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Introduction

by Dr. Nils Are @ritsland, Norwegian Polar Institute

Besides the obviously sensible objective of bringing together the ecologists that are
working at Ny-Alesund, the seminar Ecosystem Studies in the Ny-Alesund Area had a
further object. We envisaged that these same ecologists could be motivated to take
part in a process which would address, through a truly joint international effort, central
problems in modern ecology. Although this vision was reflected in the agenda for the
meeting, much remains to be done before we can see the outlines of a joint pro-
gramme that will draw enthusiastic support by the nations involved. We are still in a
situation where a number of ecologists have separate projects located at Ny-Alesund,
but there is little interaction between the scientists and actual co-operation is rare.

There are two paths that, perhaps, could improve the situation. One is to arrange
regular international meetings for ecologists who work at Ny-Alesund, and hope that
spontaneously they will generate new ideas for co-operative research. Scientists may
start co-operative work when they see each other working on closely related scientific
problems. If, in addition, home institutions also encourage their scientists to work with
colleagues from other nations, and even have money earmarked for that purpose,
some truly original and good basic research projects might emerge from a system of
regular meetings. The second way would be to start at the institutional management
level. Using this approach, science directors would have to set up well-specified
frameworks for international collaborative projects within themes which are politically
attractive, and then go out on the market for scientific personal, quite possibly outside
the polar circles. Experience has shown that a middle road may well be best. Experi-
enced polar biologists are asked to formulate new projects under general and politically
accepted themes, such as “climate change” or “pollution”. This approach works well in
terms of creating proposals, but the resulting programmes tend to become mixtures of
research which extends that on which the scientist is already working, and may often
not be easy to justify as relevant to national and political problems. Therefore, it is es-
sential that the problems are specified in detail before research proposals are solicited.

So what kind of ecological research should be pursued at Ny-Alesund? We have at-
tempted to find an answer to this question by asking two further questions: “What are
the most central problems in ecology today?”, and “What kind of work at Ny-Alesund
would contribute significantly to solving these problems?”. During the Seminar it be-
came evident that there was no agreement between ecologists as to the most central
problems in their own general field of research. The science of ecology remains still a
collection of separate empirical rules and pieces of theory. It is not like in physics,
where the general foundation of knowledge has been developed sufficiently to induce
general agreement that, for example, the contradiction between quantum mechanics
and general relativity is a central challenge.

At Ny-Alesund we have an array of interesting ecological projects, including both basic
research projects and politically endorsed work concerning pollution and climate. We
hope the present collection of project presentations will be useful both for specialists
interested in establishing new co-operative projects and as a general source of infor-
mation about the activities at Ny-Alesund. We suggest that the five nations already in-
volved in ecological research at this site join forces and contribute both personal and
funds toward the establishment of a Scientific Integration and Analysis Group. The
mandate of this group would be the synthesis of knowledge gained through specialised
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field work into more comprehensive ecological theory. Such a group would be required
to work with the project specialists and could be a catalyst for the establishment of new
international research projects.

Attempting to look into the future it seems possible that the ecological work at Ny-
Alesund should focus mainly on population, community and systems studies and
backed by ecophysiological examinations of adaptations of the organisms to the envi-
ronment. Studies that require the maintenance of elaborate equipment may, perhaps,
not be suitable at this location because of the costs for transport and accommodation,
Nevertheless, the arctic organisms are very interesting with respect to their biochemi-
cal and metabolic adaptations to the seasonal variations in temperature and solar ra-
diation. One could, for example, envisage that enzyme properties from arctic organ-
isms could be utilised in production of single cell protein. This type of advanced studies
require specialised laboratory facilities and should possibly be located at Longyear-
byen.

We suggest that another ecologist's meeting should be arranged next year, this time
focusing on the significance of the results from recent and current projects and their

contribution to theoretical ecology.

The project presentations in the present report are provided as an information service
and may not be used without the consent of the authors.
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Aims of the Seminar

by Dr. Nigel Webb, Furzebrook Research Station, UK

The Ny-Alesund Seminar Series was conceived by NySMAC as a means of bringing
together research scientists involved in programmes running at Ny-Alesund or having an
interest in that area. The first Seminar was held in Potsdam in Germany in May 1995,
and included talks which covered physical, atmospheric, earth and biological sciences.

This Second Seminar is devoted to biological science and particularly to ecology. Since
the 1970s a wide range of projects have been carried out on Svalbard and particularly at
Ny-Alesund. Prominent in this research have been the recent programmes such as the
British NERC Special Topic in Arctic Terrestrial Ecology and the Norwegian TERR@K
(Terrestrial Ecological Research Programme on Svalbard) which followed the Norwegian
PRO MARE (Research Programme for Marine Ecology) programme.

Although other nations are developing research programmes, both the Norwegian and
British programmes are in their closing stages. This provides the_ context for this
Seminar. First, it provides an opportunity for those who have been working at Ny-Alesund
and in other areas of Svalbard to summarise their research and findings and to identify
their achievements. Secondly, | hope participants will identify what they consider the new
challenges to be so that we can set out ideas from which new programmes can pe
developed.

Sessions 1 and 3 will enable us to describe the achievements and identify the
challenges. However, if we are to propose new programmes these nged to fit into both a
national and international context, and in Session 2 the speakt_ers will help us to define
this wider context. In Britain, in recent years, we have seen significant changes in the
criteria demanded for research grant applications. We have become familiar with
phrases such as the “user community”, “meeting the needs of the user community”, “the
creation of wealth” and “the quality of life". In this way the direction and relevance of
research has been set, and to be successful applications have to meet these criteria.
Similar trends in research funding are beginning to affect other countries.

Besides meeting national criteria, research programmes ha\{e to fit into the international
context. Arctic science is by its nature international both in concept and in practice.
Currently, there is a plethora of international of global programmes. Most of these are
focused on global change, the monitoring of the‘responses of organisms and biological
systems to these changes, and the need tp predict the consequences of change. Some
of these programmes are established while others are in the planmpg stage. What is
important is that our plans for research at Ny-A[es_und are formulated in this context. We
shall need to assess the requirements of these mts_zrnatlonal Programmes and identify
within them those activities which are best, if not uniquely, carried out at Ny-Alesund or
on Svalbard, and build our plans accordingly.

In formulating our plans we shall also need to consider human impacts on arctic
ecosystems. Those areas of the Arctic which I;;aw_a easy access for the regearcher are
also reached easily by others. Tourism is growing in these areas and we might consider
how wider human access to the Arctic can co-exist with scu_entlﬁc research. Although we
should be concerned about the general impact of humans in the Arctic we also need to
consider the specific impact of research projects. Even in temperate ecosystems this s 3
recognisable issue and | am well aware that over forty years of research on heathlang
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ecology has left an interesting “archaeology” on the national nature reserve close to the
research station where | work. Research in the Arctic requires an infra-structure. We may
need to consider whether we have the infra-structure we require, but we should ensure
that it operates with minimum impacts. Likewise, the use of field sites for both

observations and experiment needs to be carefully planned and when we have finished
we should leave the site as we found it.

Session 4 will enable us to have a free-ranging discussion and workshop during which
| hope we can develop our ideas and perhaps generate an outline for what we see as
the way forward. This outline for the Seminar is ambitious as in it we plan to travel from
the naive curiosity of the researcher to the well-formulated research programme. In the
next two days | hope we shall generate the momentum to take us well along this path.

ECOSYSTEM STUDIES IN THE NY-ALESUND AREA Cambridge, 28 - 29 Feb. 1996
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Arctic Ecosystems & Environmental Change

Philip Wookey (Royal Holloway, University of London)
&
Clare Robinson (Sheffield Centre for Arctic Ecology)

Abstract/Working Paper

Rationale: Polar semi-desert ecosystems of the high Arctic cover nearly two million km2 but
they have been the subject of remarkably few experimental studies of whole-ecosystem
structure and functioning in relation to environmental change. In part this may reflect logistic
difficulties of working in the high Arctic, but we also suggest that terrestrial ecologists may
have underestimated the potential significance of high arctic regions in the global carbon and
energy budgets into the next millennium. One key feature of many high arctic ecosystems
which may make them sensitive or responsive to environmental change is the high percentage
(>50%) of unvegetated ground interspersed with an incomplete mosaic of largely clonal
plants: this may afford opportunities for the rapid colonisation of currently unvegetated
ground by clonal proliferation and/or seedling recruitment of existing species, together with
immigration from further south.” At present insufficient information is available on the
relative environmental constraints on such processes, together with the implications of
changes in community structure and function for trace gas fluxes, soil organic carbon
reservoirs, and the surface energy budget. A further, more pragmatic justification for
conducting terrestrial ecological research in the high Arctic is that the extremely short
growing season, together with the low stature of the vegetation and the relatively simple

community structure, provide excellent opportunities to test fundamental ecological
principles in the field.

Research Objective: to evaluate the potential for environmental change to exert a long-term
impact on ecosystem structure and function in the high Arctic via shorter-term
ecophysiological and developmental responses. The studies involve above- and below-
ground processes, including changes in decomposition and nutrient cycling, and our approach
has been to conduct factorial environmental manipulations (of temperature, soil moisture and
nutrient status) over five growing seasons at a polar semi-desert site (78°56’N, 11°50’E) near
Ny-Alesund. Speciﬁcalnly,- (i) polythene tents were used as a passive warming system to
produce a 3.5 and a 0.7°C increase in air and soil temperatures, respectively, over ambient
values, (ii) a 58% increase in summer precipitation was simulated by six additions of water

per season and (iii) soil nutrient status was ameliorated by the addition of 5, 5 and 6.3 g m-2
yrl N, P and K, respectively, as inorganic fertiliser.

Major research findings from investigations of plant performance:

« Vegetative development (above-ground biomass, leaf areas and changes in percentage
ground cover) pf the major vascular plant §pecies, Dryas octopera{a, togfzther with
Polygonum viviparum, was strongly responsive to amelioration of soil nutrient status
(NPK additions: +F treatments) but was largely unaffected by polythene tent (+T)
treatments. The same pattern was observed for below-ground biomass (corm weights) of
P. viviparum. ) _

 In D. octopetala leaf development patterns (e.g. specific leaf area and growth) are
‘tailored’ to support optimal photosynthesis given additional supplies of potentially
limiting nutrients (+F). N

o Investment in reproductive structures of both D. octopetala and P. viviparum was
dramatically increased in the tented treatments. Indeed, for D. octopetala +T was
associated with a 695% increase in seed v1ab111ty at the close of the 1993 growing season,
compared with -T (untented) control plots. As for vegetative development there were also
sionificant effects of +F treatments (in terms of seed numbers and weights for Dryas, and
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bulbil numbers and weights for Polygonum), but these did not translate into an
improvement in seed viability for D. octopetala.
* Dryas octopetala maintains tight control of water use efficiency over a broad range of soil

moisture regimes, as indicated by data for 813C in +W treatments (58% increase in
precipitation), and in a glasshouse study in which water was withheld.

e At the start of the fourth season of manipulations there was evidence that +F treatments
were associated with an increased incidence of winter injury: this is thought to be a result
of impaired winter hardening in the +F plots during the antecedent unusually mild autumn
period (1993).

The vegetation responses suggest that significant warming at this site could, as a result of
accelerated reproductive phenology and increased investment in reproductive structures
substantially improve fecundity. Whether or not this could translate into increased seedliné
or plantlet recruitment into the community will depend, however, on favourable conditions
for germination and establishment: suitable microsites may not become available unless sojl
moisture and nutrient status improve substantially as a result of environmental change
Vegetative development appears to be relatively insensitive to warming but SSVBFSI};
constrained by poor soil nutrient status: we suggest, however, that long-lived clonal plants
such as D. octopetala can overcome nutrient limitations by tight internal recycling of
nutrients assimilated over many growing seasons. Indeed the +F treatments seemed to induce
a luxury uptake response which may have contributed to greater winter injury: this may prove
maladaptive if soil nutrient status improved substantially as a result of soil warming (but see
conclusions below on soil processes).

Major developments in research on soils and below-ground processes:

¢ Results for N mineralisation indicated that in the short-term there will be relatively little
stimulation in response to small (<1°C) rises in soil temperature beneath polythene tents
(+T). However, a significant increase in total N mineralisation, mainly as nitrate, occurred
in the +F and +W treatments.

* After 13.5 months, the decomposition (mass loss) of Salix polaris litter was retarded by the
+T treatments, while, by contrast, the +F treatments accelerated decomposition. Water
additions had no significant impact. _

* On three sampling occasions there was no +T effect on soil respiration (CO, fluxes) but
by contrast, respiration was significantly increased by an interaction between fertiliser anci
water treatments (F x W).

The results of the below-ground processes measured suggest that low nutrient availability
plus low soil moisture contents, limit decomposition and N mineralisation at this site. Ogr
results do not conflict, however, with those from previous work in low arctic soils (e.g.
Billings et al. 1982; Nadelhoffer et al. 1991) where larger soil temperature increases were
found to have profound effects on soil respiration, since the increase in soil temperatures
(0.7°C) produced in the present study was relatively minor.

Synthesis of current conclusions: Work to date at the polar semi-desert site has indicted that
some facets of ecosystem functioning are highly responsive to amelioration of environmental
constraints: thus the frequency of years with successful seed set may be expected to increase
if summers become significantly warmer (or snowmelt and flowering occur earlier). Thig
could, in the longer term, result in increased seedling recruitment into the population (with
implications for intraspecific genetic variability and environmental tolerance). The work op
below-ground processes, however, together with the +F manipulations of soil nutrient statys
illustrate the profound significance of nutrient availability at this site. Clonal spread of
existing vegetation onto adjacent bare ground, together ‘w1t¥1_seed1ing recruitment into the
population , may be severely constrained by limited availability of microsites with suitab]e
nutrient and water status to support rooting of lateral ramets, or the germination of seedg and
bulbils. It remains unclear whether the temperature increases predicted by Genera]
Circulation Models (GCMs) will result, in the longer term, in significantly improved rates of
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decomposition and nutrient mineralisation. Summer water availability is also likely to be
critical for decomposition processes (and seedling recruitment), yet firm predictions of soil
moisture status during the growing season are currently impossible on the basis of GCM
output.

Themes for future research at Ny-;&lesund:

* Our interpretation of the long-term significance of increases in seed viability (e.g. in D.
octopetala) in response to +T treatments is limited by our restricted understanding of the
environmental factors which influence germination and establishment. In general terms
more work is needed in the high Arctic on seed banks, seedling recruitment, and the
potential for immigration of species from further south. This work needs to be of
sufficient duration to enable seedlings to be identified and for potential biodiversity (both
inter- and intra-specific) to be evaluated.

« Work is needed on below-ground biodiversity (decomposer community) in order to relate
community structure to function at the micro-scale. This would link with ecophysiological
studies of soil invertebrates which have been undertaken by another group in the Arctic
’é‘erris;rizgl Ecology Special Topic Programme (Hodkinson, Webb, Bale, Coulson and

trathdee). .

» Paradoxically there is little information available on the potential ecological impacts of
winter warming, or changes in the depth and/or longevity of the snowpack, or the duration
of the growing season, even though GCMs predict considerably greater winter than
summer warming at high latitudes. Experimental manipulation of snowpack depth, or the
possible increased incidence of liquid precipitation in winter (together with the formation
of ice layers in the snowpack) could be simulated in the field without the need for
expensive equipment or logistic support. It may be of particular interest to determine the
importance of continued decomposition processes in the winter months (particularly in the
early winter period when a substantial volume of the seasonally active layer may remain
unfrozen even when air temperatures are below freezing).

o Currently there is no published information from polar semi-desert communities on the
impacts of elevated atmospheric concentrations of CO»: it is paradoxical, however, that
this is one component of environmental change that is unequivocally linked with
anthropogenic activities. It can be hypothesised that increases in water use efficiency
(WUE) in such ecosystems, as a result of the CO; fertilisation effect, may have major
implications for vegetation cover, whole-ecosystem water fluxes, and surface energy
balance. We theretore propose that in situ manipulations of atmospheric CO2 would be
timely in the Ny-Alesund region, although suitable infrastructure is necessary (gas and
power supplies) well away from the direct disturbance of the community.

« Alongside in situ manipulations of CO; it would be appropriate to introduce manipulation
of UVB, possibly in factorial combination. Of particular interest here are the potential
impacts of increased surface fluxes of UVB on N-fixing cyanobacteria in cryptogamic
crusts (important 1in the N economy of polar semi-deserts). The predominance of
evergreen perennials (such as D. octopetala) may also predispose these systems to
cumulative impacts due to the longevity of individual leaves. As with CO manipulations
there would be considerable demands for suitable infrastructure to conduct experiments of

this kind.
Publications from the project are listed separately

Co-workers on the project are as follows: Professor Terry Callaghan and Dr Jac Potter
(Sheffield Centre for Arctic Ecology), Dr Malcolm Press and Professor John Lee (University
of Sheffield), Dr Andy Parsons and Dr Jeff Welker (Colorado State University).
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Effects of nitrogen fertilisation on three arctic dwarf shrubs

By lan Alexander, Sarah Woodin, John Baddeley, Lars Hégbom,
Department of Plant and Soil Science, University of Aberdeen, Aberdeen AB92UD

Arctic vegetation is thought to be nutrient limited, particularly N-limited, and is therefore
potentially sensitive to increased N inputs from atmospheric deposition or the enhanced N
mineralisation associated with global warming. Since 1991 N has been applied to
communities of three dwarf shrubs in polar heath near Ny-Alesund, at rates equivalent to
10 and 50 kg N ha™' a~' . The test species, Salix polaris, Dryas octopetala and Cassiope
tetragona, allow a comparison of the response of shrubs of contrasting life form
(deciduous, winter-green and evergreen) and mycorrhizal infection (ectomycorrhizal and

ericoid mycorrhizal).

The foliar N concentration in all three species rose in response to the higher N application
(50 kg ha™' ), but annual variation in leaf phenology masked possible effects of the lower
application. However, when 3'° N-was determined this clearly showed uptake of applied N
even at the lower application. Thus the shrubs are clearly sensitive to low levels of
atmospheric N input.

Salix polaris leaf biomass increased in response to the higher N application in 1992 but by
1993 Dryas and Cassiope had still not responded. Salix appears to allocate a higher
proportion of its resource below ground than Dryas and fine root numbers of Salix, but not
Dryas were reduced by the higher N application in 1993. Hair root production by Cassiope
was also reduced. The time scale over which a below-ground response occurs is longer
than that above ground.

Salix and Dryas share a community of >30 ectomycorrhizal fungi but the relative
proportions of mycorrhizas formed by different fungi differ on the two host species. Thus
Lactarius lanceolatus forms 75% of the mycorrhizas on Dryas but only 18% on Salix.
Overall Salix had lower mycorrhizal infection (72%) than Dryas (90%) and infection in
Salix was reduced (to 33%) by N-fertilisation while Dryas was unaffected. Fertilisation also
altered the proportions, and reduced the diversity, of fungi on Salix root systems and
reduced fruitbody production. Ericoid infection of Cassiope was reduced by fertilisation.

In 1993 heavy rainfall in November froze and encased the vegetation in ice until June
1994. this lead to death of Dryas and Cassiope particularly on those plots receiving high
additions of nitrogen, probably because of delayed hardening.

This study has demonstrated that dwarf shrubs are affected by levels of N ferti!isation
equivalent to those in atmospheric deposition over much of N. Europe. Higher inputs lead
to reductions in mycorrhizal infection and loss of fungal diversity. Tolerance of winter injury
is reduced. There were marked differences in response between the shrubs which might be
expected to influence the outcome of c‘ompetntwe interactions. Long pqriods of monitoring
are required in experiments such as this to allow responses to be manifest, to cater for
annual variation, and to increase the probability of encountering extreme events.

This work was supported by the UK Natural Environment Research Council.
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THE ICEBERG ANALOGY AS APPLIED TO ARCTIC PLANTS

Alistair D. Headley and Elisabeth J. Cooper,
Department of Environmental Science, University of Bradford, Bradford, BD7 1DP,
U.K.

Abstract

Many Arctic plants have similar temperature optima for photosynthesis to that of temperate
plants, but they are often found to have much lower temperature optima for growth. The aim
of the investigation was to examine whether the higher allocation of biomass below-ground
in arctic plants accounted for their lower temperature optimum for growth. The objectives of
the investigation were firstly to establish the absolute and relative quantity of carbon lost
through growth and respiration by roots and below-ground structures in a range of species of
arctic, arctic-alpine and temperate plants with different latitudinal ranges, and secondly to
establish the phenotypic flexibility to temperature in terms of dry weight allocation and
carbon uptake and loss on a whole plant basis. In order to achieve these aims the seasonal
course of biomass partitioning and above- and below-ground gas exchange in different
species of buttercup (Ranunculus) was examined at Ny Alesund. Svalbard and Abisko.

N.Sweden. The effects of growth temperature were examined in the field at Abisko and in the
phytotron at Tromsg.

There are strong seasonal trends in both photosynthesis and root or below-ground respiration,
with a peak in mid-season. The rates of root respiration between 5 and 15°C were 1.5 and 7
times faster in the arctic species compared to the temperate species. The calculation of net
carbon yield for a single season based on field measurements of gas-exchange characteristics
through the season corresponded very closely to those based on changes in biomass. The
larger biomass allocation below-ground (40-80%) and the higher rates of root respiration
accounted for a larger proportion of the carbon loss in the more northerly species.

Species of arctic plant differ in their ability to acclimate their root respiration to increasing
growth temperature, with R.pygmaeus showing complete homeostasis of root respiration to a
10°C increase in growth temperature. Different species have different susceptibilities to
increasing temperatures due to their phenotypic plasticity which in some cases is due to
genotypic variation. Considering these observations R.glacialis and R.sulphureus show the
lowest flexibility of biomass allocation and ability to acclimate root respiration. R.pygmaeus
showed the greatest flexibility of biomass allocation and ability to acclimate root respiration.
The growth of R.glacialis, R.sulphureus, R.nivalis and R.pygmaeus at 6, 12, 15 and 18°C
confirmed the predicted relative sensitivities of these species to increase temperature.

There are at least four areas that need further investigation as a consequence of the results of
the present investigation and they include: (i) the relative importance of warming of the air
and soil on the carbon budget of arctic plants when grown under natural light conditions, (ii)
the effect of extended growth period on the carbon balance of high and mid-arctic species,
(iii) the stimulus (daylength, light-quality and innate phenological cycle) for senescence in
high and mid-arctic plants and (iv) the contribution of respiration to carbon loss from
rhizomes and roots during the ‘dormant winter period’ in arctic and alpine plants.
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Temperature, climate change and the environmental constraints on the life history
strategies of arctic terrestrial invertebrates.

I.D.Hodkinson®, J.S. Bale, W. Block, N.R. Webb, S.J. Coulson, A.T. Strathdee.
“School of Biological & Earth Sciences, Liverpool John Moores University.

The sites, the animals and the experiments

The two main sites at Ny Alesund, represented typical outer and inner fjord vegetation types,
corresponding to the Dryas octopetala (=polar semi-desert) and the Cassiope tetragona
(=moss tundra\tundra heath) zones respectively (Coulson ez al. (1993). Intensive work has
also been carried out at the Krykkjer and Stuphallet bird cliffs and a Dryas-rich site adjacent
to the 'French Camp’. Tent/cloche experiments were conducted over 3 years to investigate
the effect of raised summer temperatures on the dominant soil-dwelling mites and Collembola
and on the main herbivore of Dryas, the aphid Acyrrthosiphon svalbardicum. Detailed work,
characterizing thermal physiology, was conducted on the dominant species of mite and
Collembola and on the aphid. Limited studies were also made on the effects of temperature
on the abundance of flying Chironomidae (Diptera) and on cold-hardiness in the freeze
tolerant tolerant dipteran larva Heleomyza borealis.

Results of the field temperature manipulation experiments

The below-ground fauna

¢ No significant effect of enhanced temperature on total mite population emerged at either
site, even after three years.

¢ Collembola numbers in year three were significantly lower in the tented compared with
the untented plots at the polar semi-desert but not at the tundra heath site.

¢ The decline in Collembola numbers corresponded with a particularly warm and dry spell
in July 1993. The polar semi-desert site dried out more quickly than the tundra heath.

¢ Collembola species appeared more susceptible to elevated temperatures than the mites.
The effect appeared linked to soil moisture status.

¢ Year to year variation in climate, interacting with physical differences between sites,
produced an equal or greater effect on microarthropod numbers on any one site than the 8-
10% increase in 'heat availability’ (day degrees) resulting from the tent treatment.

The above ground herbivore Acyrthosiphon svalbardicum

¢ The full range of morph types, fundatrix, vivipara, ovipara and male were described and
the life cycle was shown to be genetically controlled.

¢ Field temperature manipulation raised average summer temperature by 2.8°C. This
advanced the phenology of both the aphid and its host, leading to higher aphid densities.
& Ameliorated cloche temperatures provided the aphid with sufficient advantage to complete
three generations whereas in controls the thir.d generation failed to mature. This led to an
eleven-fold increase in numbers of overwintering eggs in cloche treatments within one year.
® Acyrthosiphon is well-adapted to respond rapidly to en_hanced temperature regimes.
Guaranteed egg production by mid-summer, combined with an in-built flexibility to produce
eneration in favourable seasons, is particularly advantageous.

an extra g

¢ Analysis of climatic data for the past 23 years showed that thermal budgets during 1992,
the year of the experiment, were typical and that a similar increase in egg density would
have been produced by a 2.8°C temperature amelioration in most years.







