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Abstract

The study of frog diets in agricultural areas enables us to recognize their role in terrestrial food webs as predators of invertebrates,
which can become crop pests or disease transmission vectors for humans. The present study examines the diet composition of three
syntopic frog species occurring in one agroecosystem in Cuba, and their interspecific trophic interactions. The fieldwork was in Zea
mays and Colocasia esculenta crops in Pinar del Rio province, Cuba, in August, 2020. The frogs were measured and stomach-flushed in
situ, and released at the site of capture. Niche overlap between species was calculated. Fifty-two frogs were captured and 43 (82.7%)
had prey in their stomachs. Eleutherodactylus goini had the highest rate of preystomach and the broadest diet diversity while Osteo-
pilus septentrionalis had the lowest rate and the narrowest diet diversity. High diet overlap was detected between Eleutherodactylus
species. The most consumed prey were Lepidoptera, Hymenoptera, and Blattodea. The diet data suggests that these species could be
important biological controls of the invertebrate community in the studied agroecosystems. This indicates a positive impact of these
native frogs to the crops by controlling noxious and damaging invertebrates.
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Introduction

Habitat modification due to land use inevitably leads to a loss of biodiversity at different spatial and temporal
scales, and affects most species, but its influence is not equal for all species (Piha 2006; Pineda et al. 2008). Amphib-
ians are vulnerable to habitat change as it affects their reproductive mode, foraging strategy, body size, and diet
breadth (Duellman & Trueb 1986; Suazo-Ortuio et al. 2008). Disturbance in such environments can affect not only
amphibians, but also arthropods (Trueba et al. 1999; Prinzing et al. 2007; Battles et al. 2013), and amphibians are
potentially vulnerable to changes in the arthropod communities on which they feed (Anderson et al. 1999). In spite
of their vulnerability, human agricultural activities may provide important habitat for amphibian reproduction and
population persistence (Baker & Halliday 1999; Knutson et al. 2004). The study of diet in anurans can enable us to
recognize their role in terrestrial food webs as predators of invertebrates, which can become crop pests or vectors
of disease transmission in agroecosystems (Hirai & Matsui 1999; Attademo et al. 2005).

Fong (1999) made the first approximation regarding the impact of habitat modification in amphibians in-
habiting Cuban agroecosystems. The richness of anuran communities was higher in natural forests compared with
coffee and timber forest crops (Fong 1999). Some Cuban anuran species are present in human-altered habitats
(Diaz & Cadiz 2008; Rivalta et al. 2014). Worldwide, many recent investigations have focused on the diet of anuran
species, but only a few studies have concentrated on changes in diet pertaining to habitat disturbance (Le et al.
2020). The present study examines the diet composition of three syntopic frog species occurring in one agroeco-
system in Cuba, and its interspecific trophic interactions. In addition, | compare this result with previous studies
about changes in diet in non-altered areas (forest) versus agroecosystems.
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Materials and Methods

Study site and Sampling. | conducted the fieldwork in EI Moncada, Vifales municipality, Pinar del Rio province,
Cuba (22.545238 N & 83.843616 W; ~130 m elevation). | surveyed one agroecosystem for two consecutive nights
(21:00-23:00 h), on 8-9 August 2020. For each captured frog | measured snout-vent length (SVL) with a caliper to
the nearest 0.01 mm in situ. | stomach-flushed all individuals following Mahan & Johnson (2007) using two different
catheter tubes: 3 mm outer diameter for Eleutherodactylus atkinsi Dunn, 1925 and E. goini Schwartz, 1960, and 5.5
mm for Osteopilus septentrionalis (Duméril and Bibron, 1841) because of the size difference in SVL. The stomach
contents were preserved in vials with 75% ethanol for further analysis. After being stomach-flushed, each individ-
ual was released at the site of capture. In the laboratory we measured the prey length (PL) of each item (only intact
items) and used a stereoscope to classify them to order level when possible. In some cases, we identified genus
and species.

The study area was 3750 m?, and the crops were composed of corn (Zea mays) (Fig. 1A) (1250 m?) and taro
(Colocasia esculenta) (Fig. 1B) (2500 m?). Because of the small sample size of frogs, the small agricultural area, and
the closeness of the crops, | took both crops as a single agroecosystem.

| calculated the volume of each item using the ellipsoid formula (Magnusson et al. 2003):V = 4/3m (length/2)
(breadth/2)% In addition, | calculated the number of consumed items (N) and its percent (N,); the frequency of oc-
currence (F, number of stomachs in which a given prey category was found), and its percent (F,); and the volume
(V) and its percent (V) for each prey category. | calculated the Index of Relative Importance (IRI) for every prey
category by IRl = (N, +V, +F,)/3 (Pianka 1973). We used the Levins'index (B ) (Krebs 1989) to calculate the trophic
niche breadth: B” = 1/5Pi”. Pi = fraction of items in the food category i; for standardization of niche breadth (B,),
we use the Hurlbert (1978) proposal: dividing B” by the total number of resource states after correcting for a finite
number of resources; range = 0 (no diversity, exclusive use of a single prey type, specialist) to 1 (highest

Figure 1. Studied agroecosystems, with (A) Zea mays and (B) Colocasia esculenta crops. (C) Damage in Z. mays leaves. (D) Lepidoptera larvae
feeding on a corncob.
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diversity, prey items of all categories, generalist). In addition, we calculated niche overlap between species using
Pianka's overlap index (POl hereafter) (Pianka 1973), which varies from 0 (no overlap) to 1 (complete overlap).

Statistical analysis. We applied a normality test (Shapiro-Wilk) to see if the data were normally distrib-
uted. Since the data were not normally distributed, | conducted the Mann-Whitney U-test for comparison of SVL
among species, and SVL/PL, and SVL/number of prey, and volume of prey consumed between species. | conducted
a Spearman correlation coefficient and a simple linear regression to test the correlations and tendencies of SVL/PL,
and SVL/number of prey consumed between species. For all tests P > 0.05.

Results

| sampled 52 frogs: 12 Eleutherodactylus atkinsi, with 19.2-34.7 mm SVL (26.6 £+ 2.59, mean =+ SD), 13 E. goini, with
20.7-33.3 mm SVL (25.0 + 9.14, mean = SD), and 27 Osteopilus septentrionalis, 26.8-108.7 mm SVL (77.0 = 35.89,
mean =+ SD). Eleutherodactylus atkinsi and E. goini had similar SVL (U-test = 39.000, P = 0.158), but statistically sig-
nificant differences were observed between the two Eleutherodactylus and O. septentrionalis in SVL (U-test = 6.500,
P =0.000).

Diet. Forty-three frogs had prey in their stomachs (82.7%), and only nine individuals had empty stomachs
(17.3%) (Table 1). In this study, larger frogs tended to consume larger prey (R’= 0.476; Spearman, 0.477). Eleuthero-
dactylus atkinsi and E. goini consumed prey with similar length (U-test = 39.000, P = 0.158), but both Eleutherodacty-
lus consumed significantly smaller prey than O. septentrionalis (U-test = 31.000, P = 0.000). All three frogs combined
consumed 192 invertebrates of 30 taxa (total rate of 4.5 prey/stomach), with a total volume of 5064 mm?. Large
frogs consumed fewer prey (R* = 0.38; Spearman, -0.75). Eleutherodactylus atkinsi and E. goini consumed a similar
amount of prey items (U-test = 42.50, P = 0.235), but O. septentrionalis consumed significantly lower numbers of
prey than both Eleutherodactylus (U-test = 29.000, P = 0.000). Differences were observed in the volume of prey
consumed between Eleutherodactylus and O. septentrionalis (U-test = 50.000, P = 0.000), and similarities occurred
between both Eleutherodactylus (U-test = 117.0, P = 0.271). Eleutherodactylus atkinsi consumed 5.64 prey/stomach,
with a volume of 115.42 mm?; E. goini had the highest prey consumption rate (7.83 prey/stomach), and the lowest
volume (112.36 mm?). Osteopilus septentrionalis had the lowest rate of consumption (1.8 prey/stomach) but the
highest volume (4836 mm?) (Table 1).

Eleutherodactylus atkinsi ate mostly Hymenoptera (Formicidae), Isopoda, Coleoptera, and Aranae; E. goini
ate Hymenoptera (Formicidae), Lepidoptera larvae (Fig. 1D), and Aranae (Table 1). The most consumed prey by O.
septentrionalis were Lepidoptera larvae and Blattodea (Table 1). Large amounts of the invasive fire ant (Wasmannia
auropunctata) were observed in the stomachs of the Eleutherodactylus frogs. In one E. goini, a piece of inorganic
material (a nylon thread) was observed.

Niche overlap and Niche breadth. Eleutherodactylus goini had the broadest diet of the studied species
(BA=0.37), with a richness of 20 prey taxa consumed, followed by E. atkinsi (BA = 0.27; 15 prey taxa); while O. septen-
trionalis exhibited the narrowest diet (BA = 0.17; 14 prey taxa) (Table 1). | detected an overlap in diet consumption
between Eleutherodactylus species (POl = 0.70), where both consumed similar amounts of Hymenoptera (Formi-
cidae), Aranae, Isoptera, and Lepidoptera larvae (Table 1). Meanwhile, E. goini and O. septentrionalis overlapped in
Lepidoptera larvae, Isoptera, and Blattodea (POl = 0.50, Table 1). | observed less overlap among E. atkinsi and O.
septentrionalis (POl = 0.34), due to the differential consumption of Lepidoptera larvae and Isoptera, respectively
(Table 1).

Discussion

Anurans are known to prey on noxious arthropods (Okada 1938) and they play an important role in controlling
pest insects (Okada 1938; Attademo et al. 2005). Here | examine anuran diet in agroecosystems from Cuba. Despite
the fact that the results presented here may be biased because the small sample size, this approach establishes
a baseline to extend the study on the diet of Cuban amphibians in agroecosystems. This study contributes to the
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Table 1. Diet composition of Eleutherodactylus atkinsi, E. goini, and O. septentrionalis in the study area.

Classes Orders Eleutherodactylus atkinsi (N=11) Eleutherodactylus goini (N=12) Osteopilus septentrionalis (N=20)
F(%) N(%) V(%) IRI(%) F((%) N(%) V (%) IRI (%) F (%) N (%) V (%) IRI (%)
Diplopoda Polydesmida 0 0] 0 0 2(4.000 2(2.13) 11.29(10.1) 5.39 0 0 0 0
Spirobolida 0 0 0 0 2(4.00) 2(2.13) 2.18(1.94) 269 0 0 0 0
Chilopoda Scolopendromorpha 0 0 0 0 2(4.00) 2(2.13) 0.66(0.59) 3.84 1(3.33) 1(2.78) 400 (8.26) 4.79
Arachnida Aranae 5(11.6) 8(12.9) 57(4.94) 9.82 5(10.0) 6(6.38) 1.29(1.15) 5.84 1(3.33) 1(2.78) 3.39(0.07) 2.06
Opiliones 0 0 0 0 2(4.00) 2(2.13) 0.04(0.04) 206 0 0 0 0
Acari
Mesostigmata 3(6.98) 3(4.84) 0.19(0.16) 3.99 1(2.00) 1(1.06) 0.21(0.19) 1.08 0 0 0 0
Hexapoda Orthoptera 5(11.6) 5(8.06) 7.2(6.24) 8.64 0 0 0 0 1(3.33) 1(278) 114(237) 2.83
:ﬁ’::)mptera (Formi= 4 (9.30) 10(16.1) 1.1(095) 879 5(10.0) 29(309) 252(224) 144 1(333) 1(278) 517(0.11) 207
Wasmannia auropunctata 7 (16.3) 10 (16.1) 0.29 (0.25) 10.9 5(10.0) 18(19.2) 0.80(0.71) 9.95 0 0 0 0
Diptera 0 0 0 0 1(2.00) 1(1.06) 0.20(0.18) 1.08 1(3.33) 1(2.78) 4.36(0.09) 2.07
Cucilidae 2(4.65) 2(3.23) 5.48(4.75) 4.21 0 0 0 0 0 0 0 0
larvae 1(2.33) 2(3.23) 0.97(0.84) 2.13 2(4.00) 2(2.13) 14.2(12.6) 6.24 0 0 0 0
Lepidoptera 1(2.33) 1(1.61) 6.32(5.48) 3.14 0 0 0 0 4(13.3) 5(13.89) 28.7(0.59) 9.27
larvae 3(6.98) 4(6.45) 17.4(15.1) 9.5 5(10.0) 6(6.38) 36.2(32.2) 16.2 9(30.0) 10(27.78) 145(3.01) 203
Blattodea 0 0 0 0 3(6.000 3(3.19) 20.5(18.2) 9.13 3(10) 4(11.11) 888(18.4) 13.2
Periplaneta americana 0 0 0 0 0 0 0 0 2(6.67) 2(5.56) 2113(43.7) 18.7
Coleoptera
Anobiidae 0 0 0 0 1(2.00) 1(1.06) 0.22(0.20) 1.09 0 0 0 0
Carabidae 0 0 0 0 1(2.00) 1(1.06) 9.96(8.86) 3.97 0 0 0 0
Chrysomelidae 1(2.33) 1(1.61) 37.6(32.6) 12.18 0 0 0 0 0 0 0 0
Curculionidae 0 0 0 0 1(2.00) 1(1.06) 0.93(0.83) 1.30 0 0 0 0
Passalidae 4(9.30) 4(6.45) 6.68(5.79) 7.18 0 0 0 0 0 0 0 0
Staphylinidae 0 0 0 0 1(2.00) 1(1.06) 0.27(0.24) 1.10 0 0 0 0
Protrura 0 0 0 0 3(6.000 3(3.19) 1.35(1.20) 3.46 0 0 0 0
Hemiptera 0 0 0 0 0 0 0 0 1(3.33) 1(2.78) 8.56(0.18) 2.10
Fulgoridae 1(233) 1(1.61) 1.49(1.29) 1.74 2(400) 3(3.19) 3.52(3.13) 344 1(3.33) 1(2.78) 4.91(0.10) 2.07
Heteroptera
Cydnidae 1(2.33) 1(1.61) 14.6(12.6) 5.52 0 0 0 0 0 0 0 0
Collembola 1(2.33) 1(1.61) 0.1(0.09) 134 1(2.00) 1(1.06) 0.11(0.10) 1.05 0 0 0 0
Gastropoda Systellommatophora
Leidyulasp. 0 0 0 0 0 0 0 0 2(6.67) 4(11.11) 799(16.51) 1.4
Stylommatophora
Polygyridae
Praticolella griseola 0 0 0 0 0 0 0 0 2(6.67) 2(556) 299(6.19) 6.14
Crustacea Isopoda 4(9.30) 9(14.5) 10.3(8.96) 10.93 5(10.0) 9(9.57) 6.05(5.38) 832 1(3.33) 2(5.56) 23.0(0.47) 2.12
Inorganic Material 0 0 0 0 1 1 0 0 0 0 0 0
Vegetal material 0 0 0 0 1 1 0 0 1 1 0 0
Dirt and rocks 0 0 0 0 1 1 0 0 1 1 0 0

knowledge of the ecological role of this group as it relates to the economics and social development of this coun-
try.

A weak relationship between SVL and prey length is known for some Eleutherodactylus frogs in the West
Indies (Woolbright & Stewart 1987; Ovaska 1991; Joglar 1998), and consequently for Cuban species (Garcia-Pa-
drén & Borrego 2020; Garcia-Padron et al. 2021). | obtained similar results in this study, but larger frogs tend to
consume larger prey, especially Osteopilus septentrionalis, than the studied Eleutherodactylus. The number of prey
per stomach was negatively correlated with SVL. Eleutherodactylus atkinsi and E. goini tend to consume more prey
items than O. septentrionalis; nonetheless, this hylid had a higher volume of prey than the two Eleutherodactylus
combined.
Some arthropods, such as Orthoptera, Lepidoptera, Coleoptera, and Hemiptera, have been recognized as “direct
damagers” of plants, because they directly feed or oviposit on them, or act as vectors of pathogens (Gillott 2005;
this study, Fig. 1C, 1D). In this study, the most consumed prey were Lepidoptera (both adults and larvae), followed
by Hymenoptera (Formicidae), and Blattodea. Differences in type of prey, prey size, and the amount of prey con-
sumed could be ecological responses to avoid trophic overlap in syntopic species (Werner et al. 1995). A nylon
thread was observed in one E. goini, probably consumed accidently. Unfortunately, trash deposits are common
in the study area, due to such human activities such as agriculture, and raising cattle and chickens, and this could
cause injury or even death to these frogs. The variety of invertebrates consumed by the studied species may
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suggest that they could potentially be an important biological control factor of the invertebrate community in the
studied agroecosystems, but longer scale studies are recommended to demonstrate this hypothesis. A prey per
stomach rate (4.5 prey/individual), the total amount of prey consumed (192 items), and the high volume of prey
consumed (5064 mm?) may suggest a positive impact of these native frogs to the agroecosystems, as well as to
human health and economy (by controlling noxious and damaging invertebrates), despite the small sample size
(Fig. 1C, 1D).

| detected invasive species in stomach contents, which represented a volumetrically important partin the
diet of the three frogs studied. Eleutherodactylus consumed a large number of the invasive fire ant (W. auropunta-
ta), and O. septentrionalis consumed many roaches, especially P. americana, which are both plagues in Cuba. The
land slug Leidyula sp., and the introduced and invasive snail Praticolella griseola, may directly affect agroecosystems
in urban and rural areas in Cuba (Vazquez et al. 2005; Espinosa & Ortea 2009; Matamoros 2014). Osteopilus septen-
trionalis consumed largely these species of mollusks in the study area, and were represented in 13% of its stomach
samples (see Table 1).

Previous studies demonstrate that habitat modification for crops is less favorable to amphibians than
un-modified forested areas (Fong 1999; Ray et al. 2002). Garcia-Padréon & Borrego (2020) examined the diet compo-
sition of E. atkinsi in forested areas and they observed more diversity and abundance of prey consumed (numeri-
cally and volumetrically; Garcia-Padrén & Borrego 2020) than in the present study. This species had a preference for
formicids, isopods, spiders, and at a lower rate, crickets (Garcia-Padrén & Borrego 2020). A low prevalence of Lep-
idoptera was observed in forested areas (Garcia-Padrén & Borrego 2020); however, | observed a high rate of con-
sumption in agroecosystems, mostly at the larva stage, which is harmful to crops (Gillott 2005; this study, Fig. 1C,
1D). Eleutherodactylus atkinsi consumed similar prey categories in the forest and in agroecosystems (Garcia-Padron
& Borrego 2020; this study); this may suggest that this frog has a relatively narrow trophic niche and a high spe-
cialization on those types of prey. Osteopilus septentrionalis is a generalist predator and a strong competitor that
consumes larger prey than other syntopic amphibians, with a high preference for beetles (Meshaka 2001; Owen
2005; Glorioso et al. 2012). Glorioso et al. (2012) evaluated the diet composition of O. septentrionalis in forested situ-
ations in Florida, and they observed a large consumption of coleopterans, roaches, orthopterans, spiders, formicids
and lepidopteran larvae. Similar results (in diversity and number of prey consumed) were obtained in the present
study despite smaller sample sizes, which corroborates the enormous trophic plasticity of this frog. On the other
hand, no other contribution regarding the diet of E. goini has been made in Cuba, therefore this contribution is the
first approach to the diet of this species. Disturbance of habitats can affect amphibians and their arthropod prey
and thus affect resource uptake (Trueba et al. 1999; Prinzing et al. 2007; Battles et al. 2013). This could be a plausible
hypothesis to the lesser diversity of suitable prey consumed by the studied species in this agroecosystems when
compared with forests, but further studies are encouraged.

The reduction or absence of frogs is inversely proportional to the abundance of certain arthropods (Beard
et al. 2003; Luria-Manzano & Ramirez-Bautista 2019). Therefore, the reduction of anuran communities in agroeco-
systems may have negative consequences for crops, and consequently the local and/or regional economy, by
increasing the harmful arthropod plague in those areas. Additional studies about temporal variation (e.g. rich-
ness, abundance, crop damage evaluation, etc.) of invertebrate communities during the growing season and after
harvest and the impact of anurans on this invertebrate community in the studied agroecosystem, are necessary.
Native anurans may be important in controlling arthropod pests in agroecosystems while avoiding the negative
side effects of pesticides (Attademo et al. 2005, 2007). In addition, many vertebrates (e.g. mammals, birds, fishes,
amphibians, and reptiles) are known as regulators of insect populations (Gullan & Cranston 2014). The combined
action of several native biological control agents, vertebrates and insect-consuming invertebrates, could have a
positive influence on agroecosystems by controlling and/or eradicating the phytophagous insects that negatively
impact crops.
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