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Abstract
1.	 Trophic interactions are often deduced from body size differences, assuming that 

predators prefer prey smaller than themselves because larger prey are more dif-
ficult to subdue. This has mainly been confirmed in aquatic ecosystems, but rarely 
in terrestrial ecosystems, especially in arthropods.

2.	 Our goal was to validate whether body size ratios can predict trophic interac-
tions in a terrestrial, plant-associated arthropod community and whether preda-
tor hunting strategy and prey taxonomy could explain additional variation.

3.	 We conducted feeding trials with arthropods from marram grass in coastal dunes 
to test whether two individuals, of the same or different species, would predate 
each other. From the trial results, we constructed one of the most complete, 
empirically derived food webs for terrestrial arthropods associated with a sin-
gle plant species. We contrasted this empirical food web with a theoretical web 
based on body size ratios, activity period, microhabitat, and expert knowledge.

4.	 In our feeding trials, predator–prey interactions were indeed largely size-based. 
Moreover, the theoretical and empirically based food webs converged well for 
both predator and prey species. However, predator hunting strategy, and espe-
cially prey taxonomy improved predictions of predation. Well-defended taxa, 
such as hard-bodied beetles, were less frequently consumed than expected based 
on their body size. For instance, a beetle of average size (measuring 4 mm) is 38% 
less vulnerable than another average arthropod with the same length.

5.	 Body size ratios predict trophic interactions among plant-associated arthropods 
fairly well. However, traits such as hunting strategy and anti-predator defences 
can explain why certain trophic interactions do not adhere to size-based rules. 
Feeding trials can generate insights into multiple traits underlying real-life trophic 
interactions among arthropods.
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1  |  INTRODUC TION

Biodiversity is in a worldwide crisis, with unprecedented declines 
in the species richness of many taxa (Ceballos et al.,  2015). An 
understudied aspect of this biodiversity crisis is the loss of spe-
cies interactions (Fortuna et al.,  2013). These interactions even 
disappear at faster rates compared to species loss (Valiente-
Banuet et al.,  2015) and therefore contribute substantially to 
the degradation of ecosystem functions and services (Griffiths 
et al., 2016; Keyes et al., 2021). Not only mutualistic interactions, 
such as pollination and facilitation (Montoya et al., 2012; Traveset 
et al., 2018), but also trophic interactions, such as herbivory and 
predation, can have important effects on ecosystem functioning 
(Lavorel et al.,  2013; Schmitz,  2008). To realistically gauge the 
effect of disappearing trophic interactions, a precise quantifica-
tion and understanding of food web structure is necessary (Novak 
et al., 2011). This is, however, challenging for smaller and less stud-
ied organisms such as invertebrates, even though they often attain 
high numbers and diversity in natural systems (Gongalsky, 2021; 
Traugott et al., 2013).

Body size is generally used to identify potential trophic interac-
tions, with the assumption that predators usually feed on prey that 
are (slightly) smaller than themselves (Gravel et al.,  2013). Body 
size further constrains the potential diet of a species between a 
lower and upper limit (Cohen et al.,  1993; Hirt et al.,  2020). On 
the one hand, prey that are much larger than the predator will be 
very difficult to handle and subdue, with pack-hunting and host–
parasite systems as notable exceptions (Hirt et al., 2020; Kalinkat 
et al., 2013). Very small prey items, on the other hand, would not 
yield sufficient energy to compensate for the invested effort, ex-
cept if harvesting can be done efficiently (Naisbit et al.,  2012). 
However, ratios between predator and prey body sizes can vary 
greatly between and within taxonomic entities (Brose et al., 2006; 
Naisbit et al., 2011).

Empirical evidence on predator–prey size ratios is growing 
fast. Nevertheless, data is still scarce for terrestrial invertebrates 
(Gongalsky,  2021; Traugott et al.,  2013) despite mentionable ef-
forts (Brose et al.,  2008; Eitzinger et al.,  2018; Miller-ter Kuile 
et al., 2022). Furthermore, a positive relationship between body size 
and trophic level is usually very clear in both marine and freshwater 
environments (Boukal, 2014; Sholto-Douglas et al., 1991), but less 
pronounced in terrestrial ecosystems (Brose et al.,  2006; Potapov 
et al., 2019). The difference is due to inherent dissimilarities between 
aquatic and terrestrial ecosystems: first, the range of body sizes of 
the main terrestrial and aquatic primary producers (vascular plants 
vs. unicellular algae respectively) is different (Brose et al.,  2006; 
Perkins et al., 2019; Potapov et al., 2019; Shurin et al., 2005); second, 
many terrestrial invertebrate predators have developed strategies to 
handle larger prey species by use of toxins or suctorial mouth parts 
(Brose et al., 2006). Thus, whereas some small terrestrial herbivores 
consume large plants (e.g. most aphids and caterpillars) and some 
small terrestrial predators can attack relatively large prey (e.g. small 
spiders killing large insects), most aquatic prey are fed upon by larger 

predators, in turn fed on by even larger predators and so on (Potapov 
et al., 2019).

Apart from body size differences, hunting strategy is another 
factor influencing the likelihood of predator–prey interactions 
(Brose et al., 2019; Miller et al., 2014; Potapov et al., 2022). Ambush 
predators use the element of surprise to hunt prey that happen to 
pass by (Hirt et al.,  2020; Kersch-Becker et al.,  2018; Nentwig & 
Wissel, 1986). Ambush predators are incentivized to attack a larger 
range of prey species since their overall encounter rates are lower 
than those of active predators, as the former stay stationary for 
longer periods of time (invertebrates and ectotherm vertebrates) or 
occupy a smaller territory (endotherm vertebrates; Hirt et al., 2020; 
Strand & Obrycki, 1996). Active predators, however, confront their 
prey head-on, a strategy that is more successful with a larger body 
size (Hirt et al., 2020; Nentwig & Wissel, 1986).

The outcome of a predation event is not only influenced by the 
predator, but also by the prey species. Prey use different mecha-
nisms to try to escape predation, ranging from evasive behaviour 
(e.g. leaf- and grasshoppers, gazelles) to the development of defen-
sive properties such as camouflage (e.g. owls, stick insects), hard 
body armour (e.g. beetles, turtles) or chemical defences (e.g. dart 
frogs, shield bugs; Jeschke et al., 2008; Peschel et al., 2006). There 
is considerably more selective pressure to specialize towards partic-
ular prey species than there is to develop specific defensive traits 
against particular predator species, because it is more necessary 
to avoid overlap of resources than it is to avoid sharing natural en-
emies (Rossberg et al.,  2006). As a consequence, defence mecha-
nisms seem to be largely uniform across each arthropod taxonomic 
group (Witz, 1990). Some studies even suggest that prey phylogeny 
is more important than body size when determining predator–prey 
interactions (Naisbit et al., 2012).

Food webs are important tools to study ecosystem functioning 
(Montoya et al., 2006; Thébault et al., 2007). Despite some nota-
ble exceptions (e.g. McLaughlin et al., 2010), empirical studies on 
terrestrial arthropod food webs are mostly restricted to one-on-
one interactions (e.g. among specific pest species and their main 
predators) or highly simplified food webs from agricultural sys-
tems or extreme environments (e.g. Curtsdotter et al., 2019; Digel 
et al., 2014; Sint et al., 2019). Size-based predictions of predator–
prey interactions from soil food webs were shown to provide 
useful insights into the realized food web structure, but their accu-
racy can be optimized by including species traits (Potapov, 2022). 
Furthermore, validation of the assumed interactions between 
species is still needed for such soil food webs (Potapov,  2022; 
Potapov et al., 2022).

In general, food webs can be constructed by compiling funda-
mental trophic niches, which include all pairwise trophic interactions 
that a species can potentially establish with other species (Torres-
Campos et al., 2020). These niches can be inferred from literature 
or ratios between putative prey and predator body sizes (e.g. Hines 
et al., 2019). Not all potential interactions are, however, necessarily 
realized in a given food web (Torres-Campos et al., 2020). Predator 
and prey species can for instance be separated in space or time 
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(e.g. through differences in seasonal activity, microhabitat choice 
or behaviour) or potential prey can have defensive properties that 
deter predators from attacking (Ruxton et al., 2004; Torres-Campos 
et al.,  2020). Additionally, smaller juveniles might eat smaller in-
dividuals and even species that are no prey for larger adults (Cuff 
et al.,  2021). Since average adult body size is often used for the 
construction of food webs, interactions by juveniles or exception-
ally large or small individuals are usually ignored (Gongalsky, 2021). 
Realized food webs can thus be more complex than those based on 
adult size, which begs the question to what extent a purely size-
based approach is adequate to construct food webs in terrestrial 
ecosystems (Petchey et al., 2008). Food webs can be based on real-
ized interactions through isotope studies, field observations or gut 
content analyses (mostly through DNA metabarcoding; e.g. Jacob 
et al., 2011; Miller-ter Kuile et al., 2022). However, these methods 
have some shortcomings, the most important one being the inability 
to distinguish predating and scavenging when gut content is used as 
a proxy for realized interactions (Kamenova et al., 2017; Miller-ter 
Kuile et al., 2022).

In order to reconstruct a natural but practically tractable food 
web, we focused on the arthropod community associated with 
a keystone plant species of coastal sand dunes: marram grass 
(Calamagrostis arenaria). This grass is an engineering species of 
coastal foredunes where harsh conditions, such as salt spray, 
strong winds and extreme absolute temperatures, restrict the 
number of species that are capable of surviving in this unique 
ecosystem (McLachlan, 1991). Nevertheless, species communities 
in marram grass dunes are much more diverse and complex than 
those in most agricultural systems, making this ecosystem appro-
priate for studying the reliability of size-based food web construc-
tion (Moore, 1994).

The aim of this study is to assess whether the arthropod food 
web in marram grass dunes can be accurately predicted through the 
assessment of body size ratios. This was done by constructing two 
food webs representing the trophic interactions in marram grass 
dunes. A theoretical food web was constructed based on body size 
ratios, expert knowledge and literature data on microhabitat, phe-
nology and trophic interactions. The second food web was derived 
from experimental feeding trials with arthropod pairs in small vials. 
We hypothesise that the theoretical food web based on body size 
ratios is able to predict trophic interactions, but would be improved 
by incorporating species traits like prey defences and predator hunt-
ing strategy.

2  |  MATERIAL S AND METHODS

2.1  |  Construction of the theoretical food web

To construct the arthropod food web of marram grass dunes, we 
used data from coastal dune areas along the Channel and the North 
Sea, covering the North of France, Belgium, the Netherlands and 
the United Kingdom (Appendix  S1). Arthropods were sampled by 

sweep-netting and manually searching the base of 638 marram 
grass tussocks during the summers of 2017–2019. In total, more than 
15,000 specimens were caught and identified, using a stereomicro-
scope. The overarching food web was constructed by pooling the 
data of all sites and countries. Interactions between two species 
were based on the species' feeding ecology, body size differences 
between predator and prey, microhabitat (i.e. whether the species 
reside primarily among the marram grass leaves or on the ground 
at the base of the tussock), seasonal activity periods (all collected 
from literature; see Appendix S2 for a full overview of the used lit-
erature) and expert knowledge. This method has been used before 
(e.g. Hines et al.,  2019). We refer to the resulting network as the 
theoretical food web.

2.2  |  Construction of the empirical food web

This study did not require ethical approval or a permission for 
fieldwork.

2.2.1  |  Collection of arthropods

During the summer of 2019, 718 arthropod individuals belonging to 
155 different species were collected in several marram grass dune 
areas along the Belgian coast: 93 individuals were caught in De 
Panne (51.0949° N, 2.5635° E; 27/07), 107 in Wenduine (51.2972° N, 
3.0717° E; 03/08), 270 in Blankenberge (51.3205° N, 3.1446° E; 
06/07, 15/07, 10/08 and 24/08) and 248 in Oostduinkerke 
(51.1368° N, 2.6997° E; 03/07, 17/08 and 31/08). All arthropods were 
caught in marram grass tussocks (Calamagrostis arenaria) by hand or 
aspirator. After sampling, all arthropods were deprived of food for 
at least 24 h to create a baseline, except for aphids (Sternorrhyncha), 
leafhoppers (Auchenorrhyncha) and true bugs (Heteroptera), which 
were provided with small pieces of marram grass to avoid mortality. 
Water was presented to all individuals in the form of a small ball of 
wet paper.

2.2.2  |  Pairwise feeding trials

Feeding trials were used to test pairwise interactions between and 
within species. These trials were conducted in 60 mL vials that were 
closed off with mesh to allow free air flow. The bottom of each arena 
was covered in sand originating from coastal dunes to simulate a 
slightly more natural environment. Neither marram grass, nor any 
other form of structure was added to exclude any influence these 
could have on the interaction. Water was provided on a daily basis. 
Each trial consisted of two randomly chosen individuals interact-
ing with each other. These could also be individuals from the same 
species but with different sizes, in order to test for cannibalism. 
Additionally, the pairs of interacting individuals could be any combi-
nation of herbivores, omnivores and carnivores. However, two strict 
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herbivores were never paired. Testing of two predators (either om-
nivores or carnivores) was included to study intra-guild predation. 
At later stages of the experiment, some specific interactions were 
tested in order to maximize the number of tested potential links.

After introducing the arthropods to the vial, it was stored in a 
shady area at room temperature and left alone. The outcome of the 
trials was checked and recorded daily with minimal interference. 
Trials were terminated when at least one of the two interacting indi-
viduals had died; that is, there was no fixed time limit for the trials. 
In case two known carnivores (e.g. two spiders, either belonging to 
the same or two different species) did not consume each other, the 
same trial was counted twice: once with individual one as predator 
and individual two as prey and vice versa. The dead arthropod was 
stored in 70% ethanol for later identification, whereas the surviving 
individual, after being deprived of food for at least 1 day, could be re-
used for subsequent trials. At the end of the series of experiments, 
all tested arthropods were identified with a stereomicroscope to the 
most detailed taxonomic resolution according to morphology and/or 
life stage. This resulted in 617 specimens identified to species level, 
63 to genus level and 38 to family level. The food web that resulted 
from pooling the pairwise trophic interactions will be referred to as 
the experimental food web.

2.2.3  |  Determining body size

Since it was not possible to determine the dry weight of individu-
als, we used body length as an alternative measure for body size 
(Ganihar, 1997; Martin et al., 2014; Moretti et al., 2017). Before the 
start of each trial, a digital photograph of every individual was taken 
with a camera mounted on a stereomicroscope and used to measure 
its body length using ImageJ version 1.52a (Schneider et al., 2012). 
Body length was measured from cephalon to abdomen, excluding 
appendages such as antennae, chelicerae, legs or wings. The body 
length across all tested species and individuals ranged from 1.6 to 
12.3 mm (Appendix S4).

2.3  |  Statistical analyses

2.3.1  |  Data preparation

Predators were categorized as active or ambush hunter. A sepa-
rate third category for web-building spiders was included because 
the use of a web possibly enables spiders to catch larger prey 
(Enders,  1975; Nentwig & Wissel,  1986) and spiders appeared as 
outliers in size-based automated food web construction attempts 
(Bohan et al.,  2011). However, since almost all web-building spi-
ders did not construct a web during the feeding trials, this category 
served more as a correction for the absence of a web; that is, we ex-
pect lower prey size for web-building spiders in the context of stand-
ardized experiments in which web-building was not possible. Since 

closely related species are known to have similar defence mecha-
nisms, order-level taxonomy of the prey was used as a proxy for de-
fensive traits. Because of large differences in defence mechanism 
within the order of the Hemiptera, suborders Sternorrhyncha (re-
produce rapidly to survive), Heteroptera (chemical defence mecha-
nisms) and Auchenorrhyncha (escape predation by rapid movement) 
were used instead.

Data from 42 feeding trials were omitted, because predation 
could not be reliably determined:for example it seemed likely that 
the “predator” was scavenging or an individual escaped. After re-
moving these data points, the dataset consisted of 586 trials, of 
which 170 ended in predation and 416 did not.

2.3.2  |  Testing pairwise interactions in the lab

To test the link between predation success, predator/prey body 
size ratio, hunting strategy of the predator (ambush, active, web-
building) and prey taxonomy, we used generalized linear mixed 
models with a logit link function and binomial distribution. The out-
come of the feeding trial, that is, success (1) or failure (0), was used 
as response variable, while the log-transformed length of the prey 
(included for the purpose of correction) and the log-transformed 
predator/prey size ratio together with categorical variables for hunt-
ing strategy and prey taxonomy were used as explanatory variables. 
Orders that included fewer than 15 tested individuals (Blattodea, 
Collembola, Dermaptera, Diptera, Hymenoptera, Isopoda, 
Myriapoda, Neuroptera, Opiliones, Orthoptera, Trombidiformes and 
Sternorrhyncha), were grouped together into a single category due 
to convergence issues. This artificial group was then used as a base-
line for the comparison with the other included groups (Araneae, 
Auchenorrhyncha, Coleoptera, Heteroptera, Pseudoscorpionida and 
Psocoptera). The importance of hunting strategy and prey taxonomy 
for predator–prey interactions was determined by modelling them as 
fixed effects, with or without an interaction with the predator–prey 
body size ratio. According to model selection based on the corrected 
Akaike information criterion (AICc), several models could be consid-
ered to best describe the data (Appendix S3). The model with the 
lowest AICc was used because model averaging does not allow post-
hoc comparison for prey taxonomy and hunting strategy.

The model used to analyse the data from the feeding trials was:

Post-hoc tests with Tukey adjustments were used to compare 
different levels of the fixed effects. Individual ‘prey ID’ was used as a 
random variable to correct for re-using some prey individuals in dif-
ferent trials. ‘Predator ID’ was included as a random variable in the 
initial models but excluded from final models because it explained 
almost no variation.

success∼ log(Length prey)+ log(Length predator∕Length prey)

+Hunting strategy+Prey taxonomy+ log(Length predator∕Length prey)

×Hunting strategy.
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2.3.3  |  Comparing the empirical and theoretical 
food webs

Some species were not represented in both food webs, since the 
theoretical food web was based on biodiversity data and the experi-
mental food web depended on the sampled species. The exclusion 
of these species resulted in the two final food webs containing the 
same 85 species (Figure 1; see Appendix S4 for the full species list). 
The number of interactions in the subset theoretical food web was 
much higher than in the empirical food web (726 vs. 143 interac-
tions) because not all possible interactions could be tested in the 
experimental trials. Therefore, only interactions that were tested in 
the feeding trials were selected and compared between both food 
webs (Figure 1). The interactions were classified into four categories 
of agreement, with the first and second digit indicating whether or 
not the interaction was observed in the theoretical or the empiri-
cal food web respectively: (1-1) interactions that did or (0-0) did not 
occur in both food webs, (0-1) interactions that were only observed 
during the feeding trials or (1-0) interactions only described in the 
theoretical food web. These categories were linked to the taxonomy 
of the prey and predator species separately via the construction of 
mosaic plots. The mosaic plot helps visualize the observed and ex-
pected interactions more clearly. The relative frequency of the prey 
taxonomic groups within each category of agreement between the 
two food webs are represented by the size of the boxes. We use 
0-0 and 1-1 to represent the theoretical and experimental food web 
agreeing on the absence or presence of an interaction, respectively. 
0-1 represents a link that is not present in the theoretical food web 
but happened during the experimental trials, while 1-0 means the 
opposite. Over- or under-representation of a taxon in one of the cat-
egories is determined by the size of standardized residuals (Meyer 
et al., 2006) and is indicated by the colouring of the boxes: blue indi-
cates over-representation while red indicates under-representation. 

The statistical significance of the residuals is eventually indicated by 
the shading (legend of Figure 5).

Since we were interested in the presence or absence of interac-
tions between different species, the length of the arthropods was 
not needed in this analysis, which allowed us to include 12 extra lab 
trials (for which we could not reliably determine the size of one of 
the tested individuals due to wrong scale bars on the photographs), 
resulting in a dataset with 598 tested interactions.

R version 4.0.4 (R Core Team, 2021) was used to perform all data 
analyses. Generalized linear mixed models (glmm) were fitted with 
‘lme4’ (Bates et al., 2015) and ‘lmerTest’ (Kuznetsova et al., 2017). 
The ‘anova’ function was used to perform likelihood ratio tests 
between nested models. The ‘emmeans’ function, with Tukey ad-
justment of p-values, from ‘emmeans’ package (Lenth, 2022) was 
used to assess and test parameter differences between categories 
of hunting strategies and taxonomic groups. The ‘emtrends’ func-
tion from the same package was used to test differences in the 
effect of predator–prey body size ratio between different hunt-
ing strategies. Network metrics were calculated using the ‘igraph’ 
package (Csardi & Nepusz,  2006). Mosaic plots were made with 
the ‘mosaicplot’ function of the R base package ‘graphics’ (R Core 
Team,  2021). Gephi software (Bastian et al.,  2009) was used for 
network visualization.

3  |  RESULTS

3.1  |  Pairwise interactions

On average, the body size ratio between (potential) predator and 
prey was larger for successful predation events compared to tri-
als where predation did not happen (Figure  2). The probability of 
successful predation depended on the ratio of predator to prey size 

F I G U R E  1  (a) The theoretical food web and (b) the empirical food web. Node colours indicate the species' taxonomic group: beetles 
(purple), spiders (green), true bugs (blue), leaf hoppers (black), flies (orange), ants (pink), cockroaches (beige) and others (grey). Interaction 
arrows point from predator to prey and the colour indicates predator taxonomic group.
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(Likelyhood Ratio Test [LRT], �2
1
 = 10.27, p = 0.001), but was gen-

erally lower when the prey was larger (LRT, �2
1
 = 9.43, p = 0.002). 

Overall, the results indicated that individual predators prefer to con-
sume prey that are ca. 20% shorter than themselves (Figure 3).

The probability of predation was further influenced by preda-
tor hunting strategy (LRT, �2

2
 = 13.43, p < 0.001) and prey taxonomy 

(LRT, �2
6
 = 110.3, p < 0.001), while the interaction between predator 

hunting strategy and body size ratio did not significantly increase the 
goodness-of-fit (LRT, �2

2
 = 4.37, p = 0.113). Active (z ratio = 3.182, 

p = 0.004) and ambush hunters (z ratio = 2.932, p = 0.009) engaged 
more into predation compared to web-building spiders; however, 
no difference was found between the first two hunting strategies (z 
ratio = 0.420, p = 0.907). Nonetheless, differences between active 
and ambush hunting strategy were found when only spider data was 
used for the analysis (Appendix S6). Post-hoc comparisons among 
taxonomic groups showed that barklice (Psocoptera), leafhoppers 

(Auchenorrhyncha) and spiders (Araneae) are most likely to be 
preyed upon when tested during the feeding trials, while beetles 
(Coleoptera) and pseudoscorpions (Pseudoscorpionida) are least 
likely to be consumed (Figure 4; Appendix S5).

3.2  |  Food web comparison

The theoretical (based on body size ratios and expert knowledge) and 
experimental food webs (based on the feeding trials) agreed on most 
interactions (436/598 or 72.9%; 370 interactions were absent and 66 
were present in both food webs), although there were still some dis-
crepancies between the two (81 interactions that were present only 
in the theoretical and 81 interactions only in the empirical food web).

Spiders were captured by more species during the feeding trials 
than was expected from the theoretical food web. In contrast, 

F I G U R E  2  Box and violin plots 
represent predator–prey body size ratio 
in relation to the outcome of the feeding 
trials. Boxes represent median, 1st and 
3rd quartiles. Whiskers represent 1.5 
times the interquartile range.

F I G U R E  3  Overview of (potential) 
predator and (potential) prey size for all 
tested pairwise interactions. Colours 
indicate whether or not predation 
occurred.
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F I G U R E  4  Effect of prey taxonomic group on the relationship between predation probability and predator–prey body size ratio.

F I G U R E  5  Mosaic plot representing the relative frequency of the prey taxonomic groups within each category of agreement between the two 
food webs. 0-0 and 1-1 represent the theoretical and experimental food web agreeing on respectively the absence or presence of an interaction 
respectively. 0-1 represents a link that is not present in the theoretical food web but happened during the experimental trials, while 1-0 means the 
opposite. The relative frequency is indicated by the area of the boxes. Blue colouration indicates over- while red indicates under-representation. 
Example: a blue 0-1 box indicates that the taxon is consistently more eaten during the feeding trials compared to what was expected from the 
theoretical food web. Shading represents the statistical significance (light colours for α = 0.05 and dark colour for α = 0.0001).
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beetles were consumed by fewer species than expected (Figure  5). 
The vulnerability of leafhoppers, aphids, springtails (Collembola) and 
barklice were well estimated (Figure 5). Finally, Figure 5 suggests that 
Hymenoptera and Neuroptera were, like spiders, eaten by more spe-
cies than expected. However, these results are based on 2 and 1 ob-
servation(s) respectively, so they should be interpreted with caution.

As predators (Figure 6), spiders and beetles again show the most 
remarkable results. For spiders, the theoretical and experimental food 
webs often disagreed (Figure  6). This means that spiders were more 
often able to subdue prey in the feeding trials than expected based on 
expert knowledge and body size ratios and conversely, some of the prey 
indicated for spiders in the theoretical food web were not attacked. 
Unlike the mismatch between the two food webs regarding beetles as 
prey, expectations for beetles as predators based on the theoretical food 
web corresponded rather well to the feeding trials (Figure  6). Finally, 
pseudoscorpions were less frequently able to kill their prey during the 
feeding trials than expected from the theoretical food web (Figure 6).

4  |  DISCUSSION

Overall, the theoretical food web based on body size, activity period, 
microhabitat and expert knowledge converged quite well with the 
food web based on experimental feeding trials for both predator and 

prey species. Additionally, the pairwise feeding trials confirmed the 
general consensus that predators are typically larger than their prey 
(Brose et al., 2006; Cohen et al., 1993). Potential prey with a body 
length larger than 80% of that of the predator were in most cases 
not attacked.

Despite these results, several mismatches between the two food 
webs for some taxonomic groups were highlighted by the mosaic 
plots.

First, the vulnerability of certain prey taxa such as beetles 
(Coleoptera) and pseudoscorpions is consistently overestimated in 
the theoretical food web. This is likely due to their defensive traits, 
which deter large predators from attacking (Ruxton et al.,  2004; 
Shinohara & Takami, 2020; Wang et al., 2018). Our feeding trials pro-
vide some indirect evidence for this hypothesis by indicating prey 
taxonomy as an important predictor of their outcome. While prey 
taxonomy is linked with a spectrum of traits, we postulate that the 
most relevant trait for our study is defence strategy. For instance, 
hard exoskeletons like those of beetles effectively lower the pre-
dation probability, even when attacked by a much larger predator 
(Peschel et al., 2006; Wang et al., 2018). Taxonomic groups without 
any particular defensive structures, such as aphids and springtails, 
were frequently consumed, further supporting this hypothesis. 
Apart from their strong exoskeleton, Coleoptera also have low pro-
tein content (Reeves et al., 2021), which could further explain why 

F I G U R E  6  Mosaic plot representing the relative frequency of the predator taxonomic groups within each category of agreement 
between the two food webs. Coding and colours are as in Figure 5.
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they were not predated very often. The low predation probability 
of pseudoscorpion prey might illustrate that, sometimes, offence is 
the best defence. Pseudoscorpions do not have a hard exoskeleton, 
but are venomous and can rapidly paralyse or even kill a potential 
predator (von Reumont et al., 2014). Because predators without al-
ternative prey in our experimental setup still refused to consume 
these well-defended prey, their defences will likely be even more 
effective in nature. In case of prey species relying more on evasive 
behaviour, probabilities of predation were likely inflated in our trials 
since consistent escape was futile.

About 60% of the spider trials and 50% of the pseudoscorpion 
trials that were differently classified by the theoretical food web, 
had a beetle as prey species, which resulted in lower-than-expected 
predation rates (Figure  6). Since spiders are considered generalist 
predators, predictions for interactions between spiders and bee-
tles were mainly based on size differences between predator and 
prey, but in reality, it appears difficult for spiders to kill even smaller 
beetles. For pseudoscorpions, however, interactions with beetles 
are mentioned in some studies (Del-Claro & Tizo-Pedroso,  2009; 
Harvey,  1986). However, Harvey  (1986) mentioned beetle larvae 
rather than adults as prey for pseudoscorpions. In nature, beetle 
adults are probably mainly predated by larger vertebrate predators 
(O'Connor et al., 2019; Oosten, 2016; Petracci, 2002).

Second, spiders both ate more prey and were preyed upon more 
frequently—that is, intraguild predation was more prevalent—during 
the feeding trials than expected based on the theoretical food web. 
This may be explained by the inclusion of microhabitat, a factor 
known to affect spider diet (Potapov et al., 2022), in the theoretical 
food web. For the feeding trials, arthropod species were matched 
randomly. Consequently, two (spider) species living in different mi-
crohabitats could be placed together, resulting in more frequent 
spider-on-spider predation. Given their high protein content and 
relatively soft exoskeleton (Reeves et al., 2021), spiders make high 
risk—high reward prey for other predators. Targeting smaller spi-
der individuals might help mitigate this risk. Our data support this, 
since we noticed unpredicted links in the feeding trials between 
predators that were substantially larger than their prey, contribut-
ing to the overall size-conditionality of predator–prey relationships. 
Since it is known that young spiders disperse more than adults 
(Humphrey, 1987), it can be expected that they encounter adult spi-
ders inhabiting other microhabitats, that is, that these interactions, 
though rare, do occur in nature.

Our feeding trials limited the natural behaviour of the species 
and consequently their predation success. For instance, ambush 
predator species are known to have more successful predation 
events when facing larger-bodied prey than actively hunting spe-
cies (spiders, Nentwig & Wissel, 1986; Verdeny-Vilalta et al., 2015; 
mammals, Hirt et al., 2020). This hypothesis was supported for spi-
ders, but not across all considered taxa. We speculate that this 
may be due to the absence of structural complexity within the 
vials resulting in decreased ambush predation success, since the 
predator could not really hide. The positive effect of structural 
complexity on predation success is known from terrestrial systems 

(Donadio & Buskirk, 2016; Mullin et al., 1998), but it is especially 
well established in aquatic systems (Flynn & Ritz,  1999; Schultz 
et al.,  2009), where predators are even reported to switch from 
ambush to active hunting according to the structural complexity 
(Říha et al., 2021). Web-building spiders can be considered a spe-
cific type of ambush predator, using webs to tackle larger prey 
(Enders, 1975; Nentwig & Wissel, 1986). However, since almost all 
web-building spiders did not build a web during our experiment, 
a significantly lower chance of predating any prey species was 
observed for these spiders. Direct observations of insects caught 
in the web, or gut content DNA metabarcoding (Schrojenstein 
Lantman et al., 2021) offer better possibilities to study the prey 
species diversity of web-building spiders, but then have as disad-
vantage that sizes are difficult to assess after consumption.

Trophic interactions involving prey without structural defence 
traits were well predicted because, as discussed above, these spe-
cies could not evade predation. Consuming such prey species is easy 
if predators are able to find the prey in a natural environment. Our 
results therefor imply that existing information about size, feeding 
behaviour, life cycle and niche differentiation can be used to gener-
ate a coarse yet useful estimate of the trophic interactions among 
arthropods. We demonstrated this for terrestrial arthropods in 
marram grass dunes, but we support the wider applicability of such 
theory-based food web estimates in similar habitats. Size-structured 
predation remains an important factor when considering intra-guild 
predation, and can only be quantified by direct methods such as 
feeding trials, because indirect methods based on molecular markers 
cannot correct for intraspecific variation in body size. We therefore 
encourage the use of this under-rated method to study intraspe-
cific variation within traits influencing trophic interactions; because 
“Humans are different; why do we think arthropods are the same?” 
(adapted from Gongalsky, 2021).
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