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Secondary succession of scuttle fly communities (Diptera: Phoridae) 
in moist pine forest in Białowieża Forest

A b strac t: T he aim  of the research  w as to define changes tak ing  p lace in scu ttle  fly co m m u n itie s  in  the  cou rse  
of se co n d ary  succession  of m oist p ine  forest, an d  to d e te rm in e  w hich  v a rian t of seco n d ary  succession  w as 
being  rea lized  by  this co m m u n ity . For this p u rp o se  the fo llow ing  w ere  analysed : d a ta  on  the  n u m b e r  a n d  
ab u n d an ce  of species, on  the  species d iversity  of their com m u n ities  a n d  on the  freq u en cy  d is tr ib u tio n s  of 
the species w h ich  d e te rm in ed  the  s tru c tu ra l re la tions w ith in  the  taxon.
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1. INTRODUCTION

Ecological succession refers to ecological com plexes in w hich there  takes place a 
succession of species in tim e or exchange of their entire com m unities. Succession is a 
w ell-o rdered  process of changes occuring in the biocoenosis. In the course of succes
sion the env ironm en t is m odified  by the biocoenosis un til a stable ecosystem , called 
the clim ax, is form ed (Trojan  1977, ANDERSON 1986, Kikkaw a  1986, Pa q u in , 
Coderre 1997, Lichter 1998).

In o u r clim ate, the process of secondary succession of m oist p ine  forest lasts from  
120 to 150 years (SZU JECK I 1980). Forest regeneration  is accelerated th ro u g h  pine 
p lan ta tions established in clearings. The o ther stages of succession are: young-g row th , 
sm all po le  tim ber, large pole tim ber, p rem atu re  tree stand  and  m atu re  tree s tan d  (old- 
grow th). The vegetation  is being rebuilt th ro u g h o u t that tim e and , eventually , d is
tinctly stra tified  forest is created. Fairly w ell-know n transfo rm ations in the  p lan t

http://rcin.org.pl



80 E. D urska

stru c tu re  (F a l iŃ S K I  1991) are accom panied by changes in the trophic stru c tu re  o f the 
forest fauna, and  these changes have hard ly  been studied.

The m ost recent investigations carried  ou t in pine forest in B iałowieża Forest have 
p rov ided  evidence that processes of secondary  succession w ith in  anim al com m unities 
develop  in m any directions (TROJAN et al. 1994). Scuttle fly com m unities w ere  no t cov
ered  by these stud ies a lthough  their abundance  greatly  exceeds that of o ther fam ilies 
of Diptera. All da ta  on Białowieża Forest are extrem ely valuable because this Forest is 
the largest faunistic refug ium  in C entral E uropean  low lands, and  the degree  of the 
na tu ra l character of its forest is h igher w hile the num ber of exploitation  cycles is low er 
than  in o ther E uropean  w oodlands.

The investigations into the secondary succession of phorid  com m unities in m oist 
pine forest in Białowieża Forest w ere sponsored by the C om m ittee for Scientific Re
search PAS and  w ere a continuation of studies into this g roup  sponsored by the C. S. R. 
PAS to carry ou t a research project called "A nalysis of the species com position  and 
structure  of scuttle fly com m unities (Diptera: Phoridae) in forest com plexes w ith  various 
degrees of environm ent degradation". These studies yielded a num ber of valuable data 
on phorid  com m unities of m oist pine forest. They provided  evidence the response of a 
com m unity  to habitat degradation  is very m arked and  that the num ber of scuttle  fly 
species decreases as a result of m odification of forest from its natural state. In the trophic 
structure  of com m unities a very distinct reaction to habitat degradation w as recorded 
(decreased abundance of zoophages). M oreover, thanks to the faunistic investigations 
conducted in m oist pine forest in Puszcza Biała Forest and in Bory Tucholskie Forest in 
1986 and  1987, the list of phorid  species from Poland has been expanded (DURSKA 1996).

Ecological succession is an  expression of dynam ic processes taking place in all eco
system s (W lT T A K E R  1975, STU G R EN  1976, O d u m  1982). Secondary succession leads to 
relative stabilization  of the clim ax com plex. It is also expressed by the fact tha t g ro w th  
processes slow  dow n  or cease altogether, w hile the increase in energy is d irected  at 
internal regu la tion  processes. These processes em ploy energy for the m etabolism  of 
the com ponen ts of a given biocoenosis.

A know ledge of scuttle fly com m unities of m oist pine forest is of great im portance 
because m ore in form ation  and  data  will m ake it easier to u n d erstan d  the function ing  
and  significance of this g roup  in a type of forest m ost im portan t in silv iculture. Being 
an  extrem ely  a b u n d an t com m unity  of o rganism s w ith  sim ilar biotic p ro p erties  bu t 
different scales of ecological tolerance, the Phoridae could form  a basis on w hich  the 
stabilizing  m echanism s m ay operate  in the succession series of m oist p ine  forest in 
Białowieża Forest. D uring  the course of m oist pine forest developm ent a p h o rid  com 
m un ity  m ay realize one of the five succession variants: creative, stabilizing, rise-and- 
fall, regressive or restorative (TROJAN et al. 1994).

2. STUDY AREA

Białowieża Forest lies in the north -eastern  p a rt of Poland, in the m acroreg ion  of 
N izina Podlaska. This vast forest com plex (its Polish part covers abou t 625 km 2) is 
situa ted  at the b o rder be tw een  Poland  and  Belarus. W ithin its p resen t b o undaries it is
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a relic of th ree forest com plexes connected w ith  K nyszyńska Forest in the north . In the 
13th cen tu ry , the entire area w as d epopu la ted  and  that state of affairs lasted for about 
300 years (WlĘCKO 1972). If com pared  w ith  w oodlands situa ted  to the w est of it, the 
forests of Białow ieża Forest have been subject to few er exploitation  cycles, even 
though  explo ita tion  w as w asteful d u ring  both  w orld  w ars. The area is dom inated  by 
d eciduous forest (linden-oak-hornbeam ) characteristic of the tem perate  zone in 
Europe. These forests are u n dergo ing  com plete series of secondary  succession 
(FALIŃSKI 1989). In 1977, UNESCO recognized the un ique  value of Białowieża N a
tional Park  an d  g ran ted  it the sta tus of a w orld  b iosphere reserve. In 1979, the Park 
w as reg istered , as the only n a tu ra l object from  Poland, in the H u m an  H eritage List.

In Białowieża Forest, besides linden-oak-hornbeam  forests and  alder sw am ps, there 
are pine forests represen ted  by the forest associations Pino-Quercetum and  Peucedano- 
Pinetum (the subboreal variety of the com m unity) (FALIŃSKI 1988). Peucedano-Pinetum 
represents a type of m oist pine forest on podsol soils. M ost of these forests are in the 
north -w estern  part of the complex, in the forest District H ajnów ka. W ithin the Forest 
there are abou t 3739 ha of m oist pine forest w hich constitute about 6.4% of the entire 
tree stand  there. M oist-pine-forest patches consist of pine (about 76%), spruce (15%), a 
small p roportion  of birch (7%) and a very small share of other species (e.g. oak, aspen).

The stu d ies  on secondary  succession of scuttle flies in m oist p ine forests in 
B iałowieża Forest w ere carried  ou t in the forest of S tarzyna D ivision (D istrict Haj
nówka). Three sites w ere selected in the follow ing divisions: 538 (Ba, Be, Bd, Bf), 634 
(Be, Ef), 667Bf and  668 (A d2, Afi, Cc) (Fig. 1). A t each of these sites, there  w ere  chosen

several-hectare, even-aged 
forest plots: p lan ta tion
(culture: 4-8  years), young- 
grow th (16-22 years), large 
pole tim ber (age-class III -  
50 years) and o ld -g row th  
(140-145 years). The se
lected stu d y  areas are ho 
m ogeneous in soil and  
phytosociological respects. 
They rep resen t the asso
ciation Peucedano-Pinetum 
in its subboreal variety . A 
phytosociological analysis 
has show n that there  are 
slight differences in the 
floristic com position  even 
betw een  o ld -g row th  and  a 
clearing w ith  young  seed- 

Fig. 1. L ocation  of fo rest d iv isions; p lan ta tion : 538Bf, 538Bd, 634Bc; lings (M A T U SZK IEW IC Z  et al. 
y o u n g -g ro w th : 538Bc, 668A d 2, 668Cc; large pole tim ber: 538Ba, 634Ef, 1993). A ssociations devel-

668A 6 , o ld -g row th : 538Bf, 667Bf, 668Afi. ophag in m oist-pine-forest

Hajnówka
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habita ts in clearings and  young-g row th  are no t d istinctly  ind iv idual; they  are sets of 
forest species enriched  w ith  few species from  sandy  grasslands. Both in B iałow ieża 
Forest and  in o ther w ood lan d s of north -eastern  Poland in forest hab ita ts, p ine  is 
elim inated, u n d e r n a tu ra l conditions, by spruce w hich strongly  shades the u n dersto ry  
forest. Total clearing  is com m only  em ployed  in order to facilitate p ine regeneration  
(SOKOŁOWSKI 1996). The area w here the stud ies w ere conducted  is subject to 60-80- 
m etre-w ide total clearing. R egeneration  of tree cover begins w ith  a p lan ta tio n  con
sisting  of 80% of pine, 10% of spruce and  10% of birch and  oak.

3. M ETH O D S A N D  M ATERIAL

The p h orid  m aterial w as collected d u ring  stud ies in 1986 and  1987. Insects w ere 
caugh t in yellow  plastic traps (bowls of about 18 cm in diam eter) w ith  a w ater so lu 
tion of ethy lene glycol and  w ith  som e detergent. The traps w ere attached  to crow ns of 
p ines (Pinus silvestris) or p laced on the g round  in p ine p lan tations; from  A pril th rough  
October. All insects caugh t w ere collected at regu lar intervals, generally  every  fo rt
night. The m ethod , first em ployed  by M O ER IC K E  (1950) to catch aph ids and  later m o d i
fied by J. Saw oniew icz D . Sc., w as used  in zoocoenological stud ies conduc ted  by the 
Institu te of Zoology PAS to collect all insects living in tree canopies (B A Ń K O W SK A , 

G a r b a r c z y k  1981). In the case of scuttle flies the "yellow -trap" m ethod  m akes p ossi
ble the m ost com plete collection of m aterial not only from  tree canopies and  from  
bushes bu t from  un d ersto ry  foliage as w ell (D U R SK A  unpub lished  data). U nlike such 
catch techniques as sw eep-netting , shaking or ligh t-trapp ing  the m ethod  u n d e r d is
cussion allow s for precise observation  of the proportions in w hich the genus Megaselia 
occurs in the habitat; Megaselia is the richest in species and  the m ost ab u n d an t genus 
(about 70%) (D ISN E Y  1994). This m ethod  guaran tees continu ity  of catches and  the efore 
m akes it possible for researchers to collect species w ith  d ifferent circad ian  activity 
patterns, and  to determ ine seasonal changes. W hen the yellow -trap  m ethod  is em 
ployed, any n u m b er of sites m ay be stud ied  sim ultaneously .

Five traps (1 p er tree) w ere hun g  or p u t in each p lo t (in pine p lantations). A lto
gether 60 traps w ere placed in four age-classes of pine tree stands. The m ateria l col
lected contained  57181 pho rid  im agines; 9% of these w ere caugh t in p ine p lan ta tions, 
37.2% in young-grow th , 27.4% in large pole tim ber and  26.4% in o ld-grow th.

The aim  of the research w as to define changes taking place in scuttle fly com m unities 
in the course of secondary succession of m oist pine forest in Białowieża Forest, and  to 
determ ine w hich varian t of secondary succession was being realized by this com m unity. 
For this purpose  the follow ing w ere analysed: data on the num ber and abundance of 
species, on  the species diversity of their com m unities and  on the frequency distributions 
of the species w hich determ ined  the structural relations w ith in  the taxon.

The ecological classification of the species w as based on D i s n e y  (1994) and  on the 
au thor's  studies. The criteria of zoogeographic classification w ere ad o p ted  after 
C Z EC H O W SK I, M i k o ł a j c z y k  (1981). A ffiliation of particu lar species to defin ite  elem ents 
w as estab lished  on the basis of da ta  on their geographic d istribu tion  p ub lished  by 
D i s n e y  (1991).
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The abundance  of p articu lar species and  of entire scuttle fly com m unities w as p re 
sen ted  by m eans of an  index defining the num ber of ind iv iduals  collected d u ring  100 
24-hour catches (a 24-hour catch is the m ean num ber of ind iv iduals caugh t into one 
trap  in the space of 24 hours). This adop ted  conversion factor m ade it possible to em 
p loy  adequate ly  h igh  num erical values of the index.

W hile exam in ing  the dom inance structu re  of com m unities, the index of dom inance 
(D) w as used:

D =  "100%
N

w here: n -  relative abundance  of a given species
N  -  relative abundance  of the com m unity;

Four classes of species w ere d istingu ished  w hen  index of dom inance (D) w as used, 
an d  their p ro p o rtio n s were: 

eu d o m in an ts  -  over 15.0%, 
d o m inan ts -  from  5.1% to 15.0% 
su b d o m in an ts  -  from  1.1% to 5.0%, 
accessory species -  up  to 1.0%;
S oerensen 's fo rm ula  (So) (SOERENSEN 1948) w as used  to calculate the sim ilarity  of 

species com positions (quantita tive sim ilarity) of the com m unities com pared:

So = ,2̂  
b+c

w here: a -  n um ber of com m on species,
b -  nu m b er of species of the first com m unity , 
c -  n u m b er of species of the second com m unity;

M orisita 's  index (Mo) m odified  by HORN (1966) w as used to calculate the sim ilarity  
of dom inance  struc tu res of the com m unities:

22>,t ,
Mo = - -*='

0 = 1 0=1

w here: x\, y, -  percentages of com m on species,
xa, yn -  percentages of particu lar species in each of the com m unities com 
pared ,
n -  total n um ber of species;

The fidelity  form ula (W) expressed  quan tita tively  w as used  to d istingu ish  species 
characteristic  of p articu la r habitats:

W = f  100 
b

w here: a -  abundance  of a given species in a given habitat,
b -  to tal abundance  of a g iven species in all habitats;

Species w hose  value W  w as no t low er than  51% w ere reg a rd ed  as characteristic.
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The frequency  form ula (F) p roposed  by TlSCHLER (1949) w as used  to calculate the 
occurrence frequency  of species in sam ples from  a g iven plot.

F = p 100

w here: p -  n u m b er of sam ples contain ing  a given species,
P -  n u m b er of all sam ples;

The S hannon  and  W eaver index of real species diversity  (FT) w as used  to estim ate 
the biocoenotic d iversity  of the com m unities. This index assesses the struc tu re  of 
fauna in respect of species richness and  the evenness of abundance  d istribu tion  be
tw een pa rticu la r species (M A G U R R A N  1988, T r o j a n  1992, T r o j a n  1994).

i = l

w here: n, -  abundance  of ith species,
N  -  to tal abundance  of the com m unity ;

The p o ten tia l d iversity  of com m unities (Hmax), w hich also is a m ax im um  value of 
the index H', equals logS*. The Pielou index (/) w as used to determ ine  the degree to 
w hich po ten tia l d iversity  w as realized  by p articu la r com m unities (T R O JA N  1992).

J  = io& 100

w here: S* -  po ten tial num ber of species in a given com m unity  calculated  from
logarithm  function  (A rrhenius curve) (TR O JA N  1992).

A m odified  A rrh en iu s 's  form ula w as used  to estim ate the n u m b er of species (S*) 
based on the n u m b er of species found  in sam ples (S) (C O N N O R , M cC oy 1979):

S  = cN z

w here: S -  n u m b er of species in a sam ple,
N  -  n u m b er of ind iv iduals in a sam ple,
c, z -  equation  param eters ob tained  as suggested  by the au th o rs  of the 
fo rm ula  (C O N N O R , M cCoy 1979);

The index of hom ogeneity  w as used  to determ ine  the im pact of accessory species 
on the sim ilarity  of dom inance structu res (RlEDL 1963):
a) index of hom ogeneity  of dom inance:

k
HD ^

M  j =1

w here: Dij -  index of dom inance for the ith  species in the jth  site, for the total
n u m b er of s species and  k sites,
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b) index of hom ogeneity  of ranks:

s k r*-- n™*=Z(Zf)§.
1 = 1  j=

w here: Dij -  index of dom inance for the ith species of the jth  rank  for

nu m b er of s species and  k ranks;
The num eric  (Mn) and  species (Ms) m osaic indices w ere used  to estim ate 

of the h ab ita t (TR O JA N  1997).
a) num eric  index of hab ita t m osaic character:

r = S ]

2>,
M „  =  i r

w here: N, -  abundance  of species consistent w ith  the broken-stick  m odel
N  -  to tal abundance  of the com m unity ,
S -  nu m b er of species in  the com m unity,
S3 -  num ber of species consistent w ith  the broken-stick  m odel;

b) species index of hab ita t m osaic character:

Ms = f

w here: S3 -  nu m b er of species consistent w ith  the broken stick m odel,
S -  nu m b er of species in the com m unity;

In o rd e r to estim ate species richness (d) an index w as used  w hich  m akes the value 
of the resu lt in d ependen t, to som e extent, of the size of a sam ple ( M a r g a l e f  1968):

d  = S 
l o g  A 3

w here: S -  nu m b er of species in a sam ple,
N  -  nu m b er of ind iv iduals  in a sam ple;

The calculations w ere based on a com puter program m e of the M useum  and  Insti
tu te  of Z oology PAS.

4. RESULTS 

4a. S p ecies co m p o s itio n

U nlike the fauna of deciduous tree canopies in E uropean  w o o d lan d s the phorid  
fauna of p ine  canopies in m oist p ine  forest is very rich (B U C K  1994, D i s n e y  1994, 
D u r s k a  1996, in press).

the total 

the state
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The first m en tio n  of the Phoridae recorded  from  Białowieża Forest w as inc luded  in 
S a c k ' s  rep o rt (1925) on the occurrence of Megaselia pulicaria.

D u rin g  the 1986 and  1987 research  in m oist p ine  forests in B iałow ieża F orest 
th ere  w ere  re co rd ed  21 genera  rep resen ted  by 209 species of Phoridae, an d  this m ad e  
a b o u t 65% of all species reco rded  from  P oland; the 42 species new  to the Polish  
fau n a  in c lu d ed  9 species new  to science ( D u r s k a  1996, D i s n e y ,  D u r s k a  1998, 
D u r s k a  in press). Poloniphora -  a genus new  to science w as described  (D IS N E Y , 

D u r s k a  1998).
M ost fem ales of the species Megaselia and  Phora are unidentifiable to species (in ou r 

p resen t state of know ledge) and  therefore they have been identified  to genus only. 
The g ro u p  of species new  to science m erits fu rther study.

A detailed  analysis has been carried  out for m aterial from  the four age-classes of 
p ine tree stands; the m aterial com prises m ales (201 species, 11 of w hich  p robab ly  are 
new  to science) of all genera of Phoridae (A ppendix).

U p till now , 87 species w ere know n to occur in p ine canopies of o ld -g ro w th  in 
m oist p ine forests in  B iałowieża Forest ( D u r s k a  1996). After the recent s tud ies that 
n u m b er has rosen  to 131 (including 8 species probably  new  to science) (A ppendix) 
( D u r s k a  in press).

The A rrhen ius function  w as used to analyse the m aterial, and  it w as found  o u t tha t 
p h o rid  species h ad  g radually  appeared  in successive sam ples (Table I).

T able I. P h o rid  species a p p e a r in g  in consecu tive sam ples co llected  by the yellow  tra p  m eth o d  in the  fo u r 
age-c lasses of p in e  tree  s ta n d s  of m o ist p ine  forest in B iałow ieża Forest (N -  n u b e r of sam ples, S -  n u m b e r

of species).

H a b ita t P lan ta tions Y oung-g row th L arge pole 
tim ber

O ld -g ro w th

N S %S S %S S %S S %S
1 15 19.73 25 18.12 19 22.10 19 14.50

10 51 67.10 109 78.98 61 70.93 81 61.83
20 71 93.42 133 96.38 80 93.02 125 95.42

25 76 100.00 138 100.00 86 100.00 131 100.00

V ery sim ilar n um bers of species w ere ob ta ined  for scuttle fly com m unities in 
p lan ta tions an d  large pole tim ber (76 and  86 species, respectively) and  also in young- 
g ro w th  and  o ld -g ro w th  (138 and 131 species, respectively). The succession varian t 
realized  by the p h o rid  com m unity , w ith  regard  to the num ber of species, m ay be de
fined as a rise-fall-rise varian t of change, and  it is a m odification of the resto ra tive  one 
( T r o j a n  et al. 1994). S im ilar rise-fall-rise tendencies w ere noticed w hen  values of spe
cies richness d esigna ted  for the com m unities in the four age-classes of forest w ere 
being  com pared  (Table II). A n increase fo llow ed by a decrease and  yet an o th er in
crease in the n u m b er of species indicates that the response of a p h o rid  com m unity  to 
the changes in h ab ita t is very h igh (TR O JA N  1994, D U R SK A  1996).
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T able II. C h an g es in the  n u m b e r  of in d iv id u a ls  (N), in ab u n d an ce  (N /2 4 -h o u r  trap) a n d  in  th e  n u m b e r  of 
species (S) o f the  p h o rid  co m m u n ities  in the  four age-classes of m o ist p ine  fo rest in B iałow ieża Forest.

H ab ita t

Total m aterial (fem ales+m ales) M ales

N N /2 4 -h o u r  
trap

S /L o g N N s N /2 4 -h o u r
trap

p lan ta tio n s 5119 2.03 20.4897 2148 76 0.85

y o u n g -g ro w th 21304 8.11 31.8820 6482 138 2.49

large  po le  tim ber 15664 6.00 20.5011 3317 86 1.29

o ld -g ro w th 15094 4.83 31.3487 3466 131 1.38

su m 57181 20.97 X 15413 X X

total X X 42.2513 X 201 6.01

Soerensen 's form ula w as used  to com pare the species com position of the scuttle fly 
com m unities in the four age-classes of m oist p ine forest. The com parison  w as m ade in 
tw o ways: one for the en tire  com position  and  the o ther only for the g ro u p  of d o m i
nants. A n analysis of the entire species com position  show ed slight sim ilarities b e 
tw een the com m unities occurring  there (Table III).

Table III. V alues of S o eren sen 's  index  for the  p h o rid  com m u n ities  in  the succession  se ries of m oist p in e
forest in B iałow ieża Forest.

H ab ita t P lan ta tio n s Y oung-g row th Large pole tim ber O ld -g ro w th

p la n ta tio n s X 59.8 62.2 56.7

y o u n g -g ro w th X 60.4 65.7

large  po le tim b er X 60.4

o ld -g ro w th X

D ifferent values w ere ob tained  after the g roup  of dom inan ts had  been com pared . 
In m ost cases, Soerensen 's index w as over 80%, and  that indicated  a very  high sim i
larity  of the  species com position  of this g roup  of the com pared  p h orid  com m unities 
from  the fo u r age-classes of m oist p ine forest (Table IV).

T able IV. V alues of S o e ren sen 's  index  for the  g ro u p  of d o m in an ts  in the p h o rid  co m m u n itie s  in  the succes
sion  se ries of m oist p ine fo rest in B iałow ieża Forest.

H ab ita t P lan ta tions Y oung-g row th Large po le  tim 
ber

O ld -g ro w th

P lan ta tio n s X 82.0 80.9 77.5

Y o u n g -g ro w th X 86.0 88.2

L arge  po le  tim b er X 81.6

O ld -g ro w th X

The sim ilarities (similarity index -  I, for 0 < I < 1), based on Soerensen's index, betw een 
the phorid  com m unities from different age-classes of tree stand are w ell-illustrated by 
dendrogram s obtained by m eans MoUNTFORD's m ethod (1962) (Figs 2, 3).
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Fig. 2. D en d ro g ra m  of sim ilarity  of species co m position  of the p h o rid  co m m u n ities  in m o ist p in e  fo rest in 
B iałow ieża Forest; based  on  S o erensen 's index.
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Fig. 3. D e n d ro g ra m  of s im ilarity  of d o m in an t species in  the  p h o rid  co m m u n ities  in m o ist p in e  fo rest in 
B iałow ieża Forest; based  on  S o erensen 's index.

The values of the species sim ilarity index for the g roup  of d o m inan ts w ere  h igh 
(77.5-88.2%), w hereas the sim ilarity  of species com position for the com m unities 
trea ted  as a w hole  w as low er (56.7-65.7%). This indicates tha t differences betw een  
com m unities w ere  connected w ith  accessory species. That g roup , the so-called 
"d is trib u tio n  ta il", w as separa ted  using d iscrim ination  analysis based  on the broken- 
stick m odel (a m odel of a random  d istribu tion  of abundance); this issue will be d is
cussed  in m ore detail below.

In the scu ttle  fly com m unities of p lan ta tions and  large pole tim ber on the one hand  
and  in  those of young-g row th  and  o ld -g row th  on the o ther the n u m b er of accessory 
species w as close and p roportional to the total num ber of species recorded  for par-
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ticular com m unities from  the four age-classes of m oist p ine forest. The d ifferences 
betw een  the num bers of ind iv iduals of accessory species g roups w ere  no t too h igh  
(from abou t 300 to abou t 400 ind iv iduals) (Table V).

T able V. C h an g es in  the  n u m b er of accessory  species an d  in tha t of in d iv id u a ls  of th ese  species in the  p h o r id  
co m m u n ities  in the  fo u r age-classes of m o ist p in e  forest in B iałow ieża Forest.

H ab ita t Total n u m b e r of sp e 
cies

N u m b e r  of accessory 
species

N u m b e r of in d iv id u a ls  
of accessory  species

p lan ta tio n s 76 62 317

y o u n g -g ro w th 138 96 332

large po le  tim ber 86 64 399

o ld -g ro w th 131 108 402

W ithin the g roup  of dom inan ts of the  p h o rid  com m unity  from  p lan ta tio n s the fi
delity (W) exceeded 51%. In the p h o rid  com m unities from  the o lder age-classes of tree 
stand  the fidelity  of species characteristic  for p lan tations w as generally  over a d o zen  
tim es low er. Species of open  areas p red o m in a ted  am ong the m ost faith fu l ones in the 
com m unities from  plan tations. The fidelity  of M. verralli, w hich  w as over 90% in 
p lan tations (Fig. 4), d ro p p ed  to below  1% in the com m unities from  o ld -g row th .

In the d o m inan ts of young- 
g row th , the h ighest fidelity  w as re- "
corded for as m any as 19 phorid  spe-   r

. .  .  . . .  M e g a s e l ia  b r e v ic o s ta l is
cies (Fig. 5). The species M. sordida 
w as found  solely in sam ples from  
young-g row th  (100% fidelity). O u t of 
this considerab le  num ber of species 
of the h ighest fidelity only five have 
been s tu d ied  thorough ly  and  their 
biology is know n. Four species be
longing to this g roup , nam ely M. 
hyalipennis, M . lata, M. pulicaria- 
complex and  M. scutellaris are associ
ated w ith  fungi. This great nu m b er of 
h igh fidelity  species in the scuttle fly 
com m unities from  young-g row th  
m ay have been  connected  w ith  great 
m asses of m ush room s, particu larly  of Boletaceae.

In the p h o rid  com m unities from  large po le  tim ber, the species of the h ighest fidel
ity inc luded  Phora pubipes, Ph. dubia, Megaselia altifrons and  M. henrydisneyi. N either 
species of the genus Phora w as recorded  in sam ples from  p lan ta tio n  p lots. The com 
m on species M. altifrons w as found  in sam ples from  all age-classes. Its fidelity  in the 
com m unities in large pole tim ber w as nearly  70%, bu t in o ld -g row th  it d ro p p ed  to 
about 2.5%. M. henrydisneyi, a species w hich , as new  to science, had  been  reco rded  first 
from  Białow ieża Forest, w as found  only in sam ples from  you n g -g ro w th  and  large pole

M e g a s e l ia  n ig r ic e p s  

T r ip h le b a  o p a c a  

M e g a s e l ia  z o n a ta  

M e g a s e l ia  m in o r  

M e to p in a  o lig o n e u ra  

C o n  i c e r a  d a u c i  

M e g a s e l ia  x a n th o z o n a

20 40 60 80 100

Fig. 4. F idelity  (%) of the  p h o rid  species in p in e  p la n ta 
tions.
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Megaselia sordida 

Megaselia curvicapilla 

Megaselia dimidia 

Megaselia pseudogiraudii 

Megaselia diversa 
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Megaselia unicolor 

Megaselia propinqua 

Megaselia lulea 

Megaselia pulicaria - complex 
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Megaselia pumila 

Megaselia meconicera 

Megaselia scutellaris 

Megaselia affinis 

Borophaga subsultans 

Phora penicillata 

Triphleba trinervis

Phora pubipes

Megaselia
altifrons

Megaselia
henrydisneyi

20

Fig. 5. F idelity  (%) of th e  p h o rid  species in young- 
g ro w th .

Fig. 6. F idelity  (%) of the  p h o r id  species in la rge  po le  
tim ber.

tim ber plots (Fig. 6). It w as an accessory 
species in the com m unities from  young- 
g row th  and  a su b d o m in an t in  those 
from  large pole tim ber (A ppendix).

W ithin the g ro u p  of d o m inan ts of 
the scuttle fly com m unities in old- 
g row th  Phora tincta w as a species w ith  
the highest fidelity  (100%). The occur
rence fidelity of Borophaga carinifrons, 
Megaselia sepulchlaris, Phora holosericea, 
Ph. obscura and  Megaselia pusilla w as 
betw een 60 and  70% (Fig. 7).

The species M. verralli and  M. brevi- 
costalis, characteristic for the youngest 
age-class of forest (high fidelity and  fre
quency), in the o lder age-classes w ere in 
the group of species visiting pine cano
pies sporadically (Fig. 4; Table VI).

The observations concern ing  the 
scuttle fly com m unities in the o lder age- 
classes of p ine forest w ere  entirely  dif
ferent. Two species, typical of p ine 
canopies, nam ely  M. giraudii an d  M. 
woodi w ere easily d is tin g u ish ed  in these 
com m unities. The p o ly p h ag o u s M . gi

raudii w as a species of the h ighest occurrence frequency a lthough  in  the p h o rid  com 
m unities in p ine  p lan ta tions its frequency w as insignificant. The species M. woodi, 
w hose ecological requ irem en ts are as yet unknow n, w as very n u m ero u s  in  sam ples 
from  o ld -g row th  plo ts only tow ards the end of the s tudy  seasons, at a tim e w hen  
m ushroom s sp ro u ted  in great m asses (D U RSK A  1996). In the com m unities from  p lan ta
tions it appeared  sporadically  (Table VI).

Thus it is ev iden t th a t each age-class has a specific g roup  of characteristic  species 
(Figs 4-7). The fact th a t scuttle flies react to hab ita t pollu tion  has been rep o rted  earlier 
(D U R SK A  1996). This reaction, expressed by an increase in the n u m b er of species w ith

Phora tincta

Borophaga carinifrons

Megaselia sepulchralis

Phora holosericea

Phora obscura

Megaselia pusilla

1000 20 40 60 80

Fig. 7. F idelity  (%) of th e  p h o rid  species in old- 
g ro w th .
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zoo p h ag o u s larvae, indicates tha t the Phoridae are very sensitive to any changes in the 
env ironm ent.

Table VI. F requency  (%) of the p h o rid  species d o m in a tin g  in the fou r age-classes of m o ist p in e  fo rest in
B iałow ieża Forest.

N r species p lan ta tio n s yo u n g -g ro w th large  po le  tim ber o ld -g ro w th

1 Megaselia altifrons 0.07 0.25 0.43 0.03
2 Megaselia brevicostalis 0.54 0.13 0.13 0.12

3 Megaselia campestris 0.37 0.13 0.13 0.12

4 Megaselia diversa 0.06 0.41 0.32 0.14

5 Megaselia giraudii 0.12 0.84 0.76 0.69
6 Megaselia hx/alipennis 0.02 0.37 0.15 0.16
7 Megaselia involuta 0.20 0.17 0.07 0.06
8 Megaselia mani cała 0.34 0.19 0.18 0.20
9 Megaselia meconicera 0.14 0.50 0.00 0.47

10 Megaselia nigriceps 0.30 0.20 0.12 0.09
11 Megasel ia pleu ralis-complex 0.41 0.45 0.22 0.11
12 Megaselia pulicaria 0.12 0.67 0.26 0.46

13 Megaselia pumila 0.36 0.40 0.11 0.04

14 Megaselia pusilla 0.02 0.17 0.20 0.50
15 Megaselia unicolor 0.04 0.43 0.34 0.17

16 Megaselia verralli 0.69 0.06 0.05 0.04
17 Megaselia woodi 0.16 0.31 0.33 0.32

18 Megaselia zonata 0.38 0.11 0.02 0.02

19 Conicera dauci 0.24 0.11 0.02 0.04

20 M etopina oligoneura 0.36 0.07 0.06 0.07

21 Phalacrotophora fasciata 0.03 0.23 0.30 0.12

22 Phora artifrons 0.03 0.33 0.26 0.19

23 Phora holosericea 0.02 0.04 0.00 0.33

24 Phora obscura 0.03 0.21 0.03 0.48

25 Phora pubipes 0.00 0.02 0.36 0.02

The g rad u a lly  developing  vertical s truc tu re  of forest, and  the accom panying  hab i
tat d iversification , change hab ita t conditions to such an extent that species richness of 
scu ttle  flies increases. Species of open areas are accom panied by typically  forest ones 
w hose  h ab ita ts  are in pine canopies, and  also by species w hose larval developm ent is 
associated  w ith  fungi (D ISN EY  1994). In com parison  w ith  the com m unities from  p lan 
tations, the n u m b er of p h o rid  species increased nearly  tw ice and  tha t of accessory 
species increased  by half. In the com m unities from  age-class III of p ine tree stands the 
n u m b er of p h o rid  species associated w ith  open areas decreased. The nu m b er of spe
cies fo rm in g  the d istribu tion  tail decreased, w hereas there w as an  increase in the 
n u m b er of those w hose op tim u m  developm ent w as associated w ith  form ation  litter 
and  w ith  grea ter th inn ing  of tree stands. The considerable increase in the num ber of 
species (Table V), particu larly  of accessory ones, in the scuttle  fly com m unities from
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old-g row th  w as connected w ith  the fact tha t new  niches developed  in the course  of 
secondary succession of m oist pine forest.

4 b. A bundance, dom inance structure and sp ec ies richness

D uring  the tw o s tu d y  seasons, scuttle flies w ere the m ost a b u n d a n t fam ily (about 
30%) w ith in  the com m unities of Diptera in the succession series of m oist pine forest in 
B iałowieża Forest.

The low est abundance  of p h o rid  com m unities w as recorded in p ine p lan ta tions. It 
increased fourfold in young-g row th  b u t decreased in large pole tim ber. In o ld-grow th , 
the abundance  of the pho rid  com m unity  decreased  once m ore (data for the co m m u 
nity  as a whole). W ith  regard  to m ales, the abundance  of com m unities rem ained  at 
alm ost identical levels in pole tim ber and  o ld-grow th . The succession varian t realized  
by the pho rid  com m unity  in p ine canopies of m oist pine forest in Białowieża Forest is, 
in respect of abundance , the closest to the stabilizing varian t (T R O JA N  1994, D u r s k a  

1998). The abundance  of scuttle flies in the com m unities from  you n g -g ro w th  increased 
rap id ly  bu t then  the stabilizing process began  in the com m unities from  large pole 
tim ber. In the com m unities from  old-grow th , abundance  changed  b u t little, in sp ite  of 
an  increase in the n u m b er of species (Table II).

The g row th  process of p ine tree stands in the course of secondary  succession w as 
accom panied by changes in the species com position  of the p h o rid  com m unities tha t 
consisted in changes in the num ber and  abundance  of species (Table II) and  also their 
fidelity and  frequency (Fig. 4-7; Table VI).

In the youngest age-class of tree stand , i.e. in p lan tations w here  the abundance  of 
pho rid s w as the low est, their dom inance stru c tu re  greatly  d iffered  from  that de-
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Fig. 8. D om inance stru c tu re  of the p horid  com m u n i
ties in p ine  plantations. 1 -  Megaselia verralli, 2 -  M . 
brevicostalis, 3 -  M. nigriceps, 4 -  M. manicata, 5 -  M. 
zonata, 6 -  Triphleba opaca, 7 -  M . pleuralis, 8 -  M. pu- 
tnila, 9 -  M. latifrons, 10 -  Metopina oligoneura, 11 -  M. 
involuta, 12 -  M. campestris, 13 -  Conicera dauci, 
14 -  M. minor, 15 -  M. giraudii, 16 -  M. xanthozona, 
17 -  M. meconicera, 18 -  M . woodi, 19 -  M. pulicaria- 

complex; 57 -  n u m b er of o ther species.

s p e c ie s  ( a b u n d a n c e  > 1% )

Fig. 9. D om inance s tru c tu re  o f the p h o rid  co m m u 
nities in y o u n g -g ro w th . 23 -  Megaselia diversa,
18 -  M. woodi, 15 -  M . giraudii, 32 -  M. unicolor,
19 -  M. pulicaria-complex, 35 -  Phora penicillata, 
8 -  M. pumila, 17 -  M. meconicera, 30 -  P. artifrons, 
38 -  M. hyalipennis, 28 -  M . ignobilis, 4 -  M. manicata,
20 -  M. lata, 11 -  M. involuta, 31 -  P. obscura, 7 -  M.

pleuralis; 122 -  n u m b e r  o f o th e r  species.
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scribed for the com m unities occurring  in the o lder age-classes of p ine forest. Megaselia 
verralli and  M. brevicostalis w ere the eud o m in an ts  there and  M. nigriceps, M. manicata 
and  M. zonata w ere the dom inan ts (Fig. 8).

In young-g row th , the abundance  of the p h o rid s  increased fourfo ld  and  the species 
of the first succession stage (the first six dom inan ts) w ere en tirely  replaced by those 
w hose percen tage  in the abundance  of the com m unities from  p lan ta tions w as small. 
These w ere: five species of the genus Megaselia: M. diversa, M. woodi, M. giraudii, 
M. unicolor, M. pulicaria and  Phora penicillata (Fig. 9).

In large pole tim ber and  in o ld-grow th , the abundance  of the p h o rid  com m unities 
decreased considerably , w hereas the p ro p o rtio n  of that of M. woodi and  M. giraudii 
increased. These tw o species occupied the position  of eud o m in an ts  of the scuttle  fly 
com m unities occurring  in the tw o oldest age-classes of tree stan d  of m oist p ine forest 
(Figs 10,11).
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s p e c ie s  (ab u n d a n c e  >1% )

Fig. 10. D om in an ce  s tru c tu re  of the  p h o rid  co m m u 
nities in  la rge  pole tim ber. 15 -  Megaselia giraudii, 
18 -  M. woodi, 35 -  Phora penicillata, 23 -  M. diversa, 
32 -  M. unicolor, 27 -  M. altifro7is, 31 -  P. obscura, 
30 -  P. artifrons, 51 -  P. pubipes, 28 -  M. ignobilis, 
41 -  P. holosericea, 46 -  P. dubia, 39 -  Phalacrotoplwra 
fasciata, 38 -  M. hyalipennis, 19 -  M. pulicaria-complex, 
9 -  M. latifrons, 8 -  M. purnila, 12 -  M. campestris, 
45 -  M. henrydisneyi, 40 -  M . ruficornis; 66 -  n u m b er 

of o th e r  species

30

199

s p e c ie s  (a b u n d a n c e  >1% )

Fig. 11. D om inance s tru c tu re  of the  p h o rid  co m m u 
nities in  o ld -g row th . 18 -  Megaselia woodi, 15 -  M. 
giraudii, 31 -  Phora obscura, 41 -  P. holosericea, 
43 -  M . sepulchralis, 36 -  M . pusilla, 19 -  M . pulicaria- 
complex, 17 -  M. mcconiccra, 30 -  P. artifrons, 32 -  M. 
unicolor, 35 -  P. penicillata, 4 -  M . manicata;

199 -  n u m b e r  of o thes species

Megaselia verralli and  M. zonata p robab ly  are species of open  areas. They occurred  
in p lan ta tions, b u t their p ropo rtions decreased  very distinctly  in the com m unities 
from the o lder age-classes of stand . M. pumila occupied alm ost the sam e position  in 
the co m m unities in p lan tations and  y oung-g row th  (items 8 an d  7, respectively). Its 
to lerance to the hab ita ts of large pole tim ber and  o ld-grow th  decreased  considerably. 
Megaselia campestris, M. emarginata and  Triphleba trinervis occupied a sim ilar position  in 
the com m unities from  all four age-classes of tree stand; they p robably  are eu ry top ic  
species of p ine  forest.
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There w as also d istingu ished  a g roup  of species w hose s ta tu s  w as very  sim ilar in 
the pho rid  com m unities in young-grow th , large pole tim ber and  o ld -g row th  bu t dif
fered considerably  from  the positions these species occupied in the com m unities in 
p lantations. P o lyphagous Megaselia giraudii, fung ivorous M. hyalipennis, an d  also M. 
woodi and  Phora artifrons occupied very h igh positions in the com m unities from  the 
o lder age-classes of tree stand. Megaselia sordida, recorded  only from  young-grow th , 
and  Phora tincta, occurring  only in o ld-grow th , p robably  are specialists. Phora pubipes 
w as a species clearly p referring  the habita t of pole tim ber (Table VII).

Table VII. Pho rid  species acco rd in g  to their s ta tu s  in the fo u r age-classes of tree s ta n d  of m o ist p in e  fo rest in
Białow ieża Forest.

N r Species P lan ta tions Y o u n g -g ro w th Large pole tim ber O ld -g ro w th

1 2 3 4 5 6

1 Megaselia verralli 1 28 36 40

2 Megaselia brevicostalis 2 31 31 21

3 Megaselia nigriceps 3 26 30 29

4 Megaselia manicata 4 12 21 12

5 Megaselia zonata 5 29 41 45

6 Triphleba opaca 6 47 33 20

7 Megaselia pleuralis 7 16 23 23

8 Megaselia pumila 8 7 17 36

9 Megaselia latifrons 9 21 16 24

10 M etopina oligoncura 10 45 34 33

11 Megaselia involuta 11 14 26 31
12 Megaselia campestris 12 18 18 14

13 Co nicer a dauci 13 43 42 41
14 Megaselia minor 14 49 37 39
15 Megaselia giraudii 15 3 1 2

16 Megaselia xanthozona 16 46 38 32

17 Megaselia meconicera 17 8 43 8

18 Megaselia woodi 18 2 2 1

19 Megaselia pulicaria-complex 19 5 15 7

20 Megaselia lata 20 13 39 43

21 Anevrina thoracica 21 42 25 17

22 Triphleba trinervis 22 32 35 35

23 Megaselia diversa 23 1 4 16

24 Megaselia scutellaris 24 36 0 42

25 Megaselia emarginata 25 33 29 25

26 Megaselia affinis 26 34 32 0

27 Megaselia altifrotis 27 23 6 37

28 Megaselia ignobilis 28 11 10 0

29 Megaselia dimidia 29 25 0 44

30 Phora artifrons 30 9 8 9

31 Phora obscura 31 15 7 3

32 Megaselia unicolor 32 4 5 10
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Table VII. cont.
1 2 3 4 5 6

33 Borophaga subsultans 33 20 22 30

34 Megaselia curvicapilla 34 17 0 0

35 Phora penicillata 35 6 3 11

36 Megaselia pusilla 36 30 24 6

37 Megaselia propinqua 37 27 0 28

38 Megaselia hyalipennis 38 10 14 13

39 Phalacrotophora fasciata 39 24 13 26

40 Megaselia ruficornis 40 38 20 22

41 Phora holosericea 41 48 11 4

42 Megaselia sordida 0 19 0 0

43 Megaselia sepulchralis 0 22 26 5

44 Megaselia lutea 0 35 0 34

45 Megaselia hen rydisneyi 0 37 19 0

46 Phora dubia 0 39 12 27
47 Phalacrotophora berolinensis 0 40 27 18

48 Megaselia pseudogiraudii 0 41 0 30

49 Borophaga carinifrons 0 44 40 15

50 Phora tincta 0 0 0 19

51 Phora pubipes 0 50 9 46

The graphically presented  sim ilarity of dom inance structure  based on M orisita's in
dex and  calculated according the M ountford 's m ethod, illustrates the increasing sim i
larity betw een the com m unities in o lder and older age-classes of tree stand and  the d is
tinct separatedness of the "colonizing" phorid  com m unity in p ine p lantations (Fig. 12).

1 oo  p lan ta tio n s  y o u ng-grow th  la rg e  po le  tim b er old-grow th
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Fig. 12. D en d ro g ra m  of d o m in an ce  s tru c tu re  s im ilarity  of the  p h o rid  co m m u n ities  in m o ist p in e  fo rest in 
Białow ieża Forest; based  on M orisita 's  index.

M orisita 's index presen ts the sim ilarity  of dom inance struc tu res of h igh -abundance  
species very well w hile  a very large g ro u p  of low -abundance species is d isregarded .
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Small differences in the n u m b er of species w ith  high (over 1%) and  sm all ab u n 
dances w ere  reco rded  from  plan tations and large pole tim ber as w ell as from  young- 
g row th  an d  o ld -g row th . The p roportion  of the abundance of the m ost n um erous spe
cies w as very  h ig h  in the com m unities in all four age-classes, ran g in g  from  ab o u t 80% 
in o ld -g row th  to abou t 90% in plantations. In the pho rid  com m unities from  p lan ta 
tions, y o u n g -g ro w th  and  large pole tim ber g roups of species w ith  abundance  over 
10% co n stitu ted  abo u t 40% of the com m unity  from  a given age-class. That p ro p o rtio n  
reached nearly  60% in o ld -g row th  (Figs 8-11).

H o m o g en eity  index  (HD) w as used  to define the essen tia l im pact of accessory  
species on  d o m in an ce  s tru c tu re  sim ilarities. This index, as a m easu re  of o v erlap p in g  
of d o m inance  stru c tu res , is m ore  ap p ro p ria te  for lo w -ab u n d an ce  species (Fig. 13) 
( R i e d l  1963).
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Fig. 13. D e n d ro g ra m  of the sim ilarity  of d om inance  s tru c tu res  of the p h o rid  co m m u n itie s  in m o ist p ine 
forest in B iałow ieża Forest; based  on hom ogen ity  index.

W hen links betw een dom inance structures are presented basing on hom ogeneity  in
dex, or on M orisita 's index, it is evident that the phorid  com m unities in p lantations dif
fered considerably  from  those in the older age-classes of tree stands. H ow ever, for the 
scuttle fly com m unities in young-grow th, large pole tim ber and  old-grow th, M orisita's 
index show s sim ilarity  m uch h igher than does hom ogeneity index (Figs 12,13).

M odified hom ogeneity  index (HD*) w as used to define, w ith o u t reference to spe
cies com position , the dom inating  in terdependences w ith in  com m unities. The so-called 
ranks of species w ere  created. A given rank com prised  species of the sam e abundance 
p ro p o rtio n  in a com m unity .

The result obtained by this m ethod reflects a relatively h igh (70-85%) sim ilarity be
tw een the dom inance structures of the phorid  com m unities s tud ied  in the four age- 
classes of m oist p ine forest (Fig. 14). The h ighest sim ilarity w as recorded for the com 
m unities in p lan tations and  large pole timber. A n alm ost identical, "m odel" d istribution 
of the p ropo rtion  of m ean abundance of the dom inants w as observed there. There w as 
one distinct dom inan t in these com m unities. The proportion  of particu lar species de
creased uniform ly, and low -abundance species form ed the d istribu tion  tail (Figs 8,10).
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The scuttle fly com m unities from  y oung-g row th  and  o ld -g row th  lacked one single 
dom inant, b u t there w ere tw o co-dom inating  species w hose p roportions in abundance  
percentages w ere very sim ilar (Figs 9, 11). The o ther features of the d is tribu tion  of 
dom inance struc tu re  w ere sim ilar to the d istribu tion  estim ated for the com m unities in 
p lan ta tions and  large pole tim ber (Figs 8-11).

The abundance  p roportion  of species dom inating  in the o lder age-classes of forest, 
nam ely that of M. woodi and M. giraudii, increased w ith  the aging of tree stan d  (Figs 8, 
9, 10, 11). M odified  hom ogeneity  index suggests that a very h igh ab u n d an ce  (about 
60%) of eud o m in an ts  of the com m unities in the o ldest age-class largely influenced a 
decrease in the sim ilarity  of the p h o rid  com m unities in o ld-grow th  as com pared  w ith 
those in the younger age-classes of tree stand  (Fig. 14).
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old-grow th y o u n g -g ro w th  la rg e  po le  tim ber p lan ta tio n s

Fig. 14. D en d ro g ra m  of dom in an ce  s tru c tu re  s im ila rity  of the p h o rid  co m m u n ities  in m o ist p in e  fo rest in 
B iałow ieża Forest; based  on  h o m o g en ity  index in accordance w ith  species rank .

The obtained m odels of changes in ratios betw een species in the phorid  com m unities 
from the four age-classes of the succession series of m oist pine forest in Białowieża For
est w ere m ost frequently  recorded for natural and  sem i-natural ecosystem s. In such 
ecosystem s, hum an  interference is low and  the habitat is highly diverse (TR O JA N  1997).

M. verralli and  M. brevicostalis p layed  the role of colonists in the process of secon
dary  succession of pho rid  com m unities from  the m oist pine forest. T olerance of spe
cies to a new  hab ita t decreased very d istinctly  even in young-grow th . The fidelity (W) 
of M. verralli w as below  1% in the o lder tree stands, w hereas that of M. brevicostalis 
exceeded 4% in the com m unities from  m ature  tree stands. In y o u n g -g ro w th  these 
species w ere  o usted  by highly  expansive M. giraudii and  M. ivoodi (Table VIII). Co
dom inance of bo th  species in tensified  in the course of succession of the p h o rid  com 
m unities in m oist p ine  forest.

O n the basis of the results of the sim ilarity  of species com position  and  dom inance 
stru c tu re  it m ay be assum ed that the p h o rid  com m unities stu d ied  in the four age- 
classes of tree stan d  w ere no t hom ogeneous in ecological respect The species w ith  a 
w ide am plitude  of ecological tolerance -  w ith  regard to age-classes of forest -  included 
the d o m in an ts  of the com m unities from  young-grow th , large pole tim ber and old-
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grow th. The second g roup  com prised accessory species, associated  w ith  ecological 
m icroniches of the four age-classes of p ine  tree stand  (Table V). The flexibility of forest 
species of the p h o rid  com m unities in the o lder age-classes of tree s tands w as consid 
erably h igher than  tha t of species of open areas w hich  dom inated  in p ine p lan tations. 
The p roportion  of the latter in the scuttle fly com m unities from  the o lder age-classes 
decreased in the course of secondary  succession of m oist pine forest (Table VIII).

Table VIII. F idelity  (W%) of the  d o m in an t pho rid  species in the fou r age-classes of m o ist p in e  forest in
Białow ieża Forest.

N r Species P lan ta tions Y o u n g -g ro w th Large pole tim ber O ld -g ro w th

1 2 3 4 5 6

species of o p en ed  area

1 Megaselia verralli 92.29 6.03 0.89 0.79
2 Megaselia brevicostalis 86.65 6.47 2.41 4.47
3 Megaselia nigriceps 79.53 13.29 3.91 3.27
4 Megaselia zonata 76.42 21.62 1.29 0.66
5 Megaselia minor 75.58 7.41 8.37 8.64
6 Metopina oligoneura 72.99 12.46 6.43 8.12
7 Conicera dauci 70.99 19.31 4.06 5.64

fo res t's  species

8 Triphleba opaca 78.30 4.14 4.33 13.23
9 Megaselia xanthozona 62.31 14.93 7.59 15.17

10 Megaselia pleuralis 47.57 31.59 13.72 7.11
11 Megaselia manicata 47.38 34.97 7.94 9.71
12 Megaselia latifrons 36.70 28.93 26.03 8.34
13 Megaselia scutellaris 31.71 59.34 0.00 8.95
14 Megaselia involuta 31.36 49.98 14.11 4.55
15 Triphleba trinervis 29.27 51.90 8.27 10.55
16 Megaselia affinis 23.21 58.83 17.96 0.00
17 Megaselia campestris 22.94 33.48 23.93 19.65
18 Megaselia pumila 21.74 64.97 12.03 1.26
19 Megaselia lata 18.47 76.99 2.78 1.76
20 Megaselia emarginata 15.80 39.01 23.39 21.80
21 Megaselia dimidia 13.49 82.44 0.00 4.07
22 Megaselia meconicera 7.92 62.82 0.32 28.94
23 Megaselia pulicaria-complex 4.19 69.47 8.41 17.93
24 Megaselia altifrons 4.14 24.12 69.32 2.42
25 Megaselia curvicapilla 4.02 95.98 0.00 0.00
26 Anevrina thoracica 3.26 21.45 37.10 38.19
27 Megaselia ignobilis 3.09 65.09 31.81 0.00
28 Borophaga subsultans 2.72 56.26 32.41 8.62
29 Megaselia propinqua 2.65 75.43 0.00 21.91
30 Megaselia ruficornis 1.37 24.54 49.47 24.62
31 Phora artifrons 1.21 47.38 29.92 21.49
32 Megaselia giraudii 1.06 32.31 33.23 33.41
33 Megaselia xvoodi 0.99 40.63 18.91 39.46
34 Phalacrotophora fasciata 0.85 39.20 49.72 10.23
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Table VIII. cont.

1 2 3 4 5 6
35 Megaselia diversa 0.84 77.21 20.18 1.78
36 Megaselia pusilla 0.76 19.32 17.37 62.54
37 Phora obscura 0.66 12.43 21.48 65.42
38 Phora holosericea 0.43 1.82 28.94 68.80
39 Megaselia unicolor 0.43 75.54 18.20 5.83
40 Megaselia hyalipennis 0.39 65.36 20.23 14.02
41 Phora penicillata 0.30 52.18 41.13 6.39
42 Megaselia sordida 0.00 100.00 0.00 0.00
43 Megaselia sepulchralis 0.00 22.25 7.83 69.92
44 Megaselia lute a 0.00 74.51 0.00 25.49
45 Megaselia henrydisneyi 0.00 33.00 67.00 0.00
46 Phora dubia 0.00 16.24 70.04 13.72
47 Phalacrotophora berolinensis 0.00 26.71 31.45 41.83
48 Megaselia pseudogiraudii 0.00 77.38 0.00 22.62
49 Borophaga carinifrons 0.00 22.53 7.34 70.13
50 Phora tincta 0.00 0.00 0.00 100.00
51 Phora pubipes 0.00 0.88 98.09 1.03

D espite considerab le  differences in abundance there w ere observed sim ilar values 
of the species richness indices for the com m unities in p lan tations and  large pole tim 
ber on the one hand  and  for those in young-grow th  and  o ld -g row th  on the other. The 
rise-fall changes of these indices w ere  proportional to rise-fall changes in the num ber 
of species (Table II, Fig. 15).

D iscrim ination  analysis w as 
ap p lied  to sep ara te  species associ
ated  w ith  d eve lop ing  m icroniches.
It w as assum ed  that they form  a 
tail of species frequency d is trib u 
tion. This p a rt of d istribu tion  w as 
separa ted  from  dom inan ts by bro- 
ken-stick d istribu tion . The tail of 
d is trib u tio n  fits well this d is trib u 
tion m odel w ith  p  > 0.9. W hen Fig. 15. C hanges in the species co m position  (S /lo g N ; N  -  

ap p ro ach in g  to the dom inan ts this liczba osobników ) an d  in the n u m b er of species (S) of the 

probab ility  falls rap id ly  below  P  = phorid  com m u n ities  in the fou r age-classes of m oist p ine

0.5. In this m an n er the b o u n d ary  forest in B iałow ieża Forest,

w as estab lished  betw een  d om i
nating  g ro u p  and  those d is tribu ted  at random  (Fig. 16-19). The ratio  of species and  
in d iv id u a ls  w hich  fits random  d istribu tion  to dom inan ts w as accepted as an index of 
en v iro n m en t d ifferen tia tion  in a form  of patchy m icroniches.

Indices of the m osaic-like character of the four age-classes of m oist pine forest w ere 
calcu lated  on  the basis of data on the num ber of species and  ind iv iduals  w ith in  the 
com m unities s tu d ied  (TR O JA N  1997).
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The num erical and species indices of the mosaic-like character had  the lowest values 
in young-grow th , w here the greatest num ber of scuttle fly individuals had been re
corded; the h ighest values w ere in old-grow th (Table IX). The results show  that also in 
o ld-grow th, w here  m ost of the habitat had been subject to secondary differentiation, the 
highest w as the proportion  of species associated w ith developing ecological microniches 
in the oldest age-class of the succession series of m oist pine forest.

4 c. Species d iversity

M oist p ine  forest, w hich rep resen ts the association Peucedano-Pinetum, is phytoso- 
ciologically hom ogeneous, an d  in respect of habitat too, and  therefore the  habitat con
d itions are  in fluenced  by the age of the pine tree stand of a given succession series. 
The species com position  and  abundance of phorid  com m unities change w ith  the 
g row th  of a g iven tree stand. The actual species d iversity  (H 1) of Phoridae also changes,
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and  there is em pirical evidence for this. In order to estim ate actual d iversity  (H 1) and 
the degree of realization  of potential diversity  (J) it is necessary to establish  the po 
tential n u m b er of species (S*).

The d ifferences b etw een  the po ten tia l n u m b er of species (S*) an d  th a t o b ta ined  
em pirically  (S) for the p h o rid  com m unities in large pole tim ber an d  o ld -g ro w th  
w ere sm all (abou t 5-6% ). These differences 
reached  20% for the p h o rid  com m unities in 
p lan ta tio n s an d  y o u n g -g ro w th . The n u m b er of 
species reco rd ed  in p lan ta tio n s and  young- 
g ro w th  has been  low ered , w hereas the em p iri
cal n u m b er of species for the com m unities in 
o ld -g ro w th  is sligh tly  h ig h er th an  the esti
m ated  one (Table X).

Such ev id en t d iscrepancies m ay be due  to 
the fact th a t in the course  of iden tify ing  the 
m ateria l the n u m b e r of species is low ered  (in 
this s tu d y , som e fem ales of the genera 
Megaselia an d  Phora w ere  un iden tifiab le , and  
abou t 50% of the species w ere determ ined  
based  on one sex only) (D ISN E Y  1994). The nu m b er of em pirically  reco rd ed  species 
does no t fu lly  reflect the capacity  of the hab ita ts s tu d ied , b u t it confirm s the change 
tendencies in the  n u m b er of species (rise-fall-rise) in the course of succession  of 
m oist p in e  fo rest (Table X).

Table X. A nalys is of th e  estim ate  of the n u m b e r  of species u sing  A rrh en iu s 's  function  fo r the  p h o rid  com 
m unities in th e  fo u r age-classes of m oist p ine  forest in B iałow ieża Forest. S -  n u m b er of species ob ta in ed  

em pirica lly , S* -  e s tim ated  n u m b er of species, N  -  n u m b er of in d iv id u a ls  cau g h t in to  yellow  traps.

E m pirica l d a ta Theoretical da ta

P lan ta tio n s
N N 5119 1 10 100 1000 10000 100000 1000000

S=76 S* S* 102.0948 1 21.4638 38.1686 67.8746 120.7000 214.6383 381.6869
d S * /d N 0.0083 1 2.2737 0.1856 0.0330 0.0058 0.0010 0.0002

Y oung -g ro w th
N N 21304 1 10 100 1000 10000 100000 1000000

S=138 S* S* 189.9187 1 27.9546 49.7110 88.4001 157.2000 279.5455 497.1100
d S * /d N 0.0029 1 2.9950 0.2417 0.0672 0.0076 0.0014 0.0002

Large pole tim ber
N N 15664 1 10 100 1000 10000 100000 1000000

S=86 S* S* 91.8478 1 14.5996 25.9623 46.1682 82.1000 145.9967 259.6230
d S * /d N 0.0017 1 1.5110 0.1262 0.0224 0.0039 0.0007 0.0001

O ld -g ro w th
N N 15094 1 10 100 1000 10000 100000 1000000

S=131 S* S* 125.5830 1 20.1479 35.8286 63.7132 113.3000 201.4791 358.2861
d S * /d N 0.0024 1 2.1275 0.1742 0.0310 0.0055 0.0009 0.0002

Table IX. V alues of the  m osaic  ind ices for 
the p h o rid  co m m u n ities  in the fo u r age- 
c lasses of tree stand  in m o ist p ine  forest in 
B iałow ieża Forest. Mn* -  num erica l index  
of the m osaic-like ch a rac te r of the hab itat, 
Ms* -  species index  of the  m osaic-like 
character of the hab itat.

H abitat Mn* Ms*

p lan ta tions 0.0288 0.8157

y o u n g -g ro w th 0.0148 0.6956

large pole tim ber 0.0198 0.7674

o ld -g row th 0.0311 0.8244
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Table XI. Species d iv ersity  of the p h o rid  co m m unities 
in the  fo u r agr-c lasses of the succession  series of m oist 
p in e  fo rest in B iałow ieża Forest. H ' -  the  S hannon- 
W eaver index, H m ax  -  m ax im u m  v a lu e  of the Shan- 
n o n -W eaver index, J -  deg ree  of rea liza tion  of po ten tia l 

species d iversity .

T ype of h ab ita t H 1 H m ax j r . )
p lan ta tio n s 4.203 6.674 62.98
y o u n g -g ro w th 4.623 7.569 61.08

large po le  tim ber 4.260 6.521 65.33
o ld -g ro w th 4.141 6.973 59.39

The succession varian t realized  by a scuttle fly com m unity  w ith  regard  to actual 
d iversity  (H ') is m ost sim ilar to the stabilizing varian t (TROJAN 1994).

The sim ilar values of the actual diversity  and  potential diversity  indices in p la n ta 
tions and  large pole tim ber m ost probably  w ere connected not only w ith  a sim ilar 
species richness and  species capacity of these habitats bu t w ith  the sim ilarity  of d o m i
nance structu res as well (Table XI, Fig. 14).

C om m on species occurring  in 
h igh abundances had  the grea test 
im pact on the value of the S hannon- 
W eaver index. In p lan ta tions they 
w ere species of the genus Megaselia, 
particularly  M. verralli an d  M. brevi- 
costalis -  the eu d om inan t and  d o m i
nan t of this age-class of tree stands. 
H ow ever, in o lder age-classes of the 
succession series of m oist p ine forest 
-  besides Megaselia giraudii, a poly tope 
associated  w ith  p ine canopies, and  
M. woodi -  species of o th e r genera , 

those of the genus Phora in p a rticu la r reached  h igher and  h igher ab u n d an ces (Figs 
8-11) ( D u r s k a  1996).

In the pho rid  com m unities in p lan tations and  large pole tim ber, the values of the 
Shannon-W eaver index reflected a sim ilar degree of species diversity. M oreover, the 
degree to w hich species d iversity  w as realized, expressed by the Pielou index, had  
sim ilar values and  w as the h ighest (about 63-65%) for these tw o age-classes. These 
sim ilar values of the diversity  indices w ere probably  influenced by a sim ilar a b u n 
dance d istribu tion  of species and  the p roportion  of the eudom inants: M. verralli and  
M. giraudii (Table XI, Figs 8,10).

A decrease in the value  of the P ielou index for the scu ttle  fly com m unities in o ld- 
g ro w th  accom pan ied  by an increase in the num erical and  species index of the m o 
saic-like character of the hab ita t w as d u e  to an  increase in better in ternal o rg a n iz a 
tion an d  to an  even tua l dom inance  stru c tu re  characteristic  of p h o rid  com m u n ities  in 
the o ld est age-class of s tan d  in the succession series of m oist p ine forest (Tables IX, 
XI; Figs 9 ,11).

4 d. Seasonal dynam ics o f phorid  abundances

Phoridae m ay overw in ter as eggs, larvae or pupae. They m ay also overw in te r as 
im agines inside their puparia  (R O B IN SO N  1971, R O B IN SO N , B R O W N  1993). There are 
scuttle fly species, particu larly  of the genus Triphleba, w hose im agines to lerate  w in ter 
conditions very well (LEC LER C Q , W A T R IN  1973, D U R SK A  -  unpub lished  data). In the 
Phoridae, seasonal variability  of species com position and abundance of com m unities is 
influenced by the greatly  differing tim e of em ergence, the length  of the period  of oc
currence and  the n um ber of generations. In the phorid  com m unities from  the four
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age-classes of p ine tree stand , m ost species reached the peak of their abundance in 
sp ring  (May -  low er peak) and  in au tu m n  (Septem ber -  h igher peak) (D U R SK A  1996).

In the com m unities from  plan tations the sp ring  abundance  peak w as m ost in flu
enced by an increase in the abundance  of species of the genus Megaselia, nam ely M. 
brevicostalis, M . manicata and  M. zonata, bu t also of those of Triphleba (T. opaca in p a r
ticular) and Metopina. Then in M ay and June, they w ere joined by species of the genera 
Phora an d  Conicera (C. dauci). The abundance of species of the genera Megaselia, M e
topina and Conicera also increased in A ugust. The au tu m n  increase follow ed by a de
crease in the abundance  of the phorid  com m unities from  p lan tations w as observed in 
Septem ber. These varia tions w ere due  to ab ru p t changes in the abundance  of the 
dom in an t species of the genus Megasalia (M. verralli, M. manicata, M . brevicostalis, and  
M. zonata). A n increase in the abundance of species of the genus Metopina w as re
co rded  at that tim e too. D uring that period  the num ber of species in the com m unity  
increased to its m axim um , exceeding 28% (Fig. 20).

In young-grow th , just as in p lan ta 
tions, the p h o rid  com m unity  reached its 
abundance  peaks in sp ring  and  in 
a u tu m n  (the h igher peak). From  April to 
June, sp ring  peaks w ere recorded  first of 
all for species of the genera Triphleba,
Metopina, Megaselia, Phora and  Borophaga.
The au tu m n  abundance  increase w as 
enhanced  by an increase in the ab u n 
dance of species of the genus Megaselia:
M. diversa, M. giraudii, M. ignobilis, M. 
manicata, M. meconicera, M. pulicaria, M. 
sordida and M. ivoodi. That w as the time 
w hen  the h ighest nu m b er of scuttle fly 
species (over 32%) w as recorded. The 
abundance  of the dom inan ts of the genus Megaselia rem ained high until the end of the 
s tu d y  seasons; the sam e w as true for species of the genus Triphleba. Species of the ge
nus Phora occurred in considerably  h igher abundances in the habita t of young-grow th  
than  in the com m unities from  plantations. The second abundance  increase recorded  
for species of this genus occurred  at the tu rn  of July and  A ugust. Phalacrotophora fas-
ciata and  Ph. berolinensis -  parasito ids of ladybird  pupae, never recorded  in the com 
m unities from  p lan ta tions -  appeared  in young-grow th  in M ay, and  w ere recorded  
until Septem ber. The first abundance  peak of these species w as at the tu rn  of June and 
July, and  the second in A ugust. D uring the s tudy  season, the abundance increase in 
the com m unity  from  young-g row th  is overlapped  w ith  an  increase in the num ber of 
its species (A ppendix; Fig. 21).

An ab ru p t abundance  rise and  fall w as observed in the scuttle fly com m unities 
from  large pole tim ber in M ay. The abundance of species of the genus Megaselia, espe
cially tha t of the eu d o m in an t M. giraudii, increased at that time. The au tu m n  species 
M. woodi also ap p eared  (2 individuals) in M ay. In species of the genus Phora, the first

m o n th s

Fig. 20. C hanges in the ab undance  (n) and  num b er 
of species (S) of the phorid  com m unities in p ine 
plantations of m oist p ine forest in Białowieża Forest.
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abundance peak  w as recorded in M ay, and  Ph. artifrons reached the highest ab u n 
dance then. Species of the genera Anevrina  and  Conicern, too, had  the h ighest peak  of 
abundance  in M ay. In species of the genus Triphleba abundance  increased earlier, i.e. 
at the tu rn  of A pril and  M ay, in species of the genus Borophaga at the tu rn  of M ay and 
June, w hereas in Phalacrotophora at the  tu rn  of June and July. In May, the num ber of 
species in the com m unity  increased by over 15%. At the end  of May, w hen  the ab u n 
dance of scuttle flies declined ab rup tly , the num ber of species d ropped  gradually . In 
A ugust, bo th  the abundance  of the com m unity  and  the num ber of species increased 
again. The abundance  increased g radually , starting  in A ugust and  reaching the peak 
in m id-Septem ber, bu t at the tu rn  of Septem ber and  O ctober it slightly decreased (by 
less than  5%). In O ctober, it d ro p p ed  m arkedly . The au tu m n  rise and  fall in ab u n 
dance w as accom panied  by abundance  increases in species of the genera Megaselia 
(m ainly of the dom inants), Borophaga, Triphleba and  Conicera. The abundance of species 
of the genus Phora w as h igh from  July th rough  Septem ber. Species of this genus oc
curred  until October. The eu d o m in an t M. woodi appeared  again at the tu rn  of July and 
A ugust, and  an ab ru p t increase in its abundance  was recorded  at the tu rn  of A ugust 
and  Septem ber. The abundance  of M . woodi rem ained h igh until the end of the sea
sons. The nu m b er of species in large pole tim ber decreased gradually , s tarting  already 
in A ugust (A ppendix; Fig. 22).

35 n

30 -

25 -

20  -

10 -

>  >  
>

=  =  X X X X
>  >  I  X>  >  >  >  >

m o n th s

Fig. 21. C h anges in the  ab u n d a n c e  (n) an d  n u m b er 
of species (S) of the  p h o rid  co m m u n ities  in you n g - 

g ro w th  of m oist p in e  fo rest in B iałow ieża Forest.

I I I I I I
m onths

Fig. 22. C hanges in the abundance  (n) and  num ber of 
species (S) of the phorid  com m unities in large pole 

tim ber of m oist pine forest in Białowieża Forest.

W ithin the phorid  com m unities from  o ld-grow th  the course of changes in ab u n 
dance and  nu m b er of species w as sim ilar to that of the com m unities in large pole tim 
ber. D uring the peak  in M ay, the h ighest abundance w as reached by species of the 
genus Phora (Ph. obscura in particular). The M ay increase in abundance is overlapped  
by an abundance  increase of species of the genus Megaselia, m ainly M. giraudii, M. 
meconicera and  M. pusilla. The ab undance  of species of the genus Anevrina greatly  in
creased at the sam e tim e. Just as in their com m unities of large pole tim ber, the ab u n 
dance peak  of species of the genus Triphleba occurred a little earlier, i.e. at the tu rn  of 
A pril and  May. A n abundance  increase in Phalacrotophora fasciata and  Ph. berolinensis 
w as recorded  in M ay and  June. The abundance  of Conicera dauci also increased in
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spring. The h ighest abundance rise and  fall in species of the genus Megaselia w as ob
served in Septem ber. The second rise and fall in abundance of species of the genus 
Phora occurred  in A ugust. That w as a time w hen  the m axim um  increase (by over 23%) 
in the n u m b er of species of the com m unity  w as recorded  (Fig. 23). The eu d om inan t M. 
woodi ap p ea red  in the p ho rid  com m unities from  o ld -g row th  in A ugust and  its ab u n 
dance w as h igh  till the end  of the g row ing  season (DURSKA 1996).

In genera l, it w as fou n d  th a t species 
of the g en era  Phora, Megaselia, Anevrina,
Borophaga an d  Conicera h ad  the grea test 
p ro p o rtio n  in the first, i.e. M ay a b u n 
dance p eak  of the com m unities in the 
four age-classes of forest. The ab u n 
dance  of species of the genus Phora w as 
the h ig h est an d  m ore  than  tw ice th a t of 
the genus Megaselia. Species of the gen 
era Metopina and  Triphleba reached  the 
sp rin g  p eak  of ab u n d an ce  earlier, a t the 
tu rn  of A pril and  M ay. The second and  
successive p eak s of ab u n d an ce  of sp e 
cies of p a rticu la r  genera  fell at d ifferen t 
tim es; Anevrina  -  in July, Borophaga -  in 
July an d  S ep tem ber, Conicera -  at the tu rn  of June and  July, and  also in A ugust, 
Megaselia -  a t the tu rn  of June an d  July, also in Septem ber (the h ighest peak), M e
topina -  in Ju ly  an d  Septem ber, Phora -  in A u gust, Triphleba -  at the tu rn  of A ugust 
an d  S ep tem ber. The h ighest ab u n d an ce  peak  in the genus Phalacrotophora recorded  
a t the tu rn  of June an d  July (Table XII) w as connected  w ith  the b iology of the host, 
i.e. of co ccinellid s ( C e r y n g i e r ,  H o d e k  1996; K a t s o y a n n o s ,  S t a t h a s ,  K o n t o d i n a s  

1997).
The S ep tem ber rise and  fall in the abundance of species of the genus Megaselia, re

corded  in the com m unities in all age-classes of m oist pine forest, w as influenced m ost 
by an  increase in the dom inance of the dom inants, especially of M. woodi and  the 
p o lyphagous M. giraudii. The au tu m n  species M. woodi w hose biology is unknow n, 
p robably  is associated  w ith  fungi (MALLOCH 1906; DURSKA 1996).

4 e. C hanges in  the d iet of the P horidae  in the succession  series o f m oist p in e forest

Species w hose  bio logy is know n  m ake up  only about 30% (S = 55) of those w ith in  
the stu d ied  p h orid  com m unities from  the four age-classes of tree stand. O n the basis 
of their larval diet, they  have been d iv ided  into four g roups (A ppendix; Table XIII).

In the com m unities from  pine p lan tations the h ighest abundance  p ro p o rtio n  (about 
90%) belonged  to sap rophagous species (S = 9), especially to Megaselia brevicostalis and 
M. nigriceps -  the d o m inan ts of that habitat, and  to M. pleuralis -  the subdom inan t. The 
second position  w as occupied by M. giraudii and  M. pulicaria -  com plex, po lyphagous 
species. The abundance  of po lyphages slightly exceeded 5%. W ithin this g roup  of 
fungivores (S = 8) M. lata reached the highest abundance. The low est abundance  pro-
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Fig. 23. C hanges in the  a b u n d an ce  (n) an d  n u m b er 
of species (S) of the p h o rid  co m m u n ities  in old- 

g ro w th  of m oist p ine  forest in B iałow ieża Forest.
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Table XII. C hanges, d u r in g  the g ro w in g  season , in the ab u n d a n c e  (n*) of selected  g enera  of the  p h o rid  co m m u n ities  in the  fo u r age-classes of m oist p ine 
fo rest in B iałow ieża Forest, n* -  ab u n d a n c e  index  (fem ales + m ales) conv erted  to 100 24 -hour trap .

M on ths 1V-V V V -V I VI VI-VII VII VII V II-VIII VIII VIII-IX IX IX-X X
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Anevrina n* n* n* n* n* n* n* n* n* n* n* n* n*
P lan ta tio n s 0.00 0.89 0.56 0.00 0.00 0.00 0.48 0.48 0.00 0.00 0.00 0.00 0.00
Y oung -g ro w th 0.00 0.89 0.83 0.24 0.00 0.00 0.24 0.00 1.03 0.24 0.00 0.00 0.00
L arge po le-tim ber 0.37 2.67 0.83 0.49 0.24 0.21 0.73 0.26 0.00 0.00 0.00 0.00 0.00
O ld -g ro w th 0.00 2.53 1.65 0.71 0.51 0.00 0.51 0.71 0.26 0.24 0.00 0.00 0.00

su m 0.37 6.97 3.87 1.45 0.75 0.21 1.96 1.45 1.28 0.48 0.00 0.00 0.00
Borophaga

P lan ta tio n s 0.00 0.00 0.00 0.00 0.00 0.00 0-. 55 0.00 0.00 0.00 0.00 0.55 0.00
Y o u ng-g row th 0.34 1.33 0.83 0.24 0.00 0.45 0.71 2.95 2.44 2.76 1.19 0.95 0.82
L arge po le-tim ber 0.73 1.10 1.67 0.00 0.00 0.00 3.17 0.51 1.28 0.44 1.04 0.00 0.00
O ld -g ro w th 0.00 1.16 0.28 0.48 0.26 0.48 1.28 0.00 6.92 0.49 0.77 0.48 0.00

sum 1.07 3.59 2.78 0.71 0.26 0.93 5.71 3.46 10.64 3.70 3.00 1.98 0.82

Conicera

P lan ta tio n s 0.00 0.67 0.56 0.48 1.91 0.00 2.45 0.46 1.69 0.22 0.00 0.00 0.00
Y oun g -g ro w th 0.00 0.43 0.28 0.00 0.95 0.24 0.50 0.44 0.24 0.24 0.00 0.00 0.00
L arge p o le-tim ber 0.00 0.22 0.00 0.00 0.24 0.00 0.00 0.00 0.26 0.51 0.00 0.00 0.00
O ld -g ro w th 0.00 0.48 0.56 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.00 0.00

sum 0.00 1.80 1.39 0.48 3.10 0.24 2.95 1.38 2.18 0.97 0.00 0.00 0.00
M e pascha

P lan ta tio n s 27.14 7.81 9.76 16.78 14.05 7.53 10.27 11.89 52.18 29.44 121.07 108.85 95.21
Y oung-g row th 6.63 33.03 21.90 21.43 47.86 20.18 27.75 53.67 89.36 155.38 495.95 258.10 114.07
L arge p o le-tim ber 2.38 24.31 19.59 15.61 381.33 15.42 23.43 17.59 68.24 108.59 126.73 97.45 43.13
O ld -g ro w th 1.53 19.91 15.19 17.38 441.13 16.06 30.41 25.89 58.31 120.09 160.46 95.56 76.56

sum 37.69 85.05 66.45 71.20 1441.37 59.19 91.86 109.04 268.08 413.50 904.21 559.95 328.98
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

Metopina

P lan ta tio n s 6.6 7 3.53 1.62 1.50 0.00 3.89 0.55 0.48 0.95 0.44 2.14 0.55 0.00
Y o u ng-g row th 0.51 0.22 0.26 0.00 0.00 0.00 0.00 0.91 0.26 0.22 0.48 0.00 0.00
L arge po le -tim b er 0.18 0.00 0.26 0.00 0.00 0.24 0.26 0.00 0.26 0.00 0.00 0.00 0.00
O ld -g ro w th 0.00 0.00 0.00 0.48 0.00 0.00 1.78 1.02 0.00 0.00 0.00 0.00 0.00

sum 7.36 3.75 2.14 1.98 0.00 4.13 2.58 2.40 1.46 0.67 2.62 0.55 0.00

Phalacrotophora
P lan ta tio n s 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y oung-g row th 0.00 0.21 0.26 0.95 2.86 2.98 0.97 2.38 3.33 0.22 0.00 0.00 0.00
Large po le -tim b er 0.00 0.00 0.51 3.88 6.67 3.33 1.21 0.26 0.26 0.22 0.28 0.00 0.00
O ld -g ro w th 0.00 0.00 1.05 2.62 1.75 0.96 0.77 0.48 0.26 0.00 0.00 0.00 0.00

sum 0.00 0.21 1.82 7.45 11.75 7.27 2.95 3.11 3.85 0.44 0.28 0.00 0.00

Phora
P lan ta tio n s 0.32 1.33 4.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Y o u ng-g row th 1.02 17.50 1.80 0.00 0.48 0.48 0.51 2.00 1.43 0.22 0.00 0.95 5.00
Large po le -tim b er 6.23 93.93 19.27 4.58 2.62 6.10 10.44 11.22 9.48 5.56 4.40 0.51 0.28
O ld -g ro w th 2.72 60.15 27.91 8.81 2.77 6.96 13.03 12.00 21.00 4.78 2.30 0.00 0.00

sum 10.29 172.91 53.42 13.39 5.87 13.53 23.99 25.22 31.91 10.56 6.69 1.46 5.28

Triphleba

P lan ta tio n s 17.67 0.44 0.28 0.00 0.00 0.00 0.00 0.24 0.77 0.67 0.71 0.48 3.89
Y oun g -g ro w th 1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.24 1.41 0.24 1.19 8.30
L arge po le -tim b er 1.10 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.77 1.75 0.53 0.00 1.17

O ld -g ro w th 2.38 0.71 0.00 0.00 0.00 0.00 0.26 0.22 2.05 1.46 0.26 0.00 3.13

sum 22.17 1.16 0.28 0.00 0.00 0.48 0.26 0.90 3.82 5.30 1.74 1.67 16.48
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portion , below  2%, w as recorded  for the g roup  of zoophages (S = 7). In  this g roup  
Triphleba lugubris had  the h ighest abundance  (A ppendix). The larvae of this species 
feed on dead  or living p u p ae  of w asps (Ma cD onald  et al. 1975).

Table XIII. N u m b e r of species (S) a n d  share  (%) of the troph ic  g ro u p s in the p h o rid  co m m u n itie s  the four 
age-classes of m o ist p ine  fo rest in B iałow ieża Forest.

H ab ita t P lan ta tions Y oung- g ro w th Large pole tim ber O ld -g ro w th
T rophic  g ro u p s S % S % S % S %
sap ro p h ag e s 9 88.17 13 18.42 11 8.19 11 15.32
fu n g iv o res 8 4.79 16 16.39 5 4.75 13 6.17
zo o p h ag es 7 1.89 12 5.13 12 13.49 13 5.22
p o ly p h ag es 2 5.14 3 60.06 2 73.57 2 73.29

The h ighest abundance  share (about 60%) in the phorid  com m unities in young- 
g row th  w as recorded  for three po lyphagous species: M. giraudii and  M . pulicaria- 
complex -  the dom inan ts, and  M. scalaris. The abundance of sap ro p h ag es (S = 13) d e
clined by abou t 60%. In the com m unity  in young-grow th  the n u m b er of fungivorous 
species (S = 16) increased tw ofold and  their abundance, as com pared  w ith  the com 
m unity  in p lan ta tions, increased fourfold. The num ber (S = 12) an d  abundance  of 
zoophages (about 5%) increased too. The h ighest abundance in th is troph ic  g roup  w as 
reached by species of the genus Phalacrotophorn: Ph. fasciata and  Ph. berolinensis w hose 
larvae are parasito ids of ladyb ird  p u p ae  (A ppendix) (M E N O Z Z I1927, W Y L IE  1958).

In the p h o rid  com m u n ity  in  large pole tim ber the ab u n d an ce  p ro p o rtio n  of tw o 
p o ly p h ag o u s species: M. giraudii -  the d o m in an t and  M. pulicaria -  com plex w as 
over 70%. The ab u n d an ce  p ro p o rtio n  of zoophages (S = 12) increased , p a rticu la rly  
th a t of species of the genus Phalacrotophora and  also of Phora holosericea. The last sp e 
cies is a p re d a to r of roo t ap h id s  (YARKULOV 1972). The n u m b er (S = 5) and  ab u n 
dance of fun g iv o ro u s species decreased  threefo ld . The a b u n d an ce  p ro p o rtio n  of 
sap ro p h ag es (S = 11) sligh tly  exceeded 8%.

The po lyphages M. giraudii (eudom inant) and  M. pulicaria -  com plex (subdom i
nant) in the p h o rid  com m unities in o ld -g row th  constitu ted  a g ro u p  w ith  the h ighest 
abundance  p ro p o rtio n  (over 73%), just as w as the case in the com m unities in young- 
grow th  and  large pole tim ber. The second position  w as occupied by a g roup  of sap ro 
phages (S = 11) w hose abundance  w as over 15%. In the com m unities in o ld-grow th, as 
com pared  w ith  those in large pole tim ber, the num ber of fung ivorous species (S = 13) 
increased tw ofold  w hile the abundance of fungivores rose insignificantly . The ab u n 
dance of zoophages (S = 13) decreased by half. In this g roup, as com pared  w ith the 
com m unity  from  large pole tim ber, there w as observed a very d istinc t (over fivefold) 
decrease in the abundance  of Phalacrotophora fasciata and  an  over tw ofold increase in 
the abundance  of Phora holosericea (A ppendix).

The abundance  p roportions of the trophic groups w ith in  the p h o rid  com m unities 
in the four age-classes of m oist p ine forest w ere decided by the ab u n d an ce  of species 
w hose b iology is k n ow n  and  w hich dom inated  in these com m unities. In the com m u-
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nity from  pine p lan ta tio n s the highest abundance w as reached by the g roup  of sapro- 
phages w ith  the eu d o m in an t M. brevicostalis w hose fidelity in this hab ita t w as over 
80% (Fig. 4). Species be longing  to the o ther trophic g roups had  low abundance  shares. 
In the com m unities in the o lder age-classes of p ine tree stand  the p roportion  of po ly
phages increased m ore and  more: about 60% in young-grow th , abou t 73% in large 
pole tim ber and  o ld -g row th . The increase in the abundance p ropo rtion  of the g ro u p  of 
po lyphagous species (S = 3) w as radically influenced by an increase in the abundance 
of M . giraudii w hich  w as the su bdom inan t in the com m unities in p lan tations (1.22%), 
the dom inan t in you n g -g ro w th  (12.73%) and  the eudom inan t in large pole tim ber and 
o ld -g row th  (about 23-25%) (Figs 7-10). In the g roup  of fungivores (S = 22) there w as 
recorded an increase, then  a decrease and  yet ano ther increase in the num ber of spe
cies and  also an increase, follow ed by a decrease and  a slight increase in the p ro p o r
tion of their ab u n d an ce  in the succession series of m oist pine forest. The considerable 
increase in the n u m b er and  abundance  of fungivores w ith in  the com m unities from  
young-g row th  p robab ly  w as closely connected w ith  sp rou tin g  m ushroom s, p a rticu 
larly those of the genus Suillus (G U TO W SK I pers. com m ., D U R SK A  unpub lished  data) 
the developm ent of w hich  is sym biotically associated w ith  the youngest develop
m ental stages of pine. To date, there are know n about ten  species of Phoridae that are 
developm entally  associated  w ith  Suillus (D ISN EY  1994). Five of these species, nam ely 
Megaselia berndseni, M . lata, M. lutea, M. rubella and  M. scutelaris w ere found  in the 
com m unities from  young-grow th . Of these, M. lata had  the greatest increase in ab u n 
dance in the com m unities from  young-grow th  (A ppendix). W ithin the g roup  of zoo- 
phages (S = 18) changes in the abundance of Phalacrotophora fasciata w ere the m ost 
distinct. The ab u n d an ce  increase of this species from  age-class III and  the decrease in 
the com m unities from  o ld -g row th  precisely correlated  w ith  changes in the abundance 
of its hosts (coccinellid pupae), particu larly  of M yzia oblongoguttata, a ladyb ird  w hose 
developm ent is associated  w ith  coniferous trees (A ppendix) (D ISN EY  1994, 
C z e c h o w s k a  1995).

4 f. Z oogeographic com p onents of Phoridae  in the succession  series of m oist p in e forest

The ranges of the Phoridae are poorly-know n. The scuttle flies recorded  from  the 
four age-classes of m oist pine forest in Białowieża Forest belong to four zoo- 
geographic com ponen ts: cosm opolitan , Holarctic, Palaearctic and  E uropean  (Table 
XIV). The g ro u p  of Palaearctic species also com prises those recorded  from  the C anary  
Islands (Megaselia hirticrus, M. manicata, M . meigeni, M . minor and  Metopina heselhausi) 
(D isney 1991). Tw o species: Megaselia dimidia recorded  from  E urope and  the O riental 
Region and  Phora pubipes recorded  from  the Palaearctic and  the O rient are defined  as 
"o ther" zoogeograph ic  elem ents in the Table. These species probably  have a cosm o
politan  range.

Palaearctic species and  those recorded only from  E urope occurred in sim ilar p ro 
portions (from  abo u t 32% to abou t 41%) w ith in  the phorid  com m unities in each of the 
four age-classes of p ine  tree stands; the Palaearctic species w ere the m ost num erous 
(from abou t 42% to ab o u t 59%). It is quite  probable that w hen  the fam ily Phoridae has
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been s tud ied  m ore extensively, the num ber of European species will g rad u a lly  d e 
crease in favour of tha t of Palaearctic ones.

T able XIV. P ro p o rtio n s of p a rticu la r  zoogeograph ic  com p o n en ts  in the p h o rid  co m m u n itie s  in m o ist p in e  
fo rest in B iałow ieża Forest. S -  n u m b er of species, n -  a b u n d an ce  index.

H ab ita t

Z oogeograph ic  co m p o n en ts

cosm opo litan H olarctic Palaearctic E u ro p ean o th ers

S 4 17 28 25 1
P lan ta tio n s %S 5.3 22.7 37.3 33.3 1.3

n 6.95 8.31 23.71 3.43 0.13
%n 16.4 19.5 52.4 8.1 3.6

S 5 27 44 56 2
Y oung-g row th %S 3.7 20.1 32.8 41.8 1.5

n 16.48 17.81 74.43 15.12 0.79
%n 13.2 14.3 59.7 12.1 0.6

S 3 17 33 28 1
L arge po le  tim ber %S 3.7 20.7 40.2 34.1 1.2

n 16.97 5.32 30.54 9.71 3.10

%n 25.9 8.1 46.5 14.8 4.7

S 3 24 47 47 2
O ld -g ro w th %S 2.4 19.5 38.2 38.2 1.6

n 16.88 10.75 29.12 12.38 0.06
%n 24.4 15.5 42.1 17.9 1.0

S 5 37 61 85 2
Total %S 2.6 19.5 32.1 44.7 1.1

n 57.28 42.21 157.66 40.64 2.98
%n 19.0 14.0 52.4 13.5 1.0

In the com m unities from  p lan tations the m ost abun d an t of the  four cosm opolitan  
species were: Megaselia brevicostalis -  the eudom inan t and  M. giraudii -  the su b d o m i
nan t bu t also the dom in an t and  eu d om inan t in the older age-classes of p ine tree stand. 
W ithin the g roup  of the H olarctic com ponents (S = 17) in the p h o rid  com m unities six 
species reached the h ighest abundance  and  these were: Megaselia nigriceps, M . pleuralis, 
M. pumila, M. meconicera, M. pulicaria-complex and  Conicera dauci. Megaselia verralli, the 
eu d o m in an t of the com m unities in p lan tations w as the Palaearctic species w ith  the 
h ighest abundance. The o ther m ost ab u n d an t representatives of this com ponen t were: 
Megaselia manicata, M. żonata, M. latifrons, M . campestris, M. minor, M. xanthozona, M. 
woodi and  Triphleba opaca. The g roup  of Palaearctic species w ith in  the com m unities in 
p lan ta tions w as the m ost num erous (S = 28) and  the m ost ab u n d an t (52%). The E uro
pean  com ponen t occupied  the second position  in respect of the n u m b er of species 
(S = 25), bu t its abundance  w as sixfold low er than  that of the Palaearctic species. Tw o 
E uropean  species, nam ely Metopina oligoneura (eurytope) and Megaselia involuta, w ere 
recorded  am ong the dom inan ts (A ppendix).

W ithin  the five cosm opolitan  species of the phorid  com m unities in y o u n g-g row th  
Megaselia giraudii, one of the dom inan ts in this habitat, w as the m ost abu n d an t.
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H olarctic species (S = 27) w ith  the h ighest abundance were: Megaselis pulicaria-cornplex, 
M. pumila, M. meconicera and  M. pleuralis. The Palaearctic com ponent (S = 44) occu
pied, in respect of abundance, the first position  am ong the scuttle flies from  young- 
grow th . and  its m ost a b u n d an t species were: the eudom inan t -  Megaselia diversa, the 
do m in an t -  M. woodi, M . unicolor, M. puliccirici-complex and  Phora penicillata, and  also 
su b d om inan ts -  Megaselia hyalipennis, M. manicata and M. lata. In the com m unities in 
young-g row th , as com pared  w ith  those in plantations, the num ber of species of the 
E uropean  com ponen t (S = 56) increased m ore than  tw ofold, bu t the p roportion  of 
species recorded  only from  E urope increased slightly (about 4%). The results obtained 
w ere decided , first of all, by a considerable increase in the num ber of accessory species 
w hose ranges of occurrence have hardly  been stud ied . Of the species of the E uropean 
com ponen t the m ost a b u n d an t w ere subdom inan ts of the com m unities in young- 
grow th: Phora artifrons, Ph. obscura, Megaselia ignobilis and M. involuta (A ppendix).

W ithin the three cosm opolitan  species in the phorid  com m unities in large pole 
tim ber Megaselia giraudii, an eudom inan t in this age-class of pine tree stands, w as the 
m ost ab u n d an t, ju st as it w as in the com m unities from  young-grow th . An increase in 
the ab undance  of this species in the com m unities from  large pole tim ber, as com pared  
w ith  those from  p lan tations, b rough t about a nearly tw ofold increase in the ab u n 
dance p ro p o rtio n  of the cosm opolitan  com ponent. The abundance p roportion  of the 
H olarctic com ponen t (S = 17) w as the low est in large pole tim ber as com pared  w ith 
the com m unities in the o ther age-classes of tree stand. The g roup  of H olarctic species 
w ith  the h ighest abundance  included Phora holosericea, Megaselia pulicaria-cornplex, M. 
pumila an d  M. ruficornis. The Palaearctic com ponent took the first position in respect of 
the n u m b er (S = 33) and abundance (n = 46.5) in the com m unities from  large pole tim 
ber. The g ro u p  of Palaearctic species w ith the highest abundance p roportion  com 
prised  the d o m inan ts -  Megaselia woodi, M. diversa, Phora penicillata and subdom inan ts 
-  Megaselia unicolor, M. altifrons, M . hyalipennis, M. latifrons, M. campestris and  Phora 
dubia. The n u m b er of species of the E uropean com ponent (S = 28), as com pared  w ith 
the com m unities in young-grow th , w as tw ofold low er and  the abundance  only 
slightly  h igher (by abou t 2.5%). The m ost ab u n d an t of the species recorded from  
E urope w ere: Phora obscura, Ph. artifrons, Megaselia ignobilis, M. henrydisneyi and  Phala- 
crotophora fasciata. Phora pubipes, a species recorded from  the Palaearctic and  the O ri
ental Region, belonged  to the subdom inan ts in age-class III of tree stands (A ppendix; 
Table XIV).

In the p ho rid  com m unities from  old-grow th, w ith in  the three cosm opolitan  spe
cies, Megaselia giraudii, one of the eudom inants, w as the m ost abundan t, just as it also 
w as in y o u n g -g ro w th  and  large pole tim ber. Phora holosericea, Megaselia pusilla, M. 
pulicaria-cornplex an d  M. meconicera, subdom inants, w ere the m ost ab u n d an t species of 
the H olarctic  com ponen t (S = 24). In the g roup  of Palaearctic species (S = 47) the h igh
est p ro p o tio n s belonged  to a eudom inan t Megaselia woodi and  to subdom inan ts M. 
sepulchralis, M . unicolor, M . manicata and  Phora penicillata. The E uropean  and  Palaearc
tic com ponen ts h ad  the sam e num ber of species (S = 47), bu t the abundance p ro p o r
tion of E u ro p ean  species w as low er by half. Of these species Phora obscura (dom inant) 
and  Ph. penicillata (subdom inant) had  the h ighest abundance (A ppendix).
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Species recorded  from  E urope and  Palaearctic species (S = 44.7% and  S = 32.1%, re
spectively) w ere the m ost significant com ponents of the phorid  com m unities in the 
four age-classes of m oist p ine forest in Białowieża Forest. The Palaearctic com ponent 
occupied the top position  in respect of abundance  (n = 52.4%) and  the cosm opolitan  
com ponent, a lthough  w ith  a sm all num ber of species (S = 5), occupied  the second 
position  (n = 19.0%) (Table XIV).

The o ther -  H olarctic and  E uropean -  com ponents com prised over th ree-fourths of 
the pho rid  species (this applies to males) recorded  from  m oist p ine forest in 
Białowieża Forest and  yet they w ere not significant in respect of abundance  (n = 
27.5%) (A ppendix; Table XIV).

5. DISCUSSION

Of the 326 species of Phoridae recorded from  Poland, 209 species (about 65%) w ere 
found  occurring in the four age-classes of m oist p ine forest in Białow ieża Forest. As 
m uch as 20% (S = 42) of the m aterial s tud ied  w ere species new  to the Polish fauna, 
and  over 21% of these in tu rn  (S = 9) w ere species new  to science (D U R SK A  in press).

Scuttle flies are one of the m ost ab u n d an t and  specifically richest fam ilies w ith in  
the com m unities of Diptera in the s tud ied  fauna of the succession series in m oist pine 
forest in Białow ieża Forest (T R O JA N  et al. 1994). W ith respect to abundance , the core of 
the phorid  com m unities in p ine p lan tations and  young-g row th  w as m ade by species 
w ith  Palaearctic and H olarctic ranges and that in large pole tim ber and  o ld -g row th  by 
species w ith  Palaearctic and  cosm opolitan  ranges. This dependence  w as closGly con
nected w ith  an increase in the abundance  of species dom inating  in the o lder age- 
classes of p ine  tree stand , especially that of po lyphage Mcgaselia giraudii, a cosm o
politan  eu d o m in an t (Table XIV).

The p h o rid  com m unity  in p lan tations greatly  differed, in its species com position, 
from  the com m unities in the o lder age-classes of the succession series of pine forest. 
Megaselia verralli and M. brevicostalis, colonizing species, w ere the dom inants. The fi
delity  and  frequency of both  species w ere the h ighest in this hab ita t (Fig. 4; Table VI). 
M any scuttle  fly species are know n to be very sensitive to changes in their habitat. 
D uring dry  years, M. brevicostalis reaches its abundance  peak m uch earlier than  in 
years w hen  h u m id ity  is norm al (D ISN EY  et al. 1981). Phorid  com m unities also react 
very strongly  to hab ita t pollu tion . An increase in po llu tion  brings abou t significant 
changes in the p rop o rtio n  of trophic groups; the num ber of zoophages decreases 
w hile that of saprophages increases (D U R SK A  1996). Such a conspicuous reaction to 
changes in forest hab ita t in the course of succession w as also recorded  for the com 
m unity  stud ied . A com plete exchange of dom in an t species w as observed  even in 
young-grow th . The colonizing species w ere replaced by Megaselia giraudii and  M. 
woodi, strongly  expansive species w hose dom inance intensified in the o lder age- 
classes of tree stand. These tw o species, w hich in 1986 and 1987 h ad  occurred  in  high 
abundances (eudom inan ts and  dom inants), had  been recorded in p h o rid  com m unities 
from  o ld -g row th  in Bory Tucholskie Forest and  Puszcza Biała Forest. The species 
com position  of pho rid  com m unities from  o ld -grow th  of m oist p ine  forest in three
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regions of P o land  (Bory Tucholskie Forest, Puszcza Biała Forest, Białowieża Forest) 
had  been  sim ilar, abou t 60% (D U R SK A  1996). Each of the four age-classes of the succes
sion series of m oist pine forest had  an ind iv idual g roup  of characteristic species (fi
delity  > 51%). These species belonged to 6 genera: Borophaga, Conicera, Megaselia, Me- 
topina, Phora and  Triphleba. The greatest num ber of these species, as m any as 19, w as 
recorded  for the com m unities in young-grow th , the least -  only 4 species -  for those in 
large pole tim ber (Figs 4-7). Phorid  com m unities m ight be regarded  as h ighly  ind ica
tive because they are very  sensitive to hab ita t changes and  because there are specific 
g roups of characteristic  species in all four age-classes.

The resto ra tive  varian t is one of the five types of secondary  succession. It has been 
recorded  for abou t 50% of the s tud ied  com petitive com m unities and  8 taxa of m oist 
pine forest in Białowieża Forest (TR O JA N  et al. 1994). The num bers of phorid  species in 
p lan ta tions and large pole tim ber and also in young-grow th  and  o ld -g row th  differed 
very little. L ikew ise the values of species richness w hich changed in the rise-fall-rise 
m anner. Such a varian t of succession realized by the phorid  com m unity  w as a m odifi
cation of the resto ra tive  variant. This sixth type of secondary  succession has been 
called a rise-fall-rise varian t of changes (Table II; Fig. 15).

W ith reg ard  to abundance, the course of succession processes in anim al com m uni
ties in the succession series of m oist pine forest m ost frequently  runs in the d irection 
of reg ression  and  resto ra tion  (TR O JA N  et al. 1994). A slight decrease in the abundance  
of the p h o rid  com m unity  in o ld -g row th  w hile (as com pared  w ith large pole tim ber) 
the n u m b er of species greatly  increased w as the only indication that the com m unity  
w as realiz ing  the stabilizing  varian t of succession in the o lder tree stands (Table II). 
S tabilization  of abundance  began  in age-class III, i.e. in large pole tim ber. Such a 
course of reactions w ith in  a phorid  com m unity  probably reflect the presence of well- 
function ing  hom eostatic  m echanism s developed in the course of secondary succesion, 
m echanism s w hich  m ake it possible for species to survive ab ru p t changes due  to eco
system  destru c tio n  in the form  of forest felling.

The g ro w th  of tree stands w as accom panied by d istinct succession changes in the 
pho rid  com m unities from  m oist pine forest. P lantations w ere inhabited  by colonizing 
species, m ain ly  those of the genus Megaselia. They w ere species of open areas -  eudo- 
m inants: M. verralli and  M . brevicostalis, and  dom inants: M. nigriceps, M . zonata and  
also M. minor, Metopina oligoneura and Conicera dauci (Table VIII). In the changing  v er
tical s tru c tu re  of y oung-g row th  the dom inating  species in p lan tations w ere replaced 
by forest species, m ainly of the genus Megaselia: M. diversa, M. woodi and  M. giraudii 
(Fig. 9). The last tw o species w ere eudom inan ts and dom inan ts of the pho rid  com m u
nities in the o ldest age-classes in the succession series of m oist pine forest (Figs 10, 11). 
T hus the species co m p osition  of the d o m inan ts of the p h o rid  com m unity  in  p la n ta 
tions d iffe red  very  clearly  from  that of the com m unities in the o lder age-classes of 
tree  s tan d s  (Figs 12, 13). In the course of secondary  succession the chang ing  internal 
s tru c tu re  of fo rest exerts a significant im pact on shad ing . P h o toph ilous species of 
o p en  areas are  o u sted  by  forest species w hich  are ideally  ad ap ted  to the new  co n d i
tions. S h ad e  no t only  d rastica lly  reduces the ab u n d an ce  of co lonizing  species bu t it
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also p rev en ts  th e ir repea ted  invasion  in the course of m a tu rin g  of p ine  tree stand  
(H orn  1974).

D ifferent dependences w ere obtained after the p ro p o rtions of species in the com 
m unities had  been  com pared  according to sta tus based on the abundance  share of 
species. W hen a m odified  hom ogeneity  index (HD*) w as used , a high sim ilarity  be
tw een the dom inance  structu res of the phorid  com m unities in the four age-classes of 
m oist p ine forest w as obtained (Fig. 14). The d istribu tion  of the p roportion  of the 
m ean  ab u n d an ce  of dom inan ts w as the m ost sim ilar in the com m unities in  p lan tations 
and  large pole tim ber. There w as one conspicuous eu d o m in an t there  (Figs 8, 10). Two 
species of sim ilar abundance  p roportions co-dom inated  w ith in  the com m unities from 
young-g row th  an d  old-grow th. The o ther features of the dom inance  structu re  of the 
com m unities in the  four age-classes w ere similar: the p ro p o rtio n  of particu lar species 
decreased evenly  an d  species of low  abundance form ed the so-called "d is tribu tion  
tail". The fact th a t the abundance  proportions of species in the com m unities from 
p lan ta tions and  large pole tim ber and  also from  young-g ro w th  and  o ld-grow th  w ere 
sim ilar w hile  the sequence of particu lar species in  the dom inance structu re  kept 
changing  w as excellent p roof tha t the biocoenosis first and  forem ost bu ilt the com m u
nity  s tru c tu re  (quan tita tive  ratios) and  that species com positions (qualitative ratios) 
w ere no t th a t im portan t. A diverse hab ita t and  sm all h u m an  in terference are essential 
in the deve lo p m en t of this type of dom inance struc tu re  characteristic  of na tu ra l and  
sem i-natu ral ecosystem s (TR O JA N  1997).

Species of w ide  ecological tolerance to age-classes of forest w ere  d istingu ished  for 
com parison  of sim ilarities of species com position and  dom inance structure. They w ere 
d om inan ts of the com m unities in young-grow th , large pole tim ber and  old-grow th. 
A nother g ro u p  com prised  accessory species associated w ith  ecological m icroniches of 
each age-class. T hese w ere the species that had con tribu ted  m ost to the different char
acter of the species com position  of the com m unities s tud ied  (A ppendix; Table V). That 
fact w as confirm ed by sm all values of Soerensen's index obtained  for the phorid  
com m unities, trea ted  as a w hole, in  the succession series of m oist p ine forest in 
Białowieża Forest (Table III). D iscrim ination analysis (T R O JA N  1997) w as used to d is
tingu ish  accessory species, and  then  it w as possible to evaluate  the extent of secon
dary  d iversification  of the hab ita t (Mn)  and  to define the p ro p o rtio n  of species associ
ated w ith  its m osaic-like character (Ms). The num erical and  species indices of the m o
saic-like character differed considerably  betw een you n g -g ro w th  and  old-grow th  yet 
the n u m b er of species in the pho rid  com m unities and  species richness (Fig. 15) in 
these age-classes of tree stands w ere sim ilar. Mn  and  Ms  indices had  the low est values 
for the com m unities in young-g row th  and  the h ighest for those in o ld-grow th, i.e. in 
the hab ita t w ere the g reatest num ber of ecological niches w as form ed (Table IX).

The age of the tree stand  of each age-class of the succession series exerted the 
g reatest im pact on  the h ab ita t conditions of m oist p ine forest. The organization of the 
zoocoenotic com plex changed  in the course of the d eve lopm en t of the forest ecosys
tem. Results of ecosystem  rem odelling  m ay also be observed  in  the course of succes
sion changes w ith  respect to actual species d iversity  (H 1). The succession variant real
ized by the p h o rid  com m unity  is the closest to the stabilizing variant. Differences in
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the values of actual diversity  for the pho rid  com m unities in large pole tim ber and  old- 
g row th  w ere sm all (Table XI) although  there w as a considerable difference in the em 
pirically de te rm ined  num ber of species (Table X).

Processes of decrease, how ever sm all, in species d iversity  w ere observed in the 
o lder tree s tan d s in over 60% of anim al groups. In o ld-grow th, elim ination  of species 
reduces po ten tia l species d iversity  (TR O JA N  et al. 1994). W ithin the pho rid  com m uni
ties in the succession series of m oist p ine forest potential species diversity  (Hmax), just 
as the nu m b er of species and species richness, changed in the rise-fall-rise m anner. 
The values of the Pielou index (/) for these com m unities differed slightly  (Table XI). 
The decrease in values of index /  for the pho rid  com m unities in o ld-grow th  w as con
nected  w ith  the form ing of dom inance structu re  characteristic of com m unities in m a
ture tree s tands (Table XI; Fig. 11). In these tree stands, as com pared  w ith  the co m m u 
nities from  the younger age-classes, there w as recorded the sm allest num ber of species 
(only 12 species w ith  an  abundance of over 1%) and  a very elongated  d istribu tion  tail 
(S = 119). Such p roportions of dom inan t and  accessory species corresponded  to the 
h igh ly  m osaic-like character of the hab ita t (T R O JA N  et al. 1982), a degree th a t reached  
its h ig h est va lue  in o ld -g row th . In this h ab ita t there  w as observed  an increase in 
fauna richness w hile  the n u m b er of species d o m ina ting  in the com m unity  w as low er 
(Table IX; Fig. 11).

The abundance  p roportion  of the trophic g roups in the com m unities from  the four 
age-classes of forest d istinctly  changed  in the course of secondary succession of the 
p h o rid  com m unities from  m oist pine forest. The num ber of saprophagous species 
decreased, w hereas the abundance of po lyphages increased (Table XIII). Such an 
abundance  d istribu tion  w as decided by dom inating  species w ith  know n life h istories. 
In p lan ta tions it w as Megaselia brevicostalis, a saprophagous eudom inan t, in the o lder 
age-classes it w as M. giraudii, a po lyphage w hich contribu ted  to dom inance increase 
(A ppendix). V ery a b u n d an t species perfectly adap ted  to the habitats of grow ing pine 
tree stand  p layed  an im portan t role d u ring  rebuild ing  and build ing  of the forest eco
system  (M. brevicostalis and  M. veralli in the form er, M. giraudii and M. woodi in the 
latter). These species and  also the o ther dom inants of the four age-classes of tree stand  
in the succession series of m oist pine forest w ere essential elem ents in biocoenotic 
regulation. S tabilization  of the abundance in the o lder age-classes could be a very  
usefull basis to w ork  on the function of the phorid  com m unity  in the succession series 
of m oist p ine forest. Accessory species w ere ano ther im portan t elem ent that im proved  
the function ing  of the forest ecosystem . Their num ber in the four age-classes of tree 
stand  changed  in the rise-fall-rise m anner, just as the num ber of species in the com 
m unity . H ow ever, the num ber of ind iv iduals in the g roups of accessory species in 
particu lar classes w as very sim ilar (Table V). These species form  the ecological stock 
w hich is ac tiva ted  w hen  hab ita t changes take place (T R O JA N , W y t w e r  1996).

Secondary  succession of the phorid  com m unities in m oist p ine forest in Białow ieża 
Forest w as characterized  by a p ronounced  reaction (exchange of dom inants) to 
changing  hab ita t conditions in the course of g row th  of p ine forest. D uring  each s tu d y  
season, a g rea t n u m b er of species and genera w as exchanged, species characteristic of 
p articu lar age-classes w ere present, abundance and  actual species diversity  (H 1) w ere
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stabilized, w hile the n u m b er of species from  the o lder tree stands increased and 
abundance w as h igh  (a m easure of ecological success). All this justifies the assum ption  
that pho rid  com m unities are closely connected w ith  developm ental processes o pera t
ing in the course of secondary  succession of m oist p ine forest.

6. CO N CLU SIO N S

1. In the course of succession of m oist pine forests in B iałowieża Forest the phorid  
com m unity  in p ine p lan ta tions [w ith the eu dom inan ts Megaselia vermlli and M. brevi- 
costalis (saprophage)] very clearly differed from  the com m unities in the o lder p ine tree 
stands [w ith the eu d o m in an ts  Megaselia woodi and M. giraudii (polyphage)].

2. The phorid  com m unities in the o lder tree stands of m oist p ine forest in 
Białowieża Forest show ed  a great sim ilarity betw een  their dom inance structures (large 
pole tim ber and  o ld -g row th  -  0.85). The dom inance structu re  of the phorid  com m uni
ties in young-grow th , pole tim ber and  o ld-grow th  started  to differ on the level of ac
cessory species. Megaselia woodi and  M. giraudii w ere the eudom inan ts in the older-age 
classes of pine tree stands, and  their co-dom ination  increased in the course of secon
dary  succession of the p h o rid  com m unities.

3. C hange in the positions of dom inan t species in the course of secondary succes
sion w ere a characteristic  feature of the phorid  com m unities there. The dom inance 
structu re  of the p h o rid  com m unities in m oist pine forests in Białowieża Forest devel
oped the final form  already  at the stage of young-grow th .

4. W ith regard  to the changing  num ber of species in the four age<la§se§ of pine 
tree stands the p h o rid  com m unity  realized the varian t of rise-fall-rise changes in suc
cession.

5. The succession varian t realized by the p h o rid  com m unity  in relation to ab u n 
dance and  to actual species d iversity  (H 1) w as the closest to the stabilizing variant.
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STRESZCZENIE

[Tytuł: Sukcesja w tórna zg rupow ań  Phoridae w borach świeżych Puszczy Białowieskiej]

W czterech klasach w iekow ych borów  św ieżych Puszczy Białowieskiej, z 326 ga
tunków  Phoridae w ykazanych  z Polski, stw ierdzono w ystępow anie  209 gatunków  (ok. 
65%). W zb ad an y m  m ateriale aż  20% (S = 42) to gatunk i now e dla fauny krajowej, 
a w śród  nich ponad  21% (S = 9) stanow ią gatunki now e dla nauki.

Z ad ro w ate  należą do jednej z najbardziej liczebnych i najbogatszych w gatunki ro 
dz in  w śró d  zg ru p o w ań  m uchów ek  badanej fauny szeregu sukcesyjnego borów  św ie
żych Puszczy. Trzon zg ru p o w an ia  Phoridae, pod  w zględem  liczebności, w  upraw ach
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sosnow ych i w  m łodnikach  tw orzą gatunki o zasięgu paleark tycznym  i holarktycz- 
nym , a w  d rągow inach  i s tarod rzew ach  -  pa leark tycznym  i kosm opolitycznym . Z a
leżność ta m a ścisły zw iązek  ze w zrostem  liczebności ga tunków  dom inujących w sta r
szych klasach w iekow ych d rzew ostanów  sosnow ych, szczególnie kosm opolitycznego 
eu d o m in an ta  -  polifaga Megnselia giraudii (Table XIV).

Z g ru p o w an ie  zad row atych  u p raw  znacznie różni się sk ładem  gatunkow ym  od 
z g ru p o w a ń  starszych  klas w iekow ych szeregu sukcesyjnego. D om inantam i są tu ko
lonizujące g a tunk i -  Megnselia verralli i M. brevicostalis. W tym  środow isku  w ierność 
w y stęp o w an ia  i frekw encja obu gatunków  jest najw yższa (Fig. 4, Table VI).

Już w m łodn ikach  zaobserw ow ano  całkow itą w ym ianę g a tu n k ó w  dom inujących. 
G a tu n k i ko lon izu jące  są tu  w y p ie ran e  p rzez  silnie ek sp an sy w n e  -  Megnselia giraudii 
i M. zuoodi, a ich dom inacja nasila się w  starszych k lasach w iekow ych drzew ostanów .

K ażda z czterech klas w iekow ych szeregu sukcesyjnego borów  św ieżych m a sw o
istą g ru p ę  g a tu n k ó w  charak terystycznych  (w ierność> 51%). N ależą one do 6 ro d za 
jów: Borophaga, Conicera, Megnselia, Metopina, Phora i Triphleba (Figs 4-7). Ze w zg lędu  
na d u ż ą  w rażliw ość  reakcji zg ru p o w an ia  na zm iany  środow iskow e, a także w y stęp o 
w anie sw oistych  g ru p  ga tu n k ó w  charak terystycznych , każdej z czterech klas w ieko
w ych, m ożna sądzić, że zg ru p o w an ia  Phoridae m ogą być w ybitn ie  w skaźnikow e.

Liczby g a tu n k ó w  zg ru p o w ań  zad row atych  u p raw  i d rągow in , a także m łodników  
i s ta ro d rzew ó w  niew iele się różnią. Podobnie, w artości bogactw a gatunkow ego  zm ie
niają się skokow o. Taki w arian t sukcesji realizow any przez zg ru p o w an ie  Phoridae jest 
m odyfikacją w arian tu  restauracyjnego. Ten szósty typ  sukcesji w tórnej został n azw a
ny w arian tem  zm ian  skokow ych (rise-fall-rise) (Table II, Fig. 15).

N iew ielk i sp ad ek  liczebności zg rupow an ia  Phoridae w  starod rzew ach , p rzy  znacz
nym  w zroście  liczby ga tu n k ó w  w porów nan iu  z d rągow inam i w skazuje, że z g ru p o 
w an ie  realizuje stabilizujący w arian t sukcesji w  starszych  d rzew ostanach  (Table II). 
Stabilizacja liczebności rozpoczyna się w  Ill-ej klasie w ieku sosny -  d rągow inach . Ten 
typ  p rzeb iegu  reakcji w ew n ątrz  zg rupow an ia  zad row atych  m oże św iadczyć o sp raw 
nie działających m echan izm ach  hom eostatycznych, k tóre w ykształciły  się w  trakcie 
sukcesji w tórnej i pozw oliły  p rze trw ać gw ałtow ne zm iany pow sta łe  po zniszczeniu  
ekosystem u, jakim  jest w yrąb  lasu.

W raz ze w zro stem  d rzew o stan u  obserw ow ane są w yraźne  zm iany  sukcesyjne 
z g ru p o w a ń  Phoridae borów  św ieżych. U praw y zasied lane są p rzez  kolonizujące ga
tunki, g łów nie z rodzaju  Megnselia. W zm ieniającej się s tru k tu rze  p ionow ej d rzew o 
stanów  sosnow ych  m iodn ików , gatunk i dom inujące u p raw  zastąp ione  zostają p rzez  
g a tunk i leśne, też p rzed e  w szystk im  z rodzaju Megaselia: M. diversa, M. woodi i M. 
giraudii (Fig. 9). D w a ostatn ie  ga tunk i są eudom inan tam i i dom in an tam i zg ru p o w ań  
zad ro w aty ch  najstarszych  klas w iekow ych d rzew ostanów  sosnow ych  szeregu  sukce
syjnego borów  św ieżych. (Figs 10, 11). Tak więc, sk ład  g a tunkow y  d o m inan tów  z g ru 
p ow an ia  Phoridae u p ra w  b ardzo  w yraźnie  różni się od sk ładu  gatunkow ego  d om i
n an tó w  zg ru p o w a ń  starszych  klas w iekow ych d rzew ostanów . (Figs 12, 13). W trakcie 
sukcesji w tórnej bo rów  zm ieniająca się s tru k tu ra  w ew n ętrzn a  lasu w p ływ a bardzo  
isto tn ie na zacienienie. Sw iatło lubne gatunki terenów  o tw arty ch  zostają w yparte  
p rzez  g a tu n k i leśne, doskonale  p rzystosow ane do  now ych w aru n k ó w . Cień nie tylko
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drastyczn ie  zm niejsza liczebność gatunków  kolonizujących, ale rów nież zapobiega ich 
ponow nej inw azji w  trakcie dojrzew ania drzew ostanu  sosnow ego.

Inne zależności o trzym ano , gdy  udziały  gatunków  w zgrupow aniach  zostały po 
rów nane w ed łu g  rang  odnoszących  się do procentow ego udziału  liczebności g a tu n 
ków. W oparciu  o zm odyfikow any  w spółczynnik hom ogeniczności (HD*) uzyskano  
w ysokie po d o b ień stw o  pom iędzy  struk turam i dom inacyjnym i badanych zg ru p o w ań  
zad row atych  czterech klas w iekow ych borów  św ieżych (Fig. 14). Rozkład udziału  
średniej liczebności d o m in an tó w  jest najbardziej podobny  w  zg rupow an iach  u p raw  
i d rąg o w in . W ystępuje  tu jeden  w yraźny  eudom inan t (Figs 8, 10). W zgrupow aniach  
m łodn ików  i s ta ro d rzew ó w  w spółdom inują  dw a gatunki o podobnych  udziałach 
p rocen tow ych  liczebności. Pozostałe cechy struk tu ry  dom inacyjnej zg rupow ań  czte
rech klas w iekow ych  borów  św ieżych są podobne: udział procentow y poszczególnych 
gatunków  sp ad a  rów nom iern ie , a gatunki o niskiej liczebności tw orzą tzw. „ogon 
rozk ładu". Z różn icow ane środow isko  i niew ielka ingerencja człow ieka mają znaczący 
w pływ  na ukszta łto w an ie  się tego typu struk tu ry  dom inacyjnej charakterystycznej dla 
ekosystem ów  n a tu ra lnych  i pó łnaturalnych.

W celu p o ró w n an ia  podob ieństw a składu gatunkow ego i struk tu ry  dom inacyjnej 
w yodrębn iono  gatunk i o szerokim  zakresie tolerancji ekologicznej w odniesieniu  do 
klas w iekow ych borów . Są to dom inanty  zg rupow ań  m łodników , drągow in  i s ta ro 
drzew ów . D rugą g ru p ę  tw orzą gatunki akcesoryczne pow iązane z m ikroniszam i 
ekologicznym i każdej z czterech klas w iekow ych drzew ostanów  sosnow ych. W łaśnie 
te ga tunk i mają najw iększy  w pływ  na odrębność składu gatunkow ego badanych 
zg ru p o w ań  (A ppendix , Table V). Fakt ten potw ierdzają uzyskane niew ielkie w artości 
w spó łczynn ika Soerensena dla całości zg rupow ań  zadrow atych  szeregu sukcesyjnego 
borów  św ieżych  Puszczy Białowieskiej (Table III). W yodrębnienie, za pom ocą analizy 
dyskrym inacyjnej ga tu n k ó w  akcesorycznych, pozw oliło na ocenę stopnia zróżnico
w ania w tó rnego  środow iska  (Mn)  i określenie udziału gatunków  zw iązanych z jego 
m ozaikow atością (Ms). W m łodnikach i starodrzew ach, gdzie liczba gatunków  zg ru 
pow ań  Phoridae i bogactw o gatunkow e (Fig. 15) tych klas w iekow ych drzew ostanów  
są podobne, num eryczny  i ga tunkow y w skaźnik  m ozaikow atości znacznie różnią się 
m iędzy sobą. W skaźniki M n  i Ms osiągają najniższe w artości w zgrupow aniach  m łod 
ników , a najw yższe w zg rupow an iach  starodrzew ów , a więc tam, gdzie pow staje 
najwięcej n isz  ekologicznych (Table IX).

N ajw ażniejszy  w p ływ  na w arunk i środow iskow e boru św ieżego m a w iek d rzew o 
stanu sosnow ego  każdej z czterech klas w iekow ych szeregu sukcesyjnego. W trakcie 
rozw oju ekosystem u borow ego zm ienia się organizacja układu zoocenotycznego. 
R ezultaty  p rzeb u d o w y  ekosystem u m ogą być także obserw ow ane w przebiegu zm ian  
sukcesyjnych w odniesien iu  do różnorodności gatunkow ej aktualnej (H).  W arian t 
sukcesji jaki realizuje zg ru p o w an ie  Phoridae jest najbliższy w arian tow i stabilizujące
mu. Różnice w w artościach  różnorodności aktualnej dla zg rupow ań  Phoridae d rąg o 
w in i s ta ro d rzew ó w  są n iew ielkie (Table XI), p rzy  znacznej różnicy w em pirycznie 
określonej liczbie ga tu n k ó w  (Table X).

W zg ru p o w an iach  Phoridae szeregu sukcesyjnego borów  św ieżych różnorodność 
ga tunkow a potencjalna (Hmax), podobnie  jak liczba gatunków  i bogactw o gatunkow e,
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zm ienia się skokow o (w zrost-spadek-w zrost). W artości w skaźnika Pielou (/) dla tych 
zg ru p o w ań  nieznacznie  różnią się m iędzy sobą (Table XI). Z aobserw ow any  spadek  
w artości w skaźn ika  J dla zg ru p o w ań  zadrow atych  sta rod rzew ów  jest pow iązany  ze 
w zrostem  organizacji w ew nętrznej i ukszta łtow an iem  się s tru k tu ry  dom inacyjnej, 
charak terystycznej dla zg ru p o w ań  dojrzałych d rzew ostanów  (Table XI, Fig. 11).

W toku  sukcesji w tórnej zg ru p o w ań  Phoridae borów  św ieżych zm ienia  się w y raź 
nie ud z ia ł p rocen tow y liczebności g rup  fagicznych w  zg rupow an iach  czterech klas 
w iekow ych borów . Spada liczebność ga tunków  saprofagicznych, w zrasta  na tom iast 
liczebność po lifagów  (Table XIII). O takim  rozk ładzie  liczebności decydują gatunk i 
dom inujące o znanej biologii rozw oju. W upraw ach  jest to saprofag iczny  eu d o m in an t 
Megaselia brevicostalis, w  starszych  klasach w iekow ych dom inację nasila  polifag -  M. 
giraudii (A ppendix). G atunk i o dużej liczebności, doskonale dostosow ane do śro d o 
w isk w zrasta jącego  d rzew ostanu  sosnow ego, odgryw ają najw ażniejszą rolę w  o d b u 
dow ie (M. brevicostalis i M . verralli) i budow ie  (M. giraudii, M. ivoodi) ekosystem u le
śnego. G a tunk i te, a także pozostałe  dom inan ty  czterech klas w iekow ych  d rzew o sta 
nów  szeregu  sukcesyjnego borów  św ieżych, są isto tnym i czynnikam i regulacji bioce- 
notycznej. Stabilizacja liczebności w starszych klasach w iekow ych d rzew ostanów  
m oże stanow ić dobrą podstaw ę do badań  nad  funkcją jaką pełni zg ru p o w an ie  Phori
dae w trakcie sukcesji w tórnej borów  św ieżych. D rugim , isto tnym  elem entem  u sp raw 
niającym  funkc jonow an ie  ekosystem u leśnego są g a tu n k i akcesoryczne. Ich liczba 
w czterech klasach  w iekow ych d rzew ostanów  zm ienia  się skokow o, podobn ie  jak 
liczba g a tu n k ó w  zg rupow an ia . N atom iast liczba osobników  g ru p  g a tunków  akceso- 
rycznych w  poszczególnych klasach jest bardzo  p o d o b n a  (Table V). G atunk i te, s ta 
now ią rezerw ę ekologiczną, k tóra jest u rucham iana w m om encie zm ian  środow isko 
wych.

Sukcesję w tó rn ą  zg ru p o w ań  zadrow atych  borów  św ieżych Puszczy Białowieskiej 
cechuje w y raźn a  reakcja (m.in. w ym iana dom inan tów ) na zm ieniające się w arunk i 
środow iskow e w trakcie w zrostu  d rzew ostanu  sosnow ego. W ym ienianie się podczas 
sezonu dużej liczby gatunków  i rodzajów , obecność g rupy  gatu n k ó w  charak te ry 
stycznych dla poszczególnych  klas w iekow ych, stabilizacja liczebności i ró żn o ro d n o 
ści ga tunkow ej aktualnej (PT), p rzy  w zroście liczby gatunków  w starszych  d rzew o sta 
nach, a także w ysoka liczebność (m iara sukcesu ekologicznego) sugeru ją , że z g ru p o 
w anie Phoridae jest ściśle pow iązane z procesam i rozw ojow ym i zachodzącym i w trak 
cie sukcesji w tórnej borów  św ieżych.
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A ppendix . Species com position  an d  ab u n d an ce  (n) of the p ho rid  com m unities in the four age-classes of m oist p ine forest in B iałow ieża For
est. n -  m ales ab u n d an ce  (100 24-hour traps); zc* -  zoogeographic com ponents: C -  cosm opolitan , H  -  H olarctic, P -  Palaearctic, 
E -  E uropean , O  -  o thers; tg* -  troph ic groups: s -  saprophages, f -  fungivores, z  -  zoophages, p  -  po lyphages; * -  species in com plexes since 

rev ised  (e.g. DISNEY 1999) and  personal com m unication  from  D r R. H. L. Disney.

No. Species zc* tg*
H ab ita t

P lan ta tio n s Y oung -g ro w th Large pole 
tim ber

O ld -g ro w th

n % n % n % n %
1 2 3 4 5 6 7 8 9 10 11 12

1 Anevrina curvinervis (BECKER, 1 9 0 1 ) H 0 .0 2 0 .0 4 - - - - 0 .0 4 0 .0 6

2 Anevrina thoracica (MEIGEN, 1 8 0 4 ) H 0 .0 4 0 .0 8 0 .2 4 0 .1 9 0.41 0 .6 3 0 .4 2 0.61

3 Anevrina unispinosa (ZETTERSTEDT, 1 8 6 0 ) P s 0 .0 4 0 .0 8 0 .0 2 0.01 0 .0 4 0 .0 6 0 .4 2 0.61

4 Anevrina urbana (MEIGEN, 1 8 3 0 ) H - - - 0 .0 0 0 .0 2 0 .0 3 0 .0 2 0 .0 2

5 Borophaga agilis (MEIGEN, 1 8 3 0 ) P - - - 0 .0 0 0 .1 3 0 .2 0 - -

6 Borophaga carinifrons (ZETTERSTEDT, 1 8 4 8 ) P - - 0 .1 8 0 .1 4 0 .0 6 0 .0 9 0 .5 5 0 .8 0

7 Borophaga femorata (MEIGEN, 18 3 0 ) P - - 0 .0 6 0 .0 5 0 .0 2 0 .0 3 0 .2 5 0 .3 6

8 Borophaga irregularis (W OO D, 1 9 1 2 ) E - - 0 .0 2 0 .0 2 0 .0 2 0 .0 3 0 .0 2 0 .0 3

9 Borophaga subsultans (LlN N E, 1 7 67 ) H 0 .0 5 0 .11 0 .9 5 0 .7 6 0 .5 5 0 .8 5 0 .1 5 0 .21

10 Conicera dauci (MEIGEN, 18 3 0 ) H 0 .7 2 1 .6 8 0 .2 0 0 .1 6 0 .0 4 0 .0 6 0 .0 6 0 .0 8

11 Conicera floricola SCHMITZ, 1 9 3 8 E - - 0 .0 4 0 .0 3 0 .0 2 0 .0 3 - -

12 Conicera sim ilis (H a lid a Y , 1 8 3 3 ) H s - - 0 .0 4 0 .0 3 0 .0 0 - -

13 Conicera tarsalis SCHMITZ, 1 9 2 0 E - - - - 0 .0 2 0 .0 3 - -

14 Conicera tibialis SCHMITZ, 1 9 2 5 H s - - - - 0 .0 2 0 .0 3 - -

15 Diplonevra glabra (SCHMITZ, 19 2 7 ) E 0 .0 2 0 .0 5 - - - - - _

16 Diplonevra nitidula  (MEIGEN, 1 8 3 0 ) H z - - - - - - 0 .0 4 0 .0 6

17 Diplonevra pilosella (SCHMITZ, 1 9 27 ) E z - - - - 0 .0 2 0 .0 3 _ -

18 Gymnoptera vitripennis (MEIGEN, 18 3 0 ) E z - - 0 .0 2 0 .0 2 - - - -

19 Hypocera mordellaria (FALLEN, 1 8 2 3 ) P 0 .0 2 0 .0 4 - - - - _ _

20 Megaselia abdita SCHMITZ, 195 9 H s - - 0 .1 0 0 .0 8 - - 0 .0 2 0 .0 3

21 Megaselia aculeata (SCHMITZ, 19 1 9 ) E - - 0 .0 6 0 .0 5 - - 0 .0 4 0 .0 5

2 2 Megaselia aequalis (W OO D, 1 9 0 9 ) H z - - 0 .0 8 0 .0 6 - - 0 .0 2 0 .0 3

23 Megaselia affinis (W OO D, 19 0 9 ) E 0 .1 6 0 .3 7 0 .4 0 0 .3 2 0 .1 2 0 .1 9 - -
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A p p en d ix  -  cont.

1 2 3 4 5 6 7 8 9 10 11 12

24 M e g a s e l ia  a lb ic a n s  (W O O D, 1 9 0 8 ) E f - - - - 0 .0 6 0 .0 9 - -

25 M e g a s e l ia  a lb ic a u d a ta  (W OO D, 1 9 1 0 ) P - - 0 .1 4 0 .11 - - - -

26 M e g a s e l ia  a lb o c in g u la ta  (STROBL, 19 0 6 ) H 0 .0 5 0.11 - - - - - -

27 M e g a s e l ia  a l t i c o le l la  (W OO D, 1 9 0 9 ) P 0 .0 2 0 .0 4 - - - - 0 .1 7 0 .2 4

28 M e g a s e l ia  a l t i f r o n s  (W OO D, 19 0 9 ) P 0 .1 4 0 .3 4 0 .8 4 0 .6 7 2 .41 3 .7 2 0 .0 8 0 .1 2

29 M e g a s e l ia  a n a l is  (LUNDBECK, 1 9 2 0 ) E - - - - - - 0 .0 2 0 .0 3

30 M e g a s e l ia  a q u i lo n ia  SCHMITZ, 1 9 5 8 E - - 0 .0 2 0 .01 - - - -

31 M e g a s e l ia  a r is t ic a  (SCHMITZ, 19 2 0 ) E - - 0 .0 0 - - 0 .0 2 0 .0 3

32 M e g a s e l ia  a tr o s e r ic e a  SCHMITZ, 1 9 2 7 P - - 0 .1 6 0 .1 3 - - - -

*33 M e g a s e l ia  b a d ia  SCHMITZ, 1 9 3 8 E 0 .0 6 0 .1 4 0 .0 0 - - - -

34 M e g a s e l ia  b e r n d s e n i  (SCHMITZ, 19 1 9 ) H f - - 0 .0 8 0 .0 6 - - - -

35 M e g a s e l ia  b o v is ta  (GlMMERTHAL, 1 8 4 8 ) P f - - 0 .0 4 0 .0 3 - - - -

36 M e g a s e l ia  b r e v ic o s ta l is  (W OO D, 19 1 0 ) C s 6 .4 0 1 5 .0 5 0 .4 8 0 .3 8 0 .1 8 0 .2 7 0 .3 3 0 .4 8

37 M e g a s e l ia  b r e v io r  (SCHMITZ, 19 2 4 ) P 0 .0 7 0 .1 6 0 .0 4 0 .0 3 - - - -

38 M e g a s e l ia  c a m p e s t r i s  (W OO D, 19 0 8 ) P 0 .74 1 .7 4 1 .0 8 0 .8 7 0 .7 7 1 .1 9 0 .6 3 0.91

39 M e g a s e l ia  c i l ia ta  (ZETTERSTEDT, 18 4 8 ) P z 0 .0 5 0 .1 3 0 .1 5 0 .1 2 0 .0 2 0 .0 3 0 .0 4 0 .0 6

40 M e g a s e l ia  c in e r e a  SCHMITZ, 1 9 3 8 E - - 0 .0 6 0 .0 5 - - - -

41 M e g a s e l ia  c in e r e i f r o n s  (STROBL, 19 1 0 ) E f - - - - - - 0 .0 6 0 .0 9

4 2 M e g a s e l ia  c la ra  (SCHMITZ, 1 9 2 1 ) H - - - - - - 0 .1 9 0 .2 7

43 M e g a s e l ia  c o c c y x  SCHMITZ, 1 9 6 5 H - - 0 .1 4 0 .11 - - - -

44 M e g a s e l ia  c o e i  SCHMITZ, 1 9 3 8 E 0 .0 5 0 .1 3 0 .0 6 0 .0 5 - - - -

45 M e g a s e l ia  c o ll in i  (W O O D, 1 9 09 ) P - - - - - - 0 .0 2 0 .0 3

46 M e g a s e l ia  c o m m u n ifo r m is  (SCHMITZ, 19 1 8 ) E - - - - - - 0 .1 0 0 .1 4

47 M e g a s e l ia  c o n f o r m is  (W OO D, 1 9 0 9 ) P - - - - - - 0 .0 6 0 .0 9

48 M e g a s e l ia  c o th u r n a ta  (SCHMITZ, 19 1 9 ) P - - - - - - 0 .0 2 0 .0 3

49 M e g a s e l ia  c r a s s ip e s  (W O O D, 19 0 9 ) H - - - - - - 0 .0 6 0 .0 9

50 M e g a s e l ia  c u n ń c a p i l l a  SCHMITZ, 1 9 4 7 P 0 .0 5 0.11 1 .1 0 0 .8 8 - - - -

51 M e g a s e l ia  d a h l i  (BECKER, 1 9 0 1 ) E - - 0 .0 6 0 .0 5 - - - -

52 M e g a s e l ia  d e v ia  SCHMITZ, 1 9 3 6 E - - 0 .0 4 0 .0 3 - - - -

53 M e g a s e l ia  d i f f e r e n s  SCHMITZ, 1 9 4 8 E 0 .0 2 0 .0 5 0 .1 5 0 .1 2 0 .0 2 0 .0 3 0 .0 2 0 .0 3

*54 M e g a s e l ia  d im id ia  SCHMITZ, 1 9 2 6 O 0 .1 3 0 .3 0 0 .7 7 0 .6 2 0 .0 0 0 .0 4 0 .0 5
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A p p en d ix  -  cont.

1 2 3 4 5 6 7 8 9 10 11 12
55 Megaselia discreta (WOOD, 1909) P f - - - - - - 0.06 0.09
56 Megaselia diversa (WOOD, 1909) P 0.20 0.48 18.86 15.11 4.93 7.60 0.43 0.63
57 Megaselia dubitalis (WOOD, 1908) P - - - - - - 0.02 0.03

*58 Megaselia durskae DISNEY, 1989 E 0.02 0.04 0.12 0.09 0.00 0.06 0.09
59 Megaselia eccoptomera SCHMITZ, 1927 H - _ 0.02 0.02 0.07 0.11 0.10 0.14
60 Megaselia eisfelderae SCHMITZ, 1948 H f 0.02 0.04 - - - - 0.04 0.06
61 Megaselia elongata (WOOD, 1914) P z 0.02 0.04 0.18 0.14 0.24 0.37 0.04 0.05
62 Megaselia emarginata (WOOD, 1908) E 0.18 0.42 0.44 0.35 0.27 0.41 0.25 0.36
63 Megaselia eminens Sc h m it z , 1953 E - - - - - - 0.04 0.06
64 Megaselia errata (WOOD, 1912) E 0.05 0.13 0.12 0.10 0.02 0.03 0.08 0.11
65 Megaselia fenestralis (SCHMITZ, 1919) P - - - - 0.02 0.03 _ _

66 Megaselia flava (FALLEN, 1823) H 0.04 0.08 0.15 0.12 - _ 0.04 0.06
67 Megaselia flavescens (WOOD, 1909) E - - 0.02 0.02 - - - -

68 Megaselia flavicans SCHMITZ, 1935 P f - - - - 0.02 0.03 - -

69 Megaselia flavicoxa (ZETTERSTEDt, 1848) E z - - 0.02 0.02 - - 0.02 0.03
70 Megaselia fumata  (MALLOCH, 1909) E - - 0.06 0.04 - - - -

71 Megaselia fuscovariana SCHMITZ, 1933 E - - 0.02 0.02 - _ _ _

*72 Megaselia giraudii-complex (EGGER, 1862) C 0.52 1.22 15.89 12.73 16.34 25.19 16.43 23.66
73 Megaselia glabrifrons (WOOD, 1909) H - - 0.15 0.12 - - - _

74 Megaselia gregaria (WOOD, 1910) E - - - - - - 0.02 0.03
75 Megaselia groenlandica (LUNDBECK, 1901) H - - 0.08 0.06 - ~ _ -

76 Megaselia halterata (WOOD, 1910) C f 0.02 0.05 0.02 0.02 - ~ _ _

77 Megaselia henrydisneyi DURSKA, 1998 E - - 0.37 0.29 0.75 1.15 _ _

78 Megaselia hirticrus (SCHMITZ, 1918) P - - 0.02 0.02 - - - _

79 Megaselia hortensis (WOOD, 1909) E - - - - - _ 0.06 0.09
80 Megaselia humeralis (ZETTERSTEDT, 1838) H - - 0.12 0.10 0.04 0.06 0.17 0.25
81 Megaselia hyalipennis (WOOD, 1912) P f 0.02 0.04 3.00 2.41 0.93 1.43 0.64 0.93
82 Megaselia ignobilis (SCHMITZ, 1919) E 0.13 0.30 2.67 2.14 1.31 2.01 0.00
83 Megaselia indifferens (LUNDBECK, 1920) E - - - - - - 0.06 0.08
84 Megaselia insons (LUNDBECK, 1920) E - - 0.02 0.01 - _ 0.02 0.03
85 Megaselia intercostata (LUNDBECK, 1921) E - - - - - - 0.04 0.06
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A p p en d ix  -  cont.

1 2 3 4 5 6 7 8 9 1 0 11 1 2

86 M e g a s e l ia  in to n s a  SCHMITZ, 1 9 4 8 E - - - - - - 0 .0 6 0 .0 9

87 M e g a s e l ia  in v o lu ta  (W OO D, 1 9 1 0 ) E 0 .8 6 2 .0 3 1 .3 7 1 .1 0 0 .3 9 0 .6 0 0 .1 3 0 .1 8

88 M e g a s e l ia  jo a n n a e  DISNEY, 1 9 9 8 E - - 0 .0 2 0 .0 2 - - - -

89 M e g a s e l ia  la ta  (W OO D, 1 9 1 0 ) P f 0 .4 0 0 .9 4 1 .6 6 1 .3 3 0 .0 6 0 .0 9 0 .0 4 0 .0 5

90 M e g a s e l ia  la t i fe m o r a ta  (BECKER, 1 9 0 1 ) P - - 0 .0 2 0 .0 2 - - - -

91 M e g a s e l ia  la t i f r o n s  (W OO D, 1 9 1 0 ) P 1 .1 5 2.71 0.91 0 .7 3 0 .8 2 1 .2 6 0 .2 6 0 .3 8

9 2 M e g a s e l ia  lo n g ic o s ta l i s  (W OO D, 1 9 1 2 ) P 0 .0 2 0 .0 4 0 .2 0 0 .1 6 - - 0 .1 2 0 .1 7

93 M e g a s e l ia  l o n g is e ta  (W OO D, 1 9 0 9 ) P - - 0 .1 0 0 .0 8 - - - -

94 M e g a s e l ia  lu c if r o n s  (SCHMITZ, 1 9 1 8 ) E - - 0 .0 2 0 .0 2 - - 0 .0 6 0 .0 9

9 5 M e g a s e l ia  lu te a  (MEIGEN, 18 3 0 ) H - - 0 .3 8 0 .3 0 - - 0 .1 0 0 .1 5

9 6 M e g a s e l ia  m a jo r  (W OO D, 1 9 1 2 ) E 0 .0 5 0.11 0 .1 6 0 .1 3 0 .1 0 0 .1 5 0 .1 0 0 .1 4

97 M e g a s e l ia  m a llo c h i  (W OO D, 1 9 0 9 ) E z 0 .0 7 0 .1 7 0 .0 6 0 .0 4 0 .04 0 .0 6 - -

98 M e g a s e l ia  m a n ic a ta  (W OOD, 1 9 1 0 ) P 3 .4 8 8 .1 9 2 .5 7 2 .0 6 0 .5 8 0 .9 0 0 .71 1 .0 3

9 9 M e g a s e l ia  m a r e k d u r s k i i  DISNEY, 1 9 9 8 E 0 .0 2 0 .0 5 0 .0 4 0 .0 3 - - - -

10 0 M e g a s e l ia  m a u r a  (W OO D, 1 9 1 0 ) E f - - - - - - 0 .0 2 0 .0 3

101 M e g a s e l ia  m e c o n ic e ra  (SPEISER, 1 9 2 5 ) H s 0 .4 7 1 .1 0 3 .71 2 .9 8 0 .0 2 0 .0 3 1 .71 2 .4 7

1 0 2 M e g a s e l ia  m e ig e n i  (BECKER, 1 9 0 1 ) P - - - - - - 0 .0 6 0 .0 9

10 3 M e g a s e l ia  m e la n o s to la  SCHMITZ, 1 9 4 2 E - - 0 .0 6 0 .0 5 - - - -

10 4 M e g a s e l ia  m in o r  (ZETTERSTEDT, 1 8 4 8 ) P 0 .5 5 1 .2 9 0 .0 5 0 .0 4 0 .0 6 0 .0 9 0 .0 6 0 .0 9

1 0 5 M e g a s e l ia  n a s o n i  (MALLOCH, 1 9 1 4 ) H z 0 .0 6 0 .1 4 0 .1 4 0 .11 0 .0 8 0 .1 2 0 .1 4 0 .2 0

10 6 M e g a s e l ia  n ig r a  (MEIGEN, 1 8 3 0 ) H f - - 0 .0 2 0 .0 2 - - - -

1 0 7 M e g a s e l ia  n ig r ic e p s  (LOEW, 1 8 6 6 ) H s 4 .3 5 1 0 .2 3 0 .7 3 0 .5 8 0.21 0 .3 3 0 .1 8 0 .2 6

10 8 M e g a s e l ia  o b s c u r ip e n n is  (W OO D, 1 9 0 9 ) E z - - - - 0 .0 2 0 .0 3 - -

109 M e g a s e l ia  p a lu d o s a  (W OO D, 19 0 8 ) P z - - - - - - 0 .1 0 0 .1 5

11 0 M e g a s e l ia  p a r v a  (W OO D, 19 0 9 ) P - - 0 .1 2 0 .0 9 0 .0 6 0 .0 9 0 .1 3 0 .1 9

111 M e g a s e l ia  p e c to r a l is  (W OO D, 19 1 0 ) P - - 0 .1 0 0 .0 8 0 .1 4 0 .2 2 0 .1 2 0 .1 8

11 2 M e g a s e l ia  p i e ta  (LEHMANN, 1 8 2 2 ) C 0 .0 2 0 .0 4 0 .0 7 0 .0 6 0 .4 5 0 .7 0 0 .1 2 0 .1 7

113 M e g a s e l ia  p l e u r a l is  (W OO D, 1 9 0 9 ) H s 1 .8 8 4 .4 2 1 .2 5 1 .0 0 0 .5 4 0 .8 4 0 .2 8 0 .4 0

11 4 M e g a s e l ia  p lu r i s p in u lo s a  (ZETTERSTEDT, 1 8 6 0 ) P f - - 0 .0 6 0 .0 5 - - - -

11 5 M e g a s e l ia  p r o p in q u a  (W OO D, 1 9 0 9 ) E 0 .0 2 0 .0 5 0 .6 5 0 .5 2 - - 0 .1 9 0 .2 7

11 6 M e g a s e l ia  p r o ta r s a l is  SCHMITZ, 1 9 2 7 P - - 0 .1 0 0 .0 8 - - 0 .0 4 0 .0 6
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A p p en d ix  -  cont.

1 2 3 4 5 6 7 8 9 10 11 12

11 7 M e g a s e l ia  p s e u d o g ir a u d i i  (SCHMITZ, 1 9 2 0 ) E - - 0 .2 6 0 .21 - - 0 .0 8 0 .11

118 M e g a s e l ia  p u l ic a r ia - c o m p le x  ( F a l l e n ,  1 8 2 3 ) H '• 0 .4 2 1 .0 0 7 .0 3 5 .6 3 0 .8 5 1 .31 1.81 2 .61

11 9 M e g a s e l ia  p u m i la  (MEIGEN, 18 3 0 ) P 1 .4 5 3 .4 0 4 .3 2 3 .4 6 0 .8 0 1 .2 3 0 .0 8 0 .1 2

12 0 M e g a s e l ia  p u s i l l a  (MEIGEN, 18 3 0 ) H 0 .0 2 0 .0 5 0 .5 8 0 .4 7 0 .5 3 0 .81 1 .8 9 2 .7 2

121 M e g a a s e l ia  p y g m a e a  (ZETTERSTEDT, 1 8 4 8 ) P f - - 0 .0 6 0 .0 5 - 0 .2 7 0 .3 9

12 2 M e g a s e l ia  r o b u s ta  SCHMITZ, 1 9 2 8 H - - 0 .0 2 0 .01 - - - -

12 3 M e g a s e l ia  r u b e lla  (SCHMITZ, 1 9 2 0 ) P f 0 .1 3 0 .3 0 0 .0 2 0 .0 2 - - 0.11 0 .1 6

124 M e g a s e l ia  r u d is  (W OO D, 1 9 09 ) E - - - - - - 0 .0 2 0 .0 3

125 M e g a s e l ia  ru fa  (W OO D, 1908 ) E z - - 0 .0 4 0 .0 3 0 .0 8 0 .1 3 - -

12 6 Megaselia ruficom is (MEIGEN, 1 8 3 0 ) H 0 .0 2 0 .0 4 0 .3 2 0 .2 6 0 .6 5 1 .0 0 0 .3 2 0 .4 7

1 2 7 Megaselia scalaris (LOEW, 1 8 6 6 ) C 1 - - 0 .0 2 0 .0 2 - - - -

12 8 Megaselia scutellaris (W OOD, 1 9 0 9 ) P f 0 .2 0 0 .4 7 0 .3 8 0 .3 0 - - 0 .0 6 0 .0 8

12 9 Megaselia sepulchralis (LUNDBECK, 1 9 2 0 ) P - - 0 .8 5 0 .6 8 0 .3 0 0 .4 6 2 .6 7 3 .8 5

13 0 Megaselia serrata (W OO D, 1 9 1 0 ) E - - - - - - 0 .0 6 0 .0 9

131 Megaselia setulipalpis SCHMITZ, 1 9 3 8 E 0 .0 2 0 .0 4 0 .0 2 0 .0 2 - - 0 .1 0 0 .1 4

1 32 Megaselia simplex (W OO D, 1 9 1 0 ) E - - - - - - 0 .0 4 0 .0 5

*133 Megaselia sinuata SCHMITZ, 1 9 2 6 E - - 0 .0 2 0 .01 - - - -

1 34 Megaselia sordida (ZETTERSTEDt, 18 3 8 ) H - - 1 .0 6 0 .8 5 - - - -

1 35 Megaselia spinicincta (W OOD, 1 9 1 0 ) E f - - 0 .2 2 0 .1 7 0 .0 4 0 .0 6 0 .0 6 0 .0 9

1 36 Megaselia spinigera (W OOD, 1 9 0 8 ) P - - 0 .0 4 0 .0 3 0 .0 0 0 .0 6 0 .0 8

1 3 7 Megaselia stigmatica (SCHMITZ, 19 2 0 ) E - - 0 .0 4 0 .0 3 - - - -

1 38 Megaselia styloprocta (SCHMITZ, 1 9 2 1 ) P 0 .0 4 0 .0 8 0 .0 4 0 .0 3 0 .0 2 0 .0 3 - -

13 9 Megaselia subnudipennis (SCHMITZ, 1 9 1 9 ) E 0 .1 4 0 .3 2 0 .1 0 0 .0 8 - - 0 .1 2 0 .1 7

14 0 Megaselia subpleuralis (W OOD, 19 0 9 ) H 0 .0 5 0.11 0 .0 4 0 .0 3 - - - -

141 Megaselia subtumida  (W OOD, 19 0 9 ) P - - - - - - - -

14 2 Megaselia superciliata (W OO D, 19 1 0 ) P - - - - - - 0 .0 6 0 .0 8

143 Megaselia sylvatica (W OOD, 1 9 1 0 ) P f - - 0 .0 4 0 .0 3 - - 0 .0 2 0 .0 3

144 Megaselia tarsalis (W OO D, 19 1 0 ) E - - 0 .0 4 0 .0 3 - - 0 .0 2 0 .0 3

1 45 Megaselia tarsella (LUNDBECK, 1921 ) E - - 0 .0 2 0 .0 2 - - - -

14 6 Megaselia teresamajezvskae DISNEY, 1 9 9 8 E 0 .0 2 0 .0 5 - - - - - -

1 4 7 Megaselia trojani DISNEY, 1 9 9 8 E - - 0 .0 2 0 .0 2 - - - -
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A ppendix -  cont.
1 2 3 4 5 6 7 8 9 10 11 12

14 8 Megaselia uliginosa (W OOD, 1 9 0 9 ) E f - - 0 .0 8 0 .0 6 - - - -

1 4 9 Megaselia unguicularis (W OO D, 1 9 0 9 ) E - - - - - - 0 .0 2 0 .0 3

1 5 0 Megaselia unicolor (SCHMITZ, 19 1 9 ) P 0 .0 6 0 .1 4 1 0 .4 0 8 .3 4 2.51 3 .8 6 0 .8 0 1 .1 6

151 Megaselia valvata SCHMITZ, 1 9 3 5 E - - - 0 .0 0 0 .0 2 0 .0 3 0 .1 3 0 .1 9

1 5 2 Megaselia variana SCHMITZ, 1 9 2 6 P - - - 0 .0 0 - - 0 .0 2 0 .0 3

1 5 3 Megaselia verna SCHMITZ, 1 9 3 2 E - - 0 .0 6 0 .0 5 - - - -

1 5 4 Megaselia verralli (W OOD, 19 1 0 ) P 9 .5 6 2 2 .4 6 0 .6 3 0 .5 0 0 .0 6 0 .0 9 0 .0 6 0 .0 8

1 5 5 Megaselia woodi (LUNDBECK, 1 9 2 2 ) P 0 .4 5 1 .0 6 1 8 .4 3 1 4 .7 7 8 .5 8 1 3 .2 2 1 7 .8 9 2 5 .7 8

1 5 6 Megaselia xanthozona (STROBL, 1 8 9 2 ) P 0 .5 0 1 .1 8 0 .1 2 0 .1 0 0 .0 6 0 .0 9 0 .1 2 0 .1 8

*157 Megaselia żonata (ZETTERSTEDT, 1 8 3 8 ) P 2 .1 9 5 .1 4 0 .6 2 0 .5 0 0 .0 4 0 .0 6 0 .0 2 0 .0 3

1 5 8 Menozziola obscuripes (SCHMITZ, 1 9 2 7 ) E - - - - 0 .0 6 0 .0 9 0 .1 2 0 .1 7

1 5 9 Metopina braueri (STROBL, 1 8 8 0 ) E - - - - - - 0 .0 2 0 .0 3

1 6 0 M etopina heselhausi SCHMITZ, 1 9 1 4 P s 0.11 0 .2 6 0 .0 9 0 .0 7 0 .0 2 0 .0 3 0 .0 6 0 .0 9

161 M etopina oligoneura (M lK, 1 8 67 ) E s 0 .91 2 .1 3 0 .1 6 0 .1 2 0 .0 8 0 .1 2 0 .1 0 0 .1 5

1 6 2 Obscuriphora sheppardi DISNEY, 1 9 8 6 E - - - - 0 .0 2 0 .0 3 - -

1 6 3 Phalacrotophora berolinensis SCHMITZ, 1 9 2 0 E z - - 0 .2 7 0.21 0 .31 0 .4 8 0 .4 2 0 .6 0

1 6 4 Phalacrotophora fasciata (FALLEN, 1 8 2 3 ) E z 0 .0 2 0 .0 4 0 .8 4 0 .6 7 1 .0 6 1 .6 3 0 .2 2 0.31

1 6 5 Phora artifrons SCHMITZ, 1 9 2 0 E 0 .0 9 0 .21 3 .5 2 2 .8 2 2 .2 2 3 .4 2 1 .6 0 2 .3 0

1 6 6 Phora atra (MEIGEN, 18 0 4 ) H s - - - - 0 .0 4 0 .0 6 - -

1 6 7 Phora c o n v a l l iu m  SCHMITZ, 1 9 2 8 P - - - - 0 .2 4 0 .3 7 0 .0 6 0 .0 9

16 8 Phora dubia (ZETTERSTEDT, 18 4 8 ) P - - 0 .2 6 0 .21 1 .11 1 .7 2 0 .2 2 0.31

1 6 9 Phora holosericea SCHMITZ, 1 9 2 0 H z 0 .0 2 0 .0 4 0 .0 8 0 .0 6 1 .21 1 .8 6 2 .8 7 4 .1 3

1 7 0 Phora indivisa SCHMITZ, 1 9 4 8 P - - 0 .0 8 0 .0 6 0 .3 2 0 .4 9 0 .0 2 0 .0 3

171 Phora michali DISNEY, 199 8 E - - 0 .0 2 0 .01 - - - -

1 7 2 Phora obscura (ZETTERSTEDT, 1 8 48 ) E 0 .0 7 0 .1 7 1 .3 6 1 .0 9 2 .3 4 3 .61 7 .1 3 1 0 .2 7

17 3 Phora penicillata SCHMITZ, 1 9 2 0 P 0 .0 4 0 .0 8 6 .3 7 5 .1 0 5 .0 2 7 .7 3 0 .7 8 1 .1 2

17 4 Phora praepandens SCHMITZ, 1 9 2 7 E - - 0 .0 4 0 .0 3 0 .0 0 0 .0 6 0 .0 9

17 5 Phora pubipes SCHMITZ, 1 9 2 0 O - - 0 .0 2 0.01 2 .0 0 3 .0 8 0 .0 2 0 .0 3

1 7 6 Phora tincta SCHMITZ, 192 0 P - - - - - - 0 .3 5 0.51

1 7 7 Polortiphora bialoviensis DISNEY, 1 9 9 8 E 0 .0 6 0 .1 4 0 .0 4 0 .0 3 - - - -

1 7 8 Pseudacteon formicarum  (VERRALL, 1 8 7 7 ) E z - - - - - - 0 .0 8 0.11
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Appendix -  cont.
1 2 3 4 5 6 7 8 9 10 11 12

1 79 T r ip h le b a  c r a s s in e r v i s  (STROBL, 19 1 0 ) E 0 .0 5 0 .1 3 - - - - - -

1 80 T r ip h le b a  d i s t in g u e n d a  (STROBL, 18 9 2 ) E - - 0 .0 2 0 .0 2 - - - -

181 T r ip h le b a  h y a l in a ta  ( M e ig e n ,  18 3 0 ) E s - - 0 .0 2 0 .0 2 - - - _

1 8 2 T r ip h le b a  lu g u b r is  (MEIGEN, 18 3 0 ) H z 0 .11 0 .2 5 0 .11 0 .0 9 0 .0 4 0 .0 6 0 .0 8 0 .1 2

1 83 T r ip h le b a  lu te i f e m o r a ta  (W OO D, 1 9 0 6 ) E - - 0 .1 4 0 .11 0 .2 4 0 .3 7 0 .2 3 0 .3 3

1 84 T r ip h le b a  m in u ta  (FABRICIUS, 1 7 87 ) E f 0 .0 6 0 .1 4 0 .0 6 0 .0 5 - - - -

1 85 T r ip h le b a  n u d ip a lp i s  (BECKER, 1 9 0 1 ) E s - - 0 .0 2 0 .0 2 - - 0 .0 4 0 .0 6

1 86 T r ip h le b a  o p a c a  (MEIGEN, 1 8 30 ) P s 2 .0 2 4 .7 6 0 .11 0 .0 9 0.11 0 .1 7 0 .3 4 0 .4 9

1 8 7 T r ip h le b a  s m i th i  DISNEY, 1 9 8 2 E - - - - - _ 0 .0 2 0 .0 3

1 88 T r ip h le b a  t r in e r v i s  (BECKER, 19 0 1 ) H 0 .2 7 0 .6 3 0 .4 8 0 .3 8 0 .0 8 0 .1 2 0 .1 0 0 .1 4

1 8 9 T r u c id o p h o r a  e w a r d u r s k a e  D is n e y ,  1 9 9 0 E z - - - - 0 .0 4 0 .0 6 0 .1 0 0 .1 5

1 9 0 V e r u a n u s  o ld e n b e r g i  (SCHMITZ, 1 9 2 7 ) E - - 0 .0 4 0 .0 3 - - - -

191 M e g a s e l ia  s p .  A 0 .0 2 0 .0 4 0 .0 2 0 .0 2 0 .0 2 0 .0 3 0 .0 2 0 .0 3

19 2 M e g a s e l ia  s p .  B - - 0 .0 2 0 .0 2 0 .0 2 0 .0 3 0 .0 2 0 .0 3

193 Megaselia sp. C - - 0 .0 2 0 .0 2 - - 0 .0 2 0 .0 3

1 9 4 Megaselia sp. D - - - - - - 0 .0 2 0 .0 3

19 5 Megaselia sp. E - - - - - - 0 .0 2 0 .0 3

19 6 Megaselia sp. F - - - - - - 0 .0 2 0 .0 3

1 9 7 Megaselia sp. G - - - - - - 0 .0 2 0 .0 3

19 8 Megaselia sp. H - - - - - - 0 .0 2 0 .0 3

19 9 Phora sp. A - - 0 .0 2 0 .0 2 0 .0 4 0 .0 6 - _

20 0 Triphleba sp. A - - - - 0 .0 4 0 .0 6 - _

201 G en u s new  to science - - - - 0 .2 2 0 .3 4 - _

ab u n d an ce -su m 42.55 10 0 .0 0 124.78 1 0 0 .0 0 64.87 100.00 69.41 1 0 0 .0 0

n u m b er of species 76 138 86 131
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