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Summary

Breeding Density of great spotted woodpecker Dendrocopus major has been followed at two
broadleaved sites in southern England over a 16 year period. Changes in the amount of fallen dead
wood and that in standing live and dead trees have been assessed over the same period.
Populations of the woodpecker have been stable at one site, but increased significantly at the
other. The factors limiting populations appear to differ at the two sites and over time, but include
competition for nest sites with other birds and availability of standing dead trees or broken branch
ends. Some lessons for other long-term studies are drawn.

Introduction

Since 1984 I have studied the breeding density, nest site selection and ecology of great spotted
woodpeckers Dendrocopus major in two mature oak-dominated woods in Hertfordshire, southern
England, (Smith 1987, 1994 and 1997). Wormley Wood, owned by the Woodland Trust since
1981, extends in total to 150ha although the study was restricted to 94ha of ancient semi-natural
sessile oak Quercus petraea, hornbeam Carpinus betulus woodland. During the period of the
study the management has been low intervention. Hitch Wood is a mature plantation of sessile
oak, beech Fagus sylvatica and sweet chestnut Castanea sativa with some hornbeam, managed
by periodic selective felling of mature trees. Fallen timber in the wood is exploited for firewood.
The study was restricted to 65ha of the wood.

After intensive studies of the ecology of great spotted woodpeckers from 1984-86, long-term
monitoring of breeding numbers, nest site selection and the evolution of the woodland habitat has
been maintained ever since. Hence in 1999 a run of 16 years of data is available. In this paper the
changes in the woodland stand composition, with emphasis on the dead wood components, and
the numbers of woodpeckers are described.

Methods

Each year, intensive searches were made to locate all great spotted woodpecker nests and details
of the nest tree and its diameter at breast height (dbh) recorded. Most nests were found when the
adults were feeding young but the nest losses of great spotted woodpeckers are so low that well
over 90% of nests would be expected to survive to this stage (Glue & Boswell 1994; Smith 1997).

At five yearly intervals (in 1986, 1991, and 1996) the overall stand structure and volumes of dead
wood have been estimated for each wood. The objective has been to assess these for the whole
wood so they can be related to woodpecker density and other parameters. Assessments have
therefore been made at a large number of points distributed throughout each of the woods rather
than collecting detailed histories in a few study plots. The methods used for the stand and dead
wood assessments are summarised in Table 1. Standing trees and dead wood on the ground have
been measured and assessed for condition using a four point scale similar to that adopted by Kirby
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et al. (1998). The length, diameter and condition of dead limbs on living trees were estimated
from the ground. All branches at least 5cm in diameter have been included.

Table 1. Methods and sampling procedures for the stand and dead wood assessments

Variable Measurements Sampling regime
Standing live trees Species, dbh, height Within 10 m radius circle
Evidence of woodpecker holes 1 pt per 4 ha in 1986

1 pt per ha in 1991 & 1996
Points on regular grid

Standing dead trees Species, dbh, height Within 10 m circle 1986, 1991
- Evidence of woodpecker holes Within 25 m circle 1996

Length, diameter, height & 1 pt per 4 ha 1986
condition of any dead branches 1 ptper ha 1991 and 1996
>5cm diameter

Dead wood on ground Length & diameter for all > 5 cm Within 10 m radius circle
diameter 1 pt per 4 ha in 1986 & 1991
Condition on 4 pt scale from fresh to 1 pt per ha in 1996
highly decomposed Points on regular grid

Dead wood on live trees Length, diameter, height & All live trees within 10 m circle
condition of any dead branches 1 pt per 4 ha 1986 & 1991
>Scm diameter 1 pt per ha 1996

Over the course of the study it became apparent that because the spatial distribution of dead wood
is very clumped a more intensive sampling regime than that originally used in 1986 was needed
in order to obtain sufficient precision in the estimates. Hence the sampling strategy has evolved
from one 10m radius circle per 4ha in 1986 to one per ha in 1996. Standing dead trees are in
general at such low density that in 1996 they were counted within a 25m radius circle at each
point representing a sampling rate of 19.6% of the area of each wood. These increases in sampling
intensity will affect the precision of the overall estimates but not the mean values.

The interval of five years was selected as reasonable in terms of the effort needed and the likely
time-scale of the evolution of stand structure in the woods. However each year, during the course
of woodpecker work, notes are kept of management events. These notes have turned out to be
extremely important particularly to assist in the interpretation of changes between each five year
survey. Particularly in the managed wood a great deal can happen over the course of five years
which would be extremely difficult to interpret from spot measurements.

Results
Evolution of stand composition

The overall basal areas of live trees for the major species are shown in Figure 1. For Wormley
Wood there has been no significant change in the overall basal area (F ,,,= 0.28, p=0.60) nor that
of oak (F, ,,,=0.34, p=0.56) whereas hornbeam has increased significantly (F, ,;,=5.59, p=0.02).
For Hitch Wood the management activities have resulted in a significant decrease in the overall
basal area over the period (F, ,5,=3.88, p=0.05). However for oak and beech individually the
decreases were not significant (oak, F, ,5,=1.38, p=0.24; beech, F, ;5,=0.74, p=0.39).
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Figure 1. Basal area of living trees. Wormley Wood above; @ all trees, Il oak, ®hornbeam;
1986 23 points, 1991 & 1996 97 points. Hitch Wood below; @ all trees, I oak, ®beech; 1986
22points, 1991 & 1996 65 points. Error bars indicate + 1 SE
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Figure 2. Basal area of standing dead trees. Wormley Wood above; @ all trees, ll oak,  birch;
1986 & 1996 23 points, 1996 97 points. Hitch Wood below; @ all trees, l oak, ¢ elm; 1986
& 1991 22points, 1996 65 points. Error bars indicate + 1 SE
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For standing dead trees the inadequacies of the early sampling strategy are obvious with large
error bars on the results for 1986 and 1991 (Figure 2). For Wormley Wood the overall decline
in basal area of dead trees just failed to attain significance (F, ,,,=3.29, p=0.07) but the decline in
standing dead birch was highly significant (F, ,,,=5.75, p=0.02). For Hitch Wood there were no
statistically significant trends in the basal area of standing dead trees, but elms had disappeared
by 1996.

Dead wood volumes

The volumes of dead wood are summarised in Figure 3. In general volumes are higher in
Wormley than Hitch Wood. The volume of dead wood on ground was higher in Wormley than
Hitch Wood in every year except in 1996. In that year large numbers of dead limbs left after felling
operations were still present in Hitch Wood but these have subsequently been removed for
firewood. In both 1986 and 1991 the volumes of dead wood on living trees were similar in both
woods but in Hitch Wood in 1996 this fell dramatically. The heavy thinning carried out between
1991 and 1996 probably selectively removed many oaks carrying large numbers of dead and dying
limbs.

Trends in nesting great spotted woodpecker numbers

The densities of great spotted woodpeckers in the two woods from 1984 to 1999 are shown in
Figure 4. In Wormley there has been an increase by a factor of two or three over the years
whereas in Hitch Wood the density has stayed at a low level. In 1984 numbers were particularly
low in Wormley which was thought to be a consequence of competition for nest sites from
starlings Sturnus vulgaris. The number of starlings nesting in the wood has declined enormously
since 1984 and competition is no longer a problem for the woodpeckers. In Hitch Wood nesting
starling numbers were never high and there was little evidence of competition.

A wide range of nest sites have been used over the period of the study (Table 2). For both woods
there has been a trend away from nesting in dead trees to living trees (Figure 5). The reasons
were different in each wood. In Hitch Wood it was the loss of standing dead elms to natural
decay and firewood whereas in Wormley it was loss of standing dead birch - the result of natural
decay processes. ‘

In 1994 it was reported that in Hitch Wood in particular, nest sites created by storm damage were
heavily used for some years after the storms of 1987 and 1990 (Smith 1994). These sites, mainly
large broken limbs on mature beech trees, are now no longer suitable and their use ceased after
1996 some six to nine years after the damaging events. This together with the loss of dead elms
may now mean that nest sites are a limiting factor in Hitch Wood.
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Figure 3. Estimated volumes of dead wood. Dead wood on ground (black bars), Dead wood
on standing live trees (open bars), Dead wood in standing dead trees (grey bars). Wormley Wood
above 25 points in 1986 & 1991, 97 points in 1996; Hitch Wood below 22 points in 1986 & 1991,
65 points in 1996.
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Figure 4. The density of great spotted woodpecker nests 1984-1999. Upper trace, Wormley
Wood (94 ha); lower trace, Hitch Wood (65 ha).
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Table 2. Nesting trees used by great spotted woodpeckers in Wormley and Hitch Woods from
1984 to 1999

Tree species Wormley Wormley Hitch Hitch
alive dead alive dead
Oak Quercus spp. 53 12 22 2
Ash Fraxinus excelsior 25 0 3 0
Hornbeam Carpinus betulus 6 2 5 2
Beech Fagus sylvatica 2 0 13 2
Birch Betula spp. 2 49 2 1
Elm Ulmus spp. 0 4 0 10
Aspen Populus tremula 1 0 0 0
Cherry Prunus aavilum 0 0 1 0
Sycamore Acer pseudoplatanus » 0 0 1 0
Larch Larix spp. 0 0 0 1
Scots pine Pinus sylvestris 0 0 0 1
TOTAL 89 67 47 19
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Figure 5. Fraction of nests in dead trees for each five year period. Wormley Wood (solid bars),
Hitch Wood (open bars)
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Discussion

Even though, from a woodland perspective, these studies have only been over a short timescale,
significant and interesting trends are starting to emerge, particularly in Wormley Wood where
natural changes are occurring following a long management history. For example the dead birches
were almost certainly the result of seedling establishment following open canopy conditions in the
1940s and 50s. The significant increase of hornbeam, probably at the expense of oak, will be
~ interesting to follow over the next decades. In Hitch Wood the long survival and final demise of
dead elms more than 30 years after they were killed by Dutch Elm Disease is also fascinating.

The volumes of dead wood found in my studies are at the low end of the range of values reported
for managed and unmanaged forests in Britain (Kirby et al. 1998) which is surprising given the
minimum intervention in Wormley over the last few decades. Part of the differences may lie in the
methods employed. Kirby ef al. (1998) used the line-intercept method (Warren & Olsen 1964)
whereas I have used full counts within circular plots. Although the line-intercept method is by far
the quicker of the two it is inherently more sensitive to the exact location and orientation of the
transects and therefore more open to bias.

The increase in great spotted woodpecker numbers in Wormley Wood over the 16 years was
almost certainly initially a response to the removal of nest site competition from starlings but
subsequently must be related to woodland habitat factors. The stability of numbers in Hitch Wood
over the same period suggests strongly that management factors such as the removal of dead
wood for firewood or the thinning regime are implicated. Further data from more sites would be
needed to help understand the key factors. Unfortunately in long-term studies it is difficult to
cover enough replicate sites to answer questions such as these.

My original question “What determines great spotted woodpecker density?’ is still difficult to
answer based on these long term studies alone. Wider-scale short-term studies are now underway
to help provide answers and to test ideas developed as a result of the long-term work.

However there are clear lessons which have implications for other long term studies.

L It is important to work out objectives, methods and sampling strategy for long-term
studies at the outset so that the statistical power is sufficient to meet the objectives. This
is iImportant in any study but is particularly so in long term work where the data may not
be analysed for some years. In my study I have increased the sampling intensity to improve
the precision of estimates. Many long-term studies which use only a small number of
small plots are likely to run into statistical problems in analysis.

1. In order to keep a long-term study running it must be simple and easy to do each year and
it also helps if it is enjoyable. Anything too complicated or time consuming will wither
and die. In my case finding great spotted woodpecker nests is easy and each year is an
enjoyable challenge.

iii. Alongside each long term study it is useful to have a series of short-term projects to look

in detail at particular aspects. These can be ideal student projects in that they have clear
objectives and are easy to set in the wider context.
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iv. There is the clear need for a system to register long term studies and to safeguard the data
and catalogue methods. Particularly for woodland plots the timescales of long term studies
are such that they are likely to outlive the researchers who started them. It will therefore
be of immense value if they are documented and the data stored in such a way that the
work can be repeated by future generations.
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Summary

The netted carpet moth (Eustroma reticulatum) is confined in the UK to the Lake District (apart
from a couple of specimens recorded from mid-Wales). Its larvae feed only on touch-me-not
balsam (Impatiens noli-tangere), itself a nationally scarce plant that mainly occurs in woodland.
In 1990 a full survey of Lake District sites was carried out (following surveys in 1955 and 1980)
and since 1993 areas alongside Derwent and Coniston Water have been surveyed annually. These
surveys suggest that the size of colonies can vary by an order of magnitude between years and that
individual colonies may exist for only a couple of years. The smaller the foodplant colony the less
likely it is to contain moths and the more likely it is to go extinct. Management may not prevent
extinction but should seek to maximise colony formation.

Introduction

The moth and its foodplant

The netted carpet Eustroma reticulatum (Lepidoptera: Geometridae) is confined to touch-me-not
balsam Impatiens noli-tangere as a foodplant. The moth is univoltine, flying between late June
and mid-August and can be observed at dusk near colonies of foodplants. Eggs are laid singly on
the leaves and soon hatch. The pale yellow/green caterpillars feed preferentially on flowers and
seed pods but also on leaves and are fully grown by mid-September. By October the caterpillar
has pupated in the soil where it overwinters.

Impatiens noli-tangere (Balsaminaceae) is an annual that occurs in damp open woodland (chiefly
W9 ash - rowan - dog's mercury or W7 alder - ash - yellow pimpernel woods) where it favours
streamsides, moist shady roadsides, sites of disturbance (e.g. logging operations, windthrown
trees), and occasionally gardens. It generally grows on silty soils with a high organic content and
flowers from early July through August, although in the shade reproduction is mainly by
cleistogomous flowers. It does not have a persistent seed bank, and thus is dependent on setting
seed each year (Markov 1991). '

Impatiens noli-tangere is a nationally scarce species. In the UK it is probably native (occurring
in 16 10km squares) only in the Lake District, around Dolgellau and in a small area on the
Montgomery - Shropshire border, where it was found new to Britain in 1632 (Coombe 1956;
Stewart, Pearman & Preston 1994). It also occurs in 78 10km squares as an introduction
(Stewart, Pearman & Preston 1994), although many of these records may refer to the introduced
orange balsam /. capensis or small balsam I. parviflora.
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History

The history of the moth in the Lake District has been well documented by Birkett (1951), Heath
(1959, 1983) and Hatcher and Alexander (1994). Eustroma reticulatum was first discovered in
the UK by T. H. Allis in August 1856 in the Claife woodland on the north-west shore of Lake
Windermere and reported by Doubleday (1861). It was not re-found until 1876, when it was
discovered on its hitherto unknown foodplant. Up to six sites for the moth were known around
Lake Windermere until the turn of the century, when it was thought to have become extinct. A
later site existed until 1923, after which it was thought that the moth had become extinct again.
During this time, sites seldom existed for many years, with reports of sites being 'destroyed' or
plants removed'. However, the sporadic recording of the moth during this period is undoubtedly
due to the small number of sites examined by entomologists, who tended to visit known sites in
preference to searching for new ones.

Although foodplant sites were searched in 1940, the moth was not rediscovered until 1945
(Birkett 1951). The first systematic survey of all known Lake District sites was carried out by
Heath (1959) in 1955, and repeated in 1980 (Heath 1983). Eight of the sites where the moth
occurred in the 1980 survey were resurveyed in 1989, and larvae were found in only half the sites.
This prompted a survey of all known sites in 1990 (Hatcher 1991; Hatcher & Alexander 1994).
After a preliminary re-survey in 1993, sites along Coniston and Derwent Water were surveyed in
1994, 1995 and 1996 under English Nature's Species Recovery Programme. In 1995 the moth
was included in the short list of species of greatest conservation concern in the UK Biodiversity
Action Plan (one of only three moths included) and in 1997 and 1998 the Coniston and Derwent
Water sites continued to be surveyed under this scheme. We concentrate here on these sites
surveyed annually, although other sites were also resurveyed between 1990 and 1998.

The only other records for E. reticulatum in the UK are from mid-Wales, where occasional moths
have been recorded since 1886. Hatcher and Alexander (1994) provide a discussion of early
Welsh surveys, while Howe and Fowles (1998) and Hammett and Hull (1999) describe later
surveys.

Methods

All sites surveyed by Heath (1959, 1983) and sites subsequently noted by local naturalists were
surveyed between 30 August and 9 September 1990 (Hatcher & Alexander 1994). At this time
of year the larvae are usually reaching their final instar and are easy to spot on the undersides of
leaves and flower pods.

At each site the number of foodplants was estimated and sample plants were examined for larvae.
By counting the number of larvae on an estimated proportion of the plant population (if large) or
on all plants, an estimate of the population size of larvae was made. In all cases, all foodplants
were examined if no larvae were found. Where possible, sketch maps were made of the colonies,
photographs taken and sometimes pegs were driven into the ground to mark the position of small
colonies.

The 1993 to 1998 surveys used the above methods but concentrated on sites on the east shore of
Coniston Water and the east and west shores of Derwent Water. These areas have a number of
sites within woodland mainly owned by the National Trust and thus were amenable to sampling.

72



In addition, the areas around the Coniston and Derwent Water areas were searched for further
colonies.

The basic unit of description in the 1955, 1980 and 1990 surveys was the 'site’ - a more or less
homogeneous area containing the moth or foodplant, following Heath (1959, 1983). There can
be one or more 'site’ per 'area’ (e.g. east Derwent Water). Since 1990 the 'colony' (a distinct
clump of plants separated from other colonies by up to 100m) has been used as the basic unit of
measurement. Thus comparisons at three levels: ‘area’, 'site’ and 'colony’ are possible.

Results

The present distribution of the moth and foodplant is given in Figure 1. Colonies are concentrated
in eight main areas: Coniston Water ; east Lake Windermere; west Lake Windermere; Ambleside;
Bridgend; east Derwent Water; west Derwent Water and Muncaster.

The 1990 survey

In 1955, 16 sites contained both moth and foodplant, and three contained only the foodplant
(Table 1). In 1980 of the 18 sites re-sampled, 14 contained moths, three had foodplants only and
one had neither. However, nine new moth sites and three new foodplant sites were also sampled.
In 1990, only 11 of these sites still contained moth colonies, nine contained foodplants only and
eleven sites had neither. Three new moth sites and three new foodplant sites were also found.
Overall, this represented a 56% decline in moth sites, falling below 1955 levels (Hatcher &
Alexander 1994). Over 80% of sites were directly associated with woodland, and all but 15%
were under some form of shade.
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Figure 1. Distribution by tetrad (2km x 2km square) since 1990 of the netted carpet and
foodplant in the Lake District. Filled circles indicate moths present, the larger the circle the
greater the population, open circles indicate foodplant only present.
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Table 1. Summary of Eustroma reticulatum surveys in the Lake District (from Hatcher &
Alexander 1994).

Date of survey Number of sites Sites without moths (%)
With moths Foodplants only
1955 16 3 16
1980 23 6 21
1990 14 12 46

Table 2. 95% confidence intervals (CE) for plant and moth populations in Coniston and Derwent
Water areas, calculated from 1990 - 1997 data, compared with recorded values for 1998.

Plant Moth
95% CE 1998 95% CE 1998
Coniston 1360 - 2606 341 123 - 565 92
Derwent 1882 - 3496 134 194 - 322 62

Fluctuations at area and site level since 1990

Coniston Water This area contains eight to ten distinct sites and numerous colonies scattered
over a 3km length of woodland.

Between 1990 and 1993, there was a 125% increase, and between 1993 and 1994 a 25% increase
in plant numbers and a 575% increase in caterpillars between 1990 and 1994 (Figure 2a).
Although some new sites were found between 1991 and 1993, this increase was due mainly to
population increases in known sites (Figure 2b). Management of these sites was carried out
between 1991 and 1993, which helped increase population sizes.

There was a significant decrease in foodplant (65%) and moth (84%) numbers between 1994 and
1995. In 1998 foodplant numbers were only 21% of the previous, poor, year, and 11% of the best
year (1994) and moth numbers were 43% of the previous year (Figure 2a) - outside the 95%
confidence intervals for populations calculated from 1990 - 1997 surveys (Table 2).

Derwent Water The two areas east Derwent Water and west Derwent Water are combined in
this analysis. East Derwent Water has one site in shore-side woodland (Figure 3) containing
several colonies, while west Derwent Water contains one main site in shore-side woodland (Figure
4) with two smaller sites nearby.

Derwent Water sites show a similar trend to Coniston Water sites, with an increase of 45% in
foodplant numbers and 75% in moth numbers between 1990 and 1994 (Figure 5). Between 1990
and 1994 no new sites were discovered, but the removal of dead elms opened up the canopy for
the plant to spread, and coppicing of alders in the north-east of the area also allowed colonies of
balsam to spread. The decrease in plant numbers in 1995 was not as pronounced as at Coniston
Water, and was not accompanied by a decrease in moth numbers (Figure 5). The following year
the plant numbers had increased by 137%. In 1997 and 1998 there has been a decline in both
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plant and moth numbers, even greater than at Coniston Water. In 1998 only 4% of the foodplants
recorded in 1997 occurred and only 24% of the caterpillars; again these values are outside the
95% confidence intervals for population size (Table 2).
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Figure 2. (a) Total number of foodplants and estimated caterpillar populations in the Coniston
area 1990-1998. Open bars indicate numbers of foodplants, closed bars indicate estimated number
of caterpillars (with numbers given above). Note that moth populations were not estimated in
1993. (b) Numbers of plants recorded from the two major sites within the Coniston area. Open
bars: Site a; hatched bars: Site b.

The moth density at Derwent Water often shows an inverse rélationship with plant numbers: for
example, good years for the plant had low moth density (1994: 9 larvae per 100 plants; 1996, 8;
1997, 9) while poor years for the foodplant had a high density (1995, 17; 1998, 46).

Colony survival

Between 1993 and 1997, the size of colonies in the Derwent and Coniston Water areas varied
between 1 and over 1000 plants, but most had less than 150 plants (Figure 6). There was
considerable year-to-year variation in colony size: this is illustrated for the east Derwent Water
(Figure 3) and west Derwent Water colonies (Figure 4) where the small area occupied and
abundance of unchanging topographical reference points made the mapping of populations on to
sketch maps quick and relatively accurate. Also, one can be certain that no colonies were
overlooked within this area. These figures also illustrate the large reduction in colony sizes
between 1997 and 1998.

75



Figure 3. Sketch maps of east Derwent Water colonies 1990 - 1998. Filled areas indicate
caterpillars present, open areas indicate foodplants only. Arrows indicate very small colonies.

1990 1004 1997

g S
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Figure 4. Sketch maps of west Derwent Water. Kitchen Bay colonies 1990 - 1998. Shading
indicates area covered by foodplants, estimated numbers of foodplants/number of caterpillars
given in bold for each colony.
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Loss of moths: Between 1993 and 1997, 89 colony records (a colony record is one colony
recorded in one year; thus if a colony existed between 1993 and 1997 it would have 5 colony
records) were without moths (42%). On 24 occasions a colony had lost the moth compared to
56 occasions when a colony had retained moths from one year to the next.

A greater proportion of smaller colonies were without moths (Figure 6) than larger colonies and
colonies which lost the moth had smaller numbers of moths (17.4+5.09, t = 2.18, P = 0.034) and
foodplants (116+31.6, t = 2.55, P = 0.013) the year before compared with colonies that retained
them (mean no + SE, moths 44.1+11.1, foodplants 230+31.7). During 1993 - 1997, 11 colonies
regained moths after not having them the year before.

Loss of foodplant Twenty-nine colonies were recorded in the Derwent and Coniston areas in the
1990 survey, and 32 new ones were found between 1991 and 1997. During this period 27
colonies became extinct. Although moths can reappear at a colony they were not recorded at the
previous year, this has not been observed for the foodplant. Plant colonies which became extinct
had significantly fewer plants the year before (33+6.7, t = 5.66, P < 0.001) than colonies which
remained (142+18.2). Between 1997 and 1998 the foodplant became extinct from a further 15
colonies, including for the first time colonies which contained over 100 plants the previous year
(215, 200 and 420 plants, respectively).

It is difficult to measure colony longevity but some indications can be gained from colonies that
have been formed along Coniston Water from road-sweepings dumped in car-parks or by the side
of the road. In one case foodplants (less than 10) were present for seven years; in another plants
have been present for at least 10 years, but reduced from 90 to 10; and in another plants declined
from 300 to zero over six years.

Conclusions - surveys and management implications

The results presented here emphasise what can be achieved with a very limited budget and very
limited time. Each yearly survey between 1993 and 1998 was carried out in less than one week,
and yet they are starting to reveal patterns in colony survival and change that would be lost in
larger-scale once-every-ten-years surveys. We hope one of these larger surveys will be possible
in 2000 for comparison with the previous surveys.

The results from surveys and associated management work suggest that one aim should be to
ensure that sufficient large foodplant colonies (i.e. over 200 plants) exist within each area.
Smaller colonies are much more likely to become extinct, to lose the moth, or not to be colonised
by the moth. Small colonies are also much harder to manage to increase their foodplant numbers.
However, each area is a dynamic system of colonies, each of which should not be expected to
persist for many years without appropriate management. This will not be a problem as long as
sufficient new colonies can be established either naturally or artificially.

We hope to continue the yearly surveys into the next millennium: the next couple of years will be

particularly interesting as we see if the moth and foodplant can recover from their very low
numbers in 1998.
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Postscript

Subsequent to the first preparation of this paper, the 1999 Lake District survey has taken place.
At Derwent Water 98 plants were found with an estimated larval population of five, while at
Coniston Water 1600 plants were found with an estimated larval population of 102. It is
encouraging that the number of plants at Coniston Water has increased to a level last recorded in
1997 (although the moth population has improved little since 1998), but the Derwent Water totals
are worse even than 1998, and there must now be considerable concern for the survival of the
moth in this area.
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RESTORATION OF WOOD-PASTURE IN BURNHAM BEECHES: SOME
PRELIMINARY RESULTS FOR PLANTS AND GROUND RUNNING
INVERTEBRATES

Helen J. Read
Corporation of London, Hawthorn Lane, Farnham Common, Bucks. SL2 3TE

Introduction

An area of 6 ha of neglected wood-pasture within Burnham Beeches is being restored to what we
think was more like its state 100 years ago. Prior to 1989 it consisted of veteran pollards, both
beech Fagus sylvatica and oak Quercus spp., surrounded by dense secondary woodland of holly
Ilex aquifolium and birch Betula spp. Between 1989 and 1994 progressive clearance of trees and
shrubs left an open woodland of veteran trees and some young beech and oak pollards. Seasonal
grazing with ponies, cattle, sheep and pigs, was re-introduced in 1992. The area has been flailed
to control birch regeneration and sprayed/rolled to control bracken. A monitoring programme
was set up between 1990 and 1992 to record changes in the vegetation and ground-running
invertebrates.

Methods

Vegetation is assessed in three 30x30m squares marked out in the restored area and one in
unmanaged woodland. In each of these 25 0.5x0.5m quadrats are located at random each June.
Percentage cover of plant species in the quadrats is estimated and a list made of all species.
Results are presented from one of the squares in the restored area and the control (Table 1).

Invertebrates are assessed using a grid of 10 pitfall traps (plastic cups) set in the area being
restored with another in the control area. Each trap contains Sml of 4% formalin with detergent
added and has a wooden roof. Traps are emptied every two weeks from April to October. All
invertebrates are identified to species. Results are presented for spiders only in Table 2.

Results

The restored wood-pasture was cleared in two phases, winter 1991/1992 and March 1994. The
number of trees/shrubs in the vegetation plot was reduced from 19 to 6 and shrub layer holly
cover from 20% to a single small bush. Beech and oak were retained, both as old pollards and
young maidens. Between 1992 and 1999 the control plot showed an increase in canopy cover
from 60% to 80% and the number of trees/shrubs rose from 57 to over 80 (mostly birch and holly
saplings).

Reduction in tree cover resulted in an increase in field layer species, especially grasses. Common
bent Agrostis capillaris showed the biggest increase in cover, but several years after clearing
species such as heath grass Danthonia decumbens and fine-leaved sheep’s fescue Festuca
tenuifolia were recorded. Bracken increased after clearance but due to the control methods
carried out this is not obvious. The amount of bramble did not increase significantly in this
sample, although it did elsewhere. Within the control plot there is variation from year to year, but
plant species involved were mainly ruderals such as greater plantain Plantago major and annual
meadow-grass Poa annua rather than acid grassland or heathland species.
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The number of wolf spider (Lycosidae) individuals increased following clearance, while the
number of money spiders (Linyphiidae) decreased. Some species showed very pronounced
patterns, Alopecosa pulverulenta and Pachygnatha degeeri both increased during restoration
while Lepthyphantes flavipes and Diplocephalus picinus decreased.

Conclusions
Substantial changes have ben recorded in the vegetation and ground running invertebrates during

restoration of wood-pasture from secondary woodland, reflecting the more open conditions
compared to the control woodland where the canopy cover increased over time.

Table 1. Selected results for Vegetation

Restored wood-pasture 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

No. vascular plant spp. 14 10 13 16 16 22 16 23 22 23
No. grass spp. 4 3 3 4 4 8 7 9 8 8
Mean % Cover of:

Bare ground 6540 58.00 3090 54.60 68.60 61.10 3970 3510 1480 12
Rubus fruticosus 0.00 1.00 0.60 0.00 0.00 0.10 1.08 1.10 270 04
Pteridium aquilinum 540 1640 1580 7.10 0.00 0.70 2.84 040 1390 141
llex aquifolia 14.08 1576 1920 632 2.96 0.88 5.44 0.28 3.68 1.24
Deschampsia flexuosa 15.28 2332 2020 952 500 2520 1480 1524 1420 22.16
Agrostis capillaris 0.00 0.00 880 740 740 2020 1640 2096 3448 39.72
Control Woodland

No. vascular plant spp. NR NR 9 9 18 11 8 11 14 15
No. grass spp. 1 1 3 1 1 2 3 4

Mean % cover of:

Bare ground 86.80 64.00 77.80 8390 47.00 50.00 6250 46.30
Rubus fruticosus 0.40 0.00 0.60 0.00 0.00 0.00 0.10 040
Pteridium aquilinum 18.70 18.70 3.40 320 2650 25.80 9.60 14.50
liex aquifolium 2.80 5.68 . 940 8.36 972 1244 1084 1535
Deschampsia flexuosa 244 2.80 2.48 2.04 5.64 1.60 6.04 4.58

Agrostis capillaris 0.00 0.00 0.20 0.00 0.00 P P 0.58

(P = present, NR = not recorded)
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Table 2. Selected results for spiders

Restored wood-pasture 1990 1991 1992 1993 1994 1995 1996 1997 1998

No. of weeks 22 23 22 22 22 22 22 22 22
Spider individuals 1192 1703 816 879 1116 2162 2465 1185 2107
Spider species 50 40 28 41 45 45 37 41 41
Lycosidae individuals 689 1353 691 665 977 1871 2274 1003 1826
Linyphiidae individuals 433 296 107 185 82 143 69 60 120
Pardosa lugubris 618 1300 599 535 518 945 1009 89 47
Alopecosa pulverulenta 11 0 31 35 129 231 551 362 800
Pachygnatha degeeri 0 0 0 1 16 39 31 21 125
Diplocephalus picinus 185 94 4 11 3 35 13 0
Lepthyphantes flavipes 59 84 32 10 18 23 16 2 3
Control woodland

No. of weeks 16 22 22 22 20 22 22
Spider individuals 94 574 518 1549 677 416 533
Spider species 14 24 30 34 28 20 26
Lycosidae individuals 48 376 295 1027 327 254 340
Linyphiidae individuals 40 181 215 582 325 154 182
Pardosa lugubris 45 126 262 980 299 146 296
Alopecosa pulverulenta 3 2 16 5 84 7
Pachygnatha degeeri 0 1 1 0 0 0
Diplocephalus picinus 11 12 133 50 11 50
Lepthyphantes flavipes 22 49 29 88 21 41 18

NR = not recorded
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SURFACE ACTIVE ARTHROPODS IN A CHRONOSEQUENCE OF SCOTS PINE
(Pinus sylvestris) IN THE NEW FOREST

Tilly Collins
School of Biological Sciences, University of Sussex BN1 9QG, current address Imperial College,

Silwood Park SL5 7PY.

Introduction

In the New Forest, Hampshire, commercial conifer monoculture forestry, commonly held to be
a species-impoverished environment (Thornber, Legg & Malcolm 1993), is mixed in an intimate
mosaic with one of England’s ancient semi-natural forests. The physical changes associated with
crop development are accompanied by a changing arthropod fauna (Day & Carthy 1988). In this
study chronosequence ‘snapshot’ data contributes to assessing diversity over a rotation, as long
term monitoring data is not available. The arthropod order and carabid species diversity measures
are predicted to rise with crop age.

Entomological data is now commonly used as an indicator of the biological status and
conservation value of a site (Refseth 1980, Butterfield et al. 1995). Carabid beetles have been
selected because they are well known taxonomically, widely distributed, easily trapped and are
largely polyphagous, thus reflecting much ecological information from their communities. Sites
were selected using the Ecological Site Classification (ESC) method (Hodge 1995) to represent
a chronosequence within a patch clearfell management system(Table 1).

Table 1: Crop characteristics of the sites. DBH (& SE) is the diameter at breast height of a tree.

Site 1 Site 2 Site 3
Crop species P. Sylvestris P. Sylvestris P. Sylvestris
Planting date 1970 1947 1930
Age 26 49 66
Forestry class Thicket Mid-rotation Mature
Stocking level (stem/ha) 6600 850 250
Mean DBH 8.65 (£ 0.950 27.63 (£ 0.79) 42.97 (£ 1.64)

Materials & Methods

Pitfall trapping was chosen to sample surface-active arthropods. Plastic 200ml cups were
perforated seven cm from the base, half filled with water and 0.1% Decon 90 and covered with
green tin sheets raised four cm from the ground. Two parallel rows of eight traps placed three
metres apart in the centre of the block were set on7/8/1996. Seven weekly collections were made
and the catch stored in 90% Industrial Methylated Spirit.

Identification of the whole catch, excluding acari and pseudoscorpionids, was made to Class
(Diplopoda, Chilopoda & Collembola) or Order level and carabid beetles were taken to species
level (Tilling 1987; Forsythe 1987; Lindroth 1974).

In addition to the two simple measures of diversity, Species number (S) and number of individuals
(N), the Shannon Index (H) and the Shannon measure of evenness (J) (Magurran 1988) were
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calculated for each site at both levels of data resolution. The Brillouin index (Hb), which accounts
for non-randomness in a sample due to the activity budgets of different species leading to varying
probabilities of capture, was also calculated for carabid species level data.

Results

Order level data showed a pattern of rise in diversity with age between sites 1 and 2 in both N and
H. This pattern altered abruptly at site three (Table 2). Ants rise from 3% of the catch at site one
to 84% of the catch at this site, which reduced H and J to less than half that of the younger sites.
If the ant data are discounted, these measures rise with plantation age.

Table 2: Measures of diversity for the whole catch at Order level (ants discounted)

Total Catch Site 1 Site 2 Site 3
Number of individuals 1348 (1307) 1883 (1618) 11,904 (1866)
Number of orders 13(12) 12 (11) 12 (11)
Shannon index (H) : 1.788 (1.716) 1.822 (1.816) 0.698 (1.958)
Shannon evenness (J) 0.697 (0.690) 0.733 (0.757) 0.281 (0.816)

Carabid species level data indicated a rise in H, Hb and J with plantation age (Table 3). The
number of individuals trapped at the mid-aged site was double that of either the thicket or mature
sites. S was significantly different between sites (ANOVA, F=22.7, P,0.0001, df 63). All three
sites were dominated by Abax parallelopipedus, which represented over 70% of the catch at all
sites. In total 10 carabid species were found.

Table 3: Measures of diversity for the three sites at Carabid species level

Carabidae Site 1 Site 2 Site 3

Number of individuals 180 ‘ 386 187

Number of species 4 7 6

Brillouin index (Hb) 043 0.71 0.75

Shannon index (H) 0.464 0.734 0.789

Shannon evenness (J) 0.335 0.377 0.44
Discussion

Suggestions that coniferous stands (Day, Marshall & Heaney 1993; Evans 1987) possess a greater
arthropod diversity than we think are not greatly supported here. However, the relatively poor
carabid fauna collected across the chronosequence may be partly explained by the short time
allowed for trapping and the limited number of sites available in the chronosequence. A recently
clearfelled site would have provided a dramatically different habitat type. The unexpectedly
impoverished carabid S and N trapped at site three may well be due to competition or interference
from wood ants (Hawes, pers. Comm.) which were particularly abundant at this site.
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TWO DECADES OF DATA ON OAK DEFOLIATION IN A WORCESTERSHIRE
WOODLAND NNR

David Harding
School of Applied Sciences, University of Wolverhampton WV1 1SB; current address CIliff
Cottage, Woodhouse Lane, Boningale, Albrighton, Wolverhampton, WV7 3BZ

Summary

Monitoring of half-a-dozen individual oaks in Chaddesley Woods, Worcestershire, has revealed
marked variations within and between the 1980s and the 1990s in the amount of defoliation by
caterpillars. Annual averages always exceeded 30% in the 1980s, with peaks in 1980 and 1990,
whereas they have been less than 10% since 1991. This might be associated with climate change,
or alternatively with an underlying 10-year cycle of caterpillar abundance.

Introduction

Chaddesley Woods NNR, near Kidderminster, provided a classic example of defoliation during
May, 1980: virtually all of the oaks and other broad-leaved trees and shrubs were stripped of their
leaves by caterpillars (Packham ez al. 1992). A long-term project was begun in 1982, studying the
state of the canopy of individual oak trees. Initially, the object was to follow up the work of
Satchell (1962) on the extent of defoliation relative to the flushing sequence. Subsequently this
was supplemented by monitoring of caterpillar abundance, for comparison with other long-term
studies (Varley, Gradwell & Hassell 1973). Such data are not only of value in their own right, but
inevitably raise questions as to the causes of fluctuations (Berryman 1996), including the possible
role of climate change, with potential knock-on effects elsewhere in the food-web, eg titmice
(Visser et al. 1998).

Materials and methods

Chaddesley Woods (SO 914736) represent an ancient woodland fragment of the medieval Forest
of Feckenham, with ¢50 ha mainly under oaks (Quercus robur on Keuper Marl, Q. petraea on
more sandy soils), with an understorey of neglected hazel coppice (Corylus avellana). It was the
first NNR to be designated under the Nature Conservancy Council in 1973, being subsequently
managed by English Nature and, more recently, by Worcestershire Wildlife Trust.

A clearing, c100 x 60m, was created in compartment 2 in the late 1970s to encourage
regeneration of oaks, one half being protected as a rabbit-proof exclosure. Sixteen oaks Q. robur
within and around this clearing were selected for study, of which seven have provided detailed
records. Their average dbh is 40cm, and their height c15m. They probably originated from coppice
stools during the nineteenth century.

During 1982-84, and every year from 1987 to date, observations have been made of each tree at
approximately weekly intervals between mid to late April (to record the spring flush) and at least
the middle of June, when regrowth foliage (‘midsummer flush’) first appears. On each occasion,
subjective estimates were made of the amount of development of the foliage of each tree. At the
start of the season this was expressed in terms of the degree of bursting of the buds, thus
establishing the flushing sequence for the seven trees. Later, leaf area was estimated as a
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percentage of the potential fully developed canopy of each tree. These visual estimates were
supplemented by photography.

Canopy area normally increases as the leaves expand, but this may be checked by frost or by
herbivores, so that the area may show a decline to a minimum. On the sampling occasion (usually
the first or second week in June) when most of the trees have reached their minimum, their canopy
leaf areas are recorded as leaf-area deficits. For example, a 25% deficit corresponds to a minimal
area equivalent to 75% of full canopy. In many cases, this deficit represents incomplete expansion,
as well as defoliation by caterpillars, but in the case of tree Q4, which has rarely produced more
than 20% of its potential by this time, the values are for losses caused by defoliation alone.

From 1987 onwards, four water-filled plastic plant-pot saucers (diameter 20cm, depth Scm) were
pegged to the ground, one metre out from the trunk, around each of six of the trees (tree QE4
was excluded). At weekly intervals, caterpillars were removed and preserved from these frass
traps, while faeces and small leaf fragments were filtered off, oven-dried and weighed, to provide
an estimate of activity in the canopy.

Results

Leaf area deficits and flushing sequences

The maximum deficit for each tree in each year is plotted in Figure 1, which also shows the
position of each tree in that year’s flushing sequence . This sequence hardly varies from year to
year: early flushers, typically Q6 and QE1, are usually followed within a few days by four others
(eg Q2, Q8, Q5 and QE4), while Q4 is consistently last, its buds bursting three weeks or more
after the early trees. Figure 1 also includes the mean deficit for each year, based on five trees
(excluding Q4 and QE4). The most striking feature of these results is that mean deficits between
1982 and 1990 ranged from 30-78%, whereas since 1991 these values have generally been well
below 10%. This contrast is also illustrated by the photographs of Q2 in May 1990 and 1994
(Figure 2).

During the first period, in the five years when mean deficits were less than ¢50%, deficits were
generally greatest on late or intermediate flushing trees. This is shown most clearly in 1982, when
the deficits varied inversely with the values recorded for canopy expansion on 14 May, which
ranged from 20% for QE4 and Q8 to over 70% for QE1 and Q2. During 1987 and 1989 highest
deficits were recorded on intermediate flushers, while 1988 and 1989 provided the first exceptions
to the view that early flushers escape defoliation: in both years, Q6 was badly affected, but not
QE]1, although both trees flushed at about the same time. Turning to the two years of greatest
devastation, in 1984 the six trees were reduced to a similar extent, and in 1990 the two earliest
flushers (QE1 and Q2) were among the most depleted.

In 1991, Q6 was the first to flush, and suffered the highest deficit, but thereafter individual values
are too low to detect any obvious trends. Q4 escapes virtually unscathed every year, although
there was appreciable damage in 1989 and 1990, the latter involving removal of most of the
earliest foliage. Typically this tree produces isolated clumps of particularly large leaves, and
achieves its maximal leaf area as much as two months after the first of the other trees, eg the end
of July in 1987.
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Figure 1. Maximum defoliation (leaf-area deficit) as a % of full canopy area for seven oaks at

Chaddesley, 1.98‘2-99. Figures in italic are annual mean deficits based on five trees. Figures above
each column indicate flushing sequence (1 = earliest)
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Caterpillar numbers

Caterpillars from the frass traps under six of the trees were separated into geometrids, other
Lepidoptera, and sawflies. The numbers in Figure 2 refer to the three consecutive weeks with the
highest totals, a period which usually ended a week or so before the time of the greatest leaf-area
deficit(Table 1). These three-week totals rose steadily from 1987 to 1990, largely driven by the
geometrids, although other Lepidoptera made up a higher proportion in 1990 than in previous
years. Since then, totals have fluctuated between 200 and 300, and in most years geometrids have
been outnumbered by other Lepidoptera.

Table 1. Three-week periods of peak caterpillar numbers in frass traps under 6 oaks at
Chaddesley and, in parentheses, dates when maximum leaf-area deficits were recorded, 1982-
1999.

1982 --- (3 June) 1983  --- (13 June) 1984 - (4 June)
1987  13/5-3/6 (10 June) 1988  11/5-1/6 (15 June) 1989  8/5-1/6 (8 June)
1990  3/5-24/5 (24 May) 1991 22/5-12/6 (12 June) 1992 15/5-11/6 (19 June)
1993  13/5-7/6 (7 June) 1994  24/5-14/6 (14 June) 1995  17/5-7/6 (26 June)
1996  30/5-20/6 (26 June) 1997  13/5-3/6 (3 June) 1998  12/5-3/6 (10 June)

1999  11/5-2/6 (9 June)

Frass weights

Because of changes in procedure (see Discussion) detailed results are not presented here, but
those for 1987-91 are summarized in Harding (1992).

Discussion
Methodology

The monitoring methods are somewhat crude. Partially, this was to ensure that monitoring could
be easily performed by others, including project students, but also so that the various operations
could be carried out within the constraints of a teaching timetable. The time taken to empty the
frass traps could in itself have been used as an estimate of caterpillar activity during the preceding
week. Given more time, the number of trees studied could usefully have been at least doubled.
The flushing sequence could have been made more quantitative, eg in relation to the proportion
of buds flushed (Hunter 1992).The estimates of canopy area were made by eye, and are liable to
considerable error, so that the values in Figure 1 may be out by 10% or more. However, they
indicate the relative condition of the various trees within a year, as well as major differences
between years and between decades. The technique is also similar to that used by the Forestry
Commission in their annual monitoring of forest condition (Innes 1990), involving estimating the
percentage reduction in crown density compared to an ‘ideal’ tree or to a local reference tree.
Photographs could have shown more close-up detail, and ideally each shot should have been taken
from a fixed point; this proved impossible, however, because of the growth of birches and planted
oaks.
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Figure 2. Numbers of caterpillars in frass traps during the three weeks of peak activity
(April/May 1987-99). G = Geometrids, OL = other Lepidoptera, Tot = total including sawflies

The positions of the frass traps could have been randomized between sampling occasions. With
the exception of leaf-rollers, such as Tortrix, they gave a reasonable estimate of populations of
caterpillars in the canopy, although more effort should have gone into identifying them to species.
Frass was separated by different means in different years, more recently by decanting and sieving,
so that the dry weights include varying amounts of leaf fragments, as well as faeces; however, they

are still of use when comparing activity between trees in a particular year.
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Flushing sequence and its relation to herbivore activity

The fact that the flushing sequence of these seven oaks at Chaddesley shows so little variation
from year to year is in agreement with observations on oaks at Roudsea Wood, Cumbria (Satchell
1962), at Wytham Wood (Gradwell 1974), in Silwood Park (Crawley & Akhteruzzaman 1988)
and in woodlands in Belgium (Van Dongen et al. 1997). Such constancy is, presumably, largely
areflection of genetic variation between the individuals. At Silwood the date of budburst differed
by about four weeks between the earliest and latest of 36 oaks, comparable to the situation at
Chaddesley.

Elton (1966), on the basis of Satchell’s (1962) work with Tortrix viridana, and of studies at
Wytham, stated that severe defoliation was most likely to occur when emergence of the
caterpillars from the egg virtually coincided with the flushing of a particular tree. Earlier flushing
gave the leaves a good start, so enabling them to grow away from an attack, whereas young larvae
were unlikely to survive on late flushing trees with closed buds. Subsequently, from further
studies at Wytham, especially by Hunter (1992) and Hunter and West (1990), it was concluded
that early flushers carry the most caterpillars and suffer the greatest damage. However, Crawley
and Akhteruzzaman (1988) found that the average defoliation of their 36 trees over seven years
was not correlated with the flushing order, while early flushers did not have significantly higher
levels of defoliation. However, their latest tree was always the least damaged (cf. Q4 at
Chaddesley). The differences between Wytham and Silwood may be partially related to the fact
that only half of the 36 trees at Silwood are in woodland, the rest being free-grown in parkland.

At Chaddesley, this relationship showed considerable variation between years during 1982-90
(Figure 1). In 1982, 1983 and 1987 the two earliest flushers were among the least affected, but
were among the worst in 1984 and 1990. The contrasting fortunes of QE1 and Q6 in 1988 and
1989 indicate that there is more to apparency (sensu Feeny 1976) than the flushing order, since
both trees flushed at about the same time, but only Q6 was badly affected. This aspect might be
affected by the species composition of the herbivores on each tree, eg the proportion that was of
a highly mobile species, such as T. viridana, compared to the more parochial winter moth
Operophtera brumata. In the latter the female is flightless, usually ovipositing on the tree on
which she developed, which may increase the chances of synchrony between budburst and
hatching of her eggs (Van Dongen et al. 1997).

During 1990 it seems that flushing at Chaddesley may have been checked by frosts in the second
week of April. Damage was first noticed soon after early trees such as QE1 and Q2 flushed at the
end of April, and the frass traps filled up to record levels during the first three weeks of May. This
activity peak was the earliest recorded (Table 1), being possibly a couple of weeks ahead of the
mass defoliation of 1980. Data for Q2 in 1990 illustrate what happens when there is insufficient
foliage to support a tree’s herbivore burden: relatively little frass, but large numbers of small,
hungry caterpillars in the traps. The slightly earlier QE 1 maintained enough foliage to grow away.

State of the canopy

Between 1982 and 1990, the annual mean canopy deficit at Chaddesley ranged from 30-78%
(Figure 1), comparable to the average of 40% defoliation quoted for oaks at Wytham by Hunter
and West (1990). The mean reduction in crown density for oaks from 85 sites throughout Britain,
monitored during July and August for the Forestry Commission’s Tree Health Survey, was ¢35%
during 1987-98 (Redfern, Boswell & Proudfoot 1999).
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Since 1991, deficits have been appreciably lower, generally well below 10%, corresponding to the
situation in Alice Holt Forest, where healthy green canopies have been the norm following
complete defoliation by Tortrix in 1981 (Winter, pers. comm., 1995), and in Biatowieza Forest,
eastern Poland, where no damage has been reported in the foliage for the last four years
(Jaroszewicz pers. comm. 1999). On the other hand, the Forestry Commission’s Tree Health
Survey results for 1998 include crown density reductions for oak of ¢35% in the western
Midlands, and of 50-60% in Northumbria and parts of central Scotland (Redfern, Boswell &
Proudfoot 1999). Derek Redfern (pers. comm.) reported that several oak sites in Scotland were
completely defoliated in 1999, while Mick Crawley (pers. comm.) nominated Spinningdale as
a site where oaks were stripped in five years out of nine. Scotland is also well known for the
depredations of winter moth on Sitka spruce and heather (Kerslake ez al. 1996).

The healthy state of the canopy at Chaddesley during this decade correlates with the dearth of
caterpillars following their 1990 peak. A number of other long-term monitoring sites provide
evidence of peaks and troughs in caterpillar abundance (Figure 3). In Hungary, where a Forest
Damage Monitoring System has been in operation since 1962, the area of forest damaged annually
by various caterpillars, including geometrids, has been correlated with drought indices, and the
increased frequency and severity of drought in the last two decades is thought to have played a
key role in provoking serious outbreaks of various major lepidopteran pests (Csoka 1994, 1997).

Outbreak years and climate change

Winter moth Operophtera brumata belongs to a group of a dozen or so species of forest
Lepidoptera in N. America and Europe whose populations, at least in certain parts of their range,
exhibit remarkably regular fluctuations, with major peaks at intervals of about six to eleven years.
An example of such cyclic dynamics is provided by records for 1862-1968 of defoliation of
mountain birch in Fennoscandia by the autumnal moth Oporinia=Epirrita autumnata and species
of Operophtera including winter moth, where major outbreaks cycled with a periodicity of nine
years (Haukioja et al. 1988). These dynamics are markedly influenced by negative feedback
involving time-lags, commonly referred to as delayed density dependence or second-order
feedback processes. Such processes could include combinations of host-plant quality varying with
the degree of defoliation in the previous year(s), variation in lepidopteran quality (mediated either
through physiology or genetics) or the influence of predators, parasites or diseases (Myers 1988;
Berryman 1996; Roland 1990, 1994; Roland & Embree 1995).

At Wytham long-term work on the population dynamics of the winter moth has shown that the
most likely cause of cycling is time-lagged pupal predation (Hunter, Varley & Gradwell 1997)
whereas year-to-year fluctuations are particularly influenced by levels of winter disappearance
between the egg stage and the descending pre-pupae. There appears to be strong selection
pressure for synchronisation of egg hatch and bud-burst of the oaks, so that the larvae can make
most use of the leaves at their most nutritious stage (Feeny 1970; Van Dongen et al. 1997; Varley,
Gradwell & Hassell 1973).
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Figure 3. Long term monitoring of geometrid caterpillars. (A) Area of Hungarian forests
defoliated (Csdka pers. comm.); (b) index of abundance of geometrids on hornbeam in late May,
Bialowieza Forest, Poland (Jaroszewicz pers. comm.); (c) abundance of Operophtera brumata
(mean no m?) at Wytham Woods, (Cole pers. comm.)
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Climate change might disturb the relationship between the timing of budburst in oaks and egg
hatch of species such as winter moth. Studies by Buse and Good (1996), using elevated
temperatures (+3° C) in experimental Solardomes, showed that this synchronization was generally
maintained. However, these could still be consequences for the breeding success of certain
insectivorous birds, such as the great tit Parus major (McCleery & Perrins 1998). Ideally, egg
laying in this species is timed so that when the young birds are about one week old, and requiring
maximum feeding, the biomass of canopy caterpillars will be at its peak (Perrins 1991). This peak
is normally taken to coincide with the half-fall date, ie when half of the winter moths have
descended from the canopy to pupate. Largely because of the differential effects of higher
temperatures on the rate of development of the caterpillars and on the incubation period of the
hen bird, this synchronization is more likely to be upset by warmer than by colder summers (Van
Noordwijk, McCleery & Perrins 1995).

In the Netherlands, Visser et al. (1998) found no evidence of an increase in the mean temperature
for 1 March - 15 April since 1973, nor in the lay date at the Hoge Veluwe, in contrast to a clear
trend since 1970 towards earlier lay dates at Wytham (McCleery & Perrins 1998). However,
mean temperatures for the subsequent 30 days had increased , inducing an advance of about nine
days in the predicted date for peak caterpillar biomass, and intensifying selection for early laying.

Conclusions

Only by long-term studies can these interrelationships of plant - insect - bird and climate be
elucidated, nor is there any guarantee as to when the next big defoliation year will occur. At
Chaddesley it should be May 2000. Maintaining routine observations in the face of this
uncertainty is one of the challenges for woodland ecologists.
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THE LONG-TERM PHENOLOGY OF WOODLAND SPECIES IN BRITAIN

Tim Sparks
NERC Institute of Terrestrial Ecology, Monks Wood, Abbots Ripton, Huntingdon,

Cambridgeshire PE17 2LS

Summary

With records going back over 250 years, phenology may provide the longest written biological
record in Britain. Current phenological records may be collected by scientific institutes as part of
a wider remit or be the pastime of individuals. Historic data exist in abundance but, despite a
current initiative, some may never surface from obscurity. This paper examines data on woodland
species from a range of past and current sources and examines how changes in timing of a number
of different taxa relate to temperature.

Introduction

Phenology is described by The Concise Oxford Dictionary as the “Study of the times of recurring
natural phenomena esp. in relation to climatic conditions”. It has a long history (Clarke 1936). In
Japan and China, some of the dates of flowering of cherry and peach trees associated with festivals
exist from the eighth century. In Britain we know of records dating back to 1736 and, sooner or
later, I would expect we shall uncover some older data. Many people are aware of the records
kept by Gilbert White, an obscure Hampshire clergyman who just happened to have a publisher
for a brother! At the end of the eighteenth century it was possible for a gentleman to purchase a
printed naturalists’ diary in which space was designated for recording weather conditions and
special biological observations. From 1875 a network of recorders was co-ordinated by the Royal
Meteorological Society (RMS) who wished to examine the relationship between meteorological
events and the natural world. This network failed to continue after 1947 when the RMS could not
find a body willing to take on co-ordination of the scheme. Many other schemes have existed at
some point in time; for example, the Natural History Journal, and the Malborough Natural History
Society. Some of these were incorporated within the larger RMS scheme. For most of the current
century the British Naturalists Association has managed to maintain a phenological scheme. In
recent times the long termrecords of individuals have come to light (eg Fitter et al. 1995; Sparks,
Carey & Combes 1997). Phenological data is also available from various monitoring schemes such
as the Wytham Wood study, the Rothamsted Insect Survey, the British Trust for Ornithology
schemes, and the Butterfly Monitoring Scheme. In this paper I use examples of the timing of
woodland species from a range of sources to show how they have related to temperature in the
past. English names are used for the common species but there is a full listing of their scientific
names in the Appendix.

Data sources and results

Marsham data. Robert Marsham FRS started his collection of “Indications of Spring” in 1736
and continued until his death in 1798. Marsham was an early scientist, dedicated to improving the
profitability of his estate in Norfolk by improving timber production. He undertook replicated
experiments at a time when such things were rare and his longevity ensured that he was able to
see the outcome of many of his experiments on, for example, root cutting, trenching and bark
scrubbing. In my opinion he deserves our attention every bit as much as Gilbert White. Some of
his “Indications of Spring” are summarized in Table 1. The unique aspect of Marsham’s record
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is that it was continued by successive generations of his family. I use the Central England
Temperature (CET) for comparison throughout this paper. For convenience this table just
examines the relationship with first quarter temperature. We reported results until 1947 (Sparks
& Carey 1995), but since then I have acquired further data down to 1958.

Table 1. A summary of the timing of tree leafing dates recorded by Robert Marsham FRS and
his successors. Means are presented for the parts of the three centuries covered by the record.
Dates have been regressed on mean January-March CET; a negative response (s.e. in brackets)
indicating the number of days earlier for a 1°C rise in temperature.

Event number of 18' century 19 century  20% century Response to
Leafing of: years of data mean mean mean JFM mean
(1736-1799)  (1800-1899) (1900-1958)  temperature

Hawthorn 184 March 14 March 6 March 12 -9.9(0.8)
Sycamore 175 April 4 April 4 March 27 -6.7 (0.7)
Birch 175 April 2 April 4 April 11 -5.2(0.7)
Elm 148 March 31 April 8 April 4 -5.7(0.9)
Mountain ash 165 April 5 April 8 7 April 7 -5.6 (0.6)
Oak 178 April 28 April 24 April 21 -5.6(0.5)
Beech 178 April 25 April 20 April 19 -3.0(04)
Horse chestnut 173 April 4 April 4 April § -4.8 (0.5)
Sweet chestnut 155 April 23 April 18 April 18 -5.5(0.6)
Hornbeam 160 April 7 April 5 April 13 -6.1 (0.8)
Ash 158 April 29 April 30 April 26 -35(0.7)
Lime 167 April 15 April 15 April 11 -5.2(0.6)
Field maple 115 April 17 April 15 April 22 4.4 (0.9)
mean JFM temperature 38 4.1 45

There is no evidence to support the “oak before ash” rhyme in these data; a correlation of 0.03
exists between early summer rainfall and the difference between oak and ash leafing. Interestingly,
there are also rhymes concerning these two species from both Norway and Germany. If anything,
oak has been getting progressively earlier whilst ash timing has been more static; as one might
expect by examining their respective responses to temperature. The leafing species appear to fall
into three broad groups: hawthorn with a strong response of c10 days, the majority of species with
a response of 5-6 days, and those with a lower response (ash, beech and possibly field maple).

Royal Meteorological Society data. A summary of the flowering records from the RMS
phenological scheme were given by Jeffree (1960) who reported national mean flowering dates
over a 58 year period. The response of four selected species has been summarized in Table 2.
These national mean data show a similar level of response to the single site Marsham leafing data.
One obvious feature of the data is the lateness of the spring flowering species (hazel, wood
anemone) in the 1940's which appears to be associated with a series of cooler springs (1940
2.4°C, 1942 2.1°C, 1947 1.3°C). Of some surprise to me is the way that ivy flowering responds
to temperature. My empirical research has generally shown that it is the spring species that are
most responsive to temperatures and the summer ones less so. Here however, ivy shows a highly
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significant response to temperature. To show more clearly how these national data relate to
temperature the responses of hazel and ivy are shown in Figure 1.
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Figure 1. The response of (a) hazel to Dec/Jan/Feb mean temperatures) and (b) ivy flowering
times to April/May/June temperatures. Both relationships are highly significant (p<0.001) with
1* of 65% and 63% respectively.

Table 2. A summary of the response of the flowering of certain species to temperatures of three
month periods. Data are British Isles annual means.

Species 1890s 1900s 1910s 1920s 1930s 1940s comparison  response
with months (se)

Hazel Feb 9 Feb 11 Feb 9 Feb 7 Feb 8 Feb 18 DIJF -6.1 (0.6)
Wood anemone Mar28 Mar31 Mar29 Mar25 Mar30 Apr 1 JFM 4.8 (0.4)
Hawthorn May 12 Mayl19 Mayl13 Mayll Mayl4 May 10 MAM -9.6 (0.8)
Ivy Sep 27 Oct 2 Sep24  Sep 30 Sep 29 Sep 24 AMIJ -6.4 (0.6)
JFM mean 4.2 43 4.5 52 48 3.9
AMIJ mean 11.2 10.7 11.3 10.8 11.3 11.7

Another source of data from the RMS was reported by Sparks and Yates (1997). These data were
potentially very useful in showing the relationship between first emergence of orange tip butterflies
and the timing of one of its foodplants, garlic mustard. The data suggests that the two species
remain in synchrony over a wide range of temperatures (Figure 2). This is a very important
feature, suggesting that synchrony may be maintained under elevated temperatures. A similar -
synchrony was shown for winter moth and oak trees by Buse and Good (1996) under
experimental conditions.
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Figure 2. The relationship between garlic mustard first flowering times (solid circles) and orange
tip butterfly first appearance times (open circles). Data are annual means for England and Wales
taken from RMS series. A smoothed (LOWESS) curve has been superimposed.

Butterfly Monitoring Scheme. The timing of certain butterfly species from the Butterfly
Monitoring Scheme (BMS - Pollard & Yates 1993) is reported here. Recent work (Roy & Sparks
in press) has shown that the timing of most butterfly species responds to increased temperatures.
The response varies between species but appears to be of the same order of magnitude as the tree
data reported above. Figure 3 shows the timing of mean UK first appearance and mean peak
appearance of the ringlet for the years 1976-1998. Appearance in 1976 was particularly early.
What is apparent from this graph is that the ringlet has got progressively earlier in recent years and
that peak timing mirrors first appearance. The butterfly responds well to early summer
temperatures and appears capable of advancing its appearance by about seven days per degree
Celsius warming.
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Figure 3. UK mean first appearance (open circles) and peak timing (solid circles) of the ringlet
butterfly. The vertical axis represents weeks (BMS begins in the first week of April). A smoothed
(LOWESS) line has been superimposed.
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Combes Phenological Record Jean Combes has kept a summary of the leafing of oak, ash, lime
and horse chestnut (Sparks, Carey & Combes 1997). This record, starting in 1947, is now
invaluable to examine the post-war period when changes to temperature are thought to be most
pronounced. Table 3 shows that the decadal mean first leafing dates for the four species were all
much earlier in the 1990s - the warmest decade on record. Figure 4 shows that the responses from
both Marsham and Combes records to temperature are similar, ie that current response is very
similar to the historical response. Figure 5 shows that there is a continued trend towards earliness
in oak leafing data when the two records are amalgamated.

Table 3. The average leafing dates of four tree species in Surrey over the last five decades and
average January-March mean temperature (°C).

Decade 1950-1959 1960-1969 1970-1979- 1980-1989 1990-1999
Oak Apr 30 Apr 26 Apr 24 Apr 20 Aprl0
Ash May 6 May 7 May 7 Apr 30 Apr 24
Horse chestnut Mar 25 Mar 27 Mar 31 Mar 27 Mar 15
Lime Apr 7 Apr 9 Apr 12 Apr 14 Apr3
- JFM Temperature 4.3 4.2 4.5 4.3 5.6
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Figure 4. The relationship between oak first leafing date and January-March mean temperature
for the Marsham (solid circles 178 years) and Combes (open circles 43 years) records.
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Figure 5. The oak leafing time series provided by the Marsham and Combes records. A smoothed
(LOWESS) line has been superimposed.

Bird migratory timing There is growing evidence suggesting a response in the timing of
migratory birds (Sparks 1999). Data on arrival times of migrants from 1960-1996 has been
obtained from eight coastal observatories: Holme, Sandwich, Dungeness, Portland, Skokholm,
Bardsey, Calf of Man and Walney. Two woodland species, chiffchaff and blackcap, appear to be
getting earlier (Figure 6), and the response to temperature is in the order of 2-3 days per degree
Celsius. These species are also increasingly overwintering in the UK, and even as far north as
Norway.

Apr 20

Apr 10

Mar 31

Mar 21 -

Mar 11

Figure 6. Annual arrival dates of the chiffchaff (solid circles) and blackcap (open circles) for the
period 1960-1996. Data are averaged across eight coastal observatories.
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Discussion

The results shown here indicate the level of response between temperature and the timing of
various biological events associated with woodland plant species. Examples have been drawn from
arange of taxa, both historic and current data and both local and national data sources. In general,
phenology consists of times of first events, but other events also exist. Where these additional data
do exist, for example butterflies, there appears to be a close link between first appearance and
peak appearance, at least at a national scale. Other data, as yet unpublished, show a similar link
between first leafing and full leafing dates of a large number of woody plant species. So, despite
criticism, it appears that collecting first dates can be useful.

There is evidence that some species will remain synchronized with others on which they are
reliant. However not everything in the garden may be rosy. The Wytham study (Perrins 1991) has
suggested a possible mismatch between caterpillar timing and blue tit breeding success - so
synchrony between vertebrates and invertebrates or plants may be less well matched.

Woodland plant communities are dynamic but may take several decades to change. If one species
was able to take competitive advantage over another by dint of its earlier leafing then it might
gradually become dominant. Some experimental work at Monks Wood has shown hawthorn to
out-compete beech in hedges, but this situation may be reversed if beech were allowed to acquire
a height advantage. Might we see ash-oak woodland (with ash dominant) replaced by oak-ash
woodland (oak dominant) if oak is responding more to climate warming? Researchers in the
Netherlands are looking at woodland community structure in phenological modelling, particularly
with regard to the dangers of late spring frost damage.

Migrant bird species do not seem to be taking full advantage of the earlier leafing of trees; perhaps
they need to remain cautious about adapting too quickly? Some species (e.g. oak, chiffchaff)
appear to be getting earlier than we might expect by their response to air temperature alone.
Perhaps we should be looking at additional information, e.g. on soil temperatures or European
temperatures? Perhaps there are other causes we need to consider?

All of the above work shows that there is a wealth of data on the timing of woodland species.
However, analysis of such data is at a very earlier stage and there is a danger of attempting to run
before we can walk. We are getting there slowly. The identification and curation of data sources
must be a priority at the moment. And finally a word of caution. Changes brought about by
climate warming are likely to be subsidiary to those brought about by direct human activity, e.g.
farmland and woodland management. However, climatic induced changes may be sufficient to tip
the balance in fragile ecosystems.
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Appendix

English names of species and their scientific equivalents

Ash Fraxinus excelsior Horse chestnut Aesculus hippocastanum
Beech Fagus sylvatica Ivy Hedera helix

Birch Betula pendula Lime Tilia x vulgaris.
Blackcap Sylvia atricapilla Mountain ash  Sorbus aucuparia
Chiffchaff Phylloscopus collybita Oak Quercus robur

Elm Ulmus spp. Orange tip Anthocharis cardamines
Field maple Acer campestre Ringlet Aphantopus hyperantus
Garlic mustard Alliaria petiolata Sweet chestnut Castanea sativa
Hawthorn Crataegus monogyna " Sycamore Acer pseudoplatanus
Hazel Corylus avellana Winter moth  Operophtera brumata
Hornbeam Carpinus betulus Wood anemone Anemone nemorosa
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A MONITORING PROGRAMME TO ASSESS CHANGES IN THE BALANCE
BETWEEN SPRING VERNALS AND WARMTH-DEMANDING SPECIES IN THE
GROUND FLORA OF A SUSSEX WOOD

M.C. Pilkington
Centre for Continuing Education, University of Sussex, Falmer, Brighton BN1 9RG

Introduction

The Plantlife report Death Knell for Bluebells (1991) suggested that warmer winters may lead
to increasing vigorous and early growth of warmth-demanding species at the expense of spring
vernals such as bluebells with the result that our woods in 50 years time will be filled with grass
not bluebells. Many scientists will be unhappy with this sort of extrapolated prediction,
particularly when expressed in rather polemic language, but Grime (1993) suggests that changes
in timing of growth and the relative abundance of species of high and low DNA amounts are likely
to provide a sensitive indicator of the first effects of climate change on existing plant communities.
Barkham (1994) spells out the need to risk making such predictions and to follow on with the
corresponding adjustments to our behaviour. In order for this to be effective we need to take the
general public with us and an ideal way of doing this is to involve adults in the monitoring of
representative plant communities in their local area. In Mid Sussex, Continuing Education natural
history classes have provided a focus for such long-term monitoring studies. Knight (1995)
stresses that students should understand the science behind the monitoring rather than simply
acting as data collectors. Here students have been involved in the decision-making process at all
stages.

Methods

A relatively undisturbed area of ash-maple (W8b) woodland (Rodwell 1991) in Hoe Wood
(National Grid Reference TQ 218134 - 218135) was chosen at Woods Mill, the Sussex Wildlife
Trust Countryside Centre. A series of six 1 mx 1 m quadrats was set out in 1993 at 5 mintervals
along a footpath to avoid trampling large areas of bluebells. Quadrats were placed 30 cmin from
the edge of the footpath on the western side. In 1995 a second series of 15 1 m x 1 m quadrats
was set out in a similar way at 10 m intervals further along the footpath. The position of quadrats
was adjusted to avoid large trees and other discontinuities.

Domin values were recorded for all the ground flora species in each quadrat when the vegetation
reached the same stage in spring emergence each year. For series one this was when the wood
anemone Anemone nemorosa leaves had just emerged. However, this timing was found to be very
critical as anemone leaves go on emerging and opening out as the plants are flowering and so the
second series was set up and monitored at a later time of year when all the spring vernal foliage -
was fully expanded and timing was therefore less critical. Groups of 3-4 students from natural
history classes (Centre for Continuing Education, University of Sussex) worked on each quadrat
and Domin values were checked for consistency by independent monitoring of some quadrats by
two groups in turn.

As well as monitoring the woodland quadrats, students recorded the first appearance of key
species in their local areas of Mid Sussex on Search for Springtime sheets which they helped to
design.
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Results

There was no evidence from the Search for Springtime sheets of changes in the relative timing of
growth of species such as wood anemone and bluebell with high DNA amounts and species such
as cow parsley with low DNA amounts over the period (1993-1999) studied. The pattern of
emergence of bluebell leaves closely mirrored that of hazel Corylus avellana catkin maturation
which is weather dependent and provided the earliest indication of an early or late season. The
emergence of wood anemone leaves and the flowering of both wood anemone and bluebell varied
from year to year in a remarkably consistent pattern which was also in line with the pattern for the
slightly later flowering cow parsley.

The quadrat monitoring demonstrated the stability of the woodland ground flora from one year
to the next. An average Domin value was calculated for each year (1993-1999) over the six
quaderats in series one and for each year (1995-1999) for the 15 quadrats in series two. There was
little change in the abundance of bluebell over the seven and five years of monitoring respectively,
or in the abundance of cow parsley which it was assumed would be the major warmth demanding
competitor. Apparent changes in the abundance of wood anemone in the first series of quadrats
may have been due to the difficulty of getting the time of the monitoring right since in some years
leaves continued to emerge and expand as plants were flowering.

Other species, such as celandine Ranunculus ficaria, goosegrass Galium aparine, stitchwort
Stellaria holostea, moschatel Adoxa moschatellina, and grass species, showed more variation,
but there was no consistent trend over the years. Principal Components Analysis of the average
Domin values for each year for these species also showed no trend and removing species
successively showed no improvement. If changes were taking place in the relative abundance of
high and low DNA species such as analysis would be expected to show a trend over the years.

Quadrats in the second series were also sorted into those with cow parsley and those with little
or no cow parsley and average Domin values calculated for each group separately. Any changes
reflecting competition between high and low DNA species might be expected to show up first in
the quadrats with the larger amounts of cow parsley, but again there was very little change in the
abundance of bluebell and such change as there was followed the same pattern as in quadrats with
little or no cow parsley.

Discussion

In the part of Hoe Wood studied there is no dogs mercury Mercurialis perennis and bluebell is
the dominant species with abundant wood anemone in many of the quadrats. This is to be
expected on the gentle slope of the wood where water cannot easily percolate away and the soil
is not sufficiently aerated for Mercurialis (Rodwell 1991). Wood anemone grows only where
water logging restricts the growth of bluebell since it is intolerant of shading and has leaves which
emerge later in the year (Pigott 1982). Over the period of this study no significant changes have
occurred in the abundance of bluebell and wood anemone. Similarly warmth-demanding
competitor species such as cow parsley showed no consistent increase in abundance over the
years. This agrees with the Search for Springtime record sheets which showed no evidence of
changes in the relative timing of growth of plants with high and low DNA amounts.

The study then provides a relatively stable base line against which future changes in the ground
flora can be readily assessed. It is intended that monitoring should continue on an annual basis.
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As well as changes in the balance of spring vernals and warmth demanding species, these quadrats
should give early indications of the significant effect that the increasing severity of summer
drought is predicted (Barkham 1994) to have on bluebells and wood anemones particularly in the
dry South East. The importance of studies where the response of plants to changes in their natural
environment is looked at within the context of the vegetation of which they are a part was stressed
by Pigott in 1982 and applies particularly to studies on the effect of climate change on both plants
and animals. However, the long-term nature of such studies makes them unattractive to
researchers under pressure to produce publications for the next Research Assessment Exercise.

The relatively small number of plants found in the ground flora of our woodlands and the ease
with which they can be identified, makes monitoring exercises such as this eminently suitable for
adult education classes. Concern about changes to the countryside which they know and love,
provides the stimulus and context for serious engagement with unfamiliar concepts and students
learn about scientific investigation through participation in the process. They are thus better
equipped to understand the environmental issues raised by global warming and to be convincing
advocates for sustainable life styles.
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Search for Springtime 1999

Date Location notes
Hazel catkins with pollen Jan 26
Dogs Mercury leaves | Dec 16 1998 S Downs - north facing slope from Underhill Lane
car park to the Downs of adjoining track from
Flowers | Jan 16 Ditchling Beacon to Jack & Jill Windmills
Cuckoo pint leaves | Dec 14 1998

Footpath running north to south from edge of Folders

ﬂowers April 12 Lane estate (east edge) to Folders Lane

Celandine flowers Feb 23
Nettle shoots 1 ft high Feb 23 Bedelands-Long Wood/Coopers Shaw
Wood-anemone leaves | Jan 30 Blackbrook Woods. South-east corner from

flowers | Mar 8 Ditchling Common/Spatcham Lane

Pussy-willow with pollen Mar 8 St Mary’s-Ditchling Common
Blackthorn flowers Mar 1 Footpath north to Folders Lane
Primrose flowers Jan 14 Blackbrook Woods

Woodland Hawthorn leaves | Mar 8

flowers | April 14

Ditchling Common - Woodland area facing south
Common hawthorn leaves | Mar 8

flowers | April 10

Bluebell leaves | Dec 11998 Blackbrook Woods
flowers | April 1 Blackbrook Woods
Gbose-grass shoots 1 ft Feb 23 Bedelands - Long Wood
Cow parsley flowers April 12
Tack-in-the-hedge flowers pril 19 Footpath from estate to Folders Lane
Hornbeam leaves open March 28 Bedelands. Big Wood
Beech leaves open April 5 Bedelands. Old Arable
Oak leaves open N/R -N/R
Ash leaves open April 17 Lower Plantation
Ox-eye daisy flowers May 3 Ditchling Common Car Park
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LONG-TERM MONITORING OF THE HEALTH OF BEECH
(FAGUS SYLVATICA L.) TREES OF ALL AGES IN SURREY

G.H. Stribley
Apple Tree House, Highfield Road, West Byfleet, Surrey KT 14 6QT

Introduction

Long-term monitoring of beech trees at amenity sites in Surrey set up in 1989 included young
trees and saplings. Decline was reported up to 1993 (Stribley 1996) and this report updates the
results to 1998.

Methods

Details of the sites and methods were given previously (Stribley 1996). Results of canopy health
assessments are reported for the number of trees >10 cm diameter at breast height (dbh). Nower
Wood (n=81) and Farnham Park (n=30) were monitored from the winter of 1989 and Sheepleas
(n=26) and Virginia Water (n=26) from the summer of 1991. Bark stripping scores were based
on the extent of stripping related to the girth at breast height (Table 1). Roloff twig (RT) was the
winter assessment of the twig pattern: score 0 was healthy while score 3 corresponded to marked
deterioration. Crown density was assessed in summer for percentage loss of crown density:
0=0-10; 1 =11-25; 2 =26-60; 3 = >60% loss. Die back was also assessed in summer as the
percentage of upper canopy affected: 0 = none, 1 = 1-10; 2 = 11-30; 3 = >30% dieback.

Results

Bark removal by grey squirrels was seen on all sized trees. At Nower Wood Table 1 shows that
the greatest damage occurred in trees of 3.5-20 cm dbh with 54 per cent dying or decrowned and
a further 20 per cent had severe scores of 3 or 4.

All sites showed an increase in the percentage of trees with a higher RT score (Figure 1). Young
trees also showed marked deterioration at all sites whereas such changes would not normally be
expected until around 140 years old. There were increased crown density and die back scores at
all sites. RT winter scoring detected underlying changes in health not always apparent using
crown density summer scoring (Figure 1; Stribley 1996). RT canopy scores have been correlated
with changes in growth patterns shown by twig analysis and therefore RT scores are a valuable
indicator of health in standing trees. Twig analysis has demonstrated significant correlation of
growth changes with soil moisture deficit or ozone pollution (Stribley & Ashmore 1999). These
factors are likely to have been important at the Surrey sites. Premature decline in canopy health
of young trees is of particular concern which, together with serious squirrel damage, could have
a major impact on regeneration of beech woodland within a changing climate and pollution
environment.
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Percentage scoring 1-3

STRIBLEY, G.H. & ASHMORE, M.R. 2000. Quantitative changes in twig growth pattern of
young woodland beech (Fagus sylvatica L.) in relation to climate and air pollution over
ten years. /n: KIRBY, K.J. & MORECROFT, M.D., eds. Long-term studies in British
Woodland, pp 112-119. (English Nature Science No. 34.) Peterborough, English Nature.

Table 1. Grey squirrel bark stripping at Nower Wood 1989-98: 2, 3, 4 represent increasing levels
of squirrel damage.

Bark stripped score

Number of trees (percentage of total)

Size dbh Total .
class - no. 2 3 4 2+3+4 Dead Decrowned Ewdelfce of
rotting
0 <35 45 2 1 0 3(6.7) 4 (8.9) 0 3.7
1 3.5-10 21 3 6 1 10 (47.6) 9 (42.9) 1(4.8) 5 (23.8)
2 11-20 20 0 4 5 9 (45.0) 5(25.0) 7 (35.0) 9 (45.0)
3 21-30 11 2 0 0 8 (72.7) 0 2 (18.2) 8(72.7)
4 31-40 6 2 1 0 3 (50.0) 0 0 3 (50.0)
1-2 3.5-20 41 3 10 6 19 (46.3) 14 (34.1) 8 (19.5) 14 (34.1)
0-4 <3540 103 9 18 6 33 (32.0) 18 (17.5) 10 (9.7) 28 (27.2)
100
80 HE score 3
[ score 2
g score 1
60
40
20
0

NW FP NW FP NW FP NW FP

1989

1992 1995

Roloff twig assessment

1998

NW FP NW FP NW FP
1990 1993 1996

Crown density assessment

Figure 1. Canopy health of Nower Wood (NW) and Farnham Park (FP) trees 1989-98.
Percentage of trees with score indicated by type of shading, for winter Roloff twig or summer
crown density assessments.
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QUANTITATIVE CHANGES IN TWIG GROWTH PATTERN OF YOUNG .
WOODLAND BEECH (FAGUS SYLVATICA L.) IN RELATION TO CLIMATE AND
AIR POLLUTION OVER 10 YEARS

G.H. Stribley' and M.R. Ashmore?

! Apple Tree House, Highfield Road, West Byfleet, Surrey KT14 6QT
? Department of Environmental Science, University of Bradford, West Yorkshire BD7 1DP

Summary

Quantitative analysis of twig growth patterns (TA) from the upper canopy of 40 year old trees in
two compartments at Wytham Wood near Oxford, was carried out for the growth years 1987-
1996. Annual growth of leader or primary shoots, and lateral or secondary shoots, and the total
number of subsidiary shoots were suppressed in drought years, while the percentage of acute
shoots (growing at 40° or less to the parent stem) increased. In one compartment, these responses
were significantly correlated with soil moisture deficit, while in the other both soil moisture deficit
and ozone exposure were correlated with growth changes. These results support the interpretation
that drought and ozone pollution are important factors in the long term decline of beech trees in
southern Britain that has been observed using the Roloff winter twig pattern assessment (RT).
There was good correlation between the RT canopy score and the percentage of acute shoots,
supporting the use of the RT winter assessment to monitor beech tree health in the countryside.
The TA methods can be valuable in examining detailed tree responses to a changing climate and
pollution environment.

Introduction

Since 1989, a decline in canopy health of Surrey beech trees has been recorded using summer
crown density assessment (score 0-3), which is affected by year to year factors, and winter Roloff
twig (RT) assessment of twig pattern (score 0-3), which reflects longer-term changes on crown
structure (Stribley 2000). Power, Ashmore and Ling (1995) also demonstrated an underlying
decline of mature beech trees using the latter method at 16 sites in southern Britain. The causes
of these declines in vitality are uncertain, but it is likely that drought years are a significant factor;
for example, the 1976 drought caused long term suppression of leader growth in mature beech
trees (Lonsdale et al.1989; Stribley 1993; Power 1994). Another potential factor is the
concentrations of ozone, a pollutant associated with warm summers. Open-top chamber
experiments exposing beech seedlings and saplings to ozone (Davidson, Ashmore & Garretty
1992; Pearson & Mansfield 1994) or unfiltered air (Durrant ez al. 1992) have demonstrated that
ozone, at the concentrations found in southern Britain, affects physiology and growth of this
species. However, the effect of ozone in the field is difficult to separate from that of other climatic
factors.

As an alternative to the visual assessment methods, such as RT, used in field monitoring, detailed
analysis of twig growth patterns (TA) of twigs taken from the upper canopy can assist in
understanding the relationship between growth patterns and environmental stresses. TA of Surrey
trees has demonstrated a close correlation with the RT canopy score (Stribley 1996). At Wytham
Woods, Oxfordshire, young trees had early stages of decline with RT scores of 1 and some on the
borderline of 14, similar to the trees at five Surrey sites. The present study in Wytham Woods
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investigated whether TA could separate the effects of drought and ozone pollution on young
woodland beech trees in two compartments with contrasting soil types.

Methods

Tree selection - Nine plantation trees of around 40 years old were selected which had RT scores
of 1 or on the 0/1 borderline, in each of two woodland compartments. In compartment 5S5C, the
soil was calcareous clay of less than 30 cm depth and the trees were in widely spaced rows, while
in compartment 25C the deep soil was a variable sandy/clay loam and the trees were within a few
metres of each other. The trees were felled as part of thinning management and two branches of
about 5m were collected per tree for twig analysis.

Twig analysis (TA) - Measurements were made, on both branches, of yearly growth of the main
leader or primary shoot between the girdle rings from 1996 to 1987 and of representative 5 and
10 year secondary shoots. Each subsidiary shoot of 1 to 10 years was recorded according to its
age and hence year of bud formation, its subdivision (secondary, tertiary, quarternary etc) and
whether it was acute, i.e. <40° to the parent stem or not. The pooled count gave the total number
of subsidiary shoots per year and the percentage of acute shoots per tree. For statistical
assessment the mean value of each parameter per tree was used.

Abiotic factors - Meteorological data was based on that of the Radcliffe station at Oxford. Soil
moisture deficit was calculated by the Meteorological Office, using the MORECS system for
deciduous trees and for soil of medium available water capacity. A highly significant correlation
was found between the calculated values and the percentage soil moisture measured on site at
Wytham Woods by the Environmental Change Network laboratory from July 1993 to December
1996. The cumulative total of the monthly maximum soil moisture deficit (mm) was used as a
measure of the water stress over the given periods. Ozone data, monitored by AEA Technology
about 20 km south of Wytham near Harwell, was provided as the accumulated ozone exposure
above 40 ppb.h (AOT40). To calculate AOT40, the hourly concentrations above 40 ppb are
summed for daylight hours over the period of concern (Fuhrer, Skarby & Ashmore 1997).

Statistical tests - The primary and secondary growth and per cent acute shoots (converted to
arcsine) for the trees in the two compartments showed normal distributions. ANOVA tests
showed highly significant (P<0.001) variation between trees and between years, apart from three
exceptions with 25C data on the border of significance. Paired t tests for primary and secondary
growth, and Chi-squared tests for the number of acute compared with non-acute shoots, were
used to test the statistical significance of differences between specific years. Linear correlation
coefficients were used to test the significance of the relationships between growth and abiotic
factors (Minitab 12.2 computer programme). There was significant correlation between the abiotic
factors and so it was inappropriate to use multiple regression analysis. An exception was for soil
moisture deficit of the same year as the tree response (y) and for the previous year (y-1), since
these showed no significant correlation
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Results
Tree growth patterns

Primary growth. All nine trees of 55C showed a growth reduction from 1988 in the dry years
of 1989 and 1990 (P<0.001; Figure 1). There was gradual recovery to the 1988 level by 1995.
In marked contrast, the nine 25C trees showed little change until 1994 when the growth was
significantly reduced from 1988 (P=0.006). Examination of the responses of individual trees
suggested that this compartment should be separated into four trees (25CI) with some primary
growth reduction in 1989 and 1990 compared to 1987/88, and five trees (25CII) with no
reduction between these years, but some growth reduction in 1994-96 (Figure 1). This division
was justified since there was no correlation between the primary growth of 25CI and 25CII
(R?=0.026).

Secondary growth. Secondary growth was more sensitive to environmental factors than primary.
In the 55C trees, there was incomplete recovery, compared with 1987/88, by 1994, and some
decline in growth in 1995, which had a high soil moisture deficit (Figure 1). 25CI trees also
showed growth reduction in 1989 and in 1990 this was significant, compared with 1988. In
contrast, 25CII trees showed gradual reduction of secondary growth, which became significantly
different from 1988 in 1993, with a further significant reduction in growth in 1994.

Number of subsidiary shoots and percentage acute shoots. In line with the good primary and
secondary shoot growth in 1988 the percentage of acute shoots was lowest in 1988 (Figure 2).
It was found previously that low numbers of acute shoots were associated with young healthy
trees (Stribley 1996). The control tree (RT=0) in each Wytham Wood compartment had low levels
of acute shoots for all years, except with the 25C tree in 1990 where there was a significant
increase compared with 1988 (P<0.01). Thus 1988 was used as the baseline year. All 55C trees
showed a significant increase in the percentage of acute shoots in 1989 or 1990, compared with
1988; there was then a gradual return to a low level in 1994, but an increase occurred again in
1995 (Figure 2). Three trees failed ever to return to the baseline 1988 level, indicating a long term
effect of the stress conditions of 1989/90. The 25CI trees had rather high 1988 per cent acute
shoots and so increases would be less likely to be demonstrated; this was indeed the case (Figure
2). In the 25CII trees, the results were variable, showing some increases from 1988 in the early
drought years and in 1995. The mean value in 1995 was significantly higher than that in 1988 and
in 1994. As the trees grow, there are inevitably more young shoots than older ones. It was
therefore interesting that, in both 25CI and 25CII, there was a reduction in the number of shoots
from 1993 (Figure 2), which reflects the reduced primary and secondary growth from 1993 to
1994 described above.

Correlations between tree growth patterns and abiotic variables

Primary growth. Growth in compartment 55C showed a significant negative correlation with
soil moisture deficit, with the highest correlation coefficient obtained using months January to
September (Table 1). There was no significant effect of the previous year’s soil moisture deficit
in months January to September, but combining soil moisture deficit in y and y-1 in a multiple
regression improved R? to 0.774 (P<0.001). In marked contrast, growth in compartment 25C
overall showed no significant correlation with soil moisture deficit. 25CI trees did show a
correlation with soil moisture deficit in months March to September which was just significant
(P=0.05), but growth in 25CII showed no significant correlation with soil moisture deficit.
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Figure 1. Mean yearly growth of primary and secondary (shaded column) shoots +/-SE in
compartments 55C (n = 9) and 25C, sub-groups 25CI (n = 4) and 25CII (n = 5).

800 -
600 -
400 +

200 222 - 459

No. of shoots

59.9

55C

40.6

500 ¢
400
300 +
200 +
100 -

No. of shoots

25CI

s <O>n
AER] e

46.2

1]

——e

600

400 +

No. of shoots

200 +

o rﬂir}ﬁf

HA

ﬁ‘
|
|

l

38.2
—=£5.9 [‘I—]
0
88 89

90

91

115

92
Figure 2. Mean number of subsidiary shoots and number acute (shaded column) +/-SE in
compartments (see caption of Figure 1). The percentage of acute shoots are shown above the
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93

94

95



Primary growth in compartment 55C showed no significant correlation with the ozone measure
AOT40 (Table 1). In compartment 25C, however, there was a significant negative correlation with
AOT40, calculated for both months March to September and June to September. This was due
to the 25CI trees, as the 25CII trees showed no significant correlation. Thus 25CI trees had
significant negative correlation with AOT40 in months June to September but there was higher
correlation for March to September (R?*=0.798; P=0.001). Testing of residuals from the linear
regression between 25CI primary growth and AOT40 in months March to September against soil
moisture deficit over any period showed very low R* values; in contrast, testing of residuals from
the regression between 25CI primary growth and soil moisture deficit in months January to
September showed a significant correlation with AOT40 in months March to September. Thus,
it appears that high ozone concentrations are associated with reduced primary growth in sub-
group 25CI trees.

Secondary growth Trees in compartment 55C showed a significant correlation between
secondary growth and soil moisture deficit in both months January to September and March to
September (Table 1). Multiple regression with soil moisture deficit for months March to
September in both y and y-1 increased R* to 0.799 (P<0.001). There was no significant
correlation with soil moisture deficit for 25C overall, but secondary growth in 25CI showed a
significant negative correlation with soil moisture deficit in months June to September (R?=0.731;
P=0.002). Compartment 55C had a significant negative correlation between secondary growth and
AOT40 in both months June to September and March to September (Table 1). There was also a
significant negative correlation with growth in 25C, for months June to September; as for primary
growth, this was due to the response of the 25CI trees, which showed significant negative
correlation with AOT40 in months March to September but June to September was highest
(R?*=0.769; P=0.001). However, tests on the residuals both for 55C and 25C showed that, unlike
for primary growth, no significant relationships with soil moisture deficit and AOT40; hence, the
correlations of soil moisture deficit and AOT40 could not be separated.

Percentage of acute shoots The percentage of acute shoots in 55C showed the highest
significant positive correlation with soil moisture deficit in months March to September
(R*=0.749; P=0.005), and multiple regression of soil moisture deficit in y and y-1 significantly
improved the fit (R*=0.914, P<0.001). However, no significant correlation with soil moisture
deficit was found for 25C trees, or for the two sub-groups (Table 1). There was no significant
correlation between AOT40 and the percentage of acute shoots in SSC but for 25CII months June
to September correlation was nearly significant (P=0.057). '

Association of Roloff twig canopy score with percentage of acute shoots

The mean percentage of acute shoots for trees with RT canopy scores of 0 (including a control
tree) or the border of 0-1 were compared with the mean for trees with a RT score of 1 or 10,
for both compartment 55C and 25C. The years chosen were 1988, to represent the background
level, and 1994, which was the year of best recovery for most trees. For comparison with earlier
studies (Stribley 1996), the Wytham Woods tree TA data was put in the 'basic' TA format by
counting all two year shoots produced on the primary shoot for the five years 1990-94. Whichever
year was tested by Chi-squared, the number of acute shoots against non-acute were significantly
different between RT=0/0-->1 and RT=1/1-->0 (P values <0.05 to <0.001).
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Table 1. Linear correlation between tree responses and abiotic criteria

Tree SMD AQOT40
response* months Rsq P value months Rsq P value
55CM1 1-9 0.608 0.008
" 35 0.517 0.019 3-5 0.101
" 6-9 0.043 69 0.147
" 39 0.402 0.049 - 3-9 0205
25CM1 35 0.049 3-5 0.144
" 6-9 0.320 0.088 6-9 0.424 0.041
" 39 0.111 39 0474 0.028
25CIM1 3-5 0.040 3-5 0.379 0.058
" 6-9 0.361 0.066 6-9 0.585 0.010
" 39 0.398 0.050 39 0.798 0.001
25CIIM1 39 0.004 39 0.047
55CM2 1-9 0.593 0.009
" 3-5 0.295 3-5 . 0.087
" 69 0.267 69 0.421 0.043
" 39 0.609 0.008 39 0.416 0.044
25CM2 35 0.191 3-5 0.011
" 6-9 0.301 0.101 6-9 0.450 0.034
" 39 0.033 39 0.323 0.087
25CIM2 3-5 0.033 3-5 0.051
" 69 0.731 0.002 69 0.769 ~ 0.001
" 3-9 0.363 0.065 39 0.620 0.007
25CHM2 6-9 0.092 6-9 0.211
" 3-9 0.004 3-9 0.134
S5CMA 19 0.532 0.040
" 3-5 0.385 0.101 3-5 0.181
" 6-9 0.341 0.128 6-9 0.286
" 39 0.749 0.005 3-9 0.380 0.101
25CMA 35 0.002 35 0.000
" 6-9 0.402 0.092 6-9 0.426 0.079
" 39 0312 0.150 3-9 0210
25CIMA 35 0.129 3.5 0.010
" 6-9 0.070 6-9 0.017
" 3-9 0.192 39 0.002
25CIIMA 3-5 0.019 35 0.009
" 6-9 0.328 0.138 69 0.478 0.057
" 3-9 0.161 39 0.296

*M1, M2, MA - Means primary and secondary growth and per cent acute shoots
from each compartment 55C and 25C (n=9). 25CI(n=4) and 25Cli(n=5) sub

groups of 25C. SMD - summed total of monthly maximum soil moisture deficit

(mm); AOT40 - accumulated ozone total >40 ppb.h. All primary and secondary
correlations were negative and acute shoots were positive.

Discussion

Quantitative twig analysis (TA) demonstrated primary and secondary shoot growth and the total
number of subsidiary shoots were suppressed in drought years, while the percentage of shoots
growing at <40° increased. In the 55C compartment, all these responses were significantly
correlated with soil moisture deficit. Evidence from open-top chamber experiments has
demonstrated that ozone exposure reduced growth of well watered, but not droughted, beech
seedlings (Pearson & Mansfield 1994). The present primary growth results appear to be consistent
with these experimental findings, in that no ozone correlation was found in 55C, where soil
moisture deficit had significant correlation, but was found in 25C, where soil moisture deficit had
much less correlation. Possibly the shallow soil and wide spacing of the 55C trees made them
dmore susceptible to drought than those in 25C which were close together and where the soil was
eeper.
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A series of workshops for the UNECE in Europe, discussed in Fuhrer, Skarby & Ashmore (1997),
have proposed a critical AOT40 level of 10,000 +/- 5,000 ppb.h. This was based on a 10 per cent
biomass reduction of seedlings of beech (which was the most sensitive species) in chamber
experiments. AOT40 calculated over a six months growing period showed values of around
10,000 ppb.h over the period 1989-1995 at Harwell (data not shown). Our data suggest that this
value of the critical level is too high to prevent significant effects on the primary growth of mature
woodland beech but more research is needed to confirm the applicability of this critical level to
mature trees. Recently, Braun, Rihm and Fluckiger (1999) reported from 1992-95 ozone was
negatively correlated with the stem increment of mature beech in Switzerland and proposed a
reduction of the present AOT40 critical level.

The close correlation of percentage of acute shoots in compartment 55C with soil moisture deficit
emphasises changing environmental factors as strongly influencing acute shoot formation rather
than genetics or light exposure. Examination of the beech saplings in the Forestry Commission
open-topped chamber experiment (Durrant ef al. 1992) where ozone pollution was associated
with significantly reduced growth, showed increased percentage of acute shoots in the outside
group (P<0.02) compared to the chamber groups; there was 21 per cent greater number of acute
shoots in the ambient air group compared to the filtered air group although there was variation
between the saplings (Stribley unpublished observations). These results and the 25CII correlation
indicate that ozone could be affecting acute shoot formation but further research is needed to
clarify this.

In previous TA of beech trees of differing ages and sites, there was 88% agreement of the TA-

based categorisation and the canopy RT score assessed before the twigs were obtained. For trees
<70 years old, the percentage of acute shoots was a distinguishing criterion between normal twig
pattern (RT=0) and trees showing early decline, with a RT score of 1 corresponding to >21 per
cent acute shoots. Wytham Wood trees were selected to cover early changes and so most were
on the border between RT score 0 and 1. A decision as to whether the appearance was RT=0-1

or RT=1-0, was difficult, because of variation between branches leading to potential sampling
error. Furthermore, the close proximity of 25C trees meant assessment of RT was through lower
twigs and so underscored. With the more widely spaced trees of 55C, a good view of the top
canopy was possible and all 10 trees RT scores correlated with the 1988 percentage of acute
shoots within the predicted levels described above.  In spite of the difficulties in RT assessment
the increase in acute shoot formation of trees with raised RT scores was significantly different
from low RT scores whether 1988, 1994 or the basic method was used.

Thus, overall the percentage of acute shoots reflected the RT canopy score. The present results
provide validation for the use of the RT winter assessment to monitor changes in the health of
trees in the countryside. Long term monitoring demonstrated that young trees are deteriorating
(Stribley 1999), with RT scores being found which would not be expected until around 140 years
old (Roloff 1985). This is of particular concern and emphasises the importance both of continued
monitoring and further research to understand the causes of the recorded changes in canopy
growth patterns. The TA results support the interpretation that both drought and ozone pollution
may be important causative factors in the long term decline of young woodland trees observed
using Roloff winter twig pattern assessment. The observation that acute shoots are formed in
response to the stress of drought years should provide a valuable tool to examine detailed tree
responses to a changing climate and pollution environment.
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Summary

The summer of 1995 was the second driest and third warmest on record in the Oxford area. Data
from the Environmental Change Network (ECN) monitoring programme at Wytham Woods were
examined to detect impacts of the drought on vegetation, butterflies and ground beetles. Despite
trees losing their leaves early and ground vegetation dying back, no major change in vegetation
composition or tree mortality was found. In contrast grassland monitoring plots saw an increase
in species number as ruderal species colonised gaps which opened up in the sward. Some animal
populations increased in 1995, others decreased. In general terms most beetle species declined
whilst most butterflies increased. There were however exceptions. In particular, speckled wood
butterflies (Parage aegeria) decreased and the beetle Nebria brevicollis increased. The effects
of this drought disappeared within four years, but a series of similar summers would give cause
for concern. Current predictions of climate change suggest that such a sequence of events is
becoming more likely.

Introduction

Monitoring of the natural environment has often been a matter of isolated studies of single aspects
of the environment - one person recording butterflies here, another measuring tree growth there
and some else making measurements of climate 20 miles down the road. Some of these studies
have been very valuable, but the linkages between different aspects of the environment are
important if we are going to fully understand ecological systems. Understanding these linkages
is much easier if the monitoring of different environmental variables is integrated together at the
same sites. This paper describes one approach to integrated monitoring, that of the UK
Environmental Change Network (ECN).

The ECN was set up in 1992 by a consortium of sponsoring organisations (see
acknowledgements). The measurements made within ECN are diverse and span both the physical
and biological aspects of the environment (Table 1). The main theme is to link ecological
variables with those factors that are likely to be driving change in ecosystems, especially climate,
air pollution and land management. The Network is really 2 networks, a freshwater one
composed of lake and river sites and a terrestrial one. There are presently 12 terrestrial sites in
ECN; they are located throughout Great Britain and Northern Ireland and cover a wide variety
of vegetation types and land uses. Not all have woodland, but the sites at North Wyke, Porton,
Wytham, Alice Holt, Rothamsted and Hillsborough do. At Wytham and Alice Holt the woodland
is the main land cover on the site. Further details of ECN can be found on the ECN web site,
http://www.nmw.ac.uk/ecn.
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Table 1. Summary of ECN core measurements

Meteorology

Atmospheric Chemistry (nitrogen dioxide + ammonia)

Surface water flow & chemistry (concentration of major ions).

Soil solution chemistry (concentrations of major ions).

Precipitation chemistry (concentrations of major ions).

Soil characteristics (baseline survey, 5 year and 20 year recording in permanent plots).
Vegetation composition (baseline survey, 3 year and 9 year recording in permanent plots).
Vertebrate populations (birds, rabbits, deer, bats, frogs).

Invertebrate populations (butterflies, moths, ground beetles, spittlebugs, cranefly larvae).

Site Management

This paper focuses on Wytham Woods and looks at how the impacts of an extreme climatic event
- the drought of 1995 showed up across different aspects of the woodland ecosystem. The
summer (June - August) of 1995 was record breaking. It was the driest in the 229 year record
for England and Wales and August 1995 was second warmest month ever in the Central England
Temperature record, which goes back to 1659 (Marsh 1996). A long term monitoring study is
essential to detecting such impacts as we can look at data before, during and after the event and
ideally set it in a context of similar events in the past.

Site Description

Wytham Woods have been owned by Oxford University since 1943 and has been the site of many
pioneering studies, particularly in animal ecology. They cover an area of approximately 400 ha and
include several different woodland types. Approximately one third of the site is ancient woodland,
which was managed as coppice with standards for many hundreds of years and then abandoned
over the course of the twentieth century. The coppice stools are mostly hazel and the standards
mostly oak. Another third of the site was formerly wood pasture, pasture or arable land, but has
naturally regenerated to woodland at various different times from the eighteenth century up to
quite recent times. Ash tends to dominate the older areas of this secondary woodland, sycamore
the more recent. All of these areas are subject to minimum intervention at present and are W8,
Fraxinus - Acer campestre - Mercurialis woodland in the National Vegetation Classification
(NVC) (Rodwell 1991); the ancient areas tending to be W8a the Primula vulgaris - Glechoma
hederacea community and the newer areas W8e, the Geranium robertianum sub- community.
There are also plantations of various species, including beech, oak, larch and Norway spruce. Of
these, beech is the most significant and produces W12 and W14 communities. The vegetation and
stand structure and changes between 1974 and 1991 years have been described by Kirby, Thomas
and Dawkins (1996) and Kirby and Thomas (1999). There are also small areas of semi-natural
grassland and scrub.
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The grasslands include an ex-arable calcareous grassland (MGld, Arrhenatherum elatius
grassland, Pastinaca sativa sub-community), old semi-natural mesotrophic grassland (MG5b
Cynosurus cristatus - Centaurea nigra grassland, Galium verum sub-community) (Rodwell 1992)
and mosaics of old calcareous grassland with scrub. Data on grassland in this paper also include
one plot in intensively managed agricultural grasslands (MG7 Lolium perenne grasslands) on
adjoining farmland, which is also owned by Oxford University.

Methods
Climate

ECN monitoring methodology has been described in detail by Sykes and Lane (1996). A brief
summary of the methods relevant to this paper is given here, together with site specific details and
additional work carried out in 1995 itself.

Climate was monitored with an automatic weather station, which stores data on an hourly basis.
These automatic measurements started in 1992, but we are fortunate in that a very long term
series of climate data have been collected in Oxford itself at the Radcliffe Observatory, just 5 km
from the site. Precipitation records go back to 1767, temperature to 1815.

Trees

42 Permanent plots, 10 m. x 10 m. square, were established to record tree growth in 1993, using
standard ECN methodology. These were selected randomly but based on a grid system which was
already present (Dawkins & Field 1978). Within each plot up to 10 trees were marked and
diameter at breast height (DBH) and height recorded. DBH was intended to be recorded every
3 years so these quadrats were revisited in 1996 one year after the drought and again in 1999 (an
additional survey was carried out on most plots in 1998 also). A total of 288 trees were marked
and recorded.

One of the most obvious impacts of the drought was that many deciduous species lost their leaves
early in 1995. To quantify which species were most affected, a series of transects (total length
approximately 7.5 km) were walked in early September, counting how many individuals of each
species, had suffered total leaf loss (defined as less than an estimated 1% leaves remaining). At
an early stage it became apparent that elder (Sambucus nigra) was particularly affected, but the
defoliation was somewhat patchy. For just elder, the number of bushes which had not suffered
total leaf loss was also counted along the transects and the proportion of defoliated trees
compared with soil type (surveyed for ECN in 1992; Beard 1993).

Ground vegetation

Ground vegetation was recorded, in 10 plots, representing the different main NVC communities
at Wytham, woodland and grassland, in 1994, 1996, 1997, 1998 and 1999. The ECN ‘fine grain'
method was used, this is based around 10m x 10m plots containing 10 randomly distributed,
permanent quadrats of 0.4m x 0.4m. Recording was intended to be repeated every 3 years, but
additional recording was carried out as part of a project to study annual variability in vegetation.
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Figure 1. Mean temperature and total precipitation during summer months (June, July, August)

at Wytham 1993-97

Figure 2. Premature leaf loss in tree species at Wytham. Number of individuals of each species

found on the transect, recorded as showing at lest 99% leaf loss
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Invertebrates

A variety of invertebrate groups were sampled (Table 1); only two are presented here, butterflies
and ground beetles. Both are subject to a detailed monitoring methodology, which allows
comparisons to be made between contrasting species.

Butterflies were recorded each week, from the beginning of April to the end of September, along
a 3.5 km transect, using the method of the ITE Butterfly Monitoring Scheme (BMS, Pollard &
Yates, 1993), which ECN has also adopted. The transect runs along the northern boundary of
Wytham Woods, beside the River Thames and through mixed agricultural land.

Ground beetles (Carabidae) were sampled with pitfall traps, arranged in 3 transects of 10 traps
in contrasting habitats, with traps spaced 10 m apart. The traps are run from the beginning of
May to the end of October and are emptied every two weeks. Data from two woodland transects
are presented here, one in an area of ancient semi-natural woodland, one in an old beech
plantation (approximately 200 years old).

Results

Climate

Figure 1 shows temperature and rainfall in the summer months at Wytham between 1993 and
1997. 1995 clearly stands out, being both warmer and drier than other years. Records from the
Radcliffe meteorological station showed the summer of 1995 to be the third warmest since 1815
and the second driest since 1767. It is reasonable to assume this is the same for Wytham:
comparison of climate data from Wytham and Oxford since 1993, showed that the two data sets
were very similar. The main difference is that Oxford is slightly warmer in winter, because of its
urban location and 100m lower altitude. Localised summer thunderstorms can also produce
surprisingly different precipitation figures for Wytham and Oxford, but this did not happen in
1995. There have been large variations in precipitation in the 1990's. The winter of 1994 - 95
was extremely wet (272 mm, for December, January and February combined and the sixth wettest
onrecord in Oxford) which meant that soils were unusually wet when the summer of 1995 began.
The soil dried out over the course of the summer and remained relatively dry through 1996 and
the first part of 1997 as below average precipitation continued through this period.

Trees and shrubs

The results for leaf loss are shown in Figure 2. The biggest impact was found to be on
understorey shrubs and young trees, particularly elder, as anticipated. The proportion of elder
trees showing total leaf loss ranged from 19% on thin, stony soils (Moreton and Sherborne Series
in the Soil Survey classification for England and Wales) on the higher ground to 58% on deep clay
soils (Denchworth and Evesham series). The greater leaf loss on the deeper soils was surprising
but very significant (P < 0.001; Pearson Chi-square test, Systat 8.0), it may reflect the tendency
for the deep clay soils to shrink and crack severely in dry conditions.

Despite the premature leaf fall in 1995, relatively few trees and shrubs died between 1993 and
1996. All of the monitored trees in the canopy survived; in the understorey, 9 individuals died,
of which 4 were elder. In the subsequent 3 years (1996 - 1999) 7 further trees died, of which one
was elder.
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Ground vegetation

During the summer 1995 itself, substantial die back of the ground vegetation was observed, for
example by the 31 July most of the dog's mercury Mercurialis perrenis had wilted. However, no
change was observed in the species recorded before and after the drought in the permanent plots.
This contrasts with the situation in grassland plots, where the number of species increased after
the drought (Figure 3), as a consequence of ruderal forb species colonising gaps which opened
up as grasses died back. This was particularly a feature of the ex-arable and agricultural
grasslands.

Invertebrates

Most butterfly species had high populations in the summer of 1995. This could be clearly seen
from examining the whole record from 1993 - 1998, but in order to quantify this effect, 1995
numbers were compared with those in 1994 (very similar results are obtained by using mean
numbers for the whole record as a reference rather than 1994 data). More species increased
between 1994 and 1995 than decreased or did not change (Table 2); the meadow brown Maniola
Jjurtina, the most common butterfly on the transect, is a good example (Figure 4). There was also
no crash in numbers in 1996, with most species still more abundant than in 1994. One notable
exception is the distinctive woodland species, the speckled wood, which decreased in 1995, with
low numbers continuing into 1996 (Figure 4).

The ground beetles contrast with the butterflies. In this case more species decreased from 1994
to 1995 than increased (Table 2), and the pattern also continued into 1996. The difference
between butterflies and ground beetles was significant in the 1994 - 1995 comparison (P <0.001;
Pearson Chi-square test, Systat 8.0) but not for 1994 - 1996. There were however some beetle
species which increased in number, including the most numerous species recorded by ECN at
Wytham, Nebria brevicollis.

Table 2. Number of species increasing and decreasing over the periods 1994 - 5 and 1994-6 for
butterflies and carabid beetles

Increase Decrease No change
Butterflies 1994 - 1995 14 5 2
Ground beetles 1994 - 1995 3 13 8
Butterflies 1994 - 1996 11 7 3
Ground beetles 1994 8 11 5
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Discussion

The drought of the summer of 1976 is often regarded as the most severe in recent times and a
number of studies revealed effects which can be compared with the impacts of the 1995 drought
reported here. Long term monitoring of trees at Lady Park Wood on the Wales - England border
showed that a large number of old beech and young birch trees died following the 1976 drought
(Peterken & Jones 1989; Peterken & Mountford 1996), changing the character of parts of the
wood. No comparable effect was seen at Wytham in 1995 or the years following; in fact no death
of marked canopy trees has been seen since the start of the ECN programme. There was death
in the understorey, but it is hard to attribute this to the drought with confidence as higher
mortality would be expected in young trees and we do not have comparable data from the pre-
drought period. It is however interesting that elder was the tree showing both the highest leaf loss
in 1995 and the highest mortality between 1993 and 1996. One crucial difference between the
summers of 1976 and 1995 was that the 1976 summer was preceded by a period of very dry
conditions, whereas the winter of 1994/95 was unusually wet, which ensured soil water content
remained reasonably high at deeper levels.

The increase in ruderal species in grassland has parallels with results from grassland verges at
Bibury, Gloucestershire, which have been monitored since 1958. Dunnett et al. (1998) reported
a dramatic increase in the abundance of cow parsley (Anthriscus sylvestris), a competitive-ruderal
species, in 1977. In both cases the creation of gaps following the die-back of dominant grass
species allowed the opportunity for this to take place. A drought simulation experiment carried
out at Wytham has shown the same processes occurring (Clarke, Masters & Brown, in press).
Because canopy trees generally survived the 1995 drought, there was no equivalent gap creation
in woodland and hence no opportunity for ruderal species to increase. This may be an intrinsic
difference between woodland and grassland, reflecting the higher temperatures in grass swards
than woodland canopies (e.g. Morecroft, Taylor & Oliver 1998). It may also be explained in
terms of a higher proportion of stress tolerant species (Grime 1976) in the woodland:
interestingly, old grasslands with a higher proportion of 'stress tolerators', appeared to be less
affected than more recent grasslands.

The Butterfly Monitoring Scheme only started in 1976, but an analysis for the period 1976 - 1986
showed that most species tended to increase during hot, dry, summers although a few species,
including the speckled wood decreased (Pollard 1988). As at Wytham, national BMS data
showed that most species increased from 1994 to 1995, with the few decreasing ones, again
including the speckled wood (Pollard & Greatorex-Davies 1995). Most butterflies tend to be
found in open areas and are adapted to relatively high temperatures and dry conditions; the adults
in particular need dry, warm conditions to fly. Butterflies can, as a group, be regarded as pre-
adapted to hot, dry summers (in a British context); the speckled wood is an exception, being one
of relatively few species adapted to the damp shady conditions under woodland canopies. In
contrast most ground beetles and their larvae are found in the relatively cool, damp conditions of
the litter layer on the soil surface and are not adapted to surviving drought. This is especially true
in woodlands where warm, dry conditions in the litter layer are extremely rare.

The results presented here are only a small subset of all ECN data. Another interesting aspect is
the impact on stream nitrate concentrations (Morecroft et al. in press). Nitrate concentrations in
streams draining both woodland and agricultural land at Wytham showed an increase following
the summer of 1995, which persisted until the winter of 1997/98 when soil water contents finally
recovered to pre-drought levels. This is partly because of a concentrating effect of reduced water
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flow in streams and partly because of enhanced mineralisation and nitrification rates in the soil,
which may, in turn result from changes in the chemical composition of litter.

Overall the summer of 1995 did not substantially alter the character of Wytham Woods and
woodland vegetation appears to have been particularly resilient. There were important effects on
some particular species and ecosystem processes, but recovery seems to be complete as I write
in 1999. Current predictions suggest that climate change will lead to increased temperatures and
drier summers in the South East of Britain (Hulme & Jenkins 1998). The big question, is what
happens if we have a series of dry summers? If we reach the point at which canopy trees start to
die, much larger changes than those recorded here could ensue. After seven years, ECN is
relatively young for a long-term monitoring scheme. This has however proved long enough to
characterise the impacts of the 1995 summer drought with reference to pre-drought conditions
and to assess recovery in the following years. This work has however been made much more
meaningful by the availability of longer term data, from other sources. This is especially true of
meteorological recording, without which it would not have been possible to recognise the degree
to which 1995 was an exceptional year in the first place. The long tradition of monitoring the
weather in a scientific way, should be an inspiration for ecologists and foresters as we endeavour
to establish and maintain long term studies. In a changing climate these studies will be
increasingly important if management decisions are to be made on a sound basis.
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