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ABSTRACT 

New morphological classifications are given for 231 galaxies in or near the Virgo and Ursa Major clusters. 
It is found that classification of galaxies on CCD frames is more accurate than are classifications based on 
inspection of photographic plates. Our classifications show that the Virgo Cluster contains a class of spiral 
galaxies with large central “bulges,” that exhibit strong or moderately strong star formation near their centers. 
The outer regions of these objects frequently exhibit a smooth “anemic” appearance. Very few galaxies of this 
type were found in the Ursa Major Cluster. It is tentatively suggested that the early-type spiral galaxies with 
active star formation in their central regions, which are observed in the Virgo Cluster, might represent a mild 
form of the Butcher-Oemler effect that still survives at zero redshift. 

For 29 Virgo galaxies with Tully-Fisher distances D <20 Mpc the mean distance modulus, as derived from 
luminosity classifications, is (m —M) = 30.93 ± 0.13 (15.3 Mpc). This may be compared with 
(m —M) = 31.57 ± 0.17 (20.8 Mpc) from luminosity classifications of eight galaxies which have Tully-Fisher 
(TF) distances D > 20 Mpc. The difference between the distance moduli of TF background and cluster 
members is A(m —M) = 0.66 ±0.21. This result strongly supports the conclusion that the large dispersion in 
the TF relation for galaxies in the Virgo direction is largely due to contamination of the cluster core sample 
by background galaxies. Adding the 0.31 mag systematic uncertainty in the luminosity of the calibrating gal- 
axies in quadrature yields a distance modulus (m —M) = 30.93 ± 0.34 (15.3í|;f Mpc) for the core of the Virgo 
Cluster. This value is, within the quoted errors, consistent with recent distance determinations based on plan- 
etary nebulae and the Tully-Fisher technique. 

The dustiness of Virgo and Ursa Major cluster galaxies is found to drop dramatically below BT ~ 13 
(Mb^-18). 
Subject headings: galaxies: clustering — galaxies: distances — galaxies: interstellar matter — 

galaxies: structure 

I. INTRODUCTION 

The DDO system of galaxy classification (van den Bergh 
1960a, b, c, 1966) was based on visual inspection of galaxy 
images on the blue prints of the Palomar Sky Survey. This data 
base had the advantage that it provided images of uniform 
quality for a very large number of galaxies. Disadvantages of 
using the paper prints of the Palomar Sky Survey for classi- 
fication purposes are that (1) the dynamic range is small, so 
that the nuclear regions of bright galaxies tend to be burned 
out, (2) the original singlet corrector plate of the Palomar 1.2 m 
Schmidt telescope produced rather large stellar images with 
FWHM of ~2", and (3) it was not possible to distinguish 
unambiguously between E and SO galaxies. 

In the present paper we use CCD images of galaxies, 
obtained with the 2.2 m and 0.6 m telescopes of the University 
of Hawaii, for classifications of galaxies. The classification 
system adopted in the present paper, which will subsequently 
be referred to as the DAO system, contains elements of both 
the original DDO system and its revised version (van den 
Bergh 1976a). The digital data used in our new investigation 
have the advantage of a large dynamic range, which can be 
fully explored with an interactive image display system. This 
makes it easy to study details of both the inner and outer 
structure of galaxies. A disadvantage of the present data base 
is, however, that it is more difficult to use the contrast between 

sky and galaxy images as a classification parameter because 
some exposures were obtained in moonlight (for less than 10% 
of the data). Nevertheless, it has been our experience that the 
advantages of galaxy classification on digital images greatly 
outweigh their disadvantages. 

II. CLASSIFICATIONS 

The images used to classify the galaxies discussed in this 
paper were obtained as part of an ongoing photometric survey 
of nearby galaxies (e.g., Pierce 1988; Pierce and Tully 1988). 
The data constitute B-band CCD images of a complete sample 
of spiral and irregular galaxies in the Virgo and Ursa Major 
clusters. The Ursa Major sample includes galaxies within 7?5 
of a = llh54m, ô = +49°30' (epoch 1950) with 700 km s_1 < 
V0 < 1210 km s~1 (where V0 is the velocity corrected for a solar 
motion of 300 km s ~1 toward / = 90°, b = 0°), and brighter 
than the limit of the CfA 14.5 mag survey (Huchra et al 1983), 
corresponding to a tilt-corrected limit of BT = 13.3. The Virgo 
sample (cf. Binggeli, Sandage, and Tammann 1985) was above 
all acquired for the purpose of employing the Tully-Fisher 
method to study infall into the cluster. The sample complete- 
ness characteristics are therefore tainted by the needs of that 
program. The completeness criteria employed were that all 
galaxies (i) are located within an area bounded by 
12h5m < a < 13h0m and +2° < <5 < +19°; (ii) have Hubble 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
90

A
pJ

. 
. .

35
9 

. .
 . 

.4
V

 

CLASSIFICATION OF GALAXIES ON CCD FRAMES 5 

types later or equal to Sa; (iii) have inclinations greater than 
30° (based on Sky Survey axial ratios); (iv) have Zwicky magni- 
tudes less than 15.2 (whence Bl

T < 14.0). Furthermore, (v) gal- 
axies that were manifestly pathological in morphology were 
excluded, as were (vi) galaxies in which the H i emission was 
confused with that of neighboring galaxies or with Galactic H i 
emission. Note that the sample includes systems drawn from 
both the traditional 6° radius Virgo Cluster centered on M87 
and the adjacent “southern extension” and “Virgo W” (de 
Vaucouleurs 1961) clouds. All galaxies within the 6° cluster 
brighter than BT = 12.0 have been observed, as have many 
fainter elliptical and SO galaxies with measured velocity disper- 
sions, which are useful for the three-parameter Faber-Jackson 
distance estimator method, and a random assortment of fainter 
disk systems, reaching as faint as BT = 15.9. 

The data were acquired in one of two observing configu- 
rations: (1) Galaxies with D25 ^ 5Í0 were imaged with a TI 
500 x 500 thinned, backside illuminated CCD behind an f/3 
focal reducer on the University of Hawaii 0.6 m telescope, 
yielding a scale of 1"6 pixel-1 and a field of view of 13' square. 
(2) Galaxies with I>25 < 5Í0 were imaged with either a TI 
500 x 500 CCD or an NSF/TI 800 x 800 CCD, behind the f/2 
focal reducer on the University of Hawaii 2.2 m telescope. 
These configurations resulted in a scale of 0"67 pixel-1, and 
fields of view of 5' and 7', respectively. Integration times were 
10 minutes for the 0.6 m observations and 5 minutes for the 2.2 
m observations. In cases of nuclear saturation, short exposures 
were also obtained. Very low surface brightness levels were 
reached (typically ¡iB~ 21 mag arcsec-2). Anything visible on 
the Palomar Sky Survey could be seen in a 20 s integration 
with the 0.6 m telescope. Individual galaxy classifications that 
were made during the course of the present program are listed 
in Table 1. Most classifications of galaxies with B <\2 were 
performed on images obtained with the 0.6 m telescope, 
whereas all fainter galaxies were classified on frames taken with 
the 2.2 m telescope. Agreement between independent classi- 
fications of a few galaxies with both 0.6 m and 2.2 m images 
was excellent. 

Column (1) of Table 1 lists the NGC or UGC number, or the 
VCC designation (Binggeli, Sandage, and Tammann 1985), for 
each of the program galaxies. Column (2) gives the cluster 
assignment. In the subsequent discussion “Vir” galaxies will 
be referred to as members of the Virgo Cluster proper. Column 
(3) gives the new DAO type of each galaxy, and column (4) the 
Hubble type taken from Sandage and Tammann (1981) or, 
failing that, from Binggeli, Sandage, and Tammann (1985). The 
apparent total blue magnitude of each galaxy is listed in 
column (5). These values were taken from Pierce (1988) or, 
failing that, from Sandage and Tammann (1981) or from Bing- 
geli, Sandage, and Tammann (1985). Note that these magni- 
tudes are not corrected for internal absorption. Column (6) 
gives radial velocities V0 of galaxies (corrected for a solar 
motion of 300 km s-1 directed toward l = 90°, b = 0). These 
velocities were taken from a variety of sources, with preference 
given to values derived from 21 cm observations. In column (7), 
88 and 24 refer to the 2.2 m and 0.6 m telescopes, respectively. 
An asterisk in the last column of the table indicates that an 
object is a “Virgo-type” galaxy. (This classification type is 
explained in §§ III and IV#.) The classifications listed in Table 
1 define the DAO system. For galaxies that are too faint to 
exhibit spiral structure the presence of a nucleus, or of a 
nuclear bulge, was used to distinguish between the S and Ir 
classification types. In the present classification system we have 

only assigned early-type objects that contain a clear disklike 
substructure to class SO. For example, we classify NGC 4370 
(which has a strong equatorial dust lane) as Epee, whereas 
Binggeli, Sandage, and Tammann (1985) assign it to type S03 
because of its dust lane. In most cases it was only possible to 
distinguish between classification types E and SO in edge-on, or 
nearly edge-on, galaxies. We note in passing that dust lanes 
and dust clouds at the distance of the Virgo Cluster are much 
easier to see on 2.2 m images than they are on 0.6 m images. On 
the prints of the Palomar Sky Survey it is often difficult to 
distinguish elliptical and blue compact galaxies (BCGs). This 
problem does not arise in the case of digital CCD images. 

III. SOME PECULIARITIES OF VIRGO CLUSTER GALAXIES 

The Palomar Sky Survey provided the first large homoge- 
neous survey of galaxies. Inspection of the Sky Survey images 
of spiral galaxies (van den Bergh 1960h) showed subtle differ- 
ences between field galaxies and galaxies in rich clusters, such 
as the Virgo and Coma clusters. The most striking of these 
differences was a tendency for many Virgo galaxies of type Sb 
to have fuzzy outer spiral structure. In the DDO classification 
system such objects were denoted as Sbn or, in extreme cases, 
as Snn. It was initially assumed that this morphological pecu- 
liarity was due to past galaxy interactions. Later work (van den 
Bergh 1976a, b) showed that the anemic appearance of the 
outer structure of spirals in rich clusters, such as Virgo and 
Coma, was more likely due to gas deficiency produced by ram- 
pressure stripping (Gunn and Gott 1972). It was subsequently 
emphasized by Zasov (1975) that such ram-pressure stripping 
would be most severe in the outer regions of spiral galaxies. 
Ram-pressure stripping is also likely to be the cause of the 
small size of the hydrogen disks of spirals near the center of the 
Virgo Cluster (van Gorkom and Kotanyi 1985). The prediction 
that the spirals in rich clusters should be gas-poor has been 
strongly confirmed by all subsequent 21 cm line studies (e.g., 
Giovanelli and Haynes 1985; Haynes and Giovanelli 1986). 
There is also evidence, at the 3 cr level (van den Bergh 1984), 
that Virgo spirals are dust-poor compared with similar objects 
in the field. More recently this conclusion has received con- 
siderable observational support from an analysis of IRAS 
observations by Doyon and Joseph (1989). 

Kenney and Young (1989) have shown that Virgo spirals are 
less deficient in CO than they are in neutral hydrogen. They 
find that those luminous Sc galaxies, which are deficient in H i 
by a factor of 10, have star formation rates (as judged by Ha 
emission) that are only a factor of 2 or 3 lower than normal. 
From a comparison of CO and 21 cm line emission Kenney 
and Young find that most neutral hydrogen has been stripped 
from the outer regions of Virgo spirals, whereas the dense 
CO-emitting clouds in the central regions of these objects have 
been retained. This suggests that the rate of star formation 
might only be low in the outer regions of anemic galaxies. 
Because the inner regions of many spirals are saturated, it is 
not, in general, possible to check this hypothesis on the prints 
of the Palomar Sky Survey. The present digital data do allow 
one to search for star formation in the dense inner regions of 
both anemic and normal spirals. Such a search shows that the 
Virgo Cluster contains a class of galaxies with fuzzy or anemic 
outer spiral structure and active star formation in their inner 
regions. Examples of objects of this type are shown in Figures 1 
and 2. Some galaxies of this type exhibit a superficial resem- 
blance to objects of Hubble type Sa. However, digital data 
show that their central “ bulges ” are not primarily composed of 
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10 VAN DEN BERGH, PIERCE, AND TULLY Vol. 359 

old red stars. In such objects it is a bright central disk of 
luminous young (possibly reddened) stars that often mimics a 
central bulge on saturated photographic exposures. It is both 
interesting and significant that objects with this peculiar mor- 
phology are found to be exceedingly rare in the Ursa Major 
Cluster, which has a much lower density than the Virgo 
Cluster. Since the Virgo and Ursa Major clusters are at 
roughly the same distance, this difference cannot be ascribed to 
bias or selection effects. In the last column of Table 1 such 
uVirgo-type” galaxies are marked with an asterisk. Possibly 
the early-type spirals in the Virgo Cluster region, which exhibit 
star formation in their cores, represent a mild manifestation of 
the Butcher-Oemler (1978) effect that still persists at zero red- 
shift. 

IV. DISCUSSION 

a) Frequency Distribution of Classification Types 

Figure 3 shows a plot of DAO classification type versus 
apparent magnitude for galaxies in the Virgo Cluster proper 
and in the Ursa Major Cluster. The lack of objects in the lower 
part of these diagrams is due to both incompleteness and the 
fact that Hubble types become meaningless or ill-defined for 
spiral galaxies with MB > —18. The most striking difference 
between the Virgo and Ursa Major clusters is that early-type 
(E, SO, Sa) galaxies are much more frequent in the dense Virgo 
Cluster than they are in the more open Ursa Major Cluster. 
This phenomenon has been discussed previously by van den 
Bergh (1960h) and by Dressier (1980). 

b) Tidal Effects 
Tidal distortions, or the aftereffects of recent mergers, are 

most easily seen in spiral galaxies. Such effects were noted in 
three out of 37 spirals (8%) in the Ursa Major Cluster and in 
six out of 72 spirals (8%) in the Virgo Cluster proper. This may 
indicate that the higher space density of galaxies in Virgo is 
compensated for by the higher average speeds of encounter, 
which result in less severe tidal distortions. A possible caveat is, 
however, that a few galaxies which are strongly distorted by 
tidal interactions may have been omitted from the sample 
because of the possibility that they would deviate significantly 
from the mean Tully-Fisher relation. 

If 8% of all spirals exhibit tidal distortions (or suffered recent 
mergers), and if such effects remain visible for ~1 x 109 yr, 
then a typical spiral galaxy would be expected to suffer 
tidal encounter or merger with a gravitationally significant 
galaxy per Hubble time. This value may, in fact, be a lower 
limit to the actual number of tidal interactions suffered by a 
typical spiral, because the space density of galaxies in the early 
universe was considerably higher than it is at the present time. 

c) Distance to the Virgo Cluster 
Figure 4 shows a plot of BT magnitudes versus luminosity 

classifications on both the DAO system (this paper) and on the 
RSA system (Sandage and Tammann 1981; Binggeli, Sandage, 
and Tammann 1985). Not plotted in this graph are galaxies 
with uncertain luminosity classifications, anemic galaxies, and 
objects that (on the basis of their position on the sky) were not 
regarded as members of the Virgo Cluster proper, or of the 
Ursa Major Cluster. Inspection of Figure 4 shows that the 
DAO classifications exhibit significantly less scatter than do 
those on the RSA system. This difference, which is largest for 
faint, low-surface brightness galaxies, is most likely due to the 
fact that the present digital data are superior to the photo- 
graphic plates available to Sandage et al. 

There is no a priori reason to believe that blue magnitudes of 
galaxies and their luminosity classifications are linearly corre- 
lated. A least-squares solution for the data plotted in Figure 4 
therefore does not appear meaningful. To guide the eye a 
straight line, however, has been drawn through the DAO data 
in the left-hand panel of the figure. This line yields <Br> = 
10.85, 12.05, 12.7, and 13.3 for luminosity classes I-II, II-III, 
III, and IH-IV, respectively. Adopting these values, together 
with the distances and absolute magnitudes (van den Bergh 
1989) of the calibration galaxies in Table 2, yields a distance 
modulus (m —M)0 ^ (m — M)B = 31.12 ± 0.38 for members of 
the Virgo Cluster proper (the quoted error includes the uncer- 
tainty in the adopted calibration). The corresponding distance 
to the Virgo Cluster is 16.75Í ^7 Mpc. Note that this determi- 
nation of the Virgo distance involves only (1) the distance 
determinations to the five fundamental calibrators (which are 
mainly based on observations of Cepheids and RR Lyrae stars) 
and (2) the assumption that there are no systematic differences 

so Sa Sb Sc SO Sa Sb Sc 

Fig. 3.—Magnitude vs. classification type for galaxies in the Virgo Cluster {left) and in the Ursa Major Cluster (right). Note the small relative frequency of 
early-type (E-Sa) galaxies in the low-density Ursa Major Cluster. 
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No. 1, 1990 CLASSIFICATION OF GALAXIES ON CCD FRAMES 11 

Fig. 4—Luminosity class vs. apparent magnitude BT for galaxies in the Virgo {filled circles) and Ursa Major {plus signs) clusters. New DAO classifications on 
left ; RSA classifications on right. 

between the luminosity classifications of these nearby stan- 
dards and distant Virgo spirals. 

The data in the left-hand panel of Figure 4 also show no 
significant difference in the distance moduli of the Virgo and 
Ursa Major clusters. The observed difference (in the sense 
Vir — UMa) is — = +0.05 + 0.17. In computing this 
difference, anemic galaxies, galaxies with uncertain luminosity 
classifications, and objects of luminosity classes IV-V and V 
(for which the data are very incomplete in luminosity) were 
omitted. For objects of luminosity classes I-IV the rms disper- 
sion around the line drawn in the left-hand panel of Figure 4 is 
0.68 mag. Since a few of the galaxies in the Virgo field are 
probably background (or foreground) objects, the intrinsic dis- 
persion in the luminosity classification of galaxies with lumin- 
osity classes I-IV is <0.68 mag, i.e., it is possible to estimate 
the luminosity of a spiral galaxy to slightly better than a factor 
of 2 from its morphology on a digital image. Luminosity classi- 
fication techniques may therefore be used to test the assign- 
ment of some spirals to a cloud behind the Virgo Cluster by 
Tully and Pierce (1990). 

d) Dispersion in Virgo Tully-Fisher Relation 
The Tully-Fisher relation for the Virgo Cluster exhibits an 

unexpectedly large dispersion (Pierce and Tully 1988; van den 
Bergh 1989). This observation might be interpreted in one of 
two ways: either (1) the intrinsic dispersion in the Tully-Fisher 
relation increases dramatically in dense clusters such as Virgo, 

or (2) the Virgo Cluster sample is contaminated by background 
galaxies. Luminosity classification techniques make it possible 
to distinguish between these two alternatives. From the data 
given in Table 1, luminosity classifications (uncertain classi- 
fications and anemic galaxies excluded) for galaxies with 
luminosity classes in the range I-IV are available for 42 
members of the Virgo Cluster proper. Of these, 37 have indi- 
vidual distances determined via the Tully-Fisher relation. 
From these TF distances eight galaxies are assigned to the 
background because they have D > 20.0 Mpc, and 29 are 
believed to be cluster members because they have D < 20.0 
Mpc. Adopting the luminosity calibrations given in Table 3, 
the distance moduli for 29 members of the Virgo Cluster 
proper and for the eight background galaxies in the Virgo field 
are <(m-M)fi> = 30.93 ±0.13 (15.3 Mpc) and <(m-M)B> = 
31.59 + 0.17 (20.8 Mpc), respectively. The difference between 
the distance moduli of the TF background and cluster galaxies 
is therefore A(m — M) = 0.66 + 0.21. The galaxy luminosity 
classifications therefore confirm the reality of cluster/ 
background segregation based on the Tully-Fisher distance 
assignments at the ~ 3 <7 level. In other words, the luminosity 
classifications of individual galaxies strongly confirm the conclu- 
sion that inclusion of background galaxies in the Virgo sample 
contributes significantly to the observed dispersion in the Tully- 
Fisher relation for Virgo galaxies. 

The reality of the distance dispersion within the Virgo 
Cluster proper may also be tested by comparing distances 

TABLE 2 
Data for Calibration Galaxies 

Galaxy DAO/DDO Type {m-M)B BT MB (w-M)Virgo 

LMC   Irlll-IV 18.75 1.00 -17.75 31.05 
M31   Sbl-II 24.61 4.38 -20.23 31.08 
M33   ScII-III 24.95 6.26 -18.69 30.74 
M81   Sbl-II 27.95 7.86 -20.09 30.94 
NGC2403   Sc III 27.96 8.89 -19.07 31.77 
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TABLE 3 
Adopted Calibration of DAO 

Luminosity Classes 

Luminosity Class B^Virgo)3 MB 

I   10.3 -20.8 
I- II   10.85 -20.3 
II   11.5 -19.6 
II- III   12.05 -19.1 
III   12.7 -18.4 
III- IV   13.3 -17.8 
IV   13.9 -17.2 

a From left-hand panel of Fig. 3. 

obtained from the Tully-Fisher relation and from luminosity 
classifications. Such a comparison shows a correlation coeffi- 
cient r = 0.44 ±0.14 between distance moduli of members of 
the Virgo Cluster proper obtained from luminosity classi- 
fications and those obtained from the Tully-Fisher technique. 

Excluding objects that, on the basis of the Tully-Fisher rela- 
tion, are background objects, and adding a systematic mean 
error of 0.31 mag in quadrature to the 0.13 mag internal dis- 
tance modulus error quoted above, yields <(m-M)B> = 30.93 
± 0.34 (15.3 ílii Mpc) for the core of the Virgo Cluster proper. 
This Virgo Cluster distance is, within its quoted errors, in 
excellent agreement with recent determinations using the 
Tully-Fisher technique (Pierce and Tully 1988) and planetary 
nebulae (Jacoby, Ciardullo, and Ford 1990). 

e) Velocity Dispersion 
Huchra (1985) finds that the velocity dispersion of galaxies 

in the Virgo Cluster is a function of Hubble type. The increased 
precision of such classifications that is possible on digital 
images makes it worthwhile to reinvestigate this dependence. 
Figure 5 shows a plot of the radial velocity V0 as a function of 
Hubble type on the DAO system for members of the Virgo 
Cluster proper. The data plotted in this figure are consistent 
with Huchra’s conclusion that Virgo ellipticals have a smaller 
velocity dispersion than do Virgo spirals, with SO galaxies 
having intermediate characteristics. It should, however, be 
emphasized that a Kolmogorov-Smirnov test for the data 
plotted in Figure 5 shows that the kinematical differences 
between the E, SO, and spiral galaxies in the present sample are 
not statistically significant. 

f) Dust in Virgo and UMa Galaxies 
The spiral and irregular galaxies in the sample were divided 

into four classes on the basis of the amount of dust that was 
visible in their images: very dusty = 3, dusty = 2, little 
dust = 1, and no dust = 0. After excluding edge-on (and nearly 
edge-on) objects and anemic galaxies the “mean dustiness 
classes D” listed in Table 4 are obtained. These numbers, 
which are based on a sample of 68 objects, show that the mean 
dustiness of spiral and irregular galaxies in Virgo and Ursa 
Major drops precipitously below ~ 13 (MB æ —18). Since 
the stellar background density in digital galaxy images can be 
varied interactively at will, this effect is not (or at least not 
predominantly) due to the fact that it is easier to see dust on a 
bright stellar background than it is to detect it on a faint 
background. It seems highly likely that the low dust abun- 
dance in faint galaxies in and near the Virgo and Ursa Major 
clusters is a result of the well-known correlation between the 
luminosity and metal abundance of galaxies (cf. Skillman, Ken- 

Fig. 5.—Radial velocity vs. Hubble type for galaxies in the Virgo Cluster 
proper. The figure suggests that ellipticals may have a smaller velocity disper- 
sion than do spirals, with the velocity dispersion for SO galaxies being interme- 
diate between that for galaxies of types E and S. However, a 
Kolomogorov-Smirnov test shows that these differences are not statistically 
significant. 

nicutt, and Hodge 1989 and references therein). The low dust 
abundance in the LMC (MB= —17.8), and the even lower dust 
abundance in the SMC (MB= —16.1) (which have been 
reviewed by Israel 1984 and by Koornneef 1984), provide a 
nearby example of this phenomenon. This dependence of dust- 
iness of late-type galaxies on their luminosity will be discussed 
in more detail in van den Bergh and Pierce (1990). 

g) “ Virgo-Type” Galaxies 
The Virgo Cluster region contains a large number of pecu- 

liar objects with fuzzy outer regions, which exhibit active star 
formation in their central bulges (disks?). Objects of this type, 
which we refer to as “Virgo-type” galaxies, are illustrated in 
Figures 1 and 2. Of the spiral galaxies in the Virgo Cluster 
proper, 27 out of 62 (44%) are of the Virgo type. Among spiral 
galaxies in the Vir SE, Vir E, and Vir W subclusterings, 11 out 
of 26 (42%) are alsq of the Virgo type. Since there appears to be 
no difference between the Virgo Cluster proper and these sub- 

TABLE 4 
<Z)> versus Bt for UMa and 

Virgo Galaxies 

Galaxy Magnitude <£)) 

10.0 <£T< 11.0  1.8 
11.0 <Br< 12.0  1.6 
12.0 <Br< 13.0  1.5 
13.0 <Br< 14.0  0.7 
14.0 <Br< 15.0  0.3 
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Fig. 6.—Positions of normal spirals (filled circles) and of Virgo-type 
objects (plus signs) in the Virgo region. No obvious differences are seen 
between the distributions of these two types of objects on the sky. 

regions, we shall combine the data for the entire Virgo region, 
yielding 38 out of 88 (43%) of all spirals of Virgo type. This 
contrasts with the situation in the Ursa Major Cluster, in 
which only two out of 35 spirals (6%) were found to be of the 
Virgo type. Another difference between the galaxy populations 
of these two areas is that very open late-type spirals occur in 
UMa (and in other field areas) but not in the Virgo region. It is 
still too early to say whether all Virgo-type objects arrived at 
their present morphological state via similar evolutionary 
paths. 

Figure 6 shows no obvious difference between the spatial 
distribution of Virgo-type objects and that of normal spirals in 
the Virgo region. By the same token, Figure 7 shows no signifi- 
cant differences between the radial velocity distributions of 
Virgo type galaxies and that of Virgo spirals. This figure does, 
however, illustrate the well-known fact that objects in the Vir 
SE, Vir M, and Vir W regions exhibit a larger average redshift 
than do those in the Virgo Cluster proper. 

Radial Velocity (Km/s) 
Fig. 7.—Comparison of the radial velocities of spiral galaxies in the Virgo 

Cluster proper with those of spirals in the Vir SE, Vir M, and Vir W regions. 
“ Virgo-type ” spirals are shown by heavy shading. The figure shows no signifi- 
cant difference between normal spirals and “Virgo-type” objects. Note, 
however, that on average Vir SE, Vir M, and Vir W galaxies have larger radial 
velocities than do spirals in the Virgo Cluster proper. 

V. CONCLUSIONS 

Morphological classifications of 231 galaxies in and near the 
Virgo and Ursa Major clusters show that luminosity classi- 
fication techniques can be used to determine the luminosities of 
spiral galaxies with an accuracy of ~ 0.7 mag on CCD frames. 
In the direction of the Virgo Cluster the present observations 
confirm the assignment of some galaxies to the background 
field. This observation strongly confirms the conclusion that 
the large dispersion in the Tully-Fisher relation for Virgo gal- 
axies is, at least in part, due to contamination of the Virgo core 
sample by background galaxies. 

Using the LMC, M31, M33, M81, and NGC 2403 as cali- 
brators, luminosity classification techniques yield a distance of 
15.3^2:2 Mpc for the spiral and irregular galaxies associated 
with the core of the Virgo Cluster proper. Furthermore, the 
Ursa Major and Virgo cluster distances are found to be the 
same, within the accuracy that is provided by luminosity classi- 
fication techniques. 

A class of galaxies with fuzzy anemic outer structure and 
active star formation in their cores is found to be common in 
Virgo, but rare in the Ursa Major Cluster. Finally, the dust- 
iness of galaxies in and near these two clusters is found to drop 
dramatically below BT ~ 13 (MB ~ —18). This effect is most 
plausibly attributed to a dependence of the heavy-element 
abundance in the interstellar gas on the luminosity of spiral 
and irregular galaxies. 
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