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ECOSYSTEMS

Anurans trophic dynamic and guild
structure in tropical dry forests of the
Caribbean region of Colombia

ARGELINA BLANCO-TORRES, MARTA DURE & MARIA ARGENIS BONILLA

Abstract: Studies on the exploitation of trophic resources allow to establish interactions
between predators and predator-prey, and this dynamic can present fluctuations over
time and space. We analysed stomach contents of 19 anuran species from tropical dry
forests of Colombia, quantified the overlap between species and identified anuran
trophic guilds. Most of the species were generalists in diet (89.5%), some with strong
prey dominance and only two species were classified as specialists. Two anurans
guilds were identified according to diet structure and habitat use: “ground foraging
anurans, consuming Formicidae and Isoptera” and “arboreal ‘sit-and-wait’ predators,
primarily consuming arachnids”. A considerable number of species did not clearly group
in community trophic structure analysis. The level of taxonomic resolution with that
preys are worked affects analysis of trophic niches segregation when analyzing regional
and local patterns. Anuran species of tropical dry forest in the Colombian Caribbean
display trophic resources partitioning at the level of species and/or morphospecies, as
a mechanism of coexistence.
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INTRODUCTION

Studies on the dynamics of resources use have
been a subject of interest in ecology, giving rise
to numerous concepts related to interspecific
associations. Numerous studies report the
relationship that exists between environmental
and spatial variability with trophic ecology
(Almeida et al. 2019, Ceron et al. 2019, Le et
al. 2019) therefore, any study that attempts to
understand the trophic dynamics of the species
that inhabit it must include in its analysis both
the spatial and temporal fluctuations of their
diets as the level of trophic overlap between
taxa, since the diet is mediated by both, habitat
type and seasonality; according to this, each
type of prey can vary in quantity affecting the

overlap (Vitt & Caldwell 2014, Almeida et al. 2019,
Le et al. 2019, Michelin et al. 2020).

The guild concept is linked to the study
of trophic relationships between species, and
is defined as a group of species that use the
same resource in a similar manner, that may
be exploited in the same way using similar
structures and capturing equivalent amounts of
resources via active or passive acquisition (Root
1967, Hawkins & MacMahon 1989, Simberloff &
Dayan 1991). The guild concept is referring to
species that use a resource in a similar way, and
might not be equivalent to the function that this
group may have in the system, but it is the first
approach to this explanation of functionality.
From studies on this topic, it is known that guilds
are structured according to available resources
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used and often affect the environmental
changes on their structural dynamics (e.g., Morin
1983, Williams & Hero 1998, Parker et al. 2001,
Adams 2007).

Guilds and management strategies applied
to environmental conservation are closely
associated (Martinez Ramos 2008). Thus, the
ability to define that species exploit each kind
of resource, how they do so, and how they can
be grouped according to resource use, facilitates
the assessment of diversity in ecosystems facing
habitat modification. Habitat modification
alters available resources and affects natural
community structure. Therefore, it can have
implications on important aspects such as
productivity (Simberloff & Dayan 1991, Bengtsson
1998, Brussaard 1998, Briceno-Méndez et al.
2017). In amphibians, as in other animal groups,
guilds have been identified based on food
consumption patterns.

One of the most relevant aspects of
defining trophical guilds is how different species
exploit their resources. Because of this, the
identification of prey is essential to assign each
species to a guild. Tropical forests present a
high structural complexity and a large diversity
of arthropod species (Rangel et al. 1995, Pizano
& Garcia 2014) which are the main prey of
amphibians. This diversity is reflected in the
diet of the amphibians that inhabit this region.
Therefore, when analyzing regional patterns of
diet variability, it is commonly to analyze prey
at the order level, faciliting the comparison with
other studies and between sites within the same
region. Taking into account the high diversity of
insects in tropical forests, no overlap is observed
at higher taxonomic resolution levels such as
family or morphospecies (Garcia-Robledo et
al. 2020). These levels can be used to analyze
diet variability locally and correctly identify the
segregation of trophic niche, especially when the
general pattern indicates overlap (Piatti & Souza
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2011, Fonseca-Pérez et al. 2017). The coexistence
of species that have overlapping diets may be
explained in part by the high abundance of
the resource and by the segregation of prey at
higher taxonomic resolution levels.

Lowland amphibians in northern Colombia
are immersed in the distribution area of the
tropical dry forest, which in the Colombian
Caribbean region (Vargas-Salinas et al. 2019).
This region is limited to a few isolated fragments
in the lowlands immersed in an anthropogenic
matrix, which usually constitutes a mosaic of
economic activities (e.g. livestock, agriculture,
infrastructure, mining) (Pizano & Garcia 2014,
Vargas-Salinas 2019), developed without
planning, producing a decrease of this type of
forest to only 8% of its original coverage (Pizano
& Garcia 2014). The study of trophic patterns of
amphibians is not only a tool to establish how
they are associated, but also provide important
elements to understand how ecosystems work
and its structure (Ranvestel et al. 2004, Ceron
et al. 2019, Le et al. 2019). These works, based
on anurans, one of the groups of vertebrates
with the highest rates of species loss worldwide
(Stuart et al. 2008), also allow to analyze how
the transfer of energy occurs both between
aquatic and terrestrial habitats and among
different trophic levels (Ranvestel et al. 2004,
Wells 2007, Vitt & Caldwell 2014, Le et al. 2019).
In addition, they provide tools for the proper
management and conservation of species,
communities and ecosystems, by analyzing the
vulnerability of species in relation to the degree
of specialization of their diets, environmental
changes or variations in patterns of ecological
interactions (Duré et al. 2009, Clavel et al. 2011,
Le et al. 2019). Consequently, the identification of
trophic anuran guilds in the Colombian tropical
dry forest, a habitat that has lost most of its
natural condition, contribute to the purpose
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of designing viable strategies that help the
recovery of this ecosystem.

In this work, we explore regional trophic
patterns (prey consumption, diet overlap
and trophic guilds) of a group of lowland
anuran species from the tropical dry forests
of the Colombian Caribbean region. In order
to characterize their trophic dynamics and
the partition of food resources, we analyze
both spatial (site) and temporal (season) diet
variations for this lowland region.

MATERIALS AND METHODS

Study area

The study site is located in the lowlands of the
Colombian Caribbean (3-206 m altitude range),
which exhibit the highest percentage of original
coverage of tropical dry forest in the country
(Pizano & Garcia 2014). The monthly temperature
range for the study area is 26.6 to 301 °C. The
tropical dry forest has a maximum rainfall of
2,000 mm per year with a marked seasonality
determined by rainfall: a dry season (December-
April) and rainy season (May-November), with
the highest rainfall occurring in the months of
August and November (Pizano & Garcia 2014).
Six sites were selected by the presence of
primary tropical dry forest fragments greater
than 80 ha. Sites are surrounded by human
activities of extensive livestock and little and
medium extension of transient crops for food,
as follows: Site 1 (11°5" N- 2°38" W) at 79 m
altitude, with the presence of open-cast coal
mining; Site 2 (10°4 N-74°7 W) at 82 m altitude,
with the presence of oil palm (Elaeis guineensis)
cultivation; Site 3 (10°35 N-74°8" W) at 197 m
altitude with the presence of extensive livestock
and little extension of transient crops for food;
Site 4 (10°44 N-75°5" W) at 206 m altitude, with
the presence of extensive livestock and little
and medium extension of transient crops for
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food; Site 5 (10°37' N- 75°14" W) at 34 m altitude,
with the presence of extensive livestock and
forest conservation project; Site 6 (8°47" N
-76°19" W) at 120 m altitude, with the presence
of extensive livestock (Fig. 1)The assembly of
amphibians of each site is not connected to
any of the other sites (separated by at least 100
linear kilometres).

Field sampling

Field work was conducted during the dry season
between February and March, the early rainy
season or “minor rains” between May and June,
and during the late rainy season or “heavy rains”
between October and November in 2010. Two
persons performed sampling sessions of five
nights for each study site, between 19:00 and
23:00 hours; each site was sampled three times,
one per climate season (sampling effort: 120
person-hours per site).

An active search for frogs by visual
encounter surveys was made (Crump & Scott
1994), both in the horizontal plane at ground
/ water level, and in the vertical strata, at
different vegetation heights (0 ~ 15m). Anurans
(subadult and adults) were manually collected
(Table 1). To quantify the use of habitats, the
number of individuals per species detected
was recorded through every night surveys
(visual encounter) by approximately one-hour
duration. These habitats were identified and
classified in all sites as: 1) rangelands, which
were areas dedicated to livestock, especially
cattle; 2) crops, areas dedicated to transient
or perennial crops on a small or large scale; 3)
lotic water-bodies in anthropic matrix (Al-Lotic),
such as streams and small rivers that are within
the anthropic matrix; &) lentic water-bodies in
anthropic matrix (Al-Lentic), generally artificial
bodies of water constructed as reservoirs for
livestock, agriculture and domestic use, in
addition to temporary or permanent natural
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puddles formed by rains; in forests= (5) F-edge,
the adjacent area or edge of the forest that
lies between the anthropic matrix, and finally,
6) the interior of forest (Forest), referring to
areas sampled inside the forest fragments. The
surveys were conducted from the centre to the
edges of each habitat type.

Laboratory analysis

Individuals were measured (snout vent length-
SVL, jaw width- JW) using a digital caliper with
a 0.01 mm accuracy, euthanized and fixed in
the field after each night of sampling according
protocols suggested in Angulo et al. (2006). Then,
in the laboratory they were dissected (vouchers
deposited in the museum of Universidad del
Atlantico) and stomach contents were extracted.
Samples were preserved in individual vials in
70% ethanol solution. Each extracted content
was placed in a Petri dish, where it was separated
by differentiable items (adults and larvae),
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measured and classified to the lowest possible
taxonomic category (species or morphospecies).
In this way, for the data analysis, we were able
to determine all the prey samples to species
and morphospecies, through taxonomic keys
(e.g. Fernandez 2003, Triplehorn & Johnson 2005,
Wolff 2006) and consulting specialists for each

group.

Data analysis

The preys were grouped into three levels of
taxonomic classification in order to explore the
variability in the diet on a spatial and temporal
scale and to test whether the patterns obtained
are repeated at each level of classification. We
use Order level to detect general patterns in
food consumption (especially overlap and guild
identification) and obtain results comparable
to other studies. We also classified preys at the
family and species /morphospecies level to
observe consumption behavior at a higher level
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Table I. Dietary characteristics of the anuran species studied in tropical dry forests of Caribbean Colombia. n

= Number of stomach. JW-PV= Relationship between predator and prey size using jaw width and prey volume.
Amplitude = Amplitude of Levins index, the standardized amplitude value is shown in brackets; Diversity =
Diversity of trophic niche (Shannon index); Foraging Mode = SW: Sit-and-wait, AF: Active forager; Diet Type =

GEN: Generalist, ESP: Specialist, GEN (D): Generalist with predominancia; Habit = T: Terrestrial, A: Arboreal; Diet
composition = F: prey group or order with more frequent occurrence (highest occurrence value), Abd: prey group
or order with greater number of individuals, Vol: prey group or order with greater volume ingested; Hymenoptera,
Is = Isoptera, Iso = Isopoda, L = Larvae, Lep = Lepidoptera, Ort = Orthoptera. Data taken from this research, Blanco-
Torres et al. (2019) and Blanco-Torres et al. (2020).

Jw-pVv Levins Shannon Foraging Diet Diet composition

No Family/Species n Habit
yisp r,.(p,..) (Standard) Index mode  type
F Abd | Vol
BUFONIDAE
. . 0.34
1 | Rhinella humboldti | 85 154 (0.05) | 0.81 AFGEN(D) T | HymoHym oo
(<0.0001) (For) | (For)
, . 0.43 Hym | Hym | Hym
2 Rhinella marina T4 (<0.0001) 243 (0.07) 119 AF GEN(D) T (For) | (For) | (For)
CRAUGASTORIDAE
3 | Craugastor raniformis | 21| 0.24 (0.51) | 615 (0.73) 193 SW GEN T |Dipl-Ar| Dipl | oOrt
HYLIDAE
Dendropsophus
4 microcephalus 99| 010 (0.23) | 419 (0.39) 1.79 SW GEN A Ar Ar Lep
4 Boana pugnax 98 0.32(0.003) 6.45(0.54)  2.02 SW GEN A Col Col | Ort
6 Scarthyla vigilans 50| -017(0.32) 1 3.35(0.58) | 1.38 SW  GEN(D), A Hem | Hem | Hem
7 Scinax rostratus 381-0.28 (0.26) | 714(0.87) = 2.03 SW GEN A Ac Ac ort
8 Scinax ruber 451 -0.81(0.02) | 4.59 (0.63) 1.82 SW GEN A Hem | Hem @ Ort
Trachycephalus . Lep
9 typhonius 16 1 -0.02 (0.55) | 3.02 (0.4) 1.39 SW GEN A Lep (L) Lep (L) L
PHYLLOMEDUSIDAE
10 | Phyllomedusa venusta |28 0.04(0.57) 492 (0.65) 175 SW GEN A ort Ac | Ort
LEPTODACTYLIDAE
11 Engystomops pustulosus 75 047 (0.019 | 1.88 (0.06) 0.96 AF GEN(D) T Is Is Is
Hym | Hym
12 | Pleurodema brachyops | 951 0.26 (0.004)| 3.83(0.2) 1.66 AF GEN (For) | (For) L.Col
13 Pseudopaludicola pusillal 80 1 -010 (0.26) | 4.93 (0.3) 198 AF GEN T Col Dip | Hem
14 |Leptodactylus insularum 83| 022 (0.03) | 5.01(0.22) = 2.06 AF GEN T Col Col | Col
15 | Leptodactylus fragilis | 93 | 0.44 (0.001)| 712 (0.47) 217 AF GEN T Col | Col-Is' Ort
16 | Leptodactylus fuscus | 47 | 019(0.20) | 558 (04) = 2.04 SW | GEN | T Col {'F%rp) Col
Leptodactylus
17 poecilochilus 40 0.32(0.06)  7.72(0.67) 215 AF GEN T Col Iso Col
MICROHYLIDAE
. . . ) Hym | Hym | Hym
18 | Elachistocleis pearsei | 5 | -0.58 (017) | 1.04 (0.4) 0.04 AF ESP T (For) | (For) | (For)
19 Elachistocleis 9 | -0.75(0.06) 198 (0.98) | 0.69 AF ESP T Is Is | s

panamensis
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of taxonomic resolution. We use morphospecies
because in these tropical forests the diversity
of invertebrates (especially insects) is very high
and most of the species are indescribed (Garcia-
Robledo et al. 2020).

The number and volume of prey per
stomach were determined for each type of food
item. The volume (mm?®) of each type of prey
per stomach was calculated using the ellipsoid
formula (Dunham 1983). For incomplete prey
items, the size of a complete specimen of
the same prey was used. The frequency of
occurrence of each prey species was calculated
as the number of stomachs in which each food
item was found for each anuran species. Prey
diversity was calculated using the Shannon-H
‘index (Ln transformed) (Magurran 2004). The
amplitude of the trophic niche for each species
was estimated using Levins index (Levins 1968),
which reflects the use of resources by organisms,
regardless of their relative availability in the
habitat (Feinsinger et al. 1981). To compare the
niche amplitude values between the species we
divide the values into three levels: low (0-0. 33),
middle (0.34 - 0.63) and high (0.64 - 1) (Hurlbert
1978). The index of relative importance (IRI)
for each category of prey was also calculated
(Biavati et al. 2004): IRI= F%+N%+F%/3 where F%
is the frequency of occurrence, N% the numeric
percentage, and V% the volumetric percentage.

The relationship between snout vent
length (SVL) and jaw width (Jw) of predators
was explored through a random regression
analysis in Ecosim Professional v1.2d software
(Entsminger 2012), and a significant relationship
was observed between the two variables (r’= 0.96;
p<0.05). Therefore, to analyze the relationship
between predator and prey size consumed
variables were used predator jaw width (JW) and
prey volume (PV). This relationship was explored
through a random regression analysis in Ecosim
Professional v1.2d software (Entsminger 2012).

ANURANS TROPHIC DYNAMIC IN COLOMBIA DRY FOREST

The type of diet (specialist or generalist) and
foraging strategies (active foraging or “sit-and-
wait”) were defined considering the main food
characteristics of each species, such as: niche
breadth (Levins index- Levins 1968) the values
were standardized from 0 to 1 to compare the
niche amplitude between the species (Hurlbert
1978), diversity (Shannon-H ‘index) and dietary
equity (Pielou equity-J), number of consumed
prey, average volume of prey per stomach, and
morphometric relationships of the anurans with
their prey (Toft 1981, Perry & Pianka 1997, Vitt
& Caldwell 2014). In addition, the results were
interpreted with the help of published literature
on the diets composition, distribution and
natural history of the species studied, or from
congeners and field observations of habits and
habitat use. Due to the variability of habits of the
anurans studied and the ingested prey, it was
difficult to estimate the availability of prey for
all species, therefore, availability was assumed
as the sum of the prey of the stomach contents
of all species (Winemiller & Pianka 1990, Vitt &
Caldwell 2009, Le et al. 2019).

Results do not meet statistical assumptions
of normality and homocedasticity therefore we
analyse spatial (sites) and temporal (seasons)
differences in diet composition with a Kruskall-
Wallis nonparametric test. Differences in diets
composition were explored using the PAST
software package (Hammer et al. 2001).

The spatial and temporal trophic overlap of
the anuran species was calculated, where the
response variable in all cases was the proportion
of each food item (expressed in proportions). We
usedthe Pianka overlap index (Pianka 1973) of the
Ecosim Professional vi1.2d software (Entsminger
2012). We applied a recommended algorithm
for this type of analysis, the randomization
algorithm RA3, which retains the amplitude of the
niche and reshuffled the zeros (Gotelli & Ellison
2013, Lopes et al. 2015, Luiselli & Amori 2016). All
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original values of the matrix were randomized
1000 times (Gotelli & Entsminger 2005). With the
results obtained, graphs were generated with
frequencies of the overlapping values between
every possible pairs of anuran species for each
study site. These values were taken from the
EcoSim output matrix for each site with Species
x Species overlap values, and divided into three
categories: low = 0-32, medium = 0.33 - 0.66 and
high = 0.67 -1.00. In this way, we could determine
which overlapping values between species were
more common per site. Interactions between
pairs of species with the same overlap values
were also plotted, allowing us to visualize the
overlap between pairs of species, by sampling
site and climatic season.

We identified trophic guilds based on
the number of individuals of each prey item
consumed and the habitats used by each anuran
species (number of individuals per species). For
this, we applied multidimensional non-metric
scaling test (NMDS), following the proposal of
Junker et al. (2013), in order to find similarities in
the use of the resources, since it is a ordination
technique for the analysis of proximity data
(Arnau 1996, Guisande et al. 2011). This analysis
was performed with PAST software (Hammer et
al. 2001), using as Bray-Curtis similarity index for
the ranking.

RESULTS

General anurans diet

Stomach contents of 19 anuran species with
nocturnal habitswere analysed (TableI). Ofthese,
438 types of prey were identified (species and
morphospecies), including insects, arachnids,
mollusks, centipedes (Chilopoda), isopods,
malacostracans, oligochaetes, reptiles and
amphibians (anurans) (Supplementary Material
- Table SI). The amplitude of the trophic niche
(Levins index) for all species was min=0.05 to
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max=0.98 mean=0,45, with dominance of species
with values less than 0.5 (Table 1). Only Rhinella
humboldti, Rhinella marina, Engystomops
pustulosus, Pleurodema brachyops,
Leptodactylus insularum, Leptodactylus fragilis,
Boana pugnax and Scinax ruber presented
significant relationship between predator JW
with prey volume (Table I).

Most species were generalists in the
consumption of prey (89.5%) and some (21%)
showed a marked dominance of certain food
items: Formicidae and Isoptera for Rhinella
humboldti, Rhinella marina, and Engystomops
pustulosus, and Hemiptera for Scarthyla
vigilans (Table 1). Only two species were
classified as specialists: Elachistocleis pearsei
and Elachistocleis panamensis, due to the
consumption of ants and termites (Table
|, Table SI). We recorded more species (11
species of families Bufonidae, Craugastoridae,
Leptodactylidae and Microhylidae) with
terrestrial than arboreal habits. Coleoptera
was the most common prey in the diets (787
individuals and 41,799.7 mm’ in stomach
contents), followed by Hymenoptera (mainly
formicids, 6,088 individuals and 164.28 mm?® in
stomach contents), Orthoptera, Isoptera and
Araneae (Table I, Table SI).

Diet diversity: spatial dinamics

The sites were similar in composition of
amphibian species (KW, = 3.82, P = 0.57)
(Supplementary Material - Figure S1). The
similarity between sites by type of consumption
prey decreases when analyzing the diet at
higher taxonomic resolution Figure S2). At the
level of Order of consumed prey there weren't
significant differences among the sites when
analysing the contribution of food items in
volume (KW, = 3.86, P = 0.5) and the number of
preys ingested (KW, = 2.74, P = 0.7). Hymenoptera
(mainly composed of Formicidae) was the order
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that most contributed in numerical terms at the
sampling sites (> 58%), except for site 4, where
Isoptera was the best represented (60.67%). In
volume, the order Coleoptera was the biggest
contribution for sites 2 (74.02%) and 5 (35.50%).

Both in the taxonomic level of prey family
and morphospecies there were significant
differences among the sites when analysing
the contribution of food items in volume (KW,
= 13.06, P = 0.02 and KW, = 20.46, P = 0.0010,
respectively) and in the number of ingested
preys (KW6 = 1424, P = 0.01 and KW, = 3437, P =
0.0003, respectively). Formicidae was the family
that contributed the most in numerical terms
at the sampling sites (52.8%), except for site 4,
where Termitidae was the best represented. In
volume, the family Cicadellidae was the biggest
contribution at the sampling sites (28.1%)
especially in the sites 1 and 5, in the site 2
Carabidae (31%), site 3 Tettigonidae (15%), site
4 Termitidae (20%) and site 6 Formicidae (48%)
were the best represented.

Diet diversity: seasonal dinamics

When analysing the volumetric contribution
made by each alimentary item at the taxonomic
level of the Order, we observed that Orthoptera
(24.8%), Isoptera (18%), Coleoptera (15.5%) and
Hymenoptera (13.8%) contributed to the largest
volume of anurans diet in the dry season.
During early rainy season, Coleoptera (47.2%),
Hymenoptera (18.3%) and Orthoptera (7.53%)
were the largest volume orders. In late rainy
season, the first contributor was still the order
Coleoptera (26.70%) followed by Orthoptera
(12%) and Hymenoptera (111%). There weren’t
significant differences between seasons when
analysing the contribution of food items in
volume (KW = 3.85, P = 014) and number of prey
ingested (KW =292, P = 0.23).

The greatest richness of families ocurred in
major rains (98 families) followed by minor rains
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(93 families) and dry (78 families). However, there
weren't significant differences between seasons
when analysing the contribution of food items in
volume (KW = 2.58, P = 0.27) and number of prey
ingested (KW = 5.63, P = 0.06). We observed that
Formicidae y Termitidae were the families that
most contributed to the number of individuals
at all seasons. Termitidae (18%), Acrididae
(15%) and Formicidae (13%) contributed to the
largest volume to the diet of anurans in the dry
season. During early rainy season, Carabidae
(22%), Formicidae (15%) and Scarabaeidae (9%)
were the largest volume families. In late rainy
season, the first contributor was still the family
Cicadellidae (62%) followed by Formicidae (4%)
and Scarabaeidae (4%).

At the regional level seasons showed
differences in the richness of species /
morphospecies of the consumed prey. There
were significant differences between seasons
when analysing the contribution of food items
in volume (KW = 9.03, P = 0.01) and number of
prey ingested (KW = 11.82, P = 0.006). In the dry
season, the lowest number of food items (193
prey types) was recorded, while during the minor
rains, the maximum number of prey categories
consumed (237 prey types) was observed,
followed by major rains (223 prey types). This
pattern is maintained at the local level, except
in Site 3 where the greatest contribution was
made in the rainy season and the smallest in
the rainy season (Figure S3).

Spatial diet overlap

Trophic overlap, calculated with prey at order
level, was low (0- 0.33), and data randomization
resulted in significant differences between
the observed niche overlap and the randomly
expected niche overlap (interactions = 1000)
(Table I1). For all cases, variance values were
significantly higher than expected by chance,
except for Site 6 (Table Il). Sites 6, 1 and &
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Table Il. Overlapping values (Pianka index) and variance by site and season between anurans of areas of tropical

dry forest of the Caribbean Colombia region. X

0BS

= Observed Mean, X

, Xy = Simulated Mean, DS = Standard Deviation

(equals the square root of the variance), Var,,_= Observed variance, Var,; = Simulated Variance. P = significance

level.
X X

o8s sim

+DS +DS
Site 1 0.27 + 0.26 0.14+0.024
Site 2 0.38+ 0.3 012+0.019
Site 3 0.30+0.28 0.4+ 0.022
Site 4 0.22+ 0.3 0.12+0.026
Site 5 0.33+ 0.26 014+0.018
Site 6 0.21+0.22 0.14+0.021
Dry 0.39+ 0.26 0.16+0.017
Minor rains 0.24+ 0.24 0.11+0.015
Major rains 0.36+ 0.07 016+ 0.015

presented the lowest niche overlap values
among species of anurans. At site 2, we observed
the highest frequency of high niche overlap
values (0.66-1), followed by sites 3 and 5 (Fig. 2).

Analyzing the overlapping of species pairs
by site we see that at site 2, R. marina presented
a higher number of high dietary niche overlaps
(6 pairs of high overlaps) with other species,
followed by L. insularum, L. fragilis and L. fuscus,
which presented high values of overlap with
five species each. Rhinella marina was also the
most overlapping species with others (5 pairs of
high overlaps) at site 3, followed by S. ruber, P
brachyops and L. insularum, which overlapped
with high values with four other species (Fig.
2). Pleurodema brachyops presented the most
pairs of high overlap with other species at
three of the sampling sites. At sites 1 and 6, P
brachyops was the only species that formed
higher pairs of high overlap between species,
interacting with three species at the first site
and with two at site 6. At site 4, P. brachyops
was also the most overlapping species, forming
pairs with four other species, followed by R.
humboldti, L. poecilochilus and L. insularum,

Var,, Var, p

0.001 0.07 0.04 0.01

<0.05 0.09 0.04 <0.05
<0.05 0.08 0.04 <0.05
0.002 0.09 0.04 0.006
<0.05 0.07 0.03 <0.05
0.003 0.05 0.04 0.21

<0.05 0.07 0.04 0.002
<0.05 0.06 0.03 0.003
<0.05 0.07 0.03 <0.05

which overlapped with three species each (Fig.
2). In site 5, L. poecilochilus formed high overlap
pairs with five other species, followed by Boana
pugnax and L. insularum, which presented high
values of overlap with four other species each
(Fig. 2).

Seasonal diet overlap

The highest number of species pairs with high
overlap values (calculated at prey order level)
were observed in the dry season. Rhinella
humboldti, Craugastor raniformis, E. pustulosus,
L.insularum, E. pearsei and E. panamensisformed
highly overlapping pairs with six other species
each. In minor rains, the number of overlapping
species decreased. Pleurodema brachyops
formed the most highly overlapping pairs with
five other species, followed by R. humboldti,
Dendropsophus microcephalus, L. fragilis, L.
fuscus and E. panamensis, which formed highly
overlapping pairs with three more species each.
In major rains, the pairs of species with high
trophic overlap increased. Leptodactylus fragilis
overlapped with nine other species, followed by
P brachyops and L. insularum with six species

An Acad Bras Cienc (2021) 93(4) 20201022 9|17



ARGELINA BLANCO-TORRES, MARTA DURE & MARIA ARGENIS BONILLA

Minor rains
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Figure 2. Trophic
overlap (Pianka Index)
between pairs of
anuran species for each
study site and climatic
season in tropical dry
forest areas of the
Colombian Caribbean.
Line thickness
represents the value
of the overlap. The
numbers correspond
to the anuran species
listed in Table I.

Major rains

~-0-0.32 —0.33-0.65 =—=0.66-1

each. Finally, R. humboldti, R. marina and L.
fuscus formed pairs with five species each (Fig.
2).

Anurans trophic guilds

Two potential guilds of anurans were identified,
according to diet structure and habitat use
(Table SlI): Ground foraging anurans consuming
Formicidae and lIsoptera, composed of E.
pearsei, E. panamensis, R. humboldti, R. marina,
P. brachyops and E. pustulosus, and Arboreal
anuran, ‘sit-and-wait’ consumers, mainly of
arachnids, composed of S. rostratus, S. ruber
and D. microcephalus. The NMDS system proved
to be effective in detecting data pooling (Stress

= 017). Axes 1 and 2 explained 71% of the data
variation. Ten anurans species (52.6%) did not
show tendencies to be grouped in trophic
guilds: C. raniformis, B. pugnax, L. insularum, L.
fragilis, L. fuscus, L. poecilochilus, Phyllomedusa
venusta, Pseudopaludicola pusilla, Scarthyla
vigilans and Trachycepallus typhonius. These
species showed different patterns in their
feeding habits and, therefore, it was not possible
to locate them in a defined trophic guild (Fig. 3).

An Acad Bras Cienc (2021) 93(4) 20201022 10 | 17



ARGELINA BLANCO-TORRES, MARTA DURE & MARIA ARGENIS BONILLA

ANURANS TROPHIC DYNAMIC IN COLOMBIA DRY FOREST

-
o~ —~—
~
~~

'T_typ honius

0.2

-
-
o Ty

,,‘E_pearsei 55\
I S BloS @isformis .
: \\\ 0.14 -RIVERA P_venusta
I °*R_humboldti S
1 .
1 \\ L_fliscy,
1 \ . . . .
; |l \\ L_poecilochilus H_pugnax
@
% y 1 “Romari ! 3 fpsularum T T
S -0.36 \‘ -0.24 012 1 >'|_ ilis 0.12 0.24
o . . .
\ E_panamensis I - —
\ brachyops/ CULTIVO ,4'— . S
\ ! R S_rostrata \’
\ POTRERO ¥ 4 rd Ry
‘\ ,' -0-19 S_rubetp microcephalus Re
\ . \ *
\ . Al-loTiCo NOAHLENTICO _o®
» ~
. - . ~
\\ E_pustulosus —,’ *P_pusilla ~ -

-0.24

'S_vigsla ns

Coordinate 1

Figure 3. Trophic guilds of anurans in areas of tropical dry forest of the Colombian Carribbean, based on diet and
habitat use. The areas enclosed in dotted lines represent the probable trophic guilds.

DISCUSSION

Anurans diet: generalities in lowlands

In this study, a large number of food items were
observed, reflecting both high viability and food
variability, as well as the prevalence of frog
species with generalist diets. Although tropical
dry forest anurans are mostly generalist, three
species showed dominance or specialization
in the consumption of certain types of prey. In
turn, two species are active foragers and one
species was classified as “sit-and-wait”. We
found that the only species with a specialized
diet were the microhylidae E. panamensis and
E. pearsei in the consumption of ants and
termites. This specialization in the diet has been
widely reported for these and other species of
microhylids (e.g. Parmelee 1999, Van Sluys et
al. 2006, Lopez et al. 2007). However, we also
observed species that exhibited preferential

consumption of a certain type of prey; such
is the case of the two Rhinella species that
consumed a high number of ants. These results
coincide with previous studies in numerous
species of bufonids (e.g. Clarke 1974, Duré &
Kehr 1996, Isacch & Barg 2002, Isaacs & Hoyos
2010). Engystomops pustulosus preferentially
consumed termites and ants, a behaviour
that was previously recorded for this species
(Gonzalez-Duran et al. 2012), and is repeated in
other congeners (e.g. Parmelee 1999, Santana
& Junca 2007, Narvaez & Ron 2013). Finally, S.
vigilans is a special case, being a “Sit-and-
Wait” predator (Fonseca-Pérez et al. 2017), with
tendency to consume Hemiptera.

Spatial-seasonal diets dynamics

Our results show that at the Order level, the
overlapping is evident but not at higher levels
of taxonomic resolution such as families or
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morphospecie. This classification reveals broad-
scale trophic patterns not detectable when
working at a more detailed prey level, such as
species or morphospecies (Piatti & Souza 2011,
Fonseca-Pérez et al. 2017). At a spatial scale,
the sites were dissimilar in composition and
abundance of species and morphospecies of
prey. It is important to note that differences in
habitat use by anuran species affect the type of
prey consumed (Toft 1981, Parmelee 1999, Munoz-
Guerrero et al. 2007, Duré et al. 2009, Isaacs &
Hoyos 2010), so that dissimilarities in their diet,
at the level of species and morphospecies, could
result from the variety of habitats they occupy,
and also can be a result of prey availability
between seasons and sites (Michelin et al. 2020).
Active forager anurans with generalist diets
capture their prey according to their abundance
at each site (Vitt & Caldwell 2014). Therefore, the
differences mentioned above could be reflected
in their diets. This could lead to different prey
being consumed in different proportions in the
sampled areas and seasons (Vitt & Caldwell
2014).

The temporal diet structure is dynamic and
dependent on the climatic variations of the
study area. Thus, in the dry season, the number
of prey (species and morphospecies) was lower
thaninthe wetseason, which could can influence
directly on similarity between the diets of the
different species. When rains arrived, there was
an increase in most forms of tropical dry forest
life and this was also observed by an increase
in richness of prey consumed. Therefore, the
climatic variation of the tropical dry forest
influences the species richness of the different
arthropod orders that are available to the
anuran species in this environment (Whitfield &
Donelly 2006, Palacios-Vargas et al. 2007).

ANURANS TROPHIC DYNAMIC IN COLOMBIA DRY FOREST

Anurans trophic overlap in lowlands

Regarding the analysis of trophic overlap, in
general, we observed a higher overlap and
variance than expected by chance. The overlap
in the diets of these species could indicate
that they share several food resources, but not
necessarily that they are competing. Albrech &
Gotelli (2001) found that there was no divergence
of niches under selective pressure, which could
lead to a high availability of resources or the
existence of “young” assemblages. In all sites,
there were always more species pairs with low
niche overlap values. Although there were high
values of niche overlap among some pairs of
species, they used different habitats, which
may indicate a process of convergence when
consuming prey that are abundant in the system
and, therefore, that are consumed in different
places and times (Gotelli & Entsminger 2005).
On the other hand, high variance values could
indicate a community structure with defined
guilds, in that some species are very similar in
the use of resources, but dissimilar with respect
to other species of the same community (Gotelli
& Entsminger 2005).

When analysing the diets at different
seasons, in all cases, the observed niche
overlap was significantly higher than expected
by chance. This contrast the hypothesis of Toft
(1980b), who argues that species in times of
scarcity try to avoid competition to optimize the
available resources. In this study, we observed
more species pairs with high overlap values in
the dry season (shortage). At the beginning of
the rains, however, the lowest number of pairs
of overlapping species was registered. Therefore,
one might think that the dynamics of the trophic
interrelations of the anuran assemblage depend
on the climatic variation and that modify the
food supply of the tropical dry forest, because
rains increase the abundance of insects,
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especially from the end of the dry season to the
start of the rainy season (Pereira et al. 2011).

Anurans trophic guilds in lowlands

According to the trophic patterns observed
for the anuran species of this study, it can be
concluded that some of them form two distinct
trophic guilds, highly differentiable in the
ecology of the species that comprise it. The
general patterns of the diets, analyzing the prey
consumed at the order level, are conserved
in the species despite the variations between
localities (Almeida et al. 2019, Silva & Rossa-
Feres 2010). The species within a guild share a
similar diet structure and some similarities in
the use of space, time of activity, morphology
and foraging strategy. The latter could confirm
that resources can be used in a similar way by
some species (Root 1967, Hawkins & MacMahon
1989).

The first identified guild is composed
of “foragers consumers of formicides and
isoptera!” It consists of six species that move in
a horizontal plane, at ground level. They were
commonly observed in open areas, mainly in
pastures. They use, preferably, the active search
for obtaining preys and are specialists in the
consumption of termites and ants during all
climatic periods, making it a stable guild in
tropical dry forest. This guild has been proposed
in other works for neotropical environments,
conserving a similar species composition or with
phylogenetic closeness (Toft 1980a, Parmelee
1999, Wells 2007).

Other clearly defined guild corresponded
to the “Arboreal ‘sit-and-wait’" consumers,
mainly of arachnids”, composed of species that
have the ability to move in the horizontal and
vertical planes, commonly associated with the
vegetation of bodies of water. Although their
diets are generalist, all of them show a high
consumption of arachnids. Although predators

ANURANS TROPHIC DYNAMIC IN COLOMBIA DRY FOREST

with a sit-and-wait strategy do not specialize in
a particular prey type (Toft 1981, Perry & Pianka
1997),itislikelythattheabundanceand behaviour
of arachnids in the environment, generates a
marked increase in their consumption. This diet
composition is similar to that found in these
same species and congeners in other studies
(Duré 1999, Munoz-Guerrero et al. 2007, Teixeira
& Rodder 2007).

A considerable number of species were not
clearly grouped in the analysis of the community
trophic structure. This could result from the
fact that none of them shared identifiable
characteristics or food patterns that allowed
them to be included in any particular guild.
Among them, some are active forager and other
sit-and-wait, but all showed a general diet whose
composition could be closely related to the high
variability and abundance of preys offered by
these areas. The latter could allow the trophic
segregation observed between these species.

The guilds defined may be related to
the foraging patterns of predators which is
dependent on to the availability of prey (at the
order level) in tropical dry forests of Colombia
(Escobar 1997, Armbrecht & Ulloa-Chacon 1999,
Camero et al. 2005). Most species with active
forager habits formed guilds and this could be
related to the active search habit, which could
allowspecialization ordominance fora particular
type of prey. The study of guilds or ecologically
similar groups has been used to understand
the structure of communities (Williams & Hero
1998). When a community presents this type of
modules or guilds, it can be inferred that the
species that integrate each module interact
more with each other than with species of other
guilds (Amarasekare 2008, Benitez et al. 2014).
Accordingly, any disturbance that influences the
probability of survival of the species within the
guild would not drastically affect the probability
of survival of the community. This structure
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allows greater stability in time and in the face of
disturbance processes, which would explain the
high capacity of these communities to withstand
the natural habitat loss of the tropical dry forest
in Colombia (Pizano & Garcia 2014).

The studied species of anurans used both
the forests and disturbed areas, were active at
the same time of night, had mostly terrestrial
habits,and could be grouped by the consumption
of broad-scale prey groups (Order). However,
the diversity of species within these broad-
scale groups of prey generated variation in the
diet, possibly decreasing competition among
predator species, and allowing trophic niche
segregation. Therefore, it is likely that species
of tropical dry forest anurans in the Colombian
Caribbean partitioning trophic resources at the
level of prey species and morphospecies, as a
mechanism of coexistence.
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