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S1 Rayleigh distinguishability criterion

In addition to the distinguishability criterion described in Section 2.2.2 in the main text, we explored an
alternative approach, based on the Rayleigh criterion [1]. This was developed as a criterion for the min-
imum resolvable detail in optics, e.g. in the case of two images produced by light passing through two
separate small apertures. Very generally, it states that two such images are resolvable when the centre of
the diffraction pattern of one is directly over the first minimum of the diffraction pattern of the other.

Applied to our problem two transmission modes are considered distinguishable if it holds

t < ay with

t∫
0

fx(t)dt = 0.5 and

ay∫
0

fy(t)dt = 1− α/2, (S1)

i.e. the median of probability distribution fx is realised earlier than the (1−α/2)-quantile of distribution fy
(w.l.o.g. we assume a situation as shown in Figure 1 in the main text).

Condition (S1) poses a rather conservative limit for distinguishability. However, the qualitative outcomes
of our analyses did not depend on the criterion used.

S2 ROC curve analysis

Alternative to calculating the conditional probability as shown in equation (2) in the main text, a receiver
operating characteristic (ROC) curve analysis could be applied. Given the distribution functions fx and fy
of the statistic for the transmission modes x and y, the ROC curve is defined by the ratio

ROCxy(u) =

∞∫
u

fx(v)dv

∞∫
u

fy(v)dv

.
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Thereby
∞∫
u

fx(v)dv describes the probability that an empirical estimate larger than u is observed if trans-

mission mode x is acting in the population, while
∞∫
u

fy(v)dv describes the probability that an empirical

estimate larger than u is observed if transmission mode y is acting in the population. In other words, if
the value u is used as cut-off point (i.e. for estimate of the statistic has a value larger than u transmission

mode x is inferred while for estimates smaller than u mode y is inferred) then
∞∫
u

fx(v)dv describes the true

positive rate and
∞∫
u

fy(v)dv the false positive rate. Thus the ROC curve is shows the true positive rate as

a function of the false positive rates and illustrates the tradeoff between the probability of “detection” and
the probability of “false alarm”.

The actual shape of the curve is determined by how much overlapOxy the two distributions fx and fy have.
ROC curves close to the diagonal line point to very similar distribution functions fx and fy (corresponding
to a large area of overlap) while the closer the curve follows the left-hand border and then the top border of
the ROC space, the more different and therefore distinguishable are both distributions (corresponding to a
large area of overlap).

Importantly, the gradient

dROCxy

du
(u)|u=u

describes the likelihood ratio between the two hypotheses x and y for a value u of the statistic. Additionally,
the ROC curve provides a candidate for a rule of thumb for deciding whether transmission modes x and y
were acting in the population. The value, denoted by ũ, of the statistic maximizing Youden’s index

∞∫
ũ

fx(v)dv +

∞∫
ũ

fy(v)dv = max
∀u

 ∞∫
u

fx(v)dv +

∞∫
u

fy(v)dv


is an indication of the best possible (but not necessarily good) cut-off point. I.e. values smaller than ũwould
point to transmission mode y while values larger than ũ to transmission mode x. However, the reliably of
this distinction is determined by the size of the area of overlap.

S3 Supplementary results

S3.1 Population-level patterns

In this section we provide examples of the analyses underlying the results presented in Section 3.1 in the
main text. The figures show the distribution functions of statistics pxmax, kx, dxS , txmax, conditioned on trans-
mission modes x ∈ {v, h, o, n,m}. The joint probability distribution of the frequencies [px1 , . . . , p

x
5 ] of the

five variants of a trait is five-dimensional and cannot be represented in the same way (Section 2.2.1 in the
main text).

Each plot corresponds to a given statistic and parameter constellation, showing the distribution function
of the statistic generated by 30,000 simulation runs. In each plot, value v of a distribution function at point
(u, v) is the probability that the corresponding statistic takes a value smaller than u. For example, if the
value v of the distribution function at u is close to 0, then the statistic almost certainly assumes values
larger than u. If the value v of the distribution function at u is close to 1, then the statistic almost certainly
assumes values smaller than u.
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S3.1.1 Pure modes

Figure S1 shows the distribution functions of statistics pxmax, kx, dxS , txmax, conditioned on transmission
modes x = v, h, o, n, for parameter constellations N = 100; µ = 0.1; pw = 0.5, 1. The left panel in each pair
corresponds to pw = 0.5, the right panel to pw = 1.
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Figure S1: (a) The frequency of the most frequent variant pxmax, (b) the number of variants present in the
population kx, (c) the level of cultural diversity dxS , (d) the average time txmax a variant stays the most
common variant. Shown are the distribution functions for the statistics pxmax, kx, dxS and txmax under the
parameter constellations N = 100, µ = 0.1, pw = 0.5 (left figures of each pair) and pw = 1 (right figures of
each pair).

Figures S1(a–c) show the behaviour of statistics pxmax, kx, dxS , which describe the composition of the popu-
lation at a given point in time (Section 2.2.1 in the main text). For pw = 0.5 (left panels), the distribution
functions are relatively close together, indicating that the different transmission modes result in comparable
population-level outcomes.

Outcomes for oblique transmission are strongly influenced by the value of pw. For example, Figure S1(c)
shows that for pw = 0.5 (left panel), oblique transmission (blue line) results in higher values of dxS (i.e. higher
levels of cultural diversity) than vertical and horizontal transmission (red and green lines, respectively); the
situation is reversed for pw = 1 (right panel). Figures S1(a, b) reveal consistent patterns for statistics pxmax

and kx. Overall, these findings suggest that when the interaction probability is high, oblique transmission
leads to more homogenous cultural compositions than vertical, horizontal, and age-neutral transmission
(see Section 3.1 in the main text).

Figure S1(d) shows the behaviour of statistic txmax, which describes the temporal dynamic of cultural change

3



(Section 2.2.1 in the main text). For both values of pw, in this case we observe larger differences between the
distribution functions. As discussed in Section 3.2 in the main text, this suggests that the temporal dynamic
of the transmission modes carries a stronger signature of the underlying transmission process than static
characteristics such as the value of cultural diversity at a specific point in time.

S3.1.2 Mixed mode

Figure S2 shows the distribution functions of statistics dxS and txmax, conditioned on transmission modes
x = h, o,m, for parameter constellation N = 100; µ = 0.1; pw = 1; pmix = 0.2, 0.5, 0.8. As discussed in
Section 2.1.3 in the main text, the higher the value of pmix, the more likely that transmission is oblique.
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Figure S2: (a) The level of cultural diversity dxS and (b) the average time txmax a variant stays the most
common variant in the population. Shown are the distribution functions of the statistics dxS and txmax for all
transmission modes under the parameter constellation N = 100, µ = 0.1 and pw = 1.

Figure S2(a) shows the behaviour of statistic dxS , which summarises the level of cultural diversity in the
population (Section 2.2.1 in the main text). For pmix = 0.2, the level of cultural diversity is higher for mixed
transmission than for either pure mode (cf. cyan solid line vs. green and blue lines). As pmix increases, the
level of cultural diversity becomes increasingly comparable to the level for one or the other pure mode —
specifically, to horizontal transmission for pmix = 0.5 (cf. cyan dashed line vs. green line) and to oblique
transmission for pmix = 0.8 (cf. cyan dotted line vs. blue line). Overall, at both extremes of pmix the mixed
mode results in higher levels of cultural diversity in the population than the “corresponding” pure mode
(i.e. horizontal transmission for low pmix, oblique transmission for high pmix).

Figure S2(b) shows the behaviour of statistic txmax, which describes the temporal dynamic of cultural change
(Section 2.2.1 in the main text). Overall, at both extremes of pmix the mixed mode results in a faster rate of
change than the “corresponding” pure mode (i.e. horizontal transmission for low pmix, oblique transmission
for high pmix).

S3.2 Spreading probability of a mutant

In this section we analyze the spread behaviour of a mutant variant, i.e. a variant with frequency 1, in the
population but assume, in contrast to the simulation framework described in the main text, synchronous
updating. In particular, we derive the probabilities that the mutant variant possesses frequency m in the
next time step. To do so we consider a population of N individuals characterized by the age structure

P(t) = [N1(t), . . . , N5(t)]

at time t. The variables Ni(t) denote the number of individuals in age group i. Further,

Pk(t) = [Nk
1 (t), . . . , Nk

5 (t)]
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describes the number of individuals having adopted variant k the five different age groups. It holds

5∑
i=1

Ni(t) = N(t),

5∑
i=1

Nk
i (t) = Nk(t) and

5∑
k=1

Nk(t) = N(t).

The number of transmission events per time step is given by N(t) =
5∑

i=1

N i(t) with N i(t) = dNi(t)pwe.

For age-neutral transmission we calculate the probability that m = 0, 1, . . . , N individuals have adopted
variant k at time t+ 1 by determining

• the probability thatm1 out of theNk(t) individual that have adopted variant k at time t are not chosen
for cultural transmission (and therefore keep possess variant k in time step t+ 1) and

• the probability that m2 out of the N(t) individuals that have been chosen for cultural transmission
have adopted variant k at time t+ 1.

Thereby we consider only combinations of (m1,m2) contained in the feasible set

V1 = {(m1,m2) : max{0, Nk(t)−N(t)} ≤ m1 ≤ min{Nk(t), N(t)−N(t)}, 0 ≤ m2 ≤ N(t),m1 +m2 = m}

and it holds

P (Nk(t+ 1) = m|Pk(t)) =∑
(m1,m2)∈V1

( Nk(t)
Nk(t)−m1

)( N(t)−Nk(t)

N(t)−(Nk(t)−m1)

)
(N(t)

N(t)

) (
N(t)

m2

)[
Nk(t)

N(t)
(1− µ1) +

N(t)−Nk(t)

N(t)
µ2

]m2

[
1−

(
Nk(t)

N(t)
(1− µ1) +

N(t)−Nk(t)

N(t)
µ2

)]N(t)−m2

with the mutation rates µ1 and µ2 = µ1/4 . In more detail, the first term( Nk(t)
Nk(t)−m1

)( N(t)−Nk(t)

N(t)−(Nk(t)−m1)

)
(N(t)

N(t)

)
determines the probability that m1 out of the Nk(t) individuals that have adopted variant k at time t do not
undergo cultural transmission. The second term

(
N(t)

m2

)[
Nk(t)

N(t)
(1− µ1) +

N(t)−Nk(t)

N(t)
µ2

]m2 [
1−

(
Nk(t)

N(t)
(1− µ1) +

N(t)−Nk(t)

N(t)
µ2

)]N(t)−m2

determines the probability that m2 out of the N(t) individuals that undergo cultural transmission have
chosen variant k during the transmission process. Summing over all feasible combinations of (m1,m2)
with m1 +m2 = m results in the desired probability P (Nk(t+ 1) = m|P1(t), . . . ,P5(t)).

The probabilities for horizontal and oblique transmission can be derived in a similar manner, however, the
age structure of the population has to be considered now. We calculate the probability that m = 0, 1, . . . , n
individuals have adopted variant k at time t+ 1 we determining

• the probabilities that mia out of the Nk
i (t) individual in age group i, i = 1, . . . , 5 that have adopted

variant k at time t are not chosen for cultural transmission and

• the probabilities that mib out of the N i(t) individuals in age group i, i = 1, . . . , 5 that have been
chosen for cultural transmission have adopted variant k at time t+ 1.
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Thereby we only consider combinations (m1, . . . ,m5) with mi = mia + mib, i = 1, . . . , 5 contained in the
sets

V2 = {(m1, . . . ,m5) : 0 ≤ mi ≤ N i(t), i = 1, . . . 5,

5∑
i=1

mi = m}

and

V3,i = {(mi,a,mi,b) : max{0, Nk
i (t)−N i(t)} ≤ mi,a ≤ min{Nk

i (t), Ni(t)−N i(t)},
0 ≤ mi,b ≤ N i(t),mi,a +mi,b = mi}, i = 1, . . . , 5.

For horizontal transmission it holds

P (Nk(t+ 1) = m|Pk(t)) =
∑

(m1,...,m5)∈V2

5∑
i=1

∑
(mia,mib)∈V3,i

( Nk
i (t)

Nk
i (t)−mia

)( Ni(t)−Nk
i (t)

Ni(t)−(Nk
i (t)−mia)

)
(Ni(t)

Ni(t)

)
(
N i(t)

mib

)[
Ni(t)

k(t)

Ni(t)
(1− µ1) +

Ni(t)−Nk
i (t)

Ni(t)
µ2

]mib

[
1−

(
Nk

i (t)

Ni(t)
(1− µ1) +

Ni(t)−Nk
i (t)

Ni(t)
µ2

)]Ni(t)−mib

and for oblique transmission

P (Nk(t+ 1) = m|Pk(t)) =
∑

(m1,...,m5)∈V2

5∑
i=1

∑
(mia,mib)∈V3,i

( Nk
i (t)

Nk
i (t)−mi1

)( Ni(t)−Nk
i (t)

Ni(t)−(Nk
i (t)−mia)

)
(Ni(t)

Ni(t)

)
(
N i(t)

mib

)
5∑

j=i+1

Nk
j (t)

5∑
j=i+1

Nj(t)

(1− µ1) +

5∑
j=i+1

Nj(t)−
5∑

j=i+1

Nk
j (t)

5∑
j=i+1

Nj(t)

µ2


mib

1−


5∑

j=i+1

Nk
j (t)

5∑
j=i+1

Nj(t))

(1− µ1) +

5∑
j=i+1

Nj(t)−
5∑

j=i+1

Nk
j (t)

5∑
j=i+1

Nj(t)

µ2



Ni(t)−mib

.

To illustrate the differences more clearly we consider a simple example and assume a population with
N = 53 individuals distributed as [20 15 10 5 3] across the five age groups. Figure S3 shows the probability
that a mutant variant has frequency 0, 1, 2, . . . , N in the next time step if the variant is introduced in age
group 1 (thick solid lines), 2 (dotted lines), 3 (dashed lines), 4 (dash-dotted lines) and 5 (solid lines) under
mutation rate µ1 = 0.05 and transmission probabilities pw = 0.2 (Figure S3, first row), pw = 0.5 (Figure
S3, second row) and pw = 1 (Figure S3, third row). The pink lines show the distributions for age-neutral
transmission, the green lines for horizontal transmission and the blue lines for oblique transmission.

We see that for horizontal and especially oblique transmission the probability distribution P (Nk(t + 1) =
m|Pk(t)) is influenced by the age of the individual introducing the mutation in the population. Unsurpris-
ingly in the oblique case it holds: the older the individual the higher the probability that the mutant variant
is still present in the population in the next time step.

Further, for age-neutral transmission the probability that the frequency of the mutant variant increases in
the population (i.e. m > 1) increases with the transmission frequency pw. However, this is not the case for
horizontal and oblique transmission.
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Figure S3: Probability distributions P (Nk(t + 1) = m|Pk(t)) that a mutant variant possesses frequency m
in the next time step when introduced in age group 1 (thick solid lines), 2 (dotted lines), 3 (dashed lines), 4
(dash-dotted lines) and 5 (solid lines) under the parameter constellations N = 53, µ1 = 0.05, pw = 0.2 (first
row), pw = 0.5 (second row) and pw = 1 (third row). The pink lines show the distributions for age-neutral
transmission, the green lines for horizontal transmission and the blue lines for oblique transmission.
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S3.3 Distinguishability analyses

In this section we present additional results for the distinguishability analyses discussed in Section 3.2 in
the main text. The figures show the areas of overlap Oxy between two distributions, based on statistics
pxmax, kx, dxS , tmax for transmission modes x and y, with x, y ∈ {v, h, o, n,m}.

The greater the value of Oxy , the greater the degree of overlap between the distributions, the less distin-
guishable they are (Section 2.2.2 in the main text).

S3.3.1 Pure modes

Figure S4 shows the areas of overlap Oxy based on statistics pxmax, kx, dxS for all transmission modes, and
parameter constellations N = 25, 50, 100; µ = 0.01, 0.05, 0.1; pw = 0.5, 0.75, 1.

8



a.

25

N

50

100

µ

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0.5 0.75 1.0
0

0.5

1

pw

Ar
ea

 o
f o

ve
rla

p 
O

xy

0.5 0.75 1.0
0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw

0.01 0.05 0.1
b.

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0.5 0.75 1.0
0

0.5

1

pw

Ar
ea

 o
f o

ve
rla

p 
O

xy

0.5 0.75 1.0
0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw

25

50

100

N

0.01 0.05 0.1
µ

c.

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0.5 0.75 1.0
0

0.5

1

pw

Ar
ea

 o
f o

ve
rla

p 
O

xy

0.5 0.75 1.0
0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw

25

50

100

N

0.01 0.05 0.1
µ d.

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy
0

0.5

1

0

0.5

1

0.5 0.75 1.0
0

0.5

1

pw

Ar
ea

 o
f o

ve
rla

p 
O

xy

0.5 0.75 1.0
0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw

25

50

100

N

0.01 0.05 0.1
µ

e.

25

50

100

N

0.5 0.75 1.0
0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw
0.5 0.75 1.0

0

0.5

1

pw

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0

0.5

1

0

0.5

1

0

0.5

1

Ar
ea

 o
f o

ve
rla

p 
O

xy

0.01 0.05 0.1
µ

Figure S4: Distinguishability between the pure transmission modes based on (a) the joint probability distri-
bution of the five variants of the trait in the population, (b) the frequency of the most frequent variant pxmax

in the population, (c) the number of variants present in the population kx, (d) the level of cultural diversity
dxS and (e) the average time txmax a variant stays the most common variant. Shown are the values of the area
of overlap Oxy between the probability distributions of the statistic for pairs of modes, under parameter
constellations N = 25, 50, 100;µ = 0.01, 0.05, 0.1; pw = 0.5, 0.75, 1. Squares: vertical transmission vs. hori-
zontal (green), oblique (blue), age-neutral (pink). Triangles: age-neutral transmission vs. horizontal (green),
oblique (blue). Circles: horizontal transmission vs. oblique.
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We have seen in the main text that two pairs of modes result in comparable distributions for the aver-
age time a variant stays the most common variant tmax (vertical vs. oblique transmission, age- neutral vs.
horizontal transmission) with areas of overlap substantially greater then zero. To provide further insights
into these situations we calculated the conditional probabilities P (x|z) given in equation (2) for the pair-
wise comparison between vertical and oblique transmission and age-neutral and horizontal transmission.
Figure S5 illustrates the ROC curve analysis. Figure (a) shows the ROC curves and it is obvious that the dis-
tributions of tmax are more similar for horizontal and age-neutral transmission (green line) than for vertical
and oblique transmission (blue line). Figure (b) indicates the likelihood ratios for different values of tmax.
A ratio of 1 means that both transmission modes could have produced the value with equal probability.
In agreement with the results from the conditional analysis we see that some values of tmax do not allow
for inferences of the transmission mode, but also that there is a directionality in both cases: small values of
tmax point to age-neutral transmission whereas larger values point to horizontal transmission and a similar
statement is true for vertical vs. oblique transmission.

The best cut-off point for distinguishing between vertical and oblique transmission is tmax = 6.2142 and for
horizontal and age-neutral transmission tmax = 2.7651.

a.
0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

False positive rate

T
ru

e
 p

o
s
it
iv

e
 r

a
te

 

 2.3869
2.4499

2.513

2.576

2.639

2.7021

2.7651

2.8281

2.8911

2.9542

3.0172

3.0802

3.1433

3.2063
3.2693

3.3324
3.3954

4.3801
4.8386

5.2971

5.7557

6.2142

6.6727

7.1312

7.5897

8.0483

horizontal vs age−neutral

vertical vs oblique

b.
3 4 5 6 7 8

0

1

2

3

4

5

t
max

L
ik

e
lih

o
o
d
 r

a
ti
o

 

 

vertical vs oblique

horizontal vs age−neutral

Figure S5: (a) ROC curve for the pairwise comparisons between vertical and oblique transmission (blue
curves) and horizontal and age-neutral transmission (green curves), (b) corresponding likelihood ratios
based on the average time a variant stays the most common variant tmax under parameter constellations
N = 50;µ = 0.1; pw = 1.

S3.3.2 Mixed mode

Tables S1 and S2 quantifies the areas of overlap Oxy based on statistics dxS and txmax for all transmission
modes x, y ∈ {v, h, o, n,m} and parameter constellations N = 100; µ = 0.1; pw = 0.5, 1; pmix = 0.2, 0.5, 0.8.

In this case, we compare distributions of a statistic for (i) the mixed mode at a given level of pmix to the pure
modes, and (ii) the mixed mode at a given level of pmix to the mixed mode at other levels of pmix.

Only a limited number of pairs of modes result in distributions that can be distinguished based on the
arbitrary threshold Ō = 0.2, and only for statistic txmax (Figure S2). For instance, mixed transmission with
pmix = 0.5 can only be reliably distinguished from vertical transmission. Further, at both extremes of pmix

the mixed mode cannot be distinguished from the “corresponding” pure mode (i.e. horizontal transmission
for low values of pmix; oblique transmission for high values of pmix).
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Mixed g
pw =0.2

Mixed g
pw =0.5

Mixed g
pw =0.8

Vertical Horizontal Oblique Age-
neutral

Mixed pw =0.2 0.80 0.82 0.96 0.88 0.97 0.79
Mixed pw =0.5 0.98 0.77 0.83 0.69 0.99
Mixed pw =0.8 0.97 0.79 0.70 0.97
Mixed pw =0.2 0.76 0.62 0.84 0.72 0.87 0.63
Mixed pw =0.5 0.83 0.92 0.93 0.63 0.84
Mixed pw =0.8 0.78 0.91 0.50 0.98

Table S1: Area of overlap Oxy based on the level of cultural diversity dxS for the parameter constellations
N = 100, µ = 0.1, and pw = 0.5 (left tow rows) and pw = 1 (bottom rows).

Mixed g
pw =0.2

Mixed g
pw =0.5

Mixed g
pw =0.8

Vertical Horizontal Oblique Age-
neutral

Mixed pw =0.2 0.6 0.55 0.36 0.69 0.76 0.52
Mixed pw =0.5 0.95 0.14 0.83 0.40 0.78
Mixed pw =0.8 0.11 0.79 0.36 0.95
Mixed pw =0.2 0.48 0.01 0.00 0.01 0.76 0.00
Mixed pw =0.5 0.50 0.00 0.79 0.22 0.48
Mixed pw =0.8 0.00 0.70 0.02 0.98

Table S2: Area of overlap Oxy based on the average time txmax a variant stays the most common variant for
the parameter constellations N = 100, µ = 0.1, and pw = 0.5 (tow rows) and pw = 1 (bottom rows).

S3.3.3 Conformity

In figure S6 we compare the probability distributions of statistics dxS and txmax for transmission modes
x, y ∈ {v, h, o, n} and parameter constellations N = 25, 50, 100; µ = 0.01, 0.05, 0.1; pw = 1. The aim in
this case is to compare the distributions of each statistic for a given mode without conformity bias to its
conformist counterparts with varying levels of b (i.e. b = 0 vs. b = 0.01, 0.02, 0.03).
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Figure S6: Distinguishability between the pure transmission modes and their conformist counterparts
based on (a) the level of cultural diversity, dxS and (b) the average time a variant stays the most common
variant, txmax. Shown are the values of the area of overlap Oxy between the probability distributions of the
statistic for a given mode without conformity bias and its conformist counterparts with varying levels of
b = 0.01; 0.02; 0.03, under parameter constellations N = 25, 50, 100;µ = 0.01, 0.05, 0.1; pw = 1. Green:
horizontal transmission. Blue: oblique transmission. Pink: age-neutral transmission.
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S3.3.4 Continuous traits

In this section we present summary results of the distinguishability analyses for continuous traits. In our
framework, these traits assume any value in the interval [1, 2]. We focus on pure transmission modes,
denoted V , H , O, N , and equivalent to the corresponding modes in Table 1 in the main text.

In terms of implementation, the key difference between the discrete and continuous cases is in the mutation
process (Section 2.1.3 in the main text). For continuous traits, with probability µ a normally-distributed
random variable ω ∼ N (0, σ2) is added to the trait value that an individual inherits from its parent at birth.
All traits are initialised at value 1.5.

In the continuous case, the mathematical framework tracks the mean value of a trait across individuals in
the population at each time step,

mx =
1

N

N∑
i=1

Ixi , with x ∈ {V,H,O,N}.

Mean trait values disregard the heterogeneity of the distribution of values across individuals in the popula-
tion. Consequently, we also investigate discretized versions of the continuous traits. Specifically, the traits
are discretized over the interval [1, 2] into two intervals of length 1/2, three of length 1/3, five of length
1/5, and ten of length 1/10. This produces discrete traits with two, three, five, and ten distinct variants. As
in the discrete case, the mathematical framework tracks the frequencies of trait variants at each time step,
which can be summarized as described in Section 2.2.1 in the main text.

Analysis of mean trait values In this section we investigate how informative mean trait values are in
distinpinkguishing between transmission modes. Figure S7 shows the distribution functions of statistic
mx, conditioned on transmission modes x ∈ {V,H,O,N}, for parameter constellations N = 25, 50, 100;
µ = 0.01, 0.05, 0.1; pw = 0.5. The variance of the mutation process is σ2 = 0.12, 0.052 in Figures S7(a) and
(b), respectively.

Overall, the distributions differ in their variances, but they are otherwise highly clustered. This suggests
that the transmission modes cannot be distinguished based on the mean trait values. Consequently, mean
trait values are not a useful statistic to describe the cultural composition of the population.

Interestingly, for high rates of change and high variance σ2 of the mutation process (Figure S7b) the dis-
tributions of mean trait values are close to uniform over the interval [1, 2]. This indicates that the different
transmission modes can produce cultural compositions with mean values covering nearly the whole inter-
val [1, 2].

Therefore we conclude that the mean value of a trait does not carry a detectable signature about the under-
lying transmission modes and might not be an appropriate statistic to characterize the cultural composition
of a population.

Analysis of discretized traits Figure S8 illustrates the area of overlap Oxy for all combinations of x and
y with x, y ∈ {V,H,O,N} based on the average time txmax a variant stays the most common variant in the
population and discretizations in two, three, five and ten variants. While discretizations in two or three
variants are not sufficient to ensure distinguishability, discretizations in five and especially ten variants
provide more information about the underlying transmission mode. For high rates of change we obtain
distinguishability results similar to the discrete case.

This suggests that the discretization of continuous traits should be as fine-grained as possible. Impor-
tantly, discretizations in two or three variants (corresponding e.g. to low-high and low-middle-high cate-
gorization, respectively) are not enough to ensure reliable distinguishability between different transmission
modes. Additionally, the analysis based on the level of cultural diversity shows that we obtain the same
result as in the discrete case: vertical, horizontal, oblique and age-neutral transmission are not distinguish-
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Figure S7: The mean value of the cultural trait in the population. Shown are the distribution functions
of the statistic mx for all transmisson modes under the parameter constellations µ = 0.01; 0.05; 0.1, N =
25; 50; 100, pw = 0.5 and (a) σ2 = 0.12 and (b) σ2 = 0.052 for vertical (red solid lines), horizontal (green
dashed lines), oblique (blue dotted lines) and age-neutral (pink dash-dotted lines) transmission.

able on the base of the cultural composition of the populations at a specific point in time according to our
distinguishability criterion with Ō = 0.2 (see Figure S9).
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Figure S8: Distinguishability between the pure transmission modes based on the average time txmax a vari-
ant stays the most common variant and discretization into (a) two variants, (b) three variants, (c) five vari-
ants, (d) ten variants. Shown are the values of the area of overlap Oxy between the probability distributions
of the statistic for pairs of modes, under parameter constellations N = 25, 50, 100;µ = 0.01, 0.05, 0.1; pw =
0.5, 0.75, 1. Squares: vertical transmission vs. horizontal (green), oblique (blue), age-neutral (pink). Trian-
gles: age-neutral transmission vs. horizontal (green), oblique (blue). Circles: horizontal transmission vs.
oblique.
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Figure S9: Distinguishability between the pure transmission modes based on the level of cultural diversity
dxS and discretization into (a) two variants, (b) three variants, (c) five variants, (d) ten variants. Shown are
the values of the area of overlapOxy between the probability distributions of the statistic for pairs of modes,
under parameter constellations N = 25, 50, 100;µ = 0.01, 0.05, 0.1; pw = 0.5, 0.75, 1. Squares: vertical
transmission vs. horizontal (green), oblique (blue), age-neutral (pink). Triangles: age-neutral transmission
vs. horizontal (green), oblique (blue). Circles: horizontal transmission vs. oblique.
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