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A bstrac t:  The coastal pine forest bioindication has been carried out w ith use of epigeic staphylinid com m u
nities and  applying the test containing seven zooindicative indices. The empirical standard  of Empetro nigri 
Pinetum epigeic comm unities of staphylinids enabled the natural value valorization and m an-m ade changes 
assessm ent in the ecosystem. The natural valorization of coastal pine forest of the Mierzeja Łebska sand bar 
has been based on the four indices: the index of uniqueness SC/ natural quality Bc, equability / '  and general 
species diversity H'. The system  of natural valorization discrim inates the ecosystems into six valorization 
classes: from the m ost valuable to the poorest one.
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INTRODUCTION

As a result of ten years of study (June 1989 -  June 1998) the pine forest coastal com m u
nities of Mierzeja Łebska staphylinids have been rather well recognized (SMOLEŃSKI 1997, 
2000). They created therefore an excellent basis for the com prehensive natural assessm ent 
of the forest com m unity, the latter has been considered the m ost natural and anthropo- 
pressure free coniferous forest ecosystem of the Vistulian glaciation landscape in Poland.

THE ALGORITHM OF VALORIZATION PROCEDURE

W hen valorizing the natural pine forests using the zooindication m ethod w ith  use of 
staphylin id  epigeic com m unities the following procedure has been accepted:

xThe investigations were financially supported by the grant from the State Com mittee for Scientific Research 
No 5 P06M 016 10.
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1. The selection of research  object, the natural environm ent, such th a t w ould  be free 
of an th ro p o p ressu re  and  at the sam e tim e w ould  represen t the coniferous ecosys
tem s of the V istulian glaciation landscape. In the presen t s tudy  there  w e;e used  the 
Empetro-nigri Pinetum  forests of M ierzeja Łebska in the Słow iński N ational Park.

2. The su rvey  of the alive resources of the env ironm ent included  the following:
a) The description of site m osaics on the basis of soil and phytosociological analysis;
b) The descrip tion  of epigeic staphylin id  com m unity  w ith  a test consisted of seven 

zooindicative indices (SMOLEŃSKI 2001):
- the share  of exclusive characteristic species F3 and  the sum  of characteristic 

exclusive and  choosing species F3+F2;
- the index of com m unity  un iqueness Sc; 

the index of com m unity  stability  Nc;
- the index of species d iversity  FT;
- the index of com m unity  na tu ra l quality  Bc;
- the index of dynam ic heterogeneity  DHt;
- the index of hab ita t species capacity Pc.

3. The assessm ent of na tu ra l value of alive resources of the env ironm en t based on the 
de term ination  of a ttractiveness degree of the hab ita t for the epigeic com m unity  of 
staphylin ids. The env ironm ental attractiveness is suggested  by the values of in d i
ces describ ing a given com m unity .

4. E laboration of the stan d ard  of epigeic staphylin id  com m unity  of the coastal conif
erous forest.

STUDY AREA -  MIERZEJA ŁEBSKA; SŁOWIŃSKI NATIONAL PARK

The m ost valuable fragm ent of the M ierzeja Łebska is that in the Słow iński 
N ational Park, betw een  the Łebsko Lake and the Baltic Sea (Fig. 1). The relief of the 
M ierzeja has been subjected to dynam ic alteration as a resu lt of the eolian processes. 
This area consists of elevated form s -  dune bars parallel to the equato r, dune  belts and  
barchan-belts as w ell as concave form s -  ditches, basins and  defla tion  fields. The 
geom orphological form s p resen t are at a range of stabilization stages: rang ing  from  
the non-covered by vegetation  dynam ic form s, th rough  the successional series of 
in term ediate  form s, to the stable form s, covered by all varieties of the coastal p ine 
forest type. The coastal varie ty  of Scots pine forest type (Empetro nigri-Pinetum) 
d om inating  in  the M ierzeja Łebska is the climax association. It m ay occur, d ep en d in g  
on the terra in  relief as eiter subassociation:
- Typical (Empetro nigri-Pinetum typicum) represen ting  the fresh p ine  forest;
- Cladonia type (Empetro nigri-Pinetum cladonietosum) representing the arid coniferous forest;
- Erica type (Empetro nigri-Pinetum ericetosum tetralicis) representing the moist coniferous 

forest.
The coastal pine forest of Mierzeja Łebska subjected to legal protection (from m ore than 
100 years now ) has no t been subjected to the prevailing clear cut type of forest m anage
m ent. The prim ary  forest succession has been form ing the landscape u n d er the condi
tion of full m icrosite mosaic (SMOLEŃSKI 1997) the latter has been the result of:
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Fig. 1. Location of study area.
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- dynam ic relief,
- changing  g ro u n d  w ater table (significant share of sm all sized non  covered w ith  

vegetation  m arshes, hollow s m ade by w indfallen  trees etc.),
- frost p rone  sites and  xerotherm ic sites,
- d ifferen tia ted  degree of developm ent of the hum ific horizon, and  m ainly the 

strongly  acidic m or type of h um us,
- changing  tree clow n closure degree,
- changing  vertical struc tu re  of the stand  (unevenaged stand),
- na tu ra l succum bing  and  regeneration  of the stand  layer.

The follow ing five m icrosite types have been d istinguished  w ith in  the coastal vari
ety  of p ine forest in the course of valorization  of the ecosystem  w ith  the use of the 
zooindicative m ethod , on the basis of epigeic fauna (SMOLEŃSKI 1999):

The extrem ely arid type (ms 1). Southern slope of dune  or the non-stable sandy  
elevated belts located in the deflation depressions. The open area, extrem ely dry , 
s trongly  insolated  and w ith o u t any  herbaceous or m ossy vegetation. The g round  su r
face covered w ith  lichens and  d u n e  grasses (Ammophila arenaria, Carex arenaria and 
Corynephorus canescens). The initial stage hum ification process.

The arid type (ms  2). N orthern  slope of d u n e  or heather at the edge of forest. The 
stand  th inned , the area partia lly  open. Soil w ith  thin hu m u s layer, covered w ith  thick 
forest floor vegetation , m ainly m ossy and, in part, heather.

The fresh (m oderately hum id) type (ms 3). D eflation depressions covered w ith  
typical form  of Empetro-nigri Pinetum  coniferous forest, characteristic of vary ing  d e 
gree of th inn ing , w ith  rich shrubby  forest floor vegetation  (Empetrum nigrum, Erica 
tetralix, Calluna vulgaris, Vaccinium vitis-idaea, Vaccinium myrtillus), w ith  well devel
oped  h u m u s layer.

The hum id type (ms  4). T errain depressions w ith in  deflations, the la tter p resen t in 
the form  of hollow s m ade by w indfallen  trees. M icrosites of the belt character and  
spo t character w ith  w ater s tagnating  in som e seasons of the year, frequen tly  used  by 
gam e as ba th ing  spots. The hum id  variety  of the Empetro-nigri Pinetum : e ither poorer 
w ith  Sphagnum sp. or richer w ith  Juncus sp.

The frost prone type (ms  5). Shadow y deflation depressions w ith  e ither flow ing or 
stagnating  m asses of cold air, strongly  hum id  and w ith  forest floor vegetation  charac
teristic of the elevated  heather.

A nother im po rtan t feature of M ierzeja Łebska is its strong isolation. Part of the 
sand bar m ak ing  a clear bo rder betw een the Łebsko Lake (7140 ha) and  the Baltic Sea, 
is abou t 16 km  long and  1.0 -  1.5 km  w ide. A dditionally , the coastal varie ty  of Scots 
p ine forest occurs in this region in deflation depressions that are add itionally  isolated 
by the m ore or less stabilized d u n e  em bankm ents.

RESEARCH PLOTS

W hile selecting research plots, there w as considered first of all the clear d ifferen tia
tion of size and  isolation degree of particu lar deflation depressions (Fig. 1, 2). There 
w as established the set of five, strongly  isolated research plots in the central p a rt of
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M ierzeja. They constitu ted  a belt from  the Baltic coast in the no rth  to the Łebsko Lake 
banks in the sou th . Those w ere four deflation depressions (pA, pB, pD  and  pE) and  a 
doub le  d u n e  em bankm ent (pC). A dditonally , the sixth s tu d y  p lo t w ere selected in the 
w este rn  p a rt of M ierzeja, betw een tw o lakes: the Łebsko and Dołgie W ielkie Lake (pF). 
This w as a large non-isolated  deflation depression  (Table 1).

BALTIC SEA

NORTH

LEBSKO LAKE

SOUTH

Fig. 2. Transversal profile of Łeba Bar (196 km of Polish cost) w ith trap 's  location: pA, pB, pC, pD, pE -  study 
plots subjected to analysis using barber's pitfall traps; 1, 2,...,10  -  samples.

Table 1. Selected param eters of five study plots -  deflation basins pA, pB, pD, pE and pF.

Param eters of deflation basins pA pB pD pE pF
Area [ha] 3.4 25.2 130.8 66.1 363.1
Length [m] 380 1280 2880 2630 4500
W idth of the traps belt [m] 120 230 550 350 625
Maximal w idth [m] 120 280 870 420 1500

D escr ip t ion  of  def la t io n  b as in  p A

The surface of the depression  is strongly  d iverse considering  its relief and  w ater re
la tionsh ips (Table 2). It is covered w ith loose, unevenaged  Scots p ine stand  4-6m  high, 
aged up  to 60 years. The stand has still been in the stage of juvenile forest (SZWAGRZYK 

1988; SZYMAŃSKI 1986). The hum id  basins and  arid  patches are partly  covered w ith  
forestless hea th e r vegetation  (Vaccinio uliginosi-Empetretwn and  Carici-Empetretum). 
The no rth  m arg in  of the depression, s ituated  on the foot of the patches of the w hite 
d une, rep resen ts the initial stage of developm ent of the typical varie ty  of the coastal 
p ine  forest (Empetro nigri-Pinetum typicum). A t the so u thern  p a rt of the depression  
there occurs (at the threshold  of em bankm ent dune) the subassociation Empetro nigri- 
Pinetum cladonietosum. Besides, represen ted  are also in term edia te  form s betw een  the 
hum id  h ea ther and  hu m id  heath  coniferous forest: Empetro nigri-Pinetum ericetosum 
tetralicis.
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Table 2. Deflation depression 's pA  m icrosites description (of those microsites where there were collected
faunistic sam ples w ith use of Barber's pitfall traps)

No. of 
sam 
ple

Location
Subassociation 
of the coastal 

pine forest
Stand Herbaceous

vagetation
Microsite

type

1 M oderately hum id basin of the 
southern foreground of white 
dune at northern edge of de
pression

Typical -  
initial stage

Pine 40 yr old, 4m 
high, m oderate 
crown closure

Poor-
shrubby-
grassy

ms 3 
fresh

2 Patch of southern foreground 
of w hite dune at the northern 
depression edge

Typical -  
initial stage

Pine 40 yr old, 4m 
high, m oderate 
crown closure

Poor-
mossy-
grassy

ms 3 
fresh

3 H um id basin of the northern 
part of depression

H um id 
heather -  
heath

Fully open area Rich mossy ms 4 
hum id

4 Arid patch in central part of 
depression

Arid heather -  
heath

Fully open area Poor
shrubby

ms 1
extremely
arid

5 Arid patch in central part of 
depression

Typical -  
initial stage

Pine 40 yr old, 4m 
high, loose crown 
closure

Poor-
mossy-
shrubby

ms 2 
arid

6 H um id basin in central part of 
depression

Hum id -  
initial stage

Pine 40 yr old, 4m 
high, m oderate 
crown closure

Rich-
mossy-
shrubby

ms 4 
hum id

7 Patch in central part of depres
sion

Typical Pine 60 yr old, 6m 
high, loose crown 
closure

Poor
mossy-
shrubby

ms 2 
arid

8 Patch of northern foreground 
of em bankm ent dune at the 
southern edge of depression

Arid Pine 60 yr old, 6m 
high, m oderate 
crown closure

Poor-
mossy-
shrubby

ms 2 
arid

9 N orthern slope foots of em 
bankm ent dune at the southern 
edge of depression

Arid Pine 60 yr old, 6m 
high, m oderate 
crown closure

Poor-
mossy-
shrubby

ms 2 
arid

10 N orthern slope foots of em 
bankm ent dune at the southern 
edge of depression

Arid Pine 40 yr old, 3m 
high, m oderate 
crown closure

Poor-
mossy-
grassy

ms 2 
arid

D esc r ip t io n  of  d e f la t ion  b as in  pB

It is covered by loose p ine stand  of uneven  age (Table 3). The overstory, partly  at 
the stage of d isin tegration , is u p  to 15 m h igh and  aged from  80 to 140 years. The u n 
derstory , in the form  of c lum ps is aged betw een 15 and  40 years. The p lo t is character
istic of the frequen t fallen, dead  trees in d ifferent stage of decom position. Locally, 
there occur gray  alder (A lnus incana) trees: close to the hu m id  basins w ith  stagnating  
w ater. D epressions are, in m ost cases, covered by the typical form  of heath  coniferous 
forest. The Erica subassociation is sporadically  presen t at the area of hum id  basins in 
the central p a rt of depression , w hile the Cladonieturn subassociation is m et a t the foot 
of w hite d u n e  (in its no rth ern  part).
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Table 3. Deflation depression 's pB microsites description (of those microsites where there were collected
faunistic sam ples w ith use of Barber's pitfall traps)

No. of 
sam 
ple

Location
Subassociation 
of coastal pine 

forest
Forest stand Herbaceous

vegetation
Micosite

type

1 Foothil of southern slope of 
white dune in northern part of 
depression

Arid Pine 80 yr old, 10m 
high, loose crown 
closure

Poor grassy ms 2 
arid

2 Basin in southern foothill of 
white dune -  in northern part 
of depression

Typical Pine 140 yr old, 
15m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

3 Basin in southern foothill of 
white dune -  in northern part 
of depression

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

4 Basin in southern foothill of 
white dune -  in northern part 
of depression

Typical Pine 140 yr old, 
15m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

5 Patch in central part of depres
sion

Typical Pine 140 yr old, 
15m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

6 Patch in central part of depres
sion

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

7 Patch in central part of depres
sion

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

8 H um id basin in southern part 
of depression

Hum id Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

9 Basin in northern foothill of 
dune em bankm ent -  in south
ern part of depression

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

HIS 3 
fresh

10 Foothill of northern slope of 
dune em bankm ent at southern 
edge of depression

Typical Pine 25 yr old, 4m 
high, m oderate 
crown closure

Rich mossy- 
shrubby

HIS 3 
fresh

D esc r ip t io n  of  the central d o u b le  d u n e  e m b a n k m e n t  p C

D ouble, 15 m  h igh  d u n e  em bankm en t is covered  w ith  no t dense Scots p ine  stan d  
aged  m ore than  100 years an d  14 m  average heigh t (Table 4). The stan d  is s itu a ted  
on th e  b o rd e r line b e tw een  the defla tion  d ep ressions pB and  pD. The stan d  is at p re 
sen t at the stage of op tim al developm ent. H erbaceous vegeta tion  spo ts are diverse: 
from  the poo r in itial stages to the m a tu re  form s of the arid  varie ty  of Empetro nigri 
pinetum. S ou thern  slope of the em b an k m en t is occupied  by  the non-fo rest associa
tion  of g ray  d u n e  -  in the form  of coastal p sam m o p h ilo u s vegeta tion  (Helichryso- 
Jasionetum).
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Table 4. Central double dune em bankm ent pC microsites description (of those microsites w here there were
collected faunistic sam ples w ith use of Barber's pitfall traps)

No. of 
sam ple

Situation
Subassocia

tion of coastal 
pine forest

Forest stand Herbaceous
vegetation

Microsite
t v p e

1 N orthern slope of 
double dune em bank
m ent

Typical, 
initial stage

Pine 25 yr old, 4m 
high, m oderate crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

2 N orthern ridge of 
double dune em bank
m ent

Arid Pine 100 yr old, 14m 
high, loose crown 
closure

Poor mossy- 
grassy

ms 2 
arid

3 Inner depresssion 
bottom  betw een slopes 
of double dune em 
bankm ent

Arid Pine 100 yr old, 14m 
high, m oderate crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

4 Southern slope of 
double dune em bank
m ent

Arid Pine 100 yr old, 14m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 2 
arid

5 Southern slope of 
double em bankm ent 
dune

Gray dune Open area partly 
Shadowed from the 
south

Poor psam m o- 
philous vegeta
tion

ms 2
extremely
arid

D esc r ip t io n  of  the  d e f la t io n  b a s in  p D

The depression  is covered w ith  unevenaged  Scots pine stand  of m odera te  crow n 
closure degree, aged  up  to 80 years and  9-12m  heigh t (Table 5). The stand  is cu rren tly  
a t the op tim al developm ental stage. Both age and  heigh t of the stand  are h igher close 
to the n o rth e rn  edge of depression. There prevails the hum id  form  of the Empetro-nigri 
pinetum  association. In elevated belts there occurs the typical varie ty  of the association.

Table 5. Deflation depression 's pD m icrosites description (of those microsites where there were collected 
faunistic sam ples w ith use of Barber's pitfall traps)

No. of 
sam ple

Situation
Subassocia

tion of coastal 
pine forest

Forest stand Herbaceous
vegetation

Microsite
t v p e

1 Foothill of southern slope of 
doubled em bankm ent dune, 
edge of coastal pine forest 
type association at the north
ern edge of depression

Arid Pine 40 yr old, 8m 
high, m oderate 
crow n closure

Poor
grassy-
shrubby

ms 2 
arid

2 Basin of southern foothill of 
double em bankm ent dune in 
the northern  p a rt of depres
sion

Hum id Pine 80 yr old, 12m 
high, loose crown 
closure

Rich
shrubby

ms 4 
hum id

3 Basin of southern foothill of 
double em bankm ent dune in 
the northern part of depres
sion

H um id Pine 80 yr old, 12m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

4 Basin in central part of de
pression

Hum id Pine 80 yr old, 12m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
h um id
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5 Elevated belt in central part of 
depression

Typical Pine 80 yr old, 12m 
high, loose crown 
closure

Poor
mossy-
shrubby

ms 2 
arid

6 Elevated belt in central part of 
depression

Typical Pine 45 yr old, 9m 
high, m oderate 
crown closure

Mossy-
shrubby

ms 3 
fresh

7 H um id basin in central part of 
depression

Hum id Pine 45 yr old, 9m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

8 Elevated belt in southern part 
of depression

Typical Pine 45 yr old, 9m 
high, m oderate 
crown closure

Mossy-
shrubby

ms 3 
fresh

9 H um id basin in northern 
foothill of gray dune -  at 
southern part of depression

Hum id Pine 45 yr old, 9m 
high, m oderate 
crown closure

Rich mossy- 
shrubby

ms 4 
hum id

10 Humid basin in northern foothill 
of mild slope of gray dime at the 
southern edge of depression

Hum id Pine 45 yr old, 9 m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

D esc r ip t io n  of  d e f la t ion  b as in  pE

Scots p ine  stand  aged  m ore than  130 years, a t the optim al developm ental stage, 
reaching  to 20 m  height (Table 6). The stand has orig inated  follow ing artificial d ry in g  
of the n o rth e rn  banks of Łebsko Lake and the subsequent p lan ting  of p ine cu ltu re  in 
the place of the original m arshy  b irch  com m unity  (Betuletum pubescentis). A t p resen t 
the new ly  in troduced  association is a strong com petitor to the suboceanic fresh conif
erous forest (Leucobryo-Pinetum).

Table 6 . Deflation depression 's pE m icrosites description (of those microsites w here there w ere collected 
faunistic sam ples w ith use of Barber's pitfall traps)

No. of 
sam ple

Situation
Subassociation of 

coastal pine 
forest

Forest stand Herbaceous
vegetation

Microsite
type

1 Foothill of southern slope of 
white embankment dune, the 
edge of coniferous forest at the 
northern border of depression

Arid Pine 130 yr old, 
20m high, loose 
crown closure

Poor grassy ms 1
extremely
arid

2 Ridge at southern foothill of 
w hite em bankm ent dune, in 
northern  part of depression

Typical with 
elem ents of 
Leucobryo- 
Pinetum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

3 Elevated edge in northern 
part of depression

Typical w ith 
elem ents of 
Leucobryo- 
Pinetum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

4 Basin in northern part of 
depression

Typical with 
elem ents of 
Leucobryo- Pine- 
tum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

5 H um id basin in the central 
part of depression

Humid with 
elements of Leuco
bryo-Pinetum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 4 
hum id
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D escr ip t ion  of  d e f la t ion  d e p re s s io n  pF

The surface of the depression  is very  hom ogenous, covered w ith  the typical form 
of Empetro-nigri Pinctum. The stand  has been in the op tim al developm ental stage. The 
stan d  in the w estern  p a rt about 120 years of age and  som e 10 m high. In the eastern  
p a rt the s tan d  is abou t 70 years old and  6 m  high. The presence of A ustrian  p ine  in the 
w estern  p a rt gives evidence for the artificial origin of the w hole of forest stand .

The faunistic  em pirical da ta  from  the depression  w ere not subjected to analyses 
considering  particu la r m icrosites.

The faunistic  m aterial had  been collected d u rin g  tw o years: from  July 1996 till July 
1998, u sing  250 B arber's pitfall traps. One sam ple -  the basic p rim ary  u n it of the 
faunistic analysis -  w as constitu ted  by  a sequence of five ind iv idual traps estab lished  
w ith in  a hom ogenous fragm ent of vegetation (Fig. 2; Tabs. 1-6). P articu lar sam ples 
w ere d istanced  som e 10-20 m from  one another. At the place of each sam ple collection 
a phytosociological relieve has been m ade.

In o rd e r to describe the epigeic staphylin id  com m unities, the seven-step  test has 
been ap p lied  (Sm oleński 2001). In steps one th rough  three of the test there  w as used 
the characteristic  of species fidelity, according to the classification system  p ro p o sed  by 
Szujecki (1983). In step  four there w as used  the characteristic of species d iversity . In 
step  five there  w ere used  four characteristics: species fidelity, m icrosite p references, 
geographical d istribu tion  and  species diversity. In tw o last steps the characteristic  of 
species d iversity  as based on m icrosite d ifferentiation has found its application.

The deta iled  plan  of the test is as outlined below:

1. The assessm ent of d istinctive species share expressed in terms of the share in the 
dom inance structure of community:
- characteristic exclusive species F3;
- sum  of characteristic exclusive and choosing species F3 +F2 .

2. The assessm ent of departure degree of com m unity from the standard system  as 
expressed in terms of the index of com m unity uniqueness

w here:
F -  p er cen t share  (specim en num ber) in the dom ination  struc tu re  of com m unity : 

F3 -  of exclusive characteristic species,
F 3 2 -  of the sum  of characteristic species (exclusive + choosing ones),

THE COLLECTION OF FAUNISTIC MATERIAL

THE METHOD OF ANALYZING THE FAUNISTIC MATERIAL

(form ula 1)
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/  -  m in im um  per cent share in the dom inance structu re  of the natu ra l an d  stable 
com m unity  of epigeic staphylin ids of the coastal variety  of Scots pine forest type: 

f i  = 20 -  of exclusive characteristic species,
f 32 = 60 -  of the sum  of characteristic species (exclusive + choosing ones).

3. The assessm ent of resistance degree of com m unity against the deform ation as 
expressed by the index of com m unity stability

N c = ---------------^2----------- (form ula 2)
/ ' l o g ( F 10 + 1,1)

w here:
F -  per cent share (specim en num ber) in the dom inance structu re  of com m unity:

F3 -  of exclusive characteristic species,
F32 -  of the sum  of characteristic species (exclusive + choosing ones),
F30 -  of the sum  of accom panying and  alien species, 

f  = 48.37 - th e  coefficient p roper for the coastal variety  of p ine forest epigeic 
staphylin ids.

4. The assessm ent of species diversity of com m unity as m easured by the Shannon  
and W iener index of species diversity

s
H ' = ~ ^  F) log F* (form ula 3)

/=!
w here:
Pi -  p ro p o rtio n  of num ber of ind iv iduals (m) of i-th species to the n u m b er (N ) of 

ind iv id u a ls  of the entire com m unity  contain ing (S) species.

5. The assessm ent of natural quality of com m unity as expressed in terms of the 
index of com m unity natural quality

Bc = * ] j'N cDkDE (form ula 4)

w here:
/ '  -  index of evenness (form ula 5);
N c -  index of com m unity  stability  (form ula 2);
Dk -  p er cent po rtion  (in the dom inance structu re  of the com m unity) of species 

characteriz ing  the food availability in the habitat. C onsidering  epigeic 
staphy lin id  com m unities these are de tritoph ilous species;

D e -  per cent p o rtion  (in the dom inance structu re  of the com m unity) of species 
characteriz ing  the ecosystem  value for the p reservation  of local form s. C on
sidering  epigeic staphylin id  com m unities these are E uropean  species.

Y -  P ielou index of evenness:

/ '  = ...HL ... = HL .  (form ula 5)
H'  log , Sm ax cd  2

where:
H ’ -  index of species d iversity  (form ula 3),
S -  species n u m b er in com m unity.
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6 . The assessm ent of m icrosite d iversity degree as expressed in terms of the index  
of dynam ic heterogeneity

5 '
DHt = Ids(l ) (form ula 6)

5
w here:
S -  real va lue  of species n um ber of the entire com m unity ,
S ' -  expected  value of species n u m b er expressed as arithm etic (or w eighed) m eans 

from  all sam ples,
Ids = dVd -coefficient of species richness d iversity  of the site, w here:

d -  real value of the index of species richness for the en tire  com m unity  (ac
co rd ing  M argalef index:

d = (form ula 7)
log N

w here:
S -  species n u m b er in the com m unity ,
N  -  to tal nu m b er of ind iv iduals;

Vd -  coefficient of varia tion  of the index of species richness (the p roportion : s tan 
d a rd  d e v ia tio n / expected  value of the index, w here  expected value  is the 
arithm etic  or w eighed  m eans from  all sam ples).

7. The assessm ent of site attractiveness for a g iven  com m unity as expressed in 
terms of the index of habitat species capacity

s

Pc = -iż1  (form ula 8)
log S

w here:
CSi’ -  index of site he terogeneity  utilization  by i-th species (form ula 9),
S -  species num ber in com m unity .

The index of site he terogeneity  u tilization  by a given species:

Cs' = ——------------ (form ula 9)
R

w here:
cSj -  index of m icrosite preferences of a species for j-th  sam ple (form ula 10),
R -  n u m b er of sam ples.

The index of m icrosite preferences of a species

cs =  —   (form ula 10)
I fd (max)

w here:

1/d = coefficien t a given species dom inance for j-th  sam ple,
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Ld(max) -  the h ighest value of the dom inance coefficient of a g iven species as re
vealed  in all sam ples (R ),

rij -  n u m b er of ind iv iduals of a g iven species for j-th  sam ple,
N j  -  total n u m b er of ind iv iduals for j-th  sam ple.

RESULTS

1. D escription of staphylin id  epigeic com m unity

l.a . Step one of the test assessing the epigeic com m unity of staphylin ids: The assessm ent of distinctive
species share

The stap h y lin id s  w ere d iv ided  betw een  four classes of fidelity tow ard  the com m u
nity  of Empetro-nigri Pinetum. Those were:

-  coniferous forest characteristic species -  3 (the h ighest fidelity class),
-  fo rest accom panying  species -  fidelity class 2,
-  eu ry top ic  species -  fidelity class 1,
-  alien species -  the low est fidelity  class 0.
The coniferous forest species are strongly  stenotypie prone. Forest accom panying  

species are characteristic for the m ore fertile varieties of forest ecosystem s. Both conif
erous forest characteristic  and  forest accom panying species w ere g ro u p ed  together 
in to  one category: the forest species.

In general, there  occurred  in all research p lots 33 coniferous forest characteristic 
species, 50 forest accom panying species, 55 eury topic  species, and  23 alien species 
(Table 7).

Table 7. Frequency of occurrence of staphylinids (Coleoptera, Staphylinidae) of the coastal variety  of Scots 
pine forest (Empetro-nigri Pinetum) of Mierzeja Łebska.

Research plots: pA; pB; pD ; pE; pF -  deflation depressions; pC -  d une  embankm ent; X -  all plots
R -  Geographical distribution: E -  European species, Ek -  Euro-Caucasian species, H  -  Holarctic species, 

H p -  N orth-Holarctic species, P -  Palearctic species, Pp -N orth-Palearctic species, Pz -  West- 
Palearctic species.

S -  M icrosite preferences: d -  underbark  species, e -  epigeic species, g -  fungi- and decay w ood loving 
species, k -  species connected w ith decaying organic m atter, com post a n d /o r  carcass, n -  species 
living in hollow s or nests, r -  species of herbaceous vegetation layer and shrubs, s -  m yrmecophi- 
lous species.

F -  Species fidelity tow ard the coastal variety of pine forest: 3 -  coniferous forest characteristic species, 2 
-  forest accom panying species, 1 -  eurytopic species, 0 -  alien species.

Species R S F pA pB pD pE PF p C X

1 Acidota crenata ( F a b r i c iu s ,  1792) H e r 2 40 44 40 15 72 12 223
2 A. cruentata M a n n e r h e im ,  1831 E e n 2 2 5 4 4 - - 15
3 Aleochara bipustulata ( L in n a e u s ,  1761) H k 1 1 - - - - - 1
4 A. lanuginosa G r a v e n h o r s t ,  1802 P p g k 2 - - - - - - -
5 Aloconota gregaria ( E r i c h s o n ,  1839) E e 1 - - - - - - -
6 Amischa analis ( G r a v e n h o r s t ,  1802) H e 1 - 1 - - - 1 2
7 A. soror ( K r a a t z ,  1856) E e 2 - - - - - - -
8 A notylus rugosus ( F a b r i c iu s ,  1775) P ek 0 - - - - - - -
9 A. tetracarinatus (BLOCK, 1799) P k 1 - - - - - - -

10 Anthobium athrocephalum  ( G y l l e n h a l ,  1827) Hp ek 2 11 7 9 1 2 3 33
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S p ec ies R S F PA PB pD p E PF pC Z

11 Atemeles emarginatus (P a y k u l l ,  1789) E s 2 5 2 - 1 - 4 12
12 A . aterrima ( G r a v e n h o r s t ,  1802) H k 1 - - - - - - -
13 A. cauta (E r ic h s o n , 1837) H g k 1 - 1 1 - - - 2
14 A. corvina (THOMSON, 1856) E g 2 - - - - - - -
15 A. crassicornis (F ab ric iu s , 1792) E g 2 - - - - 1 2 3
16 A. cribrata ( K r a a tz ,  1856) E e 1 1 - - - - - 1
17 A. elongntula (GRAVENHORSt, 1802) H e 2 4 - 1 - - - 5
18 A. excelsa B e rn h a u e r ,  1811 E e 3 - - - - - - -
19 A. fu ngi ( G r a v e n h o r s t ,  1806) H egk 1 8 2 6 4 - 6 26
20 A. gagatina (B aud i, 1848) Ek g k 2 - - 1 - - - 1
21 A. gcmglbaucri B ru n d in , 1948 E k 1 - - - - - - -
22 A. graminicola ( G r a v e n h o r s t ,  1806) Pp ek 3 - - - - - - -
23 A. hypnorum  (K ie s e n w e tte r , 1850) Hp ek 3 - - 1 - - - 1
24 A. laticollis (S tep h en s, 1832) Pz g k 1 - - - - - - -
25 A. longicornis (GRAVENHORST, 1802) Pz k 1 - - - - - - -
26 A . mncrocera (THOMSON, 1856) E k 1 - - - - - - -
27 A. muscorum  (B r is o u t, 1860) E g k 1 - - - - - - -
28 A. nigra ( K r a a tz ,  1856) E g k 1 - 1 - - - - 1
29 A. occulta (E r ic h s o n , 1837) E g k 1 - - - - - - -
30 A. parvula (M a n n e rh e im , 1831) H g k 1 - - - - - - -
31 A. sodalis (ERICHSON, 1837) H ek 2 - - 2 - - 1 3
32 A. xanthopus (T h o m so n , 1856) E g 2 1 - - - - - 1
33 Bolitobius analis (F ab ric iu s , 1787) H ek 2 2 - 8 - 9 - 19
34 B. cingulatus M a n n e rh e im , 1831 Hp eg 2 4 4 - - - - 8
35 B.formosus (GRAVENHORST, 1806) E ek 3 43 19 38 6 13 18 137
36 Bolitochara pulchra (GRAVENHORST, 1806) Pp g 3 4 - 2 - - - 6
37 Bryoporus crassicornis (MaKLlN, 1847) E eg 2 2 - - - - - 2
38 Callicerus obscurus GRAVENHORST, 1802 E ek 1 - - - - - - -
39 Calodera aethiops (GRAVENHORST, 1802) P e 2 - - - 1 - 1 2
40 Carpelimus elongatulus (ERICHSON, 1839) E ek 0 - - - - - - -
41 Coryphium angusticolle STEPHENS, 1834 E eg 3 - - - - 1 - 1
42 Cypha longicorne ( P a y k u l l ,  1800) E eg 1 - - 1 - - - 1
43 Dinaraea angustula ( G y l l e n h a l ,  1810) Pz d 2 - - - 1 - - 1
44 Drusilla canaliculata (F a b ric iu s , 1787) P ek 1 53 109 135 197 43 20 557
45 Euaesthetus bipunctalus (LjUNGH, 1804) Pp ek 1 1 - 1 - - - 2
46 Evanystes circellaris ( G r a v e n h o r s t ,  1806) Pp egk 3 39 24 26 8 - 54 151
47 Gabrius appendiculatus S h a rp , 1910 Pz e 1 1 1 - - 1 - 3
48 G. pennatus S h a rp , 1910 Ek ek 1 12 - - - - - 12
49 G. nigritulus ( G r a v e n h o r s t ,  1802) E ek 1 - - - - - - -
50 G. splendidulus ( G r a v e n h o r s t ,  1802) Pz d 3 - - - - - - -
51 G. trossulus (N o rd m a n n , 1837) E ek 3 1 - - - - - 1
52 Gyroliypnus angustatus S te p h e n s , 1833 P ek 1 2 - - - - 1 3
53 G. liebei SCHEERPELTZ, 1926 H k 1 4 2 - - - - 6
54 Habrocerus capillaricornis (GRAVENHORST, 1806) Ek g k 2 - - 1 - - - 1
55 Hetcrolhops dissimilis ( G r a v e n h o r s t ,  1802) H ek 1 - - - - 1 - 1
56 llyobates nigricollis ( P a y k u l l ,  1800) E es 2 - - 1 1 - - 2
57 Ischnopoda atra ( G r a v e n h o r s t ,  1806) E ek 0 - - - - - - -
58 Lamprinodes saginatus (GRAVENHORST, 1806) E e 3 9 5 11 5 6 2 38
59 Lathrobium brunnipes (F ab ric iu s , 1792) E ek 3 15 2 24 - - - 41
60 L.filiforme G r a v e n h o r s t ,  1806 Pz ek 1 6 - - - - - 6
61 L.fovulum  S te p h e n s , 1833 E ek 1 1 - - - - - 1
62 L. longulum  G r a v e n h o r s t ,  1802 Pz ek n 2 10 1 2 2 - - 15
63 L. ripicola C z w a l i n a ,  1888 E e 1 - - - 3 - - 3
64 L. terminatum  G r a v e n h o r s t ,  1802 Pz ek 3 4 - - - - - 4
65 L. volgense H o c h h u th ,  1851 Pp e 1 1 - 1 2 - - 4
66 Leptusa pulchclla (M a n n e rh e im , 1831) Pz d 3 1 - - - - - 1
67 Lordithon exoletus (E r ic h s o n , 1839) P g 2 - - - - - 1 1
68 L. lunulatus (L in n a e u s , 1761) Pp g 2 - - - 1 - - 1
69 L. tlioracicus (F ab ric iu s , 1776) H g 2 5 5 2 - - - 12
70 L. trinotatus (ERICHSON, 1839) Pz g 2 - 1 - - - 1 2
71 M ycetoporus baudueri M u l s a n t  et Rey, 1875 Pz e 3 12 1 4 - 1 7 25
72 M . brunneus (M a rs h a m , 1802) H ek 2 177 21 36 7 86 37 364
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S pecies R S F pA pB pD pE PF pC Z
73 M . clavicornis (STEPHENS, 1832) Ek ek 3 46 7 38 4 3 3 101
74 M .forticornis F a u v e l ,  1875 Ek ek 3 3 - - _ - _ 3
75 M . piceolus R ey , 1883 E ek 2 - - 1 - _ 1 2
76 M . rufescens ( S te p h e n s ,  1832) E egk 3 19 17 49 10 69 6 170
77 M . splendidus ( G r a v e n h o r s t ,  1806) P ek 2 103 39 16 4 17 18 197
78 Notothecta flavipes ( G r a v e n h o r s t ,  1806) Pz s 2 - - - - - _ _
79 Ochthephilum fracticorne ( P a y k u l l ,  1800) P k 2 32 4 3 - - - 39
80 O cypus copressus ( M a r s h a m ,  1802) E e 0 1 1 - - _ 4 6
81 O. melanarius ( H e e r ,  1839) Ek ek 1 1 - - _ _ _ 1
82 Olophrum fuscum  ( G r a v e n h o r s t ,  1806) Ek ek 2 - 1 6 1 - _ 8
83 O. piceum  ( G y l l e n h a l ,  1810) E egk 2 12 11 15 10 1 _ 49
84 Omalium littorale K r a a t z ,  1858 E k 3 2 - _ _ _ _ 2
85 Ontholestes murinus ( L in n a e u s ,  1758) P k 0 1 _ - - _ _ 1
86 O thius angustus S te p h e n s ,  1833 Ek e 3 - 1 - - _ - 1
87 O . myrmecophilus K i e s e n w e t t e r ,  1843 Ek e 3 40 35 51 38 73 5 242
88 O . punctulatus (G o e z e ,  1777) Pz e 2 3 1 3 5 1 12 25
89 Oxypoda abdominalis ( M a n n e r h e im ,  1831) P k 2 - - - - 1 - 1
90 O . elongatula A ubE , 1850 Pz ek 2 - - 1 - - _ 1
91 O . lividipennis M a n n e r h e im ,  1831 Pz ek 2 - - 3 - - - 3
92 O. opaca ( G r a v e n h o r s t ,  1802) P k 1 - - - - - - _
93 O . procerula M a n n e r h e im ,  1831 Pp ek 2 15 1 23 - 11 - 50
94 O . vittata  M a r k e l ,  1842 E gkn 1 - - _ 1 _ _ 1
95 Pachnida nigella ( E r i c h s o n ,  1837) E r 0 1 - - _ _ _ 1
96 Paragabrius furcifer (RENCONEN, 1937) E ek 0 - - - - - - -
97 P. micans ( G r a v e n h o r s t ,  1802) H e 0 - 1 - - - - 1
98 Philonthus alpinus E p p e lsh e im , 1875 E k 0 - - _ _ _ _ _
99 P . carbonarius ( G r a v e n h o r s t ,  1802) P g k 1 1 - 1 - _ _ 2

100 P. ceplmlotes ( G r a v e n h o r s t ,  1802) H k 0 - - - - - - -
101 P. chalceus S te p h e n s ,  1832 Pp k 1 - 1 _ - _ _ 1
102 P . cognat us S te p h e n s ,  1832 Hp g k 2 - - - - 2 - 2
103 P . concinnus ( G r a v e n h o r s t ,  1802) P k 1 - - - - - - _
104 P. decorus ( G r a v e n h o r s t ,  1802) E g k 2 - 1 1 - 1 - 3
105 P.fim etarius ( G r a v e n h o r s t ,  1802) P k 1 - - - - - - -
106 P. jurgans T o t t e n h a m ,  1937 E k 0 - - - - _ _ _
107 P. nigrita (GRAVENHORST, 1806) Pz e 2 1 - - - _ _ 1
108 P. nigriventris THOMSON, 1867 E k 3 - - - - - _ _
109 P. nitidus ( F a b r i c iu s ,  1787) Pz k 0 - - 1 - - _ 1
110 Phloeocharis subtilissima M a n n e r h e im ,  1831 E dek 1 4 _ 4 _ _ 1 9
111 Platydracus chalcocephalus ( F a b r ic iu s ,  1801) Ek e 1 - - - 2 4 - 6
112 P.fulvipes (SCOPOLI, 1763) Pz e 0 - - - 5 - 1 6
113 P. stercorarius (OLIVIER, 1795) Ek e 3 127 9 37 - - 2 175
114 Platystethus arenarius ( G o e f f r o y ,  1785) P k 1 - - - - - - -
115 Proteinus brachypterus ( F a b r i c iu s ,  1792) Hp g k 1 4 13 - - - 2 19
116 P. oval is S te p h e n s ,  1834 E g k 1 - 1 _ _ _ _ 1
117 Quedius boops (GRAVENHORST, 1802) P e 3 7 2 1 - - 1 11
118 Q. fidiginosus (GRAVENHORSt, 1802) P e 2 2 - 2 1 2 - 7
119 Q. maurorufus ( G r a v e n h o r s t ,  1806) E ek 2 1 1 - 1 - - 3
120 Q. maurus (C .R . S a h l b e r g ,  1830) E en 3 - 1 - 1 - 1 3
121 Q. molochinus ( G r a v e n h o r s t ,  1806) E e 3 69 25 21 - 12 2 129
122 Q. nigriceps K r a a t z ,  1857 E e 3 2 1 - - 1 - 4
123 Q. vexans E p p e lsh e im , 1881 E n 1 - - _ 1 _ _ 1
124 Rugilus erichsonii ( F a u v e l ,  1867) E e 0 1 - - - - _ 1
125 R. rufipes G e r m a r ,  1835 Ek ek 1 3 1 13 - 1 1 19
126 Schistoglossa curtipennis ( S h a r p ,  1869) H ek 0 - - - - - - -

127 Sepedophilus bipunctatus ( G r a v e n h o r s t ,  1802) E d g 2 - - 2 - - - 2
128 S. immaculatus ( S te p h e n s ,  1832) Ek ek 3 6 36 2 13 5 4 66
129 S. marshami ( S te p h e n s ,  1832) E ek 3 37 22 84 23 7 16 189
130 Spatulonthus longicornis ( S te p h e n s ,  1832) H k 0 - - - - 1 - 1
131 Staphylinus erythropterus LINNAEUS, 1758 H e 2 3 20 322 15 160 2 80 899
132 Stenus bimaculatus G y l l e n h a l ,  1810 Pp ek 1 - - - - _ _ _

133 S. brunnipes STEPHENS, 1833 E k 0 - - - - - 1 1
134 S. cautus E r i c h s o n ,  1839 E r 0 - - - - - - -
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S p e c ie s R S F pA pB pD pE PF p c I

135 S. clavicornis (SCOPOLI, 1763) P ek 1 6 11 26 1 - 2 46
136 S. excubitor E r i c h s o n ,  1839 Ek e 0 - - 2 - - - 2
237 S. geniculatus G r a v e n h o r s t ,  1806 P p e 3 3 - - - - - 3
138 S. impressus G e r m a r ,  1824 E ek 2 9 2 9 1 1 1 23
139 S.juno ( P a y k u l l ,  1789) P e 1 - - - - - - -
140 S. nanus S te p h e n s ,  1833 P z ek 0 2 - - - - - 2
141 S. pusillus S te p h e n s ,  1833 P z r 0 - - - - - - -
142 Tachinus pallipes (GRAVENHORST, 1806) H ek 0 - - - - - - -
143 T. rufipes ( L in n a e u s ,  1758) H ek 0 - 1 - 1 - - 2
144 Tachyporus alriceps S te p h e n s ,  1832 P z e 1 - - - - - - -
145 T. chrysomelinus ( L in n a e u s ,  1758) Hp ek 1 1 2 1 1 1 2 8
146 T. corpulentus J. S a h l b e r g ,  1876 E es 3 11 5 11 3 3 - 33
147 T. hypnorum ( F a b r i c iu s ,  1775) P ek 2 2 - 1 - 1 - 4
148 T. nitidutus ( F a b r i c iu s ,  1781) Hp ekn 1 - - - - - 1 1
149 T. pusillus G r a v e n h o r s t ,  1806 P e 3 1 1 1 - - - 3
150 T. solutus E r ic h s o n ,  1839 Pz ek 1 - - 1 - - 1 2
151 T. transversalis G r a v e n h o r s t ,  1806 E ek 3 19 - 2 - - - 21
152 Xantholinus laevigatus J a c o b s e n ,  1849 E e 2 10 2 4 - 11 3 30
153 X. linearis (OLIVIER, 1795) P e 1 21 9 53 5 30 10 128
154 X. longiventris H e e r ,  1839 E e 1 59 57 79 14 108 43 360
155 X. tricolor ( F a b r i c iu s ,  1787) E e 2 17 26 - - 31 8 82
156 Z oosetha procidua ( E r i c h s o n ,  1837) E ek 3 8 3 1 - - 18 30
157 Zyras cognatus ( M A r k e l ,  1842) E s 1 18 3 8 - 3 - 32
158 Z . collaris ( P a y k u l l ,  1800) Ek k 0 - 1 - - - - 1
159 Z.funestus ( G r a v e n h o r s L  1806) E ds 2 1 1 7 - - - 9
160 Z. laticollis (MiiRKEL, 1844) E s 2 9 2 9 - - - 20
161 Z . lugens ( G r a v e n h o r s t ,  1802) E s 2 - 1 1 - - - 2

Total specimens 1543 940 9 67 565 639 421 5075

Total species 79 63 67 41 40 46 123

(Coleoptera, Stnplnjlinidae) com m unities of the coastal pineTable 8 . Indices describing the epigeic staphylinid 
forest (Empetro-nigri Pinetum).
F3 -  share [%] of coniferous forest characteristic 

species,
F2 -  share [%] of forest accompanying species,
Fj -  share [%] of eurytopic species,
F0 -  share [%] of alien species,
N c -  index of com m unity stability,
Sc -  index of com m unity uniqueness,
H' -  Shannon and Wiener index of species diversity,
/ '  -  Pielou index of evenness,

Dk -  share [%] of detritophilous species,
D£ -  share [%] of European species,
Bc -  index of com m unity natural quality,
DHt -  index of dynam ic heterogeneity,
U  ~ coefficient of species richness diversity of 

the site,
Pc -  index of habitat species capacity, 
pA; pB; pD; pE; pF -  deflation depression; 
pC -  dune em bankm ent.

p A pB p D r ‘ r ‘ r c Total
f3 34.2% 23.0% 41.8% 19.6% 30.4% 33.0% 29.8%
f2 51.9% 53.7% 23.7% 38.5% 39.4% 44.0% 44.0%
F, 13.6% 22.9% 34.2% 40.8% 30.0% 21.6% 25.5%
F0 0.3% 0.4% 0.3% 1.1% 0.2% 1.4% 0.7%
K 2.37 1.57 1.42 0.95 1.44 1.77 1.57
Sc 1.29 1.15 1.16 0.98 1.15 1.22 1.17
H ' 4.62 3.95 4.79 3.20 3.88 4.26 5.04
/ ' 0.73 0.66 0.79 0.60 0.73 0.77 0.68
Dk 45.37 36.70 59.77 51.16 42.72 49.40 47.15
De 25.28 23.09 40.02 15.04 42.10 31.12 29.14
B c 6.65 5.44 7.20 4.58 6.59 6.77 6.19

DHt 2.90 2.39 1.88 0.70 - 1.41 -

Ids 4.66 3.60 3.09 1.32 - 2.43 -

Pc 12.83 8.45 11.77 9.54 - 9.75 -
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The share  in dom ination  of alien species Fo is insignificantly sm all: from  0.2% to 
1.4%. The share  of d istinguishable  species dom ination  F3 ranges from  19.6% to 1.8%, 
w hile the p o rtio n  of forest species (F3?=F3+F2) has been m ain tained  w ith in  the range 
58.1% -  86.1% (Table 8). Follow ing the data , and  su p p o rted  w ith  ten years' s tu d y  re 
su lts (SMOLEŃSKI, 1999), critical shares of dom ination  w ere determ ined  for particu la r 
fidelity  classes of the staphy lin id  com m unity  of natu ra l coniferous forest ecosystem s. 
The na tu ra l coniferous com m unities of epigeic staphy lin ids are characteristic  of:

a t least 20% share of coniferous characteristic species (F3) in the dom inance  s tru c 
tu re  of com m unity ;

- a t least 60% share of species belonging to the forest form ation (F32=F3+F2).
If an epigeic staphylinid community present in the biocenosis of coastal pine forest pos

sesses the above outlined features, it can be assessed stable and unique (SMOLEŃSKI 2001).
The stap h y lin id  com m unity  of the deflation depression  pE does no t m eet the con

dition . The pE depression  biocenosis is no t stable, and  it is subjected to the process of 
renatu ra liza tion : from  the Empetro-nigri pinetum, th rough  the suboceanic fresh conifer
ous forest, in to  the m arshy  birch forest type (BMw). This process has been  connected  
w ith  the an th ro p o g en o u s origin of the stand . The h igh value of alien species share  
(1.4%) at the area  of d u n e  em bankm ent pC, m ay be explained by the m igration , and  
inflow  of forestless habita ts species (rushes fields, heather, g ray d u n e  etc).

The de ta iled  analysis of forest species share  in staphy lin id  com m unities show s the 
large m icrosite d iversity  of the s tud ied  p lo ts (Table 9). O u t of the 40 analyzed  m i
crosites, n ine  w ere  identified  as unstab le ones, u n d er the process of alteration . Five of 
the latter, located  in the depressions pB and  pD, w ere located in the biocenosis of the
coastal varie ty  of p ine forest u n d er the stage of d isin tegration. Four o ther, in  the pE
depression , w ere  identified  in the biocenosis of m arsh  birch forest u n d e r the process 
of renatu ra liza tion .

Table 9. Indices characterizing epigeic subcom m unities of staphylinids (Coleoptera, Slaphylinidae) of coastal 
p ine forest
F3 -  share [%] of coniferous forest characteristic H '-S hannon  and Wiener index of species diversity,

species, / '  -  Pielou index of evenness,
F2 -  share [%] of forest accompanying species, Dk -  share [%] of detritophilous species,
F32-  share [%] of forest species (F3+F2), DE -  share [%] of European species,
Nc -  index of community stability, B, -  index of community natural quality,
Sc -  index of community uniqueness,

N um ber of sam ple in deflation depression pA
1 2 3 4 5 6 7 8 9 10

F3 22.0 21.3 29.2 64.9 41.5 36.7 43.0 23.1 27.6 36.3
f2 60.9 72.5 56.2 24.6 41.6 35.4 43.1 49.2 63.2 57.8

F 3 2 82.9 93.8 85.4 89.5 83.1 72.1 86.1 72.3 90.8 94.1
Mc 1.85 3.23 2.21 3.26 2.25 1.60 2.53 1.40 2.79 3.91
S,c 1.18 1.24 1.25 1.42 1.30 1.20 1.33 1.12 1.28 1.35
FT 3.86 3.41 4.13 2.68 4.57 4.14 4.07 3.83 3.24 3.35
V 0.77 0.66 0.80 0.59 0.88 0.79 0.85 0.83 0.78 0.75
D'k 35.96 51.89 47.02 21.45 40.13 41.81 45.55 52.31 67.11 75.48
D e 27.45 12.37 22.69 20.93 45.74 40.95 36.73 18.48 18.43 14.70
B,c 6.12 6.08 6.59 5.42 7.76 6.82 7.74 5.79 7.20 7.55
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N um ber of sam ple in deflation depression pB
1 2 3 4 5 6 7 8 9 10

f3 37.0 14.4 16.8 23.6 25.0 22.4 26.9 24.3 13.6 37.9
f2 29.3 60.3 67.2 60.9 58.3 49.2 47.7 50.5 53.4 46.9

F32 66.3 74.7 84.0 84.5 83.3 71.6 74.6 74.8 67.0 84.8
Nc 1.40 1.27 1.75 2.00 1.95 1.37 1.56 1.52 1.03 2.32
Sc 1.15 1.05 1.14 1.21 1.21 1.11 1.16 1.15 0.98 1.30
H ' 4.12 2.93 3.00 2.93 2.95 4.28 3.41 3.53 3.23 3.80

£ 0.87 0.63 0.67 0.66 0.72 0.89 0.79 0.78 0.77 0.88
Dk 45.65 32.84 27.20 30.93 18.02 46.28 23.87 47.69 45.44 54.51
De 41.32 14.35 17.60 19.11 19.46 38.80 49.25 14.00 12.51 24.28
Bc 6.92 4.41 4.87 5.29 4.71 6.84 6.17 5.30 4.61 7.21

N um ber of sam ple in deflation depression pD
1 2 3 4 5 6 7 8 9 10

f3 41.7 39.3 26.8 50.9 17.3 50.7 65.4 50.9 35.3 45.1
f2 20.8 39.3 21.2 17.0 23.4 29.3 21.0 25.0 17.6 25.1
F3 2 62.5 78.6 48.0 67.9 40.7 80.0 86.4 75.9 52.9 70.2
Nc 1.32 1.93 0.82 1.58 0.58 2.15 2.85 1.92 1.00 1.62
Sc 1.14 1.26 0.94 1.22 0.80 1.31 1.40 1.28 1.02 1.22
H' 3.72 4.29 3.74 3.84 3.71 3.97 4.28 4.31 4.22 4.61

£ 0.89 0.96 0.77 0.90 0.82 0.87 0.89 0.87 0.86 0.88
Dk 45.81 57.14 61.40 41.52 48.12 53.36 60.47 68.77 55.45 70.29
De 45.81 37.51 21.27 43.41 35.78 39.98 41.96 54.47 50.41 37.24
Bc 7.05 7.94 5.36 7.12 5.35 7.95 8.96 8.89 7.00 7.82

N um ber of sam ple in deflation depression pE N um ber of sam ple on dune em bankm ent pC
1 2 3 4 5 1 2 3 4 5

f3 27.0 20.9 15.9 12.5 20.4 21.0 36.2 24.4 22.2 48.3
f2 28.0 20.2 27.0 45.8 75.0 61.9 40.4 64.6 60.3 16.3
F 32 55.0 41.1 42.9 58.3 95.4 82.9 76.6 89.0 82.5 64.6
Nc 0.98 0.63 0.60 0.81 3.87 1.82 1.79 2.43 1.83 1.44
Sc 1.00 0.83 0.81 0.91 1.24 1.17 1.23 1.24 1.18 1.18
H ‘ 3.06 3.36 3.50 3.36 3.52 3.17 2.45 2.61 2.93 2.70

r 0.70 0.84 0.77 0.91 0.77 0.73 0.57 0.67 0.68 0.61
Dk 56.30 64.62 63.51 44.16 25.03 42.14 68.06 34.14 60.00 54.42
De 18.91 14.09 6.35 15.00 17.62 11.41 25.54 19.52 32.50 53.05
Be 5.25 4.25 3.57 4.37 5.68 4.97 7.15 5.94 7.55 7.52

l .b .  S tep  tw o  o f th e  tes t a s se ss in g  th e  ep ig e ic  co m m u n ity  o f s ta p h y lin id s : th e  a s se ssm e n t o f d e p a r tu re  
d e g re e  o f th e  c o m m u n ity  from  the  s ta n d a rd  sy s tem  as ex p ressed  b y  th e  in d ex  o f co m m u n ity  u n iq u e n e s s

Sc =  | *°g 3̂ *°§ 3̂2 (form ula 1)
V log/ 3 ( log/ 32 J

The stability  index N ' for staphy lin id s of the coastal p ine forest w as so constructed  
tha t it w as equal 1 for the critical values £ 3 =20% and  £32=60%. As a consequence, 
f 3- 20% an d  / 32=60%. The Sc index reaches the m axim um  value Sc= l,5 7  w hen  
£3= f 32=100% and  it reaches the m in im um  Sc—>0 w hen  £3= £32-*0. In the sim plified , 
synan th rop ic  system  of p ine forest w here  there p redom ina te  eury top ic  and  alien  spe
cies (specifically w hen  £32<47) the Sc index value is SC<1. In balanced  system s, w ith  
lim ited  share  of eury topic species, the index reaches values SC>1. The closer to  m axi
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m um  is Sc index real value, the least penetratab le  by accidental or synan th rop ic  sp e 
cies is the system  and  it is m ore stable in this sense.

The th resho ld  values of forest species (F32) dom inance shares and  characteristic  co
niferous forest species (F3) characterized by the com m unity  un iqueness index critical 
value Sc= l are p resen ted  in Table 10.

Table 10. Shares [%] of forest species (F32) and coniferous forest characteristic species (F3) for the critical 
value of uniqueness (Sc) and stability (Nc) indices of the com m unity equal 1.

Sc= l when:
f3 6.7 7.3 8 9 10 12 14 16 20 27 37 47
f32 100 95 90 85 80 75 70 65 60 55 50 47

Nc- 1 when:
f3 1.0 2.3 3.5 4.8 6.3 8.2 10.9 14.5 20 30 46 49.2
f32 98.9 95 90 85 80 75 70 65 60 55 50 49.2

The un iq u en ess  index for the w hole of six staphy lin id  com m unities equaled  1.17, 
vary ing  from  0.98 to 1.28 for particu lar com m unities. It w as below  1 only  in the case of 
the pE com m unity  (Table 8). After sim ilar analysis had  been carried ou t for m icrosites 
(Table 9), the Sc index w as possible to be calibrated. It w as found that considering  the 
coastal varie ty  of p ine forest s taphy lin id  com m unities the follow ing ranges of the 
un iqueness index suggest:
(1) Sc>1.3 -  b iocenoses show ing  features of s tan d ard  ones (the m odel type biocenosis);
(2) 1.3>Sl>1.2 -  stable biocenoses, close to the m odel system s (highly specific com m u

nity  type);
(3) 1.2>SC>1.0 -  stable and  specific biocenoses (specific com m unity  type);
(4) Sc<1.0 -  non-specific and  unstab le  biocenoses, alw ays how ever in n a tu ra l hab ita ts 

there  ho lds the condition  Sf>0.8 (the nonspecific com m unity  type).

The m odel types of com m unity  w ere detected  in the five sam ples:
■ In pA  depression
Sc=1.42 in sam ple  num ber 4. The patch  of arid  heath  is the m odel exam ple of the 

extrem ely arid  m icrosite type (ms 1). The dom inan ts in the m odel s taphy lin id  su b 
com m unity , characteristic for this type of m icrosite, are: Platydracus stercorarius 
(D~54%), Mycetoporus brunneus (D~ 12%), X antho/inus longiventris (D~7%), Staphylinus 
erythropterus (D~6%).

St-=1.33 in sam ple  n um ber 7. The patch  of typical heath  coniferous forest is the arid  
m icrosite type m odel (ms 2). In this m odel staphy lin id  subcom m unity  characteristic 
dom inan ts are: Staphylinus erythropterus (D~25%), Sepedophilus marshami (D~8%), Boli- 
tobius formosus (D~6%), Lamprinodes saginatus (D~6%).

Sc=1.35 in sam ple  10. The patch  of heath  coniferous forest is the arid  m icrosite type 
m odel (ms 2). In th is m odel staphy lin id  subcom m unity  characteristic d o m inan ts are: 
Mycetoporus brunneus (D~33%), Mycetoporus splendidus (D=18%), Evanystes circellaris 
(D~ 11%), Mycetoporus clavicornis (D~6%).
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■ In pB depression
Sc=1.31 in sam ple  6. The patch  of typical hea th  coniferous forest is the fresh m i

crosite type m odel (ms 3). In this m odel s taphy lin id  subcom m unity  characteristic 
dom inan ts are: Platydracus stercorarius (0=20%), Sepedophilus marshami (0=13% ), Xan- 
tholinus longiventris (0=9% ), Mycetoporus brunneus (0=8%).

■ In pD  depression
Sc=1.40 in sam ple  7. The patch  of heath  coniferous forest is the h u m id  m icrosite 

type m odel (ms 4). In this m odel staphy lin id  subcom m unity  characteristic dom inan ts 
are: Sepedophilus marshami (0=15% ), Othius myrmecophilus (0=10% ), Platydracus ster
corarius (0=9% ), Bolitobius formosus (0=7%).

I.e. Step three of the test assessing the epigeic com m unity of staphylin ids: the assessm ent of resistance 
degree of the com m unity  against deform ation  expressed in term s of the index of com m unity  stability

N c = 3̂2 '°g  3̂ (form ula 2)
/T o g (F 10 +1,1)

This index, for the critical values: p 3 = 20% an d  p32=60% reaches, also, the value 1 in 
the coastal varie ty  of p ine forest. C onsequently , f  coefficient reaches the value 48.37. 
This index reaches its m axim um : Nc-=100 w hen  p3=F32=100% and  it show s its m in i
m um  Nc=0 w h en  0. N c index values below  1 suggest the unstab le  system s, u n 
der the a lteration  processes. O n the o ther hand , N c> 1 show s the stable system s, yet not 
necessarily  n a tu ra l ones.

The th resho ld  (critical) dom ination  shares of forest species (F32) and  coniferous 
forest characteristic species (F3) for the coastal varie ty  of Scots p ine forests are given in 
Table 10 (for those cases w hen  the stability  index of com m unity  reaches the critical 
value Nc= l).

The general index of stability  (determ ined  for the w hole  of the six staphy lin id  
com m unities considered) w as equal 1.57, rang ing  d ep en d en tin g  on the actual com 
m unity  from  0.95 to 2.34. It w as below  1 only in the case of the pE depression  com m u
nity  (Table 8). A fter carry ing  a sim ilar analysis for m icrosites (Table 9), the Sc index 
has been calibrated  as follows:

The below  specified ranges of the stability  index are indicative in the epigeic 
staphy lin id  com m unities of the coastal p ine forest for:
(1) Nc>3.0 -  the stable and  fully closed biocenoses (the inertia com m unity  type);
(2) 3.0>Nl>2.0 -  the stable and near-closed biocenoses (the highly resilient com m unity type);
(3) 2.0>NC>1.0 -  the stable and  partly  closed biocenoses (the resilient com m unity  type);
(4) N c< 1.0 -  the unstab le  an d  no t closed biocenoses; in the na tu ra l hab ita ts how ever, 

the N c is a lw ays >0.5 (the unstab le  com m unity  type).

C onsidering  the foregoing, the com m unity  inertia  type has been revealed in four 
sam ples:

■ In pA  dep ression
N c- 3.26 in sam ple nu m b er 4. The patch  of arid  heather. The extrem ely arid  m i

crosite type (ms 1). The dom inan ts in the inertia  type staphy lin id  subcom m unities, 
characteristic for th is type of m icrosites, are: Platydracus stercorarius (D=54%), Myce-
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toporus brunneus (D~ 12%), Xantholinus longiventris (D~7%), Staphylinus erythropterus 
(D~6%).

N c= 3.91 in sam ple 10. The patch  of arid  heath. The arid  m icrosite type  (ms 2). The 
dom in an ts  in the inertia type s taphy lin id  subcom m unities, characteristic for this type 
of m icrosites, are: Mycetoporus brunneus (D~33%), Mycetoporus splendidus (D~ 18%), 
Evanystes circellaris (D~ 11%), Mycetoporus clavicornis (D~6%).

N c=3.23 in sam ple 2. The patch  of typical heath  coniferous forest in the initial stage. 
The fresh  m icrosite type (ms 3). The dom inan ts in the inertia  type staphy lin id  su b 
com m unities, characteristic for this type of m icrosites, are Staphylinus erythropterus 
(D~35%), Mycetoporus brunneus (D~ 18%), Mycetoporus splendidus (D~ 13%), Mycetoporus 
clavicornis (D~5%).

■ In pE depression
N c=3.87 in sam ple 5. The patch  of hum id  heath  coniferous forest, w ith  elem ents of 

suboceanic fresh coniferous forest. The h um id  m icrosite type (ms 4). The dom inan ts in 
the inertia  type staphy lin id  subcom m unities, characteristic for this type of m icrosites, 
are: Staphylinus erythropterus (D=57%), Acidota crenata (D~6%), Bolitobius formosus 
(D~5%), Othius myrmecophilus (D~5%).

l.d . Step four of the test assessing the epigeic com m unity of staphy lin ids: species d iversity  assessm ent 
expressed in term s of the Shannon and W iener index of species diversity

s
H ' = - ^  p. log p. (form ula 3)

/=!
The value  of the index of species d iversity  H ' for the epigeic com m unities and  su b 

com m unities of the coastal coniferous forest s taphy lin id s are p resen ted  in Tables 8 
and  9. In case of na tu ra l and  stable com m unities of the coastal coniferous forest 
s tap h y lin id s  the index1 m ean value is 4.12 and  its s tan d ard  deviation  is equal 0.57. In 
this case, the expected value of H ' ranges w ith in  3.6 -4.7. H igher than  expected H' 
va lues occurred  in the pD  com m unity , w hile low er than  expected w ere observed in 
the pE  com m unity  (Table 8). Sim ilarly, considering  particu la r m icrosites of the coastal 
p ine forest, the na tu ra l and  stable epigeic subcom m unities show ed the m ean  value 
eq u a l 3.57 and  stan d ard  deviation  0.57; in this case, the expected H ' value ranges 
w ith in  3.0 -  4.1.

H igher than  the expected H' values w ere recorded in the pA  depression: in 10% of 
its area; in pB in 10% of its area and  in pD  in 40% of its area. Low er than  expected 
v a lu es  w ere found  in 10% of area of the pA depression , in 30% of the pB depression  
area as w ell as in 80% of pE area (Table 9).

I .e . Step five of the test assessing the epigeic com m unity of staphylin ids: the assessm ent of natural 
quality  w ith  use of the index of com m unity natural quality

Bc = i J j 'N cDkD E (form ula 4)

T he value of Bc index m ay be determ ined after the following values have been found:
- index  of evenness (form ula 5),
- index  of com m unity  stability  (form ula 2),
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- share [%] of d e tritoph ilous species in the dom inance struc tu re  of com m unity ,
- share [%] of E uropean  species in the dom inance structu re  of com m unity .

Evenness
The Pielou index w as app lied  for the presen t analysis. Tables 8 an d  9 presen t the 

values obtained  for the epigeic com m unities and  subcom m unities of the coastal pine 
forest staphylin ids. O n average, the index value w as 0.71 and  the s tan d a rd  deviation 
equaled  0.07. The expected  values of the index / '  ranged  w ith in  0.64 -  0.78. H igher 
than  expected / '  values occurred in the pD  com m unity, w hile low er than  expected in 
pE com m unity  (Table 8). Sim ilarly, for the natu ra l and  stable epigeic subcom m unities 
living in p articu la r m icrosites of the coastal variety  of p ine  forest, the m ean  value of 
the index w as 0.78 an d  standard  deviation  w as 0.10. The expected values of / '  varied  
from  0.68 to 0.88.

H igher than  expected values of / '  w ere recorded  in the 10% of area of pA  
depression , 10% of pB and  in as m uch as 40% of pD. Low er than  expected w ere / '  
index values of the follow ing: the pA  depression  (in 10% of its area), pB (30%) and pE 
(80%) -  Table 9.

Microhabitat preferences
The actual share  of those staphy lin id  species connected w ith  decaying  organic m at

ter Dk allow s for d raw in g  conclusion on the accum ulation  degree and  availability  of 
organic m atter a t the epigeic level of the ecosystem . It gives also som e ind irect in for
m ation  on the com plexity  degree of trophic nets (Tabs. 8-9).

C onsidering  n a tu ra l and  stable epigeic staphylin id  com m unities of the coastal p ine 
forest: the expected  Dk values are w ith in  40 -  55% (versus the overall m ean  Dk equal 
47.5% and  s tan d a rd  dev iation  7.8%). H igher than  expected Dk w ere sta ted  in the pD  
com m unity  and  it is just this depression  w here the h ighest load of available food is to 
be expected (Table 8). Sim ilarly, considering the na tu ra l and  stable epigeic subcom 
m unities occupying particu lar m icrosites of the coastal varie ty  of Scots p ine forest the 
m ean value of Dk is 48.2%, stan d ard  deviation  14.3%; the expected  Dk values range 
w ith in  34%-63%. H igher than  expected Dk values w ere those in dep ression  pA  (20% of 
its area), pD  (20%), pE (40%) and  the dune em bankm ent pC (20%). V alues low er than  
the expected ones w ere  found  in pA  depression (10% of its area), pB (50%) and  pE 
(20% )-Table 9.

Geographical distribution
The actual p o rtion  of staphy lin ids occurring exclusively in the E u ropean  region D e 

enables d raw in g  conclusion on the usefulness of stud ied  ecosystem s for the conserva
tion of the local taxons (Tabs. 8-9).

C onsidering  n a tu ra l and  stable epigeic staphylin id  com m unities of Empetro nigri 
pinetum, it is to sta te  that the m ean  De value w as 29.5% and  s tan d a rd  deviation 
equaled  10.4%. C onsidering  this, the expected D e values are w ith in  the range 19%- 
40%. H igher than  expected De values w ere recorded in com m unities pF and  pD. These 
tw o depressions are  the m ost im portan t ones for the p ro tection  of local taxons (Table 
8). Sim ilarly, in n a tu ra l and  stable epigeic subcom m unities in p articu la r m icrosites of
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the coastal pine forest the m ean value of D e w as equal 28.3% and  s tan d a rd  deviation  
w as 13.7%. The expected D e values are in the range of 15%-42%.

H igher than  expected values of De w ere observed in dep ression  pA  in 10% of its 
area, in dep ression  pB in 20%, in pD  in 50% as w ell as in d u n e  patch  pC in 20% of its 
area. H igher th an  expected values of De w ere found  in depression  pA  (10% of its area), 
in pB (30%), pE (40%) as well as in dune em bankm ent pC in 20% of its area (Table 9).

Natural quality
H igh values of the Bc index show  either the naturally  m ost valuab le  ecosystem s or 

their fragm ents. The h igher is actual value of the index of n a tu ra l quality  the m ore 
d iverse (considering the num ber of species) is the com m unity , m ore m atu re  and  s ta 
ble, contain ing m ore valuable local form s and  functioning u n d e r the condition  of food 
sufficiency. In the case of epigeic staphy lin id  com m unities, the Bc index  value varies 
w ith in  4.58-7.20 (Table 8), w ith  m ean value 6.19 and  s tan d ard  dev ia tion  0.99. It gives 
the follow ing valorization  of the coastal variety  of pine forest:
(1) w hen  Bc>7.2 the ecosystem  of the coastal variety  of p ine forest has m ore than  

average n a tu ra l value;
(2) w hen  7.2> Bc>5.2 the ecosystem  of the coastal variety of p ine forest has m oderately  

good n a tu ra l value
(3) w hen  Bc<5.2 the ecosystem  natu ral value is below  the average.

The deflation  depression  pD  is characteristic of m ore than  average na tu ra l value, 
unlike the deflation depression  pE, the la tte r's  na tu ra l value is below  the average.

C onsidering  the s taphy lin id  subcom m unities, the Bc value is w ith in  the range 3.57- 
8.96 (Table 9), w ith  the m ean  equal 6.33 and s tan d ard  deviation  1.34. This index gives 
the follow ing valorization  of particu lar fragm ents of the coastal coniferous forest:
(1) if Bc>7.7 then the m icrosite has m ore than  average natu ral quality;
(2) if 7.7> Bc>5.0 then the m icrosite has the average natural quality;
(3) if Bc<5.0 then the m icrosite 's natu ra l quality  is below  the average value.

C onsidering  the set of 40 m icrosites subjected to the p resen t analysis, seven of 
them  have m ore than average natural value. O u t of them , five w ere found  in the defla
tion depression  pD, and  tw o o ther in deflation depression  pA:

■ pD depression
Sam ple nu m b er 7 -  Bc=8.96. H um id  variety  of the coastal coniferous forest. M oist 

te rra in  depression , only partly  shadow ed by p ines w ith rich m ossy-shrubby  forest 
floor. Type ms 3/4. Source for: Bolitobius formosus, Othius myrmecophilus. D om inant: 
Sepedophilus marshami, Othius myrmecophilus.

Sam ple n um ber 8 -  Bc- 8.89. Typical coastal coniferous forest. E levated  terrain, u n 
der the shadow  of p ine stand  w ith m ossy-shrubby forest floor vegetation . Type ms 3. 
Source for: Mycetoporus rufescens, Oxypoda procerula, Sepedophilus marshami, Stenus 
clavicornis. D om inants: Sepedophilus marshami, Mycetoporus rufescens.

Sam ple nu m b er 6 -  Bc=7.95. Typical coastal coniferous forest. E levated  terrain, u n 
der the shadow  of p ine stand  w ith  m ossy-shrubby forest floor vegetation . Type ms 3. 
Source for: Stenus impressus. D om inants: Platydracus stercorarius, Sepedophilus marshami.
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Sam ple n u m b er 2 -  Bc=7.94. H um id  coastal coniferous forest. T errain  depression  
u n d e r the sh ad o w  of p ine stand  w ith  rich shrubby  u n d erg ro w th  vegetation. Type ms 
3/4. Source for: Olophrum piceum. D om inants: Olophrum piceum, Othius myrmecophilus.

Sam ple n u m b er 10 -  Bc- 7 .82. H um id  coastal coniferous forest. A m oving  d u n e  em 
b ankm en t from  the south . T errain  depression  u n d er the shadow  of p ine  stand  w ith 
rich m ossy-shrubby u n d erg ro w th  vegetation. Type ms 3/4. Source for: Lathrobium 
brunnipes, Mycetoporus clavicornis, Mycetoporus mfescens, Riigilus rufipes. D om inants: 
Drusilla canaliculata, Sepedophilus marshami.

■ pA  dep ression
Sam ple n u m b er 5 -  Bc=7.76. Typical coastal coniferous forest, initial stage. Terrain 

elevated, sh ad o w ed  w ith  low  height p ine  stand  w ith  poor m ossy-grassy  forest floor 
vegetation. Type ms 2/3. Source for: Othius myrmecophilus, Zyras laticollis. D om inants: 
Xantholinus longiventris, Othius myrmecophilus.

Sam ple n u m b er 7 -  Bc=7.74. Typical coastal coniferous forest. Terrain  elevation 
partly  sh ad o w ed  by  pine stand  w ith  poor m ossy-shrubby forest floor. Type ms 2. 
Source for: Lamprinodes saginatus. D om inants: Staphylinus erythropterus, Sepededophilus 
marshami.

l .f . Step six of the test assessing  the epigeic com m unity of staphylin ids: the assessm ent of m icrosite 
d iversity  degree as expressed in term s of the index of dynam ic heterogeneity

S '
D H t = Id s(l ) form ula 6)s

The em pirical da ta  collected in p lo ts pA , pB, pC, pD  and  pE m ade it possible to 
calibrate the index of dynam ic heterogeneity  DHt. The resu lts of the calibration are for 
the s taphy lin id  com m unities as follows:
(1) DHt>2.0 -  suggests h igh level site dynam ic heterogeneity
(2) 2.0>DHt>1.0 -  suggests average level site dynam ic heterogeneity
(3) DHt<1.0 -  suggests low  level site dynam ic heterogeneity

The depressions pA , pB and  pD  are characteristic of large d ifferen tia tion  of m i
crosite capacity  (Ids) w hile h igh dynam ic heterogeneity  (DHt) w as found  in d ep res
sions pA  an d  pB. The only  p lo t characteristic of low level dynam ic heterogeneity  is 
dep ression  pE (Table 8).

l.g . Step seven of the test assessing  the epigeic com m unity of staphylin ids: the assessm ent of site attrac
tiveness for a given com m unity  as expressed in term s of the index of h ab ita t species capacity

The value of Pi, index m ay  be determ ined  after selecting the extrem e m icrosites for 
p articu lar species u sing  the cs index and  determ in ing  the u tilization  by  the species of 
degree of the actual site d iversity  w ith  use of the index Cs\

Selection of extrem e m icrosites -  sources and sinks for particular species, on the basis of index of m i
crosite preferences of a species

cs = ^fd (form ula 10)
/ yy (max)
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This index expresses a given m icrosite sa tu ra tion  level w ith  a species as related  to 
the m ax im um  satu ra tion  and  it m ay range from  0 to 1. The below  d iscussed three 
situa tions m ay occur:
(1) if cs>0.85, the popu la tion  is in the source region of its d istribu tion  range;
(2) if 0.85> cs>0.15, the popu la tion  is in the stan d ard  region of its d istribu tion  range;
(3) if cs<0.15, the popu la tion  is in the sink region of its d istribu tion  range.

The assessm ent of u tilization  of site diversity by a given species as m easured by the index of site hetero
geneity u tiliza tion  by  a g iven species

2 t Csj
CP =  ——-------  (form ula 9)

R
This index supp lies the quantitative approach  to the problem  of site satu ra tion  

w ith  a g iven species population . The follow ing situations shou ld  be identified:
(1) if CS>1, the m icrosite m osaic favors a g iven p o p u la tio n  in  m ore than  average level. 

The h ab ita t is dom inated  by the sources of popu la tio n  d istribu tion  range;
(2) if 1>G>0.3, the m icrosite m osaic favors a given p o p u la tion  in average level. The 

sources and  sinks of popu la tion  d istribu tion  range are in balance;
(3) if Cs<0.3, the p o p u la tion  does not prefer the analyzed  m icrosite m osaic, and  the 

hab ita t is d om ina ted  by the sinks of the pop u la tio n  d istribu tion  range.

The assessm ent of site attractiveness degree for a given com m unity  as m easured by the index of hab ita t
species capacity

sVc;
Pc = ___ (form ula 8)

log S
This index  determ ines the efficiency of u tilization  of site potential biological 

d iversity . It is possib le to assess site attractiveness for a g iven com m unity  w ith use of 
the index. Table 8 presen ts the values of the Pc index for staphy lin id  epigeic 
com m unities of the coastal variety  of coniferous forest. The Pc is no t sensitive to actual 
size of sam ple  collected (w ithin the range 5-40 sam ples), no r to the num ber of 
recorded  species (w ith in  the range 41 to 117). The m ean  expected value Pc = 9.98 for 
the coastal coniferous forest should  be in theory  sm aller than  respective values for 
m o re  fertile sites; and  it shou ld  be relatively sm aller in p oo rer sites.

2. The standard  of coastal variety of p ine forest epigeic staphy lin id  com m unity

T he s tan d a rd  based  on seven po in t test is characteristic of:
1. T he share  in the dom inance structure  of com m unity:

coniferous forest characteristic species p3>20% 
all forest species F3+p2>60%

2. D ep artu re  degree of a given com m unity  from  the m odel system  St> l
3. R esistance degree  to deform ation N c> 1
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4. Species d iversity  H ’>3.6, given the expected m axim um  value equal 4.7
5. N a tu ra l quality  of com m unity  Bc>5.2, given the expected m axim um  value equal 7.2
6. D ynam ic  heterogeneity  D H t> lA , g iven the expected m axim um  value equal 2.9
7. H ab ita t species capacity  PL>8.5, given the expected m axim um  value equal 12.8.

The low er values observed  in p ine forest of the indices suggest the process of deg 
rad a tio n , or sim plification and  destab ilization  of coniferous ecosystem s. H igher values 
(considering  those indices w ith  determ ined  m axim um  values) m ay be the effect of 
e ith e r n a tu ra l forest succession or m an-induced  eutrophication . In any case this is 
connec ted  w ith  en richm en t of the coniferous forest habitat.

3. V alorization of coastal pine forest com m unities

Tire indices describ ing  epigeic s taphy lin id  com m unities and  subcom m unities: the 
ind ices of un iqueness and  na tu ra l quality  characterizing the na tu ra l quality  of a com 
m u n ity  as well as the indices of species d iversity  and  evenness characterizing the spe
cies d iv e rs ity  of a com m unity , enable classifying particu lar sites and  m icrosites and  
ascrib ing  them  to valoriza tion  classes and  g roups (Table 11).

Table 11. Threshold values of selected indices of natural quality and species diversity for particular classes and 
valorization groups -  the example of coastal pine forest staphylinid (Coleoptcra, Staplnjliiiidae) communities.
Bc -  index  of com m unity natural quality H ' -  index of species diversity
Sc -  index  of com m unity uniqueness / '  -  index of evenness

Indices of
N atural quality Species diversity

Bc | Sc /-/■ | /
For staphylinid comm unities

Class. I >7.2 >1.3 >4.7 >0.78
Class; II >6.2 <1.3-1.2 >4.1 >0.71
Class. Ill >6.2 <1.3-1.2 3.6-4.7 0.64-0.78
Class, III 7.2-5.2 <1.2-1.0 >4.1 >0.71
Class; IV 7.2-5.2 <1.2-1.0 3.6-4.7 0.64-0.78
Class; V 72-5 .2 <1.2-1.0 <3.6 <0.64
Class; V <5.2 <1.0 3.6-4.7 0.64-0.78
Class; IV <5.2 <1.0 <3.6 <0.64

For staphylinid subcom munities
Grouip I >7.7 >1.3 >4.1 >0.88
Grouip II >6.3 <1.3-1.2 >3.5 >0.78
Grouip III >6.3 <1.3-1.2 4.1-3.0 0.88-0.68
Grouip III 7.7-5.0 <1.2-1.0 >3.5 >0.78
Grouip IV 7.7-5.0 <1.2-1.0 4.1-3.0 0.88-0.68
Grouip V 7.7-5.0 <1.2-1.0 <3.0 <0.68
Grouip V <5.0 <1.0 4.1-3.0 0.88-0.68
Grouip VI <5.0 <1.0 <3.0 <0.68

E.ach of the analyzed  s tu d y  plo ts w as included  to one of the six valorization classes. 
The cclasses them selves had  been determ ined  as follows (Table 12):
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C lass I, n a tu ra lly  m ost valuable -  none of the analyzed  plots w as g iven the status 
of natu ra lly  m ost valuable hab ita t that is hab itat possessing  bo th  the h ighest natu ra l 
quality  and  highest species diversity.

C lass II, na tu ra lly  valuable -  none of the analyzed plots w as g iven the sta tu s of 
na tu ra lly  valuable hab ita t that is hab ita t possessing bo th  the h igh na tu ra l quality  and  
high species diversity .

C lass III, above average natu ral value -  to this class included  w ere  deflation  d e 
pressions pA  and  pD  and  the central dune  em bankm ent pC. The p lo ts pA  and  pC rep 
resent those sites characteristic of h igh na tu ra l quality  and  average species diversity. 
Plot pD  represen ts the h ighest species d iversity  and m odera te  n a tu ra l quality .

C lass IV, average na tu ra l value -  to this class inc luded  w ere defla tion  depressions 
pB and  pF. They rep resen t sites characteristic of average n a tu ra l quality  and  species 
diversity.

C lass V, below  average natu ra l value -  none of the analyzed  p lo ts w as given the 
sta tus of below -average natu ra l habitat tha t is such hab ita t tha t is characteristic of 
either m oderate  na tu ra l quality  and low  species d iversity  or low  n a tu ra l quality  and  
m oderate  species d iversity .

C lass VI, poor na tu ra l value - to this class included  w as defla tion  dep ression  pE. It 
is rep resen tative of sites characteristic of poor value of bo th  n a tu ra l quality  an d  spe
cies diversity .

The coastal coniferous forest m icrosites m ay belong to the fo llow ing six valo riza
tion groups, as described below  (Table 12):

G ro u p  I -  it covers m icrosites w here the cenosis is characteristic  of the highest 
na tu ra l quality  and  h ighest species diversity , w hich m eans the natu ra lly  m ost va lu 
able m icrosites.

To this g roup  belong  the m icrosites of the deflation dep ressions pA  (sam ple 5) and  
pD  (sam ples 6 and  7), in the fragm ents of both  typical and h u m id  varieties of vegeta
tion of the coastal coniferous forest, only partly  shadow ed  by  p ine  stand , characteristic 
of e ither poor m ossy-grassy underg row th  vegetation  (ms 2) or rich m ossy-shrubby 
vegetation  (ms 3 and  ms 4). They are source for: Bolitobius formosus, Othius myrmecophi- 
lus, Stenus impressus an d  Zyras laticollis.

G ro u p  II -  it covers valuable m icrosites w here the cenosis is characteristic  of the 
h igh na tu ra l quality  and  h igh species diversity.

To this g roup  there belong the follow ing m icrosites: in d ep ression  pA  sam ple 7, in 
deflation pB sam ple 10, and in deflation pD  sam ples 2, 8 and  10. Typical coastal conif
erous forest m icrosites; situa ted  in elevated terrain, partly  u n d e r shelter of pine; poor 
m ossy-grassy  vegetation  (ms 2) or rich m ossy-shrubby forest floor (ms 3 and  ms 4). 
They are the source for: Lamprinod.es saginatus, Lathrobium brunnipes, Mycetoporus clavi- 
cornis, Mycetoporus rufescens, Olophrum piceum, Oxypoda procerula, Rugilus rufipes, Sepe- 
dophilus marshami and Stenus clavicornis.

G ro u p  III -  it covers m icrosites of above-average value, w ith  the cenosis character
istic of h igh natu ra l quality  and  average species d iversity  or on the opposite: average 
na tu ra l quality  and h igh  species diversity.
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To this g ro u p  of m icrosites belong sam ples num ber 3, 6, 9 and  10 in deflation 
depression  pA; sam ples num ber 1 and  10 in deflation pB; sam ple n u m b er 6 in 
depression  pD  and  sam ples 2 and  3 in dune em bankm ent pC. These a re  m ainly 
ecotonal m icrosites, th inned , s ituated  at the foot of southern  and  no rthern  slopes of 
dunes. They rep resen t either the arid  subvariety  of the coastal coniferous forest, partly  
u n d er shadow  of p ine trees, w ith poor grassy-m ossy-shrubby vegetation  (ms 2, ms 3), 
or the m oist one, also u n d er partial shelter of p ine trees and w ith rich m ossy-shrubby  
u n d erg ro w th  (ms 3 and  ms 4). The source for: Anthobium atrocephalum, Gabrius 
pennatus, Mycetoporus baudueri, Mycetoporus brunneus, Ocypus compressus, Quedius 
molochinus, Tachyporus transversalis and Zyras cognatus.

Group IV -  it covers average m icrosites, w ith their cenosis characteristic o f m o d er
ate na tu ra l quality  and  species diversity.

To this g ro u p  of m icrosites belong sam ples 1, 2 and 8 in depression  pA, sam ples 7 
and  8 in dep ression  pB, sam ples 1 and  9 in pD, sam ple num ber 1 in depression  pE, and  
sam ples 4 and  5 in d u n e  em bankm ent pC. Such m icrosites occur m ainly  in d ried  ele
vated spots of terrain. They represen t the arid  and  typical subvarieties of the coastal 
pine forest -  in m ild hills or dune slopes, or the m oist subvariety  -  in sm all terrain  
depressions (ms 1, ms 2, ms 3 and  ms 4). It is the source for m any species: Anthobium  
atrocephalum, Bolitobius formosus, Evanysthes circellaris, Lathrobium brunnipes, M yce
toporus brunneus, Mycetoporus splendidus, Othius myrmecophilus, Othius punctulatus, 
Sepedophilus immaculatus, Staphylinus erythropterus, Xantholinus longiventris, Xantholinus 
tricolor and  Zoosetha procidua.

Group V -  It includes below -average m icrosites, w ith the cenosis characteristic of 
high or average na tu ra l quality  and poor species diversity  or vice versa: poo r na tu ra l 
quality  and  e ither h igh or average species diversity.

The following microsites belong to this group: sam ple 4 in pA depression, sam ples 4, 
5 and 9 in pB depression, sam ples 3 and  5 in depression pD, sam ple 5 in depression pE, 
and  sam ple 1 in dune  em bankm ent pC. The microsites are situated in central parts of 
depressions and  are loosely connected w ith the coastal coniferous forest. They represen t 
the d issipation stage of the coniferous forest or the arid heather, w ith poor shrubby 
forest floor vegetation or the m arshy birch forest type currently under the process of 
renaturalization -  in the m oist hollow s of the terrain. They characterize also the typical 
subvariety of coastal coniferous forest in m ildly elevated locations or northern  dune 
slopes, partly  u n d er the shelter of pine trees, w ith m ossy-shrubby forest floor vegetation 
(ms 1, ms 2, ms 3 and ms 4). They are the source for: Acidota crenata, Platydracus 
stercorarius, Staphylinus erythropterus, Tachyporus corpulentus and Xanthollinus linearis.

Group VI -  It covers poor value sites, w ith the cenosis characteristic of both low 
natural quality  and  low species diversity.

To this m icrosite g roup  belong sam ples 2 and 3 of depression pB as well as sam ples 
2, 3 and  4 of depression pE.

The microsites, representing edge regions of deflation depressions are typical coastal 
coniferous forest in the stage of dissipation or m arshy birch forest in the stage of rena tu 
ralization. They are under partial shelter and w ith rich m ossy-shrubby vegetation (ms 3).
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They are  the source for: Drusilla canaliculata, Othius myrmecophilus, Platydracus fulvipes, 
Proteinus brachypterus and Staphylinus erythropterus.

Sum m ing up, 7.5% coniferous forest microsites have been included to the m ost valu
able g roup  considering their natural value; 12.5% were identified as valuable ones; 22.5% 
microsites are above average value microsites; 25% w ere considered average value m i
crosites, 20% -  below average and there were as m uch as 12.5% of poor value microsites.

Table 12. Point based valorization of the coastal variety of pine forest of Mierzeja Łebska w ith use of se
lected zooindicative indices -  the exam ple of epigeic communities and subcom munities of staphylinids 
(Coleoptera, Staphylinidae)

For the index of species diversity [FT] and index of 
evenness in

For the index of community natural quality [BL]
3 -  biocenoses characteristic of high natural quality
2 -  biocenoses characteristic of average natural 
quality
1 -  biocenoses characteristic of poor natural quality

For the index of community uniqueness [Sc]
3 -  standard biocenoses
2 -  highly unique biocenoses 
1 -  unique biocenoses
0 -  non-unique biocenoses

3 -  biocenoses characteristic of high species diversity
2 -  biocenoses characteristic of average species diversity
1 -  biocenoses characteristic of low species diversity

General conclusion based on all indices analyzed [O]
6 -  naturally most valuable biocenoses 
5 - naturally valuable biocenoses
4 - biocenoses characteristic of above average natural value
3 - biocenoses characteristic of average natural value
2 - biocenoses characteristic of below average natural value 
1 -  naturally poor biocenoses

Point based valorization of biocenoses
| -f] 1 s 1 ir I / ! o 1 Bc | Sc | H ' | r  1 o

Deflation depression pA Deflation depression pB
Total 2 2 2 2 4 Total 2 1 2 2 3

Sam ple 1 2 1 2 2 3 Sample 1 2 1 2 3 4
Sam ple 2 2 2 2 1 3 Sample 2 1 1 1 1 1
Sam ple 3 2 2 2 2 4 Sample 3 1 1 2 1 1
Sam ple 4 2 3 1 1 2 Sample 4 2 2 1 1 2
Sam ple 5 3 3 3 3 6 Sample 5 1 2 1 2 2
Sam ple 6 2 2 2 2 4 Sample 6 2 1 3 3 4
Sam ple 7 3 3 2 2 5 Sample 7 2 1 2 2 3
Sam ple 8 2 1 2 2 3 Sample 8 2 1 2 2 3
Sam ple 9 2 2 2 2 4 Sample 9 1 0 2 2 2
Sam ple 10 2 3 2 2 4 Sample 10 2 3 2 3 5

Deflation depression pD Deflation depression pE
Total 3 1 3 3 4 Total 1 0 1 1 1

Sam ple 1 2 1 2 3 3 Sample 1 2 1 2 2 3
Sam ple 2 3 2 3 3 5 Sample 2 1 0 1 1 1
Sam ple 3 2 0 2 2 2 Sample 3 1 0 1 1 1
Sam ple 4 2 2 2 3 4 Sample 4 1 0 1 1 1
Sam ple 5 2 0 2 2 2 Sample 5 2 2 1 1 2
Sam ple 6 3 3 2 3 6 Central double dune em bankm ent pC
Sam ple 7 3 3 3 3 6 Total 2 2 2 2 4
Sam ple 8 3 2 3 3 5 Sample 1 1 1 2 2 2
Sam pie 9 2 1 3 2 3 Sample 2 2 2 2 2 4
Sam ple 10 3 2 3 3 5 Sample 3 2 2 2 2 4

Deflation depression pF Sample 4 1 1 2 3 3
T otal | 2 | 1 | 2 | 2 | 3 Sample 5 2 1 2 2 3
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STRESZCZENIE

[Tytuł: W aloryzacja borów  bażynow ych Słow ińskiego Parku  N arodow ego  m etodą 
zooindykacji p rzy  w ykorzystan iu  epigeicznych zg ru p o w ań  kusakow atych  (Coleoptera, 
Staphylinidae)]

I. P rzedstaw iono  w aloryzację przyrodn iczą  borów  bażynow ych z zastosow aniem  
epigeicznych  zg ru p o w ań  kusakow atych. Z aproponow ano  opisanie każdego b ad an e
go zg ru p o w an ia  tym i sam ym i, siedm iom a w skaźnikam i, k tórych w artości będzie 
m ożna po rów nać z opracow anym , dla tego typu  ekosystem u, w zorcem  zg rupow ania  
natu ra lnego .

W aloryzacji dokonano  w ed ług  następującego schem atu:
1. W ybór po ligonu  badaw czego: pozbaw ione antropopresji bory  bażynow e M ierzei 

Łebskiej.
2. Inw entaryzacja  żyw ych zasobów  środow iska:

- opis m ozaikow atości siedliska na podstaw ie  analizy glebowej i fitosocjologicz- 
nej,

- opis epigeicznego zg rupow an ia  kusakow atych siedm iopunk tow ym  testem , na 
k tóry  składają się w skaźniki: u d z ia łu  w  stru k tu rze  dom inacji ga tunków  charak
terystycznych F3 i F32, stabilności N C/ sw oistości Sc, ogólnej różnorodności ga
tunkow ej H', jakości przyrodniczej Bc, heterogenności dynam icznej DHt i p o 
jem ności gatunkow ej siedliska Pc.

2. O szacow anie w artości przyrodniczej żyw ych zasobów  środow iska na podstaw ie  
określenia stopnia atrakcyjności środow iska dla epigeicznego zg rupow an ia  kusa
kow atych. O atrakcyjności środow iska św iadczą uzyskane w artości w skaźników  
opisujących dane zgrupow anie.

3. O pracow anie  w zorca na tu ra lnego  zg rupow an ia  epigeicznych kusakow atych.
II. W zorzec epigeicznego zg rupow an ia  kusakow atych nadm orsk ich  borów  baży

now ych charak teryzuje  się:
1. u dzia łem  w  stru k tu rze  dom inacyjnej zgrupow ania:

- borow ych  gatunków  charak terystycznych  F3>20%
- w szystk ich  gatunków  leśnych F3+p2>60%

2. stopn iem  odkształcenia zg ru p o w an ia  od uk ładu  m odelow ego SC>1
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3. stopn iem  odporności na odkształcenia N c> 1
4. ogólną różnorodnością  gatunkow ą H ’>3,6 p rzy  oczekiwanej w artości m aksym alnej 

=4,7
5. jakością p rzy rodn iczą  zg rupow ania  Bc>5,2 p rzy  oczekiw anej w artości m aksym al

nej =7,2
6. heterogennością  dynam iczną DHf> 1,4 p rzy  oczekiw anej w artości m aksym alnej 

=2,9
7. pojem nością gatunkow ą siedliska Pc>8,5 p rzy  oczekiw anej w artości m aksym alnej 

= 12,8
III. P rzedstaw iono  system  przyrodniczej w aloryzacji ekosystem ów , oparty  na 

czterech w skaźnikach  zooindykacyjnych: sw oistości Sc, jakości przyrodniczej BC/ 
rów nom ierności / '  i ogólnej różnorodności gatunkow ej H'. System em  tym, złożonym  
z 6 klas (dla siedlisk) i 6 g ru p  (dla m ikrosiedlisk) w aloryzacyjnych, sklasyfikow ano 
bory bażynow e M ierzei Łebskiej. W śród sześciu analizow anych nie znaleziono 
biocenoz, k tóre zgodnie  z zastosow aną m etodą m ożna by uznać za przyrodn iczo  
najcenniejsze lub cenne. N ajw yższe w artości p rzyrodnicze jakie uzyskały  
zg ru p o w an ia  d la  dw óch  zagłębień deflacyjnych i jednego w ału  w ydm ow ego, 
pozw oliły  zakw alifikow ać je do klasy p rzyrodn iczo  ponad  przeciętnej. Kolejne 
zg ru p o w an ia  zagłębień  deflacyjnych uzyskały sta tus p rzyrodniczo  przeciętnych (dw a 
zagłębienia) i p rzy rodn iczo  m iernych (jedno zagłębienie). 7,5% z analizow anych  
m ikrosied lisk  borow ych  znalazło się w  g rup ie  p rzyrodniczo  najcenniejszych; 12,5% 
sklasyfikow ano jako cenne; 22,5% jako po n ad  przeciętne, 25% jako przeciętne, 20% 
jako poniżej przeciętne i 12,5% jako m ierne.
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