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Fig. 1. Slice of the 3D density field. The upper panels show the initial and final density contrast. AGN are shown on top of the final density
field. The bottom left panel shows the different structures defined by a threshold in the density contrast δ = −0.6 following the approach in
Constantin et al. (2008). However, Constantin et al. (2008) defined the density field by smoothing the galaxy distribution which might result in
thinner structures. The bottom right panel shows the cosmic web structures according to a web-type classifier based on the tidal shear tensor.

Web-type Eigenvalues
Void µ1 < 0, µ2 < 0, µ3 < 0
Sheet µ1 < 0, µ2 < 0, µ3 > 0

Filament µ1 < 0, µ2 > 0, µ3 > 0
Cluster µ1 > 0, µ2 > 0, µ3 > 0

Table 1. Web-type classification according to the eigenvalues µi of the
shear tensor.

2.3. Computation of the abundance and occurrence rate

The abundance is defined as the number density of objects as a
function of the environmental density. Since the mean density
regions are more extended than voids and clusters, we needed a
volume correction which is computed as the fraction of volume
with a given density v(δ) =

V(δ)
Vtotal

. Then the logharithm of the
number density is computed as

ln
(N

v

)
= ln

(
Nobjs(δmin < δ < δmax)

v(δmin < δ < δmax)

)
(2)

where δmin and δmax define the density bin.

The occurrence rate is defined as the number of objects of
a spectral type in a given density divided by the total number
of objects in this density, for example NSy(δ)/NAGN(δ). These
quantities are computed with the Blackwell-Rao estimator (see
Section 2.4).

2.4. Blackwell-Rao estimator

The Markovian samples described in Section 2.1 permits us
to provide an uncertainty quantification of our results. We em-
ployed the Blackwell-Rao estimators

〈x|d〉 =
1
N

∑
i

xi, (3)

in which x is the quantity we want to study, for example the
abundance, N is the number of Markovian samples and d the ob-
servations. This estimator was necessary because we were study-
ing nonlinear functions of the density and 〈 f (δ)〉 ≈ 〈 f ( 1

N
∑

i δi)〉
only when the quantity of study f is linear. It also allowed us to
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