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ABSTRACT

This paper presents two galaxy samples, respectively in a high and in a low local density environments, that
were generated from the SSRS catalog using objective criteria. A preliminary comparison of physical properties in
these two samples reveals that galaxies in high-density environments tend to be under a higher starbursting
activity, have a deficiency of the neutral hydrogen content, present a higher fractional Seyfert population and a
higher fraction of barred spirals as well. The present samples are intended to be used in future spectroscopic

observations for more detailed investigation.

Subject headings: galaxies: clustering — galaxies: structure

1. INTRODUCTION

Evidence of several environmental effects have been re-
ported to affect galaxy properties, for example, the well-studied
morphology-density relation, which was first pointed out by
Dressler (1980) for rich clusters, and revisited later by others
(e.g., Postman & Geller 1984; Giovanelli, Haynes, & Chincar-
ini 1986; Maia & da Costa 1990b). The effect consists of the
fractional increase of early-type galaxies toward regions of high
concentration of galaxies. Whitmore, Gilmore, & Jones (1993)
claim that the morphology-clustercentric radius relation is
more fundamental than the morphology-density one, after re-
examining Dressler’s (1980) sample of clusters. Nevertheless
the impact of the local density of galaxies on the star formation
rate (SFR) within those galaxies is not yet well understood.
Two effects that influence the SFR in high-density regions are
conceivable. On the one hand, the SFR could be enhanced by
tidal interactions triggering star formation, possibly in the
form of bursts (e.g., Bushouse 1986; Kennicutt et al. 1987). On
the other hand, in the very high density regions in the cores of
clusters, close galaxy encounters lead to a depletion of inter-
stellar gas and thus leave preferentially anemic spirals in clus-
ters of galaxies (Dressler 1984). In addition, for elliptical galax-
ies the evolution of mass-loss rate predicts the accumulation of
gas in quantities far exceeding the observational upper limits.
Much of this gas must have been removed from the galaxy.
According to Gisler (1976) ablation of gas in galaxies by dense
intercluster medium would be an efficient mechanism of gas
removal. Galaxies located within superclusters are embedded
in an environment with significantly higher density than the
relatively isolated field galaxies within low-density regions, but
close encounters are still not frequent enough to strip the gas
from the galaxies in a way similar to that occurring within
clusters (Maia & da Costa 1990b).

As a first approach the Ha equivalent width (EW) can be
used to obtain information on the SFR in galaxies (Kennicutt

& Kent 1983). Indeed Maia & da Costa (1990b) found that the
Ha EW of galaxies within groups tends to be larger than in
those outside groups. The Kolmogorov-Smirnov test signifi-
cance level of the hypothesis that the distribution of the Ha
EW in their high-density sample is different from that in their
control sample is 97%. In terms of the above discussion, this
could be interpreted as an enhanced star formation rate. How-
ever, the sample size was still subject to statistical fluctuations,
and possible biases might have affected the sample generation.
Moreover it is not yet clear the link between the Hoe EW and
the star formation rate (e.g., Kennicutt et al. 1987).

In this paper we present the selection procedure used to gen-
erate two samples of galaxies spanning all morphological types,
respectively located in regions with an extremely high and low
local densities of galaxies (§ 2). In § 3 we investigate physical
properties of these galaxies as a function of the environment,
such as the H I content, nuclear activity, presence of barred
galaxies, and infrared luminosity. A summary is presented in
§ 4.

2. SAMPLE SELECTION

The Southern Sky Redshift Survey catalog (SSRS; da Costa
et al. 1988, 1989, 1991) was taken as database for the sample
selection. This catalog consists of 2028 galaxies, drawn from
The ESO/Uppsala Survey of the ESO(B) Atlas (Lauberts 1982)
satisfying the conditions:

log [D(0)] = 0.1,
and
b < —-30°, &< —17°5.
Here D(0) is a “face-on” diameter defined by

log [D(0)] = log (D) — 0.2354(T) log (R)
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where

R=D,/D,
and A(T) takes the values

A(T)=0.950, T<O,
=0.894, T=0.

In these expressions D, is the major axis diameter, D, is the
minor axis diameter, and 7 is the morphological type of the
galaxies as listed by Lauberts (1982). Galaxies in binary and
multiple systems, but listed in the ESO catalog as single entries,
were examined, and those not fulfilling the diameter require-
ment were discarded from the SSRS sample. From the SSRS
catalog, two subsamples were generated. One is formed by gal-
axies in a high-density environment (hereafter HDS), and the
other named control sample (hereafter CS).

The HDS sample is formed by galaxies that are in groups of
three or more members generated by the group finding algo-
rithm described by Maia, da Costa, & Latham (1989). The
groups are defined to be formed by the accumulation of galaxy
pairs with a member in common, having projected separations
D,, and line-of-sight velocity differences V,, satisfying

D,, = 2sin (0,5/2)V/H, < D, ,
Vo= Vi— V| =V,

where V= (V, + V,)/2, V, and V, are the radial velocities of the
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galaxies, 0,, their angular separation, and H, = 100 km s™!
Mpc™!. The search parameters D; and V; scale according to
the expressions

Dy = Do/[¢(N]'?
Ve = Vo/lo(MN1'7,

where D, = 0.136 Mpc, and ¥, = 400 km s~ are values of D,
and V, chosen at a fiducial velocity ¥ = 1000 km s™!, and
@(V) is the selection function for the galaxy catalog being used,
normalized by its value at V. The groups defined in such a
way have a surrounding density contrast, dp/p > 500. This is
equivalent to densities larger than 18.0 galaxies/Mpc®. The
procedure of weighting the search parameters by the selection
function of the SSRS catalog assures a fixed number density
enhancement relative to the mean.

The CS sample is made up of galaxies that turned out not to
be assigned to any group in the procedure of search for neigh-
bors as explained above. However, this search was performed
at a dp/p = 0.01, which means that the selected objects are in
regions of local densities smaller than 0.0004 galaxies/Mpc>.

In Figure 1 we present the values of the search parameters
D, and ¥V, as a function of the distance for both samples. For
the galaxies of HDS sample the values of D;, and ¥, should be
smaller than those represented by the curve. For CS galaxies, it
means that there is no companion found with values of D,
and V;, below the line value for a given distance. All the se-
lected objects have radial velocities (after correction for Virgo
infall) smaller than 8000 km s™!. This limit is smaller than that
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FiG. 1.—Search parameters D, and V; as a function of the radial velocity for HDS and CS samples
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quoted by da Costa et al. (1988) of 9000 km s™', for which the
sample can be considered statistically useful.

The derived HDS and CS samples contain, respectively, 151
and 179 galaxies, listed in Tables 1 and 2, which give the follow-
ing information:

Column (1): The ESO-Uppsala identification number. The
first three digits refer to ESO field number; the additional four
digits are related to galaxy number, the last one used to indi-
cate the existence of companions as described by Lauberts &
Valentijn (1989).

Columns (2) and (3): The 1950.0 equatorial coordinates,
taken from Lauberts (1982).

Column (4): Major and minor diameters, a X b, in arcmin
units as listed by Lauberts (1982).

Column (5): Total blue magnitude, By, taken from The Sur-
face Photometry Catalog of the ESO-Uppsala Galaxies (Lau-
berts & Valentijn 1989).

Column (6): Absolute magnitude, Mj, calculated using H,
=100 km s™! Mpc~'.

Column (7): Morphological type from Lauberts & Valentijn
(1989).

Column (8): Heliocentric velocity, V,, in km s,

Some global characteristics of the selected objects for both
samples can be examined in the plots of Figures 2 and 3. In
Figure 2 we present the morphological type and velocity distri-
butions. The effects of the morphological segregation can be
clearly seen in the figure. There is an excess, as expected, of
early-type galaxies in the HDS sample compared to the CS.
Creating three subgroups of morphological types defined as
early types (E to SOa), early spirals (Sa to Sc), and late spirals
(S... to Irr), we find that the fractional population of these
classes is 0.40/0.44/0.16 for HDS sample, whereas for the CS
sample we derive 0.15/0.58/0.27. The results of the Kolmo-
gorov-Smirnov test tell us that the probability that these two
samples arise from the same parent distribution is smaller than
2.0 X 107'°. In Figure 2 the frequency distribution of velocities
for the HDS sample exhibits a pattern similar to that followed
by groups of galaxies (see Fig. 1 of Maia & da Costa 1990a). In
fact, the peak around v ~ 1500 km s™! is due to member
galaxies of groups such as Pavo, Grus, and Fornax (Maia et al.
1989). The velocity distribution for CS objects resembles that
presented for all galaxies in the SSRS (Fig. 4a of da Costa et al.
1988), where the contribution of field galaxies is high. This
behavior reinforces the confidence on the selection criteria
used to generate the samples taking objects from two very dif-
ferent environments with respect to the galaxy number den-
sity. Distributions of apparent and absolute magnitudes from
Tables 1 and 2 are presented in Figure 3. The more symmetri-
cal distribution of the HDS in the absolute magnitude plot
than that of the CS is related to excess of early-type galaxies in
the HDS sample, which also populates the distribution tails
with giant and dwarf ellipticals.

3. GALAXY PROPERTIES IN THE HDS AND CS SAMPLES

Using the information available in the literature, we conduct
a preliminary analysis of several physical properties and char-
acteristics of the galaxies from our two samples.
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3.1. Ha Emission Line

Galaxy collisions and close encounters may play an impor-
tant role in the star formation rate of galaxies, possibly trigger-
ing a starburst phase (e.g., Bushouse 1986; Kennicutt et al.
1987 and references therein; Moss & Whittle 1993). The Ha
emission line could be used to measure the starburst activity of
a galaxy (e.g., Kennicutt & Kent 1983). The spectra of spiral
galaxies (types 1 to 6 from Tables 1 and 2) available in the
SSRS database were examined to search for the Ha feature.
The spatial region corresponds to the central zones of the galax-
ies, so we are probing eventual star formation events in the
nuclear regions. Since the spectra were taken for redshift pur-
poses, they were not flux calibrated, but they can be used to
derive the equivalent width of the Ha emission line, whenever
present. EW in A and errors of its measurement for 11 galaxies
of HDS sample and 29 for CS were obtained and are shown in
Tables 3 and 4, respectively. A frequency distribution of EW is
displayed in Figure 4. We do not have complete spectral infor-
mation for all the galaxies in our samples, because there were
redshifts available from the literature. Also, it is difficult to
access what selection effects could be caused by this lack of
completeness, but, if it exists, it should affect both samples
equally. The sample sizes are not large, but in any case a Kol-
mogorov-Smirnov test tells us that the samples are different at
a confidence level of 99%. The medians of the EW distribu-
tions are 40.3 and 10.1 A for HDS and CS samples, respec-
tively, reinforcing the idea of the link between emission proper-
ties and the frequency and strength of galaxy interactions. Of
course, more detailed analysis is required, with the acquisition
of flux-calibrated spectra of higher S/N for all galaxies in the
present HDS and CS samples in order to improve the emis-
sion-line detection level.

3.2. H1 Content

The amount of neutral hydrogen of a galaxy was found to be
dependent on the environment for a same class of morphologi-
cal type (e.g., Haynes & Giovanelli 1986; Magri et al. 1988;
Huchtmeier & Richter 1989a; and more recently, Scodeggio &
Gavazzi 1993). It was reported that galaxies in denser regions,
such as the core of clusters of galaxies, are H 1 deficient. Ram
pressure sweeping is normally the physical mechanism attrib-
uted to the H 1 removal.

We examine in this section the H 1 content for the spiral
galaxies of our CS and HDS samples. No systematic observa-
tions have been carried out so far in order to get the 21 cm
information. The parameters derived were obtained from the
21 cm data gathered throughout the literature, which are dis-
played in Tables 5 (44 galaxies) and 6 (52 galaxies) for CS and
HDS samples, respectively, containing the following:

Column (1): The ESO-Uppsala name (as given in Tables 1
and 2).

Column (2): The morphological type (as described in Tables
1 and 2).

Column (3): Linear diameter Dy, in kiloparsecs, calculated
using the major diameter of the ellipse at B surface brightness
25 mag/s arcsec’ measured by Lauberts & Valentijn (1989)
and the velocities quoted in Tables 1 and 2.

Column (4): 21 cm line flux corrected for galaxy self-absorp-
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GALAXY PROPERTIES. 1.

TABLE 3
Ha EW FOR OBJECTS IN HDS SAMPLE

ESO Ha EW RMS
3520530 ... 2.5 0.6
3530060 .........ccciiiiinnnt 66.2 3.1
5460150 ...l 9.9 0.6
3580170 .oonieiiiii 40.4 0.8
1180430 ...................... 27.1 0.3
3050080 .......ooiiiiiiinnn.n, 57.1 1.0
2340130 ... 32.0 L5
4660360 ................ooo.e. 11.1 0.7
4060330 ........cieiniiinnnt .. 41.1 34
2910120 ... 473 1.0
2910160 .....coooniiiiiiin... 68.7 1.2

tion (F,) in Jy/km s~!
(1984).

Column (5): The logarithm of the neutral hydrogen mass
My, in solar masses (M) given by

as described by Haynes & Giovanelli

My, = 2.356 X 10°d°F, ,

where d is the distance in Mpc (H, = 100 km s™! Mpc™).

Column (6): Pseudo H 1 surface density oy,, in My pc™2,
which is the total H 1 mass divided by the optical area of the
galaxy, stated by

OH1 = MH;/(W/4)D129) .

TABLE 4
Ha EW FOR OBJECTS IN CS SAMPLE

ESO Ha EW RMS
4090220 ..o 19.2 1.4
1940120 ..o 117.9 22
3500140 ...t 8.5 0.9
3510180 ..o 20.9 2.6
0510110 .o 27.8 0.8
5430120 ..ovniiiiiiii 6.1 0.8
5450210 ..o 4.1 0.8
4790080 .....oiiiiii 21.2 1.3
3550260 ..ooniiiiiiii 6.9 0.7
4790200 ..o 21.5 1.3
4160250 ..ot 1.6 0.6
0310050 ......covviiiiiiiiiiii 8.4 0.9
3020070 ... 6.0 1.0
5490220 ...t 7.1 1.1
2010220 ..oiiiiiii 43 1.0
5510130 i 22.3 1.6
2870460 .......oiiiiiiiiiiii 14.2 0.8
6000070 ....ovvviiii 10.1 2.8
3430280 .....iiiiiiiiii 22.7 29
2370300 ...ooiiiii 8.6 0.7
6010120 ...t 4.2 0.5
1080200 .......ovviiiiiiiiiiiia 5.8 0.7
4050180 ...oniiiiiiii s 19.0 1.0
2900350 ..ot 5.2 0.8
2900450 ... 63.8 2.5
4070140 ....oiiiiii s 33.6 2.1
6050070 ..ot 449 1.7
6060110 ....ooovniiiii i 3.0 0.8
2930270 ..iiiiii e 25.8 1.2
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F1G. 4.—Frequency distribution of Ha emission-line equivalent widths
for HDS and CS samples.

Column (7): H 1 mass-to-light ratio My,/Lg, in solar units,
assuming a solar photographic absolute magnitude of +5.37.

Column (8): The reference from which the radio fluxes were
obtained to derive the physical parameters described above.

The H 1 characteristics of both samples can be compared in
the plots of Figure 5 where My, (upper panels), oy, (middle
panels), and My ,/Lg (lower panels) are displayed for CS (left
panels) and HDS (right panels) samples as a function of the
morphological type. The width of the distribution is much
larger in the HDS My, plot, indeed suggesting that in dense
regions many galaxies attain low My, content. The compari-
son of the oy, distributions also provide some evidence of the
gas depletion phenomenon in the HDS sample. In addition to
the morphological dependence, the H 1 galaxy content also
presents some luminosity dependence for a same morphologi-
cal class; the My ,/Lg ratio is expected to minimize this effect.
The result is that the HDS sample clearly shows a deficiency of
H 1 content when compared to the control sample CS. This
effect is present in density regimes lower than those found in
clusters where anemic galaxies are usually found, suggesting
that it spans a wider density range, as does also the morphol-
ogy-density phenomenon. The number of galaxies with radio
information is still low, but the results are encouraging to pur-
sue the investigation.

3.3. Far-Infrared

The far-infrared (FIR) radiation turned out to be an impor-
tant tool in the diagnostics of starburst activity in galaxies, and
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F1G. 5.—H 1mass (upper panels), pseudo H 1surface density (middle panels), and H 1 mass-to-luminosity ratio (/ower panels) as a function of morphologi-

cal type for CS (left panels) and HDS (right panels) samples.

the IRAS survey provides a large database for this purpose.
Some details about modeling FIR radiation are still subject of
debate. While some authors claim that the FIR emission
comes from the star-forming regions only (e.g., Devereux &
Young 1990), others have proposed a two-component model
made up by a star-forming region and a quiescent cirrus-like
region of the interstellar medium (e.g., Helou 1986; Rowan-
Robinson, & Crawford 1989). Some large optically selected

samples such as the one taken from the Uppsala General Cata-
log of Galaxies (Bothun, Lonsdale, & Rice 1989), or the Center
for Astrophysics magnitude-limited sample (m; < 14.5) by
Thuan & Sauvage (1992) revealed some global properties of
galaxies in the FIR region. Our purpose is to provide with the
characteristics of our two samples in the far-infrared region. In
order to achieve this goal we used the IRAS Point Source Cata-
log (version 2.0) (PSC), to extract the information at 12, 25, 60,
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and 100 um. The galaxies of our samples detected by IRAS are
shown in Tables 7 (HDS sample) and 8 (CS sample) which
contain:

Column (1): The ESO-Uppsala name (as given in Tables 1
and 2).

Column (2): The morphological type (also as given in Tables
1 and 2).

Columns (3)-(6): Flux densities f,,, f>s, fe0, and fipo, 1IN
janskys, respectively, for 12, 25, 60, and 100 um bands.

Column (7): IRAS confusion flag, C,, hex-encoded accord-
ing to the PSC.

Columns (8)-(10): IRAS PSC cirrus flags CIRR1, CIRR2,
and CIRR3, denoted in the table by C,, C,, and C;, respec-
tively.

Column (11) and (12): Spectral indices o532 and a}%.

Column (13): Total far-infrared luminosity between ~40
pum and ~120 um, Ly, in Ly, computed following Lonsdale
et al. (1985):

Leg = 3.95 X 1052.58fs + fio0) X d° ,

where d is the distance in Mpc.
Column (14): Emission-line type code (EL) as described in

* the text.

The distribution of Ly against morphological type is dis-
played in Figure 6 for both samples. The HDS sample presents
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FiG. 6.—Logarithm of Lgg in L, vs. morphological type. Empty
squares: starburst galaxies; empty triangles: galaxies with weak emission
lines; asterisks: objects with no emission lines; filled circles: Seyferts; dots:
galaxies without spectral information.
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a low infrared-luminosity population due to early-type galax-
ies, which is natural since we have a higher fraction of these
galaxies in this sample. In this figure we display galaxies with
spectrum available in the SSRS database (except for Seyferts;
see details in the next section), which enabled us to classify
them according to the emission-line (EL) characteristics. The
EL classes are: (1) objects with emission lines typical of galaxies
with starburst activity; (2) objects with weak emission lines
(probably very low or no current starburst activity); (3) objects
with no emission lines; (4) Seyfert galaxies (present only in the
HDS sample); and (5) objects with no spectral information in
the SSRS database. The far-infrared most luminous objects of
the HDS sample are Seyfert and starburst galaxies. In the CS
sample, there is no optical spectral information for the far-in-
frared most luminous galaxies, but since the Seyfert popula-
tion was checked in the Véron-Cetty & Véron (1991) catalog,
these objects are more probably galaxies with starburst charac-
teristics. The CS presents a higher fraction of galaxies with
weak emission lines, suggesting that the HDS sample has more
galaxies with current strong starburst activity than the CS,
reinforcing the findings from the Ho emission line.

The distribution of spectral indices «(100, 60) against a(60,
25) for the two samples is presented in Figure 7, where the
symbols have the same meaning as in Figure 6. In particular,
the Seyfert galaxies (HDS) do not present a trend for flatter
spectra at shorter wavelengths, where the power-law compo-
nent tends to dominate. This supports the idea that the Seyferts
detected in the infrared may have a substantial contribution of
nuclear starburst activity, and the latter would be enhanced by
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F1G. 7.—Infrared spectral indices for HDS and CS samples. The sym-
bols are as in Fig. 6.
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the environment rather than by the nonthermal-powered ac-
tivity.

3.4. Seyfert Activity

Several investigations of possible environmental effects on
Seyfert activity have been made (e.g., MacKenty 1989; Dahari
1984, 1985; Fuentes-Williams & Stocke 1988), but the empha-
sis was mainly on the existence and nature of possible Seyfert
companions. Our goal is rather to examine the frequency of
the Seyfert phenomenon in samples that were selected with
objective criteria based on the local density of objects. We have
checked all the objects in our HDS and CS samples for their
possible inclusion in the Véron-Cetty & Véron’s (1991) AGN
catalog. This catalog is not complete in any sense, since it is a
compilation from the information of the literature. Also, the
SSRS spectral database was searched for the possible presence
of Seyfert galaxies. The lack of complete information does not
allow us to set some possible selection effects on the results, but
they can be considered as preliminary, up to the moment that
we have obtained spectra for the whole galaxies of our samples.
The result is that only the HDS sample was found to have
Seyfert galaxies. These galaxies are listed in Table 9, with the
following information:

Column (1): ESO name, as in Table 1.

Column (2) and (3): Right ascension and declination 1950.

Column (4): Morphological type.

Column (5): Seyfert class, where S1, S2, and S stand for
Seyferts type 1, 2, and unclear type, according to Véron-Cetty
& Véron (1991).

There appears to exist a clear preference for Seyferts to be
present in high local density environments, or at least a sub-
sample of Seyferts that have also nuclear starburst contribu-
tion as seen in the previous section. More optical spectral in-
formation is necessary to clarify this point.

3.5. Presence of Bars in Spiral Galaxies

High-density environments favor close encounters between
galaxies, a possible mechanism for triggering bars in spiral
disks as indicated in N-body simulations (e.g., Noguchi 1987).
Giuricin et al. (1993) searched for the presence of bar struc-
tures in a sample of nearby spiral galaxies, and confirmed this
tendency at a good confidence level. We checked our two sam-
ples for the presence of barred galaxies among the morphologi-
cal types Sa to Sc using information given by Lauberts (1982).
We found 15% and 11% of barred galaxies, respectively, for the
HDS and CS samples in this subgroup of morphological types,
which indeed suggests some trend.
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TABLE 9
ACTIVE GALAXIES IN HDS SAMPLE

ESO R.A. Decl. Type Class
1530200........ 020420 —552547 3.0 S2
3580170 ........ 033141 —361824 3.0 S1
3580350 ........ 033452 —360948 -2.0 S2
1180430........ 044454 —592000 4.0 S
3050080 ........ 050559 —373400 1.0 S
466 0380 ........ 215906 —320627 1.0 S2
2910160 ........ 231536 —423835 1.0 S2
3470330........ 231612 —423100 3.0 S2

4. CONCLUSIONS

We have generated galaxy samples in high- and in a low-den-
sity environments, using objective criteria applied to the SSRS
database. The samples will be used as targets for detailed spec-
troscopic analyses of the emission-line spectrum and of the
stellar population. In this work we studied their global physical
properties. The main findings may be summarized as follows:

The samples respect the morphology-density relation, that
is, the high-density sample contains a high percentage of early-
type galaxies.

The available Ha emission-line information suggests that
the high-density sample galaxies are more prone to starburst
activity, probably enhanced by nearby galaxies.

The H 1 content of galaxies in the high-density sample is
lower when globally compared to that of galaxies in the low-
density one; this is similar to, although not with the strength of,
the effect already found in the core of clusters of galaxies. The
phenomena may have a continuous behavior as a function of
density, like the one for the morphology-density relation.

The far-infrared data also point to a more intense starburst
activity in the high-density sample.

Seyfert activity was detected only in the high-density
sample.

Barred galaxies among the Sa to Sc spirals are more numer-
ous in the high-density sample.

More detailed spectral analyses are necessary to check some
of these results further. Optical spectral observations of spirals
are under way, and a more complete and detailed analysis is
the subject of forthcoming papers. Results of a preliminary
subsample are presented by Pastoriza et al. (1993).

M.A.G.M. acknowledges CNPq grant 301366/86-1 for par-
tially support of this project.
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