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A bstract. S tud ies of species diversity give rise to a n um ber of questions related  to theoretical 
asp ec ts  and  m ethodology. The questions deal w ith 1) estim ation of the n u m b er of species in h a 
biting  an  area, 2) the m easu rem en t of species diversity by m eans of sta tis tica l indices, 3) the 
relation  betw een  changes in diversity and the s tru c tu re  of anim al com m unities, 4) estim ation  of 
diversity in succession  series of biocenoses 5) defining species diversity in a  landscape, 6) red u c 
tion in species diversity due to anthropogenic p ressu re . The application of quan tita tive  m e a s u 
rem en ts th a t  afford precise answ ers to these questions h as  given contem porary  s tu d e n ts  of fa u 
na  tools w ith w hich to evaluate h ab ita t quality and  produce evidence-based directives for n a tu re  
conservation .
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INTRODUCTION

The p resen t in te rest in biological diversity can be traced back  to a political 
docum ent: in the  in troduction to the 1969 UNO report, U’T hant, form er Secre
tary  G eneral of the  United Nations O rganization, wrote abou t “im pending 
doom for n u m erous forms of the  anim al and p lan t w orld”. T ha t report 
p rom pted the In ternational Union for Conservation of N ature to develop the 
“World C onservation Strategy”, published in 1980. In th a t publication  biologi
cal diversity w as m entioned in the context of two issues: 1) the  d im inishing 
genetic pool of breeding anim al species and  cultivated p lan t species due to the  
in troduction  of new varieties with better production param eters: 2) the ex
tinction of wild anim al and p lan t species following transfo rm ation  and  de
stru c tio n  of the ir hab ita ts . Work on the la tte r topic w as la te r resum ed  by the 
National Science Foundation Committee in the USA, which published  a report
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in 1989 entitled “Loss of Biological Diversity: A Global Crisis Requiring In ter
national S olu tions”. In the sum m ary  section of th is docum ent it is asserted  
th a t losses of biological diversity rep resen t a th rea t to both  the scientific u n 
derstand ing  of the world and  the welfare of hum anity . The a u th o rs  of the re 
port s ta te  th a t th is  crisis is global in character and  th a t it can  only be solved 
through  in ternational co-operation. This issue h as  been the topic of “Agenda 
21” and  the “Convention on Biological Diversity” adopted during  the E arth  
Sum m it organized by UNEP in Rio de Janeiro  in J u n e  1992.

The ta sk  of specifying the objectives for biological sciences has been u n d er
taken  by such  organizations as the IUBS, SCOPE, UNESCO, ICSU, IGBP- 
GCTE and IUMS. The Diversitas program m e, the outcom e of their work lists 
m ajor program m e elem ents and cross-cu tting  program m e elem ents, and ac 
tually  encom passes all basic issues related to species diversity.

In research  practice, as  d iscussed  by T r o j a n  and W y t w e r  (1996), the basic 
ta sk s  related to the a ssessm en t of species diversity have been addressed  for a 
long time by specialists in faunal and  floral research. In the  anim al world, 
faunistics investigates species diversity in specific a reas  and  h ab ita t condi
tions. The resu lts  of such  stud ies allow for defining s tru c tu ra l p a tte rn s  in 
faunal system s, identifying regularities in changes which these system s u n 
dergo and  the factors th a t provoke these changes. Faunal da ta  are ind ispen
sable in s tud ies  of the species diversity of fauna inhab iting  all ecosystem s 
found on E arth . The con ten t of faunal papers, and particu larly  descrip tions of 
theoretical concepts, m ethodological solutions and generalizations elucidating 
the genesis, s tru c tu re s  and  processes occurring in faunal com m unities a t 
p resen t, including the effect of various forms of anthropogenic activity on 
fauna, provides ind ispensable inpu t for evaluation of m ethods of a ssessm en t 
of biological diversity. The p resen t paper aim s to d iscuss selected issues of 
contem porary  faunal s tud ies and  point ou t possibilities th a t present-day  
faunistics offers w ith respect to solving problem s of species diversity.

SPECIES CAPACITY OF THE HABITAT AS A MEASURE OF SPECIES DIVERSITY

The num ber of species (S) inhabiting  a given area  is the basic param eter 
utilised in all m easu res of both species richness and species diversity. De
term ining the value of (S) also answ ers ano ther im portan t question, namely, 
w hat is the species capacity  of a  given ecosystem , its segm ent or even an  e n 
tire landscape. T hus, species diversity and species capacity emerge as  closely 
related notions.

Classical faunistical analysis supplies tentative assessm en ts  of the r ic h 
ness  of the anim al world. The outcom e of such  stud ies consists of lists of 
species inhab iting  study  areas, often referred to specific localities, ecosystem s 
or their su b s tru c tu re s . By merely com paring su ch  lists one can identify lo
calities rich and  poor in fauna. The value of (S) established empirically, in the 
course of faunistical exploration is, however, difficult to in te rp re t as there are 
no s ta tis tica l m ethods for evaluating an  isolated num erical value. Nor can  the
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researcher ever be certain  th a t the available list of species is genuinely ex
haustive for the study  area. It depends on the m ethods for collecting anim als, 
the size of the study  m aterial as  well as the time and season  w hen it w as col
lected. Hence, conclusions derived from classical faunistical stud ies, even if 
they have been carried out by experienced faunologists, are burdened  with 
error whose m agnitude is difficult to estim ate -  the error of underestim ating  
or, less frequently, overestim ating the faunal resources of a  given area. There 
may be more or fewer species inhabiting  the area th an  have been recorded 
during  the investigations. Such objections m ay be raised with respect to the 
resu lts  of any classical faunistical study.

The fauna, like any other system  in natu re , is dynam ic ra th e r th an  static. 
The faunistical background to every area  consists of residen t species, in h ab it
ing the locality perm anently  and  for a long time. These are usually  eurytopic 
species, associated  with the hab ita t type ra th e r th an  the ecosystem  itself. 
They occur in different landscape zones and belong to every kind of ecosystem  
-  forest, g rassland , cultivated field, swam p, and also in town ( T r o j a n ,  1984). 
A second group is formed by im m igrant species, penetrating  into the area, 
which is new for them , and th u s  enriching its faunal resources. Yet ano ther 
group is m ade up  of elim inated species, d isappearing from the area  as a  resu lt 
of changes to the environm ent or com petition. The fourth group consists of 
visiting species, m igrating across the study  area  or visiting it periodically b u t 
never settling down to live there  perm anently. The relations betw een these 
groups of species provide the basis  for evaluating the dynam ics of processes 
occurring w ithin the fauna.

Dynamic phenom ena occurring in the fauna are universal and  can  be ob
served everywhere and a t all tim es. Their effects are particularly  evident in the 
case of small isolated n a tu ra l objects such  as small islands, u rb an  lawns, 
solitary clum ps of trees or sm all bodies of w ater. Two factors which exert a 
particularly  strong  influence on the fauna in such  cut-off enclaves are im m i
gration and extinction ( M a c A r t h u r  and W i l s o n ,  1963), and  the actual n u m 
ber of in h ab itan t species is the  resu ltan t of the two processes m entioned 
above.

One notable consequence of adopting the dynam ic concept of fauna is a 
change in the approach  to evaluating the num ber of species inhabiting  a given 
area. If one assum es, after SlMBERLOFF (1978), th a t im m igration rate  declines 
exponentially w ith species capacity of the area  under study, w hereas extinc
tion decreases with its size, then  larger areas th a t show greater environm ental 
diversity should  also be home to a more diverse and stable fauna. Such  an 
approach  a ttach es  crucial im portance to the identification of changes in spe
cies capacity in space and time. Any assessm en t of the  sta te  of the fauna 
should be anchored  in a  definite period of time and  a locality; d a ta  so ob
tained m ay be com pared, b u t com pilations are risky.

A ssessm ent of im m igration, extinction and visiting ra tes  is difficult and 
can  rarely be addressed  by faunistical studies. As a resu lt, o ther m ethods are 
usually  employed to estim ate the num ber of species inhabiting  a given area  a t
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a time. Such  m ethods m ake use of sta tistical functions based on species-area 
curves and species frequency distribution.

Species num ber estim ation  by sp ecies area curves. In faunistical e s ti
m ations, the practice of relating sam ples to area  size is chiefly used in s tud ies 
of vertebrates. The num ber of individuals caught is generally considered 
m uch  more im portan t in s tud ies of anim als with a sm all body size. After a 
good fit is estab lished  betw een the empirical curve and one of the three 
know n species-area curves (A rrhenius’, Kylin’s or Romell’s, see T r o j a n ,  1992) 
the value of estim ated  num ber of species (S*), som etim es different from em 
pirical (S) can  be tentatively defined. W hen the em pirical da ta  are com patible 
with the A rrhenius curve, as transform ed by CONNOR and M c C o y  (1979)

S* = crf

w here c and z  are param eters  of modified A rrhenius’ equation, N = num ber of 
individuals in sam ple, there  are no lim its to their being extrapolated by in 
creasing the num ber of individuals. The m ain benefit from th is procedure is 
th a t it helps to estab lish  the num ber of individuals th a t m u st be collected so 
th a t a  previously unknow n species can be found. Thus, in order to provide a 
more realistic estim ate  of the num ber of species inhabiting  an  area, the  sa m 
ple m u st be related to the size of the  area. Sam ples then  have to be collated to 
determ ine the area  subjected  to the scientific exploration. To th is end, an  
a rb itrary  coefficient is used  to convert sam ple size into area  u n its  and then  
the upper lim it of the extrapolation procedure, i.e. the size of the study  area, 
is estab lished . The point where the curve approxim ates the limit is the e s ti
m ated num ber of species (S*) inhabiting  the area. The conversion of sam ple 
size to the a rea  and  the application of the extrapolation procedure are b u r 
dened with a cum ulative error th a t is difficult to estim ate and weighs on the 
resu lts .

Sp ecies num ber estim ation  by the sp ecies frequency distribution is
used w hen the em pirical d istribu tion  fits one of the following two s ta tis tica l 
d istribu tions. The first one, PRESTON’S (1962) log-normal distribution is p a r
ticularly  useful w hen the num ber of species exceeds 100. W hen the em pirical 
curve fits th is s ta tis tica l d istribu tion , the num ber of species is estim ated u s 
ing a form ula

where S0 is em pirical num ber of species, n = 3.1416, e is obtained from vari
ance (o) of d istribu tion  from the formula: £ = (2a2) 0 5.

This num ber S*, according to PRESTON (1962), “exposes” the m issing p a rt of 
the log-norm al d istribu tion  curve. The other distribution, the negative b ino
mial d istribu tion , is usually  employed to system s num bering several to sev
eral dozen species. In case of fit between the em pirical and sta tistical d is tr i
bu tions, the  num ber of species is defined using the form ula
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where q and v are the  param eters of the negative binom inal equation.
F a u n is t ic a l m a te r ia l c o n ta in s  n o  em p ty  sa m p le s , w h ic h  is  s o m e t im e s  th e  

c a s e  w ith  ec o lo g ic a l sa m p lin g . T h u s , a n a ly s e s  o f  fa u n is t ic a l  m a te r ia l s h o u ld  
u s e  th e  tr u n c a te d  n e g a tiv e  b in o m ia l d is tr ib u tio n , w ith o u t  th e  zero  (Tro jan

1992).
Species num bers estim ated (S*) by m eans of sta tistical functions and  d is

tribu tions are the essential param eter for m athem atically correct analyses of 
faunal species diversity and they also help estab lish  the species capacity of a 
hab ita t.

STATISTICAL MEASURES OF SPECIES DIVERSITY

Two m easu res of species diversity, the Shannon-W eaver and  Sim pson indi
ces, enjoy wide use in faunistical research. Their m athem atics does no t need 
to be d iscussed  here. O ther m easu res of diversity, usually  referred to as  spe
cies richness, relate  the num ber of species to the size of the sam pled m aterial, 
being th u s  dependen t on the la tte r param eter and not satisfying the s ta tis ti
cal criteria. They are rarefy applied to faunistical research.

Both the species diversity indices actually only provide inform ation on the 
likelihood of cap tu ring  an  individual representing  a given species. This likeli
hood is h ighest in com m unities m ade up of only one species, and lowest w hen 
the com m unity com prises several species of equal abundance. This rela tion
ship  h a s  been best figured by Ma g urr an  (1988). This feature of the species 
diversity indices dem onstra tes their independence from the num ber of species 
forming a com m unity. This proposition is corroborated by resu lts  of stud ies 
on weevils (Cholew icka  1994). Com m unities rich and poor in species alike 
may show sim ilar species diversity values. Sim ilar inform ation may be found 
in the work by Ha g vAr (1968), where the resu lts  of calculations using  two 
m easu res of species diversity of soil fauna have been grouped along the grad i
en t of increasing  soil fertility. Species capacity w as the only index whose value 
rose with increasing soil fertility, while species diversity in the forest w ith the 
m ost fertile soil w as sim ilar to th a t in Pineto-Cladonietum  forests, whose soil 
ranks am ong the least fertile ones. In com parison to species diversity as 
show n by HagvAr (1968), the percentage-of-rare-species index follows the op
posite pa ttern , w ith the h ighest values registered in the forests w ith the m ost 
and  the least fertile soils. The example da ta  quoted above show  th a t despite 
the simplicity of these indices, the in terp reta tion  of faunistical da ta  provided 
by them  p resen ts  m uch difficulty.

The m axim um  and m inim um  [H’mJ  values of the indices th a t a
com m unity m ay reach in a given area  can serve as  reference values for the 
in terp reta tion  of these diversity m easures. An example of the use of th is  pos
sibility is the P ielo u  evenness index (1969), which describes the range of vari
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ability in species diversity indices in a  given locality. By placing an  empirical 
resu lt on th is  range scale ( T r o j a n ,  1994), one can see by how m uch actual 
diversity differs from potential diversity for a given hab ita t and  observe differ
ences betw een the two m easures. The variability range of Shannon-W eaver 
index (H’) is m uch  wider th an  th a t of Sim pson (7) and the differences in in te r
preta tion  of the  sam e se t of resu lts  using these m easures do not correspond. 
The above ind icates th a t w hen in terpreting  the resu lts  of analyses the na tu re  
of the m easure  m u st be taken  into consideration alongside the m agnitude of 
the difference.

SPECIES DIVERSITY VERSUS SPECIES FREQUENCY DISTRIBUTION

The independence of the  m easures of species diversity from the  num ber of 
species param eter and the fact th a t the resu lts  are only related to the contri
bu tions of individual species to the com m unity suggest th a t bo th  the S h a n 
non-W eaver and  Sim pson indices are chiefly to be regarded as approxim ate 
m easu res of the  skew ness of species frequency distribu tions. The values of 
both indices in anim al com m unities characterised  by sh a rp  dom ination of one 
species approxim ate H ’ = 0 and 1= 1  respectively, while in skew distribu tions 
they approxim ate H ’inax and  1=1 /S *  respectively.

A good estim ate of a  com m unity’s diversity can be obtained by directly 
analysing species frequency distribu tion  with the help of descriptive ch a rac 
teristics th a t allow for a ssessm en t of such  features of d istribu tions as their 
evenness, skew ness and  oblateness and  how well they fit the s ta tis tica l d istri
bution. By using  these d istribu tions as models of com m unity s tru c tu re  it is 
possible to program  and  tes t the empirical data. Such  analyses can be p a r
ticularly useful in s tud ies of species diversity of com m unities aim ing a t
1) identification of s tru c tu ra l p a tte rn s  in a com m unity in n a tu ra l conditions;
2) evaluation of the wellbeing of a  com m unity; 3) a ssessm en t of the degree of 
transform ation  of a  com m unity due to external factors; 4) identification of 
endangered species.

W ork on m ethods of sta tistica l description of com m unity s tru c tu re  is far 
from being completed. However, it is known th a t m ost of the s ta tis tica l d istri
bu tions available do not reflect the s tru c tu re  of anim al com m unities. In n a tu 
ral com m unities, w ith few signs of anthropogenic transform ation  the a b u n 
dance of certain  few species, called dom inants in descriptive ecology, is high 
and there  are a  num ber, som etim es quite large, of species of low abundance, 
which are described as the  tail of the distribution or accessory species. Such  a 
d istribu tion  reflects the s tru c tu re  of num erous types of n a tu ra l ecosystem s. 
In practice, deviations from th is  pa tte rn  occur quite frequently, allowing for 
application of s tru c tu ra l da ta  to com parative studies.

In our fu rther considerations, the three m easures of species diversity 
nam ed above: species num ber, species diversity indices and species frequency 
d istribu tion  will be trea ted  on equal term s.
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FACTORS INFLUENCING THE SPECIES DIVERSITY OF FAUNA

The experience of zoogeographical and faunistical research  suggests th a t 
the diversity of the fauna of an  area  is contingent upon a variety of factors:
1) the  geological history of the  area, 2) its size, 3) its h ab ita t differentiation, 
4) ecological succession and 5) anthropogenic im pact. They will be analysed 
below individually.

The geological h istory o f the area. It is assum ed th a t continuous devel
opm ent of the flora and fauna of an  area, und istu rbed  by ecological d isasters, 
resu lts  in increased species diversity of the biota found there. This regularity 
m anifests itself w hen species diversity is com pared betw een areas where the 
fauna h as  developed continuously  and those which have suffered destruction 
of som e biota. Such  com parisons also m ake it possible to evaluate the usefu l
ness of the three m easures of species diversity d iscussed above. The following 
example com parisons involve the horse-flies family (Diptera: Tabanidae) and 
soil m esofauna.

Horse-flies are part of the guild of haem atophages. The two areas under 
com parison are the Puszcza Białowieska primeval forest, whose area of about 
10,000 ybp used to be covered by an  ice sheet, and the tropical rain  forest of 
Panam a, s itua ted  in a  region th a t did not suffer glaciation in the Q uaternary . 
A com parison of da ta  on the species diversity of horse-flies reveals th a t the 
species diversity indices (H’) and  (J) show little difference between the two 
areas and  species frequency d istribu tions of the guild are sim ilarly dom inative 
w hereas the  num ber of species in the Panam anian  forest is m uch higher th an  
th a t in Puszcza Białowieska.

The o ther example com parison involves soil m esofauna of deciduous for
ests of former Yugoslavia and  Poland. The former area  was free of glaciation in 
the Q uaternary , with the exception of m ountain  areas, while the no rthern  
part of the la tte r was completely covered with the ice and o ther lowland areas 
there had no forests. The values of the three m easures are again sim ilar in 
both areas. The differences betw een the respective species diversity indices 
are small, dom inance p a tte rn s  being sim ilar as well. However, the num ber of 
species indicates a  m uch higher richness of the m esofauna in Yugoslavian 
deciduous forests, where the fauna has  developed unpertu rbed , in com pari
son with central Europe, where reconstruction of the fauna has  been going on 
for a relatively sho rt time.

The differences observed are also partly due to a  w arm er climate of the a r 
eas unaffected by glaciation. However, it is difficult to speak  in definite term s 
about its effect on s tru c tu ra l m easures, such  as species diversity and even
ness or species frequency distribution.

The size  o f the area occupied by a specific type of ecosystem  decides a 
num ber of species found there. This relationship  h as  been well docum ented in 
s tud ies on island fauna. In s tud ies on continental biota, the relationship  be
tween the size of the study  area  and  the num ber of species w as first form u
lated by A r r h e n i u s  (1923) in the form of a function described earlier in th is
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paper. Some good exam ples to illustrate  th is issue are  provided by da ta  on the 
horse-flies of the forest ecosystem s of the  Palaearctic Region (Table I).

Table I. Species diversity of horse-flies (Diptera: Tabanidae) of the forest ecosystem s of the 
Palaearctic Region; N -  n um ber of individuals in a sam ple, S -  em pirical n u m b er of species;

H’ -  Shannon-W eaver index.

Ecosystem R egion/C ountry Subregion N S H’
Sw itzerland L ausanne 596 17 2 .2120

D eciduous Poland Nida Valley 265 21 2 .5788
forests K am ginos Forest 1947 24 2 .5268

Slovakia E ast Slovakia 9348 36 2 .3983
B elarus Grodno 9315 29 2.4161

C oniferous R ussia St. P e te rsb u rg 1788 16 2 .1826
forests C entral N orthern taiga 9925 22 2 .8275

Siberian Middle taiga 3450 28 2.9662
Plateau S ou thern  taiga 4227 30 2 .9473

Horse-flies com m unities in individual forest regions can have sim ilar spe
cies diversity indices and also dom inative p a tte rn s  of species frequency d istri
bution. The m ain  difference is in the total num ber of species inhab iting  sev
eral forest ecosystem . Sim ilar species diversity is found in Nida Valley coun t
ing some ten s  square  kilom eters as  in taiga of C entral Siberian Plateau with 
the area  of approxim ately 4 millions square  kilom eters.

H abitat d ifferentiation. The issue of changes in species diversity seen 
w ith increasing h ab ita t diversity h as  been dealt w ith by a num ber of au th o rs  
(W h itta k e r , 1972; B l o n d e l ,  1979; C a n c e la  d a  F o n s e c a ,  1993). The m ost 
significant developm ent in th is field h as  been W h it t a k e r ’s  (1972) concept of 
the coenokline, which s ta te s  th a t the populations of individual species overlap 
and  th a t their abundance  cen tres are d istribu ted  along hab ita t g rad ien ts. As 
a resu lt, the  n iches of individual species become progressively narrow er while 
changes in the com position of the com m unity get bigger in tim e. W hittaker 
defines three categories of species diversity: intrabiotopic a-diversity, in terb i
otopic p-diversity and  landscape-scale ydiversity . M easurem ents of these 
th ree types of diversity are usually  based  on the Shannon-W eaver index. 
Special im portance u nder th is  concept is a ttached  to the a-diversity m easure  
( H a l f f t e r ,  1998) insofar as  it is the one best reflecting ac tual species diversity 
in a  landscape w ith a high degree of pa tch iness resu lting  from its  being re
s tru c tu red  by h u m an  activity. An analysis of 9 m easu res of diversity using 
da ta  on parasitic  Ichneum onidae (Hymenoptera) com m unities of canopies of 
p ines in Polish pine forests (W y tw er , S a w o n ie w ic z  1998) revealed th a t  ap a rt 
from the S, H ’ and  J  indices, also useful are the m ean width of niche (HJy)) 
and  the m ean overlap of h ab ita ts  (HJx)) indices. The global diversity index 
{H(x J  and  system  diversity indices (C(H)) and (C) are of little use w hen a  series 
of h ab ita ts  is occupied by the taxon under study  in equal num bers.

T h e v a r ia b ility  o f  th e  s p e c ie s  d iv er s ity  in d ic e s  w ith in  a  d iv er s ified  la n d s c a p e  
w ith  a  p r e p o n d e r a n c e  o f  a ra b le  la n d  h a s  b e e n  s tu d ie d  o n  b e e s  b y  B ana szak
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(1983). It w as show n th a t anthropogenic h ab ita ts  were characterized by sim i
lar values of these indices in com parison with n a tu ra l hab ita ts, while in agri
cu ltu ra l land, characterized by a sim ilar species capacity to th a t in n a tu ra l 
forests, m uch lower values of the species diversity indices were registered.

The above exam ples point ou t to the im portance of and possibilities for de
veloping cum ulative assessm en ts  of species diversity in landscape scale.

Ecological su ccession . Secondary succession has  been studied over a pe
riod of 150 years in PeiLcedano-Pinetum pine forests in the Białowieża Bio
sphere  Reserve (T ro ja n  et al., 1994). 28 faunal groups with a total of 1200 
species were included. In con trast to the  developm ent of flora, the succession 
of fau n a  is a m ultidirectional process th a t can follow either of five p a tte rn s  
referred to as a) creative, b) stabilising, c) rise-and-fall, d) regressive and e) 
restorative succession. Some groups of an im als did not exhibit any discernible 
changes th roughou t the succession series. Using the num ber of species, 
abundance , species frequency d istribu tion  and species diversity indices as 
m easu res of succession processes, the following findings were obtained:

1. N um ber of species: 6 p a tte rn s  of changes were seen in the anim al 
groups studied. The restorative pa tte rn  w as the m ost popular, where an  in i
tially high num ber of species decreases until the pole wood stage to be re 
stored in older forests. The regressive and  rise-and-fall succession p a tte rn s  
both  lead to a decrease of the num ber of species in the clim ax-phase forest. 
Five groups of an im als did not show any changes in the num ber of species 
during  the 150 years. Increases in the num ber of species in the course of the 
succession  were seen as frequently as the opposite trend.

2. C hanges in the abundance  of anim al com m unities follow a sim ilar di
versity of pa tte rn s . Regression and  restoration  were the dom inant trends, and 
abou t a th ird  of the com m unities were more ab u n d an t early in the series th an  
a t the  end of the  study  period. On the opposite end are com m unities in which 
a fall in ab undance  was stopped in the in term ediate phase of the succession 
series and followed by an  increase continuing  as long as the climax phase. 
Only four of the taxa registered constan tly  increasing abundance  th roughou t 
the series. A frequent finding w as th a t of divergent trends in abundance  
changes during  the succession of ecologically related groups of anim als.

3. The species diversity indices are the m ost evenly d istribu ted  am ong the 
various p a tte rn s  of succession. Regression of species diversity in the course of 
succession  of the pine forest w as the dom inant pa ttern , b u t increases in spe
cies diversity were observed as frequently. In the case of potential diversity 
[HincJ ,  regression was by far the m ost frequent pa ttern , seen in 60% of the 
anim al groups. This m eans that, in a s truc tu ra lly  developed ecosystem , spe
cies th a t are  not necessary  for its functioning are elim inated. In the  pine for
es ts  the stability  of the climax phase w as achieved through sim plification of 
the ecological s tru c tu re s  of the com m unities forming the biocenosis, i.e. a t the 
cost of reduced species diversity.

A nthropogenic pressure. The developm ent of agricu lture and forestry, in 
dustry , tran spo rt, the u rban isa tion  of large areas and more intensive exploi
tation  of n a tu ra l resources combine to form a complex system  of an th ropo 
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genic p ressu re  exerted on ecosystem s. Its sim plest form is tram pling on the 
soil surface, which causes  significant changes to the vegetation cover, and the 
m ost extrem e form is intoxication of the environm ent with industria l immis- 
sions leading to erad ication  of life from som etim es large areas. The issues 
connected w ith the effect of anthropogenic p ressu re  on fauna have been de
scribed in a  large num ber of publications. In th is paper, I shall concen trate  on 
only a few aspects  of th is  broad subject.

D egradation of the  environm ent in term s of the effect of anthropogenic 
p ressu re  on an im als resu lts  in several types of change depending on the n a 
tu re  of the im pact. The m ost notable types are:

1. Unification of the  environm ent, p resenting  itself as  the existence of 
uniform  environm ental conditions in large areas. This factor is chiefly associ
ated  w ith the growth of p lan t production and  leads to the d isappearance of 
h ab ita t pa tch iness typical of natu rally  developing ecosystem s.

2. H om ogenisation of the  environm ent for an im als m anifests itself as  de
s truc tion  of the  vertical s tru c tu re  of ecosystem s, which is particu larly  delete
rious to fauna in agroecosystem s w ithout p lan t litter or trees. In artificial for
e s t ecosystem s, the dom inan t process is the destruction  of age s tru c tu re  due 
to the practice of s im ultaneous tree felling and  tree p lan ting  in large areas.

3. Simplification of biocoenoses owing to the in troduction  of m onocultures.
4. Aridification of agricultural hab ita ts  through drainage practices and the 

destruction of litter in the curse of agrotechnical procedures. In urbicoenoses, 
w ater drainage is accom plished through underground plum bing system s. The 
drying of soils is also related to a higher tem perature of the air and the soil in 
towns and cities.

5. Intoxication of the  environm ent by various chem ical im m issions. This 
factor has  been listed as the last one even though it h as  received m ost a tte n 
tion in the litera tu re  of the  subject to date. However, the first 4 factors seem  
to influence fauna to a  larger extent th an  chem ical pollution alone.

In c o n tra s t to the  observed diversity of changes to the  env ironm ent due 
to h u m an  activity, the  p ictu re  of responses of an im al com m unities is ra th e r  
uniform . S upporting  th is  assertion  is a body of re su lts  of long-term  s tu d ie s  
of the  In stitu te  of Zoology PAS concerned w ith the  effect of an th ropogen ic  
p re ssu re  on an im als  in  forest and  u rb a n  h a b ita ts . The ra tionale  beh ind  se 
lecting these  two types of h a b ita t w as th a t  the  h a b ita t types of deciduous 
fo rests and  Polish tow ns are  com parable to each  o ther a s  m ost com m only 
they  correspond  to the  linden-oak-hornbeam  forest p lan t association . As a 
resu lt, Polish cities, an d  especially W arsaw  -  the  m ost thoroughly  stud ied  
tow n in the world in th is  respect, are  m ostly se ttled  by species m igrating  
th e re  from nearby  dec iduous forests. The u rb a n  env ironm ent is no t equally 
su itab le  for every g roup  of fauna. Its “a ttrac tiv e n e ss” d im in ishes tow ards 
the  cen tre, w ith  less and  less green a reas  and  m ore and  m ore ground cov
ered w ith concrete an d  a sphalt, expressed as  the  so-called u rban iza tion  
g rad ien t, is conven ien t for analysing  individual groups of an im als (Tr o j a n , 
1993). The g rea tes t red u c tio n s  in n um bers  are  seen  in the  case of pa rasitic  
species, w hose occurrence  is lim ited to su b u rb a n  a reas  and  city o u tsk irts .
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P redato rs  can  still be found in larger parks. A sim ilarly  profound reduc tion  
is also observed in com m unities of phytophages, w hich, nevertheless, m ay 
still be found in city cen tres. Saprophages suffer the  sm allest losses as  
tow ns and  cities are a b u n d a n t in organic m atte r from refuse and  faeces of 
dom esticated  m am m als. Sim ilar tren d s  can  be observed w ith regard  to the  
troph ic  h ab its  of species se ttling  down in an  u rb a n  environm ent. H erbivo
rous weevils are  represen ted  by m ore th a n  400 species in the  Mazovia re 
gion in cen tra l Poland th a t  includes W arsaw  ( C h o l e w i c k a ,  1981), while in 
the  cen tre  of the  city the n u m b er of species is reduced  to a fourth  of the  
original figure, and  the narrow er the food specialisation , the  g rea te r the  
reduction . A sim ilar study  of sp iders  ( K r z y ż a n o w s k a  et al. 1981) revealed 
th a t  the  nu m b er of species w as reduced by 81-91%  in dow ntow n a reas . 
A nthropogenic p ressu re  is b est to lerated  by eurytopic species, while oligo- 
topes suffer the  m ost. S harp  changes also affect species frequency d is tr ib u 
tion. In a  n e a r-n a tu ra l forest h a b ita t a  species frequency g raph  show ed th a t  
the p roportions of successive species declined gradually  while in a  m arkedly  
transfo rm ed  park  there  w as a p ronounced  dom inance of one species, Nebria  
brevicollis, w hich occupied a m inor position in com m unity  s tru c tu re  in the  
sem i-n a tu ra l h ab ita t. The discovery of sim ilar responses of an im al com 
m un itie s  to diverse changes to th e ir h a b ita ts  h a s  led to the  dete rm ina tion  of 
a p a tte rn  of s tru c tu ra l change in anim al com m unities based  on differences 
in species frequency d istribu tion  ( T r o j a n ,  G ó r s k a  and  W e g n e r ,  1982). If a 
dom inative species frequency d istribu tion  w ith g radually  decreasing  p ro 
portions of successive species is considered the basic  s tru c tu ra l p a tte rn , 
degradation  of the environm ent changes th is  s tru c tu re  so th a t  there  is an  
increase  in the  p roportions first of a sm all group of species and  la te r  of one 
species only. A concom itan t p rocess is the  sho rten ing  of the “ta il”, i.e. low- 
ab u n d an ce  species w ith narrow  trophic and  environm ental ranges  are  
elim inated. Since th is  process affects all g roups of an im als, it m eans th a t  
b iocoenoses in transform ed  h a b ita ts  lack specialised species and  are th u s  
based  on eurytopic and  eu ryphagous species. As such , they rep re sen t 
“skele ton” com m unities and  m ay be viewed as  u n sa tu ra te d  biocoenoses, 
w ith a  lim ited scope of in te rnal regulation, vu lnerable ag a in st invasions of 
alien form s.

FINAL CONCLUSION

The above outline of m easures of the species diversity of fauna and  factors 
affecting th is  param eter indicates th a t with the support of quantita tive  m eas
u res  contem porary faunistics is able to accurately exam ine and a ssess  p h e
nom ena th a t are seen in faunal com m unities and affect changes occurring 
therein. Thus, faunistics h as  a t its disposal tools which enable evaluations of 
h ab ita t quality to be carried out based on sta tistical indices and evidence- 
based  directives for n a tu re  protection to be prepared.
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STRESZCZENIE

[Tytuł: Znaczenie i pom iar różnorodności gatunkowej]
Badanie różnorodności gatunkowej rodzi szereg pytań teoretycznych i m eto

dycznych. Dotyczą one 1) liczby gatunków  zasiedlających badany  obszar,
2) określan ia  różnorodności gatunkow ej za pom ocą wskaźników sta tystycz
nych, 3) związku zm ian różnorodności ze s tru k tu rą  zgrupowań zwierząt, 4) oce
ny różnorodności w szeregach rozwojowych biocenoz, 5) określania różnorodno
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ści gatunkowej w obrębie krajobrazu, 6) redukcji różnorodności pod wpływem 
działalności człowieka. Zastosowanie m iar ilościowych pozwalających n a  precy
zyjne odpowiedzi na  te pytania daje współczesnej faunistyce narzędzia oceny 
jakości środow iska oraz udokum entow ane w skazania dla ochrony przyrody.
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