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ABSTRACT

Morphological classification of galaxies has for a long 
time relied on visual inspection since the pioneering 
morphological scheme introduced by Hubble (1926). 
This approach is labour-intensive and time-consuming, 
particularly for current large surveys. An effective 
alternative is to use the central concentration index, 
computed from the central light profiles, a quantitative 
parameter that reliably separates late-type from early-
type galaxies based on the central light profile of galaxies, 
offering a more efficient classification method for extensive 
galaxy surveys. Understanding how stellar mass and redshift 
affect concentration index as quantitative morphological 
galaxy classifier is important because both parameters trace 
key stages of galaxy evolution, and their influence may 
affect the reliability of morphological classifications across 
different galaxy populations. This work explores how 
fundamental galaxy parameters; stellar mass and redshift 
influence the application of the concentration index as a 
classification tool. The archival dataset for this work was 
obtained from the Sloan Digital Sky Survey-Data Release 
16 (SDSS-DR16) of the AMIGA catalog. The low-
density galaxy sample was selected within a redshift range 
of 0.005 ≤ z ≤ 0.080 and r-band magnitudes between 11 
≤ Mr ≤ 15.7. To investigate the influence of redshift on 
the concentration index (Cr), we analyzed a low-density 
galaxy sample that is Singly Isolated Galaxies (SIG) with 
stellar masses in the range of 10 ≤ logM☉ ≤ 12, comprising 
3148 galaxies. A regression analysis of the derived Cr 
values revealed a positive correlation with redshift, given 
by Cr=2.60+2.06 z, indicating that Cr increases at higher 

redshifts. Similarly, to assess the effect of stellar mass, we 
focused on the SIG population within a redshift range 
of 0.02 ≤ z ≤ 0.04. Analysis of the relationship between 
the Cr and stellar mass also revealed that Cr increases with 
increase in stellar masses.

Key words: galaxies-classification, galaxies-concentration 
index

INTRODUCTION

Galaxies morphological classifications seeks to validate 
the formation and evolution paths, as well as the 
physical mechanisms driving the processes (Shimasaku 
et al. 2001a). Traditionally, Morphological classification 
of galaxies has largely relied on visual inspection (e.g. 
Fukugita et al. 2007). This approach is labour-intensive 
and time-consuming, particularly for current large surveys 
(e.g., HDF, HUDF, COSMOS, CANDELS and SDSS). 
An efficient alternative is to use the central concentration 
index, a quantitative parameter that is based on the 
galaxy central light profiles to reliably differentiate early-
type galaxies (E, S0) from late-type galaxies (Sa, Sb, Sc), 
offering a more efficient classification method for extensive 
galaxy surveys. Late-type galaxies are known to exhibit 
active star formation activities, resulting in bluer optical 
colours, while early-type galaxies are dominated by older 
stellar populations, resulting in a redder color (Zucca et 
al. 2009).

In the recent past, Hubble Space Telescope (HST) with 
its high-resolution imaging has rekindled interest in 
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development of automated classification tools, reducing 
reliance on labor-intensive visual methods (e.g. Conselice 
2003, Lotz et al., 2008). Tools like GALFIT and GIM2D 
use HST data to model galaxy light profiles (Peng et 
al., 2002, Simard, 2004), deriving parameters like 
concentration index (Cr), Sérsic index, and asymmetry. 
These tools have enabled large-scale morphological 
studies, with contamination rates between early- and late-
type classifications typically around 10% to 20% (2008 
yamauchi2005morphological), comparable to Sloan 
Digital Sky Survey (SDSS) findings but with greater detail 
due to HST’s resolution.

In the SDSS, the concentration index (Cr) for galaxies is 
computed from the central light profiles as the ratio of R90 
to R50, where the derived R50 and R90 values denote the 
radii encompassing 50% and 90% of the Petrosian flux 
in the r-band, respectively (e.g. Nakamura et al., 2003, 
Shimasaku et al., 2001, Strateva et al., 2001). The Petrosian 
flux  defined as the total flux within a radius equal to twice 
the Petrosian radius (2RP), is given as 

= …………………...……….(1)

Where Rp  is a circular radius where r-band local surface 
brightness equals 20% of the mean surface brightness. The 
derived Cr effectively separates late-type and early-type 
galaxies, with late-type galaxies exhibiting lower Cr values 
(more extended light distributions), while early-type 
galaxies have higher Cr values (more centralized light).

Several studies have attempted to explore the relationship 
between fundamental galaxy parameters with central 
galaxy light profiles - concentration index (e.g. Busha et 
al., 2011, Muñoz-Cuartas et al., 2011). However, in the 
local universe; approximately 54% of galaxies reside in 
virialized groups and clusters, characterized by high density 
environment where tidal interactions and harassment 
can alter galaxy’s structure (Courtois et al., 2013).  An 
addition 20% reside in collapsing regions surrounding 
the groups and clusters (Makarov & Karachentsev 2011, 
Crook et al. 2007). The remaining 26% are hosted in low 
density environments (Karachentsev et al., 2011). Because 
environmental processes in dense regions can modify 
galaxy morphology (rodriguez2016effects) and thus affect 
the reliability of Cr as an intrinsic structural indicator, 
focusing on isolated or low-density systems provides a 
cleaner framework for assessing how stellar mass and 
redshift alone influence the concentration index. This study 
is aimed at quantifying the dependence of Cr on redshift 
and stellar mass within a uniformly selected isolated galaxy 
sample, thereby assessing whether Cr remains a reliable and 
physically meaningful discriminator of galaxy morphology 
across both evolutionary and structural contexts.

ARCHIVAL DATA AND SAMPLE ANALYSIS

The study was done using photometric archival datasets 
from the Sloan Digital Sky Survey-Data release 16 
(SDSS-DR16, Ahumada et al., 2020). The galaxy sample 
comprises of the Singly Isolated Galaxies (SIG) within a 
redshift range (0.005≤ z ≤0.080) which is considered to 
be sufficient for developing a homogeneous isolation and 
r-band magnitudes range of 11≤ Mr ≤15.7 (Buta et al. 
2019). The sample is a subset of the AMIGA catalogue 
that comprises of 315 Singly Isolated Triplets (SIT), 3702 
Singly Isolated Galaxies (SIG) and 1240 Singly Isolated 
Pairs (SIP). These groupings are pre-defined in the AMIGA 
catalogue (Argudo-Fernández et al. 2015), where isolation 
is established using projected neighbor searches, tidal 
strength parameters, and local density estimators.  The 
catalog provides the position and redshift information, 
Stellar masses for the SIG sample were obtained from the 
stellarMassPCAWiscBC03 table in SDSS–CasJobs, which 
provides stellar mass estimates for both SDSS and BOSS 
galaxies derived using the Wisconsin Principal Component 
Analysis (PCA) method and the Bruzual-Charlot models  
(bruzual2003stellar). 

Figure 1 presents the median stellar mass and redshift 
distributions for SIG, SIP, and SIT obtained from the 
AMIGA catalog. The top panel displays the redshift 
distributions, and the bottom panel shows the stellar mass 
distributions, with the derived mean stellar masses being 
10.670log(M☉), 10.227log(M☉), and 10.140 log(M☉) for 
SIG, SIP, and SIT, respectively.

Figure 1. A distribution of redshift and stellar mass of the SIG, 
SIP and SIT galaxy sample. The top panel shows the redshift 
distribution, while the bottom panel depicts the stellar mass 
distribution.
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Figure 2 presents a redshift-stellar mass diagram for the 
SIG sample, showing the distribution of early- type galaxies 
(red filled circles) and late-type galaxies (blue filled circles). 
The top panel displays the stellar mass distribution, with 
the red histogram indicating that early-type galaxies are 
predominantly massive, and the blue histogram showing 
late-type galaxies as generally less massive, consistent with 
Kauffmann et al. (2003). The right panel illustrates the 
redshift distribution, revealing that both galaxy types span 
the full redshift range, peaking in number density around 
redshift z = 0.045.

Figure 2. The SIG galaxy sample redshift (z) against the log of 

stellar mass (logM☉).

To classify the SIG sample into early-type and late-type 
galaxies, the distribution of the derived Cr values was fitted 
with a double-Gaussian. The fit was performed using a 
non-linear least-squares optimization, which provided 
the best-fit amplitudes, means, and standard deviations 
for the two morphological populations. The intersection 
of the two Gaussian curves, computed from the analytical 
equality of their probability density functions, yielded a 
Cr separation value of 2.66 ± 0.03, where the uncertainty 
reflects the  errors in the fitted Gaussian means and widths.
After excluding three galaxies with anomalously high Cr 
values, the final sample consisted of 3699 SIG galaxies. 
The contamination fraction of 46.4% was calculated by 
integrating the area of overlap between the two Gaussian 
curves, representing the fraction of galaxies whose Cr 
values fall in the region where the early-type and late-type 
distributions are not separable.

Using the value of Cr = 2.66, late-type galaxies (Cr ≤ 
2.66) constituted 1895 galaxies (51.2%), while early-type 
galaxies (Cr > 2.66) comprised 1804 galaxies (48.8%).
Comparison with visual classifications from Galaxy Zoo 
(Lintott et al., 2008), which identified 2414 isolated spirals 
and 1114 isolated ellipticals among 3528 galaxies, yielded 

completeness rate of 67.77% for spirals and 90.12% for 
ellipticals.

Figure 3. The Cr distribution for the SIG galaxy sample. The 
blue Gaussian curve fits the late- type, while the red Gaussian 
curve fits the early-type galaxy population. The overlap region 
gives the amount of contamination from the two galaxy groups, 
while the magenta-coloured point indicates the concentration 
index separator for the two galaxy populations.

RESULTS AND DISCUSSION

The effect of redshift effect on concentration index 
tool

To investigate how the redshift affect the Cr value during 
galaxy classification, the SIG galaxy sample from the 
AMIGA catalog, constrained to stellar masses range of 10 ≤ 
logM☉ ≤ 12 (3148 galaxies), was divided into four redshift 
bins of width 0.02, with mean redshifts of 0.015, 0.030, 
0.049, and 0.068. Histograms of Cr for each bin reveal 
a bimodal distribution, indicating separability between 
early- and late-type galaxy populations. Double Gaussian 
fit were applied to the Cr distributions in each bin, as 
shown in Figure 4 (a - d). Uncertainties on the Gaussian 
mean values were taken as the 1-σ errors derived from the 
covariance matrix returned by the non-linear least-squares 
fitting routine, representing the standard 68% confidence 
interval commonly adopted in structural parameter studies 
(ivezic2020statistics). 

The derived Cr values as summarized in Table 1, implying 
that Cr values increases with increase in higher redshift. 
Figure 5 plots these Cr values (black circles) against the 
mean redshift of each bin, with the average Cr for the entire 
SIG sample (2.687, red asterisk) shown for comparison. 
The mean Cr across the four bins (2.62 ± 0.076) aligns 
with the sample’s average within error margins. The Cr 
increases linearly with redshift, described by the relation 
Cr = 2.60 + 2.06z, where Cr = 2.60 value serves as the 
optimal threshold for separating early- and late-type 
galaxies in the local universe and from the R2 value of 0.92 
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obtained it can be deduced that 92% of the variation in 
the concentration index of the galaxies can be explained 
by the fit of Cr against z.

However, this trend may partly reflect surface brightness 
dimming, which reduces the detectability of outer 
galaxy regions at higher redshifts, potentially biasing Cr 
measurements upward. Therefore, the observed increase in 
Cr with redshift should be interpreted cautiously and may 
not solely reflect intrinsic structural evolution.

Table 1: The derived Cr values for the SIG sample 
constrained to a stellar mass range (10 ≤ logM☉ ≤ 12)

Redshift Bin Number of 
galaxies within 
the bin

Concentration 
index, Cr

0.00 < z < 0.02 97 2.654

0.02 < z <0.04 1281 2.648

0.04 < z < 0.06 1235 2.704

0.06 < z <0.08 535 2.750

                           (a) 0.00 ≤ z ≤ 0.02		                     (b) 0.02 ≤ z ≤ 0.04

                            (c) 0.04 ≤ z ≤ 0.06	                 (d) 0.06 ≤ z ≤ 0.08

Figure 4: Histogram distribution of the Cr values within a stellar mass range of 10 ≤ logM☉ ≤ 12. The blue gaussian 
curve fits the late- type, while the red gaussian curve fits the early-type galaxies. The overlap region gives the sample 
contamination level, while the magenta point indicates the concentration index separator for the two galaxy populations.
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Figure 5: A linear fit to the Cr dependence on galaxy redshift in 
low- density galaxy environment. The derived Cr marked with 
black dots, while the average Cr marked with red asterisk.

The effect of stellar mass on the concentration 
index tool

Stellar masses influence galaxy properties like stellar ages, 
stellar populations, and star formation history. To study 
its effect on the Cr, the SIG galaxy sample, constrained to 
a redshift range of 0.02 < z < 0.04 (654 late-type and 627 
early-type galaxies) and stellar masses of 10 ≤ logM☉ ≤ 12, 
was divided into three bins of width 0.5 logM☉ (10.0–10.5, 
10.5–11.0, 11.0–11.5). The highest mass bin (logM☉ > 

11.5) was excluded because the number of galaxies was 
insufficient to establish a reliable bimodal Cr distribution, 
preventing a stable double-Gaussian fit. Double Gaussian 
fit to the Cr distributions in each bin, shown in Figure 6 
(a–c), yielded Cr values of 2.488, 2.732, and 2.607 for the 
10.0–10.5, 10.5–11.0, and 11.0–11.5 bins, respectively. 
A fit to the entire constrained sample gave Cr = 2.65. The 
Cr values do not show a strictly monotonic increase with 
stellar mass, suggesting complex dependencies, possibly 
due to the mix of galaxy types or sample size variations. A 
plot of the derived Cr values against the mean stellar mass 
values for each stellar mass bin is shown in Figure 7. From 
the linear fit, the Cr is seen to increase with increase in 
stellar mass based on the relation Cr = -3.49 + 0.58logM☉.

Physically, a positive correlation between Cr and stellar 
mass is expected. Higher-mass galaxies typically host 
more prominent bulges (bluck2014bulge), either due to 
early formation pathways or subsequent growth through 
mergers, secular evolution, or bar-driven inflows. These 
processes increase central light concentration, naturally 
raising Cr. Additionally, massive galaxies tend to be more 
quenched and dynamically settled, which suppresses disk 
star formation and further enhances bulge prominence. 
Thus, the observed Cr–mass correlation is compatible with 
the idea that structural transformation and specifically 
bulge growth is more advanced in higher-mass systems.

(a) 10.0 ≤ logM☉ ≤ 12.0                                (b) 10.0 ≤ logM☉ ≤ 10.5

(c)  10.5 ≤ logM☉ ≤ 11.0                                (d) 11.0 ≤ logM☉ ≤ 11.5
Figure 6: Histogram distribution of the derived Cr within a redshift range of 0.02 ≤ z ≤ 0.04. The blue gaussian curve fits the late- type, 
while the red gaussian curve fits the early-type galaxies. The overlap region gives the sample contamination level, while the magenta-
coloured dot indicates the concentration index separator for the two galaxy populations.
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Figure 7: A linear fit to the Cr dependence on stellar mass in 
low-density galaxy environment. The derived Cr marked with 
black dots, while the average Cr marked with red asterisk.

CONCLUSION

We report on the effect of fundamental galaxy properties; stellar 
masses and redshift on the morphological classification tool 
– the concentration index (Cr) that is based on the central 
light profiles of galaxies. This work used archival data from 
the SDSS-DR16 AMIGA catalog. We focused on the SIG 
galaxy sample data that is in low-density environment, 
constrained to an r-band magnitudes range of 11 ≤ Mr ≤ 
15.7 and a redshift of 0.005 ≤ z ≤ 0.080. The SIG sample 
used has a completeness rate of 67.8% for spirals and 
90.1% for ellipticals.

The derived concentration index was calculated as Cr = 
R90/R50, was analyzed via histograms that reveals a bimodal 
distribution, indicating separability between early- and 
late-type galaxy populations. A double Gaussian fit to 
the constrained samples successfully separated late- and 
early-type galaxies, with late-type galaxies have lower Cr 
values (more extended light distributions), while early-
type galaxies exhibiting higher Cr values (more centralized 
light profiles).

Our analysis shows that Cr increases slightly with redshift 
within the local universe. Although part of this trend may 
reflect true structural evolution, it is also consistent with 
observational effects such as surface-brightness dimming, 
which preferentially reduces the measured extent of galaxy 
outskirts at higher redshift, making galaxies appear more 
centrally concentrated. This highlights the need for careful 
consideration of observational biases when using Cr at 
different distances.

To assess the stellar mass effects, the SIG sample was 
constrained to a redshift range 0.02 < z < 0.04 and and 
stellar masses of 10 ≤ logM☉ ≤ 12. Three stellar mass 
bins of width 0.5 logM☉ were chosen for the sample. 

Fitting a double Gaussian to the histogram distribution 
yielded Cr values of 2.488, 2.732, and 2.607 increasing 
with stellar mass. A fit to the histogram for the entire 
constrained sample gave an average Cr = 2.65. A linear 
fit to the derived Cr values was seen to scale linearly with 
stellar mass as Cr = -3.49 + 0.58logM☉. The Cr values 
do not show a strictly monotonic increase with stellar 
mass, suggesting complex dependencies, possibly due to 
the high contamination factor or sample size variations. 
Thus, the observed Cr–mass correlation is compatible with 
the idea that structural transformation and specifically 
bulge growth is more advanced in higher-mass systems as 
observed by (lang2014bulge).

Future work can be extended to analysis of higher-redshift 
samples such as COSMOS and CANDELS, so as to 
test whether the observed Cr–z trends holds in different 
environments and also to test the Cr dependence on other 
factors like environment.

ACKNOWLEDGMENTS

The inter-university Council for East Africa (IUCEA) in 
collaboration with the Germany Development Bank (kfw) 
are appreciated for funding the research process.

REFERENCES

Ahumada, R., Prieto, C. A., Almeida, A., Anders, F., 
Anderson, S. F., et al. (2020). The 16th data release 
of the sloan digital sky surveys: first release from the 
apogee-2 southern survey and full release of eboss 
spectra. The Astrophysical Journal Supplement Series, 
249(1):3

Argudo-Fern´andez, M., Verley, S., Bergond, G., Puertas, 
S. D., Carmona, E. R., et al. (2015). Catalogues of 
isolated galaxies, isolated pairs, and isolated triplets 
in the local universe. Astronomy & Astrophysics, 
578:A110.

Bluck, A. F., Mendel, J. T., Ellison, S. L., Moreno, J., 
Simard, L., Patton, D. R., & Starkenburg, E. (2014). 
Bulge mass is king: the dominant role of the bulge 
in determining the fraction of passive galaxies in the 
Sloan Digital Sky Survey. Monthly Notices of the Royal 
Astronomical Society, 441(1), 599-629.

Busha M. T., Marshall P. J., Wechsler R. H., Klypin A., 
Primack J., 2011, The Astrophysical Journal, 743, 40

Buta, R. J., Verdes-Montenegro, L., Damas-Segovia, A., 
Jones, M., Blasco, J., et al. (2019). A comprehensive 
examination of the optical morphologies of 719 
isolated galaxies in the amiga sample. Monthly Notices 
of the Royal Astronomical Society, 488(2):2175–2189.

Bruzual, G., & Charlot, S. (2003). Stellar population 
synthesis at the resolution of 2003. Monthly Notices of 
the Royal Astronomical Society, 344(4), 1000-1028.



Afr. J. Pure Appl. Sci. Vol. 6(2), 71 – 77, December 2025 77

Conselice, C. J. (2003). The relationship between stellar 
light distributions of galaxies and their formation 
histories. The Astrophysical Journal Supplement Series, 
147(1), 1–28. https://doi.org/ 10.1086/375001

Courtois, H. M., Pomarède, D., Tully, R. B., Hoffman, 
Y., & Courtois, D. (2013). Cosmography of the local 
universe. The Astronomical Journal, 146(3), 69.

Crook, A. C., Huchra, J. P., Martimbeau, N., Masters, 
K. L., Jarrett, T., & Macri, L. M. (2007). Groups of 
galaxies in the two micron all sky redshift survey. The 
Astrophysical Journal, 655(2), 790.

De Vaucouleurs, G., de Vaucouleurs, A., Harold Jr, G., 
Buta, R. J., Paturel, G., & Fouqué, P. (2013). Third 
Reference Catalogue of Bright Galaxies: Volume III (Vol. 
3). Springer Science & Business Media.

Fukugita, M., Nakamura, O., Okamura, S., Yasuda, N., 
Barentine, J. C., Brinkmann, J., ... & York, D. G. 
(2007). A catalog of morphologically classified galaxies 
from the Sloan Digital Sky Survey: North equatorial 
region. The Astronomical Journal, 134(2), 579.

Ivezić, Ž., Connolly, A. J., VanderPlas, J. T., & Gray, A. 
(2020).  Statistics, data mining, and machine learning 
in astronomy: a practical Python guide for the analysis of 
survey data (Vol. 8). Princeton University Press.

Karachentsev, I. D., Makarov, D. I., Karachentseva, V. E., 
& Melnyk, O. V. (2011). Catalog of nearby isolated 
galaxies in the volume z< 0.01. Astrophysical Bulletin, 
66, 1-27.

Kauffmann, G., Heckman, T. M., White, S. D., Charlot, 
S., Tremonti, C., et al. (2003). The dependence of star 
formation history and internal structure on stellar mass 
for 105 low-redshift galaxies. Monthly Notices of the 
Royal Astronomical Society, 341(1):54–69.

Lang, P., Wuyts, S., Somerville, R. S., Schreiber, N. 
M. F., Genzel, R., Bell, E. F., ... & Whitaker, K. 
E. (2014). Bulge Growth and Quenching since 
z= 2.5 in CANDELS/3D-HST.  The Astrophysical 
Journal, 788(1), 11.

Lintott, C. J., Schawinski, K., Slosar, A., Land, K., 
Bamford, S., et al. (2008). Galaxy zoo: morphologies 
derived from visual inspection of galaxies from the 
sloan digital sky survey. Monthly Notices of the Royal 
Astronomical Society, 389(3):1179–1189.

Lotz, J. M., Jonsson, P., Cox, T. J., & Primack, J. R. 
(2008). Galaxy merger morphologies and time-scales 
from simulations of equal-mass gas-rich disc mergers. 
The Astronomical Journal, 136(3), 1260–1276. https://
doi.org/10.1088/0004-6256/136/3/1260

Makarov, D., & Karachentsev, I. (2011). Galaxy groups 
and clouds in the local (z∼ 0.01) Universe. Monthly 
Notices of the Royal Astronomical Society, 412(4), 2498-
2520.

Muñoz-Cuartas, J. C., Macciò, A. V., Gottlöber, S., & 
Dutton, A. A. (2011). The redshift evolution of Λ cold 
dark matter halo parameters: concentration, spin and 
shape. Monthly Notices of the Royal Astronomical Society, 
411(1), 584-594.

Nakamura, O., Fukugita, M., Yasuda, N., Loveday, J., 
Brinkmann, J., Schneider, D. P., & SubbaRao, M. 
(2003). The luminosity function of morphologically 
classified galaxies in the Sloan Digital Sky Survey. The 
Astronomical Journal, 125(4), 1682.

Peng, C. Y., Ho, L. C., Impey, C. D., & Rix, H.-W. (2002). 
Detailed structural decomposition of galaxy images. II. 
Beyond axisymmetric models. The Astronomical Journal, 
124(1), 266–293. https://doi.org/10.1086/340952

Rodríguez, S., Padilla, N. D., & Garcia Lambas, D. (2016). 
The effects of environment on the intrinsic shape of 
galaxies.  Monthly Notices of the Royal Astronomical 
Society, 456(1), 571-577.

Shimasaku, K., Fukugita, M., Doi, M., Hamabe, M., 
Ichikawa, T., Okamura, S., & York, D. G. (2001a). 
Statistical properties of bright galaxies in the sloan 
digital sky survey photometric system. The Astronomical 
Journal, 122(3), 1238.

Simard, L. (2004). Penetrating the dark universe. In 
J. R. Mould (Ed.), Astronomical Society of the Pacific 
Conference Series: Vol. 316. The Local Group as an 
Astrophysical Laboratory (pp. 85–93). San Francisco, 
CA: Astronomical Society of the Pacific.

Strateva, I., Ivezić, Ž., Knapp, G. R., Narayanan, V. K., 
Strauss, M. A., Gunn, J. E., ... & York,

D. (2001). Color separation of galaxy types in the Sloan 
Digital Sky Survey imaging data. The Astronomical 
Journal, 122(4), 1861.

Zucca, E., Bardelli, S., Bolzonella, M., Zamorani, G., 
Ilbert, O., et al. (2009). The zcosmos survey: the role 
of the environment in the evolution of the luminosity 
function of different galaxy types. Astronomy & 
Astrophysics, 508(3):1217–1234.


