
















































































































the mean number of v1s1ts (0 .5/hour) is more than 
enough to ensure adequate pollination, even taking into 
consideration the fact that not all insects will carry pol­
len or cause it to be transferred from anthers to stigmas 
by their movements in the flowers . The same is true of 
Potentilla vahliana. Though the systematic observations 
of S. acaulis were negative, other observations (Table 
29) showed that there are fairly frequent visitors, and 
we often noted Lepidoptera visiting cushions and prob­
ing the flowers for nectar. The seed set obtained in this 
species indicates that there must be a reasonable level of 
visitation. 

R. nivalis ,was regularly visited by Chironomidae and 
they may be important pollinators. Despite long periods 
during which no insects were seen on the flowers there 
were "falls" of large numbers of insects from time to 
time , and these may be quite sufficient to ensure polli­
nation. Experience here and elsewhere suggests that 
sporadic visits to flowers may account for a high propor­
tion of pollinations, and one must be lucky to be at the 
site at the moment they occur. 

We were interested in the possibility of competition 
for pollinators between the adjacent and concurrently 
flowering D. integrifolia and Potentilla vahliana, but 
during our period of observations the insect activity was 
very high and no competition could be demonstrated. 
Shortage of insects can occur in the Arctic as shown by 
Kevan {1972), and competition has been demonstrated 
both in natural (e.g. Mosquin 1971) and agricultural 
contexts (e.g. Free 1968). In places where insects are 
less abundant than they are on Disko it could well be 
significant. 

Population structure and allocation 
The causes of the irregular recruitment that is indicated 
by the size class diagrams (Figs 35-38) could have been 
intermittent failure of seed production, failure of seed­
ling establishment or loss of young individuals during 
unfavourable periods, or a combination of these effects. 
The loss of a whole cohort of S. acaulis in one popu­
lation illustrated in Fig. 37 is a clear indication that 
massive loss of young individuals does occur. 

The distribution of size classes in D. integrifolia at site 
7 is most distinctive . It is the most exposed site , steeply 
sloping and undergoing rapid solifluction . Markers on 
the site moved considerably between 1976 and 1977, 
and we observed active downslope soil movement on 
one day of heavy rain in 1976. Establishment may be 
especially difficult on this site , and possibly the slow 
and variable vegetative growth may blur the distinctions 
between size classes. 

At all sites there are gaps in the large size classes , and 
since these are the groups least likely to suffer high 
mortality, these gaps may well represent periods when 
recruitment was low or absent. Episodic recruitment 
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has been observed in arctic areas by Wager {1938) and 
Petersen {1981), and in an area where establishment is 
generally difficult it is possible that there are sometimes 
long intervals between successful episodes of recruit­
ment. Both D. integrifolia and S. acaulis indicate that 
this may have been the pattern of population increase in 
the past. We are dealing here with plants whose life 
spans may extend to centuries, and it would not be 
surprising to find that new individuals are added to the 
populations at long and maybe irregular intervals. 

The evidence for R. nivalis is more equivocal. Given 
the sheltered habitat at site 8, fed by a "warm" stream 
and with no problems of water deficit, recruitment may 
be more regular and frequent - certainly the present 
population structure seems to suggest that this is so. 

The consideration of resource allocation must include 
two aspects; the proportions of resources allocated to 
different tissues at different ages of the plant, and the 
ages or sizes at which flowering is at a maximum. In the 
latter respect R. nivalis differs markedly from the other 
two species . Being a shorter-lived herbaceous perennial 
it appears to be capable of allocating a large proportion 
of its resources to flowering, presumably aided by its 
high allocation to assimilating tissue throughout its life. 

For two of the species, D. integrifolia and S. acaulis, 
there are some data on resource allocation on Ellesmere 
Island (Maessen et al. 1983). The differences between 
our sampling methods do not make comparison easy. 
They sampled randomly along preset lines, whereas we 
deliberately chose our plants to obtain a wide range of 
sizes, and thus assess the changes in components of 
resource allocation during life. If we "lump" our data 
into population samples the coefficient of variation is so 
high as to render the information almost valueless . In 
order to attempt a comparison we selected some indi­
viduals from the middle size ranges and calculated mean 
values and CVs for them. The resulting comparisons 
(Table 37) are instructive, despite the reservations con­
cerning the comparison of data collected in different 
places and in different ways. 

In D. integrifolia the percentage allocation to both 
assimilating tissues, inflorescences and below-ground 
tissues is much higher on Disko than on Ellesmere 
Island. In S. acaulis the most puzzling difference is the 
relative allocation to flowers and assimilating tissues. 
On Disko, 3% is allocated to flowering and 10% to 
assimilating tissue, whereas on Ellesmere Island the 
comparable figures are 1.56% to flowers and 1.36% to 
assimilating tissue. 

It is a pity that these two studies are not more easily 
comparable. Our aim was to study change in allocation 
during the life history , and time did not allow for repli­
cation of samples at different sizes. Maessen et al. 
( I 983) have not documented the differences in sizes of 
their plants . Nevertheless, even these limited compari­
sons suggest that there are considerable differences be­
tween the plants at these two localities. 

What is clear from our data as to allocation to differ-
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Table 37. Relative allocation of resources (dry weight, g) to different plant components in high arctic (Ellesmere Island) and low 
arctic (Disko) populations of Dryas integrifo/ia and Si/ene acau/is (non-assimilating tissue includes both non-photosynthesizing live 
and attached dead tissue, • is the CV for "attached dead" only in the Ellesmere Island samples) . 

Species and Component Ellesmere 
no. of samples 

Dryas Inflorescence 0.065 
6 (Ellesmere) Assimilating 0.708 
5 (Disko) Non-assimilating 33.590 

Below-ground 2.800 

Silene Inflorescence 0.030 
22 (Ellesmere) Assimilating 0.026 

5 (Disko) Non-assimilating 1.749 
Below-ground 0.112 

ent components as well as to numbers of flowers in 
relation to plant size is that these long-lived perennials 
go through a phase in "early middle age" during which 
they have sufficient resources to allocate some (but 
never a very substantial proportion of them) to flower­
ing. After this they decline, and progressively less re­
sources are available for flowering. Many large indivi­
duals, especially of D. integrifolia, flower rarely if at all. 
The situation is less extreme for S. acaulis, which is able 
to continue to allocate more resources to flowering than 
D. integrifolia because of its large commitment to fo­
liage throughout life. 

The large non-flowering plants simply occupy space 
during their long period of decline, and since they are 
non-flowering they are no longer able to contribute to 
the gene pool. Occasionally, one may find a very large 
plant covered with flowers. What enables such a plant 
to suddenly produce many flowers is not clear, but it 
does suggest that even these individuals may sometimes 
continue to make a contribution to the sexual reproduc­
tion of the population . Possibly the persistence of non­
flowering individuals has two advantages. The peaty 
substrate beneath the slowly disintegrating cushions of 
D. integrifolia provides a good site for seedling estab­
lishment and hence perpetuation of the species at that 
spot. The occupation of area may be seen as advanta­
geous in that it pre-empts that space for the species and 
prevents others from growing there. Since they do not 
propagate vegetatively there is no possibility for the 
kind of regeneration of vigour documented by Kershaw 
(1960) in Alchemilla a/pina. What would be useful here 
are long-term observations of individual plants. Just 
how variable is an individual in the amount of flowering 
it permits from year to year? How much is this affected 
by climatic fluctuations? This is a fascinating area where 
much too little is known. Even the painstaking work of 
Aleksandrova ( 1988) dealt with only one season. 

S6 

CV % Disko CV % 

18 0.175 0.064 17 0.819 
48 1.910 0.901 27 11.500 
27* 90.390 5.49 59 70.350 
26 7.53 1.360 105 17.400 

30 1.565 0.085 30 3.163 
15 1.360 0.293 56 10.900 
38* 91.240 2.113 41 78.640 
61 5.842 0.196 61 7.294 

Conclusions 

The reproductive budget 
One of the purposes of the present project was to com­
pile a " reproductive budget" (Woodell et al. 1977) for 
the species to demonstrate quantitatively how much 
emphasis arctic species place on sexual reproduction 
(Tables 38-40) . We conclude that at all stages in the 
reproductive cycle there is a high resource investment in 
sexual reproduction . 

When analyzing the reproductive cycle, we must dis­
tinguish between three levels of reproductive capacity: 
potential, actual and realized (Table 41). Potential re­
productive capacity is a measure of the number of seeds 
obtainable under ideal conditions, and it should be the 
same as the number of ovules . This definition is slightly 
different from that of Callaghan & Emanuelsson ( 198S). 
Actual reproductive capacity is a measure of the number 
of seeds produced (Salisbury 1942) . Realized reproduc­
tive capacity is a measure of the number of established 
individuals in the field from these seeds. 

From scrutiny of the reproductive budgets it becomes 
obvious that with one exception, Silene acaulis, where 
the amount of pollen deposited on stigmas may be limit-

Table 38. Reproductive budget for Dryas integrifolia. All fig­
ures are per square meter. 

Number of individuals 
Flowering plants 
Flowers 
Ovules 
Stamens 
Pollen grains 
Normal pollen grains 
Mature fruits 
Seedlings 
Young plants 

6 

1.19 
0.72 
6.83 

493 .4 
626.1 

1329398.1 
1073010.1 

408.4 
0.0 
0.06 

Site 
7 

0.66 
0.41 
2.53 

131.6 
189.8 

497334.8 
394680.0 

132.8 
0.1 
0.4 

9 

1.03 
0.29 
0.96 

67.2 
83.2 

177866.8 
143819.5 

55.8 
0.1 
0.3 

Meddelelser om Gnz!nland, Bioscience 34 • 1990 



Table 39. Reproductive budget for Silene acaulis. All figures are per square meter (Herm. = hermaphrodite). 

Flowering plants 
Flowers 
Ovules 
Stamens 

Male 

7.4 
237.0 

Female 

5.4 
112.2 

3002.5 

Site 3 

Herm. Total 

1.4 14.2 
12.8 362.0 

308.4 3310.9 
128.0 2498.0 

Site 7 

Male Female 

0.15 0.38 
11.6 34.9 

933.9 
116.0 

Site 13 

Male Female 

0.34 0.30 
10.44 10.82 

260.7 
104.0 

Pollen grains 
Mature seeds 
Seedlings 

2370.0 
2922992.1 157866.2 3080858.3 169770.6 176601.0 

583.4 156.2 

Young plants 

ing, the crucial factor in all three species seems to be the 
realized reproductive capacity, i.e. seedling establish­
ment and possibly seed germination. In this respect our 
conclusions are similar to those of many other studies 
which show that in all habitats seedling establishment is 
the point at which populations of perennial species 
come under the most intense pressure (Harper 1977). 

Thus, despite the generally held belief discussed in 
the Introduction that sexual reproduction is limiting in 
the Arctic, we have shown that arctic plants are subject 
to the same limitations on population establishment as 
are perennial plants in other areas. Others have recently 
come to this conclusion (McGraw & Shaver 1982, Cha­
pin & Shaver 1985, Billings 1987, Murray 1987). 

The population structure of arctic plants might differ 
from that of plants in less extreme environments in that 
recruitment is episodic. Our data for the population 
structure of Dryas integrifolia and Silene acaulis suggest 
that in some, or maybe many years, the realized repro­
ductive capacity is zero. Such populations could be re­
garded as balancing on a "reproductive knife edge". 
During favourable periods, establishment of new indi­
viduals is possible, but there are periods, possibly pro­
longed, during which no recruitment can occur. In con­
trast, most studies of temperate species indicate that 
annual, or at least frequent recruitment is standard. The 
exceptions are certain shrubs and trees where new co­
horts may be separated by periods during which little or 
no recruitment takes place. Gap-phase colonization in 
forests might come into this category. 

Table 40. Reproductive budget for Ranunculus nivalis. All 
figures are per square meter. 

Flowering plants 
Flowers 
Ovules 
Stamens 
Pollen grains 
Mature seeds 
Seedlings 
Young plants 

Site 8 

16.2 
25.8 

1890.1 
988.7 

551354.4 
594.8 

4.7 
8.2 
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739.6 
0.2 0.025 
0.8 0.005 

89.3 
1.12 
0.28 

In a harsh environment a species on a "knife edge" 
may be pushed in the wrong direction, towards extinc­
tion, by prolonged adverse spells. The drop in actual 
reproductive capacity from 1976 to 1977 which was a 
result of the poor summer of 1976 indicates how sensi­
tive these widespread species are to environmental fluc­
tuations. A decrease in the number of flowers or ovules 
per flower as was observed between 1976 and 1977 
(Table 9) is indicative of a decline in potential reproduc­
tive capacity. A decrease in seed set per flower, like that 
in S. acaulis between 1976 and 1977 (Table 16) is indica­
tive of a decline in actual reproductive capacity. The 
lower reproductive capacity in 1977 seems paradoxical 
in view of the warmer and drier weather in 1977, and 
the fact that insect activity in that year was at least as 
good as in the previous year. The explanation must lie 
in the delayed effects of the poor summer of 1976, 
during which not only the flower buds for 1977 were 
initiated, but also food reserves were being laid down. 

Animals, especially migratory species, can respond to 
environmental fluctuations rapidly. For instance, An­
thus spinoletta rubescens bred on Disko in 1977, where it 
had not been seen for over a century (Woodell 1979). It 
appears to respond rapidly to good summers by breed­
ing north of its usual range. Plants cannot respond in 
this way, and as we have seen, the environmental effect 
is delayed as the environment programs the plants' re­
productive capacity for the following year. Presumably, 
it would take only a slight permanent climatic deteriora­
tion to bring about the destabilization of these popu­
lations. 

Table 41. The relation between potential, actual and realized 
reproductive capacity in Dryas integrifolia, Silene acaulis and 
Ranunculus nivalis. The figures are averages from all the sites, 
1976. 

D. imegrifolia 
S. acaulis 
R. nivalis 

Reproductive capacity 

Potential 

100 
100 
100 

Actual 

88.9 
29.0 
75.1 

Realized 

0.08 
0.001 
0.32 
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It may be that in these circumstances the ability to 
persist as individuals, or to spread vegetatively, comes 
into its own in the Arctic. A possible example is Cha­
maenerion angustifolium which is found on Disko, flow­
ers in most years, but is said never to set seed in Green­
land. It presumably did so in a period of warmer climate 
but now survives only vegetatively. 

Exploitation 
The effectiveness of the exploitation of the investment 
in the breeding system can be elucidated by examining 
the pollen/ovule ratios obtained from the reproductive 
budgets (Tables 38-40). Pollen/ovule ratios have been 
related to the breeding system (Cruden 1977). The ra­
tios obtained in the present study and the characteristics 
of the breeding systems of our species are not in agree­
ment with the relationships proposed by Cruden. All 
our species are facultative xenogamous, and the pollen/ 
ovule ratios are either too high (D. integrifolia: 2647-
3779) or too low (S. acaulis: 182-934 and R. nivalis: 
292). 

The pollen/ovule ratio in R. nivalis at site 8 is 291. 7, 
and the corresponding ratio for D. integrifolia at site 6 is 
2694.4. This means that D. integrifolia produces nine 
times as many grains per carpel as R. nivalis. At the 
same time, the "minimum expenditure" is about 20 
germinated pollen grains per pollinated ovule for D. 
integrifolia and about 5 for R. nivalis. This means that 
R. nivalis utilizes l. 7% of the total number of pollen 
grains, whereas D. integrifolia exploits only 0. 7%. So R. 
nivalis utilizes 2.4 times as many of the pollen grains 
produced as does D. integrifolia. 

The effective exploitation can be calculated by divid­
ing the number of pollen grains by the number of seeds 
produced. R. nivalis uses 927.0 pollen grains per seed. 
The corresponding figure for D. integrifolia at site 6 is 
3255.1. So D. integrifolia spends 3.5 times as many 
pollen grains per seed as does R. nivalis. This is a 
reduction from the nine times as many grains per carpel 
mentioned above. Compared to D. integrifolia, R. niv­
alis apparently has a more effective exploitation of pol­
len, but not so effective as to make up for the lower 
number of grains produced per carpel. 

The fact that D. integrifolia pollen grains are readily 
eaten by insects, and thus resulting in a higher cost in 
terms of pollen grains produced per carpel implies a 
higher actual reproductive capacity in this species than 
in R. nivalis. This may be caused by the insects staying 
longer in the flowers of D. integrifolia and depositing a 
higher number of pollen grains per flower. 
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Variation 
The reproductive budgets show that each species varies 
from site to site. Our results also show variation 
throughout the season. It would be desirable if we could 
distinguish between environmental and genetic causes 
behind the observed phenotypic vari,iition in virtually all 
characters. The analysis of variance on number of pol­
len grains in D. integrifolia shows that the genetic differ­
ences between plants influence the results most. Fur­
ther, the bimodal distribution of pollen fertility within 
some of the populations points to genetic heterogeneity. 
There is only one clear-cut difference that is purely 
environmental: the trend in all three species at all sites 
towards fewer flowers and a lower seed set per flower, 
both overall and as a percentage of total ovules in 1977 
compared with 1976. 

Our results have shown that there is considerable 
variation in reproductive capacity between years, be­
tween sites and between plants. Population turnover is 
very slow, and recruitment is episodic. In this context, 
one might well ask the question: what value is a repro­
ductive budget? We find it valuable to quantify the 
reproductive cycle in order to be able to compare differ­
ent systems. Unfortunately, there are hardly any data 
available anywhere of the kind we have presented here, 
and certainly not from the Arctic. What we can say as a 
result of these data is that we can finally reject the 
opinion that sexual reproduction is less important or 
non-functioning in the Arctic. A substantial investment 
of resources occurs in sexual reproduction. Seeds ma­
ture regularly. The crucial stage is establishment from 
seeds, and this may take place only in some years. 
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