PERIODICUM BIOLOGORUM
VOL. 117, No 4, 505–512, 2015
10.18054/pb.2015.117.4.3442

UDC 57:61
CODEN PDBIAD
ISSN 0031-5362

original research article

Wood nematode species spectrum
in the Mediterranean pine forests of Croatia
NikoliNa ĐoĐ1
ivaN lukić2
Ejup Çota3
Milan pErnEk2
1

Research Center for Urban and Private Forests,
Croatian Forest Research Institute

2

Division for Forest Protection and Game
Management, Croatian Forest Research Institute

3

Department of Plant Protection,
Agricultural University of Tirana

Correspondence:
Milan Pernek
E-mail: milanp@sumins.hr

Key words: Bursaphelenchus, Monochamus
galloprovincialis, Pinus halepensis, Pinus pinaster,
Pinus nigra, pheromone traps

Abstract
Background and purpose: This work presents the first research on
wood nematodes in Croatia and it was done in order to address the question
of the impact of dendropathogenic nematodes in pine stands in the coastal
region of Croatia. To reveal this impact, the first step is the isolation and
proper identification of the species spectrum of the existing wood nematodes.
The aim of this study was to identify wood nematode species isolated from
different pine tree species (Pinus halepensis, P. nigra, P. maritima) throughout the coastal region of Croatia and to identify their status as either pathogens or saprofits, which should build the basis for further research and understanding of the negative influence of this organisms on the decline of
Mediterranian pine stands.
Materials and methods: The research was carried out in 2013 and
2014 and it was done along the entire coastal region of Croatia. The experiments were carried out at two levels: by sampling wood nematodes and by
monitoring pine longhorn beetles. Wood samples of dry or partly dry trees of
P. nigra, P. halepensis and P. pinaster were collected throughout the year in
the form of rings, branches, sawdust or wood chips without bark on different
heights on the trees. Two techniques were used for the extraction of nematodes:
Baermann funnel technique and Cobb`s method. In samples with an increased number of nematodes, some nematodes were separated and preserved
in DESS solution for further morphological and molecular analysis. In the
spring of 2014, the monitoring of pine longhorn beetle Monochamus galloprovincialis was done at 6 locations along the coastal region of Croatia
were traps with pheromones were installed. The traps were placed in the
treetops at a height of about 7 m in P. halepensis stands. The collected pine
longhorn beetles were inspected for nematodes in the laboratory.
Results: Saprophytic nematodes from the families Rhabditidae, Diplogasteridae and Cephalobidae dominated in the samples. In 9 wood samples
pathogenic nematodes which belong to the genus Bursaphelenchus: B. mucronatus, B. sexdentati and B. minutes were detecte. The pine wood nematode B. xylophilus was not found in the collected samples. A total of 109
pine longhorn beetles have been caught in traps with pheromones and their
analysis showed that neither B. xylophilus nor native wood nematodes were
present on them.
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Conclusions: This is the first record of wood nematodes in the coastal
region of Croatia. The results of this research confirm the presence of nematodes and their possible influence on the process of pine decline of the Mediterranean pine species in Croatia. The presence of M. galloprovincialis, the
vector of highly damaging B. Xylophilus, has been confirmed during this
research.
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INTRODUCTION

P

ine stands in the Mediterranean have an important
ecological and sociological role (1-7) and special attention is given to their hydrological, erosive and water
protection functions (8). Along with forest fires which
destroy pine stands every year (9-10), some biotic factors
are also responsible for the physiological weakening of
host trees and sometimes a stronger decline of trees (11).
Increased shedding of needles and a decline of some Mediterranean pine species, such as aleppo pine (Pinus halepensis Mill.), maritime pine (Pinus pinaster Ait.) and black
pine (Pinus nigra Arn.) was reported in 2009 in the coastal region of Croatia (11). There was not only one specific
negative factor responsible for this decline, even though
the damages were severe. There is very little data about
the causes of such complex decline in the references (12).

Usually they are tied to one specific biotic factor, such as
pine processionary moth – Thaumetopoea pityocampa Denis & Schiffermüller (Lepidoptera, Thaumetopoeidae)
(13), fungi Sphaeropsis sapinea (Fr.) Dyko et Sutton (14)
and Mycosphaerella dearnesii Barr. (15-16) and bark beetles, especially Mediterranean pine shoot beetle – Tomicus destruens Wollaston (Coleoptera, Curculionidae) (17).
Along with biotic, abiotic factors, especially climate extremes can affect the pine stands through physiological
weakening, whose consequences are evident in the forest
in the next few years (18-19). Alien species can also have
a negative influence on native pine species and one such
example which causes decline of pine stands on large areas
is pine wood nematode – Bursaphelenchus xylophilus Nickle (Aphelenchida, Parasitaphelenchidae). This species was
first discovered on the North American continent and
some studies indicate the problem of particularly difficult

Fig 1 Geographical distribution of sampling locations in the coastal region of Croatia
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Table 1 Samples of wood for laboratory analysis of wood nematodes by location, pine species and sample type, collected in 2013

NUMBER

LOCATION

DATE

SPECIESsample type

NUMBER

LOCATION

DATE

SPECIESsample type

17

Biograd na
moru

May 28

*Pp-R

Vrpolje

May 28

*Ph-S

1
2

Senj

May 27

*Pn-S

18

3

19

4

20

5

Crikvenica

May 27

*Pn-S

21

6
7

22
Krk

May 27

*Pn-R

*Pp-S
Benkovac

July 16

23

*Ph-S

8

24

Benkovac

July 16

*Pn-S

9

25

Obrovac

July 16

*Ph-S

Zadar

July 17

Zadar

July 17

*Pp-S

Novalja

July 18

*Ph-S

10
11

Benkovac

May 28

26

*Pp-R

27

12
13
14
15
16

28
Benkovac

May 28

*Pn-R

Biograd na
moru

May 28

*Pp-R

*Ph-S
*Pp-S

29
30
31

*Pn – Pinus nigra; Pp – Pinus pinaster; Ph – Pinus halepensis; S – sawdust; R – ring

control in the infected area (20) and the importance of
early detection of this harmful organism. Since B. xylophilus successfully uses longhorn beetles of genus Monochamus, especially Monochamus galloprovincialis Olivier
(Coleoptera, Cerambycidae) for its dispersal, the importance of this insect species has significantly increased (2124). M. galloprovincialis is a native European species which
is mainly a secondary pest and attacks trees which are
physiologically weakened by drought, fire or some other
factor (25), but it sometimes attacks completely healthy
trees, and the mass occurences could be significant (26).
Furthermore, according to the model of B. xylophilus
spreading, the invasion is unsuccessful unless the minimum population density of longhorn beetles is met, even
if the minimum density of pine trees is satisfied (27).
Since almost nothing is known about the presence of
wood nematodes in Croatia and because it can be assumed that pine stands in the Croatian coastal region are
most threatened, wood nematodes were studied in order
to record pine wood nematode species spectrum on different species of pines along the entire coastal region of
Croatia
MATERIALS AND METHODS
Wood nematode study was carried out in 2013 and
2014 at two levels. The first level was the sampling of
wood nematodes on 22 separate locations along the coastPeriod biol, Vol 117, No 4, 2015.

al region of Croatia (Fig 1). Wood samples were collected
throughout the year, primarily on trees with symptoms
of decline, i.e. trees with dried needles and visible exit
holes from longhorn beetles, trees with stronger resin production as a sign of decline in vitality and trees with fruit
bodies of fungi visible on the trunk. The samples were
collected in the form of rings, branches, sawdust or wood
chips without bark on different heights on the tree from
0.5 m to treetop, but mainly at 1.3 m (Tables 1 and 2). In
total, 109 samples were collected from trees of aleppo,
maritime and black pine.
In 2013, 31 samples were taken in two sampling periods, the first in May and the second in July. For sampling
we used two techniques: the first technique was with a
drilling machine, where holes were made after which the
sawdust was collected, while the second technique consisted of cutting tree rings from fallen trees on different
heights. The samples were then transported to the entomological laboratory of Croatian Forest Research Institute (CFRI) for incubation at room temperature in a period of at least 2 weeks, followed by the extraction.
Samples of sawdust were stored in plastic bags in the refrigerator at 4 °C for two weeks. Occasionally, water was
sprayed on the samples to prevent them from drying out.
Samples collected in May were then delivered in Research
Centre for Agrobiology and Pedology (CRA) in Firenze,
Italy, where nematodes were extracted and microscoped.
Further processing of samples was conducted in entomo507
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Table 2 Samples of wood for laboratory analysis of wood nematodes by location, pine species and sample type, collected in 2014

NUMBER

LOCATION

DATE

SPECIESsample type

32
33

NUMBER
71

Premantura

April 25

*Ph-R

72

34

73

35

74

36

Premantura

April 25

*Ph-R

75

37

76

38

77

39

78

40
41

Solin

May 28

*Ph-R

80
81

43

82

44

83

46
47

*Pn-R
Omiš

48

84
85

May 28
*Cs-R

87

49

88
89

51

90
Ston

May 29

*Pp-R

92

54

93

55

94
Makarska

May 30

*Ph-R

57

96
97
Sinj

May 30

*Pn-R

99

61

100

63

Zadar

June 26

*Pp-W

64

Solin

October 29

*Ph-W
*Ph-B
Omiš

October 29

Makarska

October 29

*Ph-W

66
August 14

*Pp-W
*Ph-W

Zadar

October 31

*Pp-W

Zadar

October 31

*Ph-R
*Pn-B

Cres

May 25

*Ph-W

68

*Ph-B
*Pn-B

Buzet

December 9

*Pn-W

Pazin

December 14

*Pn-W

101
102

*Pn-W

104

Buje

December 10

105
Omiš

*Ph-W

*Ph-B

103

65
67

*Ph-W

98

60
62

August 22

95

58
59

Brač

91

53

56

SPECIESsample type

86

50
52

DATE

79

42

45

LOCATION

*Ps-W

106

*Pn-W

107

*Ph-W

69

Drniš

August 14

*Pn-W

108

70

Brač

August 22

*Ph-W

109

Ugljan

December 21

*Ph-B

*Pn – Pinus nigra; Pp – Pinus pinaster; Ph – Pinus halepensis; Ps – Pinus sylvestris; S – sawdust; R – ring; W – wood chips; B – branch
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RESULTS
The collection of samples was done in a period of two
years in which 109 samples were collected. In 37 samples
no nematodes were found. The presented data (Tables 3
and 4) show that along the entire coastal region of Croatia
saprophytic nematodes (Rhabditidae, Diplogasteridae and
Cephalobidae) dominate in the collected samples. Along
Period biol, Vol 117, No 4, 2015.

TAXONOMIC
GROUPS

NUMBER

TAXONOMIC
GROUPS

The second level was the monitoring of pine longhorn
beetle species, especially M. galloprovincialis, which started in the spring of 2014. For monitoring we used 8
WitaPrall Multi Funnel Traps® and 2 WitaPrall IntPTWet Traps® at six locations in the coastal region of Croatia
(Pula, Zadar, Solin, Makarska, Ston). The location of the
last trap was in Omiš and it was installed later that year
in August. The traps were placed inside an aleppo pine
stand in the tree canopy at a height of about 7 m. Ten traps
were equipped with pheromones for pine longhorn beetles
(Witasek Gallowit® and Witasek Gallohost®). Pheromones
were replaced with the new ones in mid-summer. Multi
Funnel traps for pine longhorn beetles were modified with
a larger funnel and container. Due to unfavorable weather conditions and heavy rains, catchment with original
traps did not perform well, because the containers were
quickly filled with water and the drainage holes were
blocked. Original containers were replaced with the modified containers in the middle of summer. The collected
samples were inspected for nematodes in the CFRI laboratory. Each specimen’s head and elytra were removed in a
separate Petri dish, their wings were spread and the beetles
were flooded in a small amount of plain water and left for
2 hours. If there were nematodes present on the beetle,
they would emerge into the water. The water surrounding
the longhorn beetle was then examined under the microscope (Olympus® SZX7).

Table 3 Taxonomy of wood nematodes found in 2013 by location

NUMBER

logical laboratory of CFRI. In 2014, 78 samples were
taken from the Istrian peninsula and central and southern
Dalmatia. For the extraction of nematodes two techniques were used: Baermann funnel technique and
Cobb`s method (28). The samples were stored and incubated at 22 °C for a minimum of 2 weeks, after which
they were crushed to a particle size of 0,5×1×1 cm,
wrapped in a three layer paper kitchen towel and immersed in plain water. After 48 hours, the samples were
extracted by the modified method with metallic sieves
with holes of 38 µm and washed with fresh water. In this
way, the nematodes can be kept alive in the tap water at
4 °C for several weeks. The samples which contained
nematodes were then microscoped with stereoscopic microscope Olympus® BX53 and photographed with Olympus® XC30 camera connected to a computer with a software for measurements and data processing. On samples
with an increased number of nematodes, the nematodes
were separated and preserved in DESS solution for further
morphological and molecular analysis.
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1

Aphelenchoidae
Cephalobus sp.
Rhabditis sp.

17

/

2

Neotylenchidae
Cephalous sp.
Lamiaphelenchus sp.

18

Laimaphelenchus sp.
Rhabditis sp.
Plectus sp.

3

Aphelenchoidae

19

Laimaphelenchus sp.

4

Laimaphelenchus sp.

20

Laimaphelenchus sp.

5

Aphelenchoidae
Cephalobus sp.
Ditylenchus sp.
Laimaphelenchus sp.

21

Rhabditis sp.

6

Laimaphelenchus sp.
Ditylenchus sp.

22

Rhabditis sp.

7

Laimaphelenchus sp.
Ditylenchus sp.

23

Laimaphelenchus sp.
Rhabditis sp.

8

Laimaphelenchus sp.
Ditylenchus sp.

24

Laimaphelenchus sp.
Rhabditis sp.

Aphelenchoidae
Diplogasteridae
25
Rhabditis sp.
Laimaphelenchus sp.
Bursaphelenchus minutes

Diplogasteridae

Neotylenchidae
Rhabditis sp.
26
Laimaphelenchus sp.
10
Bursaphelenchus minutes
Cephalobus sp.

Aphelenchoidae
Plectus sp.
Rhabditis sp.

9

11

Laimaphelenchus sp.
Plectus sp.

Laimaphelenchus sp.
Plectus sp.
27
Bursaphelenchus mucronatus
Bursaphelenchus sexdentati

12

Laimaphelenchus sp.
Plectus sp.

28

/

13

Laimaphelenchus sp.
Rhabditis sp.
Cephalobus sp.

29

Aphelenchoidae

14

Laimaphelenchus sp.

30

Diplogasteridae

15

Laimaphelenchus sp.

31

Diplogasteridae

16

/

with saprophytic nematodes, in more than 8 % of samples
pathogenic species from genus Bursaphelenchus were
found: B. mucronatus, B. sexdentati and B. minutes. B.
xylophilus was not detected in any of the collected samples.
The pheromone traps caught a total of 101 pine longhorn
beetles at seven locations (Table 5). During the extraction
of 88 pine longhorn beetles none of the native or alien
wood nematode species were found.
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NUMBER

TAXONOMIC
GROUPS

NUMBER

TAXONOMIC
GROUPS

Table 4 Taxonomy of wood nematodes found in 2014 by location

32

/

71

Rhabditis sp.
Cephalobus sp.

33

/

72

Rhabditis sp.
Cephalobus sp.

34

Aphelenchoidae

73

Tylenchida sp.

35

/

74

Aphelenchoidae
Laimaphelenchus sp.
Bursaphelenchus sp.

36

/

75

/

37

Diplogasteridae

76

Aphelenchoidae

38

Aphelenchoidae

77

Rhabditis sp.
Aphelenchoidae

52

/

91

Diplogasteridae
Plectus sp.
Bursaphelenchus sp.

53

/

92

Aphelenchoidae
Diplogasteridae
Rhabditis sp.
Cephalobus sp.

54

/

93

Diplogasteridae
Rhabditis sp.
Cephalobus sp.

55

/

94

/

56

Laimaphelenchus sp.

95

Aphelenchoidae
Diplogasteridae
Mononchus sp.

57

/

96

Diplogasteridae
Tylenchida sp.

58

Aphelenchoidae

97

Diplogasteridae
Aphelenchoidae
Bursaphelenchus sp.

39

/

78

40

/

79

Tylenchida sp.

59

/

98

/

60

/

99

Diplogasteridae
Rhabditis sp.

41

/

80

Diplogasteridae
Tylenchida sp.
Rhabditis sp.

42

Rhabditis sp.
Tylenchida sp.

81

/

61

100

Aphelenchoidae
Bursaphelenchus sp.

43

/

82

Aphelenchoidae
Diplogasteridae
Laimaphelenchus sp.

Diplogasteridae
Cephalobus sp.
Rhabditis sp.

62

/

101

Diplogasteridae
Cephalobus sp.

44

/

83

Diplogasteridae
Rhabditis sp.

63

/

102

Rhabditis sp.

45

Tylenchida sp.

84

/

64

/

103

Rhabditis sp.
Cephalobus sp.

46

/

85

Diplogasteridae
Rhabditis sp.
Cephalobus sp.

47

Aphelenchoidae

86

Diplogasteridae
Cephalobus sp.

48

/

87

/

49

/

88

Aphelenchoidae
Laimaphelenchus sp.

50

Aphelenchoidae
Laimaphelenchus sp.

89

Aphelenchoidae
Bursaphelenchus sp.
Laimaphelenchus sp.

51

/

90

Rhabditis sp.
Plectus sp.

DISCUSSION
Pathogenic nematode species of genus Bursaphelenchus
were found on all sampled pine species along the coastal
region of Croatia. Quarantine nematode B. xylophilus was
not found in any sample, but three other wood nematode
species from that genus were found (B. mucronatus, B.
sexdentati and B. minutes).
510

65

Aphelenchoidae

104

Diplogasteridae
Aphelenchoidae
Laimaphelenchus sp.
Rhabditis sp.
Cephalobus sp.

66

Aphelenchoidae
Rhabditis sp.
Bursaphelenchus sp.

105

Aphelenchoidae
Rhabditis sp.
Bursaphelenchus sp.
Cephalobus sp.

67

Aphelenchoidae

106

Rhabditis sp.

68

/

107

/

69

/

108

Aphelenchoidae

70

/

109

/

Nematode B. mucronatus is very similar to the B. xylophilus. It has two known genotypes: East Asian and
European type (29), and it is widespread throughout the
Euroasia. East Asian genotype of this nematode could
pose a threat if it is found in Europe, primarily threatening P. sylvestris, P. nigra and P. pinaster. B. mucronatus
appeares to be pathogenic to plants when inoculated in
the 3-year old seedlings of genera Picea, Abies, Larix and
Period biol, Vol 117, No 4, 2015.
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Table 5 The description of used traps and pheromones with the number of caught pine longhorn beetles in 2014 and 2015

LOCATION

TRAP TYPE

PHEROMONES

NUMBER OF PINE LONGHORN BEETLES

Pula

2 IPM
1 multifunnel

2 Gallohost
1 Gallowit

14

Zadar

1 multifunnel

1 Gallowit

27

Solin

3 multifunnel

2 Gallohost
1 Gallowit

1

Makarska

1 multifunnel

1 Gallowit

4

Ston

1 multifunnel

1 Gallowit

34

Omiš

1 multifunnel

1 Gallohost

1

Lučice, Brač

/

/

20*
caught by hand on dead tree

S

Pseudotsuga. Various strains of B. mucronatus inoculated
in 11 – 29-year old pines in their natural environment in
Germany and Austria did not cause a decline of the trees.
However, it has been proved that the fungi cultures of
nematode population are negligibly increasing at 20 °C,
moderately at 25 °C and vigorously at 30 °C (30).
The second species which proved to be highly pathogenic for the trees in the laboratory (at 25 °C with relative
humidity of 60 %) was B. sexdentati (31). It is reasonable
to think that these two species of nematodes can contribute to the decline of pine trees in the coastal region of
Croatia. The third species, B. Minutes, is considered to be
widespread in the Mediterranean without having a pathogenic impact on the pine trees (30).
The degree of pathogenicity of nematodes depends on
temperature, humidity and other conditions which can
be seen from the results of this research. The samples that
were collected in spring while the temperatures are lower
didn`t have nematodes, while those from summer and
autumn had an increased number of nematodes. Also, the
degree of pathogenicity depends on the habitat, the age
of the tree, the presence of the appropriate vector and the
provenance and virulence of nematodes (30). This is especially important because of the variations of climate in
terms of the increase in temperature and the decrease in
precipitation, which will be especially noticable in the
coastal region of Croatia according to climate change predictions (32).
The results of this research confirm the presence of
nematodes and their possible influence on the process of
pine decline of the Mediterranean pine species in Croatia.
The presence of M. galloprovincialis, the vector of highly
damaging B. xylophilus has been confirmed during this
research and the application of pheromone based traps
could be considered as a part of the monitoring system for
the detection of this invasive species. This is the first research of wood nematodes in Croatia, which indicates the
Period biol, Vol 117, No 4, 2015.
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presence of a rich species spectrum and of potential harmful species that could play a vital role in pine decline in
the Mediterranean area. Further and detailed research is
suggested with regular monitoring of invasive B. xylophilus. Some of the wood nematode species found during this
research could not be morphologialy identified and further research should involve molecular analysis
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