
M U S E U M  A N D  I N S T I T U T E  O F  Z O O L O G Y  
P O L I S H  A C A D E M Y  O F  S C I E N C E S

F R A G M E N T A  F A U N I S T I C A
Fragm . faun. W arszaw a, 30.12.2001 44 251-268

M arcin SMOLEŃSKI

The environm ental evaluation by synecological zooindication - a proposal of the 
m ethod based on epigeic invertebrate com m unitiesx

Abstrac t:  This paper presents an original methodological attem pt at natural valorization based on the 
analysis of epigeic invertebrate communities. The essence of the m ethod is in determ ining the proxim ity of 
the real com m unity tow ards the standard one, the latter elaborated so that it is representative for the eco
system  of given type. The survey, the assessment of the natural value and the evaluation of the anthropo- 
pressure are all based on the test describing epigeic com m unities of invertebrates w ith the use of seven 
indices: I. Per cent share: (1) per cent share of characteristic - exclusive species F3; and total of characteristic 
exclusive and choosing species F3+F2; (2) the index of com m unity uniqueness Sc; (3) the index of com m unity 
stability N c; (4) the index of species diversity FI'; (5) the index of com m unity natural quality Bc; (6) the index 
of dynam ic heterogeneity DHf; (7) the index of habitat species capacity Pc
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INTRODUCTION

O ne of the m ost substan tia l tasks of the faunistical s tudy  is the assessm ent of the 
site 's  n a tu ra l quality . The long-term  study  on staphy lin id  com m unities (ŁĘGOWSKI et 
al. 1995; SMOLEŃSKI 1995, 1997a, 1997b, 1999, 2000a, 2000b) has been the background  
for the new  m ethod  on natu ral valorization. The objective of the p resen t p ap e r is to 
p resen t the theoretical assum ptions and the algorithm  of valorization  p ro ced u re  as a 
s tan d ard  for the assessm ent of natu ral quality  of the environm ent, using  the zooindi- 
cative m ethod .

The valo riza tion  of the natu ra l environm ent w ith  the m ethods of zooindication  is 
aim ed at the assessm ent of:

1. N a tu ra l quality  of the environm ent;

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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2. D irection  and  dynam ics of the natu ra l env ironm ental processes;
3. D irection, dynam ics, and  degree of an thropogenic  defo rm ation  of the env i

ronm ent.
The valorization  understo o d  as ou tlined  above needs an  em pirically  determ ined  

reference or, in o ther w ords, the s tan d ard ized  descrip tion  of n a tu ra l com m unities 
characteristic of h igh  na tu ra l value. This s tan d a rd  will serve for com parative  pu rposes 
each tim e a new  com m unity  is to be evaluated . The m ost substan tia l task of zooindica- 
tion is, thus, to search for either na tu ra l or sem i-natural areas characteristic  of possibly 
h igh  n a tu ra l value and  to describe the s tan d ard  com m unities involved , together w ith  
calibration  of the range of possible deform ation.

The valo riza tion  m ethod  p resen ted  in th is pap er has been  tested  on  staphy lin ids 
(Coleoptera, Staphylijjidae) cap tu red  w ith  the use of 250 Barber p itfall traps in  Empetro- 
nigri pinetum  associations of M ierzeja Łebska, Słow iński N ational Park. The collected 
m aterial consisted  of 5075 beetle specim ens rep resen ting  123 species. The beetles w ere 
collected in five defla tion  basins and  in one belt d u n e  (SMOLEŃSKI 2001).

DESCRIPTION OF THE VALORIZATION METHOD

1. V a lo r iza t ion  p ro c e d u re

The accepted  valo rization  p ro ced u re  consists of the three stages:
A. The su rvey  of live resources of the env ironm en t lim ited to the tested  anim al com 

m unity .
B. The assessm ent of na tu ra l va lue  of the live environm ental resources on the basis of 

de term in ing  the degree of a ttraction  of the habita t for the tested  com m unity  of 
anim als.

C. The assessm ent of an th ropogen ic  effect based  on the com parison  of the tested an i
m al com m unity  w ith  the accepted s tan d ard  of a na tu ra l com m unity .

2. T h e  test a s se s s in g  ep igeic  c o m m u n i t i e s  of in v e r te b ra te s

The inven to ry  is actually  a test describ ing the epigeic com m unities of a rth ropods. 
Seven determ ined  zooindicative indices are included  in the test. These are:

I. Per cent share:
- of exclusively characteristic species Ey
- of the sum  of exclusively characteristic species and choosing ones F3 +F2 ;

II. D epartu re  degree  of g iven com m unity  from  the s tan d a rd  system , as defined  
w ith  the index Sc;

III. Resistance degree  against deform ation , as defined in term s of the index N c;
IV. Species d iversity , as de term ined  by the index FT
V. N atu ra l quality , defined in term s of the index Bc;
VI. D ynam ic heterogeneity , de term ined  by  the index DHt;
VII. H ab ita t species capacity, as defined by  the index Pc.
The num eric values of the indices obtained  d u rin g  the valo rization  procedure , after 

com paring  them  w ith  the n a tu ra l com m unity  stan d ard  (the later w orked  o u t for
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determ ined  site conditions) allow  for the valuation  of the na tu ra l quality  of the 
stu d ied  ecosystem  as w ell as for the assessm ent of the an th ropopressu re  to w hich it is 
subjected.

Each elem ent of the test describes a specific feature of the com m unity . The three 
first po in ts  treated  together m ake it possible to say w hether the real com m unity  m ay 
be assessed as stable and  specific. Point four of the test considers the analysis of b io 
logical d iversity  w ith  use of the Shannon-W eaner index of species diversity . This last 
m entioned  index is com m only  adop ted  for the assessm ent of the p robability  of ra n 
dom  selection of a specific elem ent of the com m unity. The three last po in ts assess 
(each from  a d ifferent po in t of reference) the degree of attraction  of the g iven ecosys
tem  for the com m unity  presen t in it. The index of natural quality  deals w ith  the gen 
eral s truc tu re  of the com m unity . The index of dynam ic heterogeneity  is based  upo n  a 
single characteristic of the com m unity: the spatial d istribu tion  of the com m unity . The 
index of the site species capacity gives synthesized know ledge on the site preferences 
of particu lar popu la tions -  m em bers of the com m unity.

3. T he  a s s u m p t io n s  of  the va lo r iza t ion  m e th o d

- The na tu ra l value of the com m unity  is assessed based on the num eric  values of 
particu lar indices. The em pirical-based know ledge is necessary, therefore, of the v a ri
ability  ranges w ith in  particu lar types of ecosystem.
- The an thropogenic  change is subjected to assessm ent via com paring  the real va l
ues of the indices w ith  those s tan d ard  num eric values for the na tu ra l com m unities. It 
is therefore necessary, to em pirically  determ ine the th reshold  index values for the 
na tu ra l com m unities in particu lar types of the ecosystem .
- The tw o last po in ts of the test (the indices DHt and Pc) are based  on the m icrosite 
heterogeneity  of the ecosystem . It is therefore necessary to collect faunistic m aterial 
fully represen tative of the actually  occurring site.

DESCRIPTION OF THE ZOOINDICATION INDICES

1. S tep  o n e  o f  the  test a s sess ing  the ep ige ic  c o m m u n i t ie s  of  inver tebra tes :  the  a s se s sm e n t  of the  s h a re  of
d is t inc t ive  species

Each com m unity  m ay be described using the per cent share of characteristic exclu
sive species F3 and the sum m ary  share of both exclusive characteristic and  choosing 
species F3+F2.

Theoretical background
In the analysis of species fidelity  tow ards a given type of ecosystem  the species of 

the com m unity  are being ascribed to one of the four fidelity classes (SZUJECKI 1983). 
The classes them selves are as follows: the class of exclusively characteristic species (3), 
the class of choosing characteristic species (2), the class of accom panying  species (1) 
and  the class of alien species (0).
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In the p ine  forest (SMOLEŃSKI 2000a, 2001), the species distinctive for the coniferous 
forest types belong to the h ighest class of fidelity: class 3. Those species loosely con
nected w ith  forest ecosystem s are classified as class 2 of fidelity. The eury topic species 
belong to fidelity class 1, w h ile  the open  area species, avoid ing  the forest environm ent, 
create the low est fidelity class: class 0.

In the form ula describ ing  epigeic m ultispecies com m unities, no w eight w as given 
to the inform ation of p er cent share  of distinctive species F3 no r to the general share  of 
characteristic species F3+F2. Such an  a ttitude  is justified by the fact that the fidelity  
classes d ivision system  uses the adap tive  po ten tia l of living organism s. It m eans, in 
o ther w ords, tha t rep resen ta tives of particu lar fidelity  classes differ betw een them 
selves considering  the size of realized ecological niches and, if so, they also d iffer in 
respect w ith  their adap tive  po ten tia l to the p resen tly  dom inating  type of landscape. In 
central E urope, it is the ag ricu ltu ra l landscape that prevails at present, therefore con
sidering  the exam ple of the coniferous env ironm ent in P o land 's  Low land (the b ro a d 
leaved forest biom e) the exclusive characteristic and  choosing species are characteris
tic of poor adap tive  po ten tia l tow ards the synan th rop ic  environm ents p revailing  in 
the landscape, they  deserve equal value w hile analysing  the com m unities.

As an  exam ple the ranges of particu lar indices m ay be given for the epigeic 
staphy lin ids of the coastal variety  of p ine forest (Empetro-nigri Pinetum) (SMOLEŃSKI 
2001 ):

• F3 m ay vary  from  19% to 42%,
•  F3+F2 m ay vary  from  58% to 86%,
• w hile the s tan d ard  (natural and  stable) com m unity  of epigeic s taphy lin id s of

the coastal varie ty  of p ine forest is characteristic of the follow ing values: ¥$>20% 
and  F3+F2>60%;

2. S tep  tw o  of the test a s se s s in g  th e  ep ige ic  c o m m u n i t i e s  of  inver teb ra tes :  the  a s ses sm en t  o f  the d e fo rm a -

F -  p er cent share  (specim en num ber) in the dom inance structu re  of com m unity :
F3 -  of exclusive characteristic  species,
F32 -  of the su m  of characteristic species (exclusive + choosing ones),

/  -  m in im um  p er cent share  in the dom inance s tru c tu re  of a na tu ra l and stable 
com m unity , typical of the given type of ecosystem : 
f i  -  of exclusive characteristic  species,
f i 2 -  of the sum  of characteristic species (exclusive + choosing ones);

Theoretical background 
C om m unity  u n iqueness is the set of features allow ing  for d iscrim ination  of the 

com m unity  and  accom panied  by specific na tu ra l s tan d ard s -  repeatab le  and

t ion  deg ree  of  a c o m m u n i ty  f rom  the  s ta n d a rd  p a t te rn  -  exp ressed  in te rm s of  the index  of  c o m m u n i ty
u n iq u e n e s s

(form ula 1)

w here:
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recognizable system s, frequently  rep resen ted  and im po rtan t from  either the scientific 
or econom ic p o in t of view.

The relevance o f the formula to natural science
A n excellent descrip tive feature  of com m unity  un iqueness is the share of fidelity 

classes of particu la r species in the dom inance structu re  and  particu larly  so w ith  re 
spect to the po rtion  of d istinctive species (exclusive species). As a consequence, one 
m ay describe the un iqueness of a na tu ra l s tan d ard  com m unity  in term s of d istinctive 
species p roportion , w hile the real com m unities ' un iqueness m ay be m easured by the 
index defin ing  the degree of d ep artu re  from  the stan d ard  system . In o rder to achieve 
this, one needs to em pirically  determ ine  the critical values of distinctive species share 
(F3) as well as the share of all characteristic species (F3+F2). Critical values are such 
values below  w hich  the com m unity  is ne ither m ore stable nor unique. The values are 
em pirically  determ ined  for each syntaxon  and  given type of ecosystem , follow ing the 
exam ple of selected n a tu ra l system s. They are deno ted  w ith  s y m b o l / in  form ula 1, 
they have the sym bol f 3 for the characteristic exclusive species w hile the app ro p ria te  
sym bol for the characteristic exclusive species and  choosing species is f 32 .

The index of com m unity  un iqueness assesses the relationsh ips betw een the real 
and  the critical shares of characteristic species (F32) and  d istinctive species (F3). The 
index ' a ssum ption  is that the lacking share  of the g ro u p  of d istinctive species (F3) m ay 
be partly  m ade u p  by the increased p ropo rtio n  of the rem ain ing  characteristic species 
(F2) and  vice versa. It determ ines the d ep artu re  degree of the given com m unity  from  
the s tan d ard  system . A n im po rtan t feature of the index is the fact of pay ing  m ore 
w eigh t to the share  of d istinctive species (F3), that are un ique (ascribed exclusively to 
the g iven type of ecosystem ). Besides, the form ula is so bu ilt that the index value a l
w ays equals one (St- = 1) each tim e tha t the real shares of d istinctive species (F3) and  
characteristic species (F32) are equal the determ ined  critical values (or, in o ther w ords 
alw ays w hen  F3 = f3 and  F32 =fn)-  Thus, the value of the index equal one d iscrim inates 
betw een  the u n ique  and  n o n-un ique  system s:

• Sc>1.0 suggests u n iq u e  and  stable biocenoses,
• Sc<1.0 suggests n on -un ique  and  labile biocenoses.
A n exam ple m ay be given here  of the epigeic staphy lin ids of coastal pine forest 

(Empetro-nigri Pinetum) (SMOLEŃSKI 2001), w ith  respective indices values f 3 = 20% and  
f 3 2 = 60%:

• Sc index value m ay range betw een  0.98 and 1.29;
• w hile the s tan d ard  (both na tu ra l and  stable) com m unity  of epigeic staphy lin ids 

of coastal p ine forest are characteristic of Sc>L0.

Description of formula
This index is based on the p ro p o rtio n  of real and  critical shares of characteristic 

species (their sum ) versus d istinctive species. The p ro d u c t ensures considering the 
assum ption  th a t a given insufficient share in the g ro u p  of distinctive species (F3) m ay 
be m ade up  to a degree by the increased portion  of characteristic species (F2) or o p p o 
site. It is w hy  the operation  of roo ting  has been app lied , lim iting the effect of the "lack
ing" portion  of d istinctive species. This operation  effect is opposite  to the operation  of
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involution, the la tter em phasizing  the sum m ary  deficit of characteristic species. Loga
rithm ic expression of variables is aim ed at lim iting  the range of variability  of the index 
and , thus, to facilitate the in terp re ta tion  of the results.

3. step three of the test assessing the epigeic com m unities of invertebrates: the assessm ent of the resis
tance a com m unity  for deform ation -  expressed in term s of the index of com m unity  stability

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

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

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

f  -  coefficient specific for given com m unity  in determ ined  type of ecosystem ;

Theoretical background
Stability is the ability  of a system  to ad o p t in ternal stim uli w ith o u t change of its 

stable inner s truc tu re  (M a c A r t h u r  1955). The inner s truc tu re  of a system  is subjected 
to a continuous process of genesis, follow ing the ecological evolution. Because of the 
above fact, the steady  state of ecological system s is a relative conception (A ttiwill 
1994, Bo r m a n n  & Lik e n s  1979, D elco ur t  & D elco ur t  1991, P u t m a n  1994, S h u g a r t  
1984, S pr ueg el  1991, W h ittaker  1975). One m ay d istingu ish  betw een  three "faces" of 
stability: inertia, resilience and  constancy - (LEW ONTIN 1969, M a y  1972, 1976, O r ia n s  
1975, P im m  1982,1984).

1. The inertia  type of stability. In stable system s, rep resen ting  the advanced stages 
of succession, the com plexity  of biocenosis is so large that the system  becom es closed 
for egzogenic elem ents, both  alien and  eurytopic.

2. The resilience type of stability. This rep resen ts  system s able to ad ap t to the con
tinuous function ing  u n d e r the perm an en t external stress condition. Such ability is a 
derivative of accom odation ability to the changed  environm enta l condition.

3. The constancy type of stability. In the strictly isolated system s their constancy is 
du e  to the physical barriers closing com pletely  the strongly  u n iq u e  system .

The stable forest ecosystem s in the low land E urope are clearly resiliant, in excep
tional cases they are also inertia type ecosystem s b u t never -  constancy ones.

The relevance of the formula to natural science
In o rd er to assess the system 's resistance against deform ation  there w as accepted 

the index of species fidelity, u n d er the a ssum ption  that slight shares of alien species 
(Fo) and eury top ic  species (Fi) in the dom inance struc tu re  of the com m unity  alw ays 
indicate closed or inertial system s or isolated ones w hich m eans constancy com m uni
ties sensu O r ia n s  (1975). It is because the p resen ted  index describes the proportion: 
share  of characteristic species (F3 +  F2) /  share  of rem ain ing  species (Fj +  Fo) in the 
dom inance structu re  of com m unity . The m ost rem arkable  pecu liarity  of the index is 
g iv ing the h ighest w eight to d istinctive species (F3). A nd this a ttitu d e  is derivative of 
the fact tha t the portion  of such species, conservative by  their defin ition , and charac
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teristic of significantly  low er ad ap tiv e  potential as com pared  w ith  the category of 
rem ain ing  species, is d e te rm in an t of sa turation  of the m ajority of the ecosystem 's 
u n ique  ecological niches. It is n o tew orthy  that h igh values of the index suggest the 
follow ing, d ep en d in g  on the actual type of system:

- non-isolated system s (e.g. forest systems) characteristic of high stability -  its inertia,
- iso lated  (e.g. peatland) system s of high stability -  its constancy.
The index has been  based  on the assum ption  that each m ultispecies com m unity  

has to contain  bo th  exclusive characteristic species (F3) and all characteristic species 
(F32=F3+F2) in shares h igher than  the em pirically  determ ined  critical values, in o rd e r to 
be stable. Based upo n  the foregoing, the value of the / '  coefficient is de term ined , 
g ro u n d ed  on given syntaxon and  ecosystem  type so that the value of the N c index be 
equal u n ity  for the critical values F3 = fo and F32 = f n  (form ula 2). Therefore, the stabil
ity index for the m ultispecies com m unities gives the following picture of h ab ita t value:

• N C>1,0 -  suggests stable biocenoses,
• N C<1,0 - suggests unstab le  biocenoses.
C onsidering  the exam ple of epigeic staphylin ids of coastal pine forest (Sm oleński 

2001), given the value of the c o e ff ic ie n t/= 48,37:
• N c value m ay vary  from  0.95 to 2.37;
• The s tan d ard  (natural and  stable) com m unity  of epigeic s taphy lin id s of coastal 

p ine forest is characteristic of values h igher than  N C>1,0.

Description of formula
The index has been based  on the p roportion  betw een characteristic species (F3+F2) 

and  the rem ain ing  species (Fj+Fo), as represen ted  -  nota bene- by the fixed coeffic ien t/' 
in the dom inance structure . C onsequently , the actual value is d ep en d en t exclusively 
on the num erato r. The final value of the num erato r is, additionally , corrected  by the 
share  of exclusive characteristic species. The logarithm ic expression app lied  resu lts in 
clear fla tten ing  of the range of possib le values, thus lead ing  to reducing  the role of 
d istinctive species: they becom e m erely  a correction coefficient. Sim ilar is the in te rp re 
tation of the non-characteristic  species after the logarithm ic p rocedure  app lied  in the 
d enom ina to r that also p lays the role of a correction coefficient, of opposite  character, 
how ever. The form ula does no t allow  for the non-presence of characteristic exclusive 
class species (each specific h ab ita t has distinctive elem ents -  specific for the hab ita t 
only). O n the o ther hand , it allow s for the non-presence of associated and  alien spe
cies. Therefore, in o rder to m ake the form ula p roper, it is necessary to ad d  the con
stan t 1 , 1  to the logarithm ic variab le in the denom inator.

4. Step four of the test assessing the epigeic com m unities of invertebrates: the assessm ent of species 
diversity  expressed in term s of the Shannon-W iener index of species d iversity

s
FF = - £  p . log p. (form ula 3)

<•=1

w here:
p, -  the p ropo rtio n  of n u m b er of ind iv iduals («;) of i-th species to the n u m b er (N) of
ind iv iduals  of the entire com m unity  containing (S) species.

http://rcin.org.pl



25 8 M. Smoleński

Theoretical background
Species d iversity  of the system  is described as the jo in t resu lt of the fo llow ing tw o 

characteristics (PU TM AN 1994):
- species richness -  that is the m axim um  nu m b er of species that m ay exist under 

one system  w ithou t causing any  d istu rbances of the system  itself;
- equitab ility  -  d istribu tion  of ind iv iduals betw een particu lar species enab ling  

p ro p e r (and specific) functioning of the system .

The relevance o f the formula to natural science
The Shannon-W iener index shou ld  be considered the least susceptible to the 

chang ing  size of sam ples am ong the indices p roposed  by  the relevant lite ra tu re . Be
sides, this index is perhaps the m ost p o p u la r and  com m only used for the assessm ent 
of species d iversity: both  botanists and  zoologists use it frequently . It seem s therefore 
to be the m ost adequate  index for the com parative analyses of m ultispecies in v erte 
b ra te  com m unities.

C onsidering  the exam ple of epigeic s taphy lin id  com m unities of the Empetro-nigri 
Pinetum  forest type as outlined below  (SMOLEŃSKI 2001) it is to state that:

• H ' m ay  vary  from  3.2 to 4.7;
• w hile  the s tan d ard  (natural and  stable) epigeic staphy lin id  com m unities of the 

Empetro-nigri Pinetum  forest type is characteristic of the follow ing range: 
4,7>H'>3,6.

Description o f formula
The idea of the index has been taken from  the theory  of inform ation. The index  it

self is a m easure  of random  sam pling  of a de term ined  ind iv idual belonging to a  speci
fied species of the com m unity. The figure value of the index depends on tw o factors: 
the equ itab ility  of d istribu tion  betw een particu lar species' represen tatives and  on the 
n u m b er of species w ith in  the com m unity . The h igher the Shannon-W iener index  va l
ues the h igher the risk of no t sam pling  in d iv idua ls of given species or, in o ther w ords, 
the larger the species d iversity  of the com m unity  (Tr o ja n  1992).

5. Step five of the test assessing the epigeic com m unities of invertebrates: the assessm ent of na tura l 
quality  expressed in term s of the index of com m unity natural quality

Bc = i J j 'N t.Dk De (form ula 4)

w here:
/ '  -  index of evenness (form ula 5),
N c -  index of com m unity  stability  (form ula 2),
Dk -  p e r cent portion  of species characterizing the food availability  in the h ab ita t in 
the dom inance structu re  of the com m unity ,
De -  p er cent portion  of species characterizing the value  of the ecosystem  fo r con
servation  of local forms.

The P ielou index of evenness / '  is:

/ '  = ——— = ———  (form ula 5)
^  max * ° g 2  5
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w here:
H ' -  index of species d iversity  (form ula 3),
S -  num ber of species in the com m unity .

Theoretical background
N atu ra l quality  of a system  is a set of the system 's a ttribu tes describ ing its u n iq u e 

ness, stability, the share of valuab le  local form s as w ell as the u tilization  of the p o ten 
tial capacity  of ecological niches and  the available food resources.

The tw o param eters: na tu ra l quality  and  species diversity , describe the overall 
na tu ra l value of a system .

The relevance of the formula to natural science
The index of na tu ra l value utilizes the three param eters:
• the use of po ten tial ecological niches;
• stability;
• food availability;
• rep resen ta tion  of local form s.
In this p ap er only those indices w ere  u tilized  that are least susceptib le to the effect 

of sam ple size:
- In o rder to describe the u tilization  degree of po ten tia l represen tatives of ecological 
niches in the ecosystem  there w as u sed  the Pielou index of evenness J' (form ula 5).
- To describe stability, the index of com m unity  stability  has been used  N c (form ula 
2), show ing  in full the m atu rity  degree of an  ecosystem .
- In o rder to describe food availability  (for the epigeic com m unities) there w as used 
the share of d e tritoph ilous species Du This index characterises the availability  of ac
cum ulated  organic m atter and  the com plexity  of trophic nets in the ecosystem . A gen
eral conclusion m ay be derived  tha t the h igher the share  of de tritoph ilous species in 
the dom inance structu re  of the com m unity , the h igher the deposits of easily available 
dead  organic m atter subjected to the ferm entation processes in the habitat. Of course, 
also o ther g ro u p s m ay be used, d ep en d in g  on the actual syntaxon and  coenotic level, 
such that w ould  best describe the availability  of accum ulated  organic m atter in the 
ecosystem , in a particu lar case.
- In o rder to describe represen tation , there  w as used  the share in the dom inance 
struc tu re  of those species lim ited in their d istribu tion  to a single zoogeographical re
g ion (e.g. Europe) D e, such that w o u ld  fully characterise the ecosystem 's value for the 
p reservation  of local form s. D epending on the actual degree of faunistical know ledge of 
particular taxocens one m ay in troduce to the form ula sm aller zoogeographical areas.

The higher va lue  of the index of n a tu ra l quality  Bc the richer in species is the com 
m unity , m ore m atu re  and  stable, conta in ing  m ore valuable  local form s and function 
ing u n d e r the condition  of good food availability.

C onsidering  the exam ple of epigeic staphy lin id s of coastal p ine forest it is to state 
that (Smoleński 2001):

• values of / ' index m ay vary  from  0.60 to 0.79;
• values of N c m ay vary  from  0.95 to 2.37;
• values of Dk (share of d e tritoph ilous species) m ay  vary  from  36% to 60%;
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• values of De (share of E uropean  species) m ay vary  from  15% to 42%;
• values of Bc m ay  vary  from  4.6 to 7.2;
• w hile the standard  (natural and stable) epigeic staphylinid co m m m ity  of the

coastal pine forest is characteristic by the Bc index values ranging from  5.2 to 7.2.

Description o f formula
The index of na tu ra l quality  is a root of fourth degree from the p ro d u c t of four 

elem ents. It is so constructed  in o rder to obtain synthesized inform ation on  qualita tive  
param eters of the com m unity . A nd because the p ro d u c t contains four elem ents qu ite  
d ifferent by natu re , that differ betw een  them selves also in one order of m agnitude, it 
w as necessary to use the fourth  degree root in order to obtain the com plete  form ula.

6. Step six of the test assessing the epigeic com m unities of invertebrates: the assessm ent of the m icrosite 
d ifferen tia tion  degree as expressed using the indices of static heterogeneity  and dynam ic heterogeneity

The index of static heterogeneity  SHt:

SH t = 100 (1 - — )[%] (form ula 6)

The index of dynam ic heterogeneity  DHt:

D H t = Ids(l - - - )  (form ula 7)
5

where:
S -  real value of species num ber of the entire com m unity,
S ' -  expected value of species num ber expressed as arithm etic (or w eighed) m eans 

from  all sam ples,
Ids= dVd -coefficient of species richness diversity  of the site,
d -  real value of the index of species richness for the entire com m unity  (form ula 8),
Vd -coefficient of varia tion  of the index of species richness (the proportion: s tan 

dard  d ev 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).

The M argalef index of species richness:

d = — L (form ula 8)
log N

where:
S -  species nu m b er in the com m unity ,
N  -  total nu m b er of individuals.

Theoretical background
The tw o p roposed  synthetic indices serve for the assessm ent of m icrosite h e te roge

neity  d iversity  using  the nu m b er of species and com m unities size. Both the heteroge
neity  indices have been constructed  u n d er assum ptions taken from  the relevant litera
ture sources (D ias 1996, Er iksso n  1996, H o w e  1991, Ko tlia r  & W ien s  1990, P ickett  
& C a d e n a sso  1995, P u llia m  1988, P ulliam  & D a n ielso n  1991, W a t k in s o n  & 
SUTHERLAND 1995) and  say ing  that: The heterogeneous habita t com m unity  (occupying 
a clearly d ifferen tia ted  site, w ith  strong  represen tatives of source and  sink) sh o u ld  be
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characterised  in  particu lar m icrosites by high variability of species richness. Besides, it 
is im p o rtan t that the m ean num ber of species should  be, for given m icrosite, several 
tim es low er than  the general m ean value revealed. Low degree species variation d i
versity  does no t necessarily suggest hab ita t hom ogeneity , it does how ever describe 
g iven hab ita t as lacking the netw ork: source - sink.

There can be p resen t, thus, tw o types of habitat heterogeneity:
- Type one heterogeneity: only qualitative m osaic of com m unity 's species com posi

tion, w ith o u t differentiating  the biological capacity of m icrohabitats (despite the fact 
that d ifferen t species are presen t in d ifferent m icrosites, the num ber of species is a l
w ays com parable). In such a case, the indices of species d iversity  have very  m uch 
sim ilar values in the hab ita t under study. This heterogeneity  is characterised  by a 
sm all value of s tan d ard  deviation considering the indices of Shannon, Pielou, M ar- 
galef, as w ell as the num ber of species. Such a type of m icrosite m osaic m ay be nam ed 
"static heterogeneity".

- Type tw o heterogeneity: qualitative and  quantita tive  m osaic of com m unity  spe
cies com position  types, connected w ith  the w ell-developed diversity  in m icrosites 
biological capacity  (w ith w ell-developed netw ork  betw een sink and  source). M i
crosites differ betw een  them selves strongly  in the num ber of species and  num ber of 
ind iv iduals. In such a case, the values of the indices of species d iversity  are differenti
ated w ith in  a single habitat under study. They are characterised  by high value of 
stan d ard  deviation  of the indices of Shannon, Pielou, M argalef and  the species n u m 
ber. Such a m icrohabitat m osaic m ay be called "dynam ic heterogeneity".

The relevance of the formula to natural science
Static heterogeneity is described by the index SHt that has been based on the rela

tionsh ip  betw een  the m ean num ber of species from  one m icrosite and the total n u m 
ber of species recorded in the entire habitat.

This index value p rovides inform ation on the general m icrohabitat differentiation. 
The larger the diversity  the h igher the value of the index. The static heterogeneity  
dep en d s on the actual size of the sam ple. The larger the sam ple the m ore reliable is 
the in form ation obtained.

D ynam ic heterogeneity is described by the index DHt, the latter contains the static 
heterogeneity  supp lem en ted  w ith  additional inform ation on the shares of particu lar 
extrem e m icrosites (the sources and  sinks).

The coefficient of site species richness diversity  Ids inform s of functioning of the 
system  "source & sink" in the ecosystem .

In o rd er to bu ild  up  the index ano ther index has been used: the M argalef index of 
species richness. The latter is very m uch sensitive to the size of sam ple and  as such it 
gives best d iscrim ination in the species capacity of m icrosites (especially d istinctly  it 
expresses differences in species num ber and  ind iv iduals num ber betw een m icrosites).

A n  ex a m p le  m a y  b e g iv e n  here o f the ep ig e ic  s ta p h y lin id s  o f the coasta l p in e  forest 
ty p e  (Sm o l eń sk i 2001):

• SHt index value m ay vary from  53% to 65%;
• Ids index values m ay vary  from  1.3 to 4.7;
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• DHt index m ay vary  from  0.7 to 2.9;
• w hile the s tan d a rd  (natural and  stable) com m unity  of the epigeic staphylin ids 

of the coastal p ine  forest type is characterised by the values of the index DHt 1.4 
and  2.9.

Description of formula
The index of static heterogeneity SH t presents the p roportion  of the m ean  value 

(arithm etic or w eighed) of the nu m b er of species in a single m icrosite to the total 
n um ber of species recorded  in the entire habitat. This index has been constructed  so 
that the h igher m icrosite differentiation be expressed in term s of h igher value of the 
index (therefore the p roportion  S'/S  is subtracted  from  the unity). The index is p re 
sen ted  in the per cent form , in o rd er to allow  an easier interpretation .

The index of dynam ic heterogeneity D H t is the p roduct of the index of static he t
erogeneity  SH t and the coefficient of species richness diversity  of the site Ids-

The construction  of the coefficient Us is based on the M argalef index of species 
richness (form ula 8). The Ijs index is the p ro d u c t of the real value of the index of spe
cies richness as calculated for the entire com m unity  (d) and the coefficient of varia tion  
of index of species richness as calculated for the sites u n d er analysis (Vd)- The coeffi
cient of varia tion  of the index of species richness (V,/) is the p rop o rtio n  betw een the 
s tan d ard  deviation  (ad) and  arithm etic (or w eighed) m eans {d') of the index of species 
richness as calculated based  on all analysed m icrosites.

The index Ids = dV j = Od d/d', m ay also be p u t as the p roportion  of the real value (d) 
calculated for the entire com m unity  and  the arithm etic (or w eighed) m eans, calculated 
on the base of analysed  m icrosites (d') and m ultip lied  by the value of s tan d ard  dev ia
tion as calculated  for the analysed  m icrosites (cfy). As a result: Ids -  &d than  d = d'.

The coefficients of species richness d iversity  of the site Ids presents, thanks to the 
incorporated  coefficient of variability  (17,/), the degree of d ifferentiation  of species 
n um ber and ind iv iduals  nu m b er betw een  particu lar m icrosites. The Ids coefficient is 
com posed also of the real value of the index of species richness (d) sup p ly in g  in form a
tion of the site 's  species capacity  (following the tendency: the h igher the capacity  the 
h igher the value of the d index). Sum m ing up , the coefficient Ids supp lies the in form a
tion of the d irect differences in the num ber of species and  num ber of ind iv iduals be
tw een particu lar m icrosites; besides, it gives indirect inform ation of the species capac
ity of the entire habitat.

7. Step seven of the test assessing the epigeic com m unities of invertebrates: the assessm ent of attractive
ness of a site for given com m unity  as expressed in term s of the index of h ab ita t species capacity

The value of Pc index m ay be determ ined  after tw o conditions listed below  have 
been fulfilled:

a. Extrem e sites are selected for particu lar species w ith use of index cs;
b. The degree of site d iversity  u tilization by a species of the system  is determ ined  

w ith  use  of the Cs' index.

http://rcin.org.pl



Method of synecological zooindication 26 3

7.a. Selecting extreme m icrosites -  sources and sinks for particular species on the basis of the index of
m icrosite preferences of a species Cs

cs -  ^ f<l (form ula 9)
/  fd (max)

coefficient of given species dom inance for j-th sam ple j (in j-th microsite),

w here:

N .

l fd(m ax) -  the h ighest value of given species dom inance coefficient as revealed 
considering  all sam ples (R), 

rij -  num ber of in d iv idua ls of given species for j-th sam ple,
N j  -  total nu m b er of ind iv iduals for j-th sam ple.

Theoretical background 
In o rder to describe the spatial d ifferentiation of popu la tion  the P u llia m  "source- 

s ink” theory  (1988) w as used.

The relevance of the formula to natural science 
M icrosite preferences are expressed in quantita tive term s as an index considering 

dom inance and  p o p u la tion  size. The cs index determ ines the satu ra tion  degree of 
given m icrosite w ith  particu la r species (as com pared w ith  the possibly h ighest sa tu ra 
tion degree. W hen assessing the specific species' m icrosite preferences one should  
consider both the species' popu la tion  size and its share in the dom inance structu re  of 
the com m unity . U sing exclusively the num ber of ind iv iduals as the only criterion m ay 
lead to erroneous conclusions. In m icrosites characteristic of large species capacity, the 
size of a given species popu la tio n  m ay be very h igh bu t the actual share in the dom i
nance structu re  of the com m unity  m ay be, at the sam e time, insignificantly sm all. O p
posite cases m ay, also, ap p ear - in poor sites a low  num ber species m ay reach a high 
dom inance position  in the com m unity. W hen determ ining  m icrosite preferences it is 
im p o rtan t to have inform ation  touching the m axim um  occurrence of given species in 
a de term ined  type of ecosystem . Such m axim um  value is a reference po in t for any 
com parisons and  w hile ascribing given elem ents to the sources and  sinks. O nly hav 
ing all the three characteristics together (population  size, m axim um  dom inance and 
real dom inance of a species) allow s for u n d erstand ing  the m icrosite preferences of a 
given species. U sing the index of species' m icrosite preferences one m ay relate m i
crosites to the netw ork  source & sink, for the species characteristic of ab u n d an t occur
rence and  high degree stab ility  tow ard  given habitat.

The values of the index of m icrosite preferences of species cs range from  0 to 1. 
Follow ing the s tan d ard  of norm al d istribu tion  one m ay distinguish  betw een  the 

follow ing three typical cases:
• cs>0,85 -  the p o p u la tion  should  be placed in the source region of its d istribu tion

range;
• 0,85> cs>0,15 -  the popu la tion  is in the stan d ard  region of its d istribu tion  range;
• cs<0,15 -  the p o p u la tion  is at the area of sink.
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Description of formula
The index of m icrosite preferences of a species is the p roportion  betw een the real 

value of dom inance coefficient (determ ined for a specific m icrosite) and  the highest 
revealed one as observed in a g iven ecosystem  type. The h ighest revealed value of the 
dom inance coefficient is em pirically  determ ined  for a given ecosystem  type based on 
the set of all analysed m icrosites.

The index of m icrosite preferences of a species reaches h ighest values in the m i
crosites m ost attractive for given species (the sources) and  it reaches low est values in 
case of those unfavourable  m icrosites (the sinks).

The coefficient of dom inance contains tw o separate elem ents: the size of species 
p o p u la tion  (num ber of ind iv iduals) and  the share of the species in the dom inance 
s truc tu re  of the com m unity: Ifj = n ■ n /N  = n2/N . The square root of the p ro d u c t of two 
variables gives as a resu lt one d ep en d en t variable I/d = n 2 / yy. • A ssum ing  one know s

the actual values of the coefficient of dom inance for all m icrosites, one m ay determ ine 
its m axim um  value Ifdtnax that gives the basis for identification of the extrem e m i
crosites for given species.

7.b. The assessm ent of u tiliza tion  of the system  of actual site diversity as m easured based on the index of 
site heterogeneity  utilization  by given species

Cs' = . M (form ula 10)
R

w here:
cSj -  index of m icrosite preferences of a species for j-th sam ple - microsite (form ula 9),
R -  num ber of sam ples - m icrosites.

The relevance o f the formula to natural science
A fter the inform ation on the cs index (form ula 9) has been collected for all m i

crosites, one m ay assess the degree of u tilization of m icrosite d iversity  by given spe
cies of the system . In o rder to achieve this the index C f  is to be used. This index, 
nam ed  the index of site heterogeneity , represen ts the actual degree of site sa turation  
w ith  the p o p u la tion  of given species.

This a ttem pt has been based on the follow ing assum ption : if a m icrosite m osaic oc
curs w ith in  the d istribu tion  area of a stable popu lation  then the area considered sinks 
for the species has to be at least equalised  by the source areas. G iven the above as
sum ption  m eat, the m odel stable popu la tion  is characterised  by the norm al d is trib u 
tion of m icrosite preferences for the entire biocenosis w hich m eans C f -  2 ■ 0,5 = 1.

Cs' values in m ultispecies com m unities give the follow ing habita t valorization:
• CS’>1, the m icrosite m osaic favours given popu la tion  in a m ore than  average 

degree. The hab ita t is dom inated  by the sources of p o p u la tion  distribution .
• 1> Cs’>0.3r the pop u la tio n  prefers the m icrosite m osaic in a m ore or less average 

degree. The sources are in balance w ith  the sinks of p o p u la tion  distribution.
• Cs'<0.3, the popu la tion  does not p refer the m icrosite m osaic. The sinks of p o p u 

lation d istribu tion  dom inate  the site.
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Description of formula
The Cs' index is doub led  arithm etic m eans of the cs index (form ula 9) as calculated 

for all m icrosites.
A ssum ing  that he m odel stable popu la tion  (the reference point) is characteristic of 

the norm al d istribu tion  of m icrosite preferences for the w hole of b iocenosis the a rith 
m etic m eans of the cs index or

K

t Csi
  is equal 0.5
R

In o rd e r to have value "one" as the reference po in t for any  com parisons, the a rith 
m etic m eans of the cs index w as doubled , leading thus to the final form  of the form ula 
(form ula 10).

7.c. T he assessm ent of site attractiveness degree for given com m unity, expressed in term s of the index of
hab ita t species capacity

Pc = _id (form ula 11)
log 5

w here:
Cs/' -  index of site heterogeneity  u tilization by i-th species (form ula 10),
S -  n u m b er of species in com m unity

The relevance of the formula to natural science
H aving  ob tained  relevant data  on  the index of site heterogeneity  u tilization  Cs' 

(form ula 10) for all species of the com m unity  one m ay a ttem pt to assess the species 
capacity  of the w hole of the site. W hile doing this the substan tia l p rincip le  is to be 
followed: the larger the value of the Cs' index, the m ore attractive the hab ita t for given 
species; and , m oreover: the higher the value of the Pc index (the sum  of Cs' index va l
ues for all species) the m ore attractive the habitat for the entire com m unity . The index 
of hab ita t species capacity Pc m ay be considered one of the indices describ ing  species 
d iversity . It evaluates the habita t th rough  the u tilization  of m icrosites by particu lar 
species constitu ting  the com m unity . U sing this index one m ay d raw  a conclusion as to 
the site a ttractiveness for the entire com m unity. It can be stated , therefore, that w hen  
determ in ing  the efficiency of u tilization  of the potential species d iversity  of a site, one 
assesses indirectly  the degree of site species capacity for the com m unity  of interest. 
The Pc index is no t sensitive to the size of sam ple collected. C onsidering  the forested 
ecosystem s, it should  be expected that the Pc value will be positively  correlated  w ith  
the fertility of the site. H aving  the s tan d ard  values of species capacity  of the w hole site 
spectrum  of forest ecosystem s (of na tu ra l com m unities) available it w ill be possible to 
assess the actual degree of species d iversity  im poverishm ent of d eg rad ed  and  synan- 
th rop ized  habitats.

T he a ctu a l v a lu e  o f  th e  Pc in d ex  m a y  vary , in  the case  o f stan d ard  (n atu ra l an d  s ta 
b le) c o m m u n itie s  o f e p ig e ic  s ta p h y lin id s  o f the coasta l v a r ie ty  o f  p in e  fo rest ty p e  from  
8.5 to  12.8 (Sm o l eń sk i 2001).
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Description o f formula
The index of hab ita t species capacity  Pc is as a m atter of fact the m ean value of the 

Cs' index (form ula 10) as calculated for all species of the com m unity . The denom inato r 
of the logarithm  reduces the effect of species num ber or in o ther w o rd s the num ber of 
Cs' indices sum m ed  up. It em phasizes, how ever, the differences betw een  habita ts con
sidering  the u tilization  degree of the potential species d iversity  of sites. It increases, 
consequently , the range of the po ten tia l value of the index, facilitating thu s the in ter
p re ta tion  of the results.
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STRESZCZENIE

[Tytuł: W aloryzacja przyrodn icza m etodą zooindykacji synekologicznej. Propozycja 
m etody  w ykorzystującej epigeiczne zgrupow ania  bezkręgow ców ]

Praca p rzedstaw ia  oryginalną m etodę waloryzacji przyrodniczej z zastosow aniem  
epigeicznych zg ru p o w ań  bezkręgow ców . W ykorzystuje następujący algorytm  w alo
ryzacyjny:

1. Inw entaryzację żyw ych zasobów  środow iska ograniczoną do w ybranego z g ru 
pow ania  zw ierząt.

2. O szacow anie w artości przyrodniczej żyw ych zasobów  środow iska na podstaw ie  
określenia stopnia  atrakcyjności środow iska dla danego zgrupow ania.

3. Ocenę zm ian antropogenicznych, degradujących środow isko, dokonaną na p o d 
staw ie po rów nan ia  rzeczyw istej g rupy  zooindykacyjnej z przyjętym  w zorcem  zg ru 
pow ania  naturalnego .

Z asadą p roponow anej m etody jest opisanie każdego badanego zg rupow an ia  za 
pom ocą testu  złożonego z siedm iu w skaźników  zooindykacyjnych. U zyskane w arto 
ści liczbow e po  po rów naniu  z (opracow anym  dla danego typu  ekosystem u) w zorcem  
zg rupow an ia  natu ra lnego  pozw alają na ocenę w artości przyrodniczej ekosystem u i 
w yw ieranej na niego antropopresji.

Test określa:
I. p rocen tow y udział:

. ga tunków  charakterystycznych w yłącznych F3
- łącznie gatunków  charakterystycznych w yłącznych i w ybierających F3+F2

II. stop ień  odkształcenia zgrupow ania od uk ładu  w zorcow ego, w yrażony w sk aźn i
kiem  Sc

III. stop ień  odporności na odkształcenia, w yrażony w skaźnik iem  N c
IV. ogólną różnorodność gatunkow ą, w yrażoną w skaźnikiem  H'
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V. jakość przyrodn iczą, w yrażoną w skaźnikiem  Bc
VI. heterogenność dynam iczną, w yrażoną w skaźnikiem  DHt
VII. pojem ność gatunkow ą siedliska, w yrażoną w skaźnikiem  Pc

K ażdy ze w skaźn ików  opisuje odrębną charakterystykę zgrupow ania . Trzy p ie rw 
sze pun k ty  testu  trak tow ane łącznie pozw alają ocenić, czy rzeczyw iste zg rupow anie  
m ożna uznać za stabilne i sw oiste. C zw arty p u n k t dotyczy analizy  różnorodności 
biologicznej z w ykorzystan iem  w skaźnika ogólnej różnorodności gatunkow ej Shan- 
nona-W eanera . Jest on pow szechnie  stosow any do oceny p raw d o p o d o b ień stw a  w y 
losow ania konkretnego  elem entu  zgrupow ania. Trzy następne oceniają (każdy z in 
nego p u n k tu  odniesienia) atrakcyjność danego ekosystem u dla w ystępującego  w  nim  
zgrupow ania . W skaźnik  jakości przyrodniczej dotyczy ogólnej s tru k tu ry  zg ru p o w a
nia. W skaźnik heterogenności dynam icznej opiera się tylko na jednej charakterystyce 
s tru k tu ry  zgrupow an ia , m ianow icie na jego przestrzennym  rozm ieszczeniu . W skaź
n ik  pojem ności gatunkow ej siedliska syntetyzuje w iedzę na tem at preferencji siedli
skow ych poszczególnych populacji w chodzących w  skład zgrupow ania .
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