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Small spruce bud scale (Physokermes hemicryphus Dalman, 1826) is one of the most widespread and harmful phytophagous
insects in spruce stands. A feature of its development is the clear synchronization of phenological stages with the seasonal growth
dynamics of Norway spruce (Picea abies (L.) H. Karst, 1881) and blue spruce (Picea pungens Engelmann, 1875), which ensures
a high level of pest adaptability and complicates control measures. Studies have shown that the pest overwinters as the first-instar
larvae, which resume feeding in early spring, immediately after the start of host tree vegetation. The further development of the
pest coincides with spruce growth: the formation of second-instar larvae and young females is observed precisely during the
active elongation of shoots and the growth of needles. This leads to competition for assimilates and significant depletion of trees,
which is manifested in a decrease in branch growth, loss of decorative properties and general weakening of the stands. An im-
portant factor is weather conditions. Increased spring temperatures accelerate development and generation change, while cool
periods prolong individual stages, but increase the duration of larval feeding, increasing harmfulness. Outbreaks of P. hemicry-
phus not only limit tree growth but also create conditions for its secondary infection by fungal pathogens, in particular sooty
molds that develop on honeydew. Thus, P. hemicryphus is a pest and worsens the health of spruce forests. Phenological observa-
tions are of key importance for timely forecasting of the abundance of P. hemicryphus. Recognizing the periods of active feeding
of larvae and generation formation allows one to optimize the forest protection system, in particular, the use of biological agents
and the rational use of insecticides. The obtained results confirm the need for comprehensive monitoring of the pest phenology,
considering regional climatic features, which is the basis for the development of effective protection methods.
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Introduction

Conifers in urbanized ecosystems provide important ecosystem
services, particularly in reducing air and water pollution, air purifica-
tion, and providing saturating phytoncides. Droughts and increases in
average temperatures have significantly worsened the growing condi-
tions of conifers in recent years, especially in urban areas, which has
increased the negative impact of phytophagous insects on plants.
Scale insects (Coccidae) are important sucking pests of conifers.
In Europe, three native species of scale insects from the genus Phy-
sokermes Targioni-Tozzetti, 1868, live on conifers. In 2014, a North
American species of scale insects Toumeyella parvicornis Cockerell,
1902, was discovered in Italy (Yataco et al., 2024).

In recent years, there has been a noticeable increase in the num-
ber of small spruce bud scale (Physokermes hemicryphus (Dalman,
1826)) in ornamental and forest plantations, especially in urbanized
areas. A complex of factors, in particular, the intensification of urban
greening with coniferous species, climate change, and increased an-
thropogenic load, created favorable conditions for the development
and spread of this phytophagous insect. An increase in the number of
P. hemicryphus leads to a significant deterioration in the health of
plantings, a decrease in the decorative value of Norway spruce (Picea
abies L.) and blue spruce (Picea pungens Engelm.), and can cause the
death of trees. Symptoms of damage include deformation and prema-
ture fall of needles, inhibition of growth, drying, and general weaken-
ing of plants. Therefore, scientifically based approaches to monitoring
and control are necessary.

Of particular importance is the study of P. hemicryphus phenolo-
gy, because the synchronization of its life stages with the growth of
the host affects its harmfulness. The study of critical development
stages, the dependence of the cycle duration on weather conditions,
and interaction with other components of the biocenosis allows us to
refine predictions regarding the risk of mass propagation of the pest.

The results obtained have practical significance for optimizing protec-
tion systems for both urban green spaces and forest stands in the con-
text of climate change. Thus, P. hemicryphus should be considered
not only as a dangerous local pest but also as a potential bioindicator
of transformations in coniferous ecosystems (Zak-Ogaza et al., 1964;
Foroutan et al., 2021).

Studies by Kozér et al. (2005) indicate that the population of Phy-
sokermes sp. increases significantly in urbanized ecosystems. Scien-
tists attribute this to a decrease in the activity of natural entomophages
because of the simplification of trophic relationships in the urban
environment. However, the use of entomopathogens against forest
phytophages is a component of integrated pest management (Skrzecz
et al., 2024). According to Basnet et al. (2024) and Yataco et al.
(2024), P. abies and P. pungens are the main hosts of P. hemicryphus.
Damage by these pests can lead to tree mortality.

Studies by Pellizzari et al. (2014) analyzed the distribution of sca-
le insects in southern European countries. Scientists found that P. he-
micryphus is an invasive species and can expand its range due to glo-
bal warming and urbanization. According to their observations, in re-
gions with mild winters, larval survival increases, as does population
size and tree damage in the spring (Petrik et al., 2024).

In Poland (Malec et al., 2015), the ecological features of P. hemi-
cryphus were studied, and it was noted that the influence of anthropo-
genic factors may increase the harmfulness of this species. In the
Czech Republic, the spectrum of hosts was described in detail, with
Picea sp. predominant (Bednaf et al., 2022).

The biology, harmfulness, and trophic relationships of P. hemi-
cryphus were studied in Serbia (Simonovi¢ et al., 2018; Dervisevic
etal., 2019). The authors indicate that in urban plantings in Serbia,
P. hemicryphus can cause severe damage to spruce, leading to the
drying of shoots, falling needles, and, in some cases, the death of
trees. The scientists have paid special attention to the natural enemies
of the pest, both parasites and predators (Graora et al., 2012).
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In Germany, the morphology, biology, and pest activity of P. he-
micryphus were studied (Schmutterer, 1956). The adverse effects of
the scale on spruce stands were described, including tree depletion
due to sap sucking, as well as the development of sooty mold, which
limits photosynthesis and contributes to further tree growth suppres-
sion. By investigating the phylogenetic relationships of Physokermes
sp. in Sweden, scientists have confirmed the importance of a molecu-
lar genetic approach to studying this genus. They emphasize that un-
derstanding the taxonomy is critical for developing methods to moni-
tor and predict population dynamics of P. hemicryphus (Jonsson
etal., 2023).

According to generalized data, the original range of P. hemicry-
phus covers the Palearctic. Later, the species spread to the Holarctic.
In North America, it was long mistakenly identified as P. piceae
Schrank, although tested specimens indicate P. hemicryphus.
The species was introduced with planting material (Schmutterer et al.,
1956; Tang et al., 1991).

According to the Fauna Europaea Database, P. hemicryphus is
found in 28 countries in Europe, Asia, and North America. In Europe,
the species is widespread in countries such as Austria, Bulgaria, Fran-
ce, Germany, Hungary, ltaly, Poland, Serbia, Sweden, Ukraine, etc.
In Asia, it is recorded in Turkey and Mongolia. In North America,
P. hemicryphus is found in the USA (California, Virginia, New York,
etc.) and Canada (British Columbia). In Ukraine, P. hemicryphus oc-
curs in artificial and natural coniferous stands, in particular, in
Polissia, Carpathians, Crimea, as well as in urban stands of the forest-
steppe zone (Skrzecz et al., 2024; Melenti et al., 2025).

The study aims to clarify the biology of P. hemicryphus, its phe-
nology, and identify its most harmful stage on spruce trees in arbore-
tums and urban plantings.

Materials and methods

The main studies were conducted from 2017 to 2021. Additional
information on biology and the harmfulness of P. hemicryphus was
obtained during 2023-2024. Stationary observations were carried out
on permanent sample plots (Table 1). These plots had different plant-
ing areas and anthropogenic load. Observations were carried out in
park plantings (Table 1, locations 1-3) which were subjected to recre-
ational load, ornamental plant nurseries (Table 1, locations 4-7), and
individual groups of spruce trees in a village, which grew in optimal
conditions with minimal anthropogenic load (Table 1, location 8).
Group plantings of spruce trees along a highway with heavy traffic
were also surveyed; the spruce trees in this plot grew under significant
air pollution and strong soil compaction (Table 1, location 9).

Table1
Locations of stationary observations of P. hemicryphus

No. Location Latitude / Longitude

1 V. N. Karazin Botanical Garden 50°01'N, 36°13'E
Dendrological Park of the State an oncr

2 Biotechnological University (SBTU) 49°90'N, 36°45'E

3 Feldman EcoPark 50°06'04.3" N, 36°16'39.2" E

4 Ornamental plant nursery 49°59'N, 36°36' E

5 Ornamental plant nursery 49°59'N, 37°37'E

6 Ornamental plant nursery 49°59'N, 36°36' E

7 Ornamental plant nursery 50°03'N, 36°18'E

8 Rohan village (minimum 49554147 N, 36°29'1 1" E

anthropogenic load)
Spruce trees along a busy highway
(significant anthropogenic load)

©

49°5822" N, 36°18'00.62" E

Laboratory studies of P. hemicryphus were conducted at the De-
partment of Entomology, Zoology, Phytopathology, Integrated Plant
Protection and Quarantine of the B. M. Litvinov State Biotechnologi-
cal University. Route surveys were performed in urban spruce (Picea
spp.) plantings in Kharkiv and Kharkiv region. Trees were visually
inspected, with special attention to specimens with poor health.
The population level was assessed on a five-point scale (Kosztarab
etal., 1988, 2005; Santas et al., 1988), which allows us to quantita-
tively evaluate the extent of damage and use the data for planning
protection measures.

2

Phenological observations were conducted in natural conditions
at intervals of three days. On the middle tier of at least four trees of
each spruce species, four branches were examined from all points of
the compass. The stages of pest development were recorded in field
journals and documented by photography, if necessary.

To assess the impact of P. hemicryphus on the host tree, current-
year shoot growth was measured on four infested and four non-
infested spruce trees. Forty shoots (10 from each point of the com-
pass) were examined on each tree, ensuring sufficient representative-
ness of the data.

The collected material was examined in the laboratory. Females
of P. hemicryphus were preserved in 70 % ethanol; the location, date
of collection, and type of host plant were indicated. Biological obser-
vations were conducted on cut spruce branches kept in water. Mor-
phological structures were examined using a binocular microscope in
permanent preparations in Canada balsam or Faure-Berleze gum ara-
bic mixture and temporary preparations in glycerin-gelatin; fuchsin
was used for staining (Kozar et al., 2005; Petrik et al., 2024). Female
fecundity was evaluated by dissecting under a binocular microscope
and counting the number of eggs in at least 25 individuals.

The effect of temperature on phenology was assessed by compar-
ing it with data from the Weather Station of the State Biotechnologi-
cal University.

Results

Morphology of P. hemicryphus. During the research, material
was collected that allowed us to describe in detail the morphological
features of P. hemicryphus.

The immature female is light brown, with a body length of 2—
5 mm and a width of up to 4 mm (Fig. 1). The underside of the body
has a white waxy coating. The body is covered with a soft false shield
and dusted with a white powdery coating. The mature unfertilized
female changes color to brown, and the body length remains within
2-5 mm, and the width is 4 mm. The surface is shiny, the shield re-
mains soft, and the body is dusted with a white powdery coating.
The fertilized female changes color to brown or dark brown; the body
dimensions are similar (2-5 mm long, 4 mm wide, Fig. 2). The false
shield hardens.

Immature BN
females 5

Fig. 1. Immature females of P. hemicryphus
(V. N. Karazin Botanical Garden, 2018)

\

Fig. 2. Fertilized females of P. hemicryphus
(Dendrological Park of the SBTU, 2017)
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Males. The body is divided into the head, thorax, and abdomen.
The legs and wings are well developed, but the mouthparts are absent.
The body length is about 1.0 mm.

First-instar larva. It measures 0.60-0.65 mm in length and 0.25—
0.30 mm in width. The body is oval and light pink in color. The an-
tennae and eyes are clearly visible on the head. The larva is very mo-
bile and has developed walking legs.

Second-instar larva. The length varies from 0.6 to 0.8 mm. The
body acquires an orange color and becomes very flattened. The eyes
are clearly visible. The larva has developed legs and antennae.

Eggs. Oval shape, crimson color. The surface is covered with a
thin layer of white powdery wax. Length — 0.5 mm, width — 0.3 mm.

Table 2

The morphology of these stages does not differ from similar stages in
other regions of the range. The age features of the stages are given in
Table 2. Studies conducted in the Kharkiv region have shown charac-
teristic age-related features of the development of this species.

Life cycle of P. hemicryphus. The life cycle of P. hemicryphus is
closely related to the biology of conifers, particularly spruce. It inclu-
des several main stages of development. The species is monovoltine,
with one generation per year. The second-instar larvae overwinter:
males on needles, females in whorls of annual and biennial shoots.
In Kharkiv region, diapause reactivation occurs in late April — early
May at stable temperatures above +10 °C.

The age features of P. hemicryphus stages in V. N. Karazin Botanical Garden

Stage Dimensions

Age features

Immature females

body length 2-5 mm, width 4 mm  Light brown, with a white waxy coating on the underside of the body, has a soft false shield

Mature unfertilized females

body length 2-5 mm, width 4 mm  Brown in color, shiny, with a soft false shield, dusted with a white powdery coating.

Fertilized females

body length 2-5 mm, width 4 mm_ Brown or dark brown in color, with a hard false shield

The body consists of a head, thorax, and abdomen; it has well-developed legs and wings, but no

Males body length 1.0 mm
mouthparts.
First-instar larvae length 0.60-0.65 mm, The body is oval and light pink in color. The antennae and eyes are clearly visible on the head.
width 0.25-0.30 mm The larvae are very mobile and have well-developed walking legs.
:sg%zg;;;:;ar larvae, males length 0.6-0.8 mm Orange in color, flat in shape, with simple eyes. They have well-developed legs and antennae.
Eggs length 0.5 mm, width 0.3 mm Oval, crimson in color, covered with a thin layer of white powdery wax

Immature females appear in the first decade of May, mature ones
in the third decade of May. Fertilization is recorded in late May — ear-
ly June. Egg laying occurs in the second half of June — early July; fe-
cundity varies from 30 to 347 eggs per female. Oviposition lasts 12—
15 days, and its start depends on the year within the range of June 10-15.

Table 3

First-instar larvae emerge in July, feed actively for a week, and
then enter summer diapause. From the second decade of September,
after molting into the second instar, they resume feeding, which lasts
until November. Then the larvae enter winter diapause. The pheno-
logical calendar of females of P. hemicryphus is given in Table 3.

Life cycle and harmfulness of P. hemicryphus in the Botanical Garden of V. N. Karazin University

Phenological phenomena

Stages of development

Causing

Dates of phenological phenomena harm

Hibernation second-instar larvae the end of November — the 2™ decade of March -

Emergence from hibernation second-instar larvae the 2 decade of March — the beginning of May +

Emergence of females immature females the beginning of May —the end of May +
mature males the end of May — the 2™ decade of June +

Oviposition fertilized females the 2™ decade of June — the beginning of July -

Emergence of larvae first-instar larvae the 1% decade of July — the 2™ decade of July +

Summer diapauses first-instar larvae the end of July — the 1% decade of September -

Emergence from summer diapause and feeding - the 2nd decade of September — the 2" decade of Novem-

- second-instar larvae
of the second-instar larvae ber
Starting hibernation second-instar larvae the end of November +

Fecundity of P. hemicryphus. According to our research, the fe-
cundity of P. hemicryphus females depends on the environmental
conditions and the health of the host plant. The minimum fecundity
(1040 eggs/female) was recorded in areas with anthropogenic load
(spruce trees along a highway with heavy traffic and compacted soil),
the maximum (up to 347 eggs/female) in the village of Rohan, where
spruce trees grow in optimal conditions. The egg-laying period of
P. hemicryphus lasts 1215 days. In 2017, egg laying began on June
10, in 2018 on June 12. In 2019, the spring was long, March was
cooler than the average long-term data, but the later development of
P. hemicryphus than P. piceae Schrank,1801 did not greatly affect the
timing of egg laying: compared to the two previous years, it differed
by only 3-5 days, and it began on June 15 (Table 3). In 2023, P. hem-
icryphus oviposition was registered on June 11, and in 2024, on June

Table 4

12. However, it is known that the dates of insect development depend
on weather conditions.

P. hemicryphus fecundity is largely dependent on the density of
individuals in the whorl (the fewer females in the whorl, the better the
feeding conditions) and on the host plant (healthy trees contribute to
better development of females). Thus, P. hemicryphus fecundity de-
pends on the density of individuals in the whorl and the quality of the
host plant. Less competition for resources contributes to an increase in
the scale population. Data on fecundity are given in Table 4.

Thus, favorable conditions for spruce growth (optimal soil char-
acteristics, sufficient moisture, good light) contribute to higher fecun-
dity of P. hemicryphus. Unfavorable environmental factors (pollution,
soil compaction, insufficient light) lead to plant suppression, which, in
turn, reduces the reproductive capacity of the pest.

Fecundity of P. hemicryphus females on Norway spruce in the plots with different anthropogenic loads (2017-2024)

Fecundity, Plot with insignificant anthropogenic load Plot with high anthropogenic load
eggs/female by years mean, eggs maximal, eggs minimal, eggs mean, eggs maximal, eggs minimal, eggs
2017 1545+83 290 68 884+78 191 0
2018 161.4+9.0 290 60 1272+8.1 253 0
2019 2049+10.1 347 75 88.0+6.7 178 10
2023 1462+8.1 217 78 90.1+81 103 51
2024 111777 188 59 61.7+5.7 58 2
3
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P. hemicryphus damages the needles and young shoots of Nor-
way spruce (Picea abies) and blue spruce (P. pungens). Feeding is
accompanied by yellowing and premature falling of needles, drying
of shoots, growth inhibition, and death of trees in the case of mass
infestation. The secretion of honeydew promotes the development of
saprophytic sooty fungi (Apiosporium pinophilum), which additional-
ly increases the damaging effect (Fig. 3). Two periods are the most
dangerous for spruces: May (active feeding of immature females) and
September—November (feeding of second-instar larvae).

Discussion

The obtained data confirm the stability of morphological features
of P. hemicryphus in different parts of the range. At the same time,
the phenology reveals significant regional variability, which is deter-
mined by climatic conditions. In the Kharkiv region, the termination
of winter diapause occurs 1-2 months later than in Serbia (Simonovié¢
et al., 2018), but 1-2 weeks earlier than in northern Europe (Schmut-

terer, 1956; Pechhacker, 1988). This indicates a latitudinal dependen-
ce of insect development on the temperature regime (Table 5).

5, m—

Fig. 3. Premature falling of needles due to small spruce bud scale
feeding on Norway spruce

Table5
Timing of P. hemicryphus phenological stages in different regions

Stage of development Kharkiv region Serbia Czech Republic Germany

g P (Ukraine) (Graoraetal., 2012) (Bednéf et al., 2022) (Schmutterer et al., 1956)

Termination of winter diapause  end of April — beginning of May  end of February —March  April — the beginning of May  the 2™ decade of May
Appearance of immature females  the 1% decade of May beginning of April the 2™ decade of May —July ~ May
Appearance of males (adults) the 2nd — 3rd decade of May the 1% decade of April end of May — June May
Start of egg laying middle — end of June middle of May beginning — middle of June beginning of June
Completion of egg laying end of June end of July July the 1% decade of July

Analysis of fecundity showed significant differences between re-
gions. The maximum fecundity was recorded in Serbia (360—
650 eggs/female), the average values in Germany (38-335), while in
the Kharkiv region, the fecundity did not exceed 347 eggs. It is obvi-
ous that environmental factors — in particular, the health of host
plants, pest population density, and urbanization impact — are of key
importance for the reproductive capacity of females.

It has been found that in urbanized ecosystems of the Kharkiv re-
gion, the fecundity of P. hemicryphus may be higher than in natural
stands, which is consistent with the data of European authors (Pelliz-
zari et al., 2014; Dervisevi¢ et al., 2019). This is explained by the
decrease in the number of natural enemies and the weakening of
biotic regulators in the urban environment.

Conclusions

Small spruce bud scale P. hemicryphus is a serious pest that nega-
tively affects the growth and development of spruce trees. Timely
detection, monitoring and integrated protection can significantly redu-
ce its impact on coniferous plantations. The detailed morphology,
biology, phenology and harmfulness of P. hemicryphus have been
studied in the Kharkiv region. Studies have shown that the phytopha-
ge exhibits the greatest harmfulness at certain stages of development.

The most dangerous periods are: the stage of immature females —
from the second decade of April to the first decade of May, when they
intensively suck the sap from the plant, as well as the second-instar
larvae — from the third decade of August to the third decade of No-
vember, when active feeding occurs, which significantly weakens the
tree and increases the risk of its infection by secondary pathogens.
One generation develops during the year.

The second-instar larvae overwinter — males on needles, females
in whorls of one-year and two-year growths. Reactivation of diapause
after overwintering begins after the stable transition of temperatures to
over +10 °C, namely in the third decade of April — first decade of
May. The fecundity of the small spruce bud scale ranges from
10-347 eggs and depends on the population density and food quality.
Less competition for resources contributes to an increase in the num-
ber of eggs.

Small spruce bud scale damages Norway spruce (Picea abies)
and blue spruce (Picea pungens). Larvae and females suck sap from
needles and shoots, which leads to weakening of trees, reduced
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growth and intensive needle shedding. Infested trees show slowed
growth, dieback and immunity decrease, which can lead to death.

To optimize the system of protecting spruce from spruce scale in-
sects, which pose an increased danger to urbanized planting due to the
decrease in the number of entomophages and climate change, it is
necessary to focus further research on studying the species composi-
tion of predators and parasitoids of these phytophages, creating opti-
mal conditions for enriching the diversity of zoophages and increas-
ing their populations.

The authors are grateful to Candidate of Biological Sciences, Associate Profes-
sor M. O. Filatov, for assistance in taking photos.
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