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cise. More detailed methods should be used to assess com-
prehensively the food requirements and preferences of in-
dividuals, populations and species in order to measure the 
width of their trophic niches and degree of specialization.

The increasing number of studies addressing the ques-
tion of food specialization stress the importance of study-
ing this issue at various scales  (Bolnick et al., 2003). At the 
individual level, these authors defi ne an individual special-
ist as “an individual whose niche is substantially narrower 
than its population’s niche for reasons not attributable to 
its sex, age or discrete morphological group”. Hence, a 
so-called generalist may actually consist of a continuum 
of specialized individuals. In their review, Bolnick et al. 
(2003) list 93 species of animals, in which individual spe-
cialization is clear and claim that it is a widespread but 
underestimated phenomenon in nature, often neglected by 
ecologists. Mainly due to the individual-based approach to 
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Abstract. We investigated food niches, diet diversity and individual food specialization of the larvae and adults of four species 
of ladybirds, Sospita vigintiguttata (L.), Calvia quindecimguttata (F.), C. quatuordecimguttata (L.) and C. decemguttata (L.), co-
occurring in European alder carr forests. The fi rst two species are considered to be strict habitat specialists associated with alders 
(Alnus spp.) in marshy forests and the other two are less habitat-specialized, inhabiting various deciduous trees and shrubs. Our 
investigations were based on the analysis of food remains in frass produced by fi eld-collected ladybirds. In each of the species 
studied, adults had more diversifi ed diets than larvae based on Levins’ D index of diversity. The most diverse diet recorded for 
adults was that for S. vigintiguttata followed by C. quatuordecimguttata, C. quindecimguttata and C. decemguttata. The diversity 
of larval diet was higher for the habitat specialists, C. quindecimguttata and S. vigintiguttata, than for the more habitat-generalists 
Calvia decemguttata and C. quatuordecimguttata. Although the main type of prey recorded for both adults and larvae of each of 
the species studied was aphids, other types of prey made up a relatively high part of the diet of different species/stage combi-
nations. Psylla alni (L.), for example, was frequently recorded in the frass of adults and larvae of S. vigintiguttata and of adults 
of C. quatuordecimguttata and chrysomelid larvae commonly in the frass of adults and larvae of C. quindecimguttata. Quite a 
high proportion of the frass of all the species studied contained the remains of Psocodea. The niche width of adults was broader 
than that of larvae except in C. quindecimguttata in which it was the opposite. The larval niches of the strict habitat specialists, 
C. quindecimguttata and S. vigintiguttata, were broader than those of the less habitat-specialists C. decemguttata and C. quat-
uordecimguttata. Adults of all the species studied showed relatively higher levels of food specialization than larvae, except for C. 
quindecimguttata. The results of this study indicate that ecological specialization is a complex phenomenon and habitat specializa-
tion does not imply food specialization.

INTRODUCTION

Niche width and niche specialization have been studied 
by ecologists for a long time  (Colwell & Futuyma, 1971; 
Pielou, 1972; Schoener, 1974; Hutchinson, 1978; Soberón, 
2007). They are associated with a range of resources (e.g. 
habitat, shelter, food) that are used in space and time by 
organisms. If a population utilizes a narrow range of re-
sources, it is called a specialist, in contrast to generalists 
that utilize a wider ranges of resources. The niches may be 
considered at various levels, such as species, population or 
individual, with the higher-level niche being the sum of the 
lower levels. For example, the niche of a population will be 
the sum of the niches of all individuals (Costa et al., 2015).

In measuring the width of a trophic niche, the range of 
different types of food consumed has to be determined. 
However, simple assessments based on fi eld or laboratory 
observations of food intake by individuals are far from pre-
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Evans, 2010) and our fi rst exploratory analyses performed 
in 2010 (Florek et al., 2011).

MATERIAL AND METHODS
Samp le collection

All ladybirds and prey were collected in alder carr forest 
in central Poland (Kampinos National Park, 52°19´35.1˝ N, 
20°49´13.7˝ E), except for few adults of two species (seven 
C. quatuordecimguttata and fi ve S. vigintiguttata) that were oppor-
tunistically collected in western France (Clisson, 47°05´52.0˝ N 
1°12´35.9˝ W) in June 2013 in order to supplement the data set   .    
They were collected in the same type of habitat as in Poland, and 
we decided to include them in the main data set after verifying 
that the composition of their diets did not differ signifi cantly from 
that recorded for these two species in the main data set [C. quat-
uordecimguttata: F[1,10] = 2.53 (p = 0.05); S. vigintiguttata: F[1,18] = 
1 (p = 0.426)]. This was done using a permutational multifactorial 
analysis of variance with one factor and a Bray-Curtis distance 
matrix (function adonis2 form the R package Vegan).

Adul ts and 4th instar larvae of the four species of ladybirds 
were collected in the fi eld using a 1 m × 1 m beating tray. Inver-
tebrates were dislodged from the branches of black alder (Alnus 
glutinosa (L.) Gaertner) above the tray by beating them with a 
wooden stick. Field sampling occurred from the second half of 
April until the fi rst half of August. The whole process, from fi eld 
sampling to identifi cation of prey remains and database organi-
zation, was time-consum     ing, th     erefore the data set           was progres-
sively compiled over a period of several years (2011–2014). 
Nevertheless, 82 samples (88% of the data set) were collected 
between April and July during the fi rst 3 years (2011–2013) and 
only 11 additional larvae of Calvia quindecimguttata were added 
later. The samples, therefore, were all collected between the end 
of spring and early summer when the different types of prey were 
most abundant, although the prey densities were not precisely 
measured.

Comprehensive details of the samples are provided in the sup-
plementary material of this paper, along with a graphical repre-
sentation of the phenology of the data.

We collected the potential types of prey from alder trees in June 
2013 for comparison with the remains found in ladybird frass. 
Collected invertebrates were identifi ed to species or a higher 
taxonomic level, parts of their body were prepared on slides and 
photographed. The following taxa were found: Pterocallis alni 
(De Geer) (Aphididae); Clethrobius comes (Walker) (Aphididae); 
Psylla alni (L.) (Psyllidae); Plagiosterna aenea (L.) (Chrysomel-
idae); Agelastica alni (L.) (Chrysomelidae); Galerucella spp. 
(Chrysomelidae); Metylophorus nebulosus (Stephens) and other 
taxa psocids (Psocodea); Alnetoidea alneti (Dahlbom) and other 
taxa of leafhoppers (Cicadellidae). We collected also some Thy-
sanoptera, Heteroptera, Cicadomorpha and Acarina but did not 
include them in this study.

Prep aration of frass
Field-collected ladybirds were transferred to the laboratory and 

put individually into clean Petri dishes. A sucrose solution damp-
ened paper was added to each Petri dish to prevent starvation. 
After 48 h the ladybird faeces present in the dishes were collected 
and placed in a drop of water on a glass slide, teased apart, exam-
ined microscopically and photographed.

Elab oration of picture database
The process of identifi cation and compiling of the database 

involved obtaining 2316 pictures tagged with as many pertinent 
features as possible, from general tags (e.g. tarsus, eye, cuticle) 
to the taxa they belonged to (e.g. processus terminalis of aphids, 

niche studies, a simple assumption that a generalist species 
is made up of generalist individuals has been questioned. 
However, as emphasized recently (Costa et al., 2015), this 
topic has not been investigated enough in specialist species. 
Research on food and/or habitat niche specialization ought 
to be intensifi ed in order to document data sets across taxa.

Although pioneers of the niche concept even used lady-
birds as an example (Johnson, 1910; Richards, 1926; Elton, 
1927 ), it is still often diffi cult to decide whether a species 
of ladybird is a specialist or a generalist (Hodek et al., 
2012) . Measuring the niche width of a given species using 
spatial (habitat, host plant), temporal or known prey prefer-
ences (Honĕk & Rejmánek, 1982; Nedvĕd, 1999; Snyder, 
2009) m ay result in different conclusions. Therefore, the 
assumption that a habitat-associated species is also a food 
specialist should always be carefully investigated and the 
level of specialization stated.

The food range and preferences of ladybirds have been 
studied for a long time in relation to biological control of 
aphids, coccids, adelgids and other pests (Majerus, 1994; 
Obrycki & Kring, 1998; Ho dek & Evans, 2012). Lists of 
the prey consumed, sometimes with their assessment as es-
sential food, have been published for some predatory lady-
birds, mainly very common generalists (Blackman, 1965; 
Ricci, 1986a; Albuquerque et al., 1997; Obrycki et al., 
1997; Kalushkov, 1998; Triltsch, 1999; Rana et al., 2002; 
Kalushkov & Hodek, 2005; Ricci et al., 2005), but also 
some rarer and more specialized species (Ricci, 1986b; 
Palmeri et al., 1996; Kalushkov & Hodek, 2001; Ricci & 
Ponti, 2005; Florek et al., 2011). Nevertheless, the trophic 
niches of many species remain poorly known, with none 
or only few prey documented (Weber & Lundgren, 2009).

This study investigates food ranges and trophic niches 
of four ladybird species found in one specifi c habitat, alder 
carr forest. Two of these species, Calvia quindecimguttata 
(Fabricius) and Sospita vigintiguttata (L.), are closely as-
sociated with alder (Alnus spp.) trees and considered rare 
in Europe (Adriaens et al., 2015; Nedvĕd, 2015). The 
remaining two, Calvia decemguttata (L.) and C. quat-
uordecimguttata (L.), are usually more common and less 
habitat-specialized, inhabiting various deciduous trees and 
shrubs. There is some data that indicates the habitat spe-
cialists, C. quindecimguttata and S. vigintiguttata, are also 
food specialists. The former is recorded as a specialized 
predator of immature stages of leaf beetles (Chrysomeli-
dae) (Kanervo, 1940), while the latter a specialist on psyl-
lids (Palmeri et al., 1996). Psyllids are also found to be es-
sential food of C. quatuordecimguttata (Semyanov, 1980; 
Palmeri et al., 1996).

The main goals of this paper were (1) to determine the 
food niches and diet diversity of adults and larvae of three 
species of Calvia and S. vigintiguttata collected in alder 
carr forest and (2) to measure their individual food spe-
cialization. To meet these goals, we analysed food remains 
in frass produced by individual ladybirds collected in the 
fi eld. The method used here draws on previous studies on 
the identifi cation of the diet based on gut and frass contents 
(Conrad, 1959; Putman, 1964; Triltsch, 1999; Davidson & 
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micropyle of ladybird eggs, forked claws of Psocodea species). 
We recognized specifi c features of particular prey by comparison 
with our reference collection of potential prey. The combination 
of sample IDs, picture IDs and tags were imported into R to build 
up the database.

The prey retained in the analysis were those we could identify 
and were pertinent to our purpose. We did not use remains found 
in frass such as pollen (although sometimes numerous) or    those 
that could not be identifi ed. The different types of prey record 
are: Acari, Aphidoidea, Coccinellidae larvae (intraguild preda-
tion), Chrysomelidae larvae, Cicadomorpha, arthropod egg, Coc-
cinellidae eggs (intraguild predation), Psocodea, Psylla alni and 
Thysanoptera.

Diet  diversity and niche indices
The computation of all of the following indices was done using 

functions in the statistical package RInSp (ver. 1.1, 2015; Zac-
carelli et al., 2013).

The diversity of the diet of each species (adults and larvae sep-
arately or grouped) was measured using Levins’ diversity index:

D=1− 1
∑ j q j

2

where qj is the mean proportion of each of the aforementioned 
resources j consumed by all individuals i of one species, as pro-
vided by the function pop.diet (Bolnick et al., 2002; Zaccarelli et 
al., 2013):

q j= pij   where pij=
nij

∑ j nij

Diet width was obtained from the same function and is sim-
ply the number of different types of prey identifi ed per species. 
Obviously, this metric is a proxy of the diet width and should 
be carefully interpreted since it could be related to sample size. 
However, we make the assumption that, except for Calvia decem-
guttata adults (n = 3), we collected enough samples to determine, 
although incompletely, the main types of prey consumed by the 
la dybirds in the restricted habitat and time range investigated.

To depict the general pattern of the compositions of their diet, 
the proportions of the different types of prey in frass of larvae 
and adults of each species were calculated. We approximated the 
amount of each type of prey within a sample from the number 
of picture tags, although it could be biased in various ways. For 
example, detection and identifi cation is dependent on the type of 
prey; small prey (e.g. aphid larvae) are more likely to be com-
pletely eaten than large prey (e.g. chrysomelid larvae). However, 
this uncontrolled error was considered to be the same for all the 
species studied.

The total niche width (TNW = – Σjqjln(qj) ) and its two compo-
nents, between individual component (BIC) and within individual 
component (WIC), were calculated using the function WTdMC, 
which is an adaptation of Roughgarden’s formulas (Roughgar-
den, 1972; Bolnick et al., 2002). As described in these two pa-
pers, the ratio WIC/TNW is a measure of inter-individual vari-
ation in terms of diet: values near 1 indicate a high overlap in 
diet composition between individuals, while values approaching 
0 indicate decreasing inter-individual overlap and high individual 
specialization. However, as emphasized by Bolnick et al. (2002), 
this metric can lead to biased estimates of diet variation for cat-
egorical data, since it is based on the Shannon measure of diver-
sity. We therefore also used the index of individual specialization 
(IS), calculated as the average of individuals’ proportional simi-
larity indices (PSi). Each PSi’s expresses the pairwise overlap of 
the niche distribution of individuals and the sampled population:  

PSi = 1 – 0.5Σj|pij – qj|, where pij is the frequency of category j in 
individual i’s diet, and qj is the frequency of category j in the 
population as a whole. The PSi index will be 1 when individu-
als consume the same proportions of different types of prey as 
the population as a whole and it will be less than 1 in the case 
of individual specialization. In order to assess the statistical sig-
nifi cance of PSi we generated, through Monte Carlo resampling, 
10,000 simulated populations from the original data set, each of 
which had a number of individuals equal to the number in the real 
population to each of which was randomly assigned diet items 
from the population’s resource distribution, yielding a null model 
corresponding to a population composed of generalist individu-
als. The index PSi was then recalculated for each resampled data 
set: the proportion of resampled populations that had index values 
lower than the observed one corresponds to a non-parametric p-
value of the observed IS. The index and the statistics were calcu-
lated using function PSicalc.

All calculations were done in R 3.3.1, with RStudio Version 
0.99.892 as script editor and Linux operating system (Kubuntu 
14.04 LTS).

RESULTS

A total of 103 samples were collected, prepared and ex-
amined. Ten of them did not contain any recognizable re-
mains. They mainly belonged to adults sampled early in 
the season, which were essentially eating pollen or to lar-
vae, which were probably freshly moulted and had empty 
guts. The data set used in this paper is therefore made of 93 
samples (Table 1) and 10 types of prey.

Table 1. Number of adults and larvae of the four species used in 
this study.

Adult Larvae
Sospita vigintiguttata 20   8
Calvia quindecimguttata   9 28
Calvia quatuordecimguttata 12   6
Calvia decemguttata   3   7

Diet diversity
At t he species level, with the results for adults and larvae 

pooled, the four species ate from 8 to 10 of the 10 types 
of prey that were identifi ed in frass and Levins’ diversity 
index ranged from 1.72 to 3.42 (Table 2).

For each species, the diet diversity was always higher for 
adults than larvae, although the richness of different types 
of prey was higher for larvae of C. quindecimguttata and 
C. decemguttata than for the adults of these species (Table 
2). The most diverse diet recorded for adults was that of 
S. vigintiguttata (D = 3.78) and of larvae of C. quindecim-
guttata (D = 2.52).

At the individual level, diet diversity was much lower. 
The number of different types of prey ranged from 1 to 4 
per sample, with the lowest average of 1.2 for the larvae of 
C. quatuordecimguttata and the highest average of 2.4 for 
larvae of C. decemguttata (Table 2).

Proportion of the prey items found in frass
The mean proportion of tags of the different kinds of 

prey of each species and stages revealed a clear dominance 
of aphids (range for larvae and adults taken separately 
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41–80.1%), but other types of prey can also be well repre-
sented, particularly in the diet of adults (Fig. 1).

The psyllid Psylla alni made up 25.4% and 16.1% of the 
different types of prey, respectively, of adults and larvae of 
S. vigintiguttata, and 23.9% of that of adults of C. quatuor-
decimguttata. We identifi ed remains of chrysomelid larvae 
in the frass of C. quindecimguttata, which made up 13.6% 
of the diet of adults and 8.2% of that of larvae. This prey 
was not recorded in the diet of the adults of the other species 
and rarely in that of the larvae of C. decemguttata (2.6%) 
and S. vigintiguttata (0.8%). Psocodea were recorded as 

prey of adults of each of the species (range 1.8–12.5%) 
and of larvae of three species (range 8.6–14.2%). No re-
mains of ladybird eggs were recorded in the frass of larvae 
of any of the species and low amounts of other arthropod 
eggs only in larvae of two species (C. decemguttata and 
C. quindecimguttata).

Niche width and the measures of individual 
specialization

The niche widths (TNW) of adults and larvae of each 
species are shown in Fig. 2. For three species, the niche 

Table 2. Diet diversity parameters recorded for adults, larvae and both together. R – richness (i.e. number of different types of prey); D – 
Levins’ D index of diversity; meanIndR – mean individual richness of different types of prey .

 
Adults Larvae Both

R D meanIndR R D meanIndR R D
Sospita vigintiguttata 8 3.78 1.6 6 2.32 2.1 9 3.42
Calvia quindecimguttata 6 2.69 1.8 9 2.52 1.8 10 2.62
Calvia quatuordecimguttata 8 3.43 2.3 2 1.52 1.2 8 2.74
Calvia decemguttata 5 2.15 2.0 7 1.53 2.4 9 1.72

Fig.1. Mean proportions of the different types of prey in the diets of adults and larvae of the four species of ladybirds studied. IGP: intra-
guild predation. Species symbols: SOS20 – Sospita vigintiguttata, CAL15 – Calvia quindecimguttata, CAL14 – Calvia quatuordecimgut-
tata, CAL10 – Calvia decemguttata.
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width is broader for adults than larvae, whereas the op-
posite is recorded for C. quindecimguttata: TNW (adult) = 
1.24; TNW (larvae) = 1.36.

The ratio WIC/TNW was in most cases lower (i.e. in-
dicating higher individual specialization) for adults than 
larvae. However, in C. quindecimguttata this ratio is lower 
for larvae than adults.

Adults of all species and larvae of three species showed 
a strong level of individual specialization, since the actual 
IS indices were statistically smaller than the simulated dis-
tributions of PSi’s (all p < 0.001). Only for the larvae of 
C. quatuordecimguttata was the individual specialization 
index less strong, although still signifi cantly (p = 0.035) 
different from the resampled simulation distribution (Fig. 
3). In other words, larvae of this species had an IS not much 
different from that of individuals that randomly select their 
prey from the prey available.

DISCUSSION

Field-collected data on the habitat, host plant and prey 
preferences of a predatory species are the basic informa-
tion needed for characterizing its ecology and biocenotic 

relationships. One may assume that the most abundant spe-
cies of prey on host plants will constitute the main source 
of the predator’s food. However, this assumption may give 
an inaccurate picture of the feeding habits of the predator 
(Thompson, 1951 in Hodek & Evans, 2012). It is neces-
sary to know if the potential prey is accepted as food and 
if it is nutritionally suitable. Ultimately, evidence of food 
suitability has to be experimentally shown if a species of 
prey is to be classifi ed as essential, i.e. attractive to ovipos-
iting females and suitable food for their larvae to complete 
their development, or alternatively it is the only source of 
energy for survival (Mills, 1981; Evans et al., 1999; Hodek 
& Evans, 2012). 

The method applied in this study (frass analysis) does not 
allow evaluation of prey suitability, but enables the identi-
fi cation of the various types prey actually selected by the 
ladybirds in the wild. Specifi cally, using this method we 
could address the questions concerning food niche width, 
diet diversity and food specialization. 

Food niches and diet diversity
Our results indicate that the adults of the four ladybirds 

studied in using most of the available prey and having 
diets that were usually more diversifi ed (higher D index 
and TNW) than that of their larvae, appear to be general-
ist predators. Larvae of most species were more special-
ized, although in C. quindecimguttata the TNW of larvae 
was higher than that of adults. The narrower larval niches 
are not surprising considering that ladybird larvae usually 
have more stringent nutritional requirements than adults 
(Lundgren, 2009). The diet of larvae has to be focused on 
essential food, selected by the females laying their eggs in 
suitable patches in terms of larval development and surviv-
al. In contrast, adults may persist for long periods feeding 
on various kinds of non-essential food. Moreover, they are 
more mobile than larvae and thus may exploit patches with 
different food resources (Michaud, 2005).

Fig 2. Niche width (TNW) of the four species, adult and larvae 
considered separately, with details of its two components BIC and 
WIC (see text for details). The dot is the WIC/TNW ratio. Species 
symbols as in Fig. 1.

Fig. 3. Histograms of the distributions of individual specialization (IS) indices obtained using the Monte Carlo resampling procedure. Verti-
cal broken lines show the 95% confi dence limits of the simulated distribution, the thick vertical line (long solid line) shows the actual mean 
index value for the original individual data (short solid lines).



183

Godeau et al., Eur. J. Entomol. 116: 178–186, 2019 doi: 10.14411/eje.2019.019

Larvae and adults of the ladybirds studied, although 
considered as principally aphidophagous, showed certain 
preferences for non-aphid prey. Sospita vigintiguttata and 
C. quatuordecimguttata, although not strictly specialized 
on psyllids as suggested by Semyanov (1980) and Palm-
eri et al. (1996), consumed P. alni relatively frequently. 
Remains of chrysomelid larvae were often detected in the 
frass of C. quindecimguttata, but again not so often as cited 
by Kanervo (1940) who includes this ladybird among spe-
cialized chrysomelid eaters. In this latter case, however, 
the observed proportion could be largely underestimated 
knowing that chrysomelid larvae (and eggs) are typically 
sucked out and not eaten as a whole, especially by ladybird 
larvae (Florek et al., 2011). 

Predation on ladybird larvae was clearly displayed by 
adults of C. decemguttata, larvae of C. quatuordecimgut-
tata and, to a lesser extent, S. vigintiguttata. Spiny projec-
tions on the skin of larvae of C. quatuordecimguttata and 
S. vigintiguttata might make them superior predators in in-
traguild interactions with spineless larvae, such as those of 
C. decemguttata or C. quindecimguttata. The importance 
of spines for the outcome of intraguild confrontations be-
tween ladybird larvae are emphasized by many authors 
(Ware & Majerus, 2008; Katsanis et al., 2013; Hautier et 
al., 2017; Ceryngier et al., 2018). 

The presence of Psocodea remains in adult and larval 
frass of all species (except C. quatuordecimguttata larvae) 
is a fi nding that is, to our knowledge, not documented in 
the literature. The adults and larvae of C. quindecimguttata 
and C. decemguttata, as well as adults of S. vigintiguttata, 
seem to be quite effi cient in catching Psocodea. This ob-
servation extends the list of alternative prey of ladybirds. 

Food specialization at the individual level
The recorded level of individual specialization was sig-

nifi cantly different from that based on a random selection 
of prey by adults of the all the species and larvae of three 
species (not signifi cantly different from random choice 
for the larvae of C. quatuordecimguttata). Larvae are less 
mobile than adults and hence unable to choose among di-
verse food sources in the short period available to them 
and, more importantly, the food patch they use is selected 
by the mother. It could therefore be expected that larvae 
will show relatively low individual specialization since 
they are usually placed in situations that are most suitable 
for their development. Conversely, adults could be more 
likely to test different types of resources as they are able 
to move quickly from one food patch to another. Indeed, 
both the WIC/TNW and IS values were higher in larvae 
than adults for most of the species studied, indicating lower 
individual specialization of the larvae. The only exception 
was C. quindecimguttata, in which individual larvae were 
not less specialized than the adults. High level of indi-
vidual specialization of larvae of C. quindecimguttata in 
comparison with that of larvae of other species was con-
nected with a high value of the larval TNW (higher than in 
the adults of this species). Previous studies (Florek et al., 
2011) also indicate that the food spectrum of the larvae of 
C. quindecimguttata is wider than that of larvae of other 

alder-inhabiting ladybirds. Interestingly, our study showed 
that larvae of the least habitat-specialized species, C. quat-
uordecimguttata, mostly rely on one food source (aphids) 
and thus it has a narrow trophic niche and the lowest level 
of individual food specialization. 

Concluding remarks
Our results indicate that all the ladybird species studied 

are rather opportunistic and prey upon a wide range of the 
various types of prey encountered on alder trees. The most 
frequently recorded type of prey of both larvae and adults 
of the four species were aphids, probably because of their 
suitability as food, high abundance and ease of capture. On 
the other hand, in the frass of all the species studied less 
known prey, such as Psocodea, were often found. Early in 
the season, when aphid densities were low, a substantial 
proportion of the prey of C. quindecimguttata consisted of 
larvae and probably eggs of Chrysomelidae. At the same 
time, P. alni was an important food source for adults and 
larvae of S. vigintiguttata and for adults of C. quatuordec-
imguttata.

Habitat and food specialization are often interrelated in 
ladybirds (Sloggett & Majerus, 2000; Sloggett, 2008; Fer-
rer et al., 2016). It is thus a little surprising that S. viginti-
guttata and C. quindecimguttata, the species regarded as 
strict habitat specialists, turned out to have broader food 
niches than the much more habitat-generalists C. decem-
guttata and C. quatuordecimguttata. Our study showed 
that the habitat specialists could temporarily switch to 
preying on invertebrates that are unsuitable or disregarded 
by competitors. Close habitat and prey specializations, as 
reported for Iberorhyzobius rondensis that exclusively oc-
curs on Pinus pinaster and preys on Matsucoccus feytaudi 
(Tavares et al., 2014), are probably very rare among preda-
tory ladybirds.
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Fig. S1. Graphical representation of the range in dates over which 
the results of sampling in the four years was pooled. Details of 
individual samples are available in Table S1.
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Table S1. Raw data set included in the analysis, with the following columns: ID (a unique sample identifi er); Date (month + 1st , 2nd or 3rd ten days of the 
month); Spec (Species name); Stage (Adult or larva); Acari to Thysanoptera (10 columns giving the number of tags corresponding to each type of prey).

ID Date Spec Stage Acari Aphido-
idea

Coccinellidae 
larvae (IGP)

Chrysomelidae 
larvae

Cicado-
morpha

Arthropod 
egg

Coccinellidae 
egg (IGP)

Pso-
codea

Psylla 
alni

Thysano-
ptera

1 04_III Sospita vigintiguttata Adult 0 0 0 0 2 0 0 0 5 0
2 04_III Sospita vigintiguttata Adult 0 0 0 0 7 0 0 0 0 0
3 04_III Sospita vigintiguttata Adult 0 0 0 0 0 0 0 0 4 0
4 04_III Sospita vigintiguttata Adult 0 0 0 0 0 1 0 0 1 0
5 04_III Sospita vigintiguttata Adult 0 0 0 0 0 0 1 0 0 0
6 04_III Sospita vigintiguttata Adult 0 0 0 0 0 0 0 0 4 0
7 04_III Sospita vigintiguttata Adult 0 0 0 0 0 1 1 0 0 0
8 04_III Calvia quatuordecimguttata Adult 2 0 0 0 0 0 0 0 2 0
9 04_III Calvia quatuordecimguttata Adult 0 0 0 0 0 0 0 0 1 0

10 04_III Calvia quatuordecimguttata Adult 0 0 1 0 0 0 0 0 6 0
11 04_III Calvia quatuordecimguttata Larvae 0 1 0 0 0 0 0 0 0 0
12 04_III Sospita vigintiguttata Adult 0 0 0 0 0 0 0 0 2 0
13 04_III Sospita vigintiguttata Adult 0 1 0 0 0 0 0 0 0 0
14 05_II Sospita vigintiguttata Larvae 1 3 8 0 0 0 0 0 0 0
15 05_II Sospita vigintiguttata Larvae 0 0 0 0 0 0 0 0 1 0
16 05_II Calvia quatuordecimguttata Larvae 0 0 4 0 0 0 0 0 0 0
17 06_I Calvia decemguttata Adult 0 0 5 0 0 0 0 3 0 0
18 06_I Calvia quindecimguttata Adult 0 0 0 4 0 1 0 0 0 0
19 06_I Calvia quindecimguttata Larvae 0 0 0 0 0 0 0 0 4 0
20 06_I Calvia quindecimguttata Larvae 0 0 0 0 0 0 0 32 0 0
21 05_II Calvia quindecimguttata Adult 0 0 0 0 0 1 0 0 0 0
22 05_II Sospita vigintiguttata Adult 0 1 0 0 0 3 0 0 0 0
23 05_II Sospita vigintiguttata Adult 0 0 0 0 0 1 1 0 0 0
24 05_II Sospita vigintiguttata Larvae 0 26 0 2 0 0 0 0 4 0
25 05_III Calvia quatuordecimguttata Adult 0 19 0 0 0 3 0 0 0 0
26 05_III Calvia quatuordecimguttata Larvae 0 13 6 0 0 0 0 0 0 0
27 05_III Calvia quatuordecimguttata Larvae 0 3 0 0 0 0 0 0 0 0
28 05_III Calvia quatuordecimguttata Larvae 0 3 0 0 0 0 0 0 0 0
29 05_III Calvia quatuordecimguttata Larvae 0 21 0 0 0 0 0 0 0 0
30 05_III Calvia quindecimguttata Adult 0 5 0 8 0 4 2 0 0 0
31 05_III Sospita vigintiguttata Larvae 0 24 0 0 0 0 0 0 0 0
32 05_III Sospita vigintiguttata Larvae 0 10 0 0 0 0 0 0 2 0
33 05_III Sospita vigintiguttata Larvae 0 9 0 0 0 0 0 1 0 0
34 06_I Calvia quindecimguttata Larvae 0 0 0 22 0 0 0 0 0 0
35 06_I Calvia quindecimguttata Larvae 0 23 0 0 0 0 0 0 0 0
36 06_I Calvia quindecimguttata Larvae 0 16 0 0 0 0 0 0 0 0
37 06_I Calvia quindecimguttata Larvae 0 19 0 0 0 0 0 0 3 0
38 06_I Calvia decemguttata Adult 1 31 0 0 0 0 2 0 0 0
39 06_I Sospita vigintiguttata Larvae 3 18 0 0 0 0 0 6 0 0
40 06_I Sospita vigintiguttata Larvae 0 15 0 0 0 0 0 14 0 0
41 06_I Sospita vigintiguttata Adult 0 7 0 0 0 0 0 0 0 0
42 06_I Sospita vigintiguttata Adult 0 21 0 0 0 0 0 0 5 0
43 07_I Calvia quindecimguttata Adult 0 11 0 0 0 0 0 0 0 0
44 07_I Sospita vigintiguttata Adult 0 5 0 0 0 0 0 0 0 0
45 07_I Sospita vigintiguttata Adult 0 20 0 0 0 0 0 0 0 0
46 07_I Sospita vigintiguttata Adult 3 11 0 0 0 0 0 8 0 0
47 06_I Calvia quatuordecimguttata Adult 0 24 0 0 0 2 1 8 0 0
48 06_I Calvia quatuordecimguttata Adult 0 3 0 0 1 0 0 0 0 0
49 06_I Calvia quatuordecimguttata Adult 0 17 0 0 3 0 0 0 0 0
50 06_I Calvia quatuordecimguttata Adult 0 10 0 0 0 0 0 0 9 0
51 06_I Calvia quatuordecimguttata Adult 0 0 0 0 0 3 2 0 0 0
52 06_I Calvia quatuordecimguttata Adult 0 24 0 0 3 0 0 0 0 0
53 06_I Calvia quatuordecimguttata Adult 0 14 0 0 0 1 1 0 0 0
54 06_I Sospita vigintiguttata Adult 0 3 0 0 0 0 0 0 0 0
55 06_I Sospita vigintiguttata Adult 0 2 0 0 13 0 0 0 8 0
56 06_I Sospita vigintiguttata Adult 1 17 1 0 0 0 0 0 0 0
57 06_I Sospita vigintiguttata Adult 0 4 0 0 0 0 0 0 2 0
58 06_II Calvia quatuordecimguttata Adult 4 4 0 0 0 0 0 18 1 0
59 06_II Calvia quindecimguttata Adult 0 21 0 0 0 12 0 0 0 0
60 06_II Calvia quindecimguttata Adult 1 10 0 0 0 0 0 0 0 0
61 06_II Calvia quindecimguttata Adult 0 5 0 0 0 0 0 0 0 0
62 06_II Calvia quindecimguttata Adult 0 4 0 0 0 0 0 20 0 0
63 06_II Calvia quindecimguttata Larvae 2 6 0 0 0 0 0 1 0 15
64 06_II Calvia quindecimguttata Larvae 0 6 0 0 0 0 0 0 0 0
65 07_III Calvia decemguttata Adult 0 16 0 0 0 0 0 0 0 0
66 07_III Calvia decemguttata Larvae 0 10 0 0 0 0 0 0 0 0
67 07_III Calvia decemguttata Larvae 0 27 0 0 0 0 0 13 0 0
68 07_III Calvia decemguttata Larvae 0 20 0 0 2 0 0 0 0 0
69 07_III Calvia decemguttata Larvae 2 14 0 0 0 5 0 0 3 0
70 07_III Calvia decemguttata Larvae 0 16 0 0 0 0 0 0 0 0
71 07_III Calvia decemguttata Larvae 1 21 0 5 0 0 0 1 0 0
72 07_III Calvia decemguttata Larvae 3 29 0 0 0 0 0 10 0 0
73 07_III Calvia quindecimguttata Adult 0 8 0 0 0 0 0 0 0 0
74 07_III Calvia quindecimguttata Larvae 2 3 0 0 0 0 0 0 0 0
75 07_III Calvia quindecimguttata Larvae 0 3 0 0 0 0 0 6 0 0
76 07_III Calvia quindecimguttata Larvae 0 11 0 0 4 0 0 0 0 0
77 07_III Calvia quindecimguttata Larvae 0 0 0 0 0 0 0 15 0 0
78 07_III Calvia quindecimguttata Larvae 0 8 0 0 0 0 0 0 0 0
79 07_III Calvia quindecimguttata Larvae 0 29 0 6 0 1 0 0 0 0
80 07_III Calvia quindecimguttata Larvae 0 28 0 0 0 1 0 0 0 0
81 07_III Calvia quindecimguttata Larvae 3 0 0 0 0 0 0 1 0 0
82 07_III Calvia quindecimguttata Larvae 0 0 0 20 0 0 0 0 0 0
83 08_I Calvia quindecimguttata Larvae 0 36 0 6 0 0 0 0 0 0
84 08_I Calvia quindecimguttata Larvae 0 1 0 0 0 0 0 32 0 0
85 08_I Calvia quindecimguttata Larvae 0 34 0 0 8 0 0 0 0 0
86 06_III Calvia quindecimguttata Larvae 2 68 0 0 0 0 0 0 0 0
87 06_III Calvia quindecimguttata Larvae 2 15 0 0 0 0 0 0 0 0
88 06_III Calvia quindecimguttata Larvae 0 36 0 0 0 0 0 2 0 0
89 06_III Calvia quindecimguttata Larvae 0 11 11 0 0 0 0 0 0 0
90 06_III Calvia quindecimguttata Larvae 0 47 0 0 0 0 0 0 0 0
91 06_III Calvia quindecimguttata Larvae 0 9 0 0 2 0 0 0 0 0
92 06_III Calvia quindecimguttata Larvae 0 4 0 0 1 0 0 0 0 0
93 07_I Calvia quindecimguttata Larvae 2 5 0 0 0 0 0 0 0 0


