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Trees surrounded by phylogenetically distant neighbours are little used by specialist leaf-chewers. Thus, 44 
such trees can have large leaves without suffering extensive leaf damage. 45 
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Abstract 46 

Resource use by consumers across patches is often proportional to the quantity or quality of the 47 

resource within these patches. In folivores, such proportional use of resources is likely to be more efficient 48 

when plants are spatially proximate, such as trees forming a forest canopy. However, resources provided 49 

by forest-trees are often not used proportionally. We hypothesised that proportional use of resources is 50 

reduced when host trees are isolated among phylogenetically distant neighbours that mask olfactory and 51 

visual search cues, and reduce folivore movement between trees. Such phylogenetically distant 52 

neighbourhoods might sort out species that are specialists, poor dispersers, or have poor access to 53 

information about leaf quality. We studied individual oaks, their leaf size and quality, their folivory and 54 

abundance of folivores (mostly Lepidopteran ectophages, gallers and miners), and parasitism of folivores. 55 

We found that leaf consumption by ectophages hardly increased with increasing leaf size when host trees 56 

were phylogenetically isolated. We found a similar effect on host use by parasitoids in one year. In contrast, 57 

we found no consistent effects in other folivore guilds. Relative abundances of specialists and species with 58 

wingless females declined with phylogenetic isolation. However, resource use within each of these groups 59 

was inconsistently affected by phylogenetic isolation. We suggest that phylogenetic isolation prevents 60 

ectophages from effectively choosing trees with abundant resources, and also sorts out species likely to 61 

recruit in situ on their host tree. Trees in phylogenetically distant neighbourhoods may be selected for larger 62 

leaves and greater reliance on induced defences. 63 

 64 

 Introduction 65 

Resource use by a community of consumers and their natural enemies is often proportional to the 66 

quantity or quality of the resource (Holling 1959; MacArthur and Pianka 1966; Emlen 1966; Fretwell and 67 

Lucas 1969; Gripenberg et al. 2010). For example, folivory is higher on trees with larger leaves or higher 68 

leaf-nitrogen content (see Fig. 1 for conceptual representation, Moore and Francis 1991; Ruhnke et al. 69 

2009). Such proportional use of resources by folivorous insects could result from ovipositing females or 70 
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foraging caterpillars choosing resource-rich trees (Faeth et al. 1981; Cornelissen and Stiling 2008). In 71 

addition, individual folivores may be more reluctant to leave resource-rich trees than resource-poor trees 72 

(Charnov 1976), thereby increasing their abundance on resource-rich trees. Moreover, individually, 73 

folivores may consume more leaf area on trees with higher leaf quality. This is likely the case when 74 

individuals belong to species or genotypes that consume more (Wimp et al. 2004; Pilosof et al. 2017; 75 

Eisenring et al. 2021). Proportional use of resources is more likely when the trees are spatially close to each 76 

other, facilitating folivore movements between trees. But even resources provided by forest-trees are often 77 

not used proportionally (Faeth et al. 1981; Courtney and Kibota 1990; Gripenberg et al. 2007; Kitamura et 78 

al. 2007; Craig and Itami 2008), and factors that reduce proportional use of resources on forest trees remain 79 

poorly understood. 80 

Forest trees can be phylogenetically separated from their spatial neighbours by millions of years of 81 

evolution (‘phylogenetic isolation’ from here on, Vialatte et al. 2010), and this may reduce proportional use 82 

of resources in folivores. Many folivores are specialised on one or a few usually closely related host plant 83 

species (Ehrlich and Raven 1964; Kennedy and Southwood 1984; Brändle and Brandl 2006; Seifert et al. 84 

2020). Therefore, a larger number of folivores can be expected to move between neighbouring trees that 85 

are phylogenetically closely related than between those that are phylogenetically distantly related (Vialatte 86 

et al. 2010). Hence, when phylogenetic isolation of a tree is high, folivore movements between trees are 87 

expected to be scarce, compared to when phylogenetic isolation is low (Vialatte et al. 2010). In addition, 88 

phylogenetically distant neighbours could mask the olfactory and visual search cues of a focal tree 89 

(Castagneyrol et al. 2013; Binyameen et al. 2013), which may make the focal tree more difficult to detect 90 

for folivores (Jactel et al. 2011; Salazar et al. 2016). This can reduce the immigration of ovipositing females 91 

and foraging larvae (Jactel et al. 2011). In addition, this masking of search cues may cause folivores on 92 

phylogenetically isolated trees to be more reluctant to leave resource-poor trees (Charnov 1976; Stratton et 93 

al. 2019). Thus, both reduced movement and masking of search cues can reduce proportional use of 94 

resources (Fretwell and Lucas 1969). Consistently, more phylogenetically isolated trees have lower species 95 

richness and abundance of folivorous Heteropteran (Vialatte et al. 2010), and reduced leaf consumption by 96 
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ectophagous lepidopteran caterpillars (Yguel et al. 2011). However, reduced abundance does not indicate 97 

reduction in proportional use of resources (Fretwell and Lucas 1969; Kratina et al. 2009; Beest et al. 2016; 98 

Avgar et al. 2020). To our knowledge, effects of phylogenetic isolation on proportional use of resources 99 

have never been studied. 100 

Phylogenetic isolation may reduce proportional use of resources by sorting out folivore species 101 

with traits that facilitate it. Such traits could be (i) host plant specialisation, because specialised folivores 102 

use host resources more efficiently (Gripenberg et al. 2010; Charlery de la Masselière et al. 2017); (ii) 103 

ovipositing when information on leaf quantity or quality is available, i.e. developed leaves are present, as 104 

this would facilitate the choice of large and good quality leaves; and (iii) strong dispersal capacity, because 105 

better dispersers are better able to select the most profitable trees. Phylogenetic isolation may sort out some 106 

of these folivore traits. For example, when specialist folivores are more affected by phylogenetic isolation 107 

than generalists, and when weaker dispersers have a lower chance of finding phylogenetically isolated trees 108 

(as indicated by Vialatte et al. 2010 for Heteroptera). Specialist folivores could be more affected because 109 

they have lower chance to find phylogenetically isolated host tree as they are repelled by the odour from 110 

phylogenetically-distant trees than their host tree species (Stratton et al. 2019). Moreover, optimal foraging 111 

theory (Charnov 1976) suggests that oak specialists will move less within forest stands where oaks are 112 

among phylogenetically-distant trees than where oaks are among conspecifics. Thus, phylogenetic isolation 113 

may shape the species composition in folivore communities by sorting out species that would cause 114 

proportional use of resources. 115 

Besides individual traits, folivores can be characterised by guild membership, such as ectophages, 116 

leaf miners, and leaf gallers. Such guilds might differ in the effect of phylogenetic isolation on their degree 117 

of proportional use of resources, as they differ in capacity of active dispersal (Peterson and Denno 1998; 118 

Asplen 2018), and in perception and processing of information on leaf size and quality (Bernays and Funk 119 

1999; Javoiš et al. 2019). More specialised guilds such as leaf miners and leaf gallers (Novotny et al. 2010) 120 

are on average better at choosing plants on which their larvae perform best (Gripenberg et al. 2010), which 121 

should lead to more proportional use of resources. Different guilds can also differ in their responses to leaf 122 
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quality. For example, leaf miners can locally modify the leaf’s photosynthetic activity (Giron et al. 2007) 123 

and leaf gallers can modify the nutritional environment of their gall (Hartley and Lawton 1992), so that 124 

natural leaf quality is less relevant to them. Therefore, the ectophages that are poor at leaf modification 125 

might experience more selection to find host trees with large and high-quality leaves. 126 

Parasitoids of folivores often have close relationships with particular plant species (De Moraes et 127 

al. 1998; Bailey et al. 2009) as they are usually specialised on one or a few folivore species (Schär and 128 

Vorburger 2013) which in turn are specialised on their host plants (Forister et al. 2015). Moreover, 129 

parasitoids can use the same olfactory and visual search cues as their host for finding the correct plants 130 

(Birkett et al. 2003; Aartsma et al. 2017). Therefore, the degree of phylogenetic isolation of the host tree 131 

might also affect proportional use of resources in parasitoids. This would be important because the 132 

parasitoids can partly regulate local folivore abundances, and thus affect the exploitation of leaf resources 133 

of a tree (Hunter and Price 1992). Parasitoids are often able to track hosts by exploiting plant volatiles over 134 

large distances (Gossner et al. 2014; Aartsma et al. 2017), and may thus be less affected by isolation than 135 

folivores. However, in the case of phylogenetic isolation, these volatile signals may be masked by volatiles 136 

of other plant species (Perfecto and Vet 2003), and this can cause reduced proportional use of resources in 137 

parasitoids. Moreover, given that a patch of resources is much smaller for the parasitoids (i.e. the folivores) 138 

than that of the folivores (i.e. the tree), parasitoids might also be more affected by phylogenetic isolation 139 

than folivores. Yguel et al. (2014) showed that overall parasitism rate of caterpillars tends to be lower on 140 

more phylogenetically isolated trees, but such low parasitism rate does not exclude proportional use of 141 

resources. Whether proportional use of resources in parasitoids is affected by phylogenetic isolation among 142 

trees has so far not been addressed. 143 

We studied the effects of phylogenetic isolation of host trees on proportional use of resources in 144 

associated folivore guilds and parasitoids. As a model system, we used oaks (Quercus petraea (Matt.) Liebl, 145 

Q. robur L. and their hybrids) in a mixed forest and focused mainly on ectophages. We used a combination 146 

of raw data from earlier publications and unpublished data (Table 1). We tested the prediction that 147 

phylogenetic isolation reduces the strength of the relationship between resource quantity/quality and 148 
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resource use, i.e. the proportional use of resources. We investigated three levels of resource use: per-leaf 149 

folivory, per-individual folivory and per-leaf abundance. At the level of per-leaf abundance, we also 150 

explored whether the effect of phylogenetic isolation of host trees on proportional use of resources is found 151 

in particular among species that possess traits that facilitate it: host-plant specialisation, ovipositing when 152 

leaves are present (inferred from flying from June to October), or high dispersal capacity (inferred from 153 

large wingspan or absence of wingless females). We then tested whether phylogenetic isolation per se 154 

affects overall species composition, and in particular if phylogenetic isolation sorts out species with traits 155 

that facilitate proportional use of resources. We finally expanded the tests of whether phylogenetic isolation 156 

reduces proportional use of resources to two more folivore guilds (leaf gallers and leaf miners, in terms of 157 

abundance) and to the parasitoids of ectophages (in terms of caterpillar use). For folivores, we characterised 158 

resource quantity as leaf area, and resource quality as leaf dry matter content, carbon-nitrogen ratio (C:N), 159 

and total leaf phenolic content. For parasitoids, we characterised resource quantity as the density of 160 

ectophagous caterpillars. We also tested how resource use becomes less proportional with increases in two 161 

more commonly studied variables, isolation of the resource patch in space (distance to nearest oak), and the 162 

age of the resource patch (age of oaks), and explored if phylogenetic isolation can be explained by the 163 

proportion of pines. 164 

 165 

Methods 166 

Field site and study trees: Our study was conducted in the Forest of Rennes (48° 11′ Noth, 1° 34′ West; 167 

c. 90 m altitude), a temperate forest in Western France of about 3000 hectares with an oceanic climate 168 

(mean annual temperature 11.3°C; cumulative annual rainfall 836 mm). The forest is divided into 202 169 

parcels that are usually either dominated by oaks (Q. petraea, Q. robur and their hybrids) or pines (Pinus 170 

sylvestris L.). We studied pairs of oaks (avoiding cross-species pairs) with trees within a pair being only 171 

30-150 meters apart, one in an oak-dominated parcel, and the other in a pine-dominated parcel. 172 

Neighbouring trees were from 19 species, spanning a continuous range of phylogenetic distances from oak 173 
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(Online Resource 1, Table. S1). Pairs of study trees were spread across the entire forest. We studied the 174 

“First Set” of 9 pairs of adult oaks (producing acorns) in 2006 (earlier used in Vialatte et al. 2010, Yguel et 175 

al. 2011), and the “Second Set” of 11 pairs in 2010 and 2011 (earlier used in Yguel et al. 2011, 2014; see 176 

Table 1). 177 

Neighbourhood and traits of study trees: For each study tree, we determined the degree of phylogenetic 178 

isolation, distance to the nearest oak, and circumference at breast height. In addition, crown position relative 179 

to dominant canopy and budburst phenology of each tree were recorded, as those are also known to affect 180 

folivore abundance and folivory (Crawley and Akhteruzzaman 1988; Eliason and Potter 2000; Castagneyrol 181 

et al. 2017; Barker et al. 2018; Ekholm et al. 2020; Faticov et al. 2020). Procedures and data sources are 182 

detailed below. 183 

Degree of phylogenetic isolation for the First Set of trees had been calculated by Vialatte et al. 184 

(2010), and for the Second Set of trees by Yguel et al. (2011). Degree of phylogenetic isolation of each tree 185 

was calculated as mean phylogenetic distance to the trees with which its crown was in contact (Online 186 

Resource 1). Phylogenetic distances to all species of trees growing in contact with study trees were 187 

quantified as in Online Resource 1, Table S1. Understory trees (height < 6 meters) were not considered 188 

because there is little exchange of insects between canopy and understory (Corff and Marquis 1999; 189 

Gossner et al. 2009).  190 

Spatial distance from each study tree to the nearest adult oak was measured from trunk to trunk. 191 

This is not to be confused with the distance between two study trees in a pair. Rather, this distance is 192 

between one study tree and the nearest oak in its neighbourhood. Circumference of the study trees was 193 

measured at breast height. As larger trees tend to be older, the circumference is a good estimate of relative 194 

age of the trees for a given soil and macroclimate (Rozas 2003). According to local foresters, absolute age 195 

was on average ca. 80 years in the First Set, and on average ca. 60 years in the Second Set of trees.  196 

Whether the crown position of study trees was within or below the dominant canopy was noted for 197 

the First Set of trees. Trees of the Second Set were always located below the dominant canopy. Budburst 198 

phenology was monitored only for the Second Set of trees, in 2010 and 2011. From the beginning of March, 199 
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the developmental stage of 10 random apical leaf buds from the upper stratum was determined on a three-200 

rank scale once every three days using binoculars (Wesołowski and Rowiński 2006). Every sampling day, 201 

10 new buds were randomly selected. From these data we inferred the date when a tree completed budburst, 202 

i.e. all 10 random buds of the tree had developed unfolded leaves. We then set the date when the first tree 203 

completed budburst as 0, and calculated the budburst of other trees relative to this tree in days.  204 

Quantity and quality of leaf resources: We measured leaf area as a parameter of resource quantity, and 205 

leaf dry matter content (LDMC), leaf carbon to nitrogen ratio (C:N) and total leaf phenolic content as 206 

parameters of resource quality (Feeny 1970; Forkner et al. 2004; Schoonhoven et al. 2005). For the First 207 

Set of trees, we collected 30 leaves per tree between 16th August and 27th September 2006: 10 leaves were 208 

collected from each of 3 strata (upper exposed to sun, lower exposed to sun, and lower sheltered), and the 209 

leaf trait measurements were averaged per tree. For the Second Set of trees in 2010, a total of 40 leaves (20 210 

from upper and 20 from lower stratum) were sampled from each tree both in the beginning of May and in 211 

the middle of September. We used spring samples for leaf quality measurements, and autumn sample for 212 

leaf size measurements. This was done because leaf quality in September might differ drastically from what 213 

folivores experience in the beginning of Spring (Feeny 1970). Similar to 2010, 40 leaves were sampled 214 

from each tree in the middle of September in 2011, and used for leaf size measurement. In 2011, we did not 215 

sample leaves in spring and hence did not make any measurement of leaf quality. 216 

Leaf area was estimated with a 1 × 1-cm2 dot grid and quantified as the number of dots covering 217 

the whole leaf (as described in Yguel et al. 2011). To estimate the size of the whole leaf we manually 218 

reconstructed the missing part that was eaten by the ectophages.  219 

To measure leaf quality, the leaves were cut longitudinally into two pieces. The piece without the 220 

main central vein was used to analyse LDMC and C:N, while the larger piece was used to analyse leaf 221 

phenolics. LDMC analyses were made following the protocol of Cornelissen et al. (2003). C:N analyses 222 

were made by “flash combustion” using a Carlo Erba NA1500 Series II elemental analyzer for the First Set 223 

of trees, and a perkin elmer CHN PE 2400 for the Second Set of trees. For the analyses of leaf phenolics, 224 
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the leaves were frozen and lyophilised for 36h, and pooled per stratum to obtain sufficient material. Leaf 225 

phenolics were characterised at the Polyphenols Biotech lab, Bordeaux (France), by spectrometry following 226 

the Folin-Ciocalteu indices method and expressed as the percentage of dry mass gallic acid equivalent 227 

(Singleton et al. 1999).  228 

Folivore abundance and folivory: We studied the abundance of ectophages, leaf gallers and leaf miners 229 

to address the prediction developed in the Introduction. Abundance of ectophagous caterpillars on oaks 230 

peaks during the spring period (Southwood et al. 2004), and therefore we sampled caterpillars twice during 231 

the springs of 2010 and of 2011. The first sampling was done when all the study trees had just completed 232 

budburst, and the second was three weeks later. Each sample consisted of a two meters long branch, and 233 

from each study tree, one such sample was cut from the upper, and one from the lower stratum (both are 234 

sheltered). Samples were brought to the lab in plastic bags where the caterpillars were collected, and the 235 

leaves counted. To obtain per-leaf abundance of caterpillars, we divided the number of caterpillars 236 

collected from a tree by the number of leaves sampled. The leaf miners and leaf gallers are most abundant 237 

during the summer (West 1985), and hence we counted them from the leaves sampled for leaf area and 238 

folivory measurements in September. 239 

Apart from counting individuals, we studied folivory caused by ectophages (Table 1). For this, we 240 

summed the values of missing leaf surface (see “Quantification of leaf resources”, see also Yguel et al. 241 

2011) across all the leaves of a tree and divided that by the number of leaves to obtain per-leaf folivory. We 242 

then divided these summed values by the number of caterpillars to obtain per-individual folivory. We note 243 

that all our measures of folivory are absolute surfaces, not proportions of leaf area, given that leaf area was 244 

the independent variable in later analyses. Our aim was to understand under which conditions the absolute 245 

amount of leaf material used increased with quantity or quality of leaves available, rather than the 246 

percentage (as in Yguel et al. 2011).  247 

Parasitism of ectophagous caterpillars: The ectophagous caterpillars collected were visually searched for 248 

ectoparasitoids. We then reared the caterpillars and monitored emergence of endoparasitoids for five 249 
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months from the day of sampling. The caterpillars were reared individually in Petri dishes at ambient 250 

temperature and were fed every two days with fresh oak leaves. We used absolute numbers of parasitised 251 

caterpillars observed per tree, not proportions of a given number of caterpillars parasitized, given that 252 

number of caterpillars was the independent variable in later analyses. Again, our aim was to understand 253 

under which conditions the caterpillar use in terms of absolute number increases with the total number of 254 

caterpillars present, rather than the parasitism rate (as in Yguel et al. 2014).  255 

Ectophages species identification: After collection, all caterpillars were photographed and assigned to 256 

morphospecies based on visual assessment. Those that were successfully reared to adults in the lab were 257 

identified to species. Those individuals that died before eclosion (due to parasitism or other causes) were 258 

assumed to be of the same species as those that eclosed from the same caterpillar morphospecies. However, 259 

if the individuals that eclosed from a single morphospecies belonged to multiple species, we re-evaluated 260 

the caterpillar morphology taking into account the caterpillar-adult matches. Individuals that could not be 261 

identified in this way were not assigned to any species (43 out of 237 in 2010 and 22 out of 203 in 2011). 262 

We also gathered information on host-plant specialization, flight period, winglessness in females and 263 

wingspan from the websites Catalogue of the Lepidoptera of Belgium (De Prins and Steeman 2021), and 264 

Guide to the moths of Great Britain and Ireland (Kimber 2021). We considered species that are 265 

monophagous oak feeders as specialists, and species that fly between June-October as having direct 266 

information of final leaf size while ovipositing.  267 

Statistical analyses: To test for effects of phylogenetic isolation of individual host trees on proportional 268 

use of resources, we used multiple linear regression models. For folivores, we considered per-leaf folivory, 269 

per-individual folivory and per-leaf abundance as dependent variables that represent aspects of absolute 270 

leaf-resource use. These variables were then used in multiple regression models with a leaf trait (leaf area, 271 

LDMC, C:N, or phenolics), phylogenetic isolation, and the interaction between the leaf trait and 272 

phylogenetic isolation. Notably, in these models, the effects of leaf traits on leaf use represent the degree 273 

of proportional use of resources, while the interaction terms indicate the effects of phylogenetic isolation 274 

on proportional use of resources. For parasitoids, the dependent variable was the number of parasitised 275 
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caterpillars, and predictors were the total number of caterpillars, phylogenetic isolation, and the interaction 276 

between the number of caterpillars and phylogenetic isolation. Tree pair was not included in the models 277 

because our analyses showed that resource use was not affected by pair (see Online Resource 2, Table S2). 278 

These analyses were repeated including crown position for the First Set of trees, and budburst phenology 279 

for the Second Set of trees as co-variables in the models (phenology had not been recorded for the First Set, 280 

and crown position had been held constant in the Second Set). Accounting for these covariables did not 281 

change the general conclusions, but reduced the degrees of freedom, and is hence presented only in Online 282 

Resource 3, Table S3. Finally, we repeated the initial models (the ones without the covariables), replacing 283 

phylogenetic isolation by either distance to the nearest oak, or by oak circumference (indicating age), as 284 

justified in the Introduction. 285 

We note that per-leaf folivory cannot exceed the area of the leaf, and number of parasitised 286 

caterpillars cannot exceed the total number of caterpillars, so that a regression of, for instance, leaf area on 287 

folivory area is constrained to be positive. We hence did not present these particular relationships, nor the 288 

R2 of the total models, but our focus was on the interaction term, which is not affected by this constraint. 289 

Indeed, our hypotheses make predictions only about the interaction terms. We also note that multiple 290 

analyses were conducted on the effect of leaf quality, each accounting for different leaf characteristics. So, 291 

a correction for multiple testing might be warranted. However, even without correction we found only 2 292 

significant interaction terms out of 21 in the main body of the manuscript (see Table 2) and hence conclude 293 

the absence of pattern, even without correction. 294 

In ectophages, we explored whether proportional use of resources on phylogenetically non-isolated 295 

trees emerged in particular among species with certain traits. We therefore defined groups of species with 296 

a particular trait value, e.g. species that fly when the leaves are developed between June and October vs. 297 

other species. We then conducted for each of the two groups the initial model, i.e. per-leaf abundance 298 

explained by resource quantity or quality, and PI, and their interaction. We similarly divided the data into 299 

host-plant specialists and generalists, species with winged vs. wingless females, and species with below vs. 300 

above median wingspan. 301 
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To test for the contributions of different tree traits and leaf traits in shaping the species composition 302 

of ectophagous communities on individual trees, we performed a Permutational Multivariate Analysis of 303 

Variance (PERMANOVA) using the R package vegan (Oksanen et al. 2019). To test whether phylogenetic 304 

isolation sorts out certain species traits in ectophages, we used simple regressions: the dependent variable 305 

was the community weighted average value of the trait, using species abundance as a weight. In the calculus 306 

of community-weighted mean wingspan we excluded species that have wingless females to ensure 307 

independence from the community-weighted mean of presence of wingless females. The predictor was the 308 

phylogenetic isolation of the trees. 309 

All statistical analyses were performed using R version 4.0.2 (R Core Team 2020). We used a 310 

normal error distribution as the residuals of our multiple regression analyses approached normality and 311 

homoscedasticity. If a model did not meet normality and homoscedasticity criteria even after removal of at 312 

most two influential data points, it was removed from the analyses (3 out of 51 models in the body of the 313 

manuscript). Influential data points were identified by the visual assessment of four plots: residuals vs fitted 314 

values, normal Q-Q, scale-location, and residuals vs leverage (with Cook’s distance). We considered an 315 

interaction term significant only if it was significant after the removal of at most one influential data point 316 

and retained its significance after possible exclusion of a second influential data point.  317 

 318 

Results  319 

Overview of the data: Degree of phylogenetic isolation ranged from 5.71 to 106.67 million years in the 320 

First Set, and from 10 to 125.67 million years in the Second Set of trees, and varied continuously between 321 

the extremes (Online Resource 4, Fig. S4.a). Spatial distance from each study tree to the nearest adult oak 322 

ranged from 2.5 to 18.9 m in the First Set and from 0.7 to 9.4 m in the Second Set of trees (Online Resource 323 

4, Fig. S4.b.). Circumference of the study trees ranged from 57.75 to 133.1 cm (mean 93.2 cm, SD = 22.4) 324 

in the First Set, and from 37.8 to 91.4 cm (mean 62.1 cm, SD = 16.7) in the Second Set of trees (Online 325 

Resource 4, Fig. S4.c).  326 
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Per tree mean leaf area ranged from 17.57 to 53.40 cm2 in the First Set of trees. In the Second Set, 327 

it ranged from 34.98 to 73.33 cm2 in 2010, and from 49.40 to 83.65 cm2 in 2011. Leaf size of a tree was 328 

positively correlated between 2010 and 2011 (t = 3.247, p = 0.004, df = 20). Mean LDMC ranged from 329 

30.73 to 42.44% in the First Set of trees, and from 21.71 to 32.47% in the Second Set in 2010. Mean C:N 330 

ranged from 17.48 to 28.91 in the First Set, and from 9.41 to 13.65 in the Second Set in 2010. Mean leaf 331 

phenolics ranged from 3.04 to 10.01% in the First Set, and from 12.18 to 36.05% in the Second Set in 2010.  332 

We found a total of 237 caterpillars on 9739 leaves in 2010, and 203 caterpillars on 14914 leaves 333 

in 2011. The per-leaf abundance of caterpillars ranged from 0.004 to 0.072 in 2010, and from 0.003 to 334 

0.028 in 2011. Out of these two years, the per-leaf abundance of caterpillars was higher in 2010 (Welch 335 

Two Sample t-test t = 2.989, df = 28.203, p-value = 0.006). The species composition of ectophage 336 

caterpillars on different trees is given in Online Resource 5, Table S5A. The information on wingspan, 337 

winglessness in females, flying period, host-plant specialization are given in Online Resource 5, Table S5B. 338 

Per-leaf abundance of leaf miners ranged from 0.050 to 0.610 in 2010, and from 0.200 to 0.800 in 2011. 339 

Per-leaf abundance of leaf gallers ranged from 0.003 to 0.362 in 2006, from 0.000 to 0.366 in 2010, and 340 

from 0.000 to 0.800 in 2011. For the caterpillars, per-leaf folivory ranged from 0.700 to 9.600 cm2 in the 341 

First Set of trees. In the Second Set of trees, it ranged from 0.525 to 9.525 cm2 in 2010, and from 0.425 to 342 

10.600 cm2 in 2011. Per-individual folivory ranged from 21.197 to 418.5 cm2 in 2010, and from 39.462 to 343 

803.480 cm2 in 2011. A total of 51 out of 206 caterpillars were parasitised in 2010 and 67 out of 203 in 344 

2011.  345 

Effect of phylogenetic isolation on proportional use of resources by Ectophages: Phylogenetic isolation 346 

significantly reduced the proportional use of leaf size at all levels of leaf use: per-leaf folivory, per-347 

individual folivory and per-leaf abundance (Fig. 2): the interaction term “leaf area × phylogenetic isolation” 348 

was significant and negative (Table 2). In particular, for per-leaf folivory this reduction was significant in 349 

all the study years i.e. for the First Set of trees in 2006 and for the Second Set in 2010 and in 2011 (Table2, 350 

Fig.2a). The levels of per-individual folivory and per-leaf abundance were tested only for the Second Set 351 

of trees in 2010 and in 2011. For per-individual folivory, the reduction was significant in 2011 but not in 352 
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2010 (Table 2, Fig.2b). For per-leaf abundance (all species together), the reduction was significant in 2010 353 

but not in 2011 (Table 2, Fig.2c). In contrast, phylogenetic isolation did not significantly affect the 354 

proportional use of resource quality i.e. LDMC, C:N and phenolics (Table 2).  355 

Within the different groups, we found that among specialists, phylogenetic isolation significantly 356 

reduced proportional use of resources in 2010 but significantly increased it in 2011 (Table 2, Fig. 3a). 357 

Among species with winged females, phylogenetic isolation significantly reduced proportional use of 358 

resources in 2010 but not in 2011 (Table 2).  359 

In both the years 2010 and 2011, phylogenetic isolation contributed the most to shape the species 360 

composition in ectophage communities on individual trees, albeit only significantly in 2010 (Online 361 

Resource 6, Table S6). In particular, phylogenetic isolation significantly sorted out specialist ectophages in 362 

2010 and 2011 (Table 3, Fig. 3b) and species with wingless females in 2010 (Table 3, Fig. 3c). An analysis 363 

based on the variable ‘presence/absence of species with wingless females’ using logistic regression leads 364 

to the same conclusion (Online Resource 8). 365 

Effect of phylogenetic isolation on proportional use of resources by leaf gallers: Phylogenetic isolation 366 

did not significantly affect the proportional use of leaf size by leaf gallers. This effect was consistently 367 

absent in both the First Set (in 2006) and the Second Set (both in 2010 and in 2011) of trees (Table 2). 368 

Proportional use of leaf quality was affected significantly only in 1 out of 6 cases (Table 2). The interaction 369 

term “C:N × phylogenetic isolation” was positive (Table 2). This reflects a reduction in proportional use of 370 

low C:N (i.e. high leaf quality) with phylogenetic isolation.  371 

Effect of phylogenetic isolation on proportional use of resources by leaf miners: The effect of 372 

phylogenetic isolation on proportional use of leaf resources by the leaf miners was inconsistent. For the 373 

Second Set of trees, proportional use of leaf size was significantly reduced in 2011 but not in 2010 (Table 374 

2). Proportional use of leaf quality was affected significantly only in 1 out of 3 cases (Table 2): in terms of 375 

low C:N in the First Set of trees in 2010.  376 

Effect of phylogenetic isolation on proportional use of resources by parasitoids: Phylogenetic isolation 377 

significantly reduced the proportional use of ectophagous caterpillars (total number of caterpillars) by 378 
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parasitoids in 2010 but not in 2011 (Table 2 Fig. 4). We note that this decline in use of abundant caterpillars 379 

in 2010 cannot be explained by the effect of phylogenetic isolation on caterpillar diversity, because 380 

phylogenetic isolation reduced caterpillar diversity (p < 0.001, t = -4.12, df = 20), and lower caterpillar 381 

diversity increased the number of parasitised caterpillars (p = 0.004, t = -3.31, df = 19). We could not test 382 

for the effect of phylogenetic isolation on the proportional use of resource quality because we have no data 383 

on nutritional quality provided by the caterpillars.  384 

Effect of isolation of resource patch in space and of age of the resource patch on proportional use of 385 

resources: Proportional use of resources was not affected consistently by isolation of resource patches in 386 

space, i.e. distance to nearest oak. Only 4 out of 36 models were significant – 1 for ectophages, 2 for leaf 387 

gallers, 1 for leaf miners and 0 for parasitoids (Online Resource 7A, Table S7A.a). The two effects on leaf 388 

gallers varied between years. In 2006, distance to nearest oak statistically reduced the proportional use of 389 

leaf size by leaf gallers, whereas in 2010 it reduced that of a quality parameter (low C:N). Proportional use 390 

of resources was never affected by the age of the resource patch, i.e. age of oaks measured by its 391 

circumference (Online Resource 7A, Table S7A.b). Overall, none of these variables affected proportional 392 

use of resources as consistently as did phylogenetic isolation. We finally note that the percentage of pines 393 

had a weaker effect than phylogenetic isolation (Online Resource 7B, Table S7B).  394 

 395 

Discussion 396 

We hypothesized that proportional use of resources by folivores and parasitoids would be reduced 397 

among more phylogenetically isolated trees as it reduces between-tree movement and masks search cues. 398 

We tested this hypothesis in three guilds of folivores - ectophages, leaf gallers, and leaf miners, and in 399 

parasitoids of ectophages. As predicted, we found that in ectophages the proportional use of leaf size was 400 

reduced on more phylogenetically isolated trees in terms of per-leaf folivory in all years tested. This pattern 401 

of per-leaf folivory appeared to be driven by per-individual folivory in 2011, and by per-leaf abundance in 402 

2010. Patterns of per-leaf abundance in 2010, in turn, appeared to be driven by (i) an increase in abundances 403 
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with leaf size on phylogenetically non-isolated trees in species that are specialists or have winged females 404 

in 2010, and (ii) the decline of relative abundances of specialists and species with wingless-females on 405 

isolated trees in 2010. For leaf gallers and leaf miners, we did not find a consistent effect of phylogenetic 406 

isolation on proportional use of resources. For parasitoids of ectophages, phylogenetic isolation reduced 407 

the proportional use of caterpillars in one of the study years, and this cannot be explained by the finding 408 

that caterpillar diversity reduced parasitism. In contrast to the significant effects of phylogenetic isolation, 409 

we found no support for the further hypotheses of effects of spatial isolation from to the nearest oak or of 410 

tree age on proportional use of resources, and effects of phylogenetic isolation could not be explained 411 

simply by the proportion of pines. 412 

Limitations 413 

Our study inevitably has limitations. First, we studied the relationship between resource use and resource 414 

quantity or quality but did not directly study the processes that might drive resource use, such as movements 415 

or information usage by individuals. However, in comparable situations, such patterns have indeed been 416 

shown to result from movements or information usage. For instance, some studies showed that the usage 417 

of volatile compounds emitted by trees helps folivores to discriminate between host trees (Jactel et al. 2011; 418 

Ghirardo et al. 2012; Binyameen et al. 2013; Conchou et al. 2017). Moreover, we studied traits of ectophage 419 

species (for example, host-plant specialisation), which indirectly permits us to address the underlying 420 

mechanisms. Second, we interpret high folivory as a sign of high use of rich leaf resources - but it may also 421 

be a sign of compensatory feeding on poor-quality leaves (Raubenheimer and Simpson 1993). We cannot 422 

exclude a minor contribution of such compensatory feeding to our folivory scores, but consider a major 423 

contribution unlikely: compensatory feeding should decrease with leaf quality, but we found no negative 424 

relationship between folivory and leaf quality. Third, phylogenetic isolation might represent nothing more 425 

than an effect of the percentage of pine trees, the most abundant and phylogenetically most distant tree 426 

species in our study. However, replacing the phylogenetic isolation by % pines mostly reduced 427 

significances (Online Resource 7, Table 7B). Therefore, the observed effects of phylogenetic isolation on 428 

proportional use of resources are more than a pine-effect. Finally, folivory can also be due to folivores other 429 
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than Lepidoptera caterpillars, notably certain Symphyta (Hymenoptera), Coleoptera and Orthoptera (Heil 430 

2004; Martin et al. 2009). However, in this region, caterpillars are known to be by far the dominant 431 

ectophage folivores (personal observations and Southwood et al. 2004, Yguel et al. 2011). Moreover, 432 

Symphyta caterpillars were not observed. 433 

How could phylogenetic isolation have reduced proportional use of leaf size by ectophages? 434 

On phylogenetically isolated trees, folivory by ectopphages did not increase proportionally to leaf size, in 435 

either of the study years. First, we had hypothesised that phylogenetic isolation of host trees might reduce 436 

the movement of specialized ectophages between neighbouring trees (Kennedy and Southwood 1984; 437 

Brändle and Brandl 2006; Gilbert and Webb 2007; Stratton et al. 2019). In this case, individual large-leaved 438 

trees would receive fewer ectophages from their neighbours when they are more phylogenetically isolated 439 

from their neighbours (suggested by Vialatte et al. 2010). This effect should be especially pronounced for 440 

more specialized folivore species (demonstrated for Heteroptera by Vialatte et al. 2010). As outlined above, 441 

declines of overall proportional use of resources in terms of per-leaf abundance were consistent with the 442 

patterns of absolute and relative abundance of specialists. 443 

Second, the distantly related neighbours of phylogenetically isolated trees might mask the olfactory and 444 

visual cues of the focal tree (Binyameen et al. 2013), reducing information available to folivores. Hence, 445 

ectophages could find it more difficult to identify and reach large-leaved trees when the trees are more 446 

phylogenetically isolated (Jactel et al. 2011; Salazar et al. 2016). Furthermore, on small-leaved trees, the 447 

odour from the distantly related neighbours might discourage individual ectophages from leaving its host 448 

tree (Charnov 1976). Overall, when ectophages visit and test phylogenetically isolated trees at a lower rate 449 

or have less information about other potential host trees, they are less likely to show proportional use of 450 

resources. This should only play a role for folivores that oviposit when developed leaves are present, which 451 

could give them direct information about the size and quality of leaves. However, the effect of phylogenetic 452 

isolation on proportional use of resources did not differ between the species that have direct leaf size 453 

information during oviposition and species that do not have it.  454 

Accepted manuscript / Final version



18 

 

Third, folivory by ectophages might not increase proportionally with leaf size on phylogenetically isolates 455 

trees due to poor sorting of phenotypes of ectophage species. If phylogenetic isolation of individual host 456 

trees reduces the influx of individual ectophages, it will also reduce the influx of phenotypes, which serve 457 

as the raw material for the sorting of those phenotypes that fit best to the local environment (a process 458 

operating both within and across species; Vellend 2016). With less raw material, phenotype sorting might 459 

be poor on more phylogenetically isolated trees. Hence, on large-leaved trees that are phylogenetically 460 

isolated, there might be fewer ectophages that are large and capable of eating much and thereby tracking 461 

large leaves. However, we did not find any effect of phylogenetic isolation on average body size 462 

(wingspan), nor did phylogenetic isolation affect the proportional use of leaf size by species with below or 463 

above median body size.  464 

Fourth, abundances of ectophages may be abundant on some trees due to high in situ reproduction rather 465 

than immigration. In this scenario, larger leaves might allow larger populations to develop when the trees 466 

are phylogenetically non-isolated. This scenario would require that leaf size of a tree is correlated between 467 

years, which we found. The scenario would predict phylogenetic isolation of host trees to decrease relative 468 

abundances of species that are likely to reproduce in situ on their host tree: wingless-female species or oak 469 

specialists (being unable to use neighbouring non-oak trees). We indeed found decreases in relative 470 

abundances of these groups with phylogenetic isolation, in particular in 2010, the year in which ectophage 471 

abundances did not increase proportionally with leaf size on phylogenetically isolated trees. Moreover, the 472 

importance of in-situ reproduction  is further underlined by the fact that even species in which ovipositing 473 

females do not have information on leaf size also showed proportional use of resources suggests an 474 

important role for in situ recruitment.  475 

Overall, these four processes should facilitate using leaves proportional to their size on phylogenetically 476 

non-isolated trees. In theory we could have expected the opposite: that phylogenetically isolated trees 477 

harbour species that are very good at finding suitable trees and that may be able to use leaves proportional 478 

to their size even among phylogenetically isolated trees. Consistently, we did find more species with winged 479 

females on phylogenetically isolated trees. Nevertheless, leaves were used proportionally to their size only 480 
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on the phylogenetically non-isolated trees. Altogether, that leaves are not used proportionally to their size 481 

on phylogenetically isolated trees cannot be explained by particular groups of ectophages becoming 482 

incapable of using leaves proportionally to their size, but possibly by a relative decline in  those groups that 483 

might be best at using leaves proportionally to size. 484 

Why was proportional use of resources achieved in terms of per-leaf abundance in one year, but by 485 

per-individual folivory in the other? 486 

Patterns of proportional use of resources at the level of per-leaf folivory by ectophages were reflected in 487 

patterns of per-leaf abundance in 2010, and in patterns of per invividual folivory in 2011. As outlined 488 

before, caterpillar abundance on non-isolated trees being proportional to leaf size suggests an establishment 489 

of little dispersive ectophages recruiting in situ on their host tree so that abundances on that tree correspond 490 

to the quantity of resources it offers. In contrast, patterns of per ectophage folivory suggest sorting of 491 

ectophage phenotypes by the leaf traits. Thus, within ectophage species, trees with larger leaves would 492 

accumulate ectophage genotypes that consume more leaf surface, or across ecotophage species, those 493 

species that consume more leaf surface. The importance of these two groups of processes may depend on 494 

the overall abundance of ectophages, which was significantly higher in 2010 than in 2011. High abundance 495 

might trigger negative density-dependent interactions among ectophages such as direct resource 496 

competition, increased defences of the shared host, or attraction of shared natural enemies (Birkett et al. 497 

2003; Staudt and Lhoutellier 2007; Faiola and Taipale 2020; Collie et al. 2020). These negative density-498 

dependent interactions, in turn, may push ectophages to leave host trees, and find new host trees (Charnov 499 

1976; Vialatte et al. 2010). Phylogenetic isolation may then hamper these processes – in particular in a 500 

high-abundance year like 2010. The same negative density-dependent processes among abundant 501 

ectophages also reduces the amount of resources available per ectophage (Collie et al. 2020). As a result, 502 

in a high abundance year, increased leaf area per tree may not correspond to increased leaf area available 503 

per ectophage, and hence not sort for ectophage phenotypes that are capable of eating more. Overall, the 504 

high total abundance of ectophages in 2010 might possibly explain why ectophage abundance, but not per 505 

ectophage folivory increased with leaf area on non-isolated trees (and inversely for 2011). 506 
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Why did phylogenetic isolation not affect the ectophage’s proportional use of leaf quality? 507 

We suggest that proportional use of leaf quality by ectophages was not affected by phylogenetic isolation 508 

because there was no proportional use of leaf quality. When proportional use of leaf quality is absent, it 509 

cannot be affected by phylogenetic isolation. Proportional use of leaf quality may be absent when 510 

information on leaf quality is insufficient. This is most obvious for folivores that oviposit during the winter 511 

when there are no leaves in the trees (Sarvašová et al. 2020). Even folivores that oviposit in late summer 512 

and overwinter as eggs to hatch in spring (Du Merle 1988) may face a poor correlation between leaf quality 513 

in summer and that in spring of the next year. Even in the same season, leaf quality does not correlate 514 

perfectly among years (Gripenberg et al. 2007). Such poor correlation might be caused in part by the tree’s 515 

responses to folivory: trees are known to respond to folivory by reducing their leaf quality for folivores 516 

(Kant et al. 2015; Volf et al. 2021). Therefore, herbivorous adult insects not emerging in spring might lack 517 

sufficient information on quality of leaves available to larvae in spring. This problem might be particularly 518 

strong in trees that suffer much from folivory, which are often phylogenetically non-isolated trees (Yguel 519 

et al. 2011). For this reason, resource quality might not be tracked even on non-isolated trees. 520 

Why did phylogenetic isolation not reduce proportional use of resources by leaf gallers and leaf 521 

miners? 522 

Proportional use of resources by leaf gallers and leaf miners was not consistently affected by phylogenetic 523 

isolation of individual host trees. This is consistent with lack of effects of phylogenetic isolation on overall 524 

abundance of leaf miners and leaf gallers in the study system (Hidasi-Neto et al. 2018). Perhaps miners and 525 

gallers do not respond to the parameters tested. Absence of proportional use of leaf size was surprising, 526 

given reported preferences for large leaves in leaf miners (Faeth 1991). Endophages might have little to no 527 

need of choosing trees with a particular leaf quality, because they can strongly improve it locally (Cornell 528 

1989; Hartley 1998; Nyman and Julkunen-Tiitto 2000; Giron et al. 2007; Kaiser et al. 2010). Perhaps other 529 

leaf traits such as toughness that limit oviposition and mine initiation are more important to endophages 530 

(Faeth 1985; Pihain et al. 2019). Even when endophages do track resources, it might be easier for them to 531 

overcome the effect of phylogenetic isolation than it is for ectophages if they i.e. experience less dispersal 532 
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limitation. Specifically, many leaf gallers are known for their high dispersal capacity (Gilioli et al. 2013). 533 

In addition, this high dispersal limits in situ reproduction on host trees and therefore adjustment of 534 

abundances to resources available on a tree (Connor et al. 1983).  535 

Why did parasitoids use hosts proportionally in only one of the two study years? 536 

The proportional use of ectophagous caterpillars by parasitoids was reduced by phylogenetic isolation of 537 

individual host trees in 2010, but not in 2011. This pattern of 2010 cannot be explained by high caterpillar 538 

diversity possibly reducing parasitism (Stireman III and Singer 2003), as we have demonstrated that 539 

phylogenetic isolation reduced caterpillar diversity and would thus have increased parasitism on 540 

phylogenetically isolated trees, not decreased it. One possible explanation could be the higher abundance 541 

of ectophagous caterpillars in 2010 (Yguel et al. 2014). Effect of abundance may be predicted from optimal 542 

foraging theory: many parasitoid species exhibit a type III functional response to host density (Morrison 543 

and Strong 1980; Fernández-arhex and Corley 2003; Veldtman and McGeoch 2004), which means that 544 

resource use increases with resource abundance only above a certain threshold of resource abundance. In 545 

our case, such high levels of abundances of ectophages might have been reached only in the high abundance 546 

year, and even then, only on the phylogenetically non-isolated trees. Our data thus suggest that parasitoids 547 

track the abundance of ectophage hosts only during years of high overall ectophage abundance and among 548 

trees with high ectophage abundance (phylogenetically non-isolated). We finally note that parasitism not 549 

only increases in a uniformly closely related tree neighbourhood, it also increases in a uniform community 550 

of host caterpillars. 551 

What are the potential consequences for trees that are phylogenetically isolated? 552 

The fact that ectophagy mostly does not increase with leaf area on phylogenetically isolated trees, may be 553 

both advantageous and disadvantageous for the trees. On the one hand, it may be advantageous because 554 

when folivores cannot feed more on large-leaved trees, trees might then benefit more from large leaves. 555 

Such leaves can help to reduce water loss (Wang et al. 2019). Hence, phylogenetically isolated trees can be 556 

expected to grow larger leaves. Consistently, Castagneyrol et al. (2017) found that specific leaf area 557 

increases with phylogenetic isolation of individual host trees. On the other hand, the fact that ectophagy 558 
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mostly does not increase with leaf area on phylogenetically isolated trees may also be disadvantageous for 559 

the trees, as it renders attacks by ectophages unpredictable. Unpredictable attacks select for induced 560 

defences because constitutive defence would be a waste of resources when there is no attack. However, 561 

when there is an attack, induced defences may be costlier than constitutive defences (Pigliucci 2001; 562 

Perkovich and Ward 2021). Overall, for a tree, the advantages and disadvantages of growing in a 563 

phylogenetically distant neighbourhood might possibly equal out, but the selection pressures on leaf area 564 

and defence traits are likely to be different.  565 

Conclusions 566 

Overall, we find that proportional use of resources declines with phylogenetic isolation of host trees. It does 567 

so in the folivore guild that is least capable of moving between, detecting and manipulating host trees – the 568 

ectophages. Ectophagous folivores consume more on large-leaved trees, either by establishing in larger 569 

numbers of individuals (2010), or by establishing individual phenotypes that consume more (2011). But 570 

this proportional use of resources happens only as long as neighbouring trees are phylogenetically 571 

proximate, in 2010 likely because in such neighborhoods species accumulate that are most likely to recruit 572 

locally - species specialized on oaks or having wingless females. Parasitism could partly counteract 573 

proportional use of resources on trees in phylogenetically proximate neighbourhoods, because high 574 

densities of ectophages attract more parasitoids, at least during high-abundance years. Lack of proportional 575 

use of resources in leaf miners and leaf gallers might be due to their ability to improve resource quality 576 

within trees, and due to their limited in situ recruitment on trees. Finally, the negative effect of phylogenetic 577 

isolation of trees on proportional use of resources by ectophages suggests that tree populations in 578 

phylogenetically distant neighbourhoods might be selected for larger leaves and greater reliance on induced 579 

defences.  580 
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Figures 834 

Fig. 1 Proposed processes (top row) and the resulting pattern of proportional use of resources (bottom row) 835 

on phylogenetically non-isolated (left) and phylogenetically isolated trees (right). If phylogenetic isolation 836 

of an individual tree reduces the rate of movement of ovipositing adults or larvae of folivores that prefer 837 

large leaves, folivore pressure will correlate less with leaf size on more phylogenetically isolated tree. 838 

Fig. 2 Phylogenetic isolation of individual host trees significantly reduced proportional use of leaf area by 839 

ectophages. (a) Phylogenetic isolation significantly reduced the increase in per-leaf folivory with an 840 

increase in leaf area in 2006 (interaction term phylogenetic isolation x leaf size: t = -2.686, p = 0.019, df = 841 

13), 2010 (t = -3.078, p = 0.006, df = 18) and 2011 (t = -2.122, p = 0.049, df = 17). (b) Phylogenetic isolation 842 

significantly reduced the increase in per-individual folivory with an increase in average leaf area in 2011 (t 843 

= -2.329, p = 0.032, df = 17). (c) Phylogenetic isolation significantly reduced the increase in per-leaf 844 

abundance with an increase in leaf area in 2010 (t = -2.844, p = 0.011, df = 18). Phylogenetic isolation is 845 

presented as binary in the figures, but is a continuous measure and statistically analysed as such. 846 

Fig. 3 Effect of phylogenetic isolation on subgroups of ectophages. (a) Phylogenetic isolation significantly 847 

reduced the increase in per-leaf abundance of specialists with an increase in leaf area in 2010 (t = -2.377, 848 

p = 0.029, df = 18), but significantly increased the same in 2011 (t = 4.004, p < 0.001, df = 18). See Table 849 

2 for full analyses. (b) Phylogenetic isolation significantly reduced the proportion of specialists in both 850 

2010 (t = -2.301, p = 0.033, df = 19) and 2011 (t = -2.281, p = 0.034, df = 19). (c) Phylogenetic isolation 851 

significantly reduced the proportion of species that have wingless females in 2010 (t = -2.535, p = 0.020, 852 

df = 19). See Table 3 for full analyses.  853 

Fig. 4 Phylogenetic isolation of individual host trees significantly reduced proportional use of caterpillars 854 

by parasitoids in 2010. The increase in number of parasitised caterpillars with an increase in total number 855 

of caterpillars was less for phylogenetically isolated trees in 2010 (t = -2.567, p = 0.02, df =17), but not in 856 

2011 (t = -0.755, p = 0.460, df = 18). Note that the given statistics are for the interaction term ‘total number 857 

of caterpillars * phylogenetic isolation’. Phylogenetic isolation is presented as binary in the figures, but is 858 

a continuous measure and statistically analysed as such. 859 
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Fig. 3 865 

Fig. 4  866 

867 

Accepted manuscript / Final version



34 

 

Tables 868 

Table 1 Overview of the data, where 1 = Yguel et al. 2011, 2 = Yguel et al. 2014, 3 = Vialatte et al. 2010 869 

and NA = data were not available. 870 

 871 

 872 

Table 2 Statistical effects of phylogenetic isolation of individual host trees on proportional use of resources 873 

by associated insects – tested for ectophages, leaf gallers, leaf miners and parasitoids of ectophages. 874 

Proportional use of resources was considered in terms of resource quantity (leaf area) and quality (LDMC, 875 

C:N, LPC). For all three guilds of folivores, proportional use of resources was studied at the level of per 876 

leaf-abundance, and for ectophages also at the level of per-leaf folivory and per-individua folivory. 877 

Proportional use of resources by parasitoids was studied at the level of caterpillar use. Note that the statistics 878 

given in the table are only for the interaction term in the models, but the models also accounted for the main 879 

effects of the variables in the interaction term. PI = phylogenetic isolation, LA = leaf area, LDMC = leaf 880 

dry-matter content, C:N = carbon-nitrogen ratio, LPC = leaf phenolics content, TC = Total caterpillars. 881 
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 882 
 883 

Table 3 Effect of phylogenetic isolation of individual host trees on community-weighted means of multiple 884 

species traits of ectophagous folivores, tested by simple regression analysis. See Fig. 3b for illustration.  885 

 886 
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