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Abstract: Intraspecific trait variation in generalist animals is widespread in nature, yet its effects on
community ecology are not well understood. Newts are considered opportunistic feeders that may
co-occur in different syntopic conditions and represent an excellent model for studying the role of
individual feeding specialization in shaping the population dietary strategy. Here, we investigated
the diet of three newt species from central Italy occurring in artificial habitats in different coexistence
conditions to test the predictions of the niche width (NW) variation hypotheses. Population NW did
not vary among species and between presence and absence of coexisting species. An overall positive
relationship between individual specialization and population NW was observed. However, this
pattern was disrupted by the condition of syntopy with newt populations showing an individual
NW variation invariant with population NW in presence of coexisting species, whereas it was
larger in populations occurring alone. The observed pattern of newt behavior was not consistent
with any of the proposed scenarios. We found a consistent pattern with the degree of individual
specialization being (1) size-dependent (specialized individuals increasing within larger sized species)
and (2) assemblage-complexity-dependent (specialized individuals increasing in syntopic populations
in comparison to singly populations).

Keywords: community ecology; Triturus; Lissotriton; coexisting species; trophic niche; niche width;
niche variation hypothesis

1. Introduction

Urodeles are important elements of freshwater vertebrate communities either as prey or as
predators [1–4] contributing to most of the total predator biomass in specific study areas [5]. They usually
perform many “key ecological functions” [6] occurring at the top of the food chain [7–9] or, more
frequently, at an intermediate level [10,11]. As predators of invertebrates and small vertebrates,
they modulate energy pathways by decreasing the abundance of competitively dominant preys and
consequently increasing taxa diversity in lower trophic levels [12]. Moreover, through their dual life
cycle, they serve as connecting pathways for energy between aquatic and terrestrial environments
affecting prey communities in both habitat types [13].

In general, newts are opportunistic feeders [14,15] consuming zooplankton, crustaceans, insects,
fish, tadpoles, and even aerial or soil fauna fallen into the water during the aquatic phase [16–19],
as well as isopods, diplopods, insects, and earthworms collected on the ground during the terrestrial
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phase [19–22]. Assemblages of newt species of differing body size are common throughout Europe, such
as in Italy, where up to three species may co-occur in syntopy in the same aquatic site [16,21,23]. Because
of their generalist feeding habits, and because they may co-occur in different sympatric conditions
(see below), newts are excellent models for studying the role of individual feeding specialization in
the “overall dietary niche” of a generalist feeder species/population. Indeed, it has been postulated
that within-population niche variation can stabilize population and community dynamics [24], with
environments having greater resource diversity favoring ecological diversity among consumers via
disruptive selection or phenotypic and ecological plasticity or, as an alternative mechanism, that niche
variation may be a consequence of neutral genomic diversity in more abundant populations [25].

Here, we investigated the diet of three newt species, the Italian newt (Lissotriton italicus), the Italian
smooth newt (Lissotriton vulgaris), and the Italian crested newt (Triturus carnifex), in different co-occurring
conditions in central Italy in order to test the predictions of the “within-population niche variation”
theory across different species and co-presence conditions [26,27]. Except for a few theoretical
studies [28,29], the “within-population niche variation” theory has rarely been tested before on natural
assemblages of potentially competing species (but see [30,31]), but merely on populations of single
species across several taxa (reviewed in [24,32]). Thus, our paper is one of the first to test the theory
on an assemblage of species that have been considered in competition for the available resources in
previous studies [33].

Specifically, the aims of the present study were to answer the following key questions:
(1) Does newt body size affect the tendency of individuals to partition their trophic niche by

specializing the use of food resources towards distinct prey categories? Being newt gap-limited
predators [11,33,34], we hypothesize that larger species feed on a large variety of prey items and thus
have higher chance to differentiate the diet at the individual level to limit the potential impact of
intraspecific competition.

(2a) Does the presence of taxonomically related species (congeneric or belonging to the same
family) influence the feeding strategy of target newt populations in terms of trophic niche width and
individual feeding behavior (i.e., degree of individual specialization)? We would expect that the
co-occurrence of related species should promote differentiation of the trophic spectrum in conspecific
individuals to mitigate the likely increased intra- and inter-specific competition [26]. (2b) Does the
degree of syntopy (single vs. multispecies systems) affect newt body size that in turn may influence the
feeding ecology of the species? We hypothesize that (a) large-bodied species outcompete smaller species
through competition and intra guild predation, and (b) body size of smaller species are negatively
affected by the occurrence of larger species. Moreover, we would expect that in multispecies conditions,
the smaller species would suffer from the co-occurrence of large-bodied species due to the negative
effect of intra guild predation (i.e., competition and predation by the same antagonist). Predation
might influence individual behavior by constraining individuals to forage in restricted areas based on
their boldness (i.e., propensity to forage in the presence of risk; [35]), and thus affecting the magnitude
of individual specialization if resources are patchy [24]. Since the effect of interspecific competition
and predation on individual specialization remains controversial both in the theoretical and empirical
literature [24,30], we would expect species specific response by the various newt species.

In order to answer to the above-mentioned key questions, we surveyed specific artificial aquatic
habitats (i.e., wells) characterized by a circular shape, vertical walls, and high depth (up to 6 m),
generally associated with traditional agriculture and cattle watering. Indeed, wells represent ideal
scale-effective systems to investigate interspecific interactions and community composition being
characterized by a higher stability and a more simplified structure (e.g., limited volume, closed
physical boundaries, simple and consistent vegetation structure and resource availability, absence of
fish predators) in comparison to natural aquatic sites [36]. Moreover, at the study area, these habitats
(i) are widespread, (ii) have been in place for a time long enough to enable the establishment of stable
communities, (iii) host one up to three newt species syntopically, and (iv) are consistent in shape and
size, thus, representing a self-set replicated experimental system [9,36].
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2. Materials and Methods

2.1. Study Species

Lissotriton italicus (Peracca, 1898) and L. vulgaris (Linnaeus, 1758) are endemic to the southern
Italian peninsula and widespread throughout Europe, respectively [22], whereas T. carnifex (Laurenti,
1768) is distributed through the Italian and northern Balkan peninsulas [22]. All the study species
occur in natural permanent and temporary aquatic sites with stagnant or semi-flowing water, but they
can also colonize artificial aquatic sites (tanks, drinking troughs, reservoirs, and wells) during the
breeding season [22]. They are mostly threatened by fragmentation and loss of wetlands, pollution of
aquatic habitats, and the introduction of alien fish [22,37,38]. However, only the Italian crested newt
is listed on Appendix II of the Bern Convention and on Annexes II and IV of the Habitats Directive
(92/43/EEC), while L. italicus is listed in the Annex IV.

Triturus carnifex attains the largest body size of any Italian newt (with females measuring
120–180 mm and males 100–150 mm in total length) and it often co-occurs with L. vulgaris (60–110 mm
for males and females) and L. italicus (with a total length of up to 80 mm for the larger females, this
species is considered the smallest of the European newts) [22]. Contrarily, L. italicus rarely lives in
syntopy with L. vulgaris because of their mostly allopatric distribution [22]. Triturus carnifex and
L. vulgaris are the species less dependent on an aquatic environment [22].

2.2. Study Area

Field work was carried out in the Aurunci Mountains, part of the Volsci range, constituted by the
Lepini-Ausoni-Aurunci Mts. and forming a limestone chain parallel to Apennines and close to the
Tyrrhenian Sea, located in the southern part of the Latium Region (central Italy). They are part of the
“Monti Aurunci Regional Park” (surface: 20,000 ha) established in 1997 and characterized by a mosaic of
complex and heterogeneous landscapes [39]. The vegetation includes Mediterranean scrubs (Spartium
junceum L., Myrtus communis L., Pistacia lentiscus L., Arbutus unedo L., Calluna vulgaris L., Erica spp.) and
woodlands (Quercus ilex L.) in the southern slope, whereas several arboreal species (Ostrya carpinifolia
Scopoli, Carpino orientalis Miller, Fraxinus ornus L.) have colonized the northern slope [39,40]. At higher
altitudes forests with presence of Fagus sylvatica L. are intermitted with grasslands [39,41].

The area considered in the present study is located between 41◦27′ N and 41◦18′ N latitude and
12◦23′ E–13◦45′ E longitude, with an extent of about 400 km2 (Figure 1). A comprehensive survey
of wells was conducted by locating them on topographical maps (Google Earth©; Figure 1), and 17
artificial aquatic sites were located and geo-referred in the study area.

Wells are characterized by a relatively thick aquatic vegetation, mainly Potamogeton spp. Overall,
the macrophytic flora is scant and limited to a few small patches of riparian vegetation and algae. Each
aquatic site was sampled at least once during the aquatic phase of newt species (March–July; [22])
(Figure 2).

At the study area, wells are important elements of the landscape as they are used to help traditional
husbandry and agriculture because of the scarcity of natural aquatic systems due to the widespread
karst phenomena [42]. The three newt species studied in this paper do occur in wells either alone
or in syntopy, but L. vulgaris rarely occurs alone or in exclusive co-presence with L. italicus. In the
present paper, new species foraging in the same well, representing a physically closed habitat isolated
from the other aquatic sites, were considered as syntopic. On the other hand, species that live in
areas with several wetlands, whose borders are arbitrarily defined, often at a larger scale than that
perceived by the species, i.e., a lake or river floodplain [8], a forest [43], a mountainous system [44], or
a protected area [45], can be defined as sympatric, and thus, by potentially exploiting distinct habitats
for reproduction and/or feeding, may not interact at all [19].
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Figure 1. Map illustrating the distribution of the study wells and the newt species with indication of 
species coexistence. The numbers on the map refer to the well ID (see Table S1) (Google Earth, 
earth.google.com/web/). 

 
Figure 2. A typical well used as water reservoir in the study area. All the sampled wells, characterized 
by this same structure consisting of vertical stony walls with the upper margin just one small step 
above the ground, are easily colonized by newts. 
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2.3. Sampling

Newts were collected (Italian Ministry of the Environment gave LV the permit [0001255/PNM] to
conduct stomach flushing and manipulate amphibians) by daytime (from 9:00 a.m. to 6:00 p.m.) during
the breeding season (March–July 2019) [22]. Individuals were visually located and captured when
surfacing to breathe by using a long-handled dip net (3.5 m in length) from the shore. Immediately
after capture, newts were marked by a photograph of the ventral pattern to avoid pseudoreplication,
measured (SVL = snout-vent length to the nearest mm) and sexed based on secondary sexual
characters [22]. We sampled each well from one to three times to gather enough individuals (n > 7) for
each population. Unfortunately, we did not have sufficient recapture data to provide good-enough
estimates on density. All the analyses were carried out on adult newts. Stomach contents were collected
by stomach flushing [46], individually stored in vials containing 70% ethanol solution and analyzed in
the laboratory. Collected newts were temporarily housed in tanks filled with water for approximately
two hours after flushing to verify their return to normal activity, and then released at the same point
of capture. No mortality was observed during or after stomach flushing. Taxonomic identification
of stomach contents was made using a stereomicroscope (Olympus SZX 12. Range of magnification
9–55×). Food items were classified to the lowest taxonomic level possible (usually order or family).
Prey composition in newt diet was quantified by estimating the number and occurrence of each food
item. The ingestion of plants and minerals was considered accidental and not included in further
analyses. We did not estimate prey availability in the environment due to logistic issues. However, it
can be assumed that the study wells were homogenous enough in terms of size, structure, and aquatic
habitat to limit the variability of trophic resource availability across sites. Although an overall positive
effect of ecological opportunity on diet variation is reported for some taxa (i.e., higher prey diversity
likely creates more opportunity for individual diet variation; [30,47]), it is very likely that in most
habitats, ecological opportunity (i.e., prey availability) may not be limited for generalist predators
such as newts, and thus, that it does not represent a sufficient constraint to refrain individual diets
from diverging [15,19], so that it may not be biologically important for generalist species in diverse
communities [30]. Moreover, the empirical estimate of prey availability should be considered a proxy
of, and may diverge from, the actual consumer perception of ecological opportunity due to sampling
methods and effort, thus leading to unreliable inferences [30].

2.4. Data Analyses

Only populations represented by n > 7 collected individuals were considered in the analyses.
Biometric variables were log-transformed to meet the assumptions of parametric tests. Factorial
analysis of variance (ANOVA) was performed to compare SVL among newt species and among study
sites and to identify intersexual differences within and among species. ANOVA was also used to
test differences in body size for T. carnifex and L. italicus when they occurred as a single species or in
syntopy with other newt species. Lissotriton vulgaris was excluded from this latter analysis, since it was
always found in syntopy with at least one of the other newt species.

The within-population variation in diet was assessed through the proportional similarity index
(PSi) [48,49] that compares the resource use distribution of an individual to that of its population in
terms of overlap:

PSi = 1− 0.5
∑∣∣∣pi j − q j

∣∣∣ = ∑
min

(
pi j, q j

)
, (1)

where pij is the frequency of diet category j in the individual i’s diet, and qj is the frequency of diet
category j in the population as a whole. PSi equal to qj identified individuals specialized on a single
diet item j, whereas PSi values equal to 1 corresponded to conformer individuals (i.e., those consuming
resource proportionally to population). The overall prevalence of individual specialization (IS) in the
population was expressed by the average PSi value:

IS = 1/N
∑

PSi, (2)
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IS varies between a value close to 0 (strong individual specialization) and 1 (no individual
specialization) [50]. We then represented the population diet variation as V = 1 − IS, which ranges
from 0 (all individuals use the full range of resources exploited by the population) to higher decimal
values (individuals use only a subset of their population’s diet spectrum) [26].

Population niche breadth was estimated by calculating the total niche width (TNW) of each group
quantified by means of the Shannon–Weaver diversity index, following Roughgarden [51]. This index
will yield a value of 0 when the entire population uses only a single category of prey, increasing with
both the number of prey categories and the evenness with which they are used.

We regressed V on TNW for all the newt populations in order to explore how the relationship
between niche width and individual specialization vary among species and in different condition
of species co-occurrence. Because the evaluation and comparison (i.e., two populations or the same
population at different points) of niche indices are affected by the limitation of arbitrary cut-offs [52],
we compared the observed overlap values to an appropriate null model [48]. For each group of
individuals, we first pooled all prey counts and determined the frequency of each prey category in the
summed population diet. Each individual, observed to have consumed n number of prey items, was
then randomly reassigned n items via multinomial sampling from the population diet frequencies.
The null degree of IS and diet variation (V) was calculated once all individuals were assigned random
diets. For each group, we carried out 999 such resampling estimates. We then regressed the mean
resampled V against the observed TNW, to evaluate the null hypothesis that limited individual diet
data also generate a positive relationship between these measures. To evaluate whether our observed
trend can be explained by this null model alone, we used a General Linear Model (GLM) to test for a
difference between the slopes of the observed and simulated V (data type) against TNW (significant
interaction term between TNW and “data type” factor indicates that the observed and simulated slopes
differ). The same analysis performed on each newt species was conducted on all the species pooled,
thus considering all the newt individuals as a model organism irrespective of the species they belong
to. This latter analysis allowed to test the overall effect of the degree of syntopy (single species vs.
co-occurring species) on the relationship between V and TNW.

The disadvantage of using IS when analyzing different species at distinct locations is represented
by the difficulty to interpret high or low values as, respectively, low or high degrees of individual
specialization (i.e., arbitrary cut-offs). Indeed, the absolute values index does not unambiguously
indicate to what extent the observed variations represent significant differences in individual diet
width. The comparison of the observed degree of individual specialization to the distribution of a
null population consisting of generalist (i.e., conformer) individuals allows to overcome this potential
critical issue. Thus, for those newt species that occurred as single species or syntopic with other species,
we used a GLM to test the effect of the species co-occurrence on individual trophic specialization using
the percentage of “simulated Psi > observed Psi” as dependent variable.

Statistical tests were performed using STATISTICA software (version 8.0 for Windows) with alpha
set at 5%. Both TNW and PSi were calculated in IndSpec1.0 [48].

3. Results

3.1. Body Size

Overall, 562 adult newts were collected from 25 distinct populations with n > 7 (236 T. carnifex, 172
L. vulgaris and 154 L. italicus) (Table S2). Significant differences in SVL among species were found, with
T. carnifex > L. vulgaris > L. italicus (Table 1; Figure 3A; for all post hoc comparisons, p < 0.001; refer to
Table S2 for a synopsis of newt body size in all sampled sites). Body size differed among study sites
and intersexual differences were found within each newt species, with females being larger than males
(Table 1; Figure 3A). Both T. carnifex and L. italicus SVL varied significantly in the presence/absence
of other newt species (effect of syntopy: Table 1; Figure 3B): T. carnifex was larger when the species
occurred in syntopy with other newt species, whereas for L. italicus the opposite was true.
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Table 1. Effect of site (random factor), species, sex, syntopy condition (yes/no), and interaction terms of
fixed factors on newt body size (snout-vent length to the nearest mm; SVL) at the study sites. The effect
of syntopy condition (◦) was tested on Lissotriton italicus and Triturus carnifex only, because Lissotriton
vulgaris was always found in co-occurrence with other species. Abbreviations: SS = sum of squares;
MS = mean squares. Significant effects are highlighted in bold.

Effect SS DoF MS F p

Intercept 130.300 1 130.300 15,218.71 <0.0001
Site 0.227 16 0.014 14.18 <0.0001

Species 6.605 2 3.302 3301.11 <0.0001
Sex 0.145 1 0.145 144.79 <0.0001

Species × Sex 0.048 2 0.024 23.99 <0.0001
Syntopy◦ 0.002 1 0.002 1.01 0.315

Species × Syntopy◦ 0.014 1 0.014 8.48 0.004
Error 0.540 540 0.001
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condition with the remaining species. Vertical bars denote 0.95 confidence intervals.
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3.2. Diet Analysis

Overall, few prey categories dominated the diet spectrum of the study species in terms of frequency
(Table S3): insect larvae in T. carnifex (69%) and L. italicus (65%), and cladocerans in L. vulgaris (62%).
Lissotriton italicus diet was dominated by aquatic insect larvae (32%) followed by cladocerans (23%).
In L. vulgaris, the most important food types were cladocerans (72%). Triturus carnifex diet was
dominated by cladocerans (48%). Overall, the average number of preys ingested by each newt was
21.53 ± 32.76 (mean ± SD) with minimum and maximum number per stomach ranging 3–383.

3.3. Individual Specialization and the Effect of Coexisting Species on Within-Population Diet Variation

In terms of Total Niche Width (TNW), newt populations did not show any interspecific difference
(F2,22 = 1.311, p = 0.290) or any variation in the different condition of syntopy (F1,16 = 0.007, p = 0.935),
with consistent behavior among species (F1,16 = 1.724, p = 0.208). Within-population diet variation
(V) significantly varied across sites, species (on average, L. vulgaris showed smaller V than the other
species), and syntopy condition with V being significantly higher in coexisting populations (Table 2).

Table 2. Effect of site (random factor), species, sex, syntopy condition (yes/no), newt body size (SVL;
covariate), and interaction terms of fixed factors on newt diet variation (V = 1 − IS; see Methods) at the
study sites. The effect of syntopy condition (◦) was tested on L. italicus and T. carnifex only because
L. vulgaris was always found in co-occurrence with other species. Significant effects are highlighted
in bold.

Effect SS DoF MS F p

Site 10.177 17 0.599 13.181 <0.001
Species 0.600 2 0.300 6.603 0.001

Sex 0.038 1 0.038 0.835 0.361
Syntopy◦ 0.677 1 0.677 10.305 0.001

SVL 0.007 1 0.007 0.155 0.694
Species × Syntopy◦ 0.108 1 0.108 1.638 0.201

Species × Sex 0.049 2 0.024 0.534 0.586
Sex × Syntopy◦ 0.043 1 0.043 0.654 0.419

Error 22.165 488 0.045

× Effects tested on L. vulgaris and T. carnifex only.

Moreover, V increased with population niche breadth (TNW) in all three newt species considered.
Linear regression confirmed a significant positive slope in each case for both observed and simulated
data, with observed V values always larger than simulated ones, whereas slopes did not differ between
observed and simulated data (LI: slopeobs = 0.305, R2

obs = 0.743, slopesim = 0.194, R2
sim = 0.656,

obs , sim F1,12 = 1.426, p = 0.255. LV: slopeobs = 0.269; R2
obs = 0.882, slopesim = 0.317, R2

sim = 0.938,
obs , sim F1,6 = 0.429, p = 0.537; TC: slopeobs = 0.243, R2

obs = 0.461, slopesim = 0.248, R2
sim = 0.702,

obs , sim F1,20 = 0.003, p = 0.956). When we pooled data from all the species, the overall patterns of
the relationship between V and TNW mirrored those found in each single species (slopeobs = 0.273,
R2

obs = 0.611, slopesim = 0.239, R2
sim = 0.742, obs , sim F1,48 = 0.401, p = 0.530. Figure 4A). This pattern

was apparently disrupted by the effect of syntopy condition: populations occurring as a single species
had a significantly stronger and steeper V vs. TNW relationship than the null model (slopeobs = 0.329,
R2

obs = 0.930, slopesim = 0.231, R2
sim = 0.795, obs , sim F1,12 = 4.848, p = 0.049. Figure 4C), whereas

populations occurring syntopically with others exhibited a larger diet variation than the null model
but with no significant relationship with TNW (slopeobs = −0.014, R2

obs = 0.002, slopesim = 0.242,
R2

sim = 0.700, obs , sim F1,30 = 0.001, p = 0.976. Figure 4B).
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Figure 4. Correlation between diet variation among individuals (V) and the TNW for all the newt
populations (A), for coexisting populations (B), and for population living in isolation (C). The observed
values are shown with filled circles (and continue regression line). Empty circles (and the dotted
regression line) indicate the expected trend under a null model in which diet variation arises solely by
individuals randomly sampling a limited set of prey from a shared prey distribution.

As for the variation of the degree of individual specialization between species and syntopy
condition, a clear consistent pattern emerged; the largest species (T. carnifex) showed a higher degree
of individual specialization than the smallest one (L. italicus) and both species revealed a significantly
higher percentage of specialized individuals in syntopic conditions (Table 3; Figure 5).
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Table 3. Effect of species, syntopy, and interaction terms of fixed factors on the percentage of resampling
PSi < observed Psi of L. italicus and T. carnifex populations (see Material and Methods). Lissotriton
vulgaris was excluded from the analysis since it was always found in syntopic condition with other
species. Significant effects are highlighted in bold.

Effect SS DoF F p

Intercept 0.360 1 83.692 0
Species 0.022 1 5.176 0.037
Syntopy 0.0308 1 7.148 0.017

Species × Syntopy 0.00003 1 0.008 0.930
Error 0.069 16
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4. Discussion

4.1. Body Size and Diet

Newts are considered opportunistic and generalist predators [11,53]. Overall, our results confirm
this suggestion as in our study all the three species exploited a large variety of resources with a clear
prevalence of aquatic insects (larvae and pupae) and other aquatic invertebrates (mainly cladocerans).

The three studied newt species relied on the same prey types and their dietary similarity was
high, as already shown in earlier studies [14,15,19,54]. Our findings are also consistent with previous
studies documenting that syntopic species generally show overlap in the use of resources during the
aquatic phase [19,54,55]. Newts also generally exhibit a seasonal dietary plasticity [21], which allows
them to consume prey opportunistically in relation to their availability and local abundance [18,56].

As expected, the three species vary significantly in SVL, with T. carnifex being the largest and
L. italicus the smallest [22]. Although this result is not surprising per se, it is, however, intriguing that
T. carnifex grew larger when found in syntopy with one or two smaller newt species than elsewhere. It is
possible that this enlarged body size may merely depend on a more abundant prey availability, allowing
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two or three species to live together. We reject this hypothesis; whereas prey availability should have
affected all the species belonging to the same assemblage if the hypothesis was to be supported, we
found that, instead, this pattern was not consistent across species (see below for L. italicus). Moreover,
this pattern could also be due to an advantage of growing bigger as a larger body size may minimize
niche overlap with the smaller species, by widening the trophic spectrum (i.e., preying on bigger prey
items; [33]), or even to increase the ability to directly prey on the smaller ones (we found a subadult of
L. vulgaris in a T. carnifex stomach; [19,57]). Our data are not sufficient to disentangle the true reasons
behind the above-mentioned pattern. Italian newts were larger in absence of the other two species.
Since the three wells where we found L. italicus as single species were very small and similar between
each other, we can exclude the absolute size of the site as the factor. It is possible that interspecific
interactions, such as competition for trophic resources, can impact on the body size of L. italicus, on
the other hand smaller sizes may allow the usage of resources not reachable by the larger species
(e.g., refugees to escape predation, etc.).

4.2. Individual Specialization and the Effect of Coexisting Species on Within-Population Diet Variation

In our study system, we assumed that a newt population living in absence of other newt species
can access resources that may otherwise be depleted or monopolized by competitors, which thus
can experience a niche expansion via “ecological release” [27]. This niche width (NW) variation may
occur at both the population and the individual levels. Bolnick et al. [27] illustrated three scenarios
with (1) a population NW varying together with individual NWs (parallel release), (2) a population
NW varying while individual NWs remain constant (NVH; [58]), (3) a population NW remaining
constant and individual NWs expanding (“individual release”). In our study system, newt populations
did not show interspecific differences in their population NW, which in turn did not vary between
presence and absence of coexisting species (i.e., competitors). Overall, the within-population diet
variation (V) increased with population NW in all three newt species examined, showing values of V
significantly larger than null populations but with no significant slopes. This would mean that the
observed pattern could be explained by the null model alone. The increasing values of V at larger
values of TNW was potentially due to the small number of preys recorded per individual, which
may have underestimated the diversity of preys actually consumed, and therefore, overestimated the
variation among individuals [27]. However, it is unlikely that the high number of prey per stomach
recorded in all the three species did not properly represent the actual diversity of prey consumed by
newts. In addition, the observed level of diet variation, always significantly larger than expected by
chance, indicated a high degree of individual specialization not explained by the null model (random
sampling from a common diet distribution) [26].

The observed positive relationship between the degree of diet variation and the population diet
width was consistent among all the populations considered, but this pattern was disrupted by the
condition of syntopy. In presence of coexisting species, newt populations showed an individual
diet variation invariant with TNW. This would suggest that interspecific competition could limit the
degree of individual diet variation by setting a maximum threshold. In this condition, the increase of
TNW is accomplished by the increase of individual NW. Conversely, when newt species did not face
potential interspecific competitors, individuals showed larger diet variations, with the relationship
with TNW being significantly steeper than the null model. L. italicus and T. carnifex showed a
consistent pattern of higher individual specialization in absence of coexisting heterospecific newts,
and therefore, a comparatively lower individual NW. Theoretical models predict that niche variation
between individuals should weaken coexistence by reducing (a) species-level niche differentiation and
(if coupled with demographic stochasticity) (b) the likelihood of long-term coexistence by favoring
abundant competitors over species recovering from small population sizes [29]. Our short-term study
does not exactly mirror these predictions but revealed that interspecific competition could limit the
degree of trophic niche variation between individuals and thus favoring species coexistence. By and
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large, the observed pattern of newt behavior (stable TNW and increased individual specialization) was
not consistent with any of the proposed scenarios.

Costa-Pereira et al. [30], in a field study on coexisting frogs in central Brazil, suggested that
individual niche specialization can be strongly context-dependent within and across species. Thus,
the hierarchies of individual variation among coexisting species are not necessarily consistent across
communities. Similarly, Cloyed and Eason [31] found inconsistent patterns for the effect of heterospecific
density on individual trophic specialization. Our study was partially in disagreement with this
conclusion, as in our newt assemblages there was a consistent pattern with the degree of individual
specialization being (1) size-dependent (percentage of specialized individuals increasing within
larger sized species) and (2) assemblage-complexity-dependent (percentage of specialized individuals
increasing when a given species does occur syntopically with other species in comparison when it
occurs singly in the environment). Therefore, our study provided more consistent evidence with the
experimental study on freshwater fish by Bolnick et al. [27] in showing a heterogeneous and contrasting
effect of competition on the individual specialization and on the niche width of the whole population.

5. Conclusions

Population niche breadth is thought to represent a balance between the diversifying effect of
intraspecific competition and the constraints imposed by interspecific competition [51]. Our study
system, consisting of several replicates of the same habitat hosting different co-occurring species
combinations, represents a unique opportunity to study the causes and consequences of population
and individual niche variation in natural communities. Indeed, our study elucidates important aspects
of how individual niche specialization varies across similar coexisting species. While our findings
support some predictions of current theory (i.e., the diffuse occurrence of individual specialization [32]),
they also provide novel insights into how individual niche variation in closely related and ecologically
similar species diverges in different conditions of syntopy. Moreover, while most studies concluded
that the ecological parameters driving the development of individual specialization are not consistent
across potentially competing species [30,31], we found consistent pattern of increased individual
specialization across species in presence of interspecific competition.

Since all the studies published so far consisted of only few sympatric species (up to three in our
study case, up to four in Costa-Pereira et al. [30], up to five in Cloyed and Eason [31], and even just
two in the experiments by Bolnick et al. [27]), it remains unstudied how much the “intensity” and
the “regime” of the interspecific specialization may vary in natural species-rich communities and at
different levels of the trophic chain. Without more studies on species-rich communities, it will remain
impossible to effectively understand whether the full NVH may be accepted or rejected. In addition,
in our study we did not analyze newt density and prey availability as factors potentially influencing
the observed patterns. However, since some of the patterns described in this paper may be density
dependent [30] or affected by ecological opportunity [59], further studies are needed to examine the
effects of population densities and prey availability on population and individual niche variation.
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