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Can using CCF help Scottish forests adapt to increased temperatures and
drought?

Evidence is weak in this area and it is not possible to make any firm conclusions about
how CCF could help forests in Scotland to adapt to increased temperatures and drought.

2.5 Reduced incidence and changed timing of frosts

Definition of the risk

Climate change predictions (Murphy et al., 2009) indicate that there will be an increase in mean
temperature across the UK in all seasons, including a reduction in the number of frost days and in
the diurnal temperature range in winter. This is likely to advance budbreak date but reduce frost
damage in spring (Cannell and Smith, 1986; Murray et al., 1994). However, in autumn although
frosts will occur less frequently, they may cause more damage due to generally warmer
temperatures and later hardening of shoots. Therefore in general frost will decrease as a
problem (Redfern and Hendry, 2002).

Scientific evidence

The maritime climate of Britain has encouraged the commercial use of many non-native species
such as lodgepole pine, Sitka spruce and Corsican pine. These commercial species are generally
more prone to cold and frost damage than they would be in their native environment, particularly
when growing away from the coast. Currently, many commercial species, particularly non-native
species, in Britain are affected by cold weather and frost (Redfern and Hendry, 2002). Variation
in the native ranges of many of these species provides the opportunity to minimise frost risks by
provenance selection.

There is a large body of evidence demonstrating that the presence of an overstorey can reduce
frost damage compared to open sites (Nilson et al., 2006; Erefur et al., 2008). Studies have
shown that near-ground temperature can be several degrees higher under a shelterwood than in
open exposed sites on clear calm nights, reducing frost damage to regenerating seedlings and
underplanted trees (Groot and Carlson, 1996; Langvall and Orlander, 2001). In areas where
unseasonal frosts may cause damage to young trees, CCF has the potential to reduce damage on
young trees, particularly for the more frost susceptible species which may become desirable in
future climates.
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Population dynamics and infection rates of pests and pathogens are also strongly affected by
temperatures, particularly in winter, with frost often being a controlling factor (see section 3.1).
Winter chilling and frost are also necessary to break seed dormancy prior to germination in some
conifers (see section 3.8).

Can using CCF help Scottish forests adapt to reduced incidence and changed
timing of frosts?

Although frosts will decrease in frequency and severity, earlier frosts in autumn may cause
increased damage to unhardened non-native species. If these species remain commercially
desirable, regeneration (whether by planting or naturally) under a canopy as in CCF will offer an
opportunity to minimise frost damage.

Figure 2: the ability of CCF to help mitigate risks of future climate change
will depend on the type of structure

3.0 Secondary risks of climate change

3.1 Attack by pests and diseases

Definition of the risk

There is a high probability that climate change will cause an increase in the frequency and
severity of attack by pests and diseases (Straw, 1995; Evans et al., 2002; Broadmeadow and
Ray, 2005). In particular, warmer winters are likely to increase the period of activity for many
pathogens, while in summer trees under drought stress are likely to be more susceptible to attack
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(Ray et al., 2008). Wind and storm damage also increase the likelihood of attack by fungal and
insect pests by increasing the availability of breeding material in broken and deadwood increases
(Schroeder and Eidmann, 1993).

The range of pests and pathogens that affect or have the potential to affect Scottish forests is
very wide. In this report we focus on two major pests Hylobius abietis (pine weevil) and
Elatobium abietinum (green spruce aphid), and on two major pathogens, Heterobasidion
annosum (formerly Fomes; butt rot) and Dothistroma septosporum (red band needle blight). We
also examine the risk of new pests and diseases that may become more prevalent in Scotland
under climate change conditions.

Scientific evidence

Hylobius

In Scotland, Hylobius reproduce over a two-year life cycle. Under climate change conditions this
is likely to shorten, so that weevils emerge and attack transplants during only one season,
reducing the fallow period necessary after clearfelling. However, damage rates during this period
may be high, as most insects are more active when temperatures are higher.

As the majority of Hylobius damage occurs when the adult insects emerge from cut stumps to
feed on newly establishing young trees, it is logical that the avoidance of clearfelling should
reduce the amount and density of cut stumps available, reduce the availability of planted
seedlings and therefore limit Hylobius populations and damage. There is evidence from studies in
Scandinavia to support this hypothesis (Lof and Madsen, 2000; Pitkanen et al., 2005; Pitkanen et
al., 2008). Work currently in progress by Forest Research’s Centre for Forestry and Climate
Change indicates that Hylobius damage levels are reduced in Sitka spruce being transformed to
CCF due to a reduction in the number of felled stumps, where the insects develop, and the
presence of alternative food resources for the adult weevils (Mason et al., 2004).

Elatobium

Elatobium is the most important defoliator of Sitka spruce, and to a lesser extent Norway spruce,
in Britain and populations are limited by a combination of cold winter temperatures and natural
predators. Therefore it seems highly likely that populations and damage levels are likely to
increase in Scotland due to generally warmer temperatures and fewer winter frosts (Straw, 1995;
Day et al., 1998; Evans et al., 2002; Westgarth-Smith et al., 2007). Drought stress is likely to
increase susceptibility to Elatobium particularly in eastern Scotland, resulting in increased
defoliation and reduced volume increment. However, changes in nutritional quality and
resistance of spruce foliage and interactions with predators mean that the timing and severity of
outbreaks will be difficult to predict. High densities of Elatobium and severe defoliation during
outbreaks are expected to lead to a progressive decline in the productivity of Sitka spruce (Straw,
1995).

20 ]| CCF & Climate Change | Victoria Stokes and Gary Kerr | October 2009





























































































C‘Foresf Research CCF & Climate Change

Schroeder, L.M. and Eidmann, H.H. (1993) Attacks of bark- and wood-boring Coleoptera on
snow-broken conifers over a two-year period. Scandinavian Journal of Forest Research, 8: 257—
265.

Schitz, J-P. (1997) Sylviculture 2: la gestion de foréts irreguliers et melangées. Presses
polytechniques et universitaires romandes. Lausanne, Switzerland, 178 pp.

Scott, J.H. and Reinhardt, E.D. (2001) Assessing crown fire potential by linking models of surface
and crown fire behaviour. USDA Forest Service, Research Paper RMRS-29, 59 p.

Seidl, R, Rammer, W., Jager, D., Currie, W.S., and Lexer, M.J. (2007) Assessing trade-offs
between carbon sequestration and timber production within a framework of multi-purpose
forestry in Austria. Forest Ecology and Management, 248: 64-79.

Seidl, R., Rammer, W., Lasch, P., Badeck, F-W., and Lexer, M.J. (2008) Does conversion of even-
aged secondary coniferous forests affect carbon sequestration? A simulation study under
changing environmental conditions. Silva Fennica, 42 (3): 369-386.

Smith, D.W. (1962) The Practice of Silviculture, Wiley, New York.

Sparks, T.H., Jeffree, E.P. and Jeffree, C.E. (2000) An examination of the relationship between
flowering times and temperature at the national scale using long-term phenological records from
the UK. International Journal of Biometeorology, 44: 82-87.

Sparks, T. and Gill, R. (2002) Climate change and the seasonality of woodland flora and fauna.
In: Climate change: Impacts on UK forests. M.S.J. Broadmeadow (ed). Forestry Commission
Bulletin 125, Forestry Commission, Edinburgh.

Spellerberg, I.F. and Sawyer, J.W.D. (1993) Biodiversity in plantation forests: Increasing levels
and maintaining standards. Forestry Commission, Edinburgh (unpublished).

Spittlehouse, D.L. and Stewart, R.B. (2003) Adaptation to climate change in forest management.
BC Journal of Ecosystems and Management, 4 (1):1-11.

Stocks, B.J., Lawson, B.D., Alexander, M.E., van Wagner, C.E., McAlpine, R.S., Lynham, T.J. and
Dube, D.E. (1989) The Canadian forest fire danger rating system: an overview. The Forestry
Chronicle, 65(4): 258-265.

Storaunet, K.O., Rolstad, J. and Groven, R. (2000) Reconstructing 100-150 years of logging

history in coastal spruce forest (Picea abies) with special conservation values in central Norway.
Scandinavian Journal of Forest Research, 15: 591-604.

51 | CCF &Climate Change | Victoria Stokes and Gary Kerr | October 2009



C‘Foresf Research CCF & Climate Change

Straw, N. (1995) Climate change and the impact of the green spruce aphid, Elatobium abietinum
(Walker), in the UK. Scottish Forestry, 49: 134-145.

Summers, R.W., Mavor, R.A., MacLennan, A.M. and Rebecca, G.W. (1999) The structure of
ancient native pinewoods and other woodlands in the Highlands of Scotland. Forest Ecology and
Management, 119: 231-245.

Sverdrup, H. and Rosen, K. (1998) Long-term base cation mass balances for Swedish forests and
the concept of sustainability. Forest Ecology and Management. 10 (1-3): 221-236.

Tene, A., Tobin, B., Ray, D., Black, K. and Nieuwenhuis, M. (2009) Adaptability of forest species
to climate change. Irish Timber and Forestry, 18 (2): 16-19.

Titus, B.D. and Malcolm, D.C. (1992) Nutrient leaching from the litter layer after clearfelling of
Sitka spruce stands on peaty-gley soils. Forestry, 65 (4): 389-416.

UKWAS (2006) UK Woodland Assurance Standard, 2nd Edition. UKWAS, Edinburgh.
(www.ukwas.org.uk)

Van Wagner, C.E. (1993) Prediction of crown fire behaviour in two stands of jack pine. Canadian
Journal of Forest Research, 23: 442-449.

Varner, Ill, J.M., Gordon, D.R., Putz, F.E. and Hiers, J.K. (2005) Restoring fire to long-unburned
Pinus palustris ecosystems: novel fire effects and consequences for long-unburned ecosystems.
Restoration Ecology, 13: 536-544.

von Gadow, K. (2000) Evaluating risk in forest planning models. Silva Fennica, 34 (2): 181-191.

Vospernik, S. and Reimoser, S. (2008) Modelling changes in roe deer habitat in response to forest
management. Forest Ecology and Management, 255:530-545.

Wellpott, A. (2008) The stability of continuous cover forestry. PhD Thesis, University of
Edinburgh, UK.

Westgarth-Smith, A.R., Leroy, S.A.G., Collins, P.E.F. and Harrington, R. (2007) Temporal
variations in English populations of a forest insect pest, the green spruce aphid (Elatobium
abietinum) associated with the North Atlantic Oscillation and global warming. Quarternary
International, 173:153-160.

52 | CCF & Climate Change | Victoria Stokes and Gary Kerr | October 2009


www.ukwas.org.uk

C‘Foresf Research CCF & Climate Change

Willoughby, 1., Evans, H., Gibbs, J., Pepper, H., Gregory, S., Dewar, J., Nisbet, T., Pratt, J.,
McKay, H., Siddons, R., Mayle, B., Heritage, S., Ferris, R. and Trout, R. (2004) Reducing pesticide
use in forestry. Forestry Commission Practice Guide 15. Forestry Commission, Edinburgh

Woodcock, B.A., Leather, S.R. and Watt, A.D. (2003) Changing management in Scottish birch
woodlands: a potential threat to local invertebrate biodiversity. Bulletin of Entomological
Research, 93:159-167.

Worrell, R. (1996) The environmental impacts and effectiveness of different forestry ground
preparation practices. SNH Research, Survey and Monitoring Report No 52, SNH, Battleby, UK.

Xu, Y-J., Rohrig, E. and Fdlster, H. (1997) Reaction of root systems of grand fir (Abies grandis
Lindl.) and Norway spruce (Picea abies Karst.) to seasonal waterlogging, Forest Ecology and
Management, 93: 9-19.

Ziska, L.H., Teasdale, J.R. and Bunce, J.A. (1999) Future atmospheric carbon dioxide may
increase tolerance to glyphosate. Weed Science, 47: 608-615.

Ziska, L.H. and Bunce, J.A. (2006) Plant responses to rising atmospheric carbon dioxide. In: Plant

growth and climate change . J.l.L. Morison and M.D. Morecroft (eds). Blackwell Publishing,
Oxford.

53 | CCF & Climate Change | Victoria Stokes and Gary Kerr | October 2009



