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ABSTRACT

Context. Evolution of galaxies through cosmic time has been widely studied at high redshift, but there are a few studies in this field at
lower redshifts. However, low-redshifts studies will provide important clues to the evolution of galaxies, furnishing the required link
between local and high-redshift universe.
Aims. In this work we focus on the metallicity of the gas in spiral galaxies at low redshift looking for signs of chemical evolution. We
analyze the metallicity contents of star forming galaxies of similar luminosities at diﬀerent redshifts, we studied the metallicity of star
forming galaxies from SDSS-DR5 (Sloan Digital Sky Survey-Data Release 5), using diﬀerent redshift intervals from 0.1 to 0.4.
Methods. We used the public data of SDSS-DR5 processed with the STARLIGHT spectral synthesis code, correcting the fluxes
for dust extinction, estimating metallicities using the R23 method, and analyzing the samples with respect to the [N ii] λ6583/[O ii]
λ3727 line ratio.
Results. From a final sample of 207 galaxies, we find a decrement in 12+log(O/H) corresponding to the redshift interval 0.3 < z < 0.4
of ∼0.1 dex with respect to the rest of the sample, which can be interpreted as evidence of the metallicity evolution in low-z galaxies.
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1. Introduction
Determination of the chemical composition of the gas in galaxies versus cosmic time provides a very important tool for understanding galaxy evolution, due to its important impact on fields
such as stellar evolution and nucleosynthesis, gas enrichment
processes, and the primary or secondary nature of the diﬀerent
species.
Optical emission lines in galaxies have been widely used
to estimate abundances in extragalactic H ii regions (e.g. Aller
1942; Searle 1971; Pagel 1986; Shields 1990). The direct
method of estimating metallicity in galaxies is known as the
“T e method” (Pagel et al. 1992; Skillman & Kennicutt 1993),
and consists of measuring the oxygen abundance from the electron temperature of the H ii region obtained using, the ratio of
a high-excitation auroral line such as [O iii] λ4363 to the lower
excitation [O iii] λλ 4959, 5007 lines.
However, [O iii] λ4363 is too weak, not only in metal-rich,
but even in metal-poor galaxies. In the absence of this auroral line, metallicities have to be estimated from strong line ratios, such as the R23 ratio introduced by Pagel et al. (1979).
This is a commonly used and well-calibrated method of estimating metallicity abundances (see Alloin et al. 1979; Edmunds &
Pagel 1984; McCall et al. 1985; Dopita & Evans 1986; Pilyugin
2000, 2001; Tremonti et al. 2004; Kewley & Dopita 2002;
Liang et al. 2006, hereafter L06). Nevertheless, this method
has the disadvantage of being double-valued as a function of
12 + log(O/H). Besides R23 , there are other strong-line methods useful for determining abundances of high-metallicity, starforming galaxies, for example the N2 = [N ii] λ6583/Hα method

(Denicoló et al. 2002; Pettini & Pagel 2004), the S 23 =
([S ii] λλ6717, 6731 + [S iii] λλ9069, 9532)/Hβ (Vílchez &
Esteban 1996), among others. For a detailed discussion of the
diﬀerent methods see Bresolin (2006) and Kewley & Ellison
(2008).
Many studies of metallicity evolution exist as a function of cosmic time, although many of them refer to damped
Lyman α systems at z > 2 (e.g. Pettini et al. 2002; Henry &
Prochaska 2007). For the evolution of the mass-metallicity relation of star-forming galaxies, Erb et al. (2006) find evolution
at z >
∼ 2 and z ∼ 3.5, respectively. Also, Brooks et al. (2007)
and Finlator & Davé (2008), among others, derive cosmological
models of the mass-metallicity relation, while at intermediate
redshifts (1 < z < 2), there are several important studies of the
evolution of the chemical composition of the gas, such as the
ones by Lilly et al. (2003), Kobulnicky et al. (2003), and Maier
et al. (2006).
Among the studies at z < 1, mainly based on small samples,
Savaglio et al. (2005) have investigated the mass-metallicity relations using galaxies at 0.4 < z < 1, finding that the metallicity
is lower at higher redshift, for the same stellar mass, by 0.15 dex.
Also, Maier at al. (2005), with a sample of 30 galaxies with
0.47 < z < 0.92, find that one-third have metallicities lower than
those of local galaxies with similar luminosities and star formation rates. In contrast, Carollo & Lilly (2001) use emissionline ratios of 15 galaxies in a range of 0.5 < z < 1 to find that
their metallicities appear to be remarkably similar to those of
local galaxies selected with the same criteria. A similar result
was found for the luminosity-metallicity relation by Lamareille
et al. (2006), comparing star-forming galaxies at local and
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intermediate redshift (0.2 < z < 1, split into 0.2 redshift bins).
However, Buat et al. (2008) and Kobayashi et al. (2007) have derived a model of metallicity evolution as a function of z, which
show a progressive increase in metallicity with time, even at low
redshift.
There is, then, a need to increase the lower redshift galaxy
samples to ascertain whether or not at such low redshifts
(i.e. small lookback times, of the order of 8.4 Gyr for z ∼ 0.5,
using a concordance cosmology) any evidence exists of metallicity evolution. The SDSS database provides an excellent opportunity for extending these studies up to z ∼ 0.4 to explore
a possible evolution of metallicity at low-redshift using larger
samples, thus deriving more statistically significant results.

2. Sample selection
We used the SDSS-DR5 (Adelman-McCarthy et al. 2007) spectra from the STARLIGHT Database1 , which were processed
through the STARLIGHT spectral synthesis code developed by
Cid Fernandes and colleagues (Cid Fernandes et al. 2005, 2007;
Mateus et al. 2006; Asari et al. 2007). We obtained the emission lines fluxes measurements of our samples from the continuum subtracted spectra. For each emission line, STARLIGHT
code returns the rest frame flux and its associated equivalent
width (EW), linewidth, velocity displacement relative to the restframe wavelength and the S/N of the fit. In the case of Balmer
lines, the underlying stellar absorption was corrected using synthetic spectra obtained by fitting an observed spectrum with a
combination of N = 150 simple stellar population (SSPs) from
the evolutionary synthesis models of Bruzual & Charlot (2003).
Since we are interested in studying the chemical evolution
of emission-line galaxies at diﬀerent redshifts, our sample was
divided into three intervals: z1 = (0.1−0.2), z2 = (0.2−0.3), and
z3 = (0.3−0.4). To avoid luminosity biases, we selected galaxies in the same luminosity intervals, taking as a reference the
magnitude completeness of the farthest interval z3 . Then, we selected sample galaxies with absolute Petrosian r magnitude in
the range −24.8 < Mr < −23.1 mag. As a consequence, we end
with a sample spanning a narrow luminosity range, thus avoiding luminosity-metallicity evolutionary eﬀects, as will be shown
in Fig. 5. Absolute magnitudes were both, K and Galactic extinction corrected by using the code provided by Blanton et al.
(2003) and the maps of Schlegel et al. (1998), respectively, as
provided by the STARLIGHT team. The Schlegel resulting sample contains 25 812 galaxies for z3 , 15 193 for z2 and 4225 for
z1 . It was not possible to extend the sample to redshifts lower
than 0.1 due to the scarce number of spectra.
From this sample we only consider galaxies whose spectra show in emission the Hα, Hβ, [N ii] λ6583, [O ii] λ3727,
[O iii] λ4959, and [O iii] λ5007 lines, with a signal-to-noise ratio for [O ii] λ3727 higher than 3σ. A final selection for starforming galaxies excluding AGNs was made using the criteria
given by Kauﬀmann et al. (2003) in the [O iii] λ5007/Hβ vs.
[N ii] λ6583/Hα diagram, leaving a sample of 34 galaxies for z3 ,
142 for z2 , and 40 for z1 .
Since Balmer lines have already been corrected for underlying stellar absorption by the STARLIGHT code, it is only
necessary to correct emission lines for dust extinction. Our extinction correction was derived using the Cardelli extinction
curve (Cardelli et al. 1989) and the Balmer decrements, assuming case B recombination for a density of 100 cm−3 and
1
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Fig. 1. Calibration relation between 12+log(O/H) and log([N ii] λ6583/
[O ii] λ3727) for the three samples in redshift, triangles represent galaxies of the sample at redshift z1 , squares galaxies of z2 , and asterisks
galaxies of z3 . The solid line represents the best fit of the data using a
linear fit, with the 2σ discrepancy in short dashed lines, and the dotdash line for an order three polynomial fit given by L06.

a temperature of 104 K, results in a Hα/Hβ predicted ratio (unaﬀected by reddening or absorption) of 2.86 (Osterbrock 1989).

3. Metallicity estimates
We estimate metallicities using the R23 relation, introduced
by Pagel et al. (1979), R23 = ([O ii] λ3727]+[O iii] λλ4959,
5007])/Hβ, adopting the calibration given by Tremonti et al.
(2004), 12 + log(O/H) = 9.185 − 0.313x − 0.264x2 − 0.321x3,
where x = log R23 .
However, this calibration is valid only for the upper branch
of the double-valued R23 abundance relation, and additional
line ratios, such as [N ii] λ6583/[O ii]λ3727, are required to
break this degeneracy. Since the upper and lower branches of
the R23 calibration bifurcates at log([N ii]/[O ii]) ∼ −1.2 for the
SDSS galaxies (Kewley & Ellison 2008), which corresponds to
a metallicity of 12 + log(O/H) ∼ 8.4, we select galaxies having
12 + log(O/H) > 8.4 and log([N ii]/[O ii]) > −1.2, corresponding
to the upper R23 branch. Applying this criterion, we end up with
a final sample of 28 galaxies for z3 , 140 for z2 , and 39 for z1 , by
discarding galaxies of the lower branch we are not introducing a
bias because 96% of our galaxies lie in the upper branch.
From these data, we derived the abundance-sensitive diagnostic diagram [N ii] λ6583/[O ii] λ3727 vs. 12 + log(O/H), represented in Fig. 1. We selected this diagram due to its low scatter and physical information. The advantages of using [N ii] and
[O ii] lines is that they are not aﬀected by underlying stellar population absorption, and because this ratio is almost independent
of the ionization parameter, since N+ and O+ have similar ionization potentials.
This diagram has also been used by Kewley & Dopita
(2002), Nagao et al. (2006), and L06 among other metallicitysensitive emission-line ratios, like log([N ii] λ6583/Hα),
log([O iii] λ5007/Hβ)/[N ii] λ6583/Hα), and log([O iii] λ4959,
5007/Hβ). Figure 1 shows our three samples in redshift, as well
as the fits of L06 for their sample (0.04 < z < 0.25, and Petrosian
r magnitude in the range 14.5 < mr < 17.77).
To interpret our results, it is important to note that we
are working with the integrated spectra, but that we are comparing with previous studies of nuclear spectra. As shown by
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Fig. 2. Normalized metallicities histograms for our three samples. The
dashed line represents the sample in the redshift interval z1 , the sample
at z2 is symbolized by a solid line, and the dot-dashed line corresponds
to the sub-sample at redshift z3 .
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Fig. 3. Luminosity-Metalicity relation for our sample of galaxies, symbols follow the same code used in Fig. 1.

5. Discussion
Kewley et al. (2005) and L06, using a sample of Jansen et al.
(2000), data points from nuclear spectra follow the SDSS galaxies nuclear spectra very well, but data points from the integrated spectra show lower 12 + log(O/H). The nuclear metallicities exceed the metallicities derived from integrated spectra
by ∼0.13 dex on average.
Based on this diagram, we claim that an evolution with redshift is present in our sample. There is a clear decrement of
∼0.07 dex in 12 + log(O/H), corresponding to the samples of
z1 and z2 compared to the L06 polynomial fit, an eﬀect resulting from the fiber size with respect to the size of the galaxies, as pointed out by Kewley et al. (2005). Both samples are
also ∼0.4 dex lower in [N ii] λ6583/[O ii] λ3727. However, the
z3 sample is ∼0.1 dex lower in 12 + log(O/H) with respect to
the z1 and z2 samples. Samples corresponding to z1 and z2 , seem
to follow the same distribution in metallicity, but the z3 sample shows a clear decrement in 12 + log(O/H) of ∼0.1 dex and
[N ii] λ6583/[O ii] λ3727 of ∼0.2 dex related to the other two
samples.

4. Metallicity evolution
To validate the decrement observed in Fig. 1, we proceed to generate a histogram of metallicities for our three redshifts samples as shown in Fig. 2. In the histograms we can appreciate
a shift to lower metallicities as redshift increases, even for the
z1 and z3 samples, in which we have only 39 and 28 galaxies,
respectively.
Although the derived distributions suggest a metallicity evolution, to investigate whether or not these could be an artifact due
to the limited number of galaxies, we performed Monte Carlo
simulations to determine the probability that the three distributions represent the same sample. Taking as a reference the z2 distribution, because it has the larger number of galaxies, we simulated this distribution by fitting a Gaussian, but using the number
of galaxies of the other two samples. After a thousand simulations, we find an 8% and a 3.5% probability that this distribution
represents the same as that of z1 , and z3 , respectively. This result supports the idea of an intrinsic evolution in metallicity as
observed at z3 .

To investigate whether the origin of the decrement in metallicity of sample z3 is due to instrumental eﬀects or to an inherent property of the sample of galaxies, it is necessary to explore
three important eﬀects: the origin of nitrogen, the eﬀect of the
3 arcsec diameter of the Sloan fibers, and the luminositymetallicity relation.
5.1. Nitrogen and oxygen abundances

The observed decrement in metallicity at the higher redshift
could be due to the primary or secondary origin of nitrogen as
redshift increases. To determine the origin of nitrogen in our
samples, we estimate the abundance for these galaxies, a detailed explanation of this method will be given in our next paper (in preparation). We do not appreciate a significant diﬀerence between our redshift samples concerned with the primary
or secondary origin of nitrogen. For the sample z3 , a 57.2% of the
galaxies lie in the primary zone of the nitrogen, and the rest in
the secondary part. Therefore, the decrement observed in metallicity is not due to a bias in the primary or secondary origin of
nitrogen in the samples. Our results agree with those obtained
by Vila-Costas & Edmunds (1993), L06, Kennicutt et al. (2003).
5.2. Effect of the Sloan fiber diameter

With respect to the Sloan fibers, we expect that at higher redshift, the projected size of the Sloan fibers will cover a larger
fraction of galaxy area than for nearby galaxies. As argued in
Sect. 3, since integrated metallicities are lower than nuclear, this
could explain the metallicity decrease that can be observed for
the z3 sample with respect to the other ones. To quantify this effect for our sample, we estimated the percentage of angular size
of each galaxy inside the Sloan fiber using the Petrosian total
radius in r band in arcsec.
We find that the 3 arcsec diameter of the Sloan fibers cover
a maximum of 50% of the angular size of the galaxies for the
100% of the z1 sample, 98% of the z2 sample, and 90% of
the z3 sample. It is clear that the diﬀerences are not significant
and that the observed decrement in metallicity should not be attributed to a diﬀerential projected size of Sloan fibers at each
sample.
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5.3. Effect of the luminosity-metallicity relation

We also discard the eﬀects of a luminosity-metallicity relation,
because the galaxies in our sample do not show a dependence
of luminosity versus metallicity, as show in Fig. 5, since we are
using the same range of 1.7 absolute magnitudes at every redshift interval, which is too small to find significant diﬀerences
in metallicity. Important variations in the luminosity-metallicity
relation can only be seen when spanning ranges of ∼5 mag.

6. Conclusions
Although similar studies of metallicity using SDSS exist, they
are either restricted to a redshift ∼0.1 (e.g. Tremonti et al.
2004) or do not separate their samples as a function of redshift
(e.g. L06), thus making it impossible to detect metallicity evolution. Finally, studies at high redshift are statistically limited.
After exploring possible biases on the sample, the results obtained in the present work suggest prima facie evidence of an
intrinsic metallicity evolution in the local Universe, showing a
decrement of ∼0.1 dex in 12 + log(O/H) at a redshift interval
0.3 < z < 0.4, a result consistent with the models of metallicity
evolution in Buat et al. (2008) and Kobayashi et al. (2007).
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MNRAS, 358, 363
Cid Fernandes, R., Asari, N. V., Sodré, L., et al. 2007, MNRAS, 375, L16
Denicoló, G., Terlecivh, R., & Terlevich, E. 2002, MNRAS, 330, 69
Dopita, M. A., & Evans, I. N. 1986, ApJ, 307, 431
Edmunds, M. G., & Pagel, B. E. J. 1984, MNRAS, 211, 507
Erb, D. K., Shapley, A. E., Pettini, M., et al. 2006, ApJ, 644, 813
Finlator, K., & Davé, R. 2008, MNRAS, 385, 2181
Gunn, J. E., Siegmund, W. A., Mannery, E. J., et al. 2006, AJ, 131, 2332
Henry, R. B. C., & Prochaska, J. X. 2007, PASP, 119, 962
Jansen, R. A., Fabricant, D., Franx, M., & Caldwell, N. 2000, ApJS, 126, 331
Kauﬀmann, G., Heckman, T. M., Tremonti, C., et al. 2003, MNRAS, 346, 1055
Kennicutt, R. C., Jr., Bresolin, F., & Garnett, D. R. 2003, ApJ, 591, 801
Kewley, L. J., & Dopita, M. A. 2002, ApJS, 142, 35
Kewley, L. J., & Ellison, S. L. 2008, ApJ, 681, 1183
Kewley, L. J., Jansen, R. A., & Geller, M. J. 2005, PASP, 117, 227
Kobayashi, C., Springel, V., & White, S. D. M. 2007, MNRAS, 376, 1465
Kobulnicky, H. A., Willmer, C. N. A., Phillips, A. C., et al. 2003, ApJ, 599, 1006
Lamareille, F., Contini, T., Brinchmann, J., et al. 2006, A&A, 448, 907
Liang, Y. C., Yin, S. Y., Hammer, F., et al. 2006, ApJ, 652, 257 (L06)
Lilly, S. J., Carollo, C. M., & Stockton, A. 2003, ApJ, 597, 730
Maier, C., Lilly, S., Carollo, C. M., Stockton, A., & Brodwin, M. 2005, ApJ, 634,
849
Maier, C., Lilly, S., Carollo, C. M., et al. 2006, ApJ, 639, 858
Mateus, A., Sodré, L., Cid Fernandes, R., et al. 2006, MNRAS, 370, 721
McCall, M. L., Rybski, P. M., & Shields, G. A. 1985, ApJS, 57, 1
Nagao, T., Maiolino, R., & Marconi, A. 2006, A&A, 459, 85
Osterbrock, D. R. 1989, Astrophysics of Gaseous Nebulae and Active Galactic
Nuclei (Mill Valley CA: University Science Books)
Pagel, B. E. J. 1986, PASP, 98, 1009
Pagel, B. E. J., Edmunds, M. G., Blackwell, D. E., Chun, M. S., & Smith, G.
1979, MNRAS, 189, 95
Pagel, B. E. J., Simonson, E. A., Terlevich, R. J., & Edmunds, M. G. 1992,
MNRAS, 255, 325
Pettini, M., & Pagel, B. E. J. 2004, MNRAS, 348, L59
Pettini, M., Ellison, S. L., Bergeron, J., & Petitjean, P. 2002, A&A, 391, 21
Pilyugin, L. S. 2000, A&A, 362, 325
Pilyugin, L. S. 2001, A&A, 369, 594
Savaglio, S., Glazebrook, K., Le Borgne, D., et al. 2005, ApJ, 635, 260
Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
Searle, L. 1971, ApJ, 168, 327
Shields, G. A. 1990, ARA&A, 28, 525
Skillman, E. D., & Kennicutt, R. C., Jr. 1993, ApJ, 411, 655
Stoughton, C., Lupton, R. H., Bernardi, M., et al. 2002, AJ, 123, 485
Thurston, T. R., Edmunds, M. G., & Henry, R. B. C. 1996, MNRAS, 283, 990
Tremonti, C. A., Heckman, T. M., Kauﬀmann, G., et al. 2004, ApJ, 613, 898
Vila-Costas, M. B., & Edmunds, M. G. 1993, MNRAS, 256, 199
Vílchez, J. M., & Esteban, C. 1996, MNRAS, 280, 720

