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A B S T R A C T 

The morphological properties of dwarf galaxies ( M� < 109 . 5 M�) remain largely unexplored, particularly outside the local 
neighbourhood. We explore how morphology changes across the massive to dwarf-galaxy regimes, using a mass-complete 
sample of ∼1000 galaxies, with stellar masses and redshifts in the ranges 107 M� < M� < 1012 M� and z < 0.15, respectively. 
By combining James Webb Space Telescope -derived morphological parameters (concentration, asymmetry, and clumpiness; 
‘CAS’) and visual morphological classifications, we explore: (1) how morphology changes with stellar mass and effective 
surface brightness, (2) the connection between morphology and recent star formation history, as a function of stellar 
mass, (3) how bar frequency changes between the massive and dwarf regimes, and (4) how well the CAS parameters 
perform in separating early- and late-type galaxies, as a function of stellar mass. We demonstrate that galaxies become 
less concentrated, more asymmetric, and less clumpy with decreasing stellar mass. In both mass regimes, galaxies that are 
more concentrated and less asymmetric are more likely to be red (i.e. quenched). The decrease in concentration towards 
lower stellar masses results in a loss of the leverage that this parameter can provide in separating early- and late-type 
galaxies. Thus, while the CAS system successfully separates early- and late-type systems in the massive-galaxy regime, 
these morphological classes become significantly more difficult to separate, using these parameters, in the dwarf regime. 
Finally, the bar fraction declines steadily with decreasing stellar mass and becomes consistent with zero at M� ∼ 108 M�, 
suggesting a lower limit for the galaxy mass needed to induce bar formation. 

Key words: galaxies: dwarf – galaxies: evolution – galaxies: formation – galaxies: fundamental parameters – galaxies: star 
formation – galaxies: structure. 
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 INTRODUCTION  

orphology is a fundamental quantity in observational astro- 
hysics. In at least the massive-galaxy ( M� > 1010 M�) regime, 
orphology has been shown to correlate with key characteris- 
ics of a galaxy, like its stellar mass (e.g. K. Bundy, R. S. Ellis &
. J. Conselice 2005 ; F. Buitrago et al. 2014 ), star formation rate
SFR; e.g. K. E. Whitaker et al. 2015 ), rest-frame colour (e.g. C. J.
onselice 2006 ), merger history (e.g. G. Martin et al. 2018 ), and
ocal environment (e.g. A. Dressler 1980 ; A. Dressler et al. 1997 ;
. A. Skibba et al. 2009 ). The morphological properties of galax-
es therefore encode details of their formation histories, making 
hem a valuable tool for understanding how the observable Uni- 
erse evolves over its lifetime. However, the current morpholog- 
cal literature is overwhelmingly dominated by massive galaxies, 
argely because these are the systems that are bright enough to
e detected in past surveys across large fractions of cosmic time.
n contrast, as we discuss further below, the detection limits of 
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ast surveys make it difficult to construct complete, unbiased 
warf populations outside the very local Universe. As a result, 
ur understanding of how morphological properties change from 

he massive to the dwarf regime, particularly in low-density en- 
ironments which host the majority of galaxies, remains a key 
pen question. It is worth noting here that studying morphology 
n the dwarf regime may provide deeper insights into the drivers
f galaxy evolution than their counterpart studies in massive 
alaxies (e.g. G. Martin et al. 2025 ; A. E. Watkins et al. 2026 ),
ecause the shallow potential wells of dwarfs make their internal 
tructure more susceptible to being perturbed by a wide variety 
f physical processes (e.g. S. J. Aarseth & J. G. Hills 1972 ; S. P.
oodwin & A. P. Whitworth 2004 ; N. Bastian et al. 2011 ; F. Lelli,
. Fraternali & M. Verheijen 2014 ; S. J. Kimbrell et al. 2021 ; A. E.
atkins et al. 2025 ). 
Given their intrinsic faintness, past dwarf studies that have 
mployed mass-complete populations have typically focused ei- 
her on the Local Volume or, due to the lack of precise distance
stimates, have relied on associating dwarfs in the very local 
niverse with a more massive structure such as a host galaxy,
roup, or cluster (e.g. E. Tolstoy, V. Hill & M. Tosi 2009 ; P.-A. Duc
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t al. 2015 ; M. Geha et al. 2017 ; A. Venhola et al. 2018 ; I. Trujillo
t al. 2021 ; M. Poulain et al. 2021 ; Y.-Y. Mao et al. 2021 ; A. E.
atkins et al. 2023 ). While statistical studies of dwarfs in low-
ensity environments outside the local neighbourhood do exist,
any of these papers utilize surveys like the SDSS (S. Alam et al.
015 ) which, notwithstanding their large footprints, are relatively
hallow. As discussed in detail in S. Kaviraj et al. ( 2025 ), typical
warfs are too faint to be detectable in shallow surveys outside
he local neighbourhood. The dwarfs that do appear in such data
ets have anomalously high SFRs, because the (brighter) young
tellar populations are needed to boost the luminosity of the
warfs above the detection thresholds of shallow surveys like
he SDSS. Consequently, the dwarf populations in these surveys
re both incomplete and strongly biased towards blue systems,
hich makes it challenging to draw accurate conclusions about
he dwarf population as a whole. 1 
As a result, how galaxy morphology and its relationship with
ther key physical parameters changes as we transition from the
assive to dwarf galaxy regime remains a key open question.
or example, how does morphology vary as a function of stellar
ass and effective surface brightness across these two regimes?
oes the connection between morphology and star formation
istory (traced using rest-frame colour) change as we move from
assive to dwarf galaxies? How does the incidence of internal
tructures like bars evolve with stellar mass? How well do quanti-
ative morphological parameters perform when separating physi-
al morphological classes like ‘early-type’ and ‘late-type’ galaxies,
s we move from the massive to the dwarf regime? Some insights
nto these questions can be gained from the existing dwarf liter-
ture, albeit via small galaxy samples which are, in many cases,
estricted to relatively high-density environments. For example,
. Poulain et al. ( 2021 ) and S. G. Carlsten et al. ( 2021 ) show
hat dwarfs with lower stellar masses tend to exhibit larger axial
atios, indicating that they are thicker, puffier, and more spherical
i.e. closer to oblate spheroids) than their more massive counter-
arts. This generally leads to both the Sersic index (which is a
easure of the central light concentration; J. L. Sérsic 1963 ) and
he effective radius exhibiting smaller values in dwarfs than in
assive galaxies, and the Sersic index being roughly independent
f stellar mass for M� < 109 M� (see e.g. fig. 7 in S. G. Carlsten
t al. 2021 ). 
In a similar vein, a comparison of the morphological proper-

ies of nearby ( z < 0 . 08 ) dwarfs and massive galaxies, in unbi-
sed mass-complete samples in low-density environments (e.g.
. Lazar et al. 2024a ; see also C. J. Conselice 2003 ) suggests that
oth concentration and clumpiness tend to decline with decreas-
ng stellar mass. I. Lazar et al. ( 2024b ) demonstrate, albeit with
round-based images, that the decrease in concentration at lower
tellar masses leads to a reduction in the leverage that this quan-
ity provides in separating visual morphological classes like early-
ype and late-type galaxies. As a result, it may become more dif-
cult to separate visual morphological classes using traditional
orphological parameters as we probe deeper into the dwarf 
egime. Finally, while some studies in the literature indicate that
he bar fraction may decline as stellar mass decreases (e.g. T.
éron et al. 2021 ), a definitive conclusion requires an exploration
NRAS 550, 1–17 (2026)

 Some studies using the SDSS do contain galaxy populations (including 
warfs) which are almost complete but these studies trace very low ( z < 

 . 01 ) redshifts (e.g. H. B. Ann, M. Seo & D. K. Ha 2015 ). 
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f bar fractions down into the dwarf regime using mass-complete
alaxy samples. 
The study of dwarf galaxies is poised to be revolutionized by

he advent of new and forthcoming data sets which are both
eep and wide, such as the Legacy Survey of Space and Time
LSST; e.g. Ž. Ivezić et al. 2019 ) and surveys from Euclid (R. J.
aureijs et al. 2010 ; Euclid Collaboration 2025 ). These data sets
ill offer mass-complete dwarf samples of unprecedented size,
hich will enable novel studies of dwarf galaxy evolution in the
earby Universe. However, deep photometric data, coupled with
igh resolution imaging, already exists in small regions of the
ky, like the 2 deg2 COSMOS field, which can provide insights
nto the questions posed above and offer a preview of the cutting-
dge science that will soon become possible using the LSST and
uclid . Indeed, the shape of the mass function (e.g. A. H. Wright
t al. 2017 ) ensures that statistically significant samples of dwarfs
an be constructed in fields with modest areas like COSMOS.
ere, we perform a first, broad comparison of the morphological
roperties of dwarfs to their massive counterparts, using a mass
omplete sample of galaxies in the nearby Universe. The use of 
igh resolution images from the JWST enables us to probe down
o M� ∼ 107 M� and out to z ∼ 0 . 15 . 
The plan for this paper is as follows: In Section 2 , we de-
cribe the galaxy sample that underpins this study, the calcu-
ation of morphological parameters (concentration, asymmetry,
nd clumpiness; CAS) and the visual classification of galaxy mor-
hologies and identification of barred galaxies. In Section 3.1 , we
xplore how galaxy morphology changes as a function of stellar
ass and effective surface brightness. In Section 3.2 , we explore
he relationship between morphology and recent star formation
istory (traced via rest-frame colour) across the massive and
warf regimes. In Section 3.3 , we study how well early-type and
ate-type galaxies can be separated, using classical morphological
arameters, as stellar mass changes. Finally, in Section 3.4 , we
uantify the incidence of bars in the dwarf galaxy regime. We
ummarize our findings in Section 4 . 

 DATA  

e combine physical parameters (stellar masses, photometric
edshifts, and rest-frame colours) from the COSMOS2020 cat-
logue (J. R. Weaver et al. 2022 ) with structural information
erived via morphological parameters and visual inspection of 
WST images in the F277W filter (N. J. Adams et al. 2024 ; C. J.
onselice et al. 2025 ) and those from the HSC in the g, r, and i -
and filters. The HSC data is taken from the third data release (H.
ihara et al. 2022 ) of the HSC Subaru Strategic Program (HSC-
SP). For our purposes we create HSC gri colour-composite im-
ges using the Python function make_lupton_rgb (described
n R. Lupton et al. 2004 ) from the Python library astropy . The
idths of the point spread function in the JWST F277W and
SC i band images are ∼0.1 and ∼0.6 arcsec, respectively. In the
ollowing sections, we describe the properties of the data sets used
ere. 

.1 A mass-complete dwarf galaxy sample from the 
OSMOS2020 catalogue 

ur sample of galaxies is constructed using the Classic ver-
ion of the COSMOS2020 catalogue, which provides physical
arameters – e.g. stellar masses and photometric redshifts – for
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round 1.7 million sources in the ∼2 deg2 COSMOS (N. Scov- 
lle et al. 2007 ) field (centred at 10 h, + 02◦). The parameters
re derived via the LePhare SED-fitting algorithm (S. Arnouts 
t al. 2002 ; O. Ilbert et al. 2006 ) using photometry in around 40
road and medium band filters spanning the ultraviolet through 
o 4.5 µm from the following instruments: GALEX (M. A. Zamo- 
ski et al. 2007 ), MegaCam/Canada–France–Hawaii Telescope 
M. Sawicki et al. 2019 ), ACS/ Hubble Space Telescope ( HST ; A.
eauthaud et al. 2007 ), Hyper Suprime-Cam (H. Aihara et al. 
019 ), Subaru/Suprime-Cam (Y. Taniguchi et al. 2007 , 2015 ), 
IRCAM/VISTA (H. J. McCracken et al. 2012 ), and IRAC/Spitzer 
M. L. N. Ashby et al. 2013 ; C. L. Steinhardt et al. 2014 ; M. L. N.
shby et al. 2015 , 2018 ). 
The detection image incorporates optical ( i, z) images from the
ltraDeep layer of the HSC-SSP, which have point-source depths 
f ∼28 mag (H. Aihara et al. 2019 ) and are ∼10 mag deeper
han the magnitude limit of the SDSS spectroscopic main galaxy 
ample (e.g. S. Alam et al. 2015 ). Optical and infrared aperture
hotometry are extracted using the SExtractor (E. Bertin & S. 
rnouts 1996 ) and IRACLEAN (B.-C. Hsieh et al. 2012 ) codes,
espectively. The deep data, which straddles a large wavelength 
aseline, yields photometric redshift accuracies better than ∼1 
nd ∼4 per cent for bright ( i < 22 . 5 mag) and faint ( 25 < i < 27
ag) galaxies, respectively. Here, we use measured stellar masses, 
hotometric redshifts, rest-frame colours and SFRs directly from 

he COSMOS2020 catalogue. 
To reduce the impact of biases in our results it is important to
ork with a galaxy sample that is mass complete. In other words,
e wish to use a sample that, at a given stellar mass, includes
ll objects, regardless of their star formation history. To construct 
uch a mass-complete sample, we follow the methodology of S. 
aviraj et al. ( 2025 ), who estimate the redshift out to which a pop-
lation of galaxies at a given stellar mass is likely to be complete
n the COSMOS2020 catalogue. 
This redshift is defined as that at which a purely old ‘simple

tellar population’ (SSP) of a given stellar mass, that forms in an
nstantaneous burst at z = 2 , is detectable, at the depth of the
SC UltraDeep imaging (which underpins object detection in 
OSMOS2020). This purely old SSP is considered to be a faintest
limiting’ case, since real galaxies (which are not composed solely 
f old stars), will be more luminous than this limiting value. 
hus, if this limiting case is detectable at the depth of a given
urvey, then the entire galaxy population (at a given stellar mass)
hould also be detectable in that survey. 
The top panel of fig. 4 in S. Kaviraj et al. ( 2025 ) uses this
ethodology to quantify the redshifts at which various surveys 
re complete. Since object detection in the COSMOS2020 is un- 
erpinned by the HSC UltraDeep data, the HSC UltraDeep curve 
orresponds to the completeness thresholds for our data set. This 
urve indicates that the galaxy population in COSMOS2020 is 
ikely to be complete down to stellar masses of 107 M�, out to
t least z ∼ 0 . 15 . The JWST survey area covers 0.6 deg2 within
he COSMOS2020 footprint. Since we require morphological data 
rom JWST , our analysis is based on the ∼1000 COSMOS2020 
alaxies with M� > 107 M� with redshifts less than z = 0 . 15 ,
hich lie within the JWST footprint. 
To compare the morphological properties of our dwarfs to 

hose seen in massive galaxies, we also construct a mass-complete 
assive-galaxy sample which consists of ∼700 COSMOS2020 
alaxies with M� > 1010 M� and z < 0 . 4 that reside within the
WST footprint. Note that the larger redshift range in the massive-
alaxy regime is needed to construct a statistically significant 
ample of massive galaxies, because the number density of mas- 
ive galaxies is much lower than that of their dwarf counterparts
e.g. A. H. Wright et al. 2017 ). As we discuss in Section 2.2 below,
here is no evolution in the morphological parameters of massive 
alaxies in this redshift range. 
Finally, it is worth exploring the types of large-scale structures

hat are likely to exist within our COSMOS2020 footprint, which 
s not centred on a known region of high density. We consider
he M200 values, which are proxies for the virial masses, of groups
dentified in the literature (A. Finoguenov et al. 2007 ; M. R.
eorge et al. 2011 ; G. Gozaliasl et al. 2014 , 2019 ), within our
OSMOS footprint at our redshifts of interest. These virial masses
ie in the range 1012 . 9 M� < M200 < 1013 . 8 M�, with a median value
f 1013 . 4 M�. For comparison, a small cluster like Fornax has a
irial mass of ∼ 1013 . 9 M� (M. J. Drinkwater, M. D. Gregg & M.
olless 2001 ), while large clusters like Virgo and Coma have virial
asses of ∼ 1015 M� (e.g. P. Fouqué et al. 2001 ; R. Gavazzi et al.
009 ). The galaxy population considered in this study therefore 
pans an array of low-density environments, from relatively large 
roups to the field, but does not reside in rich clusters, in line with
he conclusions of the recent literature (e.g. G. Martin et al. 2025 ).

.2 Morphological parameters: concentration, asymmetry 
nd clumpiness 

ur study utilizes standard morphological parameters that have 
een widely used in the literature to quantify the 2D distribution
f stellar light in galaxies. Here, we briefly define these parame-
ers. 
In order to measure our non-parametric CAS morphological 
arameters, we make use of the Morfometryka code (F. Ferrari, 
. R. de Carvalho & M. Trevisan 2015 ), implemented on the JWST
277W images. Using an image stamp of the galaxy alongside 
he point spread function, the code segments the sources before 
e-blending them if needed, and masking out any non-central 
ources. The code then measures the geometry of the galaxy, 
ncluding the axial ratio, the axis length and the position angle,
efore defining the Petrosian radius, Rpetro (V. Petrosian 1976 ), 
here 〈 I (R ) 〉 /I (R ) = 5 (i.e. the ratio of the mean intensity inside
he ellipse and the intensity over the ellipse is equal to 5). A
etrosian region of radius 1.5 × Rpetro is then defined, with the 
ame geometric properties as the galaxy, within which all mea- 
urements are made. 
The concentration parameter ( C82 ) is presented in equation ( 1 )
elow, as defined by S. M. Kent ( 1985 ), M. A. Bershady, A. Jan-
ren & C. J. Conselice ( 2000 ), and C. J. Conselice ( 2003 ). 

82 = 5 × log10 
(
R80 
R20 

)
(1) 

here R80 and R20 correspond to the radii enclosing 80 per cent 
nd 20 per cent of the total light of the galaxy. These radii are de-
ermined by defining a luminosity growth curve, from which the 
adius Rf containing ‘f’ per cent of the total light is determined. 
The asymmetry parameter, as defined by R. G. Abraham et al.

 1996 ), C. J. Conselice, M. A. Bershady & A. Jangren ( 2000 ), and V.
odriguez-Gomez et al. ( 2019 ), is described in equation ( 2 ) below

 =
∑ 

i , j | Iij − I180 ij | ∑ 

i , j | Iij | 
− Abgr , (2) 

here Ii , j and I180 i , j are the pixel values of the original and the
otated images, respectively. We calculate asymmetry within a cir- 
MNRAS 550, 1–17 (2026)
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Table 1. The fraction of ETGs in three different mass ranges. The uncer- 
tainties shown are from counting statistics only. Given the small area of 
COSMOS and the relatively narrow redshift range of our study, quantities 
like the ETG fraction are subject to a large uncertainty due to cosmic 
variance. This is likely to be significantly larger than that due to the 
counting statistics alone. See text in Section 2.3.1 for details. 

Stellar mass range fETG fLTG fcompact 

7.00 < Log ( M� /M�) < 8.25 0.351 ± 0 . 017 0.598 ± 0 . 017 0.028 ± 0 . 006 

8.25 < Log ( M� /M�) < 9.50 0.505 ± 0 . 033 0.486 ± 0 . 033 0.005 ± 0 . 006 

Log ( M� /M�) > 10 0.522 ± 0 . 012 0.478 ± 0 . 012 0 
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ular aperture of 1.5 × Rpetro , with all pixels within this aperture
eing taken into account for the calculation of asymmetry. Abgr 
s the asymmetry of the background (J. M. Lotz, J. Primack & P.
adau 2004 ). 
The clumpiness parameter (sometimes also referred to as the
moothness index), originally designed by C. J. Conselice ( 2003 )
nd as used in J. M. Lotz et al. ( 2004 ) and V. Rodriguez-Gomez
t al. ( 2019 ), is described in equation ( 3 ) below 

 =
∑ 

i , j Iij − IS ij ∑ 

i , j Iij 
− Sbgr , (3) 

here Ii , j and IS i , j are the pixel values of the original image and its
moothed version, respectively, within circular apertures of 1.5
Rpetro . The smoothed image is obtained using a boxcar filter

f width σ , which is set to 0.25 × Rpetro , as in J. M. Lotz et al.
 2004 ). The calculation is performed only for the pixels corre-
ponding to radii between σ and 1.5 × Rpetro , since the central
egion is avoided due to most galaxies showing significant cen-
ral concentration. The pixels with a negative numerator value
n equation ( 3 ) are excluded from the summation. Sbgr is the
ackground clumpiness, calculated using the background pixels
esiding outside the segmentation map. 
Errors on the morphological parameters are calculated via a
onte Carlo approach. For each source, and iteration, we inject
andom Gaussian noise, which is scaled to the measured sky
ackground, σsky . From each new image the full analysis pipeline
s executed again, including segmentation as well as determining
petro and the centroid of the source, giving us a new measure
f the parameters of interest. The uncertainties are estimated
rom 500 repetitions of this process. The median errors in the
oncentration, asymmetry, and clumpiness parameters are 2.1
er cent, 9.6 per cent, and 27.8 per cent, respectively. 
We have verified that the distributions of CAS parameters for
assive galaxies remain unchanged in the redshift range z < 0 . 4 ,
ith the median values for galaxies at z < 0 . 2 being virtually
dentical to those for their counterparts at 0 . 2 < z < 0 . 4 . This
ndicates that using a redshift range for the massive galaxy sample
hat is slightly larger than that of our dwarf population does not
lter our results. 

.3 Morphological classification and identification of 
arred dwarf galaxies via visual inspection 

e visually inspect JWST F277W and HSC gri colour composite
mages of each galaxy to both morphologically classify the system
nd identify galaxies that exhibit bars. Since structures within
warf galaxies may exhibit lower contrast than those in their
assive counterparts (I. Lazar et al. 2024a ), we also inspect ‘un-
harp masked’ versions of the JWST and HSC images. Unsharp
asking (e.g. D. F. Malin 1977 ) results in the sharpening of the
dges of structures, like bars, contained within the object. It has
reviously been used in astrophysical image analysis to detect
aint, low-contrast features like shells and tidal features inside
nd around nearby massive galaxies (see e.g. D. F. Malin & D.
arter 1983 ). 
The visual inspection is carried out by one expert classifier

SK). The images are randomized, with both the original and
nsharp-masked images classified at the same time. Physical pa-
ameters such as the stellar mass and redshift are kept hidden to
void introducing biases into the classification process. 
NRAS 550, 1–17 (2026)
.3.1 Morphological classification into early-type and late-type 
alaxies 

e use our visual inspection to separate the galaxy population
nto three broad morphological classes. The first are ‘early-type’
alaxies (ETGs) which have central light concentrations but oth-
rwise exhibit smooth light distributions. The second are ‘late-
ype’ galaxies (LTGs) which lack a central light concentration
hat is typical of ETGs and often show structure (e.g. spiral arms,
lumps, etc.). The final category, which only appears in the dwarf 
egime, consists of ‘compact’ objects which, while resolved in
he JWST images, are somewhat too small to classify securely. A
ery small number of objects cannot be classified, either because
he objects do not have enough flux in the JWST image to make
lassification possible or because they appear to be a blend of 
wo objects in the ground-based HSC image (which could com-
romise the COSMOS2020 photometry). Around 98 per cent of 
ur dwarf galaxies are classifiable. Table 1 presents the fraction
f ETGs in three different mass ranges: the lower (107 M� <

� < 108 . 25 M�) and upper (108 . 25 M� < M� < 109 . 5 M�) halves
f the stellar mass range in the dwarf regime and the massive-
alaxy regime ( M� > 1010 M�). The uncertainties shown are from
ounting statistics only. We note, however, that, given the small
rea of COSMOS and the relatively narrow redshift range of 
ur study, quantities like the ETG fraction are subject to a large
ncertainty due to cosmic variance. For example, the fractional
rror due to cosmic variance on the number counts of ∼1000
alaxies in such a region is expected to be greater than 25 per cent
e.g. B. P. Moster et al. 2011 ). While the uncertainties in Table 1
how only those due to counting statistics, it is worth bearing
n mind that the uncertainty incurred due to cosmic variance is
ignificantly higher. Fig. 1 presents examples of galaxies in our
ifferent morphological categories. 

.3.2 Identification of barred dwarf galaxies 

e use our visual inspection to identify galaxies which contain
ars. It is worth considering first whether bars are likely to be
etectable in dwarfs at various stellar masses, given the depth
nd resolution of the JWST images available to us. To do this,
e first measure the sizes of bars that are clearly present in the
WST images of massive galaxies in our redshift range of interest
 z < 0 . 15 ). We then use the stellar mass–galaxy size relation in
he nearby Universe, measured via the DESI Early Data Release
DESI Collaboration 2024 ), to predict the sizes that bars are likely
o have, in dwarfs of various stellar masses, if they did indeed
xist in these systems. Comparing these predicted sizes to the
esolution of JWST then enables us to estimate a lower stellar
ass limit down to which bar identification via visual inspection
s likely to succeed using the JWST images. 
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Figure 1. Example images of ETGs (1, 2), galaxies classified as compact (3), LTGs (4, 5), and those flagged as unclassifiable (6). The size of each image 
is 5 arcsec on a side. The images from different instruments have different orientations – we intentionally keep it this way so that each galaxy is visually 
inspected at different orientations. In each image the first and second columns show the James Webb Space Telescope ( JWST ) and Hyper Suprime-Cam 

(HSC) images, respectively. Each individual image has four panels. Within each image the panels in the first row show the original images from the 
different instruments, while the second row shows their unsharp-masked counterparts. 

w  

h  

r
m  

n  

s
a
s  

u  

u  

a  

i

i
g
w  

r
(
t
1
g
i

2

f

a  

i
d  

t  

r
 

s
h  

‘  

t  

w  

b
o  

v

3

3
s

F  

e

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/550/3/stag1186/8713499 by guest on 23 July 2026
Fig. 2 shows example JWST images of two massive galaxies 
hich have bars (both of which have M� > 1010 M�). The left-
and column shows the original image of the galaxy, while the
ight-hand column shows the same image but with measure- 
ents of various structures within the galaxy, in units of the
umber of JWST pixels. 2 For the purposes of this exercise, the
tructures we consider are bar lengths, disc lengths and heights, 
nd intradisc features such as the width of and spacing between 
piral arms. While our analysis is simply focused on bars, it is
seful to consider other types of structures because it helps us
nderstand how the dimensions of the bars that we are eventually
ble to study compares to the spatial scales of various structures
n these galaxies. 
Once the aforementioned structures are measured in the JWST 

mages of massive galaxies at z < 0 . 15 , we use the stellar mass–
alaxy size relation, described above, to predict the sizes that they 
ould have in galaxies of different stellar masses. Fig. 3 summa-
izes the cumulative distributions of the predicted bar lengths 
red), disc lengths and heights (blue), and sizes of intradisc fea- 
ures (black), in galaxies with stellar masses of 109 M� (top row), 
08 M� (middle row), and 107 M� (bottom row), respectively. The 
rey dashed vertical lines indicate multiples of JWST pixels. It 
s apparent that at 109 M� (108 M�), the predicted bar sizes are 
 The lengths of the structures in Fig. 2 have been measured using the 
ollowing online tool: https://imagemeasurementonline.com/. 

(
i
M
d
a

t least 40 (20) JWST pixels wide and should therefore be easily
dentifiable. However, at 107 M�, the majority of bars (if they 
id exist) are likely to be less than 10 pixels in length, suggesting
hat it will be challenging to detect them clearly, even with the
esolution of JWST . 
Note also that the lengths of the detectable bars are likely to be
imilar to large-scale disc structures (e.g. disc scale lengths and 
eights) so our study is primarily sensitive to ‘strong’ rather than
weak’ bars. Since our analysis above indicates that we are likely
o be able to quantify the bar fraction down to 108 M� at z < 0 . 15 ,
e restrict our exploration of the bar fraction, in Section 3.4
elow, to galaxies with M� > 108 M�. Fig. 4 presents examples 
f barred dwarf galaxies in our sample that are identified via our
isual inspection process. 

 RESULTS  

.1 Trends in morphology with stellar mass and effective 
urface brightness 

ig. 5 shows the distributions of CAS parameters in three differ-
nt mass regimes: the lower (107 M� < M� < 108 . 25 M�) and upper 
108 . 25 M� < M� < 109 . 5 M�) halves of the stellar mass range 
n the dwarf regime and the massive galaxy regime ( M� > 1010 

�). The median values of the distributions (indicated using the 
ashed vertical lines), indicate that all parameters exhibit system- 
tic trends with stellar mass. Both concentration and clumpiness 
MNRAS 550, 1–17 (2026)

https://imagemeasurementonline.com/
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Figure 2. The measured sizes of structures in two massive barred galaxies (shown in separate rows). The left-hand column shows the original image 
of the galaxy, while the right-hand column shows the same image but with measurements of various structures (bar lengths, disc lengths and heights, 
and intradisc features, such as the width of and spacing between spiral arms) within the galaxy, in units of the number of JWST pixels. Each image is 10 
arcsec on a side, equivalent to ∼333 JWST pixels. All images are in the JWST F277W filter. Note that the labels P1, P2, etc. are simply identifiers assigned 
to individual measurement lines. 
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ecline at lower stellar masses (i.e. as we move from the massive
o the dwarf-galaxy regime), while asymmetry shows an opposite
albeit weaker) trend and increases with decreasing stellar mass.
o further quantify these trends, we perform Spearman rank cor-
elation tests between each morphological parameter and stellar
ass, across the massive and dwarf-galaxy regimes. This test
eturns a correlation coefficient between + 1 and –1, where a
ositive (negative) value indicates a correlation (anticorrelation)
etween the variables. The result can be considered significant if 
he associated p -value is less than the standard threshold of 0.05.
Table 2 presents the correlation coefficients between the CAS
arameters and stellar mass across the dwarf and massive-galaxy
egimes, which confirm the visual trends that are apparent in
ig. 5 . Note that all tests return very low p -values ( p � 0 . 05 ),
ndicating that the trends between the parameters are signif-
cant. Both concentration and clumpiness show a strong pos-
tive correlation with stellar mass, while asymmetry shows a
oderate negative correlation with stellar mass. In this context,
ecall from the introduction that past surveys like the SDSS,
hich are shallow, only enable access to the bluest dwarf galax-
NRAS 550, 1–17 (2026)
es outside the very local Universe. In Appendix A , we demon-
trate how our results change if we restrict the dwarf population
o the bluest ten percentiles of the rest-frame colour distribu-
ion. Fig. A1 demonstrates that the bluest dwarfs have higher
symmetries and clumpiness than a mass-complete sample,
hich dilutes the quantitative trends (see Table A1 ) presented
bove. 
It is instructive to explore whether trends may exist between
orphology and the overall distribution of baryons within in-
ividual galaxies that have similar stellar masses. Fig. 6 shows
he values of the CAS parameters as a heatmap, as a function of 
oth the stellar mass and the effective surface brightness ( 〈 μ〉e )
f galaxies. Note that 〈 μ〉e is defined here as the average surface
rightness within the half-light radius of the galaxy. Fig. 6 indi-
ates that there are no strong trends in concentration as a function
f 〈 μ〉e at fixed stellar mass in the dwarf regime. Interestingly,
owever, there is a hint that, while concentration typically has a
endency of decreasing as 〈 μ〉e becomes fainter at a given stellar
ass, this trend appears to reverse at the lowest stellar masses
onsidered here. 
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Figure 3. Cumulative distributions of the predicted sizes, in JWST pix- 
els, of bar lengths, large-scale disc structures (such as disc lengths and 
heights), and intradisc features in dwarf galaxies at various stellar masses. 
The top, middle, and bottom panels show predictions for dwarf galaxies 
with M� ∼ 109 , 108 , and 107 M�, respectively. The dotted vertical lines 
indicate 5 and 10 JWST pixels. 
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While asymmetry appears to increase for objects with fainter 
 μ〉e at a fixed stellar mass, clumpiness shows only a weak trend
ith 〈 μ〉e . The bottom-right panel of Fig. 6 shows the numbers
f galaxies in the effective surface brightness–stellar mass plane, 
hich peak at M� ∼ 107 . 2 M� and 〈 μ〉e ∼ 24 mag arcsec−2 . In 
ppendix B we show, by perturbing the CAS values using their
rrors, that the structure of these heatmaps do not change. In
ther words, the trends seen in this plane are not washed out
y the uncertainties in the CAS parameters. While our focus is
n dwarf galaxies here, we extend this plot to the massive galaxy
egime in Appendix C . 
The systematic decrease in concentration observed at progres- 
ively lower stellar mass is likely to be driven by two principal
easons. First, shallower potential wells are less able to retain gas
n the central regions of the galaxy, as a result of which star forma-
ion is likely to take place in a spatially distributed manner rather
han in a compact central region. Secondly, baryonic feedback 
e.g from supernovae or active galactic nuclei; AGN) is likely to
e more effective at stirring up gas and moving it away from the
entral regions, flattening the central gas density profiles. These 
atter profiles will then be inherited by the stars that form from
hat gas (e.g. R. A. Jackson et al. 2021 ). The observed increase
n concentration at the faintest values of 〈 μ〉e at the very lowest
tellar masses considered here (top left panel of Fig. 6 ) may be
aused by the impact of these processes becoming extreme. For 
xample, the gas outflows may become large enough to disrupt
ny stellar assembly beyond the initial stellar mass buildup in the
entre, which then produces a faint system with relatively high 
oncentration. Furthermore, the removal of a significant amount 
f gas from the potential well will prevent subsequent activity 
e.g. supernova feedback) which could make the mass profile in 
he central regions flatter (e.g. S. Koudmani et al. 2025 ). 
The anticorrelation between asymmetry and stellar mass, 
hich mirrors the findings of I. Lazar et al. ( 2024a ), is likely
riven by the fact that shallower potential wells are more sen-
itive to any process that acts to alter the distribution of gas
nd stars in the galaxy, e.g. tidal perturbations, baryonic feed- 
ack, etc. Finally, the trend of decreasing clumpiness with lower 
tellar mass is likely to have two principal causes. First, dwarf 
alaxies exhibit lower gas surface densities than their massive 
ounterparts (e.g. A. Leroy et al. 2005 ; F. Bigiel et al. 2008 ; S.
oychowdhury et al. 2015 ; I. Pessa et al. 2021 ). Secondly, there is
 gradual change in galaxy kinematics as stellar mass decreases. 
he gas content of dwarf late-types becomes increasingly more 
ispersion-dominated than in their massive counterparts (e.g. A. 
. Moiseev & T. A. Lozinskaya 2012 ; R. Ianjamasimanana et al.
015 ; F. Lelli 2022 ), which is also reflected in their stellar kine-
atics (e.g. C. Wheeler et al. 2017 ; J. Falcón-Barroso et al. 2019 ;
. Scott et al. 2020 ). The change in the clumpiness can then be
nterpreted in the context of the Toomre parameter ( Q ; A. Toomre
964 ). Both an increase in velocity dispersion and a decrease in
he gas surface density would increase the value of Q , which leads
o weaker fragmentation and a lower value of clumpiness (see 
.g. T. Chantavat et al. 2024 ). Although the clumpiness parameter
n our study relates to the stellar light distribution, it reflects the
patial distribution of young stellar populations and therefore the 
ragmentation of the underlying gas disc. 

.2 Trends between morphology and recent star 
ormation history as a function of stellar mass 

e proceed by exploring how the relationship between morphol- 
gy and the recent star formation history (SFH) may change as a
unction of stellar mass. We study the recent SFH via the fraction
f galaxies that are red (i.e. quenched of star formation). Follow-
ng S. Kaviraj et al. ( 2025 ) the threshold rest-frame (g − i ) values
hat separate red and blue galaxies are taken to be 0.7 and 0.9 in
he dwarf and massive-galaxy regimes, respectively. 
For this exercise, we split our massive and dwarf-galaxy pop- 
lations into three terciles in the concentration, asymmetry, and 
lumpiness parameters, at fixed stellar mass. We then study the 
alaxy red fraction for objects in the upper, middle, and lower
erciles in each parameter, as a function of stellar mass. Fig. 7
ndicates that, at a given stellar mass, the red fraction is highest
nd lowest for galaxies in the highest and lowest terciles in con-
entration, respectively. In other words, higher concentration is 
ystematically correlated with a greater probability for the galaxy 
o be quenched, largely irrespective of stellar mass. 
MNRAS 550, 1–17 (2026)
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Figure 4. Examples of dwarf galaxies in our sample which have bars, identified via visual inspection. The size of each image is 5 arcsec on a side. The 
images from different instruments have different orientations – we intentionally keep it this way so that each galaxy is visually inspected at different 
orientations. Each image has four panels. The first and second columns show the JWST F277W and HSC ( gri ) colour composite images, respectively. The 
first row shows the original images, while the second row shows their unsharp-masked counterparts. 
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The correlation between concentration and redness can be
xplained by the fact that more concentrated objects typically
ave more pronounced bulges. This can lead to more effective
uenching as the black hole mass, which correlates with the
ffectiveness of AGN feedback (e.g. A. C. Fabian 2012 ), tends to
orrelate with the mass of the bulge (e.g. N. Häring & H.-W. Rix
004 ; A. F. L. Bluck et al. 2014 ; I. Martín-Navarro & M. Mezcua
018 ; A. Ferré-Mateu, M. Mezcua & R. S. Barrows 2021 ) and also
ecause morphological quenching is expected to be enhanced in
ystems with more prominent bulges (e.g. M. Martig et al. 2009 ;
. Gensior, J. M. D. Kruijssen & B. W. Keller 2020 ). 
In a similar vein, the red fraction is systematically higher at
rogressively smaller values of asymmetry because star forma-
NRAS 550, 1–17 (2026)
ion correlates with asymmetry in the stellar body of the galaxy
e.g. R. G. Abraham et al. 1996 ; C. J. Conselice 2003 ). A sim-
lar trend is seen between the red fraction and clumpiness in
he dwarf regime, although this effect appears to be absent in
assive galaxies. This can be explained by the fact that the in-
rease in the velocity dispersion and decrease in the gas surface
ensity in lower mass galaxies both act to reduce the SFR which
hen drives a decrease in the clumpiness. The lack of a trend
t very high stellar mass is likely driven by the fact that, in this
egime, virtually all galaxies are red, devoid of SFR (plausibly due
o internal processes, e.g. Y.-j. Peng et al. 2010 ; A. F. L. Bluck
t al. 2020 ) and therefore have a narrow range of clumpiness
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Figure 5. The concentration (top), asymmetry (middle), and clumpiness 
(bottom) distributions for galaxies in three different mass regimes: the 
lower (107 M� < M� < 108 . 25 M�; red) and upper (108 . 25 M� < M� < 

109 . 5 M�; blue) halves of the stellar mass range in the dwarf regime and 
the massive galaxy regime ( M� > 1010 M�; green). For each distribution 
we show the median as a vertical dashed line with an associated error bar 
calculated via standard bootstrapping. 

Table 2. Results of Spearman’s rank correlation tests between the CAS 
parameters and stellar mass. 

Rank correlation coefficient 

C versus Log M� + 0.67 
A versus Log M� −0.24 
S versus Log M� + 0.75 
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.3 ETGs and LTGs become more difficult to separate 
arametrically as stellar mass decreases 

he progressively lower values of concentration with decreasing 
tellar mass have an important consequence for our ability to 
eparate dwarf ETGs and LTGs using morphological parameters. 
his has already been noted by I. Lazar et al. ( 2024a ), who have
emonstrated, using ground-based HSC images (only), that it be- 
omes challenging to separate the different morphological classes 
hat exist in the dwarf regime using commonly used parameters 
ike CAS (as well as others like the Sérsic index, M20 , and the Gini
oefficient). This is caused by the fact that much of the parametric
iscrimination between ETGs and LTGs in the massive galaxy 
egime is driven by the fact that massive ETGs are significantly
ore concentrated than massive LTGs. However, as both ETGs 
nd LTGs become less concentrated in the dwarf regime, the dis-
riminatory leverage offered by this parameter decreases, making 
t difficult to separate morphological classes via parameters in the 
warf regime. 
Here, we revisit this analysis at JWST resolution (which has a

inear resolution that is twenty times better than that of HSC),
own to M� ∼ 107 M� (while the I. Lazar et al. ( 2024a ) analysis
as restricted to M� > 108 M�). Fig. 8 presents the asymmetry ver-
us concentration and clumpiness versus concentration planes in 
hree different mass regimes: the lower (107 M� < M� < 108 . 25 

�) and upper (108 . 25 M� < M� < 109 . 5 M�) halves of the stellar 
ass range in the dwarf regime and the massive galaxy regime

 M� > 1010 M�). In a similar vein to the conclusions of I. Lazar
t al. ( 2024a ), we find that the separation between ETGs and
TGs, in both parameter planes, steadily decreases as we move 
owards lower stellar masses. The positions of ETGs and LTGs in
hese planes indicate that they can be separated, via parameters, 
n the massive-galaxy regime and, to a reasonable extent, in the
pper half of the stellar mass range in the dwarf regime. However,
n the lower half of the dwarf stellar mass range, ETGs and LTGs
ie very close to each other in either plane, making it hard to
eparate them parametrically. 

.4 Bars become less frequent with decreasing stellar 
ass 

e complete our study by examining the strong bar fraction in
ur dwarf sample, defined as the fraction of galaxies that are
ot edge-on but have visually identified strong bars (examples of 
uch edge-on galaxies are shown in Appendix D ). Recall from the
etectability analysis in Section 2.3.2 above that strong bars are 
ikely to be identifiable down to M� ∼ 108 M�. Table 3 presents 
ar fractions within the dwarf regime (108 M� < M� < 109 . 5 M�) 
rom our study, as well as values of the bar fraction in the massive
egime from the recent literature. Together with the literature, 
ur results indicate that the bar fraction decreases steadily to- 
ards lower stellar masses and is consistent with zero around 
MNRAS 550, 1–17 (2026)



10 I. Lazar et al.

M

Figure 6. The concentration (top-left), asymmetry (top-right), and clumpiness (bottom-left) distributions in the effective surface brightness–stellar mass 
plane. The bottom-right panel shows the number of galaxies in different regions of this plane. 
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08 M�, suggesting a lower limit to the galaxy stellar mass that
s required to induce bar formation. 
While bars have been extensively studied in massive galax-

es (e.g. K. L. Masters et al. 2011 ), explorations of the bar frac-
ion in relatively unbiased, statistically significant populations
f dwarfs remain sparse, with previous efforts largely focusing
n local ( z < 0 . 02 ) galaxies in relatively dense environments.
or example, J. Méndez-Abreu, R. Sánchez-Janssen & J. A. L.
guerri ( 2010 ), who employ visual inspection of HST images,
nd no barred dwarfs in a sample of ∼190 galaxies with M� <

09 M� in the Coma cluster. J. Méndez-Abreu et al. ( 2012 ) show
hat the decrease in bar fraction at lower stellar masses takes
lace regardless of the local environment. Similarly, I. Marinova
t al. ( 2012 ) use visual inspection, coupled with unsharp masking,
f the HST images of 333 dwarf galaxies ( M� < 109 . 5 M�) in
oma to arrive at a similar conclusion, with only 4 per cent of 
heir sample exhibiting bars. The results of both studies appear
onsistent with our conclusions. While these studies focus on
ense environments, there is some evidence that the incidence
f bars is not strongly correlated with local environments (e.g.
. J. Martínez & H. Muriel 2011 ; I. Marinova et al. 2012 ; G.-H.
ee et al. 2012 ), making these studies comparable with our work.
t is worth noting that J. Méndez-Abreu et al. ( 2012 ) attribute the
NRAS 550, 1–17 (2026)
ecrease in the bar fraction at progressively lower stellar masses
o an increase in the disc thickness, with the discs of lower stellar
ass galaxies being more fragile and hot which, in turn, inhibits
he formation of bars. 
We note, however, that some recent studies do come to differ-
nt conclusions, although these discrepancies may be driven by
election effects. For example, P. B. Nair & R. G. Abraham ( 2010 )
tudy barred galaxies in the SDSS at z < 0 . 1 and find that the
arred fraction increases in their sample towards lower stellar
asses, reaching ∼40 per cent at M� ∼ 109 M�. However, this
esult is likely to be strongly influenced by the selection bias
escribed in Section 2.1 , since low-mass galaxies in this sample
re dominated by blue (i.e. gas rich), late-type systems (see their
g. 1) in which bars are more likely to form. T. Géron et al.
 2021 ) perform a similar analysis using the SDSS, but at lower
edshifts (z < 0 . 05 ), and find a lower bar fraction ( ∼10 per cent
t M� ∼ 109 M�). A lower bar fraction in a galaxy sample that is
estricted to lower redshift is consistent with the hypothesis that
DSS bar fractions are affected by strong selection biases in the
warf regime. Not unexpectedly, restricting the galaxy popula-
ion to lower redshifts reduces the bias towards late-type systems
nd moves the bar fraction closer to the values reported in our
ork. 
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Figure 7. The red fraction for galaxies in the lowest and highest terciles 
in concentration (top), asymmetry (middle), and clumpiness (bottom). 
The lowest and highest terciles are shown in blue and red for dwarfs and 
green and black for massive galaxies. 
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Figure 8. The asymmetry versus concentration (top) and clumpiness 
versus concentration planes (bottom) for galaxies in three different mass 
regimes: the lower (107 M� < M� < 108 . 25 M�) and upper (108 . 25 M� < 

M� < 109 . 5 M�) halves of the stellar mass range in the dwarf regime and 
the massive galaxy regime ( M� > 1010 M�). 

Table 3. Bar fractions, defined as the fraction of LTGs that are not edge- 
on but have visually identified bars, in various stellar mass ranges in the 
dwarf regime. Uncertainties are calculated following E. Cameron ( 2011 ) 
and are shown using superscripts. 

Stellar mass range (Strong) bar fraction Source 

8.0 < Log ( M� /M�) < 8.5 0.01 ± 0 . 01 This work 
8.5 < Log ( M� /M�) < 9.0 0.05 ± 0 . 02 This work 
9.0 < Log ( M� /M�) < 9.5 0.09 ± 0 . 04 This work 
Log ( M� /M�) ∼ 10 0.16 T. Géron et al. ( 2021 ) 
Log ( M� /M�) ∼ 10.6 0.23 T. Géron et al. ( 2021 ) 
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P. Erwin ( 2018 ), who use a sample of ∼600 galaxies within 40
pc with 108 M� < M� < 1011 . 5 M� from the S4 G survey report 

 decline in the bar fraction as galaxy stellar mass decreases, as is
he case in this study. However, their dwarf bar fractions them-
elves (e.g. ∼40 per cent at M� ∼ 108 . 5 M�) are larger than those
ound in our study. This disagreement is likely to be driven by the
act that the Spitzer data used by S4 G is ∼5 mag shallower than
ur JWST images and because S4 G imposes an angular limit of 
reater than 1 arcmin as part of its selection criteria. This is likely
o skew the dwarf sample within this survey towards spatially 
xtended late-type systems, making a direct comparison to our 
esults challenging. 
 SUMMARY  

e have used a mass-complete sample of ∼1000 galaxies at 
 < 0 . 15 , to explore how the trends between galaxy morphology
nd other physical parameters evolve as a function of stellar 
ass down to M� ∼ 107 M�. Our study combines morphologi- 
MNRAS 550, 1–17 (2026)
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al parameters (concentration, asymmetry, and clumpiness) with
isual morphological classifications to explore: (1) How galaxy
orphology evolves with stellar mass and effective brightness, (2)
he connection between morphology and recent star formation
istory as a function of stellar mass, (3) the incidence of bars in
he dwarf regime, and (4) how well morphological parameters
erform in separating early and late-type galaxies as a function
f stellar mass. Our main conclusions are as follows: 

(i) Galaxies become progressively less concentrated, more
symmetric, and less clumpy at lower stellar masses. The de-
rease in concentration and increase in asymmetry are likely to
e driven by the fact that shallower potential wells are less able
o hold material in their central regions and are also more suscep-
ible to processes (e.g. baryonic feedback and tidal perturbations)
hich can alter the distribution of gas and stars in the galaxy. The
ecrease in clumpiness is likely due to a combination of lower
as surface densities and higher gas velocity dispersions at lower
tellar mass, which act to reduce gas fragmentation and lead to
ower values of stellar clumpiness. 
(ii) The decrease in concentration at lower stellar masses leads

o a loss in the leverage that this parameter provides in separating
arly-type and late-type galaxies. As a result it becomes more
ifficult to separate these classes using morphological parameters
s stellar mass decreases. 
(iii) In the dwarf regime, galaxies with higher concentration,

ower asymmetry, and lower clumpiness have a higher probabil-
ty of being red (i.e. quenched of star formation). These trends
an be explained by the fact that higher concentrations tend to
lign with more pronounced bulges, which can induce stronger
GN feedback and morphological quenching. In a similar vein,
 lower clumpiness is likely to be correlated with a lower gas
urface density and higher velocity dispersion in gas discs, both of 
hich would act to aid quenching. The morphological trends are
imilar in massive galaxies, although the anticorrelation between
lumpiness and redness appears to break down in this regime. 
(iv) The incidence of bars declines with decreasing stellar
ass, until it becomes consistent with zero around M� ∼ 108 

�, suggesting a lower limit to the stellar mass that is needed to
nduce bar formation. This decrease may be driven by the discs
f lower stellar mass galaxies being more fragile and hot which,
n turn, inhibits bar formation. 

While our results are novel in their own right, our study
emonstrates the science that is possible in the dwarf regime
hen a combination of deep photometric data and high resolu-
ion imaging is available. As such, our work offers a preview of 
hat can be achieved by combining next-generation surveys like
SST and Euclid in the near future, which are likely to result in
ignificant advances in our understanding of galaxy evolution. 

CKNOWLEDGEMENTS  

e are grateful to the anonymous referee for many constructive
omments which enables us to improve the quality of the original
anuscript. SK, IL, and AEW acknowledge support from the
TFC (grant numbers ST/Y001257/1 and ST/X001318/1). SK also
cknowledges a Senior Research Fellowship from Worcester Col-
ege Oxford. We acknowledge support from the ERC Advanced
nvestigator Grant EPOCHS (788113) and support from the Uni-
ersity of Manchester in the form of a studentship to LW. 
NRAS 550, 1–17 (2026)
This study has used the following online tool to measure the
izes of structures in galaxies: https://imagemeasurementonline
com/ . 
The HSC collaboration includes the astronomical communi-

ies of Japan and Taiwan, and Princeton University. The HSC
nstrumentation and software were developed by the National
stronomical Observatory of Japan (NAOJ), the Kavli Institute
or the Physics and Mathematics of the Universe (Kavli IPMU),
he University of Tokyo, the High Energy Accelerator Research
rganization (KEK), the Academia Sinica Institute for Astron-
my and Astrophysics in Taiwan (ASIAA), and Princeton Uni-
ersity. Funding was contributed by the FIRST programme from
he Japanese Cabinet Office, the Ministry of Education, Culture,
ports, Science and Technology (MEXT), the Japan Society for
he Promotion of Science (JSPS), Japan Science and Technology
gency (JST), the Toray Science Foundation, NAOJ, Kavli IPMU,
EK, ASIAA, and Princeton University. This paper makes use
f software developed for Vera C. Rubin Observatory. We thank
he Rubin Observatory for making their code available as free
oftware at http://pipelines.lsst.io/ . 
This paper is based on data collected at the Subaru Telescope
nd retrieved from the HSC data archive system, which is oper-
ted by the Subaru Telescope and Astronomy Data Center (ADC)
t NAOJ. Data analysis was in part carried out with the coopera-
ion of Center for Computational Astrophysics (CfCA), NAOJ. We
re honoured and grateful for the opportunity of observing the
niverse from Maunakea, which has the cultural, historical, and
atural significance in Hawaii. This paper used data that is based
n observations collected at the European Southern Observatory
nder ESO programme ID 179.A-2005 and on data products pro-
uced by CALET and the Cambridge Astronomy Survey Unit on
ehalf of the UltraVISTA consortium. 

ATA  AVAILABILITY  

he observational data used in this study are taken from J. R.
eaver et al. ( 2022 ). The JWST data used in this work are avail-
ble in the COSMOS Web survey data set, through the Mikul-
ki Archive for Space Telescopes ( https://mast.stsci.edu/ ). Addi-
ional data products will be shared on reasonable request to the
rst author. 

EFERENCES  

arseth S. J. , Hills J. G., 1972, A&A, 21, 255 
braham R. G. , Tanvir N. R., Santiago B. X., Ellis R. S., Glazebrook K.,
van den Bergh S., 1996, MNRAS , 279, L47 

dams N. J. et al., 2024, ApJ , 965, 169 
ihara H. et al., 2019, PASJ , 71, 114 
ihara H. et al., 2022, PASJ , 74, 247 
lam S. et al., 2015, ApJS , 219, 12 
nn H. B. , Seo M., Ha D. K., 2015, ApJS , 217, 27 
rnouts S. et al., 2002, MNRAS , 329, 355 
shby M. L. N. et al., 2013, ApJ , 769, 80 
shby M. L. N. et al., 2015, ApJS , 218, 33 
shby M. L. N. et al., 2018, ApJS , 237, 39 
astian N. et al., 2011, MNRAS , 412, 1539 
ershady M. A. , Jangren A., Conselice C. J., 2000, AJ , 119, 2645 
ertin E. , Arnouts S., 1996, A&AS , 117, 393 
igiel F. , Leroy A., Walter F., Brinks E., de Blok W. J. G., Madore B.,
Thornley M. D., 2008, AJ , 136, 2846 

lanton M. R. , Kazin E., Muna D., Weaver B. A., Price-Whelan A., 2011,
AJ , 142, 31 

https://imagemeasurementonline.com/
http://pipelines.lsst.io/
https://mast.stsci.edu/
http://dx.doi.org/10.1093/mnras/279.3.L47
http://dx.doi.org/10.3847/1538-4357/ad2a7b
http://dx.doi.org/10.1093/pasj/psz103
http://dx.doi.org/10.1093/pasj/psab122
http://dx.doi.org/10.1088/0067-0049/219/1/12
http://dx.doi.org/10.1088/0067-0049/217/2/27
http://dx.doi.org/10.1046/j.1365-8711.2002.04988.x
http://dx.doi.org/10.1088/0004-637X/769/1/80
http://dx.doi.org/10.1088/0067-0049/218/2/33
http://dx.doi.org/10.3847/1538-4365/aad4fb
http://dx.doi.org/10.1111/j.1365-2966.2010.17841.x
http://dx.doi.org/10.1086/301386
http://dx.doi.org/10.1051/aas:1996164
http://dx.doi.org/10.1088/0004-6256/136/6/2846
http://dx.doi.org/10.1088/0004-6256/142/1/31


Morphology from massive to dwarf galaxies 13

B  

B
B  

B
C
C  

C  

C
C
C
C
D
D
D
D
D
E
E
F
F
F
F
F
F
G  

G
G
G
G  

G
G
G
H
H  

I  

I
I
J
K  

K
K  

K  

 

L  

 

 

L  

L  

L
L
L
L
L
L

L  

M
M
M  

M
M
M
M  

M
M
M
M
M  

M  

M
M  

N
P
P
P
P
R
R  

S
S
S
S  

S
S
T
T
T
T
T
V
W  

W  

W  

W
W
W
W
Z

A
W
B

A  

c
t  

i  

d
 

N  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/550/3/stag1186/8713499 by guest on 23 July 2026
luck A. F. L. , Mendel J. T., Ellison S. L., Moreno J., Simard L., Patton D.
R., Starkenburg E., 2014, MNRAS , 441, 599 

luck A. F. L. et al., 2020, MNRAS , 499, 230 
uitrago F. , Conselice C. J., Epinat B., Bedregal A. G., Grützbauch R.,
Weiner B. J., 2014, MNRAS , 439, 1494 

undy K. , Ellis R. S., Conselice C. J., 2005, ApJ , 625, 621 
ameron E. , 2011, Publ. Astron. Soc. Aust. , 28, 128 
arlsten S. G. , Greene J. E., Greco J. P., Beaton R. L., Kado-Fong E., 2021,
ApJ , 922, 267 

hantavat T. , Yuma S., Malelohit P., Worrakitpoonpon T., 2024, ApJ , 965,
77 

onselice C. J. , 2003, ApJS , 147, 1 
onselice C. J. , 2006, MNRAS , 373, 1389 
onselice C. J. , Bershady M. A., Jangren A., 2000, ApJ , 529, 886 
onselice C. J. et al., 2025, ApJ , 983, 30 
ESI Collaboration , 2024, AJ , 168, 58 
ressler A. , 1980, ApJ , 236, 351 
ressler A. et al., 1997, ApJ , 490, 577 
rinkwater M. J. , Gregg M. D., Colless M., 2001, ApJ , 548, L139 
uc P.-A. et al., 2015, MNRAS , 446, 120 
rwin P. , 2018, MNRAS , 474, 5372 
uclid Collaboration , 2025, A&A , 697, A1 
abian A. C. , 2012, ARA&A , 50, 455 
alcón-Barroso J. et al., 2019, A&A , 632, A59 
errari F. , de Carvalho R. R., Trevisan M., 2015, ApJ , 814, 55 
erré-Mateu A. , Mezcua M., Barrows R. S., 2021, MNRAS , 506, 4702 
inoguenov A. et al., 2007, ApJS , 172, 182 
ouqué P. , Solanes J. M., Sanchis T., Balkowski C., 2001, A&A , 375, 770 
avazzi R. , Adami C., Durret F., Cuillandre J. C., Ilbert O., Mazure A.,
Pelló R., Ulmer M. P., 2009, A&A , 498, L33 

eha M. et al., 2017, ApJ , 847, 4 
ensior J. , Kruijssen J. M. D., Keller B. W., 2020, MNRAS , 495, 199 
eorge M. R. et al., 2011, ApJ , 742, 125 
éron T. , Smethurst R. J., Lintott C., Kruk S., Masters K. L., Simmons B.,
Stark D. V., 2021, MNRAS , 507, 4389 

oodwin S. P. , Whitworth A. P., 2004, A&A , 413, 929 
ozaliasl G. et al., 2014, A&A , 566, A140 
ozaliasl G. et al., 2019, MNRAS , 483, 3545 
äring N. , Rix H.-W., 2004, ApJ , 604, L89 
sieh B.-C. , Wang W.-H., Hsieh C.-C., Lin L., Yan H., Lim J., Ho P. T. P.,
2012, ApJS , 203, 23 

anjamasimanana R. , de Blok W. J. G., Walter F., Heald G. H., Caldú-
Primo A., Jarrett T. H., 2015, AJ , 150, 47 

lbert O. et al., 2006, A&A , 457, 841 
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PPENDIX  A:  MORPHOLOGICAL  TRENDS  

ITH  STELLAR  MASS  WHEN  ONLY  THE  

LUEST  DWARFS  ARE  CONSIDERED  

s noted in the introduction, shallow surveys like the SDSS only
ontain the bluest dwarf galaxies. Here, we present a version of 
he analysis in Section 3.1 where we only consider the percentiles
n rest-frame colour, in the dwarf regime, that are likely to be
etectable in the SDSS. 
To do this we consider the dwarf galaxy population in the
ASA Sloan Atlas (NSA), which offers a catalogue of the prop-
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Table A1. Results of Spearman’s rank correlation tests between the CAS 
parameters and stellar mass when only the bluest 10 per cent of dwarfs 
are considered. 

Rank correlation coefficient 

C versus Log M� + 0.57 
A versus Log M� −0.29 
S versus Log M� + 0.48 
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Figure A1. The concentration (top), asymmetry (middle), and clumpi- 
ness (bottom) distributions as a function of stellar mass where for each 
dwarf stellar mass bin we use the galaxies in the bluest 10 per cent of the 
dwarf galaxy population. The red and blue histograms show the lower 
(107 M� < M� < 108 . 25 M�) and upper (108 . 25 M� < M� < 109 . 5 M�) 
halves of the stellar mass range of our dwarf population respectively, 
while the green histograms represent massive galaxies ( M� < 1010 M�). 
For each distribution we show the median value as a vertical dotted 
line with an associated error calculated via standard bootstrapping. The 
dashed vertical lines represent the medians of the full distributions from 

Fig. 5 . 
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rties of nearby galaxies in the SDSS at z < 0 . 055 (M. R. Blanton
t al. 2011 ). A key feature of the NSA is its reprocessing of SDSS
mages using improved background subtraction that makes it
ore likely to accurately capture the properties of faint structures
ike dwarf galaxies and the outer regions of massive galaxies. 
To estimate the percentiles in colour that are likely to be de-

ectable in the SDSS in the dwarf regime, we first calculate the
umber of dwarf galaxies in COSMOS2020 at 107 M� < M� <

09 . 5 M� at z < 0 . 055 . We then multiply this value by the ratio
f the sky areas of the NSA and COSMOS2020. This provides an
stimate of the number of dwarf galaxies that would have ap-
eared in the SDSS if it were as deep as COSMOS2020. Finally, we
alculate the ratio between the actual number of dwarf galaxies
hat are visible in the SDSS to the estimate derived above. This
atio, around 3 per cent, represents an estimate of the subset of 
he true dwarf population that is visible in SDSS. In other words,
he SDSS is likely to reveal only around the bluest 3 per cent of 
warfs in the nearby Universe. 
Ideally we would like to explore how the analysis in Section 3.1
hanges if only the bluest 3 per cent of the dwarf population
ere considered. However, restricting our analysis to the bluest
 per cent is not possible because the sample size becomes too
mall. We therefore consider how the findings of Section 3.1
re altered if we consider only the bluest 10 per cent of dwarf 
opulation instead, noting that any differences are likely to be
ccentuated if we had used the bluest 3 per cent of dwarf galaxies.
able A1 and Fig. A1 describe how Table 2 and Fig. 5 are modified
f this subset of dwarfs is used. It is apparent that using a blue sub-
et of dwarfs dilutes the trends between morphology and stellar
ass, primarily because dwarfs in this subset have larger values
f both asymmetries and clumpiness. 
NRAS 550, 1–17 (2026)
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PPENDIX  B:  THE  IMPACT  OF  

NCERTAINTIES  ON  THE  CAS  TRENDS  IN  THE  

FFECTIVE  SURFACE  BRIGHTNESS  VERSUS  

TELLAR  MASS  PLANE  

n this section, we show that the CAS trends seen in the 〈 μe 〉 –M� 

lane in Section 3.1 do not change when we resample the CAS
igure B1. The concentration (top), asymmetry (middle), and clumpiness (bo
hen the CAS values are resampled using their uncertainties. 
alues using their errors. Fig. B1 shows an example of a scenario
here the CAS values are shifted randomly to either their + 1 σ or
1 σ positions and the heatmap is regenerated. All such scenarios 
roduce the same result, i.e. that the trends seen in Fig. 6 remain
naltered. These trends are therefore real and do not get washed
ut when the uncertainties on the parameters are considered. 
MNRAS 550, 1–17 (2026)

ttom) distributions in the effective surface brightness–stellar mass plane, 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/550/3/stag1186/8713499 by guest on 23 July 2026



16 I. Lazar et al.

M

A
B
E
R

I  

c  

r  

d  

r  

t  

t  

b

F
m

PPENDIX  C:  THE  EFFECTIVE  SURFACE  

RIGHTNESS  VERSUS  STELLAR  MASS  PLANE  

XTENDED  TO  THE  MASSIVE  GALAXY  

EGIME  

n this section, we extend the analysis of the 〈 μe 〉 –M� plane,
olour coded by the CAS parameters, to the massive galaxy
NRAS 550, 1–17 (2026)

igure C1. The concentration (top-left), asymmetry (top-right), and clumpin
ass plane extended to the massive galaxy regime. The bottom-right panel sho
egime. Fig. C1 indicates that the trends seen in the dwarf regime
o not change when we extend our analysis to the massive
egime. Since the range of the CAS parameters is greater when
he massive and dwarf regimes are considered at the same time,
he trends that are clearly seen in the dwarf population in Fig. 6
ecome less visible. 
ess (bottom-left) distributions in the effective surface brightness–stellar 
ws the number of galaxies in different regions of this plane. 
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PPENDIX  D:  EXAMPLES  OF  EDGE-ON  

ALAXIES  

ur estimate of the bar fraction excludes edge-on galaxies be- 
ause bars cannot be identified in such systems. Fig. D1 shows
xamples of such edge-on galaxies in our sample. 
igure D1. Examples of edge-on systems in our galaxy sample. Each colum
mage, while the bottom panel shows its unsharp-masked counterpart. The size

his paper has been typeset from a TE X/LA TE X file prepared by the author. 
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n shows an individual galaxy. The top panel presents the JWST F277W 

 of each image is 5 arcsec on a side. 
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