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Abstract: Tree rings provide an invaluable insight into how trees adapt to changes in climate. This
study presents aggregated results, from our research on tree rings, climatic response and the insect
Choristoneura murinana infestations from three studies on Greek fir, located in stands across Central
Greece and Giona Mountain on three different altitudes. In our studies, was found that extreme
droughts and wet events had a negative or positive effect on fir growth, respectively. April’s
precipitation had a positive correlation with growth for all the stands, which supports other authors’
findings. Moreover, the average maximum temperature of the growing season and the maximum
temperature of April, July and August were also linked to growth. Evapotranspiration during the
growing season was seen to be inversely proportional to the growth of fir. An apparent decline in
tree ring growth more severe in stand 3 (Average Tree Ring Width Index, ARWI < 0.6) has been
observed, particularly in recent years. The data suggests that temperature is having a detrimental
effect on fir growth in the area, with a significant decreasing tendency in growth from 1993 for the
high altitude stands and from 1998 for the lower altitude stand. To ensure successful and sustainable
forest management in the future, more research into tree rings and their relationship with climate
must be carried out.
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1. Introduction

In recent decades, extreme drought events with high temperatures and low precip-
itation have caused intense forest dieback across Europe [1,2]. Mediterranean regions
are particularly vulnerable to tree species loss due to increased frequency and intensity
of drought events [3,4]. The forests of Southern Europe have experienced direct abiotic
disturbances, such as droughts and other climatic factors [5-8] resulting in decreased forest
productivity [9] and increased tree mortality [10-12]. More specifically, it has been observed
that many fir species have experienced a loss of radial growth and damage from pests and
pathogens, which are linked to drought severity. Suggestively, Navarro-Cerrillo et al. [13]
proved that the endangered and relict Abies pinsapo tree species in Andalusia, south-eastern
Spain, is increasingly exposed to the combined pressures of climate change, pests, and
pathogens. This study used a monitoring network dataset from 2001-2017 to quantify the
spatiotemporal patterns of abiotic (drought, climate warming) and biotic (pathogen) risks
and the resulting loss of vitality. Results showed that defoliation and mortality rates were
higher in the eastern part of the study area and linked to long and severe droughts, beetle
attacks, and root rot fungi. Moreover, Gasol et al. [14] evaluated multiple features of Abies
alba, forests in Spain to determine whether previous growth rates and trends are valid
predictors of dieback. The defoliation degree was strongly related with radial growth, and
growth trends differed between moderately to highly defoliated trees and non-defoliated
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trees. In addition, low elevation and less rainfall in the summer were associated with
dieback. At the same time, seems that climate warming is modifying growth patterns
and responses to climate across the species’ European distribution area, with a decline
in growth of many populations in south-western Europe due to increased aridity, and
growth in more temperate areas due to warming [15]. Dendroclimatic analysis of 23 large
size Abies alba trees in Southern Italy, revealed that late spring/summer precipitation is
the most important factor affecting growth in the area [16]. Finally, results of a study
regarding Abies alba in five mixed European beech-silver fir forests of Central Italy (Tuscany
and Marches) revealed that beech-silver fir forests, may respond to climate variability at
different altitudes by increasing water use in summer, in response to decreased spring
precipitation and general temperature increase [17].

In Greece, water scarcity is likely the primary climatic factor limiting forest growth.
Studies have shown a strong correlation between available water and tree ring width and
tree growth in different Mediterranean forests and tree species [18-22]. Weakening or
necrosis of Mediterranean fir forests in Greece, particularly in southern and central Greece,
has been attributed primarily to drought-related extreme periods and high spring or low
winter temperatures [23-26]. Tree-ring width relations with precipitation and temperature
have also been studied on a local scale for A. cephalonica [21,26-28].

Tree growth can be directly affected by species-specific sensitivity to warmer or drier
climates. Predicted increases in the severity and frequency of drought events globally [4,29]
could have major impacts on tree growth [2]. Tree rings can be used as a research tool
to explore these topics, as they record a wide range of variables related to environmental
change which can be measured and accurately dated with sub-annual precision [30-35].
Fritts [31] found that tree ring variance is generally controlled by factors influencing growth.
Tree-ring evidence from many different biophysical settings supports the idea that tree
growth is limited by water in some ecosystems and by energy (growing season length,
degree days, or mean temperature) in other ecosystems [36]. Littell et al. [37] observed
that it is necessary to consider multiple scales of factors affecting the local climate of a
forest stand in order to make successful comparisons among stands of the same species
across their niche. Local topography, for example, can mediate the climate of a forest
stand and moderate or exacerbate the influences of regional climate [38,39]. In this study,
we reviewed our recent research on Greek fir growth in Giona Mt in Central Greece,
incorporating new analyses from a newly measured fir stand at the mountain aiming
to understand temperature sensitivities of growth and their temporal trends, including
precipitation impact, at a local scale. Finally, all the aggregated results are briefly presented.

2. Materials and Methods

In 2021, two study sites of Greek fir with different altitudes (998 m and 1274 m)
located in Central Greece on Mt Giona were studied regarding the impact of precipitation
and air temperature on its radial growth using tree ring analysis after the calculation
of the Average Tree Ring Width Index (ARWI) [21]. The forests in this region mostly
consisted of natural Greek fir (Abies cephalonica) stands. The fir forest is affected by both
natural and anthropogenic disturbances, such as insects, logging, and visitors. More
specifically, the most important insect observed is the defoliator Choristoneura murinana Hb.
(Lep., Tortricidae, Archipini), European fir budworm (hereafter as EFB), while there is no
reference in the last 60 years of severe attacks of Scolytidaes. Moreover, defoliations by the
insect European fir budworm (EFB), (Choristoneura murinana) were observed, described and
published [40] in several areas across the mountains of Giona and Parnassus. However,
the selected trees of the stands were relatively healthy and showed no severe damage
or logging impacts. The two study sites (stand 1 and stand 2), both face the Southeast,
were located in Central Greece, on Mt Giona, near the village of Kaloskopi. The third one
(stand 3) is located almost 18 km north south of the village Kaloskopi, near the village
Mavrolithari and also faces Southeast (Figure 1). All the characteristics of the case studies
are outlined in Table 1.



Climate 2023, 11,78

30f15

“._ Lianokisdhion e S . Sl e e 1 Y
R TR T e

lra Ypatis g [ jamsss Y EB asia o

ouTpa rraupt 28174 Aasa Roditsa e

‘namg Pobitoa aralia R

Napa)
Pau

Anthili

Avanin Ekvoles

Sperchiou®
AR

[ -
A
Molog _Skarfia '

& i Ix Cl0 e :
> vove
nourgio
BpOVIROA

Elateia
. a EAdTED

Kata Tithorea
Katw TI8opEa | ofkachor
Acuxoyu

Figure 1. Location of study areas on Giona Mountain, Central Greece. Giona Mt is located between
the mountains of Parnassus to the east, Vardousia to the west, and Oeta to the north, and the nenearest
town is Amfissa, to the southeast.

Table 1. Coordinates and case studies characteristics.

Stand No Near Latitude Longitude Aspect Altitude T;iii?g%e Sa'l:pelse d
1 Kaloskopi 38.648514° N 22.38500° E SE 988 m 85 20
2 Kaloskopi 38.679078° N 22.30685° E SE 1274 m 61 20
3 Mavrolithari ~ 38.747888° N 22.26833° E SE 1257 m 56 20

The elevation of the three sample stands is 988 m (stand 1), 1.274 m (stand 2) and
1257 m (Stand 3) above sea level, respectively. The measurements concerning the third
stand were taken at the end of the summer of 2022 and are presented in this study for the
first time. The data is intended to be compared with the published analysis of stands 1 and
2 [21] in order to further our research in the area in order to understand more the nature of
growth—climate relationships for the Greek fir across the Mt of Giona.

The third site was chosen for its unique climate. Mavrolithari, is renowned for its
cold winters and often experiences the lowest temperatures across the country. Examining
the growth of firs in this environment can provide insight into how trees respond to
increasing temperatures due to climate warming. Regarding the sampling, we followed
the same procedure as our last work [21], receiving two wood cores per tree at breast
height above ground, total 20 dominant or co-dominant trees, separated at least 5 m from
each other using a 400 mm long and 5.15 mm wide increment borer Mora three-threaded
auger by Haglof (Haglof Inc., Ldngsele, Sweden). After their preparation (air drying and
hand sanding), tree rings measurements were performed using the LignoVision software



Climate 2023,11,78

40f 15

(version 1.40). Tree ages ranged from 61 to 136 years in Stand 1, from 50 to 83 years in stand
2 and 35 to 68 in stand 3. Fritts [31] suggested that various biological growth functions
have been used for the curve fitting process, such as parabolas, hyperbolas, logarithmic,
and polynomial functions. The literature referred that this kind of plots are typical if ring
width data derived from many coniferous species growing on drought-subjected sites (ibid).
Following that, common nonlinear function for determining an appropriate tree growth
model against time were used. In our prior research [21], the hyperbola two-parameter
function performed better, and we maintained these results. For stand 3, an exponential
decay function was preferred while the evaluation of the ring width models was based on
the adjusted coefficient of determination (R,qj), and the significance (p < 0.05).

The precipitation data used on the already published study (daily values converted to
monthly values) [21], were derived from the Kaloskopi hydrometeorological station (coor-
dinates: 38.68932° N, 22.32333° E, at 1052.80 m above sea level), owned by the Ministry of
Environment and Energy (Hellenic Ministry of Environment and Energy, 2020) and from
the Mavrolithari meteorological station (coordinates: 38.70706° N, 22.30461° E, at 1.220 m),
(Figure 1) owned by the National Observatory of Athens, Institute of Environmental Research
and Sustainable Development (National Observatory of Athens, 2020). To extend our in-
vestigation in this study, we obtained climate time series data on temperature, precipitation
and actual evapotranspiration using the online application Climateengine.com [41]. These
data were sourced from TERRACLIMATE 4000 m (1/24-deg) monthly dataset (1965-2019)
and CHIRPS 4800 m (1/20-deg) pentad dataset (UCSB/CHG) (1981-2019), as described in
Huntington et al. [42].

To uncover any significant correlations between tree rings width and climate data,
Pearson correlation was used, as with many other studies in the past.

To investigate significant changes in fundamental climate data and tree rings width
over the years, we chose to implement the Pettitt Homogeneity test. In general, homo-
geneity tests involve a large number of tests for which the null hypothesis is that a time
series is homogenous between two given times. The Pettitt’s test is a nonparametric test
that requires no assumption about the distribution of data and actually is an adaptation of
the tank-based Mann-Whitney test that allows identifying the time at which one statistical
important (p value) in time series shift occurs. Inhomogeneity in time series can cause the
incorrect interpretation of extreme events [43] and be misleading in the interpretation of
tendencies in the time series. Abrupt changes in the mean are one of the normal outcomes
of inhomogeneity in time series data (ibid). The importance of the homogeneity test is
pointed out by Buffoni et al. [44], and Reiter et al. [45] and Bickici et al. [46]. This test detects
shifts in the average and calculates their significance [47] in a hypothesis test.

Finally, the Mann—-Kendall trend test was used to indicate a monotonic trend inside
the timeseries of tree rigs width and climate data as well. The test was first proposed by
Mann [48] then further studied by Kendall et al. [49] and improved by Hirsch et al. [50]
who allowed to take into account a seasonality. The null hypothesis Hy for these tests is
that there is no trend in the series. The three alternative hypotheses that there is a negative,
non-null, or positive trend can be chosen. The Mann-Kendall test is based on the calculation
of Kendall’s tau measure of association between two samples, which is itself based on the
ranks with the samples.

3. Results and Discussion
3.1. Tree Growth

For stand 3 and each tree, the exponential decay function Y = a exp(—b") yielded
satisfactory results. The adjusted coefficient of determination (Radj) had values between
0.399 and 0.763 and a significance level of p < 0.0001. The Durbin Watson statistic was used
to test for autocorrelation, and the results were close to 2 (1.5964 to 1.6240), indicating no
autocorrelation. After that the equation was solved for the expected yearly growth (Yt).
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The measured ring widths (Wt) were converted to average ring—width index (ARWI) for
Stand 3 by dividing each width for year t by the expected growth (Yt).

This conversion both removes the trend in growth and scales the variance so that is
approximately the same throughout the entire length of the time series. After constructing
and solving all the above equations, concluding all rings measurements from all the stands,
the ARWI values were calculated for Stand 3 and the new master averaged index for the
particular stand was plotted and added to our previous results. (Figure 2). According to
Fritts, [31] this standardization equalizes or brings all ring width curves to a uniform mean
value, so that a tree record with a large average growth will not dominate other records.
Figure 2 shows the expected year-to-year variation, as well as consistent annual fluctuations
in the mean growth of each stand. Notably, stand 3 (ARWI < 0.6) has experienced a
considerable decrease in tree ring growth, especially in the past decade. It appears that this
particular fir forest is being affected by an external factor that the trees cannot easily cope
with through their natural adaptive capabilities. It is well known, however, that forests’
adaptive capacity may be hampered by the rapid climate changes predicted for this century.
Forest ecosystems are generally resilient, and many species and ecosystems have adapted
to changing conditions in the past. However, the changes that may occur in the future
might be too extreme or happen too quickly for some species and ecosystems to adapt,
which could result in local extinctions and the loss of important functions and services,
such as a decrease in forest carbon stocks and the ability to sequester carbon [51].

1965

1970

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

—Stand 2 Stand 1 Stand 3

Figure 2. Master Average Tree Rings Width indices for stands 1, 2, 3 against time.

3.2. Climatic Factors

We obtained more information about the growth relationship between climate con-
ditions (from the previous and current year) utilizing climate data series from the noted
international databases for the specified coordinates. The correlation results between the
ARWI (Figure 1) and climate data are given in Table 2. The mean temperature and the
mean maximum temperature of the previous year have a negative correlation with growth



Climate 2023,11,78

6 of 15

and is negatively associated with growth for stands 1, 2, and 3. As anticipated, the spring
and summer of the current year have had an effect on tree rings width, across the three
stands. Our previous research found a positive correlation with the average temperature of
May, and negative correlations with the maximum average temperature of June and the
minimum average temperature of August [21]. In this study, we extended our research to
examine the climate conditions of the current year. We discovered negative correlations
between the average maximum temperature of the Growing Season (April-October), as
well as the maximum temperature of April, July, and August. A negative correlation was
also observed between Growing Season (April-October) Actual Evapotranspiration for all
the analyzed stands.

Table 2. Climate-ring width Pearson correlation (r) statistics !. Only the statisticallyimportant results
are presented (* p < 0.05, ** p < 0.001).

T(12M) Tmax (12M)
. . Tmax Tmax Tmax Tmax Tmax
Stand 1 (Previous (Previous March April July Aug GroSe
Year) Year)
ARWI —0.537 ** —0.269 * —0.254 % —0.301 * —0.251 % —0.335 * n.s.
ETactual
12M Prec Prec ETactual
(previous April June GroSe
year)
ARWI —0.395 ** 0.278 * —0.487 * —0.345 **
Stand 2 (Tr(elvzilg/lll)s T(mle‘lexv(ii)iz/[) Tmax Tmax Tmax Tmax Tmax
pyear) pyear) March April Jul Aug GroSe
ARWI —0.511 ** —0.439 ** —0.240 * —0.236 * —0.591 ** —0.577 ** —0.580 **
ETactual
12M Prec Prec ETactual
(previous April June GroSe
year)
ARWI —0.411* 0.245 * —0.443 ** —0.333*
Stand 3 ( l;(eli?gs T(m:e);i(cl)iz/[ Tmax Tmax Tmax Tmax Tmax
pyear) pyear) March April Jul Aug GroSe
ARWI —0.523 ** —0.266 * —0.255* —0.292 * —0.440 * —0.522 ** —0.537 **
ETactual
12M Prec Prec ETactual
(previous April June GroSe
year)
ARWI —0.423 ** 0.229 * —0.275* —0.324 *

! The values of the table are considering average values of the period 1965-2019, where T: Temperature, Prec:
Precipitation, GroSe: Growing Season (April-October) and ETactual: Actual Evapotranspiration.

It appears that both Papadopoulos et al. [19] and Koutavas et al. [28] reported that
late spring and summer precipitation has the greatest impact on fir tree growth, which is
positively correlated. Our data analysis, however, did not completely confirm this using
correlation results. April’s precipitation had a positive correlation with growth for all the
stands, which supports the authors’ findings. On the other hand, a negative correlation
was found between tree ring growth and June precipitation across the stands as well.
(Table 2). The graph in Figure 3 indicates a decrease in Average Ring Width Index (ARWI)
as summer approaches, despite an increase in precipitation across the chosen stands in
April and June. This suggests that, as summer arrives, precipitation has a lesser effect on fir
growth. Moreover, the angle formed by the blue and black straight lines is also increasing
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as we move from stand 1 to stand 3, meaning that the latter stand is less dependable from
precipitation than others, likely indicating wetter conditions and greater water availability.
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Figure 3. Graphical representation of the Average Ring Width Index against April and June Total
Precipitation across the stands S1, S2, S3.

Giving more attention to temperatures, the average maximum temperature of the
previous year is negatively correlated to growth across all the stands. Additionally, the
maximum temperature of the growth season (Tmax_Grose) is also negatively associated
with growth, except for the low altitude (Stand 1), where no significant results were
found. It appears that the higher altitudes on Giona Mountain are more susceptible to
extreme temperatures of the growing season, but further data and analysis are needed
to confirm this. As expected, the expected high temperatures of spring (March, April,
May) and summer (June, July, August) were found to have a pronounced negative effect
on fir growth, particularly on higher altitudes for July and August. Finally, the actual
evapotranspiration of the previous year (ET actual _12M) and the actual evapotranspiration
of the growing season of the current year (ETactual_Grose) are negatively correlated to
growth for all the stands and altitudes, observation that makes sense if we consider that
tree rings can be used to measure the amount of water a tree has absorbed over the course
of a year via evapotranspiration. During times of drought, trees may not be able to access
enough water to sustain healthy growth, resulting in narrower tree rings. It is appreciated
that temperature always interacts with other factors in producing an effect. So, possible
increasing temperature of the region might enhance the potential evapotranspiration which
creates the scarcity of moisture available for trees over the area Moreover, especially during
the growing season, increasing air temperature, is expected to worsen the impact of drought
on tree water loss by elevating the vapor pressure deficit (VPD) in the atmosphere, thereby
increasing evaporative demand at a regional scale [52]. This leads to a negative correlation
between evapotranspiration and tree ring width.

Our findings demonstrate a variation in the behavior of the three stands when exposed
to the highest temperatures during the Spring and Summer months. Notably, we observed
statistically significant correlations for March, April, July, and August. The correlation
between maximum temperatures in March and April with ARWI is weaker, as indicated by
a Pearson’s correlation coefficient of less than 0.3. By contrast, the maximum temperatures
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in July and August could have a substantial negative impact on tree growth in stands 2 and
3 at higher altitudes, with a Pearson’s coefficient of up to 0.6, concluding that the ability of
these stands to tolerate high temperatures is reduced at higher altitudes, and this varies
according to altitude. However, when looking into how a species responds to climate across
its distribution, various factors such as photoperiod, precipitation, and genetic variation
and divergence become notably different depending on the altitude [53,54].

3.3. Break Years of Growth and Temperature Time Series

To assess the homogeneity in the mean of the growth and temperature time series
across the three stands, the Pettitt’s test was performed with a two-tailed test. The null
hypothesis for this test was that the mean of the dataset for the examined variables was
not shifted. The alternative hypothesis was that there is a certain datum (year) at which
a change point can be detected, and the mean of the dataset shifts at this break point
(Figure 4). The empirical significance level (p value) is shown in Table 3. A statistically
significant change in years can be detected in 1993 for the high altitude stands (2 and 3) and
1998 for stand 1. The datasets were therefore divided at the break point and the separate
parts were examined from the perspective of the monotonic trend using the Mann-Kendall
trend test and the results of these tests are shown in Table 4.

Table 3. Results of the Pettitt homogeneity test and the Statistically significant change years regard-
ing ARWL.

Two-Tailed Test (p

Change Point at Year Value) Shift
Stand 1 1998 0.002 Downward
Stand 2 1993 <0.0001 Downward
Stand 3 1993 <0.0001 Downward
standl (a) Standl (d)
5 o 145
g 3
£ 5
-] Qo
3 5
] -
£ c
« 3
% s
g
<
+—e—standl  ---ooe- mul=1.071 —e— MeanT_S1_ -——---- mul = 12.587
....... mu2 = 0.900 -------mu2 = 13.440

Figure 4. Cont.
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Figure 4. Significant break points and downward shifts (a-c) in the ARWI and upward shifts (d—
f) in the annual Mean T for Stands 1, 2, 3 during the last decades after the Pettitt homogeneity test
(p < 0.001).

Table 4. Results of the simple Mann-Kendall (MK) trend tests (the p value of the significant mono-
tonic tendency).

Two-Tailed Test until the Two-Tailed Test after the
Change Point If Any Change Point If Any
MK p Value MK p Value
Stand 1 0.106 0.264
Stand 2 0.639 0.031
Stand 3 0.378 <0.0001

A significant decreasing tendency was statistically demonstrated for stands 2, 3 the
high altitude stands after the statistically significant change year of 1993 (Table 4). On the
other hand, no important trend was revealed before the change year. The same analysis on
climate variables could not confirm change years or decreasing and increasing tendencies
in yearly and growth season precipitation across all the stands meaning that there were
no significant Pettitt and Mann—-Kendall results. The same tests were conducted on the
temperature data, and the results are shown in Table 5.
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Table 5. Results of the Pettitt homogeneity test for Mean T °C and the statistically significant
change years.

Two-Tailed Test (p

Change Point at Year Value) Shift
Stand 1 1997 <0.0001 Upward
Stand 2 1997 <0.0001 Upward
Stand 3 1997 <0.0001 Upward

Statistically significant change points were detected in 1997 across all the stands. The
datasets were therefore divided at the break point and the separate parts of temperature
time series were examined from the perspective of the monotonic trend using the Mann—
Kendall trend test, but not significant monotonic tendencies were found. Finally, the
application of the homogeneity test to precipitation data for the same period did not yield
any statistically significant results. Since 1997, there has been a noticeable increase in
temperature which raises the question of whether this change has had any effect on the
growth of the observed fir stands. If we compare this change point with the years of
change in tree growth, we can understand that stand 1 has shown an important downward
shift one year after, meaning 1998 and stands 2 and 3 have already shown important
downward shift 5 years earlier. The data indicates that temperature has been having a
detrimental effect on fir growth in the area, more obviously in lower altitude stand. Higher
altitude stands from 1993 onwards have shown a statistically significant decline in growth.
However, Mann-Kendall test could not confirm, that this shift was followed by a statistical
important tendency (p value 0.264). At the same time, there were no significant trends in
precipitation observed on the trees examined, making it difficult to identify a factor that
could have caused the earlier decline of stands in higher altitudes. Some references are
underlining, that in ecosystems where precipitation is more abundant or energy is more
limiting, usually subalpine or high latitude areas, factors affecting the length of the growing
season explain most of the variability in tree growth [37,55-58]. This particular issue
requires more attention and more research on stands 2 and 3. The statistically significant
decrease in growth observed five years prior suggests that rising temperatures may have a
more severe impact at higher altitude, as other factors appear to have been ruled out as a
cause. On the same track, we must take into account the possibility of prior infestations
from insects or pathogens that are not now observable, even if our observations confirm
that fir trees above 1.100 m have not been affected by the EFB. It is complicated to accurately
interpret and explain all of these results. The same year of change in stands 2 and stand
3, in terms of growth, suggesting that fir trees in that altitude range respond similarly to
climate, or may be affected by a biological factor, or both. At high elevations, fir trees
have limited abilities to adapt to extreme climates such as extreme high temperatures. It is
reported that, high-altitude ecosystems are extremely sensitive and vulnerable to the most
rapid climate warming seen in the past decades, e.g., [3,5]. It is anticipated that a rapid
increase in temperature will raise the temperature sensitivity of tree growth, thus causing
a major shift in forest ecosystem composition and function due to the low temperature
restriction in higher altitudes [59].They are also vulnerable to external and internal factors
such as microclimatic conditions caused by local topography, soil conditions, a particular
pathogen or insect, and competition, which can all cause additional stress to the trees after
already enduring environmental stress. Despite some findings suggesting a decrease in tree
growth [60-62] tree dieback [53] and even forest mortality [63] due to a warming climate,
there are still conflicting results. The effects of a water deficit caused by warming may be
the cause of these results. More work and data on different species or climate conditions
are needed to clarify the uncertainty in accessing the effects of climate warming on forest
growth [64]. Therefore, it is crucial to understand temperature sensitivities of tree growth
and their temporal trends under different precipitation regimes firstly at local and secondly
at a regional scale.



Climate 2023,11,78

110f15

3.4. European Fir Budworm Infestations

Choristoneura murinana (Hubner), otherwise European Fir Budworm (EFB), is a west
Palearctic species that has severe out breaks mostly on silver fir, Abies alba [65,66]. However,
for all three fir species in Greece, the primary insect responsible for needles loss is EFB [40].
The pest is capable of causing extensive defoliation and damage and can lead to tree death.
The budworm has one generation per year (univoltine). Imago’s fly period is in July and
early August. After this period the insects lay eggs. Eggs are laid in batches on the needles
and the larvae hatch in late summer, dispersing on silken threads. The L1 larvae spin
overwintering hibernacula under bark scales at the base of twigs in the upper crown of
the fir trees. In the hibernacula, the L1 molt to L2 stage before entering diapause. The
larvae exit the hibernacula in late March and April and feed on the new shoots through
to the penultimate instar (prepupa) which do not feed. Pupation occurs in rolled shoots
at the larval feeding sites in June. In our previous measurements we reported a reduced
growth index for the first two different altitude stands (Stands 1 and 2) after 1999 indicating
unfavorable growth conditions for almost the two last decades [21,40].

We found that EFB mostly prefers Abies cephalonica and less Juniperus oxycedrus in
sunny areas and/or near the country roads and forest openings where severe infestations of
different scales were observed (Figure 5) and the size of the opening is moderate—i.e., not
more than 10 m. No infestations were observed or reported by local populations regarding
stands 2 and 3. This indicates that the infestation has not yet spread westward due to the
lack of large openings and human-induced disturbances such as roads, forest roads, forest
paths, and homebuilding. All these comprise the reason why fir trees above 1.100 m have
not been affected by the EFB and confirm our previous observation. This is likely due
to the fact that the EFB prefers areas which receive a lot of sunlight and new fir needle
tissue [40]. Even though eruptive outbreaks are likely to spread over large areas, to last for
a long time, and to cause more serious damage to the forest resources. Insects can have a
considerable economic impact on forest trees and their products, ranging from the death of
the tree to growth reduction, lower grade timber, stem deformity, reduced seed crops, as
well as more subtle effects on recreation, wildlife, aesthetics, and even the potential for a
fire hazard. Accurate diagnosis of insect problems in forests, relies on effective monitoring
techniques and data on the extent of the damage. It appears essential to invest in more
research and funding, in order to enable continuous monitoring of populations and the
potential introduction of control measures when predetermined levels are reached.
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Figure 5. Giona Mt photos EFB infestations in altitudes lower than 1100 m, in mature trees but in
nature regeneration as well.

4. Conclusions

In our studies, the implementation of specific methodologies on field measurements
brought to light circumstantial fir’s growth decline in lower and higher altitudes. The latter
sometimes is connected to climate parameters or seems to be associated with past insect
infestations, especially regarding the lower altitudes. The analysis of the tree-ring width in
relationship to precipitation and temperature in this study has revealed that the growth
of Greek fir in both high and low altitude stands has significantly decreased, following a
downward shift. This shift is likely due to the increasing temperatures, as a statistically
significant upward shift in the annual mean temperatures across the three stands was
detected. This observation confirms the hypothesis that increasing temperatures have a
detrimental effect on fir growth in the area. Further research is needed, by using more tree
rings and climate data, to determine the full impact of this effect locally.

Understanding how trees grow in different locations, species, origins, climates and
management plans is an essential part of forestry for foresters, landowners, forest admin-
istrators and the public. Even in natural forests, climate variability has a huge impact on
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forest management, which can include higher mortality rates, decreased productivity, and
changes to the composition of the forest. Therefore, strategies should be considered to
reduce these effects, such as managing forests to achieve multiple objectives. Monitoring
changes is a classic and essential aspect of forestry research.
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