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Figure 1: Proportion of 10,000 numbers drawn from negative binomial distribu-

tions with a mean of 4 that were not equal to zero.
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Figure 2: Histograms of 10,000 draws from the two negative binomial distribu-

tions used to generate edge weights in the synthetic networks. Both distribu-

tions have a mean of 4, (a) has a distribution parameter of 0.5 corresponding to

a lower level of network connectance as there exist a greater number of zeroes,

than in (b) where the distribution parameter is set to 2.5.
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The results from the synthetic ensemble are saved in the folder paper/paper-

code/syntheticEnsemble.RData in the supporting data repository [1].
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Figure 3: Evaluation of the LPAwb+ and DIRTLPAwb+ algorithms against syn-

thetically generated weighted networks with known modular structure for four

different treatments: LMLF – 2 modules and low connectance (dispersion pa-

rameter given as size = 0.5), LMHF – 2 modules, higher connectance(disper-

sion parameter given as size = 2.5), HMLF – 10 modules, lower connectance,

HMHF – 10 modules, higher connectance . (a) shows the ratio of detected

modules to known modules , (b) shows the ratio of detected modularity (QW ) to

the modularity of the implanted structure. The dotted lines represent the ability

to perfectly detect the synthetic community partitions. Finally (c) shows the nor-

malised mutual information (NMI) between detected community structure and

the embedded community structure.
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2 Plant-pollinator datasets
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3 Details for viewing plant-pollinator partitions

The modular partitions found for each plant-pollinator network for both binary

and quantitative cases are described in the supporting data repository [1].

They can be found by navigating to paper/papercode/output/configurations

Each file in this folder is of a given format:

First the network name is given

Second a letter B or Q details whether this is a binary or quantitative network

partition

Next are two sets of two letters, which together describe the two algorithms

being compared (LP: LPAwb+, EX: DIRTLPAwb+, QB: QuanBiMo)

Then the final string of important characters again identifies whether it is binary

or quantitative and the corresponding algorithm the partition was found by. If

this string is preceded by either min or max - this means that multiple network

configurations were found with the highest modularity score detected by one of

the two competing algorithms (see column U in tables S2-S3). min and max

correspond to partitions that either minimised or maximised the NMI score be-

tween the solutions each algorithm identified. If neither min or max are listed

there is no range of NMI values – as identified in Table 3 in the main text.

Within each file the list of all row and column nodes is given at depth 0, whilst

at depth 1 the modular configurations the nodes are assigned to is listed.

6



4 Extra results from algorithm analysis on plant-pollinator

datasets

7



Q
u
a
n
B
iM
o

L
P
A
w
b
+

E
x
h
a
u
s
ti
v
e
L
P
A
w
b
+

N
e
tw
o
rk

R
x̃

U
F

Q
′ R

R
x̃

U
F

Q
′ R

R
x̃

U
F

Q
′ R

S
a
fa
ri
la
n
d

8
9

0
.5
5
8

1
0

0
.5
3
8

1
0
0

0
.5
1
9

2
0

0
.3
8
5

4
6

0
.5
5
4

1
0

0
.5
3
8

b
a
rr
e
tt
1
9
8
7

1
0
.1
0
6

1
0

0
.5
2
1

9
5

0
.4
7
0

1
0

0
.2
4
6

4
0
.4
8
0

1
0

0
.3
1
7

b
e
z
e
rr
a
2
0
0
9

7
6

0
.2
3
0

1
0

0
.1
5
5

1
0
0

0
.2
1
8

1
0

-0
.0
9
9

3
4

0
.2
2
9

1
0

0
.1
5
5

e
lb
e
rl
in
g
1
9
9
9

1
0
.1
4
4

1
6

0
.3
9
5

1
0
0

0
.4
5
8

2
0

0
.0
0
8

1
0
.4
8
3

1
0

0
.1
9
3

in
o
u
y
e
1
9
8
8

1
0
.3
8
9

1
0

0
.1
9
4

5
5

0
.3
5
1

1
0

-0
.1
7
9

1
0
.4
0
3

1
0

0
.2
0
9

ju
n
k
e
r2
0
1
3

1
0
.0
2
1

1
0

0
.5
7
0

6
2

0
.4
3
3

3
3

0
-0
.0
9
1

1
0
.4
8
0

1
0

0
.1
1
9

k
a
to
1
9
9
0

1
0
.0
0
6

1
0

0
.9
4
5

9
8

0
.5
4
4

9
0

0
0
.1
5
4

1
0
.5
7
3

1
0

-0
.9
8
7

k
e
v
a
n
1
9
7
0

1
0
.3
0
9

1
1

0
.3
0
1

8
0
.3
4
1

3
0

-0
.2
0
5

1
0
.4
2
3

1
0

0
.2
7
6

m
e
m
m
o
tt
1
9
9
9

1
0
.2
9
5

1
0

0
.1
7
1

6
0

0
.2
6
8

8
0

-0
.3
4
4

1
0
.3
2
9

1
0

0
.0
9
7

m
o
s
q
u
in
1
9
6
7

5
8

0
.4
7
9

1
0

0
.3
6
8

1
0
0

0
.3
9
3

1
0

-0
.0
5
3

4
2

0
.4
7
2

1
0

0
.3
6
8

m
o
tt
e
n
1
9
8
2

3
0
.3
0
4

1
0

-0
.0
4
9

1
0
0

0
.2
8
1

1
0

-0
.2
5
9

3
0
.3
0
3

1
0

-0
.0
4
9

o
le
s
e
n
2
0
0
2
a
ig
re
tt
e
s

2
1

0
.3
3
4

1
0

0
.2
6
9

9
5

0
.3
1
4

1
0

0
.0
0
0

7
5

0
.3
4
0

1
0

0
.2
6
9

o
le
s
e
n
2
0
0
2
fl
o
re
s

2
5

0
.4
4
1

1
0

0
.4
6
7

9
5

0
.4
2
2

2
0

0
.1
3
3

4
4

0
.4
4
1

1
0

0
.4
6
7

o
lle
rt
o
n
2
0
0
3

5
0
.3
1
8

1
2

0
.2
2
3

3
9

0
.4
3
9

1
0

0
.1
6
5

5
0
.4
3
9

1
0

0
.2
2
3

s
c
h
e
m
s
k
e
1
9
7
8

5
4

0
.3
7
0

1
0

0
.1
1
9

1
0
0

0
.3
7
0

1
0

0
.1
1
9

1
0
0

0
.3
7
0

1
0

0
.1
1
9

s
m
a
ll1
9
7
6

5
0
.2
5
5

1
0

0
.0
0
7

9
9

0
.2
4
2

1
0

-0
.2
3
4

8
0
.2
6
0

1
0

0
.0
0
7

v
a
z
a
rr

1
0
0

0
.5
4
2

1
0

0
.5
3
5

1
0
0

0
.5
1
2

1
0

0
.3
9
5

1
3

0
.5
3
5

1
0

0
.5
3
5

v
a
z
c
e
r

2
9

0
.5
4
7

1
0

0
.6
4
4

1
0
0

0
.5
6
5

1
0

0
.4
6
7

7
5

0
.6
1
9

1
0

0
.6
4
4

v
a
z
lla
o

1
0
0

0
.5
7
6

1
0

0
.6
1
9

7
8

0
.5
5
0

2
0

0
.5
2
4

2
7

0
.5
7
0

1
0

0
.6
1
9

v
a
z
m
a
s
c

1
0
0

0
.5
4
7

2
0

0
.5
5
6

1
0
0

0
.5
2
2

1
0

0
.4
4
4

5
6

0
.5
4
7

2
0

0
.5
5
6

v
a
z
m
a
s
n
c

1
0

0
.5
2
6

1
0

0
.4
5
1

1
0
0

0
.5
1
2

2
0

0
.3
7
3

2
0

0
.5
2
2

1
0

0
.4
5
1

v
a
z
q
u
e
c

2
6

0
.4
8
8

1
0

0
.5
3
2

1
0
0

0
.4
7
4

1
0

0
.2
3
4

7
7

0
.4
9
7

1
0

0
.5
3
2

v
a
z
q
u
e
n
c

1
0
0

0
.5
4
9

1
0

0
.6
7
7

1
0
0

0
.5
1
4

1
0

0
.5
4
8

7
8

0
.5
4
9

1
0

0
.6
7
7

T
a
b
le

2
:
E
x
tr
a
re
s
u
lt
s
fr
o
m

th
e
e
v
a
lu
a
ti
o
n
s
o
f
th
e
b
in
a
ry

v
e
rs
io
n
o
f
th
e
s
e
n
e
tw
o
rk
s
.
R

is
th
e
n
u
m
b
e
r
o
f
ti
m
e
s
th
a
t
th
e
b
e
s
t

p
a
rt
it
io
n
s
(w
it
h
h
ig
h
e
s
t
Q

B
)
w
e
re

fo
u
n
d
fr
o
m
th
e
1
0
0
te
s
ts
,
x̃
is
th
e
m
e
d
ia
n
Q

B
s
c
o
re
,
U
is
th
e
n
u
m
b
e
r
o
f
u
n
iq
u
e
c
o
n
fi
g
u
ra
ti
o
n
s

fo
u
n
d
w
it
h
th
e
m
a
x
m
iu
m

Q
B
s
c
o
re

(f
o
r
e
a
c
h
m
e
th
o
d
)
ju
d
g
e
d
b
y
c
o
m
p
a
ri
n
g
th
e
n
o
rm

a
lis
e
d
m
u
tu
a
l
in
fo
rm

a
ti
o
n
o
f
p
a
rt
it
io
n
s

s
h
a
ri
n
g
th
is

v
a
lu
e
,
F

is
n
u
m
b
e
r
o
f
ti
m
e
s
th
a
t
th
e
a
lg
o
ri
th
m
s
re
p
o
rt
e
d
a
fa
ilu
re

(f
ro
m

th
e
1
0
0
ru
n
s
)
a
n
d
Q

′ R
is

th
e
re
a
lis
e
d

m
o
d
u
la
ri
ty
o
f
th
e
p
a
rt
it
io
n
w
it
h
h
ig
h
e
s
t
Q

B
s
c
o
re

(f
o
r
e
a
c
h
m
e
th
o
d
).
N
u
m
b
e
rs

h
a
v
e
b
e
e
n
ro
u
n
d
e
d
to

3
d
.p
.

8



Q
u
a
n
B
iM
o

L
P
A
w
b
+

E
x
h
a
u
s
ti
v
e
L
P
A
w
b
+

N
e
tw
o
rk

R
x̃

U
F

Q
′ R

R
x̃

U
F

Q
′ R

R
x̃

U
F

Q
′ R

S
a
fa
ri
la
n
d

7
5

0
.4
3
0

1
0

0
.9
7
9

1
0
0

0
.4
2
7

1
0

0
.9
6
3

3
5

0
.4
3
0

1
0

0
.9
7
9

b
a
rr
e
tt
1
9
8
7

1
0
.0
4
7

1
0

0
.8
4
4

1
0
0

0
.5
6
7

1
0

0
.5
6
0

3
0
.5
6
8

1
0

0
.5
3
5

b
e
z
e
rr
a
2
0
0
9

2
2

0
.2
2
2

1
0

-0
.1
3
9

1
0
0

0
.2
2
3

1
0

-0
.1
3
9

1
0
0

0
.2
2
3

1
0

-0
.1
3
9

e
lb
e
rl
in
g
1
9
9
9

1
0
.1
3
4

1
3

0
.4
3
6

1
0
0

0
.4
9
3

4
0

0
.1
8
0

1
0
.5
0
6

1
0

0
.2
6
9

in
o
u
y
e
1
9
8
8

1
0
.4
8
1

1
0

0
.5
8
9

1
0
0

0
.5
8
2

1
0

0
.4
0
6

1
0
.6
0
8

1
0

0
.5
8
2

ju
n
k
e
r2
0
1
3

1
0
.0
0
8

1
0

0
.5
9
7

1
0
0

0
.5
3
3

1
0

0
.4
5
2

1
0
.5
5
8

1
0

0
.5
8
8

k
a
to
1
9
9
0

1
0
.0
0
4

1
0

0
.8
9
6

1
0
0

0
.6
1
1

1
0

0
.3
5
5

1
0
.6
2
0

1
0

-0
.9
6
7

k
e
v
a
n
1
9
7
0

1
0
.2
4
1

1
0

0
.5
5
9

1
0
0

0
.5
2
5

1
0

0
.5
8
3

5
0
.5
3
5

1
0

0
.6
7
5

m
e
m
m
o
tt
1
9
9
9

1
0
.1
2
3

1
0

0
.4
0
7

1
0
0

0
.2
9
7

1
0

0
.1
3
2

2
0
.3
0
4

1
0

0
.3
0
6

m
o
s
q
u
in
1
9
6
7

7
3

0
.4
4
4

1
0

0
.4
7
8

1
0
0

0
.4
4
0

1
0

0
.4
0
3

6
0

0
.4
4
4

1
0

0
.4
7
8

m
o
tt
e
n
1
9
8
2

1
2

0
.3
5
4

1
0

0
.3
5
5

1
0
0

0
.3
6
7

1
0

0
.2
1
2

9
7

0
.3
8
2

1
0

0
.3
5
5

o
le
s
e
n
2
0
0
2
a
ig
re
tt
e
s

9
1

0
.2
5
9

1
0

0
.1
4
8

1
0
0

0
.2
5
9

1
0

0
.1
4
8

1
0
0

0
.2
5
9

1
0

0
.1
4
8

o
le
s
e
n
2
0
0
2
fl
o
re
s

7
2

0
.4
9
7

1
0

0
.4
0
3

1
0
0

0
.4
9
7

1
0

0
.4
0
3

1
0
0

0
.4
9
7

1
0

0
.4
0
3

o
lle
rt
o
n
2
0
0
3

1
0
.1
5
3

1
0

0
.4
9
8

1
0
0

0
.3
9
5

1
0

0
.4
3
1

8
8

0
.4
1
3

1
0

0
.4
9
8

s
c
h
e
m
s
k
e
1
9
7
8

1
0
.2
3
8

1
0

0
.3
7
8

1
0
0

0
.3
2
0

1
0

0
.3
7
8

1
0
0

0
.3
2
0

1
0

0
.3
7
8

s
m
a
ll1
9
7
6

3
5

0
.5
2
6

1
0

0
.3
8
1

1
0
0

0
.5
1
6

1
0

0
.2
6
0

1
0
.5
1
6

1
0

0
.3
8
7

v
a
z
a
rr

2
2

0
.4
2
8

1
0

0
.4
5
6

1
0
0

0
.4
4
1

1
0

0
.4
4
9

6
0

0
.4
4
2

1
0

0
.4
5
6

v
a
z
c
e
r

3
1

0
.4
8
1

1
0

0
.8
6
9

1
0
0

0
.5
9
1

1
0

0
.8
3
0

6
0

0
.6
0
4

1
0

0
.8
6
9

v
a
z
lla
o

1
0
0

0
.5
6
1

1
0

0
.6
2
5

1
0
0

0
.5
5
8

1
0

0
.5
8
6

3
4

0
.5
6
1

1
0

0
.6
2
5

v
a
z
m
a
s
c

2
7

0
.6
5
6

1
0

0
.7
6
9

1
0
0

0
.6
5
5

1
0

0
.7
2
7

6
2

0
.6
6
3

1
0

0
.7
6
9

v
a
z
m
a
s
n
c

2
5

0
.2
0
1

1
0

0
.4
9
9

1
0
0

0
.4
0
0

1
0

0
.4
9
7

2
0

0
.4
0
0

1
0

0
.4
9
9

v
a
z
q
u
e
c

5
6

0
.5
1
1

1
0

0
.5
8
1

1
0
0

0
.5
0
4

1
0

0
.5
4
4

1
4

0
.5
0
4

1
0

0
.5
8
1

v
a
z
q
u
e
n
c

1
0
0

0
.4
5
0

1
0

0
.9
6
3

1
0
0

0
.4
5
0

1
0

0
.9
6
3

1
0
0

0
.4
5
0

1
0

0
.9
6
3

T
a
b
le
3
:
E
x
tr
a
re
s
u
lt
s
fr
o
m

th
e
e
v
a
lu
a
ti
o
n
s
o
f
th
e
w
e
ig
h
te
d
v
e
rs
io
n
o
f
th
e
s
e
n
e
tw
o
rk
s
.
R
is
th
e
n
u
m
b
e
r
o
f
ti
m
e
s
th
a
t
th
e
b
e
s
t

p
a
rt
it
io
n
s
(w
it
h
h
ig
h
e
s
t
Q

W
)
w
e
re

fo
u
n
d
fr
o
m
th
e
1
0
0
te
s
ts
,
x̃
is
th
e
m
e
d
ia
n
Q

W
s
c
o
re
,
U
is
th
e
n
u
m
b
e
r
o
f
u
n
iq
u
e
c
o
n
fi
g
u
ra
ti
o
n
s

fo
u
n
d
w
it
h
th
e
m
a
x
m
iu
m

Q
W

s
c
o
re

(f
o
r
e
a
c
h
m
e
th
o
d
)
ju
d
g
e
d
b
y
c
o
m
p
a
ri
n
g
th
e
n
o
rm

a
lis
e
d
m
u
tu
a
l
in
fo
rm

a
ti
o
n
o
f
p
a
rt
it
io
n
s

s
h
a
ri
n
g
th
is

v
a
lu
e
,
F

is
n
u
m
b
e
r
o
f
ti
m
e
s
th
a
t
th
e
a
lg
o
ri
th
m
s
re
p
o
rt
e
d
a
fa
ilu
re

(f
ro
m

th
e
1
0
0
ru
n
s
)
a
n
d
Q

′ R
is

th
e
re
a
lis
e
d

m
o
d
u
la
ri
ty
o
f
th
e
p
a
rt
it
io
n
w
it
h
h
ig
h
e
s
t
Q

W
s
c
o
re

(f
o
r
e
a
c
h
m
e
th
o
d
).
N
u
m
b
e
rs

h
a
v
e
b
e
e
n
ro
u
n
d
e
d
to

3
d
.p
.

9



References

[1] S. J. Beckett, “weighted-modularity-LPAwbPLUS: Improved community

detection in weighted bipartite networks,” p. 10.5281/zenodo.34055, 2015.

[2] D. P. Vázquez and D. Simberloff, “Ecological specialization and suscepti-

bility to disturbance: conjectures and refutations,” The American Natural-

ist, vol. 159, no. 6, pp. 606–623, 2002.

[3] D. P. Vázquez, Interactions among introduced ungulates, plants, and pol-

linators: a field study in the temperate forest of the southern Andes. PhD

thesis, University of Tennessee, Knoxville, Tennessee, USA., 2002.

[4] D. P. Vázquez and D. Simberloff, “Changes in interaction biodiversity

induced by an introduced ungulate,” Ecology Letters, vol. 6, no. 12,

pp. 1077–1083, 2003.

[5] S. C. Barrett and K. Helenurm, “The reproductive biology of boreal forest

herbs. i. breeding systems and pollination,” Canadian Journal of Botany,

vol. 65, no. 10, pp. 2036–2046, 1987.

[6] E. L. Bezerra, I. C. Machado, and M. A. Mello, “Pollination networks of

oil-flowers: a tiny world within the smallest of all worlds,” Journal of Animal

Ecology, vol. 78, no. 5, pp. 1096–1101, 2009.

[7] H. Elberling and J. M. Olesen, “The structure of a high latitude plant-

flower visitor system: the dominance of flies,” Ecography, vol. 22, no. 3,

pp. 314–323, 1999.

[8] D. W. Inouye and G. H. Pyke, “Pollination biology in the snowy mountains

of australia: comparisons with montane colorado, usa,” Australian Journal

of Ecology, vol. 13, no. 2, pp. 191–205, 1988.

[9] R. R. Junker, N. Blüthgen, T. Brehm, J. Binkenstein, J. Paulus, H. Mar-

tin Schaefer, and M. Stang, “Specialization on traits as basis for the niche-

breadth of flower visitors and as structuring mechanism of ecological net-

works,” Functional Ecology, vol. 27, no. 2, pp. 329–341, 2013.

[10] M. Kato, T. Kakutani, T. Inoue, and T. Itino, “Insect-flower relationship in

the primary beech forest of ashu, kyoto: an overview of the flowering phe-

nology and the seasonal pattern of insect visits,” Contributions from the

Biological Laboratory, Kyoto University, 1990.

[11] P. Kevan, “High arctic insect-flower visitor relations: the inter-relationships

of arthropods and flowers at lake hazen, ellesmere island, northwest terri-

tories, canada,” PhD thesis, 1970.

[12] J. Memmott, “The structure of a plant-pollinator food web,” Ecology Letters,

vol. 2, no. 5, pp. 276–280, 1999.

10



[13] T. Mosquin and J. Martin, “Observations on the pollination biology of

plants on melville island, nwt, canada,” Canadian Field Naturalist, vol. 81,

pp. 201–205, 1967.

[14] A. F. Motten, “Pollination ecology of the spring wildflower community of a

temperate deciduous forest,” Ecological Monographs, pp. 21–42, 1986.

[15] J. M. Olesen, L. I. Eskildsen, and S. Venkatasamy, “Invasion of polli-

nation networks on oceanic islands: importance of invader complexes

and endemic super generalists,” Diversity and Distributions, vol. 8, no. 3,

pp. 181–192, 2002.

[16] J. Ollerton, S. D. Johnson, L. Cranmer, and S. Kellie, “The pollination ecol-

ogy of an assemblage of grassland asclepiads in south africa,” Annals of

Botany, vol. 92, no. 6, pp. 807–834, 2003.

[17] D. W. Schemske, M. F. Willson, M. N. Melampy, L. J. Miller, L. Verner, K. M.

Schemske, and L. B. Best, “Flowering ecology of some spring woodland

herbs,” Ecology, pp. 351–366, 1978.

[18] E. Small, “Insect pollinators of themer bleue peat bog of ottawa,” Canadian

field-naturalist, 1976.

11


