weight




.27
at these siteé. This difference is even more marked when the 3 x difference
in the mean bulbil &y weight bg;ween the Niwot Ridge and Barrow meadow site
is compared with the 13 x diffe;enca ;n total living dry weight. Thus,
although bulbil weight decreases with site severity, the rate of decrease is
far less than for total dry weight, resulting in an increase in dry weight
investment in bulbils as site severity increases. This gives the propagules

at the more severe sites a proportionally better chance of survival than at the

favourable gsites.

Population dynamics of dwarf shrubs

Consideration of the population dynamics of dwarf shrubs is restricted
to an examination of plant density, distribution of age classes, and within the
- plant itself, the number of curtent year's shoots.

The number of current year“s shoots per plant increases with age in all
specied (Fig. 10), and the rate of increase closely follows the pattern
described for the rate of increase in total live wood per plant (Fig. 8).

Thus, Salix arctica and S. reticulata show low rates of increase in live wood

with age and also low rates of increase in the number of current year's shdots

with age. On the other hand, S. planifolia and Vaccinium vitis~idaea show

rates of increase in the number of current year's shoots with age approximately
10 times greater than the remaining dwarf shrubs (Fig. 10}.

At Glenamoy, the number of current year's shoots per above ground branch
increase very rapidly with age during the short life span of the above ground
branches (Fig. 11). This situation is also found at the two Greenland sites,

It can'also be seen from Fig. 11 that there is considerable mortality of
current year's shoots at Glenamoy.. This mortality takes place at a comparatively
late stage of development of the current year's shoot, unlike thé situation at

the remaining sites, where mortality more often occurs by the failure of buds

to break dormancy.
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Plant density varies considerably between sites (Table X). Low densities

are found at the rocky sub-alpine heath in Finland, whereas a very high density

of Salix lapponum is found at the Norway wet meadow site.: However, the sparse

Vaccinium vitis-idaea plants at Kevo possess considerably more dry weight than

the abundant Salix lapponum plants at the dry meadow in Norway. The remaining

species all grow at similar densities.

It can be seen (Fig. 6e) that the numerous plants of 5. lapponum at the
Norwegian wet meadow show a rapid turn-over; no plants survived the 21-25 year
age class, whilst 46% of all plants belong to the 6-10 year age class. An
even faster rate of turn-over is shown by Qbove ground branches of Myrica gale
(seé Fig. 7¢) but these branches may be expected to show higher turn-over rates
than whole plants. |

5. planifolia from Niwot Ridge'(Fig. 6a) also shows a high rate of

turn-over with 50% of the plants between 26 and 30 years old, whilst §. reticulata

shows an earlier mode but slightly greater longevity. Flants from Barrow and
Devon Island tend to show greater longevity and a more even distribution of age
classes, whilst the greatest longevity, the most even distribution of age classes s

. {10 K,F&-_’
and the oldest mode is shown by Vaccinium vitis-idaea at the sub-alpine heath, Kevol,

On bisko Island (Eig. 7} the greatest léngevity is shown by the fell-field
population which alsc shows a mode at a greater age than the primary site |
population.

Young plants are conspicunu#ly lacking from all except the Norwegian and
Glenamoy sites which perhaps arises as a result of the method of vegetative

propagation described earlier.

TOTAL BIOGMASS AND RATES OF PRODUCTION

Total biomass and rates of production in Polygonum viviparum

The biomass of Polygonum viviparum at any time depends upon the interaction -

betweenr the number of plants per ground area and their dry weights. Plants have

been divided into vegetative and flowering, wvegetative plants being younger and
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possessing lesa dry weiéht'(Tahle Ix). At the béginning of season, however,
the two cansot ba distzngulshed and the dry weight of the plant in early season
may lead to an under estimate of- the rate of production of vegetative plantsa
and an over estimate of the rate of production of flowering plants. These will
tend to cancel one another giving a more accurate estimate of overall
productlon rates. |

VEgetative plants shcw greater densities than flowering plants at each
site, the greatest density heing shown by plants at the Devon Island intensive
meadow sitef High densities are also shown by the Norwegian sites and the
Devon Island beach ridge site whilst the two barrow sites show low densities.

Although dry weight per piaﬁt difiers between the two Barrow sites by only
1.5 x,;thé_Z.S % difference iniplant dénsity interacts te produce very different
biomass estimates at thé-begiﬁning.of seasoﬁ (Table IX), Maximum piant
weightﬁdiffers moxe than minim&ﬁ plant weiqﬁt between the two sites and this
leads to even greater biomass differences, which are reflected in the higher
rates of pfoduction, despite the longer growing season, at the Barrow beach
ridge site. However, hoth rates of prodﬁcticn'are very low when compared with
'those.gor dwarf shrubs, as is discussed helqw;_ |

The data available for maximum biomass at other sites show that the
greategst biomass is achieved at the DPevon Island intensive meadow site. This
iz, to some extent, the result.of higher vegetative plant dry weights but is
als@ déte:mined by the higher plant densities.. In.view of the low flowering
plant dry weights, fhe highé?'vagatative blaht weights are soméwhat anomalous
but may be the result of the vegetative plan£ category containing many plants
where floral initiation has taken place but floral development has not progressed
sufficiently for the plant to be recognised as flowering. It will be remembered
that éil_flowering'plants were, in any case, immature at this site {Table II).

-Both.Norwegiaﬁ sites shonconsiderably higher biomass than the Barrow sites,

and the Norwegian dry meadow shows greater biomass than the wet meadow as the

regult of higher plant density and the greater dry weights of flowering plants
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TABLE X

A between-site comparison of biomass and rates of production in tundra dwarf shrubs

Site S'_éiéﬁ - Number of plants/m2 Nambéer of ~ Minimum - Maximum Interval Rate of
' === + one standard errxor current year's living living between productic
shoots /m< biomass biomass maximizn {g/m®/day
(g/m2) (g/m?) and minimum
biomass
{days)
Kevo, sub-alpine heath Vaccinium vitis-idaea 3.67 278.00 107.378 131.885 89 0.275
Norway Wet Meadow Salix lapponum 38.00 p 8.60 1344.34 143,829 201.904 85 0.683
__Norway Dry Meadow 5. reticulata ' 11.23 pt 2.30 282 .60 44.730 . 51.981 57 - 0.127
Barrow $. pulchra 12.80 t 3.40 1115.73 212,138 298,272 40 . 2.153
Devon 1sland .
Intensive Meadow S. arctica 8.96 - 5.92 286.88 53.365 65,762 40 g.310
Dislco- Isiand
Primary Site 5. glauca*® —— 1550.0 3590.0 81 25.185
Glenamoy Myrica gale* 8.11 T 1.97 2577.87 161.187 439.750** . ca.200 1.393

* data apply to above ground biomass only

** dead current year's shoots are included in this estimate
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at the dry meadow site {see Table.IX).

The high levels of propagule dispersion shown by this species together
with considerable longevity suggest that yearly biomass fluctuations will be
comparatively small, particularly as plant density is one of the most important
biomass determinants. Thus, during a given growing season, the environment will
.determine méan plént dry weight. to some extent and the number of propagules
produced. Plant density, however, will be relatively unaffected in all but
the most extreme conditions. This_comparatively stable gituation is similér
to that found in the longer-lived dwarf shrubs {see below) and contrasts

strongly with the population explosions and subsequent die-back of Phleum alpinum

" {Callaghan, 1973). As in the dase of dwarf shrubs (see below) plant density

estimatés give the greatest variance in determining biomass.

Total biomass and rates of prodiction in dwarf shrubs

The biomass of a dwarf shrub per unit area of ground at a given time i
depends upon many of the processes previously described. It will ultimately
depend upon the number of current year's shoots per metre square, the mean
weight of a current year's shoot and the weight of perennating tissue per metre
square.,’ |

Thé number of current year's shoots per metre square is calculated by
summing the éroducts of the number of current year's shoots (Fig. 1i0) for each
age class of bush present (Fig. 6}-aﬂd the number of plants per metre square
of that age class (Table X}.  From the number of current year's shoots per
metre square and the mean dry weight of these shoots at any given time (Figs.
-3 and 4), the total biomass of c¢urrent year's shoots per metre square can be
found and this can be added to the previougly calculated dry weight.of

perennating tissue per metre square to yield the total biomass on a ground

area basis. The calculations are summarised as follows:
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BIOMASS at any given time = § (WeP, x Mgyt e, x M), o ox wes)

where WtPi = dry weight of perennating tissue for age i at that time

=
[[§

number of bushes of age i per metre square

=
i

number of plants of different ages present
C = nunber of current year's shoots per bush for age i

Wts mean dry weight of a current year's shoot at the given time

L

‘The relationship between seasonal production and annual production of
perennating tissue on an individual plant basis can be seen in Figs. 12 and 13.

High proportions of seasonal gr&wth are seenh in Salix pulchra and S, iapponum,

In Vaccinium vitis-idaea, a high proportion of seasonal production relative to
perennating tissue is found throughout most of the life cycle.. On an above
ground basis only, very high seasonal production relative to above ground
perennating tissue can be seen 4t both Greenland sites and at Glenamoy. This
is the result of both high numbers of current year's shoots per bush (Fig. 1ll)
and high mean dry weights per current year's shoot (Table VIII).

At a more detailed level, Fig. 14 shows the increase in peremnating tissue
and the seasonal fluctuations in the tissues of current year's shoots over three

years during the life span of Salix reticulata from the Norwegian dry meadow.

At the beginning of.season, buds break dormancy and the total compartment
decreases in weight as more buds form current year's shoots, these being made
up of leaves, stems and catkins as described elsewhere. At the end of season,
leaves and reproductive structures are lost, new axillary buds over-winter to
form the next year's current year's shoots, and the stem becomes ﬁart of thé
next year's perennating tissue. In addition, dry weight is added to older
perennating tissue giving the slight within season increase in gerennating
tissue :shown in Fig. 14,

When the dry weights of perennating tissue and seasonal growth is

expreszsed on a ground area basis, very high above ground biomass is found at
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the Greenland primary site (Table xi due to high values shown by all the
contributory fadtors, inclﬁding ﬁhe numbér.éf current year's shoot% per abovg' .
- ground branch, the dry weight of perenngting tissue per above groumnd branch, .
bfanch density and young”shbot drf wéiﬁht (ﬁ.C; Lewis and B.J. Phiiiips pers.

comm.) . Althougﬁ Vaccinium vitis-idaea also shows high values for most of

these parameters, the relative sparsity of plants at the site leads to low

biomass values (Table X). = On the other hand, the high plant densities of

Salix pulchra and S. laggghum have lead to relatively high biomass estimates .
for these slow growing plants. Low plant densities and slow growth leads to

the low 'biomass estimates of 5. arctica amd S. reticulata.

Differences between maximum and minimum biomass divided by the time
interval between these phases yield rates of production (see Table X). By
fir the highest rate of production is found on Disko Island; whilst the short.
growing periods on Devon Island and at Barrow lead to the high rates of
production in S. arctica and S, pulchra. On the ther hand, the high rate s

of production of Salix lépponumfduring a comparatively long growing season is

due mainly to a high rate of increase in the number of current year's shoots

per plant with age, and the high dry weights of these shoots. low rates of

production are shown by Vaccinium vitis-idaea due to a long growing season and

low plant density and by Salix’feticulata as a result of low values in all
contributory parameters.
! Thb.high ratg of productioni of above ground tissues .in Myrica gale, despite
its exceptionally long growing season, is due almost entirely to the production
‘of current year's shoots, each with very high dry weight investments.
Bywsfnthesising biomass andi!rates of production in the above manner, it can
be seen that growth rates may show little relationship to overall productivity.
.This is exemplified by the high' growth rates of Vaccinium vitis-idaea together

with its low rate of production on a ground area basis. This method of biomass

synthesis also allows an assessment of the levels of importance of the various

contributory factors, For example, the productivity of Myrica gale is

[}
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fundamentally determined by the numbers and weight of current year's shoots
interacting with the long growing season.
Limited data on population dynamics may alsc lead to long term inferences,

Species with a rapid turn-over of plants, e.g. Salix lapponum, may be expected

to show the most rapid changes in biomass due to succession and community

change; On the other hand, long-lived species like Vaccinium vitis-idaea,

will take many years to show differences in its contribution to overall
community biomass because at least some of the twenty year old plants now
present would be expected to survive for another ninety years and the great
increase in dry weight of plants with age Qould compensate for the loss of
younger plants.

Over’a shorter time interval, it has been seen that seasonal production
is mainly contributed by the intéraction of the number of current year's shoots
and the mean dry weight of these, In any correlations with environmental
conditions the environment within a given growing season will determine the
mean dry weight of a current year's shoot. However, it is the environment
of the ‘previous growing season which determines the number of buds formed in
that season and hence the number ' of current year's shoots in the present season.
The biomass in any given season, therefore, is dependent upon the envirorment
of at least two secasons, and as the number of current year's shoots may be a
more important variable than their mean dry weight, the environment of the
previous season may be far more important than that of the present season in
determining biomass.

The method of estimating Piomass described above also allows an assessment
of inaccuracies involved. Where plant density is low and the sparse plants
are large, for example, predictions of biomass over a large ground area become
difficult because of the great variation in the estimates of plant densities
due to complex spatial distributions of individual plants. Thus, in the case

of Salix arctica from Devon Island, although changes in dry waight of current

year's 'shoots, and even whole plants, can be monitored guite accurately the very
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large variation in spatial plant dénsity {Table V) leads to inaccurate
estimates of biomass per unit gfound area, wWhen plant density is hidgh,
e.g. S. lapponum and Myrica gale, changes in plant distribution become less
significant and the variance of biomass estimates per unit ground érea is
reduced. It is important however, that plant performance can be compared
from the detailed ;evel of current year's shoots to the more general level

of biomass and production rates per unit ground area.
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3. A between-site comparison of the growth of young shoots in tundra dwarf shrubs. a, Safix
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6. A between-site comparison of age class distribution in tundra dwarf shrub plants. a. Salix

planifolia, Niwot Ridge; b. Vaccinfum vitis-idsea, sub-alpine heath, Kevo; c. Safix pulchra,

Barrow; d. 8. arctica, Devon Island intensive meadow; e, S, fapponum, Norway wet mead
f. 5. reticulata, Norway dry meadow.
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7. A between-site comparison of age class distribution in the above-ground branches of tundra
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dwarf shrubs. a. Safix glauca, Disko Island primary site; b. §. gfsuca, Disko Istand fel field and

c. Myrica gafe, Glenamay.
N.B. The data are presented on different scales.
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8. A between-site comparison of rates of increase in the dry weight of total perennating tissue
{i.e. living wood) and dead wood (broken lines) in tundra dwarf shrubs. a. Salix planifolia,
Niwot Ridge; b. Vaccinium vitis-idess, sub-alpine heath, Kevo; ¢. Salix pulchra, Barrow;

d. § arctica, Devon island intensive meadow; &. 5. /soponurn, Norway wet. meadow and f.

5 reticulata, Norway dry meadow. Lower bars represent maximum standard errors of total
living, whilst upper bars represent maximum standard errors of total living plus standing dead
matter. All regression lines are at least significant at the .05 level. :
N.8. Data for a. and b. are presented on different scales from remaining data.
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11. A between-site comparison of the increase in number of young shaots with above-ground
branch age in a. Salix glauca at the Disko Island sites and b. Myrica gale at Glenamoy. The
broken line represents the number of dead plus living current year’s shoots, whilst the bars
represent the maximum standard errors. Al regression iines are at least significant at the 0.05
level, )

N.B. The data are presenied on different scales.
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10. A between-sits comparison of the increase in number of current year’s shoots with age for a, the
faster growing species and b. the slower growing species. Bars represent maximum standard errors.
All regression lines are at least significant at the 06 level.
N.B. There is a tenfald differencs in the vertical scales of a. and b,
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9. A between-type comparison of the increase in dry weight of above-ground perennating tissue
{i.e. living wood} and above-ground dead wood (broken lines) in tundra dwarf shrubs. a, Saflix
glauca, Disko Island primary site; b. S. glauca, Disko Island fell field; c. Myrica gale, Glenamoy.
Lower bars represent maximum standard errors of living tissue whilst the upper bars represent
the maximum standard errors of living plus dead tissue. All regression lines are at least significant
at the .05 level.
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12. A between-site comparison of the relationship of maximum seasonal growth to perennating
tissue throughout the tife span of tundra dwarf shrubs, The solid line represants the living
perennating tissue whilst the broken line represents the living perennating tistue pius the
maximum dry weight produced by current year's shoots within each season. a. Vieecinium
vitis-ideea, sub-alpine heath, Kevo; b. Salix pischrs, Barrow; ¢, 5. arctica, Davon Island,
intensive meadow; d. S. fapponum, Norway wet meadow; e. 5. reticeista, Norway dry meadow.
Al regression lines are at least significant at the .05 level. :

MB. a. is plotted on & different scale from the remaining species.
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13. A between-site comparison of the relationship of maximum seasonai growth to above-ground
perennating tissue in tundra dwarf shrubs. The solid line represents the living above-ground
perannating tissue whilst the broken line represents this plus the maximum dry weight produced
by young shoois within each season. The dotted line in c. represents the dead current vear’s
tissue added cumulatively. a. Safix glauca, Disko |sland primary site; b. S. glauca, Disko Island
tell field; c. Myrica gale, Glenamoy. All regression lines are at least significant at the .05 level.
M.B. The data are plotted on different scaies.
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14. The growth of Salix reticulata from the dry meadow Norway, over three years of its life.
The relationship of the assimilatory, reproductive and structural tissues produced within each
season to the slowly increasing perennating tissue is shown. The transition of current year’s
stem into perennating tissue can also be seen.





