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Trophic web of species from the El Verde Ranforest,
Carribean National Fores, Puerto Rico.
http://www.foodwebs.org
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Predators consume contiguous sequence of prey in a one-dimensional 
trophic niche. (Williams and Martinez, Nature2000)

S, L � input parameters
A (S� S) aij=1 if species j consumes species i

(1) species are assigned niche values that form a totally ordered set 
(2) species have an exponentially decaying probability of preying on species 

with lower niche values
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Reward traits

Foraging traits

• Trait complementarity
• Exploitation barriers
• Hierarchical phylogenetic relationships

Modulated by
Environmental
Pressure
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A, P, L � input parameters

1. Specialisation Rule

Number of partners lp from aÎ A that each pÎ P interacts with?
tRp � � p (U, NU)
tRp – draw from uniform distribution [0,1] analogous to niche value
� p – draw from beta-distribution p(x)=� (1-x)(� -1)

2. Interaction Rule

Which members from aÎ A cooperate with each member of pÎ P?
Determined by complementarity between tRp and tFa

tFa � � lp (U, NU)
tFa – draw from uniform distribution [0,1]
� lp – draw from beta-distribution

P

AP
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For each pollination dataset, the table presents its environment/location; total number of links L., P and A are the number of nodes in 
class P and class A respectively. Note that all networks have ratios P/A<0.5 and L/(P� A)<0.3. For the degree distributions, Beta(PP-
PA) shows the environmental condition, uniform (U) or non-uniform (NU) that best reproduces the observed network properties, along 
with the combined P-statistic using the two-group equivalence KS test between the empirical and model-generated distributions of 
class P and class A respectively. N and Q correspond to the observed nestedness and mean modularity values respectively, along 
with the normalized errors (z-scores) for the comparison between the empirical and model-generated values. The model-generated 
mean values for N and Q are shown inside the parentheses. Note that five observed pollination networks have already been found to 
be non-modular (nm)8. All comparisons are based on 1000 model simulations. 
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Cumulative degree distributions. This is the 
distribution of animals per plant and vice 
versa. For this, we used the cumulative 
degree distribution, Pcum(k), a widely used 
statistical metric that measures the 
probability that a node has up to k network 
connections. The distributions are plotted on 
a log-log scale. The blue dots represent the 
cumulative distribution for plants, the red 
crosses represent the cumulative distribution 
for animals. The grey region corresponds to 
the 95% confidence over 1000 simulations 
using the model-generated degree 
distributions.
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Bascompte et al. PNAS 100 (2003)
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The observed nestedness values (dashed line), and the average plus two standard deviations values generated by the model (yellow dots) and 
the random assemblages (green crosses) following Bascompte’s et al.25 null model. Here, a nestedness of 0 means a perfectly nested matrix. 
Note that the two standard deviation bars account for -2<Z-score<2 as defined by Z=(observed-average predicted)/st. dev. predicted. This 
analysis was carried out over 1000 simulations.
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Connectivity roles. The figure shows the  percentage of population for the observed connectivity roles (colors), and the values 
(avg� stdv) generated by the model (black bars). We followed Guimera’s et.al.26 classification for nodes, where roles 1-4 are 
classified as non-hubs and roles 5-7 as hubs.
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1985: 3249 firms 2003: 190 firms1995: 1046 firms
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Declining trajectories over the years for manufacturers (blue circles), contractors (red diamonds), and hybrids (green squares). The 
number of firms is normalized to its corresponding value in 1985. The inset shows the relationship in a log-log scale between the 
total number of firms and links in the network. The solid line is the fit to the data defined by � =1.22� 0.01(s.e), r2=0.99.
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For each pollination dataset and the four organizational networks, the table presents its environment/location; total number of links L., 
P and A are the number of nodes in class P and class A respectively. Note that all networks have ratios P/A<0.5 and L/(P� A)<0.3. For 
the degree distributions, Beta(PP-PA) shows the environmental condition, uniform (U) or non-uniform (NU) that best reproduces the 
observed network properties, along with the combined P-statistic using the two-group equivalence KS test between the empirical and 
model-generated distributions of class P and class A respectively. N and Q correspond to the observed nestedness and mean 
modularity values respectively, along with the normalized errors (z-scores) for the comparison between the empirical and model-
generated values. The model-generated mean values for N and Q are shown inside the parentheses. Note that five observed 
pollination networks have already been found to be non-modular (nm)8. All comparisons are based on 1000 model simulations. 
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Cumulative degree distributions. This is the 
distribution of contractors per manufacturer, 
or animals per plant, and vice versa. For this, 
we used the cumulative degree distribution, 
Pcum(k), a widely used statistical metric that 
measures the probability that a node has up to 
k network connections. The distributions are 
plotted on a log-log scale. The blue dots 
represent the cumulative distribution for 
manufacturers or plants, the red crosses 
represent the cumulative distribution for 
contractors or animals. The grey region 
corresponds to the 95% confidence over 1000 
simulations using the model-generated degree 
distributions.



$����
����

Nestedness. a andb show for the NYGI (1985-2003) and the pollination networks respectively, the observed nestedness values (dashed line), 
and the average plus two standard deviations values generated by the model (yellow dots) and the random assemblages (green crosses) 
following Bascompte’s et al.25 null model. Here, a nestedness of 0 means a perfectly nested matrix. Note that the two standard deviation 
bars account for -2<Z-score<2 as defined by Z=(observed-average predicted)/st. dev. predicted. This analysis was carried out over 1000 
simulations.
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Connectivity roles. a andb show for the NYGI (1985-2003) and the modular pollination networks respectively, the  percentage of 
population for the observed connectivity roles (colors), and the values (avg� stdv) generated by the model (black bars). We 
followed Guimera’s et.al.26 classification for nodes, where roles 1-4 are classified as non-hubs and roles 5-7 as hubs.
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• Simple stochastic model which generates many of the 
structural features of mutualistic networks

• Unexpected correspondence between:
Ecological Networks � Organisational networks

• To what extent is this generative model for cooperative 
structures more general (or even generic)?

• Require a more systematic understanding of how 
environmental conditions modulate specialization and 
interaction constraints.

Thank you!


