










































































































































































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 integrifolia and Silene acaulis (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  CV % Disko (4 %
no. of samples
Dryas Inflorescence 0.065 18 0.175 0.064 17 0.819
6 (Ellesmere)  Assimilating 0.708 48 1.910 0.901 27 11.500
5 (Disko) Non-assimilating 33.590 27* 90.390 5.49 59 70.350
Below-ground 2.800 26 7.53 1.360 105 17.400
Silene Inflorescence 0.030 30 1.565 0.085 30 3.163
22 (Ellesmere)  Assimilating 0.026 15 1.360 0.293 56 10.900
5 (Disko) Non-assimilating 1.749 38* 91.240 2.113 41 78.640
Below-ground 0.112 61 5.842 0.196 61 7.294
ent components as well as to numbers of flowers in .
Conclusions

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 alpina. 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.

56

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 (1985).
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 bc limit-

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

Site
6 7 9
Number of individuals 1.19 0.66 1.03
Flowering plants 0.72 0.41 0.29
Flowers 6.83 2.53 0.96
Ovules 493.4 131.6 67.2
Stamens 626.1 189.8 83.2
Pollen grains 1329398.1  497334.8  177866.8
Normal pollen grains  1073010.1  394680.0  143819.5
Mature fruits 408.4 132.8 55.8
Seedlings 0.0 0.1 0.1
Young plants 0.06 0.4 0.3
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Table 39. Reproductive budget for Silene acaulis. All figures are per square meter (Herm. = hermaphrodite).

Site 3 Site 7 Site 13

Male Female Herm. Total Male Female Male Female
Flowering plants 7.4 5.4 1.4 14.2 0.15 0.38 0.34 0.30
Flowers 237.0 112.2 12.8 362.0 11.6 349 10.44 10.82
Ovules 3002.5 308.4 3310.9 933.9 260.7
Stamens 2370.0 128.0 2498.0 116.0 104.0
Pollen grains 2922992.1 157866.2  3080858.3 169770.6 176601.0
Mature seeds 583.4 156.2 739.6 89.3
Seedlings 0.2 0.025 1.12
Young plants 0.8 0.005 0.28

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.

2

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 8. 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

Site 8 Ranunculus nivalis. The figures are averages from all the sites,
1976.

gngng plants ;gé Reproductive capacity
8‘;::1:;5 lggg% Potential Actual Realized
Pollen grains 551354.4
Mature seeds 594.8 D. integrifolia 100 88.9 0.08
Seedlings 4.7 S. acaulis 100 29.0 0.001
Young plants 8.2 R. nivalis 100 75.1 0.32
Meddelelser om Grgnland, Bioscience 34 - 1990 57



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 1.7% 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
pollcn 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 variation 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.

Acknowledgements

The field work for this study was carried out at the
Arctic Station of the University of Copenhagen, and we
wish to thank the board for making its facilities avail-
able. Stig Andersen, Verner Michelsen, Ole Karsholt,
Bgrge Petersen and Erik Rald, Zoological Museum,
University of Copenhagen, helped with the identifica-
tion of insects. Lars Moseholm, Cowiconsult, Copen-
hagen, helped with the statistical analysis of pollen data.
The laboratory work was done with the technical assis-
tance of Ruth Bruus Jacobsen, Hans E. Jensen, Cherry
Nielsen, Institute of Plant Ecology, University of Co-
penhagen and Fred Topliffe, Department of Plant Sci-
ences, Oxford . Ruth Bruus Jacobsen and Karin Larsen
assisted in the field. We are grateful to all of them.

The project was funded by the Nato Scientific Board.

The plan for the project grew out of discussions with
Professor J. Heslop-Harrison, Welsh Plant Breeding
Station, Aberystwyth, Wales.

Meddelelser om Grgnland, Bioscience 34 - 1990



References

Aleksandrova, V. D. 1988. Vegetation of the Soviet Polar
Deserts. — Cambridge University Press: 128 pp.

Amen, R. D. 1965. Seed dormancy in the alpine rush, Luzula
spicata L. — Ecology 45: 361-364.

- 1966. The extent and role of seed dormancy in alpine plants.
- Quart. Rev. Biol. 41: 271-281.

— 1968. A model of seed dormancy. — Botanical Review 34:
1-31.

Billings, W. D. 1974. Arctic and alpine vegetation: plant adap-
tations to cold summer climates. — In: Ives, J. D. & Barry,
R. G. (eds). Arctic and Alpine Environments: 403—443.
Methuen, London.

- 1987. Constraints to plant growth, reproduction, and estab-
lishment in arctic environments. — Alpine and Arctic Re-
search 19 (4): 357-365.

- & Mooney, H. H. 1968. The ecology of arctic and alpine
plants. — Biol. Rev. 43: 481-529.

Bliss, L. C. 1971. Arctic and alpine plant life cycles. — Annual
Review of Ecology and Systematics 2: 405-438.

— 1988. Arctic Tundra and Polar Desert Biome. — In: Barbour,
M. G. & Billings, W. D. (eds). North American Terrestrial
Vegetation: 391-420. Cambridge University Press.

Bocher, J. 1972. Feeding biology of Nysius groenlandicus
(Zett.) (Heteroptera: Lygaeidae) in Greenland. With a note
on oviposition in relation to food-source and dispersal of the
species. — Meddr Grenland 191 (4): 41 pp.

- 1976. Population studies on Nysius groenlandicus (Zett.)
(Heteroptera: Lygaeidae) in Greenland. - Videnskabelige
Meddelelser fra Dansk Naturhistorisk Forening 139: 61-89.

Bocher, T. W. 1963: Phytogeography of Middie West Green-
land. — Meddr Grgnland 148: 289 pp.

~ 1972. Evolutionary problems in the Arctic flora. — In: Valen-
tine, D. H. (ed.). Taxonomy, Phytogeography and Evolu-
tion: 101-113. Academic Press, London and New York.

Bocher, T. W., Holmen, K. & Jacobsen, K. 1968. The Flora of
Greenland. Haase, Copenhagen: 312 pp.

Callaghan, T. V. & Emanuelsson, U. 1985. Population struc-
ture and processes of tundra plants and vegetation. — In:
White, J. (ed.). The Population Structure of Vegetation:
399-439. Dr. W. Junk Publishers, Dordrecht.

Chapin, F. S. IIl & Shaver, G. R. 1985. Arctic. — In: Chabot,
B. F. & Mooney, H. A. (eds). Physiological Ecology of
North American Plant Communities: 16-40. Chapman and
Hall, New York.

Chew, R. M & Chew, A. E. 1965. The primary productivity of
a desert shrub (Larrea tridentata) community. — Ecol.
Monogr. 35: 355-375.

Correns, C. 1928. Bestimmung, Vererbung und Verteilung des
Geschlechtes bei den héheren Pflanzen. — Handbuch der
Vererbungswissenschaft 2: 1-138.

Crisp, M. D. & Lange, R. T. 1976. Age structure, distribution
and survival under grazing of the arid-zone shrub Acacia
burkittii. — Oikos 27: 86-92.

Cruden, R. W. 1977. Pollen-ovule ratios: A conservative in-
dicator of breeding systems in flowering plants. — Evolution
31: 32-46.

Downes, J. A. 1965. Adaptations of insects in the Arctic. —
Ann. Rev. Entomol. 10: 279-307.

Dreisig, H. 1981. Daily flight activity of moths in the conti-
nuous daylight of the arctic summer. — Holarctic Ecology 4:
36-42.

Elkington, T. T. 1965. Studies in variation of the genus Dryas
in Greenland. - Meddr Grgnland 178: 1-56.

Free, J. B. 1968. Dandelion as a competitor to fruit trees for
bee visits. — J. of Appl. Ecol. 5: 169-178.

Fristrup, B. 1981. Klimatologi. — In: Ngrrevang, A. & Lundg,
J. (eds). Danmarks Natur 11, Grgnland: 170-179. Politikens
Forlag, Kgbenhavn.

Meddelelser om Grgnland, Bioscience 34 - 1990

Hagerup, O. 1950. Thrips pollination in Calluna. - Biol. Med-
del. Kongel. Danske Vidensk. Selsk. 185: 16 pp.

- 1951. Pollination in the Faroes in spite of rain and poverty in
insects. — Biol. Meddel. Kongel. Danske Vidensk. Selsk. 18
(15): 1-48.

Harper, J. L. 1977. Population Biology of Plants. — Academic
Press, London: 892 pp.

Hegi, G. 1979. Illustrierte Flora von Mitteleuropa 9: 1118-
1124.

Heslop-Harrison, J. 1972. Sexuality of angiosperms. — In:
Steward, F. C. (ed.). Plant Physiology - A Treatise 96:
133-289.

Hocking, B. 1968. Insect-flower associations in the high arctic
with special reference to nectar. — Oikos 19: 359-388.

Hultén, E. 1959. Studies in the genus Dryas. — Svensk Bot.
Tidsskr. 53: 507-542.

Jessen, K. 1911. The structure and biology of arctic flowering
plants I, 6. Ranunculaceae. - Meddr Grgnland 36: 333—440.

— 1913. The structure and biology af arctic flowering plants II,
8. Rosaceae. — Meddr Grgnland 37: 1-126.

Jarvinen, A. 1984. Patterns and performance in a Ranunculus
glacialis population in a mountain area in Finnish Lapland. -
Ann. Bot. Fenn. 21: 179-187.

Kershaw, J. A. 1960. Cyclic and pattern phenomena as exhi-
bited by Alchemilla alpina. - J. Ecol. 48: 443-453.

Kevan, P. G. 1970. High Arctic Insect-Flower Relations: The
Interrelationships of Arthropods and Flowers at Lake Ha-
zen, Ellesmere Island, Northwest Territories, Canada. -
Ph.D. Thesis, University of Alberta, Edmonton, Canada.

- 1972. Insect pollination of high arctic flowers. - J. Ecol. 60:
831-847.

- 1975. Sun-tracking solar furnaces in high arctic flowers: Sig-
nificance for pollination and insects. — Science 189: 723-726.

- & Shorthouse, J. D. 1970. Behavioural thermoregulation by
high arctic butterflies. — Arctic 23 (4): 268-279.

Kjellberg, B., Karlsson, S. & Kerstensson, 1. 1982. Effects of
heliotropic movements of flowers of Dryas octopetala L. on
gynoecium temperature and seed development. — Oecologia
54: 10-13.

Lloyd, D. G. 1973. Female-predominant sex ratios in Angio-
sperms. — Heredity 31 (1): 35-44.

Maessen, O., Freedman, B., Nams, L. N. & Svoboda, J. 1983.
Resource allocation in high-arctic vascular plants of differing
growth form. — Can. J. Bot. 61: 1680-1691.

McGraw, J. B. & Antonowics, J. 1983. Experimental ecology
of Dryas octopetala ecotypes 1. Ecotype differences and life-
cycle stages of selection. — J. Ecol. 71: 879-897.

McGraw, J. B. & Shaver, G. R. 1982. Seedling density and
seedling survival in Alaskan cotton grass tussock tundra. -
Holarctic Ecology 5: 212-217.

Mosquin, T. 1971. Competition for pollinators as a stimulus for
the evolution of flowering time. — Oikos 22: 298-402.

Mulcahy, D. L. 1967. Optimal sex ratios in Silene alba. —
Heredity 22: 411-423.

Murray, D. F. 1987. Breeding systems in the vascular flora of
arctic North America. — In: Urbanska, K. M. (ed.). Differ-
entiation in Higher Plants: 239-262. Academic Press.

Mgilgaard, P. 1982. Temperature observations in high arctic
plants in relation to microclimate in the vegetation of Peary
Land, North Greenland. — Arctic and Alpine Research 14:
105-115.

Petersen, P. M. 1981. Variation of the population structure of
Polygonum viviparum L. in relation to certain environmen-
tal conditions. — Meddr Grenland, Biosci. 4: 19 pp.

Philipp, M. 1980. Reproductive biology of Stellaria longipes as
revealed by a cultivation experiment. — New Phytol. 85:
557-569.

Pigott, C. D. 1968. Biological Flora of the British Isles. Cir-
sium acaulon (L.) Scop. - J. Ecol. 56: 597-612.

Porsild, M. P. 1920. The flora of Disko Island and the adjacent
coast of West Greenland. — Blanco Lunis, Kgbenhavn: 155

PP-

59



Putwain, P. D. & Harper, J. L. 1972. Studies in the dynamics
of plant populations V. Mechanisms governing the sex ratio
in Rumex acetosa and R. acetosella. - J. Ecol. 60: 113-129.

Rabotnov, T. A. 1978. Structure and method of studying coe-
notic populations of perennial herbaceous plants. - Soviet
Journal of Ecology 9: 99-105.

Roughton, R. D. 1972. Shrub age structure on a small deer
winter range in Colorado. - Ecology 53: 615-625.

Salisbury, E. J. 1942. The Reproductive Capacity of Plants. ~
Bell & Sons, London: 244 pp.

Sarukhan, J. & Harper, J. L. 1973. Studies on plant demo-
graphy: Ranunculus repens L., R. bulbosus L. and R. acris
L. I. Population flux and survivorship. - J. Ecol. 61: 675~
716.

Shykoff, J. A. 1988. Maintenance of gynodioecy in Silene
acaulis (Caryophyllaceae). Stage-specific fecundity and via-
bility selection. — Amer. J. Bot. 75: 844-850.

Sgrensen, T. 1941. Temperature relations and phenology of the
Northeast Greenland flowering plants. - Meddr Grgnland
125: 305 pp.

Wade, K. M., Armstrong, R. A. & Woodell, S. R. J. 1981.
Experimental studies on the distribution of the sexes of
Mercurialis perennis L. 1. Field observations and canopy
removal experiments. — New Phytol. 87: 431-438.

Wager, H. G. 1938. Growth and survival of plants in the
Arctic. — J. Ecol. 26: 390-410.

Warming, E. 1886. Biologiske optegnelser om grgnlandske
planter I. Cruciferae, Ericinae. — Bot. Tidsskr. 15: 151-206.

— 1920. The structure and biology of arctic flowering plants II,
13. Caryophyllaceae. — Meddr Gregnland 37: 229-342.

West, N. E., Rea, K. H. & Harniss, R. 0. 1979. Plant de-
mographic studies in sagebrush-grass communities of south-
eastern Idaho. — Ecology 60: 376-388.

Willson, M. & Burley, N. 1983. Mate Choice in Plants. —
Monographs in Population Biology no. 19. Princeton Uni-
versity Press, Princeton N. J.: 251 pp.

Woodell, S. R. J. 1979. Nesting of the American Water Pipit
Anthus spinoletta rubescens (Tunstall) at Godhavn, West
Greenland. — Dansk Orn. Foren. Tidsskr. 73: 177-179.

Woodell, S. R. J., Mattsson, O. & Philipp, M. 1977. A study of
the scasonal reproductive and morphological variation in
four Danish populations of Armeria maritima. - Bot.
Tidsskr. 72: 15-30.

Meddelelser om Grgnland, Bioscience 34 - 1990



Instructions to authors

Two copies of the manuscript, each complete with illustra-
tions, tables, captions, etc. should be sent to the Secretary,
Kommissionen for videnskabelige Undersggelser i Grgn-
land. Manuscripts will be forwarded to referees for evalu-
ation. Authors will be notified as quickly as possible about
acceptance, rejection, or desired alterations. The final de-
cision on these matters rests with the editor.

Manuscripts corresponding to less than 16 printed pages
(of 6100 type units) including illustrations are not accepted,
unless they are part of a special theme issue. Manuscripts
that are long in relation to their content will not be ac-
cepted without abridgement.

Manuscript

Language. — Manuscripts should be in English (preferred
language), French, or German. Authors who are not writ-
ing in their native language must have the language of their
manuscript corrected before submission.

Place names. — All Greenland place names used in the text
and in illustrations must be names authorised by The
Greenlandic Language Committee. Authors are advised to
submit sketch-maps with all required names to the Secre-
tary for checking before the manuscript is submitted.
Names of Greenland localities outside the area with which
the paper is concerned should be accompanied by co-or-
dinates (longitude and latitude).

Title. — Titles should be as short as possible, with emphasis
on words useful for indexing and information retrieval.

Abstract. — An abstract in English must accompany all
papers. It should be short (no longer than 250 words),
factual, and stress new information and conclusions.

Typescript. — Typescripts must be clean and free of hand-
written corrections. Use double spacing throughout, and
leave a 4 cm wide margin on the left-hand side. Avoid as far
as possible dividing words at the right-hand end of a line.
Consult a recent issue for general lay-out.

Page 1 should contain 1) title, 2) name(s) of author(s), 3)
abstract, 4) key words (max. 10), 5) author’s full postal
address(es). Manuscripts should be accompanied by a table
of contents, typed on separate sheet(s).

Underlining should only be used in generic and species
names. The use of italics in other connections can be in-
dicated by a wavy line in pencil under the appropriate
words.

Use at most three grades of headings, but do not under-
line. The grade of heading can be indicated in soft pencil in
the left hand margin of one copy of the typescript. Avoid
long headings.

References. — References to figures and tables in the text
should have the form: Fig. 1, Figs 2-4, Table 3. Biblio-
graphic references in the text are given thus: Shergold
(1975: 16) ... (Jago & Daily 1974b).

In the list of references the following style is used:

Boucot, A. J. 1975. Evolution and extinction rate controls.
— Elsevier, Amsterdam: 427 pp.

Sweet, W. C. & Bergstrom, S. M. 1976. Conodont bio-
stratigraphy of the Middle and Upper Ordovician of the
United States midcontinent. — In: Bassett, M. G. (ed.).

The Ordovician System: Proceedings of a Palacontologi-
cal Association symposium, Birmingham, September
1974: 121-151. Univ. Wales Press.

Tarling, D. H. 1967. The palacomagnetic properties of
some Tertiary lavas from East Greenland. — Earth plane
Sci. Lett. 3: 81-88.

Titles of journals should be abbreviated according to the
latest (4th) edition of the World List of Scientific Period-
icals and supplementary lists issued by BUCOP (British
Union-Catalogue of Publications). If in doubt, give the title
in full.

Meddelelser om Grpnland, Bioscience (Geoscience, Man
& Society) should be abbreviated thus: Meddr om Gron-
land, Biosci. (Geosci., Man & Soc.).

Illustrations

General. — Submit two copies of all diagrams, maps, pho-
tographs, etc., all marked with number and author’s name.
Normally all illustrations will be placed in the text.

All figures (including line drawings) must be submitted as
glossy photographic prints suitable for direct reproduction,
and preferably have the dimensions of the final figure. Do
not submit original artwork. Where appropriate the scale
should be indicated on the illustration or in the caption.

The size of the smallest letters in illustrations should not
be less than 1.3 mm. Intricate tables are often more easily
reproduced as text figures than by type-setting; when let-
tering such tables use “Letraset” or a typewriter with car-
bon ribbon.

Colour plates may be included at the author’s expense,
but the editor must be consulted before such illustrations
are submitted.

Size. — The width of figures must be that of a column (76.5
mm), 14 columns (117 mm), or a page (157 mm). The
maximum height of a figure (including caption) is 217 mm.
Horizontal figures are preferred. If at all possible, fold-out
figures and tables should be avoided.

Caption. — Captions to figures must be typed on a separate
sheet and submitted, like everything else, in duplicate.

Proofs

Authors receive two page proofs. Prompt return to the
editor is requested. Only typographic errors should be cor-
rected in proof; the cost of making alterations to the text
and figures at this stage will be charged to the author(s).

Fifty copies of the publication are supplied free, seventy-
five if there are two or more authors. Additional copies can
be supplied at 55% of the retail price. Manuscripts (in-
cluding illustrations) are not returned to the author after
printing unless specifically requested.

Copyright

Copyright in all papers published by Kommissionen for
videnskabelige Undersggelser i Grgnland is vested in the
Commission. Those who ask for permission to reproduce
material from the Commission’s publications are, however,
informed that the author’s permission must also be obtained
if he is still alive.
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