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Abstract. We report HI-observations of a sample of 43 optically selected galaxies from the Heidelberg-void project. Only
emission line galaxies have been selected. The HI-detection rate
was 67%. The observed sample is a mix in late-type morphology objects with a spread in luminosity. They were compared to
other samples with similar selection effects and mixtures. The
detected galaxies have a high HI content and their MHI /LB values are systematically higher than expected from a local field
comparison sample. Especially, for the 10 dwarfs in our sample (8.2≤ log LB ≤9.2) which appear to be highly isolated, a
mean MHI /LB = 1.8 was derived which is higher than for all
comparison samples, including those with the same restricted
luminosity range. We discuss a trend in our data between the
relative HI-content and the surrounding galaxy density holding from very high densities (Virgo-cluster) to the very isolated
objects at the rims of the voids.
We also present HI observations of 7 HII-galaxies of the
University of Michigan (UM) sample.
Key words: surveys – galaxies: ISM; distances and redshifts
– large-scale-structure – galaxies: interactions – radio lines:
galaxies

1. Introduction
Available galaxy catalogs all show a strong clustering of galaxies (radial velocities taken as a measure for their distance).
This clustering to superclusters connecting individual clusters
by narrow extended ”strings” of galaxies leave large areas free
of bright galaxies, the so called voids (e.g. Bahcall 1988). The
discussion of the missing mass (i.e. dark matter) leads to models
where the clustering of the visible matter is still pointing at the
mass concentration but where the distribution of the dark matter
might be quite smoother. In this context one could expect to find
Send offprint requests to: W.K. Huchtmeier
(huchtmeier@mpifr-bonn.mpg.de)
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a certain number of faint (dwarf) galaxies within the voids (i.e.
Dekel and Silk 1986). The actual galaxy density within voids
has a cosmological implication and is of interest with respect to
the formation of galaxies.
Galaxy catalogs are complete to a certain distance for big
and bright galaxies but not for faint (dwarf) galaxies. In order
to demonstrate typical void structures the velocity dimension
needs to have a depth of ∼ 5000kms−1 (e.g. Geller et al. 1989).
So far this limit has not yet been reached for faint (dwarf) galaxies (Binggeli et al. 1990, Thuan et al. 1987, Tully 1988 ). Hopp
et al. (1995 ) searched faint, low surface brightness galaxies
by morphological criteria. This sample showed up to be dominated by emission line galaxies. Of the ∼ 175 galaxies with
redshifts in this sample, we selected the most convincing 43
objects with redshifts below 11000km s−1 for HI observations
including nearly all of the very isolated ones found along the
rims of the voids. This sample contains not only dwarf galaxies
and is a mixture of late-type spirals, irregulars and low-surfacebrightness (LSB) galaxies; like the Heidelberg-void sample, the
galaxies are in areas of different galaxy density from clustersample via sheet sample to void sample. Our sample covers
the luminosity range 8.2 ≤ logLB ≤ 10.2. We will consider
dwarf galaxies all those galaxies with 8.2 ≤ logLB ≤ 9.2
(−17.5 ≤ MBT ≤ −15).
There are several samples of dwarf galaxies available for
comparison with the void sample. A sample of dwarf galaxies
for a high galaxian density is the Virgo dwarf sample (Hoffman
et al. 1987, 1989), while a sample for a lower galaxian density is the sample of nearby galaxies (Kraan-Korteweg & Tammann 1979 (KKT hereafter) , with v0 ≤ 500km s−1 ; for the
HI parameter e.g. Huchtmeier & Richter, 1988, HR1 hereafter).
Observations of low surface brightness galaxies (LSB) and blue
compact dwarf galaxies (BCD) were taken from Staveley-Smith
et al.(1992) and van Zee et al.(1995). For the comparison with
our dwarf sample we will use only galaxies in the same luminosity range (8.2 ≤ logLB ≤ 9.2) from these comparison
samples.
In order to prepare a comparison sample of emission-line
galaxies (ELG) we added a few galaxies from the University of
Michigan objective-prism survey (UM, e.g. Salzer 1989).
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2. HI-observations
The HI-observations were performed in 1994/95 with the 100m
radiotelescope at Effelsberg which has a half-power-beamwidth
of 9.3 ’ at a wavelength of 21 cm. A cooled two channel HEMT
receiver was followed by a 1024 autocorrelator which was split
into four banks of 256 channels each. A total bandwidth of 6.25
MHz yielded a channel separation of 24.4 kHz which corresponds to a resolution of 6.25 km s−1 or to 10.2 km s−1 after
Hanning smoothing. Observations were performed in the total
power mode integrating 5 minutes on an empty (comparison)
field ahead of the source followed by a five minute integration on the source. Source and reference data were combined to
produce the profile. Typical total integration for the present profiles is one to two hours each. Position checks and calibration
measurements were done by observing well-known radio continuum sources. Regular system checks were performed every
few hours by observing well-known line sources. The Toolbox
software of the MPIfR was used for the data reduction. There
were no serious baseline problems due to observing at nighttime
and using a smaller bandwidth. Only modest corrections using
polynomials of first to third order were applied in the baseline
correction procedure.
HI profiles of the detected galaxies are given in Fig. 1. Many
of these profiles are narrow and single peaked, a typical feature
of dwarf galaxies.
3. The data
In Table 1 we present the optical data as follows : The galaxy’s
name in column 1 is followed by the optical position (1950.0) in
column 2, the apparent total blue and red magnitudes in columns
3 and 4, respectively. The blue diameters at a surface brightness
of 25mag./arcsec2 , a25 and b25 , follow in columns 5 and 6, the
redshift and its error in columns 7 and 8 1 . The morphological
classification (column 9) deviates from the usual system : a
leading lsb marks a low-surface-brightness object, S marks a
disk galaxy which can not be classified in more detail. ed is an
edge-on disk. A parameter describing the galaxian density (gd)
is given in column 10; details are given in a footnote to Table 1
2
.
Galaxies classified as ellipticals have not been detected in
HI. The profile shown for the edge-on disk O0467-005 is very
weak and uncertain. The identification of the galaxies with the
observed HI emission is by agreement in position and in radial
velocity (optical and radio) within the error range. The HI signal observed at the position of the S0 galaxy CGCG0021+1358
could be confused by an edge-on spiral at 3.6’. Hence the
MHI /LB value of 0.14 should be considered as an upper limit.
1

A detailed surface photometry analysis of 22 of the galaxies presented here can be found in Vennik et al., 1996
2
The parameter ’gd’ is based on calculations of the nearest neighbourhood distances DN N to the next galaxies as given by Kuhn (1994),
see also Hopp & Kuhn (1995). The mean value of the DN N ’s increases
with redshift due to the decreasing sampling in the catalogues, ’gd’
takes this effect into account.

Similar cases are O0467-106 and O467-023. The HI emission
of O0823-055 most probably is not confused by the E galaxy
5.2’ away. VN2#274 and VN2#KOW363 are separated by only
half a beamwidth, but in each case we find HI emission at the
optical velocities which are very different for both galaxies.
A2151-0033 is in a cluster environmont with several spirals
in the beam which might contribute to the observed profile; the
MHI /LB value is an upper limit. More information on possible
confusion is given in the footnotes of Table 1.
In Table 2 the HI data are presented. The galaxy name in
column 1 is followed by the total line flux in Jy km s−1 (column
2), the peak flux (Smax ) and its error (column 3), the heliocentric
radial velocity of the HI-line (mean of the two midline velocities
at a level of 25% and 20% of the peak) and its error in column
4, and the observed line width at a level of 50%, 25%, and 20%
in column 5. The total HI-mass
in column 6 was calculated as
R
MHI = 2.36105 D2 Sv dv ,
where D in Mpc is the distance
calculated from the redR
shift and the integrated HI-flux Sv dv is in Jy km s−1 . The
MHI /LB ratio is given in column 6. This parameter often
is used to indicated the relative HI-content of a galaxy. Total B magnitudes have been corrected for galactic absorption following Burstein & Heiles (1978), and for the internal
extinction following Sandage & Tammann (1987). Distances
have been calculated assuming a Hubble flow with a constant
H0 = 75 km s−1 M pc−1 . For the two galaxies without B magnitudes in Table 1 a typical B-R color has been assumed to calculate a B magnitude and the MHI /LB value given here.
4. Discussion
HI- and optical velocities agree within the errors derived for
the optical velocities. Global parameters of the dwarf galaxies have been derived following the formulae given by (HR1,
Huchtmeier & Richter, 1989 (HR2 from hereon)) for easy comparison with the nearby sample of galaxies (HR1) . The Virgo
cluster dwarf sample (Hoffman et al. 1987, 1989) has been prepared the same way for comparisons with the present sample of
dwarf galaxies in voids.
The morphology of the HI profiles (Fig. 1), i.e. the ratio
between the linewidth at half power width (50% level) and the
linewidth at the 20% level is the same as for the nearby sample
of galaxies (HR1) within the errors. The Holmberg relation (e.g.
Holmberg 1976, i.e. the correlation between linear diameter and
the absolute blue magnitude as discussed by HR2 ) is followed
by the void galaxies within the observational errors. The relation
between total mass and the absolute blue magnitude follows the
relation given by the comparison samples.
Our sample has been defined optically and selection follows
morphological criteria. The high detection rate (67%) demonstrates that the bias due to the sensitivity limit is not severe. The
relatively high observed values of MHI /LB establish that this
sample is relatively HI-rich intrinsically. However, the following discussion assumes that the observed HI is part of the galaxy
and not due to any kind of confusion, which ultimately has to
be checked by high-resolution observations. The chance of con-
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Table 1. Optical data
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Fig. 1. HI spectra of dwarf galaxies in voids observed with the Effelsberg 100-m radiotelescope (9.30 half power beam width). The spectrometer
always was centered to the optical velocity; hence the difference optical minus radio velocity is directly given by the offset of the HI profile
from the center of the spectrum. In general HI profiles of the present sample are weak; the signal for O0467-005 is uncertain.

fusion by nearby companions seems to be lower than expected
earlier following the latest statement by Taylor et al. (1996).
High resolution observations by de Blok et al. (1996) show no
hints of confusion problems by nearby companions.
We do not want to repeat the lengthy discussion on what
a dwarf galaxy is. Instead we will divide our sample into two
luminosity ranges where objects in the range of fainter luminosities ( 8.2 ≤ logLB ≤ 9.2) will be considered as dwarf. The
comparison samples will be selected to be within the same luminosity range. In addition we will show the effect of different
morphological types within this luminosity range.

The relation between HI mass and absolute blue magnitude
as well as the relation between HI mass and linear diameter
of the dwarf galaxies in voids agrees only for the bright/large
galaxies with the comparison sample of nearby galaxies (HR1).
The dwarfs (8.2 ≤ logLB ≤ 9.2) in the present sample are
richer in HI than expected from their luminosities or their linear
sizes. In Fig. 2 we present the HI-mass to blue luminosity ratio
MHI /LB versus blue luminosity LB for the present sample.
For this figure we reduced the blue magnitues in the same way
as for the comparison samples (i.e. the correction for galactic
absorption following Sandage & Tammann 1987). The difference in final MHI /LB and LB for the two modes of correction
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Table 2. Hi-observations of dwarf galaxies in voids

(for galactic absorption) is always smaller than the size of the
symbols in Fig. 2. Galaxies have been classified due to the density of their environment (gd in Table 1), void sample galaxies
in a low galaxy density area are given by crosses (+), void sample galaxies in the ”sheet” population are shown by open circles
(o), and those belonging to a ”cluster” population (i.e. galaxies
in groups) are given by open triangles (4). The full line represents the smoothed mean values of the nearby galaxy sample
(KKT). For the luminosity range covered by the void-sample
dwarfs (8.2 ≤ logLB ≤ 9.2) we give mean values in MHI /LB

in Table 3 for the following (sub) samples where upper limits in
MHI /LB have been considered, too (see Chamaraux, 1987):
i) the void sample of low galaxy density (gd=3 - 6),
ii) the void sample of higher galaxy density (sheet and small
clusters) (gd=1-2),
iii-iv) the nearby galaxy sample (KKT) all types and type
10 only,
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Table 3. Average MHI /LB values for void subsamples and comparison samples for the luminosity range 8.2 ≤ logLB ≤ 9.2 ; for definition
of ’gd’ see text.

Sample

Fig. 2. The MHI /LB ratio in units of M /L is given as a function
of the blue luminosity (unit: L ). Void sample galaxies of the cluster
population (open triangles), galaxies from the sheet population (open
circles), and galaxies from the void and rim of void population (crosses)
are given by different symbols (see Table 3 for numerical values and
sample sizes). The full line represents the smoothed mean values from
the combined sample of nearby galaxies (Huchtmeier & Richter, 1988).
Mean values of MHI /LB for the luminosity range given by the void
sample are marked by the horizontal bars in the left hand side of the
figure for our present sample and a number of comparison samples .
Galaxies with possible confusion (Table 1) are given in parantheses.

v-vi) LSB samples (van Zee et al. 1995, Staveley-Smith
et al. 1992) not considering those galaxies with extended HI
distributions 3 ,
vii-ix) the Virgo dwarf sample (from Hoffman et
al.1987,1989) in three different selections: all types, type 10,
and type 11 (bcd’s only).
This sequence of increasing galaxy density is a sequence
of decreasing MHI /LB (see Table 3). However, as we noted
above, our sample is biased by its selection criteria towards
the presence of ISM (interstellar medium). We only selected
emission line galaxies. In addition our sample is a mixture of
different morphological types. For comparison MHI /LB values for the Virgo dwarf sample are given for all dwarfs in the
selected luminosity range (8.2 ≤ logLB ≤ 9.2), for type 10
(Im and IBm), and for type 11 (BCD galaxies) in Table 3. For
the nearby sample (KKT) we consider all types and type 10
only for the given luminosity range (8.2 ≤ log LB ≤ 9.2). The
difference in MHI /LB for irregular galaxies only and for a type
mix in the same luminosity range is not significant. Hence we
might take these values for comparison with the void dwarfs,
which is a sample of mixed types,too. The situation in the Virgo
cluster is more complicated due to the cluster environment. Blue
compact dwarf (BCD) galaxies seem to be compact in their HI
dimensions, too, and seem to have moderate MHI /LB values
3

van Zee et al. (1995) searched for LSB galaxies with extended HI
halos; many of the galaxies in their list are HI-rich due to the presence
of extended HI halos; hence they are not representative for the general
galaxy population.

galaxy
density ’gd’

sample
size

MHI /LB

3-6
1-2
2
1-2
1-2
1-2

9
9
11
63
42
12

1
1
1

147
62
42

1.84 ± 0.25
1.50 ± 0.30
1.27 ± 0.20
1.12 ± 0.14
1.22 ±0.19
1.27 ±0.72
0.56 ±0.6
0.64 ± 0.35
0.40 ±0.07
0.22 ±0.03

void
void
BMH 3
KKT
KKT 4
LSB 1
LSB and BCD 2
Virgo dwarf
Virgo dwarf 4
Virgo dwarf 5
1) van Zee et al. 1995
2) Staveley-Smith et al. 1992
3) de Blok et al. 1996
4) type 10 (Im, IBm) only
5) type 11 (BCD) only

(Staveley-Smith et al. 1992, van Zee et al. 1995, Table 3 for
the Virgo cluster BCD‘s). Low surface brightness galaxies do
not differ significantly in MHI /LB (e.g. van Zee et al. 1995,
Staveley-Smith et al. 1992) except for the class of galaxies with
extended HI halos (van Zee et al. 1995). None of our void galaxies shows excessive MHI /LB values as given by them (5.2 on
the average) for LSB galaxies with extended HI haloes which
are comparable to the situation in M83 (e.g. Huchtmeier and
Bohnenstengel 1981) or NGC 262 (Heckman et al. 1982) and
other extreme cases which are rather the exception (e.g. Briggs
1990). However, the presently available information on LSB
galaxies refers to a rather small number of objects only. Because of the small number of objects involved in our void sample and the bias in selecting emission line galaxies (i.e. ISM
available) a cautious remark is adequate. It is evident that the
dwarfs in the present void sample are HI richer compared to the
comparison samples. Galaxies in high density regions tend to
have low values of MHI /LB while a decreasing galaxian density increases the probability for high MHI /LB parameters. If
this trend proofs to be real it might reflect the greater chance of
encounters for galaxies in a denser environment. It is interesting to note that the Virgo dwarf sample follows the sample of
nearby galaxies with two exceptions: a) a small number of HIrich galaxies are present, and b) a great number of HI-deficient
dwarf galaxies (due to the cluster environment) are present.
Galaxies from the ELG comparison sample (UM galaxies)
are located close to the reference line from the nearby galaxy
sample (KKT). One of the undetected galaxies from the UM
sample (UM348) is a BL-Lac candidate and shows no emission
lines.
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Fig. 3. The absolute blue magnitude MBT of the void sample galaxies
is plotted versus the corrected 21 cm line width dv0i . Galaxies in areas
of low galaxy density (gd code 3 to 6 in Table 1) are given by crosses
(+), galaxies from higher density areas (gd code 1 and 2 in Table 1)
are shown by open circles (o). The Tully-Fisher relation as derived by
HR1 is given as a full line. The faintest galaxy in this plot is far away
from the full line. This is the smallest object in our sample with a large
inclination correction of its 21 cm line width.

In Fig. 3 we present the Tully-Fisher relation for the galaxies
in areas of low galaxy density ( gd parameter 3 to 6 in Table 1).
The full line represents the TF as derived for the nearby sample
of galaxies (HR1). The one aberrant point is the faintest object
in this plot and the smallest object in our sample. It has a large
inclination correction for its line width. In this case relative
errors are quite large. All other galaxies are quite compatible
with the full line, suggesting that our present distance scale does
not need a great correction. However, the relative errors in blue
magnitudes, HI line widths (e.g.see Fig. 1), and in the derived
inclination values yield a considerable scatter which turns the
TF relation for the present sample not into a very powerful tool
for distance determinations.
5. Conclusions
HI observations of a subsample of 43 galaxies from the Heidelberg void sample yield MHI /LB ratios that are larger than
expected from the nearby sample of galaxies for the luminosity of the galaxies. Most galaxies have single peaked narrow
HI profiles typical for dwarf systems. There seems to be a tendency for the MHI /LB parameter to increase as the galaxy
density decreases from the Virgo cluster dwarf sample to the
void-sample by a factor of three on the average. The decrease of
the MHI /LB ratio with increasing galaxy density seems reasonable as the chance of interaction between galaxies increases,
too.
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