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Saproxylic insects represent an important part of forest biodiversity and have functionally
significant role in the forest ecosystems. They are species-rich organisms that depend upon
the dead or dying wood or upon the presence of other saproxylic species. In this study we
investigated whether stump harvesting affects saproxylic beetle assemblages in the clear-cut
of managed forest in Latvia. We used pitfall traps and window traps for sampling beetles in
the clear-cut sites with removed and retained stumps. Overall, these two sampling sites shared
a similar number of beetle species. However, there were significant differences between two
sampling methods with more species from window traps. Saproxylic species were more
abundant in site with retained stumps.

Key words: saproxylic beetle, stump harvesting, clear-cut, Hylocomiosa, window traps, pitfall
traps.

Arvids Barsevskis, Inese Kivieniece. Coleopterological Research Center, Institute of Life
Sciences and Technology, Daugavpils University, llgas, Daugavpils Municipality, LV-5470,
Latvia, e-mail: arvids.barsevskis@du.lv, inese.kivieniece@du.lv

Sakine Serap Avgin. Kahramanmaras Siitcii Imam University, Faculty of Education, Division
of Science Education, Avsar Campus, 46100 Kahramanmaras, Turkey, e-mail: serapavgin(@
hotmail.com

Astra Zaluma. Forest Sector Competence Center, SIA “MNKC”, Dzerbenes Street 27, Riga,
LV-1006, Latvia, e-mail: astra.zaluma@silava.lv

INTRODUCTION a food base for other organisms (Warriner et al.
2004). A radical decline in the abundance of
saproxylic insects and threatened species is a

direct outcome of the large reduction of dead,

Saproxylic or dead wood inhabiting insects
comprise a significant proportion of the

biodiversity of most forest ecosystems (Jackson
et al. 2009, Stenbacka et al. 2010). They are
vitally important in the initial fragmentation and
breakdown of dead woody debris and comprise

decaying wood and old living trees in the forest
landscape by modern forestry and agricultural
practices (Martikainen et al. 2000, Siitonen 2001,
Hjalten et al. 2007). To predict extinction risks
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and to evaluate the efficiency of conservation
efforts, we need to understand the ecology of
saproxylic species and to study the dynamics of
the habitats and the inhabiting populations.

Stumps are homogenous key alternative
microhabitats for saproxylic organisms in
managed forests (Gibb et al. 2006, Franc et
al. 2007, Lindbladh et al. 2007, Jonsell 2008).
Globally growing interest for forest biofuels
such as slash (branches and tops) and stumps
significantly increases intensity of stump and root
harvesting in clear-cuts (Hakkila 2004, Bjorheden
2006, Walmsley & Godbold 2009). Stump
extraction has also been used as a silvicultural
treatment method to control post-harvest root-
rot fungi in forests (Chapman & Xiao 2000,
Chapman et al. 2004, Cleary et al. 2013) and
to improve site preparation for re-growth or re-
planting of forest. The removal of stumps and
roots negatively affects fauna and flora that use
them as a food sources, platforms, dens, nest sites,
habitats or refuges (Davis 1996, Keisker 2000,
Waldien et al. 2000, Bunnell & Houde 2010). In
Finland, Sweden and the UK stump harvesting
is performed only during final felling (not during
thinning) to exclude risk of damaging adjacent
trees (Forestry Commission 2009, Swedish
Forest Agency 2009, TAPIO 2010). In Nordic
region, the stump retention guidelines state that
minimum number of retained stumps is 20/ha (50/
ha on finer-textured soils) (Stupak et al. 2008),
whereas in the UK about 20-30% of the forest
surface should be left undisturbed by stump
removal (Forestry Commission 2009). However,
in practice small pine stumps are retained at the
expense of large spruce stumps because spruce
stumps are more easily pulled from the ground
than pine stumps (Kalliola & Markkila 2004). In
Latvia, spruce, birch and aspen stands are more
appropriate for stump removal, but pine stands
are more protected by technical constraints and
legislation of environmental protection. The
main resources for forest fuels are stumps from
private and national Latvian forests (Lazdans et
al. 2008). The effects of increasing forest fuel
harvesting on the forest ecosystems are poorly
understood (Koistinen & Aijild 2005, Rudolphi
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& Gustafsson 2005, Aijili et al. 2005, Erdjii et
al. 2010).

Stumps produce similar amounts of saproxylic
species as snags and logs and only some
differences in species composition could be
observed (Dahlberg & Stokland 2004, Wikars
et al. 2005, Abrahamsson & Lindbladh 2006,
Hedgren 2007, Jonsell & Hansson 2011).
However, contradictory results may be found
(Kruys & Jonsson 1999, Franc 2007, Béssler et
al. 2010, Bouget et al. 2012, Brin et al. 2012).
Andersson et al. (2012) found that stump
removal had non-significant long-term effect on
beetle abundance, species richness and species
composition, although several groups of beetles
were strongly affected by characteristics of the
surrounding forest. Investigations on the effects
of stump harvesting on forest biodiversity and on
possible long-term effects are rare.

Studies on stump harvesting effect on saproxylic
beetle species in Latvia are lacking. In this study
we investigated differences in the saproxylic
beetle assemblages in two clear-cut sites with
removed and retained stumps. Both sampling
sites are characterized by significant ecological
differences in vegetation and site conditions.
These and other factors may play important
roles in forming the saproxylic beetle fauna of
both sites. We predicted lower numbers of dead
wood dwelling species in stumped area than in
non-stumped site. Two types of traps were used
in this study and capture effectiveness of each
sampling method was established.

MATERIALS AND METHODS
Study site

Research area, Hylocomiosa forest type, was
located in central Latvia, in Ogresgals rural
municipality (N: 56°46°57.8” E: 24°45°18”). The
selection criteria for forest site were: dominance
of Picea abies, high rot incidence (> 50%) and
weak regeneration of Populus tremula. The
chosen forest site which fulfilled these criteria
was dominated by P. abies (60% of stand volume)
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with admixture of Pinus sylvestris and Betula
pendula. The forest site was 98 years old with size
3 ha. This site had been felled in autumn 2010.
In 2012, clear-cut was divided into two separate
sample plots: plot with removed stumps and plot
with retained stumps. Each area was 0.5 ha in size
with buffer zone between them. On one plot (O1)
stumps were removed in November 2012 using
caterpillar excavator New Holland E215B with
stump extractor MCR-500 prototype. On second
plot (O2) stumps were left intact. The collection
of beetles was done in 2013.

Characterization of vegetation before stump
removal in 2012

O1 —plot with removed stumps (Fig. 1). The clear-
cut area was covered by naturally regenerated
young Betula pendula, Picea abies, Pinus
sylvestris, Populus tremula, Quercus robur and
Sorbus aucuparia trees and some shrubs: Corylus
avellana, Frangula alnus and Rubus idaeus.
The herb species were abundant, dominating
by Calamagrostis arundinacea, Chamaenerion
angustifolium, Erigeron canadensis, Juncus
effusus, Galeopsis bifida, Impatiens parviflora,
Luzula pilosa, Mycelis muralis, Molinia caerulea,
Oxalis acetosella and Vaccinium myrtillus.
Mosses were abundant; in total 10 moss species
were registered. Most of stumps were low and
shaded. Soil lichens were not found. Some lichens
were found only on stumps with bark - mostly
Cladonia spp. and Lepraria incana.

02 — control plot with retained stumps (Fig.
2). The clear-cut area was also covered by
naturally regenerated young Betula pendula,
Picea abies, Pinus sylvestris, Quercus robur,
Salix caprea, Sorbus aucuparia trees and some
shrubs: Corylus avellana, Frangula alnus,
Rubus idaeus. The herb species were abundant,
dominating by Calamagrostis arundinacea,
Erigeron canadensis, Galeopsis bifida, Impatiens
parviflora, Luzula pilosa, Mycelis muralis,
Pteridium aquilinum, Oxalis acetosella and
Vaccinium myrtillus. Mosses were abundant; in
total 7 moss species were registered. Lichens
were rare, found only on some stumps with bark
— Cladonia spp. and Lepraria incana.

Characterization of vegetation after stump
removal in 2013

O1: shrubs and young trees were cut down, herbs
were mowed down. Stump removal promoted
formation of furrows and soil outcrops.

02: shrubs and young trees were cut down,
herbs were mowed down. The whole area was
mounded.

Both sample plots (O1 and O2) were replanted
in June 2013 with 2-year-old nursery cultivated
bare-root seedlings of P. abies with improved
root system.

Insect sampling

Beetles were sampled using pitfall traps and
window traps. Window trap consisted of
transparent Plexiglas sheet (L x W, 60 x 40 cm)
attached with a nylon rope to a plastic container
(Lx W x H, 50 x 20 x 15 cm). Ethylene glycol
diluted with water was used as a preservative in
a collecting container. Window traps were hung
between two artificially placed wooden poles
close to stumps. A total of ten traps were placed
at each sampling site.

As pitfall traps we used transparent plastic glasses
filled with ethylene glycol diluted with water.
Trap was dug into the ground so that the rim
was in one level with the ground surface. These
traps were used to catch mobile ground-dwelling
insects. Sixteen traps were placed in each
sampling site. Pitfall traps were slightly covered
with pieces of bark from neighbouring stumps to
protect traps from destruction or flooding.

All traps were checked, and all insects removed
from traps, on a bimonthly basis. Traps were
exhibited 60 days from August to September in
2013. Collected insects were placed in marked
plastic containers, sorted by collecting type and
date, and frozen in portable car refrigerator.
All samples were transported to Daugavpils
University and placed in the large-volume
refrigerator (temperature -15°C) for further
analysis. All insect species were identified by
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Fig. 2. Window trap in clear-cut area with retained stumps (Control plot — O2).
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the same person (A.B.) in Coleopterological
Research Center, Institute of Life Sciences
and Technology, Daugavpils University (Ilgas,
Daugavpils Municipality, Latvia). Almost all
trapped insects were identified to the genus or
species level. Collected beetles were defined as
saproxylic species by authors and according to
Alexander (2002), Nieto and Alexander (2010),
Lachat et al. (2012), Olsson et al. (2012).

RESULTS AND DISCUSSION

By using two types of traps, we collected 2132
individual beetles. 41 family and 163 species
were identified (Table 1). Eleven of all collected
species were identified only to the genus level:
Phylonthus sp. (21 individual), Quedius sp.
(3), Meligethes sp. (27), Cryptophagus sp. (2),
Atomaria sp. (2), Enicmus sp. (2), Corticaria sp.
(2), Cis sp. (6), Mordellistena sp. (20), Corticeus
sp. (8), Psylliodes sp. (2) and were used as
separate species (due to morphological similarity
of individuals) in further data analysis. Several
individuals were identified to family level:
Staphylinidae (51 individual), Chrysomelidae
(54), Curculionidae (72), but 98 individuals were
identified only as representatives of Coleoptera
order. Many beetle species accidentally flew
into the clear-cut and could not be considered as
resident species.

The time of beetle collecting is an important
factor because occurrence of beetles differ
between months. Our results show, that species
richness did not differ significantly between site
with removed stumps (120 species) and site with
retained stumps (132 species) (Table 1). These
non-significant differences could be explained
by comparatively small size of sampling plots
and active migration of insects. Moreover, 90
species overlapped in both sampling sites. 30
species from stumped site and 42 species from
non-stumped site were collected only in particular
site and were not present in opposed site. These
species in each sampling site were represented by
one to seven individuals (most of them occurred
in single specimen). The number of specimens
collected in site without stumps (1097 individuals

(51.5%)) was also similar to number from site
with stumps (1035 individuals (48.5%)). Most
frequent species in non-stumped area were
Hylobius abietis (67 individuals), Anoplotrupes
stercorosus (55), Pterostichus oblongopunctatus
(55), Pterostichus niger (44), Stictoleptura rubra
(40), Mordella holomelaena (33), Hylobius
pinastri (30), but in stumped site: H. abietis
(81), S. rubra (58), P. oblongopunctatus (49),
A. stercorosus (43), H. pinastri (39), Adrastus
pallens (32), P. niger (31).

Beetle families with largest number of species
from site with stumps (SS) and site without stumps
(WS) were: Carabidae (SS = 28 species (207
individuals); WS =25 species (222 individuals)),
Staphylinidae (SS = 6 (29); WS = 6 (20)),
Elateridae (SS =6 (38); WS =6 (48)), Nitidulidae
(SS=28(42); WS=17(58)), Coccinellidae (SS=5
(17); WS = 6 (18)), Cerambycidae (SS = 8 (82);
WS =7 (106)), Chrysomelidae (SS =6 (16); WS
=7 (17)) (Table 1).

In overall, our results show that window traps
were more effective (1337 individuals (62.7%),
126 species) than pitfall traps (795 individuals
(37.3%), 74 species) in this study (Table 1).
Comparing both sampling sites, we did not
find significant differences in the number of
specimens (window traps: SS = 628 individuals
(47%), WS = 709 (53%); pitfall traps: SS =
407 (51.2%), WS = 388 (48.8%)) and species
(window traps: SS =102 species, WS = 96; pitfall
traps: SS =59, WS = 52).

In total, we recorded 62 saproxylic species in
this study (Table 1). 10 species are included
in the European Red List of Saproxylic
Beetles in category “Least Concern”:
Microrhagus pygmaeus, Melanotus villosus,
Ostoma ferruginea, Triplax aenea, Tritoma
subbasalis, Dacne bipustulata, Mycetophagus
quadripustulatus, Mycetophagus multipunctatus,
Litargus connexus, Pytho depressus (Nieto &
Alexander 2010). The number of saproxylic
individuals was similar in both sampling sites:
SS =379, WS = 384, but the number of species
differed between sites: SS = 53, WS = 36.
647 saproxylic individuals (62 species) were
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Table 1. Collected specimens in sampling sites with removed and retained stumps depending on
type of traps

Number of individuals sampled
. . Site with stumps Site without
Order, family Genus, species stumps
Pitfall | Window | Pitfall | Window
traps traps traps traps
COLEOPTERA
Dytiscidae
1. | Hydroporus palustris 1
2. | Ilybius fuliginosus 1
3. | Ilybius ater 1
4. | Cilius canaliculaus 1
Carabidae
5. | Carabus cancellatus 5 9
6. | Carabus granulatus 8 13
7. | Carabus nemoralis 2
8. | Carabus glabratus 3
9. | Cychrus caraboides 2 1
10. | Cicindela hybrida 3
11. | Loricera pilicornis 4 2
12. | Patrobus atrorufus 1
13. | Trechus secalis 4 2
14. | Trechus quadristriatus 8 11
15. | Bembidion lampros 2 1
16. | Bembidion quadrimaculatum 7 14
17. | Bembidion tetracolum 1
18. | Bembidion femoratum 3 6
19. | Agonum sexpunctatus 6 5
20. | Poecilus coereleus 9 17
21. | Pterostichus niger 43 1 31
22. | Pterostichus melanarius 7 12
23. | Pterostichus minor 2 4
24. | Pterostichus oblongopunctatus | 53 2 48 1
25. | Pterostichus rhaeticus 1
26. | Calathus melanocephalus 6 9
27. | Calathus micropterus 7 7
28. | Anchomenus dorsalis 1
29. | Oxypselaphus obscurus 7 4
30. | Amara familiaris 1
31. | Amara communis 1
32. | Amara spreta 1
33. | Amara aenea 1 2
34. | Amara fusca 2
35. | Harpalus rufipes 7 1 13
36. | Anisodactylus binotatus 1 1
37. | Acupalpus parvulus 1 1
38. | Dromius agilis * 1
Histeridae
39. | Plegaderus vulneratus * 1
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Number of individuals sampled
. . Site without
Order, family Genus, species Site with stumps stumps
Pitfall | Window | Pitfall | Window
traps traps traps traps
40. | Saprinus semistriatus 1
Cholevidae
41. | Sciodrepoides watsoni 2
42. | Apocatops nigritus 1
43. | Agathidium atrum ** 2
Silphidae
44. | Thanatiphilus sinuatus 3 1 2
45. | Thanatophilus rugosus 2
46. | Oiceoptoma thoracica 7 4 3
47. | Nicrophorus vespilloides 14 11 8 13
48. | Nicrophorus vespillo 1
49. | Nicrophorus investigator 2
Staphylinidae
50. | Xantoholinus tricolor 1
51. | Ontholestes murinus 1 2 1
52. | Staphylinus erythropterus 9 6
53. | Phylonthus sp. 11 1 8 1
54. | Quedius sp. 3
55. | Phaederus riparius 1
56. | Lordithon lunulatus * 1 1
57. | Aleochara curtula 1 1
Staphylinidae not det. 17 4 21 9
Geotrupidae
58. | Anoplotrupes stercorosus 41 14 36 7
Scarabaeidae
59. | Cetonia aurata * 2 5 3
60. | Protaetia metallica ** 3 8 1 9
61. | Oxythyrea funesta * 3 1
62. | Trichius fasciatus * 15 10
63. | Serica brunnea 2 6 11
Scirtidae
64. | Cyphon variabilis 6 4
65. | Cyphon pubescens 1 5 6
66. | Cyphon padi 3 17 1 12
Buprestidae
67. | Agrilus viridis * 1
68. | Agrilus roberti 2
69. | Anthaxia quadripunctata * 3 1
70. | Anthaxia godeti ** 1
71. | Trachys minuta 2 3
Eucnemidae
72. | Microrhagus pygmaeus * 1
Throscidae
73. | Trixagus dermestoides ** 2
Elateridae
74. | Agrypnus murinus 1 1
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Number of individuals sampled

Site with stumps Site without
Order, family Genus, species stumps
Pitfall | Window | Pitfall | Window
traps traps traps traps
75. | Athous vittatus 1
76. | Athous subfuscus * 5 8
77. | Prosternon tesselatum 2 2
78. | Melanotus villosus * 1
79. | Dalopius marginalis 5 3
80. | Adrastus pallens 24 32
Trogossitidae
81. | Ostoma ferruginea * 3
Dasytidae
82. | Dasytes niger * 1
83. | Dasytes plumbeus 4 1
Kateretidae
84. | Brachypterus urticae 8 11
Nitidulidae
85. | Meligethes aeneus 5 9
86. | Meligethes viridescens 9 15
87. | Meligethes sp. 11 16
88. | Soronia grisea * 1
89. | Cychramus luteus * 6 9
90. | Cychramus variegatus * 2
Glischrochilus quadripunctatus
91. | 2 2
92. | Glischrochilus hortensis * 5
93. | Glischrochilus grandis ** 2
Monotomidae
94. | Rhizophagus ferrugineus ** 1
95. | Rhizophagus dispar * 3
96. | Rhizophagus bipustulatus ** 1
Silvanidae
97. | Silvanus bidentatus ** 3
Phalacridae
98. | Olibrus millefolii 3
99. | Olibrus bimaculatus 4 8
Cryptophagidae
100. | Cryptophagus sp. 1
101. | Atomaria fuscata 1 1
102. | Atomaria sp. 1 1
103. | Antherophagus nigricornis 1
Erotylidae
104. | Triplax aenea * 1 1
105. | Tritoma subbasalis * 1
106. | Dacne bipustulata * 2
Byturidae
107. | Byturus tomentosus 12 17
Cerylonidae
108. | Cerylon ferrugineum * 1 1
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Number of individuals sampled

Site with stumps Site without
Order, family Genus, species stumps
Pitfall | Window | Pitfall | Window
traps traps traps traps
Endomychidae
109. | Endomychus coccineus * 2
Coccinellidae
110. | Propylea quatuordecimguttata 3 1 4
111. | Myrrha octodecimguttata 1 2
112. | Calvia qugtuordecimguttata 1
113. | Hippodamia notata 2 2
114. | Thea vigintiduopunctata
115. | Coccinella septempunctata 4 4
116. | Coccinella quinquepunctata 2 3 5
117. | Coccinella hieroglyphica 1
Latridiidae
118. | Enicmus sp. 1 1
119. | Corticaria sp. 1 1
120. | Cortinicara gibbosa * 6 8 14
121. | Corticarina fuscula 4 5 9
Mycetophagidae
120, ]gycetophagus quadripustulatus 6 )
123. | Mycetophagus multipunctatus * 1
124. | Litargus connexus * 4
125. | Typhaea stercorea 1 1
Ciidae
126. | Cis boleti * 1
127. | Cis sp. ** 6
Melandryidae
128. | Serropaplpus barbatus * 2
Mordellidae
129. | Mordella holomelaena ** 1 32 29
130. | Mordella aculeata ** 28 23
131. | Tomoxia bucephala * 1
132. | Hoshihananomia perlata ** 1
133. | Mordellistena sp. ** 9 11
Colydiidae
134. | Synchyta humeralis * 1
135. | Bitoma crenata * 1
QOedemeridae
136. | Oedemera lurida 1 1
Pythidae
137. | Pytho depressus * 7
Salpingidae
138. | Sphaeriestes bimaculatus ** 2
Anthicidae
139. | Omonadus floralis 1 1
140. | Notoxus monoceros 1 8 12
Aderidae
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Number of individuals sampled
. . Site without
Order, family Genus, species Site with stumps stumps
Pitfall | Window | Pitfall | Window
traps traps traps traps
141. | Anidorus nogrinus 2
Tenebrionidae
142. | Lagria hirta 1 16 19
143. | Uloma rufa ** 1 2 3
144. | Corticeus sp. ** 4 4
Cerambycidae
145. | Rhagium inquisitor * 1 12 13
146. | Rhagium mordax * 1
147. | Leptura quadrifasciata ** 3 6
148. | Anastrangalia reyi ** 7 7
149. | Stictoleptura rubra ** 1 39 4 54
150. | Paracorymbia maculicornis ** 6 8
151. | Stenurella melanura ** 10 12
152. | Acanthocinus aedilis * 1
153. | Spondylis buprestoides ** 2
Chrysomelidae
154. | Chrysomela populi 2 2
155. | Phratora vitellinae 4 4
156. | Galerucella lineola 1 1
157. | Lochmaea caprea 5 5
158. | Batophila rubi 1 1
159. | Cassida margaritacea 3 3
160. | Psylliodes sp. 1 1
Chrysomelidae not det. 3 18 5 28
Curculionidae
161. | Otiorhynchus ovatus 2 2
162. | Hylobius abietis * 46 21 14 67
163. | Hylobius pinastri * 19 11 9 30
Curculionidae not det 6 34 9 23
Coleoptera not det. 7 42 11 38
TOTAL | Specimens 407 628 388 709
TOTAL | Species 59 102 52 96

* saproxylic species (according to references)
** saproxylic species (defined by authors)

caught by window traps, but 116 individuals (11
species) by pitfall traps. Comparing both sites,
we found significant differences in the number
of individuals (window traps: SS = 305, WS =
342; pitfall traps: SS =74, WS =42) and species
(window traps: SS = 53, WS = 36; pitfall traps:
SS = 8, WS = 8). Some of saproxylic species
were found only in site with retained stumps, e.g.,
Rhizophagus spp., O. ferruginea, S. bidentatus,
L. connexus, Cis sp., P. depressus. In this study,
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we collected only species randomly creeping
or flying along window traps and pitfall traps.
It is necessary to include methods of collecting
insects dwelling on/under bark, e.g. sieving bark
from the stumps.

The greatest part of data from such studies in
Latvia are available from research projects and
are not easily accessible because they frequently
remain unpublished. To get a complete picture
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of the differences in beetle fauna between sites
with retained and removed stumps, long-term
ecological monitoring must be made combining
different sampling methods in the large-scale
study sites. Finally, the sampling time must
match to time when beetles are more diverse
and abundant.
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