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1 Further details of the foraging models

Here we explain how we use classical optimal foraging theory (OFT) on species diet choice in this

paper to obtain the OF and PR models, and how we parameterise these models.

1.1 The classical optimal foraging model

For simplicity, we first consider the case where a focal consumer preys on a single resource species, with
per-capita units. Given the total searching time (7T, the total time spent searching for resource items
within a certain period of time, say, a foraging bout) and encounter rate (A) between the consumer
and the resource, we can derive the total number of resource items that a consumer can encounter per
bout (Riot) as:

Rioy = AT, (1)

with
A =dR, (52)

where a’ is per-capita search rate and R the numerical density of the resource. In the original OFT
work ( ), it is assumed that once a resource item is encountered, it is captured
instantly and successfully by the consumer, i.e., attack success probability (i.e., A in our OF & PR

model in the main text) equals one. The total time spent foraging (Tiot, the length of a bout) is then
Tiot = Ts + TR (S3)

where h' is the per-capita handling time: the time taken by the consumer for pursuing, subjugating and
ingesting one resource item. Tiy is nothing but the sum of searching time and handling time dealing
with all captured resource items within a bout. Then, the per-capita intake rate during a foraging bout

is the total number of resource items eaten (eqn (S1)) divided by the total foraging time (eqn (S3)):

Rtot _ Ts)\
Ttot Ts + Ts)\h/

(54)

By cancelling Ty out from both the numerator and denominator, and replacing A with eqn (S2), we get

R 'R
tot — a . (85)
Tiot 1+ d RN
This is the classical type-II functional response ( ) in per-capita units. Using this functional

response equation, OFT stochastically models a series of decisions of the consumer, who either pursues
or ignores each encountered resource item (of different types) such that its final diet composition
maximises its net energy intake rate when averaged across many (sufficient from a sampling perspective)
bouts. To illustrate this diet choice mechanism, let’s introduce another resource species into the system.
We now have two resources species, 1 and 2, identified by subscripts in the following equations. The
profitability of the i*® resource species is how fast the consumer can gain energy from that item once it
has been encountered. Let F; be its energy content. Then, its profitability (p;) is:

E;

bi = W (86)

Note again that this is assuming attack success probability A = 1.
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Now, let resource 1 be the more profitable resource among the two, such that:

By Ey

p1 > p2, i'e'v
We can calculate the consumer’s energy intake rate (henceforth, consumption rate, C’) by multiplying
eqn (S5) by E, under three possible diet choice scenarios: eating only the more-profitable resource 1,

eating only the less-profitable resource 2, or eating both:

C/ o (IllRlEl
YT 1+ dRily
/
E
) a3 f2 By (S8)

T 1+ dyRoh),
c (l’lRlEl + (I/2R2E2
2= 1+ allthll + aéRQhé

Given that resource 1 is more profitable (eqn (S7)), C% is necessarily smaller than Cf,. Therefore, the
consumer cannot achieve optimal (maximum) intake rate by eating only the less-profitable resource 2,
and must always include the more-profitable resource 1 in its diet. The choice that the consumer needs
to make then is whether or not to also include resource 2 into its diet. The criterion for resource 2 to

be included is C, > C7, which can be re-written as:

Es

/
R - s
NS B Bl

(S9)
because a/, E, and h' are species-specific fixed values, the inclusion of resource 2 (the less-profitable
resource) into the consumer’s diet depends only on Ry, i.e., the density (or say abundance) of resource
1. Note the fact that the abundance of resource 2 itself is not relevant to its inclusion or not—only
when resource 1 is rare enough should the consumer start to prey on resource 2.

From the above, we can summarise three diet-choice rules from classical OFT: (i) The most
profitable resource species is always included in the consumer’s diet regardless of its abundance. (ii) It
is not because of the abundance of the less-profitable resource, but the rarity of the more-profitable
resource, that the consumer includes the former into its diet. (iii) There is no way that the consumer
“skips” species along the profitability ranking, that is, not eating the more-profitable resource but eating

the less-profitable ones. All these rules also apply to our multi-species OF food web model below.

1.2 The OF model

The OF model is an extension of the above classical model to food webs. In this study, we decide to use
biomass as the currency of energy for easier merging with metabolic theory. All parameters are therefore
converted to mass-specific (i.e., per-biomass consumer on per-biomass resource) units as described
below. The critical assumptions we make are that the energy content per unit biomass of resource,
and conversion efficiency (i.e., from biomass to energy) of consumer, are both approximately constant
irrespective of consumer or resource identity ( ; ), and independent of
body size ( ; ; ).

Following eqn (S6) & (S7), for j'" consumer species, the profitability of an 4'
(pij) Is:

b resource species item

Pij = W
(]

(S10)
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where FE; is the energy content of that resource item, and h;-j here is the per-capita handling time
as above (eqn (S3)). We explicitly include the A;;, the attack success probability to capture that
resource item, rather than implicitly assuming it equals one as in classical OFT (see above). That is,
we relax classical OFT’s assumption that encounter equals capture because the consumer’s evaluation
of profitability of a resource should in fact include its probability of successful capture. As we have
assumed the energy content per unit biomass is constant for all species, F; can be expressed as the
resource item’s body mass, m;, multiplied by a constant that can be ignored as it has no effect on the
relative profitabilities of species. Therefore, eqn (S10) can be re-written as:

o Aym;
pij =~
ij

(S11)

We then divide both the numerator and denominator of eqn (S11) by m; to convert it to profitability
per unit resource biomass, and further convert it to consumer mass-specific profitability by multiplying
the denominator by its body mass, m;, to get:

Pij:TM

(S12)

Here, hj; is thus now resource mass-specific handling time (cf. h;j in above equations). Note that the
above conversion does not change the relative profitabilities of resource species with respect to a focal
consumer (i.e., resource profitabilites rank using eqn (S11) or (S12) is identical), but allows us to use
the same mass-specific h;; as when calculating consumption rate (see below and section 1.4). This
value is also assumed to be independent from the effect of predation risk or any other factor.

In our study, we use biomass consumption rate as a proxy for energy intake rate, again, under
the assumption that the energy content per unit biomass of resource is a global constant. The total

biomass consumption rate of the j'™ consumer species can therefore be written as:

S13
ieD. <1 + ZkED]' aijkjhijk> ( )
J

where Dj is the set of species in its diet, € its conversion efficiency (here assumed constant), and, for
h

its i*™™ resource species, a;; is mass-specific search rate (m2-kg~1s71), A;; its attack success probability,
h;; its mass-specific handling time (s), and X; the resource’s biomass abundance (density) (kg-m~2).
Eqn (S13) is a multi-resource extension of the classical (single-resource) type-II functional response (as
C15 in eqn (S8) could be expressed in this form), and is the expected energy intake over a large sample
of iterated, stochastically-spaced foraging bouts ( ). Here again we include
an explicit attack success probability, A, in comparison to the classical optimal foraging model with
implicit A = 1. We also note that A = 1 is included as scheme 10 in our synthetic food-web analysis
(see main text and section 7 below), so this study covers the classic optimal foraging model structure
as well.

Just like the classical model (eqn (S8)—(S9)), the OF model determines the optimal diet by searching
through all possible diet breadths along the profitability ranking (i.e., rule (iii) at the end of the

previous subsection) and identifying the D; that maximises eqn (S13), which presents the optimal diet.
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1.3 The PR Model

As explained in the main text (eqn (2) & Ciisk), the PR model extends the OF model by imposing
predation risk and metabolic constraint (minimum consumption rate) on consumers’ diet choice
decisions. Given a risk of predation (eqn (S26)) and a minimum consumption rate (eqn (525)),
consumers can either narrow or broaden their diet. Narrowing the diet entails taking fewer resource
species than the optimal set, i.e., fewer more energy-rich items that require less handling time overall.
Broadening the diet entails taking more resource species than the optimal set, i.e., more energy-poor
items that require more handling time overall. Under the assumption that handling is less risky than
searching or waiting for prey, diet broadening in the PR model in effect results in a re-allocation of
time within a foraging bout from searching/waiting to handling. That is, accepting less-profitable
resources makes encounters with acceptable resource items more frequent, but the set of accepted items
needs a longer time to handle overall. To make this explicit, consider the two-species OFT scenario
above. From eqns (S3) and (S8), the total time spent foraging on resource 1 (Tiot, 1) versus on both

resource 1 and 2 (Tiot, 12) are, respectively,

Tiot, 1 = Ts + Tya) Ri R

(S14)
Tiot, 12 = Ts + Ts(a) R1h) + ayRah).

In eqn (S14), given a fixed bout length (i.e., Tiot, 1 = Ttot, 12), the Ty in Tior, 12 must be smaller than
the Ty in Tiot, 1 (i-e., less total searching/waiting time within a bout due to accepting resource 2),
and meanwhile necessarily Ty(a) R1h} + abRahf) in Tior, 12 is larger than Tsa) R1h) in Tiot, 1 (i-e., more
total handling time within a bout due to accepting resource 2).

The diet narrowing strategy involves the same logic applied in the opposite direction under the
assumption that handling is riskier than searching/waiting. By such time-reallocation, the consumer
reduces time spent performing riskier actions. Note that it is biologically possible that the consumer
could change the bout length (Tio) as a response to predation risk, which we have addressed in the
“Discussion” section of the main text. Basically, it would not affect the diet breadth changing mechanism

described here.

1.4 Foraging model parameterisation and structural schemes

Here we describe how the the foraging parameters of the OF and PR models—species biomass abundance
(X5), search rate (a;j), attack success probability (A;;), handling time (h;;), and minimum consumption
rate Cpin—were specified. All quantities were eventually converted into mass-specific SI units (for
values, see Table S1).

To quantify the model’s sensitivity to variation in food-web attributes (species richness, proportion
of basal species, mean and variation of species body masses) and specification of the foraging parameters,
we developed schemes where these aspects were manipulated. Scheme 1 serves as a baseline. We
describe its specification here, whereas each of the other schemes change one attribute or parameter

with respect to scheme 1. These other schemes are are detailed in Table S2.
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Biomass abundance (density)

Maximum species abundances generally follow Damuth’s law ( ; ), with larger

species having lower numeric densities:
X! = Xom; "™ (S15)

Here X is the average population density (in individual/area or individual/volume) of species i. X
is a normalization constant. m; is the average body mass of the i*" species . By multiplying eqn
(S15) by m; we can convert it into the scaling equation for species biomass density (in mass/area or

mass/volume),
X; = Xgm{-? (S16)

We note that the Xy (10™* we used) and exponent (0.25) shown in eqn (S16) fall within the range
of empirically-calculated values (Table S4). Indeed, in the case where we generated OF and PR
counterparts of empirical food webs (the “Comparing ability of the foraging models to capture
empirical food-web structure” section of main text) we did have empirical species biomass densities
in seven webs (Table S4). However, because not all empirical webs had such data, for consistency
we assigned biomass densities in all using Damuth’s law. Eqn (S16) was applied with re-sampling
variations in constant and exponent values in the empirical food webs section, and without such
variation in the synthetic food webs section, as described in the main text. Using empirical biomass

density values for X; did not qualitatively change any of the results (results not shown).

Search rate

For mass-specific consumer j search rate (units of area/time or volume/time) we use (

; ; ):

-1 .
aij = 2%d0m§?v+pd mbd in 2D

(S17)
aij = ﬂ‘/()d%m?VJerd*lm?pd in 3D

where V) and p, are the normalization constant and exponent for the scaling of velocity, dg and pq the
constant and exponent of the scaling of reaction distance (at which the consumer and resource can
sense and react to each other), and D is foraging (interaction) dimensionality. As such (S17) is the
“grazing” version of the more general model of ( ). We use this particular model for a
throughout this study because it has been shown that the effect of foraging strategy is relatively small
compared with the effect of foraging dimensionality ( ), and also because the majority

of trophic interactions in the empirical food-web data we used were grazing.

Attack success probability

We phenomenologically model the attack success probability of species j attacking i as:
0.2

1 1
Aij = — 033 2
1+0.25e 1+ (loglo (R ma))

Pm;

(S18)
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where Rj, is the preferred resource-consumer body-size (body mass) ratio, and e is Euler’s number.
In the right hand side of eqn (S18), the first component is bounded between 0.8 and 1 (with the
lower bound set by the constant 0.25) describes an monotonic increase of success probability with
m;, with the curvature regulated by the constant 0.33. The second component (bounded between
0 and 1) imposes a dome-shaped change in success probability with resource-consumer body-size
ratio with its breadth controlled by the exponent 0.2. The value of this component peaks when the
size-ratio equals Rj,. Because size-ratios tend to be log-normally distributed, the log;, transformation
guarantees that the decline is symmetric on either side of this ratio. This model (eqn (S18)) captures
two biologically-realistic features of attack success: (i) large consumers tend to have higher success
probability than small consumers, and (ii) the consumer’s attack is more likely to succeed when the
prey’s body-size is appropriate, and less likely when the prey is too large or too small (sensu

; ; ). In other words, the probability peaks at a preferred
body-size ratio. In this study, using different forms for A (i.e., scheme 8-10 in Table S2) did not

qualitatively change our results (Section 7).

Handling time

According to ( ), the consumer’s per-capita handling time for resource biomass (i.e.,
the conventional per-capita handling time A’ divided by resource body mass) is
R o m; P (S19)
1) ¥ ?
where 8 the scaling exponent of basal metabolic rate ( , ; ). To
make it mass-specific (i.e., per-biomass consumer on per-biomass resource), we multiply eqn (S19) by
m; to get

hij ocm} 7. (S20)

where h;; is mass-specific handling time. Furthermore, handing time should also be subject to
biomechanical constraints imposed by resource-consumer size ratio. Therefore, we express handling

time as

hij = hom) °H <m> (S21)

nm;

where hg is a constant. H is a U-shaped function which captures the fact that consumer should
more easily handle a captured resource within an appropriate (preferred) size range with a peak at a
particular, optimal resource-consumer body-size ratio. Just like A (eqn (S18)), handling time should
be the lowest at a preferred body-size ratio and increase with deviation from that ratio. We use the
inverse of a Gaussian probability density function, standardising the lowest point to 1, to capture this
behaviour. For the preferred ratio, the same R}, as in attack success rate is used.

Another handling time parameterisation that also takes into account the body-size ratio influence,
but with different logic and assumptions, can be found in the study by ( ) on ADBM.

Their “ratio handling time function” is

ho _if mi <,
Woo={ Fmy (S22)

00 otherwise.

Here h;-j is consumer per-capita handling time on resource individual. hy again is a constant. L is the
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largest consumable resource-consumer body-size ratio, beyond which the resource is considered too

large to be consumed (i.e., with infinite handling time). A lower limit of handling time is set because

m;
mj

no matter how small the resource item is (7+ — 0), the consumer still needs a certain amount of time
to handle it (%2). Multiplying eqn (S22) by %; to convert it into mass-specific sense (i.e., per-biomass

consumer on per-biomass resource), we get

hom?2 . )
7Lm_fn¢im2 if ™ < L
hi]’ = T J (823)
00 otherwise.

Both types of handling time parameterisations, i.e., eqn (S21) and (S23), were included in the simulation
schemes of this study (Table S4).

1.5 Consumption rate threshold and predation-risk index in the PR model

To maintain itself and survive, the energy intake of an individual should at least balance the continuous
energy loss due to maintenance metabolism. This corresponds to the basal (survival/maintenance)
metabolic rate (BMR, in energy/time) of an individual ( : : :

)
BMR = Bym” (S24)

where By is a coefficient that depends on taxon and temperature. In this study, as we used biomass
density as the currency of energy, a basic biomass consumption rate threshold (C/ ;) for individual
consumer’s survival could be drawn in proportion to BMR (C/;, o« BMR). Dividing eqn (S24) by m

to make it mass-specific, Cyyin (in 1/time) for species i can then be expressed as
Ci, min = Com)] ™! (S25)

where Cj is a normalization constant. Biologically, this term (eqn (5S25)) is the mass-specific biomass
loss rate due to maintenance metabolism.

The amount of predation risk that a focal species experiences is quantified as a predation-risk
index (Pyisk), which is positively determined by the ratio of the total biomass of its realised consumers
(3" Xiea1) and the total biomass of all consumer species (> Xa)

Z Xreal ) eP
Pk = | &=—— S26
5 < > Xan (526)

where Py is bounded between 0 and 1 and is directly used for drawing a reference consumption rate
for the diet broadening/narrowing effect described in the main text; ep is an exponent that determines
how Py increases along with the increasing » | Xjeal, as shown in Fig. S1. Compared to the ep = 1
case, Py will be smaller for the same ) X,eq1 if ep > 1, where the diet broadening/narrowing effect of
the focal consumer species is thereby less sensitive to the change in the number (and thus > Xiea1) of
its consumers (Fig. S1). This index is based on the rationale that, from a resource’s point of view, the
predation risk it suffers should increase with the number of consumer species in the environment that
are preying on it, as well as the abundances of those consumers. We also note that by our assumption
of allowing intraguild predation and cannibalism, all species share the same ) X, value and therefore
this predation-risk index presents a standardised evaluation of risk which could be compared among

species. Species with fewer realised consumer species are likely to have lower P,g than those with



265

267

268

269

270

271

272

273

274

275

276

277

many.

In the empirical food web section of the main text, we simulated model-generated counterparts of
empirical food webs with given parameter values and ep = 1. Regarding controlling the connectance
(see the main text and section 3), sometimes, for a replicate, even the largest hg, based on which all
species barely fulfil the Cp,in requirement (i.e., even larger hg leads to unfeasible species), is already
used, the generated PR web is still over-connected. This can be seen as species being too sensitive to
predation risk such that their diet broadens too fast. We therefore increased ep by 0.25 to slightly
weaken the diet-broadening effect (S1) in such cases. This process was repeated until a PR web with
acceptable connectance was successfully generated. The simulated connectance values, along with the
ep used to achieve them, is summarised in Table S4. In the synthetic food web section, we did not
limit the connectance of generated food webs, but just made sure that the three webs (i.e., the OF, PR,
and null ones) share the same connectance. The values of ep were therefore kept as scheme-dependent
values (Table S4).
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Realised-to—all consumer biomass ratio

Figure S1: The effect of ep on how predation-risk index (P,isx) is evaluated from the total
realised-to-all consumer biomass ratio (3> Xyea/ > Xan)-
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2 Pseudocode for the OF and PR assembly processes

Here we present the pseudocode for our assembly algorithm. Note that this entire process is repeated
for multiple values of handling time A in order to achieve a preset connectance. Stopping after line 3
results in an OF web, while continuing results in a PR web. An explanation for the various values of

C on line 7 is in Fig. 1 of the main text.

input :Set of species S = {1...n}, their biomasses mycgy, set of basal species B C S
output: PR food web diets Dy;¢p)

1 foreach consumer species i ¢ B :
2 Order other species by profitability defined by eqn (S12)

Initialise diet D; by adding species in descending order until eqn (1) is maximised

w

'

until all D; do not change :

foreach consumer species ¢ ¢ B :
Calculate P; sk using eqn (2)
Risk-compromised consumption Chisk = Csurv + (1 — Prisk) (Copt — Csurv)
Re-assign diet D; by broadening to the closest C'(D;) > Clisk

®® =N o o
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3 Controlling the connectance of OF and PR webs via handling time

magnitude

In this section, we explain how the connectance of model-generated web, for both the OF and PR
model, was controlled by manipulating the magnitude of handling time.

The handling time for every resource-consumer pair is given by eqn (S21) explained in section 2.
Given a hg value and other parameters, the consumption rate of any focal consumer across all its
possible diet breadth can be calculated by using eqn (1) of the main text, as we did in main text Fig. 1
and Fig. S2 here. As the magnitude of handling time is increased by giving a larger hg value, the
consumer’s consumption rate for every possible diet breadth decreases due to the larger denominator
of eqn (1). At the same time, the maximum consumption rate shifts to be at a narrower diet set, which
means that the optimal diet breadth becomes narrower. This is purely a mathematical outcome of
the multi-resource type-1I functional response, i.e., eqn (1). Under the OFT diet-choice rule where
consumer take the optimal diet set, assigning a large-enough hg guarantees that the focal consumer
will definitely consume only the most profitable resource (Fig. S2 rightmost), whereas a small-enough
ho make the consumer eat everything (Fig. S2 leftmost).

Extrapolating the above to all consumer species in the community, the food-web connectance will
be higher if all consumers have broader diet, and vice versa. The connectance of the OF and PR model
(as PR starts with an OF-derived initial web) can therefore both be manipulated by assigning the
value of hg. Given the same set of species and parameters, the two models reach the same connectance
with different hg values, where the PR needs a larger one due to the diet-broadening strategy. We thus
control the connectance of output food webs via assigning proper hg values as decribed in the main

text, so that the structural comparison could be conducted with webs that share the same connectance.

o
o 1
2% 25 25
cE * cE s E
22| ¢ 22 ¢ s
o O Q Q ! ° Q o
g O g ©° ) g ©°
S O =) S O
2] 2 5 [ZIES ]
5% 5% * 85| |
3% 3 8% ! °
1 ! i ®
v v % ®
Diet breadth of the consumer Diet breadth of the consumer Diet breadth of the consumer
Small Magnitude of h, Large

Figure S2: Illustration of how consumption rate of the consumer is influenced by the magnitude of hyg.
With larger hg, the handling time of every resource-consumer pairs increase evenly. For a focal
consumer, this results in a decrease in consumption rate across all possible diet breadth (i.e., all points
move downward), meanwhile the optimal diet becomes narrower (i.e., the peak shift leftward).

Note that we set the connectance of the PR web first then match the connectance of OF /null web
with it. The reason is that, in the PR assembly, species’ diet breadths and predation-risk index values
iteratively change each other until they reach a steady state. Thus, the connectance of PR food webs

responds less smoothly but step-wise to variation in hg. It is therefore more difficult to generate a PR

13
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313

web with exactly the desired connectance. The OF assembly, on the other hand, can easily achieve a
desired connectance by assinging a proper hg value. The null webs are randomly connected and we can
directly assign their connectance. Therefore, matching the connectance of the latter two to the PR

value is a practical way to have them share the same connectance.
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4 Measurement of structural features

We summarise the food-web metrics used in this study in Table S3.
We note that in this study we focus on nestedness and modularity because these are arguably
the most well-reported empirical food-web properties, as stated in main text, and also because such

structural features quantify the pattern of how trophic links are distributed among species, which

directly reflects species’ diet choice.
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5 Empirical food-web data

We compiled data on 12 empirical food webs from published works (Table S4). These webs were all
resolved to the species level. For CSM, BSQ, and EPB, the original data partly includes life-stage
level resolution on trophic interactions among species. We collapsed these 3 webs to species level to
stay in accordance with the other webs, by summing up the biomass and diet of any species across
all its life stages. We included only carnivorous, herbivorous, and detritivorous links. The number of
species in these webs ranges from 28 to 251, and web connectance ranges from 0.018 to 0.294. Note
that we present the biomass scaling relationship of the seven webs for which we have information on
empirical biomass densities, but in our work we reassign the biomass densities of all using Damuth’s

law as described in section 1.4.
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6 Further details on data analyses

The measurements in this study (including those of additional results, see the next section), except
TL-Mass (trophic level to log consumer body mass relationship) and ID-Mass (in-degree to log consumer
body mass relationship), were analysed using linear mixed model (LMM) and paired-Wilcoxon tests to
check for the difference among models. For the empirical part we focused on the absolute deviations
from the empirical value and took these as the observations to evaluate model predictive performance.
For the overall comparison of model performances (i.e., results in Fig. 2 of the main text), we used
LMM with the type of model (i.e., OF and PR) as the fixed effect, and community (i.e., the 12
empirical ones) and iteration (50 for each community) as nested random intercept effects. For the
community-based comparison, deviations are paired by iterations and analysed using a Wilcoxon test.

For the synthetic part, on the other hand, we directly compare the measurements to show the
structural difference among models. Just as the corresponding observations (i.e., among models but
from the same iteration) in the empirical part were derived from the same set of re-drawn parameters,
in the synthetic part they were derived from the same synthetic community, and thus were not
independent to each other. We thus set the type of model (i.e., OF, PR, and null) as the fixed effect,
but the identity of iteration as a random intercept effect in the synthetic part, and reported the
significance of difference between the OF and PR models. Notably, the measurement here may be
transformed to meet the normality assumption of LMM. We first checked residual (i.e., of LMM model)
normality of original readings using a Shapiro-Wilk test, and if it was violated, we further applied 4
transformations and picked the one that gave the largest p-value of normality tests for analysis. Possible
data types are: Original, Square-root transformed, Log transformed (log;q(value) or logq(value + 1)
if there is zero in the values), Reverse transformed (—1/value or —1/(value + 1) if there is zero in the
values), and Arcsine-square-root transformed (if the original values are not bounded between 0 and 1,
they are standardised by dividing by the maximum reading (or 100 in NODF case), then taking the
sin~'Wvalue). The final adopted data type of the LMM analysis is indicated in Fig. S5-S7.

For TL-Mass, LMM were applied to visualise the relationship, where we took species body mass
(in log scale) and the type of model as fixed effects with interaction, with the identity of iteration as a
random effect. The random effect was set to be either on the intercept, the slope, or both, depending
on which structure yielded the smallest AIC. For ID-Mass, as the relationship was not linear, we used
a generalized additive mixed model (GAMM) to visualise the relationship. The type of model was
set as a linear fixed predictor, while species body mass (in log scale) of each model type was set as a
smooth predictor, and the identity of iteration as a random smooth.

The LMM was done by using lmer function of R package 1me4 (ver. 1.1-17, ). The
GAMM was done by using gam function of R package mgcv (ver. 1.8-24, ). Paired-Wilcoxon

and Shapiro-Wilk tests were conducted using R-inbuilt functions.
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7 Additional results

Here we firstly present the same result of Fig. 2 of the main text, except with standardised absolute
deviation (Fig. S3). The results are qualitatively the same. We note that we were not comparing the
deviation between nestedness and modularity, but between the two foraging models. As long as the
deviations are paired-calculated with empirical values, we can judge if it is statistically different from 0
and if any of the OF /PR have smaller deviations (as an indication of better predictive performance),
so standardisation is not necessary. However, using standardised values provides hints of how large the
deviations are, relative to the empirical value.

Besides the focal structural measures of nestedness and modularity, we also measured several other
food-web structural metrics and performed the same comparisons as described in the empirical and
synthetic food webs sections of the main text. We note that the metrics we measured cover much
of the same structural information as in the previous works, such as the ADBM studies (

; ). The results of these are as shown in Fig. S4-S7, and the relevant
terminology definitions can be be found in Table S3.

The PR model predicts clustering closer to the empirical value, while for coherence and trophic
similarity there is no obvious superiority of predicting performance (Fig. S4). The synthetic part shows
that the PR food webs are consistently more clustered, more coherent, and have higher similarity
among nodes than OF food webs (Fig. S5).

For the resource-consumer body-size ratio-related features, we compared the median and standard
deviation of resource-consumer body-size ratio distribution among the models. These features provide
insights into how different-sized species and linkages are distributed within the food web. For the
comparison with empirical food webs, there is no obvious pattern for the median of the ratio. For the
standard deviation of the ratio distribution, empirical food webs tend to adopt higher value than the
models’ prediction. The PR model outperforms OF in 9 out of 12 empirical communities (Fig. S4).
For the comparison among synthetic food webs, because of the body-size constraints embedded in A
and h, both foraging models produced more constrained ratio distributions than the null webs, that is,
with much smaller standard deviation. The comparison between the two foraging models showed that
the PR model tended to produce food webs with higher median resource-consumer body-size ratio and
higher standard deviation of that ratio, i.e., a wider and flatter ratio distribution, than the OF model
(Fig. S5).

With regard to node-level features, we checked the relationships of consumer species’ trophic level
and in-degree against their log body mass (TL-Mass and ID-Mass, respectively) to inspect how these
two node-level features varied with body mass. In-degree is the number of resources of a node, which
directly reflects the diet breadth of species, so was considered as an important node feature in the
diet-predicting context of this study. In general, empirical food webs tend to adopt a positive TL-Mass
relationship and a dome-like ID-Mass relationship—not perfectly humped, but qualitatively higher
in the middle than in the ends (Fig. S4), and the model-predicted webs reflect such a characteristic
(Fig. S4, S5).

As stated in the main text, biologically, a species can either broaden or narrow its diet breadth
as a response to predation risk, and we mainly focused on the former. We also conducted the same
simulation using the PR model which is set to have the diet-narrowing effect. In a food web, however,
if the consumers’ diet become narrower, the resources species’ predation risk will decrease, which will
lead to further diet narrowing of these resource species and lower the predation risk downstream. This

is exactly the opposite of the positive feedback between diet breadth and predation risk that happens
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414

in diet-broadening case (as described in the main text), so the effect of predation risk tends to mitigate
itself here. As a result, the predicted food webs of diet-narrowing PR model converges to OF, and
the structural outcomes of the two models are almost identical (Fig. S6). If allowing the PR model
to select the diet that gives the closest consumption rate to the risk threshold Ciigx (i.e., could either
be broadening or narrowing), because the diet-narrowing effect again diminishes, the results of this

either-direction PR model (Fig. S7) largely converges to the diet-broadening case (Fig. S5).

Nestedness Modularity
S 0.525 I g ]:
g S 6.0
© ©
. 0.500 55
.g_ E‘
(@) 0 5.0
= 0.475+ =
2 245
s 5
..c:.U 0.450+ % 40
) I )
a 035
OF PR OF PR
Foraging models Foraging models

Figure S3: Performance of the Optimal Foraging (OF) and Predation Risk-Compromise (PR) models
in predicting nestedness and modularity of empirical food webs. We evaluate the performance using
standardised absolute deviations from the empirical value of both foraging models, which is the
absolute value of the difference (of NODF and modularity index) between the model-generated web
and the empirical web, divided by the reading of the empirical web. These are shown as mean + 95%
CI (LMM fixed-effect uncertainty only). The PR model has deviations significantly smaller than those
of the OF model in both nestedness and modularity measurements (p < 0.001 in both cases),
indicating a better predictive ability.
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Figure S4: Summary of the structural features (as columns) of empirical food webs (as rows) and their

OF and PR counterparts. Nest: level of nestedness (as NODF); Modu: level of modularity (as
modularity index); Clus: clustering coefficient; Incohe: Incoherence index; Simi: web-averaged

species-pair similarity; TL-Mass: Trophic level to log consumer body mass relationship; ID-Mass:
In-degree to log consumer body mass relationship. Food-web name abbreviations are in accordance
with Table S4. Red, blue, and black colour refer to OF, PR, and empirical food webs, respectively.
The solid line present the mean or regression line, with corresponding shade present the 95% CI. The
box plots present the model-generated values. Except in TL- and ID-Mass, the background of the
plots are coloured in red/blue shade to point out which of OF and PR measurement mean values is

significantly closer (p < 0.05) to the empirical value based on paired-Wilcoxon tests.
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Figure S5: Summary of the structural features (as columns) of the OF, PR, & null food webs across
all schemes (as rows). Measurement abbreviations are in line with Fig. S4. Red, blue, and black colour
refer to OF, PR, and null food webs, respectively. The sold line with corresponding shade presents the

mean + 95% CI of observations or the regression line, whereas the box plots present the

model-generated observations. The asterisks indicate whenever the OF /PR values are significantly
larger than the other (*: p < 0.05; **: p < 0.01; ***: p < 0.001. LMM results). Adopted data type is

indicated at the bottom left of the plots: O(original), R(square-root), L(log), Re(reverse), and

A(arcsine square-root). Across schemes, there are consistent structural differences between OF and PR

food webs despite of the variation in model mathematical structure and parameters.
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All notations are in line with Fig. S5. As the PR in this case largely converge to the OF, the results
show no difference between the two.
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Figure S7: Summary of the structural features (as columns) of the OF, PR, & null food webs across
all schemes (as rows), where in the PR model the predation risk is set to have either diet-narrowing or
diet-broadening effect depending on which gives the closer consumption rate to the reference value. All
notations are in line with Fig. S5. The results are largely the same with pure diet-broadening case as
in Fig. S5.
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8 Node-link diagram

The node-link diagram showed in Fig. 5 of the main text was produced by using the visualisation
algorithm developed by Zheng ef al. (2018). For ease of comparison, the x-position of nodes of all three
diagrams are calculated based on connectivity information of the empirical food web such that the
location of the nodes are fixed across diagrams.

Here with Fig. S8, we further show the diagrams of the same OF and PR food webs, but based
on the PR web’s connectivity information instead (i.e., the same webs as in Fig. 5B—C of the main
text but plotted in another way with another set of x-position of nodes), which provided another
visualisation of the difference between the OF and PR webs. Because we kept the connectance of the
two webs the same, the OF and PR webs can be seen as the linkages being re-allocated among nodes
from each other. Consequently, median-sized consumers have a broader diet in the PR than in the OF
food web (e.g., the nodes that form a little triangle in the middle of Fig. S8), while the reverse is true
for larger and smaller consumers (e.g, the three nodes at the top, and the two greenish nodes sitting

right above the yellowish layer of nodes of Fig. S8, respectively)

(A) OF: optimal foraging model

s

A

\

e

Log body mass

s j.‘\

SR LR
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(B) PR: optimal foraging model with predation-risk effect
incorporated
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Figure S8: Node-link diagrams of the OF and PR food webs, corresponding to Fig. 5 of the main text.
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9 Trends in research on OFT-based food-webs

Research on OFT-based food-webs has gradually faded from the literature after reaching a peak around
2010-2012. We searched literature using the Web of Science engine, with “optimal foraging” and “food
web” as key words of the topics, then plot the number of found publications with the year they are
published.
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Figure S9: Number of research papers by year of publication with “optimal foraging” and “food web”
as topic key words, searched by Web of Science.
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