
Relations between stellar mass, metallicity and gas content 

for nearby late-type galaxies in different environments

ABSTRACT

The stellar mass-metallicity relation provides an important observational tool for studying galaxy evolution, especially since models can now predict the observed relation. However, recent

studies seem to contradict earlier claims that cluster galaxies are typically more metal rich than their counterparts in the field (e.g. Skillman et al. 1996), finding only weak metallicity

enhancements. We investigate the relationships between stellar mass, metallicity and gas content for a complete volume-limited sample of nearby late-type galaxies in different environments,

from isolated galaxies to Virgo cluster members. We first derive reliable oxygen abundance estimates using new optical, integrated drift-scan spectroscopy and the base metallicity calibrations

of Kewley & Ellison (2008), and combine these measurements with ultraviolet to near-infrared photometry and HI 21cm line observations. We reconstruct cluster and field M-Z relations, and

find that the overall shape and scatter of the relation is shown to be invariant to the environment, in agreement with the literature. In fact, we observe a relationship between gas fraction and

metal content, whereby gas rich galaxies are typically metal poor. Relationships between gas fraction, metal content and stellar mass seem to indicate that star-forming galaxies primarily

evolve according to internal processes, with evidence also suggesting that the M-Z relation may be reproduced using an increasing efficiency of star formation with increasing mass. We

further demonstrate how some gas deficient cluster spirals may only appear to be more metal rich compared to their field counterparts due to a selection effect arising from the removal of gas

via the interaction with the intracluster medium.
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HI DEFICIENCY AND 

CLUSTER METAL ENHANCEMENTS

Past studies found that cluster galaxies typically

possessed metallicity enhancements with

respect to the field, (e.g. Skillman et al. 1996)

contradictory to more recent works (e.g. Ellison

et al. 2009) and the results presented here.

An alternative explanation for the observed

metallicity enhancements may arise a selection

effect in the observations. Gas stripping from the

galaxy via an environmental mechanism will

lead to a reduction in the number of observed

HII Regions since there is less fuel for star

formation. Only HII regions within the stripping

radius will contribute to the spectra, where gas

remains as fuel for new stars to continue to be

created. Galaxies with strong metallicity

gradients may thus appear more metal rich.

By integrating the luminosity-weighted metallicity

profiles from Skillman et al., the measured

metallicities “before”and “after” gas stripping can

be compared.

CONCLUSIONS

We find that the gas fraction correlates with

metallicity, whereby higher mass galaxies are

typically metal rich and gas poor, and lower

mass galaxies are metal poor but gas rich.

Our work supports a scenario where a variation

in star formation efficiency with stellar mass

drives evolution.
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Upper panels:: The gas fraction-metallicity relations are shown for the total sample, the Virgo

cluster members (red circles) and the non-Virgo, field galaxies (blue circles). Lower panels:

The residual metallicites from the field M-Z relation clearly correlate with the gas content.

Comparing the two figures, it is clear the mass-metallicity and gas fraction-metallicity

relations show no variation with environment. However, metallicity correlates with gas

content more strongly than the stellar mass and this trend remains after removing the

underlying mass dependency.

METALLICITY, STELLAR MASS AND GAS CONTENT

Figure 6: Combining these new metallicity

measurements with dust mass estimates

derived from Herschel/SPIRE observations will

give us knowledge of each stage of chemical

evolution.

THE HERSCHEL REFERENCE SURVEY SAMPLE

Figure 1: The sky distribution of the 323

galaxies comprising the Herschel

Reference Survey (Boselli et al. 2010), an

ideal sample for studying galaxy properties

in different environments.

Galaxies are selected with four criteria:

• Mass-limited: KStot brighter than12 mag

• Volume-limited: 15 < Distance < 25 Mpc

• High galactic lattitude: b > 55 deg

• Low galactic extinction: AB < 0.2

The sample is divided into Virgo cluster

members (red circles) and non-Virgo, field

galaxies (other symbols).

Figure 3: The relations between stellar mass and oxygen abundance. Upper panels: The

stellar mass-metallicity relations are shown for the total sample and divided by Virgo cluster

(red circles) and non-Virgo, field galaxies (blue circles). Lower panels: The residual

metallicities, determined from subtracting the best fit field M-Z relation, show no variation

between environments.

Figure 5: The results of a simple model which may explain HI deficient cluster galaxies.

Left panels: Radial metallicity gradients from Skillman et al., along which the mean

metallicity was calculated for i) the whol profile and ii) R<RE , i.e. before and after stripping.

Right panels: The mass-metallicity relation, highlighting gas deficient (red circles) and

normal star-forming galaxies (blue circles). For the two galaxies NGC4254 and NGC4321,

the model predicts a metallicity enhancement of 0.05-0.1 dex, enough to shift a galaxy

from the observed mass-metallicity relation (solid black line) to match the distribution of gas

deficient objects (dashed black line).

CONSTRUCTING STELLAR MASS – METALLICITY RELATIONS

Figure 2: Stellar mass – metallicity relations obtained for the HRS sample using the Denicolo

et al. (2002; left panel) and Pettini & Pagel (2004; right panel) O3N2. The black line is the

relation found by Kewley & Ellison (2008), the red line is our own fit to the data.

Regardless of the calibration used, we reach the same conclusions in the analysis.

Metallicity estimates are obtained using optical emission line ratios measured from new,

integrated drift scan 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 average.

Out of the 261 total HRS late-types, 260 (99%) have GALEX NUV magnitudes, 231 (88.5%)

have optical , integrated drift-scan spectroscopy, 251 (96.2%) have HI 21 cm line

measurements, and the sample is complete in the H band.


