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We analysc the influcnce of oreen tree retention in bird communitics on 1-15 vear-old clearcuts. The highest number
of bird specics was found in clearcuts with 0.1-1.0 of large (D>20 cm) residual green trees per hectare, Small (D<20 cm;
H>8m) residual tree retention had no significant impact on the number of bird spceies. Neither small nor large trees
influenced the density of breeding bird cosamunity. Green tree retention greatly influenced bird specics composition on
clearcuts. Most of common bird specics prefer low density of large residual trees. The largest number of specics was
observed in clearculs with 0.1-1.0 trec/ha and dip in clecarcut without trees. The density of residual arcen trees was
significant negative corrclated with discusscd bird community paramecters in small 0-2.0 ha clearcuts with an incrcasc in
their age ull six year. A total of 53 bird specics were classified into four categorics by the cffect of trece retention
(number of bird spceics in brackets: dependent on large and small trees, respectively): negatively influcnced (105 3),
positively influcnced (14; 16), as well as (ypical of clecarcuts with rclative low or moderate residual t(ree density (9; 7)
and uninfluenced speeics (205 27). 10 1s recommended to lcave onc group (3-5 trees) of large and 5-10 dispersed small
residual trees per hectare in clearcut. In forests where rare woodpceckers (white-backed) or other hollow-nesting specics
breed it is recommended for long-term cffect to leave 10-30 large and 20-40 small residual trees, half of them dispersed
cqually and half in group or small patches, proportionate softwoods (mainly for woodpcckers) and hardwoods or pinc

(mainly for lurge nests).
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Introduction

Harvesting of mature forest stands is one of the
main factors influencing the abundance and regional
distribution of forest birds (Virkkala 1987, Avery &
Leslie 1991, Haila et al. 1994, Monkkonen & Welsh
1994, Edenius & Elmberg 1996, Jansson 1999). Shorter
rotation of stands and economic use of forest prod-
ucts reduce the number of hollow trees and large-
branched trees suitable for hole nesters and big birds
of prey (Shaw & Dowell 1990). Many researchers agree
that to avoid such problems, forestry must imitate
natural forest disturbance regimes (Niemi & Probst
1990, DesGranges & Rondeau 1993, Hunter 1993, An-
gelstam & Mikusinski 1994, Hejl 1994). The main nat-
ural disturbances are associated with fire, wind, fun-
gal diseases, insects and mammals (beavers and large
ungulate) (Pcterken 1996, Nilsson & Ericsson 1992).
All kinds of forest disturbance have cumulative effect
and create multipartite mosaic of the forest landscape
of various-aged stands (Nilsson & Ericsson 1992,
Peterken 1990).

With the intention of emulating natural distur-
bance in forestry, it 1s recommended that green and
dead trees, groups of trees and small forest patches
were retained on clearcuts (Angelstam & Pettersson
1997, TFries et al. 1997, Schulte & Niecmi 1998). A vari-
cty of attempts have been made to hasten the produc-
tion of old-growth attributes in managed forests (Bun-
nell 1999). Most of them focused on the requirements
of single species and we lack community level stud-
tes (Anderson 1985, Bunnell 1985). For multi-species
management the combination of different kinds of
stand treatments can be economically more efficient
than simply maintaining old growth (Bunnell 1999).

Recently green tree retention has become an im-
portant management tool, but its ecological signifi-
cance is still poorly known (Vanha-Majamaa & Jalo-
nen 2001). Green tree retention is practised in many
countries. Most of the countries recommend to leave
5-10 large trees/ha (Anon. 1994, Anon.1997, Anon.
19994, Anon 1999¢, Anon. 2001), some states recom-
mend to leave 15-30 trees/ha (Anon. 1986) or 10-20%
of old stand trees (Anon 1999b). Green tree retention
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has three major objectives: (1) “life boating” species
and processes over the regeneration phase, (2) increas-
ing structural variation at the tree level of stand, and
(3) enhancing connectivity at a landscape level (Fran-
kiin et @/ 1997) by making the area between patches
more favourable for movement (Bunnell 1999). The
impact of green tree retention can be classified into
two kinds of effects:; 1.e. (1) a long-term effect that
should be congruous with the life span of the new
stand or longer, and (2) a short-term cffect that miti-
gates the problem that the first succession stage af-
ter harvesting differs considerably compared to later
stages.

The aim of this paper is to analyse the influence
of green tree retention on bird communities on early
successional clearcuts by comparing the requirements
of bird species.

Methods

Study area

This study was made 1n the Marijampole, Dubrava,
Kaunas and Prienai forest enterprises in southwest-
ern Lithuania (54.4-55.1° N; 23.2-24.2° E). Phytogeo-
graphically the study area locates in the transitional
zone between the temperate lowland and hemiboreal
forests (Ahti ¢t al. 1968, Natkevicaité-Ivanauskiené
1983). The dominating tree species on study area were
Aspen Populus tremula, Birch Betula pendula, Black
alder Alnus glutinosa, Hornbeam Carpinus betulus,
Ash Fraxinus excelsior and OQak Quercus robur. Co-
niferous species were not common on the study area
except for a few stands, which were omitted in this
study. The same deciduous tree species were domi-
nated in investigated clearcut.

As study sites we used 164 clearcuts (0.5-20.0 ha)
covering a total arca of 546 hectares.

Inventory of bird communities

Birds were counted by two-time mapping method
(Brazaitis & Kurlavi€ius, in press), which is similar to
the well-known standard mapping method (Tomialojc
1980, Pridnieks et al. 1986, Bibby et al. 1992). The main
difference s that census plots were visited twice. Two-
time mapping had excellence on evaluating bird com-
munities in the relative small or medium sized irregu-
lar shape counting plots because of the better possi-
bility to detect birds location and avoid registrations
that are outside the plot as well as with the same ef-
ficiency evaluate the total area. The inventory start-
ed on 10 April and lasted till mid June. The first visit
was performed before 15 May, and the second visit
later. Visits lasted up to 4.5 hours after sunrise. Inven-
tories were made under clear, sunny and calm weather

conditions without rain. Per one hour was inventoried
8-10 ha area. Simultaneous registration of the same
species was used to separate neighbouring territories
on one visit. The total number of breeding territories
was estimated considering the distance between reg-
istercd birds on scparate visits. When the distance
was larger than the average width of breeding territo-
ry, two territories were noted, otherwise one breeding
territory was identified.

Scientific and English bird names, acronyms of
studied bird species are presented in appendix 1. We
analysed the distribution of 53 bird species in clear-
cuts in relation to green tree retention.

Estimation of retention tree density and environ-
mental factors

Residual trees in the study area mostly werc dis-
persed equally. Oak and ash were dominating residual
tree specics. Residual tree density was coiimated by
counting the large and small trees on each investigat-
ed clearcut area. Large trees were defined as the trees
in diameter of stem larger than 20 cm. Small trees are
smaller than 20 cm in diameter of stem while the height
of tree is larger than § m. We analysed the influence
of large, simnall and total residual tree density on bird
communities.

The area and age of clearcuts were estimated from
special forest maps used for the forest management
purposes. We have defined three groups of clearcut
sizes: small (0-2.0 ha), middle (2.1-5.0 ha) and large (5.1
ha and more). The clearcuts’ age were grouped into
fresh (1-3 yr.), middle aged (4-6 yr.) and old (7-15 yr.).
The proportion of young forest stand (up to 20 yr) in
the landscape were evaluated from forest maps as 0-
10 %; 11-35%; 36-65 %; 66-90 %; 90-100 % of young
stands in [ km? of forest. The shape coefficient of
clearcut was calculated according to Thomas (1979)
where M is the shape coefficient; P - the perimeter (m)
and § - the area (m?):

— P R
287

We ranged residual tree density values into 5
groups: 0; 0.1-1.0; 1.1-5.0; 5.1-10.0; 10.1-30.0 trees/ha.
Such categories have vpatial background. The clear-
cuts without residual trees represent open areas. The
clearcuts with less that | residual tree per hectare rep-
resent areas with extremely low density and impact of
residual trees. The clearcuts with 1-5 trees/ha repre-
sent areas that the distance between trees is more than
two large trees height as well as clearcuts with 5-10
trees/ha represent areas that the distance between trees
is more than large trees height. The clearcuts with 10-
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30 trees/ha represent areas that the distance between
trees 1s lower than the height of a large residual tree
height. On this category the impact of residual trees
1s relatively high.

Statistical methods

One way and two-way ANOVA (F test) was used
for hypothesis testing. We performed post-hoc tests
(Turkey’s HSD) to distinguish significantly different
groups. Correlation between variables was estimated
with Pearson correlation coefficients.

Bird species distribution in relation to green tree
retention was analysed by the coefficient of indicator
value IndVal (Dufrene & Legendre 1997). IndVal anal-
ysis defined the interval of characteristic factor val-
ues for each bird species. The probability of species
presence and density 1s highest in this interval. This
method has advantages because of consideration rel-
ative abundance with its relative frequency of occur-
rence in the various groups of sites. IndVal ranged
within the pale from 0 to 100, Index was at the maxi-
mum when the individuals of species had been ob-
served on all sites of only one site group. The statis-
tical significance of the specice indicator values was
evaluated using randomisation procedure Monte Car-
lo test. PL-ORD software was used for IndVal calcu-
lation (McCune & Mefford 1997).

We analysed IndVal cocfficients calculated for
cach species between all possible paired residual tree
density cases. If IndVal coefficients differed signifi-
cantly or the difference between designed groups,
representing species, was 100% or more we assumed
bird species preference to selected catcgory.

All bird species tn relation to their distribution
status were classified into four categories: (1) bird
species that were typical of clearcuts without or with
relatively low residual trec density. Green tree reten-
tion had a negative influence; (2) bird species that were
typical of clearcuts with relative high residual tree
density. Green tree retention had a positive influence;
(3) bird species that were typical of clearcuts with rel-
ative low or moderate residual tree density, with ex-
ception of clearcuts without or with highest tree den-
sity; (4) bird species that were not influenced by green
tree retention. We have analysed large and small green
tree retention separately.

Results

Green tree relention in various clearcuts

The density of large green trees did not signifi-
cantly differ in clearcuts with various size (F=0,64,
df=3; p<0.59) as well as shape (F=0.52, df=3; p<0.67),
the proportion of young stand in the landscape (F=0.80,

df=4; p<0.59) and age of clearcuts (F=2.56, df=2;
p<0.08). The density of small green trees didn’t sig-
nificantly differ in clearcuts with various size (F=0,70,
df=3; p<0.55) as well as shape (F=1.25, df=3; p<0.30),
the proportion of young stand in the landscape (F=1.16,
df=4; p<0.33) and age of clearcuts (F=1.88, df=2;
p<0.16). Moreover, we found that the density of large
and small trees is independent (F=1.78, df=4; p<0.14).

Green tree retention and the number of bird spe-
cies

The number of bird species on clearcut differed
significantly between density groups of large residu-
al trees (F'=3.9, df=4; p<0.005). The highest number of
spectes was observed on clearcuts with 0.1-1.0 tree/
ha as well as lowest in clearcuts (p<005) with 5.1-10
trees/ha (Fig. 1). The number of bird species on clear-
cut did not differ among density groups of small re-
sidual trees (F=0.17, df=4; p<0.95) (Fig. 1). The number
of bird species in clearcut significantly differed in den-
sity groups of all residual trees (F=2.92, df=4; p<0.05).
The variation character of this factor was similar to
large residual trees (Fig. 1).

Al trees Large trees | Small cex

1 clear cul

Number of bird specic

Density of residual green trees per hiectare

Figure 1. Influence of large, small rcsidual trecs and their
total density in clearcuts on the number of bird specics

Green tree retention and the total density of
brecding birds

The total density of birds in clearcut did not dif-
fer among density groups of large residual trees
(F=2.19, df=4; p<0.1) (Fig. 2) as well as among densi-

All trees

clear cut

SR SN |

K ]

Density of birds in 10 ha of

Density of residual green trees per heclare

Figure 2. Influence of large, small residual trees and their
total density on cutovers on the total density of birds
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ty groups of small (F=1.35, df=4; p<0.25) and total
(F=1.61, df=4; p<0.17) residual trees.

Influence of green tree retention on bird commu-
nities at different age and size of clearcuts

Two-way ANOVA analysis showed significant
influence of the clearcut age and the large residual tree
density on the total number of bird species (F=2.00
df=8 p<0.05). Similar impact was found of the total
density of residual trees (F=2.87 df=8 p<0.02). The
clearcut age and various residual tree densities had
no significant influence (I'=0.63-1.46 df=8; p<0.18-0.75)
on the total density of birds. Simultaneously, correla-
tion coefficients (R) between density of residual trees
and the number of bird species or the total density of
birds in various groups of clearcut age were analysed
(Tab. 1). Large residual trees were getling more impor-
tant only in 4-6-year-old clear-cut areas. Negative ef-
fect on the number of species and the total density of
birds was observed at this age category. The response
of birds in fresh and old clear-cuts were insignificant
and mostly positive.

Table 1. The correlation between RTD and the number of
bird species, total density of birds in various-age of clear-
cuts *** p<0,001; ** p=0,01; * p=0,05; ° p<0,10

Age of clearcut

Residual

trees Number of bird species Total density of birds
-3 4-6 7-15 1-3 4-0 T-15

Small 0.14 -0.14 0.07 0.19  -0.16 0.21

Large 0.06 -0.31%" -0.03 -0.11  -0.22° 0.03

All 0.15 -0.32%*  0.02 0.05 -0.24% 0.15

Two-way ANOVA analysis showed no significant
influence of clearcut with various residual trees on the
number of bird species and the total density of birds
(F=0.66-1.45, df=10; p<0.72-0.33). The density of resid-
ual trees at various categories of clearcut (Tab. 2) was
not correlated significantly with the parameters of bird

Table 2. The correlation between KTD and the number of
bird species, total density of birds in various-size of clear-
cuts *** p<0,001; ** p=<0,01; * p<0,05; ° p=<0,10

Size ol clearcut, ha

Residual ——

lrees Number of bird species Total density of birds
020hs 2150k >50ha 0-20hs  21-50ha >50ha

Small -0.03 0.12 0.20 0.05 0.08 0.05

Large  -0.26* 0.02 0.10 -0.18  0.02 0.04

All -0.23° 0.10 0.13 -0.13  0.05 0.05

communities with exception of large residual trees
impact on the number of bird species in a small clear-
cut category.

Green tree retention and bird species

The distribution of 33 species was related with the
special density of large residual trees and 26 species
— with the density of small residual trees. Most of
species were typical of some contiguous residual tree
density categories (Fig. 3-4).

Large green tree retention had a negative influ-
ence on such bird species (1): Snipe, Tree pipit, Rob-
in, Song thrush, Wren, Sedge warbler, River warbler,
Whitethroat, Garden warbler, Yellowhammer.

Density of lirge residual trees (per | ha)

] 0.1-1.0 1 1.1-5.0 51-100 |

10.1-30.0
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] Cor car (7) *; Acr pal (17); Tur pil (10)* |

Den maj 3QR)*; Fri coe (60)*%;
Reg reg (10); Par maj (41):
Phy col (517
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Syl bor (43); Tro tro (30)

Cuc can (illj . Gar pla (25)*

St vl (25)* Den leu (12)*
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Gru pru (28)*
Phy tro (47)**

Bon bon (13)%
Par pal (23)*
Swl cur (35)**

Tur mer (26)

10 21 17 | 13 i 14

Figure 3. Influence of large residual trees on bird species
distribution. Size of cell shows breadth of niche. In brackets
value of IndVal. In bold - distribution described significant
or near significant. ** p<0,001; * p<0,05; Model represents
all bird species that show IndVal=25 without reference to
significance if double difference between groups exist

Density of small residual trees (per | ha)
0 01-10 | 11-5.0 [ 51100 ] 101300
Ana pla; Aquepom; But bur, Bon bon: Car car; Col pal: Cor cor: Cuc van; Dry mar;
Gal gal: Gar gla; Gru gru; Hip ice; Loc flu; Syl com; Mus str: Acr el Nuc car;
Ori ori; Par cae; Sit ewr; Stuvid; Tur pil; Tur mer; Tur phi; Emb sih; Evi rub
("L coe (29 (och (23)**
Lus lus (22)%, Par maj (35)*; Par pal (20)*;
Reg rep (15)%; Den maj (26)
{ Syl cur (17) |
Fricoe (530%; Ply col (66)%;
| Str tur (29)*%; Tur ifi (14)*
Acr pal (AD**; Syl arr (37) Den lew (33)%,
Prumod (64
Par ate (
Syl bor (453
Tro tro (47)
3 7 15 14 16

Ant i (43); Phy 1ro (26)

Loc nae (27)

Aep cau (26)%%;
Car ery (43)%;
Lan col (21)

Emb cit (37)

Figure 4. Influence of small residual trees on bird species
distribution. Size of cell shows breadth of niche. In brackets
value of IndVal. In bold - distribution described significance
or near significant: ** p<0,001; * p<0,05. Model represents
all bird species that show IndVal=25 without reference to
significance if double difference between groups exist
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Large green tree retention had a positive influence
on such bird species (2): Turtle dove, Hazel grouse,
Great spotied woodpecker, White-backed woodpeck-
er, Thrush nightingale, Lesser whitethroat, Chiffchaff,
Nuthatch, Nutcracker, Goldcrest, Great tit, Coal tit,
Marsh tit, Chaffinch. The following bird species were
typical of clear cuttings with relative low or moderate
density of large residual trees (3): Common crane,
Cuckoo, Blackbird, Fieldfare, Marsh warbler, Willow
warbler, Raven, Jay, Starling. Bird species for which
green tree retention had no influence (4): Mallard,
Lesser spotted eagle, Buzzard, Woodpigeon, Green
sandpiper, Black woodpecker, Red-backed shrike, Spot-
ted flycatcher, Redwing, Grasshopper warbler, [cterine
warbler, Blackcap, Dunnock, Long-tailed tit, Blue tit,
Golden oriole, Goldfinch, Common rosefinch, Hawfinch
and Reed bunting.

Small green tree retention had a negative influ-
ence on such bird species (1): Tree pipit, Willow war-
bler, and Grasshopper warbler. Small green tree reten-
tion had a positive influence on such bird species (2):
Green sandpiper, Turtle dove, White-backed wood-
pecker, Great spotted woodpecker, Thrush nightingale,
Redwing, Dunnock, Garden warbler, Chiffchaff, Wren,
Great tit, Marsh tit, Goldcrest, Chatfinch, Coal tit,
Hawfinch. The following bird species were typical of
clear cuttings with relative low or moderate density of
small residual trees (3): Red-backed shrike, Marsh
warbler, Lesser whitethroat, Blackecap, Long-tailed tit,
Common rosefinch, Yellowhammer. Bird species that
small green tree retention hadn’t any significant in-
fluence (4): Mallard, Lesser spotted eagle, Buzzard,
Snipe, Common crane, Hazel grouse, Cuckoo, Wood-
pigeon, Black woodpecker, Spotted flycatcher, Gold-
finch, Raven, Jay, Starling, Robin, Fieldfare, Blackbird,
Song thrush, lcterine warbler, River warbler, Sedge
warbler, Whitethroat, Blue tit, Nuthatch, Nutcracker,
Golden oriole, Reed bunting.

Discussion

Most of the negatively influenced bird species
were common species typical of non-forest habitats:
open dry habitats (Whitethroat, Garden warbler, Riv-
er warbler), marsh and wetlands (Snipe, Sedge warbler)
or forest landscape species associated with edges
(Tree pipit, Willow warbler, Yellowhammer). Most of
the species that were positively influenced by green
tree retention are typical of later succession stages of
forest ecosystem.

The number of bird species in clearcuts varied in
relation to the requirements of individual species. An
increase in the density of large residual tree, affected
positively the number of typical forest species, and

decreased the number of species that are associated
with open or wet landscapes. Most of the open land-
scape species were characteristic of clearcuts without
residual trees. The reduction of the open landscape
bird species was more intensive as compared to colo-
nization of old forest species (up to 5 trees/ha densi-
ty) in the clearcuts. This is the main reason why the
total number of bird species decreased. On the areas
with higher density (more than 5 trees/ha) of residual
trees, the list of typical bird species mostly consisted
of later successional stage assigners and rare birds.
The conventionally accepted in forestry amount of
residual trees is not sufficient for rare bird species
existence In clearcut,

Clearcuts occupy large areas and has high impact
to the whole forest ecosystem. Generally, we found that
increased total density of residual trees did not pos-
itively affect the number of bird species or the total
density of birds in clearcut. There is a danger to over-
estimate this argument. The most typical bird species
of clearcuts are widespread and their populations were
increasing recently (Helle & Jarvinen 1986, Viisinen
et al. 1986). Clearcuts are not important habitat for
such birds (Ahlen 1975). Preference should be given
for endangered and protected species. Species, which
are rare in Lithuania and/or other parts of Europe were
positively influenced by green tree retention (e.g.,
White-backed woodpecker, Hazel grouse, Turtle dove,
Common cranc, Long-tailed tit).

The ecological significance of large tree retention
was different compared to small tree retention. Some
species were influenced by large residual trees, but not
by small trees: Hazel grouse, Raven, Cuckoo, Robin,
Snipe, Jay, Common crane, River warbler, Sedge war-
bler, Blue tit, Nuthatch, Starling, Fieldfare, Blackbird
and Song thrush. It 1s associated with some reasons:

1. Open landscape birds (Snipe, Sedge warbler,
River warbler) were influenced much more stronger by
large trees compared to small, For this reason small
residual trees did not affect those birds (at least up
to 30 trees/ha).

2. Large residual trees can made a connection for
nest parasites and predators from clearcut edge (Cuck-
00, Jay, Raven). Studies showed that a predation rate
on shrub nesters in green tree retention areas is great-
er compared with clearcuts (Vega 1993).

3. Large residual trees can be good nesting or
feeding habitat for hole-nesters and some other spe-
cies (Tits, Nuthatch, Starling, Fieldfare, Hazel grouse).

Common rosefinch, Blackcap, Hawfinch, Red-
backed shrike, Grasshopper warbler, Dunnock, Green
sandpiper and Redwing were significantly influenced
by small trees, but large trees were not related with
species distribution. Most of mentioned above spe-
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cies shows priority to more heterogeneous habitats in
respect of bushes height. If tall, even small residual
trees were good for perching (Red-backed shrike), or
for territorial demonstration behaviour (Common rose-
finch, Dunnock, Blackcap).

Correlation coefficients showed an increase in
residual trees significance in small 0-2.0 ha clearcuts
with an increase in their age till six years. It is associ-
ated with the peak of negative influence by residual
trees open landscape species in bush stage clearcuts.
Small clearcuts had critical threshold of required open
space resources and residual trees negatively change
this balance.

The long-lasting value of green tree retention to
bird communities are also important. Intensive forestry
dominated by a clear-cutting management system chang-
es the stand structure of the forest landscape. Old-
growth forest bird species are adapted to dominating
uneven-aged stands with plenty of over-mature and
dead trees. Such components are lacking in managed
even-aged stands. Consequently, green tree retention
is of high value for old-growth forest bird species dur-
ing the whole stand rotation cycle. Diversity of envi-
ronmental conditions is getting favourable for bird spe-
cies with the high-specialized requirements.

Large trees with big branches are necessary for
large raptor nests (Petty 1998). However, the large
raptors have requirements not only for the nesting tree,
but also for the surrounding stand, as well the land-
scape 1n which they feed. Most of them inhabit mid-
dle-aged or older stands (Skuja & Budrys 1999). Rel-
ative tree mortality depends on size of the residual tree
(Peltola et al. 1999). Smaller trees have higher proba-
bility to survive up to the period, when stand will
satisfy environmental requirements for rare raptors.
Hardwoods and pine are more important than softwood
tree species.

Over-mature and dead trees are a necessary hab-
itat component for woodpeckers and others hollow
nesters (Amcolf & Lriksson 1996, Fernandez & Azko-
na 1996, Pasinelli 2000). Green tree retention for cav-
ity nesters should be appreciable up to regenerated
stand will fill the gap without large softwood that fit
for cavities. The length of period depends on tree
species composition and geographical position influ-
encing growing rate of trees. It varies between 40-70
years. Large green tree retention without small trees
in clearcuts would not fulfil long-term function for
cavity nesters, because of susceptibility to windthrow
(Arnott & Beese 1997). Softwood tree species has
priority for hollow nesters. Aspen is recommended
because of importance to many declining beetle, lichen
and bryophyte too (Siitonen & Martikainen 1994,
Kuusinen 1996).

Green tree retention in groups has advantages
over an equal dispersion of residual trees. (1) Typical
forest bird species of the first successional stages re-
quire larger open areas that increase concentrating
residual trees. Concentration mutually harmonizes re-
quirements of specialized birds that require greater tree
retention and species of the first successional stag-
es. (2) The groups of trees are more resistant to
windthrow (Esseen 1994). The actual number of
windthrows depends on many factors: climate, shape
of the retention tree group, stand characteristic, ecol-
ogy of tree species and others (Foster 1988, Peltola
et al. 1999). (3) Grouping of trees in clearcuts makes
positive impact on old forest species guild, because
of maintenance of environmental conditions near old
forest (Vanha-Majamaa & Jalonen 2001).

Residual trees are under high pressure of nega-
tive environmental factors. Trees grown inside stand
are not adapted to open landscape. Many of them are
damaged by wind or dry and die. Arnott and Beese
(1997) reported a residual trees loss of 25% after three
years. For this reason the density of residual trees
should be higher than the theoretical optimum.

Conclusions

When clear-cutting, forest management practices
should be based on leaving two categories of both
large (D>20cm) and small (D<20cm, H>8m) residual
trees. Two categories of large residual trees for man-
agement practice were defined: clearcuts with relative
low density (0.1-1.0 tree/ha) and clearcuts with high
density (10.1-30.0 trees/ha) of residual trees. Forest
management practices should be based on small re-
sidual tree retention within two categories: 1.1-5.0 and
10-30 tree/ha. However, because of high wind damage
risks even more residual trees should be left.

It is recommended for forest birds in | ha of the
clearcut to leave one group (3-5 trees) of large (D>20
cm) and 5-10 small (D<20 c¢m; H>8m) residual trees,
Small residual trees should be dispersed equally on
the clearcut. In forests, where rare woodpecker or other
hollow-nest species breed it 1s recommended to leave
10-30 large and 20-40 small residual trees, half of them
disperse equally half — group in small patches.

The retention of different tree species is impor-
tant for different species. It is therefore recommend-
ed that retention 1s made both of softwood (mainly for
woodpeckers) and hardwood (mainly for large nests).

Acknowledgements

We grateful to P. Angelstam, S. Karazija, V. Maro-
zas and J.M.Roberge and unknown reviewers for com-

B 2003, Vol 9, No. 2(17) N 155N 1392-1355

68



BALTIC FORESTRY

I GREEN TREE RETENTION AND BIRD COMMUNITIES ON CUTOVERS /.../ NG BRAZAITIS, P. KURLAVICIUS I

menting and revising the manuscript and examining
English.

References

Ahlen, 1. 1975, Forestry and the bird fauna in Sweden, Ornis
Fennica, 52: 39-44.

Ahti,T., Himet-Ahti, L. and Jalas, J. 1968, Vecgetation zoncs
and their scctions in northwestern Europe. Annals Bot-
anici Fennici, 5: 169-211.

Amecoff, M. and Eriksson, P. 1996, Occurrence of three-toed
woodpccker Picoides triductylus at the scales of forest
stand and landscape, 6: 107-119, [In Swedish].

Anderson, R. J. 1985, Bald cagles and forcst management.
Forestry Chronicle, 61: 189-193.

Angelstam,P. and Mikusinski, G. 1994, Woodpceckers as-
semblages in natural and managed borcal and hemiboreal
forests - a revicew. Annals Zoologici Fennici, 31: 157-172.

Angelstam, P. and Pettersson, B. 1997, Principles of present
Swedish forest biodiversity management. Ccological Bul-
lcting, 46: 191-203.

Anonymous, 1986. Supcrnior National Forest land and resource
management plan, alternative final cnvironmental impact
statcment. U.S. FForest Scrvice, Milwaukee, USA.

Anonymous, 1994, Alberta timber harvest planning and oper-
ating eround rulcs. Forest management division manuals,
Pub. No.: rcf. 71. Alberta environment, 57 p.

Anonymous, 1997 Svensk I'SC - standard foér certificring av
akogsbruk. Svenska FSC arbetsgruppen Sckreteriat, 15 p.
[In Swedish].

Anonymous, 1999a. Finnish Forcst Certification Project. Draft
Finnish Forest Certification Standards. Hclsinki, 82 p.

Anonymous, 1999b. The statc of Canada’s forests 1998-1999.
Natural Resourses Canada, Canada Forcst Cervice. Otta-
va, |12p.

Anonymous 1999c. Regulations of forest cutting. - Lithuanian
Lovirmonment Ministry, Department of Forest and Pro-
tccted Accas, Kaunas, [In Lithuanian].

Anonymous 2001. Rcgulation for Environmental Protection

[n Forest Management. Cabinct of ministers of the Re

public of Latvia. Riga, [In Latvian].

Arnott, J. T. and Beese, W. J. 1997, Altcrnatives to clcar-
cutting in BC coastal montanc forcsts. Forestry Chroni-
cle, 73: 670-678.

Avery, M. and Leslie, R. 1991. Birds and forcstry. London,
289p.

Bibby, C. J., Burgess, N. D. and Hill, D. A. 1992, Bicd

Ccensus Technique. London, Academic press, 257p.

Brazaitis, G. and Kurlavi¢ius, P. 2002. Census of Bird
Communitics in Small Forest Fragments. Ekologija (in
press), [in Lithuanian].

Bunnell, F. L. 1985 Forcestry and black-taited deer: conflicts,
criscs, or coopecration. Forcstry Chronicle, 61: 180-184,

Bunnell, F. L. 1999, What habitat is an island? [n: Rochellc
J. A, Lehman, L. A and Wishnicwski J. (cds.) Forest
fragmentation: wildlife and management  implications.
Kéln, Brill, p. 1-31.

DesGranges, J. L. and Rondeau, G. 1993. Forest bird re-
sponsc to natural perturbation and silvicultural practices:
a landscapc approach to sustainable forestry. In: Kuhnke
D. H. (ed)) Proccedings from bird of the boreal forest
workshop. Northern Forestry Centre, Prince Albert, Sas-
katchcwan, Canada, p. 137-143.

Dufrene, M. and Legendre, P. 1997, Spccics asscmblages and
indicator species: the nced for flexible asymmctrical ap-
proach. Ecological Monographs, 67: 345-366.

Jansson, G.

Edenius, L. and Elmberg, J. 1996, Landscapc lcvel cffect
on modern forestry on bird communitics in North 3wed
ish borcal forests. Landscapc Lcology, 1l: 325-338.

Esseen, P A, 1994, Tree mortality patterns after experimental
fragmentation of an old growth conifer forest. Biologi-
cal Conscrvation, 68: 19-28.

Fernandez, C. and Azkona, P. 1996. Influcnce of forcst
structurc on the density and distribution of the White-
backed woodpecker Dendrocopos leucotos and Black wood-
pecker Dryocopos martius in Quinto Recal (Spanish west
crn Pyrences). Bird Study, 43: 305-313.

Foster, D. R. 1988. Spccics and stand response Lo catastroph-
ic wind in central New England, USA. Journal of Lcology
76: 135-151.

Franklin, J. F., Berg D. R., Thornburgh, D. A. and
peiner, J. C. 1997. Altcrnative silvicultural approaches
to timber harvesting: Variable rctention systems. In:
Kohm, K. A. and Franklin, J. F. (cd.), Creating thc For-
cstry for the 21% Uentury. The Scicnce of Forest Man-
agement. Island Press, Washington, p. 111-139.

Fries, C., Johansson, 0., Pettersson, B. and Simonsson,
P. 1997, Silvicultural modcls to maintain and restore
natural stand structurcs in Swecdish borcal forests. Forest
LCcology and Management, 94: 89-103.

Haila,Y., Hanski, I. K., Niemeld, J., Punttila, P., Raivio
S. and Tukia, H. 1994, Forcstry and thc borcal fauna:
matching management  with natural forest dynamics.
Annales Zoologici Fennici, 31: 187-202.

Hejl, S.L. 1994, Human-induced changes in bird populations
in coniferous forests in western north Amecrica during the
past 100 ycars. Studics in Avian Biology, 15: 232-246.

Helle, Pooand Jirvinen, O. [986. Population trends on North
Finnish land birds in rclation to thecir habitat sclection and
change in forest structurc. Oikos, 46: 107-115.

Hunter, M. L. 1993. Natural firc rcgimes as spatial models
for managing borcal forests. Biological Conscrvation, 65:
115-120.

1999. Landscapc composition and birds. Ph. D.
Thesis. Uppsala, SLU.

Kuusinen, M. 1996. Cpiphytc flora and diversity on six com-
mon old-growth forcst tree specics in southern and mid-
dlc borcal Finland. Lichcnologist, 28: 443 463,

McCune, B. and Mefford, M. J. 1997. Multivariate analysis
of ccological data, MjM Software, Glenden Beach, Ore-
gon.

Mbonkkinen, M. and Welsh, D. A. 1994, A biogcographic
hypothesis on the cffects of human causcd landscape
changes on the forest bird commuunitics of Furope and
North America. Annales Zoologici Fennici, 31: 61-70.

Natkevidaité-Ivanauskiene, M. 1983. Botanical gcography
and fundamecntals of fitoccnology. Vilnius, [in Lithua-
nian],

Niemi, G. J. and Probst, J. R 1990. Wildlifc and firc in the
upper Midwest. Swecency (ed.) Management of dynamic
ccosystems. The Wildlife Socicty, Indiana, USA, p. 31-46.

Nilsson, S. G. and Ericsson, L. 1992. Conscrvation of plant
and animal populations in thcory and practicc. In: L.
Hansson (cd.) Ecological principlcs of naturc conscrva-
tion, Elscvier Applied Science, London, p. 71-112

Pasinelli, G. 2000. Oaks (Querqus sp) and only oaks? Rcla-
tions between habitat structurc and home range size of
the middle spotted woodpecker (Dendrocopos medius).
Biclogical Conscrvation, 93: 227-235.

Peltola,H., Kellomiiki,S., Viisinen, H. and Ikonen, V. P.
1999. A mcchanistic model for assessing the risk of wind
and snow damage to single tree and stands of Scots pine,
Norway sprucc and birch. Canadian Journal of Forest
Research, 290 647-661,

Tap-

B 2003, Vol. 9, No. 2(17) N (S5 1392-1355

69



BALTIC FORESTRY

I GREEN TREE RETENTION AND BIRD COMMUNITIES ON CUTOVERS /.../ NG . BRAZAITIS, P. KURLAVICIUS I

Peterken, G. 1996. Natural woodland. LEcology and Conscr-
vation in Northern Temperale regions. Cambridge univer-
sily press, Cambridge, p. 522

Petty, 5. J. 1998. Lcology and conscrvation of raplors in
forests. FForestry Commission Bulletin 118, TSO, London.

1986. Rec-
ommendations on bird monitoring in Baltic States. Riga,
p. 126, |in Russian]. '

Schulte, L. A. and Niemi G. J.

Pridnicks, J., Kuresoo, A. and Kurlavidius, P.

Widlife Muanagement, 62: 1418-1429.

Shaw, G. and Dowell, A. 1990. Barn owl conscrvation in
forcsts. Forestry commission Bulletin 90. HMSO, Lon-
don.

Siitonen, J. and Martikainen, P, 1994, Occurrence of rarc
and (hreatened inscets living on decaying Populus trem-
wla: a comparison belween Finnish and Russian Karclia.
Scandinavian Journal of lorest Rescarch, 9: [R5-191.

Skuja, S. and Budrys, R. R. 1999, Nesting sites of Dblack
stork, lesser spotted cagle and common buzzard and their
nest cxange in the forcst of north, north-cast and cen-
tral Lithuania. Baltic Forestry, 5@ 67-74.

1998. Bird communitics of
carly-successional burned and logged foresi. Journal of

Thomas, J. W. (cd.) 1979. Wildlifc habitat in managed for-
csts: the Bluc Mountains of Orcgon and Washington, Ag-
riculturc handbook 553, US Forest Scrvice, Portland.

Tomia'oe, L. 1980. Thc combincd version of the mapping
mcthod. [n: (¢d.) H. Oclke, Bird census work and naturc
conscrvation.  Gottingen, p.92-106.

Viisiinen, R. A., Jiirvinen, O. and Rauhala, P. 1986, How

habitat alterations cxpressed on  Lhe
scale of local bird populations in borcal forests?. Ornis
Scandinavica, 17: 2H2-292.

Vanha-Majamaa, I and Jalonen, J. 2001. Green trec re-
tention in Fennoscandian Forestry. Scandinavian Journal
of Forest Rescarch Suppl., 3: 79-90.

Vega, R. M. 5. 1993. Bird communitics in managed conifer
stands in the Orcgon Casacdes: habitat association and nest
prcdation. MSc thesis, Orcgon State University, Corval
lis, OR.

Virkkala, R. 1987, Eftccts of forest management on birds
breeding in northern Finland. Aunnales Zoologict Fennici,
24: 281-294. '

arc human-causcd

Received 18 November 2002

COXPAHEHHUE KUBLIX JEPEBBEB U COOBHIECTB IITHUIl HA CIIJIOIIHbIX

PYBKAX
I'. Bpasaiituc, II. KypnaBuuloc

Pesione

M3yqanocs BIHSMHIC COXPAHEHHBIX JKHBLIX JICPCBLEB Ha PHC3/(OBBIC COODIICCTBA NTHIL HA JICCOCCKAX BO3PAcTOM OT | 10
[5 c1er €Camoc GOBUIOE MHUCIIO BUAOB IITHIL HARNICHO Ha siccocckax ¢ moTHocThio 0,1-1 kpynubix aepesses (auamerp > 20 o)
#a | ra. CoxpanéHuele CpaBHHTENBHO MCIIKHMC JICPCBES (iHaMeTp < 20 ¢M, BbICOTA > & u1) HE HME/IH BAXNKHOTO BIHAHHA Hi
UKeI10 BHJO8 NTHIL Kak Menkue, Tak i KPYMHLIC JICPCBLS HC MMEAH BIHSAHHS Ha IOTIOCTH THE3/IOBOTO HACCICHHA IITHIL.
CoxpaHEHHBIC PACTYLIHC AICPCBEA 3HATHTCILHO BIIHSUIH Ha BHJIOBOH cOCTaR cOOOUICCTRA NTHIL HA Jccocekax. boapmmneTso
OBBIUHLIX BHAOB NTHIT OIPCATOIHTIIH HH3KYIO MUIOTHOCTL KPYITHLIX PACTYHIHX JCPCBLEB. Camoc 6OHbLIIOC YHCIIO BH/IOB
obnapyxcno Ha necocexax ¢ 0,1-1 jiepeso/ra, a caMoe MCIIBIICC FHCIO — HA YHCTBIX necocekax Oes euHHOTO Jepesa. Ha
CUIOIUNIBIX MCIIKHX PYOKaX TUIoWwafLio A0 2,0 ra npoanain3HpOBaHHBIC XuPaKTCPUCTHKH COODHICCTE MTHIL JIOCTOBEPHO
OTPHIATEALIO KOPPCIHPOBLIN € YHCIOM OANHOTHBLIX COXPAnCIHBLIX ICPCBLCR, PACTYIIMX HA CAAMHUIE MIOIIA M. 53 BUIA NTHLL
CTPYNMIPOBAHLT HA 4 KJACTCPa 10 BIHAHHIO COXPAHEHHLIX JICPCBLCB HA HX YHMCICHHOCTH (FTMCAO BH/IOB NMTHL B CKOOKAX:
3ABHCSHLNIC OT KPYTHBIX H COOTBCTCTBCHHO ~ MCIKHX JICPCBLCR): OTPHIATCABHO BiaHsieMstc (10; 3), MOI0KHTCILHO BIHACMbIE
(14; 106), xapakrcpHBIC JUIS TCCOCEK CO CPABHUTCABHO HWIKHM MY CPCAHHMM LHCNOM COXPAHCHHBIX OJIHHOMHBIX MKHBBIX
acpesses (95 7), 1 BHJIBL, HA UHCIICHHOCTb KOTOPBIX OJIMHOUHBIC COXPAHEHHBIC XKHUBBIC /ICPEBLA HE BIUSAIOT. PEKOMEHIYCTCS BO
BPEMS CTITIONIHBIX PYOOK Ha | ra CrNOWHOM NCCOCCK COXPUHNTE ONHY TPy U3 3-5 xpymusix v 5-10 OXHHOUHBIX MEIKHX,
pacnpeeiCifHBIX No BCCH NRoINaAM JIepeBLeBro B yecax, rac rue3ares peakue Jstioseie (Dendrocopos lencotos) win
APYTHC AYTMIOTHCIAHMKH, PCKOMCHAYCTCS JUTA JIONTOBPEMCEHHOTO dihperra coxpansaTs 10-30 xpymuwix u 20-40 menknx
pACTYUMX ACpeBLEB Ha | ra necocexu. [oNOBHHA W3 HUX JIOMKHA OBITH PaCPE/CIICHBI PABHOMEPHO, & JIpyras [oJIoBiHHa ~ Ha
OJUIOIT 1AM HECKOABKO IPYIILL, PONOPIHOHAIBHO KaK W3 MCIKONHCTBCHILIX TOPO/ (B OCHOBHOM TOJIC3HBI JIIA AATIOBBIX), TAK
H KPYTHIONHCTBCHHBIX HITH COCHBI OOBIKHOBCHHOMN (B OCHORBIIOM BRKIBIC JUIA THC3IOBAHNS XHUHHKOB).

KJnouesnie cliosa: )KHBBIE JCPCBBS, COXPaHCIINE, co00UICCTBA NTHIL, CIUIOUIHBIC pYOKH, JTHTs:
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