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Abstract
We investigate the relationship between stellar mass, metallicity and gas content for a magnitude- and volume-limited sample of 260 nearby late-type galaxies in
different environments, from isolated galaxies to Virgo cluster members. We derive oxygen abundance estimates using new integrated, drift-scan optical spectroscopy
and the base metallicity calibrations of Kewley & Ellison (2008). Combining these measurements with ultraviolet to near-infrared photometry and HI 21 cm line
observations, we find that, at fixed stellar mass, galaxies with lower gas fractions typically also possess higher oxygen abundances. We also observe a relationship
between gas fraction and metal content, whereby gas-poor galaxies are typically more metal-rich. Statistically, the stellar-mass metallicity relation is nearly invariant to
the environment, in agreement with recent studies. These results indicate that internal evolutionary processes, rather than environmental effects, play a key role in
shaping the stellar mass-metallicity relation. See arXiv:1207.4191.

1. The Herschel Reference Survey

2. Integrated optical spectroscopy of the HRS

The Herschel Reference Survey is a magnitude- and volume-limited sample covering
323 nearby galaxies in a range of environments, from isolated systems to Virgo
cluster members (Boselli et al. 2010).

Integrated, drift-scan optical spectra from the OHP ~2m telescope and CARELEC
long-slit spectrograph are available for 139 galaxies.

Sample selection criteria:
•
•
•
•

15 - 25 Mpc volume limit
2MASS KsTot ≤ 12 mag
Galactic latitude > +55º
Extinction AB < 0.2

Ancillary data is complete for:
•
•
•
•

H, B & V photometry
NUV GALEX imaging
HI 21cm
optical spectra
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Fig. 2: Examples of the drift-scan technique and resulting integrated spectra.

Fig. 1: Sky distribution of HRS galaxies. Virgo cluster
members are shown as red circles.

They cover between 3700Å and 7000Å with R~1000, including Hα, Hβ, [OII], [OIII],
[NII] and [SII] emission lines. Combined with spectra from the literature, we have
assembled a homogeneous dataset of spectral properties for 237 / 260 late-types.

3. Defining the stellar mass – metallicity relation

4. What governs the scatter of the relation?

Oxygen abundance estimates are obtained using optical emission line ratios
measured from the new HRS spectroscopy. We apply five different calibrations to
each spectra, convert these results into a base metallicity using the relations of
Kewley & Ellison (2008), and then take the error-weighted average.

Since a simple closed-box model of chemical evolution predicts a relationship
between metallicity and gas (e.g. Edmunds 1990), we study the role of gas content in
shaping the relation. Here, gas fraction is equal to HI mass / (HI mass + stellar mass).

Oxygen abundance

Fig. 3: Stellar mass – metallicity relation obtained
for the HRS sample using the Pettini & Pagel
(2004) O3N2 as base metallicity. The black line is
the relation found by Kewley & Ellison (2008), the
red and green lines are our own fit to the data.

HI deficiency is:
the difference between the
observed HI mass and that
expected for an isolated
galaxy of similar size and type.
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The shape and scatter of our relation is
consistent with previous works.

Gas fraction

Fig. 5: The relationships between stellar mass (left panels) and gas fraction (right panels) with oxygen
abundance (upper panels) and scatter (lower panels).
Fig. 4: Defining the scatter in the M-Z relation

Our final conclusions are independent of the choice of calibrations or base metallicity.

We find that gas fraction is anti-correlated with metallicity for normal galaxies. Gas
deficient systems are preferentially found at higher metallicities.

6. Conclusions

5. Gas deficiency and cluster metallicity enhancements

We find that the gas fraction correlates with
metallicity, whereby higher mass galaxies are
typically metal-rich and gas-poor. The scatter in
the M-Z relation correlates with gas fraction. Our
work supports a scenario where a variation in SF
efficiency with stellar mass drives evolution.

Metal enhancements in HI deficient
galaxies may arise from a selection
effect.
Gas
stripping
by
the
environment will reduce number of
observed HII Regions since there is
less fuel for star formation. Only HII
regions within the stripping radius will
contribute to the observed spectra,
where gas remains as fuel for new
stars to continue to be created.
Galaxies with strong metallicity
gradients appear more metal rich.
Metallicities “before” and “after” gas
stripping are compared by integrating
the luminosity-weighted metallicity
profiles from Skillman et al. (1996).

Blue circles –
Galaxies with normal gas content
Red circles –
Gas deficient objects, i.e.
galaxies missing up to 70% of their
gas compared to healthy isolated
systems.

7. Future work
Fig. 6: The results of a simple model which may explain HI deficient cluster galaxies.
Left: Radial metallicity gradient of NGC 4254 from Skillman et al., along which the mean
metallicity was calculated for i) the whole profile and ii) R<RE , i.e. before and after stripping.
Right: The mass-metallicity relation, highlighting gas deficient (red circles) and normal starforming galaxies (blue circles). For NGC 4254, the model predicts a metallicity
enhancement of 0.05-0.1 dex, enough to shift a galaxy from the relation (solid black line).

Two upcoming projects, After-Sloan 3 / MaNGA
(P.I.: K. Bundy) and the China Lijiang IFU project
(P.I.: L. Hao),
will both provide the 3D
spectroscopy crucial to determine the true nature of
the correlation of gas deficiency and metallicity.
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