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Resumen
En el siguiente trabajo estudiamos el efecto del entorno sobre la morfologı́a, la tasa

de formación estelar (SFR) y la tasa de formación estelar especı́fica (sSFR) a partir de una
muestra de originalmente 192543 galaxias dentro de un rango de redshift de 0 < z < 0:213
usando el cartografiado Galaxy and Mass Assembly (GAMA). Definimos una muestra
control eliminando las galaxias en grupos y a partir de esta una posterior submuestra
limitada en volumen para ası́ controlar por efectos de selección. Se encuentran aumentos de
la SFR de 0:108 y 0:042 dex en la relación M-SFR para galaxias en filamentos como señales
cuantitativas del efecto del entorno. Respecto a la morfologı́a, partimos de una distribución
bimodal en el ı́ndice de Sérsic para las muestras completas de GAMA y filamentos en
GAMA, con un 53% (GAMA) de las galaxias clasificadas como tipos tardı́os y un 57%
(filamentos) como tipos tempranos. Estas diferencias desaparecen cuando consideramos la
muestra control y la limitada en volumen, poniendo de manifiesto la importancia del uso de
este método para encontrar diferencias en propiedades estadı́sticas de muestras de galaxias.

Abstract
We study the environmental dependencies for morphology, star formation rate (SFR)

and specific star formation rate (sSFR) from a original sample of 192543 galaxies within a
redshift range of 0 < z < 0:213 using the Galaxy And Mass Asssembly (GAMA) survey. We
define a control sample by removing galaxies in groups, and a volume limited subsample
to control for selection effects. We find SFR enhancements of about 0:108 and 0:042 dex
in the M-SFR relation of filament galaxies which is a quantitative sign of an effect of the
environment. Regarding the morphology, we find a bimodal distribution in the Sersic Index
for the full GAMA and filaments in GAMA catalogs, with a 53% (GAMA) as late-type,
and a 57% (filaments) as early-type galaxies. However, this difference disappear when the
control and volume limited samples are considered, revealing the importance of using this
methodology to find differences in statistical properties from galaxy samples.
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1. Introduction: large-scale structure

Galaxies are not spread out randomly across the Universe, they are arranged in the
cosmic web which is composed of clusters and superclusters connected to each other by
groups of galaxies. According to the density, galaxies can be classified as belonging to
different types of regions: filaments, clusters, or voids. The properties of galaxies vary
systematically as a function of environment which acts as determining to their fate and
evolution. Regarding to the dark matter distribution, Sheth and Tormen (2004) find evidence
that dark matter haloes of a given mass form earlier in dense regions and it has been found
that other halo properties such as concentration and spin correlate with local environment.
Hahn et al. (2007) investigated the redshift evolution of dark matter haloes properties in
different large-scale structure environments and found that it influences the halo shape
and formation time depending on the halo mass in relation to the typical mass scale of
gravitational collapse at each redshift.

Figure 1: Galaxy distribution in the three GAMA regions, colour coded according to the
environment classification given in Alpaslan et al. (2014). Groups in filaments, galaxies
near filaments, galaxies in tendrils and void galaxies are shown in cyan, blue, green and
red, respectively.
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On the other hand, galaxy properties in the local Universe are known to vary systemat-
ically with environment. The morphological type of galaxies is earlier in the locally denser
regions (morphology–density relation) (Avila-Reese 2007). Observational studies show that
other properties besides morphology vary with environment: the galaxy property most
sensitive to environment is specific star formation rate (sSFR) (Kauffmann et al. 2004), since
the proximity of galaxies can often trigger dormant regions of gas into infall and galaxies
in a dense environment are found to have suppressed star formation rates (Tanaka et al.
2004) from those of field galaxies. Other properties associated with star formation rate
such as colour, stellar mass, gas content or luminosity function correlate strongly with local
density. Different studies suggest that the origin of this relation could be a combination
of initial cosmological conditions (nature) and external mechanisms that operate mostly in
dense environments (nurture), such as ram-pressure and tidal stripping, galaxy harassment,
strangulation or thermal evaporation of the disk gas, etc.

In the nature-nurture scenario driving galaxy evolution we focus on the nurture aspect,
in particular we are concerned in determining whether a galaxy in a filament, in this case,
is discernibly different from a field galaxy. Our understanding of large-scale structure (�
1h�1Mpc) and its possible influence in galaxies evolution is developed thanks to simulations
and galaxy surveys like the 2dFGRS, the MGC, the SDSS-DR7, the 6dFGS and GAMA. In
this work, we use the large-scale structure classification for the three equatorial GAMA
fields done by Alpaslan et al. (2014), shown in Figure 1. Their algorithm detect filaments
of groups and galaxies as well as smaller structures known as tendrils and voids. Tendrils
would correspond to coherent structures on a much smaller scale than filaments which are
formed entirely by galaxies, whereas voids are less dense regions. The algorithm works
on the basis of two assumptions: first, that all bright, high luminosity groups tend to
live in knots of filaments and second, that void galaxies are only clustered at extremely
small scales. The method to find filaments is based on a minimal spanning tree (MST)
approach to groups of galaxies, instead of galaxies so that they pick out skeletal patterns
and linear associations, detecting objectively large-scale structure in the Universe. Then,
given a sample of groups and galaxies the algorithm generate an MST on group centres and
define as filaments the structures left over after removing excessively lengthy edges. The
next step is defining tendrils as the remaining unbroken chain after removing galaxies near
filaments and generating MST on unassociated galaxies. The rest of galaxies that are not in
tendril or near filaments are classified as void galaxies.

1.1. Galaxy and Mass Assembly survey (GAMA)

The Galaxy and Mass Assembly (GAMA) survey is a spectroscopic galactic survey
carried out with the 3.9m Anglo-Australian Telescope (AAT) using the 2dF fibre feed and
AAOmega multi-object spectrograph aiming to obtain about 300 000 galaxy redshifts out
to a magnitude of mr= 19.8 mag. Here, Driver, S.P. and Hopkins, A. figure as principal
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investigators in the GAMA team. The spectra were taken with 2 arcsec diameter �bre,

a spectral coverage from 3700 to 8900 Å, and spectral resolution of 3.2 Å. In general,

GAMA lies in the parameter space between that occupied by the very wide shallow surveys

and the deep pencil beam surveys, and other recent surveys such as SDSS, UKIDS and

GALEX overlap with GAMA regions. The GAMA survey spans across three equatorial

�elds measuring 12 � 5 deg2 and two southern �elds out to mr = 19:8, except for G23 with

a limit out to mi = 19:2. These survey regions are presented in the Table 1.

Region RA range Dec range
G02 30.2 to 38.8 -10.25 to -3.72
G09 129.0 to 141.0 -2 to +3
G12 174.0 to 186.0 -3 to +2
G15 211.5 to 223.5 -2 to +3
G23 339.0 to 351.0 -35 to -30

Table 1: Right ascension and declination ranges for the GAMA survey regions.

The two main objectives of GAMA are to use the galaxy distribution to conduct tests of

the cold dark matter (CDM) paradigm and to study the internal structure and evolution of

the galaxies. GAMA is optimized to study structure on � 10h� 1 Mpc to � 1h� 1 kpc scales,

which includes galaxy clusters, groups, mergers and measurements of galaxy structure such

as bulges and discs.

1.2. GAMA Galaxy group catalogue

One of the major data products of GAMA is the GAMA Galaxy group catalogue (G 3C)

(Robotham et al. 2011) providing a catalogue of 23 838 galaxy groups across three equatorial

�elds out to mr < 19:8 mag (G09, G12 and G15), based on the spectroscopic component

of the GAMA survey. The �nal catalog contains 73 298 galaxies out of a possible 180 979,

roughly 60 per cent of all galaxies. The construction of groups is generated using galaxy-

galaxy linking via a friends-of-friends (FoF) algorithm (the halo-galaxy grouping is found

to be less successful at recovering small-mass groups). The FoF algorithm creates links

between galaxies based on their separation as a measure of the local density, operating on

projected and radial separations independently. This allows the algorithm to take redshift

space distortions into account and provides enough information to generate secure grouping

without ambiguity. At low redshifts where the projection e � ects are the smallest, groups

are still visually strongly associated with the �laments and nodes of the larger scale cosmic

structure, while at higher redshift fewer groups are found as a result of being GAMA

a magnitude-limited survey. The grouping algorithm has been tested on semi-analytic

derived mock catalogues and has been designed to be extremely robust to the e� ects of

outliers and linking errors.
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From the G3C a sample is selected over which the large-scale structure is detected and

classi�ed. The sample selection is done such that it is as free as possible from any intrinsic

bias. An important requirement is that given a sample of galaxies and groups, we should

be observing every possible galaxy and group within that absolute magnitude limit. This

can be solved taking into account the faintest possible galaxy that is visible in GAMA at

a given redshift z, given the apparent magnitude limit of mr < 19:8 mag and using the

cosmological luminosity distance DL to that object at that redshift. Given a redshift, all

galaxies whose absolute magnitude is greater than this limit are discarded, then also groups

that have fewer than two members remaining. After that, the cut redshift is selected so that

the largest number of groups and galaxies is retained and the value is z = 0:213 (Alpaslan

et al. 2014). The �nal sample after the selection for the G09, G12 and G15 regions from

the GAMA survey regions out to z = 0:213 contains a total of 45 542 galaxies and 6000

groups across the three equatorial GAMA regions and is the one employed in Alpaslan

et al. (2014) to obtain the classi�cation of large scale structure that we are going to use in the

following sections. Throughout we assume the following cosmological parameters: H0 = 70

kms� 1Mpc � 1, 
 M = 0:3 and 
 � = 0:7.

2. Sample selection

2.1. GANDALF catalog construction

In this work, we use the GANDALF catalog resulted from running the v17 GAMA

spectra through a modi�ed version of the spectral analysis program GANDALF (Sarzi et al.

2006) utilising pPXF (Cappellari and Emsellem 2004). All GANDALF �ts are performed

using a chi-squared least-squares minimisation method, and the stellar population templates

used are those of Maraston and Strömbäck (2011), which utilise the MILES stellar library

(Sánchez-Bĺazquez et al. 2006). The accuracy with which the position and width of an

emission line can be recovered depends on how much the line stands out above the noise in

the stellar spectrum, which is quanti�ed by the line amplitude-over-noise ratio, AON. In the

limit of purely statistical �uctuations the line �uxes are subject to larger errors in spectra of

higher quality, although the equivalent width (EW) of the lines is better estimated at these

regimes, which will be used later to estimate the SFR.

We will use the following columns from the catalog in order to create the new one with

information for galaxies in �laments:

ˆ For each galaxy: the �lename, CATA Index value as provided in the spectra �les, right

ascension and declination for equatorial coordinates and spectroscopy redshift.

ˆ For each emission line considered (H� , [OIII] � 5007, H� and [NII] � 6583) GANDALF

provides the �uxes and �ux errors with applied k-correction and corrected for stellar

absorption, equivalent width and amplitude-over-noise.
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The measured �uxes are calculated as:

Fi = A i

p
2��� exp(v=c)=c; (1)

with A i , � and v the emission line amplitude, dispersion and recessional velocity. We

start working with galaxies satisfying the �lter condition given by an AON > 3 for H � ,

[OIII] � 5007 and [NII] � 6583 emission lines and a less restrictive condition given by AON

> 2 for H � .

In order to obtain the rest of required parameters for estimating the star formation

rate, we use another catalog for stellar masses, restframe photometry and other stellar

population parameters done by Taylor et al. (2011). The data provided is derived through

stellar population synthesis modelling of broadband photometry, assuming a Chabrier

initial mass function (IMF) and the Calzetti et al. (2000) dust curve. As a example we

present in Figure 2 the spectra of one galaxy with log(M star/M � ) = 10:5 that belong to

our GANDALF catalogue. The match is done in TOPCAT according to the CATAID and

retaining the values of the r-band absolute magnitude M r , stellar masses (refered to the total

mass of all luminous material at the time of observation) and the distances z derived using

the Tonry et al. (2000) �ow model for very low redshifts. Because of the match we end up

having 192 543 galaxies from an initial number of 299 200.

2.2. BPT diagram

In order to distinguish purely star-forming galaxies (SF) from galaxies hosting an AGN

Baldwin et al. (1981) proposed a diagnostic diagram for emission-line galaxies based on the

[OIII] � 5007/H� , [NII] � 6583/H� �ux ratio. The so called BPT diagram uses strong optical

lines of close proximity in the ratios, limiting reddening and spectrophotometric e � ects,

and is able to distinguish di � erent classes of ionization. From photoionization models,

the [OIII] � 5007/H� ratio is a tracer of the ionization level and the gas temperature, whereas

[NII] � 6583/H� traces the strength of the ionizing radiation. These diagnostic diagrams were

later explored on detail by Kau � mann et al. (2003) and Kewley et al. (2001) by proposing

the following curves:

log
�
[OIII ]� 5007=H�

�
=

0:61
log ([NII ]� 6583=H� ) � 0:05

+ 1:3; (2)

log
�
[OIII ]� 5007=H�

�
=

0:61
log ([NII ]� 6583=H� ) � 0:47

+ 1:19: (3)

Galaxies located between the two curves are composites (C), having mixed SF and AGN

contributions, taking into account that stellar formation and AGN coexist. We show in

Figure 3 the BPT diagram resulted from disposing our galaxy data between these limiting

curves: below the red dashed Kaufmann curve there are the emission-line galaxies due to



2.2 BPT diagram 6

Figure 2: Example spectra for a galaxy with log(M star/M � ) = 10:5 from the GANDALF
catalogue and their associated measurements, CATAID and equatorial coordinates.

star formation activity typical from HII regions, and over the blue dashed Kewley curve

the region associated to AGN phenomenon. There is another extra dashed line in black

separating Seyfert galaxies from LINERS (Low Ionization Nuclear Emission-line Regions),

located in the region for low ionization level but high hardness in the ionization source.

LINERS galaxies are very common (approximately one of three galaxies in the local universe

are classi�ed as LINER) and they are characterised by narrower lines in comparison with

Seyfert emission lines. In our case we focus on SF galaxies, which from Table 2 result in a

number of 12476 galaxies. During the process of calculation of the �ux ratios we have lost

a total of 3522 galaxies due to removing null values.

Classi�cation Number
Star Forming galaxies (SF) 12476

Composite (C) 2119
Active Galactive Nucleus (AGN) 1426

Table 2: BPT Classi�cation of galaxies using the GANDALF catalogue.
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Figure 3: BPT (Baldwin et al. 1981) diagram for emission-line galaxies for the GANDALF
catalogue to distinguish HII regions from AGNs or Composites based on the [OIII] � 5007/H� ,
[NII] � 6583/H� �ux ratios.

2.3. Errors estimation for the �ux ratios used in the BPT diagram

Markov Chain Monte Carlo (MCMC) is probably the most popular way for the simu-

lation of a particular distribution. The R package propagate provides a general function

for the calculation of uncertainty propagation by simultaneously �rst and second order

Taylor expansion and Monte Carlo simulation including covariances. Input data includes

an expression, in our case given by the logarithm of �ux ratios, a dataframe containing their

standard deviations and the number of Monte Carlo simulations to be performed with a

minimum of 10 000. Monte Carlo simulation is conducted using simulated data for each

variable with n = nsim samples generated from a t-distribution Xm;n � t(�; � ; � ) using means

� i and covariance matriz � constructed from the standard deviations � i of each variable.

Each row of the simulated dataset is then evaluated with the input expression, yi = f (xm;i)

and on the resulting y, summatory statistics such as mean, standard deviation or median

are calculated.

For the calculation of errors in the BPT diagram variables we use as input expression

log
�
x=y

�
for each one. The outcome of mean error calculated through Monte Carlo simula-

tions is � 0:12 and � 0:25 for the abscissa and vertical coordinate respectively, which are the

ones used in the BPT diagram in Figure 3. The results for errors estimated through Monte

Carlo simulation versus propagation are shown in Figure 4 for each variable and summa-
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rized in Table 3. It can be seen that initially Taylor expansion works well but as errors

become larger this method o� ers results above red diagonal line, greatly overestimating

errors. These plots together with the obtaining of greater mean values justify the choice of

MCMC as method for estimating errors.

(a) Errors for x (b) Errors for y

Figure 4: Comparison of errors estimation through propagation via Taylor expansion and
Monte Carlo simulations for both �ux ratios in x variable, [NII] � 6583/H� , and y variable,
[OIII] � 5007/H� in the BPT diagram.

Statistic x errors (MC) x errors (P) y errors (MC) y errors (P)
Median 0:08 0:08 0:19 0:16
Mean 0:12 46:04 0:25 -

Table 3: Summary statistics for the estimated errors in x variable, [NII] � 6583/H� , and y
variable, [OIII] � 5007/H� in the BPT diagram.

2.4. Selection e� ects

Many e� ects, related either to the position of our galaxy in the Universe, to natural

limitations or to detector related issues, introduce systematic biases that have to be taken

into account when analyzing our data from surveys. The most known selection e � ect is the

Malmquist (1922) bias: due to the nature of astronomical observation we tend to pick up a

relatively larger fraction of intrinsically bright objects as distance and volume increases. The

mean values of absolute magnitudes, M, are biased because bright objects are oversampled

and we are losing fainter sources as distance increases. As a consequence, intrinsic unrelated

properties will appear to correlate because of their mutual correlation with distance.

One way of correcting the Malmquist bias is working with volume-limited samples, with

a cut-o� in the absolute magnitude and the distance where all the galaxies are detected so

that it is achieved the completeness of the sample. Another method consists in estimating the
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