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Structural pattern of epigeic  com m unity  of staphylinids (Coleoptera, S taphy lin idae)
in coastal pine forest1

A bstract: The dom inance structure  of a na tu ra l com m unity of staphylin ids in a coastal pine forest is de
scribed using a Saturation-G row th Rate (SGR) type function: y = ax/(b+x). The function is based  on per cent 
contributions of indiv idual species. This m akes it possible to carry out com parative analyses of com m uni
ties' actual structures and their deviation from the assum ed m odel, regardless of the actual size of the com 
m unities being  analyzed.
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INTRODUCTION

A co m m u n ity  m ay  be defined  as an  assem blage of p lan ts  a n d /o r  an im als occur
ring  in m ore  or less stab ile  re la tio n sh ip s  (SM ITH 1986). A t the sam e tim e, the  ex trem ely  
d iverse  coastal p in e  forest (Empetro nigri-Pinetum) shou ld  be considered  a u n iq u e  
zonal ty p e  of con iferous forest. This forest type  occurs on  m inera l soils 
(M ATUSZKIEW ICZ 1982), charac terized  by  d iversity  of m o istu re  conditions: acco rd ing  to 
forest site  typo logy  (ZARĘBA 1980), the coastal p ine  forest inc ludes arid , m o d era te ly  
h u m id  a n d  h u m id  con iferous fo rest sites.

The possib ility  of u sin g  m athem atica l m odels for the descrip tio n  of the  s tru c tu re  of 
m u ltispecies co m m unities has o ften  been  d iscussed  in the lite ra tu re . A m o n g  several 
a u th o rs  of m o n o g rap h ic  p ap e rs , th ree n am es need  to be m entioned : W ILLIAM S (1964), 
PlELO U (1969) an d  TROJAN (1992). The en th u siasts  of m odeling  em p h asize  the  fact that
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the dom inance  s tru c tu re  of n a tu ra l com m unities reflects all p a s t an d  p resen t in te r
specific d ependencies , in c lu d in g  b o th  trophic  and  p a ra tro p h ic  re la tionsh ips. It is rea 
sonable to assum e, therefore , th a t the  h igh ly  u n iq u e  dom inance  s tru c tu re  of n a tu ra l 
com m unities is fully responsib le  for their s tab ility  and  repeatab ility . If so, TROJAN 

(1992) refines the p u rp o se  of u sing  m athem atical m odels for descrip tion  of a co m m u 
nity. A ccord ing  to h im , m athem atica l m odels shou ld  d e te rm in e  the degree  of stab ility  
of their s tru c tu ra l p a tte rn  an d  then  allow  for s tu d y in g  actual change of the s tru c tu re . 
It sho u ld  be possib le  to explore  bo th  negative changes (connected w ith  d eg rad a tio n ) 
and  positive  ones (connected  w ith  succession or ecosystem  eu troph iza tion ). The m o d 
els sho u ld  be based  on actual com m unities, p resen t in n a tu ra l ecosystem s occupy ing  
large areas an d  free of an th ro p o g en ic  im pact. A t the  sam e tim e, T r o j a n  d em an d s  th a t 
such m odels be u n iversa l, th a t is, they  sh o u ld  fit com m unities th a t d iffer from  one 
an o th er in te rm s of taxonom y, ecology or zoogeograph ic  s truc tu re .

C om m unities d em o n stra tin g  specific a ttribu tes, an  inner dom inance  s tru c tu re , sp a 
tial d is trib u tio n , p h en o lo g y  etc can be d e te rm in ed  in n o n -defo rm ed  system s (not su b 
jected to an th ro p o g en ic  im pact) occurring  u n d e r sim ilar n a tu ra l conditions.

After assum ing that the coastal pine forest of Mierzeja Łebska sand bar is a strongly rena
turalized habitat (PIOTROWSKA 1997), and accepting the opinion of SMOLEŃSKI (2001a), ac
cording to w hom  the structure of sem inatural com m unities is both repeatable and  foresee
able, an exam ple is p resented of how  the dom inance structure of staphylinid epigeic com 
m unities m ay be exhaustively described using only one universal m athem atical formula.

MATERIAL

The resu lts  p resen ted  in th is p ap e r are p rim arily  b ased  on  em pirical m ateria l col
lected in to  250 B arber's  p itfa ll trap s  in the coastal p ine  forest of M ierzeja Ł ebska sand  
bar in the S łow iński N a tiona l Park. The orig inal d a ta  w ere  collected in tw o  consecu
tive years, from  July  1996 till July 1998. The s tu d y  area covered  five defla tion  d e p re s 
sions (pA; pB ; pD; pE; pF) an d  an  em b an k m en t d u n e  (pC ), w h ich  w ere  rep resen ta tiv e  
of all subassocia tions of the coastal p ine forest: the arid , the m o d era te ly  h u m id  an d  
the h u m id  one. A to ta l of 5075 beetles be long ing  to 123 species of the  fam ily  
Staphylinidae w ere  cap tu red  (cf. S m o l e ń s k i  2001b).

RESULTS

The S a tu ra tio n -G ro w th  Rate (SGR) m odel w as u tilized  for the d escrip tio n  of d o m i
nance s tru c tu re  of sem in a tu ra l epigeic com m unities of s taphy lin id s. The m odel itself 
is b ased  on  the idea of cum ula tive  va lue  and  belongs to the g ro u p  of G ro w th  M odels. 
It can be u sed  to an alyze  m ultispecific  com m unities th a t are m ad e  u p  of ecologically  
d iverse  elem ents. It is a ssu m ed  th a t such  com m unities have  a specific d is trib u tio n  of 
varia tion  in the n u m b e r of species an d  species density . The p ro p o sed  cum u la tiv e  d is
trib u tio n  function  is b ased  on p e r cent con tribu tions of in d iv id u a l species. Thus, bo th  
the n u m b er of species and  the n u m b er of ind iv iduals in  a com m unity  a lw ays equal 100.
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T his m akes it possib le  to carry  ou t com para tive  analyses of com m u n ities ' actual s tru c 
tu re s  an d  the ir dev ia tio n  from  the assum ed  m odel, regard less of the actual size of the 
com m u n ities  b e in g  analyzed . A nd  this, in tu rn , m eans th a t for a cum ula tive  d is tr ib u 
tion function  b ased  on  p e r cent shares ra th e r th an  abso lu te  m easu res the o therw ise  
v ita l cond itio n  of u n iq u en ess  of da ta  collection m eth o d s becom es u n im p o rtan t. The 
on ly  cond itio n  to be m et is, of course, the a ssu m p tio n  th a t faunistic  sam ple  d a ta  are 
rep resen ta tiv e  for each com m unity  s tud ied . The la tter cond ition  is especially  im p o r
tan t if one a ttem p ts  to  com pare  resu lts ob ta ined  by  d ifferen t a u th o rs  u sing  d ifferen t 
sam p lin g  m e th o d s  over d ifferen t tim e periods. WILLIAMS (1964) ap p rec ia ted  the im 
p o rtan ce  of th is p rob lem . H e p ro p o sed  deve lo p in g  a m athem atica l fo rm ula  that 
w o u ld  express the  invariab ility  of n a tu ra l com m unities s tru c tu re  desp ite  the co n tin u 
o usly  ch an g in g  d o m inance  ra tings of in d iv id u a l species w ith in  the com m unity . The 
p ro p o sed  SGR  m e th o d  m akes it possib le to ob ta in  such  a form ula.

The fitting  of a m athem atica l fo rm ula to actual cu m u la ted  d om inance  stru c tu re  
d a ta  w as d o n e  u sin g  the statistical co m p u ter package "C urve  E xpert". Several func
tions w ere  tested . O u t of a g ro u p  of m athem atica l functions p recisely  describ ing  the 
do m inance  s tru c tu re s  of actual com m unities, one function  w as selected  (SGR) w ith

on ly  tw o  con stan ts  in the form ula: y  = -    All the rem ain ing  functions con ta ined  at
b + x

least th ree con stan ts  each. Then, based  on  em pirical d a ta  reg a rd in g  six actual co m m u 
nities, the u n iv e rsa l va lues of those tw o  constan ts  w ere o b ta ined  by  p ro g ressive  a p 
p ro x im atio n  m eth o d , such  th a t w ere characteristic  of the h ig h est co rre la tion  coeffi
cients and  the least s ta n d a rd  erro r of estim ation  b e tw een  the m athem atica l function 
an d  the actual s tru c tu res  of epigeic com m unities of coastal p ine  forest s tap hy lin id s.

PROCEDURE

A ssum e the X-axis show s the per cent cum ula tive  o rd e r of species in descend ing  
o rd e r of frequency  of occurrence in the com m unity , tha t is

1 2 3 4 S
100 — ,100 — ,100 — , 100 — 100 — ,

S S S S S
11

and  the Y-axis sh ow s the respective p er cent shares of abu n d an ce , th a t is 100 —  ,
N

lOO^ .-t ^ lOO^  + n 2 + n i / m ! h + n l  + n±  + n* f 100—  (see F igures 1-6)
N  N  N  N

w here:
S -  n u m b e r of species in  a com m unity ,
n:+n2+ri3+ri4+...+ns = N  -  n u m b er of in d iv id u a ls  in  a com m unity ,
rij -  nu m b er of individuals of the species m ost frequently occurring in the com m unity,

then  the m odel of dom inance  s tru c tu re  of a n a tu ra l an d  stabile  s tap h y lin id  (Coleoptera, 
Staphylinidae) co m m u n ity  of the coastal p in e  forest (Empetro-nigri P inetum ) is g iven  by:
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a x  108.5 a
y  =  ---------- =-------------

b + x  1.5 + x
w here:
x  -  p e r  cent shares of species in the com m unity  in descend ing  o rd e r of frequency  of 

occurrence,
y  -  p e r  cent sh are  of in d iv id u a ls  in the com m unity ,
a = 108.5 an d  b = 7.5 -  constan ts  of the form ula.

The above fo rm u la  p ro v id ed  a basis for s tu d y in g  the d is trib u tio n  p a tte rn s  of six
d ifferen t s tap h y lin id  com m unities of the  coastal p ine  forest of M ierzeja Łebska. The
com m unities sign ifican tly  d iffered  from  each o ther w ith  respect to the n u m b er of sp e 
cies and  n u m b e r of in d iv id u a ls  (Table). D espite this, there  w as a considerab le  deg ree  
of fit b e tw een  the SGR  function  and  the em pirical d is trib u tio n s (A ppendix), w hich  
p ro v ed  the fo rm u la 's  applicab ility . The very  h igh  va lue  of corre la tion  coefficient and  
the low  level of s ta n d a rd  e rro r of estim ation  (Table) fu rth e r su p p o rt the correctness of 
the sta tem en t. A dd itionally , also F igures 1-6 show  the sim ilarity  b e tw een  the em p iri
cal d is trib u tio n s  an d  the SGR  function.

Table. Analysis of correlation betw een the m odel structure of a natural and stabile staphylin id  com m unity 
and actual structures of coastal pine (Empetro-nigri Pinetum) staphylinid (Coleoptera, Staphylinidae) com m u
nities of M ierzeja Łebska

Research plo ts
pA PB pC pD pE pF

species 79 63 46 67 41 40
in d iv id u a ls 1543 940 421 967 565 639

R 0.9989 0.9970 0.9973 0.9931 0.9855 0.9931
S 1.1473 3.7041 4.0248 4.7018 5.4990 3.9196

The T able show s the va lues of the correlation  coefficient (R ) and  the s ta n d a rd  erro r 
of e stim ation  (S) for the m odel s tru c tu re  of a n a tu ra l and  stab ile s tap h y lin id  com m u-

108 5jon ity  (as described  by  the fo rm ula  y =  :— ) and  the actual s tru c tu res  of s tap h y lin id
7.5 + x

com m unities from  the defla tion  dep ressions (pA, pB, pD, pF, pF) an d  the em b an k m en t 
d u n e  (pC ). The d a ta  w ere  orig inally  p u b lish ed  in SMOLEŃSKI (2001b).

F igures 1-6 p re sen t the actual an d  estim ated  dom inance  s tru c tu re s  of epigeic 
s tap h y lin id  (Coleoptera, Staphylinidae) com m unities of the coastal p in e  forest of M ier
zeja Łebska. The six research  plots: pA -  pF are com pared . The d a ta  w ere  o rig inally  
pu b lish ed  in an  earlie r p a p e r by  the sam e au th o r (SMOLEŃSKI 2001b). The X-axis p re 
sen ts the cum u la tiv e  p e r cen t o rd e r of species in descend ing  o rd e r of ranks of fre
quency  of occurrence in the com m unity . The Y-axis rep resen ts the resu ltin g  p e r cent 
shares of co m m u n ity  abundance: the actual (series 1) and  estim ated  shares, accord ing

to the fo rm ula  y = 10^.5a (series 2).
7.5 + a
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Scricl

Serie2 I

1,27 7,59 13,9 20,3 26,6 32,9 39,2 45,6 51,9 58,2 64,6 70,9 77,2 83,5 89,9 96,2

Fig .l. The actual and  estim ated structure of the staphylin id  com m unity of deflation depression pA. The 
correlation coefficient for the em pirically determ ined and estim ated values w as R = 0.9989, standard  error 
of estim ation S = 1.15, and m axim um  error of estim ation Smax = 5.07.
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Fig. 2. The actual and estim ated structure of the staphylin id  com m unity of deflation depression pB. The 
correlation coefficient betw een the em pirically determ ined and estim ated values w as R = 0.9970, standard  
erro r of estim ation S = 3.70, and m axim um  error of estim ation Smax = 15.31.
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Fig. 3. The actual and estim ated structure of the staphylin id  com m unity of deflation depression pD. The 
correlation coefficient for the em pirically determ ined and  estim ated values w as R = 0.9931, standard  error 
of estim ation S = 4.70, and m axim um  error of estim ation Smax = 12.54.
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2,44 9,76 17,1 24,4 31,7 39 46,3 53,7 61 68,3 75,6 82,9 90,2 97,6

Fig. 4. The actual and estim ated structure  of the staphylin id  com m unity  of deflation depression  pE. The 
correlation coefficient for the em pirically determ ined and estim ated values w as R = 0.9855, stan d ard  e rro r 
of estim ation S = 5.50, and m axim um  error of estim ation Smax = 20.43.
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Fig. 5. The actual and estim ated structure of the staphylin id  com m unity  of deflation depression  pF. The 
correlation coefficient for the em pirically determ ined and estim ated values w as R = 0.9931, stan d ard  error 
of estim ation S = 3.92, and m axim um  error of estim ation Smax = 13.04.
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Fig. 6. The actual and estim ated structu re  of the staphylinid com m unity  of deflation depression  pC. The 
correlation coefficient for the em pirically determ ined and estim ated  values w as R = 0.9973, s tandard  error 
of estim ation S = 4.02, and m axim um  error of estim ation Smax = 9.03.

http://rcin.org.pl



Structural patterns of epigeic community 97

REFERENCES

MATUSZKIEWICZ W. 1982. Przew odnik do oznaczania zbiorow isk roślinnych Polski. PW N, W arszaw a, 298
pp.

PlELOU E. C. 1969. An in troduction  to m athem atical ecology. W iley-Interscience, N ew York, 286 pp. 
PIOTROWSKA H . (ed.) 1997. Przyroda Słowińskiego Parku N arodow ego. Bogucki W ydaw nictw o N aukow e, 

Poznań-G dańsk , 320 pp.
SMITH P. G. 1986. C haos or order -  organization. In: KlKAWA J., ANDERSON D. J. (eds.), C om m unity Ecology: 

Pattern and  Process: 1 9 -2 9 . Blackwell Scientific Publications, M elbourne, 432  pp.
SMOLEŃSKI M. 2001a. The environm ental evaluation by synecological zooindication -  a proposal of the 

m ethod based  on epigeic invertebrate com m unities. Fragm. faun. 44: 251-268.
SMOLEŃSKI M. 2001b. The environm ental evaluation of coastal pine forests of the Łebsko sand bar by zo o in 

dication based on epigeic staphylin id  com m unities (Coleoptera, Staphylinidae). Fragm. faun. 44: 269-300 
TROJAN P. 1992. A naliza struk tury  fauny. M em orabilia zool. 47: 1-121.
WILLIAMS C. B. 1964. Patterns in the Balance of Nature. Acad. Press, London & N ew York, 324 pp.
Z a r ę b a  R. 1980. Fitosocjologia i typologia leśna. Skrypty SGGW-AR, W arszaw a, 174 pp.

STRESZCZENIE

[Tytuł: W zór s tru k tu ry  ep igeicznego  zg ru p o w an ia  kusak o w aty ch  (Coleoptera, Staphy
linidae) n ad m o rsk ich  borów  bażynow ych]

Praca p rzed s taw ia  propozycję  m etodyczną op isu  s tru k tu ry  w ie lo g a tu n k o w y ch
Q.Xz g ru p o w a ń  za pom ocą m odelu  m atem atycznego  S a tu ra tion -G row th  Rate (y = -------- ).

b + x
Dla s tru k tu ry  dom inacyjnej n a tu ra ln eg o  z g ru p o w an ia  kusak o w aty ch  n ad m o rsk ich

borów  b aży n o w y ch  funkcja SGR  p rzy jm uje postać y = 108,5.r , gdzie:
7,5 + a

x  -  p ro cen to w y  u d z ia ł g a tu n k ó w  w  zg ru p o w an iu , u p o rząd k o w an y ch  m alejąco 
w ed łu g  rang i liczebności w y stęp o w an ia ,

y  -  p ro cen to w y  u d z ia ł osobn ików  w  zg ru p o w an iu , 
a = 108,5 ib  = 7 ,5 -  stałe rów nan ia ;
M odel SGR  bazuje  na konstrukcji k u m u lan ty  i należy  do  m odeli w zrostow ych . 

Stosuje się do  w ie lo g a tu n k o w y ch  zg ru p o w ań , zb u d o w an y ch  z g a tu n k ó w  ekologiczn ie  
różnorodnych . P ro p o n o w an a  k u m u lan ta  o p arta  jest na p rocen tow ych  u d z ia łach  ga
tunków . M a tę w łaściw ość, że liczbę gatu n k ó w  i liczbę o sobn ików  w  z g ru p o w a n iu  
sp ro w ad za  zaw sze  do  w artości 100. U m ożliw ia to p o ró w n an ie  ze sobą rzeczyw istych  
s tru k tu r a także  ich odchy leń  od  p rzy jętego  w zorca n iezależn ie  od w ielkości an a lizo 
w anych  zg ru p o w ań . O znacza to, że dla k u m u lan ty  operującej p rocen tow ym i u d z ia 
łam i, bez znaczen ia  staje się jedno litość zasto sow anych  m etod  zb ioru . Jest to szcze
gólnie isto tne, gd y  trzeba  p o ró w n ać  ze sobą w ynik i b ad ań  różnych  au to rów , sto su ją 
cych różne  m e to d y  zb io ru  w  ró żn y ch  okresach.
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APPENDIX

D om inance structu re  of epigeic staphylin id  (Coleoptera, Staphylinidae) com m unities of the coastal pine forest of M ierzeja Łebska. 
pA, pB, pD, pE, pF -  deflation depressions; pC -  em bankm ent dune;
x -  cum ulative series of species shares in descending o rder of occurrence in the com m unity [%];
yj -  the Series cum ulating  the actual (em pirical) shares of ind iv idual species num bers and  in descending order of ranks of occurrence in the com m unity  [%]; 
y: -  the series cum ulating  estim ated (according to form ula y 2 = 108.5x/(7.5+x)) shares of frequency of species in descending o rder of ranks of occurrence in 
the com m unity  [%];
All data w ere originally published  in an  earlier p aper by the presen t au tho r (SMOLEŃSKI 2001b)..

P A r ' 1 dD p f P F P c
X yi Y2 X X ' ' X yi ' X ' Y2 X ' y
1.27 20.74 15.67 1.59 34.26 18.95 1.49 13.96 18.01 2.44 34.87 26.63 2.50 16.90 27.13 2.17 19.00 24.38
2.53 32.21 27.38 3.17 45.85 32.27 2.99 22.65 30.89 4.88 63.19 42.76 5.00 30.36 43.40 4.35 31.83 39.82
3.80 40.44 36.47 4.76 51.91 42.14 4.48 30.82 40.56 7.32 69.91 53.58 7.50 41.78 54.25 6.52 42.04 50.47
5.06 47.12 43.73 6.35 56.60 49.74 5.97 36.30 48.09 9.76 73.98 61.34 10.00 53.05 62.00 8.70 50.83 58.26
6.33 51.59 49.66 7.94 60.74 55.78 7.46 41.57 54.11 12.20 76.64 67.18 12.50 63.85 67.81 10.87 55.58 64.20
7.59 55.41 54.59 9.52 64.57 60.70 8.96 46.64 59.05 14.63 79.12 71.74 15.00 70.58 72.33 13.04 59.86 68.89
8.86 58.85 58.76 11.11 68.30 64.78 10.45 50.78 63.16 17.07 81.42 75.38 17.50 75.43 75.95 15.22 64.13 72.68
10.12 61.83 62.33 12.70 71.06 68.21 11.94 54.71 66.64 19.51 83.19 78.37 20.00 80.13 78.91 17.39 68.41 75.81
11.39 64.61 65.43 14.29 73.72 71.15 13.43 58.63 69.63 21.95 84.96 80.87 22.50 82.79 81.38 19.57 72.21 78.43
12.66 67.21 68.13 15.87 76.28 73.68 14.93 62.46 72.21 24.39 86.37 82.98 25.00 84.82 83.46 21.74 75.06 80.67
13.92 69.80 70.52 17.46 78.62 75.90 16.42 66.18 74.48 26.83 87.61 84.80 27.50 86.70 85.25 23.91 77.91 82.60
15.19 72.33 72.64 19.05 80.85 77.85 17.91 68.87 76.48 29.27 88.67 86.37 30.00 88.42 86.80 26.09 80.29 84.27
16.46 74.72 74.53 20.63 82.87 79.58 19.40 71.56 78.25 31.71 89.56 87.74 32.50 90.14 88.16 28.26 82.19 85.74
17.72 76.80 76.24 22.22 84.68 81.12 20.90 74.04 79.84 34.15 90.44 88.96 35.00 91.55 89.35 30.43 83.85 87.05
18.99 78.16 77.78 23.81 86.06 82.51 22.39 76.42 81.27 36.59 91.33 90.04 37.50 92.64 90.42 32.61 85.27 88.21
20.25 79.39 79.18 25.40 87.23 83.76 23.88 78.59 82.57 39.02 92.21 91.01 40.00 93.58 91.37 34.78 86.70 89.25
21.52 80.62 80.46 26.98 88.40 84.90 25.37 80.25 83.75 41.46 92.92 91.88 42.50 94.37 92.23 36.96 87.89 90.20
22.78 81.79 81.63 28.57 89.36 85.94 26.87 81.80 84.82 43.90 93.63 92.67 45.00 94.99 93.00 39.13 88.84 91.05
24.05 82.89 82.71 30.16 90.32 86.89 28.36 83.35 85.81 46.34 94.34 93.39 47.50 95.46 93.70 41.30 89.79 91.83
25.32 83.86 83.70 31.75 91.06 87.77 29.85 84.69 86.71 48.78 95.04 94.04 50.00 95.93 94.35 43.48 90.74 92.54
26.58 84.83 84.62 33.33 91.81 88.57 31.34 85.83 87.55 51.22 95.58 94.64 52.50 96.40 94.94 45.65 91.45 93.19
27.85 85.61 85.48 34.92 92.34 89.32 32.84 86.97 88.33 53.66 96.11 95.19 55.00 96.71 95.48 47.83 92.16 93.79
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29.11 86.39 86.27 36.51 92.87 90.01 34.33 87.90 89.05 56.10 96.46 95.70 57.50 97.03 95.98 50.00 92.87 94.35
30.38 87.17 87.02 38.10 93.40 90.65 35.82 88.83 89.72 58.54 96.81 96.18 60.00 97.34 96.44 52.17 93.35 94.86
31.65 87.88 87.71 39.68 93.94 91.25 37.31 89.76 90.34 60.98 97.17 96.62 62.50 97.65 96.88 54.35 93.82 95.34
32.91 88.59 88.36 41.27 94.36 91.81 38.81 90.59 90.93 63.41 97.35 97.02 65.00 97.81 97.28 56.52 94.30 95.79
34.18 89.24 88.97 42.86 94.79 92.34 40.30 91.42 91.48 65.85 97.52 97.41 67.50 97.97 97.65 58.70 94.77 96.21
35.44 89.89 89.55 44.44 95.11 92.83 41.79 92.14 91.99 68.29 97.70 97.76 70.00 98.12 98.00 60.87 95.25 96.60
36.71 90.47 90.09 46.03 95.43 93.30 43.28 92.76 92.48 70.73 97.88 98.10 72.50 98.28 98.33 63.04 95.72 96.96
37.97 91.06 90.61 47.62 95.64 93.74 44.78 93.38 92.93 73.17 98.05 98.41 75.00 98.44 98.64 65.22 96.20 97.31
39.24 91.64 91.09 49.21 95.85 94.15 46.27 93.80 93.37 75.61 98.23 98.71 77.50 98.59 98.93 67.39 96.44 97.63
40.51 92.16 91.55 50.79 96.06 94.54 47.76 94.21 93.77 78.05 98.41 98.99 80.00 98.75 99.20 69.57 96.67 97.94
41.77 92.68 91.98 52.38 96.28 94.91 49.25 94.62 94.16 80.49 98.58 99.25 82.50 98.90 99.47 71.74 96.91 98.23
43.04 93.13 92.40 53.97 96.49 95.26 50.75 95.04 94.53 82.93 98.76 99.50 85.00 99.06 99.70 73.91 97.15 98.50
44.30 93.52 92.79 55.56 96.70 95.59 52.24 95.35 94.88 85.37 98.94 99.74 87.50 99.22 99.93 76.09 97.39 98.76
45.57 93.91 93.17 57.14 96.91 95.91 53.73 95.66 95.21 87.80 99.12 99.96 90.00 99.37 100.15 78.26 97.62 99.01
46.84 94.30 93.52 58.73 97.13 96.21 55.22 95.97 95.53 90.24 99.29 100.17 92.50 99.53 100.36 80.43 97.86 99.25
48.10 94.62 93.86 60.32 97.34 96.50 56.72 96.17 95.83 92.68 99.47 100.38 95.00 99.69 100.56 82.61 98.10 99.47
49.37 94.94 94.19 61.90 97.45 96.78 58.21 96.38 96.12 95.12 99.65 100.57 97.50 99.84 100.75 84.78 98.34 99.68
50.63 95.20 94.50 63.49 97.55 97.04 59.70 96.59 96.39 97.56 99.82 100.75 100.00 100 100.93 86.96 98.57 99.88
51.90 95.46 94.80 65.08 97.66 97.29 61.19 96.79 96.65 100.00 100.00 100.93 89.13 98.81 100.08
53.16 95.72 95.09 66.67 97.77 97.53 62.69 97.00 96.91 91.30 99.05 100.26
54.43 95.98 95.36 68.25 97.87 97.76 64.18 97.21 97.15 93.48 99.29 100.44
55.70 96.24 95.62 69.84 97.98 97.98 65.67 97.41 97.38 95.65 99.52 100.61
56.96 96.50 95.88 71.43 98.09 98.19 67.16 97.62 97.60 97.83 99.76 100.77
58.23 96.76 96.12 73.02 98.19 98.39 68.66 97.83 97.81 100.00 100.00 100.93

59.49 96.95 96.35 74.61 98.30 98.59 70.15 97.93 98.02
60.76 97.15 96.58 76.19 98.40 98.78 71.64 98.04 98.22
62.03 97.34 96.80 77.78 98.51 98.96 73.13 98.14 98.41
63.29 97.54 97.00 79.37 98.62 99.13 74.63 98.24 98.59
64.56 97.67 97.21 80.95 98.72 99.30 76.12 98.35 98.77
65.82 97.80 97.40 82.54 98.83 99.46 77.61 98.45 98.94
67.09 97.93 97.59 84.13 98.94 99.62 79.10 98.55 99.10
68.35 98.06 97.77 85.71 99.04 99.77 80.60 98.66 99.26
69.62 98.19 97.95 87.30 99.15 99.92 82.09 98.76 99.42
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70.89 98.31 98.12 88.89 99.26 100.06 83.58 98.86 99.57
72.15 98.44 98.28 90.48 99.36 100.19 85.07 98.97 99.71
73.42 98.57 98.44 92.06 99.47 100.33 86.57 99.07 99.85
74.68 98.70 98.60 93.65 99.57 100.46 88.06 99.17 99.98
75.95 98.77 98.75 95.24 99.68 100.58 89.55 99.28 100.11
77.22 98.83 98.89 96.83 99.79 100.70 91.04 99.38 100.24
78.48 98.90 99.04 98.41 99.89 100.82 92.54 99.48 100.37
79.75 98.96 99.17 100.00 100.00 100.93 94.03 99.59 100.49
81.01 99.03 99.31 95.52 99.69 100.60
82.28 99.09 99.44 97.01 99.79 100.71
83.54 99.16 99.56 98.51 99.90 100.82
84.81 99.22 99.68 100.00 100.00 100.93
86.08 99.29 99.80
87.34 99.35 99.92
88.61 99.42 100.03
89.87 99.48 100.14
91.14 99.55 100.25
92.41 99.61 100.35
93.67 99.68 100.46
94.94 99.74 100.56
96.20 99.81 100.65
97.47 99.87 100.75
98.73 99.94 100.84
100.00 100.00 100.93
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