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A bstract: This m ethodology-oriented  pap er proposes a num ber of new  zooindicative indices assessing 
m icrosite d iversity  based on the m odified Pulliam  theory. The original theory has been m odified so that the 
"source & sink" concept could be used  for the pu rposes of zooindication. In the p resen t paper, the following 
indices are tested on data  regard ing  populations and  com m unities of invertebrates of the coastal variety  of 
Scots pine forest: the share of sources (Uc), sinks (Ur) and  stan d ard  (Us) in the area occupied by the com 
m unity, an index of m icrosite preferences of a species (c$) and  an index of utilization of site heterogeneity  
by a given species fC/). M icrosite diversity  w as also assessed using data regarding the coastal p ine forest of 
M ierzeja Łebska Sand Bar.
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INTRODUCTION

The site is p a r t of the en v iro n m en t an d  it is a com plex of abiotic factors. A site con
sists of a set of clim atic an d  ed ap h ic  (soil-related) cond itions of a g iven  b io tope . A ny 
site m ay  be described  in  term s of clim atic an d  soil cond itions in a g iv en  geog raph ic  
locality. O w in g  to the long  las tin g  influence of the b iocoenosis, a site  rep resen ts  a 
m ore or less d iffe ren tia ted  m osaic  of m icrosites. The deg ree  of h e te ro g en e ity  w ith in  a 
site ind irec tly  reflects the level of com plexity  an d  stab ility  of the fo rest ecosystem , as 
s trong  site h e te ro g en e ity  resu lts  in a m ark ed  com plex ity  of the b iocenosis, w h ich  in 
tu rn  leads to h ig h  ecosystem  stability .
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Z o o in d ica tio n  b ased  on in v erteb ra tes  and  u tiliz ing  the m odified  source  an d  sink  
theory  of P ulliam  is a m e th o d  of assessm en t of m icrosite  d iversity  in forest ecosystem s 
tha t m erits  special a tten tion . P u lliam 's  theory, w hich  o p era tes  a t the p o p u la tio n  level 
of o rg an iza tio n , s ta tes th a t a w ell deve lo p ed  m etap o p u la tio n  source-sink  n e tw o rk  is 
ind isp en sab le  for the d u rab ility  of popu la tio n -b ased  system s (DlAS 1996; H O L T  1985; 
H o l t  et G a i n e s  1992; P u l l i a m  1988; P u l l i a m  &  D a n i e l s o n  1991). For this theo ry  to 
be applicab le  to inverteb rates, tw o  m odifications need to be in troduced:

- in analy ses of co m m u n ity  s tru c tu re , the source an d  sink  th eo ry  n eed s to be a p 
p lied  at the level of co m m unities ra th e r than  single p o p u la tions;

- the in d ica to r u sed  for iden tification  of com m unities is the richness of d istinc tive  
p o p u la tio n s  ra th e r  th an  the rep ro d u c tio n  of in d iv id u a l popu la tio n s.

C o n sequen tly , the  fo llow ing  in te rp re ta tio n  of the site space of p o p u la tio n s  and  
com m unities of in v e rteb ra tes  has been  accepted  in the source-sink  system :

The sou rce-sink  n e tw o rk  estab lished  for a given com m u n ity  sh o u ld  be rela ted  to 
the c o u n te rp a rt m e tap o p u la tio n  n e tw o rk s of characteristic  selective species. In  o ther 
w o rd s, the  existence of a g iven  co m m u n ity  d ep en d s on  the m ain tenance  of all d is tin c 
tive species co n stitu tin g  the com m unity .

Each co m m u n ity  exists w ith in  a b io tope  in  w hich th ree elem ents m ay  be identified : 
the sources, the standard an d  the sinks.

In the con tex t of in v erteb ra tes , the above term s m ay  be defined  as follows:
• Source for a p o p u la tio n  -  the d ev e lo p m en t center of p o p u la tio n s  b e lo n g in g  to the 

ex tended  re p ro d u c tio n  type. It is a ra th er d iversified  en v iro n m en t fo rm ed  a long  a 
g rad ien t of m o istu re , te m p e ra tu re  or fertility, w ith in  the  range of one s ta n d a rd  d ev ia 
tion from  the o p tim u m  value . It is the cen ter of in itia tion  as w ell as m a in ten an ce  of the 
s tab ility  of the p o p u la tio n . It occupies the op tim al areas for the d ev e lo p m en t of the 
p o p u la tio n . D estruction  of the  cen ters resu lts in decay  of the po p u la tio n .

• Source for a co m m u n ity  -  the theoretical center of in itia tion  an d  m ain ten an ce  of 
co m m u n ity  stability . It c o rre sp o n d s  to the centers of the characteristic  exclusive p o p u 
la tions for the co m m u n ity . O nce the sources have been  destro y ed , the co m m u n ity  
u n d erg o es  a transfo rm ation .

• S ink for a p o p u la tio n  -  a m arg ina l range of occurrence of p o p u la tio n s  ch a rac te r
ized  by  the d im in ish ed  rep ro d u c tio n  type. A p o p u la tio n  can only  be m a in ta in ed  u n 
der u n fav o rab le  en v iro n m en ta l cond itions in a sink area thanks to in tensive  im m ig ra 
tion. T hese are  the  b o rd e r zones of the  space of occurrence of a po p u la tio n .

• S ink for a co m m u n ity  -  the theoretical m arg in  of occurrence of a com m unity , 
co rre sp o n d in g  to the ex te rna l o r in ternal ecotones of an  ecosystem . A ssu m in g  th a t 
a forest b iocenosis is the basic  u n it of reference, open  m icrosites con tig u o u s w ith  o ther 
ecosystem s w ill rep re sen t an o th e r m arg in , ap a rt from  the ex ternal ecotones. Such 
sites, too sm all to d ev e lo p  the ir ow n  stabile b iocenoses, will function  as m arg in a l 
en v iro n m en ts  for th a t fo rest biocenosis.

• S tan d a rd  for a co m m u n ity  -  a po ten tia l area of stab le occurrence of the  co m m u 
nity  th a t is n e ith e r its sou rce  n o r sink.

F o llow ing  the above a ssu m p tio n s , tw o com plem en tary  m eth o d s for zoo ind ica tion  
of m icrosite  d iffe ren tia tio n  in forested  ecosystem s have been  deve lo p ed  based  on:
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- C o m m u n itie s  (synecological zooindication);
- P o p u la tio n s  (au toecological zooindication).
Synecological zo o ind ica tion  m akes it possib le to:
• d e te rm in e  the  sh are  of ex trem e m icrosites (source and  sink  h ab ita ts  of 

in v e rteb ra te  com m unities);
• d e te rm in e  w h e th e r a m icrosite  is an  extrem e one.
A utoecological zoo ind ica tion , in tu rn , m akes it possib le  to:
• iden tify  those  m icrosites p re fe rred  by the d is tinc tive  species for the ecosystem  

u n d e r  stu d y ;
• assess u tiliz a tio n  of site he te rogene ity  by  the d is tin c tiv e  species.

THE COLLECTION OF FAUNISTIC MATERIAL

The resu lts be low  p resen ted  are based  on a sam ple  of s taphy lin id s collected into 200 
B arber's traps insta lled  in the coastal p ine forest of the M ierzeja Łebska Sand Bar w ith in  
the S łow iński N ational Park. The em pirical data  w ere  collected over tw o years: from  
July 1996 till July 1998. The s tu d y  covered a total of 40 m icrosites occurring  in deflation 
dep ressions (pA; pB ; pD; pE) an d  in one em bankm ent d u n e  (pC ) (SMOLEŃSKI 2001b: 273, 
Fig. 2). These rep resen t all the subassociations of the coastal p ine  forest type -  the arid , 
the m odera te ly  h u m id  and  the h u m id  one. A total of 4436 beetles be longing  to 117 spe
cies of the fam ily Staphylinidae w ere cap tured . A deta iled  m ethodological descrip tion  
m ay be found  in an  earlier p ap e r by  the p resen t au th o r (SMOLEŃSKI 2001b).

RESULTS

T he source and s in k  theory  as app lied  to in v erteb ra te  com m unities

A ccepting  th a t a s tro n g  he te rogene ity  of an  en v iro n m en t w ith  its source and  sink  
n e tw o rk  en su res  the stab ility  of a com m unity , w e  sh o u ld  consider the p rob lem  of 
w o rk in g  o u t a m easu rab le  form  of assessm ent of the  sh a re  of ex trem e system s, th a t is, 
the sources an d  the sinks of the com m unity . W hat w e are  looking  for is an  an sw er to 
the  questio n  h o w  m an y  m icrosites occupied by the co m m u n ity  is the s ta n d a rd , typical 
of the sim ple  rep ro d u c tio n  type, and  how  m an y  of them  b e long  to the ex trem es, re p 
resen ting  e ith er the ex ten d ed  o r d im in ish ed  type  of rep ro d u ctio n ?

T here is an  earlie r accepted  index th a t m ay serve  as a form al tool capab le  of p ro 
v id in g  an  an sw er (SMOLEŃSKI 2001a): the M argalef [d] index , su p p lied  w ith  ad d itio n a l 
in fo rm ation  on  the ac tua l share  of exclusive characteristic  (=distinctive) species, m ay 
be a reliable m easu re  of the occurrence of sources a n d  sinks. This w ay  one m ay  ob tain  
the coefficient of the distinctive species' share in the com m unity's species richness:

d f  = ^JdF 2 (fo rm ula 1), w here:

F3 -  Per cen t sh a re  of d istinc tive  species (SZUJECKI 1983) in the d o m in an ce  s tru c tu re  of 
the co m m u n ity  (com pare SMOLEŃSKI 2001a), 

d -  actual v a lu e  of the  M argalef index of species richness for the en tire  com m unity :
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S — 1d = -------------  (form ula 2), w here:
log N

S -n u m b e r  of species in the com m unity ,
N  -  to tal n u m b er of in d iv id u a ls .

It is reasonable to assum e that the standard  -  representing  the average system  -  should  
be m ain tained  w ith in  the s tan d ard  deviation of the d f  coefficient, and  that both its sources 
and  sinks are ou t of its reach. The sources are associated w ith  som e overproduction , w ith  
the su rp lus then relocated to the area of the standard  and, above all, the sinks. If this as
sum ption  is accepted, then for a system  to be stable there m ust be m ore sources than sinks, 
to m ake up  for the loss. The approxim ative relationship betw een the sources and  sinks 
m ay be estim ated u n d e r the assum ption  that sources have the highest values of the d f 
coefficient, w hile sinks are characterized by the low est values of this param eter.

If so, the site occup ied  by  a com m u n ity  m ay  be genera lly  d escribed  as follows:
• The s ta n d a rd  of co m m u n ity  occurrence -  the m icrosite  of average  p resence of a 

co m m unity , w ith in  a sing le  s ta n d a rd  d ev ia tion  from  the va lue  of the coefficient d f  of 
the sh are  of d istinc tive  species in the co m m u n ity 's  species richness;

• The source  of co m m u n ity  occurrence -  the m icrosite  w ith  the h ighest sh a re  of 
d istinc tive  species in the co m m u n ity  species richness (as expressed  by the coefficient 
d f) , the d ifference bein g  g rea te r than  one s ta n d a rd  dev ia tio n  from  the d f  value;

• The sink  of a co m m u n ity  occurrence -  the m icrosite  w ith  the low est share  of d is 
tinctive species in the co m m u n ity  species richness, the d ifference being  g rea te r than  
one s ta n d a rd  dev ia tio n  from  the df value.

F o llow ing  the above descrip tio n , three new  ind ices are  p roposed :

The share of the sources w ith in  the area occupied by the community:
r '

Uc = 200 — \%] (fo rm ula 3), w here:
R

f  = an d  r -  n u m b e r of fth  sam ples (m icrosites) fulfilling the condition:
d f  > (df+(j); R -  to tal n u m b e r of sam ples, 

d f  -  ac tual va lue  of the coefficient of the share  of d istinc tive  species in the co m m u 
n ity 's  species richness for the f-th  sam ple  (cf. fo rm ula  1), 

d f  -  expected  va lue  of the  coefficient of the  share  of d istinc tive  species in the co m m u 
n ity 's  species richness (cf. fo rm ula  1) expressed  as arithm etical (or w eigh ted ) av 
erage  based  on all sam ples, 

cj -  s ta n d a rd  dev ia tio n  of the coefficient of the sh are  of d istinc tive  species in the 
co m m u n ity 's  species richness (d f.

The share of the sinks w ith in  the area occupied by the community:

Up = lOOn — [%] (fo rm ula 4), w here:
R

r" -  and  r" -  n u m b er of jth  sam ples (m icrosites) fulfilling the condition:
d f  < (df-o).

For o th e r sym bols see above.

http://rcin.org.pl



Microsite diversity assessment 105

The share of the standard w ithin the area occupied by the community:

Us = 100 -  (Uc+Up) [%] (form ula 5), w here:

U c~  the  sh a re  of the  sources w ith in  the area  occupied  by the co m m u n ity  (form ula 3), 
Up -  the  sh a re  of the sinks w ith in  the area occupied by  the co m m u n ity  (form ula 4).

U sing  em pirica l d a ta  from  an earlie r p ap e r by  the p re sen t a u th o r (SMOLEŃSKI 
2001b), the  fo llow ing  resu lts are  ob ta in ed  for the coastal p in e  forest s tap h y lin id  com 
m u n itie s  occupy ing  a total of five research  p lo ts (dune em b an k m en t pC  and  defla tion  
basin s pA , pB, pD, pE ): g iven the a rithm etic  average d f =18.76 an d  s ta n d a rd  dev ia tion  
cr =5.08, the expected  d f  values for the epigeic stap h y lin id  co m m unities of the coastal 
p ine  fo rest are  w ith in  the range 13.68^-23.84.

T hus, of the total of 40 sam ples, the fo llow ing  w ere o u ts id e  the s ta n d a rd  deviation:
- 8 sam p les  above d f  +<7 ,
- 7 sam p les  below  d f -cr.
C o n sequen tly , the respective shares of the s tan d ard s , sources an d  sinks w ith in  the 

area occup ied  by  the coastal p ine  forest s tap h y lin id  com m unities are:
Us = 62.5%, lie  = 20.0%, Up = 17.5%;

The m eth o d  p ro p o sed  in this p a p e r  enables e s tim ation  of the actual share  of 
ex trem e m icrosites (sources an d  sinks) w ith in  the area occupied  by  a co m m unity  of 
inverteb ra tes . It also m akes it possib le  to p in p o in t those sam ples w hich  resem ble 
ex trem e m icrosites by  v irtue  of the ir characteristics (Table 1). The m eth o d , how ever, 
canno t estab lish  w ith  abso lu te  certa in ty  w h e th e r a g iven sam ple  rep resen ts  the source 
or the sink  for the  com m unity .

Table 1. N atural param eters of the hypothetical sources and sinks of epigeic staphylin id  (Coleoptera: 
Slaphylinidae) com m unities in coastal pine forests: pA, pB, pC, pD, pE -  research plots; 1, 2, ..., 10 -  sam ple 
num ber, ms -  m icrosite types characteristic of a given distinctive species (species characteristic of and  
exclusive for subassociations of the Scots pine forest): ms 1 -  the extrem ely arid  type, ms 2 -  the arid  type, ms 
3 -  the m oderately  hum id type, ms 4 -  the hum id type. Data from SMOLEŃSKI 2001b.

Sample
num ber Location

Subassocia
tion of the 

coastal pine 
forest

Forest stand
H erba
ceous

vegetation

M icrosite
type

Sources of com m unity occurrence

pA 4 Arid patch in central part of depres
sion, occurrence source for: Platydra- 
cus stercorarius

A rid heather 
-  heath

Fully open area Poor
shrubby

ms 1
extremely
arid

pA 5 Arid patch in central part of depres
sion, occurrence source for: Othius 
myrmecophilus and Zyras laticollis

Typical -  
initial stage

Pine, 40 yrs old, 
4 m high, loose 
crow n closure

Poor 
m ossy -  
grassy

ms 2 
arid

pA 6 H um id  basin in central part of de
pression, occurrence source for: 
Quedius molochinus and  Zyras cogna- 
tus

H um id -  
initial stage

Pine, 40 yrs old,
4 m  high, m oder
ate crown closure

Rich 
m ossy -  
sh rubby

ms 4 
hum id

pA 7 Patch in central p a rt of depression, 
occurrence source for: Lamprinodes 
saginatus

Typical Pine, 60 yrs old, 
6 m high, loose 
crow n closure

Poor 
m ossy -  
sh rubby

ms 2 
arid
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pD  6 Elevated belt in central p art of 
depression , occurrence source for: 
Stenus impressus

Typical Pine, 45 yrs old, 
9 m  high, m od
erate crow n 
closure

M ossy -  
shrubby

ms 3
m oderate
ly hum id

pD 7 H um id basin in central p a rt of 
depression , occurrence source for: 
Boli-tobius formosus and  Othius 
mynnecophilus

Hum id Pine, 45 yrs old, 
9 m  high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 4 
hum id

pD  8 E levated belt in southern  p art of 
depression, occurrence source for: 
Mycetoporus rufescens, Oxypoda 
procerula, Sepcdophilus marshami and 
Stenus clavicornis

Typical Pine, 45 yrs old, 
9 m  high, m od
erate crow n 
closure

M ossy -  
shrubby

ms 3
m oderate
ly hum id

pDlO H um id basin a t northern  foothill of 
m ild slope of grey d une  at the 
southern  edge of depression, occur
rence source for: Lathrobium brun- 
nipes, Mycetoporus clavicornis, M. 
rufescens and  Rugilus rufipes

H um id Pine, 45 yrs old, 
9 m high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 4 
hum id

Sinks of com m unity occurrence

pB 2 Basin at sou thern  foothill of w hite 
d une  in no rthern  part of depression, 
occurrence source for: Proteinus 
brachypterus and  Stnpliylinus 
en/thropterus

Typical Pine, 140 yrs old, 
15 m high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 3
m oderate
ly hum id

pB 3 Basin at southern foothill of white 
dune in northern part of depression, 
occurrence source for: Staphylinus 
en/thropterus

Typical Pine, 80 yrs old, 
10 m high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 3
m odera te- 
ly hum id

pB 9 Basin a t northern  foothill of dune 
em bankm ent in southern part of 
depression, occurrence source for: 
Acidota crenata

Typical Pine, 80 yrs old, 
10 m high, loose 
crow n closure

Rich 
m ossy -  
sh rubby

ms 3
m oderate
ly hum id

pC 4 Southern ridge of double dune  em 
bankm ent, occurrence source for: 
Othius punctulatus and Xantholinus 
tricolor

Arid Pine, 100 yrs old, 
14 m high, loose 
crow n closure

Poor 
m ossy -  
grassy

ms 2 
arid

pE 2 Elevated belt a t southern  foothill of 
w hite em bankm ent dune, in n o rth 
ern p a rt of depression, occurrence 
source for: Drusilla canaliculata

Typical with 
elem ents of 
Leucobryo -  
Pinetum

Pine, 130 yrs old, 
20 m high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 3
m oderate
ly hum id

pE 3 Elevated belt in northern part of 
depression, occurrence source for: 
Othius mynnecophilus

Typical w ith 
elem ents of 
Leucobryo -  
Pinetum

Pine, 130 yrs old, 
20 m  high, loose 
crow n closure

Rich 
m ossy -  
shrubby

ms 3
m oderate
ly hum id

p E \ Basin in northern  part of depres
sion, occurrence source for: Platy- 
dracus fulvipes

Typical w ith 
elem ents of 
Leucobryo -  
Pinetum

Pine, 130 yrs old, 
20 m high, loose 
crow n closure

Rich 
m ossy -  
sh rubby

ms 3
m oderate
ly hum id
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T he source and  sin k  theory  as ap p lied  to invertebrate  popu la tio n s

A co m p reh en siv e  a ssessm en t of m icrosite  d ifferen tia tion  based  on  au toecological 
zo o in d ica tio n  m u s t beg in  by  d e te rm in in g  the m icrosite  preferences of the  exclusive 
ch aracteristic  species of the ecosystem .

To ach ieve this, the ex trem e m icrosites for particu la r species have  to be iden tified  
u sin g  the fo llow ing  three characteristics (SMOLEŃSKI 2001a):
• species ab u n d an ce  (n u m b er of ind iv iduals);
• sh are  of the species in  the co m m u n ity 's  d o m inance  structu re ;
• the m ax im u m  sh are  of the  species in  the dom inance  s tru c tu re  of the com m unity .

A nalyses of m icrosite  p references are .feasible only for species occu rring  frequen tly  
an d  w ith  considerab le  constancy  at the ir site. W hen the sam ple  consists of in d iv id u a ls  
c a p tu re d  in to  B arber's  p itfa ll traps, analyses m ay  only concern  epigeic species, d u e  to 
their h ig h  trapab ility .

By co m bin ing  these th ree  characteristics (abundance, m ax im um  d o m in an ce  an d  ac
tual d o m in an ce  of a species), it is possib le  to quan tify  d a ta  on a species ' p references 
w ith  reg a rd  to m icrosites, u sin g  the index of a species' microsite preferences:

cs =  -ŻL  (form ula 6), w here:
I fll (max)

I 2
I/d = L  -  the coefficient of d o m in an ce  of a species in j- th  sam ple  (m icrosite),

P ,
Ifd(max) -  the h ig h est reco rded  va lue  of the coefficient of dom inance  of the species in 

all sam p les (R ), 
rij -  n u m b e r  of in d iv id u a ls  of the species in the j- th  sam ple,
Nj -  to tal n u m b er of in d iv id u a ls  in the j- th  sam ple.

V alues of the index  cs of species m icrosite  preferences m ay range from  0 to 1. A p 
p lication  of the s ta n d a rd  n o rm al d is trib u tio n  y ields the fo llow ing conclusions:

- w h e n  cs>0.85, the p o p u la tio n  occupies the source region;
- w h e n  0.85>cs>0.15 the p o p u la tio n  occupies the s tan d a rd  region;
- w h en  cs<0.15 the p o p u la tio n  occupies the sink  area of its range.

The zoo ind ica tion  p ro ced u re  p resen ted  above m ay  be illu stra ted  u s in g  em pirical 
d a ta  collected earlier by  the  au th o r (SMOLEŃSKI 2001b) an d  concerned  w ith  epigeic 
s tap h y lin id  com m unities of the coastal p in e  forest. W hen da ta  from  the five ex p eri
m enta l p lo ts  (the d u n e  em b an k m en t pC an d  defla tion  basins pA, pB, pD, pE) are u sed  
in fo rm ula  6, the fo llow ing  resu lts  are obtained:

It w as possib le  to d e te rm in e  the p re fe rred  m icrosites of 36 a b u n d a n t species of 
epigeic s tap h y lin id s  (Table 2). 72.5% of the ir site  range belongs to the sources.

15 species w ere  classified  as characteristic  of the coniferous forest w ith  w ell- 
defined  m icrosite  p references (Table 2). 37.5% of their site space w as iden tified  as 
sources.
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Table 2. O ccurrence sources for 36 m ost frequently occurring species; m icrosite types: ms 1 -  the extrem ely 
arid type, ms 2 -  the arid  type, ms 3 -  the m oderately hum id  type, ms 4 -  the hum id  type. The data  w ere 
d raw n  from  an earlier p ap er by the p resen t au thor (SMOLEŃSKI 2001b)

Research plots
No. Species pA pB pC pD pE

Sam ple num ber /  M icrosite type
1 Acidota crenata 9 /  ms 3
2 Anthobium athrocephalum 1 /  ms 3 3 /  ms 3
3 Bolitobius formosus 1 /  ms 2 

7 / m s  4 
9 / m s  4

4 Dmsilla canalicidata 2 /  ms 3
5 Evanystes circellar is 5 /  ms 1
6 Gabrius pennatus 3 /  ms 4
7 Lamprinodes saginatus 7 /  ms 2
8 Lathrobium brunnipes 9 / m s  4 

1 0 / m s  4
9 Mycetoporus baudueri 9 /m s  2
10 M. brunneus 2 /  ms 3 

9 /  ms 2
11 M. clavicornis 1 0 /m s  4
12 M. rufescens 8 /  ms 3 

1 0 /  ms 4
13 M. splendidus 2 /  ms 3
14 Ocypits copressus 2 /  ms 2
15 Olophrum piceum 2 /  ms 4
16 Othius myrmecophilus 5 /m s  2 8 /m s  4 7 /  ms 4 3 /  ms 3
17 O. punctulatus 4 /m s  2
18 Oxypoda procernla 8 /  ms 3
19 Platydracus fulvipes 4 /  ms 3
20 P. stercorarius 4 /  ms I
21 Proteinus brachypterus 2 / m s  3
22 Quedius molochinus 6 /  ms 4
23 Rugilus rufipes 10 /  ms 4
24 Sepedopliilus immaculatus 8 /m s  4
25 S. marshami 8 /  ms 3
26 Staphylinus erythropterus 2 /  ms 3 2 /  ms 3

3 /m s  3
4 /m s  3

5 /  ms 4

27 Stenns clavicornis 8 /  ms 3
28 S. impressus 6 /m s  3
29 Tachyporus corpulentus 5 /m s  2
30 T. transversalis 3 /m s  4
31 Xantholinus linearis 5 /m s  2
32 X. longiventris 5 /m s  1
33 X. tricolor 4 /m s  2
34 Zoosetha procidua 5 /  ?»s 1
35 Zyras cognatus 6 /  ms 4
36 Z. laticollis 5 /  ms 2
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The sources of the species m ay be described using the zooindication m ethod  (Table 3):
- Evanystes circellaris, Lmnprinodes saginatus, Tachyporus corpulentus an d  Zoosetha 

procidua p re fe r arid  or ex trem ely  a rid  m icrosites (sam ple 7 in d e fla tion  basin  pA , sam 
p le  5 in the d u n e  em b an k m en t pC  and  sam ple  5 in the basin  pD );

- Mycetoporus baudueri an d  Platydracus stercorarius p re fe r arid  ty p e  sites (sam ples 4 
a n d  9 in defla tion  basin  pA);

- Bolitobius formosus, Lathrobium brunnipes, Mycetoporus clavicornis, Mycetoporus 
rufescens, O thius myrmecophilus, Sepedophilus immaculatus an d  Sepedophilus marshami 
p re fe r m o d era te ly  h u m id  m icrosites (sam ple 5 in basin  pA, sam ple  8 in basin  pB, and  
sam p les  1 ,7 , 8 , 9 and  10 in  b asin  pD , as w ell as sam ple  3 in basin  pE );

- Quedius molochinus an d  Tachyporus trnnsversalis p re fe r h u m id  m icrosites (sam ples 
3 an d  6 in  the basin  pA).

Table 3. V aluation of coastal pine forest m icrosites as sources for epigeic staphylin ids (Coleoptcra: Staphylini- 
dae) using the zooindication m ethod. Data from an earlier paper by the presen t au th o r (SMOLEŃSKI 2001b)

No. of 
sam ple

Location Subassocia
tion of the 

coastal pine 
forest

Forest stand H erbaceous
vegetation

M icrosite
type

Extrem ely arid  microsites -  sources for epigeic staphylinids
pA 7 Patch in central p art of 

depression,
Typical Pine, 60 yrs old, 6 m high, 

loose crown closure
Poor m ossy -  
shrubby

ms 2 
arid

pC 5 Southern slope of double 
em bankm ent dune

Gray dune O pen area partly  shad
ow ed from the south

Poor Psam - 
m ophilous 
vegetation

ms 2
extrem ely
arid

pD  5 Elevated belt in central 
part of depression

Typical Pine, 80 yrs old, 12 m 
high, loose crow n closure

Poor m ossy - 
shrubby

ms 2 
arid

A rid m icrosites -  sources for epigeic staphylin ids
pA 4 A rid patch in central p a rt 

of depression
Arid
heather -  
heath

Fully open area Poor
shrubby

ms 1
extrem ely
arid

pA 9 Foothill of northern  slope 
of em bankm ent dune  at 
the sou thern  edge of 
depression

Arid Pine, 60 yrs old, 6 m high, 
m oderate crow n closure

Poor m ossy - 
shrubby

ms 2 
arid

M oderately hum id  microsites -  sources for epigeic staphylin ids
pA 5 A rid patch in central p a rt 

of depression
Typical -  
initial stage

Pine, 40 yrs old, 4 nr 
high, loose crow n closure

Poor m ossy -  
grassy

ms 2 
arid

pB 8 H um id  basin in southern  
part of depression

H um id Pine, 80 yrs old, 10 nr 
high, loose crow n closure

Rich m ossy- 
shrubby

ms 4 
hum id

pD  1 Foothill of southern  slope 
of double em bankm ent 
dune, edge of coastal pine 
forest at northern  edge of 
depression

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

Poor g rassy - 
shrubby

ms 2 
arid

pD 7 H um id  basin in central 
p a rt of depression

H um id Pine, 45 yrs old, 9 m 
high, loose crow n closure

Rich m ossy -  
shrubby

ms 4 
hum id

pD  8 E levated belt in southern  
p a rt of depression

Typical Pine, 45 yrs old, 9 m high, 
m oderate crow n closure

Mossy -  
shrubby

ms 3
m odeately
hum id
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pD 9 H um id  basin a t northern  
foothill of gray dune, 
sou thern  part of d ep res
sion

H um id Pine, 45 yrs old, 9 m  high, 
m oderate  crown closure

Rich m ossy- 
shrubby

ms 4 
hum id

pDIO H um id  basin at northern  
foothill of m ild slope of 
grey d une  at the sou thern  
edge of depression

H um id Pine, 45 yrs old, 9 m  high, 
loose crow n closure

Rich m ossy -  
shrubby

ms 4 
hum id

pE 3 E levated belt in northern  
p art of depression

Typical w ith 
elem ents of 
Leucobryo -  
Pinetum

Pine, 130 yrs old, 20 m 
high, loose crow n closure

Rich m ossy -  
sh rubby

ms 3 
m oder- 
a te-ly  
hum id

H um id  m icrosites -  sources for epigeic staphylin ids
pA  3 H um id  basin in northern  

part of depression
H um id
h eath er-
heath

Fully open area Rich m ossy ms 4 
hum id

pA 6 H um id  basin in central 
part of depression

H um id  ■ 
initial stage

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

Rich m ossy -  
sh rubby

ms 4 
hum id

The next s tep  in the au teco logical zoo ind ica tion  p ro ced u re  assessing  m icrosite  dif- 
iferentiation is:

E stim ation of the d eg ree  of u tiliza tion  of the system  of ac tual site d ifferen tia tion  by  
in d iv id u a l species, u sin g  the index of site heterogeneity utilization by a species:

2 | c ,
Cs' = -----------------  (form ula 7), w here:

R
CSj -  index of a species' m icrosite  p references in the  y'-th sam p le  (m icrosite) (form ula 6), 
R -  n um ber of sam ples (m icrosites).

This index p rov ides a q u an tita tiv e  m easu re  of the d eg ree  of sa tu ra tio n  of the site 
w ith  the p o p u la tio n  of a g iven  species (SMOLEŃSKI 2001a). If the range of a stable 
p op u la tio n  ex tends over a m osaic of m icrosites, the m icrosites v a lu a ted  as sinks by a 
given species m ust a t least be offset by  those v a lu a ted  as sources. G iven the above 
a ssum ption , the m odel stab le  p o p u la tio n  is characterized  by  a n o rm al d is trib u tio n  
curve of m icrosite  p re fe rences over the  w h o le  of its coenosis, so th a t the value  of the 
Cs' index is 1.

W hen CS'>1, the m icrosite  m osaic is m o re-th an -av erag e  favourab le  for the p o p u la 
tion. The sources of the  p o p u la tio n  p rev a il w ith in  the site.

If l> C /> 0 .3  the d eg ree  of p reference  of the p o p u la tio n  to w ard s the m icrosite  m o 
saic shou ld  be reg a rd ed  as m ore  or less average. The sources a re  ba lanced  by  the 
sinks.

W hen C/<0.3, the p o p u la tio n  o b v iously  does no t p re fe r the site  m osaic available. 
The sinks of the  p o p u la tio n  p rev a il w ith in  the  site.

U sing d a ta  reg a rd in g  the epigeic  s tap h y lin id  com m unities of the coastal p ine  for
est, the fo llow ing resu lts  (Table 4) w ere  ob ta in ed  after the em pirical d a ta  w ere  app lied
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to  fo rm ula  7; the d a ta  o rig inally  cam e from  five research  p lots: a d u n e  em b an k m en t 
pC  a n d  fo u r defla tion  basin s pA, pB, pD, pE, (SMOLEŃSKI 2001b):

1. O u t of a total of 117 species cau g h t into B arber's traps, on ly  20 species reached  
the av e rag e  va lu e  range of the index  of site h e te rogene ity  u tiliza tion  (0.3<CS'<1); n o n e  
of them  reached  the above-average  level (CS'>1) -  see also last co lum n  of Table 4.

2. 7 species, be longed  to the g ro u p  of d istinc tive  (=exclusive characteristic) spo- 
cies, 9 be longed  to the g ro u p  of preferencial characteristic  species an d  only  4 w ere  
classified  as eu ry to p ic  species (accord ing  the fidelity  class of species g iven  by  SZUJECKI 

1983). T hese d a te  su g g est a ra th e r h igh  degree  of u n iq u en ess  of the coastal p ine  forest.
3. The h ig h es t index va lues w ere  recorded  for th ree  eu zo o p h ag o u s  species: Othius 

myrmecophilus, Bolitobius formosus (d istinctive species) and  Staphylinus erythroptcrus, 
an d  one p a razo o p h ag o u s  species Acidota crenata (preferencial characteristic  species).

4. The index of site he terogeneity  utilization  w as h igher than 1 in the deflation  basin  
pD  for Othius myrmecophilus an d  Xnntholinus linearis and  in the defla tion  basin  pE for 
Drusilla canaliculata, Othius myrmecophilus and  Platydracus fulvipes. These resu lts suggest 
that the  sites m entioned  above favour the listed species.

5. The la rgest n u m b er of species w ith  at least average  va lu es  of the Cs' index  oc
cu rred  in pA  basin  (19 species), the n u m b er being  sm allest in pE (10 species).

6. O n ly  Acidota crenata reached  a t least average  v alues of the index  of site  h e te ro 
g eneity  u tiliza tio n  in all research  plots.

7. Anthobium  atrocephalum, Bolitobius formosus, Othius myrmecophilus, Staphylinus 
erythroptcrus an d  Xantholinus longiventris u n fav o u rab ly  v a lu a ted  on ly  one  p lo t each.

8. Drusilla canaliculata, Lamprinodes saginatus, Mycetoporus rufescens, Mycetoporus 
splendidus, Olophrum piceum, Sepedophilus marshami, Xantholinus linearis and  Xantholinus 
tricolor -  these species u n favourab ly  valuated  tw o p lo ts each.

9. Mycetoporus brunneus, Mycetoporus clavicornis, Oxypoda procerula, Stenus clavicor- 
nis, Stenus impressus, Tachyporus corpulentus u n fav o u rab ly  v a lu a ted  th ree p lo ts each.

10. The m icrosite  w hich  w as u n fav o u rab ly  v a lu a ted  m ost freq u en tly  w as defla tion  
basin  p, w h ich  h ad  a tran sito ry  character of the  basin , s itu a ted  b e tw een  Empetro nigri- 
Pinetum, Leucobryo-Pinetum  an d  Betuletum pubescentis. The defla tion  basin  pD  w as u n 
fav o u rab ly  v a lu a ted  the least frequently . The above resu lts  m ay  be in te rp re ted  as re 
vealing  the least favourab le  an d  the m ost favou rab le  sites for the p o p u la tio n s  of conif
e rous characteristic  species, respectively .

The m eth o d  also enab les assessm en t and  iden tifica tion  of the p lo t w h ich  w as m ost 
efficiently  u tilized  by  p a rticu la r p o p u la tions. As an  exam ple  (Table 4):
- For Tachyporus transversalis, an  exclusive characteristic  species (hem izoophage, 

p re fe rrin g  m icrosites of the h u m id  type) the m ost ad v an tag eo u s  co n d itio n s w ere  
fou n d  in the  defla tion  basin  pA.

- For Zoosetha procidua, an  exclusive characteristic  species (hem izoophage, p re fe rrin g  
m icrosites of the a rid  type) the m ost a d v an tag eo u s  cond itions w ere  found  in the 
so u th e rn  slopes of the d u n e  em b an k m en t pC.

- For Tachyporus corpulentus, an  exclusive characteristic  species (hem izoophage , p re 
ferring  m icrosites of the a rid  type) the m ost a d v an tag eo u s  co n d itions w ere  found  
in the defla tion  basin  pD, an d  then  in the pA  basin .
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Table 4. The index C ' of site heterogeneity  utilization for 36 m ost frequent staphylin id  species (Coleoptera: 
Staphylinidae); pA, pB, pC, pD, pE -research  plots, ms -  m icrosite types characteristic of a given d istinctive 
species of the Scots pine forest type: ms 1 -  the extrem ely arid type, ms 2 -  the arid  type, ms 3 -  the m oder
ately h u m id  type, ms 4 -  the hum id  type. The data w ere d raw n from SMOLEŃSKI (2001b.)

No. Species ms PA pB pC pD pE Total

1 Acidota creiwta - 0.58 0.76 0.44 0.70 0.50 0.62
2 Anthobium athrocephalum - 0.46 0.40 0.34 0.50 0 0.38
3 Bolitobiusformosus ms 3 0.86 0.48 0.94 0.96 0.28 0.72
4 Drusilla canaliculata 0.12 0.32 0.13 0.36 1.04 0.34
5 Evanystes circellaris ms 2 0.24 0.20 0.86 0.20 0.12 0.28
6 Cabrius pennatus - 0.24 0 0 0 0 0.06
7 Lamprinodes saginatus ms 1 0.32 0.16 0.14 0.44 0.30 0.30
8 Lathrobium brunnipes ms 3 0.34 0.06 0 0.70 0 0.28
9 Mycetoporus baudueri ms 3 0.42 0.04 0.56 0.10 0 0.20
10 M .brunneus ms 3 0.86 0.14 0.54 0.22 0.08 0.38
11 M. clavicornis tns 3 0.68 0.14 0.10 0.70 0.14 0.40
12 M. rufescens 0.28 0.34 0.22 0.92 0.36 0.46
13 M. spletididus 0.72 0.34 0.38 0.12 0.06 0.34
14 Ocypus copressus 0.08 0.08 0.76 0 0 0.14
15 Olophrum piceum 0.26 0.36 0 0.48 0.60 0.34
16 Othius myrmecophilus ms 3 0.66 0.76 0.18 1.08 1.44 0.82
17 O. punctulatus 0.04 0.02 0.68 0.06 0.20 0.14
18 Oxypoda proccrula 0.40 0.04 0 0.78 0 0.30
19 Platydracus fulvipes 0 0 0.24 0 1.06 0.16
20 P. stercorarius ms 3 0.26 0.02 0.02 0.12 0 0.10
21 Proteinus brachypterus 0.18 0.54 0.18 0 0 0.20
22 Quedius molochinus ms 3 0.54 0.28 0.04 0.18 0 0.26
23 Rugilus rufipes 0.08 0.04 0.08 0.38 0 0.14
24 Sepedophilus immaculatus ms 3 0.10 0.68 0.18 0.02 0.44 0.28
25 S. marshami ms 3 0.28 0.22 0.32 0.76 0.38 0.40
26 Stapliylinus erytliropterus 0.72 1.00 0.52 0.06 0.94 0.62
27 Sten us clavicornis - 0.16 0.30 0.10 0.64 0.04 0.30
28 S. impressus 0.42 0.12 0.10 0.56 0.12 0.30
29 Tachyporus corpulent us ms 1 0.44 0.22 0 0.56 0.26 0.34
30 T. transversalis ms 4 0.38 0 0 0.06 0 0.10
31 Xantholinus linearis - 0.34 0.18 0.40 1.10 0.02 0.48
32 X. longiventris 0.32 0.40 0.52 0.56 0.16 0.40
33 X. tricolor 0.36 0.72 0.60 0 0 0.34
34 Zoosetha procidua ms 2 0.10 0.04 0.40 0.02 0 0.10
35 Zyras cognatus 0.24 0.06 0 0.14 0 0.10
36 Z. laticollis - 0.22 0.06 0 0.24 0 0.14

GENERAL CONCLUSIONS

1. A co m p reh en siv e  assessm en t of site he te rogene ity  is possib le  in bo th  synecological 
an d  au tecological zoo ind ica tion , thanks to the app lica tion  of the m odified  Pu lliam  
th eo ry  of source  and  sink.

2. The m eth o d  of synecological zoo ind ica tion  p ro p o sed  in this p a p e r allow s for d e 
te rm in a tio n  of m icrosite  d ifferen tia tion  of forest ecosystem s th rough :
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A. D e te rm in a tio n  of shares of extrem e m icrosites, the sources an d  sinks of in v e rte 
b ra te  com m unities;
B. Iden tifica tion  of sources and  sinks am ong  specific sets of m icrosites,
C. D escrip tion  of the ir n a tu ra l param eters .

3. The p ro p o se d  m eth o d  of autoecological zoo indication  de te rm ines m icrosite  d iffer
en tia tio n  of forest ecosystem s through:
A. Iden tifica tion  of p o p u la tio n  sources for particu la r species;
B. D escrip tion  of the ir n a tu ra l param eters ;
C. A ssessm ent of the degree of u tilization  of site heterogeneity  by p a rticu la r species.

4. The resu lts  of synecological zooindication:
A. T he ecosystem s of the coastal p ine  forest dsecribed  in this p a p e r  are:

- C o n sid e rab ly  d iffe ren tia ted  in te rm s of m icrosite m ake-up , as in d ica ted  by  a 
n early  40% sh are  of ex trem e sites;

- Stable, as ind ica ted  b y  a prevalence  of sources.
B. The spatial pa tte rn  and  natural param eters of the microsites identified as potential 

sources supp ly  a m odel for bio-intervention in degraded  coniferous ecosystem s.
5. The resu lts  of au toecological zooindication:

A. The ecosystem s of the coastal p ine  forest s tu d ied  in  this p a p e r are  characterised  
by  a h ig h  deg ree  of u n iqueness.

B. T he spa tia l p a tte rn  and  n a tu ra l pa ram ete rs  of the m icrosites iden tified  as 
sou rces of coniferous characteristic  species su p p lem en t the m odel u sed  in b io 
in te rv en tio n  efforts in d eg rad ed  coniferous ecosystem s.

C. T he d e te rm in a tio n  of species fidelity  in the coastal p ine  forest is u sefu l for a s
sessing  the ir zoo ind ica tion  value.

D. The iden tifica tion  of sites favoring  the characteristic  con iferous species to a 
g rea te r-th an -av erag e  deg ree  is usefu l in the p lan n in g  of form s of p ro tec tio n  of 
p a r tic u la r  sites of the coniferous ecosystem .

E. T he resu lts  of v a lu a tio n  based  on the phy to in d ica tio n  m ethod  (the last co lum n 
of T able 3) are  only  p artia lly  consisten t w ith  those ob ta ined  via zo o ind ica tion  
assessm en t. This p ro v es th a t the tw o  techniques: p h y to in d ica tio n  an d  zo o in d i
cation , are  co m p lem en tary  and  in o rd e r to fully v a lu a te  n a tu ra l h ab ita ts  bo th  
need  to be  a p p lied  jointly.
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STRESZCZENIE

[Tytuł: O cena z ró żn ico w an ia  m ik rosied liskow ego  nadm o rsk ich  bo rów  bażynow ych: 
za s to so w a n ie  teo rii źród ło-u jście  na poziom ie  populacji i zg ru p o w an ia  ep igeicznych  
k u sa k o w a ty c h  (Coleoptera, Staphylinidae)]

P raca  s tan o w i o ryg ina lną  p ropozycję  m etodyczną oceny z różn icow an ia  m ik rosie
d lisk o w eg o  ek o sy stem ó w  leśnych w  oparc iu  o zm odyfikow aną  teorię Pulliam a. P ro 
pozyc ja  ta o p a rta  jest na now ych  w skaźn ik ach  zooindykacyjnych , tj.:

- u d z ia ł  ź ró d e ł (Uc), ujść (Up) i tła (Us) na obszarze w y stęp o w an ia  zg ru p o w an ia ,
- w sk a ź n ik  preferencji m ik rosied liskow ych  g a tu n k u  cS/
- w sk a ź n ik  w y k o rzy stan ia  p rzez  g a tu n ek  heterogenności s ied liska Cs'.
M e to d a  w alo ryzacy jna  w y k o rzy stu je  zg ru p o w an ia  i popu lacje  bezkręgow ców ,

o p e ru jąc  zoo indykacją  syneko log iczną  i au toekologiczną jednocześnie.
M e to d a  zoo indykacji synekologicznej określa z różn icow anie  m ik rosied liskow e 

ek o sy s tem ó w  leśnych  poprzez:
- za liczen ie  k o n k re tn y ch  m ik rosied lisk  do  ekstrem alnych ,
- u s ta le n ie  u d z ia łó w  m ik rosied lisk  ekstrem alnych  (źródeł i ujść),
- o p isa n ie  ich p a ram e tró w  p rzy rodn iczych .
N a to m ia s t m e to d a  zooindykacji au toekologicznej określa z różn icow anie  m ik rosie

d lisk o w e  ek o sy stem ó w  leśnych, poprzez:
u s ta le n ie  ź ró d e ł w y stęp o w an ia  poszczególnych  g a tunków ,

- o p isa n ie  ich p a ram e tró w  p rzy ro d n iczy ch ,
- ocenę w y k o rzy s tan ia  he terogenności siedliska p rzez  poszczególne gatunk i. 
Obiie, k o m p lem en ta rn e  m eto d y  zooindykacyjne opisują u k ład  p rzes trzen n y

i p a ra m e try  p rzy ro d n icze  m ik rosied lisk , h ipo te tycznych  źródeł, stanow iących  
w  inżym ierii ekologicznej w zorzec  d la p o stęp o w an ia  b iom an ipu lacy jnego  
w  z d e g ra d o w a n y c h  ek osystem ach  borow ych. O bie m etody  zostały  p rze testo w an a  na 
epigeiicznych zg ru p o w an iach  k u sak o w aty ch  nadm o rsk ich  borów  bażynow ych 
M ie rze i Łebskiej. W ykazano , że b ad an e  ekosystem y borow e: są siln ie z różn icow ane 
m ikro isied liskow o (z blisko 40% u d z ia łem  m ikrosied lisk  ekstrem alnych , tj. ź róde ł 
i ujść), są s tab ilne  (z p rzew ag ą  u d z ia łu  ź róde ł nad  ujściam i), a także posiadają  w ysoką 
sw o isto ść .
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