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Abstract: Body size correlates to many aspects of a species' natural history, such as life span, abun-
dance, and dispersal capacity. However, contrasting trends have been reported for the relationship
between body size and these ecological traits. We have marked and recaptured 539 individuals from
27 species of fruit-feeding butterflies to study how body size affect species abundances, dispersal,
and detectability in a Neotropical savanna (Cerrado). Body size has shown to be an efficient predic-
tor of abundance, however this association was not significant after phylogeny was taken into ac-
count. Moreover, body size has positively influenced the dispersal rate, distance, and individual
detectability, indicating that larger butterflies have a greater proportion of dispersing individuals
over longer distances, and were detected through longer periods, than their smaller relatives. Large
butterflies demand more resources, which may be forcing them to disperse in search for better hab-
itats. On the other hand, smaller species may be better able to survive in small patches, which is
explained by their lower dispersal ability. Nevertheless, their lower dispersal ability, if not compen-
sated by large population sizes, may threaten the small-bodied species inhabiting environments
with intense deforestation rates, such as the Cerrado. Finally, our study highlights the importance
to consider species evolutionary history in order to study complex trait-environment relationships.
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1. Introduction

Dispersal is a key process for species survival and persistence under those environ-
mental changes that require a spatial response of populations, such as to keep track of a
shifting climatic niche or to maintain connections among populations in increasingly frag-
mented landscapes [1]. Accordingly, an increasing effort has been made to understand
the conditions and contexts that modulate the dispersal expression [2]. Identifying which
life history traits co-vary with dispersal related traits will enable us to make predictions
about species responses in the face of environmental changes [3,4]. This is particularly
relevant for species inhabiting environments with high deforestation rates, such as the
Neotropical Savannah known as the Cerrado [2,5].

Body size is a morphological trait related to many aspects of species natural history,
such as life span, abundance, and dispersal ability [6-9]. Since body size is strongly asso-
ciated with metabolism and resource use [6], its relationship with the species abundance
can also reveal how resources are partitioned into ecological systems [10,11]. In fruit-feed-
ing butterflies (Nymphalidae), some evidences suggest larger butterflies as less abundant
and with lower dispersal ability, thus more vulnerable to habitat loss compared to their
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smaller relatives [12,13]. Contrastingly, other studies have shown that larger butterflies
have higher dispersal ability, which can be an advantage to reach and colonize new habi-
tats patches, compared to their smaller relatives [13,14]. Although the interplay between
body size, abundance, and dispersal still not fully understood, it suggests a trade-off be-
tween reproductive capacity and dispersal ability [2,14].

As deforestation increases, the connectivity between forest patches is decreased,
which in turn can affect the ability of a species to disperse and to colonize new habitats
[4,7]. However, trait-environmental relationships may not be exclusively explained by
current ecological processes but can also reflect the evolutionary history shared by differ-
ent species in ecological communities [15,16]. Thus, the phylogenetic information, espe-
cially when combined with both ecological and functional methods is essential for a more
accurate understanding about community assembly [4,17]. The evaluation of phyloge-
netic signal strength on butterfly traits has been recently incorporated to disentangle but-
terfly assemblies along spatial gradients in the Amazon forest [4,18]. Nevertheless, this
approach remains understudied to unveil the influence of body size on abundance and
dispersal ability for most insect populations, particularly in the Cerrado.

Using the fruit-feeding butterfly (Nymphalidae), we herein describe the populations
parameters of different species in the Cerrado, and addressed the following questions: (1)
How does the body size affect the abundance, dispersal rate and distance, and detectabil-
ity of different fruit-feeding butterflies species? Considering the strong association be-
tween body size and metabolism, plus the tradeoff between reproductive capacity and
dispersal ability [2], we expect that larger butterflies would be less abundant but with
greater dispersal capacity when compared with their smaller relatives [7,8]; (2) How phy-
logeny mediates the association between body size, abundance, and dispersal of these
butterflies? Body size is a highly conserved trait in the fruit-feeding butterfly guild [4,15].
Thus, we expect at least an indirect effect of phylogeny on dispersal ability, but not in
species abundance, since this trait is generally defined by a complex interaction of many
environmental factors [19-21].

Our findings will allow for a better understanding of how species mobility is related
to body size and phylogeny in fruit-feeding butterflies in the Cerrado, where the
knowledge about butterflies” dispersal is incipient [7]. In addition, the results will also be
able to be used as a tool to evaluate the local extinction risk and to foster better plans to
protect the biodiversity in the face of the current deforestation rates in the Cerrado [22,23].

2. Experiments
2.1. Study Site

An intensive butterfly survey was conducted during 35 consecutive days in 2013 (11
February to 17 March) in Fazenda Agua Limpa (4500 ha). This period corresponds to the
end of the rainy season in the Cerrado [21]. The study site is inside a protected area em-
bracing 10,000 ha [23] near Brasilia, DF, Brazil (Figure 1). This period was chosen in order
to optimize the sampling effort, it has been used as baseline a previous report for these
butterflies in the Cerrado [20].

A grid of 1.8 ha (150 x 120m) with four linear transections (P1-P4) was set up in sa-
vannah-gallery forest ecotone. These transections were 40 m apart from each other. Six
Van Someren-Rydon “bait-traps” (30 m apart) were equally distributed from savannah
through gallery forest in each linear transection (Figure 1). Thus, 24 bait-traps were used
in the present study. A mixture prepared with bananas and sugarcane (~50mL) was fer-
mented for 48 h and added to each bait-trap, following an established sampling protocol
for these butterflies [25]. Using a permanent ink pen, we have marked all captured but-
terflies, which received an individual number at the ventral side of the forewing. After
marked, they were released, and the subsequent recaptures were recorded.
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Figure 1. Experimental grid of 1.8 ha (150 vs. 120 m) installed in Fazenda Agua Limpa located at “APA do Gama Cabega
de Veado” a 10,000 ha of protected area near Brasilia-DF, Brazil.

2.2. Fruit Feeding Butterflies

Fruit-feeding butterflies (Nymphalidae) use rotting fruit as their major food resource
[25]. They comprise about 50-75% of all Neotropical species richness in this family (~6000
spp) [26], are easily sampled with a standardized trap protocol and respond to environ-
mental changes in space and time [25]. Moreover, their life-history traits and morphology
are well studied. For these reasons, fruit-feeding butterflies are well suited for quantitative
studies of dispersal, and are excellent model organisms for studies in ecology and evolu-
tion [2,25].

2.3. Phylogenetic, Morphological and Ecological Traits

The phylogenetic relationships of fruit-feeding butterflies were estimated using the
R package phytools [27]. Species divergence time was estimated based on the Nymphalid
family tree [28]. The branches of the original tree belonging to absent species in our com-
munity were pruned. To include species of our community that are absent in the original
tree, we consulted the topologies from the specific taxonomy literature and specialists
(Freitas, pers. comm.). The length of the new branches created by the insertion of these
species was determined as the half of branch lengths from the same node on the original
tree.

We considered forewing length (mm) as surrogate for body size, once the correlation
between wingspan and body length is about 0.8 in fruit-feeding butterflies [13]. Ten spec-
imens of each species were measured using ImageJ software [29].

The following variables were considered the for each species: (a) relative abundance
(n): number of individuals captured in each species; (b) dispersal distance (m): cumulative
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distance dispersed by each individual through the sampling period; (c) dispersal rate (%):
proportion of dispersing individuals for each species; (d) detectability (days): period of
time between the first and the last capture recorded for each individual in the study site.
The dispersal distances were calculated based on the lower distance between two or more
traps visited by each individual, and were measured using the “ruler” tool of the Google
Earth software.

2.4. Statistical Analysis

We performed phylogenetic independent contrasts (PIC) and estimated the phyloge-
netic signal for body size, abundance, dispersal distance and rates, and detectability
[30,31]. Then we estimated the correlation between all sets of PICs using linear regression
through the origin [32]. The significance of all regression were tested using permutational
methods because the conventional method based on a F-distribution is biased for regres-
sions through the origin [33]. All phylogenetic analyses were performed using the R soft-
ware packages: ape, picante, phytools [34,35].

3. Results

A total of 539 individuals belonging to 13 genera and 27 species of Nymphalidae
were captured, with 190 recaptures, and a 30% recapture rate. Pareuptychia ocirrhoe (Fab-
ricius, 1776) (N = 174), Hamadryas feronia (Linnaeus, 1758) (N = 70), and Paryphthimoides
phronius (Godart, [1824]) (N = 47) were the most abundant species, while nine species (40%)
were represented by less than five individuals each (Appendix A). Satyrini (N = 374; 59%),
and Biblidinae (N = 179; 28%) were the most abundant clades, whereas Charaxinae (N =
13, 2%), and Nymphalinae (N = 14; 2%) were those with lower abundance.

Satyrini was the clade composed by the smaller species, while Brassolini and Mor-
phini had larger bodied species (Appendix A). Considering all the measured traits, only
the body size was associated with the evolutionary history shared by these butterfly’s
species (Table 1), it means a trait conservatism where close lineages have similar body
sizes. It was observed a significant negative relationship between body size and abun-
dance (p = - 1.7; p = 0.02). Nevertheless, the size-abundance association was non-signifi-
cant while the phylogenetic non-independence was taken into account (3 =-0.09 ; p =0.76).

Considering the dispersal rates, Paryphthimoides poltys (13%), P. phronius and Pareup-
tychia ocirrhoe (16%) were the species with lowest values, whereas Zaretis isidora (66%),
Eryphanis automedon (60%), and Memphis moruus (50%) were those with greater proportion
of population had dispersed (Appendix A). Charaxinae (55%) and Brassolinae (37%) were
the clades with higher dispersal rates, while Satyrinae (15%) had the lowest dispersal rate.
From the recaptured individuals, 88 (60%) dispersed through short distances (0-70 m),
while 41 (27%) dispersed intermediary distances (71-141 m), and 18 (13%) dispersed long
distances (142-422 m). The shortest distances were dispersed by Callicore sorana (24.6 m),
Opsiphanes invirae (30 m), and Pareuptychia ocirrhoe (41 m), while the longest distances were
recorded in Eryphanis automedon, Catonephele acontius and Paryphthimoides phronius (Ap-
pendix A).

Individuals of Catonephele acontius, Hamadryas feronia, and Hamadryas februa have
been detected through longer periods in the study site (6.3, 5.5, 5.5 days, respectively),
while Yphthimoides renata, Zaretis isidora, and Taygetis laches were those with the shortests
periods between the first and the last capture in the study site (2.1, 2.3, 2.5 days, respec-
tively) (Appendix A). The PICs analyses indicate body size has positively influenced the
dispersal rate (Figure 2a), distance (Figure 2b), and individual detectability (Figure 2c),
indicating that larger butterflies have a greater proportion of dispersing individuals over
longer distances, and were detected through longer periods, than their smaller relatives
(Table 2).
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Table 1. Phylogenetic signal values (Blomberg’s K and P-value) of the species-traits measured in
fruit feeding butterflies captured in Fazenda Agua Limpa, Brasilia, Brazil.

Traits Blomberg’'s K p-Value
Body size 1.1 0.001 o
Dispersal rate 0.76 0.07 ns
Dispersal distance 0.53 0.53 ns
Detectability (days) 0.39 0.78 ns
Abundance 0.47 0.72 ns

(***) Indicates p < 0.001; (ns) indicates non-significant.

Table 2. Phylogenetic Independent Contrasts (PICs) between body size and other species traits in
fruit feeding butterflies captured in Fazenda Agua Limpa, Brasilia, Brazil.

Traits Beta p-Value
Dispersal rate 1.07 0.01 **
Dispersal distance 4.25 0.005 **
Detectability (days) 0.13 0.04 *
Abundance -0.09 0.76 ns

(*) Indicates p < 0.05; (**) p < 0.01; (ns) indicates non-significant.

4. Discussion
4.1. Sampling Design

The present study was performed in 35 consecutive days, which partially overlapped
the peak of fruit-feeding butterflies in the Cerrado [21]. Moreover, the sampling design
accounted for 28 bait-traps installed in a relatively small area (1.8 ha.), these both factors
altogether probably had reflected in the higher abundance, species richness, and mainly
the recapture rates (30%) compared to another study performed at Serra da Canastra Na-
tional Park, which sucessfuly reported seven percent of recaptures [7].

4.2. Trait-Dispersal Relationships

A clear phylogenetic signal was found in body size, indicating trait conservatism
where close lineages have similar body sizes [4,15]. Moreover, were have observed diver-
gent results while considering phylogenetic non-independence in trait-dispersal relation-
ships in these butterflies. Thus, both factors highlights the importance to consider species
evolutionary history in order to study complex trait-environment relationships.

Charaxinae species have a large mass of flight muscles, and they are excelent flyers
which inhabit open areas such as savannahs and forest canopies [4,7,21]. These traits alto-
gether may reflect in their expressive dispersal rate (50%), as reported here. Moreover,
large-bodied butterflies had a greater proportion of dispersing individuals which dis-
persed over longer distances, and were detected through longer periods, than their
smaller relatives.
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Figure 2. Phylogenetic independent contrasts’ (PIC) results for the associations between body size and: (a) dispersal rate;
(b) dispersal distance; and (c) individual detectability in fruit-feeding butterflies captured in 35 days in the Cerrado of
Fazenda Agua Limpa, Brasilia, Brazil. Green circles represent the forest specialist species, while savannah specialist species
are represented by the red circles.

Larger butterflies demand more resources, which may be forcing them to disperse in
search for more suitable habitats [2]. On the other hand, smaller species may be better able
to survive in small patches, reflecting in their lower dispersal ability [2]. If true, the patchy
distribution of small-bodied species, if not compensated by their larger population sizes,
should constrain their persistence in environments with intense deforestation, such as the
Cerrado. Nevertheless, futher studies are required to assess the causal mechanisms oper-
ating to generate the observed patterns, and to test the correlates between the fine scale
movements and large scale dispersal. Moreover, we highlights the importance to consider
species evolutionary history in order to study complex trait-environment relationships.

5. Conclusions

Body size was a phylogenetically constrained trait and should be taken into account
in further researches about trait-dispersal relationship. Clades composed by large-bodied
butterflies had greater proportion of dispersing individuals which dispersed over longer
distances, and were detected through longer periods than their smaller relatives.
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MDPI Multidisciplinary Digital Publishing Institute
DOA] Directory of open access journals
TLA Three letter acronym
LD linear dichroism
Appendix A

Table Al. Forewing length (mm); abundance (n); dispersal distance (m); dispersal rate (%); and detectability (days) of
fruit-feeding butterflies species captured in 35 consecutive days at Fazenda Agua Limpa, Brasilia, Brazil.

Subfamily-Tribe/Species Size-mm N max zri::;;:li sd) DisE)./ol)(ate malze(:relce-a(ilazss )
Biblidinae 30544 179 356.1 (50.7 = 72.5) 0.3 26 (5.8+7.1)
Callicore sorana (Godart, [1824]) 269+1.6 16 123.1 (24.6 £ 48.3) 0.3 6 (3.5+3.6)
Catagramma pygas (Godart, [1824]) 26.01 +1.4 4 - - -
Catonephele acontius (Hiibner, [1823]) 329+26 24 356.1 (140.5 £ 56.7) 0.3 26 (6.3 +6.3)
Hamadryas amphinome (Linnaeus, 1767) 39.01£2.1 1 - -
Hamadryas februa (Hiibner, [1823]) 334+1.2 38 341.1 (55.8 + 54.8) 0.2 22 (5.5+5.9)
Hamadryas feronia (Linnaeus, 1758) 347121 70 266.2 (69.0 + 88.7) 0.4 11 (5.5+£6.3)
Temenis laothoe (Cramer, 1777) 247 +1.6 25 157.1 (54.7 £49.1) 0.3 20 (3.2+4.3)
Temenis huebneri (Fruhstorfer, 1907) 247+1.3 1 - - -
Charaxinae 28.1+1.6 14 105.1 (47.8 £38.3) 0.55 17(5.1£5.9)
Archaeoprepona demophon (Hiibner, [1814]) 463+1.4 2 - - -
Memphis moruus (Fabricius, 1775) 277+14 6 105.1 (50.6 +47.3) 0.5 17 (4.2 £4.5)
Prepona claudina (Godart, [1824]) 41.01+1.4 1 - - -
Zaretis isidora (Cramer, 1777) 286+1.6 5 69.1 (43.5 £ 33.5) 0.6 11 (2.3+2.9)
Nymphalinae - 14 - - -
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Colobura dirce (Linnaeus, 1758) 295+23 12 183.2 (75.8 £ 76.3) 0.3 10 (3.5 £ 3.5)
Smyrna blomfildia (Fabricius, 1781) 40.01+2.3 1 - - -
Tigridia acesta (Linnaeus, 1758) 22.01+2.3 1 - - -

Satyrinae-Brassolini 52.6 +11.8 23 422 (124.7 £ 142.1) 0.36 17 (3.8 £4.9)
Caligo illioneus (Cramer, 1775) 659+4.0 10 75.6 (604 = 21.4) 0.2 5(3.2+3.7)
Catoblepia berecynthia (Cramer, 1777) 41.01+£2.2 3 - - -

8 65;”’}1 anis automedon (C. Felder & R Felder, 39 o5 5 4208 (237.32160.8) 0.6 17 (4.8 + 4.6)
Opsiphanes invirae (Hiibner, [1808]) 381+20 5 40.2 (30.1 £ 12.5) 0.3 12 (3.2+£3.5)

continue
Subfamily-Tribe/ Species Size N max l(iilset:;li sd) Dis(};/.();‘ ate ma]iiilelce_::iss d)

Satyrinae-Morphini - 27 - - -
Morpho helenor (C. Felder & R. Felder, 1867)  59.1+4.1 27 142.8 (86.5 + 44.6) 0.3 10 (3.1+3.4)

Satyrinae-Satyrini 22371 282 272.1 (49.2 £ 53.3) 0.15 21 (2.3+3.1)
Fosterinaria quantius (Godart, [1824]) 23.1+0.8 20 - - -
Pareuptychia ocirrhoe (Fabricius, 1776) 199+14 174 151.9 (41.7 £ 38.5) 0.1 18 (3.4 +£4.3)
Paryphthimoides phronius (Godart, [1824]) 19.7+1.1 47 272.1 (100.9 + 78.7) 0.1 21 (3.3 +4.6)
Paryphthimoides poltys (Prittwitz, 1865) 202+0.8 17 111.2 (45.1 £29.5) 0.1 13 (25+3.2)
Taygetis virgilia (Cramer, 1776) 36.01+1.6 10 - - -
Taygetis laches (Fabricius, 1793) 35.7+14 10 171.1 (66.9 £ 52.1) 0.3 8(21+2.6)

Taygetis mermeria (Cramer, 1776 ) 30.01+14 4 - - -

Total - 539 - - -
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