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Monitoring of Forest Condition in
Great Britan — 1989

Summary

The results of the 1989 forest condition monitoring programme are presented. A
total of 7436 trees were assessed, with the species being restricted to Sitka
spruce (Picea sitchensis), Norway spruce (P. abies), Scots pine (Pinus sylvestris),
oak (Quercus spp.) and beech (Fagus sylvatica).

Crown condition is now assessed on the basis of a variety of indices rather
than crown density alone. This enables a full evaluation of the health of
individual trees to be made. However, as many of the indices have not been
assessed previously, it is not possible to determine whether the figures depict a
departure from the normal pattern of tree health that might be expected in
pristine environmental conditions.

The crown densities of all species showed an overall improvement, although
some individual Sitka spruce deteriorated as a result of defoliation by the green
spruce aphid (Elatobium abietinum). The improvement in the condition of trees
within forests contrasted with many open-grown trees which suffered from
drought stress during the summer of 1989. The improvement can be attributed
to the recovery of many trees following damage by the October 1987 storm, an
absence of winter damage in 1988-1989 and the benefits brought about by the
mild, wet conditions of the summer of 1988.

The severe infestations by E. abietinum had a significant impact on some of
the indices collected for Sitka spruce (e.g. needle retention). In many trees, the
crown length has been reduced as a result of the complete defoliation of lower
branches. The effects were less marked in Norway spruce. High levels of foliar
damage by insects were noted in both oak and beech.

The type of defoliation found in the two spruce species differs markedly from
the type of defoliation reported from areas in central Europe suffering from the
typical form of ‘forest decline’. In spruce in Britain, defoliation usually takes the
form of a relatively uniform loss of needles throughout the crown. Where severe
aphid infestations have occurred, thinning may occur from the base of the crown
upwards. Thinning of the upper crown, which is the prevalent form of thinning
in central Europe, was present in less than 5% of the trees.

Crown dieback was widely reported in oak (40% of trees) and beech (21% of
trees), although in most cases it was restricted to the death of relatively thin
branches and involved only a small proportion of the upper crown. Death of
relatively large branches was rare, being reported more frequently in oak than
in beech.



Needle retention in Sitka spruce was markedly affected by aphid infestations
and 4% of the trees that were assessed had only 1 or 2 years’ needles present.
Conversely, needle retention in both Norway spruce and Scots pine increased.

Discoloration of foliage was rare. The two spruce species showed rather less
discoloration than in 1988 whereas there was an increase in the amount of
yellowing of older needles of Scots pine. There was a marked reduction in the
amount of yellowing in beech.

Leaf-rolling was present in the crowns of half of the beech trees that were
assessed. In half of the affected trees, rolling was restricted to leaves in the
upper crown and in most cases, the degree of rolling was fairly light.

The patterns of crown condition seen in 1987 and 1988 were repeated in
1989, with many trees appearing worse towards the north of the country. This is
consistent with the general belief that climate and site quality play an
important part in determining crown condition. There are exceptions to these
general trends which can usually be related to site-specific factors.

Further analyses will be undertaken on the data as soon as information on
the pollution levels in 1989 become available.



Contréle de la Condition des Foréts dans
La Grande-Bretagne — 1989

Résumé

On présente les résultats du programme 1989 sur le contréle de la condition des
foréts. On a évalué 7436 des arbres, a savoir I'épicéa Sitka (Picea sitchensis),
Pépicéa commun (Picea abies), le pin sylvestre (Pinus sylvestris), le chéne
(Quercus spp.), et le hétre (Fagus sylvatica).

A Theure actuelle on évalue la condition des couronnes grice & une série
d’'indices plutdt que grace a la densité des couronnes seulement. Ces indices
permettent une évaluation compléte de la santé des arbres individuels.
Cependant, parce qu'on n’a pas évalué auparavant un grand nombre d’indices, il
n’est pas possible de déterminer si ces chiffres décrivent vraiment une déviation
de la santé habituelle des arbres qu’on peut attendre dans des conditions
primaires d’environnement.

Les densités des couronnes chez toutes les essences ont prouvé une
amélioration générale, bien que quelques épicéa Sitka individuels se sont
détériorés a cause de la défoliation par les aphides (Elatobium abietinum).
L’amélioration de la condition des arbres dans les foréts a contrasté avec
beaucoup d’arbres en rase campagne qui souffrirent de la sécheresse pendant
I'été 1989. On peut attribuer 'amélioration a la guérison de beaucoup d’arbres
apres les dégats de l'orage en Octobre 1987, a I'absence des dégits pendant
I'hiver 1988-1989, et aux avantages de conditions douces et humides pendant
Fété 1988.

Les infestations importantes de 'Elatobium abietinum ont exercé une grande
influence sur quelques-uns des indices concernant 'épicéa Sitka (par exemple le
rétention des aiguilles). Dans beaucoup des arbres, la longueur de la couronne se
trouve réduite par suite de la défoliation compléte des branches inférieures. Les
effets étaient moins marqués chez I’épicéa commun. On a remarqué des dégits
importants sur le feuillage chez le chéne et le hétre a cause des insectes.

Le type de defoliation que l'on retrouve chez les deux essences d’épicéa differe
d’'une fagon marquée du type de défoliation que l'on trouve en Europe centrale
ou les foréts souffrent de la forme typique du déclin des foréts. Chez I'épicéa
dans La Bretagne la défoliation se manifeste d’habitude par la perte
relativement uniforme des aiguilles sur toute la couronne. La ou des infestations
importantes d’aphides se sont produites, 'effeuillage peut se développer a partir
la base de la couronne. L'effeuillage de la couronne supérieure (principale sorte
d’effeuillage en Europe centrale) se retrouvait dans moins de 5% des arbres.

On a signalé trés souvent le dépérissement des couronnes chez le chéne (40%
des arbres) et chez le hétre (21%), bien qu'il se soit limité le plus souvent a la



mort des branches relativement minces et ait affecté seulement une faible
proportion de la couronne supérieure. La mort des branches relativement
grandes était rare, et ayant été observé plus souvent chez le chéne que le hétre.

La rétention des aiguilles chez I'épicéa Sitka était grandement affecté par des
infestations d’aphides, et 4% des arbres observés avaient seulement des aiguilles
d’1 an ou 2. Au contraire, la rétention des aiguilles chez 1’épicéa commun et le
pin sylvestre s’améliorait.

La décoloration du feuillage était rare. Les deux essences d’épicéa ont montré
plutdt moins de décoloration qu'en 1988, tandis qu’il y avait une augmentation
dans le jaunissement des aiguilles plus dgées du pin sylvestre. Il y avait une
réduction importante dans le jaunissement chez le hétre.

Le roulement des feuilles était observable dans les couronnes de 50% des
hétres. Dans la moitié du nombres des arbres affectés, le roulement des feuilles
se limitait aux feuilles dans la couronne supérieure, et dans la plupart le dégré
du roulement était assez faible.

Les distributions de la condition des couronnes observées en 1987 et 1988 se
repétérent en 1989, avec beaucoup d’arbres dans un état pire vers le nord du
pays. Ce fait se conforme a I'avis général que le climat et la qualité de la station
sont d’'une grande importance dans la détérmination de la condition des
couronnes. I1 y a des exceptions a ces tendances générales qui d'habitude sont en
rapport avec les facteurs spécifiques des stations.

On fera d’autres analyses sur les données aussitt que les informations sur
les niveaux de pollution de 1989 seront disponibles.



Uberpriifung des Waldzustandes in
Crossbritannien — 1989

Zusammenfassung

Die Ergebnisse des Programms fiir die Erfassung des Waldzustandes 1989
werden vorgestellt. Insgesamt wurden 7436 Biume erfasst ndmlich Sitkafichte
(Picea sitchensis), Fichte (Picea abies), Kiefer (Pinus sylvestris), Eiche (Quercus
spp.), und Rotbuche (Fagus sylvatica).

Der Kronenzustand wird jetzt nicht alleine auf der Kronendichte sondern auf
einer Reihe verschiedener Kennziffern eingeschiatzt. Dadurch wird eine
ausfiihrliche Beurteilung der Gesundheit einzelner Biaume ermdéglicht. Da viele
dieser Kennziffern nie vorher eingeschitzt worden sind, ist es jedoch nicht
moglich zu bestimmen, ob diese Daten eigentlich eine Abweichung von dem
normalen, in ehemaligen Umweltbedingungen erwarteten, Gesundheitszustand
darstellen.

Die Kronendichte aller Baumarten erwies eine allgemeine Verbesserung,
obgleich einige einzelne Sitkafichten als Folge der Frasstitigkeit des
Fichtennadellauses (Elatobium abietinum) schlechter geworden sind. Die
Verbesserung des Zustandes der Baume im Wald steht im Gegensatz zu vielen
alleinstehend gewachsenen Biumen, die durch Diirrebelastung wihrend des
Sommers 1989 gelitten haben. Diese Verbesserung ist zur Erholung von vielen
Biumen nach den Sturmschiden im Oktober 1987, zur Abwesenheit von
Winterschiden in 1988-1989, und zu den vorteilhaften milden nassen Wetter-
bedingungen im Sommer 1988 zuriickzufiihren.

Die starke Vermehrung von E. abietinum hat einige Kennziffern fiir
Sitkafichte (z.B. Nadelbehaltung) schwerwiegend beeinflusst. In vielen Bdumen
ist die Kronenlinge durch den Kahlfrass der unteren Zweige reduziert worden.
Bei der Fichte war dieser Einfluss weniger auffallend. Schwere Blattschaden
durch Insekten wurden bei Eiche und Rotbuche bemerkt.

Die Entblitterung bei den beiden Fichtenarten ist deutlich anders als die
typische Form von Waldschiden, die in Mitteleuropa beobachtet wird. Bei den
Fichten in Grossbritannien lasst sich die Entblatterung gewishnlich als durch
die ganze Krone verhiltnismissig einheitlichen Nadelverlust erkennen. Wo
schwere Nadellausvermehrungen vorgekommen sind, kann die Verdiinnung von
der Kronenbasis aufwirts gehen. Die Verdiinnung der Oberkrone, die die
Hauptverdiinnungsform in Mitteleuropa ist, war bei weniger als 5% der Bidume
zu beobachten.

Kronenabsterben wurde sehr oft bei der Eiche (40% der Baume) und bei der
Buche (21%) berichtet, umfasst aber meistens nur relativ kleine Zweige und nur
einen kleinen Anteil der Oberkrone. Das Absterben von verhiltnismissig



grosseren Zweigen war selten, und wurde éfter bei der Eiche als bei der Buche
beobachtet. Die Nadelbehaltung bei Sitkafichte wurde stark von
Nadellausvermehrungen beeinflusst, und bei 4% der erfassten Baume waren
nur noch 1- oder 2-jihrige Nadeln vorhanden. Im Gegensatz dazu hat die
Nadelbehaltung bei der Fichte und bei der Kiefer zugenommen.

Blattverfarbung war nur selten zu beobachten. Die beiden Fichtenarten
zeigten etwas weniger Verfarbung als in 1988, aber die Vergelbung der élteren
Nadeln bei der Kiefer hat zugenommen. Die Blattvergelbung bei der Buche war
deutlich geringer.

Blattrollen wurde in den Kronen bei 50% der Buchen bemerkt. Bei der Halfte
der befallenen Bidume war das Rollen auf Blitter in der Oberkrone beschrinkt,
und meistens war der Rollengrad ziemlich leicht.

Die Verbreitungsbilder des Kronenzustandes in den Jahren 1987 und 1988
wurden im Jahre 1989 wiederholt, wobei anscheinend viele Bidume nach Norden
schlechter wurden. Dies steht im Einklang mit der allgemeinen Meinung, dass
Klima und Standort eine wichtige Rolle in der Bestimmung des
Kronenzustandes spielen. Es gibt zwar Ausnahmen zu diesen allgemeinen
Tendenzen, die aber meistens in Beziehung zu standortsbedingten Faktoren
stehen.

Weitere Analysen der Daten werden gemacht, sobald Erkenntnisse auf
Emissionsbelastungen von 1989 zur Verfiigung stehen.



Monitoring of Forest Condition

In Great Britain — 1989

eJ. L. Innes and R. C. Boswell, Forestry Commission

Introduction

The Forestry Commission started monitoring
the condition of forests in 1984. Since then, re-
ports have been produced each year (Binns et
al., 1985, 1986; Innes et al.,1986; Innes and
Boswell, 1987, 1988, 1989). Major improve-
ments have been made to the programme over
the last 6 years and the changes reflect our
greatly increased understanding of the nature
of forest decline. However, the changes in
methodology mean that data collected since
1987 cannot be compared with data collected in
the period 1984-1986. Data collected over the
last 3 years are internally consistent.

The monitoring programme is sufficiently
flexible to be able to incorporate new method-
ological developments and the literature related
to the assessment of forest condition continues
to be evaluated. Major advances have occurred
over the past 2 years and it has been possible to
introduce many new techniques into our annual
monitoring of tree condition. These new tech-
niques enable more precise assessments of for-
est condition to be made. There have also been
alterations enforced by European Community
legislation and these have been incorporated
into the 1989 assessments. The changes are de-
tailed below.

In this report, the results of the main moni-
toring programme are presented. A second pro-
gramme is conducted in Britain on behalf of the
European Community and the Economic
Commission for Europe of the United Nations.
This is much smaller than the main programme
and involves less detailed assessments of the
trees. As the results are published separately by
both bodies (e.g. United Nations Economic

Council for Europe, 1988; Commission of the
European Communities, 1989), they have not
been included in this report.

Distribution of plots

Very few changes were made to the distribution
of plots in 1989. Six plots were lost as a result of
windblow or felling operations. Seven new plots
were established, mainly in areas where the
coverage was poor in 1988 (e.g. Charnwood and
Epping Forests). As a result, in 1989 there were
63 Sitka spruce plots, 77 Norway spruce plots,
81 Scots pine plots, 53 oak plots and 36 beech
plots. The plot distributions for each species are
presented in Figure 1.

Assessment procedures

The biggest change to the assessment proce-
dures occurred as a result of recommendations
by the International Co-operative Programme
on Assessment and Monitoring of Air Pollution
Effects on Forests which were subsequently en-
forced by legislation within the European
Community (Council Regulation (EEC) No.
2995/89 of 4 October 1989). In 1987 and 1988,
trees were assessed in 10% crown density
classes, with class zero being 0—~10% loss of den-
sity, class 1 being 11-20% loss of density and so
on. In 1989, 5% classes were introduced for the
assessment of the crown density of trees; these
were adopted for both of the Forestry Commis-
sion monitoring programmes to ensure consis-
tency between the two.

In addition to the above, a number of the
other indices were modified and some new in-
dices were introduced. A complete list of the in-
dices assessed in 1989 is given in Table 1. The



Table 1. Assessments made of each tree in the main survey. (SS: Sitka spruce; NS: Norway spruce; SP: Scots

pine; OK: oak; BE: beech.)

Height (all). Measured every 5 years.

Diameter at breast height (all). This, and all subsequent assessments, are made annually.

Dominance (all).

Crowding (all). A measure of the degree of canopy closure around the tree.

Crown form (all). The type of crown. A variety of different forms are recognised for each species.

Crown density (all). A measure of the amount of foliage in the crown.

Defoliation type (SS, NS, SP). The pattern of needle loss within the crown.

Branch density (SS, NS, SP). A measure of the extent to which the crown density is influenced by the growth rate of the tree.

Number of needle-years present (SS, NS, SP).
Extent of shoot death in the crown (SS, NS, SP).
Location of shoot death in the crown (SS, NS, SP).

Dieback type (OK, BE). A measure of the severity of dieback within the crown.

Dieback location (OK, BE). The location of dieback within the crown.

Percentage of crown affected by dieback (OK, BE). The contribution of dieback to the crown density score.
Recent shoot growth (OK, BE). A measure of the state of degeneration of the crown.

Leader condition (SS, NS, SP).

Abundance of secondary shoots within the crown (SS, NS).
Location of secondary shoots on individual branches (SS, NS).
Number of stem epicormics (OK).

Number of branch epicormics (OK).

Extent of male flowering (SP).

Fruiting extent (all).

Number of green leaves on ground under tree (BE).

Leaf size (BE).

Degree of leaf-rolling in crown (BE).

Frequency of rolled leaves in crown (BE).

Overall discoloration of foliage (all).

Extent of browning of current year needles (SS, NS, SP).
Extent of yellowing of current year needles (SS, NS, SP).

Type of yellowing of current year needles (SS, NS, SP). Various forms are recognised.

Extent of browning of older needles (SS, NS, SP).
Extent of yellowing of older needles (SS, NS, SP).
Type of yellowing of older needles (SS, NS, SP).
Extent of browning of leaves (OK, BE).

Extent of yellowing of leaves (OK, BE).

Type of yellowing of leaves (OK, BE).

Extent of mechanical damage to crown (all).

Type of mechanical damage to crown (all).

Extent of butt damage (all).

Type of butt damage (all).

Extent of stem damage (all).

Type of stem damage (all).

Extent of fungal damage to foliage (all).

Extent of insect damage to foliage (all).

assessments are based on work by Alexander
and Carlson (1988), Lesinski and Landmann
(1988), Lesinski and Westman (1987), Gruber
(1989), Niehaus (1989), Roloff (1989), Westman
(1989) and Westman and Lesinski (1986).

All plots were assessed between 17 July and
1 September 1989,

2

Quality assurance

Quality assurance is a crucial aspect of any
long-term monitoring programme (Cline et al.,
1989) and considerable emphasis has been
placed on it in the British programme. Two as-
pects are now described: the reliability of the ob-
servations and the data completeness.



a. Sitka spruce

Figure 1. Location of
plots used in the programme d. Oak

Reliability of observations

All observers attended a week-long training
course. Three observers were new to the survey
in 1989, but they were always accompanied by
an observer with at least 2 years’ previous ex-
perience. Each survey team was visited in its

c. Scots pine

e. Beech

respective field area by a control team and its
performance in relation to the other teams was
determined. In addition, survey teams were en-
couraged to overlap with teams in adjacent
areas, thereby improving observer standardisa-
tion.



Seven per cent of the stands were assessed
by the control team. This is less than in 1988,
when 13% of the stands were checked, and is
close to the minimum (5%) indicated in the
European Community legislation relating to in-
ventories of forest condition. The lower figure
was due to the increased time required to assess
the extra indices in the main programme plots.

The accuracy of the assessments made by the
individual teams varied. For Scots pine and
beech, the majority (95%) of crown density as-
sessments fell within +12% of those made by
the control team. The figures for Sitka spruce,
Norway spruce and oak were +13%, +14% and
+17%, respectively. The values for oak indicate
that the accuracy of the observations has deteri-
orated since 1988. There was also evidence of
some systematic bias within the results: only
Scots pine was free of it. Individual teams were
generally overestimating crown density, with
Norway spruce being the most affected. The
greatest errors occurred in the middle of the
range, a tendency also identified by Belanger
and Anderson (1988).

Although the results of the observer tests
compare favourably with those from other coun-
tries (Schlaepfer et al., 1985; Schépfer, 1985;
Lick and Krapfenbauer, 1986; Neumann and
Stowasser, 1986; Higi, 1989; Mahrer, 1989), the
deterioration in the quality of the results is
worrying. Every attempt will be made to re-
verse this trend before it begins to seriously af-
fect the results.

Data completeness

In all cases, there was a high level of complete-
ness within the data set. The only major gap is
the absence of information about the soils of the
sites established in 1988 and 1989.

Results

Crown density

Data for crown density are presented in Table 2.
Five per cent categories of crown foliage density
have been used. In all cases, the distributions
are highly skewed (Figure 2). No attempt has
been made to derive area-related figures because

4

Table 2. The percentage of trees of each species in
each crown foliage density category. A score of zero
indicates no loss of density. A score of five represents
5% loss in crown density and so on. Sample sizes are
given at the bottom of the table.

Sitka Norway Scots

Class spruce spruce  pine Oak Beech

0 34 8.4 23 14 3.2

5 45 10.2 48 2.7 79
10 7.9 13.5 10.8 78 10.9
15 11.2 145 16.3 10.5 15.6
20 13.2 15.7 18.7 14.6 16.0
25 11.8 101 12.7 141 14.8
30 11.8 9.1 10.9 139 12.5
35 9.2 6.4 7.6 134 8.9
40 9.1 45 5.2 8.0 54
45 42 24 34 5.1 22
50 37 21 1.8 3.1 1.3
55 21 0.8 1.0 1.6 0.5
60 23 0.9 1.4 1.7 0.6
65 1.3 05 0.6 08 0.1
70 1.2 0.2 0.5 0.6 0
75 0.9 02 04 0.2 0
80 0.9 02 0.5 0.2 0
85 0.7 0.1 0.2 0.2 0
90 04 0.1 0.2 0.1 0
95 0.2 0 0.2 0 0
Dead 0 0.1 0.5 0 0.1
Sample

size 1512 1848 1940 1272 864

of the inaccuracy of such estimates (Neumann,
1989a); the figures are representative only of
the population that has been sampled.

Norway spruce had the most trees in the low-
est (densest) three categories. All species had a
modal class of 20% loss of foliage. Oak had a
greater proportion of trees in the 30% and 35%
classes than any of the other species. In the ab-
sence of any information about the crown den-
sity distributions in unpolluted environments, it
is impossible to make any statement as to the
significance of the data given in Table 2.
However, trees with less than 20-25% needle
loss are not normally considered to be damaged
(Bengtsson, 1985; Kauppi, 1988; Jukola-
Sulonen et al., 1987) and there is evidence that,
in certain situations, foliage loss of up to 40%
may occur without any impact on annual incre-
ment (Becker, 1987a). The presence of a propor-
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Figure 2. Distributions of crown density scores for
each species.

tion of trees with thin crowns does not necessar-
ily indicate a problem as crown density is not a
good indication of tree vigour (Bauch et al.,
1985; Westman and Lesinski, 1985; Innes and
Cook, 1989; Mahrer, 1989; Schmid-Haas, 1989;
Rehfuess, 1989) but, if used in conjunction with
other indices of crown condition, it may be use-
ful (Anderson and Belanger, 1987).

In the past, it has been suggested that one of
the reasons that conifers in Britain have thin
crowns is that they are growing rapidly, which
results in the branches being widely separated.
In 1989, branch density was noted and, for all
three species, there is a clear trend for decreas-
ing crown density with decreasing branch density
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Figure 3. Relationship between crown density and
crown branching score. High scores for branch
density indicate widely spaced branches.

(Figure 3). However, while it appears that
branch density has an important impact on the
assessment of the crown density at the lower
end of the scale (i.e. the densest trees), branch-
ing density cannot be used to explain the condi-
tion of all trees, as thin-crowned trees occurred
regardless of branching density.



Table 3. Comparison of tree crown density resuilts for the period 1987—-1989. The data for 1989 have been adjusted
to take into account the change in measurement classes and are therefore not comparable with data in Table 2. As
in 1987 and 1988, 10% categories have been used. Class 0 represents 0—10% reduction in density, class 1 represents
11-20% reduction, class 2 represents 21-30% reduction and so on. The numbers of trees compared within each

species are given.

Crown density class

0 1 2 3 4 5 6 7 8 9

Sitka spruce 1989 13 22 24 19 10 5 3 2 2 0
n=1223 1968 8 22 26 23 14 6 1 0 0 0
1987 14 23 25 19 12 5 2 0 0 0

Norway spruce 1989 27 28 22 14 6 2 1 0 0 0
n= 1512 19688 21 27 24 16 7 4 1 0 0 0
19687 21 24 24 15 9 4 2 1 0 0

Scots pine 1989 13 31 27 15 6 3 2 1 1 1
n = 1459 1968 8 23 32 20 9 4 1 1 1 1
1987 19 23 25 18 8 3 1 1 1 1

Oak 1989 7 22 31 26 10 3 1 0 0 0
n = 695 1968 4 16 29 27 14 6 2 1 1 0
1987 9 15 21 29 15 6 4 1 0 0

Beech 1989 19 31 29 16 4 1 0 0 0 0
n = 672 1968 9 24 33 22 9 2 1 0 0 0
1987 8 22 26 28 12 3 1 0 0 0]

The dominance of individual trees and the
degree of canopy closure in their immediate
vicinity were also recorded. No evidence of a
link between crown density and tree dominance
was identified (Figure 4), contrasting with the
situation in West Germany (Krause et al., 1983,
Prinz and Krause, 1989). This may be because
the trees sampled in the British programme are
all from even-aged plantations, with the result
that the differences in height between dominant
and co-dominant trees are relatively small.
Young stands of Norway spruce in West
Germany do not always show a relationship be-
tween social class and damage (Weber and
Huber, 1988), suggesting that the relationship
between social class and damage may be depen-
dent on factors such as stand age and
silvicultural practices.

The degree of canopy closure appeared to
have a relationship with crown density in sev-
eral of the species (Figure 5). In Sitka spruce, a
higher proportion of thin-crowned trees were
present in the more open stands, and this trend
was also apparent for Norway spruce. Similar
results have been obtained for Norway spruce

in West Germany (Denstorf et al., 1984; Levin,
1985), Switzerland (Keller and Imhof, 1987) and
Austria (Neumann, 1989b). Neither Scots pine
nor oak showed any relationship between crown
density and canopy closure. The most obvious
trend occurred in beech; trees within relatively
open canopies had significantly thinner crowns
than trees within closed canopies, as has also
been found in some stands in Switzerland
(Keller and Imhof, 1987).

The changes in crown density from year to
year are of particular interest. As some of the
trees sampled over the 3 years have changed,
the overall totals for each year are not directly
comparable. However, valid comparisons are
possible if those trees assessed in all 3 years are
included, although this reduces the total num-
ber of trees assessed by about 25% on average.
The change to 5% classes adds a further compli-
cation to the comparisons. However, it is pos-
sible to aggregate the 5% classes and to adjust
the figures to take into account the slightly dif-
ferent class intervals (Table 3).

The crown densities of Norway spruce, oak
and beech have increased since 1987 whereas

7
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Figure 4. Relationship between crown density and
tree social class. A social class of 1 indicates a
dominant tree, 2 a sub-dominant and 3 a canopy-
level tree.

Scots pine and Sitka spruce have shown little
change over the period. Between 1988 and 1989,
there was a clear increase in the crown densi-
ties of Norway spruce, Scots pine, oak and beech
(Figure 6). Many Sitka spruce also improved,
but there has been a concurrent increase in the
proportion of trees with more than 50% defolia-
tion. The proportion of severely defoliated
Norway spruce, Scots pine and oak did not
change between 1988 and 1989.

Crown form and defoliation type

There has been considerable criticism of the use
of crown density as an index of tree condition
and a variety of other indices exist. Crown form
(Westman and Lesinski, 1986; Westman, 1989)
is one such measure and, together with defolia-
tion type, was assessed for conifers in 1989.

In both Sitka and Norway spruce, the most
common crown form was a mixture of the

Table 4. Branch pattern in spruce and crown form in
Scots pine. In spruce, 1: comb; 2: brush or plate; 3:
hanging brush; 4: mixture. In pine, 1 to 6: progressive
flattening of the crown from vigorous apical growth (1) to
flat platform (6); 7: other.

Branch pattern

1 2 3 4
Sitka spruce (%) 1 82 10 7
Norway spruce (%) 1 73 12 14
Scots pine crown form
1 2 3 4 5 6
% trees 79 14 5 1 1 0

brush/plate type (Table 4). This type is charac-
terised by side shoots from main branches being
orientated horizontally or slightly upwards.
True comb-type trees, with pendulent side
shoots, were relatively rare (1% for both
species), but about 10% of trees of both species
were classified as ‘hanging brush’, an intermedi-
ate stage between brush-type and comb-type. It
is not clear whether trees in this category repre-
sent a genetically intermediate stage or
whether they predominantly consist of
brush-type trees with branches that have
drooped as a result of some external factor. In
both species, a number of trees showed more
than one type of branching habit within the
crown.

Crown form in Scots pine was classified ac-
cording to the degree of apical dominance
(Niehaus, 1989). The majority of trees had vig-
orous apical growth (Table 4), with complete
loss of apical dominance being present in a very
small number (8, i.e. 0.4%) of trees. This may be
a reflection of the relatively young age range of
the sample (the oldest stand was planted in
1900).

Defoliation types were assessed for both the
spruce species and for Scots pine (Table 5). The
most common type of spruce defoliation was
uniform loss of needles, with thinning being ap-
parent all over the crown. Thinning from the
base upwards was also important. In Sitka
spruce, needle loss at the base of the crown was
particularly associated with defoliation by the

9



Table 5. (a) Defoliation types of spruce, 1989. 0: no
obvious defoliation; 1: small window in upper crown; 2:
large window in crown; 3: top-dying; 4: uniform loss of
needles/branches; 5: peripheral loss; 6: bottom upwards;
7: other. (Figures given are percentages.)

Defoliation type
0 1 2 3 4 5 6 7

Sitka spruce 28 4 3 0 47 0 15 3
Norway spruce 45 3 4 1 33 1 12 1

(b) Percentages of Scots pine with different defoliation
types. 0: no obvious defoliation; 1: lower part thinner than
upper; 2: greatest defoliation at the ends of branches; 3:
gap-like; 4: whole crown thin; 5: whole crown thin, but
some branches with full needle complements; 6: upper
part dead or much thinner than lower part; 7: other.

Defoliation type

0 1 2 3 4 5 6 7

Percentage 36 10 O 6 39 3 4 2

green spruce aphid Elatobium abietinum
Walker (Hemiptera); the cause in Norway
spruce was less apparent, but may also be re-
lated to infestation by E. abietinum. The most
common type of defoliation in Scots pine also in-
volved the uniform loss of needles over the
whole crown, with other types of defoliation
being relatively rare.

These results contrast markedly with those
from continental Europe, where the decline of
Norway spruce is normally associated with the
development of windows in the upper crown
(sometimes referred to as sub-top dying, type 1
in Table 5) (Schroter and Aldinger, 1985;
Westman and Lesinski, 1986; Gruber, 1988a).
The differences in the results suggest that dif-
ferent factors may be causing crown thinning in
Britain and central Europe.

Crown form was also assessed for broad-
leaves. In 1987, an attempt was made to use the
assessment system of Roloff (1985a, 1985b) to
categorise the crown form of beech. This failed,
largely as a result of inconsistencies in the as-
sessments made by different observers. Some
developments in technique have occurred since
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Figure 5. Relationship between crown density and
the degree of crowding of a tree. High crowding
scores indicate a closed canopy.

then (see, for example, Dobler et al., 1988; Roloff
1989) and in 1989 an attempt was made to rein-
troduce the assessments. However, lack of con-
sistency between observers again means that
the results for 1989 must be discounted. There
is also some uncertainty surrounding the signif-
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icance of the Roloff scoring system; it appears
that a proportion of the variation is genetically
controlled, rather than being a response to
stress (Thiebaut, 1988). In addition, the scores
sometimes bear little relationship to crown den-
sity (Athari and Kramer, 1989; Ling et al., 1989)
and are consequently difficult to interpret.

One of the problems encountered with beech
in both 1987 and 1989 was that many trees do
not readily fall into one of Roloff’s categories.
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The more detailed crown classification system of
Westman (1989) largely resolves this problem.
Westman’s system was included in 1989 follow-
ing detailed discussions with its designer. Seven
main categories were recognised (Table 6) and
these fall roughly into a linear system with the
healthiest trees in class 0 and the least healthy
ones in class 6. The majority (60% of oak and
52% of beech) were in classes 2 and 3, repre-
senting either small gaps in the foliage or gaps
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Table 6. Percentages of broadleaves in specific
crown pattern categories.

0: 0-15% loss of density;

1: no clear pattemn;

2: whole or part of crown transparent due to
small gaps in the foliage;

3: gaps in the lateral branch system;

4: main branches bare almost to or including tips;
5: dominantly large gaps with leaves grouped at
branch tips and possibly small groups on the branches;
6: whole or part of crown without leaves;

7. other.

Type

0 1 2 3 4 5 6 7
Oak 21 5 36 24 8 4 0 2
Beech 38 5 33 19 3 1 1 0
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in the lateral branch system. Using this classifi-
cation, beech was in better condition than oak, a
conclusion confirmed by a number of other in-
dices recorded in 1989.

The interpretation of these figures is difficult
as there is nothing against which they can be
compared. Wind may be involved in some of the
higher scores, but the beech lacking leaves over
all or part of the crown were all classed as being
without mechanical damage; wind damage was
mainly associated with trees with small- or
medium-sized gaps in the crown. Similarly,
wind damage was only noted on 18% of the oak
in crown form classes 4 — 6 and the proportion
of wind-damaged trees was even less in classes
2 and 3. There are a considerable number of



trees in classes 4 — 6 and the condition of these
needs to be carefully monitored in the future.

Dead shoots in conifers

The frequency of shoot death in the crowns of
conifers was recorded (Table 7). Dead shoots
were recognised by the absence of needles or by
all needles being necrotic. The assessments
were restricted to the area of live crown; lower
shoots killed by suppression were excluded.
Shoot death was present in about half of the
trees, but the degree was rather less in Scots
pine than in the two spruces.

Some shoot death within the live crown is to
be expected as a result of suppression. In Sitka
spruce, shoot death in the majority (82%) of
trees was located in the lower half of the crown
(30% of cases) or was distributed evenly
throughout the crown (42% of cases). The for-
mer pattern is typical of damage caused by E.
abietinum, once the new season’s foliage has
fully extended. Shoot death was restricted to
the top half of the tree in only 15% of cases. A
rather different pattern was present in Norway

Table 7. Extent of shoot death in the live crowns of
conifers, 1989.

Percentage frequency
Absent Rare Scattered Common Abundant

Sitka spruce 55 8 14 21 2
Norway spruce 54 8 18 19 1
Scots pine 51 19 19 10 1

spruce. Shoot death was located in the bottom
half of the tree in 30% of cases and all over the
crown in 48% of cases. The proportion of trees
with shoot death restricted to the lower crown
probably reflects the better ability of Norway
spruce to retain its needles following infestation
by E. abietinum. Shoot death was restricted to
the top half of the tree in 17% of cases. In Scots
pine, shoot death was distributed throughout
the crown in 41% of cases. In a further 21% of
trees, it was restricted to the bottom half.

In all three species, shoot death increased
with decreasing levels of crown density (Table 8).

Table 8. Shoot death in relation to crown density for the three conifer species. The number of trees in each category
is given. Shoot death categories (columns): 0: none; 1: rare; 2: scattered; 3: common; 4: abundant.

Sitka spruce Norway spruce Scots pine

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

0 42 7 1 2 0 147 14 5 0 0 36 8 0 0 0
5 59 5 1 3 0 168 11 7 1 0 77 15 2 0 0
10 99 8 12 1 0 189 27 30 2 0 153 41 13 2 0
15 117 17 22 14 0 178 21 56 12 0 217 63 33 4 0
20 135 14 32 18 0 125 30 91 41 1 213 80 61 10 0
25 100 13 34 31 0 79 20 52 34 0 117 59 48 20 1
30 92 13 33 4 0 49 8 48 61 1 82 36 66 28 0
35 56 20 24 36 1 19 13 21 63 1 43 31 48 24 0
40 47 10 27 53 1 19 1 15 47 2 27 13 36 25 0
45 20 3 10 29 2 6 0 0 38 0 9 13 24 19 0
50 21 2 8 22 3 2 2 5 26 3 7 1 13 13 0
55 5 1 6 17 3 1 0 4 7 2 1 0 6 12 1
60 6 1 2 21 5 0 0 1 11 5 2 4 6 15 0
65 6 0 2 8 3 0 0 0 9 0 1 1 2 8 0
70 6 0 1 8 3 0 0 0 4 0 0 1 0 6 2
75 6 0 0 6 2 0 0 0 1 3 0 1 0 6 1
80 6 2 0 4 2 0 0 0 0 4 2 0 0 4 3
85 9 0 0 1 0 0 0 0 0 2 0 0 0 0 3
90 6 0 0 0 0 0 0 0 0 2 0 0 1 0 2
95 3 0 0 0 0 0 0 0 0 0 0 0 0 0 4
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Crown dieback in broadleaves
In 1987 and 1988, crown dieback was assessed
on the basis of a number of uneven-sized cate-
gories. This was changed in 1989 and several
different indices were assessed. The type of
dieback was identified, together with its location
within the crown. In addition, the percentage of
the crown density affected by dieback was as-
sessed to the nearest 5%. The first two cate-
gories of dieback type do not represent dieback
in a strict sense, and for calculating the percent-
ages of trees affected, only classes 2 to 5 have
been included. In 1989, 60% of oak and 79% of
beech were without dieback. This contrasts with
the results for 1988 when it appears that bare
twigs, caused by leaf loss attributable to, for ex-
ample, insect defoliation, were included as
dieback.

In both species, the majority of cases where

Sitka spruce

dieback was reported referred to death of rela-
tively thin branches (Table 9). Death of thicker
branches was largely restricted to oak while
severe dieback, involving the death of the upper
part of the main stem, was reported only in oak
(1% of cases). In oak, dieback was located
throughout the crown in about half of the af-
fected trees and in the top half of the crown in
the remainder. Dieback in beech, although simi-
larly restricted to the uppermost branches in
about half of the trees, was found throughout
the crown in only 22% of the cases.

The extent of dieback is also given in Table 9.
In oak, the majority of trees had less than 20%
dieback, although five trees had more than 50%.
In beech, the two worst cases involved the
dieback of 45% and 50% of the crown. However,
as in oak, the majority of cases involved 5 — 20%
of the crown.
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Scots pine
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Table 9. (a) Percentages of oak and beech in each crown dieback class, 1989. 0: no dieback; 1: leaf loss only; 2:
breaks to thin branches; 3: breaks to thick branches; 4: stem broken; 5: other.

Class

0 1 2 3 4 5
Oak 45 15 28 11 1 0
Beech 47 32 18 3 0 0

(b) Extent of dieback (in 10% classes). The number of trees in each class is shown.

0 5-10 11-20 21-30 3140 41-50 51-60 61-70 71-80 81-90 971-100
Oak 620 379 182 58 20 8 2 0 3 0 0
Beech 464 253 121 17 6 2 0 0 0 0 0
Discoloration related to damage by the beech leaf miner

As in previous years, discoloration in conifers
has been separated by needle age and by colour.
High levels of discoloration were very rare.
Scots pine had the greatest proportion of dis-
coloured needles but the reasons are uncertain.
While fungal pathogens may have been respon-
sible at particular sites, the widespread in-
crease in the number of stands with one or more
affected trees suggests that the most likely ex-
planation is early autumnal senescence of older
needles (Baum, 1981; Gloaguen and Touffet,
1976; Grozeva, 1986; Verzunov, 1987). Several
factors could have caused this; they are dis-
cussed below.

Data from previous years are also presented
in Table 10. These are the overall figures and
the data have not been screened to include only
those trees assessed in all 3 years. Apart from
the increase in the yellowing of older Scots pine
needles, there appears to have been little
change in the overall levels of discoloration
throughout the country over the 3 years. If any-
thing, the two spruce species appear to have
slightly fewer discoloured needles. However, as
shown below, these figures conceal considerable
changes to the distribution of sites with discol-
oration.

The extent of browning in the two broad-
leaved species remained fairly constant over the
3 year period (Table 11). In 1989, beech had a
higher level of browning than oak; this can be

16

Rhynchaenus fagi L. (Coleoptera) and infection
by the fungus Apiognomonia errabunda
(Roberge) Hohnel. The amount of yellowing in
oak also remained roughly constant whereas
yellowing in beech showed marked variations.
In beech, a major increase in the extent of yel-
lowing in 1988 was not sustained into 1989,
when a marked improvement occurred. Most
yellowing was either localised within the crown
(48% of the cases) or occurred in the upper
crown (45% of the cases). Yellowing throughout
the crown was very rare with only two trees
being affected in this way. Yellowing was inde-
pendent of the degree of canopy closure. In
marked contrast, browning increased with de-
gree of canopy closure, with 31% of trees in
closed canopy situations showing browning and
none in open situations.

Needle retention

As expected from the crown density data, the
number of Sitka spruce with low needle reten-
tion figures increased markedly in 1989 (Table
12). Four per cent of trees had only 1- or 2-year
needles present. This is likely to have serious
implications for their future growth which will
be monitored over the next few years. The num-
ber of Norway spruce with more than 7 years’
needle retention increased. Needle retention in
Scots pine also increased slightly, from 2.4 to
2.45 years. The majority of trees had either 2 or



Table 10. Percentages of trees in each discoloration class. Figures for 1989 are given in bold type; figures for 1987

and 1988 are given below.

(a) Percentages of trees in each needle-browning class, 1987-1989.

Current Old
0 1 2 3 4 0 1 2 3 4
0-10% 11-25 26-60 >60 Dead 0-10% 11-25 26-60 >60 Dead
Sitka spruce
1989 98 2 0 0 0 97 2 1 0 0
1988 99 1 0 0 0 89 8 3 0 0
1987 94 6 0 0 0 91 8 1 0 0
Norway spruce
1989 99 1 0 0 0 95 4 1 0 0
1988 99 1 0 0 0 88 8 4 0 0
1987 95 4 1 0 0 94 5 1 0 0
Scots pine
1989 93 7 0 0 0 92 7 1 0 0
1988 96 4 0 0 0 93 6 1 0 0
1987 94 5 1 0 0 92 7 1 0 0
(b) Percentages of trees in each needle-yellowing class, 1987-1989.
Sitka spruce
1989 98 1 1 (o] 0 92 6 2 0 0
1988 96 4 0 0 0 93 5 2 0 0
1987 97 2 1 0 0 89 9 2 0 0
Norway spruce
1989 98 2 0 0 0 97 2 1 0 0
1988 97 3 0 0 0 95 4 1 0 0
1987 98 2 0 0 0 98 2 0 0 0
Scots pine
1989 97 3 0 0 0 89 8 3 0 0
1988 97 3 0 0 0 94 5 1 0 0
1987 98 2 0 0 0 96 4 0 0 0
{(c) Percentages of coniferous trees in each overall discoloration class, 1987—-1989.
Overall discoloration
0 1 2 3 1
Sitka spruce 1989 90 7 2 1 1]
1988 86 10 4 0 0
1987 88 10 2 0 0
Norway spruce 1989 93 5 2 0 0
1988 86 9 5 0 0
1987 95 4 1 0 0
Scots pine 1989 84 13 2 0 1
1988 90 8 2 0 0
1987 9N 7 1 0 0
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Table 11. (a) Percentages of oak and beech showing leaf discoloration, 1987—1989.

Browning Yellowing
0 1 2 3 4 0 1 2 3 4
0-10% 11-25 26-60 >60 Dead 0-10% 11-25 26-60 >60 Dead
Oak
1989 96 4 0 0 0 92 5 2 1 0
1988 95 5 0 0 0 92 7 1 0 0
1987 98 2 0 0 0 97 3 0 0 0
Beech
1989 75 20 4 1 0 70 22 7 1 0
1988 72 24 4 0 0 47 35 16 2 0
1987 74 22 4 0 0 86 13 1 0 0
(b) Percentages of beech and oak showing overall discoloration, 1989.
Class
0 1 2 3 4
0-10% 11-25 26-60 >60 Dead
Oak 91 6 1 0
Beech 64 23 11 2 0

Table 12. Percentages of trees with needle life (needle retention) for a given number of years, 1987—1989.

Number of years

0 1 2 3 4 5 6 7 >7
Sitka spruce
1989 0 2 2 4 7 13 15 18 39
1988 0 0 0 1 5 15 16 18 45
1987 0 0 0 1 4 15 18 18 44
Norway spruce
1989 0 0 0 2 4 11 15 21 47
1988 0 0 0 1 3 11 20 24 41
1987 0 0 0 1 6 17 23 20 33
Scots pine
1989 0 2 52 44 2 0 0 0 0
1988 0 2 59 37 2 0 0 0 0
1987 0 2 49 44 5 0 0 0 0

3 years’ needle retention, with a small propor-
tion (4%) having 1 or 4 years. No Scots pine had
more than 4 years’ needle retention.

Leader condition in conifers

Leader condition was recorded for the first time
in 1989. A large number of trees had damaged
leaders, with missing leaders being the most
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common type of damage in spruce and double
leaders being the most frequent type in Scots
pine (Table 13).

Flowering in Scots pine

In 1989, the scoring for flowering, which is
based on the presence of needle-less sections of
shoot created by male flowering in the spring



Table 13. Percentages of trees with leader in a given condition, 1989. 0: normal; 1: shorter than current year side
shoots; 2: missing; 3: bent or twisted; 4: double; 5: broken; 6: bare; 7: side shoot taken over; 8: tree with no apical

dominance.

Type

0 1 2 3 4 5 6 7 8
Sitka spruce 64 2 12 10 4 2 0 6 0
Norway spruce 68 6 11 3 6 1 1 4 0
Scots pine 60 3 5 2 12 0 1 8 9

and early summer, was split to reflect the major
differences that can occur in the extent of flower-
ing in the upper and lower crown. Flowering
was significantly greater in the lower crown

Table 14. Percentage of pine in each flowering class,
1989. 0: none; 1: rare; 2: infrequent; 3: common; 4:
abundant.

Flowering class

0 1 2 3 4
Upper crown 52 26 13 8 1
Lower crown 14 19 23 23 21

(Table 14). While it is difficult to compare the
results with previous years, the extent of heavy
flowering appears to have increased in 1989 and
independent observations made in Forestry
Commission seed orchards confirm that a rela-
tively high level of flowering occurred.
Flowering is important as it is related to
crown density. However, it is not clear whether
flowering occurs in response to low crown densi-
ties or whether it is one of the reasons for the
low crown density score. Increased levels of
flowering are not associated with lower crown
densities (Table 15); if anything, the reverse is

Table 15. Relationship between crown density and degree of flowering in Scots pine. All figures are given as the
percentage of the total number of trees in each flowering category occurring in a particular crown density category.

Crown Bottom half Top half
density 0 1 2 3 4 0 1 2 3 4

0 34 35 15 1.8 1.7 32 0.8 31 0 0

5 8.0 59 5.1 3.8 27 6.3 41 27 1.9 4.2
10 11.9 18.6 10.8 77 6.5 133 10.3 74 3.2 42
15 149 155 211 14.0 15.8 17.0 16.0 12.8 20.7 125
20 14.2 147 19.9 18.6 249 17.5 17.3 205 304 20.8
25 10.0 10.7 12.6 15.3 138 10.6 15.0 15.5 13.6 20.8
30 8.0 78 9.3 15.1 13.2 8.7 13.4 16.6 9.1 8.2
35 5.4 5.6 58 9.7 11.0 6.2 95 78 11.6 4.2
40 341 7.2 55 5.2 45 54 53 39 52 125
45 54 35 33 29 25 3.6 39 27 1.9 0
50 1.9 1.3 11 3.2 1.2 1.6 22 23 0.6 0
55 3.1 1.1 09 0.7 0.2 1.6 0.2 0.8 0.6 0
60 341 0.8 1.1 11 1.5 1.6 08 1.9 0.6 4.2
65 1.1 1.1 0.7 0.2 0.2 0.8 0.2 08 0 42
70 1.1 0.8 0.7 0 0 0.6 04 0 0 4.2
75 0.8 0.5 04 0.5 0 0.6 04 0 0 0
80 1.9 1.1 0 0.2 0 0.7 0 04 0.6 0
85 04 0 0.2 0 0.2 0 0.2 0.8 0 0
90 0.8 0.3 0 0 0 03 0 0 0 0
95 1.5 0 0 0 0 0.4 0 0 0 0
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the case. Few severely defoliated trees were
flowering, this trend being more marked in the
upper crown than in the lower parts.

Coning, acorns and mast

The degree of fruiting in trees is of interest to
wildlife managers and seed producers. There is
strong evidence that fruiting can occur as a re-
sponse to stress (Bernier et al., 1989). Heavy
fruiting is important since it can precede
changes to crown form (Liischer, 1990) or even
significant shoot death in the following year
(Gross, 1975; Gross and Harden, 1968; Skelly et
al., 1987). Coning was more frequent in Sitka
spruce than in Norway spruce and was particu-
larly common in Scots pine (Table 16). However,
as the frequency of coning has not been as-
sessed before, it is not known whether coning
was more common than usual.

The amounts of acorns and mast in oak and
beech were probably underestimated. Trees
were assessed in late summer and, in some
stands, the fruits would have been too small to
have been seen from the ground. Approximately
40% of the trees were fruiting. Anecdotal ac-
counts indicate that the quality of acorns was
very high in 1989 but that much of the beech
mast was of poor quality, with seed supplies
having to be imported from the Netherlands.
There was no evidence that fruiting trees had
thinner crowns, as has been reported for beech
in West Germany (Gértner, 1988).

Secondary shoots in spruce

Considerable problems were experienced with
the assessment of this new index. However, it is
an important parameter as it indicates the ex-
tent to which trees have recovered following de-
foliation and also how successful a tree is in
replacing foliage lost through normal needle-
shedding (Gruber, 1987; Lesinski and Westman,
1987; Lesinski and Landmann, 1988; Rehfuess
and Rehfuess, 1988; Lesinski, 1989; Rehfuess,
1989). Both the presence of secondary shoots
and their location on individual branches was
noted, but the observer checks indicated that
the level of consistency amongst the surveyors
was poor. Consequently, the results have not
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Table 16. Percentages of trees with a given level of
fruiting. For spruce, only fresh cones were included. In
Scots pine, only unopened second year cones were
included.

Frequency

None Scarce Common Abundant
Sitka spruce 69 20 8 3
Norway spruce 90 8 2 0
Scots pine 17 38 30 15
Oak 58 24 13 5
Beech 59 29 9 3

been tabulated, although some broad trends can
be determined from the data. Forty per cent of
Norway spruce and 45% of Sitka spruce had
secondary shoots present. Generally, the fre-
quency of secondary shoots increased with de-
creasing levels of crown density.

The presence and distribution of secondary
shoots is a particularly useful index for describ-
ing the condition of the crown (Lesinski, 1989)
and will be pursued in more detail now that the
problems of assessment have been identified.

Epicormic branches on oak

Epicormic branches form on both the main stem
and the branches of oak. They tend to be more
common on branches, frequently as a result of
the pruning of stem epicormics. Their function
is not entirely certain, but their abundance is at
least partly controlled by the amount of light
penetrating through the canopy. They may
therefore be helpful in the assessment of tree
condition.

Only 1% of the trees had no branch epi-
cormics and on 66% epicormics were common or
abundant. Fifteen per cent of the trees had no
stem epicormics and they were common or
abundant on only 22%.

There was some evidence of a link between
the presence of epicormics on the stem and
crown density. The highest proportions of trees
without stem epicormics present had 10 — 20%
reduction in crown density. Branch epicormics
occurred more frequently in the trees with the
densest crowns than in trees with thinner
crowns.



Table 17. Percentages of beech with leaf rolling in the crown, 1987-1989. Extent classes: 0: none; 1: leaves on a few
shoots in the upper crown; 2: leaves on a few shoots elsewhere; 3: half of upper crown affected; 4: half of shoots
throughout crown affected; 5: most shoots in upper crown affected; 6: most shoots throughout crown affected; 7:

virtually all leaves affected.

Degree of Extent

leaf

rolling 0 1 2 3 4 5 6 7

None 50 0 0 0 0 0 0 0

Slight 0 14 1 12 3 6 5 0

Medium 0 2 0 3 0 3 1 0

Severe 0 0 0 0 0 0 0 0
Leaf-rolling in beech were infrequent under 15% of trees and com-

In 1988, a marked spatial pattern was identi-
fied in the extent of leaf-rolling in beech. The
cause remains unknown, but it is possible that
it is related to water stress (Skelly et al., 1987).
Both the degree of rolling and its extent within
the crown were recorded. The assessments of
the extent of rolling were changed in 1989 as a
result of difficulties reported by surveyors and
are now more detailed. The results (Table 17)
indicate that at least some degree of rolling was
present on half of the trees. In about half of the
affected trees, rolling was restricted to the
upper crown and in 29% of cases only involved a
few of the uppermost shoots. This is similar to
the distribution of leaf-rolling in sugar maple
(Acer saccharum Marsh.) (Bernier et al., 1989)
and it seems that rolling starts in the tops of
crowns and then proceeds downwards. This
would be consistent with a water-related stress.
In 13% of the cases, leaves throughout the
crown were affected. The degree of rolling was
mostly fairly light, with 78% of trees being
scored in the lightest rolling category. There
was no indication that the frequency of rolling
was greater on trees showing yellowing and the
two indices are not correlated (Table 17). Rolling
was more extensive on trees with thinner
crowns, as has been reported in some West
German beech stands (Girtner, 1988), but the
significance of this is not known.

Premature leaf loss in beech
As in 1988, the extent of green leaf fall below
beech was recorded. Green leaves on the ground

mon under 8%. These levels are similar to 1988.

Presence of insects and fungal
pdthogens

The presence of insect and fungal damage was
recorded in all species, but there was some con-
fusion for spruce over the inclusion’ of E. abiet-
inum damage. Damage by this insect occurs
early in the year. The needles of Sitka spruce
turn brown and eventually drop. By July/
August, when the assessments are undertaken,
the brown needles have usually fallen (although
they were recorded at some sites in the 1988 as-
sessment). Consequently, there is little evidence
that any needle loss was caused by E. abiet-
inum, although the characteristic pattern of de-
foliation usually enables an accurate diagnosis
to be made. The foliage of Norway spruce is
more resilient although severe infestations re-
sult in the same characteristic pattern of defoli-
ation as in Sitka spruce. Data for insect damage
on the two spruce species in 1989 have been dis-
counted and the position will be clarified with
surveyors for the 1990 assessment.

In Scots pine, some degree of insect attack
was noted in 26% of the trees (Table 18). In the
majority (71%) of these cases, insect damage
was rare, involving a small number of needles
on a few shoots in the upper crown or small
numbers of shoots. A variety of insects were
recorded as having caused the damage, the
most common being Tomicus piniperda L.
(Coleoptera), which damages shoots in the
crown. Other species recorded included Bupalus
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Table 18. (a) Percentage of Scots pine with insect damage to foliage, 1989. The frequency scores refer to the number

of needles affected.

Frequency
None Rare Infrequent Common Abundant
Percentage 74 19 5 2 0

(b) Insect damage in oak and beech. The percentage of trees with a given percentage of the leaves affected by

insects is given.

Percentage of leaves affected

0 5-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Oak 30 35 12 7 5 3 2 2 2 2 0
Beech 32 26 10 9 5 5 5 4 3 1 0

Table 19. (a) Percentages of conifers with mechanical
damage to crown, 1989. 0: no damage; 1: abrasion of
peripheral shoots; 2: broken shoots or branches;

3: prevailing wind effect (lop-sided crown); 4: felling
damage (broken shoots or branches); 5: other.

Type

0 1 2 3 4 5
Sitka spruce 86 9 3 0 0 2
Norway spruce 88 10 2 0 0 0
Scots pine 78 12 6 1 2 1

(b) Percentages of broadleaves with specific types of
mechanical and other damage in the crown. 0: none;
1: wind or snow damage; 2: prevailing wind effect;

3: feling damage; 4: non-mechanical damage; 5: other.

Type

0 1 2 3 4 5
Oak 62 28 4 4 0 2
Beech 83 8 1 1 1 5

piniaria L. (Lepidoptera), Neodiprion sertifer
(Geoffrey in Fourcroy) (Hymenoptera) and
Rhyacionia buoliana Denis and Schiffermueller
(Lepidoptera). Fungal infections were noted
very rarely in Scots pine, although Brunchors-
tia pinea (P. Karsten) Hiohnel (the pycnidial
state of Ascocalyx abietina (Lagerberg)
Schlaepfer-Bernard) and Peridermium pini
(Pers.) Lev. were both identified, the former
more commonly.
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In oak and beech, estimates were made of the
proportion of leaves with bits eaten out of them.
Spangling, galling and other types of damage
were not included and the figures are therefore
likely to underestimate the proportion of leaves
with insect damage. In oak, 70% of crowns were
recorded with damage, a substantially higher
figure than 1987 or 1988 (Table 18). Forty-nine
per cent of the affected trees had very light
damage, involving 10% or less of the foliage. In
beech, damage was noted on 68% of trees, a
slightly higher figure than in either 1987 or
1988. In 39% of cases, damage involved 10% or
less of the foliage.

Although the incidence of insect damage to
oak and beech appears to be high, there is little
evidence that normal levels of insect attack af-
fect growth (Crawley and Akhteruzzaman,
1988) and experiments have shown no effects of
defoliation of up to a third of the crown of oaks
(Hilton et al., 1987). Most studies of insect defo-
liation place the absolute amount of leaf area
lost at between 3% and 17%, with a mean of
about 9% (Landsberg and Ohmart, 1989). The
figures collected in Britain refer to the propor-
tion of foliage showing insect damage and are
therefore not directly comparable, but reference
to the crown density figures in relation to insect
damage suggests that the figures for Britain are
mostly within the range given by Landsberg
and Ohmart (1989).



Mechanical damage to crowns

The extent of mechanical damage within the
crowns was noted (Table 19). This was a new
index, introduced to take into account the se-
vere wind damage that was recorded on many
broadleaves in 1988. Relatively few (less than
25%) conifers showed signs of mechanical dam-
age, with the most common form being abrasion
of peripheral shoots. The greatest amount of
mechanical damage was noted in Scots pine.
Mechanical damage was far more common in
oak than in beech and in 28% of oak, damage by
wind or snow was noted. Given the distribution of
the plots, wind damage is the more likely. Damage
caused by felling operations was more common in
beech and oak than in Sitka or Norway spruce.

Stem and butt damage

Another new index added in 1989 was the as-
sessment of stem and butt damage. Damage to
either area may have an effect on the overall
condition of the trees (Shigo, 1985) and al-
though a direct link has not been demonstrated,
there is some evidence for an association be-
tween butt condition and the discoloration of
foliage of Norway spruce (Innes, 1989). While
the same classification was used for the three
conifer species, separate classifications were de-
veloped for the two broadleaved species.

Stem damage was very rare in Sitka spruce,
being recorded on only 3% of trees (Table 20). It
was more common on Norway spruce, although
no agent was identified as being particularly
important. In the case of Scots pine, damage
was recorded in 11% of trees. The most impor-
tant cause of stem damage was classified as
‘other’ which, in the majority of cases, was
caused by grey squirrels (Sciurus carolinensis L.).

Butt damage was particularly frequent in
Norway spruce, with extraction damage being
the most common cause (9% of trees, 47% of
cases of damage). The greater frequency of ex-
traction damage on Norway spruce than on
Sitka spruce can be related to its greater sus-
ceptibility to damage and a number of current
and past silvicultural practices, including the
nature of the thinning regimes and stocking
densities. In Scots pine, extraction damage was

the only type of butt damage reported.

The stems of the majority (95%) of oak were
free of damage, as were the majority (89%) of
butts. The most common form of butt damage,
usually involving skinning, was caused by tim-
ber extraction operations. Damage was much
more frequent in beech, with 39% of stems and
63% of butts showing one or more forms of dam-
age. Sixteen per cent of the stems and butts had
the felted beech coccus (Cryptococcus fagisuga
Lind.; Hemiptera) present and a further 5% had
evidence of past attack, as indicated by the
presence of dimples on the bark. Exposed xylem
tissue was present on 12% of the beech butts.

Relationships among the indices

The relationships between the variables are
presented as correlation matrices in Table 21.
The correlations are based on site means for
each variable; no attempt has been made to ex-
amine the correlations among individual trees.
The matrices provide a clear indication of the
variables that are related to each other.
Although significance levels have been set at
p = 0.01 and p = 0.001, care should be taken
when interpreting the correlations as extreme
values appear to exert an undue influence on
the correlations (Innes and Boswell, 1989).
When interpreting the correlations, it is impor-
tant to remember that the crown density indices
have low values for dense crowns and high val-
ues for thin crowns.

In Sitka spruce, two groups of correlations
can be recognised. The first is among variables
related to crown density, needle retention and
shoot death, the second between the discol-
oration indices. Although significant at p <
0.001, none of the r values in the crown density
group exceed 0.49, indicating that the correla-
tions are relatively weak. A very high correla-
tion was obtained between the browning of
older needles and overall crown discoloration.
Coning and browning of current needles appear
to be independent of all the other variables.

Norway spruce shows a rather different pat-
tern of correlations. Most of the variables are
correlated with crown density. The correlations
are all positive, indicating increases in the other
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Table 20. (a) Percentages of trees with different types of stem (>1.3 m above the ground) or butt (<1.3 m above the
ground) damage. For conifers, 0: none; 1: dead area with bark still present; 2: area of exposed xylem (excluding type
7); 3: resin flow from cracks or holes; 4: swelling; 5: crack at least 5 times longer than wide; 6: fungal fruiting body; 7:
extraction damage; 8: insect activity (e.g. resin tubes); 9: other. Old, healed damage was not included.

Type
Conifers 0 1 2 3 4 5 6 7 8 9
Stem
Sitka spruce 97 0 0 2 0 0 0 1 0 0
Norway spruce 94 0 1 1 0 1 0 2 0 1
Scots pine 89 0 0 1 0 0 0 1 0 9
Butt
Sitka spruce 91 0 0 3 0 1 0 3 0 2
Norway spruce 81 0 2 3 1 2 0 9 0 2
Scots pine 96 0 0 0 0 0 0 4 0 0

(b) Percentage of oak with specific types of stem and butt damage, 1989. 0: none; 1: dead area with bark still present;
2: area of exposed xylem; 3: swelling; 4: crack; 5: fungal fruiting body; 6: extraction damage; 7: vandalism (excluding

forestry operations); 8: pruning wounds; 9: other.

Type
Oak 0 1 2 3 4 5 6 7 8 9
Stem 95 1. 1 0 1 0 1 0 0 1
Butt 89 1 2 1 2 0 4 0 0 1

(c) Percentage of beech with specific types of stem and butt damage, 1989. 0: none; 1: dead area with bark still
present; 2: area of exposed xylem; 3: active beech coccus; 4: past beech coccus; 5: 3 and 4 combined; 6: tarry spots
on bark; 7: swelling; 8: crack; 9: fungal fruiting body; 10: extraction damage; 11: vandalism; 12: pruning wounds; 13:

other.

Type
Beech 0 1 2 3 4 5 7 8 9 10 11 12 13
Stem 61 1 4 14 5 2 1 6 0 2 1 1 2
Butt 37 2 12 12 5 4 1 6 1 5 3 0 12

indices with decreasing density. The extent of
shoot death and crown density has a high r
value (0.72), suggesting a link between the two
(the relationship is much weaker for Sitka
‘spruce). This is further indication of the impor-
tance of E. abietinum infestation which, while
not killing shoots, had a major impact on the
crown densities of many Sitka spruce in 1989.
In Norway spruce, it appears that reductions in
crown density were brought about mainly by
shoot deaths, the results presented earlier indi-
cating that these were spread throughout the
crown. As with Sitka spruce, the browning of
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older needles appears to be the main determi-
nant of overall crown discoloration. Coning is
again independent of all the other variables.
Fewer significant correlations existed among
the Scots pine variables. Crown density was
strongly correlated with the extent of shoot
death in the crown (r = 0.77) and with the mean
needle retention (r = —0.52). It was not corre-
lated with any of the discoloration variables.
Yellowing of older needles had the greatest ef-
fect on overall crown discoloration, but the three
other discoloration indices also contributed to
the overall scores. Coning was correlated with



Table 21. Correlation between the response variables for each species, 1989.

Sitka spruce

cd 1.00

sde 038 1.00

cone 022 033 1.00

ptit7 049 045 -0.16 1.00

beur 024 008 022 —-0.09 1.00

bold 0.14 001 -005 0.11 005 1.00

yeur 0.15 0.24 -0.09 0.22 -0.03 —0.05 1.00

yold 0.12 033 005 017 0.10 —0.07 067 1.00

tdisc 0.17 0.18 —0.06 022 0.10 080 048 044 1.00

cd>20 080 039 027 036 012 014 011 008 0.16 1.00

cd>50 091 034 018 047 030 042 019 0.17 0.17 052 1.00

cd>75 074 —0.04 -004 029 022 0.15 005 001 012 031 082 1.00

sdilc 034 095 028 041 010 012 020 032 026 038 026 —007 1.00
cd sde cone ptlt7 becur bold ycur yold tdisc cd>20 cd>50 cd>75 sdilc

Norway spruce

cd 1.00

sde 0.72 1.00

cone 0.10 0.18 1.00

ptit7 053 050 -0.09 1.00

beur 0.16 0.14 -003 025 1.00

bold 031 0.10 -0.06 0.17 048 1.00

ycur 032 024 -0.06 0.02 -0.05 0.08 1.00

yold 030 0.17 -0.06 0.07 -0.09 023 041 1.00

tdisc 036 0.16 —0.09 021 051 094 031 039 1.00

cd>20 092 063 0.10 050 015 028 0.14 0.11 027 1.00

cd>50 076 058 007 039 0143 021 051 043 033 049 1.00

cd>75 046 031 008 0.09 -001 014 068 061 033 021 065 1.00

sdilc 064 096 010 049 015 014 017 011 0.18 057 049 022 1.00
-cd sde cone ptit7 bcur bold ycur yold tdisc cd>20 cd>50 cd>75 sdilc

Scots pine

cd 1.00

sde 0.77 1.00

cone —-0.20 -0.09 1.00

ndlage -0.52 —-0.56 035 1.00

beur 023 0.07 -027 —0.20 1.00

bold 0.10 0.3 0.13 -0.16 028 1.00

yeur 0.13 0.00 -005 007 026 013 1.00

yold -0.13 -0.18 0.04 0.13 -0.17 -0.01 0.19 1.00

tdisc 0.17 0.05 -0.08 —-0.10 036 047 044 063 1.00

flowrt 005 004 003 008 002 -021 -004 0.06 —0.07 1.00

flowb -0.03 002 0.12 0.13 0.07 -0.13 0.04 -001 -004 085 1.00

cd>20 080 068 -0.08 —037 012 014 015 -020 012 025 029 1.00

cd>50 091 068 -0.28 -048 025 012 0.15 -005 020 -0.10 -0.23 0.53 1.00

cd>75 070 044 —-034 -038 039 -0.05 0.03 -005 0.15 001 -0.18 028 079 1.00

sdile 059 090 -0.11 —0.44 0.04 0.06 —0.03 —-0.24 -0.05 008 0.13 060 047 027 1.00
cd sde conendlage bcur bold ycur yold tdisc flowrt flowrb cd>20 cd>50 cd>75 sdilc
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Oak

cd 1.00

dieback 0.63 1.00

brown 0.15 020 1.00

yellow -029 -0.11 -0.02 1.00

tdisc -0.25 -0.01 0.15 091 1.00

acorns -0.42 -052 0.06 008 005 1.00

insects 0.15 0.09 -0.03 0.09 0.12 -0.33 1.00

fungi 0.15 024 027 009 034 -020 026 1.00

crf 053 059 024 -004 004 —037 010 029 1.00

crf>2 045 058 021 000 005 -034 004 023 094 1.00

cpat>3 067 062 030 -0.28 -0.11 -0.18 0.16 041 054 043 1.00

bepic 033 031 033 007 0.13 -031 -0.08 0.08 025 028 0.12 1.00

cd>20 090 050 021 -041 -033 -032 003 0.18 047 039 060 034 1.00

cd>50 070 052 -0.02 -0.02 —-0.04 -0.30 0.16 0.05 039 032 042 018 039 1.00

cd>75 033 035 -002 -0.05 —0.05 —0.11 —0.10 —0.05 0.07 0.00 0.19 0.15 0.15 050 1.00
cddieback brown yellow tdisc acornsinsects fungi crf crf>2cpat>3 bepic cd>20 cd>50 cd>75

Beech

cd 1.00

leafsz 0.40 1.00

dieback 0.62 036 1.00

rolld 023 0417 021 1.00

rollf 037 028 051 085 100

brown -0.12 0.07 0.14 —-0.13 -0.14 1.00

yellow —-0.20 -0.05 -0.30 0.00 -0.17 -0.02 1.00

tdisc -0.06 019 007 0.05 -003 074 055 1.00

mast 021 032 042 008 031 —-020 —-026 —-0.26 1.00

insect 025 016 052 -0.11 007 057 -033 027 0.12 1.00

fungi -0.35 -0.12 -0.10 —0.19 —-0.19 0.07 028 0.12 0.06 -0.08 1.00

pll 0177 019 063 030 045 049 -0.03 055 021 045 0.18 1.00

cd>20 097 041 056 021 034 -0.17 -0.13 -0.06 0.15 015 —-033 0.08 1.00

cd>50 061 044 059 030 048 007 —019 0.13 047 018 -0.15 053 050 1.00

cd>75 029 -0.08 048 022 040 006 001t 019 026 027 -005 055 019 052 1.00

cpat>3 079 035 085 039 057 001 -023 006 022 040 -023 053 073 055 043 1.00
cd leafszdieback rolld  rollf brown yellow tdisc mast insect fungi pll cd>20 cd>50 cd>75 cpat>3

mean needle age (suggesting a possible proven-
ance effect), but was rare at sites with a rela-
tively high proportion of very thin-crowned
trees and sites with higher levels of insect dam-
age. The latter correlation was relatively weak
(0.01 <p <0.001).

Most of the recorded correlations in oak are
related to the crown density and crown dieback
variables. Crown density and crown dieback
were strongly correlated although the propor-
tion of very thin-crowned trees at a site was not
correlated with the amount of dieback. Few
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acorns were recorded at sites with high levels of
dieback or with thin-crowned trees.
Discoloration was unrelated to crown density.
Overall discoloration was determined by the
amount of yellowing. Insect damage was not
correlated with any of the other variables.

In beech, a number of correlations were iden-
tified. Crown density was strongly correlated
with crown dieback (r = 0.62) and, in contrast to
oak, the sites with the worst trees were also
characterised by dieback. Insect damage and
premature leaf loss were also high in sites with



Table 22. Upper and lower confidence limits (standard deviations) about the mean for the site crown density indices.

1989 1988
-2 S.D. -18D. Mean +18.D. +2 S.D. Mean S.D.
Sitka spruce 4.33 16.74 29.16 41.57 53.98 27.96 8.51
Norway spruce — 9.96 20.45 30.94 41.43 22.86 9.73
Scots pine 3.3 14.03 24.76 35.48 46.2 27.68 10.99
Oak 12.43 20.31 28.2 36.09 43.97 31.59 8.49
Beech 7.54 14.83 22.11 29.39 36.67 25.89 7.12

high levels of dieback. Browning was the main
form of discoloration associated with overall
discoloration, but yellowing was also important.
Browning was associated with premature leaf
loss, an association that has not been identified
previously.

Recognition of anomalous or
unusual records

As in 1988, the data have been examined for po-
tential outliers. For this, it has been assumed
that the mean indices are distributed normally.
Outliers have been defined as sites with mean
crown density scores more than two standard
deviations above the mean. The criteria for the
recognition of such sites are given for each
species in Table 22.

Eleven sites were identified as anomalous:
one oak, three Sitka spruce, three Norway
spruce and four Scots pine. All these sites have
been visited by members of the Forestry
Commission’s Pathology Branch, who have con-
firmed the observations made by the surveyors.
The oak plot is located on an exposed and dry,
rocky slope in north-east Scotland and, given
this environment, the crown condition of the
trees is not considered to be exceptional. All
three Sitka spruce sites were severely defoliated
by E. abietinum, which accounts for their condi-
tion. One of the Norway spruce sites was af-
fected by the syndrome known as ‘top-dying’
and a second had trees in the immediate vicin-
ity with this problem. The third site was
severely waterlogged and was also identified in
1988 as being in exceptionally poor condition.

The four Scots pine plots are all located in
southern Scotland or northern England. The
symptoms present on the trees were similar at
all four sites. Some needle loss had been caused
by infection by the fungal pathogen Lophoder-
mium seditiosum Minter et al. Needle loss also
occurred as a result of shoot death and crown
deformation due to the pine shoot beetle T
piniperda, and shoot dieback consistent with in-
fection by Brunchorstia pinea and/or Crumenu-
lopsis sororia (P. Karsten) Groves was also
reported. The latter pathogen appears to be
more active on trees predisposed to damage by
other stresses (Batko and Pawsey, 1964) and
the complex of factors leading to the poor condi-
tion of many Scots pine stands in the area
remains unknown.

The limits identified in 1989 can be compared
with those of 1988 to get some indication of
their stability. The improvement in the mean
crown density score for all species except Sitka
spruce is clear. However, the between-site vari-
ation for these species has remained approxi-
mately constant. As might be expected, there
has been a big increase in the between-site vari-
ation of Sitka spruce crown density values. This
is consistent with the explanation put forward
earlier (Innes and Boswell, 1989) that some
Sitka spruce stands improved whereas others,
notably those affected by E. abietinum, deteri-
orated. The values can be better compared if the
coefficients of variations are calculated (Table
23). In all cases, these increased between 1988
and 1989. Norway spruce has the greatest
amount of variation relative to the mean, oak
and beech the least. The reasons for these inter-
specific variations are unknown.
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Spatial patterns in crown
condition

Indices of crown condition were mapped using
the geostatistical techniques developed for the
analysis of the 1988 data (Innes and Boswell,
1989). However, before this was done, site bias
attributable to age was removed. Crown densi-
ties of the two spruce species are related to
stand age (Innes and Boswell, 1988, 1989);
stand age was also correlated with a number of
the other indices of crown condition in the two
spruce species (Table 24), although scatter-
grams illustrating the relationships suggested
that many were very poor. Consequently, ad-
justments for stand age have only been made
for the crown density maps of Sitka and Norway
spruce. Although significant relationships be-

Table 23. Coefficients of variation (%) for the crown
density indices in 1988 and 1989.

1968 1989
Sitka spruce 304 426
Norway spruce 42.6 515
Scots pine 39.7 43.3
Oak 26.9 28.0
Beech 27.5 329

tween age and the extent of shoot death and the
amount of yellowing of older needles were iden-
tified in Norway spruce, the maps have not
been adjusted to take this into account because
of the potential loss of important information.
Stand age was not significantly (p < 0.01) corre-
lated with any of the indices of crown condition
for Scots pine, oak or beech.

Maps of crown condition are presented in
Figures 7 to 11. Interpolation/extrapolation has
only been undertaken over those distances
where the analyses have indicated that such a
procedure is valid. In many cases, this means
that no interpolation was made, in others, inter-
polations were made over relatively long dis-
tances. Where interpolations were unsatis-
factory, the centres of the grid squares on the
maps have been left blank. Interpolations were
only undertaken when the semi-variogram
model explained 15% or more of the variance
and when model convergence was achieved.
This means that the number of blocked-in maps
has decreased since 1988, when less rigorous ac-
ceptance criteria were used.

Sitka spruce

There is no clear pattern in the crown density
indices of Sitka spruce (Figure 7a). This is con-
sistent with the results for 1987 and 1988. For
1989, a new method of presenting crown density
has also been used. This involves calculating

Table 24. Correlations between spruce parameters and stand age.

Crown density

Shoot death extent

% trees with shoot death

Coning

% trees with <7 needle years
Browning of current year needles
Browning of older needles

Yellowing of current year needles
Yellowing of older needles

Overall discoloration

% trees with >20 crown density score
% trees with >50 crown density score
% trees with >75 crown density score

Sitka spruce Norway spruce

0.45* 0.70™
0.42" 0.76*
0.33** 0.69*"
0.31 0.14
0.30 0.46*"
0.20 0.09
-0.11 0.28
0.17 0.22
0.07 0.32*
0.01 0.32*
0.35* 0.62**
0.42* 0.56*
0.22 0.35

*: p <0.01; ™*: p <0.001.
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and mapping the proportion of trees at each site
at a given level of crown density (Figures 7b and
7c). These provide a more consistent pattern
than the mean crown density scores and enable
the identification of sites or regions with low or
high proportions of thin-crowned trees.

The mean crown density scores indicate that
the thinnest trees were mostly located in the
west and south-west of the country. The mean
values were influenced by the numbers of trees
with more than 50% loss in density (> = 0.906, p
< 0.001). Both the Lake District and the south-
west showed high scores for this index. A large
number of the sites had a high proportion of
trees with between 20% and 50% loss in density.
The map shows the distribution of sites that ap-
pear to be in relatively poor condition. They are
primarily located in Scotland and south-west
England.

Discoloration was present in some plots, but
was mainly restricted to older needles.
Browning of older needles was again recorded in
central Scotland although it was less
widespread than in 1988 (Figure 7d). Yellowing
of older needles was present in south-west and
north-east England, where it was also recorded
in 1988. Younger needles showed very little dis-
coloration and the maps have not been repro-
duced.

The pattern of needle retention has changed
since 1988 (Figure 7e). While the south-west re-
mains the area with the lowest retention, other
sites in south-east England and central
Scotland now also show low retention values.
This is related to the E. abietinum infestations.

Shoot death was recorded in more detail than
in previous years, enabling extra indices to be
mapped. The distribution of trees with shoot
death in the live crown changed between 1988
and 1989 (Figure 7f). In 1989, the greatest num-
bers occurred in south-west England and in an
area extending from Lancashire to central
Scotland. In most cases, the frequency. of shoot
death on individual trees was fairly low; the fre-
quency within trees is similar to the proportion
of trees affected at a site, with sites with a high
proportion of trees with shoot death generally
having trees with a higher frequency of shoot
death.

Coning was largely restricted to sites in
Scotland and has not been mapped.

Norway spruce

The crown density indices of Norway spruce are
generally lower in northern Britain than in the
southern half of the country, indicating that
thinner crowns are more common towards the
north (Figure 8a). Other than this trend, no
clear pattern is apparent. Very few sites had
any trees with more than 50% loss of density;
this map is of little value in the interpretation of
the results and has therefore not been pre-
sented. The map showing the proportion of sites
with trees with more than 20% loss of density
(Figure 8b) is more useful, indicating that the
majority of sites with a high proportion of trees
in this category are in the Scottish Highlands.
The differences between this map and the map
for mean crown density are interesting; they in-
dicate that the within-site variation increases
northwards.

The greatest amount of needle discoloration
was recorded in Scotland. Current browning of
needles was very rare and the map has not been
reproduced, Yellowing of current needles was
more frequent, being reported at a number of
coastal sites. Browning of older needles oc-
curred mainly in Scotland and was particularly
apparent at the northernmost site (Figure 8c).
Infestation by E. abietinum appears to have
been responsible. No obvious pattern was pre-
sent in the distribution of sites with yellowing of
older needles and this map ‘has not been pre-
sented.

In accordance with the increases in crown
density, the number of sites with a high propor-
tion of trees retaining less than seven years of
needles has decreased (Figure 8d). The distribu-
tion is again similar to that for 1988, with the
south-west and west having the highest propor-
tion of trees with low needle retention values.

Shoot death in individual trees was present
at most sites (Figure 8e), although the ncrth-
west appears to have a higher than average in-
cidence. However, the extent of shoot death was
not particularly great at any site.

As with Sitka spruce, coning was very rare
and the map has not been reproduced.
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Scots pine

The pattern of mean crown density scores was
similar to that in 1988 (Figure 9a), although the
areas indicating the presence of relatively dense
trees have increased, in line with the general in-
crease in crown density recorded by the overall
statistics. Central and south Scotland was again
identified as the area with the thinnest crowns
and this clearly warrants further investigation.
The pattern is influenced by a number of sites
with trees with more than 50% loss of density
(Figure 9b). The worst sites have a substantial
proportion (more than 40%) of trees with more
than 75% reduction in foliage. Most sites have
trees with between 20% and 50% reduction in
density (Figure 9c¢); the south Scottish sites
stand out as having most trees with more than
20% reduction in density and a substantial
proportion with more than 50% or 75% loss of
density.

Sites with discoloration were scattered over
the country and no pattern was readily appar-
ent. Browning of current needles was mainly re-
stricted to west Scotland and the south-east of
England. No pattern was evident in the distri-
bution of sites with yellowing of current needles.
Browning of older needles occurred in southern
Scotland and central and southern England
(Figure 9d). The pattern may be significant and
is discussed in detail below. Although yellowing
of older needles was evident, no clear pattern
can be distinguished.

Insect damage was rare over most of England
and Wales, but was recorded in the south-east
and in central and north Scotland. The greatest
incidence occurred in west Scotland, where in-
festation by Tomicus piniperda was identified as
the main insect problem. In the south-east of
England, T. piniperda was also identified as the
main insect causing the damage; increased
damage by this insect was predicted for areas
suffering damage from the 1987 storm (Winter,
1988).

Mean needle retention can be calculated for
Scots pine as accurate counts can be made of
the needle years. The pattern found in 1989 was
similar to that of 1988 although there were
fewer sites in 1989 with a mean retention of less
than 2 years (Figure 9e). The lowest retention
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was recorded in central and south Scotland, at
sites where insect and fungal damage has been
reported for several years.

Flowering increased towards the north of the
country and there was further indication of the
rather complex pattern identified in 1988.

Most of the sites in central and south
Scotland have a high proportion of trees with
shoot death in the live crown. Elsewhere, it is
much less frequent, with the smallest propor-
tion of affected trees being reported from central
England. As expected, the extent of shoot death
shows a similar pattern to the proportion of
trees affected and the two indices are highly
correlated (Table 21).

Coning was abundant in 1989 and occurred
in most parts of the country. It was particularly
frequent in east Scotland and throughout much
of central and western England.

Oak

The pattern of mean crown density scores for
oak in 1989 was remarkably similar to that for
1988 (Figure 10a). Generally, sites in England
and Wales had denser crowns than sites in
Scotland. This is shown in both the map of
mean density scores and the map of the propor-
tion of trees with more than 20% reduction in
density (Figure 10b). As in previous years, the
densest trees were located in eastern England,
East Anglia excepted.

Crown dieback was present over much of the
country, being more common in Wales and
Scotland than over the remainder of the country
(Figure 10c).

Foliage discoloration was most apparent in
central Scotland and northern England. An
area of severe discoloration in Yorkshire has not
been recorded in previous years. The discol-
oration mainly took the form of yellowing and a
number of trees were scored as showing a yel-
lowish-green colour. In other cases, only the leaf
margins were yellow.

Crown form, which is a reflection of recent
growth trends, has a similar pattern to the
mean crown density scores. Crown form is as-
sessed on a non-linear scale with trees in good
condition being scored as 0 and the worst trees
as 3. Consequently, maps showing the propor-



tions of trees at each site with a given level of
crown form are of interest. The distribution of
the proportion of trees at each site with a score
of 2 or more (Figure 10d) indicates that there
are isolated pockets of poor trees in England
and Wales with the majority of trees falling into
this class being located in Scotland.

Crown pattern was also examined, with the
proportion of trees with a score greater than or
equal to 3 being used as a site index (Figure
10e). The pattern bears little resemblance to the
crown density scores, but shows some similarity
with the dieback scores. Using this form of as-
sessment, the worst trees are located in central
Scotland, with trees in the north and west of
Scotland appearing to be in better condition. No
clear pattern is evident in England and Wales.

Acorn production may have been underesti-
mated due to the early date of the survey. The
majority of production was in central and south-
ern England, with production being relatively
rare at the Scottish sites.

Some pattern is evident in the incidence of
insect damage (Figure 10f). The incidence is
higher in central Scotland, central England and
north and central Wales, with the amount of
damage being less in the south and south-east.

Beech

The pattern for mean crown density in beech is
similar to that for 1988, although the general
increase in crown density that was recorded
during 1989 is reflected in the absence of sites
with relatively thin crowns along the south
coast of England and in west Wales (Figure
11a). There has also been some improvement in
central Scotland. As in previous years, the areas
with the densest crowns are northern and cen-
tral England. The sites with the highest propor-
tion of trees with more than 20% reduction in
density are mostly in Scotland (Figure 11b), al-
though there is an area extending from the
Wash through to Cornwall where there is also a
high incidence of relatively thin crowned trees.

Crown dieback was more frequent in
Scotland than in the rest of the country, being
particularly prevalent in the Central Valley of
Scotland (Figure 11c).

Total discoloration reflected the incidence of

both browning and yellowing. Yellowing was
most frequent in north England and in an area
extending from Hampshire to Lincolnshire.
Browning was more frequent in northern
England and eastern and northern Scotland.
Both distributions are broadly similar to those
found in 1988.

The area of marked rolling identified in the
south-east of England in 1988 was not repeated
in 1989. Rolling was, however, more frequent in
the south-east than in the rest of England and
Wales. A second area where rolling was fre-
quent was identified in central Scotland in
1989. The distribution is surprising as leaf-
rolling in broadleaves is normally associated
with drought (Skelly et al., 1987; Bernier and
Brazeau, 1988), yet no relationship was identi-
fied between the pattern of soil moisture deficits
in Britain at the end of July 1989 and the distri-
bution of leaf-rolling. However, the general in-
crease in incidence may be related to the dry
conditions that prevailed during much of the
1989 growing season.

Although problems of reproducibility mean
that crown pattern scores cannot be properly
tabulated, the two most severe categories can
normally be confidently separated from the two
least severe ones. This has been done using the
proportion of trees at a site with a score of 2 or 3
(Figure 11d). The distribution clearly indicates
that sites in the north of the country are worse
than those in the south. Within the south, there
is little evidence of a trend in the proportion of
trees in categories 2 and 3, although there ap-
pears to be more trees in this grouping in the
west than in the east. This corresponds with the
findings of a study of twig growth of beech in
the south of England (Lonsdale et al., 1989).

A broadly similar pattern was obtained by
plotting the proportion of trees with a crown
pattern score of 3 or more at each site. Trees in
the north of the country again appear to be
worse, although there are also a number of sites
in the south of England where condition ap-
pears to be poorer than elsewhere.

Very little premature leaf loss was recorded
in southern England and Wales. It was infre-
quent in northern England and in Scotland.

Insect damage was recorded more frequently
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in north Wales and Scotland than in England.
Little damage was recorded over most of south-
ern England. The distribution is markedly dif-
ferent to the pattern of insect damage in oak,
but the reasons for this are unknown.

Environmental factors affecting
crown condition

In the past, emphasis has been placed on the
statistical relationships between a variety of en-
vironmental parameters and different measures
of crown condition. This approach suffers from a
number of drawbacks, mainly related to the ac-
curacy of the explanatory variable values and
the extremely complex nature of the inter-rela-
tionships between them. In particular, there is
some doubt whether deposition levels of
pollutants to forests can be inferred from the
type of models that are currently available be-
cause of the steep deposition gradients that are
apparent at forest edges (Bleuten et al., 1987;
Hasselrot and Grennfelt, 1987; Draaijers et al.,
1988; Beier and Gundersen, 1989) and the local
variations that occur in deposition as a result of
altitude and other factors (Hicks and Meyers,
1988; Lindberg et al., 1988; Fowler et al., 1989;
Unsworth and Wilshaw, 1989). In addition, it is
clear that even when measurements are avail-
able, they may not be representative of the dose
received by the tree (Schulte and Spiteller,
1987; Bringmark, 1989; Nykvist and Skyllberg,
1989).

Ridge regression of data collected in 1987 in-
dicated that the multiple regression coefficients
derived from these analyses were highly unstable,
throwing doubt on any attempt to use them in a
predictive capacity (Innes and Boswell, 1988).
In the report for 1988, only correlation coeffi-
cients were presented, but these can be very
misleading because of the influence of one or
two extreme values. Consequently, similar anal-
yses have not been undertaken this year.

The correlation of specific symptoms with
spatial patterns of pollution remains an impor-
tant approach to the problem of forest decline
(Loehle, 1988), although it should always be
used in conjunction with experimental studies
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(Skelly, 1989). However, it is clear there are too
many assumptions inherent in the existing
methods and alternative analytical techniques
are being developed.

Discussion

Short-term factors affecting tree
condition in 1989

The climatic conditions in 1989 have been un-
usual and are believed to have affected the re-
sults. The mild winter, which was 2.3°C above
normal (Morison and Spence, 1989a), resulted
in severe outbreaks of E. abietinum which
caused extensive defoliation of spruce in some
areas (Carter, 1989). A'number of other insects
have benefited from the mild winter and a vari-
ety of problems have been reported (Morison
and Spence, 1989b). The dry summer resulted
in many tree species showing drought symp-
toms by August and such symptoms were occa-
sionally identified during the assessments.
However, forest trees appeared to show far
fewer drought symptoms than open-grown trees
(Innes et al., 1989).

There are no formal surveys of damage re-
sulting from specific abiotic or biotic agents.
However, the Pathology and Entomology
Branches of the Forestry Commission collate
anecdotal information about the state of trees in
Britain. This is supported by visits to a limited
number of forests throughout the country. Their
findings are included below.

Sitka spruce

Pathological problems in Sitka spruce were in-
significant in comparison to the extensive defoli-
ation by E. abietinum. The condition of Sitka
spruce appears to have been determined by the
presence or absence of this aphid. Where no in-
festation occurred, the condition of the trees im-
proved. Defoliation by aphids resulted in lower
crown densities; in some cases, reductions of
50% or more were recorded. In some areas,
drought may have caused problems, but Sitka
spruce is largely absent from the areas most af-



fected by the 1989 drought and few cases were
reported.

Norway spruce

Norway spruce was also affected by E. abiet-
inum although to a lesser extent than Sitka
spruce. In some areas, the ‘top-dying’ syndrome
was apparent, it is normally more noticeable
after mild winters (Diamandis, 1979). It ap-
pears to be a complex physiological disorder
brought about by a combination of factors, in-
cluding growth disturbances caused by mild
winters, early summer drought and changes in
the water availability to the stand.

Scots pine .

A number of insect pests were more abundant
than usual in Scots pine. Loss of shoots caused
by T piniperda was widespread in areas af-
fected by the 1987 storm. The beetles breed in
fallen and damaged trees; the adults burrow
into the shoots of standing trees giving rise to
the characteristic loss of shoots. There were re-
ports of Schizolachnus pineti Fabricius
(Hemiptera) in some areas, an aphid that
causes yellowing of the current foliage.

Sites in central and south Scotland continue
to be affected by a combination of the fungi L.
seditiosum and B. pinea and by T. piniperda. In
1989, many of the affected trees showed some
signs of recovery. The problem appears to be re-
stricted to higher sites (> 100m) and may be re-
lated to provenance, but this remains uncertain.

The increase in discoloration of Scots pine is
difficult to explain. In some cases, insects or
fungal pathogens appear to be the cause. This is
the most likely explanation for the discoloration
recorded in central and southern Scotland,
where similar problems have been reported in
the past (Innes and Boswell, 1987, 1989). In
central and southern England, these pathogens
did not appear to be particularly important, al-
though T. piniperda was common in areas af-
fected by the 1987 storm. Drought may be
involved, but the absence of browning at sites in
eastern Scotland, where drought conditions oc-
curred in 1989, suggests that this is not the
main cause of the discoloration. More ozone

episodes were recorded in 1989 than in 1988
(Warren Spring Laboratory, personal communi-
cation), and it is possible that the increased
number of ozone episodes was related to the ob-
served increase in the browning of older need-
les. However, this possibility cannot be investi-
gated further until the results of the 1989 ozone
monitoring programme conducted by Warren
Spring for the Department of the Environment
are published.

Oak

No pathological problems were reported in oak,
although there were a number of incidences of
leaf-browning caused by Phylloxera glabra von
Heyden (Hemiptera) in southern England to-
wards the end of the summer. Defoliation by
Tortrix viridana L. (Lepidoptera) was uncom-
mon, but the effects of this insect on the crown
density of trees in July and August are difficult
to distinguish, as most trees have recovered
from early defoliation by this time. In the south
of England, the improvement in both oak and
beech may be partly attributable to the filling in
of gaps in the crowns that had been created by
the storm of October 1987.

Beech

Minor drought effects were noted in some areas.
Infestation by the leaf miner Rhynchaenus fagi
appeared to be lower than usual in the south,
but a reduction in the incidence of this insect
was not noted in Scotland. The beech coccus, C.
fagisuga, was recorded more frequently than in
the period 1986-1988; 14% of trees in the moni-
toring programme were recorded with this prob-
lem in 1989.

Overall, short-term factors appear to have
favoured crown cordition in 1989. The combina-
tion of two wet summers in 1987 and 1988 and
the mild winter of 1988-1989 resulted in excel-
lent shoot growth and relatively high levels of
foliage. Many insects, particularly E. abietinum,
benefited from the mild winter; their incidence
was above-average in 1989 and severe defolia-
tion of some trees was recorded. There was a
higher number of ozone episodes in 1988 than
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in 1989, but until information about the nature
and distribution of these is available, their im-
pact cannot be assessed.

International developments in the
understanding of forest decline

Research into the problem of forest decline
started almost 10 years ago, although it was
only in the mid-1980s that most studies got un-
derway. A huge amount of work has been done
on the problem, and it is a major task to sift
through the numerous research reports being
produced by the many groups involved.

Identification of different decline types

A major advance in the understanding of forest
decline arose from the observation that different
types of decline were present in Germany
(Forschungsbeirat Waldschéiden, 1986). In par-
ticular, five forms of decline were recognised in
Norway spruce (Table 25). Similar damage clas-
sifications have been conducted in France
(Landmann, 1988a) and North America
(Chevonne and Linzon, 1988), greatly helping
the separation of different cause-effect groups.
Several different types of decline can be iden-
tified in Britain. The decline of elm in the 1970s
is one of the best-known and best-documented.
It was the result of invasion by an aggressive
North American strain of the fungus
Ophiostoma ulmi (Buism.)Nannf. The ‘top-
dying’ syndrome in Norway spruce, which has
been identified at a number of plots involved in
the monitoring programme is another example
but, in this case, the causes are uncertain.
Similarly, the programme has reported a decline
in the condition of Scots pine in southern
Scotland which is characterised by relatively

high incidences of the fungal pathogens L. sedi-
tiosum and B. pinea and the insect T, piniperda.
These three organisms occur widely and the
limited distribution of the decline therefore indi-
cates that they are not the primary cause,
which remains to be identified.

Another decline problem has been identified
in south Wales, which is characterised by yel-
lowing, needle loss and crown deformation
(‘bent-top’) in Sitka spruce. These symptoms are
accompanied by severe growth reductions.

The move towards the identification of dis-
crete decline types enables hypotheses to be de-
veloped for specific problems and means that
some hypotheses rejected in the past because
they were not universally applicable can be re-
considered. By way of example, two areas where
detailed investigations have been undertaken
are described below, one dealing with Type I
Norway spruce decline and the other with the
decline of silver fir in the Vosges Mountains of
France.

Type I damage in Norway spruce is
characterised by yellowing of older foliage and
needle loss. It is found at higher altitudes in a
number of areas, including the Harz Mountains,
the Bavarian National Park and the Black
Forest. It is the only type of damage in Norway
spruce in Germany that has resulted in a long-
term reduction in volume growth; other types of
decline have not shown any trend (Rehfuess,
1989) although individual symptomatic trees
may have reduced increment (e.g. Kramer,
1986). The yellowing has been associated with
magnesium deficiency (Zech and Popp, 1983;
Bosch et al., 1983; Zottl and Mies, 1983;
Kaupenjohann et al., 1989). The magnesium
content of needles is correlated with crown den-
sity (Girtner, 1985), low magnesium contents
being associated with high levels of defoliation.
Detailed analyses have indicated that the yel-

Table 25. Decline types recognised for Norway spruce in Germany (FBW, 1986).

Type 1. Needle yellowing at higher elevations of the German ‘Mittelgebirge'.

Type 2. Thinning of crowns at medium to high altitudes in the ‘Mittelgebirge’, with no yellowing.
Type 3. Reddening of needles in older stands in southern Germany.

Type 4. Yellowing at higher altitudes in the calcareous Alps of southern Bavaria.

Type 5. Thinning of crowns in coastal areas in the north of Germany.
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lowing is due to the transfer of magnesium from
the older needles to the new needles (Lange et
al., 1987) rather than to processes such as ozone
injury. This has been confirmed by histological
and cytological studies (e.g. Fink, 1988; Schmitt
et al., 1986) and grafting experiments (Hiittl
and Mehne, 1988).

The causes of the magnesium deficiency re-
main uncertain. Many soils have become more
acidic in recent years and there is some evi-
dence that cations such as Mg and Ca** have
been depleted (Zezschwitz, 1982, 1985;
Hildebrand, 1986; Rost-Siebert and Jahn, 1988;
Grimm and Rehfuess, 1986; Hauhs, 1985, 1989;
Matzner et al., 1982). Other processes, such as
the removal of magnesium in biomass and re-
duced uptake caused by root restrictions result-
ing from unfavourable chemical environments
(Matzner et al., 1986; Oren et al., 1988a, 1988b),
are also likely to be important.

The decline of silver fir in the Vosges
Mountains of north-eastern France has also
been the subject of intensive investigations. The
decline was noted in the early 1980s, with a
sharp increase in the amount of yellowing being
recorded in 1984 and 1985, since when there
has been a recovery (Landmann, 1988b).
Growth was depressed in the period 1973-1980
but returned to normal in the majority of stands
by 1983 (Becker, 1987a, 1987b; Lévy and
Becker, 1987). Similar growth depressions oc-
curred in the periods 1917-1925 and 1943-1951
(Becker,1989; Becker et al., 1989). There is a
strong correlation with summer moisture condi-
tions, with growth taking as much as 6 years to
recover from particularly dry summers (Becker,
1989). There appears to be a strong influence of
silvicultural practice: stands that were thinned
more frequently in the 25 years prior to
1959-1964 (the period of dry summers) do not
currently show the decline symptoms (Becker
and Lévy, 1988; Becker et al., 1989). Air pollu-
tion is not ruled out as a contributing factor and
may be involved in some of the mineral deficien-
cies that have been observed (Bonneau, 1989),
but this remains speculative.

Declines in forest health and/or vigour have
also been reported from a number of other coun-
tries. Examination of these reports indicates
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that a variety of problems are present which are
all being categorised as forest decline, despite a
number of different causes being responsible. In
some cases, even the presence of a decline is un-
certain. For example, a reassessment of the sur-
veys of pollution-damage in eastern white pine
in the United States has suggested that many
do not meet quality control criteria; out of 61
surveys examined, Bennett et al. (1989) rejected
56. In some cases, rejection was on the grounds
that the diagnosis of the symptoms was inade-
quate (Linzon, 1989); in others, it was due to in-
adequate sampling. When the five surveys that
met the acceptance criteria were examined,
Bennett et al. (1989) concluded that there was
little evidence of a major decline in the health of
the species.

The role of air pollution

Several different mechanisms exist whereby air
pollution can interact with trees. Johnson and
Taylor (1989) identify three main processes: soil
acidification, direct and indirect effects of
gaseous pollutants and excess nitrogen deposi-
tion.

Soil acidification and related processes

Indirect, soil-mediated, effects are intensely de-
bated. Soil acidification is known to alter the
mineral supply within the soil, with nutrients
such as magnesium and calcium being removed
(Johnson et al., 1985; Kreutzer and Bittersohl,
1986; Bergkvist, 1987) and this may be linked
with the magnesium deficiency seen in Type I
Norway spruce decline. The role of acidic depo-
sition in the leaching of nutrients is uncertain
as some studies have failed to show any effect
(e.g. Nowak et al., 1989). There is now evidence
that as a cation becomes rarer, any losses
through leaching will decrease and may stop al-
together before the availability of the cation be-
comes so low that a deficiency in the trees
occurs (Johnson and Taylor, 1989). It seems
likely that the site conditions play an important
part in determining exactly what processes
occur.

As soils acidify, certain metals may become
more available and concern has focused on alu-
minium. However, results of experimental stud-



ies with aluminium have been mixed, with some
studies showing significant effects on growth or
some other parameter (e.g. Jorns and Hecht-

Buchholz, 1985; Godbold et al., 1988; Bengtsson .

et al., 1988; Joslin et al., 1988; Thornton et al.,
1989; Balsberg Pahlsson, 1990) and others
showing no effect at the level of concentration
found in the soil (Berneike et al., 1987;
Goransson and Eldhuset, 1987).

The uncertainty arises from the difficulties in
distinguishing between different forms of alu-
minium that occur in the soil. These exhibit dif-
ferent toxicities, which may be compounded by
major inter- and intra-specific differences in the
tolerance of trees to aluminium and variations
in aluminium toxicity determined by other envi-
ronmental factors (McCormick and Steiner,
1978; Eldhuset, 1988; Cronan et al., 1989;
Keltjens and van Loenen, 1989). The problems
of determining sensitivity to aluminium are
such that it is impossible to say categorically
whether conditions for aluminium toxicity exist
in forests (Cronan et al., 1989). At some German
sites (e.g. Solling), very high aluminium concen-
trations have been recorded and these may be
sufficient to cause damage. Elsewhere, alu-
minium toxicity seems unlikely. Although re-
ductions in fine root biomass have been
recorded (e.g. Schulze et al., 1987; Meyer, 1987,
Matzner et al., 1986), which is consistent with
the theory of aluminium toxicity (Ulrich et al.,
1980), the available evidence suggests that the
reduction is a secondary symptom related to
magnesium deficiency (Schulze et al., 1987), al-
though this is disputed (Ulrich, 1989).

The direct effects of acidic deposition also re-
main a contentious issue. The rainfall acidity
normally encountered in Europe and North
America is insufficient to cause direct foliar in-
jury (Morrison, 1984; Evans, 1984; Haines and
Carlson, 1989). However, at higher elevations,
cloudwater, which is much more acidic than
rainfall, may be intercepted by trees. In some
cases, the acidity of this water may be sufficient
to cause injury, although this has yet to be
demonstrated in forests.

The theory that acidic mist or rain interacts
with ozone to cause increased leaching of nutri-
ents from needles, thereby causing deficiency

symptoms (Prinz et al., 1982) has not been sub-
stantiated by field or experimental evidence.
The results of some experiments must be dis-
counted because of the effects of anhydrous ni-
tric acid, which is produced as an impurity in
ozonated air (Brown and Roberts, 1988). Other
experiments (e.g. Bosch et al., 1986; Mengel et
al., 1987) have not induced magnesium defi-
ciency through leaching. Foliar leaching of
cations has been clearly demonstrated in the
field, but the amounts involved are small in
comparison to storage within the foliage and
other above-ground biomass (Bredemeier and
Matzner, 1986; Hantschel et al., 1988; Reisch,
1983).

Direct and indirect effects of gaseous
pollutants

Direct damage by sulphur dioxide appears to be
increasingly rare as a result of reductions in
emissions of this pollutant. Damage is still pre-
sent around certain point sources and this can
be widespread in countries such as China (Ma
Guangjing, 1989) and Czechoslovakia (Materna,
1988) with poor emission controls. Fears that
relatively low concentrations of sulphur dioxide
and other gaseous pollutants could be the cause
of forest damage have not been substantiated by
recent experimental work (e.g. Koch, 1989;
Koch and Lautenschlager, 1989; Krause and
Prinz, 1989; Lange et al., 1989; Schulze, 1989;
Schulze et al., 1989a; Hotz et al., 1990).

The role of ozone is much less certain and
ozone injury to trees in Europe has not been
clearly demonstrated (Mansfield, 1988; Prinz
and Krause, 1989; Unsworth and Wilshaw,
1989). Ozone fumigation studies have not pro-
duced the type of symptoms seen in the field,
but this does not rule out the presence of more
subtle effects.

Excess nitrogen deposition

Concern still exists about the role of nitrogen in
forest decline. Various tree species are affected
and nitrogen has been implicated as a major
cause of Type 5 Norway spruce decline.
Nitrogen appears to be a particular problem in
parts of the Netherlands (den Boer and van den
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Tweel, 1985; Roelofs et al., 1985), Belgium (de
Temmerman and Coosemans, 1989) and north-
ern Germany (Krzak et al., 1988) and can be
directly linked to ammonia emissions from in-
tensive agricultural units (van Breemen and
van Dijk, 1988; Draaijers et al., 1989). Similar
problems have been reported around intensive
farming units elsewhere (e.g. Ferm et al., 1988).
A variety of mechanisms for interaction with
trees exist, including soil acidification (van
Breemen et al., 1982; Breeuwsma and de Vries,
1984), mineral balance disruption (van Dijk and
Roelofs, 1988; Mohren et al., 1986) and in-
creased infection by pathogens due to the
changes in the nitrogen metabolism of the trees
(Roelofs et al., 1985). To date, no such effects
have been noted in Britain (Miller and Miller,
1988).

Nitrogen availability may have a significant
role in the development of magnesium defi-
ciency seen in Type I Norway spruce decline in
the Federal Republic of Germany. The dry sum-
mers of 1983 to 1985 caused an increase in min-
eralisation and nitrification (Rehfuess, 1989;
Zottl et al., 1989) resulting in higher nitrogen
availability. Schulze et al. (1989b) have demon-
strated that yellowing in Norway spruce is the
result of nitrogen-stimulated canopy growth
when the supply of magnesium in the soil is
limited, providing further evidence of a nitro-
gen—magnesium interaction.

The form of nitrogen is also important. For
example, fertilisation by ammonium-nitrogen
can induce magnesium deficiency in foliage,
particularly on magnesium-deficient soils (Zottl
et al., 1989). Norway spruce will preferentially
take up ammonium in favour of nitrate, the lat-
ter being free to leach other nutrients from the
soil (Schulze et al., 1989a). This may aggravate
any magnesium or calcium deficiency.

Where supplies of magnesium and other nu-
trients are sufficient, the deposition of nitrogen
may stimulate growth. Increases in forest
growth have been reported (Eichkorn, 1986;
Lévy and Becker, 1987; Spiecker, 1987; Kenk
and Fischer, 1988) and one of the most likely ex-
planations is increased nitrogen availability.
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However, favourable climatic conditions may
also be involved, and more work is required to
identify the main mechanism involved in the
growth increases.

Alternative explanations

Of the natural factors, climatic stress is viewed
as being very important. It has a major effect on
the increment of many European trees (e.g.
Kramer, 1986; Visser and Molenaar, 1988;
Abetz, 1988; Becker et al., 1989) and is viewed
as the trigger for the onset of the widespread
yellowing in Norway spruce in the late 1970s
and early 1980s (Prinz and Krause, 1989). This
can take the form of either summer drought
(Cramer and Cramer-Middendorf, 1984; Becker,
1987a; Donaubauer, 1987) or extreme frosts
(Bosch and Rehfuess, 1988), or a combination of
the two (Lenz et al., 1988)

There is increasing interest in the possibility
that management techniques may have played
a part in the decline of some forest stands.
Many declining stands are located on mineral-
deficient soils and recover following fertilisation
(Rehfuess, 1989; Zittl et al., 1989). In addition,
over-stocking appears to have predisposed some
stands to decline (Becker and Lévy, 1988;
Becker et al., 1989) as does over-thinning
(Keller and Imhof, 1987).

In some cases, a combination of natural fac-
tors appears to be involved. For example,
Bernier et al. (1989) attribute the decline of
many sugar maple stands in eastern Canada to
the triggering effect of two to three consecutive
years of severe defoliation by the forest tent
caterpillar (Malacosoma disstria Hbn.) and the
Bruce spanworm (Operophtera bruceata Hulst.).
Severe frost in early June 1980 resulted in the
death of 75-100% of sugar maple foliage and a
summer drought in 1983 is also thought to have
been important. The problem appears to be
linked to potassium and phosphorus deficiency
although the cause of this remains unclear.
Reduced availability appears to be important,
as does disruption of nutrient balances due to
the high availability of nitrogen (Bernier et al.,
1989).



Conclusions

The observations made in Britain are consistent
with the idea that forest condition oscillates
from year to year but, overall, maintains a
steady state (Kandler, 1988). Since 1987, cli-
matic conditions have been favourable for trees,
although there may be some lag effects associ-
ated with the dry summer of 1989. This is re-
flected in the general improvement that has
occurred in many trees. However, there is no in-
dication that this is a long-term trend, and data
will have to be collected for a number of years
before the underlying patterns can be identified.

There are a number of important differences
between the trees in Britain and those trees ob-
served in areas of central Europe experiencing
decline problems. The superficial similarities
identified in assessments of crown density
(United Nations Economic Commaission for
Europe, 1988; Commission of the European
Communities, 1989) are not supported by more
detailed assessments. In Britain, dominant and
sub-dominant trees do not have thinner crowns,
contrasting with trees in West Germany. The
most common form of defoliation in spruces in-
volved loss of density throughout the crown,
whereas symptomatic German trees generally
lose their density first just below the top of the
crown.

Yellowing of older needles was present in
Norway spruce in Britain in 1989, but only 3%
of trees were affected, none seriously. The
upper-surface yellowing, characteristic of Type I
decline, has not been seen. Binns et al. (1986)
showed that magnesium concentrations in
Norway spruce needles were above the thresh-
old for yellowing identified by Kaupenjohann et
al. (1989) and a re-analysis of these data indi-
cates that nitrogen:magnesium ratios of first-
and second-year needles were in the range
8-28% and 11-39% respectively, much lower
than the ratios with which problems have been
associated in Germany ( Zéttl et al., 1989 ). This
is entirely consistent with data on the deposi-
tion of magnesium in Britain; Roberts et al.
(1989) have argued that Type I decline is un-
likely in Britain because of the high levels of

marine-derived magnesium deposition.
Although shoot death has been identified in

both Sitka and Norway spruce, it is strongly

correlated with age, suggesting that at least a

- proportion of the death is related to natural pro-

cesses within the crown. The widespread occur-
rence of secondary shoots suggests that
replacement of dead shoots is taking place, as
would be expected from our knowledge of the
normal development of spruce crowns through
time (Gruber, 1986, 1987, 1988b; Lesinski and
Landmann, 1988; Rehfuess, 1989).

The information for broadleaves is much
more difficult to assess as different decline
types, based on crown condition, have not been
distinguished to date. Beech in well-thinned
stands had thinner crowns than in dense wood-
land, and this is consistent with observations of
crown thinning following the opening-up of the
canopy. Both oak and beech showed some im-
provement in 1989, which has been attributed
to the wet summer of 1988 and the mild
1988-1989 winter. The dry summer of 1989 had
little immediate effect on the trees. Effects may
be apparent in 1990 but, in England, these may
be difficult to differentiate from twig damage
caused by the storms in early 1990.

Correlation and regression analyses under-
taken in the past have not revealed any pat-
terns that might indicate an adverse effect of air
pollution on tree condition. Instead, the analy-
ses suggest that tree condition is better in those
areas experiencing higher levels of most forms
of gaseous pollution. Considerable develop-
ments have occurred in the characterisation of
air pollution patterns in Britain and these are
currently being reviewed. It is likely that more
accurate estimates of the pollutant loading at
individual sites will be available in the near fu-
ture and these will be incorporated in future
analyses. In addition, the increase in the
amount of data related to tree condition opens
up new opportunities for more sophisticated sta-
tistical analyses, and some techniques with con-
siderable potential have now been identified.
These will be used in future analyses of the
data.

The patterns of crown condition identified in
1989 are broadly similar to the data for 1987
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and 1988. One major difference is the increase
in the amount of browning of older Scots pine
needles that occurred in the southern part of
the country in 1989. It is possible that this re-
flects the higher ozone concentrations recorded
in 1989 as early senescence of older needles is
one of the first symptoms of ozone damage that
occurs in Scots pine. At the moment, it is impos-
sible to substantiate this hypothesis as neither
the 1988 nor the 1989 results of the
Department of the Environment’s ozone moni-
toring programme had been published at the
time of writing.

Within a wider context, the role of air pollu-
tion is now seen as being extremely subtle in
most areas. The widespread death of forests, as
seen in parts of eastern Europe as a result of
high concentrations of sulphur dioxide com-
bined with extreme winter stress, has not oc-
curred in western Europe. Instead, scientists
increasingly believe that the direct effects of air
pollution are relatively minor. However, there
may be considerable indirect effects, either
through soil-mediated processes or through
changes in the susceptibility of trees to insects
and fungal pathogens. The full impact of these
remains to be evaluated.

A consensus appears to be emerging about
the role of tree nutrition. Magnesium deficiency
is clearly responsible for some forms of decline,
although the reasons why the soils are low in
magnesium remain uncertain. Acidic deposition
has resulted in increased removal of base
cations and is likely to be involved in the defi-
ciencies, although depletion of base cation re-
serves in harvested timber is also likely to be an
important factor where magnesium reserves in
soils and atmospheric inputs are small. The si-
multaneous appearance of a variety of symp-
toms in different areas appears to be the result
of extreme climatic conditions, with dry sum-
mers being particularly important. The effects
of the dry summers are variable, depending on
the physical and chemical soil characteristics
which have determined the trees’ responses.
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The direct effects of gaseous pollutants ap-
pear to be very limited, although the potential
for damage clearly exists. Experiments con-
ducted in the field have shown no significant ef-
fects and symptoms of acute injury by, for
example, ozone, have not been identified in
Europe. Laboratory and other fumigation exper-
iments have generally been short-term and
have used unrealistic concentrations or gaseous
mixtures. This makes the results very difficult
to interpret. However, it seems that any re-
gional-scale effects are small relative to other
processes affecting tree condition, although the
possibility that gaseous pollutants are exacer-
bating certain problems cannot be excluded.

The logic behind the Forestry Commission’s
approach to the problem of forest decline has
been neatly summed up by Mason (1988, p.73):

The problem becomes apparent when dam-
age exceeds a certain level generally accepted
as normal and then spreads or intensifies
rapidly as the natural control mechanisms
fail to cope. It is then necessary to determine,
by careful observation and measurement, the
nature, extent and intensity of the damage,
the rate of change and whether these are
gradual, episodic or step-changes, and to
compare these with past records, if they
exist. The next step is to correlate the dam-
age symptoms with internal or external
events judged to be the likely causes or con-
tributors before involving more imaginative
or fashionable hypotheses.

The results presented in this report indicate
the progress that has been made in the under-
standing of the forest decline problem. Certain
patterns are beginning to emerge and some of
the early questions have now been answered.
However, there are still many areas of uncer-
tainty and the detailed observations that this
programme entails will continue to provide im-
portant basic information on the condition of
British forests.
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