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ABSTRACT

Context. The formation and evolution of elliptical galaxies in low-density environments are less understood than classical elliptical
galaxies in high-density environments. Isolated galaxies are defined as galaxies without massive neighbors within scales of galaxy
groups. The effect of the environment at several Mpc scales on their properties has been barely explored. We study the role of the
large-scale environment in 573 isolated elliptical galaxies out to z = 0.08.
Aims. We aim to explore whether the large-scale environment affects some of the physical properties of the isolated galaxies studied
in this work.
Methods. We used three environmental estimators of the large-scale structure within a projected radius of 5 Mpc around isolated
galaxies: the tidal strength parameter, projected density ηk,LSS, and distance to the fifth nearest neighbor galaxy. We studied isolated
galaxies regarding stellar mass, integrated optical g − i color, specific star formation rate (sSFR), and emission lines.
Results. We find 80% of galaxies at lower densities correspond to “red and dead” elliptical galaxies. Blue and red galaxies do not tend
to be located in different environments according to ηk,LSS. Almost all the isolated ellipticals in the densest large-scale environments
are red or quenched, of which a third are low-mass galaxies. The percentage of isolated elliptical galaxies located in the active galactic
nucleus (AGN) region of the BPT diagram is 64%. We identified 33 blue, star-forming (SF) isolated ellipticals using both color and
sSFR. Half of these are SF nuclei in the BPT diagram, which amounts to 5% of the galaxies in this diagram.
Conclusions. The large-scale environment does not play the primary role in determining the color or sSFR of isolated elliptical
galaxies. The large-scale environment seems to be negligible from a stellar mass scale around 1010.6 M�, probably because of the
dominant presence of AGN at higher masses. For lower masses, the processes of cooling and infall of gas from large scales are very
inefficient in ellipticals. Active galactic nuclei might also be an essential ingredient to keep most of the low-mass isolated elliptical
galaxies quenched.

Key words. galaxies: active – galaxies: elliptical and lenticular, cD – galaxies: fundamental parameters – galaxies: photometry –
galaxies: star formation

1. Introduction

Early-type galaxies, and in particular elliptical (E) galaxies, have
been described in general as quiescent objects in high-density
environments that have regular and smooth structures as the
result of major and minor mergers of disk galaxies, after which
the gas would have been depleted and star formation quenched
(e.g., Oemler 1974; Dressler 1980; Hernquist 1993; Kauffmann
1996; Tutukov et al. 2007; Schawinski et al. 2014). However,
detailed observational studies in recent years have shown that
early-type galaxies present more complex structures and more
variations in their properties than previously thought (Blanton
& Moustakas 2009; Suh et al. 2010; Shapiro et al. 2010; Young
et al. 2014).

Although early-type galaxies are mostly red or passive obje-
cts, there are also a fraction of blue or star-forming (SF)
galaxies that increase in numbers as the mass of these obje-
ctsbecomessmallerand theenvironmentbecomes lessdense (e.g.,

Kuntschner et al. 2002; Bernardi et al. 2006; Lee et al. 2006;
Schawinskiet al. 2009;Kannappanetal. 2009;Thomasetal. 2010;
McIntosh et al. 2014; Schawinski et al. 2014; George & Zingade
2015; Vulcani et al. 2015; Lacerna et al. 2016; Spector & Brosch
2017). However, the formation and evolution of early-type galax-
ies in low-density environments are less understood than classi-
cal early-types in high-density environments (Kuntschner et al.
2002; Rosito et al. 2018).

Mechanisms that regulate the physical properties of massive
E galaxies seem to be concentrated on scales inside the virial
radius of their host dark matter haloes. In this case, the pro-
cesses involved in the morphological transformation of E galax-
ies are those that dominate in their quenching of star formation
and depletion of their cold gas reservoir. New episodes of cold
gas inflow are very unlikely to occur within the high-density
environment of clusters or for isolated galaxies living in mas-
sive haloes. Thus, these E galaxies are expected to remain “red
and dead”.
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The effect of the environment around massive galaxies in
defining their physical properties is less strong than mass (e.g.,
Alpaslan et al. 2015), but seems to play a role around less mas-
sive galaxies (Peng et al. 2010; Bluck et al. 2014). Lacerna et al.
(2016; hereafter L16) find that the correlations of colors, spe-
cific star formation rate (sSFR), and size with the stellar mass
of nearby isolated E galaxies are similar to those ellipticals in
a high-density environment such as the Coma supercluster. For
instance, all E galaxies more massive than 1011 M� are quies-
cent. However, at smaller stellar masses, a fraction of the iso-
lated Es deviate systematically toward the blue cloud, whereas a
few Es pass as moderately blue in Coma. There are four isolated
Es with stellar masses between 1× 1010 and 4× 1010 M� that are
blue and SF galaxies at the same time. These blue SF isolated Es
are also the youngest galaxies with light-weighted stellar ages
.1 Gyr, which could indicate recent processes of star formation
in these objects. Therefore, in some cases, the isolated environ-
ment seems to propitiate the rejuvenation or a late formation of
E galaxies.

Most of the definitions of isolated galaxies are based on
the lack of neighbor galaxies with comparable brightness or
mass within some distance that usually is not larger than 1 Mpc.
Therefore, isolation criteria are given by the local environment
at scales slightly beyond the virial radius of big galaxy groups or
small galaxy clusters, but these criteria do not consider the large-
scale structures (LSSs) around isolated galaxies. In this context,
isolated galaxies can be residing in very different LSSs such as
voids, void walls, filaments, or in the outskirts of galaxy clus-
ters (Argudo-Fernández et al. 2015b). Therefore, the large-scale
environment might supply the gas for the rejuvenation scenario
in some isolated E galaxies, or, on the other hand, the cosmic
web might remove the gas reservoir by ram pressure in some
isolated Es hosted by low-mass haloes (e.g., “cosmic web strip-
ping”; Benítez-Llambay et al. 2013) among other scenarios.

This paper aims to explore whether the large-scale environ-
ment affects the integrated photometric and spectral properties
of nearby isolated galaxies with E morphologies as a function
of total stellar mass. We use three environmental estimators of
the LSS around isolated galaxies within a projected radius of
5 Mpc, which is a scale that is typically outside of filament spines
(Kuutma et al. 2017).

The outline of the paper is as follows. Section 2 presents
the descriptions of two catalogs of isolated galaxies used in
this paper. In this section, we also describe the morphological
classification of E galaxies and their physical properties used
throughout the paper. Besides that, we define the large-scale
environmental parameters. We show both the color-stellar mass
diagram and the sSFR-stellar mass diagram as a function of
the large-scale environment for isolated E galaxies in Sect. 3.
Section 4 presents the Baldwin et al. (1981, BPT) diagram as a
function of stellar mass and large-scale environment. The impli-
cations of our results are discussed in Sect. 5 and the conclusions
are given in Sect. 6.

Throughout this paper the reduced Hubble constant, h, is
defined as H0 = 70 h km s−1 Mpc−1 with the following depen-
dencies: stellar mass in h−2 M� and physical scale in h−1 Mpc.

2. Data

Because the number of very isolated galaxies is low, especially
for galaxies of E morphologies, we combine two catalogs of
isolated galaxies in our analysis. These two catalogs are the
UNAM-KIAS catalog of isolated galaxies (Hernández-Toledo
et al. 2010) and the catalog of isolated galaxies compiled by

Argudo-Fernández et al. (2015b; hereafter SIG), which are
described in Sects. 2.1 and 2.2, respectively. We present our
morphological selection of E galaxies in Sect. 2.3. We present
some physical properties that we use to characterize our sam-
ples of isolated E galaxies in Sect. 2.4. In Sect. 2.5, we
define the large-scale environmental estimators used in this
work.

2.1. Sample from UNAM-KIAS

One sample of isolated galaxies in this study comes from the
UNAM-KIAS catalog of Hernández-Toledo et al. (2010). That
paper and also L16 give more details of the sample. We briefly
present this sample and the selection criteria.

Galaxies with extinction-corrected apparent Petrosian r-
band magnitudes in the range 14.5 ≤ rPet < 17.6 were
selected from the Sloan Digital Sky Survey (SDSS) Data
Release 5 (Adelman-McCarthy et al. 2007). Hernández-Toledo
et al. (2010) also used data from the New York University Value-
Added Galaxy Catalog (NYU-VAGC; Blanton et al. 2005) based
on SDSS Data Release 4 (Adelman-McCarthy et al. 2006). The
survey region used covers 4464 deg2, containing 312 338 galax-
ies. Hernández-Toledo et al. (2010) searched in the literature and
borrowed redshifts of the bright galaxies without SDSS spec-
tra to increase the spectroscopic completeness. The final dataset
consists of 317 533 galaxies with known redshift and SDSS pho-
tometry.

Three parameters specify the isolation criteria. The first is
the extinction-corrected Petrosian r-band apparent magnitude
difference between a candidate galaxy and any neighboring
galaxy, ∆mr. The second is the projected separation to the neigh-
bor across the line of sight, ∆d. The third parameter is the
radial velocity difference, ∆V . A galaxy i with magnitude mr,i
is regarded as isolated with respect to potential perturbers if the
separation ∆d between this galaxy and a neighboring galaxy j
with magnitude mr, j and radius R j satisfies the conditions

∆d ≥ 100 × R j (1)

or ∆V ≥ 1000 km s−1. (2)

In this case R j is the seeing-corrected Petrosian radius of galaxy
j, measured in i-band using elliptical annuli to consider flatten-
ing or inclination of galaxies (Choi et al. 2007). In cases when
a galaxy i has close neighbors (i.e., it does not satisfy Eqs. (1)
and (2)), this galaxy can be considered as isolated if

mr, j ≥ mr,i + ∆mr, (3)

for all neighboring galaxies. Hernández-Toledo et al. (2010)
chose ∆mr = 2.5 mag. Only galaxies brighter than mr =
15.2 mag were used to select isolated galaxies to consider this
magnitude difference. This condition allows an isolated galaxy
to have fainter neighbors but rejects significant perturbers. Using
these criteria, these authors found a total of 1520 isolated galax-
ies.

2.2. SIG sample

The other sample of isolated galaxies used in this study is the
SIG (Argudo-Fernández et al. 2015b). The SIG is composed of
3702 galaxies selected from the SDSS Data Release 10 (Ahn
et al. 2014). The galaxies were selected in a volume-limited sam-
ple with SDSS r-band model magnitude 11 ≤ mr ≤ 15.7 and red-
shift range 0.005 ≤ z ≤ 0.080, and are isolated with no neighbors
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within projected separation and line-of-sight velocity difference
as follows:

∆d ≤ 1 Mpc (4)

and |∆V | ≤ 500 km s−1. (5)

The isolation criteria used in the SIG are slightly different
from the criteria in the UNAM-KIAS sample. The volume of
isolation in the SIG is fixed at 1 Mpc projected distance in the
sky, which corresponds to a crossing time of about tcc ∼ 5 Gyr
(see Argudo-Fernández et al. 2015b, for more details). The upper
magnitude limit for galaxies in the SIG at mr ≤ 15.7 mag ensures
that there are no neighbors, in the defined isolation volume, at
least 2 orders of magnitude fainter within the range of spec-
troscopic completeness of the SDSS main galaxy sample, at
mr,Petrosian < 17.77 mag. This limit is roughly similar to the mag-
nitude limit of 15.2 mag of the UNAM-KIAS sample. There is
an overlap with the same sky area of almost 4500 deg2. These
features finally translate to a good agreement between the two
criteria, where 43.5% of the galaxies in the UNAM-KIAS are
found in the SIG.

2.3. Morphology

The isolated galaxies from the UNAM-KIAS catalog were clas-
sified morphologically after some basic image processing. The
processing included surface brightness profiles and the corre-
sponding geometric profiles (ellipticity ε; position angle, PA;
and A4/B4 coefficients of the Fourier series expansions of devi-
ations of a pure ellipse) from the r-band images to provide
additional evidence of boxy or disky character and other struc-
tural details. In particular, a galaxy was judged to be an E if
the A4 parameter showed: 1) no significant boxy (A4 < 0) or
disky (A4 > 0) trend in the outer parts or 2) a generally boxy
(A4 < 0) character in the outer parts. The isolated galaxies were
inspected for the presence or absence of 3) a linear component
in the surface brightness-radius diagram. Morphologies were
assigned according to a numerical code following the Hyper-
Leda1 database convention; in particular for early-type galaxies,
the following T morphological parameters (Buta et al. 1994) are
applied: −5 for E,−3 for E-S0, −2 for S0s, and 0 for S0a types. In
the UNAM-KIAS sample, 92 isolated E galaxies satisfy T ≤ −4,
which is ≈6% of the sample. For a fair comparison between the
two samples of isolated galaxies, hereafter we consider 89 iso-
lated E galaxies within the redshift range 0.0041≤ z ≤ 0.08.

There is not an available morphological classification for
SIG galaxies; in this case we therefore used the morphological
classification for SDSS galaxies provided by Huertas-Company
et al. (2011, hereafter HC11), Galaxy Zoo 1 (GZ1; Lintott et al.
2011), and Galaxy Zoo 2 (GZ2; Willett et al. 2013). In HC11, the
authors considered galaxies with spectroscopic redshift z < 0.25
and computed the probability distribution of morphologies for
galaxies brighter than mr < 16 mag using a Bayesian automated
classification. Each galaxy is associated with six values of prob-
abilities (early types, late types, elliptical, lenticular, Sab, and
both Scd and Im), where the probability for classes elliptical,
lenticular, Sab, and both Scd and Im sums to unity. There are
3467 SIG galaxies with morphological classification in HC11.
In this work, we used the probability to be an E galaxy, probEll.
On the other hand, GZ1 and GZ2 are citizen science projects for
visual morphological classification of galaxies. In GZ1, galax-
ies were classified into three categories: SPIRAL, ELLIPT ICAL,

1 http://leda.univ-lyon1.fr/

and UNCERT AIN. ELLIPT ICAL corresponds to galaxies with
early-type morphologies. To classify the galaxies morphologi-
cally with GZ2, we converted the morphological types given by
Willett et al. (2013) to values of numerical T -type (from −5 to
12, from elliptical to irregular, respectively). There are 3514 and
2726 SIG galaxies with morphological classification in GZ1 and
GZ2, respectively.

We checked that for the E galaxies from the UNAM-KIAS
sample, the median value of probEll is 0.76, 90% of them are
ELLIPT ICAL in GZ1, and 100% of them have T = −5 in GZ2.

We consider a SIG galaxy as an E galaxy according to the
condition

probEll ≥ 0.85. (6)

This is a robust condition to select E galaxies after visual inspec-
tion. From the results using E galaxies in the UNAM-KIAS sam-
ple, we find that the previous condition can be slightly relaxed
as long as we include morphological classifications from either
GZ1 or GZ2. Therefore, a SIG galaxy is also considered as E
with the following conditions:

ELLIPT ICAL = 1 (7)
and probEll > 0.7, (8)

where we join the classifications from HC11 and GZ1, or the
conditions

T = −5 (9)
and probEll > 0.7, (10)

where we join the classifications from HC11 and GZ2. Finally,
we find that taking into account GZ1 and GZ2 samples together
we obtain reliable classifications of E galaxies. Thus, we also
use the conditions

ELLIPT ICAL = 1 (11)
and T = −5. (12)

As a summary, SIG galaxies are classified as E galaxies using
Eq. (6), or Eqs. (7)–(8), or Eqs. (9)–(10), or Eqs. (11)–(12).

There are 504 (∼13.6%) SIG galaxies classified as ellipticals
using the conditions described above. We find 20 E galaxies from
the SIG catalog are in the sample of ellipticals in the UNAM-
KIAS catalog. Therefore, our sample is made of 573 distinct
isolated E galaxies from both UNAM-KIAS and SIG samples.

2.4. Integrated physical properties

Many public databases provide physical parameters for galax-
ies in the SDSS such as stellar masses, sSFRs, emission lines,
and colors (e.g., Kauffmann et al. 2003; Brinchmann et al. 2004;
Blanton et al. 2005; Salim et al. 2007; Maraston et al. 2013;
Duarte Puertas et al. 2017). However, not all the galaxies in our
samples have available information. To avoid reducing the sam-
ple and to be consistent in the present work, we applied the same
methodology to obtain colors and sSFR and to estimate the stel-
lar mass for our isolated E galaxies.

Color measurements were taken from the SDSS database
with extinction corrected modelMagmagnitudes in DR12 (Alam
et al. 2015). This magnitude (dered parameter in CasJobs2) is
defined as the better of two magnitude fits: a pure de Vaucouleurs
profile and a pure exponential profile.

2 http://casjobs.sdss.org/CasJobs/
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Stellar masses were estimated by fitting the spectral
energy distribution (SED) to the five SDSS photometric bands
(u, g, r, i, z) using the routine kcorrect (Blanton & Roweis
2007). In their latest version, SEDs were based on unaltered
stellar evolution synthesis results from Bruzual-Charlot mod-
els (Bruzual & Charlot 2003), therefore for each fit galaxy
kcorrect provides an estimate of the stellar mass. We note
that Bruzual-Charlot models do not contain extreme horizontal
branch stars that might provide more of the UV excess seen in
E galaxies (Greggio & Renzini 1990; Brown et al. 2000). The
lack of these stars may cause an underestimation of the stellar
mass for more massive E galaxies. We checked that the differ-
ence is not higher than 0.11 dex on average for a sample of E
galaxies than the mass-to-light ratio of Bell et al. (2003), which
includes a correction to Petrosian magnitudes for galaxies with
this morphology to estimate their stellar mass. This difference is
within the range of the systematic error of the mass-to-light ratio
method (0.1–0.15 dex). Therefore, our stellar mass estimation is
reliable within the typical uncertainties.

The sSFR was obtained from the Max Plank Institute for
Astrophysics and the Johns Hopkins University (MPA-JHU3;
Kauffmann et al. 2003; Tremonti et al. 2004; Salim et al. 2007)
added value catalog (Brinchmann et al. 2004), which uses a spec-
trophotometric synthesis fitting model.

From the same MPA-JHU catalog, we used the emission
line fluxes of Hα, Hβ, [OIII]λ5007, and [NII]λ6584 to study
the BPT diagram (Baldwin et al. 1981; Veilleux & Osterbrock
1987; Kewley et al. 2001; Kauffmann et al. 2003). In partic-
ular, we considered those lines where the flux is positive and
the signal-to-noise ratio (S/N) is ≥3, i.e., strong line galaxies
(SLGs) according to Cid Fernandes et al. (2010). This is the
typical cut used for SDSS galaxies (e.g., Kauffmann et al. 2003;
Brinchmann et al. 2004; Li et al. 2006). Below this limit, it is
difficult to make a robust interpretation of the BPT diagram.
It is also necessary to have a reliable measurement of the Hα
emission-line flux to study the blue SF galaxies adequately.
However, to study a possible bias that can be introduced by the
SLGs definition, we also considered weak emission-line galaxies
(WLGs) based on definitions from Cid Fernandes et al. (2010)
in Appendix A. Our results are consistent when we considered
only SLGs and both SLGs and WLGs. Thus we focus on SLGs
in the main body of the paper.

2.5. Large-scale environmental parameters

Argudo-Fernández et al. (2015b) provided quantification of the
large-scale environment for galaxies in the SIG. They use two
parameters: the tidal strength parameter QLSS (Eq. (13)) and the
projected density ηk,LSS (Eq. (14)). The LSS is characterized con-
sidering all the neighbors around each isolated galaxy in a vol-
ume of 5 Mpc projected distance radius within a line-of-sight
velocity difference of |∆ V | ≤ 500 km s−1.

For each SIG galaxy, the QLSS exerted by all the i galaxies of
its LSS, located at a projected distance di, is defined as

QLSS ≡ log

∑
i

Mi

MSIG

(
DSIG

di

)3 , (13)

where M is the stellar mass and DSIG is the estimated diameter
of the SIG galaxy4.
3 Available at http://www.mpa-garching.mpg.de/SDSS/DR7/
4 The parameter DSIG = 2αr90 is the estimated diameter of the SIG
galaxy, where r90, the Petrosian radius containing 90% of the total flux
of the galaxy in the r band, is scaled by a factor α = 1.43 to recover the
D25 (see Argudo-Fernández et al. 2013, for details).

The projected density to the kth nearest neighbor is defined
as

ηk,LSS ≡ log
(

k − 1
Vol(dk)

)
= log

3(k − 1)
4π d3

k

 . (14)

Argudo-Fernández et al. (2015b) considered k equal to 5, there-
fore dk = d5N is the projected distance to the 5th nearest neigh-
bor (or less if there were not enough neighbors in the field out to
5 Mpc).

We adopt these two parameters and add the d5N as a third
environmental parameter to investigate the large-scale environ-
ment of isolated ellipticals. We follow the same methodology to
quantify the environment of the isolated E galaxies in the L16
sample.

By definition, the tidal strength is a mass-dependent parame-
ter, whereas the projected density is a mass-independent parame-
ter. For this reason, these two parameters are complemented very
well to characterize the environment around galaxies. The values
of QLSS and ηk,LSS are small if the galaxy is located in a low-
density environment and high if the galaxy is located in a dense
environment. If a galaxy is part of a small, isolated compact
group, for instance, the projected density has a modest value,
but the tidal strength is high. In contrast, a galaxy with a high
projected density but a small tidal strength could be a galaxy in
a large group or small cluster with large distances between mem-
bers and composed of small galaxies. The addition of the third
parameter d5N, even if it is correlated to ηk,LSS allows us to have
a more comprehensible sense of the distance at which the ηk,LSS,
is calculated.

Argudo-Fernández et al. (2016) found that the QLSS param-
eter is correlated very well with the location of isolated systems
with respect to their large-scale environment. The lowest val-
ues of QLSS correspond to isolated galaxies mainly located in
voids, and gradually increasing values correspond to isolated
galaxies closer to the outskirts of more denser structures. In
this regard, isolated galaxies mainly belong to the outer parts
of filaments, walls, and clusters, and only about the 30% of the
isolated galaxies are void galaxies (see Appendix B and also
Argudo-Fernández et al. 2015b).

Figure 1 shows the environmental parameters of the LSS
QLSS, ηk,LSS, and d5N as functions of stellar mass for the sam-
ples of isolated E galaxies described in this section. The value
QLSS slightly increases with the mass. This trend is stronger for
the most massive galaxies that correspond to the L16 sample
(gray squares). In the middle left panel, we can see that ηk,LSS is
an independent parameter with the stellar mass. Similarly, d5N is
independent of the stellar mass as can be seen in the bottom left
panel.

The top left panel of Fig. 1 shows the histograms with the
normalized density distributions of stellar mass for SIG and L16
isolated E galaxies. These normalized density distributions were
obtained using the Knuth method for estimating the bin width
implemented on astroML5 (Vanderplas et al. 2012; Ivezić et al.
2014). Both mass distributions are relatively similar, except in
the high-mass end where the distribution is skewed for more
massive galaxies in the L16 sample. The latter can be explained
as a combination of the slightly brighter magnitude limit in the
UNAM-KIAS sample and that, in contrast to the SIG sample,
it is still possible to select isolated galaxies with much fainter
neighbors within a distance of 1 Mpc in this catalog. Therefore,
it is more likely to select massive isolated galaxies using the

5 http://www.astroml.org/
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Fig. 1. Main panels (from top to bottom): as functions of stellar mass,
tidal strength estimation of the LSS (QLSS), the projected density esti-
mation of the LSS (ηk,LSS), and the distance to the fifth nearest neigh-
bor galaxy out to 5 Mpc (d5N). Green dots and gray squares correspond
to isolated E galaxies from the SIG and L16 samples, respectively; the
total number of galaxies is indicated in each panel. The blue, SF isolated
ellipticals of SIG sample and L16 sample are shown as magenta stars
and magenta triangles, respectively. Top left panel: normalized density
distribution of stellar mass for SIG galaxies (green solid histogram) and
L16 galaxies (black open histogram) with estimated QLSS values. Right
panels (from top to bottom): normalized density distributions of QLSS,
ηk,LSS, and d5N environmental parameters for SIG galaxies (green solid
histogram) and L16 galaxies (black open histogram). The integral of
each histogram sums to unity.

criteria of the UNAM-KIAS catalog than the criteria of the SIG
catalog. Right panels show histograms with the normalized den-
sity distributions of QLSS, ηk,LSS, and d5N environmental param-
eters (from top to bottom) for both samples of isolated E galax-
ies. There is a tail of L16 galaxies with QLSS >−3.5 that is not
present for SIG galaxies. These are in general massive galax-
ies; 66% have M? & 1011 M�. In addition, there is a tail of L16
galaxies with ηk,LSS > 0, which mostly correspond to galaxies
with values of d5N < 1 Mpc. By definition, there are no SIG

galaxies with galaxy neighbors to distances shorter than 1 Mpc
(see Eq. (4)). As mentioned in Sect. 2.2, there are some differ-
ences in the isolation criteria between SIG and L16 samples,
which is reflected in the tails of the distributions of the stel-
lar mass and environmental parameters, but there is an overall
agreement in these distributions between both samples. We note
that we do not pretend to compare these samples, but we aim to
combine the samples to increase the total number of isolated E
galaxies. Nevertheless, in some cases, we present some results
for both samples separately below.

3. Color- and sSFR-stellar mass diagrams as
functions of the large-scale environment

Figure 2 shows the measured g − i color for isolated E galax-
ies as a function of stellar mass. We use the relation found by
Lacerna et al. (2014) to separate red and blue galaxies, specifi-
cally

(g − i) = 0.16[log(M?) − 10.31] + 1.05, (15)

where the stellar mass is in units of M�. Most of the isolated E
galaxies are red galaxies (88%), that is, they are located above
the black line in the figure.

To study the role of the large-scale environment, we per-
form a bidimensional binned statistic of the datasets in Figs. 2–4.
We estimate the median of the environmental parameters within
each bin. We use the same bin number for the two dimensions
in these figures. We use the routine binned_statistic_2d
from astroML for this task. We show the environmental param-
eters in color bars (QLSS in the top panel, ηk,LSS in the mid-
dle panel, and d5N in the bottom panel). In this color bar, red-
der colors mean denser environments. The color bar range is
approximately centered in the global median value of each envi-
ronmental parameter. As expected from the top left panel of
Fig. 1, galaxies tend to be located in denser environments using
the QLSS parameter as the stellar mass increases. The most
massive isolated ellipticals (M? > 1011 M�) are red galaxies in
dense large-scale environments (median QLSS =−4.6). At inter-
mediate masses (1010.5 <M? < 1011 M�), −5.0 and −5.1 are the
median values of QLSS for blue and red galaxies, respectively.
We note that 16% of blue isolated ellipticals are in environ-
ments denser than QLSS =−4.6 and, on the other hand, 15% of
red isolated ellipticals of the same mass are in low-density envi-
ronments with QLSS ≤−6.0. Therefore, the large-scale environ-
ment does not affect the color of the galaxies at these masses
directly. At lower masses (M? < 1010.5 M�), there is a general
trend that bluer galaxies tend to be located in environments
of lower densities (i.e., lower QLSS values). However, 38% of
red galaxies of the same mass also reside in low-density envi-
ronments of large scale (QLSS ≤−6.0). The median values of
QLSS for blue and red low-mass isolated E galaxies are −5.9
and −5.7, respectively. Besides, nearly all the L16 galaxies
in the tail of the QLSS distribution mentioned above are red
galaxies.

In the middle panel of Fig. 2, blue and red galaxies do not
tend to be located in different environments according to the
ηk,LSS parameter. Their median values of ηk,LSS range between
−1.2 and −1.4 at different mass bins. Almost all the isolated
E galaxies in the densest environments (ηk,LSS >−0.4) are red
galaxies. Interestingly, a third of these correspond to low-mass
galaxies (M? < 1010.5 M�). The fifth nearest neighbor galaxy
(bottom panel) of these red low-mass galaxies in dense environ-
ments is at a median distance of 1.1 Mpc. As a comparison, red

A117, page 5 of 16

https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201833579&pdf_id=1


A&A 620, A117 (2018)

0.6

0.8

1.0

1.2

1.4

1.6

g
i

569 galaxies

blue SF SIG
blue SF L16

8.0

6.5

5.0

3.5

2.0

Q L
SS

0.6

0.8

1.0

1.2

1.4

1.6

g
i

564 galaxies
2.5

1.5

0.5

k,
LS

S

9.0 9.5 10.0 10.5 11.0 11.5
log M  / M

0.6

0.8

1.0

1.2

1.4

1.6

g
i

517 galaxies
1.0

2.0

3.0

4.0

d 5
N
 [M

pc
]

Fig. 2. As a function of stellar mass, measured g− i color for isolated E
galaxies. The black line shows Eq. (15) to separate red and blue galax-
ies. The open black stars and open black triangles show the blue SF
isolated ellipticals from the SIG and L16 samples, respectively. The
color bars correspond to the QLSS parameter (top panel), ηk,LSS parame-
ter (middle panel), and the distance to the fifth nearest neighbor galaxy
out to 5 Mpc (bottom panel). The total number of galaxies is indicated
in each panel.

galaxies of higher masses have a median d5N of 2.7 Mpc. There-
fore, relatively nearby neighbors may influence the red color of
low-mass isolated E galaxies. This result could be affected by
the tail of L16 galaxies with d5N values lower than 1 Mpc (bot-
tom right panel of Fig. 1). However, the results are similar if we
use only SIG galaxies. Nearly all the SIG galaxies in dense envi-
ronments are red, 37% of which have stellar masses lower than
1010.5 M�, and the median d5N of the red low-mass galaxies is
1.3 Mpc. By contrast, the median d5N of blue low-mass galax-
ies is similar to that of blue galaxies of higher masses (2.4 and
2.6 Mpc, respectively).
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Fig. 3. Specific star formation rate (sSFR) as a function of the stellar
mass for isolated E galaxies. The black line shows Eq. (16) to sepa-
rate SF and quenched galaxies. The open black stars and open black
triangles show the blue SF isolated ellipticals from the SIG and L16
samples, respectively. The color bars correspond to the QLSS parameter
(top panel), ηk,LSS parameter (middle panel), and the distance to the fifth
nearest neighbor galaxy out to 5 Mpc (bottom panel). The total number
of galaxies is indicated in each panel.

Figure 3 shows sSFR for isolated E galaxies as a function
of their stellar mass. We also use the relation given by Lacerna
et al. (2014) to separate SF and quenched galaxies that is

log(sSFR) = −0.65[log(M?) − 10.31] − 10.87, (16)

where sSFR is in units of yr−1 and the stellar mass is in
units of M�. Most of the isolated E galaxies are quenched
galaxies (89%), that is, they are located below the black line in
the figure. Along with the case of color−stellar mass, we show
the large-scale environmental parameters in color bars (QLSS in
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the top panel, ηk,LSS in the middle panel, and d5N in the bottom
panel). Again, redder colors mean denser environments in this
bar.

The top panel of Fig. 3 shows that the most massive galax-
ies are quenched and reside in dense large-scale environments
according to the QLSS parameter. The population of SF isolated
ellipticals increases to lower masses. In contrast to the compar-
ison between blue and red galaxies, SF isolated E galaxies are
slightly located in lower density environments of large scale than
quenched isolated ellipticals of the same mass. The median of
QLSS for SF galaxies at masses 1010.5 < M? < 1011 M� is −5.4,
whereas the median of QLSS is −5.1 for quenched galaxies in
the same range of mass, and −6.2 and −5.7, respectively, for the
mass range 1010 <M? < 1010.5 M�.

For ηk,LSS (middle panel of Fig. 3), the median value for SF
isolated galaxies at 1010 <M? < 1011 M� is −1.5, which is rel-
atively similar to the median value of −1.3 for quenched iso-
lated galaxies of the same mass range. The median distance to the
fifth nearest neighbor (bottom panel) is 2.8 Mpc for the former,
whereas is 2.6 Mpc for the latter. Although in general there are
no significant differences in the environment of SF and quenched
isolated ellipticals using the environmental parameters given by
their nearby neighbor galaxies, those galaxies in the densest envi-
ronments (ηk,LSS >−0.4) are usually quenched systems (85% of
them). This result is similar considering only SIG galaxies.

A particular sample of isolated E galaxies are those galaxies
with blue colors and relatively high sSFR. Both features are not
common for very early-type galaxies. There are three blue and
SF isolated ellipticals from the L16 sample6. These galaxies are
shown as triangles in Figs. 1–3. In addition, we identified other 30
blue and SF isolated E galaxies from the SIG sample (star symbols
in Figs. 1–3). They are shown in the blue region of the color–mass
diagram and in the SF region of the sSFR–mass diagram.

The stellar mass range is wider for blue SF ellip-
ticals from the SIG sample than from the L16 sample
(108.9 <M?/M� < 1011.1 and 1010.0 <M?/M� < 1010.3, respec-
tively). At masses ≤1010 M�, the blue SF galaxies are 29% of
the isolated E galaxies. This population decrease to 12% at
1010 <M?/M� ≤ 1010.5 and down to 3% for masses higher than
1010.5 M�. They reside in large-scale environments of low den-
sity with median QLSS of −5.9 for SIG and −6.3 for L16 samples.
For ηk,LSS, the median values are −1.3 for SIG and −1.1 for L16
samples of blue SF isolated E galaxies. The median distances to
the fifth nearest neighbor galaxy are 2.6 for SIG and 2.3 for L16
samples of blue SF isolated ellipticals. Therefore, blue SF iso-
lated E galaxies are more isolated than other isolated ellipticals
according to the QLSS parameter, but they are located on average
environments according to the distance to the kth nearest neigh-
bor. We give more details about this particular subpopulation in
the following sections.

4. BPT diagram as a function of mass and
large-scale environment

The BPT diagram, initially introduced by Baldwin et al. (1981)
and redefined by Veilleux & Osterbrock (1987), is an optical
diagnosis for nuclear classification of production mechanisms
for ionization and emission lines. The mechanisms are usually
produced either by photoionization by massive OB stars (regions

6 There are four blue, SF isolated E galaxies identified in L16. One of
these, UNAM-KIAS 613, is not selected in the current paper after using
magnitudes from DR12 data instead of DR7 data as used in L16. We note
that, on average, g− i colors from DR7 and DR12 data are very similar.

with star formation) or nonstellar sources such as active galac-
tic nuclei (AGN). For a more in-depth analysis of the AGN and
star-forming nuclei (SFN) percentages in isolated galaxies, see a
companion paper (Argudo-Fernández et al. 2018).

The top left panel of Fig. 4 shows the BPT diagram for SIG
isolated galaxies regardless of the morphology as a function of
stellar mass. We find that isolated galaxies follow the known
trend that distinguishes low-mass galaxies and high-mass galax-
ies in this diagram; that is, more massive galaxies tend to be
located diagonally toward the right, whereas lower mass galaxies
tend to be located diagonally toward the left. We define as AGN
and SFN those galaxies that fall above the relation of Kewley
et al. (2001, dashed line) and below the relation of Kauffmann
et al. (2003, solid line), respectively. Thus, the most massive
galaxies are mostly located in the AGN region, and the low-
mass galaxies tend to be located in the SFN region. We define
the galaxies falling between both relations as “transition objects”
(TO)7.

The other left panels in the figure, from top to bottom, show
the BPT diagram for SIG isolated galaxies regardless of the mor-
phology as a function of the QLSS, ηk,LSS, and d5N parameters. In
our understanding, it is the first time that the BPT diagram is
used as a function of large-scale environment for “field” galax-
ies. In contrast to the stellar mass, there is not a robust depen-
dence of the BPT diagram on the environmental parameters used
in this work. There is a mild trend that the galaxies located diag-
onally toward the left in the SFN region are in slightly denser
environments than the other galaxies using ηk,LSS and d5N. The
median d5N is 2.3 Mpc for the branch toward the left, whereas it
is 2.6 Mpc for galaxies in the SFN region, which are part of the
other branch toward the right. On the other hand, the median Q
is −5.2 for the former, which is slightly lower (i.e., less dense)
than for the latter (Q = −5.0). The isolated galaxies in the branch
toward the left are probably close to structures formed by many
low-mass galaxies, which are mostly blue and have a consider-
able amount of gas available to form stars within these structures.

The right column shows the same plots as the left column,
but for isolated E galaxies. There are 286 galaxies that satisfy the
conditions: i) positive emission lines of O iii, N ii, Hβ, and Hα,
and ii) S/N of these emission lines ≥3. Most of these galaxies are
located diagonally toward the right on the diagram. The highest
percentage corresponds to AGN (64%), followed by transition
objects (28%), and the minority are SFN (8%). There is a trend
toward lower QLSS values, that is, lower density environments,
from AGN to SFN regions. The median QLSS is −5.0 for AGN,
−5.3 for transition objects, and −5.6 for SFN. We do not find
these trends using ηk,LSS (−1.3 as the median value for all the
regions in the BPT diagram) and d5N (medians between −2.5
and −2.7 Mpc for all the regions). The results point out that the
isolated E galaxies in the SFN region might be located in a large
group of low-mass galaxies with vast distances between them.

There are 31 (94%) blue SF E galaxies that satisfy the con-
ditions to be shown in the BPT diagram. They mostly follow
the trend of isolated E galaxies, but with a particular concentra-
tion in both the SFN and TO regions (45% and 42%, respec-
tively). Therefore, at least a half of the blue SF isolated E
galaxies selected with both integrated optical g−i color and sSFR
from the nuclear region are undoubtedly SF galaxies. These
reside in low-density environments using QLSS with −5.7 as the

7 The transition objects are also known as SFN+AGN composite
galaxies. However, their emission lines may not be dominated by SFN
nor an AGN (e.g., see discussion in Cid Fernandes et al. 2010 and McIn-
tosh et al. 2014).

A117, page 7 of 16



A&A 620, A117 (2018)

Fig. 4. BPT diagrams for SIG galaxies regardless of the morphology (left column) and for isolated E galaxies (both SIG and L16 samples, right
column). Galaxies are classified as SFN to the left of the solid line of Kauffmann et al. (2003), transition objects between the solid line and the
dashed line of Kewley et al. (2001), or AGN to the right of the dashed line. The black stars and black triangles in the right column show the blue
SF isolated Es from the SIG and L16 samples, respectively. The color bars, from top to bottom, correspond to the stellar mass, QLSS, ηk,LSS, and
the distance to the fifth nearest neighbor galaxy out to 5 Mpc. The total number of galaxies is indicated in each panel.
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median value but in standard environments using ηk,LSS with
−1.2 as the median value. These galaxies can be exceptional
cases of being located in the vicinity of groups of low-mass
galaxies separated at large distances. Probably, the gas within
and around these structures is not as hot as the gas in galaxy
clusters, which facilitates star formation.

5. Discussion

The results in this work and in L16 point out that a fraction of
E galaxies can be different from the red and quenched classical
E galaxies regarding optical colors and sSFR. At fixed stellar
mass, this fraction decreases with the local environment from
isolation to cluster of galaxies. This fraction partially decreases
with denser environments defined within a radius of 5 Mpc.

The L16 authors found that the four blue SF isolated ellipti-
cals, from the UNAM-KIAS sample, exhibit radial color gradi-
ents with bluer colors toward the galaxy center, whereas most of
the red or quenched ellipticals exhibit negative or flat radial color
profiles. The positive color gradient may be evidence of dissipa-
tive infall of cold gas, which promotes recent star formation in
the central regions. The latter may imply a rejuvenation process
produced by recent star formation in some early-type galaxies
(Treu et al. 2005; Thomas et al. 2010; Haines et al. 2015).

We found 33 (5.8%) blue SF E galaxies in the SIG and
L16 samples. These are found in very low-density environments
using the QLSS parameter, where ∼90% of the blue SF ellipti-
cals have values of QLSS ≤−5.0. This result supports the picture
that isolated environments seem to propitiate the rejuvenation
of E galaxies. However, 80% of the galaxies with QLSS ≤−5.0
correspond to classical red and dead E galaxies. Therefore, the
large-scale environment is not playing the primary role in deter-
mining the integrated properties of isolated E galaxies such as
color and sSFR.

Furthermore, when we use the parameters ηk,LSS y d5N, the
blue SF isolated E galaxies do not appear to be located mainly in
low-density environments. Around 50% of these galaxies have
values of ηk,LSS ≤−1.3, which is the median value of this param-
eter for all the isolated E galaxies, and 55% of the blue SF
galaxies have the fifth nearest neighbor galaxy at distances of
d5N ≥ 2.5 Mpc.

If the large-scale environment plays some role in the inte-
grated properties of a fraction of E galaxies, this is true until
some mass scale where processes related directly with either
stellar mass or the mass of the host dark matter halo are the dom-
inant factors that regulate the star formation in galaxies. In other
words, over this mass scale, the local galaxy processes within the
virial radius rather than external processes related with the large-
scale environments are mostly responsible for the quenching and
general properties of E galaxies. What is the value of this mass
scale? The large-scale environment seems to have a negligible
role from a stellar mass scale around 1010.6 M�. Only 2 percent of
the galaxies with M? > 1010.6 M� are blue SF isolated ellipticals,
whereas 12 percent are below this mass. Argudo-Fernández et al.
(2018) have used the same value of stellar mass to separate low-
mass and high-mass isolated galaxies, in which the fraction of
AGN for early-type, red, and quenched SIG galaxies matches the
fraction of AGN for late-type, blue, and SF SIG galaxies. These
authors found that once the galaxy reaches a stellar mass about
M? ∼ 1010.6 M�, the probability that an isolated galaxy hosts an
AGN is independent of its morphology, color, or sSFR. There-
fore, it is very likely that the minimum role of the large-scale
environment at higher masses is due to the dominant presence of
AGN in these galaxies (see also Hirschmann et al. 2013).

We can see a partial influence of the large-scale environ-
ment on galaxies with M? . 1010.6 M� because 3% of these
galaxies are blue SF isolated ellipticals located in environ-
ments with QLSS >−5.0, whereas 14% are blue SF galaxies with
QLSS <−5.0. However, as mentioned above, most of the galaxies
below this limit in QLSS are red and quenched ellipticals, includ-
ing the low-mass isolated galaxies. Therefore, the processes of
cooling and infall of gas from large scales are very inefficient in
ellipticals.

Another scenario is that some E galaxies are recycling the
remaining gas within their virial radius to form new stars, which
is more plausible in low-mass galaxies in low-density environ-
ments. This process is also inefficient because of the low fraction
of low-mass blue SF galaxies.

Interestingly, the percentage of AGN is relatively constant
with mass for isolated early-type galaxies (Argudo-Fernández
et al. 2018). These authors have found that about ∼50% of iso-
lated galaxies with early-type morphologies are AGN or transi-
tion objects, at least for stellar masses down to 1010 M�. Perhaps,
in addition to other feedback mechanisms, the AGN is also an
essential factor to produce the cessation of star formation and
gas accretion so efficiently in isolated low-mass E galaxies. Evi-
dence of AGN feedback has been found even for galaxies with
stellar masses as low as ∼109.5 M� (Penny et al. 2018). The BPT
diagrams show that isolated E galaxies are mostly AGNs. If we
restrict our study to galaxies with stellar masses . 1010.6 M�, we
find 56% of these objects are AGN, 29% are transition objects,
and 15% are SFN. Therefore, the AGN is also dominant for low-
mass isolated E galaxies. Furthermore, 65% of the red low-mass
E galaxies and 74% of the quenched low-mass E galaxies are
AGNs in the BPT diagram. In the densest large-scale environ-
ments, the low-mass isolated E galaxies are red and quenched,
which is an indication that dense environments at both local and
large scales (e.g., galaxy clusters and dense filaments, respec-
tively) affect the color and SF of galaxies. However, only a small
fraction of the red and dead low-mass E galaxies are located in
the vicinity of these dense structures; for instance, 8% of the
red or quenched low-mass galaxies have QLSS ≥−4.6 and 10%
of the red or quenched low-mass galaxies have ηk,LSS >−0.6.
Therefore, the AGN is a more critical factor in the red color
and quenched activity of low-mass isolated E galaxies than the
large-scale environment. The results do not change when we also
include WLGs (see Appendix A).

Rosito et al. (2018) have studied field spheroid-dominated
systems from a hydrodynamical cosmological simulation
(Pedrosa & Tissera 2015) that included star formation, chem-
ical evolution, and supernova feedback. These authors found
that the simulated galaxies with masses 109.4 < M? < 1010.8 M�
are in general bluer and with higher star formation rates than
observed isolated early-type galaxies. Therefore, some other
efficient mechanisms for avoiding another disk growth or for
quenching the star formation seem to be necessary. The AGN
could be one of these mechanisms, not only for massive systems,
as is usually invoked, but also for low-mass early-type galaxies.

6. Summary and conclusions

We have quantified the role of the large-scale environment as a
function of stellar mass in integrated physical properties such as
color and sSFR for nearby isolated galaxies with E morpholo-
gies. For this, we separated galaxies between red or blue and
quenched or SF systems. We used three environmental estima-
tors of the LSS within a projected radius of 5 Mpc around iso-
lated E galaxies. These are the tidal strength parameter QLSS,
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the projected density to the kth nearest neighbor ηk,LSS, and the
distance to the fifth nearest neighbor galaxy d5N.

The most massive galaxies (M? > 1011 M�) are red or
quenched galaxies that reside in dense large-scale environ-
ments estimated via QLSS. At lower masses, we find that
QLSS does not affect the color of galaxies directly because
16% of blue isolated ellipticals are in very dense environ-
ments (QLSS ≥−4.6), whereas 15% of red low-mass galax-
ies reside in very low-density environments (QLSS ≤−6.0) at
1010.5 <M? < 1011 M�. The median values of QLSS for blue and
red low-mass (M? < 1010.6 M�) isolated E galaxies are −5.9 and
−5.6, respectively. Blue and red galaxies do not tend to be
located in different environments according to the ηk,LSS param-
eter. Almost all the isolated E galaxies in the densest large-scale
environments with this parameter (e.g., ηk,LSS >−0.4) are red
galaxies, of which a third are low-mass galaxies. Our results
suggest that nearby neighbors (with median d5N ≤ 1.3 Mpc) may
influence the red color of low-mass isolated E galaxies.

The population of SF isolated ellipticals increases to lower
masses. Star-forming isolated E galaxies are slightly located in
lower density environments of large scale than quenched iso-
lated ellipticals of the same mass. Median QLSS is −6.2 for
the former, whereas it is −5.7 for the latter in the mass range
1010 <M? < 1010.5 M�. On the other hand, those galaxies in the
densest environments are usually quenched systems (85% of
them).

We identified 33 blue, SF isolated ellipticals. These E galax-
ies correspond to ∼6% of the sample with sSFR data avail-
able. They are located in lower density environments than other
isolated ellipticals according to the QLSS parameter (median
QLSS ∼−6.0 compared with ∼−5.1 for the full sample), but they
are located on average large-scale environments according to the
distance to the kth nearest neighbors. Furthermore, 80% of the
galaxies with QLSS ≤−5.0 correspond to classical red and dead E
galaxies. The overall results suggest that the large-scale environ-
ment does not play the primary role in determining the integrated
properties of isolated E galaxies such as color and sSFR.

We also showed the BPT diagram as a function of the large-
scale environment. In contrast to the stellar mass, there is not
a robust dependence of the BPT diagram on the environmen-
tal parameters used in this work. There is a mild trend that the
isolated galaxies, regardless of their morphology, located in the
left branch of the SFN region are close to structures with a con-
siderable amount of gas available to form stars. For isolated
galaxies with E morphologies, the highest percentage of SLGs
corresponds to AGN (64%); this is followed by transition objects
(28%). On the other hand, we find that half of the blue SF iso-
lated E galaxies are SFN.

Our results point out that the large-scale environment seems
to be negligible from a mass scale around 1010.6 M�. It is very
likely that the minimum role of the large-scale environment at
higher masses is because of the dominant presence of AGN. For
lower masses, the processes of cooling and infall of gas from
large scales are very inefficient in ellipticals (e.g., the low frac-
tion of blue SF low-mass galaxies). We discussed that optical
AGN is also an essential factor to keep most of the low-mass E
galaxies red or quenched.
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Table A.1. Percentages and number of galaxies according to the locations in the BPT diagram for different S/N criteria of emission lines.

Type %SFN %TO %Sy %LINER SFN TO Sy LINER Total

SLG 8.4 28.0 8.7 54.9 24 80 25 157 286
SLG+WLO 8.2 28.8 8.6 54.5 24 84 25 159 292
SLG+WLH 7.1 24.3 16.3 52.4 24 82 55 177 338

SLG+WLOH 6.9 24.5 15.8 52.8 25 88 57 190 360
NRG 14.9 23.9 17.3 43.9 74 119 86 218 497

Notes. Columns are the type of emission-line galaxies and the percentage of SFN, TO, Seyfert, and LINER galaxies. Also, the number of SFN,
TO, Seyfert, and LINER galaxies followed by the total number of isolated E galaxies of each type.

Table A.2. Median QLSS and number of galaxies according to the locations in the BPT diagram for different S/N criteria of emission lines.

Type QLSS SFN QLSS TO QLSS Sy QLSS LINER SFN TO Sy LINER Total

SLG −5.6 −5.3 −5.7 −5.0 24 78 25 156 283
SLG+WLO −5.6 −5.2 −5.7 −5.0 24 82 25 158 289
SLG+WLH −5.6 −5.2 −5.2 −5.0 24 80 55 176 335

SLG+WLOH −5.5 −5.1 −5.2 −5.0 25 86 57 189 357
NRG −5.3 −5.2 −5.3 −5.0 74 117 86 217 494

Notes. Columns are the type of emission-line galaxies and the median value of QLSS for SFN, TO, Seyfert, and LINER galaxies. Also, the number
of SFN, TO, Seyfert, and LINER galaxies followed by the number of isolated E galaxies of each type with estimation of QLSS.

Appendix A: BPT including weak emission-line
galaxies

In the manuscript, we use galaxies with an S/N ≥ 3 for each line
in the BPT diagram. We refer to these as SLGs. We explore the
case of also including WLGs in the results presented in Sect. 4.
According to Cid Fernandes et al. (2010), these galaxies must be
detected with both Hα and [NII]λ6584 lines with S/N ≥ 3, but
there are different criteria of S/N for Hβ and [OIII]λ5007 emis-
sion lines. We make the following definitions to consider both
SLGs and WLGs.
(i) SLG+WLO, which includes weak [OIII]λ5007 line

(i.e., S/N([OIII]λ5007)≥ 0, S/N(Hβ)≥ 3, S/N(Hα)≥ 3, and
S/N([NII]λ6584)≥ 3).

(ii) SLG+WLH, which includes weak Hβ line (i.e.,
S/N(Hβ)≥ 0, S/N([OIII]λ5007)≥ 3, S/N(Hα)≥ 3, and
S/N([NII]λ6584)≥ 3).

(iii) SLG+WLOH, which includes both weak [OIII]λ5007
and Hβ lines (i.e., S/N([OIII]λ5007)≥ 0, S/N(Hβ)≥ 0,
S/N(Hα)≥ 3, and S/N([NII]λ6584)≥ 3).

Also, we define as no reliable line galaxies (NRGs) those iso-
lated E galaxies for which the S/N for Hα, Hβ, [OIII]λ5007, and
[NII]λ6584 emission lines is greater or equal than 0. In all these
cases, the flux of each emission line must be positive.

For only SLG, the percentages reported in Sect. 4 are 64%
as AGN, 28% as TO, and 8% as SFN. These values are similar
to the percentages for the cases SLG+WLO, SLG+WLH, and
SLG+WLOH: 63–69% as AGN, 24–29% as TO, and 7–8% as
SFN. For the case of NRG, the percentage of AGN decreases to
61%, for TO is 24%, and for SFN increases to 15%. We detail the
results in Table A.1, where AGN is separated in Seyfert and low-
ionization nuclear emission-line region (LINER) galaxies using
the criterion described in Schawinski et al. (2007). The AGN is
dominated by LINERs for all the types of emission lines galax-
ies, although this is less strong for NRG.

We also reported that the median QLSS is −5.0 for AGN
of only SLG. This median value is the same for AGN of

SLG+WLO, SLG+WLH, SLG+WLOH, and NRG samples.
Median QLSS for transition objects and SFN of only SLG are
very similar to the median values of the other samples (around
−5.3 and −5.6, respectively). There are differences if the AGN is
separated in Seyfert and LINER. The median QLSS of LINERs
is −5.0 for all the samples, but decreases to −5.7 for Seyferts
of only SLG and SLG+WLO. The median QLSS of Seyferts for
SLG+WLH, SLG+WLOH, and NRG is about −5.2. We detail
these results in Table A.2. Therefore, there is a general trend
that high-ionized galaxies (i.e., Seyferts), likewise SF isolated E
galaxies, are located in regions of lower densities as measured
with the QLSS estimator. On the other hand, LINERs have been
proposed as “retired” galaxies, that is, strongly dominated by
hot old stars and not related with nuclear ionization (Stasińska
et al. 2008; Singh et al. 2013). In this work we do not discuss the
nature of LINERs, but we note they dominate the population of
isolated E galaxies and reside in average environments of large
scale.

For ηk,LSS, it is still true that the median is about −1.3 for all
the samples of SFN and transition objects. If the AGN is sep-
arated in Seyfert and LINER, the median is between −1.2 and
−1.3 for Seyferts and between −1.3 and −1.4 for LINERs of
only SLG, SLG+WLO, SLG+WLH, SLG+WLOH, and NRG
samples. We show these results in Table A.3.

For d5N, we obtain medians between −2.4 and −2.7 Mpc for
all the regions in all the samples with a slight trend of lower
values for Seyferts and higher values for SFNs. We detail these
results in Table A.4.

In the Discussion of Sect. 5, it is reported that 56% of
the low-mass isolated E galaxies are classified as AGN for
only SLG. It is the same percentage of AGN for SLG+WLO
and slightly higher for SLG+WLH and SLG+WLOH (60%
and 61%, respectively). If the AGN is separated in Seyfert and
LINER, the percentage of the former is typically around 20%,
whereas the percentage of the latter is around 38%. Table A.5
shows the results in detail.

A117, page 12 of 16



I. Lacerna et al.: The large-scale environment of isolated elliptical galaxies

Table A.3. Median ηk,LSS and number of galaxies according to the locations in the BPT diagram for different S/N criteria of emission lines.

Type ηk,LSS SFN ηk,LSS TO ηk,LSS Sy ηk,LSS LINER SFN TO Sy LINER Total

SLG −1.3 −1.3 −1.2 −1.3 24 78 24 155 281
SLG+WLO −1.3 −1.3 −1.2 −1.3 24 82 24 157 287
SLG+WLH −1.3 −1.3 −1.2 −1.4 24 80 54 174 332

SLG+WLOH −1.3 −1.3 −1.2 −1.4 25 86 56 187 354
NRG −1.3 −1.2 −1.4 −1.4 74 117 85 215 491

Notes. Columns are the type of emission-line galaxies and the median value of ηk,LSS for SFN, TO, Seyfert, and LINER galaxies. Also, the number
of SFN, TO, Seyfert, and LINER galaxies followed by the number of isolated E galaxies of each type with estimation of ηk,LSS.

Table A.4. Median d5N and number of galaxies according to the locations in the BPT diagram for different S/N criteria of emission lines.

Type d5N SFN d5N TO d5N Sy d5N LINER SFN TO Sy LINER Total

SLG 2.7 2.5 2.4 2.6 21 67 22 146 256
SLG+WLO 2.7 2.5 2.4 2.6 21 71 22 148 262
SLG+WLH 2.7 2.5 2.5 2.7 21 69 49 161 300

SLG+WLOH 2.7 2.4 2.5 2.7 22 74 51 171 318
NRG 2.5 2.4 2.6 2.7 67 105 77 196 445

Notes. Columns are the type of emission-line galaxies and the median value of d5N for SFN, TO, Seyfert, and LINER galaxies. Also, the number
of SFN, TO, Seyfert, and LINER galaxies followed by the number of isolated E galaxies of each type with estimation of d5N.

Table A.5. Percentages and number of low-mass isolated E galaxies (M? ≤ 1010.6 M�) according to the locations in the BPT diagram for different
S/N criteria of emission lines.

Type %SFN %TO %Sy %LINER SFN TO Sy LINER Total

SLG 15.0 29.2 17.5 38.3 18 35 21 46 120
SLG+WLO 14.9 28.9 17.4 38.8 18 35 21 47 121
SLG+WLH 13.6 26.5 22.7 37.1 18 35 30 49 132

SLG+WLOH 13.2 25.7 23.5 37.5 18 35 32 51 136
NRG 19.5 26.8 24.7 28.9 37 51 47 55 190

Notes. Columns are the type of emission-line galaxies and the percentage of SFN, TO, Seyfert, and LINER galaxies. Also, the number of SFN,
TO, Seyfert, and LINER galaxies followed by the total number of low-mass galaxies of each type.

Table A.6. Percentages and number of red, quenched, blue, and SF low-mass isolated E galaxies (M? ≤ 1010.6 M�) according to the locations in
the BPT diagram for different S/N criteria of emission lines.

Type %SFN %TO %Sy %LINER SFN TO Sy LINER Total

Red SLG 6.5 29.0 20.4 44.1 6 27 19 41 93
Red SLG+WLO 6.5 29.0 20.4 44.1 6 27 19 41 93
Red SLG+WLH 5.7 25.7 26.7 41.9 6 27 28 44 105

Red SLG+WLOH 5.6 25.2 27.1 42.1 6 27 29 45 107
Red NRG 15.6 26.9 26.9 30.6 25 43 43 49 160

Quenched SLG 1.2 24.7 22.4 51.8 1 21 19 44 85
Quenched SLG+WLO 1.2 24.4 22.1 52.3 1 21 19 45 86
Quenched SLG+WLH 1.0 21.6 28.9 48.5 1 21 28 47 97

Quenched SLG+WLOH 1.0 20.8 29.7 48.5 1 21 30 49 101
Quenched NRG 12.9 23.9 29.0 34.2 20 37 45 53 155

Blue SLG 44.4 29.6 7.4 18.5 12 8 2 5 27
Blue SLG+WLO 42.9 28.6 7.1 21.4 12 8 2 6 28
Blue SLG+WLH 44.4 29.6 7.4 18.5 12 8 2 5 27

Blue SLG+WLOH 41.4 27.6 10.3 20.7 12 8 3 6 29
Blue NRG 40.0 26.7 13.3 20.0 12 8 4 6 30
SF SLG 48.6 40.0 5.7 5.7 17 14 2 2 35

SF SLG+WLO 48.6 40.0 5.7 5.7 17 14 2 2 35
SF SLG+WLH 48.6 40.0 5.7 5.7 17 14 2 2 35

SF SLG+WLOH 48.6 40.0 5.7 5.7 17 14 2 2 35
SF SLG+NRG 48.6 40.0 5.7 5.7 17 14 2 2 35

Notes. Columns are the type of emission-line galaxies and the percentage of SFN, TO, Seyfert, and LINER galaxies. Also, the number of SFN,
TO, Seyfert, and LINER galaxies are followed by the total number of low-mass galaxies of each type.
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Furthermore, we reported that 65% of the red low-mass
E galaxies are AGNs in the only SLG sample. This percent-
age is the same for SLG+WLO and increases to 69% for both
SLG+WLH and SLG+WLOH. It decreases to 58% for NRG.
If the AGN is separated in Seyfert and LINER, the percent-
age of the former ranges between 20% and 27%, whereas the
percentage of the latter is around 43%, except for NRG where
the percentage is 31% (see Table A.6). We also reported that
74% of the quenched low-mass E galaxies are AGN for only
SLG. This percentage is also consistent for SLG+WLO and
increases to 77% for SLG+WLH and 78% for SLG+WLOH.
It decreases to 63% for NRG. If the AGN is separated in
Seyfert and LINER, the percentage of the former ranges between
22% and 30%, whereas the percentage of the latter ranges
between 48% and 52%, except for NRG where the percentage
is 34%.

Therefore, our claim that AGN is a more critical factor in the
red color and quenched activity of low-mass isolated E galax-
ies than the large-scale environment is still valid when we also
include weak emission lines.

Appendix B: LSSGalPy

LSSGalPy8 (Argudo-Fernández et al. 2015a, 2017) is a tool for
the interactive visualization of the 3D positions (right ascen-
sion, declination, and redshift) of galaxy samples for the loca-
tions in their local and large-scale environments. Using this
tool, Argudo-Fernández et al. (2015b) found that most of the
SIG galaxies are mostly distributed following the LSS (related
more to the outer parts of filaments, walls, and clusters), and
only one-third of SIG galaxies are located in voids. Moreover,

8 Available at https://github.com/margudo/LSSGALPY

Argudo-Fernández et al. (2016) explored the relation of the SIG
with respect the LSS as a function of the QLSS parameter. These
authors found that isolated galaxies with lower values of the
QLSS are mainly located in voids or low-density regions, and
isolated galaxies with higher QLSS are more closely related to
denser structures, such as the filaments or walls defining the LSS
of the Universe.

For this study, we use the Mollweide and wedge diagram
projections of LSSGalPy (see Figs. B.1 and B.2, respectively).
We show blue SF E galaxies in the L16 and SIG samples
(blue triangles and stars, respectively) and red, quenched iso-
lated E galaxies in the same samples with the highest and the
lowest values of the tidal strength parameter (red circles for iso-
lated galaxies with QLSS ≥ −4.75 and green circles for isolated
galaxies with QLSS ≤ −7.0, respectively). For comparison, we
also show the location of E galaxies in the Coma supercluster
(magenta circles, Gavazzi et al. 2003; Lacerna et al. 2016) con-
cerning the LSS (depicted by black points).

We observe that red, quenched isolated ellipticals with high
QLSS are closer to dense structures of the LSS, and isolated ellip-
ticals with low QLSS are predominantly distributed in lower den-
sity regions, in agreement with Argudo-Fernández et al. (2016).
Not all the blue SF isolated E galaxies present the lowest values
of the QLSS; in other words, they are not the most isolated ellip-
ticals within the samples. Therefore, we observe that they are
mainly located in low- and intermediate-density regions but not
around dense structures. This supports our results in which blue
SF isolated ellipticals are mainly located in low-density environ-
ments, but if an isolated E galaxy is in a large-scale low-density
environment, it is not a necessary condition that it is a blue SF
galaxy.
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Fig. B.1. Mollweide projection of SDSS galaxies at 0.015 < z < 0.032. Blue SF isolated E galaxies from SIG and L16 samples are shown as blue
stars and blue triangles, respectively. Red, quenched isolated E galaxies in environments of high (QLSS ≥−4.75) and low (QLSS ≤−7.0) density are
shown in red and green circles, respectively. As a comparison, E galaxies of the Coma supercluster from L16 are shown in magenta circles.

A117, page 15 of 16

https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201833579&pdf_id=5


A&A 620, A117 (2018)

Fig. B.2. Wedge diagram of SDSS galaxies at 26.28<Declination <36.1 deg. Blue SF isolated E galaxies from SIG and L16 samples are shown
as blue stars and blue triangles, respectively. Red, quenched isolated E galaxies in environments of high (QLSS ≥−4.75) and low (QLSS ≤−7.0)
density are shown in red and green circles, respectively. As a comparison, E galaxies of the Coma supercluster from L16 are shown in magenta
circles.
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