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ABSTRACT

We analyze deep Hubble Space Telescope Wide Field Planetary Camera 2 (WFPC2) images in U, B, V, I using
artificial neural network (ANN) classifiers, which are based on galaxy surface brightness and light profile (but not
on color nor on scale length, r,). The ANN distinguishes quite well between E/S0, Sabc, and Sd/Irr+M galaxies
(M for merging systems) for B, S 27 mag. We discuss effects from the cosmological surface brightness (SB)
dimming and from the redshifted UV morphology on the classifications, and we correct for the latter. We present
classifications in UBVI from (a) four independent human classifiers; (b) ANNs trained on Vs and kg, images;
and (c¢) an ANN trained on images in the rest-frame UBV according to the expected redshift distribution as a
function of B;. For each of the three methods, we find that the fraction of galaxy types does not depend
significantly on wavelength, and that they produce consistent counts as a function of type.

The median scale length at B, ~ 27 mag is r; =~ 0725-0"3 (1-2 kpc at z &~ 1-2). Early- and late-type galaxies are
fairly well separated in BV color-magnitude diagrams for B < 27 mag, with E/SO galaxies being the reddest and
Sd/Irr+M galaxies generally blue. We present the B-band galaxy counts for five WFPC2 fields as a function of
morphological type for B; S 27 mag. E/SO galaxies are only marginally above the no-evolution predictions, and Sabc
galaxies are at most 0.5 dex above the nonevolving models for B, £ 24 mag. The faint blue galaxy counts in the B band
are dominated by Sd/Irr+M galaxies and can be explained by a moderately steep local luminosity function (LF)
undergoing strong luminosity evolution. We suggest that these faint late-type objects (24 mag < B; < 28 mag) are a
combination of low-luminosity lower redshift dwarf galaxies, plus compact star-forming galaxies and merging systems

at z ~ 1-3, possibly the building blocks of the luminous early-type galaxies seen today.
Subject headings: galaxies: elliptical and lenticular, cD — galaxies: evolution — galaxies: formation —

galaxies: irregular — galaxies: spiral

1. INTRODUCTION

The majority of explanations for the faint blue galaxy (FBG)
excess observed in deep ground-based images (e.g., Kron 1982;
Broadhurst, Ellis, & Shanks 1988; Tyson 1988; Driver et al.
1994; Neuschaefer & Windhorst 1995, hereafter NW95) in-
volve irregular/dwarf populations, or objects with M, fainter
than —17.0 mag (using H, = 80, g, = 0.5 throughout). The
~0"1 FWHM resolution provided by the Hubble Space Tele-
scope (HST) Wide Field Planetary Camera 2 (WFPC2) allows
the determination of the subkiloparsec morphology of distant
galaxies—and hence of the population fractions of different
galaxy types—over a wide range of epochs. Driver et al.
(1995a, hereafter D95a), Driver, Windhorst, & Griffiths
(1995b, hereafter D95b), Glazebrook et al. (1995), and Cowie,
Hu, & Songaila (1995) used WFPC2 to study the morpholog-
ical properties of faint galaxies. D95a showed that the FBG
counts for I, S 24.5 mag are dominated by late-type/irreg-
ulars, and suggest that neither a steep local luminosity function
(LF) nor strong evolution alone can explain the high observed
counts. Abraham et al. (1996) used a two-parameter space to

1 Based on observations with the NASA/ESA Hubble Space Telescope
obtained at the Space Telescope Science Institute, which is operated by
AURA, Inc., under NASA contract NAS 5-26555.

assign types for ;4 < 25 and reached the same conclusion as
D95a. In view of these HST results, the development of a
rigorous morphological classification scheme is important to
study galaxy formation and evolution in an unbiased manner.
One promising approach maps multivariate information to
morphological types using an artificial neural network (ANN;
see Odewahn et al. 1992, hereafter 092; Storrie-Lombardi et
al. 1992; Odewahn 1995, hereafter O95; Naim et al. 1995). We
have applied this technique to five WFPC2 fields in Bs,
(~By), since in B; the galaxy counts are steepest and the FBG
excess will be most pronounced. V¢ and/or k;, images are
analyzed also for color information. In § 2, we discuss the
observations, reduction, and the development and testing of
our ANN classifiers. In § 3, we discuss the magnitude-size and
color-magnitude relations (Figs. 1 and 2 [Pls. L1 and L2]) and
the galaxy counts as a function of type for B; S 27 mag
(Fig. 3 [PL L3]), and discuss our results.

2. OBSERVATIONS, REDUCTION, AND ANN CLASSIFICATIONS

2.1. WFPC2 Observations

In cycle 4-5, we imaged a single deep dithered WFPC2 field
surrounding the weak radio galaxy S3W002 (hereafter W02) at
z = 2.39. These deep images provided 5 o point-source
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F1G. 1.—The Bysy magnitude (aperture grown to total) vs. half-light radius #, (in arcseconds averaged over Basg, Vss, and/or Igy4) for all classified galaxies in the
53W002 (W02) field and the Hubble Deep Field (HDF). Symbols indicate membership in the categories E/S0, Sabc, and Sd/Irr + M, as classified by the rest-frame
ANN (see § 2.4). The solid almost-horizontal curves indicates the Byso detection limit for these two deep WFPC?2 fields. The almost-vertical curves indicate how the
median scale length of RC3 galaxies of given Hubble type and Mj; decline toward fainter magnitude (see text). For B; < 27 mag, where both samples are complete
and the ANN is reliable, galaxies classified as E/S0O have on average smaller observed scale lengths than Sabc galaxies, which are smaller in general than Sd/Irr galaxies.
The observed scale lengths reach a median of r; ~ 0Y25-0"3 at B, ~ 27 mag (~1.3 kpc for H, = 80, go = 0.5, and the expected range z ~ 0.5-2.5).

ODEWARN et al. (see 472, L13)
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F1G. 2.—The (B — R) vs. Bss( color-magnitude diagram for all classified galaxies in the same deep WFPC?2 fields as in Fig. 1. (V56 + Is14)/2 was used as “wide
Rgono ” band to increase S/N in “(B — R)”. The Bysy image is substantially complete for galaxies of average SB at By < 27.5 mag (5 o) in the W02 field and B; < 29.0
mag in the HDF. For B; ® 26.0 and 27.5 mag, the two fields become increasingly incomplete for the bluest objects due to the redder detection limits at R ~ 26.5
and 28.0 mag, respectively, as indicated by the two slanted dashed lines. The same ANN galaxy classes are indicated as in Fig. 1, which are reliable for B; < 27 mag.
The reddest objects at B; < 27 mag are classified mostly as E/SO and Sabc galaxies and do not increase as rapidly toward the formal completeness limits, suggesting
that the formation of early-type galaxies may have been largely complete by z ~ 1 (see text). On the contrary, the increase of the late-type + merging population
galaxies down to the detection and classification limit (B, ~ 27 mag) is quite remarkable (see also Fig. 3d).

ODEWARN et al. (see 472, L13)
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detection for Bysy, Vios < 28.4 and Iy, < 27.6 maganda l o
surface brightness (SB) sensitivity for B, V' < 27.5 and
I = 26.7 mag arcsec > (for details, see Windhorst & Keel
1996, hereafter WK96; D95a). We compare our W02 galaxy
counts to those from UBVI images in the Hubble deep field
(HDF; Williams et al. 1996), which reach ~0.8-1.2 mag
deeper (see § 3). Three shallower WFPC2 B,5, and Iy, fields
(Schade et al. 1995) from the HST archive were included for
B < 25.5 mag to obtain better statistics at the bright end.

2.2. Data Processing and Catalog Generation

All images in each filter were registered spatially and
averaged to create high signal-to-noise ratio (S/N) composites
(see WK96), from which object catalogs were computed (see
D95a, D95b). Potential objects were located and measured
using aperture magnitudes grown to total (see D95a; D95b;
Pascarelle et al. 1996a, 1996b [hereafter P96a, P96b]). Com-
pared to the interactive package of P96a, we produce sky
estimates consistent within 0.07% and aperture magnitudes
grown to total consistent within 0.05 mag (with an
rms =~ (.22 mag for each algorithm). These (U) BVI catalogs
were used to produce a final catalog by selecting any object
present in any filter with S/N = 3. Hence, we do not exclude
very red or very blue objects. Surface photometry was carried
out with the automated image analysis package MORPHO
(Odewahn 1995), giving ellipse fits over a range of isophotal
levels, elliptically averaged SB profiles, and a set of type-
dependent photometric parameters (see Odewahn & Aldering
1995, hereafter OA95; and § 2.3 below).

2.3. ANN Classifications

We assigned a morphological type to each galaxy in several
independent ways. First, we classified by eye 173 galaxies with
Uy < 26 mag, 372 in Bys, (S26.5 mag), and 542 in Vg6 and
Ly, (526 mag), including 173 galaxies in V" and I from D95b
(Iy14 < 22 mag), and obtained results mutually consistent
within +2 (rms) Hubble classes and scale errors S10% on the
16 step Hubble scale. Second, we classified all objects with
B,y = 27.5 mag using ANN analysis of photometric parame-
ters (092, O95). ANNs are systems of weight vectors, whose
component values are established through an iterative learn-
ing algorithm such as back-propagation (Rumelhardt &
McClelland 1988). They take as input a linear set of patterns
and produce as output a numerical pattern encoding an object
classification. O95 shows that this pattern can be used to assign
a confidence value to the estimated type. For this work, we
adopt a type based on the mean nodal output of the ANN
(error estimates for ANN types will be presented in Odewahn
& Windhorst 1997). Fundamental to the development of such
pattern classifiers is the existence of a large sample of exam-
ples (or “training set”).

We developed a set of ANN classifiers for the Ig;, and Vi
images using the morphological I, eyeball classifications as a
training set, as described above (see also D95b). To increase
the number of training cases compared to our previous Ig4
studies, all four authors classified visually the D95b, W02, and
HDF images in all available filters using the revised Hubble
classification system. Each classifier inspected both the digital
image and the SB profile for each galaxy in each filter. Hence,
some profile information was incorporated in these eyeball
estimates. These type estimates allowed us to (i) increase
significantly our sample size for ANN training and testing, (ii)
determine the repeatability of visual type estimates, and (iii)
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investigate systematic effects of the differential K-corrections
(redshifted UV morphology) on our type estimates.
Following Odewahn & de Vaucouleurs (1992), we com-
pared our morphological type catalogs in U, B, V, I to assess
systematic effects introduced by classifier and filter. A few
personal systematics between the four human classifiers were
removed using small linear corrections. Types from the differ-
ent classifiers vary in scale at the $10% level with a combined
(rms) scatter of S2.0-2.5 type steps. The 1 o error attached to
a single classification is thus +2.0 steps for B;s, = 25 mag.
These catalogs show good agreement with the Iy, catalogs of
D95a and D95b. Remarkably, we see little evidence of system-
atic biases in the type estimates due to the filter used (see
§ 2.4 and Fig. 3). The B versus I comparison in the W02 and
HDF samples, and even the U versus / type comparison from
the HDF sample, produce only slope variations of 5%-15% (at
the <2 o level) in the sense that galaxies were classed
systematically /ater in the bluer bandpass. With the mean visual
types from our W02 + HDF + D95b samples in U, B, V, or I,
we developed ANN galaxy classifiers using six primary param-
eters: the SB at the 25% and 75% quartile radii, the mean SB
within the effective radius and within an isophotal radius, as
well as the slope and intercept of a linear fit to the SB profile
(in 7' space). These ANNs are based on the observed galaxy
SB profile, but not on color, nor on scale length. Although
trained on different 70% subsets of the existing catalogs, a
direct comparison of the types provided by the Vs and L4
band classifiers (for I, = 24 mag) produced a scale differ-
ence of S5% and a scatter of S1.7 type steps (rms). We
developed also ANN classifiers designed to type galaxies in
their appropriate rest-frame UBV filters. These rest-frame
ANNS are described in detail in § 2.4 and produced types that
were in remarkably good agreement with the visually derived
types, as well as with the single-filter ANN types (see Fig. 3).

2.4. Tests of Our Classification Systems as Function of
Wavelength and Redshift

Since for faint galaxies (B; & 24 mag) the expected median
redshift is z = 0.7 (Koo & Kron 1992), the Bs, filter could
look back into the rest-frame mid-UV. At higher redshifts
(and fainter fluxes), Vs and even Iy, may have the same
problem. Therefore, we are concerned with how the cosmo-
logical (1 + z)* SB dimming and the wavelength dependence
of the rest-frame (UV) morphology affect the ANN classifica-
tions. As discussed above, we observe little or no systematic
change in the eyeball morphological types between the U, B,
V, and I filters (see Fig. 3). This was the case even at the
faintest levels (B ~ 26 mag) to which human classifications
were made. This suggests that the properties on which our
human classifiers rely (morphology and light profile) are more
uniform with spectral bandpass than we would expect, or that
the median redshift for the faint galaxy sample is somewhat
smaller (z ~ 1.0 for B; ® 25) and the redshift distribution
wider than expected, so that cosmological effects possibly do
not yet differ greatly between the B, V, and I filters.

To investigate this further, we designed a set of ANN
classifiers that are valid for rest-frame filters. For this we used
the following steps: (1) the likely redshift range was estimated
for each Bys, interval using the B; redshift distributions of Koo
& Kron (1992) and Ellis et al. (1996), and spectral evolution
models for Gunn g < 26 mag from NW95; (2) using the
known UBVI filter responses, these redshift ranges were used
to estimate the most likely rest-frame central wavelength for
each galaxy image; (3) then we selected a series of rest-frame
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UBYV images and derived the corresponding rest-frame ANNS.
These produced good type segregation with no obvious depen-
dence on the original filter from which the image was drawn. All
B, V, and I images from our WFPC2 samples were classified
this way using the most appropriate rest-frame classifier in U,
B, and/or V. Independent estimates from different filters were
averaged to produce a mean morphological type for each
galaxy.

For galaxies with B;5, = 26 mag, we compared these rest-
frame ANN types to the UBVI eyeball classifications, as well as
to the types predicted by the single-filter ANN classifiers. The
rest-frame predictions for B; < 27 do not differ significantly
from the mean eyeball estimates, nor from the single-filter
ANN estimates (see Fig. 3). The four-color counts in Figure
3 show no obvious evidence that the shorter wavelength filters
result in a larger fraction of late-type galaxies. This is coun-
terintuitive to the expectation that the redshifted UV contin-
uum will tend to cause galaxies to be classified as later types.
We believe that this is due to the fact that the elliptically
averaged galaxy profiles that were used by the ANN are less
wavelength dependent than the morphology (de Jong &
van der Kruit 1994), in combination with a redshift distribution
that becomes wider for UBVI < 25 with a median that only
increases slowly with redshift. In summary, we believe that for
B; < 27 mag both methods of ANN classification are reliable,
but for B, ® 27 significant discrepancies may exist between
the I, or Vi ANNs and the rest-frame ANNs (see Fig. 3),
indicating that the median z may be =2 and that the uncertain
far-UV morphology becomes important.

As a final check on systematic errors, we developed a faint
galaxy simulation code to study the effects of decreasing S/N
and image resolution on our ANN types. Using actual high-
resolution, high-S/N images of large nearby galaxies as input,
each image is repixelated to simulate the WFPC2 image at
higher redshifts. Simulated images were processed in the same
way as the WFPC2 samples. We found no strong trend for the
predicted type to change significantly with redshift. There was
a slight tendency to predict types that are earlier by one to two
steps at higher z, but if real, this would serve only to weaken
the result we report in § 3.3: a large fraction of faint late-type
galaxies.

About 15% of all galaxies with B,s, = 25.5 mag and classi-
fied by the ANN systems as late-type spirals or irregulars were
classified as merging systems by the human classifiers. For
B,s, > 25.5 mag, the number of merging systems increases to
35% of those ANN-classified Sd/Irr galaxies. Hence, a good
fraction of our ANN-classified “late-type” systems are actually
merger morphologies, so we will designate this class as Sd/
Irr + M systems.

3. WEPC2 Bys) RESULTS AND DISCUSSION
3.1. The Scale Length—-Magnitude Relation

Figure 1 shows the scale length n, (averaged over the BVI
filters in which the object was detected to increase S/N) versus
B; magnitude for both the W02 and the HDF galaxies. The
three main galaxy classes resulting from the rest-frame ANN
are indicated with different colors, as are the formal 50%
completeness limits for both fields computed for nearby
RC3 galaxies of the same types. We plot also the best-fit
models to the local r,; versus My relations for RC3 mid-type
spirals and ellipticals for a median r,= 4.7 and 3.2 kpc,
respectively, assuming model redshift distributions (see Carl-
berg & Charlot 1992; NW95) and K-corrections (Bruzual &
Charlot 1993; D95a; D95b) as a function of galaxy type (using

DEEP HST UBVI FIELDS L15

g, = 0.5; but in one case also for g,= 0.01). The ANN
distinguishes quite well between E/S0O, Sabc, and Sd/Irr+M
galaxies for B; < 27 mag. In general, #; is smallest at a given
flux for E/SO galaxies. The median scale length at B, ~ 27 mag
is ry =~ 0725-0"3, which corresponds to ~1.2-2.5 kpc for the
redshift range z ~ 0.5-2.5 (and g, = 0.01-0.5). These values
appear to be smaller than the characteristic scale lengths of
mid- to late-type galaxies measured locally, as well as those
measured with HST forz < 0.8 (or B; S 23 mag; see Mutz et
al. 1994). A possible explanation is that the faint galaxy
population becomes progressively more dominated by lower
luminosity and therefore smaller late-type objects at fainter
fluxes (see Driver et al. 1994; D95b).

3.2. The Color-Magnitude Diagram

The total B,s,-magnitude versus (B — R) color is shown for
each type in Figure 2, where we used “wide R” = (V' + I)/2 to
increase S/N in colors. Figure 2 becomes increasingly incom-
plete at B; = 26.0 for the bluest W02 objects, because of the
red detection limit at R ~ 26.5 mag, as indicated by the
slanted dashed lines (the HDF limits are again ~1.5 mag
fainter). Only objects detected in all three filters are plotted
here, but the fraction of objects seen only in Bys, (at B, < 27
mag) and not in Vs and/or Ig;,—as well as those seen only in
Vios and Ig4 (526 mag) and not in Bysp—is S5%. Of signifi-
cance is the clear segregation between the early- and the
late-type galaxies for B; < 27 mag, even though no color
information was used by the ANN classifier. E/S0 galaxies are
almost without exception the reddest galaxies at any flux level,
and Sd/Irr+M galaxies are generally blue, at least down to the
formal detection limit. Mid-type spirals (Sabc galaxies) have
colors with large dispersion and about as blue as Sd/Irr
galaxies, as expected from the (slightly) different colors mea-
sured for these populations locally (OA95) and the K-correc-
tions for galaxies with ongoing star formation at z ~
1-2 (Bruzual & Charlot 1993). For B; ® 27 mag, the galaxies
in Figures 1 and 2 have larger classification errors—in addition
to larger photometric errors and possibly larger cosmic scatter
in the colors—although E/S0 galaxies are still generally redder
and have smaller #,, while late types are generally bluer and
have larger r,;. Without further calibration in the rest-frame
UV, we do not believe currently that the ANN classifier is
reliable for B, = 27 mag (see also § 3.3), since a significant
fraction of these objects may be at z = 2. This is the major
limiting factor in the ANN classes, and not the S/N of the faint
objects, since the W02 and HDF samples yield consistent
classes as a function of flux (see Fig. 3), yet have a S/N that
differs by 1.2-1.5 mag at a given flux.

The increase in the relative fraction of late-type and merg-
ing galaxies (Sd/Irr+M) in Figure 3 toward fainter Bys, is quite
remarkable. They exist essentially down to the very detection
limit, despite their larger relative scale lengths (Fig. 1). The
redder objects—mostly classified as E/SO galaxies—do not
increase as rapidly toward the completeness limits (B, < 27
mag) as the late types. Since early-type objects do not gener-
ally have the largest scale lengths (Fig. 1) nor the lowest SBs,
this is probably not due to large differences in their redshift
distribution—and therefore due to a larger cosmological SB
dimming—but it may suggest that the formation of early-type
galaxies was largely complete by the median redshift corre-
sponding to B ~ 26-27 mag (probably z = 1; see NW95), so
that their counts would indeed be converging for B 26 mag.
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3.3. The Galaxy Counts versus Type for B, S 27 mag

In Figure 3 we plot the differential B; number counts for the
different morphological types (E/SO, Sabc, Sd/Irr+M) in the
five WFPC2 By fields. The plotted counts are based on mean
types from our visually classified U, B, V, and I images
(color-coded lines), from the Iy, + Vo single-filter ANN types
(data points), and the rest-frame ANN types (heavy unbroken
lines). Within the formal errors, Figures 3a—3d show that the
total B,s, counts in the W02 field are consistent with those in
the three shallower Bs, fields, as well as with ground-based
counts (Metcalfe et al. 1995) and the deeper HDF counts
down to their respective completeness limits, or B; < 27.0
mag, whichever is brighter. Hence, field-to-field variations are
no larger than the formal errors, and the ANN provides
indeed consistent types given the S/N limitations.

Following D95a and D95b, we modeled the B, number
counts for the three main morphological types separately.
Figure 3b shows that the B; band counts of E/SO galaxies
follow the predictions for passively or mildly evolving models
for B, = 24 mag, and for B, = 24 mag the observed counts
are at most 0.3 dex higher than these models. Figure 3¢ shows
that Sabc galaxies are consistent with these models for
B, = 24 mag and are at most 0.5 dex higher for 24 mag
<B; S 27 mag. Hence, a scenario invoking strong luminosity
evolution is probably not required for the early-type galaxies
out to B; S 27 mag (ly4 S 25 mag orz ~ 1), suggesting that
their formation was largely complete by z ~ 1. We note that
an epoch dependent merger rate [<(1 + z)" withn = 2; e.g.,
Burkey et al. 1994] could also explain a somewhat higher
E/SO and Sabc count for B; = 24 mag. From a spectroscopic
survey for z < 1, Lilly et al. (1995) deduce a similar lack of
evolution for early-type galaxies as found here and in D95a.
Our morphological studies can push this work now another
3 mag fainter than can be done spectroscopically.

Figure 3d shows that nonevolving models are clearly inad-
equate to explain our high WFPC2 B; number counts for the
Sd/Irr+M population. The fraction of visually classified merg-
ing systems is plotted as blue squares. The number of such
systems rises strongly for B;sy & 23 mag, with up to one-third
of our late-type systems possibly being mergers. For Bysy = 22
mag, the number counts of the classical Sd/Irr galaxies derived
from both the ANN and visual type catalogs lie well above the
nonevolving models. It is clear that the FBG excess is domi-
nated by galaxies with late types, with a nonnegligible fraction

of merging morphologies. The best-fit linear slope to the
observed Sd/Irt+M counts for 24 < B, 28 mag is
0.32 = 0.04, similar to that of the total B; counts (Fig. 3a).

Since spectroscopy of FBGs with 26 < B; < 29 mag may be
impossible even for 8-10 m telescopes, we conclude this
section by speculating briefly on the possible nature and
evolution of these faint blue compact objects. Their small scale
lengths (Fig. 1) suggest that a significant subset could be lower
redshift (z ~ 0.5-1), lower luminosity objects (see D95b), in
combination with some fraction of very compact (r, = 1-2 kpc)
objects at z ~ 1-3. A nonevolving dwarf population fits the
FBG counts quite well (Fig. 3d) but is inconsistent with the
redshift distributions observed for B; < 24.5 mag (see Phil-
lipps & Driver 1995), and therefore it cannot be the only
explanation. Consistent with the ;, band counts of D95a, our
Sd/Irr+M B,s, counts (Fig. 3d) can be described by a popu-
lation with a moderately steep local LF (see Marzke et al. 1994;
or steeper, with the high normalization of D95b), that under-
went significant luminosity evolution since z < 1 (see Phillipps
& Driver 1995). Alternatively, a starburst with Alum =~
1.5 mag at z ~ 0.5-1 could explain the steep B; counts for late
types. Both models are shown in Figures 3a and 3d.

In such a scenario, a nonnegligible fraction of the FBGs with
25 S B; < 29 may be at z ~ 1-3. Cowie et al. (1995) found a
good fraction of their faint HST galaxies at z £ 1, and
Pascarelle et al. (1996a, 1996b) found 18 faint blue compact
objects in the W02 field at z = 2.39 (through deep WFPC2
narrow-band redshifted Lya imaging with five spectroscopic
confirmations). A nonnegligible fraction of the FBG popula-
tion could thus be similar compact, sub-galactic sized objects
(ny S 1-2 kpc) in the range z ~ 1-3.5 (see Fig. 1). Such
objects may have been the reservoir of building blocks out of
which the luminous early-type galaxies were formed through
repeated merging, a process that must have been completed
largely by z ~ 1 (Figs. 3b-3c), with some residual epoch-
dependent merger rate (see Burkey et al. 1994). The fact that
20%-35% of our galaxies classified as late-type by the ANN
appear to be merging systems, with that fraction increasing at
fainter magnitudes, tends to support this possibility.
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