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A B S T R A C T 

Evolution of galaxies is known to be influenced by a number of factors such as the environment that hosts the galaxy as well 
as the galaxies intrinsic properties. The environmental effects on galaxy properties have not been fully quantified. In our study, 
we analysed a sample of isolated galaxies within 0.005 < z < 0.080 from Sloan Digital Sky Survey data release 16, as part of a 
Digital Surv e y Isolated Galaxies catalogue. The aim was to investigate intrinsic physical properties of singly isolated galaxies in 

low-density en vironment. We in vestig ated the g alaxies morphology, colour, luminosity, stellar masses, and star formation rates 
(SFRs). A concentration index, C r , of 2.65 separates our isolated sample into early and late types, with the late-types (spiral 
galaxies) dominating the isolated sample at 68 per cent as confirmed from the visually classified sample obtained from Galaxy 

Zoo. Our isolated ellipticals are redder, massive, and more luminous, while the isolated spirals are blue, less massive, and less 
luminous. Both the isolated spirals and ellipticals have steeper colour relations indicating a fast transition to the red sequence. 
In the colour–colour analysis, most ellipticals were quiescent with the majority of spirals being star forming. 5 per cent of 
the isolated ellipticals have recently quenched their star formation and are transiting to the red sequence. The isolated spirals 
experiences higher star-forming activities, with a small fraction of passively evolving high-mass isolated spirals. Similarly, 
isolated ellipticals exhibit low SFRs indicating passive evolution, with a fraction being actively star forming. 

Key words: methods: statistical – galaxies: evolution – galaxies: fundamental parameters – galaxies: star formation. 
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 I N T RO D U C T I O N  

nderstanding the process of formation and evolution of galaxies
ontinues to be an active topic of discussion but quite complex.
ts complex nature can be attributed to processes such as star
ormation, galaxy environment, perturbation effects, and galaxy
ergers (Kauffmann et al. 2002 ; Niemi et al. 2010 ; Lacerna et al.

014 ). Other influential properties include, density of protogalactic
louds and galaxy masses (Fern ́andez Lorenzo et al. 2013 ). 

The current galaxy formation model, the lambda-cold dark matter
odel, predicts that galaxies in their initial stages form as late types

r disc-like. This is a result of the cooling of gas with an angular
omentum greater than zero, in virialized dark matter haloes. In the

ollowing hierarchical evolution, a variety of mechanisms transform
ate-type galaxies into early type leading to a transformation in the

orphology or quenching of star formation or both (Van Den Bosch
t al. 2008 ). 

Some physical processes contributing to the transformation of late-
o early-type galaxies have been suggested, for example, the late-
ype galaxies being transformed to early type during a major merger
Hopkins et al. 2006 ). Physical processes predicted the quenching of
tar formation by either removing the cold gas, which is essential in
 E-mail: marcelinerkinyumu@gmail.com (MK); kimani.naftali@ku.ac.ke 
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uelling the production of new stars, heating, or cutting off its supply.
n satellite galaxies, which are companion galaxies orbiting within
he gravitational potential of their host galaxies, the mechanisms
uenching star formation are strangulation and ram pressure. The
orphological transformation of galaxies from discs to spheroid can

e attributed to harassment and tidal stripping (Van Den Bosch et al.
008 ). Different morphological classes observed currently are known
o have a significant dependence on the environment in which the
alaxies are located (Vollmer 2013 ; Argudo-Fern ́andez et al. 2015 ). 

There is an observational agreement, up to a redshift of z ∼
, where early types as compared to spirals and irregulars, are
assive, luminous, red, and old (Bell et al. 2003b ; Bolzonella et al.

010 ; Pozzetti et al. 2010 ). Early-type galaxies which are supported
y their rotation are approximately 60 per cent with no significant
hange from a redshift of approximately z ∼ 0 to ∼ 1 according
o Van Der Wel & Van Der Marel ( 2008 ). They are preferentially
ound in dense, cluster-like regions, while late types mainly reside
n low-density environments (Gabor et al. 2010 ). Getting insight
n processes go v erning the transformation of galaxy morphological
tructure and/or star formation quenching process is essential in the
heory of galaxy formation and evolution. 

The study of isolated galaxies is significant in understanding the
ntrinsic mechanisms and processes affecting galaxy evolution. It
s important to have a galaxy sample where the effect of both the
ocal and large-scale environments are minimized and quantified.
nalysing the properties of isolated galaxies, gives insight on the
© 2023 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 
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nfluence, and environmental dependence, of galaxy properties, in 
alaxy evolution. A number of galaxy properties that can be investi- 
ated include; morphology , colour, luminousity , stellar masses, and 
tar formation rates (SFRs). 

According to Verdes-Montenegro et al. ( 2005 ), isolated galaxies 
re assumed to have escaped a significant influence from their 
eighbours, for a crossing time of approximately 3 Gyr. The observed 
roperties of such galaxies therefore are most likely depended on the 
alaxies initial formation conditions, together with other evolution 
rocesses (Coziol et al. 2011 ; Fern ́andez Lorenzo et al. 2013 ). Most
solated galaxies are found surrounding filaments, walls, and clusters, 
nd are generally taken to be different form the population of galaxies
n void environments (Argudo-Fern ́andez et al. 2015 ). 

In this work, we present a description of the sample and data used
n Section 2 . We highlight the results of our analysis in Section 3 ,
nd present a detailed discussion in Section 4 . Finally, we provide a
ummarised conclusion of the main results and findings in Section 
 . Throughout the study, we assumed the cosmological parameters 
� 0 = 0.7, �m 0 = 0.3, and H 0 = 70 km s −1 Mpc −1 . 

 A R C H I VA L  DATA  A N D  SAMPLE  SELECTI ON  

.1 The isolated galaxy sample 

tudying isolated galaxies is fundamental in understanding the role 
layed by environment in the galaxies formation and evolution 
rocess. In our analysis, we used a sample of singly isolated galaxies
ompiled by Argudo-Fern ́andez et al. ( 2015 ), based on the Tenth Data
elease of the Sloan Digital Sky Survey (SDSS-DR10, Ahn et al. 
014 ). The sample was selected following a 3D isolation criterion 
hat includes a defined line of sight velocity, a specified field radius,
nd a final visual inspection of all the selected galaxies for inclusion
n the final catalogue. 

The primary sample was composed of galaxies from the main 
pectroscopic sample (Strauss et al. 2002 ) with r -band model 
agnitudes in the range 11 ≤ m r ≤ 15.7, which is sufficient to 

evelop a homogeneous isolation definition (for a neighbour sample) 
 mag fainter than the primary, since the redshift completeness of the
DSS is m r , Petrosian < 17.77 mag. The galaxy sample was selected 

o have the redshift range within 0.005 ≤ z ≤ 0.080. Galaxies with 
edshift lower than 0.005 were discarded to a v oid nearby sources for
hich isolation cannot be estimated well (Verley et al. 2007 ) and

arger errors from photometry for v ery e xtended galaxies. Galaxies 
ith redshift abo v e 0.080 were also discarded to facilitate studies
ased on visual morphological classifications. 
The sample utilised is part of a Digital Surv e y Isolated Galaxies

atalogue, DSIG. The catalogue of singly isolated galaxies, (which 
e will refer to as SIG) is composed of 3702 galaxies with no
eighbours within a velocity difference of �v ≤ 500 km s −1 and 
 field radius of 1 Mpc. All the systems in the catalogue were
isually inspected. While the catalogue is publicly available, a more 
escription can be found in Argudo-Fern ́andez et al. ( 2015 ), and
eferences therein. 

.2 Galaxies in the Coma cluster 

he Coma cluster (Abell 1656) is a nearby rich cluster (at a distance
f 100 Mpc and velocity dispersion of 1000 km s −1 ), and one of
he most well-studied galaxy clusters (Biviano et al. 1995 ; Healy 
t al. 2021 ). As a dense cluster, it serves as an excellent control
ample in our analysis. We use a catalogue of 850 spectroscopically 
onfirmed members of the Coma cluster within a 2 deg radius of the
luster centre, from the Westerbork Coma Surv e y (WCS), which is
 compiled redshift catalogue of the Coma cluster. The catalogue of
nique sources, associated with the Coma cluster, was constructed 
onsidering sources with velocities 3000 < cz < 10 500 km s −1 . The

CS catalogue is described in Healy et al. ( 2021 ). 

.3 The Galaxy Zoo catalogue 

lassification of galaxies into the two main morphological types, 
he late-type (spirals) and early types which include ellipticals and 
enticulars (S0), is essential when studying properties of galaxies 
Shimasaku et al. 2001 ). For our analysis, we obtained visual
orphological classifications from the Galaxy Zoo catalogue, which 

ontains visual classifications for main galaxies available in the 
DSS-DR8. 
The catalogue contains raw votes, weighted elliptical (E) and 

ombined spiral (CS) category votes, and flags for the inclusion 
f the galaxies in a clean, debiased catalogue. The debias vote
eing where bias correction has been applied to votes and the clean
raction is defined as having a debiased vote of greater than 0.8
or the respectiv e cate gories. Howev er, debiased calculations are
vailable for spectroscopically observed galaxies. We separated our 
ample into the elliptical and spiral categories. In the classification, 
e used the majority debias vote fraction from the E and CS

ategories to assign the galaxies to the category with the larger vote
raction, respectively. A detailed description on the classifications 
nd corrections of the zoo mophologies is presented by Lintott et al.
 2008 , 2011 ). 

.4 Photometry and spectroscopy 

n this study, we used both photometric and spectroscopic data 
rom SDSS-DR 16 (the Sloan Digital Sk y Surv e y, data release
ixteen, Ahumada et al. 2020 ). SDSS is a Northern Sky survey with
hotometric data in u , g , r , i , and z filters (Fukugita et al. 1996 ; Gunn
t al. 1998 ). The SDSS-DR16 surv e y has performed photometric and
pectroscopic observations using a 3 arcsec diameter fibres giving 
n acceptable sample complete to r < 17.77 (Blanton et al. 2003 ).
he spectral range co v ered is between 3800 ß and 9200 ß. For the
alaxies, we retrieved SDSS model magnitudes (model Mag) for 
lters u , g , r , i , z , and optical spectra in CasJobs query. 

 PROPERTIES  O F  I SOLATED  G A L A X I E S  

.1 Morphological classifications 

lassification of galaxies into different morphological types is essen- 
ial when studying galaxy properties (Shimasaku et al. 2001 ). Galax-
es have traditionally been morphologically classified by eye (De 
aucouleurs et al. 1991 ; Fukugita et al. 2007 ). None the less, visually
lassifying galaxies is labour intensive and very time consuming. 
hen galaxy samples are large, automated classification schemes 

re often preferred. A widely used automated classifying alternative 
s the central concentration selection index, C r , a parameter that can
eliably differentiate late types (Sa, Sb, Sc, and Irr) and early types (E
nd SO) (Shimasaku et al. 2001 ). In the next section, we investigate
he use of concentration index as a morphological classification tool 
n isolated galaxies. 
MNRAS 527, 1368–1380 (2024) 
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Figure 1. A histogram plot with concentration index and a double Gaussian 
fit for our sample of singly isolated galaxies. The two curves represent the 
Gaussian fit. A point at the intersection of the two lines is the concentration 
index separation value of 2.65 for the two distributions. The area of o v erlap 
gives an estimate of the classification contamination of the sample, where the 
classifications are ambiguous. 

Table 1. The isolated galaxy sample classification results with the concen- 
tration index ( C r of 2.65). 

No. of galaxies ( C r ) Percentage 
Total contamination (per 

cent) 

Late type 1856 50.18 
Early type 1843 49.82 
Sum 3699 46.20 
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Table 2. The results of the visual classifications from the Galaxy Zoo. 

Spiral Elliptical Sum 

Coma visual 214(36.52 per cent) 372(63.48 per cent) 586 
Isolated 
visual 

2414(68.42 per cent) 1114(31.58 per cent) 3528 
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.1.1 Concentration index 

or galaxies in SDSS, the concentration index C r , is given by the
atio R90/R50, with R90 being the radii enclosing 90 per cent, while
50 enclosing 50 per cent of the r Petrosian flux (Shimasaku et al.
001 ; Strate v a et al. 2001 ; Nakamura et al. 2003 ). The Petrosian flux
s the flux within two times the Petrosian radius, the circular radius
here 20 per cent of the enclosed mean surface brightness is the local

urface brightness μ( r ) (Blanton et al. 2003 ). To classify our sample,
e retrieved SDSS petroR90 and petroR50 r -band magnitudes from

he SDSS-DR16 data base. 
In separating our sample of isolated galaxies into early and late

ypes with the concentration index, we first plotted a histogram
istribution as in Fig. 1 . We fitted two Gaussians to the distribution
nd taking the point of interception ( C r of 2.65) as the separation
alue. The area of o v erlap by the Gaussian curves (46.20 per cent),
hich is the region where classifications are ambiguous is taken

s the sample classification contamination. Three galaxies with
ery high concentration index ( C r ) values of greater than 4 were
onsidered outliers in the Gaussian fitting, and not included in the
lassification. The singly isolated sample classified is comprised of
699 galaxies. The galaxies with C r ≤ 2.65 represent the late type
mostly spirals), while C r of greater than 2.65 classified as early type
mostly ellipticals). From the sample, 1856 galaxies (50.18 per cent)
ere late types, while 1843 (49.82 per cent) classified as early types.
 comparison of this results with the visual classifications from

he Galaxy Zoo catalogue is presented in the next section. Table 1
rovides a summary of the results. 
NRAS 527, 1368–1380 (2024) 
.1.2 Visual morphology and comparison with concentration index 

e obtained visual classifications from the Galaxy Zoo and di-
ided our isolated sample into spiral and elliptical categories. With
pectroscopically observed 3537 galaxies from our isolated galaxy
ample, we visually classified 3528 galaxies, 2414 (68.42 per cent)
s isolated spirals and 1114 (31.58 per cent) isolated ellipticals as
hown in Table 2 . Nine galaxies had a tie in their classification
p el debiased = p cs debiased) and considered uncertain. 

In comparing the visual classifications with automated classifi-
ations by the concentration index, we define the reliability of the
lassification as the correctly classified fraction of galaxies from the
elected subsample. The completeness is defined as a fraction of
 given type of galaxies selected by the classification scheme. The
ontamination is the fraction of misclassified galaxies selected by the
lassification scheme. This is as illustrated by Strate v a et al. ( 2001 ).

The concentration index reliably classified 1746 of the 3528
solated galaxies as late types and 1782 as early types with 1636 of the
ate-type galaxies being visually spirals and 1004 of the early types
eing visually ellipticals. The reliability of the concentration index
lassification for selecting isolated spiral galaxies is 93.70 per cent
nd 56.34 per cent for selecting isolated elliptical galaxies. The con-
entration index classified 1636 out of 2414 isolated spiral galaxies
s late type and selected 1004 out of the 1114 isolated elliptical
alaxies as early type. This results in a completeness of 67.77 per cent
or the selected isolated spirals and 90.12 per cent for selected
solated ellipticals. The late-type galaxies have a contamination of
.30 per cent, while the early-type galaxies have a contamination of
3.66 per cent. The classification comparison results are shown in
able 3 . 
With the concentration index classifier, our isolated sample se-

ected as early type is highly contaminated and less reliable. Equally,
he fraction of isolated spiral galaxies selected as late type is relatively
ess complete. Ho we ver, a good enough fraction of 3258 (95 per cent)
ut of our sample of 3702 isolated galaxies have visual morphologies
vailable in the Galaxy Zoo project. For this reason, we adopted the
isual morphological classifications in the follow-up analysis. 
For the Coma cluster galaxies, 590 out of the 850 galaxies were

pectroscopically observed. 586 coma galaxies were classified into
heir respective morphologies, 372(63.48 per cent) coma ellipticals
nd 214(36.52 per cent) coma spirals, with the other four galaxies
aving a tie, hence considered uncertain. This visually classified
oma cluster sample is used through out our analysis. The visual
orphological classifications are also tabulated in Table 2 . 

.2 Colour, magnitude, and stellar mass estimates 

or the analysis of colour and luminosity correlation with morphol-
gy, we used a colour–magnitude diagram (CMD), which is a plot
f colour against absolute magnitudes. We obtained the colour mea-
urements with the extinction corrected modelMag (dered parameter
n casjobs) from the SDSS data base. The magnitude definition is
he better of the exponential and de Vaucouleurs profile magnitude
ts. We obtained the r -band absolute magnitudes following equation
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Figure 2. A B − R colour versus M R absolute magnitude scatter plot and 
their respective distribution plots for the isolated galaxy sample. The circles 
and triangles on the scatter plot represent the isolated spiral galaxies and 
isolated elliptical galaxies respectively. The distribution lines are on the right 
and top panels . 
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 1 ) from Baldry et al. ( 2004 ), where m r is the extinction corrected
odelMag, D L is the luminosity distance in parsec (pc), and k r is the
 -correction to z = 0 (kcorrR parameter) available in the data base.
he k -correction values are as described in Beck et al. ( 2016 ). 

 r = m r − k r − 5 × log 10 ( D L / 10) . (1) 

The absolute magnitudes in the r band were transformed to R -band
agnitudes using equation ( 2 ), where M r is absolute magnitude. For

he SDSS colour to B–R colour transformation, we used equation ( 3 )
rom Niemi et al. ( 2010 ). 

 R = M r − 0 . 35 , (2) 

 − R = ( g − i) + 0 . 44 . (3) 

To estimate the stellar masses, M ∗, we used the relation by Bell
t al. ( 2003a ) for the ratio of stellar mass and light given by equation
 4 ): 

og ( M ∗/h 

−2 M �) = 0 . 306 + 1 . 097[ g petro − r petro ] − 0 . 1 

−0 . 4( M r−petro − 5 log 10 ( h ) − 4 . 64) . (4) 

We applied extinction corrections with values from SDSS [com- 
uted following Schlegel, Finkbeiner & Davis ( 1998 ) and Schlafly &
inkbeiner ( 2010 )] and k corrected to z = 0, the Petrosian magnitude
olour g petro − r petro (in Casjobs, petroMag parameter), which are 
easured within a circular aperture determined by the shape of the 

ight profile. We also extinction and k corrected to z = 0, the r
etrosian absolute magnitude M r − petro − 5log( h ) with values form 

he SDSS data base. An extra correction of −0.1 mag was applied
o the magnitudes of the elliptical galaxy sample, as a result of the
otal flux being underestimated by the petrosian magnitudes for those 
alaxies (Bell et al. 2003a ; McIntosh et al. 2014 ; Lacerna et al. 2016 ).

We separated the red and blue elliptical galaxies in the colour–
ass plot, using the relation by Lacerna et al. ( 2014 ) in equation ( 5 ).
he colour is given by ( g − i ) and log( M ∗) is the log of stellar mass: 

 g − i) = 0 . 16( log M ∗ − 10) + 1 . 05 . (5) 

.2.1 The isolated galaxies 

or the isolated galaxies colour and magnitude analysis, we found 
wo galaxies ( α2 000 = 209.8012, δ2 000 = 34.29329, z = 0.04946
nd α2 000 = 221.1527, δ2 000 = 16.52559, z = 0.02187) having 
ery high g − i colour of 7.48 and 5.76, respectively. Both
ources were classified as spiral galaxies. In addition, one galaxy 
 α2 000 = 346.7424, δ2 000 = −9.28614, and z = 0.02377) had a
ery low M r absolute magnitude of −14.11 and also a spiral galaxy.
he three sources were not included in our subsequent analysis, with 

he utilised sample including 3525 isolated galaxies. 
We plotted a graph of B − R colour against the absolute magnitude
 R for the isolated galaxies as shown in Fig. 2 . The blue circles
Table 3. The results of the comparison between the zoo visual morphologies 
and the concentration index classifications for the isolated sample. 

Spiral Elliptical Sum 

Reliability 
(per cent) 

Contamination 
(per cent) 

Late type 1636 110 1746 93.69 6.30 
Early type 778 1004 1782 56.34 43.65 
Sum 2414 1114 3528 
Completeness 67.77 

per cent 
90.12 
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epresent isolated spiral galaxies, while the red triangles represent 
he isolated elliptical galaxies. The right panel of the figure shows
he distribution of the B − R colour represented by the blue and the
ed line for the isolated spirals and elliptical galaxies, respectively. 
he R -band absolute magnitude distributions are on the top panel. 
From Fig. 2 , a trend of galaxies becoming redder with increase

n luminosity is observed for both the isolated spirals and elliptical
alaxies. Ho we ver, the colour–magnitude relation for the isolated 
piral galaxies is steeper than that of their corresponding elliptical 
ample. Isolated elliptical galaxies are observed to be highly pop- 
lated on the redder side with a B − R colour of greater than 1.5,
hile the isolated spirals are extended towards the bluer sides of the
iagram. There is still a good number of isolated spiral galaxies at
he brighter luminosity and red side of the CMD. The M R absolute

agnitude distributions for the isolated spirals and elliptical galaxies 
re similar, with the colour o v erlapping in all magnitude intervals.
he distribution similarity is also indicated by the statistical values 

n Table 4 with both magnitude distributions peaking at almost the
ame magnitude value. 

Fig. 3 shows a graph of colour versus the estimated stellar mass
or the isolated galaxy sample. We plotted the g − i colour versus the
og 10 of stellar mass M ∗/ h −2 M �. The blue circles represent isolated
pirals and the red triangles the isolated ellipticals. The right panel of
he figure shows the g − i colour distributions. The blue and red lines
epresent the isolated spirals and elliptical galaxies respectively. The 
og stellar mass M ∗/ h −2 M � distributions are on the top panel. 

For the colour and mass relation, the galaxy colour becomes red
ith increase in mass. This relation is observed for both the isolated

pirals and elliptical galaxies. The isolated ellipticals highly populate 
he redder and high-mass side of the diagram with a large fraction
aving stellar masses greater than 10 10 h −2 M �. Most of the isolated
piral galaxies have masses below 10 10.5 h −2 M � and their colour
xtends to the blue side of the diagram. The population of the isolated
piral galaxies seem to be biased towards low masses and bluer
olours. Generally, our isolated galaxies have stellar masses below 

0 11.5 solar masses. 
The isolated spiral galaxies have a mean and median B − R colour

f 1.45 and 1.48, and −21.49 and −21.60 M R absolute magnitude
ean and median v alues, respecti v ely. F or the isolated elliptical

alaxies, the mean and median B − R colour is 1.59 and 1.62, while
MNRAS 527, 1368–1380 (2024) 
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Table 4. The statistical values for colour, absolute magnitude, and stellar mass analysis. 

Spiral galaxies Elliptical galaxies 
Properties Mean σ 0.25 Median 0.75 Mean σ 0.25 Median 0.75 

Isolated galaxy sample 
B − R 1 .45 0 .21 1 .30 1 .48 1 .61 1 .59 0 .16 1 .54 1 .62 1 .68 
M R − 21 .49 0 .71 − 21 .97 − 21 .601 − 21 .13 − 21 .73 0 .65 − 22 .15 − 21 .77 21 .41 
g − i 1 .01 0 .21 0 .86 1 .04 1 .17 1 .15 0 .16 1 .10 1 .18 1 .24 
log 10 stellar mass 10 .21 0 .37 10 .01 10 .27 10 .47 10 .44 0 .32 10 .30 10 .48 10 .65 

Coma galaxy sample 
B − R 1 .36 0 .23 1 .27 1 .42 1 .50 1 .50 0 .13 1 .45 1 .51 1 .59 
M R − 20 .57 1 .01 − 21 .25 − 20 .57 − 20 .02 − 21 .09 0 .76 − 21 .60 − 21 .12 − 20 .57 
g − i 0 .92 0 .23 0 .83 0 .98 1 .06 1 .06 0 .13 1 .01 1 .07 1 .15 
log 10 stellar mass 9 .85 0 .51 9 .60 9 .91 10 .14 10 .17 0 .37 9 .93 10 .16 10 .40 

Figure 3. A g − i colour versus the log of stellar mass M ∗ scatter plot 
and the respective distribution plots for the isolated galaxies. The circles and 
triangles with their correspond distribution lines represent the isolated spirals 
and elliptical galaxies, respectively. 
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Figure 4. The B − R colour and absolute magnitude M R relation for the 
elliptical and spiral samples with the Coma cluster galaxies. Part (a) shows 
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aving a mean M R absolute magnitude of −21.73 and a median
agnitude of −21.77. Considering g − i colour, the mean and
edian values are 1.01 and 1.04 for the isolated spiral galaxies with
 mean stellar mass of 10 10.21 h −2 M � and a median stellar mass of
0 10.27 h −2 M �. For the isolated elliptical galaxies, the mean g − i
olour is 1.15 and the median colour is 1.18, while having a mean
tellar mass of 10 10.44 h −2 M � and a median mass of 10 10.48 h −2 M �.
lthough the mean and median values for the B − R colour of the

wo distributions are different, the M R median values are similar.
evertheless, the mean and median values for the g − i colour and

he stellar mass for the distributions are different. In Table 4 , we
rovide the means, standard deviations, medians, and quartile values
t 25 per cent and 75 per cent for our isolated spirals and elliptical
alaxies. 

.2.2 Comparison with the Coma cluster 

n Fig. 4 (a), the B − R versus M R graph for both the coma and
solated elliptical galaxies is shown. The red triangles represent
he isolated elliptical sample, while the black squares represent the
oma elliptical galaxies. The sample distributions are represented
y the red and black lines, respectively. The open magenta squares
epresent a fraction of the RQEs discussed later in this work. From
he graph of g − i colour against log of stellar mass, M ∗/ h −2 M �, for
he elliptical galaxies on Fig. 5 (a), the red triangles, black squares,
nd open magenta squares plots with their distributions represent the
NRAS 527, 1368–1380 (2024) 
solated ellipticals, coma ellipticals, and the fraction of the RQEs,
espectively. The black solid line is a relation by Lacerna et al. ( 2014 )
nd is designed to separate red and blue elliptical galaxies. 

Observing from Figs 4 (a) and 5 (a), most of the elliptical galaxies
ave higher luminosities, larger masses and their correlation with
olour is tight. Ho we ver, our isolated ellipticals colour–magnitude
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Figure 5. A g − i colour verse the log of stellar mass M ∗ scatter plot and the 
respective distribution plots with the coma galaxy sample. In (a), the isolated 
elliptical and coma elliptical galaxies are represented by the triangles and the 
squares, respectively. The solid line is from Lacerna et al. ( 2014 ) to separate 
red and blue elliptical galaxies. (b) are the isolated and coma spiral galaxies 
represented by the circles and inverted triangles. The distribution plots in both 
diagrams represent the corresponding galaxy samples. 

r
a
T  

l
m
m
A
p
s
s  

d
 

i  

a
(  

l
1  

i
d
r

 

s  

g
l
a
t  

m  

s
c  

o
 

g  

v
T  

c
F  

a  

c
m  

a
c
a
s

3

H  

a  

g
g  

m
(  

c

a
g  

c
f  

w  

t  

t  

+  

2

s  

a  

e  

q  

f  

w  

e  

r  

R

3

I  

c  

e  

t
p
f  

H  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/1/1368/7330194 by Kenyatta U
niversity Library user on 29 N

ovem
ber 2023
elation is steeper and the galaxies have relatively higher luminosities 
nd redder colour than their corresponding coma elliptical galaxies. 
his relation is also mirrored in the colour–mass where our iso-

ated elliptical galaxies have a steeper colour relation with stellar 
ass and averagely massi ve. Ne vertheless, the most luminous and 
assive elliptical galaxies are found in the Coma cluster sample. 
s the luminosity becomes fainter and at lower masses, the galaxy 
opulation scatters, and the correlation with colour becomes more 
teep. The scattered population gradually deviates from the red 
equence (Figs 4 a and 5 a, respectively). A good fraction of the
itched population have a B − R colour lesser than 1.4. 
Separating the red and blue galaxies with the solid line in Fig. 5 (a),

t can be seen that most of the elliptical galaxies are red, with
 number of galaxies observed to have bluer colours. About 259 
23 per cent) out of 1114 isolated elliptical galaxies are below the
ine and considered blue in colour. For the Coma cluster about 
65 (44 per cent) galaxies out of the 372 coma ellipticals are blue
n colour. Elliptical galaxies with blue colour, become bluer with 
ecrease in mass with most of the massive elliptical galaxies being 
ed. 

In both Figs 4 (b) and 5 (b), the blue circles are the isolated
piral galaxies while the green inverted triangles are the coma spiral
alaxies. Their distributions are represented by the blue and green 
ines, respectively. From the two diagrams, the colour–luminosity 
nd colour–mass relations for the isolated spiral galaxies are rela- 
ively steeper at higher luminosity and for galaxies with larger stellar

asses. Looking at the peak of the galaxy distributions, the isolated
pirals are more luminous and massive than their corresponding 
oma spiral galaxies. A good fraction of red isolated spirals is also
bserved. 
The mean and median B − R colours for the coma elliptical

alaxies are 1.50 and 1.51, for the coma spirals 1.36 and 1.42,
arying with a standard deviation of 0.13 and 0.23, respectively. 
he mean and median M R values are −21.09 and −21.12 for the
oma ellipticals, −21.49 and −21.60 for the coma spiral galaxies. 
or the g − i colour, coma ellipticals have a mean value of 1.06
nd a median value 1.07. The coma spirals mean and median, g − i
olour values are 0.92 and 0.98, respectively. Stellar mass distribution 
ean and median statistics for the coma elliptical and spiral galaxies

re 10.17, 10.16, and 9.85, 9.91 respectively. The distributions of 
oma elliptical and spiral galaxies are not similar. These distributions 
re also significantly different from their respective isolated galaxy 
ample. See the tabulated results in Table 4 . 

.3 Colour–colour selection 

olden et al. ( 2012 ) defined a diagonal boundary in the ( u − r )
nd ( r − z ) colour diagram, that separates passive non-star-forming
alaxies without detectable H α emission, referred to as quiescent 
alaxies from the star-forming H α emitters. McIntosh et al. ( 2014 )
odified the non-star-forming region by extending the Holden et al. 

 2012 ) boundary down to a bluer ( u − r ) colour, and introduced a
riterion to select a fraction of recently quenched galaxies. 

To investigate the non-star-forming nature of our galaxy sample 
nd the fraction of recently quenched galaxies, we analysed the 
alaxies location in the ( u − r ) versus ( r − z ) colour space. For the
olour, we used the SDSS model magnitudes (model mag) corrected 
or galactic extinction (dered parameter) and k -corrected to z = 0
ith corrections from the SDSS data base. We converted the colours

o AB system. The SDSS magnitudes on the AB system are such
hat m AB = m + � m , where � m equals −0.036, + 0.012, + 0.010,
 0.028, and + 0.040 for u , g , r , i , and z , respectively (Yang et al.

007 ). 
In our analysis, we separated optimal colour–colour with the 

election criterion described by ( u − r ) > 2.26, ( r − z ) < 0.75,
nd ( u − r ) > 0.76 + 2.5( r − z ) form Holden et al. ( 2012 ) with the
xtension ( u − r ) = 1.9 by McIntosh et al. ( 2014 ), to separate the
uiescent from the star-forming re gion. F or the recently quenched
raction, we used the criterion introduced by McIntosh et al. ( 2014 )
here an extended line ( u − r ) > 0.76 + 2.5( r − z ) from Holden

t al. ( 2012 ) abo v e, and an added line perpendicular to it with the
elation u − r = 3.67–2.5( r − z ) was used to identify a sample of
QEs. 

.3.1 The isolated galaxies 

n the colour analysis, we plotted the u − r colour versus the r − z
olour, extinction, and k -corrected to z = 0 and in AB system for the
ntire isolated galaxy sample. This plot is shown in Fig. 6 , where,
he isolated spirals and ellipticals representation corresponds with 
revious diagrams. For the polygon separating quiescent galaxies 
rom star forming, the dotted line is the relation, u − r = 2.26 by
olden et al. ( 2012 ), and the solid line below it is the extension u
MNRAS 527, 1368–1380 (2024) 
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M

Figure 6. A ( u − r ) verse ( r − z ) colour diagram for the isolated sample. 
The circles represent isolated spiral galaxies with the triangles representing 
the isolated elliptical galaxies. The polygon with the dotted line separating 
the quiescent and star-forming regions is a relation by Holden et al. ( 2012 ) 
and the solid line below it is McIntosh et al. ( 2014 ) extension. 

Table 5. The results of Holden et al. ( 2012 ) quiescent galaxies selection 
criterion for the isolated galaxy sample. 

Isolated elliptical Isolated spirals Total 
Contamination 

(per cent) 

Quiescents 794 493 1287 38.30 
Sample 1114 2411 3525 
Percentage 71.27 per cent 20.44 per cent 
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RQEs fitted with the open squares. (b) is the spiral plot representation with 
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r = 1.9 by McIntosh et al. ( 2014 ). The green filled triangle is the
ecently quenched separation described by McIntosh et al. ( 2014 ) to
istinguish the small fraction of blue RQEs from the whole sample
f quiescent elliptical galaxies. 
The Holden et al. ( 2012 ) boundary distinguishes the quiescent

ed early-type galaxies (mostly elliptical galaxies) from blue late-
ype galaxies (mainly spirals) with pure star formation emission well
or our isolated sample. From Fig. 6 , the isolated elliptical galaxies
ighly populate the small quiescent region of the colour–colour space
ith the isolated spirals dominating the extended and fairly narrow

tar-forming region. With the quiescent galaxies selected by the
olden et al. ( 2012 ) boundary expected to be smooth with no spiral

rms or dust lines, 794 out of the 1287 isolated galaxies selected
re elliptical galaxies and 493 spirals. The quenched red isolated
lliptical galaxies selected by this criterion have a contamination of
8.30 per cent from the red isolated spiral galaxies. With the isolated
lliptical sample being 71.27 per cent complete, the contaminating
raction is about 20.44 per cent of the total isolated spiral galaxy
ample. The results are summarised in Table 5 . 

.3.2 Comparison with the Coma cluster 

he u − r versus r − z colour diagram for the coma elliptical
alaxy comparison is represented in Fig. 7 (a). The red triangles
re the isolated elliptical galaxies and the black squares represent the
oma elliptical galaxies. The polygon separating quiescent from star-
orming galaxies with the dotted and solid lines are the separation
y Holden et al. ( 2012 ) and McIntosh et al. ( 2014 ), respectively. The
ecently quenched separation described by McIntosh et al. ( 2014 )
s the triangle filled in green as before. The fraction selected as
NRAS 527, 1368–1380 (2024) 
he RQEs are fitted with open magenta squares for this and other
lliptical galaxies analysis plots. 

Following Fig. 7 (a), 321 (86.29 per cent) of the 372 coma
llipticals are well selected as quiescent galaxies with McIntosh
t al. ( 2014 ) extended solid line. 24.32 per cent (271) of our
solated elliptical galaxies are in the star-forming region with only
0.22 per cent (38) of the coma ellipticals selected as star forming.
ith most elliptical galaxies dominating the quiescent region, there

s an observed good fraction of isolated ellipticals in the star-forming
e gion e xtending towards bluer u − r and r − z colours, and very few
tar-forming coma elliptical galaxies closer to the separation line. 

According to McIntosh et al. ( 2014 ), the RQEs are mainly blue,
ith less than 3 Gyr light-weighted stellar ages, and lack detectable

mission responsible for star formation. The star formation histories
or the RQEs are different from equally young and blue early-type
alaxies that are star forming. Considering their solar metallicities,
hey ‘are consistent with chemical enrichment from a significant

erger-triggered star formation event’ before the quenching. The
uthors conclude that RQEs are likely ‘first generation’ elliptical
alaxies formed in a relatively recent major spiral-spiral merger. 

In our analysis, 62 isolated elliptical galaxies (5.56 per cent) and
65 (44.35 per cent) coma ellipticals are classified as RQEs following
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he criterion by McIntosh et al. ( 2014 , represented as the green filled
riangles in Figs 6 and 7 a). The fraction of RQEs is larger in our coma
ample. About 90.32 per cent (56) of the recently quenched isolated 
llipticals and 117(90.91 per cent) in the coma are blue based on the
eparation in Fig. 5 . Our red RQEs in both the isolated and Coma
luster are among the low-mass red elliptical galaxies. On average, 
he RQEs have moderate stellar masses with none having masses 
arger than 10 11 h −2 M �. Most of our RQEs have stellar masses
etween 10 10 and 10 10.5 solar masses. Ho we ver, a significant fraction
f the recently quenched coma ellipticals have masses lower than 
0 10 h −2 M �. 
As in Fig. 7 (b), blue circles are the isolated spirals and the green

nverted triangles are the coma spiral galaxies. From the diagram, a 
inear and tighter r − z and u − r colour–colour correlation is seen in
he distribution of our spiral galaxies. The coma spiral galaxies are 

ostly within the quenched boundary while a higher percentage of 
ur isolated spirals are following the extended star-forming region. 
n observed fraction of red isolated spirals in the quiescent region 
f the diagram highly contaminates the early-type galaxies selected 
ith the colour–colour criterion. 

.4 Star formation rates 

n estimating the SFRs from H α luminosity, we adopted the Kenni- 
utt calibration (Kennicutt 1998 ), assuming a Salpeter initial mass 
unction (IMF) and a mass range from 0.1 to 100 M �, given in
quation ( 6 ). 

FR H α(M �yr −1 ) = 1 . 27 × 10 −34 L H α, (6) 

L H α is given by equation ( 7 ), while M � is the mass of the Sun
Hopkins et al. 2001 , 2003 ), 

L H α( W ) = 4 πD 

2 
L ( F H α/ 10 7 )10 −0 . 4( r petro −r fibre ) ( F H α/F H β ) 

2 . 86 

2 . 114 
. (7) 

The total galaxy flux is represented by the petrosian magnitude 
 petro , r fibre is the r fibre magnitude given as an output of the
hotometric pipeline corresponding to the magnitude through the 
bre of 3 arcsec diameter, F H α and F H β are the H α and H β emission
ux es respectiv ely, while D 

2 
L is the luminosity distance. The specific

tar formation rate (sSFR) is defined as the star formation rate per
nit stellar mass. 

.4.1 The isolated galaxies 

or the SFR estimates, out of the 3525 isolated galaxies used in
revious analysis, only 3509 galaxies had the required information 
or the estimation of the SFRs. We selected the galaxies with H α and
 β emission fluxes greater then zero for which we could estimate 

heir SFRs. The fraction with our flux requirement included only 
430 isolated galaxies, with 2379 isolated spirals and 1051 isolated 
llipticals. This is the sample we used in this analysis. 

A plot of the sSFRs versus the galaxies stellar masses for the
solated galaxies is shown in Fig. 8 . The isolated spiral galaxies
re represented by the blue circles and the red triangles represent the
solated elliptical galaxies. On the right panel, the distributions of the 
SFRs for the isolated spirals and elliptical galaxies are represented 
y blue and red lines respectively. 
The distribution of sSFRs depend on stellar masses. As can be 

bserved in Fig. 8 , the sSFRs, generally decrease at larger stellar
asses with the dependency on mass being slightly less at lower 

tellar masses ( < 10 10 h −2 M �). At masses greater than 10 10 h −2 M �,
here is an observed sharp decrease in the sSFRs for both the isolated
pirals and elliptical galaxies. Generally, there is a mass dependence 
n the isolated galaxies SFRs, where, lower mass isolated galaxies 
re in the active star-forming region with higher sSFRs, while the
assiv e re gion is mainly characterized by massiv e galaxies. At log
SFR/yr −1 of −11, we observe a bimodality in the distribution of our
solated sample. The isolated spiral galaxies populate the active and 
ighly star-forming part of the diagram with higher sSFRs, while the
solated elliptical galaxies show a high preference for occupying the 
assiv e re gion with lower sSFRs. 

.4.2 Comparison with the Coma cluster 

rom the 586 morphologicaly classified Coma cluster galaxies, only 
80 had the required emissions for star formation analysis. Selecting 
on-zero H α and H β emission fluxes for the SFRs estimation, we
tilised a sample of 446 coma galaxies, 291 coma elliptical galaxies,
nd 155 coma spiral galaxies. 

In Fig. 9 (a), we plotted the sSFRs diagram for the elliptical
alaxies. The isolated elliptical galaxies are plotted as red triangles 
nd the black squares are the coma elliptical galaxies. The fraction
f the recently quenched galaxies are fitted with the open magenta
quares. We investigated the SFRs for the selected star-forming 
solated elliptical galaxies in the colour–colour analysis (Fig. 7 ), 
tted with the open cyan circles. The galaxy distributions are 

ndicated by the respective lines on the right panel. 
From Fig. 9 (a), a good fraction of the isolated elliptical galaxies

ccupy the active star formation part that is mostly dominated by the
opulation of the star-forming isolated spiral galaxies (see Fig. 8 ).
his is also indicated by a small peak in the distribution of the isolated
llipticals ( −10 < log sSFR/yr −1 < −9). The active isolated elliptical
alaxies highly correspond to the fraction of star-forming isolated 
llipticals selected in the colour–colour diagram, which are indicated 
y the open cyan circles in the plot, with their distribution mimicking
he observed peak (see Fig. 7 ). The coma elliptical galaxies highly
ominate the passive star-forming region. Even the very few selected 
s star-forming coma ellipticals in the colour–colour analysis are 
ostly close to the separation line (Fig. 7 ) and have mainly passive

tar formation. The recently quenched fraction for both the isolated 
nd coma elliptical galaxies are predominantly in the lower mass 
assiv e re gion with the medium mass occupying the upper part of
MNRAS 527, 1368–1380 (2024) 
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Figure 9. sSFR and stellar mass plot with the Coma cluster galaxies. (a) 
is the plot for elliptical galaxies. The triangles and squares are the isolated 
and coma elliptical galaxy samples. The open squares fit the RQEs. The 
open circles fit the population of star-forming elliptical galaxies selected by 
the colour–colour analysis. In (b), the circles represent the isolated spirals 
and inverted triangles correspond to the coma spiral galaxies. The respective 
distributions are on the side panels. 
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he passively evolving galaxies. Generally, quiescent galaxies have
igher masses and very low sSFRs. 
In Fig. 9 (b), the blue circles are the isolated spirals and the

reen inverted triangles are the coma spiral galaxies. The respective
istributions are on the side panel. From the plot, although the
solated spiral galaxies are highly in the active star-forming region,
here is a small peak at lower sSFRs (about −11 log sSFR/yr −1 ),
ith a population of passively evolving isolated spiral galaxies. For

he coma spiral galaxies, there is a fraction with v ery activ e star
ormation acti vities. Ho we ver, a large enough fraction of the coma
piral galaxies have passive star formation with sSFRs below −11
og sSFR/yr −1 . 

 DISCUSION  

.1 Morphological classification 

sing the concentration index ( C r ), Shimasaku et al. ( 2001 ) pointed
ut that samples of late and early type galaxies can be automated
ollowing the tight correlation with the morphological type. From
ig. 1 , the concentration index highly correlates with galaxy mor-
hology, with early-type galaxies having higher concentration index
NRAS 527, 1368–1380 (2024) 
alues than the late types, as in Strateva et al. ( 2001 ). Following
he bimodal distribution in our isolated sample, we separated late-
nd early-type galaxies by a concentration index of 2.65, with a
ontamination of 46.20 per cent across the sample. 

Comparing the concentration index with the zoo visual classifica-
ions, selected isolated spiral galaxies are complete to 67.77 per cent
nd isolated ellipticals complete to 90.12 per cent. Despite the relative
ompleteness of the selected subsamples, by the concentration
ndex, the isolated early-type galaxies are highly contaminated
43.66 per cent) and less reliable (56.34 per cent), while the isolated
ate-type galaxies are 93.70 per cent reliable and 6.30 per cent
ontaminated. Shimasaku et al. ( 2001 ) also noted their concentration
ndex selected early-type galaxies (E/S0) being contaminated by
piral galaxies (Sa). McIntosh et al. ( 2014 ) pointed out that a crude
oncentration cut is poor for selecting a pure elliptical galaxy sample
rom the blue cloud. Our large fraction of isolated spiral galaxies
68.42 per cent) equally contribute to the high contamination percent-
ge on the early type sample. Ho we ver, with 95 per cent (3528) of our
solated galaxies having visual morphological classifications from
he Galaxy Zoo, we adopted the visual classifications in our analysis.

Following the visual classifications, the spiral galaxies dominate
he isolated sample by 68.42 per cent with 31.58 per cent ellip-
ical galaxies, while the Coma cluster sample is dominated by
3.48 per cent elliptical galaxies and 36.52 per cent being spiral
alaxies. The large fraction of isolated spiral galaxies is supported
y observations from Buta et al. ( 2019 ) where, their spiral galaxies,
onstituting nearly 85 per cent of their isolated sample, dominated
he morphology. Hern ́andez-Toledo et al. ( 2010 ) had a similar
bservation of the spiral galaxies dominating their isolated sample.
his suggests that, the isolated environment does not highly fa v our

he formation of elliptical galaxies. 

.2 Colour, magnitude, and stellar masses 

uminous galaxies are generally well known to be redder in colour
han less-luminous galaxies. This supports the observed general
rend of galaxies becoming redder with increasing luminosity for
oth the isolated spirals and isolated elliptical galaxies. With our
solated elliptical galaxies highly populating the redder side, while
he isolated spirals extend towards the bluer sides of the CMD, there
s an observed significant fraction of relatively luminous and red
solated spiral galaxies. The M R absolute magnitude distributions for
he isolated spirals and elliptical galaxies being similar, with their
olour o v erlapping at practically all absolute magnitude intervals
bserved in our analysis (as in Fig. 2 ), was also noted by Hern ́andez-
oledo et al. ( 2010 ). As a result of the o v erlap in colour, the colour

ndex cannot suitably separate the two distributions without a very
arge contamination for the isolated sample. 

Kauffmann et al. ( 2002 ), when studying the stellar masses for
he whole SDSS parent sample, observed ordinary galaxies dividing
nto two definite categories at a stellar mass of 3 × 10 10 h −2 M �.
his distribution of mass is not obvious for our sample of isolated
alaxies. Ho we ver, a large fraction of the isolated elliptical galaxies
ave stellar masses greater than 10 10 h −2 M �. This is the cut mass
sed by McIntosh et al. ( 2014 ) to identify a sample of RQEs.
dditionally, most of our isolated spiral galaxies have masses below
0 10.5 h −2 M �. It can be noted that, using a cut in mass to separate the
ample of isolated elliptical galaxies requires an additional cleaning
ethod to a v oid the extreme contamination by the massive isolated

piral galaxies. In general, our isolated galaxies have relatively lower
tellar masses of below 10 11.5 solar masses. This was earlier noted
y Hirschmann et al. ( 2013 ) when analysing their 3D (no neighbour
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ithin a circular sphere of 1 Mpc) modelled sample. Other studies of
solated galaxies seem to also confirm this observations (Fern ́andez 
orenzo et al. 2013 ; Lacerna et al. 2016 ), indicating the isolation
riteria used limites the isolated sample to relati vely lo wer mass
alaxies. 

In comparing colour–maginitude and colour–mass relations with 
he Coma cluster galaxies, the relations are steeper in our isolated 
ample. Our isolated ellipticals have steeper colour, magnitude, and 
ass relations with relatively higher luminosities, redder colour, and 

v eragely massiv e than their corresponding coma elliptical galaxies. 
o we ver, the most luminous and massive elliptical galaxies are 

ound in the Coma cluster sample. This indicates that the dense 
nvironments are the home of v ery massiv e elliptical galaxies. The
teepness in colour relation suggest a faster transition to the red 
equence for the isolated galaxies. Lacerna et al. ( 2016 ) also found a
imilar fast transition of their isolated ellipticals to the red sequence. 

At fainter luminosities and lower stellar masses, there is an 
bserved population of elliptical galaxies, mainly isolated ellipticals, 
ith bluer colours that ditches from the red sequence, in Figs 4 (a)

nd 5 (a). This agrees with results from Lacerna et al. ( 2016 ), who ob-
erved a small fraction of the isolated ellipticals following a different 
rend, with steeper colour–magnitude relation toward bluer colours as 

agnitudes became fainter, creating a brunch that gradually deviates 
rom the red sequence. Niemi et al. ( 2010 ) also observed a distinct
opulation of their simulated isolated field elliptical galaxies (IfEs) 
opulating the bluer and less-luminous side of the CMD. Most of
he galaxies in Niemi et al. ( 2010 ) were having B − R colour of less
han 1.4 ( B − R < 1.4), also observed in our Fig. 4 (a). 

Looking at the red and blue elliptical galaxies separated by Lacerna 
t al. ( 2014 ) criterion in the g − i colour, about 23 per cent of our
solated elliptical galaxies were blue in colour. Our percentage of 
lue elliptical galaxies is close to that observed by Lacerna et al.
 2016 ) where about 20 per cent of their isolated elliptical galaxies
ere considered blue with the same criterion. Ho we v er, our observ ed

raction of blue elliptical galaxies in the Coma cluster is higher 
44 per cent). 

The colour–luminosity and colour–mass relations for our isolated 
piral galaxies, at higher luminosities and relatively larger stellar 
asses, are steeper than for their corresponding coma spiral galaxies. 
ooking at the distribution peaks, isolated spirals are relatively lumi- 
ous and massive than the coma spiral galaxies. There is also a good
raction of observed red isolated spirals galaxies. Fern ́andez Lorenzo 
t al. ( 2013 ) had observed massive spirals in less dense environment
eing large in size compared to those in dense environment. 

.3 Colour–colour analysis 

he Holden et al. ( 2012 ) boundary distinguishes the quiescent early-
ype galaxies from the blue late-type galaxies well for our isolated 
ample. The isolated elliptical galaxies occupy a small quiescent 
egion, with isolated spirals dominating the extended star-forming 
egion. This supports the well-known notion that most elliptical 
alaxies are older and have quenched their star formation, while 
he spiral galaxies are younger and star forming. 

Holden et al. ( 2012 ) found about 82 per cent of their early-
ype quiescent galaxies within the boundary, with a contamination 
f 18 per cent star-forming late types. In our isolated galaxies, 
1.27 per cent of the elliptical galaxies were selected within the 
oundary, having a 38 per cent contamination fraction from red 
pirals. The large contamination of the quenched red isolated el- 
ipticals with the red isolated spirals can be attributed to the general
arge number of spiral galaxies, and a good fraction of red spirals
n our sample. The completeness of the selected quiescent isolated 
llipticals can be complimented by the significant fraction of isolated 
llipticals in the star-forming region. Although the ( u − r ) colour
ndex is greatly ef fecti ve at distinguishing among the different galaxy
ypes, Hern ́andez-Toledo et al. ( 2010 ) also observed a significant
 v erlap of their early- and late-type isolated galaxies distribution at
edder colours. 

Most of the coma elliptical galaxies (86.29 per cent) are selected
s quiescent following McIntosh et al. ( 2014 ) extended line. The
4.32 per cent fraction of isolated elliptical galaxies in the star-
orming re gion, e xtending towards bluer u − r and r − z colours,
orresponds to the ditched population of isolated ellipticals in our 
olour–magnitude and colour–mass analysis (see Figs 4 and 5 , 
espectively). With the significant fraction of star-forming isolated el- 
iptical galaxies, the fraction of coma ellipticals in the star-forming re-
ion is relatively small (10.22 per cent), and mostly closer to the sep-
ration line. From a similar colour–colour diagram in Lacerna et al.
 2016 , their fig. 5), some of their isolated elliptical galaxies extended
owards the star-forming region, while their coma ellipticals were 
ithin the non-star-forming region or close to the separation line. 
5.56 per cent of our isolated elliptical galaxies and 44.35 per cent

f the coma ellipticals are RQEs with McIntosh et al. ( 2014 ) criterion.
acerna et al. ( 2016 ) observed about 10 per cent (9) of their isolated
lliptical galaxies being RQEs according to this criterion and one 
QE candidate in their coma supercluster sample closer to the lower
oundary. Their analysis was done on elliptical galaxies with masses 
reater than 10 10 h −2 M �. Ho we ver, the fraction of RQEs observed in
ur Coma cluster sample have stellar masses lower than 10 10 h −2 M �.
ost of the recently RQEs have moderate stellar masses with none

aving a mass lager than 10 11 h −2 M �. For the isolated ellipticals,
he recently quenched fraction has mainly masses abo v e 10 10 and
ithin an upper bracket of 10 10.5 solar masses. Most of the RQEs

n McIntosh et al. ( 2014 ) also have stellar masses below 10 11 solar
asses. The observation of RQEs having moderate mass both in the

solated and coma samples, supports the idea that most quiescent 
alaxies are massive and form through accumulation of mass. 

90.32 per cent and 90.91 per cent of our recently quenched isolated
nd coma ellipticals are blue based on the separation in Fig. 5 . Our red
ecently quenched population is among the lower mass red elliptical 
alaxies in both samples, respectively. Lacerna et al. ( 2016 ) found
even out of nine of their RQEs being blue and the rest red using the
ame colour separation. This supports the analysis by McIntosh et al.
 2014 ) that most of the RQEs are blue. To confirm most massive
lliptical galaxies quenched their star formation long ago, our red 
QEs are among the 20 per cent low-mass red ellipicals. 
A tighter r − z and u − r colour–colour correlation is seen in

he distribution of our spiral galaxies. A similar tighter distribution 
as observed by Hern ́andez-Toledo et al. ( 2010 ) in their various

olour–colour diagrams for their isolated galaxies. The coma spirals 
re mostly in the quiescent region following the extended McIntosh 
t al. ( 2014 ) criterion, while a good percentage of our isolated
pirals are following the extended star-forming region. The relatively 
onsiderable fraction of red isolated spiral galaxies in the quiescent 
egion of the colour–colour diagram suggests a quenched population 
f spiral galaxies even in our isolated sample. This red isolated spiral
raction also highly contaminates the quiescent isolated early-type 
alaxies selected with the colour–colour method. 

.4 Star formation rates 

auer et al. ( 2013 ) observed a dependency of sSFRs with stellar mass,
or galaxies with redshifts of z < 0.32, in the Galaxy And Mass
MNRAS 527, 1368–1380 (2024) 
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ssembly surv e y. The sSFRs decrease with an increase in stellar
ass, with a rapid decline at larger stellar masses. In our sample

f isolated galaxies, we observed a similar dependency of sSFRs
istribution with stellar mass. The sSFRs, in the isolated sample
enerally decreases at larger stellar masses, with the dependency on
ass being slightly less at lower stellar masses ( < 10 10 h −2 M �). At
asses greater than 10 10 h −2 M �, a sharp decrease in the sSFRs

s observed for both the isolated spirals and elliptical galaxies.
enerally, the lower mass isolated galaxies occupy the active star-

orming region with higher sSFRs, while the passive region is mainly
haracterized by massive galaxies. 

A bimodality in the distribution of our isolated sample is ob-
erved, where the isolated spiral galaxies have higher sSFRs and
opulate the active and highly star-forming part of the diagram.
he isolated elliptical galaxies strongly occupy the passiv e re gion
here the sSFRs are lower. This bimodality in the sSFRs distribution
as also observed by Hirschmann et al. ( 2013 ), in the study of

heir isolated model galaxies. For the isolated galaxies, the two
istributions can be separated by a cut at log sSFR/yr −1 of −11
hich correspond to the intercept of the isolated spiral and elliptical
istributions. 
With the isolated elliptical galaxies highly occupying the passive

egion, a good fraction is observed to occupy the active star-forming
egion dominated by star-forming isolated spiral galaxies shown in
ig. 8 . This is also supported by the small peak observed in the
istribution. Ho we ver, the coma elliptical galaxies dominate the
assiv e re gion. Lacerna et al. ( 2016 ) found nearly all their coma
llipticals passive with only one in the star-forming region. They
id not observe a difference in the distributions. Ho we v er, the y
oted a small fraction of their isolated ellipticals at stellar masses <
0 10.7 h −2 M �, with rele v ant signs of star formation. The fraction of
ctive star-forming isolated ellipticals highly correspond to the star-
orming isolated ellipticals selected in the colour–colour diagram.
his agrees with Lacerna et al. ( 2016 ) observations of an agreement
etween the isolated elliptical galaxies identified as star-forming in
heir colour—colour selection and the actively star-forming isolated
llipticals in their sSFR diagram (figs 3 and 5 in Lacerna et al. 2016 ).
he few coma ellipticals in the star-forming region of the colour–
olour analysis (see Fig. 7 ) are mostly close to the separation line
nd have mainly passive star formation. 

The recently quenched fraction of both the isolated and coma
lliptical galaxies highly populate the lower mass passive region
ith the medium mass occupying the upper part of the passively

volving galaxies. The quiescents have higher masses and very low
SFRs supporting the idea that they are old and dead with no active
tar formation. Lacerna et al. ( 2016 ) had eight out of their nine RQEs
n the passive region and the only one actively blue star forming had
ctive galactic nucleus emission. 

While the isolated spiral galaxies are mainly in the active star-
orming region, the small peak in the distribution at lower sSFRs
uggest a fraction of passively evolved high-mass spiral galaxies
n the isolated sample. For the coma spirals, although there is a
raction with very active star formation activities, a larger fraction
f the coma spiral galaxies hav e passiv e star formation activities,
ith sSFRs below −11 log sSFR/yr −1 . Hirschmann et al. ( 2013 ) in

heir analysis found the isolated galaxies having a high percentage
f star-forming galaxies than their mass-matched random sample
with log sSFR/yr −1 > −11). This could suggest the environmental
ontribution on the star formation activities in galaxies, where there
s supration of star formation in the dense environment, even for
piral galaxies. 
NRAS 527, 1368–1380 (2024) 
 C O N C L U S I O N S  

o understand our isolated galaxy sample consisting of 3702 single
solated galaxies, a morphological classification into early type (with

ostly ellipticals) and late type (mainly spirals) was required. Two
ethods were considered; the central concentration index tool and

he visual classification method. Although the visual inspection
ethod is known to be time consuming and labour intensive, we

sed already existing visual classifications by the Galaxy Zoo project
btained from the SDSS archive. The isolated sample was initially
lassified using the concentration index, C r value of 2.65, obtained
ollowing the bimodal distribution of the sample. 49.82 per cent and
0.18 per cent of the isolated sample was classified as early and
ate types, respectively, with 46.20 per cent contamination across
he sample. Comparing the concentration index and visual classi-
cations, the isolated spiral galaxies selected by the concentration

ndex are 67.77 per cent complete and the selected isolated ellipticals
re 90.12 per cent complete. Ho we ver, the reliability of the late-type
ample is 93.69 per cent and the early-type galaxies are 56.34 per cent
eliable with a significant contamination by the isolated spiral
alaxies (43.65 per cent contamination). Despite early-type galaxies
eing contaminated by spiral galaxies in concentration index selected
amples, the higher contamination percentage in our isolated sample
an be attributed to the large fraction of the isolated spiral galaxies.
ith the visual classifications, our isolated galaxy sample is highly

ominated by 68.42 per cent spiral galaxies, while the coma sample
s dominated by 63.48 per cent elliptical galaxies. 

In the analysis of colour, magnitude, and stellar mass relations,
he isolated elliptical galaxies are mainly characterized by redder,

assive and more luminous galaxies. The isolated spiral galaxies
eem to be biased towards being blue, less-massive, and less-
uminous. Ho we ver, a significantly larger fraction of isolated red
piral galaxies with larger stellar masses and high luminosities was
bserved. Using a cut in mass to separate the sample of isolated
lliptical galaxies requires an additional cleaning method to a v oid
he extreme contamination by the massive isolated spiral galaxies.
n both the colour–magnitude and colour–mass analysis, the isolated
piral galaxy relations are steeper than the isolated elliptical galaxies,
hich have a less steep but tight correlation with colour. Ho we ver,
oth the isolated spirals and ellipticals have steeper colour relations
han their corresponding coma galaxies. This suggest a fast transition
o the red sequence for the isolated galaxies. There is an o v erlap
etween the isolated spiral and the elliptical galaxies across all
bsolute magnitude intervals. This o v erlap suggests that, for the
solated galaxy sample, the colour index is not suitable to ef fecti vely
eparate the two distributions without a large contamination. Our
solated sample is limited to galaxies with masses relatively lower
han 10 11.5 solar masses. The most luminous and massive elliptical
alaxies are found in the Coma cluster sample. A small fraction
f the isolated elliptical galaxies is noted to be following a different
rend and mostly dominated by the blue elliptical galaxies. A slightly
ifferent distribution of the isolated spiral galaxies characterized by
ower stellar mass, blue spirals and having a less steep relation is
bserved at lower luminosities. 
As observed in the colour–colour analysis, the u − r and r −

 colours have a general tight correlation with each other. In the
olour–colour diagram, the isolated elliptical galaxies are occupying
 small region and are well selected as quiescent galaxies as seen
n our Fig. 6 . The isolated spiral galaxies are strongly following the
xtended and fairly narrow star-forming region. There is a fraction
f isolated elliptical galaxies (24.32 per cent) selected in the star-
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orming re gion, e xtending towards bluer u − r and r − z colours,
hich corresponds to the ditched population of isolated ellipticals 

n our colour–magnitude and colour–mass analysis. Despite the 
 u − r ) colour index being ef fecti ve at distinguishing among the
ifferent galaxy types, the o v erlap of isolated elliptical and spiral
alaxies distribution, at redder colours, contaminate the selected 
arly-type galaxies by 30 per cent with isolated spiral galaxies. The 
igh contamination of the early-type galaxies can be from the general 
arge number of isolated spirals and the reasonable fraction of red 
solated spiral galaxies in the sample. Our isolated sample also has 
 slightly higher percentage of blue elliptical galaxies. A 5 per cent
raction of the isolated elliptical galaxies are noted to be RQEs,
aving recently quenched their star formation and are transiting to 
he red sequence. A very large fraction (90 per cent) of the RQEs are
lue. The red RQEs are among the 20 per cent low-mass red elliptical
alaxies confirming that most massive elliptical galaxies quenched 
heir star formation long ago. 

While the distribution of the sSFRs is expected to depend on stellar
asses, there is a general decrease of the sSFRs at larger stellar
asses for our isolated sample. The dependency of the sSFR on 

tellar mass is observed to be slightly less at lower masses, and the
elation is almost flat with a very sharp decrease at larger stellar
asses. Looking at the galaxies distribution of sSFRs, a strong 

imodality in the distribution of our isolated galaxies is observed 
hich can be separated by a cut at log sSFR/yr −1 of −11. The

solated spiral galaxies have higher sSFRs and populate the active 
nd highly star-forming region, and the isolated elliptical galaxies 
ccupy the passive region and have lower sSFRs. Some notable 
eaks in the distribution of our isolated galaxies, indicate a fraction 
f passively evolving high-mass isolated spiral galaxies, and actively 
tar-forming isolated elliptical galaxies that highly correspond to 
 similar selection in the colour–colour diagram. In general, the 
ow-mass galaxies have higher sSFRs, while the passively evolving 
alaxies are characterized by massive galaxies. The RQEs with lower 
asses have passive emissions and those with medium mass occupy 

he upper part of the passive galaxies. The characteristics of quiescent 
lliptical galaxies of having high stellar masses and very low sSFRs
onfirms their old and dead nature. 
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