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ABSTRACT
We analyse the properties of a sample of 5560 low-ionization nuclear emission-line region
(LINER) galaxies selected from SDSS-DR12 at low red shift, for a complete range of local den-
sity environments. The host LINER galaxies were studied and compared with a well-defined
control sample of 5553 non-LINER galaxies matched in red shift, luminosity, morphology and
local density. By studying the distributions of galaxy colours and the stellar age population, we
find that LINERs are redder and older than the control sample over a wide range of densities.
In addition, LINERs are older than the control sample, at a given galaxy colour, indicating
that some external process could have accelerated the evolution of the stellar population. The
analysis of the host properties shows that the control sample exhibits a strong relation between
colours, ages and the local density, while more than 90 per cent of the LINERs are redder
and older than the mean values, independently of the neighbourhood density. Furthermore,
a detailed study in three local density ranges shows that, while control sample galaxies are
redder and older as a function of stellar mass and density, LINER galaxies mismatch the known
morphology–density relation of galaxies without low-ionization features. The results support
the contribution of hot and old stars to the low-ionization emission although the contribution
of nuclear activity is not discarded.
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1 IN T RO D U C T I O N

Galaxies with low-ionization nuclear emission-line regions
(LINERs) were first described by Heckman (1980) as a class of ex-
tragalactic objects with optical spectra dominated by enhanced low-
ionization O I(λ6300) and N II(λ6548, 6583) lines. Therefore, LIN-
ERs were defined by intensity ratios of optical emission lines: (1)
I([O II]λ3727)/I([O III]λ5007) ≥ 1 where [O II]λ3727 is used to des-
ignate the [O II]λλ3726, 3729 doublet and (2) I([O I]λ6300)/I([O III]
λ5007) ≥ 1/3. These low-ionization features have been found
in about 30 per cent of the nearby galaxies (Heckman 1980; Ho,
Filippenko & Sargent 1997), reaching 50 per cent in elliptical pas-
sive galaxies (Phillips et al. 1986; Goudfrooij et al. 1994; Yan et al.
2006; Capetti & Baldi 2011).

Different mechanisms have been proposed to explain the na-
ture of LINER galaxies. Their low-ionization emission lines could
be powered by (1) shock-heated gas (Heckman 1980; Dopita &
Sutherland 1995), which is the less likely scenario since the gas
velocity dispersion commonly falls below the value required to
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explain the observed level of spectral ionization (Ho, Filippenko
& Sargent 2003); (2) photoionization by an active central black
hole (Groves, Dopita & Sutherland 2004), such as an active galac-
tic nucleus (AGN); and (3) stellar photoionization by hot O stars
(Filipenko & Terlevich 1992) or by old post-asymptotic giant branch
(post-AGB) stars (Binette et al. 1994; Stası́nska et al. 2008).

Several works agree with the assertion that AGN photoion-
ization is the dominant mechanism for LINER emission. In this
scenario, Kewley et al. (2006) established that LINERs seem to
populate the low-luminosity end of the AGN distribution, where
radiatively inefficient accretion flows and external obscuring matter
(González-Martı́n et al. 2009b; Dudik, Satyapal & Marcu 2009)
may cause optical extinction. Thus, LINERs are less luminous than
Seyfert galaxies and share similar spectral characteristics, with the
remarkable exception that LINERs show enhanced low-ionization
O I(λ6300) and N II(λ6548, 6583) lines (Heckman 1980). Accord-
ingly, observations at radio (Nagar, Falcke & Wilson 2005) and
X-ray wavelengths (González-Martı́n et al. 2009a) provide strong
support for AGNs as the origin of LINER emission.

Regarding the stellar photoionization hypothesis, several authors
suggest that hot post-AGB stars and white dwarfs could provide
enough ionization to explain the LINER emission (Binette et al.
1994; Sodré & Stasińska 1999; Stası́nska et al. 2008). Moreover,
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these stellar ionization sources are in spatially extended regions
around the nucleus as the H α and H β brightness profiles do not
decrease with r−2, as would be expected for the radial dependency
of a central ionization source such as an AGN (Sarzi et al. 2010;
Yan & Blanton 2012).

Recently, the surveys MANGA (Mapping Nearby Galaxies at
Apache Point Observatory, Bundy et al. 2015) and CALIFA (The
Calar Alto Legacy Integral Field Area, Sánchez et al. 2012) have
provided valuable spatially resolved observations shedding light on
the issues related to the LINER galaxies. Using MANGA, Belfiore
et al. (2016) studied the spatially resolved excitation properties of
the ionized gas in a sample of 646 galaxies, demonstrating the pres-
ence of extended low-ionization emission-line regions on kiloparsec
scales. They introduced the acronym LIER, instead of LINER, to
highlight that low-ionization lines in most of the galaxies are not
nuclear, since post-AGB stars are the most likely candidates for this
emission.

Furthermore, Singh et al. (2013) analysed the radial emission-
line surface brightness profiles of a sample of LINERs, selected
from the CALIFA survey, in comparison to the expected profile
for AGNs. Their findings were consistent with emission from ex-
tended power sources, in agreement with the work of Papaderos
et al. (2013), showing strong evidence in favour of the post-AGB
stars hypothesis. Based on the results of the cited works, it seems
it would be very useful to distinguish properly between nuclear
and extended LINERs, although this does not seem to be trivial.
Yan & Blanton (2012) consider the scale over which the spec-
trum is taken, and define nuclear LINERs at scales lower than
200 h−1 pc and extended sources for scales greater than 1 h−1 kpc.
In fact, they argued that this distinction strongly depends on the
physical aperture of the observation instrument. For SDSS galax-
ies, with z ∼ 0.1 most LINERs are spatially extended. Also, the
authors state that the host galaxies of nuclear line-emitting regions
and those of extended line-emitting regions are largely the same
population.

The possibility that several different mechanisms simultaneously
power the low-ionization emission lines is also considered. For
example, Hubble Space Telescope observations have found that
both unresolved nuclear and extended H α emission are present in
the majority of nearby LINERs (Masegosa et al. 2011). Moreover,
Graves et al. (2007) found that red-sequence galaxies with LINER
emission are younger than their quiescent counterparts, suggesting
a connection between the star formation history and the mechanism
generating the low-ionization emission. Nevertheless, there is no
certainty of the predominant mechanism in LINER galaxies. In ad-
dition, Eracleous, Hwang & Flohic (2010) observed a sample of 35
LINERs, on small scales of order ∼200 h−1 pc from the nucleus,
and found that photoionization by post-AGB stars is an important
power source, since for more than half of the LINERs it provides
more ionizing photons than the AGN and enough ionizing photons
to power the emission lines in 1/3 of them. Besides, photoioniza-
tion from the AGN powers the gas emission on scales of a few
tens of parsec, although it is not efficient enough on larger scales,
suggesting that different processes could dominate on different
scales.

To unravel the nature of the LINER emission, studying envi-
ronmental factors could provide important clues, since numerous
galaxy properties correlate with the density environment. Several
studies (Popesso & Biviano 2006; Coldwell et al. 2009, 2014;
Padilla, Lambas & González 2010) have found that AGN envi-
ronments do not seem to follow the morphology–density relation
proposed by Dressler (1980). If the photoionization from AGNs is

one of the mechanisms for the LINER emission, we would expect
that, at least, LINERs would follow a similar trend as Seyfert 2
galaxies. Coldwell et al. (2017) analysed the occurrence of SDSS-
DR7 LINER galaxies with respect to their proximity to galaxy
groups. Their main results show that a higher percentage of LIN-
ERs populate low-density environments. Besides, if LINERs belong
to high virial mass galaxy groups, they do not follow the expected
morphology–density relation.

In this paper, we study the behaviour of LINER galaxies com-
pared with a well-defined control sample selected to match the den-
sity environment, red shift, luminosity and morphology. The layout
of this paper is as follows. In Section 2, we briefly describe the data
selection, the LINER classification scheme and the procedure used
to construct the control sample. In Section 3, the analysis of galaxy
properties and their morphology–density relation are presented. Fi-
nally, in Section 4, we discuss the results and draw our conclusions.
Throughout this paper, we have assumed a �-dominated cosmol-
ogy, with �m = 0.3, �λ = 0.7 and H0 = 100 km s−1 Mpc−1.

2 DATA AND SAMPLE SELECTI ON

The sample of galaxies used in this work was drawn from Data
Release 12 of the Sloan Digital Sky Survey1(SDSS-DR12, Alam
et al. 2015). This survey covers 14 555 square degrees of the
sky and includes imaging in five broad bands (ugriz), reduced
and calibrated using the final set of SDSS pipelines. SDSS-
DR12 provides spectroscopy for roughly more than two mil-
lion galaxies including additional galaxy and quasar spectra from
the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS,
Dawson et al. 2013).

All catalogue data were obtained through SQL queries in
CASJOBS.2 We selected galaxies with spectroscopic information and
extinction-corrected model magnitudes, which is more appropriate
for extended objects (e.g. galaxies) and also this provides more
robust galaxy colours. The magnitudes were k-corrected using the
empirical k-corrections presented by O’Mill et al. (2011).

The physical properties of the galaxies used in this analysis were
taken from MPA-JHU.3 The procedures to estimate parameters such
as stellar masses, emission-line fluxes, stellar age indicators, etc. are
based on the methods of Brinchmann et al. (2004), Tremonti et al.
(2004) and Kauffmann et al. (2003).

2.1 LINER sample

The LINERs were selected using the publicly available emission-
line fluxes corrected for optical reddening using the Balmer
decrement and the Calzetti et al. (2000) dust curve. We assume
RV = AV/E(B − V) = 3.1 and an intrinsic Balmer decrement
(H α/H β)0 = 3.1 (Osterbrock & Miller 1989). The line measure-
ments are described by Tremonti et al. (2004) and Brinchmann et al.
(2004).

To select LINERs from the emission-line galaxy sample, we in-
cluded only galaxies with signal-to-noise >2 for all the lines in
the current analysis. This conservative criterion only moderately
reduces the size of the sample and ensures we have a more reli-
able selection of LINER objects. Following Coldwell et al. (2017),
the sample was restricted to the red-shift range 0.04 < z < 0.1

1 https://www.sdss3.org/dr12/
2 http://skyserver.sdss.org/casjobs/
3 http://www.sdss.org/dr12/spectro/galaxy_mpajhu/
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Figure 1. BPT diagrams of the selection criteria defined by Kewley et al. (2006) to classify emission-line galaxies as Seyfert or LINER. The panels show the
line ratios log([O III]/H β) versus log([N II/H α]) (left), log([O III]/H β) versus log([S II/H α] (centre) and log([O III]/H β) versus log([O I/H α] (right). Seyferts
are indicated by black dots and LINER galaxies by grey crosses. The solid lines separate star-forming galaxies from AGNs and the dashed lines represent the
Seyfert/LINER demarcation.

and we distinguished Seyfert 2, LINER and star-forming galaxies
using the three standard line-ratio diagrams (Baldwin, Phillips &
Terlevich 1981, BPT). Thus, we adopted the empirical demarcation
lines from Kewley et al. (2001, 2006) for the AGN/starburst and for
the LINER/Seyfert separations.

Finally, we obtained an effective sample of 5581 LINER objects.
It is important to emphasize that the spectral resolution of the cir-
cular fibre used to measure SDSS-DR12 spectra, at the mean red
shift of this sample, allows us to select mainly extended LINERs,
although nuclear LINERs could be hidden in our sample. The sepa-
rated samples and the selection criteria are shown in the three BPT
diagrams of Fig. 1.

2.2 Control sample

In a recent work, Coldwell et al. (2017) analysed a sample of SDSS-
DR7 LINER galaxies with respect to their proximity to galaxy
groups taking into account that the physical properties of LINER
host galaxies have morphologies, colours and ages corresponding to
galaxies residing in the central regions of galaxy groups or clusters.
In that study, the authors used a well-defined control sample to ob-
tain strong conclusions for the relation between the low-ionization
features of LINER galaxies and the high-density environment. How-
ever, the results show that LINERs are more likely to populate low-
density environments despite their morphology, in comparison with
the neighbouring galaxies with identical morphological features but
no LINER emission.

From a different perspective, in this paper we explore the proper-
ties of LINER galaxies, taken from SDSS-DR12, over a complete
range of densities. Furthermore, with the aim of revealing the re-
lation between the low-ionization emission-line mechanisms and
the environment, a suitable control sample of galaxies was used
for comparison. In this sense, by using SDSS mock galaxy cat-
alogues built from the Millennium Simulation, Perez, Tissera &
Blaizot (2009) showed that a suitable control sample of galax-
ies in pairs should be selected (at least) with matched distri-
butions of red shift, morphology, stellar mass and local density
environment.

Bearing this in mind, we applied a similar criterion to construct
our control sample by selecting galaxies without low-ionization
emission features from SDSS-DR12 with matched distributions of
(i) red shift, (ii) luminosity for the absolute magnitude in the r band,
(iii) concentration index C defined as the ratio of the radii containing

90 per cent and 50 per cent of the Petrosian flux, respectively, and
(iv) the local density, �5, defined as

�5 = 5

πd2
5

, (1)

where d5 corresponds to the projected distance of the fifth neighbour
brighter than Mr < −20.5. This two-dimensional density estimator
uses the red-shift information to reduce the projection effects and
is useful for characterizing the local galaxy density. The advantage
of this method is that it uses a systematically larger scale in lower-
density regions, which improves sensitivity and precision at low
densities. We chose a fixed velocity interval of 
V = 1000 km s−1

to compute the local density, which corresponds to galaxies within
∼3σ from the centre of a galaxy cluster (Balogh et al. 2004) and
this allows the inclusion of galaxies in a system with a large velocity
dispersion.

In addition, the concentration index C can be correlated with the
morphological characteristic of galaxies (Shimasaku et al. 2001;
Strateva et al. 2001). Thus, galaxies with a de Vaucouleurs profile
have C ∼ 3.3 and disc galaxies have a concentration index C ∼ 2.4.
Fig. 2 shows normalized distributions of red shift, luminosity, mor-
phology and local density for both LINERs and the control sample.
The carefully selected control sample comprises 5553 galaxies. By
matching these parameters, we are able to detect, for the remaining
free parameters, the distinctive features of LINERs likely associated
with the low-ionization emission mechanisms.

3 A NA LY SIS

Different studies have demonstrated that the host galaxies of
LINERs have a bulge-type morphology that is more massive and
luminous than that of a general galaxy sample (Yan et al. 2006; Kew-
ley et al. 2006; Capetti & Baldi 2011; Coldwell et al. 2017). These
early-type galaxies are commonly found in dense galaxy environ-
ments, as suggested by the morphology–density relation (Dressler
1980; Domı́nguez, Muriel & Lambas 2001). However, Coldwell
et al. (2017) have shown that the probability of finding LINER
galaxies in rich galaxy groups is lower than that for a low-density
environment. Thus, LINERs do not seem to follow the expected
morphology–density relation.

From a wide perspective, in this work we use a complete range
of densities to explore the dependence of the host galaxy properties
with the low-ionization features and the environment, since only
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Figure 2. Normalized distributions of galaxy properties and the local den-
sity for LINERs (solid lines) and the control sample (dashed lines).

LINERs close to galaxy groups were analysed by Coldwell et al.
(2017). Moreover, exhaustive statistical studies of the LINERs en-
vironmental dependence have not been done until now.

3.1 Colours and stellar age populations of host galaxies

Galaxy colours can be used as estimators of their evolution. So, in
clusters, a large fraction of red galaxies indicates an old population
of galaxies with a low star-formation rate. These evolved sources,
as a consequence of dynamical processes such as interactions, ram-
pressure stripping and strangulation (Gunn & Gott 1972; Larson,
Tinsley & Caldwell 1980; Balogh, Navarro & Morris 2000), are
typically elliptical galaxies. In contrast, galaxies in poor groups
or in the field are bluer and with a stronger star formation rate,
indicating young sources.

In addition, the break index Dn(4000) (Kauffmann & Haehnelt
2002), defined as the ratio of the average flux density in the narrow
continuum bands (3850–3950 and 4000–4100 Å), is suitably corre-
lated to the mean age of the stellar population in a galaxy. It can be
used to estimate the star formation rate (Brinchmann et al. 2004),
since the majority of star formation takes place preferentially in
galaxies with a low Dn(4000).

In this section, we analyse in detail the colours and age indicators
of the galaxies in the samples. The left-hand panels of Fig. 3 show
the distributions of stellar age populations and colours, given by
Dn(4000) and Mg − Mr respectively, of the LINER and control
galaxy samples. Also we plot the distributions of these parameters
for galaxies in the SDSS Main Galaxy Sample (MGS) in the red-
shift range 0.04 < z < 0.1. Both samples, LINERs and controls,
are redder and older than MGS galaxies. However, a significant
difference between them is detected. An evident lack of young
and blue galaxies with LINER emission can be observed in both
distributions in comparison with the control sample.

To quantify this effect, we calculated the fractions of galax-
ies with stellar age populations Dn(4000) > 1.53 and colours
Mg − Mr > 0.76. These constraints correspond to the mean values

of these parameters for the MGS in the red-shift range considered
in this work. Hence, we estimate that 94 per cent of LINER galaxies
have older stellar populations and redder colours than the average,
while this percentage decreases up to 78 per cent for the control
sample galaxies.

In addition, the right-hand panels of Fig. 3 show that LINERs
are older and have redder colours than the corresponding control
sample, independently of their local density. In contrast, galaxies
in the control sample have a larger spread of colours and the ages
of their stellar population, which are bluer and younger at lower
densities.

Furthermore, the colours and stellar age show clearly that
LINERs belong to a more evolved galaxy population for several
ranges of local galaxy density, although Fig. 3 suggests there is
a difference between these two parameters for both samples. To
analyse this effect, we quantified any excess of the old stellar age
population with respect to their galaxy colours by calculating the
fraction of galaxies with Dn(4000) > 1.53. In Fig. 4, it is possible
to appreciate the dependence of colours with the age of galaxies,
as is expected from galaxy evolution. Thus, evolved galaxies are
redder than the youngest ones. Nevertheless, the fraction of old
galaxies is higher for bluer LINERs, suggesting that these sources
could have experienced some ageing of their stellar population. For
galaxies redder than Mg − Mr ∼ 0.9, the fraction of galaxies older
than the mean is ≈100 per cent and this is indistinguishable between
the LINER and control samples. The error bars in the figures were
calculated by using bootstrap error resampling (Barrow, Bhavsar &
Sonoda 1984).

The finding shows that LINER host galaxies belong to the most
evolved galaxy population observed, independently of the local
density environment. The recent works of Singh et al. (2013) and
Belfiore et al. (2016) suggest that the ubiquitous presence of this
hot and evolved stellar population in extended LINERs strongly
supports the assumption of post-AGB stars as the mechanism re-
sponsible for powering the low-ionization emission lines.

3.2 Morphology–density relation

The relationship between density and morphology has been demon-
strated by several authors. Evolved elliptical galaxies inhabit high-
density environments while blue disc galaxies commonly reside
in low-density regions (Dressler 1980; Domı́nguez et al. 2001).
However, for AGNs, different studies (Popesso & Biviano 2006;
Coldwell et al. 2009, 2014; Padilla et al. 2010) have found that
these objects do not follow the expected morphology–density re-
lation of galaxies without nuclear activity. By exploring this rela-
tion for LINER host galaxies, it could be possible to obtain clues
about the existence of nuclear activity in the centre of extended
LINERs.

In this section, we estimate the fraction of LINER and control
galaxies older and redder than the average values (Dn(4000) > 1.53
and colours Mg − Mr > 0.76) as a function of the local density,
�5. In Fig. 5, we show these fractions for both samples. Notice that
approximately 100 per cent of LINER galaxies are redder and older
than the mean values, in agreement with the results of Fig. 3. In
addition, this result is not dependent on the local density, within
the error bars. In contrast, the control sample shows a decreasing
fraction of evolved galaxies at lower densities, as expected for the
well-known morphology–density relation.

It is important to notice that the mentioned differences between
both samples could be directly related to the ionization mechanisms,
since the control sample was selected to match the luminosity,
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Figure 3. Left: Normalized distributions of stellar age population parameter Dn(4000) (top) and colours Mg − Mr (bottom) for LINERs (solid lines) and the
control sample (shaded histograms). The dotted lines correspond to the MGS in the red-shift range of the targets. Right: Dn(4000) versus local density �5 (top)
and Mg − Mr versus �5 (bottom) for LINERs (solid contours) and the control sample (coloured density maps).

Figure 4. Fraction of old (Dn(4000) > 1.53) galaxies as a function of the
colours Mg − Mr. The solid line corresponds to the LINER sample and the
dashed line to the control sample.

Figure 5. Fraction of red (Mg − Mr > 0.76) and old (Dn(4000) > 1.53)
galaxies as a function of the local density �5. The solid lines correspond to
the LINER sample and the dashed lines to the control sample.
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Figure 6. Fraction of red (Mg − Mr > 0.76) and old (Dn(4000) > 1.53) galaxies as a function of the stellar mass M∗, in logarithmic scale, for three different
local density ranges. The solid lines correspond to the LINER sample and the dashed lines to the control sample.

concentration index, red shift and local density of the LINERs.
Hence, the colours and stellar age populations are more sensitive
to the physical processes involved, as indicated by their different
stages of galaxy evolution.

On the other hand, the stellar mass parameter correlates with
colours, density and ages of galaxies. Thus, we expect lower values
of stellar mass for blue and young typical galaxies (without special
features like an AGN). We examined the trends for the fraction
of red and old galaxies with respect to the stellar mass for both
samples in three different density ranges. We used the parameter
M∗, in a logarithmic scale, as previously determined by Kauffmann
et al. (2003). The method relies on spectral indicators relating to
the stellar age population and the fraction of stars formed in recent
bursts.

Fig. 6 shows the fraction of red (Mg − Mr > 0.76) and old
(Dn(4000) > 1.53) galaxies as a function of the stellar mass
M∗ for three bins for local density given by log10�5 < −0.5,
−0.5 < log10�5 < 0.0 and log10�5 > 0.0. These three ranges
were selected to include approximately 33 per cent of the sample
each. They represent the low-, intermediate- and high-density en-

vironments, respectively. From this figure, it is possible to observe
a clear trend for galaxies in the control sample to become redder
and older with increasing stellar mass. Moreover, these fractions are
larger in the highest density range. However, LINERs seem to be
less sensitive to the host stellar mass. Their stellar age population
shows a weak tendency to be younger for lower values of stellar
mass, at low and intermediate densities, although the fraction of
the Dn(4000) parameter is almost independent of the stellar mass at
high densities.

The noticeable effect for galaxy colour trends observed in the
upper panels of Fig. 6, where the fractions remain nearly constant
for the whole range of M∗ (within the error bars) independently
of the local density environment, gives strong support to the lack
of dependence between galaxy morphology and spatial density for
LINER galaxies. These results present a good agreement with the
work of Coldwell et al. (2017). Furthermore, the observed trends
for LINER galaxies are thoroughly consistent with that found for
AGNs by Popesso & Biviano (2006), Coldwell et al. (2009, 2014)
and Padilla et al. (2010). Despite that extended LINERs have an old
stellar population, consistent with post-AGB stars, which could be
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the main ionizing mechanism, we cannot discount that there is an
AGN in the centre of these galaxies.

4 D ISCUSSION

We derived a large LINER galaxy catalogue using the SDSS-
DR12 survey, comprising 5560 objects in the red-shift range
0.04 < z < 0.1. Taking into account the observational constraints
and the median red shift of the galaxy sample, this is a sample of
extended LINERs. To unveil the true environmental density depen-
dence of the main characteristics of galaxies hosting a LINER and
obtain clues about the mechanisms involved in the generation of
low-ionization emission lines, we constructed a control sample of
galaxies, without the observed low-ionization features, matched in
red shift, luminosity, morphology and local density. This control
sample contains 5553 galaxies.

In this analysis, we use a wide range of densities given by the local
density estimator �5 to explore the dependence of this parameter
on the stellar age populations and galaxy colours. The distributions
of Dn(4000) and Mg − Mr show that both LINER and control
samples are older and redder than galaxies in the SDSS MGS in the
red-shift range considered in this work. Nevertheless, a significant
difference is seen between the colours and stellar age population of
the LINERs and the control sample. LINERs are noticeably older
and redder than the control sample and this remains observable
over the entire density range. In addition, an excess of old galaxies
is detected for LINERs with respect to the control sample, at a
given colour bluer than Mg − Mr ≈ 0.9. This finding could suggest
that LINERs have experienced some process that accelerates the
evolution of their stellar population.

To study the dependence of the LINER host properties on
the environmental density, we calculated the fraction of red
(Mg − Mr > 0.76) and old (Dn(4000) > 1.53) galaxies with re-
spect to the local density. We found a remarkable difference be-
tween the behaviour of LINERs and the control sample. While the
control galaxies show an increasing fraction of red and old galaxies
with increasing local density, approximately more than 90 per cent
of the LINERs are redder and older than these mean values, in-
dependently of the neighbourhood density. This result implies that
LINERs do not follow the known morphology–density relation for
galaxies without low-ionization features.

In a more detailed analysis of the galaxy properties, we esti-
mated the fraction of red colours and old stellar population as a
function of the stellar mass of galaxies (log10(M∗)) in three differ-
ent ranges of local density. This variable strongly correlates with
the processes involved in galaxy evolution and density. The ob-
served trends of the control sample clearly represent the expected
morphology–density relation. Thus, the fractions of both colours
and stellar age population increase at larger values of stellar mass.
In addition, these fractions are larger for the higher density ranges.
In contrast, the fractions of Dn(4000) > 1.53 for LINER galaxies
are higher than that corresponding to the control sample. More-
over, while a weak trend of increasing fractions can be observed
at low- and intermediate-density ranges, this fraction does not de-
pend on the host stellar mass in the highest density range. Sur-
prisingly, the fraction of Mg − Mr LINER galaxy colours, redder
than the mean value, is independent of the stellar mass and it re-
mains constant, close to 100 per cent, for the three local density
ranges.

Summarizing the main results, we highlight that LINER galax-
ies show a different behaviour than the control galaxy sample
by analysing their colours and stellar age population. Certainly,

LINERs have redder colours and older stellar populations indepen-
dently of their stellar mass and the local density. This finding is in
agreement with the works of Eracleous et al. (2010), Yan & Blanton
(2012), Singh et al. (2013) and Belfiore et al. (2016), and it suggests
there is a significant contribution from old and red, hot post-AGB
stars as a driver of the photoionization. However, although the post-
AGB hypothesis appears the most viable mechanism for extended
LINERs, these objects also exhibit features consistent with the pres-
ence of a central AGN, like the morphology–density relation. The
observational constraints make it difficult to draw definite conclu-
sions. However, it is feasible that different mechanisms coexist at
different scales.
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