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ABSTRACT

Context. Void population consists mainly of late-type and low surface brightness (LSB) dwarf galaxies, whose atomic hydrogen is the
main component of their baryonic matter. Therefore observations of void galaxy HI are mandatory to understand both their evolution
and dynamics.

Aims. Our aim was to obtain integrated HI parameters for a fainter part of the nearby Lynx-Cancer void galaxy sample (total of
45 objects) with the Nancay Radio Telescope (NRT) and to conduct the comparative analysis of the whole 103 void galaxies with
known HI data with a sample of similar galaxies residing in denser environments of the Local Volume.

Methods. For HI observations we used the NRT with its sensitive antenna/receiver system FORT and standard processing. The com-
parison of the void and “control” samples on the parameter M (HI)/Lg is conducted with the non-parametric method “The 2 x 2 Con-
tingency Table test”.

Results. We obtained new HI data for about 40% of the Lynx-Cancer galaxy sample. Along with data from the literature, we use for
further analysis data for 103 void objects. The proxy of the evolutional parameter M(HI)/Lg of the void sample is compared with that
of 82 galaxies of morphological types 8—10 residing in the Local Volume groups and aggregates.

Conclusions. At the confidence level of P = 0.988, we conclude that for the same luminosity, these void galaxies are systematically
gas-richer, in average by ~39%. This result is consistent with the authors’ earlier conclusion on the smaller gas metallicities and

evidences for the slower low-mass galaxy evolution in voids.

Key words. galaxies: dwarf — galaxies: evolution — galaxies: distances and redshifts — large-scale structure of Universe —

radio lines: galaxies

1. Introduction

Low-mass galaxies are thought to be the most fragile with re-
spect to both internal and external perturbations of various origin
(interactions, inflows, mergers) (e.g., Dekel & Silk 1986; Babul
& Rees 1992). Therefore it is expected that their evolution is
most sensitive to various kinds of galaxy collisions (e.g., distant
tidals, close pass-byes, major and minor mergers). Thus, it may
significantly depend on the mean galaxy number density of var-
ious classes of the Large-Scale structure. Indeed, the strongest
effects of dense environment on low-mass galaxy properties are
found in galaxy clusters (e.g., Boselli et al. 2014, and references
therein). In this scheme, if external perturbations play a substan-
tial role in the secular evolution of typical dwarf galaxies, one
expects that at least the part of the dwarf galaxies located in voids
could be less evolved objects.

Besides, studies of gravitational instabilities in the cold dark
matter cosmology indicate that low-mass haloes become bound
later in the underdensity regions (low gravitational potential, e.g.
Einasto et al. 2011). This is connected with the appearance of a

* The reduced spectra (FITS files) are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg. fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?]/A+A/596/A86

Article published by EDP Sciences

bias in the gaussian peaks formalism for the structure formation
(Bardeen et al. 1986; Dekel & Silk 1986). This, in turn, could
also favor the appearance of less evolved low-mass galaxies in
voids.

The study of galaxies in voids was quite popular during the
last decade (Rojas et al. 2005; Patiri et al. 2006; Sorrentino et al.
2006; Kreckel et al. 2012; Beygu et al. 2012, among others),
thanks to the emerging large sky surveys like the SDSS (Sloan
Digital Sky Survey) and 2dFGRS (Two-degree field galaxy red-
shift survey). However, most of the studies of void galaxies men-
tioned above were mainly devoted to large and rather distant
(D 2 80—100 Mpc) voids. This last choice, coupled with the de-
mand of statistically complete galaxy samples (based on the ap-
parent magnitude limit), limits the deepness of their void galaxy
samples at the level of Myg(M;) < —17.

Some differences between void and wall galaxies in this lu-
minosity range have been noticed. Namely, void objects show
higher proportion of blue galaxies and higher star formation
rates (SFR) (e.g., Rojas et al. 2004, 2005; and Hoyle et al.
2005, 2012). Similar results were obtained in the recent cosmo-
logical simulations by Kreckel et al. (2011), which indicate that
effect of global environment of voids and walls is rather sub-
tle for more massive galaxies. They found however evidences
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that less massive objects in voids can show signs of evolutionary
youth.

In order to address the issue of void environment effect
on low-mass galaxy evolution (for galaxies below the adequate
mass/luminosity limit — e.g., at Mg ~ —12 or fainter), one needs
to study samples of intrinsically faint objects. Having in mind
the common apparent magnitude limits of the main wide-angle
redshift surveys (equivalent to By, ~ 18.0—18.5), this implies
the necessety to study objects closer than ~20 Mpc, located in
the nearby voids which are adjacent to the Local Volume.

In Pustilnik & Tepliakova (2011, Paper 1) we described the
large galaxy sample in the nearby Lynx-Cancer void (Dcepgre ~
18 Mpc) and presented their main known parameters. One of the
tasks was to measure and analyze the evolutionary parameters
of void galaxies: metallicity (or gas-phase O/H) and gas mass-
fraction. In the published version, there are 79 galaxies with the
absolute magnitudes My in the range [—12, —18.4], with median
of —14.0, and with the substantial incompleteness at the fainter
luminosities. Roughly half of the void sample galaxies are Low
Surface Brightness (LSB) galaxies, with extinction and inclina-
tion corrected central SB values of ypp; > 23.0™/0".

In Papers II and VII (Pustilnik et al. 2011a, 2016), we present
a study of O/H in 77 members of the Lynx-Cancer void sam-
ple. We compared the data with the parameter O/H of similar
galaxies in denser environments. Void galaxies appear to have
systematically lower O/H (by about ~37% in average) for the
same luminosities. Other studies show that ~20% of void LSB
Dwarf galaxies (Pustilnik et al. 2011b; Chengalur & Pustilnik
2013; Perepelitsyna et al. 2014) turned out very metal-deficient
and/or extremely gas-rich, indicating that void environment is
“conducive” for unevolved objects.

The major part of late-type dwarf galaxies located in the
Lynx-Cancer and presumably in other nearby voids are LSB ob-
jects (e.g., Perepelitsyna et al. 2014, hereafter Paper IV). The lat-
ter are known to have the significant or dominant part of baryon
mass in the form of cold neutral gas. To study the properties of
this very important component of void galaxies, one needs to
know their global HI parameters and, first of all, their HI mass,
in order to derive their second evolutionary parameter, the gas
mass-fraction fy,s. Moreover, since in many void galaxies the
neutral gas appears to be the main baryonic component, it is cru-
cial to know its physical properties in order to understand galaxy
dynamics and star formation. Unusual, very gas-rich and metal-
poor galaxies found in course of HI surveys, are good candidates
for detailed HI mapping. Some of studies of very metal-poor
dwarfs are presented in papers of Chengalur et al. (2006), Ekta
et al. (2006, 2008, 2009).

For half of the void galaxy sample (mainly for the brighter,
more massive ones), the global HI parameters were known from
various published sources (mainly from Haynes et al. 2011;
Springob et al. 2005; Huchtmeier & Richter 1989; Swaters et al.
2002; and Begum et al. 2008). For the remaining void galaxies,
we needed to conduct our own HI observations. Thus, the gen-
eral goal of this work was to perform the most complete study of
the void galaxy Hi-properties. Besides, having the first results of
such study, there was a hope to find new unusual very gas-rich
dwarfs among the fainter part of the void objects.

Some very interesting void low surface brightness dwarfs
(LSBDs), namely very low metallicity and/or very gas-rich ones
were presented in Pustilnik et al. (2010, 2011b), Chengalur &
Pustilnik (2013) and Chengalur et al. (2015). As the data in Pa-
per I show, the Lynx-Cancer void galaxies have a rather small
radial velocity dispersion. This is interesting by itself in or-
der to confront with cosmological simulations. Also this relates
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directly to the identification of void filaments. Since HI veloci-
ties are in general substantially more accurate than optical ones,
they provide an additional opportunity to address the issues men-
tioned above.

Here we present all the NRT observed galaxies with known
radial velocities from the updated (relative to Paper I) void sam-
ple (Pustilnik et al. 2016, and in prep.), which currently in-
cludes 108 objects satisfying the primary selection criteria of this
sample.

2. Sample

In Table A.1 we present the main parameters taken from NED',
SDSS? or from the literature for all observed 45 void galaxies.
New objects, taken from the updated Lynx-Cancer void sample
(Pustilnik et al. 2016, and in prep.) are marked by an asterisk
(as well as in Table A.3). Table A.1 is organized as follows:
Col. 1 — short IAU-style name, Col. 2 — other name or prefix
(SDSS, HIPASS, etc.), Col. 3 — galaxy type, Cols. 4 and 5 —
Epoch J2000 RA and Declination, Col. 6 — heliocentric velocity
from optical data (when available), Col. 7 — heliocentric velocity
from HI data, Col. 8 — total B-band magnitude. In most of the
cases, this value is calculated from the total g ad » magnitudes
following Lupton et al. (2005). The latter values are obtained
in Paper IV on the photometry of the SDSS DR7 (Abazajian
et al. 2009) images. For galaxies located outside of the SDSS
footprint, the B-band magnitudes are adopted from Pustilnik &
Tepliakova (2011) where respective references are given. The
only exception is J0802+0525 for which its B-magnitude is esti-
mated directly from its SDSS model g and r values since due
to a nearby bright star we were unable to perform own pho-
tometry, Col. 9 — respective absolute magnitude, corrected for
the Galaxy extinction Ag according to Schlafly & Finkbeiner
(2011). The adopted distances are based on heliocentric veloci-
ties V(HI) from Table A.2. They are calculated according to the
prescriptions given in Paper I, accounting for the large peculiar
velocity in this region AV ~ —300 kms~' (Tully et al. 2008).
For a few objects, distances were determined using the velocity-
independent (mainly Tip of RGB) methods. In Col. 10 we give a
galaxy alternative name.

3. Observations and reduction

The HI observations were made during the period 2007-2013
with the Nancay Radio Telescope (NRT). The NRT has a collect-
ing area of 200x34.5 m and a half-power beam width (HPBW)
of 3.7" (East-West) x 22’ (North-South) at 21-cm and for a dec-
lination of 6 = 0°3. A cooled 1.1-1.8 GHz dual-polarization
receiver and a 8192 channel autocorrelation spectrometer were
used for the observation of the HI line. The system temperature
was about 35 K and the conversion factor of the antenna tem-
perature to the flux density for a point source was 1.5 K Jy~!
near equator. The spectrometer covered a velocity range of about
2700 kms~!, providing a channel spacing of 1.3 kms~! before
smoothing. The effective resolution after averaging of four ad-
jacent channels and Hanning smoothing was ~10.4 kms~'. Ob-
servations were obtained in separate cycles of “ON-source” and
“OFF-source” integrations, each of 40 or 60 s in duration. “OFF”

' NASA/IPAC Extragalactic Database (NED).

2 Sloan Digital Sky Survey (Abazajian et al. 2009, and references
therein).

3 See http://nrt.obspm.fr
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integrations were acquired at the target declination, with RA off-
set of ~15" x cos(d) to the East.

A noise diode has been used to perform flux density calibra-
tion. Its power was regularly monitored through the observations
of known continuum and line sources. The comparisons of our
measured fluxes with independent measurements of the same ob-
jects with other telescopes indicates that flux density scales are
consistent within 10%.

With the rms noise of ~1.5 to 5 mJy per resolution element
after smoothing (10.4 km s~1), we achieved a S/N ratio for the
peak flux densities Fpeqx of the detected galaxies of 20-30 for
the brightest objects, while for the faintest sources we had de-
tections with a S/N ratio of only ~2.5—4. Total integration times
per galaxy (“ON” + “OFF” + pointing time) varied between 0.6
and 6 h. For three of the forty five observed Lynx-Cancer void
galaxies we obtained only upper limits of their Fp. and of their
HI flux.

Primary data reduction has been made with the standard NRT
program NAPS written by the telescope’s staff. The follow-up
data processing has been done with the IRAM package CLASS.
Both horizontal and vertical polarization spectra were calibrated
and processed independently. They were finally averaged to-
gether. The baselines were generally well-fitted by a third order
or lower polynomial and were subtracted out. Comments on the
noise estimates and on several marginally detected or undetected
void galaxies of 45 observed are given in the next section.

4. Results

Table A.2 presents the HI parameters derived from the obser-
vations. This is organized as follows: Col. 1 — short IAU-style
name, Col. 2 — heliocentric velocity of the detected HI line
with its 1o error, in kms~'. This is determined as the midpoint
between the half-peak points on both sides of the HI profile;
Col. 3 — the adopted distance as in Paper I (see comment for
Col. 9 in Table A.1); Cols. 4 and 5 — velocity widths in kms™!
of the HI profile at 50% and 20% of peak, Wsy, W5y with their
1o errors. They are determined as the velocity range between
the respective points on both sides of the HI profile; Col. 6 —
F(H1) — integrated flux of detected HI signal with its 1o error in
Jy kms~!'. Formulae for error estimates of parameters in Cols. 2,
4—-6 were adopted from our earlier NRT HI-survey (Thuan et al.
1999) which in turn uses the prescriptions from Schneider et al.
(1990); Col. 7 — logarithm of total mass M(HI), in units of solar
mass with its 1o error; Col. 8 — ratio of M(H1)/Lg with related
1o error, in solar units; Col. 9 — total time ON-source in minutes;
Col. 10 — rms of noise near the HI peak in mJy at the velocity res-
olution of 10.4 kms™'; Col. 11 — Signal-to-Noise ratio for peak
value of the respective HI profile.

Figure 1 shows in order of increasing RA the HI profiles of
the void galaxies listed respectively in Tables A.1 and A.2. For
the triplet of MRK 407 (J094747.60+390503.0) only two HI pro-
files are presented, which are rather complex and have been ob-
tained with the NRT beam pointing in the direction of the largest
members of the triplet. In addition, HI profile of the galaxy
J090018.30+322226.2 is not shown, since no signal have been
detected. Therefore, the total number of profiles displayed is 43.
We present below our comments about some peculiar objects.

SDSS J072301.42+362117.1 and J072313.46+362213.0.
The first galaxy, a LSB dwarf, has been identified as a new Lynx-
Cancer void galaxy after its redshift was obtained at the SAO 6 m
telescope (BTA). Its NRT HI profile suggested a possible contri-
bution from a nearby galaxy which has been found as a very low
surface brightness dwarf, ~2™ fainter than the main component,

at~3’ to E (J072313.46+362213.0). An additional NRT observa-
tion in the direction allowed to partly disentangle the confusion
between the HI contributions. The final HI parameters for these
two galaxies and a third one even fainter (J072320.57+362440.8,
see Table A.3) have been adopted after the subsequent GMRT HI
mapping of this triplet (Chengalur & Pustilnik 2013).

SDSS J080238.15+052551.2. This very faint and compact
optical object close to a bright star was included to the void sam-
ple after its assumed identification with a faint ALFALFA source
(Haynes et al. 2011) with V(HI) = 830 kms~!, F(HI) = 0.43 +
0.04 Jy kms~! with S/N ratio of 6.2 (AGC 188988). With such
parameters, this galaxy has a very high ratio M(H1)/Lg ~ 4.8
(using the total SDSS g and r magnitudes, transformed to By =
19.8). Since very gas-rich galaxies are rare objects, we con-
ducted HI observations of AGC 188988 with the NRT. Our NRT
data indicate no signal at the respective velocity with an upper
limit of F(HI) < 0.16 Jy kms~' (20).

The probable interpretation of this case is a false ALFALFA
detection. If however there exists HI associated with the sug-
gested faint optical object, its ratio M(HI)/Lg < 1.8 is not so
large. We consider this object’s data as unreliable and excluded
it from the following statistical analysis.

SDSS J090018.30+322226.2. This galaxy is a new void ob-
ject with Vi = 740 = 30 km s~!, as measured on the faint
He emission in the spectrum obtained at the BTA. At NRT the
signal at this radial velocity is within 1.40, so the numbers be-
low should be treated as upper limits. With Wso = 30 kms™!,
typical of galaxies with Mg ~ —12, that results in the total flux
of 0.14 £ 0.10 Jy kms~!. For parameter M(HI)/Lg the respective
value is 0.72 + 0.52.

SDSS J094003.27+445931.7. This galaxy has marginally de-
tected HI with the radial velocity close to that derived from
the SDSS emission-line spectrum (1358 + 4 kms~!). However,
there is also a similar flux detection (at the level of ~(2—3)0) at
Viel = 1202 + 8 kms~!. The search for a possible optical coun-
terpart on the SDSS image to this HI component produced two
candidates within the NRT beam.

The nearest one is a small and almost edge-on blue disc
SDSS J093951.28+445921.9 with g = 19.34, r = 19.15.
Its BTA spectrum have revealed the velocity of Ha line of
~14000 kms~!. The second candidate is the almost face-on LSB
disc SDSS J093950.11+444800.1 with g = 17.55, r = 17.18
(B ~17.90), ~11.5" to the S and 13.16 s (~140") to the W. Due
to the NRT beam offset, its nominal HI-flux should drop by a
factor of 6.5. In this case, its ratio M(HI)/Lgp is ~1.4, rather typi-
cal of void LSBDs. The optical redshift of this galaxy is needed,
in order to fix the origin of the second HI source.

MRK 407 = J094747.60+390503.0. This blue compact
galaxy (BCGQG) is the brightest member of a triplet which includes
also ~1.7-mag fainter LSBD UZC J09475+3908 at 3’ to N and
~3-mag fainter LSBD SDSS J094758.45+390510.1 at ~2’ to E.
Each galaxy contributes to the F(HI) for any NRT pointing in
the direction of the triplet. We used our NRT results, account-
ing for the “a priori” known decrease of HI flux for the sources
NRT beam offset, as well as the earlier observations of MRK 407
by Thuan & Martin (1981) to disentangle the contribution of
each component of the triplet. The typical estimated accuracy of
the resulted F(HI) is ~20%. Follow-up GMRT mapping of this
triplet (Chengalur et al., in prep.) will give a better understanding
of its properties.

SDSS J095633.65+271659.3 with Viey = 1059 kms™! is a
faint companion of a ~4™ brighter spiral IC 2520 (at 13.2° to W
and 3.3’ to S, see Table A.3), which is also in the NRT beam and

A86, page 3 of 12



A&A 596, A86 (2016)

0
B o :
~ P I B B B A I I I R . T RPN B R B
S 400 600 800 1000 1200 200 400 600 800 1000 400 600 800 1000 1200 400 600 800 1000
~
zoivv[vvv{vvv‘vvv[vvi 40 FFTTTT T T TTITITT AU S B B L B e e e e e ) N
o [ J0810+1837 ] | J0812+4836 ] " J0825+3201 1 10[J0831+4104 .
i ] [ 1 *0r ] i ]
o ] i 1 5f ]
I ] 10 [ . - ]
0k / ol 1o i
T N I I R B ottt OB O
1200 1400 1600 1800 200 400 600 800 1000 200 400 600 B800 1000 200 400 600 800 1000
AR e R B L N s s e TN L AN RS AR RRRR RS R e B MBLE
10 - J0843+4025 b 1 J0845+1519 ] | JO852+1350 20:J0859+3923 ]
5 | 1 sl . i ]
: ] I ] 10 - ]
oh \ : ;
: ° 0

LA B e e e e e LA A e e LA B e e AL L B S I
g0 [ 10626+2439 1 o0 [[J0629+2334 1 40| J0713+2926 ] 4 [70723+3621 ]
40 . i 1 40 [ ]
L ] 50 - n : ]
R0 - 7 [ ] 20 - ]
0 ok ' 0 A
TN B ETETI B ETET AR TN BRI B ETEE B A ST ERTEEN BRI BRI BT I I RN R RN R

1200 1400 1600 1800 1200 1400 1600 1800 600 800 1000 1200 1400 600 800 1000 1200 1400
80 T e R
r JO723+3622 ] 20 J0730+4109 ] 30 -J0737+4724 - 15 |FJ0744+2508 -
60 [ ] L ] i 1 : ]
N ] i ] 20 . 10 - .
40 | n 10 | - C ] C ]
C ] r 1 10FfF . 5F ]
20 — L L ] L ]
L ] 0 L ] 07 ]
0 o 0y
T T e M R I R I T BN AP B S B P I
600 800 1000 1200 1400 400 600 800 1000 1200 200 400 600 800 1000 400 600 800 1000 1200
U S R ey = RPN M s S B I 20 FT T T T e e LA Eaman e
FJ07444+2506 JO747+5111 JO802+0525 ] | JO809+4135 |
10 -

15 [J0911+3135 1 40 1 60 [-0926+3343 ] | J0928+2845 ]
10? —; 20; h 40; {
s F 10 1 i
i 1 o RO ]
0 i I i ]

. 0 [ 7

S R B R I 2 = N I B S I B A A R B B I

-10

I

N B R R

200 400 600 800 1000

1200 1400 1600 1800 2000

1200 1400 1600 1800

200 400 600 800 1000

LI e B L N N B

B o LN A e e e
~J0917+2525

AL L B B L B

L L L B B

L

400 600 800 1000 1200

1200 1400 1600 1800 2000

200 400 600 800 1000

800 1000 1200 1400 1800

—1
Vhel (km S )

Fig. 1. The NRT HI profiles S, (in mJy) vs. Vi (kms™") of all studied galaxies.
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Fig. 1. continued.

is seen in the plot of HI profile as an additional peak at Vi =
1243 kms™'.

SDSS J101014.96+461744.1. This is a faint galaxy with a
good S/N SDSS emission-line spectrum. Its optical redshift cor-
responds to Ve = 1092 + 3 km s~!. On our data, there is no
detectable HI flux, for oise ~ 2.4 mJy. For statistical analysis,
we adopt for its F the upper limit F(HI) < 0.12 Jy kms~! and
the value of M(H1)/Lg < 0.34.

5. Analysis

In our analysis of the properties of the Lynx-Cancer void galaxy
sample, we use the optical parameters gathered from the liter-
ature, as mentioned previously in Sect. 2, and the HI param-
eters obtained from our observations or taken from the litera-
ture. Table A.3 lists galaxies with HI data taken from the lit-
erature, with their HI and optical parameters. Table A.3 is or-
ganized as follows: Cols. 1 to 5 — same as Table A.1; Col. 6
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Table 1. The 2 x 2 Contingency Table test.

Property G non-G Sum 1

\% m =61 n—m=42 n =103
non-V M-m=34 N-n-(M-m)=48 N-n=82
Sum2 M =95 N-M=90 N =185

— adopted heliocentric velocity Vjj; Cols. 7 and 8 — the total
apparent and absolute B magnitudes: for the published sample
outside the SDSS zone — from Paper I, for galaxies with new
photometry — from papers by Perepelitsyna et al. (2014) and for
the rest of the updated version of the void sample — from Pustil-
nik et al. (2016, and in prep.). Few exceptions are the following.
For J0706+3620 and UGC 3672, their B magnitudes are adopted
from Chengalur et al. (2016). For J0736+0959, its B magnitude
is adopted from the recent photometry in Haurberg et al. (2015).
For J0956+2900 (DDO68C), there is no possibility to estimate
its optical flux due to a nearby bright star. We adopt its B magni-
tude based on M(HI) in Cannon et al. (2014) and a typical of this
sample value of M(HI1)/Lg = 1; Cols. 9 and 10 — total HI flux
F(HI) and derived M(HI); Col. 11 — reference to the HI data. In
total, we use the data of 103 void galaxies in this analysis.

In order to compare the “gas-content” parameter M(HI)/Lg
of the void sample with that a sample of galaxies in denser envi-
ronments, we created a sample of 82 late-type dwarf and sublu-
minous galaxies in the Local Volume (LV) residing in groups and
the Canes Venatici I (CVnl) cloud. The latter were described by
Karachentsev (2005). We used those members of these groups
for which we found HI data in the literature, mainly in the Cata-
log of Nearby Galaxies (CNG) by Karachentsev et al. (2004).

In Fig. 2 we show (left-hand top and bottom panels, respec-
tively) the distributions of parameter M (HI)/Lg for the void and
LV-groups sample. The median value of M(HI)/Lg for the com-
bined void and LV-group sample of 185 galaxies is equal to 1.01.
Therefore galaxies with M(HI)/Lg > 1.0 we call “gas-rich”. De-
spite each sample showing rather large scatter (indicating that
there are several affecting factors), the distribution of the void
galaxies is confidently shifted to the higher values of M(HI)/Lg.
This effect is apparent in a factor of ~1.39 difference between
their medians (1.21 and 0.87, respectively) and the significant
difference in fractions of gas-rich objects in the void and LV-
groups samples (0.59 and 0.41, respectively). Since these dif-
ferences might be due to the statistical scatter, more advanced
statistical tests are needed.

The significance of the second difference can be tested via
non-parametric statistical methods. In particular, we use a test
well known in biology and quality control, called “The 2 x 2
Contingency Table test” (e.g., Bol’shev & Smirnov 1983, and
references therein). It appears to be more powerful than the
Kolmogorov-Smirnov test in problems like this, as was tested
for a similar astronomical problem in Pustilnik et al. (1995, see
the detailed appendix). Here we briefly summarize the process
of groupping the galaxies for the respective cells of Table 2 x 2.
The zero hypothesis Hj states that the property G to be “gas-
rich” does not relate to the property V to belong to the void en-
vironment, or in other words, the fraction of gas-rich galaxies is
the same for both compared samples of late-type galaxies. The
respective numbers in cells of Table 2 x 2 are shown in Table 1.

Here m = 61 is the number of void gas-rich galaxies
and n — m = 42 — the number of void non-gas-rich objects.
M — m = 34 is the number of non-void gas-rich galaxies, while
N—-n—(M—-m) = 48 — the number of non-void non-gas-rich ones.
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If properties G and V were independent, that is there were no cor-
relation between the property to belong to void and the property
to be gas-rich, the probability to get accidently the table with the
same occupation numbers [61, 42, 34, 48], calculated according
to the formulae in the above appendix (and Bol’shev & Smirnov
1983), is less than p = 0.012. The respective probability to reject
H, with the given occupation numbers is P = 1 — p = 0.9882.
Hence, the visual impression on the significantly higher fraction
of void gas-rich objects is supported with the statistical criterion
at the confidence level P of 0.9882.

Apart the distributions on parameter M(HI)/Lg, we also com-
pare in right-hand panels of Fig. 2 its relation to galaxy luminos-
ity (via parameter Mp). For aid to eye, we draw upper boundary
straight lines for both samples. The visual inspection shows that
for the Lynx-Cancer void galaxies this upper line goes slightly
higher (by a factor of 1.6—2.0) than for “group” galaxies in the
whole range of galaxy luminosities. The same is valid for the
bottom boundary. With only one exception, the most gas-poor
void galaxies have substantially higher values of M(HI)/Lg than
the similar galaxies in groups.

6. Discussion

In discussing noticeable differences in the gas content between
void and “group” late-type galaxies, it is important to pay at-
tention that the “group” sample is itself quite inhomogeneous,
including along the classical Local Volume groups similar to
our own Local Group (M 81, CenA, M 83, IC 342, Maffei, Scu)
one rather rarefied and unrelaxed aggregate known as the CVnl
cloud. It is curious and instructive that three of the six most gas-
rich galaxies in the “group” sample (M(HI)/Lg = 4.3—6.9) be-
long to the outer parts of this aggregate, and hence, can be treated
as falling to this from the lower-density environment. These most
gas-rich galaxies include DDO 154, UGCA 292 and UGC 3741
with respective values of parameter M(HI)/Lg of 4.5, 6.9 and
4.3 (see the fresh summary in Chengalur & Pustilnik 2013). The
structure of CVnl cloud was revisited by Makarov et al. (2013),
based on the improved TRGB distance determinations.

The mentioned above extreme members of CVnl cloud re-
side far from the centre of the cloud, closer to the zero-velocity
radius (R = 1.06 Mpc) or substantially further (at ~1.1, 0.9 and
1.6 Mpc, respectively), and thus can probably be treated as be-
ing in the process of fall-off onto CVnl cloud. Coming from the
significantly lower density environment, they can posess proper-
ties of some the most unevolved representatives of underdense
regions.

To check the effect of the CVnl cloud galaxies on the com-
parison of the LV vs. Lynx-Cancer void galaxy samples, we
have removed the 11 CVnl cloud galaxies from the whole Lo-
cal Volume sample. Thus, it left 71 LV galaxies. We apply the
same Table 2 X 2 method as above to check the Null hypothesis
Hj on the independence of gas-rich galaxy fraction on the type
of environment. For the new table, the probability to get acci-
dently the variant with occupation numbers [61, 42, 27, 44] is
p = 0.00444, ~2.7 times smaller than for the whole Local Vol-
ume subsample. The respective confidence level to reject H is
P =1- p=0.99556. This probably indicates that at least a part
of the CVnl cloud galaxies are in a special evolutionary status.

One important note relates to the conclusion on the differ-
ence in distributions of parameter M(HI)/Lg for the void and
“group” (LVG, Local Volume Groups) samples. As one can see
in the right-hand panels of Fig. 2, there is a trend (known also
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Fig. 2. Top left: distribution of mass-to-light ratio M(HI)/Lg for all Lynx-Cancer void galaxies with HI data. Top right: the relationship between
M(HI)/Lg and the absolute magnitude Mg. Bottom left: distribution of M(HI)/Lg for late-type dwarf and subluminous galaxies in the Local Volume
(LV) groups and the CVnl cloud from Karachentsev (2005). Bottom right: the relationship between M(HI)/Lg and the absolute magnitude Mp for
the same late-type galaxy sample. The scatter of parameter M(HI)/Lg is large for all values of My, indicating the interplay of several significant
factors. Nevertheless, the fraction of higher M(HI)/Ly ratio objects is clearly larger for void galaxies. Also, the three highest ratio galaxies from
the LV sample are situated in the outer parts of groups and CVnl cloud (marked by their names). Median values of M(HI)/Lg are respectively, 1.21
and 0.87 for void and the LV “late-type in groups” samples, which differ by a factor of ~1.39. Upper boundary line for the void sample also is a

factor of 1.6—2 higher than that for the “group” sample.

from several earlier works, see e.g. Huchtmeier et al. 1997,
Pustilnik et al. 2002): the ratio M(HI)/Lg raises with the decrease
of galaxy luminosity. See also Fig. 4 for the rate of this increase.
Therefore, if the two samples under comparison differ signifi-
cantly in My distribution, one can obtain a noticeable difference
in distribution M(HI)/Lg, even though in reality these samples
have the same distribution. In Fig. 3 and with related numbers
we show that this is not the case. Indeed, both distributions on
Mp are rather similar, have close mean and median values of My
(see numbers in the figure legend), and for the “group” sample
they are somewhat lower. The latter should lead in general to
the opposite effect, that is the “group” sample should have more
numerous gas-rich galaxies.

In Fig. 4 we show how the galaxy hydrogen mass M(HI)
is related to the blue luminosity Lg. The left panel is for the
sample of 103 Lynx-Cancer void galaxies, while the right one is
for 82 galaxies of the Local Volume group sample. Dotted lines
show positions of galaxies with M(HI)/Lg = 1 (in solar units,
with a slope of 1.0). The red dashed lines (see figure’s legend)
show the real linear regression for considered samples. They in-
dicate that for both samples, galaxies become on average gas-
richer with decreasing luminosity. The respective coefficients in
the relation log(M(H1)/Lg)/log(Lg) = —0.129 + 0.054 (void sam-
ple) and —0.208 + 0.051 (Local Volume sample) do not differ
significantly. Thus, their average (k) = —0.163 + 0.040 can

be considered as a representative of such relationship for both
samples.

It is interesting to compare this result with estimates pub-
lished for other samples. In particular, Staveley-Smith et al.
(1992) found £k = —-0.3 £ 0.1 for a sample of LSB dIs and
BCGs, while Smoker et al. (2000) found £ = —0.2 + 0.1 for
emission-line galaxies of the University of Michigan survey. In
the Pustilnik et al. (2002) study of BCGs in various environ-
ments, this slope for non-cluster BCGs is consistent with av-
erage of (k) = —0.25 + 0.1. Thus, within rather large scatter,
all available data for late-type and BCG galaxies on the relation
MHI)/Lg « L’é are consistent with the common index k£ ~ —0.2.
This corresponds to the increase of M(HI)/Lg by factor of ~4 for
luminosity decrease by a factor of 1000.

This relation is a specific illustration of the well known
“down-sizing phenomenon” which is connected to the slower
evolution of smaller mass galaxies. The general trend towards
lower gas metallicity for smaller galaxies is a better known man-
ifestation of the same phenomenon.

6.1. Summary

1. The NRT HI data are presented for 45 galaxies of the Lynx-
Cancer void. Along with HI data already published in the
literature, we could build a large sample of 103 galaxies and
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log M(HI)). Right: same relation for all 82 galaxies from comparison sample in the Local Volume groups. The slope of the linear regression is
k2 =0.792 £ 0.051 and rms = 0.44 (in log M(HI)). See “Discussion” for further implications.

study the properties of ~95% of the updated Lynx-Cancer
void galaxy sample.

2. The analysis of parameter M(HI)/Lg — observational proxy
of the relative gas content — for the void galaxy sample
revealed a significant excess (at the confidence level P =
0.988) of gas-rich objects in the void sample with respect
to similar late-type galaxies residing in the Local Volume
(LV) groups and in the CVnl cloud. For the LV group ob-
jects which do not belong to the CnVI cloud, the difference
is significant at the confidence level of 0.9956.

3. The latter result can be treated as an independent evidence
for slower evolution of typical void galaxies. This is consis-
tent with similar conclusions previously published by the au-
thors, based on the analysis of gas-phase metallicity in void
galaxies and similar galaxies in denser environments.

4. The ratio M(H1)/Lg for the void galaxies has a broad distri-
bution with extreme values of ~0.05 and ~28, indicating that
various competing factors can define the galaxy evolution in
voids. The median value of M(HI)/Lg varies with Mg within
a factor of ~4 (from ~0.5 to ~2) for a luminosity range of
~3 orders of magnitude.
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Appendix A: Additional tables

Table A.1. Parameters of the Lynx-Cancer void sample galaxies observed with NRT.

Short IAU Other Type Coord. (2000.0) Vopt V(HI) Bioii Mg* Alternative

style name name or RA Dec kms™! kms™! mag mag name
preﬁx h m s o ’ ”

(1) (2) 3) 4 5) © ) (3) 9 10
J0626+2439  HIPASS Scd 06262097 +243920.0 1473 +7 14852 17.98 —15.64
J0629+2334  HIPASS Scd  062958.23 +233428.5 1452 +6 1445+3 17.10 -15.88 PGC 1689759
JO713+2926* SDSS d1? 07 1305.15 +292642.8 . 9382 1679 -14.55
J0723+3621  SDSS Sm? 07230142 +362117.1 8882 9172 17.01 -14.21
J0723+3622  SDSS LSB 072313.46 +362213.0 954+3 9705 19.46 -11.76
J0730+4109  SDSS d1? 07305890 +410959.8 874+3 878+5 16.67 -14.59
JO737+4724  SDSS LSB 07372847 +4724328 404+60 474+5 18.02 -12.54
J0744+2508  SDSS dI 07444372 42508266 749+4 760+3 18.11 -12.66
J0744+2506* SDSS dI 07445552 +250601.8 77899 752+6  20.47 -10.30
JO747+5111  SDSS Sm 07473210 +511129.0 454 +84 433+3 15.12 -15.16 MCG 9-13-56
J0802+0525' SDSS Comp 080238.15 +052551.2 830+23 824+6 19.80 —-10.93 AGC 188988
JO809+4135  SDSS Sd? 080936.10 +413540.0 704+50 712+5 1546 -15.41 MCG 7-17-19
JO810+1837  SDSS Sm: 08 1030.65 +183704.1 1495 +37 1481 +8 18.39 -13.58
J0812+4836  SDSS dI 081239.53 +4836454 521 +5 522+4 17.36 —-13.08
J0825+3201  SDSS Ir 082504.90 +320105.1 6483+16 6476 1691 -13.73 KUG 0821+321
JO831+4104  SDSS LSB 083141.21 +410453.7 582+40 640+3 17.71 -12.92
J0843+4025  SDSS Im 08433798 +4025472 614+3 627+10 17.90 —-12.68
J0845+1519  SDSS dl 08452540 +151946.0 1642 +50 1584 + 12 18.61 —13.40
J0852+1350  SDSS LSB 085233.75 +135028.3 15114 1502 +8 17.40 -14.56
J0859+3923  SDSS dl 08594693 +392305.6 588 +34 568 +3 17.25 -13.14
J0900+3222* SDSS dl 0900 18.30 +322226.2 740 +30 ... 18.97 -11.77
JO911+3135  SDSS dl 09115943 +3135359 7504 753+6 18.05 -12.68
J0917+2525  IC2450 SO 09170527 +2525449 1644 +2 1643 +12 14.06 —18.11
J0926+3343  SDSS Sm: 092609.45 +334304.1 565+57 5362 17.30 -12.91
J0928+2845  SDSS dl 0928 59.06 +284528.5 1229 +41 1224+7 16.76 -14.82
J0929+1155  SDSS dI 09295183 +115535.7 1641 +£6 1614 +8 17.20 —-14.84
J0931+2717  SDSS Sm: 093136.15 +271746.6 1505+2 1504 +3 18.00 —-13.94
J0934+0625* CGCGO035-007 Sc 09344472 +062531.2 574 +38 548 +4 1542 -14.50
J0937+2733  SDSS Im 093747.65 +273357.7 1595+16 1588 +1 16.50 —15.58
J0940+4459  SDSS dl 0940 03.27 +445931.7 1358 +4 1350 + 10 18.01 -13.79
J0942+0937* SDSS dl 094251.25 +093757.6 1461 +17 1456 +6 18.15 -13.67
J0943+4134  SDSS dl 09434297 +413408.9 1403 +40 1436 +4 17.64 —-14.25
J0944+1000  SDSS dl 0944 37.10 +100046.3 1477 +66 1476 +3 16.96 —14.89
J0947+4138  SDSS BCG 094718.35 +4138164 1389 +2 14002 17.92 —13.93 HS 0944+4152
J0947+3905a* MRK407 BCG 094747.60 +390503.0 1589 + 10 1582 +4 15.28 -16.79
J0947+3908* UZC Sd 09475025 +3908 31.7 1553 +£25 1565 +4 16.85 -15.20
J0947+3905b SDSS LSB 094758.45 +390510.1 1501 +60 1567 +4 18.03 —-14.02
J0951+3842  SDSS dl 095141.67 +384207.3 1435+4 1433 +7 17.46 -14.43
J0954+3620  SDSS dl 09 5450.60 +362001.9 503 +£55 5505 18.05 -12.17
J0956+2716* SDSS dI 09 56 33.65 +271659.3 1074 +25 1059 =2 18.13 -13.17
J0957+2745*  SDSS dl 09572940 +274524.3 1184 +16 1184 +4 18.16 —13.33
J0959+4736  SDSS dl 0959 18.60 +473658.4 1093 +4 1110+ 12 17.05 -14.37 PC 0956+4751
J1000+3032  SDSS dI 1000 36.54 +303209.8 501 +37 484 +13 18.14 —11.87
J1010+4617  SDSS dl 10101496 +461744.1 1092 +3 1092 +3 18.23 -13.15
J1019+2923  SDSS dl 1019 28.52 +292302.3 874 +43 885+4 17.48 -13.60
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Table A.2. HI parameters of the observed Lynx-Cancer void sample galaxies.

Short AU VHD+xo Dist Wso+xo0 Wy +o FHD+o log o MHD+0 Time rms S/N

style name kms™! adopt kms™' kms~! Jykms™! M(Hr) Lz min  mly

1) (2) 3) @ 6 (6) @) ® & do0 dn
J0626+2439 1485+2 2321 138+3 1565 7.04+0.22 8.95+0.013 320+0.100 42 3.5 16.2
J0629+2324 1445+2 2292 129+3 150+4 1040+0.25 9.11+£0.010 3.69 +0.090 22 4.1 22.2
J0713+2926 938+2 16.10 40x3 614 157+006 798+0.016 0.93+0.035 80 1.6 24.0
J0723+3621* 9171 16.00 1004 122+6 3.74+0.18 8.35+0.021 2.93+0.143 64 34 172
J0723+3622* 970+ 1 16.00 45+10 69+ 16 1.59+£0.16 7.98+0.041 11.89 +1.189 49 3.8 7.0
J0730+4109 8785 1575 5110 72+16 0.74+0.10 7.64+0.056 0.41+0.056 84 24 6.0
J0737+4724 474+5 1040 404 536 099+0.09 7.40+0.037 1.58=+0.140 117 24 10.8
J0744+2508 7603 13.10 286 43+9 039+005 7.20+0.052 0.88+0.113 128 1.7 7.5
J0744+2506 752+6 13.10 22+12 34+19 0.032+0.016 6.11+0.176 0.64 +£0.320 140 1.6 29
JO747+5111 433+3 992 755 1059 596+0.27 8.14+0.019 0.77 £0.035 26 52 154
J0802+0527 830+ 6 13.25 .. 0.10+£0.10 <6.62 +0.301 <I1.14 +1.140 69 28 20
J0809+4135 712+5 1348 95+10 137+16 5.13+030 8.34+0.025 0.97+0.057 19 5.1 12.0
JO810+1837 1481 +8 23.03 42+15 6424 046=x0.09 7.76+0.079 137+0274 25 23 44
JO812+4836 522+4 11.04 47+8 64+12 1.27+£0.18 7.56+0.057 1.38+0.192 166 44 6.5
J0825+3201 647+6 1223 62+12 84 +18 1.11x+0.17 7.59+0.062 0.82+0.126 37 3.7 5.6
JO831+4104 6403 1244 25+6 32+9 0.17+0.06 6.79+0.135 0.27+0.098 92 22 35
J0843+4025 627 +10 1223 24+21 46+33 0.19+0.09 6.83+0.168 0.37+0.175 63 28 32
JO845+1519 1584 +12 2419 6+24 39+38 0.10+0.05 7.14+0.176 039+0.195 175 1.6 4.1
J0852+1350 1502 +8 2296 77+15 118+24 230+0.22 8.46+0.039 2.75+0.261 20 4.0 8.0
J0859+3923 568+3 1136 317 46+11 0.60 £0.09 7.26+0.064 0.65+0.103 54 2.8 6.5
J0900+3222 740 =30 13.18 w. 0.14+0.10 <6.76 + 0.231 <0.72 +0.520 35 34 14
JO911+3135 753+6 1356 27+x12 52+18 048+0.07 7.32+0.061 1.14=+0.171 85 20 6.5
JO917+2525 1643 +12 2545 98 +24 131 +38 0.81 £0.16 8.09+0.079 0.05+0.010 23 2.8 4.1
J0926+3343 536 +2 1063 43+4 797 271+0.10 7.86+0.015 323+0.117 72 2.2 244
J0928+2845 1224 +7 19.84 94 +14 123 +22 1.99+0.26 8.27+0.053 1.41+0.182 17 46 63
J0929+1155 1614 +8 2429 119+15 138+24 3.14+0.17 8.64 +£0.023 3.27 +0.178 37 29 37
J0931+2717 1504 +3 2359 48+6 7110 0.54+0.13 7.85+0.092 1.21+0.285 47 3.0 11.0
J0934+0625 548+4 888 868 11612 4.07+0.22 7.88+0.023 0.77+0.042 34 4.1 114
J0937+2733 1588 +1 25.08 33+2 52+3 3.04 £0.12 8.66 +0.016 1.71 +0.065 38 3.2 271
J0940+4459 1350 £ 10 2225 30+16 5025 0.11+0.05 7.11x0.163 0.25+0.114 77 28 1.3
J0942+0937 1456 +6 2193 43+13 6320 055+0.05 7.80+0.041 137+0.137 26 24 50
J0943+4134 1436 +4 2333 46+9 64+13 043+0.06 7.74+0.060 0.70+0.104 71 1.6 6.3
J0944+1000 1476 +3 22.21 64+6 87+9 223+0.14 841+0.027 1.84=x0.116 21 3.0 12.1
J0947+4138 1400 +2 2271 613 905 0.20+£0.07 7.39+0.132 042+0.149 132 1.5 27.9
J0947+3905a 1582 +4 25.11 157+7 193+12 7.00+0.50 9.02+0.030 1.29 +0.092 22 3.3 27.0
J0947+3908 1565 +4 25.11 5.00£0.40 8.87+0.033 392+0314 20 3.0 22.0
J0947+3905b 1567 +4 25.11 1.50 £ 0.20 8.35+0.054 3.48+0464 20 3.0 21.0
J0951+3842 1433 +7 23.04 29+14 56+22 048=+0.11 7.78+0.089 0.65+0.148 48 29 5.7
J0954+3620 550+5 1086 44 +10 63+15 028+0.05 6.89+0.074 0.68=+0.126 86 1.3 6.0
J0956+2716™ 1059 +2 1994 56+5 68+8 146 £0.12 8.14+£0.035 1.90=+0.161 44 3.0 10.9
J0957+2745 1184 +4 19.14 40+9 52+13 033+0.07 7.46+0.086 0.86+0.188 45 2.1 42
J0959+4736 1110 =12 18.89 80 +24 134 + 37 191 £0.16 8.21+£0.036 1.80=x0.154 47 3.6 6.8
J1000+3032 484+ 13 9.68 34+25 55+39 0.15+0.07 6.52+0.166 038+0.177 29 2.5 3.0
J1010+4617 1092 +3 18.57 w. 0.06+0.06 <6.69 +0.301 <0.34 +0.340 37 24 20
J1019+2923 885+4 1540 718 8612 1.04+0.13 7.77+0.051 136+0.170 23 2.8 5.8

Notes. ) HI parameters are adopted based on GMRT data from Chengalur & Pustilnik (2013); ¥ distance as for [C2520 = J0956+2713, a massive

component of pair with Ve = 1243 km sl
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Table A.3. Lynx-Cancer void sample galaxies with HI data from literature.

Short TAU Other Type Coord. (2000.0) Vhel Biot Mg* F(H) MHI)  Source
style name name or RA Dec kms™! mag mag Jy Lg ofHI
prefix hms e kms™! (sun)

@ &) 3 (C)) (&) © 0] ® () 10) an
J0630+3930 UGC3475 Sm 063028.86 +393013.6 487 1497 -15.88 24.60 1.76  HR89
J0630+3318 UGC3476 Im 063029.22 +331807.2 469 1496 -16.02 12.51 0.72  Sch92
J0638+2239 UGC3503 Sd 063801.40 +223906.0 1389 15.10 -17.28 9.66 0.89  Sp05
J0838+4915 UGC3501 Im: 063838.40 +491530.0 449 1720 -13.32 3.60 2.62 HR89
J0643+2252 UGC3516 Sd 0643 08.51 +225224.9 1287 1697 -15.77 2.81 0.88  Sch90
J0647+4730 KKH 38 I 0647 54.88  +473050.0 451 1740 -12.98 6.50 6.25 KKHO1
J0653+1917 UGC3587 S? 06535470  +191759.0 1267 13.84 -18.08 49.57 1.80  Sp05
J0655+3905 UGC3600 Im: 065540.00 +390542.8 412 1592 -14.21 5.50 1.49  Sch92
JO706+3020*  SDSS LSB 07062343 +302051.3 937 19.10 -12.36 3.41 17.10  CPEl6
J0706+3019 UGC3672 Im 07062756 +301919.4 994 1592 -15.54 11.94 3.15 CPEIl6
J0709+4422 UGC3698 Im 07 09 16.8 +442248.0 422 1541 -14.96 7.95 120  Sw02
JO710+4427 NGC2337 IBm 0710 13.6 +44 27 25.0 436 1348 -16.85 38.00 1.00  Sw02
JO713+1031*  UGC3755 Im 07 1351.80 +103119.0 315 1407 -15.66 10.56 0.48  Sp05
J0722+4506 UGC3817 Im 07224448  +450630.7 437 1596 -14.44 10.20 250  Sw02
J0723+3624*  SDSS LSB 072320.57 +362440.8 938 21.68 -9.56 0.48 28.30 CP13
J0725+0910 PGC020981 I 07253895 +091059.8 1202 16.69 -14.94 1.80 1.01  ALI1l
J0727+4826 UGC3853 Sdm 072739.26 +482645.4 936 1596 -15.63 4.60 .11 MV00
J0728+4046 UGC3860 Im 072817.2 +4046 13.0 354 1521 -14.50 11.76 1.72 Beg08
J0729+2754 UGC3876 SAd 07291749 +275401.9 854 13.77 -17.30 18.70 0.77 HR89
J0734+0432 UGC3912 IBm: 073412.63 +043247.1 1240 1472 -16.87 14.39 1.37  Sp05
JO736+0959*  AGC174585 - 07361030 +095911.0 357 1790 -11.54 0.54 1.01  ALII
J0741+4006 UGC3966 Im 07 4126.00 +400644.0 361 1532 -14.58 25.10 4.18  Sw02
J0741+1648*  DDO47 IBsm 074155.00 +164802.0 272 1489 -14.78 64.00 7.73  Sp05
JO742+1633*  KK65 dlrr 07423120 +163340.0 279 1551 -14.15 2.50 0.53  Beg08
J0743+0357*  CGCGO030-012 Sdm:  074308.77 +03 57 00.0 932  15.60 -1541 3.66 0.82 ALl
JO746+5117 MCG9-13-52 Sm 07465636  +511742.8 445 1654 -13.75 2.60 1.27  KKHO1
J0757+1423*  UGC4115 IAm 075701.80 +142327.0 341 1481 -14.775 21.60 2.47  Beg08
JO757+3556 UuGC4117 IBm 07572598 +355621.0 773 1536 -15.59 5.04 0.89  ONe04
J0800+4211 UGC4148 Sm 080023.68 +421137.0 716  15.66 -15.18 12.50 298  Sp05
JO801+5044 NGC2500 SBd 08015330 +5044 154 504 1214  -18.21 34.60 032  Sp05
J0813+4559 NGC2537 BCG 081314.73  +455926.3 445 1249 -17.71 21.10 0.26  MUO8
J0813+4544 1C2233 Sd 08135893 +4544343 553 1334 -17.03 47.60 1.29  MUO08
J0814+4903 NGC2541 Scd 08 1440.18  +49 03 42.1 548 1234 -1836  135.60 1.67  Sp05
J0819+5000 NGC2552 SAm  081920.14 +500025.2 524 13.01 -17.42 28.50 0.58  Sp05
J0825+3532 HS0822+3542 BCG 08255543 43532319 720 17.88 -12.97 0.34 0.61  ChO6
J0826+3535 SAO0822+3545 Im 08260559 +353525.7 740 1774  -13.11 1.00 1.58  Cho6
J0826+2145*  SDSS dI 082620.01 +214522.8 420 1823 -11.63 0.46 1.16 PMMI6
J0828+4151 DDO52 Im 082828.53 +4151228 397 1535 -14.87 10.80 1.96  Sp05
J0859+3912 UGC4704 Sdm 085900.28 +391235.7 596 1482 -15.66 22.40 2.56  HR89
J0900+2536 UGC4722 Sdm 090023.54 +253640.6 1795 15.01 -17.39 11.6 125 Chl5
J0900+2538*  UGC4722C dI 090026.11 +2538214 1837 1721 -15.19 4.30 430 Chls
J0908+0517 KKH46 dI 0908 36.54 +051726.8 598  17.21  -12.99 3.07 298 ALIl
J0929+2502 SDSS dI 092900.10 +250257.0 1661 19.03 -13.16 0.36 238 ALl
J0940+2935 KISSB23 Im 0940 12.67 +293529.3 507 1632 -13.53 2.20 1.03  PMO7
J0942+3316 UGC5186 Im 094259.10 +331600.2 551 1599 -14.23 1.40 0.50  Beg08
J0943+3326 AGC198691 dI 09433235 +332657.6 514 19.82 -1040 0.53 6.46  Hirl6
J0944+0936*  IC559 Sc 09444390 +093655.0 541 1477  -1522 5.33 0.59 PBI1
J0945+3214 UGC5209 Im 09450420 +321418.2 538 16.07 -14.08 1.53 0.73  KKHO1
J0950+3127 UGC5272b Im 09501949 +3127223 541 1756  -12.60 1.16 1.70  Sw02
J0950+3129 UGC5272 Im 09502240 +312916.0 520 1445 -1571 19.30 1.61  Sw02
J0951+0749*  UGC5288 Sdm? 09511720 +074938.0 556  14.62 -15.61 25.30 196 PBII
J0956+2716*  1C2520 S 09562040 +271339.0 1243 1427 -17.32 6.04 043 HR89
J0956+2900*  DDO68C dI 095641.07  +29 00 50.7 506 17.48 -13.12 0.73 1.00 Canl4
J0956+2849 DDO68A Im 09564570  +284935.0 502 1470 -15.90 26.70 2.86  EkO8
J0958+4744*  UGCS5354 Sm 09585340 +474413.0 1168 1415 -17.39 19.91 1.30  Sp05
J1004+2921 UGC5427 Sdm 100441.05 +292155.2 495 1491 -15.50 1.85 0.23  Sch90
J1008+2932 UGC5464 Sm 1008 07.65  +293230.5 1011 1577 -1547 2.86 0.81  Sch90
J1016+3746 UGC5540 Sc 1016 21.7 +37 46 48.7 1166 14.63 -16.85 5.37 0.54  PMO7
J1016+3754 HS1013+3809 BCG 1016245 +37 54 46.0 1173 16.02 -15.46 1.51 0.86  PMO7

References. ) Galaxy from the updated sample; HR89: Huchtmeier & Richter (1989); Sch90: Schneider et al. (1990); Sch92: Schneider et al.
(1992); Sp05: Springob et al. (2005); KKHO1: Karachentsev et al. (2001); Sw02: Swaters et al. (2002); MV00: Matthews & van Driel (2000);
CP13: Chengalur & Pustilnik (2013); AL11: Haynes et al. (2011); Beg08: Begum et al. (2008); ONe04: O’Neil (2004); MUOS: Matthews & Uson
(2008); Ch06: Chengalur et al. (2006); PMM16: Pustilnik et al. (2016); Ch15: Chengalur et al. (2015); Canl4: Cannon et al. (2014); PMO07:
Pustilnik & Martin (2007); Hir16: Hirschauer et al. (2016); PB11: Popping & Braun (2011); CPE16: Chengalur et al. (2016).
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