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ABSTRACT

Aims. We use catalogues of superclusters of galaxies from the 2dF GalaxshiReBurvey to study the properties of galaxies in
superclusters.

Methods. We compare the properties of galaxies in high and low density regionsto$uigerclusters, in poor superclusters and in
the field, as well as in groups, and of isolated galaxies in superclusteasiofis richness.

Results. We show that in rich superclusters the values of the luminosity density sewbotha scale of 81 Mpc are higher than in
poor superclusters: the median density in rich superclustérs ig.5, in poor supercluste~ 6.0. Rich superclusters contain high
density cores with densitigs> 10 while in poor superclusters such high density cores are absentrdjeriies of galaxies in rich
and poor superclusters and in the field af€edént: the fraction of early type, passive galaxies in rich superclustslightly larger
than in poor superclusters, and is the smallest among the field galaxissirMmrtantly, in high density cores of rich superclusters
(6 > 10) there is an excess of early type, passive galaxies in groups astdrsluas well as among those which do not belong
to groups or clusters. The main galaxies of superclusters have a liatited range of absolute magnitudes. The main galaxies
of rich superclusters have larger luminosities than those of poor dupens and of groups in the field (the median values are
correspondinglyMy,; = —21.02, My; = —20.9 andMy; = —19.7 for rich and poor superclusters and groups in the field).

Conclusions. Our results show that both the local (grgcipster) environments and global (supercluster) environments im#uen
galaxy morphologies and their star formation activity.

Key words. cosmology: large-scale structure of the Universe — clusters of galaxaemology: large-scale structure of the Universe
— Galaxies; clusters: general

1. Introduction 2003b, hereafter E0O3a and E03b) and Basilakos (2003). Group
) i ) . and supercluster catalogues based on the 2 degree FielkyGala

It is presently well established that galaxies belong td-vaRedshift Survey (2dFGRS) were published by Eke et al. (2004)

ous systems from groups and clusters to superclusters; forygng et al. (2004) and Tago et al. (2006, hereafter T06), and b

ing the supercluster-void _network. Early studies of sulperc Erdogdu et al. (2004) and Porter and Raychaudhury (2005).
ters of galaxies were reviewed by Oort (1983). These studies

were based on observational data about galaxies, as wefl as o The pioneering studies of the properties of galaxies in-clus
data about nearby groups and clusters of galaxies. Claskisa ters by Davis & Geller (1976) and Dressler (1980) showed that
ter catalogues were constructed by Abell (1958) and Abell #iere exists a correlation between the spatial density lakgzs

al. (1989) by visual inspection of Palomar plates. The fiett-r and their morphology — early type galaxies are located prefe
tively deep all-sky catalogues of superclusters of gataxiere €ntially in the central regions of clusters, where the |ateaisi-
complied by Zucca et al. (1993) and Einasto et al. (1994, h99#ies are high, while late type galaxies are located mostiter
2001) using data about Abell clusters. regions of clusters, having lower local densities arouratth

The modern era of the study of various systems of galaxigd1asto (1991) showed that clustering of galaxies depends o

began when new deep redshift surveys of galaxies were pth their luminosity and morphology. Already early stua

lished. These surveys cover large regions of sky and allow {3 morphological segregation of galaxies at superclissies
investigate the distribution of galaxies up to fairly lagjstance demonstrated that this segregation extends to scales d510-
from us. These surveys formed the basis for new catalogues!“o]f'\/lpC (Giovanelli, Haynes and Chincarini 1986, Einasto and
groups, clusters and superclusters of galaxies. The firsucfi £inasto 1987 and Mo et al. 1992).

catalogues was the Las Campanas catalogue of groups byrTuckeThe data about galaxies in the Las Campanas Galaxy
etal. (2000). The Las Campanas Galaxy Redshift Survey @&d fedshift Survey, the Sloan Digital Sky Survey and the 2 de-
Sloan Digital Sky Survey were also used to compile catalsgugree Field Galaxy Redshift Survey (2dFGRS) enable us tystud
of groups, clusters and superclusters by Einasto et al.3€200the properties and the spatial distribution of galaxies é d
tail. Numerous papers have demonstrated segregation af-gal
Send offprint requests to: M. Einasto ies by their spectral type, luminosity and colour index (&g
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et al. 2001, 2002, Zehavi et al. 2002, Goto et al. 2003, Hogg 500
et al. 2003, 2004, Balogh et al. 2004, De Propris et al. 2003,
Madgwick et al. 2003b, Croton et al. 2005 and Blanton et al.
2004, 2006 among others). Blanton et al. (2006) come to the
conclusion that the blue galaxy fraction and the recentfstar 400
mation history in general, depend mostly on the local emviro
ment of galaxies. In this study the local environment was de-
fined as the spatial density on the 0.9¥1 Mpc scale, and the
global density on the 5-18"* Mpc scale. Croton et al. (2005) 300
showed that galaxy populations depend also on the large scal,
environment. Balogh et al. (2004) compared the populatidns
star-forming and quiescent galaxies in groups from the RIEG 00 |
and SDSS surveys and in small (h1* Mpc) and large scales
(5.5 ™t Mpc) and showed that the relative numbers of these
galaxies depend both on the local and global environmenen E
low density environments contain a large fraction of nar-st 100
forming galaxies.
On the basis of the 2dFGRS we recently com-
piled a new catalogues of superclusters of the 2dF
galaxies (Einasto et al. 2006a, hereafter Paper I). This O
catalogue is available electronically at the web-site
http://www.aai.ee/~maret/2dfscl.html. In (Einasto et
al. 2006b, hereafter Paper IlI) we studied various properfe
these superclusters: their multiplicity, geometry, luasity 500
functions and other properties. We also compared the pieper
of real superclusters with simulated superclusters from th
Millennium Simulations (Springel et al. 2005), and from the
semianalytical mock catalog by Croton et al. (2006). 400
In the present paper we continue our study of the properties
of superclusters. We study the properties of galaxiest theii-
nosities, spectral types and colors in rich and poor supstels
and for comparison also in the field. These data enable te anal 300 |
yse populations of galaxies offtérent luminosity, morphology >
and star formation rate in various environments: in rich poaol
superclusters, as well as in groups located in superctuatet 200
in the field. The use of a large catalogue of superclustersiena
us for the first time to study the properties of galaxies inrgda
number of superclusters of various richness.
The paper is composed as follows. In the next Section we 100 r
shall describe the supercluster data. Then we study theeprop
ties of galaxies in superclusters, the density distrilbutio su-
perclusters of various richness, and the properties okigalan
groups located in regions offtierent large scale density in su- 0
perclusters. Then we compare the luminosities of main gedax
in superclusters and in groups located in the field. In the las
Sections we discuss the results and list our conclusions. X

Fig. 1. Galaxies in superclusters with at least 20 member galaxies.
Upper panel: Northern sky, lower panel: Southern sky. Darker @pts r
2. Data resent galaxies in rich superclusters with at least 200 member galaxies,

. lighter dots - galaxies in poor superclusters. Stars indicate poor super-
We have used the 2dFGRS final release (Colless et al. 20l gters whicgh have the rpatE>/S 2p3 (see Section 3.1). P P

2003) that contains 245,591 galaxies. This survey has atlow

the 2dFGRS Team and many others to estimate fundamental cos-

mological parameters and to study intrinsic propertiesabéxr Hubble constant in units of 100 knT'sMpc™1). When calcu-

ies in various cosmological environments; see Lahav (20@4 aating luminosity densities we used weights for galaxiesolwh

2005 ) for recent reviews. correct the densities to account for galaxies, too faintatb f
We used the data about galaxies and groups of galaxiedrtw the observational window of absolute magnitudes at the

compile a catalogue of superclusters of galaxies from tHe 2distance of the galaxy. We defined superclusters as corthecte

survey (Paper I). The 2dF sample becomes very diluted a largpn-percolating systems with densities above a certa@skir

distances, thus we restrict our sample by a redshift rsit0.2;  old density. We used a threshold density 4.6 in units of tharme

we apply a lower limiz > 0.009 to avoid confusion with unclas- luminosity density.

sified objects and stars. We determined superclusters ading Due to the selection of galaxies within a fixed apparent mag-

minosity (or mass) density field smoothed with an Epanedwiknitude limits the observational window in absolute maghés

kernel of radius &!Mpc (h is the present-day dimensionlesshifts toward higher luminosities when the distance of xjaka
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5000 In order to divide galaxies into populations of bright and
¢ ° . g‘ faint galaxies we wanted to use an absolute magnitude limit
2000 close to the break luminositi* in the Schechter luminosity
1000 . . . function. According to the calculations of the luminositynt-
° tion the value ofM* varies for diferent galaxy populations
500 t 0o * ° ee ° 3 ((Madgwick et al. 2003a, de Propris et al. 2003, Croton et al.
*e ° e, ° % . %% o s s 2005), having values from19.0 to —20.9. Therefore we used a
_ 200 0 ® .. oo Ce% S .. * brightfaint galaxy limitMp; = —20.0 as a compromise between
g 100 o T L e © e different values.
z H ooBeed e ©° 00 e o d The spectral parameter of galaxieg,correlates with the
50 ° ° "3 :’ s &8 0 morphological type of galaxies (e.q. Madgwick et al. 2002, d
C L e T e Co gt o Propris et al. 2003); /50 galaxies (morphological T-tyge< 0,
20 } °"8e 2% %% Kennicutt 1992) have < —1.4. Thus we divided galaxies into
* ¢ , . populations of early and late type galaxies using this lohihe
10 ¢ * ° spectral parameter Moreover, the spectral parametgs corre-
lated with the equivalent width of thid, emission line, thus be-
100 200 300 400 500 ing an indicator of the star formation rate in galaxies (Matbd
et al. 2002 and 2003a). We used the vajue 0.0 to define the
D (Mpc) population of quiescent galaxies and> 0.0 for star-forming

alaxies.

Fig. 2. The distribution of the number of galaxies in superclusters gt We also used information about colours of galaxies (the rest
various distance. N - Northern sky, S - Southern sky. frame colour indexcol = (B — R)o, Wild et al. 2004) to divide

galaxies into populations of passive galaxies and actistdy
) ) ) forming galaxies. For passive (red) galaxies> 1.07. We used
increases. We analysed the selectiffie@s in our supercluster this limit to separate the populations of passive and agtistar
catalogue in detail in Papers | and Il. This analysis ShOWEd,forming galaxies.
particular, that selections due to the use of a flux-limitzesle In addition to these spectral parameters of galaxies we use
of galaxies have been taken into account properly when @timne gata about groups of galaxies (T06) to find the fraction of
ing total luminosities of superclusters. For details weereb galaxies in groups of various richness and to study the ptiege

Papers | and I. _ _ of galaxies in groups in rich and poor superclusters.
We use in the present analysis only systems with at least 10

member galaxies from main supercluster catalogue of Paper |

which includes all systems up to a comoving distaBce 520 3. Properties of galaxies in superclusters
h~*Mpc. In total we use the data about 124 superclusters in the o o
Northern sky and about 168 superclusters in the Southern skyl- Luminosities, types and colours of galaxies in
leaving out the poorest systems in the supercluster catalog superclusters of different richness

Another selection fect in flux-limited samples is the de-Taple 1 shows the galaxy content of rich and poor superckiste
crease of the number of galaxies in superclusters withasing  an( field galaxies. Here we divide galaxies also by their hosi
d|stance (Fig. 2). This selectlorﬁflect dfects poor superclustersity: bright galaxies withMy; < —20.0 and faint galaxies having
at distances larger than > 300h™ Mpc more strongly than su- .~ -20,0. In Table 2 we give the statistical significance that
perclusters at smaller distances. Therefore we divide @pers e distributions of luminosities, spectral parametand colour
clusters into nearby and distant subsamples and seleaneelungex col are drawn from the same parent sample according to
limited samples as follows: nearby sampleMy; < -184 (in  the Kolmogorov-Smirnov test.
the b; filter used in the 2dFGRS) arfdl < 30Ch™* Mpc(denoted We plot in Figure 3 the dierential luminosity functions for
with N), and distant samples havildy,; < -19.7 andD > galaxies in rich and poor superclusters and in the field (righ
300h~! Mpc(denoted witD). panel), as well as the distribution of luminosities of géaxin

We additionally divide superclusters by their richnesshri rich and poor superclusters and in the field (left panel). &s w
superclusters with at least 200 member galaxies (we dehiste see, the Poisson errors in the probability density histograre
sample as R), and poor superclusters with less than 200 memsry small, due to a large number of galaxies in our samplesTh
galaxies (P). We also use the data about field galaxiesalaxg we do not show these errors, in general, to avoid overcrayvdin
ies which do not belong to superclusters (approximatgdya? of the figures. Figure 4 shows the distributions of the colour
all galaxies), as a comparison sample (FG). Our analysisestho dicescol of galaxies. We calculated these distributions using the
that for the purposes of the present paper this division pésu probability density function in R (a language for data asgly
clusters into rich and poor systems is better than the dwisiand graphics (Ihaka & Gentleman 1996).
according to the number of DF-clusters used in Papers | and Il Fig. 3 shows that there is an excess of faint galaxies among
(Section 3.2). field galaxies in comparison with galaxies in superclusténe

To study various properties of galaxies in superclusters watio of the numbers of bright and faint galaxies in the field i
use the data about luminosities, spectral types and colorssmaller than this ratio for galaxies in superclusters @abl.
galaxies as given in the 2dF redshift survey. We divide dgatax The KS test shows (Table 2) that thdfdrences between the
into populations of briglitaint galaxies, earl§ate type galaxies, luminosity distributions of galaxies in rich and poor suges-
non-star-forming and star-forming galaxies and pagaotevely ters are statistically significant at least at 97% confiddeeel,
star formating galaxies by their luminosity, spectral pagtern, and the diferences between luminosity distributions of galaxies
and by the colour index (Madgwick et al. 2002 and 2003a, Wild superclusters and in the field — even at a much higher level
et al. 2004). (Table 1).
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Fig. 3. Left panel: the dierential luminosity functions for galaxies of the 2dFGRS in rich (R) and (Bd superclusters and in field (FG) for
nearby (N) and distant (D) samples. Right pandfedential luminosity functiofr = dN/dM, whereM is the absolute magnitude of a galaxy, for
galaxies in rich (R) superclusters; here solid line show luminosity functidndashed lines indicate Poisson errors.
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Fig. 4. The distribution of the colour indesol for galaxies in rich (R, left panels) and poor (P, middle panels) supsters and in the field (FG,
right panels), volume-limited samples, galaxies divided by luminosityhbdalaxies withMp; < —20.0 and faint galaxies havinyl,; > —20.0.
Upper panelsD < 300h~1 Mpc, lower panelsD > 300h~! Mpc.

The ratio of the numbers of early and late type galaxig§ perclusters and in the field; for bright galaxies this frawtis
(characterized by their spectral paramegein rich and poor su- about three times higher than for faint galaxies. In distant
perclusters and in the field (Table 1) showfetiences between perclusters, where we use a higher magnitude limit to define a

these populations: this ratio is slightly larger for gatexin rich
superclusters than for galaxies in poor superclusterse huwtt
this ratio is also larger for bright galaxies in rich supastérs
than for bright galaxies in poor superclusters — in rich scipe-
ters the fraction of early type galaxies among bright galaxs
larger than in poor superclusters. In the field the fractioeeoly

type galaxies is smaller than in superclusters.

ing galaxiesq/SF (as defined by their spectral paramefgin

dominate among faint galaxies.
The ratio of the numbers of quiescent and actively star form- The ratio of passive and active galaxiBgA according to

volume-limited sample, the fierence between this fraction for
bright and faint galaxies is smaller.

We note another étierence between the galaxy populations
of rich superclusters and in the field — in rich superclusiesse
is an excess of early type (and passive) galaxies among faint
galaxies while in the field late type (and star forming) gaax

their colour indexcol is given in Table 1 for galaxies in rich

rich and poor superclusters and in the field (Table 1) shows evand poor superclusters and in the field. In Figure 4 we show
larger diferences between bright and faint galaxies both in stie distributions of the colour index for bright and faintaga
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Table 1. The galaxy content in superclusters. Table 2.The galaxy content in superclusters. The Kolmogorov-Smirnov
test results.

ID Ry Ro Py Po FGy FGp

1 2 3 4 5 6 7 ID1 ID2 D P
1 2 3 4

Noa

All 7461 5747 1652 7031 36949 32162 Bmag

B/F 017 186 018 221 0.14 1.55 Ry Py 0.040 0.02635
Ry FGy 0.036 1.076e-07

E/S Py FGy 0.069 4.117e-07

All 123 178 121 1.77 0.66 1.02

B 266 216 236 215 1.60 1.21 Rp Po 0.041 3.594e-05

F 1.09 127 1.08 1.18 0.58 0.78 Rb FGpb 0.074 <2.2e-16
Po FGo 0.100 <2.2e-16

a/SF

All 242 363 229 361 1.41 2.24

B 731 443 6.78 4.47 4.34 2.64 col

F 211 263 198 241 1.24 1.76 Rn Pv 0.061 8.495e-05
Ry FGy 0.162 <2.2e-16

P/A Py FGy 0.173 <2.2e-16

All 199 327 198 372 1.03 2.24

B 311 369 252 442 1.59 2.48 Rp P, 0.049 2.839%e-07

F 184 265 189 267 0.97 1.93 Ro FGo 0.118 <2.2e-16
Po FGp, 0.135 <2.2e-16

For

Ggr10 034 009 030 0.05 0.05 0.003

Gr, 0.41 047 047 048 0.43 0.29 n

| 025 045 023 047 0.52 0.71 Rn Pv 0.027 0.2564

Rn FGy 0.158 <2.2e-16
Pn FGy 0.156 <2.2e-16

The Columns in the Table are as follows:

1: Sample identification (all — all galaxieB — bright galaxiesF — faint Rp Po 0.041 6.066e-05

galaxies.B/F — the ratio of the numbers of brighil,; < —-200) and Rp FG, 0.136 <2.2e-16

faint (My; > —20.0) galaxiesE/S — the ratio of the number of early Pp FGp, 0.135 <2.2e-16

and late type galaxies)/SF — the ratio of the numbers of quiescent

and actively star forming galaxies (according to the spectral parameter

n), P/A — the ratio of the number of passive and actively star forming

galaxies (according to the colour indeol). Fy — the fraction of galax- The Columns in the Table are as follows:

ies in groups(Grio — rich groups with at least ten member galaxt@s, 1-2: Sample ID (see Table 1).

— poor groups with less than ten galaxies, &rdisolated galaxies, i.e. 3—4: the Kolmogorov-Smirnov test results: the maximuffedence and
those galaxies which do not belong to groups. the probability that the distributions of population parameters are taken
2-7: Supercluster populationsyRand R, — nearby and distant rich from the same parent distribution.

superclusters, Pand B, — nearby and distant poor superclustersyFG

and FG, — nearby and distant field galaxies.

However, our results show that galaxy populations in rict an
poor superclusters are somewhdftetient; in rich supercluster

ies in these systems. This Figure shows a continous changéhefre are relatively more early type, passive, red galakis in
the distributions of colours of galaxies from rich to poopst  poor superclusters.
clusters and to field galaxies;ftérences are larger in the case
of nearby samples. The number of red galaxies in rich supgl, Properties of galaxies in individual superclusters
clusters is larger than in poor superclusters among bothbri
and faint galaxies. In the case of the distant sample theicolo Next we compare the properties of galaxies in individuaksup
galaxies is redder. We shall analyse thifeet in more detail in clusters. In Figure 5 we plot the ratio of the numbers of krigh
another paper (Einasto et al., in preparation). Thus insigier- and faint galaxie®/F, the ratio of the numbers of early and late
clusters there is an excess of quiescent galaxies even daiohg type galaxie€/S, and the ratio of the numbers of passive and
galaxies, while in the field the fraction of actively starrfang actively star forming galaxieB/A in superclusters with respect
galaxies is relatively large. The fraction of actively siamming to the distance of superclusters and to the number of galaxie
galaxies in the field is larger than the fraction of thesejata This Figure shows that the scatter of the rajd- with dis-
in superclusters. tance and with the number of galaxies in superclusters there

The KS test shows that theftéirences between the distri-number is the number of galaxies in superclusters in volume-
butions of colour indices of galaxies in both nearby andadlist limited samples, not in full samples) is very small in theecas
rich and poor superclusters, as well as thi#edénces between of nearby samples. In distant samples the scatter of this rat
colour indices of galaxies in superclusters and in the fie&d ais larger, and increases with distance. This scatter isldoral
statistically significant at least at 99% confidence level. richer superclusters. Due to a higher luminosity cfitirodistant

The diferences between the distributions of the spectral psuperclusters individual fierences between poor distant super-
rameters and colour indices of bright and faint galaxies atkusters &ect this ratio more stongly than in nearby superclus-
expected due to the morphology-luminosity-density refati ters.
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Fig. 5. The properties of galaxies in superclusters versus distances othigters (upper panels, N — Northern sky, S — Southern sky) andsvers
the number of galaxies in superclusters (lower panels, N — nearbyctugters, D — distant superclusters). Left: the ratio of the numbersgiftb
and faint galaxies, middle: the ratio of the numbers of early and late tylpaigs, right: the ratio of the numbers of passive and actively star
forming galaxies. divided by colour indel.

Comparison of the trends of the ratios of the numbers of The results of this analysis are presented in Table 3 and in
early and late type galaxies/S with respect to the distanceFigures 6-8. In Table 3 we give the lower quantile, median and
of superclusters and to the number of galaxies in supesshistupper quantile values of densities, as well as the resuttedfS
shows that this ratio increases with distance (in Fig. 1 wewsh tests — the maximal eferences between the density distributions
the location of superclusters with the raBgS > 3). Also, this D, and probabilitie, which show whether sample pairs may
ratio is larger in poor superclusters; in some poor supsteis belong to the same parent sample.
the ratioE/S is over ten times larger than in superclusters in | et us at first analyse the general distribution of densities
average. superclusters of various richness (see, e.g., Fig. 6). Emank-

We see similar trends, when we look at the ratio of passi@®le feature seen in this Figure is thefelient distribution of
and actively star forming galaxies. In the case of distapesu densities in rich and poor superclusters. Densities whichee
clusters the ratid®®/A has an even larger scatter than the rati®ond to rich superclusters have a median valug-f7.5, and
E/S. In some poor superclusters the number of passive galaxiee maximum densities are abauts 17-20 (see also Paper I,

is 15—20 times larger than the number of actively star fogminvhere we showed that both mean and maximal densities in rich
galaxies. superclusters are larger than in poor superclusters).eTlhege

densities show that rich superclusters contain high deosies.
ensities in poor superclusters show a completefiedént dis-
bution: they have a median value 6f~ 5.3 — 6.3, and the
aximum values densities are less tldan 10 for nearby poor

) superclusters and less thanx~ 15 in distant poor superclus-
perclusters show only a small scatter; a larger scatteqftp- ters. Thus high density regions are absent in nearby po@rsup

gr;ees rOI]; 3\',?::: svuep:{géuzgevrf;; ag:t;(():;dt?;cgfvmtg mrlcglt?r?iesd sters; far away, even in some poor superclusters higsitgen
ogr distant superclusters Theseg are probabl dupe tgitizhdivc8 es are seen. It may be possible that these poor superslust
P S P " P y are classified as poor due to selectidieets.
ual variations of the properties of poor superclustersofdeme

poor distant superclusters may beated by selectionfiects We remind that superclusters were defined as connected non-
(see Fig. 2). percolating systems with densities above a threshold tjeshs

in units of the mean luminosity density. We used an identical

threshold density limit for superclusters of all richnessEhen
3.3. Density distribution in rich and poor superclusters we divided superclusters by richness according to the nuofbe

galaxies in them, without using any additional conditioroatb
Next we study how the properties of galaxies — their luminosihe values of the density field in supercluster regions. These
tiesy types and activity — depend on the |arge scale enviwm’m differences in denSIty d|Str.|bUt|0nS reflect intrinsic promrbf
defined as the value of the density field at the location obgaga Superclusters of various richness, and not due to faultsien t
(environmental density). We compare the distribution afsie Supercluster construction.
ties at the location of galaxies of each subsamples and lfor al Next we analyse the distribution of densities at the locatio
populations. of galaxies from dierent populations.

This analysis shows that the properties of rich superadlsist
with at least 200 member galaxies are rather homogeneoiss.
is one reason why we choose this richness limit to separate "
and poor superclusters. Additionally, the properties afrhg su-
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Table 3 shows the distribution of densities around brighit amlreay noted, it may be possible that these poor superciste
faint galaxies. In nearby poor superclusters thiéedeénces be- classified as poor due to selectidfeets.
tween the density distributions are not statistically gigant Next we look at the density distributions at the location of
(according to the KS test); in nearby rich superclusterptbbe- 4 iescent and star forming galaxies, characterized by speic-
ability that the density distribution around bright andfagalax- 3| parameten (Table 3). We see that the overall distributions of
ies are taken from the same parent distribution is 0.7. s gensities is rather similar to those for early and late typevg
superclusters the fierences are larger and their statistical sigas passive galaxies are located at higher environmeetgiid
nificance is higher. In the field thefiérences between densitie§jeg than actively star forming galaxies.
at the location of bright and faint galaxies are statistjcsignif- . o . .
; ; Figure 7 shows the density limits for regions where galaxies
icant at a very high level. . . .

S ~of different star formation rates dominate. In the case of nearby

Next we compare the density distributions at the location efiperclusters at densities less than7 there is an excess of star
galaxies of diferent type. Table 3 shows that in all systems at thigrming galaxies in both rich and poor superclusters. Inoresg
location of early type galaxies the values of the densitylfeee  with densitiess > 10 passive galaxies dominate. These are the
larger than at the location of late type galaxies. same density limits as those for early and late type galaXis

A closer look at Fig. 6 shows several interesting details. IR frue also for distant superclusters.
both rich and poor superclusters at densities less ¢han 7 Now let us study the distribution of the environmental densi
there is an excess of late type galaxies. In rich superchiste ties for galaxies divided into populations of passive (i@ut) ac-
densitiess > 10 there is seen an excess of early type galaxidae (blue) galaxies using colour information (Table 3).fAand
In distant poor superclusters there are also high dengiipme before, passive galaxies have larger environmental des #itan
with an excess of early type galaxies and densilies 10. As actively star forming galaxies. We see in Fig. 8 that alsdia t
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case the density limits for lower density regions wherefstam-  probability that the distributions of the spectral paraengt and
ing galaxies dominate, and for higher density regions whase the colour indexcol are drawn from the same parent sample.

sive galaxies dominate are the same as in the previous case.  Fig. 9 and Table 4 show additional interesting features. Let
The KS test confirms that theftikrences between environ-us analyse, for example, the presence of passive and gcttee!

mental density distributions for galaxies offdrent properties forming galaxies according to the colour information ingpe

are statistically significant at very high levels (Table®)e dif- of various richness in superclusters and in the field. Theitra

ferences between the densities extend to the lowest amigdituof passive (red) galaxies is largest in rich groups in thé lign-

of the density field (for field galaxies). sity cores of rich superclusters. Even in poor groups inelnégh

To conclude, these Figures show correlation between tfignsity regions the fraction of passive galaxies is larigan this
properties of galaxies and environmental density. Thezabso fraction in poor groups in poor superclusters and in the fiefuti
certain diferences between rich and poor superclusters: in riRally, the fraction of passive galaxies among galaxiesciiio
superclusters there are higher density cores with 10 where Notbelong to groups, butare located in superclustersisries
early type, red, passive galaxies dominate, and lower geresi higher than among isolated galaxies in the field. This shta t
gionsé < 7 where there is an excess of late type, blue, asé@r formation in galaxies in high density cores of supestelts
actively star forming galaxies. In poor superclusters ¢hoigh IS supressed even for isolated galaxies, not only in richigso
density regions are absent. This is another importafergince and clusters in these regions.
between rich and poor superclusters. The fraction of star forming galaxies in low density regions

Among field galaxies we see also that at lower densitie®f rich superclusters and in poor superclusters is sinlitethe
§ < 2.5 late type, star forming galaxies dominate while at highdield, star forming galaxies are as abundant as isolatedsiupe
densitiesg > 2.5 there is an excess of early type, passive galaer galaxies, while passive galaxies dominate in groups.
ies. Fig. 9 shows also a shift to blue colours when we compare
the distribution of the colour indegol for isolated galaxies in
superclusters and in the field. Therefore thigedences between

3.4. Properties of galaxies in rich and poor groups and of colour distributions berween these populations are evegeta
isolated galaxies in superclusters than the ratic®/A shows.

About 75% of galaxies in superclusters and about 50% of galax We see similar trends when we study the fractions of qui-
ies in the field belong to groups of galaxies of various rictfScent and actively star forming galaxies, according tatsple
ness. Next we compare the properties of galaxies in rich affformation, in groups of various richness in superclusgerd in
high and low density regions of rich superclusters, in papr sOf passive galaxies is the largest. Even among isolatecgala
perclusters and in the field). In this analysis we divide geoby €S in these regions the ratio of the numbers of quiescent and
their richness as follows: riciNg, > 10) groups and clusters actively star forming galaxies is comparable to that of impo
(we denote this sample &r1o) and poor groupsNgy < 10, 9roupsin less dense enviromnents, in low density regionistof
Gr). Those galaxies in superclusters and in the field which @yperclusters and in poor superclusters.

not belong to groups form a sample of isolated galaxigsli The ratio of the numbers of early and late type galaxies
other words, we analyse how both the small (group) scale astibws similar trends: in high density cores early type datax
large (supercluster) scale environments influence theepties dominate both in rich and in poor groups; even among isolated
of galaxies. In this analysis we use the data about nearby galaxies in these regions late and early type galaxies aresal
perclusters only, as these data are more reliable. Thetsasful equally present while in poor superclusters and in low dgnsi
this analysis are presented in Table 4 and in Figure 9. IneTabl regions of rich superclusters late type galaxies dominaeng

we give the results of the Kolmogorov-Smirnov test showhmsg t isolated galaxies.
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These results show that both local (grgaipster) environ- ters and of groups in the field are taken from the same parent
ments and global (supercluster) environments are impittan distribution is less than 16°.
forming galaxy morphologies and star formation activity.

A weak dependence of the ratio of the numbers of brightand ) )
faint galaxies on the environment, found in the presentyaisl 4. Discussion and conclusions

is caused by the fact that we used the data about relativiglgtor A detailed study of luminosity functions of galaxies froneth

ga:ax!es _only. ﬁmotrrl]g '?ﬁggd galaxt;ef the f{ﬁctlon Ofthhg dF survey in regions of fierent density of the large-scale envi-

gzlg);:gz :f] S?;% esr’ang?s olat e(rjenglzf(i ez (\;\gerﬁg at?erg:yprﬁms %onment was made by Croton et al. (2005), and in clusters by De

'?he Iuminosgilty diri)?erence Howe\?er in superclusters dfelient Propris et al. (2003). De Propris et al. (2003) found thatlthe

richness the ratid/F fo.r galaxies,in groups and for isolatedmInOSIty functions of earl_y type gaIaX|es in clusters an_gthner

galaxies is similar, thus thefiierences between the properties o nd steeper than those in the field, and that clustering of pas
' ive galaxies is stronger than clustering of actively staming

%?La;ﬁ:)e;t;gsrgfhgglr‘:xizzor superclusters are not due fferént galaxies (Madgwick et al. 2003b). Using_d_ensities smootired
) a scale of 11 Mpc Croton et al. (2005) divided the volume un-
der study into 7 regions of various environmental densifresn
3.5. Luminosities of supercluster main galaxies extreme voids to cluster populations and found that thehbeigt
galaxies in voids are approximately 5 times fainter thars¢hia
We determined for each supercluster the main group and its malusters. Even larger fierences between luminosities of galax-
galaxy as described in Paper I: the most luminous clustéren ties in high and low density regions were found in Einasto et al
vicinity of the highest density peak in a supercluster is-co2005b). In the present paper we showed, in accordancese the
sidered as the main cluster and its brightest galaxy — the@ maésults, that the luminosity-density dependence in ingrartor
galaxy of the supercluster. When determining main galaxies yalaxies of all types both in superclusters and among fidikga
used an automated search routine, without using supplanyenies at all densities.
information on the morphological type, colour etc. Several recent studies address the problem whether the prop
Fig. 10 (left panel) shows the luminosities of main galaxiesrties of galaxies, their star formation activity in pautar, cor-
of superclusters at various distances from the observereSil- relates with the local aridr global environment of galaxies,
most all main galaxies have a luminosity higher than the 2dfefined, for example, as the clustercentric distance. THe we
survey limit the trend with distance is weak. Note the narrokhown morphology-density relation is an example of such cor
range of luminosities of main galaxies. relation (Dressler (1980). One question asked in theseestis
Fig. 10 (right panel) shows the distributions of luminosiwhether there exists a critical density so that star foromes su-
ties of supercluster main galaxies. This Figure shows theah m pressed in all groupslusters where the density exceeds this crit-
galaxies of rich superclusters have larger luminositias those ical value. Lewis et al. (2002) used the data about starifaggm
of poor superclusters. The median luminosities of mainygalagalaxies in the 2dFGRS to show that there exists a corralatio
ies of rich and poor superclusters and of groups in the fidigttween the star formation activity and the local galaxysign
are, correspondingly21.2,-20.9 and-19.7 magnitudes. The which holds for galaxies at distances at least two viriali fagim
Kolmogorov-Smirnov test shows that the probability tha il the clustefgroup centre.
minosities of main galaxies of rich and poor superclustees a Balogh et al. (2004) compared the populations of star-
taken from the same parent distribution is less th@%0the forming and quiescent galaxies in small (bf Mpc) and large
probability that the luminosities of main galaxies of suphes- scales (5.5~ Mpc) and showed that the relative numbers of



10 M. Einasto et al.: 2dFGRS supercluster galaxies

_19 1.0 R
e R -- P
o P s
° o 0.8 | /‘\
=20 ° o ° oc? ® % o ’ \\
. oo 8o /
o ®50° o op 0 o° 0% | \
e tea Spelaighores 08 )
. 300.%00693 2® © 08 0 %0%0 s - ' “
s-21 e* ¥, 0T | fogaetdo o2 ° 0 R :
. e © ® o‘? g&% %03%0%@0 @ 04 r I’ *I \
* ® .Oo. * 056%% ° .odao.o e OZ. ! ,I‘ \
° . o ® 0,80 ¢ 8 o ,I , \\ A\_
22t ° ) « o oe 0.2t ! / N
° % ) /’ 4/' \ N
) 4 -’ . '~
o ° ° 0.0 — L . = - =
-23 ) ) ) ) -23 -22 -21 -20 -19 -18 -17 -16
100 200 300 400 500
M
D (Mpc)

Fig. 10. Left panel: the luminosity of the main galaxy of rich (R) and poor (P) stipsters vs. the distance of supercluster. Right panel: the
distributions of the luminosities of main galaxies of rich (R) and poor (Pgrtpsters and of groups in the field (FG).

these galaxies depend both on the local and global envimotsme  Our present study reveals additiondfdiences between rich
Even low density environments contain a large fraction af-noand poor superclusters. Rich superclusters contain highitge
star-forming galaxies. They concluded that the galaxy p@Bpucores which are absent in poor supercluters. The fractieady
tion must be only indirectly related to their present-dayien type and passive galaxies in groups and clusters and ameng is
ronment. Possible physical mechanisms must have been nlated galaxies in high density cores of rich superclustenggher
effective in the past, and perhap$eed the star formation ratethan in groups in poor superclusters.
in very short (less than 1 Gyr) timescales, like starburstsced We shall analyse the detailed properties of high density re-
by galaxy interactions in close pairs of galaxies (see Baletlg gions in rich superclusters in another study (Einasto etiral.
al. 2004 and references therein). preparation).
Gray et al. (2004) found, using data about the superclus- Hilton et al. (2005) found that the fraction of early spettra
ter A901/902, strong evidence that the highest density regiotge galaxies is significantly higher in clusters with a hihay
in clusters are populated mostly with quiescent galaxidslew flux. Many of these clusters belong to rich superclustensd&io
star forming galaxies dominate in oylewer density regions et al. 2001, Belsole et al. 2004), so this result is in acamda
of clusters. Similarly, Haines et al. (2006) demonstraked the with the present paper.
colours of galaxies in the core region of the Shapley supstet Our analysis shows that main galaxies of superclusters form
depend on environment, redder galaxies being located steslu a specific class of galaxies with a very limited range of lupsin
cores. They also found large concentrations of faint blu@des ties. Main galaxies of rich superclusters are more lumirtbas
between clusters. main galaxies of poor superclusters. A similar conclusias h
Our results are in accordance with those;in addition weeen reached by Einasto & Einasto (1987) using data on nearby
showed that even at supercluster scales, the propertiedax-g superclusters. This is in accordance with the result of RS
ies and their environmental densities are correlated.gh en- et al. (2003) that there is an excess of very bright galaxies i
sity cores of rich superclusters the fraction of quiesceedl)( cores of clusters. Main galaxies of superclusters are fdriye
galaxies is higher than this fraction in lower density regieven multiple merger processes, as indicated by direct obsenst
for those galaxies which do not belong to groups or clusters. and numerical simulations (see Laine et al. 2003 and Gao et al
Porter and Raychaudhury (2005) investigated the star f@005). It has been known already for a long time that firskeain
mation rate in groups of galaxies from the Pisces-Cetusrsupeuster galaxies have a small dispersion of absolute maagst
cluster, according to their spectral indexThey concluded that (Hubble & Humason 1931, Hubble 1936, Sandage 1976). More
galaxies in rich clusters have lower star formation ratemthrecent studies by Postman & Lauer (1995) and Laine et al.
galaxies in poor groups. This is in accordance with our tesul(2003) have shown that absolute magnitudes of brightesteriu
showing that galaxies from a higher density environmenehagalaxies have a scatter of about 0.24 - 0.33 mag. The scétter o
lower star formation rates than galaxies from a lower dgresit luminosities of supercluster main galaxies is larger tiharstcat-
vironment. ter of brightest cluster galaxies. There may be severabresfor
Our previous analysis in Paper || demonstrated that geomttis. One possibility is that we have found the main groupieand
rical properties of rich and poor superclusters affedént, rich main galaxy by an automated search routine, and supplergenta
superclusters have larger sizes, their shapes and corepactmformation on the morphological type, colour etc. has resib
differ from those of poor superclusters. The mean density of sised. For this reason our sample of main galaxies is probably
perclusters increases gradually with increasing totaidogity not as homogeneous as samples of first-ranked cluster galaxi
or richness of superclusters. This demonstrates that tpbrs investigated by Hubble, Sandage, Postman and others.
clusters are physical systems with properti¢kedent from those Our analysis shows a large scatter of the properties of galax
of poor systems, they do not represent just percolations\ef sies in poor superclusters. In rich superclusters this ascadt
eral loose systems. small.
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Numerical simulations show that dynamical evolution iBelsole, E., Pratt, G.W., Sauvageot, J.-L-., Bourdin, H, A15, 821
high-density regions is determined by a high overall mean deBlanton, M.R., Eisenstein, D., Hogg, D.W., et al. 2004a, A42B, 143

sity that speeds up clustering of particles (Einasto et @058

and references therein, Gao, Springel and White 2005). Im h

density regions clustering starts early and continued thmi
present. The haloes that populate high density regiondane-t
selves also richer, more massive and have larger velotitéas

the haloes in low density regions. In low density filaments th

Blanton, M.R., Eisenstein, D., Hogg, D.W., et al. 2006, A5, 977

Broadhurst, T.J., Ellis, R.S., Koo, D.C. and Szalay, A.890, Nature, 343, 726
Igolless, M.M., Dalton, G.B., Maddox, S.J., et al. : 2001, MAER328, 1039

Colless, M.M., Peterson, B.A., Jackson, C.A,, et al. : 2Q88tro-pl0306581)
Croton, D.J., Farrar, G.R., Norberg, P., et al., 2005, MNR3&5, 1155
Croton, D.J., Springel, V., White, S.D.M., et al., 2006, MN&/367, 864
Davis, M., & Geller, M.J. 1976, ApJ, 208, 13

De Propris, R., et al. (2dF GRS Team): 2002, MNRAS 329, 87

cross voids, as well as in the outer low density regions ofi highe propris, R., et al. (2dF GRS Team): 2003, MNRAS 342, 725
density systems, the mean density is low and thus the egalutDressler, A., 1980, ApJ 236, 351
is slow, and in these regions haloes themselves are alsg péimesto, J., Einasto, M., iisi, G., etal. : 2003a, A&A 410, 425 (E03a)

less massive and have small velocities. Theffeminces fiect
the evolution and properties of galaxies in various envirents.

Einasto, J., Einasto, M., Tago, E. et al. 1999, ApJ, 519, 456
Einasto, J., Einasto, M., Tago, E. et al. 2006a, A&A, (subrdjtiaper I) (astro-
phy0603764)

In this paper we have used a catalogue of superclusterse@fsto, J., Einasto, M., Saar, E. et al. 2006b, A&A, (acafaper 1) (astro-

galaxies from the 2dF galaxy redshift survey to study thepro

erties of galaxies in superclusters and the propertiesaithest
superclusters. Our main conclusions are the following.

ph0604539)
Einasto, J., Htsi, G., Einasto, M., et al. : 2003b, A&A 405, 425 (E03b)
Einasto, J., Tago E., Einasto, M., Saar, E.: 2005a, In "Nedrarge-Scale
Structures and the Zone of Avoidance”, eds. A.P. Fairal\)WBudt, ASP
Conf. Series, 329, 27

— The density distributions in rich and poor superclustees aginasto, J., Tago E., Einasto, M., et al. 2005b, A&A, 439, 465(8)
different. The densities in rich superclusters are higher thainasto, J., Einasto, M., Gabiber, S. et al. 1997a, Nature, 385, 139
in poor superclusters, and rich superclusters contain highasto, M., 1991, MNRAS, 252, 261

density cores which are absent in poor superclusters.

— Rich superclusters contain a higher fraction of early typ

passive, red galaxies than poor superclusters.

inasto, M., & Einasto, J., 1987, MNRAS, 226, 543 (E87)
Einasto, M., Einasto, J., Mler, V., Heiramaki, P., Tucker, D.L.: 2003c, AA 401,

€, g51

Einasto, M., Einasto, J., Tago, E., Dalton, G. & Andernach,1994, MNRAS,

— The properties of galaxies are correlated with the values of 269, 301 (E94) )
the luminosity density field smoothed on a scale of 8 Mpc Einasto, M., Einasto, J., Tago, E.,iMer, V. & Andernach, H., 2001, AJ, 122,

early type, passive, non-starforming galaxies have higher

vironmental densities while late type, active, gtaiming

2222 (E01)
Einasto, M., Jaaniste, J., Einasto, J., et al., 2003d, AA 825
Einasto, M., Tago, E., Jaaniste, J., Einasto, J. & Andernbich1997, A&A

galaxies have lower environmental densities. This trerd ex Suppl., 123, 119
tends to field galaxies and to the lowest densities in our safke. V. R., Baugh, C. M., Cole, S., etal. : 2004, MNRAS 348, 866

ple.

— The fraction of early type, passive galaxies is the highest

Erdogdu, P., Lahav, O., Zaroubi, S. et al. 2004, MNRAS,359, 9
Gao, L., White, S.D.M., Jenkins, A. et al. 2005, MNRAS, 363937
bao, L., Springel, V. and White, S.D.M. 2005, MNRAS, 363, 66

rich groupgclusters in high density regions of rich supergiovanelii, R., Haynes, M.P., Chincarini, G. L., 1986, AfD377
clusters. In these high density regions even among isolatedo, T, Okamura, S., Sekiguchi, M., etal. 2003, PASJ 55, 757
galaxies the fraction of star forming galaxies is smallanth Gray. M.E., Wolf, C., Meisenheimer, K. et al. 2004, MNRAS, 3473

the fraction of star forming galaxies among isolated g&sx

in poor superclusters and in the field.

-Haines, C.P., Merluzzi, P., Mercurio, A., et al. 2006, [agtty0606152]

Hilton, M., Collins, C., De Propris, R. et al., MNRAS 363, 661
Hogg, D.W., Blanton, M.R., Brinchmann, J., et al. 2004, Afll 829

— Main galaxies of rich superclusters have larger luminesiti Hogg, D.W., Blanton, M.R., Eisenstein, D.J. et al. 2003, /485, L5
(median value-21.2) than main galaxies of poor superclugHubble, E. & Humason, M.L. 1931,ApJ, 74, 43

ters (median value20.9) and main galaxies of groups in th{:

field (median value-19.7).

Our results show that both local (grQujuster) environ-

ubble, E. 1936, ApJ, 84, 270

uchra, J. P, Geller, M. J.: 1982, ApJ 257, 423

lhaka, R., & Gentleman, R., 1996, J. of Computational and GecapBtatistics,
5,299

Kennicutt, R.C., J.: 1992, ApJS 79, 255

ments and global (supercluster) environments are impbitian Lahav, O. 2004, Pub. Astr. Soc. Australia, 21, 404 _
ifluencing galaxy morphologies and their star formation adahav, O. 2005, In "Nearby Large-Scale Structures and tiree26 Avoidance”,

tivity. This indicates the importance of the role of supasel
ters, and specially rich superclusters as a high densitiyanv

eds. A.P. Fairall, P. Woudt, ASP Conf. Series, 329, 3
Laine, S., van der Marel, R., Lauer, T.R. et al. 2003, AJ, 178,
Lewis, I., Balogh, M., De Propris, R., et al. 2002, MNRAS, 3843

ment, which &ects the properties of their member galaxies aneadgwick, D.S., et al. (the 2dFGRS Team), 2002, MNRAS, 333, 13

groupgclusters of galaxies.
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Table 3. Environmental densities and KS test results for galaxies @able 4. Properties of galaxies in groups of various richness in super-
various populations in rich and poor superclusters and for field galaxiekisters.

ID N 1Q Med 3Q KsSD KS p

1 2 3 4 5 6 7 ID Ry R P FG

Ry 7461 585 7.35 9.72 1 2 3 4 5

Px 1652 4.94 538 6.10

FGy 36949 099 196 280 Ngai

Rp 5747 5.86 7.49 9.68 Grip 878 1664 501 1788

Po 7031 540 6.33 7.71 Gr, 536 2528 769 15981

FGp 32162 1.41 234 3.39 I 285 1570 382 19180

Rne 1062 5.84 7.32 943 E/S

Rnr 6399 585 7.34 9.73 0.023 0.7 Grip 252 200 2.46 1.67

Png 250 490 5.37 6.08 Gr, 135 1.03 1.04 0.82

Pne 1402 494 538 6.10 0.035 0.95 I 0.93 0.70 0.69 0.49

FGns 4423 127 2.05 3.09

FGw 32526 095 173 275 0.015 0.000162 q/SF

Rops 3741 591 757 9.85 Grip 4.87 4.04 4.69 3.47

Ror 2006 5.79 7.31 9.43 0.042 0.018 Gr, 244 201 2.09 161

Pos 4841 543 6.42 781 | 199 159 1.30 1.17

Por 2190 5.34 6.14 7.44 0.068 1.95e-6

FGpg 19563 152 243 3.46 P/A

FGpr 12599 1.23 2.18 3.26 0.11 2.2e-16 Gri 423 337 391 2.89
Gr, 221 172 1.73 1.29

Rne 4044 6.00 7.57 10.22 | 128 112 1.23 0.78

Rns 2143 573 7.19 9.30 0.080 1.6e-10

Pne 888 4.97 544 6.15 B/F

Pns 493 4.88 5.32 5.98 0.099 0.7e-4 Grpp 016 0.19 0.20 0.20

FGwe 14262 1.18 199 3.04 Gr, 0.18 0.18 0.19 0.16

FGns 14882 091 1.64 2.64 0.078 2.2e-16 | 0.10 0.13 0.11 0.11

Rpe 3593 5.98 7.68 9.92

Rps 1213 5.60 6.94 9.01 0.07 3.32e-6

Poe 4361 545 6.42 7.81 The Columns in the Table are as follows:

Pos 1481 5.32 6.17 7.49 0.063 7.8e-6 1: Group membershifri — galaxies in rich gy > 10) groupsGr, —

FGpe 15431 1.63 2.56 3.55 galaxies in poorNg < 10) groups) — isolated galaxies (i.e. galaxies

FGps 9411 1.27 2.17 3.26 0.11 2.2e-16 which do not belong to groups);
2-5: Populations: R— high density regionss(> 10) of rich superclus-

Rng 5192 594 7.47 9.98 ters, R — low density regions& < 10) of rich superclusters, P — poor
Rnse 2143 5.73 7.08 9.18 0.067 2.8e-6 superclusters, FG —field galaxies;

Png 1129 495 541 6.14 E/S — the ratio of the numbers of early and late type galaxqgSE —

Pnsr 493 4.87 530 596 0.087 0.011 the ratio of the numbers of quiescent and actively star forming galaxies
FGng 21003 1.09 1.91 2.94 (according to the spectral parame#gr P/A — the ratio of the numbers
FGyse 14882 0.87 1.59 2.60 0.10 2.2e-16 of passive and actively star forming galaxies (according to the colour
Rpq 4401 591 7.58 9.82 indexcol), B/F — the ratio of the numbers of the brigh¥lg; < —20.0)

Robsr 1213 568 7.15 9.26 0.064 0.7e-4 and faint My; > —20.0) galaxies.

Poq 5346 5.42 6.37 7.75

Posr 1481 487 530 596 0.048 0.01

FGpq 21101 154 2.46 3.49
FGpsr 9411 125 212 3.21 0.10 2.2e-16

Rnp 4948 594 7.49 10.01
Rna 2513 5.71 7.08 9.12 0.077 5.1e-9
Pnp 1097 4.96 5.43 6.14
Pna 555 4.87 531 5.98 0.086 0.009

FGnp 18764 1.12 194 3.00
FGna 18185 0.87 1.58 2.57 0.11 2.2e-16

Rpp 4400 596 7.62 9.85
Rpa 1347 565 7.15 9.24 0.075 2.0e-5
Pop 5542 541 6.35 7.75
Poa 1489 5.34 6.23 7.53 0.037 0.087

FGpp 22257 150 244 3.48
FGpa 9905 1.21 208 3.16 0.10 2.2e-16

The Columns in the Table are as follows:

1: Population ID.R — rich superclusters? — poor superclusters;G

— field galaxiesB — bright galaxies My; < —20.0), F — faint galaxies

(Mp; > —20.0), E andS —early and late type galaxieBandA— passive

and actively star forming galaxies (according to the spectral parameter
n), g andSF — quiescent and actively star forming galaxies (according
to the colour indexol). IndexN indicates the nearby populatiody;
-184 andD < 300h™ Mpc, indexD — the distant populationly,
-19.7 andD > 300h~! Mpc.
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Table 5. Properties of galaxies in groups of various richness in super-
clusters. The Kolmogorov-Smirnov test results.

ID1 ID2 D P
1 2 3 4
col

RHgri0 RHgz 0.1444  1.870e-06
RHg2 RH, 0.1275 0.004715
RHerio Rlgrio  0.0539 0.07127
RHg> RLg2 0.0801 0.00684
RH, RL, 0.0832 0.07094
RLgr10 RLgr2 0.1692 < 2.2e-16
RLg RL, 0.1249 1.49e-13
RLgr10 Psrio  0.1034 0.000529
RLgr2 Psr2  0.0686 0.007783
RL, P, 0.0724 0.08008
Pario Pgro 0.1897 6.639%e-10
Por2 P, 0.1245 0.0007295
Par1o FGgrip  0.1105 0.0001426
Pgr2 FGg, 0.1064 1.228e-07
P FG  0.1379 1.304e-06
FGar10 FGgrz 0.1909 < 2.2e-16
FGar2 FG  0.1353 < 2.2e-16
n

RHgr10 RHg2 0.1658 2.801e-08
RHg» RH, 0.112 0.02062
RHgri0  RLlgrio 0.069 0.008986
RHgr2 RLg2 0.0799 0.007649
RH, RL, 0.088 0.05248
RLgr10 RLg, 0.1682 < 2.2e-16
RLg2 RL, 0.1029 3.799e-09
RLgr10 Psrio  0.0802 0.01511
RLg> Par2 0.032 0.5936
RL, P, 0.0696 0.1084
PGrlO PGrZ 0.2018 5.521e-11
Pgro P, 0.1478 3.589e-05
Pario FGg1o 0.1098 0.0001757
Par2 FGsrz 0.0867 4.108e-05
P FG  0.0905 0.004841
FGar10 FGg, 0.1796 < 2.2e-16
FGgr2 FG 0.121 <2.2e-16
RHar10 Psrio 0.0666 0.1217
RHgr» Psrz  0.0719 0.08098
RH, P, 0.1187 0.02229

The Columns in the Table are as follows:
1-2: Sample IDGr4— galaxies in richKlgs > 10) groupsGr, — galax-

ies in poor Nga < 10) groups) — isolated galaxies (i.e. galaxies which
do not belong to groups); RH — high density cores of rich superclysters
RL — low density regions of rich superclusters, P — poor superclusters,

FG - field galaxies.

3—4: the Kolmogorov-Smirnov test results: the maximuffedence and
the probability that the distributions of population parameters are taken
from the same parent distribution.
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