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ABSTRACT

Context. One of the most outstanding questions in contemporary astrophysics is: What is the significance of galaxy morphology?
What physical processes underlie the morphologies we observe and is a galaxy’s internal structure shaping its evolution (nature) or is
it a sign of the external processes which drive galaxy evolution (nurture)?
Aims. We aim to understand the color dichotomy and gradients in bulges and disks along the Hubble sequence.
Methods. We fit Sérsic functions to the 2D light distributions in the g, r, and i bands to bulges and disks of the large EFIGI (Extraction
de Formes Idéalisées de Galaxies en Imagerie) sample of galaxies with high-quality morphological classifications.
Results. In early-type galaxies, bulges and disks have similarly red and nearly uniform colors. Disks become significantly bluer with
increasing lateness of their types and bulges get slightly redder because of patchy dust. Disks have increasingly blue colors with
increasing radius, whereas dust extinction and scattering leads to smaller effective radii of the bulges and lower steepness of the best-
fit Sérsic functions in g versus i. This impact depends on Hubble type, with the bulges of intermediate-type spirals (Sb-Sc) having the
reddest mean colors, the largest scatter in their colors, and the largest mean and scatter in their color gradients. Similarly to bulges,
disks of the intermediate-type galaxies show the strongest color gradients. The variations in bulge gradients appear to result from the
change in the Hubble type rather than in the total galaxy stellar mass.
Conclusions. We interpret these properties of the bulges and disks of intermediate type spirals as being due to dust extinction and
scattering, which we hypothesize to be an indicator of the gas content and inflow of gas. If early-type galaxies do evolve from massive
spiral galaxies, typically intermediate-type spirals, these color gradients are signs of in situ stellar growth within their bulges, likely
driven by morphological structure in their disks. These results favor secular evolution (nature) as the primary driver of galaxy evolution
in the local Universe.
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1. Introduction

2026 marks the 100th anniversary of Edwin Hubble’s discovery
that galaxies could be classified by their morphologies into rel-
atively few simple types (Hubble 1926). Over the next 50 years,
astronomers realized the significance of a finer classification
scheme which added several types (de Vaucouleurs 1959). This
discovery of the regularity in the morphology of galaxies has led
to 100 years of debate about whether galaxies are defined by how
they are nurtured and their place in large-scale structure, accre-
tion history, and so on, or by their nature and how their inter-
nal structure influences their evolutionary path, or even whether
morphology is a defining characteristic beyond dividing galaxies
into spirals and lenticulars or ellipticals.

The Hubble sequence can be seen as a sequence of decreas-
ing prominence of the bulge: it is, with the winding of the
spiral arms, a criterion with which to differentiate spiral galax-
ies, whereas ellipticals, as spheroids, can be seen as “pure
bulge”, and irregulars with no bulge and properties similar to
late-type spirals as “pure disk”. It has now become a standard
approach to analyze the morphology of galaxies by perform-
ing a two-component luminosity mode-fitting of their light pro-
files, known as bulge and disk decomposition (Allen et al. 2006;
Simard et al. 2011; Lange et al. 2016; Margalef-Bentabol et al.
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2016; Dimauro et al. 2018; Fischer et al. 2019; Gao et al.
2019; Casura et al. 2022; Hashemizadeh et al. 2022; Genin et al.
2025). This method allows us to obtain separate properties for
bulges and disks of galaxies, and hence to study their forma-
tion by jointly analyzing the star formation histories of these two
components.

Stellar populations of differing luminosity weighted ages
emit in different wavelength ranges – older stellar pop-
ulations have redder colors than younger populations of
stars for a given metallicity and dust extinction. There are
many analyses which have found systematic color differ-
ences between bulges and disks of galaxies – some with
modest samples (Möllenhoff 2004) and others with much
larger samples of thousands of galaxies (Head et al. 2014;
Vika et al. 2014; Fernández Lorenzo et al. 2014; Kennedy et al.
2016; Barsanti et al. 2021; Casura et al. 2022). The state-of-
the-art method is deriving the physical properties of the
bulges and disks from their photometry through spectral-energy-
distribution fitting (see, e.g., Robotham et al. 2022), or through
integral-field spectroscopy (see, e.g., Johnston et al. 2017). Such
studies have shown that bulges are older than the disks
hosting them (González Delgado et al. 2015; Johnston et al.
2022; Jegatheesan et al. 2024; Bellstedt et al. 2024).

Beyond the averaged properties of bulges, disks, and galax-
ies, analyzing the variations in their stellar populations across
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their spatial extent can provide further constraints on their stel-
lar mass assembly and star formation histories. These spatial
variations in stellar ages, metallicities, and dust content manifest
themselves as color gradients in photometric surveys. By com-
paring the structural parameters obtained when performing lumi-
nosity weighted model-fitting across various photometric bands,
one can detect such gradients, and therefore gain an insight into
the way the different populations and gas are distributed within a
galaxy. Many studies have examined the variations in structural
parameters in several bands, which provide an interesting insight
into galaxy evolution. Ko & Im (2005) found that the effective
radii of almost 300 low-redshift galaxies were lower in the K
band than in the V band. They also interpreted the weaker varia-
tion in Re with color in denser environments as being a result of
enhanced mixing of the stellar populations due to more frequent
mergers (see also La Barbera et al. 2010, for a larger study).
The Galaxy And Mass Assembly (GAMA) survey then built on
these results by showing the prevalence of color gradients in all
galaxy types with variations in Re between 15% and 50%, with
stronger variations in early-type galaxies (Kelvin et al. 2012;
Häußler et al. 2013; Vulcani et al. 2014; Kennedy et al. 2015).
Theses analyses also suggest an increase in the Sérsic n index by
a factor as large as 50% in the redder bands. Interestingly, similar
results have been obtained from nonparametric morphological
parameter estimates: Nersesian et al. (2023) used integral-field
spectroscopy to find that galaxy size increases with wavelength.

However, all these studies constrained color gradients of
entire galaxies, and studies of color gradients separating bulges
and disks remain scarce. Möllenhoff (2004) measured increasing
and decreasing effective radii across Johnson bands from U to I
for the bulge and the disk, respectively. Using the Euclid Early
Release Observations (ERO) of the Perseus cluster, Quilley et al.
(2026) estimated color gradients in whole galaxies and disks
from varying effective radii and Sérsic index at redshifts .0.6.
This study showed that single-Sérsic gradients result from both
the bulge-disk color bimodality (the bulge being redder than the
disk) and a blue color gradient within the disk. A resolved view
of galaxies to separate bulges and disks thus appears pivotal for
studying the color gradients of galaxies.

Similar studies from the ground are best performed on
nearby well-resolved galaxies. The EFIGI (Extraction de Formes
Idealisées de Galaxies en Imagerie) sample, with its detailed
visual morphological classification, provides a large statis-
tical sample of well-determined morphological types across
the Hubble sequence. Using bulge and disk decomposition,
Quilley & de Lapparent (2022) identified disk reddening as a
key change along the Hubble sequence and across the Green Val-
ley (Wyder et al. 2007), also concomitant with significant bulge
growth. More generally, Quilley & de Lapparent (2023) demon-
strated the reliability of the EFIGI effective bulge and disk radii
estimates by remeasuring scaling relations for both components.

Here, we examine in more detail the colors and color pro-
files of both bulges and disks in a weakly elongated subsample
of the EFIGI catalog. In Sect. 2 we recapitulate the EFIGI and the
parameters derived as part of classifying the galaxies within the
EFIGI sample. In Sect. 3 we present information about how the
fitting was done and how the final measurements were cleaned of
spurious fits. In Sect. 4 we describe our results for the colors of
bulges, disks, and galaxies as a function of morphological type.
In Sects. 5 and 6 we present our findings on the disk and bulge
gradients respectively. To frame the discussion and because mea-
suring color gradients have a rich literature, in Sect. 7 we com-
pare our results with those in previous studies, and finally in
Sect. 8 we discuss the implications of our results.

2. Data

In this analysis, we used the visually classified EFIGI morpho-
logical catalog of 4458 nearby galaxies (Baillard et al. 2011).
To construct this catalog, a team of astronomers examined gri
color composite images extracted from the Sloan Digital Sky
Survey (SDSS), assigning a Hubble type to each galaxy and esti-
mating 16 morphological attributes. These attributes included
the inner structures (bulge, bar, spiral arms, rings), the overall
shape (inclination-elongation, perturbation), texture (dust, HII
regions), and surroundings (stellar contamination, neighboring
galaxies).

The attributes used in the present analysis are:
Inclination-Elongation (Incl-Elong hereafter), estimat-
ing the apparent inclination of disk galaxies or the elongation
for disk-less galaxies; and Visible Dust, which evaluates the
strength of the diverse features indicating the visual presence
of dust in galaxies in the form of clumpy extincted and red-
dened regions. The current analysis is actually limited to the
subsample of 3106 galaxies with an Incl-Elong attribute of
0, 1, or 2, as for larger values, corresponding to very inclined
and edge-on disks, the bulge modeling is less reliable, in part
due to its obscuration by the disk and the dust it may contain.
This selection maintains all galaxies with elliptical, compact
elliptical and dwarf elliptical morphological types within the
studied subsample. In addition, we also removed objects that
had high values for the Contamination parameter (3 and 4).

The EFIGI catalog was designed to densely sample the vari-
ety of types along the Hubble sequence: it mostly includes
galaxies with an apparent diameter of ≥1 arcmin, and hence
well-resolved multiband SDSS imaging, and most types have
several hundred galaxies each. The EFIGI catalog is therefore
not representative of the average relative fractions of types, but
is a representative sample of each morphological type in the
nearby Universe. This sample is well suited for profile-fitting
and analysis of the bulges and disks of galaxies along the Hub-
ble sequence.

3. Methodology

We performed multiband bulge and disk decomposition of the
g, r, and i images of all EFIGI galaxies, using a Sérsic profile
(Sérsic 1963) for the bulge and an exponential profile for the disk
using SourceXtractor++ (Bertin et al. 2020; Kümmel et al.
2020). In this analysis, both model components have elliptical
symmetry. The Sérsic profile has several parameters that we
focused on in our analysis: the effective radius, Re, is the radius
that encloses half of the total light; n, the Sérsic index, charac-
terizes the steepness of the profile (the exponential profile cor-
responds to n = 1); and the center of the profile fit. The other
parameters in the fitting, such as the position angle of the major
axis, θ, and the axis ratio, q, are not discussed beyond the priors
that are set to constrain them.

We also performed single-Sérsic profile fitting for all EFIGI
galaxies, which were only used here for Sd, Sdm, Sm, and
Im galaxies and that generally have insignificant or no bulge.
For these late-type galaxies, the Sérsic index distribution peaks
around 1. These single Sérsic fits were used in the analysis to
characterize the disk properties of Sd to Im types. Although Im
galaxies are well modeled by elongated approximately expo-
nential profiles, they are likely prolate systems in 3D (e.g.,
Swaters et al. 2009), and hence they may not generally have a
disk morphology. Single Sérsic modeling could also be con-
sidered more appropriate for elliptical galaxies. However, we
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decomposed the bulges and disks for elliptical and cD galaxies.
This is justified physically given the significant rotation seen in
kinematic studies of early-type galaxies (Krajnović et al. 2008,
2011; Emsellem et al. 2011; Krajnović et al. 2013).

The luminosity profile fits were performed with the
SourceXtractor++ (Bertin et al. 2020; Kümmel et al. 2020),
software that allows us to apply priors individually to the bulge
structural parameters, as well as using priors on the relative vari-
ations of the bulge or disk parameters across the three bands
(Quilley & de Lapparent 2022, 2023). As is explained in Quilley
(2023), the method starts by fitting the bulge, in a small region
centered on the bulge, with a single Sérsic profile. This fitting
process is repeated in the g, r, and i bands separately. The median
of the best fit parameters of the bulge in the three bands is then
used as the initial values and centers of the flat prior interval for
the corresponding bulge properties in the multiband bulge and
disk decomposition (the same ranges apply to the three bands).
Comparisons of the fits with and without priors show, in particu-
lar, that constraining the fits of the bulges with priors has the sig-
nificant advantage of preventing one from fitting a hypothetical
(and likely unrealistic) elongated bulge component to a possible
bar.

Gaussian priors between the r and i bands and the g band
fits are used in the decomposition, whose goal is to avoid catas-
trophic failures, while allowing variations between the different
bands to achieve the best fits in each of them. These priors are
applied to the logarithm of the ratio for Re and for q, to the dif-
ference of x and y coordinates of the profile center, of n, and of
θ, with all 0 means, and standard deviations of 0.1 for Re, q, and
n, 0.3 pixels each for x an y, and 45 deg for θ, respectively. The
centering and n priors only apply to the bulge, whereas other pri-
ors are used to constrain the variations in the best profile fits to
bulge and disk in each galaxy and band. The Gaussian band-to-
band priors applied to the single-Sérsic fits are identical to those
applied to the Sérsic profile for the bulge (Quilley 2023).

A two-stage cleaning is applied to the bulge-disk decompo-
sitions, in order to automatically discard spurious fits. In the
first stage, we cleaned the B/T values, by fitting in each of
the three bands a second degree polynomial to the distribu-
tions of the bulge-disk B/T versus the prior B/T (the flux of
the prior bulge model divided by the total flux of the galaxy).
The distribution within the bulge-disk B/T versus the prior B/T
shows an approximately one-to-one sequence, plus data that
deviates from this sequence to a much larger bulge-disk B/T
than the estimated prior values. These fits were performed using
the ODRPACK Version 2.01 Software for Weighted Orthogonal
Distance Regression (ODR hereafter, Boggs et al. 1992) within
the scipy Python library (Virtanen et al. 2020), and hence min-
imize the smallest (instead of vertical in linear regression) dis-
tance between the fit and the data points. An iterative 2.5σ rejec-
tion was performed in order to reject the erroneous fits (based
on visual inspection of the images of galaxies within various
regions in this plane), which converges in eight, six, and seven
iterations in the g, r, and i bands, respectively. A galaxy was
rejected if at least one fit in any of the three bands was rejected
by this procedure. This is relatively conservative as it requires
the fits to be reliable in all bands, as we are interested in both
the median values and the dispersion of the Sérsic parameters as
a function of Hubble type. This rejects from 0.5% and 1.5% to
2.7% objects for E and S0− to S0+ types resp., 10.3% for S0a
types, and 6.5% to 32% from Sa to Scd types (a total of 334
galaxies were rejected).

In the second stage, we removed galaxies that have fits that
are in significant disagreement between the three bands. This

was done by comparing the distributions of the logarithm of the
maximum to minimum values in the three bands for the bulge
and disk effective radii, of the difference between the maximum
and minimum bulge and disk axis ratios, and the normalized dis-
tance (with the component effective radii) between the bulge and
disk model centers. We rejected the fits for the 59 galaxies of Scd
types and earlier that have values beyond three times the 90%
percentiles of at least one of these six distributions. For types Sd
and later that are modeled by a single-Sérsic profile, the same
process was applied to the effective radii and axis ratio distribu-
tions, and led to the removal of 14 single-Sérsic fits. The cleaned
sample contains 1824 bulge-disk decomposition for types earlier
than Scd, and 684 single-Sérsic models for types Sd to Im.

All apparent magnitudes measured by SourceXtractor++
were corrected for atmospheric extinction, using the kk coef-
ficients multiplied by the air masses provided for the SDSS1.
The correction for galactic extinction was based on the maps
of galactic dust reddening, from which E(B − V) values were
obtained for each galaxy using its sky coordinates, which we
converted to extinction in the g, r, and i bands (Schlegel et al.
1998). We used the conversions to extinction factors from
Schlafly & Finkbeiner (2011) assuming an extinction to redden-
ing ratio of AV/E(B − V) = 3.1.

Finally, these extinction-corrected apparent magni-
tudes and HyperLeda redshifts were used to fit spec-
tral energy distributions (SEDs) with the ZPEG software
(Le Borgne & Rocca-Volmerange 2002). From these fits, we
derived the absolute (rest-frame) magnitudes and colors, as well
as stellar masses. Only dust-free templates were used as g, r,
and i photometry alone does not allow one to properly constrain
dust extinction. This SED-fitting process was performed first for
the magnitudes of whole galaxies (complemented with NUV
fluxes measured with GALEX for 1040 entire galaxies among
the 2508 galaxies in the present sample; Bianchi et al. 2017). It
was then repeated separately for the magnitudes of the bulges
and disks, in order to obtain the absolute magnitudes, and
hence colors, of these components in the g, r, and i bands (see
Quilley & de Lapparent 2022, for details). Most notably, bulges
and disks were shown to be best fit by templates matching their
specific colors as a function of the Hubble type.

Aperture photometry has been used frequently as the direct
and simplest way of measuring colors of galaxies: it encloses
a fixed region of each object, provided that the point spread
functions are similar in all bands. The circular apertures used in
this approach are best suited for round and thus generally face-
on spirals, and tend to generate biases when observing a given
galaxy at different disk inclinations. Here, we chose to estimate
the colors of galaxies, as well as their bulges and disks in the
EFIGI sample, by using the model magnitudes of the fit profiles
(integrating the fitted light profile to infinity). The colors result-
ing from model magnitudes are identical to those for the bulge
and disk truncated at their respective effective radii, as the corre-
sponding fluxes are half the model flux, and hence within differ-
ent elliptical apertures, compared to a common circular one for
colors from aperture photometry. The models are mostly con-
strained by the highest-surface-brightness parts of each galaxy
(i.e., at small radii) and the models are relatively insensitive
to low-surface-brightness emission (i.e., at large radii). More-
over, the data at large radii are noisier and SourceXtractor++
weighs pixels according to their signal-to-noise. Bernardi et al.
(2003) showed that for elliptical galaxies the model colors are
those with the weakest dependence on the absolute magnitude.

1 https://classic.sdss.org/dr5/algorithms/fluxcal.html
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Fig. 1. Distributions of the g − i absolute colors of the bulges (left), disks (center), and full galaxies (right) from the bulge-disk decompositions
as a function of morphological type of EFIGI galaxies with Incl-Elong ≤ 2. The points are color-coded by the EFIGI attribute Visible Dust
and the uncertainties in each points were derived by adding in quadrature the uncertainties estimated by SourceXtractor++ for both apparent
magnitudes (Sect. 3). The results for galaxies and disks with Sd-type and later are shown for the single-Sérsic modeling only. The red lines
indicate the median g − i color per type, with the vertical error bars representing the associated bootstrap uncertainties in the median values, and
the horizontal segments above and below correspond to the 16th and 84th percentiles of the color distributions (see Table H.1). Disks show a
systematic bluing with increasing Hubble type, whereas spiral bulges become on average redder and their colors more dispersed from early- to
intermediate-type spirals.

An intermediate approach between the model and aperture col-
ors would be to integrate the models within a common elliptical
aperture in the different bands. Another approach would be to
use a common model in all bands, and hence identical Re, n, and
elliptical apertures. We prefer, however, to allow for some differ-
ences between bands, in order to detect and model subtle effects
such as color gradients.

4. Bulges and disks colors across Hubble types

Figure 1 shows the g − i absolute colors of bulges (left), disks
(center), and full galaxies (right) as a function of their Hubble
type. All values are listed in Table H.1. The g and i bands are
the bluest and reddest SDSS bands available that have sufficient
signal-to-noise with which to conduct our analysis. Bulges are
only shown for Scd and earlier types. The colors of bulges (left
panel of Fig. 1) show an increase in the median color of 0.12
magnitudes from g − i = 1.00 for ellipticals to the peak value of
1.12 for Sbc intermediate-type spirals. Another striking feature
of the bulge color distribution with type is the marked increase
in the rms dispersion of the bulge colors per type by a factor
of ≈2−3 for S0+ to Scd types (in the 0.23–0.34 interval) com-
pared to that for E and S0− (0.08 and 0.11 resp., see column
“SD” of Table H.1). Estimating the uncertainties with a boot-
strap method in the median colors, the median bulge colors are
0.7σ, 2.9σ, and 5.1σ redder for Sab, Sb, and Sbc types, respec-
tively, than for Sa galaxies. Bulges of Sc and Scd types are on
average bluer than Sbc types by 0.08 and 0.18 mag, respectively.
These color decreases are significant at the 3.2σ and 4.7σ levels,
respectively.

By contrast, the central panel of Fig. 1 shows a progressive
0.62 mag bluing in the median disk color from 1.0 mag for E
types to ≈0.4 mag for Sd, Sdm, and Sm types and an insignifi-
cant increase in the dispersion. This bluing is statistically signif-
icant – at the 8σ level between the adjacent Sa and Sab types.
Overall, the mean disk color decreases by 13σ from S0− to Sa,
by 17σ from Sa to Sbc types, and by 12σ from Sbc to Sd types.

These results imply that disk color is an indicator of the Hubble
type from early-type galaxies, E, up to disk-dominated Sd galax-
ies (as already highlighted in Quilley & de Lapparent 2022). At
later types after Sd galaxies, mean colors become roughly con-
stant but with a small increase in the rms dispersion (Table H.1).

Finally, the right panel of Fig. 1 shows that the total galaxy
colors follow a similar bluing with Hubble type as that mea-
sured for the disks, from 1.01 mag (for E types) to 0.42 mag
(for Sd types), then a flattening with similarly blue colors for
Sdm and Sm types. The decrease in color in galaxies along
the Hubble sequence (from early to late types) is the result
of both the disks becoming increasingly blue, as well as the
decreasing flux contribution of the (generally redder) bulges (see
Quilley & de Lapparent 2022). The combination of similar col-
ors of the bulge and disk components in early-type galaxies leads
to negligible change in the mean colors of galaxies between E
and S0 types. Similarly, both components of cD types, and hence
whole galaxies, have similar colors as the E and S0 types. Over-
all, similar trends are observed for the bulges, disks, and whole
galaxies in the narrower g − r color range (Table H.2).

Quilley & de Lapparent (2022, 2023) showed that the bulge-
to-total ratio, B/T , increases monotonously along the Hubble
sequence from late to early types, and that the position of
galaxies across some key evolutionary plots, namely the color-
magnitude diagram, the size-luminosity relation, and the Kor-
mendy relation, is predominately related to B/T . Therefore, we
also examined the variations in the bulge, disk, and full galaxy
colors as a function of B/T (Fig. 2). This confers the advantage
of allowing for future comparisons to be made with galaxy sur-
veys at various redshifts, which likely will not have a visually
classified Hubble type as in EFIGI, but whose morphology can
be parametrized with B/T .

In the left panel of Fig. 2, the bulge color shows a mild vari-
ation with B/T g, with the lower B/T g < 0.1 of intermediate spi-
ral types having slightly redder colors than the more prominent
bulges (B/T g ∼ 0.4) of lenticulars. In contrast, both disk (central
panel) and full galaxies (right panel) become increasingly red
as the bulge becomes more prominent and exhibit steeper color
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Fig. 2. g − i colors of the bulge (left), disk (center), and full galaxies (right) as a function of B/T estimated in the g band, from the bulge-disk
decompositions of all EFIGI galaxies with Incl-Elong ≤ 2. The points are color-coded with the EFIGI Hubble type. The solid black lines are
linear fits of g − i as a function of log(B/T g) to galaxies with B/T g > 0.01 (Eqs. (1)–(3)).

variations with B/T g. These variations are quantified by a linear
fit of all three g− i colors as a function of log(B/T g) for galaxies
with B/T g > 0.01. We obtain the following relations:

(g − i)bulge = (−0.138 ± 0.013) log(B/T g) + (0.950 ± 0.013),
(1)

(g − i)disk = (0.298 ± 0.008) log(B/T g) + (1.016 ± 0.007), (2)

(g − i)galaxy = (0.285 ± 0.006) log(B/T g) + (1.041 ± 0.006). (3)

The Pearson correlation coefficients are 0.71 and 0.67 for full
galaxies and disks, respectively, indicating a noticeable correla-
tion, but is −0.23 for bulges, indicating that the observed anticor-
relation is much less significant. This is further confirmed by the
R2 scores of the fits, which quantify the proportion of the varia-
tion of g−i that is predictable from B/T , and are 0.50 and 0.45 for
galaxies and disks, respectively, but only 0.05 for bulges. Finally
the rms dispersions around the fits are 0.14 and 0.17 for galaxies
and disks, respectively, against a higher value of 0.29 for bulges.
Equations (1)–(3) can be rewritten as a function of B/T in the r
or i bands using Eqs. (A.2) and (A.3) (see also Fig. A.1).

In Fig. 3, we directly compare the g − i bulge and disk col-
ors of all galaxies types along the Hubble sequence in which
the bulge and disk components are reliable (hence types Scd and
earlier). Almost all spiral galaxies are located right of the dashed
black line representing an identical g − i bulge and disk color,
as they have redder bulges than disks. Progressively, earlier-
type galaxies have increasingly similar bulge and disk colors.
Specifically, E and S0 types have similar bulge and disk colors,
with a larger color dispersion for bulges of types S0+ (Fig. 1
and Table H.1). The distributions of the difference between the
bulge and the disk g− i colors of EFIGI galaxies as a function of
both Hubble type and B/T g are plotted in Fig. B.1 and listed in
Table H.1.

5. Disk color gradients along the Hubble sequence

Figure 4 shows the logarithm of the ratio between the effective
radii of the EFIGI disk components in the g and i bands, Re,g
and Re,i respectively, as a function of Hubble type. All values are
listed in Table I.1. We color-coded each galaxy according to its
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Fig. 3. Disk versus bulge g − i color for our sample; color-coded by
Hubble type (as indicated in the legend on the right). The median value
for each Hubble type is indicated by the colored squares, and the 16th–
84th percentiles of the color distribution by the horizontal and vertical
bars.

“visual dust content” (the Visible Dust attribute in the EFIGI
catalog). This attribute measures the strength and frequency of
indications of the presence of dust, from diffuse dust causing
overall reddening, to dust clouds and lanes that can be identi-
fied by lowering the surface brightness and reddening the color
of particular regions. Except for Sd and later-type galaxies, all
median Re,g/Re,i ratios are above 1, suggesting blue radial color
gradients in the disks (but not uniquely as there are a minority
disks of all galaxy types which show red color gradients). An
examination of galaxy data, model and residual images indicates
that parts of these color gradients are contributed to by struc-
tures within the disks with specific colors and within specific
radii ranges, such as bars, spiral arms, rings, and lenses.

The dispersion of the disk color gradients per type (Fig. 4)
lies in the narrow 0.02–0.05 dex interval for all galaxy types
down to Scd (see Table I.1), allowing us to detect small
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Fig. 4. Relative distribution of effective radii, log(Re,g/Re,i), of the disk
components of the bulge-disk decompositions as a function of Hubble
type. The points are color-coded according to the dust content of the
galaxy, estimated by the visual attribute Visible Dust. The solid red
line shows the median values per type (with associated bootstrap uncer-
tainties) and the horizontal segments the 16th and 84th percentiles of
the distributions per type. Early- and intermediate-type spirals exhibit
significant color gradients in their disk. These gradients mean that disks
are generally bluer with increasing radius.

differences in effective radii between the g and i bands. For E and
S0− types, the median effective radii of the fit to the disk in the
g band is larger than for the fit to the i band by 2.3% (this is fur-
ther discussed in Sect. 6.1). For S0 and S0+ lenticular galaxies,
the mean ratios between the two effective radii indicate no sig-
nificant difference between the two bands. For spiral types later
than S0a, the median Re,g is larger than Re,i by 4%, 6%, and 10%
for Sa, Sb, and Sc type galaxies, respectively. The median effec-
tive radius ratios are therefore significantly larger than those for
all types from S0a to Sm, with a significance of 4σ (for S0a
types), 8 (Sa), 26σ (Sab), 32σ (Sb), 54σ (Sbc), 34σ (Sc), and
55σ (Scd). We show in Fig. C.1 that there is also a variation in
the gradients as a function of B/T g.

We also measure a local dip in the mean Re,g/Re,i for types
Sb when compared to types Sab and Sbc, which interestingly
is the galaxy type for which the Visible Dust attribute takes
overall and, on average, larger values than for any other Hub-
ble type (de Lapparent et al. 2011). In contrast, for Sd to Im
types, for which single Sérsic fits are used (see Sect. 3), the
median Re,g/Re,i ratios are consistent with no gradient. The larger
individual uncertainties for these late-type galaxies, due to their
lower surface brightness, increase the scatter and may prevent
us from measuring weak color gradients as well as any trend in
color gradients.

6. Complex light distribution of spiral bulges

6.1. Large dispersion with color in bulge radii and indexes

The left panel of Fig. 5 shows the ratio between Re,g and Re,i, the
bulge effective radii in the g and i bands, respectively. The bulge
components of E, S0−, and S0 types have Re,g larger than Re,i by
5–2%, with a small dispersion of 0.04–0.06 dex. Together with
the less than 2% corresponding ratio of the exponential compo-
nents for these types (see Sect. 5), these gradients contrast with
the ≈15% larger effective radii in g than in i measured for ellipti-

cals by Bernardi et al. (2003). The difference may be caused by
the fact that these authors use the SDSS fits of a single de Vau-
couleurs profile (hence with a Sérsic index fixed to 4). Moreover
these fits were performed independently in each band. In con-
trast, we find that 90% of the indexes of the bulge components
of our fits to E galaxies are ≤4 with a peak at 2.9, in both the g
and i bands. The Re,g/Re,i ratio for E galaxies using our single
Sérsic fits has a median value of 0.97 ± 0.01, and hence a nega-
tive gradient (only 2.5σ away from a null gradient), and Sérsic
indexes peaking at 5–5.5 in the g and i bands. The positive gra-
dients measured for both the Sérsic and exponential components
to E types confirm that their fits with a single Sérsic profile do
not capture the complexity of these galaxies (see Sect. 3). The
variations between bands in the Sérsic index and effective radii
are not independent, and color gradients manifest themselves in
both parameters. Therefore, the choice of a fixed Sérsic index
of n = 4 for all bands by Bernardi et al. (2003) forces all the
band-to-band variations to be carried by the effective radii.

In Fig. 5 (left panel), the mean Re,g/Re,i = 1.0 and 0.99 for
S0+ and S0a types, respectively, with an increasing dispersion of
0.08 and 0.10 dex compared to E types. Then for Sa to Scd types
the bulges present the opposite trend to the disks (described in
Sect. 5): the g-band effective radii are significantly smaller than
those in the i band as Hubble types shift through spirals (by 3%,
9%, 16%, 19%, 20%, 20%, for Sa, Sab, Sb, Sbc, Sc, Scd types,
respectively). We verified in Fig. D.1 that this correspondence
between the trends for the bulge and disk gradients is not caused
by the modeling. Another characteristic of the bulge effective
radius ratio distribution is that the dispersion per Hubble type
increases steadily from ≈0.05 dex for S0− galaxies to ≈0.15 dex
for intermediate spiral types.

The interpretation of different effective radii for bulges
between bands is not straightforward, as one must also take into
account the variations in the Sérsic indexes between bands. Exam-
ining the relative distribution of effective radii as a function of
Hubble type with a color-coding by the index difference ng−ni in
the left panel of Fig. 5 shows that for types S0a through Sc, galax-
ies with low values of Re,g/Re,i tend to have negative values of the
index difference, and hence lower Sérsic indexes in the g band
compared to that in the i band. Also, the lowest values and largest
differences in the absolute value of ng − ni appear predominantly
for galaxies with an effective radius ratio below the mean per type
(with the exception of Scd galaxies, the latest spiral type for which
bulges are modeled – but their small values of B/T makes the
index determination more uncertain). The smaller indexes of the
pseudo-bulges of late spiral types would also make the absolute
index differences smaller. The distribution of the index difference
ng − ni as a function of Hubble type shows the larger index differ-
ences and dispersion for Sab, Sb, and Sbc galaxies, compared to
earlier and later types (see Fig. E.1).

Despite the wide dispersion in the g−i color and Re,g/Re,i ratio
for the bulges of spiral galaxies, seen in Figs. 1 and 5, respectively,
we also observe in the right panel of Fig. 5 a striking relationship
between the g − i color and the Re,g/Re,i ratio, across all Hubble
types: redder bulges have higher bulge effective radii in i than in
g (red color gradient). This trend has a large dispersion in ng − ni
when the bulges are red (g − i & 1.0) and have a negative radius
ratio. In contrast, the positive effective radius ratios have a much
smaller dispersion in ng − ni and correspond essentially to E and
S0 types. For these early types, the g effective radii of the bulge
components are therefore on average larger than in i, and show
little change in the steepness of their profiles with color. We also
checked in Appendix F that the bulge gradients are not affected
by a modeling bias from the presence of a bar.
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Fig. 5. g-to-i ratio of effective radii (in log), for the bulge components of the bulge-disk decompositions of all types up to Scd, as a function of
Hubble type (left) and bulge g − i color (right). Each galaxy is color-coded by its bulge Sérsic index difference between the g and i bands. The
solid line shows the median value per type, the vertical error bars show the associated bootstrap uncertainty in the median, and the horizontal
segments show the 16th and 84th percentiles of the distribution. The bulges with the strongest red gradients and the reddest colors tend to have the
largest differences in their g and i Sérsic indices. Galaxies of S0− type and earlier have predominately weak blue gradients, g − i colors of ∼1, and
relatively small differences in their bulge Sérsic indexes.

6.2. Transverse color gradients in bulge images

Understanding the nature of the bulge gradients seen in Fig. 5
requires a visual examination. The images used for the EFIGI
visual classifications cannot be used to examine bulge colors,
because their RGB combinations of i, r, and g images were set to
levels that made the low-surface-brightness features of the disks
visible. As a result, most bulges appear saturated, masking any
visual clues about their colors.

In order to visually examine the colors of bulges, we rescaled
the colors levels of a subsample of galaxy images. Specifically,
we selected the 69 bulges of galaxies with −0.2 ≤ log Re,g/Re,i ≤

−0.1 and 0.05 < B/T (g) < 0.1, which are dominated by Sb to
Scd types, as well as 16 Sab types within the same radius ratio
interval as the other 69 galaxies, but with 0.1 < B/T (g) < 0.2.
Figure 6 shows a selection of bulge images, in which we observe
transverse color gradients across the bulges, and these are well
reproduced in the model images.

To investigate transverse bulge color gradients, we examined
centering offsets between all the g and i models normalized by
their effective radii. The left panel of Fig. 7 shows centering off-
sets that are higher and more dispersed for all types of spirals
compared to lenticulars together with the stronger Re variation
between bands already seen in Fig. 5. These offsets in centering
range from a few to several tens of percents of the bulge radius.
This effect is better illustrated by the distributions of normalized
centering offsets for both the bulge and disk models shown in
the right panel of Fig. 7 for lenticulars, S0a to Sab types, and
Sb to Scd types. The normalized centering offsets are negligi-
ble for the disks (dashed lines), with 95% of them being below
0.045 for S0s, 0.041 for S0a-Sab, and 0.040 for Sb-Scd. More
noticeable offsets are observed in all bulges (solid lines), with
21.2% and 8.6% of S0 types displaying normalized bulge off-
sets higher than 0.05 and 0.10, respectively, and increasingly
more so in galaxies of later types, with 39.2% and 19.4% of
S0a-Sab bulges, and with 63.9% and 34.6% of Sb-Scd bulges,
having offsets larger than both values, respectively. Moreover,
the median normalized offsets are 0.023, 0.038, and 0.071 for
the three classes of bulges (from earlier to later types) respec-
tively, compared to 0.010, 0.014, and 0.012 for disks.

We emphasize that among the 85 galaxies in total that were
examined visually, we did not see a galaxy bulge with radial
gradient in color that would appear as a ring of different color
from the bulge interior. However, a significant fraction of the
examined bulges do show regions of obvious extinction, some-
times located in the disk at the outskirts of the bulge, which
appears to contribute to the bulge profile shifts. Unlike disk gra-
dients that are radial, the bulge color gradients in intermediate-
type spirals appear mostly transverse. The increasing differences
between bands in the effective radii, Sérsic indexes, and profile
center positions of bulges, as well as the increased dispersion
in these parameters, all indicate more complex color profiles
for the bulges hosted in spirals of types Sa to Scd, compared
to more uniform bulges within the lenticular galaxies. Examin-
ing the bulge color gradients as a function of stellar mass also
suggests that they are shaped by morphology rather than mass
within each morphological type, and the largest differences in
gradients are a function of morphological type, not mass (see
Appendix G).

7. Comparison with other analyses

Many recent analyses based on bulge and disk decomposi-
tions of large samples of galaxies agree with the EFIGI results
that bulges are redder than their host disks (Möllenhoff 2004;
Vika et al. 2014; Kennedy et al. 2016; Casura et al. 2022). The
0.09 ± 0.01 and the 0.11 ± 0.02 average color differences mea-
sured by Head et al. (2014) for 200 S0 galaxies in the Coma clus-
ter, and by Barsanti et al. (2021) for 469 S0 from eight nearby
clusters, respectively, are comparable with the 0.07±0.01 median
value obtained here for the 105 S0+ galaxies in EFIGI. Vika et al.
(2014) examined the color difference between bulges and disks
as a function of the Hubble type, but with a much smaller sample
of 163 nearby galaxies. The measured (g−i) average color differ-
ences are 0.03± 0.04, 0.05± 0.1, 0.30± 0.07, 0.28± 0.1 for their
E, S0-Sa, Sb-Sc, Sd-Irr samples, respectively, and indicate an
increasing color difference along the Hubble sequence, starting
from a compatible-with-zero difference for early-type galaxies
and becoming significant for spiral types. This is in agreement
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Fig. 6. From left to right and top to bottom: Images of PGC0023028 (Sb), PGC0027859 (Sab), PGC0029460 (Sb), PGC0033792 (Sb),
PGC0033914 (Sc), PGC0039280 (Scd), PGC0047612 (Sbc), and PGC0054232 (Sc), displaying bulge lateral offsets. For each object, one can
see from left to right the full galaxy data image, the zoomed-in image of each bulge, the zoomed-in image of the model, and the residual zoomed-
in image obtained by subtracting the two previous images.
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Fig. 7. Left: Logarithm of the ratio of the effective radii for the g and i bands, versus the distance between the centers of the g and i bulge profiles,
normalized by Re,g (color coding of the points by type are indicated in the legend). Intermediate-type spirals show larger centering offsets in their
profiles in addition to having stronger effective radii variations between bands. Right: Distribution of the distances between the centers of the g
and i Sérsic profiles of the bulges (solid lines) and disks (dotted lines), normalized by their measured effective radii in the g band (the curves are
color coded as indicated in the legends). Centering offsets for disks are mostly negligible, whereas for bulges the offsets are overall larger than for
disks and get increasingly large for later types.

with the trend in Fig. 3 and these values are compatible with the
EFIGI average color differences of −0.04 ± 0.01, 0.11 ± 0.01,
and 0.56 ± 0.01 for the E, S0-Sa and Sb-Sc samples, except for
the stronger difference we find for intermediate-type spirals. An
increasing bulge-disk color difference with Hubble type was also
found by Möllenhoff (2004) from the Sérsic bulge plus exponen-
tial disk decomposition of 26 unbarred bright spirals (B ≤ 12.7)
in the UBVRI bands.

For 177 isolated AMIGA galaxies, Fernández Lorenzo et al.
(2014) found 0.24 ± 0.18 mag and 0.32 ± 0.16 mag offsets
between the bulge and disk (g − i) median color for disk-

dominated galaxies hosting pseudo-bulges (defined as having a
bulge Sérsic index nbulge < 2.5), with B/T < 0.1 and 0.1 <
B/T < 0.5, respectively. First, the trend of a larger color dif-
ference for larger B/T disagrees with our results, as well as
with those of Möllenhoff (2004) and Vika et al. (2014). Using
the same criterion for nbulge and B/T in the EFIGI sample, with
the additional exclusion of the lenticular galaxies that are rarely
seen in isolation and frequently have classical bulges, and using
r-band B/T and nbulge, we derived offsets of 0.56 ± 0.01 mag
and 0.36 ± 0.01 mag, for B/T < 0.1 and 0.1 < B/T < 0.5,
respectively. These color differences are compatible for the high
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B/T values but diverge for the small B/T sample. We note
that Fernández Lorenzo et al. (2014) used aperture photometry,
which means that the part of the disk profile underlying the bulge
region that was subtracted in our bulge-disk decompositions is
still present in their study, and may lead to an underestimation of
the color difference, with an increasing effect for fainter bulges.
Moreover, their minimum aperture radius of 5 pixels leads to the
inclusion of disk light in the 15% smallest bulges. The difference
in median bulge and disk color found for low B/T values could
then be even more underestimated.

Figure 3 contradicts the results of Peletier & Balcells (1996),
who measured, for early spiral types, color variations from
galaxy to galaxy that are larger than the color differences
between disks and bulges within galaxies. Figure 3 also dis-
agrees with Cameron et al. (2009), who found an overall cor-
relation between the bulge and disk u − r colors. By contrast,
Kennedy et al. (2016) found that bulges are redder than their
disks. However, they also found that bluer galaxies show sim-
ilar bulge and disk colors, whereas redder galaxies have bulges
redder than their disks, contrary to the trend of increasing bulge-
disk color difference for bluer galaxies measured here.

Natali et al. (1992) decomposed NGC 628 as the sum of
a de Vaucouleurs bulge and an exponential disk in UBVRI
and were the first to measure a variation in the disk scale-
length with wavelength, finding a blue gradient. This result was
then extended by using the disks of seven face-on spirals in
Pompei & Natali (1997). Blue disk gradients were also found
by de Jong (1996) who performed bulge and disk decomposi-
tion of 86 face-on spirals in the BVRIHK bands. Although a
detailed comparison with the EFIGI disk gradients is compli-
cated by the different bands used, these various results are anal-
ogous. Moreover, Möllenhoff (2004) measured decreasing and
increasing effective radii of disks and bulges, respectively, across
Johnson bands from U to I, which may match the color gradients
we measured.

Finally, we note an agreement in the blue disk gradients mea-
sured here in EFIGI for the nearby Universe, with those extended
up to z < 0.6 in Quilley et al. (2026), but these results do not
show bulge color gradients. This may be due to their small angu-
lar effective radii, especially at larger redshifts, and also to the
absence of priors in the modeling, which might be needed to
inspect such small-scale effects.

8. Discussion

One major result of the present analysis is that bulges of
intermediate-type spirals (Sb through Scd types) have the red-
dest and most dispersed g − i colors, the largest variations in
their color gradients (ratio of effective radii in g and i) and
the largest relative changes in the steepness of their light pro-
files with color (Sérsic index n). We interpret these systematic
changes with Hubble type as resulting from patchy dust differ-
entially extinguishing and scattering the bulge light in the g and
i bands. First, dust would generate redder g− i colors, and could
explain why intermediate-type spirals have redder bulges than
the more metal-rich and older bulges of the early-type galax-
ies. Indeed, these effects cannot be attributed solely to the ages
or metallicities of spiral bulges, as the bulges of elliptical and
lenticular galaxies are old and metal-rich, yet are not as red as
the bulges of intermediate-type spirals.

Second, a complex distribution in the patchy extinction
impacts more the emission in the g band, and hence reduces
the g effective radius compared to i. Third, it would also lead
to a flatter profile in g than in i, in order to model the central

and external bulge light beyond the regions of patchy dust (see
Fig. E.1). Finally, irregularities in the dust distribution or slight
inclination of the disk relative to the line of sight would lead to
stronger dust extinction on a side of the bulge compared to the
other and may lead to a bluing of the bulge light due to scatter-
ing and also to transverse color shifts (see Fig. 6), which is mea-
sured quantitatively in centering offsets in the multiband models
(Fig. 7). The effect can be seen in some of the bulge images
shown in Fig. 6. These images also illustrate the frequent nuclear
features such as inner bars, inner spiral arms, rings, or star clus-
ters, which we observe in the residual maps obtained by subtract-
ing the bulge and disk profiles from the data images (see Fig. 6),
which lead us to hypothesize that these structures also contribute
to the detected effects.

The measured disk and bulge gradients and bulge disper-
sions, as well as the residual structures seen in and around the
bulges, depend on the reliability of the bulge-disk decomposi-
tion. We emphasize that we did not make overly constraining
assumptions in this modeling (e.g., common centers of the bulge
and disk models in the various bands), in order to not mask real
astrophysical effects. This flexibility as well as careful checks
on the choices of priors in the bulge-disk decompositions is
what contributed to the detection of transverse color gradients
in bulges. We consider that the large dispersion in the disk and
bulge gradients are not due the uncertainties or reliability of the
profile fitting. They are symptomatic of the complexity of the
light distribution of galaxies revealed by this analysis.

Some of the photometric and morphological features that are
observed within the disks (bars, spiral arms, and rings) are capa-
ble of – or are signs of – inward gas flows across the disks.
These flows of gas may eventually reach into the nuclear region,
leading to regions of dense gas in which star formation can be
triggered. We actually see evidence of star formation on the out-
skirts of some of the bulges, generally in the form of blue knots
along inner rings or inner spiral arms. Moreover, the structures
we find in the bulges and the dust distribution are related. For
both the diffuse warm and cold neutral medium and the cold
dense gas, a significant fraction of their masses is contained in
the form of dust (see Eales et al. 2012; Shull et al. 2021, and ref-
erences therein). If gas is dynamically swept along spiral arms
and bars, for example, it would lead to regions of higher density
and high dust opacity within the bulge. There is some theoretical
support for this picture of dust influencing the photometric prop-
erties and creating the complexity of light distribution in galax-
ies, especially for bulges. Models of the impact of the distribu-
tion of dust extinction that can impact the half-light radii and
steepness of the photometric profile of bulges as a function of
color follow roughly similar trends (see, e.g., Pastrav et al. 2013;
Pierini et al. 2004; Gadotti et al. 2010). Quilley & de Lapparent
(2022) show that in the NUV-r versus stellar mass plane there
are three general features – the Blue Cloud, made up of star
forming spiral-type galaxies, the Green Valley, comprising early-
type spirals (predominately S0a, Sa, and Sab galaxies), and the
Red Sequence, which comprises early-type passive galaxies (S0-
E types). They also show that there is a continuous bulge growth
along the Hubble sequence all throughout this diagram, from the
bulge-less irregular and late-type spirals at the low-mass end of
the Blue Cloud, to the Sb type, the most massive in the Blue
Cloud, with B/T g ∼ 0.15, and then up to B/T g ∼ 0.45 for lentic-
ular galaxies, while remaining in the same stellar mass interval.

In the present analysis, the morphological features and dust
detected in and around the bulges are interpreted as bring-
ing additional evidence of bulge growth along the Blue Cloud
and into the Green Valley. The observation that bulges along
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this sequence have gas provides some direct evidence of in
situ star formation. The dispersion in the colors and gradients
indicate that the in situ growth and gas content are stochas-
tic (see also Fig. G.1). Other processes, such as dynamically
heating stars within the inner regions of spirals and lenticu-
lar galaxies due to bars and inner spirals, can also lead to the
growth of the stellar masses of bulges. These critical changes in
bulge colors and color gradients, and in their dispersion, occur
not only at the entry of the Green Valley but also around the
intermediate-type spirals that have bulges that are starting to
shift onto the Kormendy relation – specifically onto the rela-
tion between effective surface brightness and magnitude – which
was derived for early-type galaxies (this has been historically
used as a criterion to differentiate between pseudo-bulges and
classical bulges; see Quilley & de Lapparent 2023, and refer-
ences therein). The complex color profiles of the bulges of
Sb to Scd galaxies are therefore consistent with the fact that
many of them could be built via a number of complex secular
processes.

The stellar mass of galaxies varies dramatically along the
Hubble sequence, as Quilley & de Lapparent (2022) showed that
it increases by about a factor of 104 from late-type spirals to
intermediate-type spirals (e.g., Sb type galaxies), whereas the
difference in the total stellar masses of Sb-type and lenticular
galaxies is relatively small. At the same time, the bulge stel-
lar masses increase by about a factor of 10 from Scd to Sb
galaxies and then further increase by a factor of 2 from Sb-type
galaxies to lenticular galaxies. In addition to these differences in
mass, the low-mass galaxies (with masses of ≈109 M�) – that is,
the very late-type spirals and irregulars – have local co-moving
volume densities that are approximately a factor of 5 higher
(Weaver et al. 2023) than those of the intermediate and lentic-
ular galaxies (with masses of ≈1011 M�). The low-mass gas-rich
spirals must therefore grow through mergers to decrease their
co-moving volume densities with time (which rules out that gas
accretion alone can drive this evolution). These galaxies must
have relatively high gas-to-stellar mass ratios to reform disks
and grow along the Blue Cloud. This is interesting, as we have
found and others have suggested that even if merging is impor-
tant for the growth of galaxies, the late and intermediate-type
spirals show a similar phenomenology and very similar mor-
phological traits. It is also the increasing relative gas depletion
from late-type spirals through lenticular galaxies that drives the
morphological change and halts the growth of disks and bulges.
Overall, these processes are slow and appear to be key in shaping
the color-mass distribution of present-day galaxies.

We caution here that the EFIGI sample is not complete in
mass, but we do find that the color gradients of the bulge appear
to be shaped by morphology rather than by mass (and it is similar
for disk color gradients). Specifically, for a given type, the bulge
color gradients do not depend significantly on mass; therefore, a
change in their properties in the Green Valley transition region
(in color and luminosity-weighted age) appears to be the result
of a change in the Hubble type, not a change in the total stellar
mass (see Appendix G).

As far as disks of spirals are concerned, they have a larger
area than bulges and so attributing their smaller half-light radii
in i versus g to the impact of clumpy dust is difficult without
more information. Dust might play a role, as the strongest color
gradients are found in intermediate-type spiral galaxies, which
are those with the largest values of the Visible Dust attribute.
Nevertheless, we do not find a direct correlation between the
amount of visually detectable dust and the color gradients of the
spiral and lenticular disks.

We note that the negative color gradients observed here
match the negative age gradient, the negative metallicity gra-
dient, and the decreasing dust extinction with radius, found
for intermediate-type spirals by González Delgado et al. (2015).
Within the current study, we cannot disentangle these complex
effects on the statistical properties of color gradients within
disks, but we suggest some physical mechanisms that would lead
to the observed gradients.

The variations in the disk effective radii between bands mea-
sured here could result from smooth and progressive color vari-
ation with radius, throughout the extent of the disk, but they
could also be the consequence of a discontinuity in the disk color
profile. One possible cause of smooth variations with radius
could be the different scale lengths of an older thick disk and
a younger thin disk (see Haywood et al. 2018, and references
therein). Various discontinuities could be caused by the morpho-
logical features within the disks. The frequency of bars is high
and spiral disks are defined by having spiral arms. For example,
de Lapparent et al. (2011) estimated that within the EFIGI sam-
ple approximately 30–60% of spiral galaxies (from late to early
types) have bars (see also Lee et al. 2019). Bars, which have
finite lengths (and tend to be redder than their disks; Kruk et al.
2018), rings, and spiral arms could all contribute to discontinu-
ities in the disk color profiles.

Although we have isolated the photometric properties of
bulges and disks separately, their evolution is linked. The bars,
spiral arms, rings, and lenses that are observed in galaxies are
either capable of driving gas inwards or are the result of gas
inflows. This inward flow can then support star formation in the
inner disks and bulges of galaxies. The gas flows and star forma-
tion will eventually deplete the gas, and without gas the defin-
ing morphological features of spirals galaxies weaken such that
intermediate-type spirals move slowly toward becoming lentic-
ular galaxies. More work is needed to solidify this picture in
which mergers and perturbations to the gas due to morphologi-
cal features are important for this morphological evolution.

9. Summary, conclusions, and perspectives

We have presented a study of 3106 galaxies with visually deter-
mined Hubble-types from the EFIGI sample for which we fit
one- or two-component Sérsic profiles to determine the char-
acteristics of their light distributions. Specifically, we focus on
measuring and interpreting the colors, half-light radii, and Sér-
sic indexes, of bulges and disks as a function of their over-
all morphology, characterized by their Hubble-type, as well
as their bulge-to-total light ratio. From this careful analysis,
we find that:
• The g − i colors of galaxy disks and of whole galaxies show

a systematic change, becoming increasingly blue from early
to late Hubble types, with a ∼0.6 mag change across the
full Hubble sequence, which is significant compared to the
∼0.1 mag scatter per type. The colors of the bulges, how-
ever, show the opposite trend, becoming increasingly red,
on average, from early to intermediate-type spirals, with the
types Sb-Sc having the reddest mean colors but with only a
0.2 mag change between the bluest and reddest bulge type,
and hence on the order of the bulge color scatter per type.
Bulges in spirals are systematically redder than their disks,
but this difference progressively fades from late to early
types.

• The reddening of the disks from late to early types along the
Hubble sequence is the consequence of the decrease in the
star formation rate per unit of stellar mass. The reddening of
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bulges in intermediate spirals is shown to be the consequence
of patchy dust rather than older metal-rich stellar popula-
tions. The increase in g − i colors of galaxies from late to
early types is the consequence of both the disk reddening
and the bulge growth.

• The dispersion in the g − i colors is relatively constant for
disks and whole galaxies. However, the colors of bulges
have increasing scatter with increasingly later types, with the
largest scatter in the colors over a broad range of Hubble
types – from types S0+ through Scd.

• Disks appear on average systematically more compact in the
i band than in the g band as one moves from early- (cD
through S0a) to later-type galaxies (Sa through Sd), with
ellipticals and lenticular galaxies having similar effective
radii in the g and i bands. Disks of later-type spiral galax-
ies, up to Sbc, have systematically smaller half-light radii in
the i band compared to the g band. The very late-type spiral
disks, Sd to Sdm, show similar median effective radii in both
the g and i bands.

• Both the highest values and dispersions in the bulges,
Re,g/Re,i, occur for the same intermediate-type (Sa-Sc) spi-
ral galaxies that have the highest dispersion (by a factor of
2–3) in bulge colors and the reddest colors. These galax-
ies also show the largest differences in their g and i−band
Sérsic indices, and the largest distances in the centering of
the g and i− profile models, which all result from transverse
color gradients in their bulges. The larger effective radii and
steeper profiles of the bulge in i compared to the g band for
intermediate-type spirals, as well as the spatial offsets in their
centers, all provide further evidence that patchy dust is shap-
ing the light profiles of these bulges.

• Moreover, in most of the residual images of the bulges that
we have examined, we see evidence of nuclear substructures
such as bars (often associated with a larger bar in the disk),
inner spiral arms, circumnuclear rings, and nuclear star clus-
ters (clumpy regions that appear blue or are relatively bright,
which we interpret as star-forming clusters).

• For a given type, the bulge color gradients do not depend
significantly on stellar mass. The change in their properties
as one moves from the end of the Blue Cloud through the
Green Valley to the Red Sequence in the mass versus color
plane appears to be the result of a change in the Hubble type,
not a change in the total stellar mass.

These results fit within a picture of galaxies evolving (back-
ward) along the Hubble sequence from late to earlier types, as is
suggested in Quilley & de Lapparent (2022). Late-type galaxies
have the bluest colors and do not have significant color gradients,
and hence have similar star formation histories as a function of
radius. Then, intermediate spirals, with higher masses and small
bulges (B/T ≤ 0.15), have complex bulge color profiles and the
reddest bulges, due to patchy dust. Using the dust as a surrogate
for gas indicates, along with some morphological structures such
as bars and inner spirals, that some of the bulge growth occurs
due to star formation. The morphological structures also indicate
that some bulge growth occurs through the dynamical heating of
stars in the stellar disk (secular evolution leading to the creation
of pseudo-bulges; see, e.g., Quilley & de Lapparent 2023, and
references therein). The transition from Sb to S0 corresponds to
the full transition throughout the Green Valley of the color versus
stellar-mass plane, and is characterized by a concomitant bulge
growth and shutdown of the star formation in disks (as is seen
from their increasingly redder colors). Since we see little evi-
dence of patchy dust in lenticulars, during the transition across
the Green Valley, there is also a decrease in the quantity of gas

overall (in agreement with direct determinations of the gas con-
tent of early-type galaxies).

Of course, the present analysis only provides circumstantial
evidence of in situ bulge growth and what causes the system-
atic changes in the half-light radii of the bulges and disks across
bands. More detailed studies linking bulge growth, gas, and mor-
phological features of bulges and disks are required. The present
comparison of the color profiles of galaxies with aspects of their
morphology such as bars and rings will give us a further insight
into whether these morphological features drive systematically
galaxies along an evolutionary sequence or whether they are sim-
ply a consequence of isolated dynamical events.

To further our understanding of what drives the systematic
changes in the galaxy population will require detailed studies at
longer wavelengths and higher resolution of a large sample of
galaxies with well-determined Hubble types. The wide-field sur-
veys with Euclid, the Vera Rubin Observatory, and the Nancy
Grace Roman space telescope will provide the wide wavelength
coverage, depth, and spatial resolution necessary to investigate
the morphological properties in greater detail. JWST and the
deep surveys with Euclid and Roman telescopes allow us to
extend these analyses to higher redshifts and to add informa-
tion to link the characteristics of galaxies in the local Universe
with those at higher redshifts (see, e.g., Yu et al. 2025; Jin et al.
2025).
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Krajnović, D., Emsellem, E., Cappellari, M., et al. 2011, MNRAS, 414,

2923
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Appendix A: B/T variations with observing band
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Fig. A.1. Logarithm of the ratio between the bulge-to-total ratios mea-
sured in the i and g bands respectively, as a function of B/T g, color
coded by the Hubble type of the galaxies. The black solid line is a lin-
ear fit to the data. The bulge-disk color difference leads to a variation of
B/T measured across bands, with higher values in the redder i band, up
to three times the g band value for B/T ≈ 0.01. This difference steadily
decreases towards earlier types in which the B/T values in both bands
are similar for the E and lenticular galaxies, whose bulge and disk com-
ponents have similar colors (Fig. 1).

The differences in color between bulges and disks as a function
of morphological type (Fig. 1), leads to a variation of the bulge-
to-total light ratio B/T depending on the band in which it is mea-
sured. Higher B/T are measured in the redder bands. Figure A.1
shows that intermediate- and late-type spiral galaxies have the
largest bulge-disk color difference (see also Fig. 1), the ratio of
B/T between the i and g bands is the largest, and reaches a factor
of ≈ 2 for the latest galaxy types which have the smallest contri-
bution of the bulge to the total galaxy luminosity. The early-type
galaxies have bulges that become more prominent and the bulge-
disk color-dichotomy fades, and thus the B/T values measured
in the g and i bands converge to similar values. We perform a lin-
ear fit of the data points (Fig. 1) which is justified by the Pearson
correlation coefficient of r = −0.75, and obtain the following
relations:

log(
B/T i

B/T g

) = (−0.191 ± 0.004) log(B/T g) + (−0.043 + 0.004),

(A.1)

or equivalently that

log(B/T i) = (0.809±0.004) log(B/T g)+(−0.043+0.004), (A.2)

with a R2 score of 0.57 and a r.m.s. scatter around the fit of
0.088. This relation can, for instance, be used to express the color
variations with B/T i instead of B/T g (see Fig. 2, Eqs. 1, 2, and
3).

Very similar results are obtained for the ratio between the r
and g-band B/T but with smaller highest values at low B/T g,
as well as a flatter slope. Lenticular galaxies have similar B/T
values in each band. As a function of B/T g, this ratio has a Pear-
son correlation coefficient of r = −0.69 which justifies making a

linear fit to the data. Doing this, we obtain

log(B/T r) = (0.875±0.003) log(B/T g)+(−0.015+0.003), (A.3)

with an R2 score of 0.47 and a r.m.s. scatter around the fit of
0.071.

Appendix B: Bulge-disk color differences

Figures 1 and 2 allowed us to discuss the difference in color
between bulges and disks in galaxies by comparing their respec-
tive distributions. Here, Fig. B.1 shows directly the distribution
of the difference between the bulge and the disk g − i color for
each EFIGI galaxy as a function of Hubble type (left panel),
and as a function of B/T (right panel). The left panel shows
that ellipticals and S0s have compatible with zero median bulge-
disk color differences of −0.04, −0.01, 0.02 for types E, S0−
and S0, but this difference increases with increasingly later Hub-
ble types, to reach a peak value of 0.61 mag for Sbc galaxies,
then plateaus until Scd types. The various statistics regarding the
bulge-disk color difference are given in Tables H.1 and H.2.

The right panel of Fig. B.1 shows how the g − i bulge-disk
color decrease with B/T for Scd and earlier types. The linear
fit of (g − i)bulge − (g − i)disk as a function of log(B/T g) is justi-
fied by the large negative Pearson correlation coefficient of -0.61
between these two variables, yields:

(g − i)bulge − (g − i)disk = −0.42 ± 0.01 log(B/T g) + −0.06 ± 0.01
(B.1)

with a R2 score of 0.37, and a rms dispersion of 0.30 around the
fit. The resulting slope is equal to the difference of those in Eqs. 1
and 2, as both the reddening of the disk and bluing of the bulge
for increasing B/T g reinforce each other. But the fact that the
Pearson correlation coefficient and R2 scores are similar to those
for (g − i)disk, whereas the rms dispersion is similar to the large
dispersion around the bulge color fit with B/T g, indicates that the
disk color variations drive this variation in the bulge-disk color
difference. Equation B.1 can be rewritten as a function of B/T in
the r or i bands using Eqs. A.2 and A.3 (see also Fig. A.1).

Appendix C: Disk and bulge colors gradients
versus B/T

Because B/T can be used to parameterize the Hubble type
(Quilley & de Lapparent 2022), we also examine both the bulge
and the disk color gradients as a function of B/T g in the left and
right panels of Fig. C.1, respectively. As expected from the varia-
tions with Hubble type, on the one hand, for high values of B/T g,
the disk color gradients of lenticulars and early-type spirals are
distributed around 0, with a median value of log(Re,g/Re,i) =
0.010 ± 0.001 for B/T g > 0.3. They increase for lower values
of B/T g and are generally positive for B/T g < 0.1, which cor-
responds to intermediate- to late-type spirals, with log(Re,g/Re,i)
in the [0; 0.1] interval and a median of 0.040 ± 0.001 (corre-
sponding to a disk 10% larger in g than in i). In the 0.01 to 0.1
B/T g interval, the rms dispersion in the logarithm of the radii is
bounded by 0.022 to 0.028 dex, against 0.035 to 0.042 dex for
B/T g > 0.1. On the other hand, the median bulge gradients are
also close to 0 with log(Re,g/Re,i) = 0.013±0.002 for large B/T g

values in the [0.3; 1.0] interval. They decrease towards lower
B/T g and are systematically negative for B/T g < 0.1, with a
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Fig. B.1. Difference between the bulge and disk g − i color for all EFIGI galaxies with Incl-Elong≤ 2, as a function of Hubble type in the left
panel, and as a function of B/T g in the right panel. The points in the panel on the left are color coded by the Visible Dust attribute as indicated
in the legend to the right of the panel. The points in the right panel are color coded by Hubble type as indicated in legend in the bottom right corner
of the panel. As already seen in Figs. 1 and 2, bulges and disks are similarly red for early-type galaxies, and disks get progressively bluer than
their bulge towards later-type galaxies and smaller B/T values.
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Fig. C.1. The relative distribution of effective radii, shown as log(Re,g/Re,i), for the bulge (left) and disk (right) components of the bulge-disk
decompositions of all EFIGI morphological types with Incl-Elong≤ 2 as a function of B/T g. In both panels, the points are color-coded according
to their Hubble type as indicated in the legend in the bottom left corner of the panel on the left. The solid black line in the right panel is a linear
fit to the data (see text). Intermediate spirals with B/T g ≤ 0.1 exhibit the strongest Re variations with bands, in both their bulges and disk, with
opposite signs, and with bulges radii having generally stronger variations. At higher B/T g values, the color gradients fade with similar bulge and
disk Re across bands.

median of log(Re,g/Re,i) = −0.100± 0.004. Therefore, the differ-
ence between the g and i effective radii is stronger for the bulge
than for the disk profiles, as the mean gradient over the same
B/T g interval is almost 3 times stronger (and opposite).

The color gradients in the bulges of spiral types are also more
dispersed than those in their disks (similar to the distributions
with morphological type, see Sects. 5 and 6), with the bulge
log(Re,g/Re,i) spread over the [−0.4; 0] interval for B/T g < 0.1
(the i radius can thus be up to 2.5 times larger than in g), and an
rms dispersion bounded by 0.12 to 0.15 dex, contrasting with the
lower dispersion between 0.05 and 0.09 dex for B/T g > 0.2. This
results in a weak correlation as estimated by a Pearson correla-
tion coefficient of r = 0.49. By fitting a linear relation between

the bulge log(Re,g/Re,i) and B/T g, we obtain

log(Re,g/Re,i) = (0.120 ± 0.005) log(B/T g) + (0.045 ± 0.005),
(C.1)

with an R2 score of 0.24, and an rms dispersion around the fit of
0.11. Equation C.1 can be rewritten as a function of B/T in the r
or i bands using Eqs. A.2 and A.3 (see also Fig. A.1).

Appendix D: No covariance of bulge and disk color
gradients

The bulge and disk model fits are interdependent in bulge and
disk decompositions. To alleviate concerns about the symmetry
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Fig. D.1. Relative disk color gradient versus the relative bulge color gra-
dient for all EFIGI Hubble types (as indicated in the legend). The pink
square show the median gradients for Sbc types, and the dashed line
correspond to the linear fit constrained to go through the point at which
the bulge and disk gradients are both zero. Bulge and disk gradients do
not preferentially lie along this diagonal line (or any diagonal line for
that matter), nor are the points distributed perpendicular to it. The two
color gradients are completely uncorrelated.

in the trends actually arising from possible inter-dependencies
of fitting two component models to the light distribution of
galaxies, rather than what we observe representing true physi-
cal effects, we directly compare the bulge and disk gradients for
all individual galaxies (Fig. D.1). Instead we see that E and S0
types are spread around the origin, whereas intermediate-type
spiral galaxies are spread out over the log(Re,g/Re,i) ∈ [0; 0.1]
interval at all values of the bulge gradients. The dashed line rep-
resents the linear relation interpolated from the mean bulge and
disk gradients of the Sbc-type galaxies (which displays some of
the strongest variations of Re with wavelength for both bulges
and disks). Data points should lie along this line if the bulge gra-
dient was a consequence of an interdependence between the fits
to the bulge and to the disk, which is not the case. This is quan-
titatively confirmed by computing the Pearson correlation factor
between both gradients for each Hubble type, as they all verify
r2 < 0.35, indicating a lack of any significant correlation.

Appendix E: Bulge Sérsic index variations with
band

Figure E.1 shows the difference between the g and i bulge Sér-
sic indexes obtained through the multiband light-profile fitting.
The median index differences are consistent with zero for cD to
S0 type galaxies, whereas they are negative for S0+ to Scd types
(see Table E.1). The Sab type galaxies have the lowest median
difference of −0.26 ± 0.04 (using bootstrap uncertainties in the
median) and similar values for Sb and Sbc type galaxies. The
bulge components of the latest lenticular types and spiral galax-
ies up to Scd type galaxies have steeper g−band profiles than
they do in the i−band. There is moreover a large dispersion in
this index difference for the same types as those for which it is
the largest, and this corresponds to galaxies with larger value of
the VisibleDust attribute. This is discussed in Sect. 6.1.
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Fig. E.1. Distribution of the difference between the bulge Sérsic indexes
fit in the g and i band as a function of Hubble type. The points are color-
coded by the EFIGI Visible Dust attribute. The red dashed lines indi-
cate the median value per type, and the dashed horizontal segments
show the 16th and 84th percentiles of each type distribution. A simi-
lar trend is found as for the effective radii (see Fig. 5), with a small
variation in Sérsic index with wavelength for early-type galaxies and an
increasing difference towards later types, which peaks for intermediate
spirals, mainly Sab, Sb and Sbc types. For these types, the bulge profile
in the i-band is steeper than in the g-band.

Appendix F: No significant impact of bars on bulge
colors and color gradients

We mention in Sect. 3 that the priors set on the Sérsic pro-
file fitting to the bulges are specifically designed to avoid fit-
ting an elongated bulge component onto the bar, if present, as
this obviously would bias the bulge measurements. To verify
that the results presented in our analysis are not impacted by
such biases, we show in Fig. F.1 the distribution of the g − i
bulge colors (left panel) and bulge color gradients as the g to
i Re ratio (right panel), separately for the unbarred (green) and
barred (orange) samples: these subsamples are defined using the
EFIGI visual attribute Bar, with respective values of 0 and 1− 4
respectively (the different values signify the length of the bar,
not its strength). Both panels show that the results obtained for
the bulges of EFIGI galaxies described in the main body of the
article remain true for both the barred and unbarred samples
analyzed separately. This rules out that profile modeling biases
due to the bars could cause the bulge color and gradient effects
described in Sect. 6.

Appendix G: Mass versus morphology

The left panel of Fig. G.1 shows that at galaxy stellar masses
of ∼ 1010.6−11.5M�, almost all morphological types, from
intermediate-type spirals to lenticulars are represented. How-
ever, over this range of total stellar masses, we showed in Sect. 6
that the EFIGI sample of galaxies shows very different bulge
gradients depending on their type (gradients and mass medi-
ans per type are plotted in color). Moreover, the left panel of
Fig. G.1 also shows a progressive decrease in both the median
and dispersion in the distribution of the bulge color gradients as
a function of mass (plotted in black). This illustrates how sim-
ply plotting the color gradient distributions of galaxy samples
without detailed morphological information would give the false
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Table E.1. Statistics of the bulge Sérsic index ng and of the difference ng −ni between the bulge Sérsic indexes fit in the g and i bands for all EFIGI
morphological types up to and including the Scd type galaxies.

Bulge

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(a) 39 203 131 112 105 125 143 144 278 249 124 167
Median ng 2.646 3.003 2.594 2.728 2.488 2.387 2.391 1.875 1.776 1.496 1.353 1.049
Error 0.187 0.061 0.073 0.115 0.094 0.117 0.086 0.071 0.079 0.089 0.118 0.074
Median ng − ni -0.001 -0.006 -0.006 -0.009 -0.078 -0.051 -0.147 -0.258 -0.217 -0.239 -0.110 -0.103
Error(b) 0.012 0.002 0.008 0.012 0.032 0.036 0.038 0.039 0.033 0.028 0.029 0.019
q16

(c) -0.180 -0.157 -0.162 -0.232 -0.410 -0.489 -0.490 -0.652 -0.640 -0.574 -0.470 -0.329
q84

(c) 0.019 0.004 0.001 0.006 0.001 0.000 0.009 0.001 0.001 0.001 0.142 0.072
Mean -0.038 -0.051 -0.064 -0.085 -0.164 -0.185 -0.214 -0.318 -0.288 -0.280 -0.138 -0.121
SD(d) 0.012 0.002 0.008 0.012 0.032 0.036 0.038 0.039 0.033 0.028 0.029 0.019

Notes. (a) Number of galaxies per Hubble type in which both the bulge and the disk fits (for Scd type galaxies and earlier). (b) Error in the median
per Hubble type, determined by bootstrapping. (c) 16% and 84% percentiles of the distribution per Hubble type. (d) Standard deviation of the
distribution per Hubble type.
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Fig. F.1. Top: Distribution of the g − i bulge colors for each Hubble type, similarly to the left panel of Fig. 1, separately for the barred (orange)
and unbarred (green) samples. Bottom: Distribution of the g to i bulge Re ratio (color gradient) per Hubble type, similarly to the left panel of
Fig. 5, separately for the barred (orange) and unbarred samples (green). The same trends as a function of type are observed for both the barred and
unbarred samples.

impression of a smooth fading of the gradients with increasing
stellar mass. We remind that the EFIGI sample is a representative
sample of morphological types, not stellar mass. In principle, it
is therefore sensitive to the impact of morphology on gradients
and colors, and perhaps less sensitive to variables impacted by
stellar mass.

To further illustrate the variations of the bulge color gradients
with mass versus morphology, in the right panel of Fig. G.1, we
split the median gradients per type into 7 stellar mass intervals
with 0.3 dex widths. One can see that there is no statistically
significant mass dependence in the color gradient for each type.
The spiral types which lie predominately in the Green Valley,
the Sab and Sa Hubble types, have gradients between those of
the Hubble types that lie in the Blue Cloud (Sb to Scd) and those
that lie along the Red Sequence (E to S0+). None of the lentic-
ular and E galaxy types have a statistically significant trend in
their color gradients with total stellar mass. This provides addi-
tional support for the hypothesis that the Green Valley represents
a meaningful transition region between the late- and early-type
spiral galaxies, whereby the late-type spirals with relatively large

gradients transition to lenticular galaxies with no color gradi-
ents and no mass dependence on their gradients. This finding
indicates that the morphology of entire galaxies, hence the vari-
ous characteristics of both their bulges and disks, play an impor-
tant role in how galaxies evolve along the path of growing their
bulges and quenching their disks. This evolution does occur as
total stellar mass increases, but the present results show that to
have a change in bulge properties (here, gradient) with mass,
there must be a change in type.

We only show the behavior of the bulge gradients here, but
similar arguments can be made regarding disk gradients, as the
shift in their median values per type always occur for types Sb
to S0, with a well populated common mass interval.

Appendix H: Tables for g − i and g − r colors

We provide in Tables H.1 and H.2 extensive statistics of the
bulge, disk, and galaxy color distributions per morphological
type, in g − i and g − r, respectively.
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Fig. G.1. Left: Ratios of bulge effective radii in g over i versus the total galaxy stellar masses, color-coded by their Hubble type. The median
values for each Hubble type is indicated by a colored diamond, and the 16th to 84th percentiles by the horizontal and vertical bars. Black squares
and their associated error bars indicate the medians and 16th to 84th percentiles, respectively, of the Re ratio per mass bin. Right: Median values
(and shown with uncertainties in the median as determined using a bootstrap technique) of the bulge effective radii in g over i color gradient as a
function of type, in intervals of total galaxy stellar mass of width 0.3 dex and requiring a minimum of 15 galaxies per bin. For clarity, we slightly
offset the bin centers for the different galaxy types. The data are consistent with each Hubble type having a constant gradient as a function of stellar
mass.

Appendix I: Tables for the Re variations with bands

In this section we provide extensive statistics for the bulge and
disk color gradients, as measured by the log-ratio between their
g and i-band Re distributions per morphological type.
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Table H.1. Statistics of the g − i colors of the bulges, disks, whole galaxies, for all EFIGI morphological types.

Bulge

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(a) 39 203 131 112 105 125 143 144 278 249 124 167
Median 1.021 1.007 0.996 1.003 1.022 1.044 1.104 1.124 1.182 1.238 1.153 1.057
Error(b) 0.019 0.005 0.006 0.012 0.02 0.022 0.018 0.012 0.020 0.019 0.018 0.033
q16

(c) 0.957 0.924 0.912 0.904 0.846 0.907 0.973 0.933 0.955 1.054 0.879 0.714
q84

(c) 1.076 1.074 1.063 1.082 1.227 1.219 1.261 1.304 1.464 1.511 1.402 1.369
Mean 1.019 1.000 0.987 0.995 1.021 1.047 1.106 1.117 1.192 1.255 1.142 1.051
SD(d) 0.092 0.082 0.113 0.175 0.286 0.233 0.204 0.230 0.303 0.328 0.296 0.342

Disk
Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd Sd(e) Sdm(e) Sm(e) Im(e)

N(a) 39 203 131 112 105 125 143 144 278 249 124 167 122 211 183 132
Median 1.012 1.043 1.009 0.972 0.948 0.876 0.863 0.75 0.683 0.644 0.624 0.502 0.421 0.400 0.405 0.337
Error(b) 0.013 0.007 0.005 0.014 0.018 0.016 0.011 0.013 0.012 0.007 0.019 0.013 0.017 0.013 0.016 0.016
q16

(c) 0.951 0.960 0.903 0.893 0.825 0.673 0.738 0.615 0.545 0.525 0.464 0.378 0.305 0.276 0.258 0.189
q84

(c) 1.090 1.111 1.081 1.059 1.041 0.982 0.963 0.845 0.819 0.745 0.724 0.615 0.519 0.532 0.608 0.499
Mean 1.008 1.036 0.992 0.974 0.939 0.849 0.857 0.734 0.68 0.635 0.607 0.502 0.423 0.408 0.44 0.349
SD(d) 0.091 0.086 0.101 0.109 0.130 0.169 0.140 0.111 0.131 0.121 0.137 0.128 0.118 0.149 0.223 0.193

Galaxy(e)

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd Sd(e) Sdm(e) Sm(e) Im(e)

N(a) 39 203 131 112 105 125 143 144 278 249 124 167 122 211 183 132
Median 0.999 1.015 0.996 0.978 0.995 0.930 0.931 0.842 0.759 0.701 0.658 0.521 0.421 0.400 0.405 0.337
Error(b) 0.006 0.004 0.008 0.008 0.009 0.015 0.007 0.011 0.011 0.008 0.014 0.011 0.017 0.013 0.016 0.015
q16

(c) 0.966 0.964 0.917 0.924 0.857 0.824 0.835 0.728 0.627 0.565 0.498 0.390 0.305 0.276 0.258 0.189
q84

(c) 1.047 1.060 1.036 1.033 1.045 1.011 1.001 0.921 0.889 0.803 0.745 0.641 0.519 0.532 0.608 0.499
Mean 0.998 1.009 0.979 0.970 0.968 0.914 0.915 0.825 0.756 0.689 0.643 0.524 0.423 0.408 0.44 0.349
SD(d) 0.044 0.054 0.075 0.086 0.117 0.120 0.094 0.097 0.124 0.115 0.134 0.127 0.118 0.149 0.223 0.193

Bulge−Disk( f )

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(a) 39 203 131 112 105 125 143 144 278 249 124 167
Median 0.011 -0.036 -0.005 0.016 0.074 0.205 0.231 0.378 0.489 0.606 0.536 0.552
Error(b) 0.019 0.009 0.010 0.010 0.026 0.019 0.018 0.013 0.022 0.027 0.027 0.027
q16

(c) -0.129 -0.150 -0.119 -0.107 -0.100 0.005 0.024 0.173 0.240 0.354 0.253 0.294
q84

(c) 0.109 0.078 0.091 0.142 0.360 0.441 0.436 0.618 0.810 0.908 0.858 0.824
Mean 0.011 -0.036 -0.005 0.021 0.081 0.198 0.249 0.383 0.511 0.620 0.535 0.549
SD(d) 0.154 0.123 0.148 0.198 0.308 0.282 0.271 0.258 0.322 0.354 0.301 0.318

Notes. (a) Number of galaxies per Hubble type in which both the bulge and disk Sérsic fits, for galaxies with Scd types and earlier, or the single
Sérsic fits for Sd through Im types, are assessed as reliable. (b) Error in the median g − i color per Hubble type, determined by bootstrapping. (c)

16% and 84% percentiles of the g − i distribution per Hubble type. (d) Standard deviation of g − i per Hubble type. (e) The single-Sérsic models of
Sd-type and later are listed as disks because they do not host a significant bulge and their Sérsic index distribution peaks around 1. The statistics
of the single-profile fits are enumerated in both the disk and whole galaxy.
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Table H.2. Statistics of the g − r colors of the bulges, disks, whole galaxies, for all EFIGI morphological types.

Bulge

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(a) 39 203 131 112 105 125 143 144 278 249 124 167
Median 0.696 0.680 0.672 0.671 0.689 0.709 0.747 0.747 0.781 0.815 0.743 0.684
Error(b) 0.013 0.005 0.006 0.007 0.013 0.008 0.009 0.009 0.013 0.012 0.013 0.020
q16

(c) 0.605 0.622 0.619 0.604 0.561 0.600 0.638 0.625 0.629 0.684 0.567 0.505
q84

(c) 0.738 0.732 0.729 0.757 0.826 0.797 0.858 0.902 0.999 0.990 0.938 0.873
Mean 0.679 0.681 0.671 0.671 0.674 0.697 0.757 0.750 0.794 0.831 0.746 0.678
SD(d) 0.070 0.067 0.081 0.122 0.199 0.153 0.171 0.154 0.234 0.230 0.241 0.271

Disk
Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd Sd(e) Sdm(e) Sm(e) Im(e)

N(a) 39 203 131 112 105 125 143 144 278 249 124 167 122 211 183 132
Median 0.633 0.631 0.627 0.602 0.598 0.559 0.542 0.478 0.441 0.417 0.398 0.33 0.265 0.25 0.251 0.223
Error(b) 0.01 0.005 0.007 0.007 0.013 0.01 0.007 0.008 0.008 0.006 0.012 0.008 0.01 0.007 0.008 0.01
q16

(c) 0.552 0.555 0.563 0.552 0.509 0.436 0.456 0.37 0.347 0.336 0.287 0.244 0.191 0.183 0.175 0.115
q84

(c) 0.686 0.686 0.682 0.672 0.665 0.617 0.608 0.538 0.528 0.486 0.468 0.4 0.352 0.346 0.384 0.322
Mean 0.627 0.624 0.62 0.605 0.596 0.54 0.537 0.46 0.435 0.408 0.389 0.325 0.266 0.26 0.269 0.232
SD(d) 0.071 0.078 0.072 0.07 0.098 0.132 0.102 0.078 0.086 0.079 0.087 0.084 0.092 0.125 0.125 0.128

Galaxy(e)

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd Sd(e) Sdm(e) Sm(e) Im(e)

N(a) 39 203 131 112 105 125 143 144 278 249 124 167 122 211 183 132
Median 0.644 0.65 0.645 0.635 0.642 0.604 0.601 0.532 0.495 0.449 0.419 0.34 0.265 0.25 0.251 0.223
Error(b) 0.008 0.003 0.005 0.007 0.006 0.008 0.005 0.008 0.007 0.006 0.012 0.008 0.011 0.007 0.008 0.009
q16

(c) 0.607 0.611 0.592 0.59 0.551 0.522 0.532 0.464 0.412 0.374 0.323 0.253 0.191 0.183 0.175 0.115
q84

(c) 0.663 0.685 0.676 0.678 0.684 0.661 0.644 0.588 0.562 0.512 0.478 0.416 0.352 0.346 0.384 0.322
Mean 0.638 0.648 0.636 0.629 0.625 0.592 0.589 0.527 0.487 0.442 0.411 0.338 0.266 0.26 0.269 0.232
SD(d) 0.032 0.036 0.048 0.056 0.074 0.074 0.066 0.063 0.077 0.073 0.081 0.083 0.092 0.125 0.125 0.128

Bulge−Disk( f )

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(a) 39 203 131 112 105 125 143 144 278 249 124 167
Median 0.059 0.048 0.041 0.058 0.076 0.173 0.212 0.271 0.344 0.403 0.351 0.356
Error(b) 0.013 0.007 0.01 0.008 0.022 0.016 0.014 0.013 0.012 0.016 0.02 0.018
q16

(c) -0.038 -0.036 -0.02 -0.025 -0.034 0.024 0.043 0.138 0.181 0.248 0.164 0.198
q84

(c) 0.133 0.15 0.121 0.188 0.256 0.323 0.386 0.455 0.575 0.61 0.55 0.554
Mean 0.052 0.057 0.051 0.065 0.078 0.157 0.219 0.29 0.36 0.423 0.357 0.353
SD(d) 0.119 0.116 0.113 0.142 0.238 0.21 0.223 0.182 0.252 0.245 0.258 0.251

Notes. (a) Number of galaxies per Hubble type in which both the bulge and the disk fits (for Scd types and earlier), or the single Sérsic fits (for Sd
to Im types) are assessed as reliable. (b) Error in the median g− r color per Hubble type, determined by bootstrapping. (c) 16% and 84% percentiles
of the g− r distribution per Hubble type. (d) Standard deviation of g− r per Hubble type. (e) The single-Sérsic models of Sd-type and later are listed
as disks because they do not host a significant bulge and their Sérsic index distribution peaks around 1. The statistics of the single-profile fits are
listed for both the disk and whole galaxy.
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Table I.1. Statistics of the ratios of effective radii in the g and i bands, for the bulges and disks of the EFIGI morphological types.

Disk

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd Sd(a) Sdm(a) Sm(a) Im(a)

N(b) 39 203 131 112 105 125 143 144 278 249 124 167 122 211 183 132
Median 0.017 0.010 0.010 0.000 0.002 0.007 0.018 0.033 0.027 0.045 0.042 0.046 -0.003 0.012 0.001 -0.006
Error 0.005 0.002 0.003 0.002 0.002 0.004 0.003 0.003 0.002 0.002 0.003 0.002 0.005 0.005 0.004 0.006
q16 -0.013 -0.011 -0.013 -0.017 -0.025 -0.024 -0.011 -0.007 0.001 0.022 0.019 0.018 -0.053 -0.041 -0.032 -0.044
q84 0.055 0.037 0.040 0.025 0.022 0.047 0.049 0.064 0.057 0.07 0.067 0.063 0.072 0.098 0.047 0.034
Mean 0.018 0.014 0.013 0.005 -0.001 0.015 0.02 0.031 0.027 0.046 0.043 0.043 0.007 0.022 0.003 -0.002
SD 0.052 0.030 0.034 0.039 0.033 0.045 0.038 0.039 0.031 0.027 0.025 0.026 0.074 0.078 0.068 0.084
Median Re,g

(c) 24.6 11.2 9.9 6.4 6.7 7.9 9.6 9.5 7.7 9.5 8.7 8.1 6.7 6.4 3.2 2.1
Bulge

Type cD E S0− S0 S0+ S0a Sa Sab Sb Sbc Sc Scd
N(b) 39 203 131 112 105 125 143 144 278 249 124 167
Median 0.016 0.023 0.014 0.007 0.000 -0.004 -0.014 -0.040 -0.074 -0.093 -0.100 -0.097
Error 0.007 0.003 0.004 0.005 0.002 0.005 0.007 0.010 0.008 0.008 0.010 0.011
q16 -0.015 -0.005 -0.009 -0.041 -0.056 -0.081 -0.126 -0.144 -0.226 -0.271 -0.242 -0.238
q84 0.062 0.053 0.060 0.052 0.044 0.04 0.039 0.033 0.001 -0.019 -0.002 -0.003
Mean 0.016 0.026 0.019 0.005 -0.009 -0.022 -0.038 -0.057 -0.105 -0.122 -0.112 -0.112
SD 0.045 0.038 0.052 0.057 0.082 0.101 0.103 0.112 0.148 0.168 0.142 0.131
Median Re,g

(c) 5.0 2.3 1.9 1.0 1.3 1.2 1.2 0.9 0.7 0.7 0.5 0.6

Notes. (a) We list the statistics of the single-Sérsic profile modeling of Sd-type and later as disks because they do not host a significant bulge and
their Sérsic index distributions peak around 1. (b) Number of galaxies per Hubble type in which both the bulge and the disk fits (for Scd types and
earlier), or the single Sérsic fits (for Sd to Im types) are assessed as reliable. (c) The median bulge or disk effective radii in kpc.
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