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ABSTRACT

Using a sample of 91 galaxies distributed over 27 compact groups (CGs) of galaxies, we define an index that
allows us to quantify their level of activity due to an active galactic nucleus (AGN) or star formation. By
combining the mean activity index with the mean morphological type of the galaxies in a group, we are able to
quantify the evolutionary state of the groups. We find that they span an evolutionary sequence that correlates with
the spatial configuration of the galaxies in the CG. We distinguish three main configuration types: A, B, and C.
Type A CGs show predominantly low velocity dispersions and are rich in late-type spirals that show active star
formation or harbor an AGN. Type B groups have intermediate velocity dispersions and contain a large fraction of
interacting or merging galaxies. Type C comprises CGs with high velocity dispersions, which are dominated by
elliptical galaxies that show no activity. We suggest that evolution proceeds Aj Bj C. Mapping the groups with
different evolution levels in a diagram of radius versus velocity dispersion does not reveal the pattern expected
based on the conventional fast merger model for CGs, which predicts a direct relation between these two
parameters. Instead, we observe a trend contrary to expectation: the evolutionary state of a group increases with
velocity dispersion. This trend seems to be related to the masses of the structures in which CGs are embedded. In
general, the evolutionary state of a group increases with the mass of the structure. This suggests either that galaxies
evolve more rapidly in massive structures or that the formation of CGs embedded in massive structures predated the
formation of CGs associated with lower mass systems. Our observations are consistent with the structure formation
predicted by the CDM model (or �CDM), only if the formation of galaxies is a biased process.
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1. INTRODUCTION

Although it seems today an inescapable conclusion that the
formation and evolution of galaxies is influenced by their
environment, the details of how these processes occur in space
and time are still largely unknown. One example is that of
compact groups (CGs) of galaxies. As a result of our studies
of the activity in galaxies in CGs, we now have a better un-
derstanding of the evolution of galaxies in these systems
(Coziol et al. 1998a, 1998b, 2000). Our observations showed
emission-line galaxies to be remarkably frequent, representing
more than 50% of the galaxies in CGs. Nonthermal activity, in
the form of Seyfert 2 galaxies, LINERs, and numerous low-
luminosity active galactic nuclei (LLAGNs; see Coziol et al.
1998b for a definition of this activity type in CGs), was found
to constitute one important aspect of this activity, whereas
nuclear star formation, although mildly enhanced in some
groups, was noted to be generally declining. These observa-
tions were considered to be consistent with the effects of tidal
forces exerted on disk galaxies when they fall into the po-
tential well of a rich cluster or group of galaxies (Coziol et al.
2000). Tidal stripping removes gas from a galaxy, reducing
star formation in the disk, whereas tidal triggering starts a
short burst of star formation in the nuclear region and fuels an
AGN (Merritt 1983, 1984; Byrd & Valtonen 1990; Henriksen
& Byrd 1996; Fujita 1998).

The above processes may also produce the density-
morphology-activity relation observed in CGs (Coziol et al.
1998b). As they lose their gas and form new stars near their
nucleus, thus increasing their bulge, the morphology of spiral
galaxies falling into groups is transformed to an earlier type.
Assuming that groups are continuously replenished by spiral
galaxies from the field (Governato et al. 1996; Coziol et al.
2000), the cores of the groups are naturally expected to be
populated by quiescent galaxies and AGNs (LLAGNs in-
cluded), all having an early-type morphology, and their pe-
riphery to be richer in late-type star-forming galaxies.
What is missing in the above description is a connection

between galaxy evolution and the physical processes respon-
sible for the formation and evolution of CGs. Our first inter-
pretation of these systems, based on galaxy-galaxy interaction
models, suggested that they could not survive mergers over a
long period of time (Barnes 1989), which seems in conflict
with the high number of CGs observed today (for a different
point of view, see Aceves & Velázquez 2002). It was then re-
alized that this paradox could be explained, in part, by the
fairly simplistic assumptions made about the nature of these
systems. For example, if CGs are associated with larger and
more dynamically complex structures, as many redshift surveys
suggest (Rood & Struble 1994; Ramella et al. 1994; Garcia 1995;
Ribeiro et al. 1998; Barton et al. 1998), their formation and evo-
lution must also be more complicated than previously thought.
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In this study, we examine further the question of the for-
mation and evolution of CGs, by extending our analysis of the
activity to a larger sample of Hickson compact groups of
galaxies (HCGs; Hickson 1982).

2. OBSERVATIONS

Long-slit spectra of 65 galaxies in 19 HCGs were obtained
with the 2.1 m telescope located at San Pedro Mártir in Baja
California during one run of four nights in 2002 April and an-
other of five nights in 2002 October. A Boller & Chivens spec-
trograph was used in conjunction with a SITE 1024 ; 1024 CCD,
yielding a plate scale of 1B05 per pixel. During the observations,
the slit width was kept open to 240 �m, which corresponds to
3B1 on the sky. This aperture was chosen to be slightly larger
than the effective seeing of 200 (which includes dome seeing
and instrument response). We used a 300 line mm�1 grating,
blazed at 5000 8, which, with the slit width adopted, yielded an
average resolution of 8 8 over a 4096 8 range.

Table 1 shows an excerpt of our observation logbook.
Column (1) gives the date of observation; column (2) identi-
fies the object (HCG numbers and letters, as given by Hickson
1982 and as archived in catalog VII /213 at the Centre de
Données astronomiques de Strasbourg [CDS]). The positions
of the galaxies observed in columns (3) and (4) are those given
in the CDS catalog, precessed by us to the year 2000. The
heliocentric velocities, column (5), and the morphologies of
the observed galaxies, columns (6) and (7), were also taken
from the same source. Only galaxies pertaining to the groups
(based on their redshifts) were observed. Note that, because of
observational constraints, we did not succeed in observing all
the galaxies in each group, as originally planned. Our sample
is therefore somewhat incomplete and biased toward the most
luminous galaxies in each group. The effect this bias might
have on our analysis is discussed at length in x 4.3.

Column (8) of Table 1 gives the number of exposures and
their durations. In general, we took three spectra of 900 s each.
The long slit (covering 32200 on the sky) was always centered
on the most luminous part of the galaxies and usually aligned
in the east-west direction to minimize errors introduced by
guiding. In a very few cases, the slit was rotated to a different
angle to put more than one galaxy in the slit. These cases are
identified by a plus sign in front of the HCG number of the
galaxy. The effective air mass is given in the last column.
Most of the observations were performed under low–air-mass
conditions, minimizing differential diffraction.

Before the first exposure, and after each of the subsequent
ones, a He-Ar lamp was observed for wavelength calibration.
During each night, between two and three standard stars were
observed to flux calibrate the spectra. During our observations
we noted the frequent passage of light clouds during the night
or the presence of cirrus at the beginning or end of the night,
which suggests that the conditions were not photometric. Ab-
solute flux calibration, however, is not critical for our analysis.

3. RESULTS

3.1. Reduction and Template Subtraction

Standard reduction techniques were followed using IRAF.1

After bias subtraction, the spectra were divided by a normal-

ized dome flat. The sky was subtracted before reducing the
spectra to one dimension. After calibrating the one-dimensional
spectra in wavelength, the spectra were flux calibrated. The
uncertainty in the flux calibration is estimated to be 10%. For
each galaxy, an average spectrum was obtained by combining
the complete set of one-dimensional spectra (usually three)
available for that object.

The apertures used for the reduction to one-dimensional
spectra contain 99% of the light from the most luminous part
of the galaxies (the nucleus). The equivalent linear size for
the spatial apertures used are listed in column (2) of Table 2. It
is interesting to note how compact the light distribution is in
all these galaxies. For the emission-line galaxies in particular,
such compactness suggests that the ionized gas covers regions
extending out to only a few kpc around the nucleus (the only
exception being HCG 56a). A comparison with the H� im-
aging study of Severgnini et al. (1999), which lists the iso-
photal fluxes and luminosities of H� þ ½N ii� in an area 1 �
above the background for a sample of 73 HCGs, suggests
that our spectroscopic survey may have missed at most a few
regions of low star formation activity in the disk of some
galaxies. Such activity does not seem to be predominant
in CGs.

Some 75% of the emission-line galaxies in the groups show
strong Balmer absorption lines, which need to be corrected for
before measuring line ratios in these galaxies. To accomplish
this we subtracted four different templates, using the following
quiescent galaxies from our sample: HCG 10b, 15c, 30a, and
58d. Since we are interested only in classifying the galaxies,
we did not try to fit the templates to the entire candidate
galaxy spectrum. Instead, we concentrated on obtaining a good
fit for the Balmer lines. The method followed is straight-
forward and easy to apply. First, all spectra are corrected to
zero redshift. Then a region 4008wide around H� and 15008
wide around H� is selected to fit the continuum on each side
of the lines. Note that a larger wavelength range is needed
for H� in order to bridge the strong Mg absorption bands
visible in this region of the spectrum. Each spectrum is then
normalized, dividing it by the fitted continuum. The templates,
which were normalized the same way, are then simply sub-
tracted from the candidate galaxies. One example of a template
subtraction is shown in Figure 1.

The emission lines are measured in the template-subtracted
spectrum by integrating the flux under the lines. For H� , the
IRAF deblend routine in SPLOT was used to correct for any
contribution from [N ii]. We only determined line fluxes in
those cases in which after template subtraction the line flux is
larger than the rms in the residual (at full resolution). The H�
flux is usually higher than 3 �, and is higher than or equal to
2 � for H�. In 10 cases only 1 of the lines (mostly H� ) was
detected after template subtraction. For the line ratios, we
calculated the mean of four values measured after subtracting
one by one each of the individual four templates. We adopted
the dispersion of the mean as the uncertainty. The two most
important line ratios [N ii]/H� and [O iii]/H� are given in
Table 2. A plus sign in front of the HCG number identifies the
few emission-line galaxies for which a template subtraction
was not deemed necessary, as visual inspection of the spectra
did not show any signs of underlying absorption. Note that we
did not apply any correction for dust extinction, since these
two line ratios are known to be insensitive to this (Veilleux &
Osterbrock 1987). In Table 2, we also give the H� luminosity
and equivalent width (EW) of the H� + [N ii] lines as mea-
sured in the template-subtracted spectra. The uncertainty for

1 IRAF, the Image Reduction and Analysis Facility, a general purpose
software system for the reduction and analysis of astronomical data, is written
and supported by the IRAF programming group at the National Optical As-
tronomy Observatories in Tucson, Arizona (http://iraf.noao.edu ).

GALAXY ACTIVITY AND COMPACT GROUP DYNAMICS 69



TABLE 1

Log of the Observations and Main Characteristics of the Targets

Observing Date

(1)

HCG

(2)

�
(2000)

(3)

�
(2000)

(4)

vr
(km s�1)

(5)

T

(6)

Morphology

(7)

Exposure Time

(; 900 s)

(8)

Air Mass

(9)

2002 Oct 16 ......... 8a 00 49 34.26 23 34 40.14 16014 �5 E5 3 1.0

2002 Oct 16 ......... +8b 00 49 35.29 23 35 28.32 15966 �2 S0 3 1.2

2002 Oct 16 ......... +8c 00 49 35.90 23 35 02.01 17087 �2 S0 3 1.2

2002 Oct 16 ......... 8d 00 49 36.77 23 34 22.80 16341 �2 S0 3 1.0

2002 Oct 17 ......... 10a 01 26 21.43 34 42 07.51 5148 3 SBb 3 1.0

2002 Oct 17 ......... 10b 01 25 40.33 34 42 46.39 4862 �5 E1 3 1.1

2002 Oct 20 ......... 10c 01 26 18.81 34 45 14.38 4660 5 Sc 3 1.0

2002 Oct 20 ......... 10d 01 26 30.84 34 40 30.46 4620 6 Scd 3 1.1

2002 Oct 18 ......... 15a 02 07 53.00 02 10 03.31 6967 1 Sa 3 1.2

2002 Oct 19 ......... 15b 02 07 34.09 02 06 54.73 7117 �5 E0 3 1.1

2002 Oct 19 ......... 15c 02 07 39.75 02 08 59.02 7222 �5 E0 3 1.1

2002 Oct 19 ......... 15d 02 07 37.49 02 10 50.80 6244 �5 E2 3 1.2

2002 Oct 19 ......... 30a 04 36 18.57 �02 49 52.67 4697 5 SBc 3 1.2

2002 Oct 19 ......... 30b 04 36 30.27 �02 51 59.66 4625 1 Sa 3 1.2

2002 Oct 20 ......... 31a 05 013 8.74 �04 15 34.11 4042 8 Sdm 4 1.2

2002 Oct 17 ......... 34a 05 21 45.93 06 41 19.73 8997 �5 E2 3 1.1

2002 Oct 17 ......... 34c 05 21 48.96 06 40 54.71 9392 6 SBd 1 1.2

2002 Apr 8........... 37a 09 13 39.44 29 59 32.61 6745 �3 E7 3 1.0

2002 Apr 8........... +37b 09 13 32.60 29 59 59.04 6741 4 Sbc 6 1.0

2002 Apr 8........... +37c 09 13 37.22 29 59 58.22 7357 0 S0a 6 1.0

2002 Apr 8........... 37d 09 13 33.84 30 00 51.78 6207 8 SBdm 3 1.1

2002 Apr 10......... 40a 09 38 53.52 �04 50 56.53 6628 �5 E3 3 1.2

2002 Apr 10......... 40b 09 38 55.04 �04 51 57.90 6842 �2 S0 3 1.2

2002 Apr 10......... 40c 09 38 53.20 �04 51 33.72 6890 4 Sbc 3 1.3

2002 Apr 10......... 40d 09 38 55.77 �04 50 14.53 6492 1 SBa 3 1.3

2002 Apr 10......... 40e 09 38 55.45 �04 51 27.91 6625 5 Sc 3 1.2

2002 Apr 9........... +54a 11 29 15.17 20 35 00.73 1397 8 Sdm 4 1.0

2002 Apr 9........... +54b 11 29 14.05 20 34 53.24 1412 10 Im 4 1.0

2002 Apr 9........... 54c 11 29 16.26 20 35 11.12 1420 10 Im 3 1.0

2002 Apr 9........... 54d 11 29 16.50 20 35 18.82 1670 10 Im 3 1.1

2002 Apr 8........... +56a 11 32 46.64 52 56 27.03 8245 5 Sc 3 1.5

2002 Apr 8........... +56b 11 32 40.45 52 57 01.59 7919 �2 SB0 5 1.1

2002 Apr 8........... 56c 11 32 36.69 52 56 51.03 8110 �2 S0 3 1.1

2002 Apr 8........... 56d 11 32 35.29 52 56 49.84 8346 �2 S0 3 1.2

2002 Apr 8........... 56e 11 32 32.73 52 56 20.96 7924 �2 S0 3 1.3

2002 Apr 10......... 58a 11 42 11.06 10 16 39.62 6138 3 Sb 3 1.1

2002 Apr 10......... 58b 11 42 23.56 10 15 51.05 6503 2 SBab 3 1.1

2002 Apr 10......... 58c 11 41 53.15 10 18 14.63 6103 0 SB0a 3 1.2

2002 Apr 10......... 58d 11 42 05.89 10 21 03.06 6270 �5 E1 3 1.2

2002 Apr 10......... 58e 11 42 04.82 10 23 01.86 6052 4 Sbc 3 1.4

2002 Apr 9........... 68a 13 53 26.53 40 16 58.35 2162 �2 S0 3 1.0

2002 Apr 9........... 68b 13 53 26.62 40 18 08.65 2635 �5 E2 3 1.0

2002 Apr 9........... 68c 13 53 21.69 40 21 47.68 2313 4 SBbc 4 1.1

2002 Apr 8........... 74a 15 19 24.91 20 53 44.17 12255 �5 E1 3 1.1

2002 Apr 9........... 74b 15 19 24.38 20 53 23.44 12110 �5 E3 3 1.1

2002 Apr 9........... 74c 15 19 26.18 20 53 56.44 12266 �2 S0 3 1.1

2002 Apr 9........... 74d 15 19 32.02 20 52 57.47 11681 �5 E2 3 1.2

2002 Apr 7........... 79a 15 59 11.41 20 45 14.86 4292 �5 E0 3 1.0

2002 Apr 7........... 79b 15 59 12.61 20 45 47.14 4446 �2 S0 3 1.0

2002 Apr 7........... 79c 15 59 10.95 20 45 41.43 4146 �2 S0 2 1.0

2002 Apr 10......... 79d 15 59 12.01 20 44 47.20 4503 8 Sdm 3 1.1

2002 Oct 17 ......... 88b 20 52 29.69 �05 44 47.61 6010 3 SBb 4 1.2

2002 Oct 17 ......... 88c 20 52 25.94 �05 46 20.12 6083 5 Sc 2 1.3

2002 Oct 16 ......... 89a 21 20 01.03 �03 55 20.26 8850 5 Sc 3 1.2

2002 Oct 16 ......... 89b 21 20 19.21 �03 53 46.81 8985 5 SBc 3 1.5

2002 Oct 17 ......... 93a 23 15 15.98 18 57 41.36 5140 �5 E1 3 1.0

2002 Oct 17 ......... 93b 23 15 17.17 19 02 29.77 4672 6 SBd 3 1.0

2002 Oct 17 ......... 93c 23 15 03.59 18 58 23.28 5132 1 SBa 3 1.1

2002 Oct 20 ......... 93d 23 15 33.10 19 02 52.50 5173 �2 SB0 3 1.0

2002 Oct 18 ......... +94a 23 17 13.44 18 42 28.22 12040 �5 E1 3 1.0

2002 Oct 18 ......... +94b 23 17 11.94 18 42 03.30 11974 �5 E3 3 1.0

2002 Oct 18 ......... +94c 23 17 20.26 18 44 03.62 12120 �2 S0 3 1.0

2002 Oct 20 ......... 94d 23 17 15.19 18 42 42.55 13009 �2 S0 3 1.1

2002 Oct 18 ......... +98a 23 54 10.08 00 22 58.07 7855 �2 SB0 5 1.2

2002 Oct 18 ......... +98b 23 54 12.21 00 22 35.88 7959 �2 S0 5 1.2

Note.—Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
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TABLE 2

Observed Line Ratios, Fluxes, and Equivalent Widths

HCG

(1)

Aperture

(kpc)

(2)

log ([N ii]/H� )

(3)

log ([O iii]/H�)

(4)

log (LH�)

(ergs s�1)

(5)

EW(H� + N ii)

(8)
(6)

Activity Type

(7)

EWact

(8)
(8)

8a.................... 12 . . . . . . . . . . . . No emission . . .
8b.................... 11 . . . . . . . . . . . . No emission . . .

8c.................... 10 . . . . . . . . . . . . No emission . . .

8d.................... 11 . . . . . . . . . . . . No emission . . .
10a.................. 4 0.39 � 0.10 0.76 � 0.17 39.4: �5 dSy2 �2.8

10b.................. 3 . . . . . . . . . . . . No emission 2.6

10c.................. 3 �0.33 � 0.02 . . . 39.6 �15 SFG? �12.5

10d.................. 3 �0.29 � 0.03 . . . 39.0 �10 SFG? �9.4

15a.................. 4 �0.01 � 0.08 �0.19 � 0.15 40.0 �3 dLINER 0.3

15b.................. 4 . . . . . . . . . . . . No emission 4:4

15c.................. 4 . . . . . . . . . . . . No emission 5.7

15d.................. 4 �0.02 � 0.04 0.11 � 0.06 39.8 �9 LINER �8.6

30a.................. 3 . . . . . . . . . . . . No emission 3.8

30b.................. 2 . . . �0.34 � 0.16 . . . . . . LLAGN? 2.4

+31a................ 3 �0.95 � 0.02 0.44 � 0.02 40.2 �693 H iigal �592.1

34a.................. 5 0.02 � 0.08 . . . 39.8: �3 LLAGN? 1.7

+34c................ 6 �0.52 � 0.05 �0.02 � 0.06 39.6 �97 SFG �100.4

37a.................. 7 0.23 � 0.06 0.22 � 0.22 40.0: �5 dLINER �2.9

37b.................. 13 �0.19 � 0.07 0.10 � 0.16 39.7 �5 LINER �0.6

37c.................. 10 �0.28 � 0.10 . . . 39.2: �2 LLAGN? 0.3

37d.................. 6 �0.57 � 0.01 �0.46 � 0.08 40.1 �44 SFG �42.2

40a.................. 5 . . . . . . . . . . . . No emission 1.0

40b.................. 6 . . . . . . . . . . . . No emission 3.1

40c.................. 8 �0.23 � 0.01 �0.30 � 0.09 40.2 �14 SFG �12.0

40d.................. 5 �0.28 � 0.01 �0.46 � 0.08 40.8 �38 SFG �40.1

40e.................. 6 �0.31 � 0.01 . . . 39.4 �6 SFG? �3.2

54a.................. 1 �0.90 � 0.03 0.51 � 0.06 38.7 �18 H iigal �14.4

+54b ............... 1 �1.36 � 0.03 0.68 � 0.03 38.5 �471 H iigal �472.4

+54c................ 1 �1.12 � 0.02 0.37 � 0.03 37.8 �84 H iigal �78.5

+54d ............... 1 �1.23 � 0.05 0.57 � 0.05 37.8 �102 H iigal �102.7

56a.................. 25 �0.42 � 0.01 0.01 � 0.04 40.4 �20 SFG �16.8

+56b ............... 5 �0.04 � 0.01 1.45 � 0.02 39.9 �52 Sy2 �52.1

56c.................. 6 . . . . . . . . . . . . No emission 1.4

56d.................. 11 �0.28 � 0.02 �0.10 � 0.02 40.3 �25 SFG �23.9

56e.................. 7 �0.48 � 0.02 . . . 39.9 �14 SFG? �9.4

+58a................ 4 . . . . . . 39.6 �66 Sy1.8 �39.8

58b.................. 5 0.07 � 0.18 . . . 39.8: �3 LLAGN? 0.2

58c.................. 5 0.10 � 0.11 0.15 � 0.16 39.7: �6 dLINER �4.6

58d.................. 5 . . . . . . . . . . . . No emission 2.2

58e.................. 5 �0.54 � 0.02 �0.49 � 0.15 40.0 �28 SFG �22.4

68a.................. 3 . . . . . . . . . . . . No emission 0.9

68b.................. 2 �0.19 � 0.2 0.14 � 0.17 39.4: �4 dLINER 1.1

68c.................. 2 �0.06 � 0.02 �0.02 � 0.05 39.8 �31 LINER �29.6

74a.................. 14 . . . . . . . . . . . . No emission 1.3

74b.................. 11 . . . . . . . . . . . . No emission 2.5

74c.................. 7 . . . . . . . . . . . . No emission 2.8

74d.................. 9 . . . . . . . . . . . . No emission 2.2

79a.................. 4 �0.28 � 0.05 0.28 � 0.11 39.6 �7 LINER �4.6

79b.................. 5 �0.31 � 0.05 . . . 40.0 �8 SFG? �6.0

79c.................. 3 . . . . . . . . . . . . No emission 5.0

+79d ............... 5 �1.05 � 0.05 0.39 � 0.04 38.3 �47 H iigal �34.6

88b.................. 3 0.28 � 0.09 0.51 � 0.20 39.4: �7 dSy2 �6.1

88c.................. 6 �0.50 � 0.01 �0.41 � 0.04 40.0 �30 SFG �29.9

89a.................. 5 �0.40 � 0.02 �0.37 � 0.07 39.8 �10 SFG �8.7

89b.................. 6 �0.56 � 0.01 �0.10 � 0.04 40.3 �39 SFG �31.3

93a.................. 3 0.13 � 0.11 0.24 � 0.14 39.7 �7 dLINER �5.4

93b.................. 2 �0.39 � 0.02 . . . 39.6 �22 SFG? �16.4

93c.................. 3 �0.09 � 0.10 �0.12 � 0.17 39.3 �4 dLINER �1.8

93d.................. 3 . . . . . . . . . . . . No emission 3.8

94a.................. 6 . . . . . . . . . . . . No emission 4.5

94b.................. 6 . . . . . . . . . . . . No emission 4.3

94c.................. 7 . . . . . . . . . . . . No emission 6.1

94d.................. 6 . . . . . . . . . . . . No emission 6.0

98a.................. 5 . . . . . . . . . . . . No emission 8.6

98b.................. 4 . . . . . . . . . . . . No emission 3.0
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Fig. 1.—Examples of template subtraction in (a) the H� and (b) the H� regions. The galaxy is the LLAGN candidate HCG10a. The top of the figures shows the
normalized spectra before subtraction (solid line, object; dashed line, the template). The bottom of the figures shows the residual spectra after subtraction of the
template, with the zero level (dotted line) and �1 � rms (dashed line) indicated.

Fig. 1bFig. 1a



the luminosity is of the order of 10%. Luminosities with un-
certainties larger than 20% are identified by a colon (uncer-
tainties are always smaller than 30%). The uncertainty on the
EW, which is mainly due to the template subtraction, is of the
order of 1 8.

3.2. Activity Classification

Figure 2 shows the final spectrum for the galaxy HCG 58a,
which is the most active galaxy in our sample. As can be seen
in the enlarged region, the presence of weak, broad compo-
nents around H� (also visible around H�) suggests this is a
Seyfert 1.8 (Osterbrock 1981). We emphasize that HCG 58a is
the first Seyfert 1 galaxy (although of an intermediate type)
that we have found thus far, after classifying 118 galaxies in
34 HCGs. This result confirms the rarity of luminous AGNs in
CGs (Coziol et al. 1998b, 2000).

The standard diagnostic diagram (Veilleux & Osterbrock
1987) for the emission-line galaxies in our sample is shown in
Figure 3 (the Seyfert 1.8 is not included). It suggests that the
LLAGNs are either LINER or Seyfert 2. The spectra of these
galaxies are shown in Figures 4a and 4b. For comparison, we
also show in Figure 5a the four LLAGN candidates that we
were not able to classify. The similarities in the spectra are
obvious. Note in particular the weakness of the H� line in
these galaxies, which prompts us to classify them as possible
AGNs. In contrast, we show in Figure 5b the spectra of those
galaxies that show weak star formation activity (star-forming
galaxies or SFGs). We see that the H� line is stronger than the

two nitrogen lines in these galaxies, which is a clear indication
for star formation. Another feature in common with luminous
SFGs is their late-type morphology (see the morphological
classification in Table 1, col. [7]). The two exceptions are
HCG 56e and 79b.

The activity type adopted for each galaxy is reported in
Table 2 (col. [7]). They are identified as: quiescent galaxy (No
emission), star-forming galaxy (SFG) or H ii galaxies (high-
excitation, low-metallicity SFG), LINER, Seyfert 2 (Sy2), Seyfert 1
(Sy1), and LLAGNs (dSy2 and dLINER). A question mark after
the activity type indicates some uncertainty because only one
emission line complex (either around H� or H� ) is detected after
template subtraction. This was the case for 10 galaxies, which we
tentatively classified four LLAGN candidates and six weak SFGs.

Because of the difference in morphology between the
templates used and the emission-line galaxies, we expect our
line ratios to be somewhat underestimated. However, we note
that to change the nature of the LLAGN from LINER to star-
forming galaxies in the diagnostic diagram, we would need to
have underestimated the H� fluxes by a factor of more than
20, which seems unreasonably large (see Miller & Owen 2002
for a similar result in clusters of galaxies).

In Figure 6, we compare the H� luminosity of the emission-
line galaxies with the equivalent width of the H� þ ½N ii�

Fig. 2.—Optical spectrum of HCG 58a presented in its rest frame. This
galaxy looks like a Seyfert 2, but the presence of large wings around H�
(already evident in the spectrum) and H� (evident in the enlarged section)
make it a Seyfert 1.8.

Fig. 3.—Standard diagnostic diagram for the emission-line galaxies in our
sample. The dashed curve separates thermal (left) from nonthermal (right)
galaxies, while the continuous curve is the locus traced by normal H ii regions.
The horizontal dashed line separates low-excitation, high-metallicity star-
forming galaxies (bottom) from high-excitation, low-metallicity star-forming
galaxies (top).
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Fig. 4.—Spectra of the confirmed LLAGNs in our sample. All spectra are in the rest frame and slightly shifted in flux to facilitate comparison. Note the weakness
of the H� line in emission compared with the two [N ii] lines.
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Fig. 5.—Spectra of (a) the LLAGN and (b) the SFG candidates. All spectra are reduced to the rest frame and slightly shifted in flux to facilitate comparison. The
LLAGN candidates share with the confirmed LLAGNs displayed in Fig. 4 an early-type morphology of the host galaxies. The SFG candidates, with the exception of
HCG 79b and 56e, are all late-type spirals.

75



lines. The horizontal lines indicate the mean H� luminosity
(dot-dashed line) and lower limits as observed in nuclear
starburst galaxies (Contini et al. 1998). The vertical (dashed
line) is the dividing line between galaxies with weak and
active star formation (Kennicutt & Kent 1983). It can be seen
that very few SFGs in our sample qualify as a starburst or an
actively star-forming galaxy. In Figure 6, one can see that
what seems to distinguish most LINERS and LLAGNs from
SFGs are their slightly lower luminosity and distinctly smaller
EW. The difference in EW, in particular, is important, since it
suggests the continuum in these galaxies has a different origin
(by definition, the EW is the ratio of the flux in the emission
line to the continuum). This difference could be a sign of
a weak AGN or of a significantly different ionizing stellar
population.

Although we believe our classification is fair, we remind the
reader that there is an ongoing discussion about the AGN
nature of LLAGNs and LINERs (see the reviews by Lawrence
1999 and Ho 1999). Obviously, more observations will be
needed before we can understand what the role of star for-
mation and AGN activity is in these galaxies (see, for exam-
ple, Turner et al. 2001).

In Table 3, we compare the distribution of type of activity in
the present sample with that obtained in our previous analyses
(Coziol et al. 1998b, 2000). For comparison, the luminous

LINER and Seyfert galaxies were included in the same AGN
bin. The distribution of activity type in our new sample is fully
consistent with what we observed before.

3.3. Activity Index

In order to quantify the level of activity in the groups, we
define a new spectroscopic index for the galaxies. Since we
want this index to be sensitive to the different stellar pop-
ulations, and not only the ionized gas, we use the equivalent
width as measured in a window centered on H� (Copetti et al.
1986; Coziol 1996). The size of the window was chosen by
considering the typical EWs of H� lines (in absorption) in the
spectra of A stars, which are known to dominate the stellar
population after most of the OB stars have disappeared (as in
poststarburst or gas-stripped galaxies; see Rose 1985; Leonardi
& Rose 1996; Barbaro & Poggianti 1997) and which are
responsible for the strong absorption features observed in
LLAGNs (Coziol et al. 1998b). We define the activity index,
EWact , as the equivalent width measured in the rest frame of
the galaxy between 6500 and 6600 8 in the original spectra
(i.e., without template subtraction). Defined in this way, the
activity index covers all the possible active states of a galaxy:
active (star formation and/or AGN), decreasing star formation
(poststarburst or gas stripping), and quiescent (intermediate and
old stellar populations), and has the advantage that it can be
easily measured in all the galaxies. The value of the activity
index as measured in each galaxy in our sample is given in the
last column of Table 2. The uncertainty in this value is of the
order of �0.2 8. It was estimated using the mean of the EW of
all the structures (real or spurious) encountered in the continuum
around the window in the four template galaxies. Note that,
because of their redshifts, the O2 atmospheric band at 6870 8
fell right within the window of the galaxies in HCG 8, prevent-
ing us from measuring an EWact.
In order to increase our sample of galaxies in CGs, we have

measured the activity index in those galaxies that were ob-
served in our first spectroscopic analysis of HCGs (Coziol
et al. 1998b). Only four galaxies from this previous article are
also found in the present study: HCG 40a, b, e, and HCG 88b.
The activity indices found for these galaxies based on the 4 m
spectra are 0.9, 3.6, �3.0, and �5.0 8, respectively. This
compares very well with the activity indices measured in our
new spectra: 1.0, 3.1, �3.2, and �6.1 8, respectively.
Not considering two groups that we reobserved in the

present study and five groups in which only one galaxy of
each group was observed, we can add 10 CGs to our sample.
The results are presented in Table 4, together with the mor-
phological type and activity classification for each galaxy.

4. ANALYSIS

4.1. Utility and Robustness of the Activity Index

Ideally, by using the mean of the activity index we should
be able to discriminate between active and nonactive CGs. By

Fig. 6.—H� luminosity of the emission line galaxies (after template sub-
traction) as a function of the EW of the (H� þ ½N ii�) lines. The two horizontal
lines are the mean luminosity for Markarian starburst galaxies (dash-dotted
line) and their lower limit (dotted line). The vertical (dashed) line marks the
EW lower limit for actively star-forming galaxies.

TABLE 3

Activity Classification in CGs

Sample

No Emission

(%)

LLAGN

(%)

AGN

(%)

SFG

(%)

This work (65 galaxies/19 groups) ............... 38 19 9 34

HCG (62 galaxies/17 groups)........................ 40 21 18 21

SCG (193 galaxies/49 groups) ...................... 27 22 19 32
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active CGs we mean those groups that harbor star forming
galaxies and/or AGNs. To verify this, we compare in Figure 7a
the activity index as measured in galaxies with different ac-
tivity types. Since the range of the index is large, we take the
logarithm and discriminate between absorption (EWact > 0)
and emission (EWact < 0) using different symbols. In general,
SFGs and luminous AGNs (Sy1, Sy2, and LINER) have
EWact <�6 (or log jEWactj> 0:8). This property allows us to
separate them from quiescent galaxies and LLAGNs. We
therefore adopt a mean of EWact <�6 to separate active from
inactive groups. Note that for a mean EWact >�6, a negative
mean index would indicate some activity but at a significantly
lower level than for active groups.

In Coziol et al. (1998b), the type of activity presented by the
different galaxies was found to be correlated with their mor-
phology. To verify if this phenomenon is also observed in the
present sample, we compare the activity index with the mor-
phological type of the galaxies in Figure 7b. In general, we
find the SFGs in late-type (T > 3) galaxies and the quiescent
galaxies in early-type (T < 1). The exceptions are HCG 56d
(S0) and 40d (SBa) for the SFGs and HCG 30a (SBc) for the
quiescent galaxies. We also note that AGNs and LLAGNs are
usually found in intermediate and early-type galaxies.

In Figure 8, we repeat our analysis for the galaxies in the
complementary sample studied by Coziol et al. (1998a,
1998b). We distinguish the same trends as observed in our

new sample. This result suggests that the activity index is
independent of the type of telescope and reduction aperture
used. This is most readily attributed to the compact nature of
the light and ionized gas distributions in these galaxies (see
our comment in x 3.1).

4.2. Definition of Evolutionary Levels for CGs

As noted previously in Coziol et al. (1998b), the relation
between morphology and activity as found in CGs is not
specific to these systems but is general to all galaxies inde-
pendent of their environment (see, e.g., Kennicutt 1992).
The same study showed that taken as a group, however, the
morphology-activity relation was correlated with the density
of the groups. This suggests that we should combine the mean
activity index with the mean morphological type of galaxies in
a CG in order to quantify their evolutionary state. If activity is
a consequence of galaxy interactions and if interactions lead to
the formation of early-type systems, we would thus expect
‘‘evolved’’ groups to be inactive and rich in early-type gal-
axies, whereas ‘‘unevolved’’ groups would be active and rich
in late-type galaxies. Another possibility is for groups to be
unusually active (or inactive) considering the morphologies of
their members. In the interaction scenario, such unusually
active groups may constitute a genuine intermediate evolu-
tionary level.

TABLE 4

Activity Indices and Characteristics of the Additional Sample

HCG Activity Typea Morphologyb T

EWact

(8)

4a.................... SFG Sc 5 �127.0

4b.................... SFG Sc 5 �431.8

4d.................... SFG E4 �5 �38.4

16a.................. LINER SBab 2 �8.2

16b.................. Sy2 Sab 2 �12.5

16c.................. SFG Im 10 �180.2

16d.................. SFG Im 10 �63.1

22a.................. LLAGN E2 �5 0.8

22b.................. No emission Sa 1 5.1

22c.................. SFG SBcd 6 �0.4

23a.................. LLAGN Sab 2 �0.1

23c.................. LLAGN S0 �2 0.4

23d.................. SFG Sd 7 �219.8

42a.................. LLAGN E3 �5 �1.0

42b.................. No emission SB0 �2 2.8

42c.................. No emission E2 �5 3.1

62a.................. LLAGN E3 �5 �2.5

62b.................. No emission S0 �2 3.5

62c.................. No emission S0 �2 3.1

67a.................. No emission E1 �5 3.6

67b.................. SFG Sc 5 �19.0

86a.................. LLAGN E2 �5 1.2

86b.................. LLAGN E2 �5 �1.2

86c.................. LINER SB0 �2 �2.7

86d.................. No emission S0 �2 2.7

87a.................. LLAGN Sbc 4 0.1

87b.................. LLAGN S0 �2 1.6

90a.................. Sy2 Sa 1 �3.4

90b.................. LINER E0 �2 �10.1

90c.................. No emission E0 �2 2.2

90d.................. LINER Im 10 �8.4

a Coziol et al. (1998b).
b Hickson (1982).

Fig. 7.—Value of the activity index in galaxies with (a) different activity
types and (b) different morphological types . The horizontal dashed line sep-
arates SFGs from quiescent galaxies and LLAGNs. Using different symbols,
we also distinguish between absorption (EWact > 0) and emission (EWact < 0).
The vertical (dotted) lines separate the morphology axis into three categories:
early-, intermediate-, and late-type.
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The mean morphological types and mean activity indices
of the 27 CGs in our joined samples are reported in Table 5
(cols. [10] and [11], respectively). Note that since only one
member galaxy was observed for HCG 31, this group was
omitted from the rest of our analysis. In this table we have also
collected other useful information on the groups as found in
the literature: the systemic redshifts (col. [2]), as listed by
Hickson in catalog VII/213 (at the CDS); a flag indicating
diffuse X-ray emission (col. [3]), as determined by Ponman
et al. (1996); the number of galaxies for which we have a
spectral classification (NS ; col. [4]); the number of real mem-
bers (NH; col. [5]), as determined by Hickson (1982); the
number of possible members (NR; col. [6]), as determined by
Ribeiro et al. (1998); and the deprojected velocity dispersions
(col. [7]), projected radii (col. [8]), and adopted masses
(col. [9]) for the groups, as listed by Hickson.

4.3. Effect of Incompleteness on Our Analysis

As mentioned in x 2, our information on the activity of the
groups is not complete because of observational constraints.
To establish how this incompleteness might affect our analy-
sis, we have assigned an activity type to the missing galaxies
based on the trends between morphology and activity ob-
served in Figures 7 and 8 and used this prediction to estimate
the changes their incorporation could induce on the mean ac-
tivity index and mean morphology in each group. In Table 6,
we list the 16 groups for which the activity information
is incomplete, identifying the missing galaxies and their

morphology. In column (4) we report the observed mean ac-
tivity index, and in column (5) we note the change expected: a
plus sign indicates a decrease in activity, a minus sign indi-
cates an increase in activity, and a 0 indicates no variation. It
can be seen that including the missing galaxies would either
have no impact or reinforce our analysis. The last two columns
list both the actual mean morphological type as well as its
value after taking into account the missing galaxies. Once
again, only marginal changes are seen. This test suggests that
our present analysis is not compromised by the incomplete-
ness of our sample.

4.4. Evolutionary Sequence and Spatial Configuration of CGs

In Figure 9, we compare the mean level of activity with the
mean morphological type of the galaxies in 27 HCGs. The
symbols distinguish between active (log jEWactj > 0:8) and
inactive groups. Our sample of CGs clearly spans an evolu-
tionary sequence. We see evolved CGs, which are inactive and
dominated by elliptical galaxies, slightly less-evolved groups,
which look unusually active considering the early-type mor-
phologies of their members, and nonevolved groups, which
are active and dominated by late-type spirals and irregular
galaxies.
At this point, it is instructive to inspect the spatial (pro-

jected) configurations of the groups. Indeed, we find that
groups that share the same evolutioary state also share the
same configuration. We identify three main configuration
types. Type A CGs are dominated by late-type spirals, and all
show a loose configuration. The mean activity index for this
type is high. The prototypes are HCG 16, 23, 88, and 89 and
are shown in Figure 10.2 HCG 30 and 87 may also be clas-
sified as type A, based on their spatial configuration, even
though they are inactive. Type B consists of galaxies in ap-
parent close contact, suggesting ongoing mergers. The pro-
totypes are HCG 40, 56, 68, and 79 (Fig. 11). A similar
configuration is found for HCG 34, 37, and 67. These are all
unusually active groups, considering the morphologies of their
members. The three groups HCG 22, 90, and 98 may also be
classified as type B, even though they are inactive. Finally,
type C is formed by CGs that are dominated by elliptical
galaxies and are inactive. The configuration is loose, and the
groups are dominated either by one giant elliptical, as in HCG
42, 62, 74, and 94 (Fig. 12), or by more than one elliptical
galaxy, as in HCG 15 and 86 (Fig. 13).
Although HCG 10, 58, and 93 seem to share the same

evolutionary state as groups in type B, their spatial config-
urations are more similar to groups in type A and conse-
quently defy any classification.
HCG 54 also seems somewhat special. This group, which is

remarkably active, shows the same merging configuration as
CGs of type B but with the important difference that it is
formed by irregular galaxies. The diagnostic diagram (Fig. 3)
suggests that the galaxies in this group are low-mass, low-
metallicity H ii galaxies. This is in contrast with the other CGs
in our sample, which are usually formed by massive, and
probably metal-rich, galaxies (as judged from their positions
in the diagnostic diagram). It is not certain, therefore, that
HCG 54 describes the same phenomenon as the other groups.

Fig. 8.—Value of the activity index as a function of (a) activity types and
(b) morphology for the galaxies in the additional sample. The meaning of the
symbols is the same as in Fig. 7.

2 The finding charts shown in this article were obtained using SkyCat
(http://archive.eso.org/skycat), which is a tool developed by ESO’s Data
Management and Very Large Telescope Project divisions with contributions
from the Canadian Astronomical Data Centre.
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TABLE 5

Mean Activity Index and Morphology of CGs

HCG

(1)

z a

(2)

Diffuse X-raysb

(3)

NS

(4)

NH
a

(5)

NR
c

(6)

Velocity Dispersiona

(km s�1)

(7)

Radiusa

(kpc)

(8)

log (mass)a

(g)

(9)

hT i
(10)

hEWacti
(11)

04....................... 0.0280 ? 3 . . . . . . 575 58 46.45 1.7 �199

10....................... 0.0161 . . . 4 . . . . . . 363 93 46.09 2.2 �4

15....................... 0.0228 yes 4 6 . . . 724 78 46.86 �3.5 0

16....................... 0.0132 yes 4 . . . 7 204 45 45.41 6.0 �66

22....................... 0.0090 . . . 3 . . . 4 18 27 43.70 0.7 2

23....................... 0.0161 . . . 3 4 8 275 66 45.95 2.3 �73

30....................... 0.0154 . . . 2 4 . . . 110 51 44.96 3.0 3

34....................... 0.0307 . . . 2 4 . . . 550 15 45.90 0.5 �49

37....................... 0.0223 yes 4 5 . . . 692 29 46.25 2.2 �11

40....................... 0.0223 . . . 5 5 7 251 15 45.26 0.6 �10

42....................... 0.0133 yes 3 4 11 363 45 45.83 �4.0 2

54....................... 0.0049 . . . 4 . . . . . . 182 2 43.88 9.5 �167

56....................... 0.0270 . . . 5 . . . . . . 282 21 45.34 �0.6 �20

58....................... 0.0207 yes 5 . . . . . . 275 89 45.98 0.8 �13

62....................... 0.0137 yes 3 4 . . . 490 27 45.87 �3.0 1

67....................... 0.0245 yes 2 4 14 363 49 46.03 0.0 �8

68....................... 0.0080 yes 3 5 . . . 263 33 45.47 �1.0 �9

74....................... 0.0399 . . . 4 5 . . . 537 39 46.32 �4.2 2

79....................... 0.0145 . . . 4 . . . . . . 229 7 44.83 �0.2 �10

86....................... 0.0199 yes 4 . . . . . . 457 47 46.20 �3.5 0

87....................... 0.0296 . . . 3 . . . 6 145 31 44.91 3.0 1

88....................... 0.0201 . . . 2 4 6 27 68 . . . 4.0 �18

89....................... 0.0297 . . . 2 4 . . . 52 59 44.86 5.0 �20

90....................... 0.0088 yes 4 . . . 9 166 30 45.00 1.8 �5

93....................... 0.0168 . . . 4 . . . . . . 355 71 46.10 0.0 �5

94....................... 0.0417 . . . 5 7 . . . 832 58 46.72 �3.5 5

98....................... 0.0266 . . . 2 3 . . . 204 28 45.35 �2.0 6

a From Hickson (1982).
b From Ponman et al. (1996).
c From Ribeiro et al. (1998).



Finally, according to Ribeiro et al. (1998), HCG 4 was
misclassified as a CG. They showed that galaxies HCG 4e and
HCG 4c were not group members. Eliminating them causes
HCG 4 to fail the definition for a compact group according to
Hickson.

Table 7 summarizes our classification for all the groups in
our sample (with the exception of HCG 4). In this table, we
also list the mean characteristics associated with the different
types. In columns (2) and (3), a colon following the number
identifies groups with deviant or marginally deviant dynamical
characteristics (for example, HCG 34 and 37 have signifi-
cantly higher velocity dispersions than the other groups be-
longing to type B).

Not considering the exceptions, the CGs in the different
main configuration are clearly separated in Figure 9. HCGs

with a mean T > 2:2 are all type A systems. Those with a
mean T <�2:2 are all of type C. Transition groups are
classified as type B. In terms of evolution, we may distinguish
a continuous sequence, which goes AjBjC, with A less
evolved than C. We emphasize that in terms of spatial con-
figuration alone, such an evolutionary sequence is not obvious
(considering also the exceptions), and one needs a second
parameter, such as the activity index introduced in this paper,
for it to become noticeable. This may explain why the dif-
ferent configuration types were not recognized before.
Using a one-way ANOVA test, we confirm the differences

observed between the characteristics of types A, B, and C,
as shown in Table 7, at a 95% confidence level. In Table 8,
we show the results of Tukey’s multiple test, which allows us
to identify the source of the variance.3 This table reports the
P values for the difference between each pair of mean values.
If the null hypothesis is true (all the values are sampled from
populations with the same mean), then there is only a 5%
chance that any one or more comparisons will have a P value
less than 0.05. These tests confirm the different evolutionary
level of the three types defined in this work.

4.5. The Relation between Galaxy Activity and
the Dynamics of CGs

According to the conventional scenario for the fate of CGs,
also referred to as the fast merger model (Mendes de Oliveira
& Hickson 1994; Gómez-Flechoso & Domı́nguez-Tenreiro
2001), young forming groups are expected to start out with
high velocity dispersions and large radii, which would rapidly
decrease as the galaxies merge to form one giant elliptical (this
is illustrated by the model CG2 in Figure 1 of Gómez-Flechoso
& Domı́nguez-Tenreiro 2001). Assuming the groups form from
spiral galaxies that originated in the field, we would thus expect
young groups to be rich in late-type galaxies and to become
gradually richer in early-type galaxies before their final merg-
ing phase. In terms of activity, we would also expect the level
of star formation and AGN to be high at the beginning of
the sequence and to decrease gradually, maybe with a change
from star formation to AGN, in the final merger phase.

TABLE 6

Effect Expected of Incompleteness on Our Analysis

HCG Missing Galaxies Morphology hEWacti Changes hT i hT iC

04........................ c E2 �199 + 1.7 0.0

15........................ e,f Sa, Sbc 0 0 �2.4 �0.1

23........................ b, Sc �73 � 2.3 3.0

30........................ c, d SBc, S0 3 0 3.0 2.0

34........................ b, d Sd, S0 �49 0 0.5 1.5

37........................ e E0 �11 + 2.2 1.4

40........................ c Sbc �10 � �0.2 0.6

42........................ d E 2 + �4.0 �4.2

62........................ d E 1 + �3.0 �3.5

67........................ c, d Scd, S0 �8 0 0.0 1.0

68........................ d, e E, S0 �9 + �1.0 �2.0

74........................ e S0 2 + �4.2 �3.8

88........................ a, d Sbc, Sc �18 � 4.0 4.2

89........................ c, d Scd, Sm �20 � 5.0 6.2

94........................ e, f, g Sd, S0, S0 5 + �3.5 �1.6

98........................ c E 6 + �2.0 �0.8

3 One-way ANOVA with Tukey’s post test was performed using GraphPad
Prism version 3.00 for Windows, from GraphPad Software, San Diego, CA
(http://www.graphpad.com).

Fig. 9.—Mean activity index as a function of mean morphology. The CGs
are identified by their HCG number. The vertical dotted lines separate the
groups according to the three main spatial (projected) configurations. The
evolution of groups increases as A j B j C.
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Fig. 10.—Type A prototypes: HCG 16, 23, 88, and 89. The letters identifying individual group members follow the notation given by Hickson (1982). The
activity types from Table 2 are indicated next to their respective galaxy. The angular size of each frame is indicated along the bottom.



Fig. 11.—Type B prototypes: HCG 40, 56, 68, and 79. Same specifications as in Fig. 10.
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Fig. 12.—Type C prototypes, in which one giant elliptical dominates the group: HCG 42, 62, 74, and 94. Same specifications as in Fig. 10.

83



According to the conventional fast merger model for CGs,
we would thus expect to see an evolutionary sequence that
would trace a very specific pattern in a graph mapping the
radius as a function of the velocity dispersion. The expected
pattern is sketched in Figure 14a. The actual observed posi-
tions are shown in Figure 14b. One can immediately see that
the expected pattern is not reflected by the observations: CGs
in type A, which are less evolved, should have large radii and
high velocity dispersions, whereas CGs in type C, which are
more evolved, should have small radii and low velocity dis-
persions. Contrary to expectation, type C CGs have radii
comparable to those of type A and much higher velocity
dispersions (see Table 7).
In Figure 15 we compare the mean activity index and

morphology with the radius of the groups (HCG 54 was
omitted). We find no relation between activity or morphology
and the radius of the group. The mean activity index and
morphology are compared with the velocity dispersion in
Figure 16. We distinguish no relation between the activity
and the velocity dispersion. However, we see a clear trend
for groups dominated by early-type galaxies to have high
velocity dispersions. In terms of evolution, we see the velocity
dispersion increasing from type A to C (see also Tables 7 and
8), which indicates that the most evolved groups have the
highest velocity dispersions.
The trend we observe in our sample between evolution and

velocity dispersion seems to stem from the strong correlation
between morphology and velocity dispersion previously dis-
covered by Hickson et al. (1988). Our observations support
their claim that the general relation between morphology and
velocity dispersion encountered in CGs is an evolutionary
phenomenon linked to the environment (for other evidence in
favor of this interpretation, see Shaker et al. 1998 and Focardi
& Kelm 2002).

5. DISCUSSION

The trends we observe in our sample are, at best, only
partially consistent with the conventional fast merger model
for CGs. We do distinguish what could be young forming
groups (type A) and more evolved merging groups (type B).
However, the velocity dispersions and radii of these systems
are contrary to what is expected. In a sense, this negative
result is somewhat discomforting, because it suggests that the
dynamical evolution of galaxies in CGs is more complex than
previously believed. However, this result does not have to be
too surprising, since this is what one expects if CGs are in
reality part of larger scale structures (Rose 1977; West 1989;
White 1990; Diaferio et al. 1994; Governato et al. 1996).
Assuming the formation and evolution processes of CGs are

related to larger scale structures, we may have found a new

Fig. 13.—Type C prototypes, which are dominated by several elliptical
galaxies: HCG 15 and 86. Same specifications as in Fig. 10.

TABLE 7

Configuration Types and Mean Properties

HCG Group Number

Type

(1)

Active

(2)

Inactive

(3)

hVelocity Dispersioni
(km s�1)

(4)

hRadiusi
(kpc)

(5)

hM i
(g)

(6)

hT i
(7)

hEWi
(8)
(8)

A..................... 16, 23, 88, 89 30, 87 135 � 38 53 � 6 45.2 � .2 3.9 � 0.6 �29 � 13

B..................... 37:, 34:, 40, 56, 67, 68, 79 22, 90, 98 302 � 61 25 � 4 45.3 � .2 0.2 � 0.4 �11 � 5

C..................... . . . 15, 42, 62:, 86, 74, 94 567 � 72 49 � 7 46.2 � .2 �3.6 � 0.2 2 � 1

Exceptions...... 10, 54, 4 58, 93 . . . . . . . . . . . . . . .

COZIOL, BRINKS, & BRAVO-ALFARO84 Vol. 128



clue how to explain their behavior by relating the evolutionary
level of a group to its velocity dispersion. Indeed, in dynam-
ical terms, the velocity dispersion generally increases with the
total mass of the system (Heisler et al. 1985; Perea et al.
1990). By applying this observation to CGs, we may thus
conclude that their level of evolution increases with their
mass, or more properly, with the mass of the structure with
which they are associated or where they are embedded in.

The above interpretation is supported by the three following
independent observations. First, we note in Table 7 that the
mean masses of the groups, as defined by Hickson (see Tables 4
and 5), does increase from types A to C. This is confirmed by a
one-way ANOVA test at a 95% confidence level. In Table 8,
the results of Tukey’s multiple test confirm that groups in
type C are more massive than those in type A and B. Second, we
note that the number of galaxies in structures associated with

CGs generally increases with the velocity dispersion. Looking
at the number of galaxies encountered by Ribeiro et al. (1998)
in Table 4 and 5, we see that the structures associated with
groups of type A contain between six and eight galaxies,
whereas those associated with groups in type C contain be-
tween nine and 18 galaxies (the only exception being HCG 22).
The third observation is the detection of diffuse X-ray enve-
lopes. Naturally, one expects these envelopes to be more com-
mon or easily detected in massive systems. Using the data in
Tables 4 and 5, we see that only one nonevolved group with low
velocity dispersion (lower than 300 km s�1) has an X-ray en-
velope. This is HCG 16 (type A), which is unusually active (see
Ribeiro et al. 1996). Another small–velocity-dispersion group
with an X-ray envelope is the relatively evolved group HCG 58.
But, this group may be considered unusually active as well,
since it contains the only Seyfert 1 galaxy in our sample. All the
other X-ray envelopes are detected primarily in type C HCG 15,
42, 62, 86, and 90, and type B HCG 37, 67, and 68. With the
exception of HCG 90, all these groups have velocity dis-
persions higher than 300 km s�1.

Assuming that the velocity dispersion increases with the
mass of the structure, a ready interpretation of our observa-
tions is that CGs associated with massive structures are more
evolved. Theoretically, it is easy to find arguments in favor of
this interpretation. For example, if we assume that a large
number of interactions accelerates the evolution of galaxies,
then we would naturally expect galaxies in more massive and
rich systems to be more evolved. However, tidal interactions
become less effective as collision velocities increase, which
then seems to contradict what we observe. Alternatively, if the
formation of CGs follows the formation of large-scale struc-
tures then, under certain conditions, we would expect high-
density structures to collapse before low-density ones, forming
primordially massive structures, and CGs associated with such
structures to be naturally older.

Our observations are consistent with the formation of
structures as predicted by the CDM model (or �CDM), as-
suming the formation of galaxies is a biased process (Davis
et al. 1985; Benson et al. 2001), that is, galaxies develop first
in high-density structures. In terms of evolution, biased galaxy
formation would naturally lead to more massive systems being
more evolved (see Fig. 1 in Benson et al. 2001). If one follows
the CDM model evolution over time, galaxies are seen to form
first in the high-density structures, then structures are seen to
get richer and more complex through mergers of smaller
systems. As part of the structure formation process, the evo-
lution of small-scale entities like CGs must consequently be
more complex than predicted by the conventional fast merger
model. This is because the galaxies in these groups are pos-
sibly influenced not only by the other galaxy members but also
by the neighboring structures (see Einasto et al. 2003; Ragone
et al. 2004).

As part of the structure formation process, the fate of CGs
may also be different than that predicted by the conventional
fast merger model. Since structures continuously merge to

TABLE 8

Results for Tukey’s Post Tests

Types hVelocity Dispersioni hRadiusi hM i hT i hEWi

A�B............... >0.05 <0.01 >0.05 <0.001 >0.05

A�C............... <0.001 >0.05 <0.05 <0.001 <0.05

B�C ............... <0.05 <0.05 <0.05 <0.001 >0.05

Fig. 14.—(a) Illustration of the expected evolutionary pattern, according to
the conventional fast merger model for CGs, in a diagram of radius vs. ve-
locity dispersion; (b) actual positions occupied by the 26 CGs (excluding
HCG 4) in our sample. The CGs are identified by their HCG number; the
letters correspond to the configuration types. The E means an exception (no
classification is possible).
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Fig. 15.—(a) Mean activity index as a function of radius. (b) Mean morphological type as a function of radius.



form larger ones, the first groups to form (type C), being in
denser environments, would already have had time to merge
with other similarly evolved groups. The most evolved groups
would thus be expected today to form part of larger structures
where they would be in dynamical equilibrium.

As for the groups that seem to have formed more recently
(type A) or those that formed in the recent past (type B), the
galaxies in these groups obviously have not had enough time
to merge. Being found in less massive environments, it is not
clear whether they will experience a complete merger of their
components or whether they will find other groups with which
they can merge to form larger structures (and reach equilib-
rium before completing the merger of their members). Such a
scenario may explain some of the exceptions to the trends
found in our sample, like HCG 54 (and maybe HCG 31), as an
example of a group in a low-density environment that is
completing a merger, or HCG 10, 58 and 93, as examples of
different groups merging together to form a larger structure.

Finally, it is important to note that we can possibly distin-
guish between the two hypotheses suggested to explain our
observations by examining CGs at higher redshifts. In par-
ticular, if the structure formation hypothesis is correct, one
would thus expect to find CGs at higher redshift associated
with more massive structures than those at lower redshift.

6. SUMMARY AND CONCLUSIONS

We have defined a new spectroscopic index that allows us
to quantify the level of activity (AGN and star formation) in
galaxies. By taking the mean of this index in a CG and
combining it with the mean morphological type of the gal-
axies, quantifying the evolutionary state of these systems is
possible.

Applying our method to a sample of 27 CGs from Hickson’s
catalog, we have found an evolutionary sequence, that corre-
lates with the projected spatial configuration of the groups.
Mapping the position of CGs with different evolutionary states
and group morphologies in a diagram of radius versus velocity
dispersion, we did not observe the pattern predicted by the
conventional fast merger model. Contrary to expectation, we
found that the level of evolution of CGs increases with velocity
dispersion. This trend was further shown to be possibly con-
nected to the masses of the CGs or to the structures in which
they are embedded. Assuming that the velocity dispersion
increases with the mass, the trend we observe would thus imply
that the most evolved groups are found within the most mas-
sive structures.

We propose two different hypotheses to explain our results.
The first assumes that the evolution of galaxies accelerates

Fig. 16.—(a) Mean activity index as a function of radius. (b) Mean morphological type as a function of radius. The two dotted lines separates the group with
different configuration types and evolutionary states (see Fig. 9).
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with the number of interactions in massive structures. The
other assumes that the formation of CGs follows the for-
mation of large-scale structure, and that massive structures
develop before less massive ones. Our observations are con-
sistent with structure formation as predicted by the CDM
model (or �CDM), assuming that galaxy formation is a biased
process with galaxies developing first in high-density structures.
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