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Abstract

The size of organisms may result from various, sometimes antagonistic forces operating on
distinct traits, within an evolutionary framework that may also be constraining. Morphological
allometry, referring to the way trait size scales with body size, has been shown to reflect
ecological adaptation to the mean size of the resource exploited. We examined the allometric
relationships between rostrum and body size among four insect (Curculio spp.) specialists of
oak acorns. In all four species, weevil females drill a hole with their rostrum prior depositing
one or a few eggs inside the seed. The four weevil species, that coexist on the same individual
trees, displayed partitioned egg-laying periods in the year, thereby encountering acorns of
different size and maturation stage. We found marked differences in the allometric slope
among females: species laying eggs late in the season had a steeper slope, leading to
increasingly longer rostrum relative to body length, along with the mean size of the growing
acorns. Females of the smallest species had the longest oviposition period and also had the
steepest slope, which provided them with the most variable rostrum length, thereby matching
the variable size of the resource through time. Our work highlights the need to consider not
only the average size but also the degree of variability in resource size to understand the

adaptive value of allometric relationships.

Key-Words: rostrum size; scaling relationship; oak weevil; Curculio spp.; egg-laying;

variability in resource size
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Introduction

The ways the size of traits covary with body size is a major issue in evolutionary ecology, and
scaling relationships have been shown to result from various, sometimes opposite, selective
forces operating on various traits, while being embedded in a conservative phylogenetic
framework. Allometric relationships can be measured during growth (ontogenetic allometry),
among individuals of the same population and status (static allometry), or between
populations or species (evolutionary allometry) (Pélabon et al. 2014). Quantifying the impact
of biomechanical, developmental or genetic constraints on trait expression (allometric
constraints) and that of functional optimisation (allometric adaptation) would help to
understand the diversity of traits and reveal their evolutionary potential (Brakefield and

Roskam 2006; Voje and Hansen 2013; Pélabon et al. 2014; Harrison 2015; Poe et al. 2021).

The evolution of morphological allometry has been extensively studied in sexual selection
and has major impact on primary and secondary sexual traits (Green 1992; Baker and
Wilkinson 2001; Mezey and Houle 2005; Kodric-Brown et al. 2006; Eberhard 2009; Eberhard
et al. 2009; Houle et al. 2011; Voje et al. 2013; Lemaitre et al. 2014; Pélabon et al.
2014; Hansen 2015). The traits of an organism may be subject to various selection
pressures, which may lead to changes in their scaling relationship with body size and in the
overall body shape. Such evolutionary changes have been shown to promote ecological
adaptation to biophysical environmental features (e.g., shell shape characterizing distinct
ecotypes in a snail, Hollander et al. 2006), or to the size of the exploited resource (Boag 1984;
Toju and Sota 2006; Skandalis et al. 2017; Pigot et al. 2020). There is a paradox between the
evolutionary potential of scaling relationships revealed in artificial selection experiments, and
the very conserved size allometries observed on a broad taxonomic scale (Bolstad et al. 2015),
suggesting that allometric constraints are responsible for preventing rapid divergent

adaptation (Rombaut et al. 2022).
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Most studies examining the scaling relationships between the traits involved in resource use,
and discussing their adaptive value, have considered the average size and not the variability in
the size of the items used. We explored the relationship between allometric size relationships
in weevils (Curculio spp.) and the mean and variability of the resource used. Weevils provide
a biological system well suited to study evolutionary aspects of morphological allometric
relationships: they are phytophagous insects specialist of plant host species, mainly nut seeds,
which females use for oviposition. In a number of species, females cling to the nut to bore a
hole with their rostrum before depositing one or a few eggs inside with their extended
ovipositor (Donaldson 1992; Bonal et al. 2011; Zhang et al. 2021). Rostrum is an oral
appendage notably elongated in Curculionid species (Davis 2017) and its size differs greatly
among Curculio species, resulting from an ecological adaptation to the average size of mature
seeds exploited (Hughes and Vogler 2004a). Previous studies suggest highly conserved
scaling relationships between rostrum and body size among Curculio species (Bonal et al.
2011; Toju and Sota 2006; but see Donaldson 1992), with species or populations differing
from each other in mean body size and/or rostrum to body size ratio. In this study, we
examined the allometric relationships between rostrum and body length in four oak weevil
species that are phylogenetically close to each other, coexist on the same trees, and are all
specialised in exploiting oak acorns in which females lay their eggs and the larvae fully

develop (Coutin 1992; Hughes and Vogler 2004b; Venner et al. 2011).

We first determined the size of oak acorns at the time each of the four species oviposit, then
we tested which of the two opposite predictions the observed patterns most accurately fitted:
(i) conserved scaling relationships among species and between males and females within
species, provided that these are phylogenetically close to each other (Hughes and Vogler
2004b; Pélisson et al. 2011). Differences in rostrum size would then possibly occur as a
consequence of mean differences between the weevil species in either body size or rostrum-
to-body size ratios. This prediction would be in line with previous results found on weevil

species (Toju and Sota 2006; Bonal et al. 2011). (ii) As these four species have partitioned
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oviposition period over the year (Pélisson et al. 2013), the oak acorns that females
encounter should have distinct size characteristics (mean and variance), which could support
distinct rostrum size and possibly distinct scaling relationship between rostrum and body size.
Rostrum size would be expected to increase, on average, as females lay eggs late in the season
(i.e., into big nuts), and this should be accompanied by increased hypermetry in the rostrum vs
body size relationship. In the species with the longest oviposition period, females are likely to
encounter acorns of more variable size throughout the season; rostrum size should therefore
be more variable between females, which would be achieved through either increased

variability in body size or stronger hypermetry.

Materials and Methods

1 Insect Sampling

The weevil communities under study are composed of four closely related species (Curculio
elephas, C. glandium, C. pellitus, C. venosus) infesting and competing for acorns of the same
oak trees. Adults of three species (C. pellitus, C. venosus and C. glandium) emerge in April,
in a rather synchronous way, which is two to three months before the earliest female was
found ready to oviposit (Venner et al. 2011, Pélisson et al. 2012). Adults of the remaining
species (C. elephas) emerge far later in the season, i.e., between the end of July and the
beginning of August, and females are sexually receptive and ready to lay eggs into the acorns
from their first day of emergence. Adults of all four species die at the end of the breeding

season.

For all species, adults of both sexes were sampled over five years (2004 to 2009 except 2008)
on four ~150-200 year-old sessile oak trees located in a fragmented, agricultural landscape
near Lyon (France) (Quercus petraea: N 45°45'; E 5° 16"). Each year we sampled insects on

oak trees on a weekly basis from early April to mid-October, i.e., from the time when the first
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adult weevils emerge above ground until no more adult weevil could be trapped on two

consecutive sampling sessions.

The weevils were live-trapped by consistently beating each of several branches with a wooden
stick within one hour after sunrise (Schauff 1986). Insect weevils that had fallen from the
branches were collected on a textile sheet on the ground under the canopy, brought back to the
laboratory in a cooling box, and their sex and species were identified on the basis of
morphological criteria (Hoffmann 1954; Venner et al. 2011; Pélisson et al. 2013). Body and
rostrum length were measured on the live-trapped insects to the nearest 0.1 mm using a
binocular microscope (Zeiss stemi-C; Zeiss, Illkirch, France; magnification x16): body length
was measured from the head - excluding the rostrum - to the end of the elytra covering the

end of the abdomen, and rostrum was sized after being gently flattened.

2 Determination of the egg-laying period

To detect the onset of the breeding period for each species, two females of each species were
randomly selected, whenever available, at each sampling session in 2009. These females were
dissected under a binocular microscope and their total oocytes were counted (mature and
immature). We also checked the presence of spermatozoa in the spermathecae of females
using DAPI staining (DiAminido Phenyl Indol). For each spermatheca, we used a 20pl
staining solution (15pul of Vectashield without DAPI blended with 5ul of Vectashield with
DAPI) to fix the coverslip on the glass slide. Following staining, each sample was stored two
days at 4°C in the dark before checking the presence of sperm with a fluorescence microscope
(Imager Z1 AxioCam). The onset of the breeding period was set for each species as the day
when the first female had chorionated eggs and sperm in her spermatheca. The end of the
breeding season was the day when the last female was sampled on the trees. After discarding
females trapped outside their breeding period, we calculated the laying period for each species

as the time interval when 90% of the females were trapped (5-95 percentiles).

3 Acorn sampling
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As the acorns used for oviposition by female oak weevils grow and mature throughout the
season, their size was likely to differ depending on the species and its oviposition period. In
2009, we collected oak acorns from the branches of the trees weekly from mid-June, i.e. from
fruit initiation until the 2 October, when no more fruit could be found on the branches and the
very last female weevils were caught. At each sampling session, 15 healthy (i.e.,
unparasitized) acorns were randomly selected and brought back to the laboratory. The acorns
were removed from their cups whenever feasible, measured with an electronic caliper to the
nearest 0.1 mm for their maximum length (L1), and their maximum diameter taken along two

perpendicular axes (L2 and L3).

We estimated their volume considering acorns as ellipsoids, computing the formulae :

L, L

4 1 2 3
1 =— X X—X—X—
volume 3 T B ) B

We used the cubic root of the estimated acorn volume for subsequent analyses, since it was in
the same dimension unit as body or rostrum length of insects, for comparative purposes. At
the first two sampling sessions, the acorns were too immature to be removed from their cup
prior to being sized, yet these dates were outside the egg-laying period for any of the weevil

species, thereby allowing unbiased analyses of the fruit size.
Statistical treatment

We used a non-parametric Kruskall-Wallis test to detect interspecific differences in the egg-
laying period, using the Julian date of capture of fertile females of each species as the variable
of interest. We also used Bartlett's test on the same variable to see if these periods could vary

in duration between species.

We set up a general model to test whether the allometric relationships between rostrum and
body length are likely to differ between the four weevil species, between males and females

within the same species, or whether the inter-sexual differences depend on the species
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considered. To this end, we fitted linear relationships between log-transformed rostrum and
body lengths, testing the effect of sex, species and their interaction using ANCOVA (Pélabon
et al. 2014; Kilmer and Rodriguez 2017). We then tested for interspecific differences in the
scaling relationship between rostrum and body length in males and females separately, in
order to detect possible sex-specific differences. We estimated the allometric coefficients
between rostrum and body length from the most complete model and calculated their 95%

confidence intervals.

We also examined a possible non-linear allometric relationship between rostrum and body
length in females. For each species, we selected the best-fitted model out of five models,
based on AIC values: Neutral, Segmented Neutral (single step model), Linear (already fitted
in the previous section), Quadratic, and Segmented (with a single breakpoint estimated,

separating the two best-fitted linear regression models).

We examined whether the variability in weevil size could be linked to that of acorn size: we
computed for each weevil sex and species the coefficient of variation of rostrum length, body
length and the rostrum to body length ratio, which we plotted against the coefficient of
variation of the acorn size at the time acorns were used by each species. 95% confidence
intervals were computed for these values by means of bootstrapping , a resampling method

robust to the actual non-normal distribution of the statistic (Hinkley 1988).

All analyses were performed with the R free software environment, using the 'boot' and

'segmented' packages in addition to the basic functionalities (R core team 2018).

Results

1 Seasonal distribution of oviposition, size of acorns at oviposition and size of

females of the four oak weevil species.
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The females of all four species laid their eggs into oak acorns at very different times of the
year (Fig. 1a; Table S1; Kruskall-Wallis test: Chi-square = 332.4, df = 3, P < 2.2 e-16) and

the laying period was very variable (Bartlett test: Chi-square = 103.72, df = 3, P < 2.2 e-16).

Females of all four species exhibited distinct size characteristics (Table 1; ANOVA test of the
effect of species on body length variation: Fobs = 310.9, df = 3 and 569, P < 0.0001; R? =
0.62), and due to the temporal sharing of the resource, laid eggs into oak acorns of very
different sizes (Fig. 1b; Table S2; Kruskall-Wallis test: Chi-square = 194.3, df = 3, P < 2.2 e-
16; Bartlett test: Chi-square = 150.2, df = 3, P < 2.2 e-16). C. glandium and C. elephas are the
smallest and largest species, respectively (Fig. 1c). All four species were similarly ranked for
both rostrum length and average acorn size at oviposition. Considering the ratio of rostrum to
body length, however, the females of C. glandium almost reached the maximum values of C.
elephas (Fig. 1d), while C. venosus and C. pellitus (the two early species that oviposit in small

fruits) had much lower ratio values.

C. glandium was the species where females had the most variable rostrum to body length ratio
(Table 1; Bartlett's test: Chi-square = 186, df = 3, P < 0. 0001), and the highest coefficient of
variation of rostrum length while experiencing the greatest variation in acorn size (Fig. le,
dots). Their body size was not especially variable, compared to other female species (Fig. 1e,
triangles). Males C. glandium did not show any particular variability, neither in their rostrum

nor their body size (Fig. 1f).

2 Allometric relationships between rostrum and body length as a function of

species and sex
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The linear relationship between log-transformed rostrum and body length differed
significantly between the four species and the two sexes, indicating different allometry rules
in this group (Table 2a). Considering females and males separately, the slope of the regression

statistically differed among females but not among males (Table 2b, 2c).

Sex differences

In two of the four species, i.e. C. elephas and C. glandium, females showed a significantly
greater allometric slope than males (C.g.: 0.606+0.067 (estimated differencets.e.), t=9.07,
P<0.0001; C.e.: 0.2784+0.107, t=2.61, P=0.0091), while no significant difference was found
between the two sexes for C. venosus and C. pellitus (C.v.: 0.008+0.090, t=0.09, P=0.93;
C.p.: 0.204+0.207, t=0.99, P=0.32). Overall, within each of the four species, females had a
longer rostrum than males at the same body size (Fig. 2 A-D) and had a greater rostrum to
body length ratio compared to conspecific males (ANCOVA: Species:Sex interaction, Fobs =
1226.5, df = 3 and 943, P < 2.2e-16). The largest differences between the two sexes were

found for the species C. glandium and C. elephas (Table S3, Figs. 2C and 2D).

Interspecific differences among females

Only C. glandium females showed marked hypermetry between rostrum and body length
(Table 3, Fig. 2), while C. elephas and C. pellitus females did not deviate statistically from the
isometric relationship and while C. venosus females showed hypometry. All species showed a
monotonic linear static allometry between rostrum and body length (see Table S4, Fig. 3),
with the exception of C. glandium females which fitted a segmented linear model with a
single breakpoint dividing the sample into 45 and 173 females further assigned to the 'small-

bodied' and 'large-bodied' groups, respectively (Fig. 3 and S1; R? = 0.79).

In C. glandium, small-bodied females experienced greater increase in their rostrum length for
a given variation in body size than did large-bodied females (‘small-bodied' group, slope =

1.968 [1.53-2.41; 95% CI]J; 'large-bodied' group, slope = 1.236 [1.07-1.40; 95% CI]J;
10
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ANOVA, interaction body length x group size on rostrum size: Fobs = 9.54, df = 1 and 214, P
= 0.0023). Large C. glandium females, being consistently smaller than C. elephas females,
had on average a greater slope value than C. elephas females (ANOVA, interaction body
length x species: Fobs = 5.56, df = 1 and 261, P = 0.02). The size of C. glandium females at

the time of their capture did not vary during the egg laying period (see fig S2).

Discussion

Allometry rules between traits of organisms are usually highly conserved between related
species, which is acknowledged to be the result of constraints or stabilizing selection (Pélabon
et al. 2014; Bolstad et al. 2015; Uyeda et al. 2017; Marcy et al. 2020). Examining the scaling
relationships between rostrum and body size in four species of phytophagous insects of the
genus Curculio, we found strong divergences between species despite being phylogenetically
closely related, coexisting and dependent on the same resource. Our results suggest that
rostrum size may evolve, as well as its relationship with body size, towards an optimized use
of the acorns whose mean size and variance differ according to their period of exploitation by

the insect species.

The weevils of the genus Curculio are mostly host plant specialists and constitute an
ecologically diverse group, and it has been shown that the rostrum size of females belonging
to this genus has evolved with the size of the mature seeds of the host plant (Hughes and
Vogler 2004a). At the intraspecific level, female rostrum size has been shown to coincide
with the average thickness of plant tissue that females must drill through before oviposition,
consistent with the high adaptive value of this female trait associated with oviposition
behavior (Toju and Sota 2006; Toju 2008). Here, we found marked differences in mean
rostrum size, paralleling the seasonal partitioning of oviposition that encompasses the period
of acorn growth and maturation (Pélisson et al. 2013). Species that oviposited earlier in the
season, on small and immature fruits, had smaller rostrums than those that oviposited later, on

larger fruits. Our results suggest that the seasonal partitioning of the oviposition period, which
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leads to strong differences in fruit size at oviposition, promoted a divergent evolution of
rostrum size among coexisting species, amplified by distinct scaling relationships between

this trait and body size.

In this study, the consistent hypometry found in males contrasted with the diversity of the
scaling relationships observed in females of the four weevil species, suggesting that the
rostrum size of females may be under divergent selection. Rostrum length in females may
ultimately be determined by the morphological attributes of the seeds - and/or their variability
- at the time these are exploited. The early-laying species C. venosus showed hypometric
relationships: large females had a relatively smaller rostrum than small females, a conserved
trait that may be optimal for laying eggs into small, immature fruits. Females of the later
species, C. elephas, did not differ statistically in their slope from C. pellitus, but had the
longest rostrum size for a given body size. In C. elephas females, the largest of the four oak
weevil species, rostrum is proportional to body size, allowing them to excavate a deep hole to

reach the base of large, mature acorns where they lay their eggs (Merville et al. 2014).

Of the four weevil species, C. glandium females had the steepest allometric slope of rostrum
versus body size, higher by 32 to 66% than females of the other three Curculio species.
Furthermore, C. glandium females are the only ones for which the non-linear scaling
relationship best fitted the observations: females above a threshold body size experienced
shallower, yet still hypermetric slope. Such hypermetry gives females exaggerated variability
in rostrum size relative to body size, and the ability to infest acorns of different sizes and
developmental stages. Of the four weevil species, C. glandium females exhibited the greatest
variability in rostrum size, but not body size, suggesting stabilizing selection on body size
and/or stronger selectional direction on trait than on body size (Blanckenhorn 2000,

Bonduriansky and Day 2003).

Our results differ from those described by Bonal et al (2011) who found that C. glandium and
C. elephas females had the same relationship between rostrum and body length (slope and

intercept), suggesting that the longer rostrum of C. elephas was merely due to their greater
12
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body size. Their study may differ from ours in three ways: (i) data were not log transformed,
(ii) the insect weevil populations were trapped on different oak species, with Q. ilex and Q.
humilis producing smaller mature fruits than those produced by Q. petraea studied here, and
(iii) rostrum size is adjusted to elytron length, not body length as in our study. Still, their
results seem consistent with a possible non-linear scaling relationship in C. glandium females
(Fig. 1 of Bonal et al. 2011), similar to our results, although the non-linearity of the

relationship was not tested in their study.

All four weevil species are specialists of oak acorns, a resource whose availability is highly
fluctuating from year to year (Schermer et al. 2019, 2020). In years of low fruit abundance,
early species should have an advantage because they exploit the resource first: their small
rostrum allows them to lay eggs optimally in these small, immature fruits. In years of high
fruit abundance, late weevil species would benefit most as they lay eggs in safe, large, mature
acorns with their large rostrum. A series of low and high fruiting years would then alternately
favor early and late ovipositing females. In contrast to the other species, C. glandium females
have a prolonged oviposition period, and also show the most variable rostrum length, afforded
by a strong hypermetry with their body size. The heterogeneity of rostrum length among
individuals may result from a bet-hedging strategy, induced by maternal effects: the variable
number of eggs laid per acorn should lead to variable larval mass and adult size, and females
would then have offspring with highly variable rostrum size. In this sense, the hypermetry
found in C. glandium females would favor risk spreading, allowing the same genotype to
efficiently exploit the resource earlier or later in the season, depending on the quantity of
acorns available, which varies from year to year. Future investigations are needed to assess
whether females in this species do select acorns assortatively with their own size and/or
whether egg-laying efficiency varies according to the degree of assortment between the

acorns and their own size.

Our study reveals diverse scaling relationships between rostrum and body size in females of

four phylogenetically related species: this suggests divergent evolution of the allometric rules
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underlying morphological traits in this group of insects. Scaling relationships between traits
and body size in insects have been experimentally shown to evolve in response to direct
selection (Bolstad et al. 2015). From a broader perspective, the responsiveness of allometric
relationships can have a decisive impact on the assembly of species within communities.
Body size is often considered sufficient to summarize the ecological niche of competing
species, given that many traits covary with body size, and mainly differentiate species in the
way they interact with each other and with the environment (Ritchie 2009; Almaraz and Oro
2011; Mancini et al. 2014; Ofstad et al. 2016). Our work, however, calls for going beyond
body size by reconsidering species of similar size but with distinct allometric relationships
that could generate cryptic niche partitioning, thereby stabilizing their coexistence. In that
sense, the variability of the size of the resource shared by the species may have a major
impact on divergent evolution of morphological allometry, ecological niche partitioning and

species assemblage.
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466 Tables

467 Table 1 - Size characteristics of females from the four oak weevil species.

Rostrum size (mm)

Body size (mm)

Rostrum to Body

size ratio
n Mean Sd Mean Sd Mean Sd
C. venosus 221 3.73 0.24 6.83 0.42 0.546 0.020
C. pellitus 42 4.38 0.30 7.31 0.35 0.599 0.028
C. glandium 218 5.57 0.76 6.00 0.52 0.925 0.070
C. elephas 92 7.84 0.74 7.90 0.69 0.993 0.037
468
469
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470 Table 2 - Analysis of variance of models testing the effects of sex, species and their interaction in the
471 relationships between log-transformed rostrum length and body length a) Full model (R? =0.97), b)

472 females only (R2=0.968) and c) males only (R2? =0.729).

a) Full Model sex*species

Df Sum of squares ~ Mean square  F value P

Body length (log) 1 15.649 15.65 5953.6 <2.2e-16
Species 3 36.07 12.02  4574.4 <2.2e-16
Sex 1 30.60 30.60 11642.8 <2.2e-16
Body length (log) : Species 3 1.42 0.47 179.5 <2.2e-16
Body length (log) : Sex 1 0.016 0.016 6.1 0.01375
Species : Sex 3 8.60 2.87 1090.6 <2.2e-16
Body length (log) : Species :Sex 3 0.083 0.028 10.5 8.4e-07
Residuals 935 2.46 0.003
b) Females only
Body length (log) 1 4.77 4.77  1829.4 <2.2e-16
Species 3 40.28 13.43  5148.6 <2.2e-16
Body length (log) : Species 3 0.22 0.07 28.4 <2.2e-16
Residuals 565 1.47 0.0026
c) Males only
Body length (log) 1 1.48 1.48 556.3 <2.2e-16
Species 3 1.23 0.41 153.6 <2.2e-16
Body length (log) : Species 3 0.0049 0.0016 0.6 0.6066
Residuals 370 0.98 0.0027

473
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475 Table 3 - Estimated parameters of the allometric relationship between rostrum and body length (log-

476 transformed values) of males and females of the four oak weevil species. Letters in uppercase indicate

477  statistically distinct slope values.

Sex Saslil;gle Intercept Slope (s.e) Slope CI 95 %
C. venosus Male 119 -0.533 0.869 (0.071)* [0.728;1.009]
C. pellitus Male 43 -0.460 0.883 (0.130)* [0.628;1.138]
C. glandium Male 167 -0.303 0.830 (0.054)* [0.723;0.937]
C. elephas Male 49 -0.199 0.725 (0.088)° [0.550;0.901]
C. venosus Female 221 -0.338 0.861 (0.055)* [0.752;0.970]
C. pellitus Female 42 -0.687 1.087 (0.161)* [0.772;1.403]
C. glandium Female 218 -0.861 1.436 (0.040)° [1.358;1.514]
C. elephas Female 92 -0.015 1.003 (0.060)° [0.886;1.121]
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Figure Legends

Fig 1 a) Seasonal time partitioning of egg-laying and b) size characteristics of the oak acorns at the
time of egg-laying by females belonging to each of the four oak weevil species (C. venosus (V), C.
pellitus (P), C. glandium (G) and C. elephas (E)); c¢) Body length of females of the four weevil
species; d) Species and sex differences in the rostrum to body length ratio; e) variability in the size of
females as a function of the variability in the size of acorns at the time of egg-laying per species; f)
idem for males. Coefficients of variation of the rostrum (red dots) and body (black triangles) size are

shown together with their 95% confidence intervals

Fig 2 Allometric relationship between rostrum and body length in females (cross) and males (open
circles) of the four oak weevil species: (A) C. elephas, (B) C. glandium, (C) C. pellitus and (D) C.
venosus. Data are log-transformed. Linear regression models are shown (full lines) with their
confidence interval (95%, grey shade). Dotted dark lines in the panels A-D have a slope of 1 and pass

through the mean points for males and females, for illustrative purposes

Fig 3 Allometric relationship between rostrum and body length in males (dotted lines) and
females (full lines) of all four species. Only the model is shown (Linear regression estimates

together with their CI 95%) for clarity purpose
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