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ABSTRACT

Aims. We compare the properties of galaxies in compact groups, loose groups, and the field to deepen our understanding of the phys-
ical mechanisms acting upon galaxy evolution in different environments.
Methods. We select samples of galaxies in compact groups, loose groups, and field galaxies from the Sloan Digital Sky Survey. We
compare the properties of the galaxy populations in these different environments: absolute magnitude, colour, size, surface bright-
ness, stellar mass, and concentration. We also study the fraction of red and early-type galaxies, the luminosity function, the colour-
luminosity, and luminosity-size relations.
Results. The population of galaxies in compact groups differ from that of loose groups and the field. The fraction of red and early-type
galaxies is larger in compact groups. Galaxies in compact groups are, on average, systematically smaller in size, more concentrated,
and have higher surface brightnesses than galaxies in the field and in loose groups. At a fixed absolute magnitude, or fixed surface
brightness, galaxies in compact groups are smaller in size.
Conclusions. The physical mechanisms that transform galaxies into earlier types could be more effective within compact groups,
owing to the typically high densities and small velocity dispersions of these environments, which could explain the large fraction of
red and early-type galaxies we found in compact groups. Galaxies inhabiting compact groups have undergone a major transformation
compared to galaxies that inhabit loose groups.
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1. Introduction

Galaxies inhabit a wide range of environments, from isolated
galaxies to the core of galaxy clusters and compact groups (here-
after CGs). There is clear evidence that both the properties of
galaxies and the relative fractions of different types of galaxies
depend on the environment (e.g. Oemler 1974; Dressler 1980;
Goto et al. 2003; Blanton et al. 2005). In low density environ-
ments, galaxies tend to be blue, star-forming and late-type, while
dense environments are dominated by red, early-type galax-
ies. However, density is not the only relevant parameter when
characterising the relationship between environment and galaxy
properties. It is well-known that galaxy properties strongly de-
pend on stellar mass (e.g. Kauffmann et al. 2004). The dynam-
ics of the system, e.g. the relative speed with which galaxies
move, or the characteristics of the intergalactic medium, e.g. the
presence of hot gas, may influence the evolution of galaxies and
thus modify their properties. Within this scenario, different phys-
ical processes that can affect the evolutionary history of galax-
ies have been proposed. Galaxy-galaxy interactions, merger or
galaxy harassment can substantially change the structure of
galaxies and even cause significant loss of mass (e.g. Toomre &
Toomre 1972; Moore et al. 1998). On the other hand, the pres-
ence of gas in the intergalactic medium can substantially affect
galaxies through mechanisms such as ram pressure (e.g. Gunn
& Gott 1972; Abadi et al. 1999) or strangulation (e.g. Larson
et al. 1980; Balogh et al. 2000; Kawata & Mulchaey 2008). The
relative influence of these processes depend on several physical

parameters that vary from one environment to another, therefore
comparative studies involving different galaxy environments are
useful in achieving a more complete understanding of their
effects on galaxy evolution.

Among the various environments, CGs are an extreme case.
Although their densities are among the highest observed, both,
the number of members, and the velocity dispersion of galaxies
are smaller than those seen in massive loose groups or clusters
of galaxies (Hickson et al. 1992). On the other hand, the num-
ber of galaxies and the velocity dispersion of CGs and low-mass
loose groups may be comparable, although their crossing times
differ substantially. These similarities and differences between
loose groups (hereafter LGs) and CGs represent a useful sce-
nario to test the influence that different physical processes have
on the galaxy evolution. Moreover, Diaferio et al. (1994) sug-
gested that there is a tight connection between loose and com-
pact groups. They estimated that the mean lifetime of a compact
configuration is ∼1 Gyr and suggested that on this timescale,
members may merge and other galaxies in the loose group may
join the compact configuration. While the properties of galax-
ies in CGs and LGs have been extensively studied separately,
no systematic comparison using homogeneous and statistically
significant samples has been performed. Lee et al. (2004) com-
pared the properties of field and CGs galaxies and found that
the colours of CG galaxies differ from those of field galaxies
in the sense that CGs have a larger fraction of elliptical galax-
ies. Deng et al. (2008) compared the properties of CGs, isolated,
and field galaxies and found that, in dense regions, galaxies have
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preferentially greater concentration indexes and early-type mor-
phologies. There have been numerous studies of the star forma-
tion in CGs: Walker et al. (2010) suggested that the compact
group environment accelerates the evolution of galaxies from
star-forming to quiescent; Bitsakis et al. (2010) found a connec-
tion between dynamical state and the star formation rate (SFR) in
the sense that old CGs host late-type galaxies with slightly lower
specific star formation rates than in dynamically young groups;
Johnson et al. (2007) also found a connection between the star
formation and the global properties of groups. Tzanavaris et al.
(2010) estimated the SFR using both ultraviolet and infrared in-
formation and found that the compact group environment ac-
celerates the galaxy evolution by enhancing the star formation
processes and favouring a fast transition to quiescence.

The intra-group medium (IGM) in CGs has been extensively
studied and can provide useful information on the evolution of
galaxies. Torres-Flores et al. (2009) searched for young objects
in the intra-group medium of several CGs and found that groups
are in different stages of interaction. Many CGs show X-ray
emission associated with the hot intra-group medium (HIGM).
Rasmussen et al. (2008) studied the influence of the HIGM on
the galaxy evolution and found that galaxy-HIGM interactions
would not be the dominant mechanism driving cold gas out
of the group members, tidal interactions being the most likely
means of removing gas from galaxies in CGs.

Historically, the identification of CGs has been performed
in projection, which causes the detection of spurious systems.
While this can be solved with redshift determinations, the ob-
served compact configuration could be the result of projec-
tion effects within LGs. These effects have been quantified by
McConnachie et al. (2008), Díaz-Giménez & Mamon (2010),
and Mendel et al. (2011). These studies have assessed the con-
tamination caused by chance association of galaxies in CGs.
Brasseur et al. (2009) found that only 30 per cent of the sim-
ulated groups are truly compact in three dimensions, which will
lead to biases in any observational study unable to infer this lack
of compactness. An even more radical scenario was proposed
by Tovmassian et al. (2006), who claimed that CGs are no dif-
ferent from LGs. However, the general consensus is that a sig-
nificant fraction of the compact groups with accordant-velocity
members are physically dense systems. Hickson (1982) com-
piled a sample of 100 CGs based on the photographic plates of
the Palomar Observatory Sky Survey. This sample has been ex-
tensively studied, although the small number of systems does
not allow the implementation of statistical studies that could dif-
ferentiate between the dependences on galaxy properties and
environment. On the basis of surveys of galaxies, other sam-
ples of CGs have been identified (e.g. Iovino et al. 2003; Lee
et al. 2004). Using the original selection criteria of Hickson
(1982) and the sixth data release of the Sloan Digital Sky
Survey (DR6, Adelman-McCarthy et al. 2008), McConnachie
et al. (2009) identified two samples of CGs, one of 2297 com-
pact groups down to a limiting magnitude of r = 18, and a deeper
sample of 74 791 down to r = 21.

Loose groups have been extensively identified in large
redshifts surveys such as the 2dFGRS (Colless et al. 2001)
and SDSS (York et al. 2000), allowing the identification of thou-
sands of loose groups in the nearby universe (e.g. Merchán &
Zandivarez 2002, 2005; Eke et al. 2004; Yang et al. 2007).
The dependence of galaxy properties on the group properties
has been studied by several authors (e.g. Martínez et al. 2002;
Weinmann et al. 2006; Martínez & Muriel 2006; Gerke et al.
2007; Hansen et al. 2009; McGee et al. 2011; Wetzel et al. 2012).
Weinmann et al. (2009) investigated the sizes, concentrations,

colour gradients, and surface brightness profiles of central and
satellite galaxies in LG groups. These authors found that at fixed
stellar mass, late-type satellite galaxies have smaller radii, larger
concentrations, lower surface brightness, and redder colours than
late-type central galaxies. This effect was not found for the early-
type galaxies. Similar results were presented by Maltby et al.
(2010). Nair et al. (2010) inferred no environmental dependence
in the size-luminosity relation for early-type galaxies. On the
other hand, several authors have found that the size-luminosity
relationship for early-type galaxies varies depending on whether
the galaxies are central, satellite, or inhabit the field (e.g. Coenda
& Muriel 2009; Bernardi 2009).

The purpose of this paper is to compare the properties
of galaxies in compact groups and loose groups using homo-
geneous samples of galaxies and groups with similar spatial
distributions.

This paper is organised as follows: in Sect. 2, we describe
the samples of groups and galaxies that we use in this paper;
in Sect. 3, we perform comparative studies of the galaxy pop-
ulations in CGs, LGs and the field; in Sect. 4, we compare
some photometric scaling relations for galaxies in these envi-
ronments. We summarise and discuss our results in Sect. 5.
Throughout this paper, we assume a flat cosmological model
with parameters Ω0 = 0.3, ΩΛ = 0.7, and a Hubble’s con-
stant H0 = 100 h km s−1 Mpc−1. All magnitudes were corrected
for Galactic extinction using the maps by Schlegel et al. (1998)
and are in the AB system. Absolute magnitudes and galaxy
colours were K-corrected using the method of Blanton et al.
(2003) (KCORRECT version 4.1).

2. The samples

2.1. The sample of compact groups

The sample of CGs used in this paper was drawn from the cat-
alogue of CGs identified by McConnachie et al. (2009). This
catalogue was identified in the public release of the SDSS DR6
(Adelman-McCarthy et al. 2008). McConnachie et al. (2009)
used the original selection criteria of Hickson (1982), which de-
fined a CG as a group of galaxies with projected properties such
that: the number of galaxies within 3 mag of the brightest galax-
ies is N(Δm = 3) ≥ 4; the combined surface brightness of these
galaxies is μ ≤ 26.0 mag arcsec−2, where the total flux of the
galaxies is averaged over the smallest circle that contains their
geometric centres and has an angular diameter θG; and θN ≥ 3θG,
where θN is the angular diameter of the largest concentric cir-
cle that contains no additional galaxies in this magnitude range
or brighter.

McConnachie et al. (2009) identified 2297 CGs, adding up
to 9713 galaxies down to a Petrosian (Petrosian 1976) lim-
iting magnitude of r = 18 (catalogue A), and 74 791 CGs
(313 508 galaxies) down to a limiting magnitude of r = 21 (cat-
alogue B). According to the authors, contamination due to gross
photometric errors was removed from the catalogue A through
the visual inspection of all galaxy members, and they estimated
it is present in the catalogue B at a 14% level. The catalogue A,
which we use in this paper as a primary data source, has spectro-
scopic information for 4131 galaxies (43% completeness). This
catalogue includes groups that have a maximum line-of-sight ve-
locity difference smaller than 1000 km s−1 only, to remove in-
terlopers. The median redshift of the groups in this catalogue is
zmed = 0.09. In this work, we use a subsample of the catalogue A
of McConnachie et al. (2009), restricted to CGs in the redshift
range 0.06 ≤ z ≤ 0.18, which have spectroscopic redshifts for
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Fig. 1. Panel a) shows the spectroscopic redshift distribution of our sam-
ples of CGs (black line), and LGs with Ngal ≤ 6 in two ranges of
virial mass: low mass (blue line) and high mass (red line). Panel b)
shows the virial mass distribution of LGs groups with Ngal ≤ 6 and
0.06 ≤ z ≤ 0.18. Panels c) and d) show the CG redshift distribution
(black line), and the low-mass (blue line) and high-mass (red line) sub-
samples of LGs restricted to have redshift distributions similar to that
of the CGs by using a Monte Carlo algorithm (see text for details).

at least one member galaxy, and also restricted our analyses to
galaxy members with apparent magnitudes 14.5 ≤ r ≤ 17.77,
i.e., the range in which the Main Galaxy Sample (MGS; Strauss
et al. 2002) is complete. After meeting all these conditions, our
group sample comprises 846 CGs adding up to 2270 galax-
ies, among which, 1310 galaxies (∼58%) have measured red-
shifts. We show in panel (a) of Fig. 1 the redshift distribution
of the CGs in our sample. For every galaxy in the CGs with no
redshift information, we assumed that its redshift is the parent
group’s redshift.

2.2. The sample of loose groups

The loose groups of galaxies used in this paper are groups
identified in redshift space, and are not required to fulfil any
compactness or isolation criterion. In particular, we use groups
drawn from the sample of Zandivarez & Martínez (2011) iden-
tified in the MGS of the seventh data release (DR7, Abazajian
et al. 2009). Briefly, they used a friends-of-friends algorithm
(Huchra & Geller 1982) to link MGS galaxies into groups.
This is followed by a second identification using a higher den-
sity contrast in groups with at least 10 members, in order to
split merged systems and clean up any spurious member detec-
tion. Given the known sampling problems for bright galaxies,
the group identification was carried out over all MGS galax-
ies with 14.5 ≤ r ≤ 17.77. Group virial masses were com-
puted as M = σ2Rvir/G, where Rvir is the virial radius of the

system and σ is the velocity dispersion of member galaxies
(Limber & Mathews 1960). The velocity dispersion was esti-
mated using the line-of-sight velocity dispersion σv, σ =

√
3σv.

The computation of σv was carried out using the methods de-
scribed by Beers et al. (1990), by applying the biweight es-
timator for groups with more than 15 member and the gap-
per estimator for poorer systems. The sample of Zandivarez &
Martínez (2011, hereafter ZM11) comprises 15 961 groups with
more than 4 members, adding up to 103 342 galaxies. Groups
in this sample have a mean velocity dispersion of 193 km s−1, a
mean virial mass of 2.1 × 1013 h−1 M�, and a mean virial radius
of 0.9 h−1 Mpc. We refer the reader to ZM11 for details of the
identification procedure and parameters.

2.2.1. The high and low mass subsamples

Since our work intends to perform a fair comparison between
the galaxies inhabiting CGs and LGs we do not use the groups
of the ZM11 sample in a straightforward way. It is well-known
that the properties of galaxies in groups are correlated with
group mass (e.g. Martínez & Muriel 2006), thus, in our analyses
below we compare galaxies in the CGs with galaxies in LGs
in different mass ranges. We divide the groups in the ZM11
sample into two subsamples of low, log (M/M� h−1) ≤ 13.2,
and high, log (M/M� h−1) ≥ 13.6, mass. These two subsam-
ples have different redshift distributions, that also differ from
that of the CGs, as can be seen in the panel (a) of Fig. 1.
Thus, a direct comparison between the galaxies in these two
subsamples and the CGs will certainly be biased. We then use
a Monte Carlo algorithm to randomly select groups from these
two subsamples in order to construct new subsamples of low and
high mass LGs that have redshift distributions similar to that of
the CGs. In panels (c) and (d) of Fig. 1, we show the result-
ing redshift distributions and the redshift distribution of the CGs
as a comparison. A Kolmogorov-Smirnov test (KS) comparing
these distributions with that of the CGs gives significance levels
for the null hypothesis that they are drawn from the same dis-
tribution above of 95%. Our final subsamples of low and high
mass LGs include 2536 and 2529 systems, adding up to 8749
and 10 055 galaxies, respectively.

2.2.2. The equal luminosity subsamples of compact
and loose groups

We would ideally like to compare galaxies in LGs and CGs
of similar masses, which cannot be done since CGs in the
McConnachie et al. (2009) catalogues do not have measured
masses. Another way of comparing CGs and LGs that have sim-
ilar characteristics can be done by selecting them according to
the total luminosity of their galaxy members. Thus, we also
perform a comparison of galaxy properties in samples of CGs
and LGs with similar luminosity distributions. The luminosi-
ties of our LGs were computed by Martínez & Zandivarez
(2012) using the method of Moore et al. (1993), which accounts
for the galaxy members not observed owing to the apparent
magnitude limit by considering the luminosity function (LF)
of galaxies in groups. Martínez & Zandivarez (2012) used the
mass-dependent LF of ZM11.

To compute the total luminosities of the CGs using the
method of Moore et al. (1993), we need first to compute the LF
of the galaxies in CGs. We use two methods to compute the LF
of galaxies in CGs: the non-parametric C− (Lynden-Bell 1971;
Choloniewski 1987) for the binned LF and the STY method
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Fig. 2. The luminosity function of galaxies in compact groups.
Continuous line is the best-fit Schechter function with shape parame-
ters quoted inside the figure. These parameters are used to compute the
luminosities of CGs.

Fig. 3. The 0.1r-band group absolute magnitude (GR M0.1r) as a function
of redshift. Light blue dots are the LGs, and open black circles are
the CGs. We show in red lines the region of the diagram within which
we select subsamples of LGs and CGs restricted to have similar redshift
and absolute magnitude distributions.

(Sandage et al. 1979) to compute the best-fit Schechter (1976)
function parameters. Since the catalogue A of McConnachie
et al. (2009) is complete down to an apparent magnitude r = 18,
we included all galaxies brighter than this limit in the LF com-
putation. We show in Fig. 2 the resulting LF of galaxies in CGs
in the 0.1r-band. The best-fit Schechter function has shape pa-
rameters α = −1.19 ± 0.06 and M∗ − 5 log (h) = −21.21 ± 0.08
and is clearly a good fit to the C− points. It is interesting to com-
pare these LF parameters with those found by ZM11 for the cat-
alogue of LGs used in this paper. On the one hand, the M∗ is
comparable with the value −21.18 ± 0.04 that ZM11 found for
their highest mass bin, that is, groups with masses in the range
1.5−3.0 × 1014 M� h−1. On the other hand, the faint-end slope
value is consistent with the value −1.19 ± 0.04 corresponding
to LGs of intermediate mass ∼3.5 × 1013 M� h−1 in ZM11.

We show in Fig. 3 the absolute magnitude of LGs and CGs
as a function of redshift. Clear differences are observed be-
tween LGs and CGs: at a fixed redshift, the brightest objects
are LGs and the faintest are CGs. Among the LGs, there are
systems which can have more members than typical CGs and

Fig. 4. Redshift (left panel) and total group absolute magnitude (right
panel) distributions of groups in the region defined in Fig. 3: CGs
(black), LGs (light blue) and LGs selected by a Monte Carlo algorithm
to ensure that their redshift, and absolute magnitude distributions are
similar to those of the CGs (grey).

that are thus brighter. Compact groups were identified over a
parent catalogue that has a fainter apparent-magnitude limit
(r = 18) than the MGS (r = 17.77), which is the parent cata-
logue for the LGs of ZM11. This explains why there are CGs
much fainter than even the faintest LGs, particularly at z > 0.15.

To perform a fair comparison between LGs and CGs hav-
ing similar absolute-magnitude distributions, we firstly define
a region in the redshift-absolute magnitude plane in which we
can find both types of groups. As discussed above, for all red-
shifts z > 0.05, the CG sample includes systems that are fainter
than all the LGs owing to differences in the apparent magnitude
limit of the parent catalogues. As can be seen in Fig. 3, beyond
z > 0.15 the samples of LGs and CGs do not overlap at all, this
imposes the upper redshift cut-off. For the lower redshift cut-
off, we use the same value, z = 0.06, as in the other samples
defined before. Within this redshift range, we avoid the region
in which only CGs are found, that is, we impose a redshift-
dependent faint absolute magnitude cut-off that, for simplicity,
we have chosen to be linear. We indicate this region with red
lines in Fig. 3. Within this region, LGs and CGs have different
redshift and absolute magnitude distributions, which we show in
Fig. 4 as black and light blue histograms, respectively. We then
select by means of a Monte Carlo algorithm, a subsample of LGs
that match the redshift and absolute magnitude distributions of
the CGs. This is shown as grey histograms in Fig. 4. When we
compare LGs and CGs of equal luminosity in the analyses below,
we refer to these two subsamples of groups. Our final subsam-
ples of EQL-CGs and EQL-LGs include 571 and 2345 systems,
adding up to 1729 and 10 554 galaxies, respectively. We explic-
itly make this distinction between the CG and the EQL-CG sam-
ples since the latter has a redshift-dependent absolute-magnitude
constraint that is absent in the former.

2.3. The sample of field galaxies

We also compare the properties of galaxies in CGs with the
properties of field galaxies. We consider as field galaxies
all DR7 MGS galaxies that were not identified as belonging
to LGs by ZM11 groups or to CGs by McConnachie et al.
(2009), with apparent magnitudes 14.5 ≤ r ≤ 17.77. For an
adequate comparison with our samples of galaxies in groups,
we used the same Monte Carlo algorithm of the previous sub-
section to contract a sample of field galaxies that has a simi-
lar redshift distribution as that of galaxies in our CG sample.
This field sample includes 250 725 galaxies. We show in Fig. 5
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Fig. 5. Redshift distributions of galaxies: CGs sample (black), field
galaxies (green), and field galaxies selected by using a Monte Carlo
algorithm to have a similar redshift distribution as CGs (violet).

the redshift distributions of galaxies in CGs, of all field galax-
ies and field galaxies that were Monte Carlo selected. A KS test
between the galaxies in CGs and in our Monte Carlo selected
field samples gives significance levels for the null hypothesis
that they are drawn from the same distribution above of 95%.
From now on, when we refer to field galaxies we mean galaxies
in this Monte Carlo selected sample.

3. Comparing galaxies in CGs, LGs, and in the field

We compare parameters of galaxies in CGs, LGs, and in the
field. The parameters on which we focus our study are:

– Petrosian absolute magnitude in the 0.1r-band.
– The radius that encloses 50% of the Petrosian flux r50.
– The r-band surface brightness, μ50, computed inside r50.
– The concentration index, defined as the ratio of the

radii enclosing 90 and 50 percent of the Petrosian flux,
C = r90/r50.

– The 0.1(u−r) colour. We use model instead of Petrosian mag-
nitudes to compute colours since aperture photometry may
include non-negligible Poisson and background subtraction
uncertainties in the u band.

– The stellar mass, M∗ based on luminosity and colour,
computed following Taylor et al. (2011).

In the analyses below, we classify galaxies into early and late
types according to their concentration index. Early-type galax-
ies typically have C > 2.5, while for late-types C < 2.5 (Strateva
et al. 2001). The effects of seeing in the measurement of r50
and r90 have to be considered for galaxies with relatively small
angular sizes. The average seeing in the SDSS is below a conser-
vative value of 1.5′′ (Shen et al. 2003). Since the values of r50,
μ50, and C can be unreliable for galaxies with r50 below this
value, we excluded them from our analyses. The numbers of
galaxies in each sample quoted in the previous section are based
on this size cut-off.

Since many galaxy properties correlate with absolute magni-
tude, to perform a fair comparison we weight each galaxy in our
computations by 1/Vmax (Schmidt 1968) in order to compensate
for our dealing with galaxy samples that are drawn from flux-
limited catalogues. Figure 6 compares the normalised distribu-
tions of galaxy parameters of galaxies in LGs and the field with

those of CG galaxies. Below each panel of Fig. 6, we show the
residuals between each pair of distributions, i.e., for each prop-
erty X, the difference ΔF(X) = fCG(X) − f (X), where fCG(X)
and f (X) are the fractions of galaxies in the bin centred on X in
the CG and the other sample, respectively.

In terms of luminosity, and as can be seen from Fig. 6, galax-
ies in CGs tend to be slightly more luminous than their field
counterparts, in the sense of an excess of M0.1r − 5 log (h) �
−20 galaxies, which agrees with the previous findings of Deng
et al. (2008). We find no clear difference from either low or high
mass LGs. A similar result is found by Deng et al. (2007) when
comparing galaxies in CGs and LGs identified by different algo-
rithms. Important differences can be seen between CGs and the
sample of LGs restricted to have similar total luminosity distri-
butions (hereafter EQL-LG): galaxies in CGs are systematically
brighter.

Compared to all LG samples and the field, CGs have a larger
fraction of galaxies with μ50 � 20.4 mag arcsec−2 and a deficit
of lower surface-brightness galaxies.

When comparing galaxy sizes, we find differences be-
tween CGs and the other environments for galaxies with r50 �
3 kpc. Compact groups contain an excess of galaxies with r50 �
2 kpc and a deficit of 2 kpc � r50 � 3 kpc galaxies. Deng
et al. (2008) found no significant differences between the sizes
of galaxies in CGs and a sample of field galaxies, a result that
they argued was due to their narrow luminosity range.

Galaxies in CGs are systematically more concentrated than
their counterparts in the field or in LGs. This difference reflects
that galaxies in CGs have, on average, smaller sizes and compa-
rable luminosities to galaxies in the other samples. Thus, CGs
have a larger fraction of early-type galaxies. In agreement with
our results, Deng et al. (2008) found that CGs have a larger
fraction of highly concentrated early-type galaxies than the field.

In agreement with their relatively large fraction of early-type
galaxies, galaxies in CGs show a larger fraction of red galaxies,
than the field and the LGs. Our results agree with the compar-
ison of CGs and field galaxies by Lee et al. (2004) and Deng
et al. (2008). Brasseur et al. (2009) arrived at similar results per-
forming a similar comparison using mock catalogues based on
the Millennium Run simulation (Springel et al. 2005).

Galaxies in CGs tend to have higher stellar masses than their
field and EQL-LGs counterparts. We explore this result further
in Fig. 7, where we show the median stellar mass as a function of
absolute magnitude for galaxies in all our samples. Differences
arise at the lower luminosities that we explore, galaxies in groups
differ from field galaxies, being more massive at fixed luminos-
ity. At the same time, something similar is observed when com-
paring the equal luminosity subsamples: galaxies in CGs appear
to be more massive at lower luminosities. All of these differences
are almost erased when we consider early types only.

As a general conclusion from this section, galaxies in CGs
differ from galaxies in other environments. Differences are larger
when compared to field galaxies and smaller when compared to
galaxies in high mass LGs.

3.1. The fraction of red and early-type galaxies in groups

As a complementary study, we also study the fraction of galax-
ies that are in the red sequence or are classified as early-type
as a function of galaxy absolute magnitude in the environ-
ments that we probe. To quantify the fraction of red galaxies,
we follow ZM11 and classify galaxies as red/blue accordingly
to whether their 0.1(u − r) colour is larger/smaller than the lu-
minosity dependent threshold T (x) = −0.02x2 − 0.15x + 2.46,
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Fig. 6. Distributions of galaxy properties in our samples: CGs sample (thick black line), field (violet), low-mass LGs (blue), high-mass LGs (red),
and EQL-LG (thin black line). All distributions have been normalised to have the same area. Below each panel, we show as shaded histograms the
residuals between the distributions.

where x = M0.1r − 5 log (h) + 20. To classify galaxies into early-
and late-types, we use the concentration parameter and consider
as early types those galaxies that have C > 2.5.

Figure 8 shows the fraction of red galaxies (left panels),
early-type galaxies (centre panels), and red early-type galax-
ies (right panels) as a function of galaxy absolute magnitude.
The comparison among CGs, LG samples, and the field shows
that CGs have a larger fraction of red early-type galaxies over
the whole absolute magnitude range. For brighter luminosities,
CGs and high mass LGs have similar fractions of red galax-
ies, the largest difference being observed when red and early-
types galaxies are considered. Important differences can be seen
between CGs and LGs of similar luminosities (lower panels).

4. Photometric relations

There are well-known scaling relations involving the photomet-
ric, structural, and dynamical parameters of galaxies. Among

the scaling relations that involve photometric parameters are
the colour−magnitude (Sandage & Visvanathan 1978a,b), also
known as the red sequence (RS) for early-type galaxies, and the
luminosity-size relation. These empirical relations are closely re-
lated to the physical processes involved in the galaxy formation
scenario, hence are a fundamental tools in helping us to under-
stand the formation and evolution of galaxies. In this section,
we compare these relations for our samples of galaxies in CGs,
LGs, and in the field. As in the previous section, we weight each
galaxy by 1/Vmax according to its absolute magnitude and the
redshift and apparent magnitude cut-offs.

4.1. Colour–magnitude diagram: red sequence

Figure 9 shows the colour−magnitude diagram as a function
of environment. As expected, it is clear from the left panels of
Fig. 9 that, as we move from field to LGs of increasing mass, the
blue population declines in numbers, while red galaxies become
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Fig. 7. The stellar mass as a function absolute magnitude for galaxies
in our samples. Points represent the median in each bin, error-bars are
the 25% and 75% percentiles within each bin.

the dominant population. For CG the red population is even more
dominant. The right panels of Fig. 9 consider only early-type
galaxies, since they are selected according to their concentra-
tion parameter alone, there is a blue population that has not
been completely removed. This blue population becomes less
prominent as we move from field to CGs. Lee et al. (2004)
and Brasseur et al. (2009) found that galaxies in compact as-
sociations are confined nearly exclusively to the red sequence,
with few galaxies occupying the blue cloud, in agreement with
our results.

It is well-known that, for a fixed absolute magnitude, M,
the colour distribution of the galaxies is well-described by the
sum of two Gaussian functions representing the blue cloud and
the red sequence (e.g. Baldry et al. 2004; Balogh et al. 2004;
Martínez et al. 2006)

f (col|M) = AB exp

⎛⎜⎜⎜⎜⎝− (col − μB)2

2σ2
B

⎞⎟⎟⎟⎟⎠+AR exp

⎛⎜⎜⎜⎜⎝− (col − μR)2

2σ2
R

⎞⎟⎟⎟⎟⎠ · (1)

In the equation above, AB and AR are the amplitudes, μB and μR
the centres, and σB and σR the width of the Gaussian functions
describing the blue (B) and red (R) populations. We study the
environmental dependence of the red sequence following the
same procedure as in Martínez et al. (2010): for different ab-
solute magnitude bins, we fit the two Gaussian model (Eq. (1))
to the 0.1(u − r) colour distribution of field, LG, and CG galax-
ies, using a standard Levenberg-Marquardt method. Thus, for all
our galaxy samples we have the six parameters of Eq. (1) as a
function of 0.1r-band absolute magnitude. In Fig. 10, we show
the centre of the Gaussian function (μR) that most closely fits the
red sequence in the colour−magnitude diagrams of Fig. 9. The
abscissas are the medians of the corresponding distributions of
the absolute magnitudes in each bin and the horizontal error bars
are the 25% and 75% quartiles.

In the absolute magnitude range that we probe in this work,
we find that data points in Fig. 10 are well-described by a

quadratic polynomial (Martínez et al. 2010). The continuous
lines in Fig. 10 show the best quadratic fits to μR as a function of
the absolute magnitude. This figure shows (upper left panel) that
the red sequence of field galaxies is always bluer than its coun-
terparts in groups. Among groups, the mean colour of the red
sequence is systematically redder for the high mass subsample
(as in Martínez et al. 2010). The μR of CG galaxies agrees with
that of galaxies in high mass LGs over the whole range of ab-
solute magnitudes that we probe. When considering the samples
of CGs and LGs of similar luminosities (lower left panel), the μR
of CGs is systematically redder for M0.1r − 5 log (h) < −20.5.
When we consider red early-type galaxies alone (right panels of
Fig. 10), the differences between our results for the field, LGs,
and CGs disappear. Nevertheless, differences between the red
sequences of CGs, LGs, and the field are still present.

4.2. Luminosity-size relation

Figure 11 shows the Petrosian half-light radius as a function of
absolute magnitude of late (lefts panels) and early-type galaxies
(right panels). As expected, brighter galaxies are larger, as pre-
viously found in several environments independently of the mor-
phological types (e.g. Coenda et al. 2005; Bernardi et al. 2007;
von der Linden et al. 2007; Coenda & Muriel 2009; Nair et al.
2010).

To analyse the luminosity-size relation, for each panel in
Fig. 11, we derive the size distribution within several abso-
lute magnitude bins. In all cases, for a fixed absolute magni-
tude, M, the size (r50) distribution can be well-described by a
log-normal distribution (Shen et al. 2003), which is characterised
by a median (μ = ln(rmed)) and a dispersion (σ)

f (r50|M) =
1

r50σ
√

2π
exp

(
− ln (r50) − μ

2σ2

)
· (2)

We fit this model to the distributions shown in Fig. 11 using a
standard Levenberg-Marquardt procedure. Figure 12 shows the
median log (rmed) as a function of the absolute magnitude of the
distributions shown in Fig. 11. For all samples of galaxies anal-
ysed here, a quadratic polynomial function is a good description
of the median log (rmed) as a function of absolute magnitude. We
also show these fits in Fig. 12. The curvature in the luminosity-
size relation was previously reported by Bernardi et al. (2007)
and Coenda & Muriel (2009).

Taking into account the error-bars, the differences among the
different sequences in Fig. 12 are insignificant for most of the
bins. The only clear difference is seen between early-type galax-
ies populating the EQL CG sample and the field. Nevertheless,
a systematic behaviour can be seen in all panels of Fig. 12: over
the whole range on luminosities, galaxies in CGs tend to be the
smallest, while field galaxies are the largest. This effect is ob-
served for both early and late-type galaxies. Analysing central
and satellite galaxies, Weinmann et al. (2009) found a similar
dependence of the size-luminosity relation on the environment,
although they found that the effect is only observed for late-
type galaxies. These authors adopted a more restrictive C > 3
value to select early-type galaxies. This threshold preferentially
selects elliptical galaxies. To compare our results with those ob-
tained by Weinmann et al. (2009), we consider a sub-sample of
early-type galaxies for which C > 3. The corresponding results
are shown in the inset-panels of Fig. 12, where it can be ob-
served that the size-luminosity relation for C > 3 galaxies is the
same for all the environments considered. This agrees with Nair
et al. (2010), who, by using a sample of visually classified bright
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Fig. 8. Left panels: the fraction of red galaxies according to their 0.1(u − r) colour; centre panels: the fraction of early-type galaxies according to
their concentration parameter; right panels: the fraction of red early-type galaxies. All fractions are shown as a function of absolute magnitude.
The upper panels compare CGs, LGs of low and high mass, and field galaxies, while lower panels compare CGs and LGs with similar redshift
and total absolute magnitude. Vertical error-bars are obtained by using the bootstrap resampling technique, horizontal error-bars are the 25% and
75% quartiles of the absolute magnitude distribution within each bin.

sample of galaxies, found no dependence on environment of the
size-luminosity relation for elliptical galaxies.

5. Conclusions and discussion

To investigate the dependence of the galaxy properties on envi-
ronment, we have performed a comparative study of the prop-
erties of galaxies in CGs, LGs, and in the field in the redshift
range 0.06 < z < 0.18. Compact groups analysed in this pa-
per were drawn from the catalogue A of McConnachie et al.
(2009), while LGs were selected from the sample of ZM11. In
all cases, galaxy properties used in our work were taken from the
MGS sample of the SDSS DR7.

We have selected three samples of LGs taken from
the ZM11 catalogue, the first two consisting of low
(log (M/M� h−1) ≤ 13.2) and high (log (M/M� h−1) ≥ 13.6)
mass. The third sample has been selected to ensure that it has
a similar total luminosity distribution to that of CGs. Since the
original samples of CGs and LGs have different redshift dis-
tributions, we constructed the LG group samples by using a
Monte Carlo algorithm that randomly selects groups in order
to reproduce the redshift distribution of CGs. Our sample of
field galaxies was similarly drawn to reproduce the redshift dis-
tribution of CG members. The final samples consist of 846,
2536, and 2529 compact, low-mass, high-mass and equal lu-
minosity loose groups, respectively. The corresponding number
of member galaxies are 2270, 8749, and 10 055. The equal lu-
minosity subsamples of compact and loose groups include 571
and 2345 objects, adding up to 1729 and 10 554 galaxies,

respectively. The field sample comprises 250 725 galaxies.
This statistically significant set of data has been used to com-
pare the basic properties of galaxies as well as some photometric
scaling relations in different environments.

Our main findings are:

– The properties of galaxies in either LGs or the field do not
match those of galaxies in CGs.

– Compact groups are the environment that contains the largest
fraction of both early-type and red galaxies (our comparison
between CGs and the field agrees with Lee et al. 2004; Deng
et al. 2008; Brasseur et al. 2009). This effect is observed for
the whole range of absolute magnitude and stellar mass.

– Galaxies in CGs are, on average, smaller, more compact, and
have higher surface brightnesses and stellar masses than in
either LGs or the field. Differences are larger when compared
to field galaxies and smaller when compared to galaxies in
high mass LGs. This disagrees with the previous findings of
Deng et al. (2008), but it should be kept in mind that they
explored a narrower range in luminosity.

– The luminosity function of galaxies in CGs has a char-
acteristic magnitude comparable to that of the most mas-
sive LGs, while its faint-end slope is similar to that of LGs
of intermediate mass (LG luminosity functions measure-
ments by ZM11). These parameters might indicate that the
compact group environment is effective in producing bright
galaxies and, at the same time, is a more hostile envi-
ronment for fainter galaxies than LGs. Nevertheless, more
solid conclusions on this will only be obtained when the
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Fig. 9. Colour−magnitude diagram: 0.1(u − r) as a function of M0.1r for
galaxies in the field, in both low and high mass LGs, and in CGs. Equal
luminosity samples of CGs and LGs are shown separately. Left pan-
els include all galaxies in the samples, while right panels include only
early-type galaxies according to their concentration parameter. Darker
colours represent higher values. All distributions have been normalised
to enclose the same volume.

mass measurements of CGs allow a more detailed study of
their LF and its dependence on mass.

– The mean colour of CG galaxies is consistent with that of
galaxies in high mass LGs over the whole range of absolute
magnitudes that we have probed.

– For a fixed luminosity and over the whole range of abso-
lute magnitudes, both late- and early-type galaxies in CGs
are smaller in size than those in EQL groups and the field.

Fig. 10. μR of the sequences of red galaxies from Fig. 9 as a function
of absolute magnitude. The abscissas are the median and the horizontal
error bars are the 25% and 75% quartiles of the absolute magnitude dis-
tribution within each luminosity bin. Vertical error bars are the 1σ error
estimates from the fitting procedure. Continuous lines are the best-fit
quadratic models.

A similar trend is observed when we compared our results
for CG galaxies with those of galaxies in low mass groups,
although it is statistically insignificant. If early-type galaxies
are selected using C > 3, the corresponding size-luminosity
relations are environment-independent, in agreement with
Weinmann et al. (2009), Nair et al. (2010), and Maltby et al.
(2010).

It should be taken into account that we have excluded from our
analyses galaxies with r50 smaller than the average seeing in
SDSS images. While this avoids introducing any systematics
due to the seeing, it also excludes increasingly larger galaxies
as we go from the lowest to the highest redshift considered in
this work. Thus, the actual differences between galaxies in the
different environments probed here might be more significant.

Our results did not significantly change when we: (i) con-
sidered only galaxies with spectroscopic redshift in CGs; (ii) re-
stricted our analyses to CGs with higher surface brightnesses.
We refer the reader to Appendix A for more details.

One of our most important results is that of galaxies in CGs
tend to be more compact, redder, and have higher surface bright-
nesses than their LG or field counterparts. These galaxies could
be the descendants of galaxies that inhabited LGs before go-
ing through a GC phase. In the CG environment, galaxies have
undergone mergers and tidal effects caused by the high densi-
ties and small velocity dispersions that characterise CGs. This
agrees with the large number of CGs that contain clear exam-
ples of galaxies with disturbed morphologies (e.g. Mendes de
Oliveira & Hickson 1994). The large fraction of red galaxies
in CGs suggests that the aforementioned processes are efficient
in producing objects with earlier morphological types. This large
fraction of red galaxies in CGs provides additional evidence
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Fig. 11. Petrosian half-light radius, r50, as function of the absolute mag-
nitude for field and both low and high mass LG and CG galaxies. Equal
luminosity samples of CGs and LGs are shown separately. Left panels
show late-type galaxies, while right panels consider early-type galaxies
according to their concentration parameter.

of an advanced stage of the morphological transformation pro-
cesses, which is consistent with the predictions of the numerical
simulations of Brasseur et al. (2009), who conclude that galax-
ies in CGs should be mainly red and dead ellipticals. Our results
are also consistent with previous studies of the galaxy SFR in
compact groups, such as Walker et al. (2010) and Tzanavaris
et al. (2010). The differences between the luminosity function
of galaxies in CGs and LGs also support a scenario where low
luminosity galaxies merge efficiently leading to both a smaller

Fig. 12. The log (rmed) of the size distribution as a function of absolute
magnitude for late-type galaxies (left panels) and early-types galaxies
(right panels). The abscissas are the median and the horizontal error
bars are the 25% and 75% quartiles of the absolute magnitude distri-
bution within each luminosity bin. Vertical error bars are the 1σ error
estimates derived from the fitting procedure. Continuous lines are the
best-fit quadratic models. Inset panels show the results of using C > 3
to define early-type galaxies.

number of faint galaxies and larger number of bright early-type
galaxies, as observed.

Recent results (e.g. Cortese et al. 2006; Wilman et al. 2009),
McGee et al. (2009) suggest that groups of galaxies play a funda-
mental role in the pre-processing of galaxies before they become
part of more massive systems such as clusters of galaxies. Our
results indicate that galaxies that inhabit a high density environ-
ment, such as CGs, have undergone a major transformation com-
pared to objects that presently occupy a LG. Within this scenario,
the properties of galaxies in high mass systems such as clus-
ters, should display considerable variations in their galaxy prop-
erties depending on the fraction of members that have undergone
a CG phase.

Acknowledgements. We thank the anonymous referee for useful comments and
suggestion that improved the paper. This work was supported with grants from
CONICET (PIP 11220080102603 and 11220100100336), Ministerio de Ciencia
y Tecnología (PID 2008/14797627), Provincia de Córdoba, and SECYT-UNC,
Argentina. Funding for the Sloan Digital Sky Survey (SDSS) has been provided
by the Alfred P. Sloan Foundation, the Participating Institutions, the National
Aeronautics and Space Administration, the National Science Foundation, the
US Department of Energy, the Japanese Monbukagakusho, and the Max Planck
Society. The SDSS Web site is http://www.sdss.org/. The SDSS is man-
aged by the Astrophysical Research Consortium (ARC) for the Participating
Institutions. The Participating Institutions are The University of Chicago,
Fermilab, the Institute for Advanced Study, the Japan Participation Group, The
Johns Hopkins University, the Korean Scientist Group, Los Alamos National
Laboratory, the Max Planck Institut für Astronomie (MPIA), the Max Planck
Institut für Astrophysik (MPA), New Mexico State University, University of
Pittsburgh, University of Portsmouth, Princeton University, the United States
Naval Observatory, and the University of Washington.

A119, page 10 of 12

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201118318&pdf_id=11
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201118318&pdf_id=12
http://www.sdss.org/


V. Coenda et al.: Comparing galaxy populations in compact and loose groups of galaxies

Fig. A.1. Distributions of galaxy properties of CGs: whole sample (thick line) and members with spectroscopic redshifts (thin line).

Fig. A.2. Distributions of galaxy properties of CGs with μ ≤ 26.0 mag arcsec−2 (thick line), μ ≤ 25.0 mag arcsec−2, and μ ≤ 24.0 mag arcsec−2

(thin line).

Appendix A: The compact groups sample:
contamination

As explained in Sect. 2, we consider in this work a subsam-
ple of the catalogue A of CGs identified by McConnachie et al.
(2009), which is limited to the redshift range of 0.06 ≤ z ≤ 0.18
and apparent magnitudes 14.5 ≤ r ≤ 17.77 (2270 galaxies).
McConnachie et al. (2009) identified CGs following the criteria
of Hickson (1982). In particular, the group surface brightness in
the r-band is μ ≤ 26.0 mag arcsec−2. The catalogue A includes
1310 galaxies with measured spectroscopic redshifts (∼58%).
Figure A.1 compares the normalised distributions of the galaxy
parameters for all galaxies in CGs and those with measured spec-
troscopic redshift. Neither significant nor systematic differences
can be observed.

McConnachie et al. (2008) found that selecting CGs with a
higher surface brightness threshold, decreases the contamination
rate. McConnachie et al. (2009) stated that the level of contam-
ination is negligible for their catalogue A. We checked whether
our results are affected by contamination by selecting groups
with μ ≤ 25.0 mag arcsec−2 and μ ≤ 24.0 mag arcsec−2, and then
comparing the properties of their galaxies with the members of

groups for which μ ≤ 26.0 mag arcsec−2. We compare the galaxy
properties of groups selected according to these three μ values
in Fig. A.2. Although the galaxy properties of CGs seem simi-
lar when we consider CGs selected with different groups surface
brightness, CGs with μ ≤ 24.0 mag arcsec−2 contain a higher
fraction of early-and red galaxies.
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