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Cristian Camilo Mendoza-Penagos' " ® | Hessen Knut Olav Vadla" @ | Rony Peterson Santos Almeida "V @
'Universidade Federal do Pard. Programa de P6s-Graduacdo em Zoologia. Belém, Pard, Brasil
"Universidade Federal do Para. Laboratério de Ecologia e Conservagao. Belém, Pard, Brasil
University of Oslo. Postgraduate Program in Ecology. Oslo, Noruega

MMuseu Paraense Emilio Goeldi/MCTIC. Coordenagéo de Ciéncias da Terra e Ecologia. Belém, Pard, Brasil

Abstract: The availability of nutrients in the soil acts as a filter in the ants that inhabit this layer, affecting their foraging patterns and
showing preferences or limitations on their nutritional needs. Especially in environments far from the ocean, the salt
deficit can be a limiting resource in the environment. Here, we test whether changes in species richness and composition
reveal food preferences for ants that inhabit the soil, using sugar and salt as attractions in an area of the Amazon Forest.
In total, 21 species in nine genera were collected; all species were collected in sugar and only two in salt. In addition to
the ant richness eleven times greater in sugar, the composition differed between the attractions. Our results indicate that
the litter ants in the preserved forest are not limited by availability of sodium and they prefer sugar to salt as attractant,
even with this environment far from the coast.
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Resumo: A disponibilidade dos nutrientes no solo atua como um filtro nas formigas que habitam essa camada, afetando seus padrdes
de forrageamento e mostrando preferéncias ou limitagdes em suas necessidades nutricionais. Sobretudo em ambientes
distantes do oceano, o déficit salino pode ser um recurso limitante no ambiente. Aqui, testamos se mudangas na riqueza
e na composicdo das espécies revelam preferéncias alimentares de formigas que habitam o solo, usando aglcar e sal
como atrativos em uma area da floresta amazoénica. No total, 21 espécies em nove géneros foram coletadas; todas as
espécies foram coletadas no aglicar e apenas duas no sal. Além da riqueza de formigas onze vezes maior no agucar, a
composicao diferiu entre os atrativos. Nossos resultados indicam que as formigas da serapilheira na floresta preservada
ndo sado limitadas pela disponibilidade de sédio, preferindo o aglcar ao sal como recurso, mesmo com esse ambiente
distante do litoral.
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Assessing sodium limitation as a resource for ground-dwelling ants (Hymenoptera: Formicidae) in an area of the Amazonian Terra firme Forest

INTRODUCTION

The acquisition of nutritional resources is one of the
first challenges faced by all organisms to be able to
perform essential processes such as survival, growth and
reproduction. However, the availability of foods can vary
within and between different habitats, because nutrients
are heterogeneously distributed, presenting variations
that affect the communities (Yavitt et al., 2009; Dorian
& Bonoan, 2016). Hence, activities like foraging and
recruitment of nutritional resources from the environment
must be essential to maintain life processes (Feldhaar, 2014).

In contrast to solitary animals, the ingestion of nutrients
in social insects has additional levels of complexity. Not
only must they collect food that satisfies their individual
nutritionals needs, they also forage for other members of
the colony (Dussutour & Simpson, 2008; Feldhaar, 2014;
Csata & Dussutour, 2019). Although this retransmission
ratio is poorly understood, differences in the nutrients that
make up the diet, seem to influence body composition, e.g.,
protein-fed worker ants showed significantly higher levels of
phosphorus in their body mass, while workers fed excess
sucrose had a higher C:N ratio (Feldhaar, 2014). Ants are
ideal organisms for the study of recruitment and foraging due
to their eusocial organization strategy, their wide range of
foraging habits associated with other organisms (Holldobler
& Wilson, 1990) and due to their vast distribution in the most
of the land ecosystems, reaching the highest diversity level
in the tropics (Fernandez, 2003; Bolton, 2018).

Since most ants have an omnivorous diet, they are
usually attracted to resources with higher levels of sugar
as principal food source (Tinti & Nofre, 2001). It has been
demonstrated that some ants are consuming resources
with mixtures of sugar and amino acids, like extrafloral
nectar (NEF’s) (Lanza et al., 1993). These structures are
associated with some plants, and one of their functions
is to present a source of sugar for ants, in exchange for
protection against predators (Blithgen & Fiedler, 2004;
Feldhaar, 2014). However, several studies indicate that salt
could be acting as a limiting resource, for ants with diets

poor in salt (Kaspari et a/., 2009; O'Donnell et a/., 2010).
Sodium (Na) is a vital nutrient for ants in maintenance
of biological processes like osmotic balance in cells,
neurotransmission, and muscles movement (Kaspariet al.,
2008). As a result, ants are foraging minerals from different
sources to supplement their diets with additional sodium.

In tropical rainforests far from the ocean (e. g. more
than 300 km from the coastline to continental shelf), salt may
be a limited soil resource (Pefia-Venegas & Vanegas, 2010;
Dudley et al., 2012) and hence influence species richness
and composition (Moreira et al., 2012). In places with low
sodium inputs and higher rates of Net Primary Productivity
(NPP), ants are shown to be more attracted to salt baits,
and recruitment is higher when higher concentrations
are used (Kaspari et al., 2009, 2008). That's effects are
specifically marked in green food web ants, because their
diets are based mainly on abundant vegetation, so to
increase and satisfy their sodium necessity they must be
consume higher quantities of food with lower concentration
of sodium (Kaspariet a/., 2019; Viera & Vasconcelos, 2014).
Furthermore, when sampling ant communities, there is
little concern with the nutritional need of ants in different
environments. Collection protocols already established,
with sardine (protein resource) and diluted honey (caloric
resource) are commonly used, but rarely salt (Schmidt &
Diehl, 2008; Vicente et al., 2018).

Since the availability of food resources in ants
influences their distributions and foraging patterns (Feldhaar,
2014) and taking into account that environments far from the
ocean have sodium limitations, the objective of this study
was to evaluate whether there are sodium limitations for the
ant community present in the litter in an Amazon rainforest
area. We hypothesized that (i) there will be a higher richness
of species ants in salt baits than in sugar, since limitations of
sodium in the environment would increase the demand
for salt for the ants’ physiological requirements. In addition,
i) the composition of ant species will be different between
baits, influenced mainly by herbivorous ants, since this group
needs to supplement salt in their diet (Kaspari et a/., 2008).
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MATERIAL AND METHODS

STUDY AREA

The study was carried out in a humid tropical rainforest
of Terra Firme close to Ferreira Penna Scientific Station
(ECFPn) in the National Forest of Caxiuana (FLONA of
Caxiuand), located in the municipality of Melgaco, in
the northwest region of the state of Para (01° 42’ 30" S;
51° 31 45" W; 62 m.a.s.l.) (Figure 1). The total area
of the FLONA is 330,000 ha and ECFPn represents
around of 10% total area (Oliveira, L. et al., 2008).
The distance from the Atlantic sea is around 420 km
(Oliveira, L. et al., 2008; ICMBio, 2012) and by the
Képen classification, the climate is a tropical hot and
humid type and subtype Am’ with a short dry season.

The mean ambient temperature, and air temperature

ranges around 26.7 °C minimum and maximum of 22 °C
and 32 °C, respectively (Oliveira, L. et al., 2008).

The vegetation presents a typical ecosystem of
the Amazon rainforest, with areas of flooded forest
(floodplain and igapd), stretches of secondary vegetation,
savanoid vegetation, predominantly upland forest (Jerra
Firme), which occupies approximately 85% of the area.
In the upland forest, canopy-cover habitats prevails over
other forms of vegetation, and its understory vegetation
is predominantely shaded, with a low incidence of direct
light, except in the cracks between the tree canopies,
and in the natural clearings (Lisboa & Ferraz, 1999; Diniz
& Scudeller, 2005). The Caxiuana soils range from well
drained to moderately drained, sandy to loamy, acidic and
poor in nutrients, with pH ranges from 3.5 (very acidic)
to 5.5 (moderately acidic) (Oliveira, L. et al., 2008).

Figure 1. National Forest (FLONA) of Caxiuana, Melgaco, Pard, Brazil, where specimens of ants. Map: MPEG/UAS/Project TEAM (2012).
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DATA COLLECTION

The ants were collected in eight lineal transects on day 8
of September of 2018. The sampling was made during all
day beginning at 8 am and finished at 16 pm. Each transect
had 4 plots, separated by 2 m, making a total transect
length of 6 m. The eight transects were each separated
by a minimum distance of 40 m. Each plot received an
microtube that contained the attractant (salt or sugar),
being chosen at random for each plot. On total, we got
32 microtubes, 16 for each treatment.

We used 5 mL microtubes, where in each was placed
aball of paper before being filled with 2 mL of the attractant,
salt or sugar. The sugar solutions were made with a
concentration of 10% and salt solutions with concentration
of 1% (weight/volume), diluting the attractive (sugar =
10 g; salt = 1g)in 100 mL of water (Kaspari et al., 2008).
The sugar baits were composed of sucrose (C,H,,O,),
while the salt baits with common table salt (NaCl). The
microtubes were placed in the ground with the edge of
the tube aligning the ground, after gently brushing aside
leaf litter; and left sampling for 60 minutes, then closed,
trapping all ants currently inside, filled with 70% alcohol
and marked. The ants were taken to the laboratory and
identified with a taxonomic key for the genera (Baccaro et
al., 2015) and compared with the reference material of the
Laboratério de Morfologia e Ecologia Funcional de Formigas
(AntMor) of the Museu Paraense Emilio Goeldi, where the

individuals were deposited.

STATISTICAL ANALYSIS

To assess whether the richness of ants (response variable)
differs between attractants (predictor variable) salt and
sugar, a generalized linear model (GLM — Zar, 2010) was
used, with each transect being considered as the sampling
unit. After the evaluate the data distribution (Shapiro-Wilk
= 0.859, p = 0.019), the model was adjusted using a
Poisson distribution family for data counting, and the log as
a link function. An ANOVA test was made for testing the
significance of the model, using a p-value of Chi-square test.

To evaluate if the composition of ant species varied
between the attractants, we made a permutational
multivariate analysis of variance (PERMANOVA —
Anderson, 2001). We did an ordination through a
Principal Coordinates Analysis (PCoA), using the Jaccard
dissimilarity index for presence-absences data (Legendre
& Legendre, 2012) and we eliminated sample units that
did not have species collected. Subsequently, a similarity
percentage analysis (SIMPER) was performed to know
the contribution of each species within the PERMANOVA
analysis, identifying which were the most important species
within the observed similarity pattern.

All analyses were performed in the R software
(R Development Core Team, 2018) and level of
significance used was p < 0.05. We use the functions
/ packages: 1) GLM: stats (R Development Core Team,
2018); 2) PERMANOVA and SIMPER: vegan (Oksanen
et al., 2018); 3) figures: ggplot? (Wickham, 2016) and
gridExtra (Baptiste, 2017).

RESULTS

A total of belonging to 21 species (557 individuals) of ants
distributed in 9 genera and 4 subfamilies were collected
(Table 1). The genus with the largest number of species
was Pheidole, representing more than half of the species
collected. The most abundant species in the attractants
were Pheidole biconstricta Mayr, 1870 (114 individuals),
Pheidole sp.1 (113), Solenopsis sp.1(79) and Crematogaster
aff. fevior (72). All species were collected in sugar attractant,
and two of these in salt (Pachycondyla harpax (Fabricius,
1804) and Mayaponera constricta (Mayr, 1884)). In the sugar
attractant, Odontomachus sp.1, Crematogaster aff. levior
and Pheidole sp.1 were the species with highest values of
occurrence, being presents in half of the samples.

The model fitted in GLM indicated that there is a
significant difference in the richness of ants between the
(114 = 2.845;p < 0.001), with
sugar presenting on mean 11 times more species than salt
(Figure 2A).

attractants (Deviance Resid.
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Table 1. Ant species collected in each treatment (sugar and salt) in the eight sampling units in an Terra Firme area of the Amazon Forest in the
in Caxiuana FLONA, Pard, Brazil. * = species that contributed more than 50% of the dissimilarity in composition between the attractants.

Relative frequency

Subfamily/Specie

‘ SIMPER (%)

Sugar Salt
ECTATOMMINAE
Ectatomma sp.1 0.25 ‘ - 3.77
FORMICINAE
Camponotus sp.1 0.12 - 2.29
Nylanderia sp.1 0.38 - 6.79%
PONERINAE
Mayaponera constricta (Mayr, 1884) 0.38 0.12 7.75%
Odontomachus sp.1 0.50 - 9.08*
Pachycondyla harpax (Fabricius, 1804) 0.38 0.38 8.47*
MYRMICINAE
Crematogaster aff. levior 0.50 - 6.91%
Ochetomyrmex neopolitus Fernandez, 2003 0.25 - 3.76
Pheidole biconstricta Mayr, 1870 0.38 - 6.58%
Pheidole fracticeps Wilson, 2003 0.38 - 4.62
Pheidole schwarzmaieri Borgmeier, 1939 0.25 - 3.15
Pheidole subarmata Mayr, 1884 0.25 - 3.76
Pheidole aff. meinerti 0.25 - 3.76
Pheidole aff. microps 0.12 - 1.67
Pheidole MPEG_05 0.12 - 1.47
Pheidole gr. tristis MPEG_01 0.12 - 2.81
Pheidole gr. tachigaliae 0.12 - 2.29
Pheidole sp.1 0.50 - 9.08*
Pheidole sp.2 0.12 - 1.47
Pheidole sp.3 0.12 - 2.29
Solenopsis sp.1 0.12 - 1.47
Richness 21 2

The PERMANOVA analysis revealed that there
exists a significant difference in the species composition
between attractives (Pseudo-F, = 2.709, R* = 0.213;
p = 0.017) (Figure 2B). The PCoA ordination captured
a total of 58.849% of the variation in the data, in their
first two axes (axis 1 = 34.260%, axis 2 = 24.589%)
(Figure 2B). Of the 21 species recorded, 7 explain 50%
of the differences in the composition between attractives

(Table 1). Odontomachus sp.1 and Pheidole sp.1 were
the species that contributed the most to the difference
between the attractants, with 9.08% each, and being
present only in the sugar baits; followed by P harpax
(8.47%) and M. constricta (7.75 %) that were present
in both attractants, while Nylanderia sp.1, Crematogaster
aff. levior e P biconstricta contributed with around 6%,
only in sugar baits.
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Figure 2. Community of ants collected in salt and sugar and effect of (A) richness and (B) composition of species collected in Terra Firme
Amazon Rainforest in Caxiuand FLONA, Pard, Brazil (p value in code *** < 0.001 and * < 0.05; red dots indicate the mean richness

collected in each treatment).

DISCUSSION
Our results suggest that in the local of study, the ground-
dwelling ants are not limited by sodium availability, with
only two species associated to salt baits. Hence, our first
hypothesis was rejected, once the greater richness of species
was recorded in sugar baits and not in salt baits. Our second
hypothesis was partially confirmed. Once that exist difference
in the species composition between baits, but contrary to our
prediction the species associated with salt are carnivorous.
Species with generalist behavior respond faster to
baits and were predominant in the ground-dwelling ants
assembly. The relative dominance of the Myrmicinae
subfamily in the area, and the fact that Pheidole genus were
the most abundant in sugar baits, confirm this. Pheidole
has been indicated as a generalist group of ants on land,
with an omnivorous diet and aggressive behavior, aiding in
the maintenance of large colonies, and in defending their
resources against coexisting species (Baccaro et al., 2013).

Furthermore, the Ponerinae subfamily was the second most
representative recorded species in both types of bait, and
with higher frequency values, suggesting broad preferences
for food resources. Their frequencies can be explained
because they are the second most diverse ground-dwelling
ants after Myrmicinae (AntWeb, 2019), and are a species
commonly found on the ground of the Caxiuana forest
(Basto & Harada, 2011).

The highest richness was found in the sugar baits,
suggesting that the ground-dwelling ants were more
attracted to sugar than salt. In fact, in tropical forests ants are
more attracted to baits with a high carbohydrate (Longino et
al., 2002; Bihnet al., 2008). Nevertheless, the availability of
carbohydrates in old forests, or with old successional stages is
lower for the dwelling-ground ants, causing ants to frequently
increase their foraging activities in search of food, including
climbing plants to reach the Extrafloral Nectaries (ENF’s),
and honeydew (excretions from herbivorous insects)
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(Oliveira, P & Brandao, 1991). ENF’s have been indicated
as a two important carbohydrate sources, but principally
for arboreal ants (Schupp & Feener, 1991); furthermore,
their general occurrence in old-growth forests is lower in
tropical areas, limiting their access and generating higher
rates of competition (Fiala & Linsenmair; 1995). In mature
forests, leaf-litter ants are more attracted to carbohydrate
baits, due to a general limitation of these nutrients (Bihn et
al., 2008), or by their high recruitment and foraging ability
when compared to salt-using ants (Vieira & Vasconcelos,
2014). Hence, the success of sugar as an attractant, in this
case, suggests little availability of sugar in the soil, which was
quickly occupied by generalist and active foraging species.
Additionally, the low effectiveness of salt as an attractant
indicates that ants living in the soil are not limited by salt. Salt
baits, and the amount of ants associated with them, are used
as evidence of sodium limitation, mainly in herbivorous ants
(Vieira & Vasconcelos, 2014). Even so, the sodium supply
varies geographically, and there is a relationship between the
distance from the coast to the interior of the continent and the
attractiveness of ants to salt (Kaspariet al., 2008; Breed, 2015).
Based on distance from forest to coast, the preference of ants
for salt should be at least 20% of the total number of traps
(Kaspari et al., 2008; Breed, 2015). Those predictions differ
from our results (< 1%), which could be also attributed to
geographic variation of availability of sodium in Amazon biome
(Dudley et al., 2012) or to the fact that a salt concentration
gradient was not used. In addition, no herbivore ant species
were collected, such as mushroom growers, although they
are genera commonly found in the litter (Harada, 2016).
Our results show differences in the composition of
ground-dwelling ants, as could be identified using common
sugar and salt. Hence, food resources can determine if
there are differences in the composition of species in a
given assembly (Bastos & Harada, 2011; Nyamukondiwa &
Addison, 2014). Once ants forage and nest in accordance with
local nutrient limitation and resource availability (McGlynn et
al., 2007) it is expected that in heterogeneous environments
such as the litter of the forests of Terra Firme, species with

—

different nutritional requirements is found. Although the
main differences in the composition are attributed to species
with generalist behaviour, such as Pheidole, the presence
of predatory species such as Odonotomachus, Mayaponera
constricta and Pachycondyla harpax (Silva & Branddo, 2014)
made a great contribution to that difference. The presence
of these species is not necessarily related to the use of a
specific resource, but on the contrary it could show unmet
nutritional needs with the base resource used by the species.

Finally, sugar appears to be a more effective attractant
to ground-dwelling ants, than salt, despite the expected
lack of salt in rainforests away from the ocean. Thus, more
research must be done to understand how different food
resources can be affect the ground ants assembly. Since the
availability of food resources is heterogeneously distributed
in time and space, future studies could explore ants
preferences to food resources with different concentrations
and variations along the seasons.

CONCLUSION

In the present study, our results indicate that the ground-
dwelling ants in a preserved rainforest are not limitated by
availability of sodium and they prefer prefer sugar to salt as
attractant. In addition, differences in the composition of the
assembly can be detected based on food preferences once
the number of individuals acts as a mirror of the availability
or limitation of the resource experienced by the ants. These
results suggest that the distance from the ocean may not
directly reflect salt deficiency, and more studies are needed
to evaluate the relationship between ant preference and
the amount of salt available in the environment.
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