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Abstract 
Pine mistletoe (Viscum album subsp. austriacum) is increasingly reported in managed 

Scots pine (Pinus sylvestris) stands in Central Europe. The relationships between crown 
mistletoe severity and stem diameter at breast height (DBH) and total height were evaluated 
across a broad age gradient in central Poland using a field-practical severity scale based on 
counts of visible mistletoe clusters. Mistletoe severity was associated with lower DBH, with 
the clearest differences occurring in the youngest and oldest stands, whereas height varied 
less consistently across severity categories. Ordinal modelling indicated that older trees were 
more likely to occur in higher-severity categories, and DBH was inversely associated with 
severity after accounting for other predictors. These inventory-based relationships support 
prioritising mistletoe monitoring and management planning in compartments where severe 
categories are frequent, particularly in older Scots pine cohorts. 
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Introduction 
Scots pine (Pinus sylvestris L.) is a major species of 

Central and Northern European forestry and a dominant 
component of managed lowland forests in Poland. In 
recent decades, more frequent heatwaves, chronic summer 
drought and warmer winters have increased physiological 
stress in many pine stands, which can reduce resistance to 
biotic agents and contribute to decline processes (Szmidla 
et al. 2019, Lech et al. 2020). Among these agents, European 
pine mistletoe  – Viscum album subsp. austriacum  – has 
become a prominent forest-health concern in regions where 
Scots pine forms a major canopy component (Pilichowski 
et al. 2018, Iszkuło et al. 2020, Walas et al. 2022). 

European pine mistletoe is an evergreen, bird-dis-
persed hemiparasite: it remains photosynthetically active, 
yet it relies on its host for water and mineral nutrients and 
can also use a portion of host-derived carbon compounds 
(Zuber 2004, Glatzel and Geils 2009, Zweifel et al. 2012). 
After seed deposition by birds, the parasite develops a 
persistent endophytic system and haustorial connections 
that access host xylem resources (Zuber 2004, Glatzel and  
Geils 2009). Because mistletoe can maintain transpiration 
demand even when the host limits water loss, infestation 
can aggravate host water stress, especially during drought 
episodes (Zweifel et al. 2012). In Scots pine, this stress 
complex has been linked to crown degradation and re-
duced growth of infected branches (Rigling et al. 2010),  

and, under drought-prone conditions, to increased mortali-
ty risk at the higher levels of mistletoe severity (Dobbertin 
and Rigling 2006). 

Quantifying mistletoe effects in a way that is com-
patible with routine forest inventory remains a  practical 
priority. Diameter at breast height (DBH) and total height 
are standard measurements used in inventory and yield 
planning and, therefore, provide a field-practical basis for 
assessing whether mistletoe severity is associated with al-
tered tree size and size relationships. Because DBH and 
height are inventory measures collected at one time point, 
the results describe size relationships associated with mis-
tletoe severity rather than annual stem increment. At the 
same time, age structure is central to both epidemiology 
and host response: infestation risk tends to accumulate with 
exposure time, and dominant crowns may be preferentially 
visited by avian dispersers, concentrating infection in older 
and larger trees (Mellado and Zamora 2017, Lech et al. 
2020). Physiologically, the potential for mistletoe to influ-
ence stemwood production may also vary with ontogeny, 
because cambial activity, carbon allocation, defence in-
vestment and hydraulic constraints change over the life of 
the host tree (Glatzel and Geils 2009, Zweifel et al. 2012). 
Although previous studies have documented pine mistle-
toe spread, host-water relations, crown effects and growth 
or mortality responses (Dobbertin and Rigling 2006,  
Rigling et al. 2010, Zweifel et al. 2012, Pilichowski et al. 
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2018, Lech et al. 2020), less is known about how a simple 
crown-cluster severity scale relates to standard inventory 
variables across the age structure of managed even-aged 
Scots pine stands. This limits the direct transfer of mistle-
toe research into field monitoring and compartment-level 
prioritisation. 

Accordingly, this study aimed to quantify relations-
hips between mistletoe severity and DBH and height across 
successive age classes of managed Scots pine stands, and 
to test whether age, DBH and height predict the probability 
of belonging to higher severity categories. It was hypot-
hesised that increasing severity would be associated with 
lower DBH within age classes, that height would show 
weaker and less consistent differences than DBH, and that 
the probability of higher mistletoe severity would increase 
with host age while DBH would be negatively associated 
with severity once other predictors are considered. 

Materials and methods 
Study area and stand selection 
Fieldwork was carried out in February  2025  

(2–17 February) in the Chojnów Forest District, central 
Poland. Two neighbouring administrative divisions were 
surveyed: Chojnów (compartments 17 02 1 02 95, 92, 
124, 89) and Dobiesz (17 02 1 03 133, 139, 151, 136, 140; 
17 02 1 02 127). The surveyed stands represent Polish fo-
rest site types like fresh mixed forest (LMśw) and fresh 
mixed coniferous forest (BMśw). For a broad habitat desc-
ription, these managed stands were assigned to EUNIS 
habitat type  G4.F, Mixed forestry plantations (European 
Environment Agency 2019). 

Sampling was designed to cover a broad stand-age 
gradient of managed Scots pine stands infected by pine 
mistletoe. For this study, “even-aged” refers to stands ma-
naged under an even-aged silvicultural system and descri-
bed operationally by the dominant cohort age used in forest 
management records; some compartments contained a cle-
arly distinguishable secondary cohort. Age information 
was taken from the State Forest Data Bank and confirmed 
by the staff of the Chojnów Forest District. Within each 
compartment, trees were assessed during systematic stand 
walk-through surveys distributed across the compartment 
area, and trees were recorded irrespective of infestation 
status so that uninfested and infested individuals were re-
presented within the same compartment context. Where a 
secondary cohort was present, measurements targeted the 
dominant Scots pine cohort used to define stand age in ma-
nagement records, and trees were assigned to age classes 
accordingly. In total, 680 Scots pine trees were measured 
under uniform winter conditions. 

Field measurements and mistletoe 
severity assessment 

Each tree was mapped within its compartment. Dia-
meter at breast height (DBH, cm) was measured at 1.3 m 
above ground using a Codimex  S calliper (Codimex 
Sp. z o.o., Warszawa, Poland); two perpendicular readings 
were averaged. Total height (m) was determined using a 
Suunto PM-5/360 PC clinometer (Suunto Oy, Vantaa, Fin-
land). To improve repeatability, the observer measured 
a horizontal distance of 15 m from the trunk before the 
height measurement. 

Figure 1.

 
 

Figure 1. 

  

Figure 1. Examples 
of counted mist-
letoe clusters in 
Scots pine: left, a 
pine with approxi-
mately four to six 
clusters (severity 
category  B); right, 
a pine with at least 
ten clusters (seve-
rity category D)
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Mistletoe severity was assessed visually from two 
perpendicular viewpoints (10–20 m from the stem) and 
classified into five ordinal categories: 0 (no clusters), 
A (1–3  clusters), B (4–6), C (7–9) and D (≥ 10  clusters; 
Figure 1). A  “cluster” was defined as a distinct, visually 
separable mistletoe clump in the crown, corresponding to 
a single attachment point or tightly grouped shoots that 
could be counted as one unit from the ground. Counts 
were recorded as a consensus score by two experienced 
observers after on-site reconciliation of any discrepancies, 
to maximise consistency under field visibility constraints. 
The broad cluster-count bins (A–D) were selected to provi-
de an operational, inventory-compatible field scale compa-
rable in intent to categorical crown-based mistletoe ratings 
applied in Scots pine studies, while retaining a transparent 
link to observable crown clumps (Dobbertin and Rigling 
2006, Sangüesa-Barreda et al. 2013). Winter surveying 
ensured consistent seasonal conditions for visual crown 
assessment; both Scots pine foliage and mistletoe clumps 
remain visible, while the timing standardised illumination 
and phenological context across compartments. 

Data analysis
Data were analysed in R, version 4.2.2 (R Core Team 

2022). Data handling and plotting used the tidyverse pac-
kages (Wickham et al. 2019). 

To evaluate how DBH varied across age classes and 
severity categories, a factorial linear model was fitted with 
age class and severity category as fixed factors and tested 
for main effects and their interaction. Pairwise contrasts 
were obtained from estimated marginal means (emmeans), 
with adjustment for multiple comparisons. Associations 
between mistletoe severity and predictors (age, DBH, 
height) were analysed using ordinal logistic regression with 
severity as an ordered response. Severity categories were 
treated as an ordered factor (0 < A < B < C < D) to match 
the field scale. The relationship between DBH and height 
across severity categories was examined using a linear 

model including a height  × severity category interaction  
term. 

Results 
Sample structure and dendrometric 

patterns 
The dataset comprised 680 Scots pine trees alloca-

ted to five age classes (40–60, 60–80, 80–100, 100–120 
and ≥ 120  years) and five mistletoe severity categories 
(0, A–D). Age classes are denoted in this form for reada-
bility; the lower boundary was treated as inclusive and the 
upper boundary as exclusive, except for the ≥ 120-year 
class. Category 0 comprised 189 trees, and categories A, 
B, C and D comprised 157, 115, 110 and 109  trees, res-
pectively. The ≥ 120-year age class was the largest group 
(n = 253), whereas the 40–60-year age class was the smal-
lest (n = 60). Categories C and D were rare or absent in the  
youngest age class (n = 1 and n = 0, respectively), but were 
common in the 100–120-year class (n = 25 and n = 21) and 
≥ 120-year class (n = 47 and n = 64; Table 1). 

Across age classes, mean DBH tended to be lower 
in higher mistletoe severity categories, with the largest 
numerical contrasts occurring in the youngest (40–60 ye-
ars) and oldest (≥ 120  years) age classes (Table 2, Figu-
re 2). In the 40–60-year class, mean DBH declined from 
25.07 cm in category 0 to 23.83 cm in A, 21.28 cm in B  

Age 
class 

(years)

Category
Total0 A B C D

40–60 30 23 6 1 0 60
60–80 32 34 22 16 9 113
80–100 44 44 45 21 15 169
100–120 14 15 10 25 21 85
≥ 120 69 41 32 47 64 253
Total 189 157 115 110 109 680

Table 1. Number of trees by age class and mistletoe 
severity category

Figure 2.

 
 

Figure 2. 

  

Figure 2. Box-and-
whisker plots of 
DBH within the 
f ive mistletoe se-
verity categories 
for each age class 

Boxes mark medi-
ans and interquarti-
le ranges; whiskers 
extend to 1.5 × IQR, 
and points denote 
outliers. 
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and 19.80 cm in C; no category D trees occurred in this age 
class. In the ≥ 120-year class, mean DBH was 48.22 cm 
in category  0 and 44.61, 43.38, 42.83 and 45.80 cm in 
categories A, B, C and D, respectively. The intermedia-
te age classes showed smaller numerical contrasts. Mean 
DBH in categories A–D was 27.23–28.46 cm, compared 
with 28.59 cm in category  0, in the 60–80-year class;  
30.34–30.74 cm, compared with 30.62 cm, in the 80–100-
year class; and 37.59–37.99 cm, compared with 39.73 cm, 
in the 100–120-year class. Mean height showed less con-
sistent variation across severity categories within age clas-
ses, with relative differences from category 0 ranging from 

−6.30% to +2.09% across all age class × severity combi-
nations (Table 2). 

In the factorial model, age class had a strong main 
effect on DBH (F = 434.834, P < 0.001), and mistletoe 
severity category also showed a main effect (F = 6.845, 
P < 0.001). The age class × severity interaction term was 
not statistically significant (P = 0.151). Therefore, age-
specific differences among severity categories are presen-
ted as numerical patterns rather than as evidence that the 
effect of severity differed among age classes. Estimated 
marginal means with 95% confidence intervals are shown 
in Figure 3. 

Age class 
(years)

Mistletoe 
severity 
category

n Mean DBH 
(cm)

Mean height 
(m)

DBH of 
category 0 

(cm)
Height of 

category 0 (m)
DBH 

difference (%)
Height 

difference (%)

40–60 0 30 25.07 21.20 25.07 21.20 0.00 0.00
A 23 23.83 20.60 25.07 21.20 –4.93 –2.85
B 6 21.28 19.87 25.07 21.20 –15.10 –6.30
C 1 19.80 21.00 25.07 21.20 –21.02 –0.96

60–80 0 32 28.59 24.56 28.59 24.56 0.00 0.00
A 34 27.23 24.23 28.59 24.56 –4.76 –1.34
B 22 27.92 24.72 28.59 24.56 –2.35 0.63
C 16 27.54 25.08 28.59 24.56 –3.68 2.09
D 9 28.46 24.79 28.59 24.56 –0.47 0.92

80–100 0 44 30.62 26.28 30.62 26.28 0.00 0.00
A 44 30.51 26.64 30.62 26.28 –0.35 1.37
B 45 30.74 26.69 30.62 26.28 0.39 1.54
C 21 30.45 26.28 30.62 26.28 –0.53 –0.01
D 15 30.34 26.79 30.62 26.28 –0.90 1.91

100–120 0 14 39.73 27.17 39.73 27.17 0.00 0.00
A 15 37.79 26.48 39.73 27.17 –4.87 –2.54
B 10 37.85 26.65 39.73 27.17 –4.73 –1.92
C 25 37.59 26.39 39.73 27.17 –5.38 –2.87
D 21 37.99 26.31 39.73 27.17 –4.39 –3.15

≥ 120 0 69 48.22 28.26 48.22 28.26 0.00 0.00
A 41 44.61 27.26 48.22 28.26 –7.49 –3.55
B 32 43.38 28.34 48.22 28.26 –10.05 0.26
C 47 42.83 28.14 48.22 28.26 –11.18 –0.44
D 64 45.80 28.36 48.22 28.26 –5.03 0.34

Table 2. Mean DBH and height of Scots pine (Pinus sylvestris L.) by age class and mistletoe severity category 

Figure 3.

 
 

Figure 3. 

  

Figure 3. Estima-
ted marginal me-
ans of DBH with 
95% confidence 
intervals for each 
age class × mistle-
toe severity cate-
gory combination  
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Model-based relationships with mistletoe 
severity 

Ordinal logistic regression indicated that host age was 
a positive predictor of belonging to higher mistletoe seve-
rity categories (estimate = 0.0349, P < 0.001; OR = 1.036 
per year), whereas DBH was negatively associated with 
severity (estimate = −0.0993, P < 0.001; OR = 0.905 per 
cm). Height was not statistically significant at α = 0.05 (es-
timate = 0.0600, P = 0.062; OR = 1.062 per m). Expressed 
as odds ratios, each additional year corresponded to a 3.6% 
increase in the odds of belonging to a higher severity ca-
tegory, while each 1-cm increase in DBH corresponded to 
a 9.5% decrease in those odds. The distribution of higher 
severity categories also shifted with age: categories C and 
D together represented 46 of 85 trees in the 100–120-year 
class and 111 of 253  trees in the ≥ 120-year class, com-
pared with 1 of 60 trees in the 40–60-year class (Table 1, 
Figure 4). 

A linear model including a height × severity category 
interaction (DBH ~ height × severity category) explained 
49.1% of DBH variance (adjusted R2 = 0.4912). Height 
was a  strong predictor of DBH (P < 2.2 × 10–16), and the 
height × severity category interaction was statistically sig-
nificant (P = 0.017), indicating that fitted DBH-height rela-
tionships differed among severity categories. 

Discussion 
Physiological interpretation 
The observed DBH-severity pattern, with clearer 

separation among severity categories in the 40–60 and 
≥ 120-year classes than in intermediate age classes (Tab-
le 2, Figures 2, 3), can be interpreted in the context of 
age-dependent host physiology and the ecophysiology of 
mistletoe. Stem diameter is directly linked to stemwood 
production, which may be affected when host water ba-
lance and carbon allocation are constrained (Glatzel and 
Geils 2009, Zweifel et al. 2012). Pine mistletoe is a pho-
tosynthetic hemiparasite but relies on host xylem for water  

and nutrients and can maintain transpiration demand that 
may exacerbate host water stress during dry periods (Zuber 
2004, Glatzel and Geils 2009, Zweifel et al. 2012). Alt-
hough mistletoe remains photosynthetically active, it may 
also obtain a fraction of its carbon from host photosyntha-
tes, thereby reinforcing host carbon limitation under sustai-
ned infection (Zuber 2004, Glatzel and Geils 2009, Zweifel 
et al. 2012). Together, these mechanisms help explain why 
higher mistletoe severity may be associated with lower 
DBH in some age classes. Under such conditions, Scots 
pine may allocate less carbon to stemwood production be-
cause water balance and defence both require resources 
(Glatzel and Geils 2009, Zweifel et al. 2012). Branch-level 
evidence from drought-prone environments further shows 
that mistletoe infection is associated with crown degrada-
tion and reduced growth of infected branches in Scots pine 
(Rigling et al. 2010), supporting the plausibility that severe 
crown infestation can be associated with lower stem dia-
meter in some host age classes. A plausible explanation for 
the comparatively weaker and less consistent height diffe-
rences observed across severity categories (Table 2) is that 
height growth integrates longer-term site and developmen-
tal constraints, whereas diameter is more directly responsi-
ve to short- to medium-term shifts in carbon allocation and 
water status (Glatzel and Geils 2009, Zweifel et al. 2012). 
In Scots pine, resource limitation and hydraulic stress may 
therefore affect stemwood production sooner or more de-
tectably than total height, especially when mistletoe-dri-
ven transpiration demand coincides with drought periods 
(Zweifel et al. 2012, Sangüesa-Barreda et al. 2013). In ad-
dition, anatomical and structural changes in branch wood 
and needles have been documented in Scots pine infected 
by Viscum album, showing that mistletoe can affect crown 
tissues beyond visible clumps (Öztürk et al. 2019). 

The age-specific pattern in the present data (Table 2, 
Figures 2, 3) is also consistent with two host stages in 
which mistletoe pressure may have stronger consequences. 
In younger stands, vigorous crown development and high 
stemwood demand can make diameter particularly sensiti-
ve to additional carbon and water drains. In older stands,  

Figure 4.

 
 

Figure 4. 

  

Figure 4. Distribu-
tion of Scots pine 
trees among mist-
letoe severity ca-
tegories across age 
classes 
Rectangle areas are 
proportional to tree 
counts and show the 
increasing contribu-
tion of higher mist-
letoe severity cate-
gories in older age 
classes. 
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lower physiological buffering under drought stress may 
increase the likelihood that mistletoe severity is associated 
with measurable DBH deficits under the same drought-am-
plifying mechanism described for mistletoe-affected pines 
(Glatzel and Geils 2009, Zweifel et al. 2012). 

Ecological and operational interpretation 
The positive association between age and mistletoe 

severity found in the ordinal model is consistent with cu-
mulative exposure and dispersal dynamics. In long-lived 
hosts, the probability of receiving seeds increases with 
time, and birds repeatedly revisit prominent crowns that 
provide perches and winter food, potentially biasing seed 
deposition towards dominant and older trees (Mellado and 
Zamora 2017, Lech et al. 2020). Monitoring-scale data 
from Poland also indicate that mistletoe occurrence incre-
ases with stand age and is concentrated in older Scots pine 
stands (Lech et al. 2020). Older, large-crowned trees may 
therefore act as persistent within-stand sources of infec-
tion pressure, because they remain visible and attractive to 
avian dispersers over multiple seasons (Zuber 2004, Mel-
lado and Zamora 2017, Lech et al. 2020). This interpre-
tation is consistent with the present sample structure, in 
which categories C and D were concentrated mainly in the  
≥ 100-year age classes (Table 1). Where such trees also 
carry a higher number of established clumps, local con-
centrations of berry-producing mistletoe may reinforce 
bird visitation and repeated seed deposition (Zuber 2004, 
Mellado and Zamora 2017). 

European tree-ring, mortality and stand-scale studies 
highlight that strong negative outcomes are most evident 
under heavy infection and/or water limitation (Dobbertin 
and Rigling 2006, Sangüesa-Barreda et al. 2013, Kollas 
et al. 2018, Pilichowski et al. 2018). In Poland, dendroc-
hronological work has reported recent growth depression 
associated with pine mistletoe infection in Scots pine 
(Pilichowski et al. 2018). In eastern Spain, mistletoe and 
drought jointly reduced growth and water-use efficiency of 
Scots pine near the species’ distribution margin (Sangüesa-
Barreda et al. 2013). In drought-prone inner-Alpine Scots 
pine forests, higher mistletoe ratings strongly increased 
mortality risk, especially in association with drought pe-
riods (Dobbertin and Rigling 2006). At the forest-stand 
scale, process-based modelling combined with measure-
ments quantified substantial reductions in basal area incre-
ment during the late phase of heavy infection (Kollas et al. 
2018). The present study did not measure annual increment 
or water-use efficiency, but the observed DBH-severity 
association (Table 2, Figures 2, 3) is consistent with this 
broader evidence. 

Within the present compartment-based survey de-
sign, observed size-severity relationships (Table 2, Figu-
res 2–4) should be interpreted as operational associations 
that integrate mistletoe severity with compartment context, 
including site type, stand structure and management his-
tory. In this framework, the negative regression association  

between DBH and severity indicates that trees in higher se-
verity categories more frequently occurred among smaller-
diameter individuals once age and height were accounted 
for. This pattern is consistent with bidirectional ecological 
pathways, in which host condition may affect infestation 
probability and infestation may affect host performance 
(Dobbertin and Rigling 2006, Rigling et al. 2010, Sangüe-
sa-Barreda et al. 2013, Mellado and Zamora 2017). The 
statistically supported height × severity category interac-
tion reported in the Results indicates differences in DBH-
height scaling among severity categories. 

Conclusions 
Mistletoe severity was associated with lower DBH 

in Scots pine, with the clearest differentiation in the youn-
gest and oldest age classes, while height varied less con-
sistently across severity categories. Host age increased the 
probability of belonging to higher severity categories, and 
DBH was negatively associated with severity in the ordinal 
model. Overall, the results support using a simple crown-
based severity classification together with stand age as an 
inventory-compatible basis for identifying compartments 
where mistletoe pressure is most concentrated and where 
monitoring and management decisions may be prioritised. 
Because the relationships are derived from inventory-ty-
pe measurements within operational compartments, they 
are most appropriately applied as decision-support in-
dicators of association rather than as evidence of direct  
causation. 
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