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Abstract: The small-clawed otter (Aonyx cinereus) is one of four otter species in Indonesia. This species
consumes various types of animals. The availability of prey animal depends on its environmental
conditions. Therefore, this study aimed to examine relationship between temporal environmental factors
and diet composition of the small-clawed otter in paddy field landscape. We examined 415 spraints
collected from a heterogeneous paddy field landscape in West Sumatra, Indonesia. We found that small-
clawed otter consumed fishes, snails, crabs, reptiles, frogs, birds, and mammals. Unlike in the natural
habitat, fish became the dominant diet rather than crabs. Furthermore, we performed generalized linear
model (GLM) analysis to explain the temporal environmental factors that affect composition of small-
clawed otter’s diet. GLM analyses revealed that temperature, rainfall, water level and cultivation stage
were not significantly related to fish composition in small-clawed otter diet. Water level showed positive
relationship to snails in the diet composition. Temperature showed positive relationship to both insect and
frogs in the diet composition.

Keywords: Generalized Linear Model, Paddy field cultivation stage, Score-Bulk estimate, Opportunist
predator

INTRODUCTION

The small-clawed otter (Aonyx cinereus) is one of four otter species in Indonesia. The
small-clawed otter is adapted to the tropical climates of South and Southeast Asia (Melisch
et al., 1994). This species can be found in freshwater and brackish water, including swamp
forests, rice fields, lakes, streams, reservoirs, waterways, mangroves, and along the coast
(Sivasothi and Nor, 1994). The small-clawed otter is listed in The International Union for
Conversation of Nature’s Red List as a Vulnerable animal. (Wright et al., 2015). Since
November 2019, the status of the small clawed otter in CITES is upgraded from Appendix
I1 to Appendix | (Okamoto et al., 2020).

Small-clawed otters consume various types of animals: fish, crabs, molluscs,
amphibians, insects, reptiles, birds, and mammals (Foster-Turley, 1992; Kruuk et al., 1994;
Anoop and Hussain, 2005; Hon et al., 2010; Aadrean et al., 2011). In their natural habitat,
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the small-clawed otter prefers to eat crabs rather than other aquatic animals (Kruuk et al.,
1994; Hon et al., 2010).

The availability of prey species in a habitat is a main factor influencing prey selection
(De Silva, 1991). In addition, geographical factors such as latitude, altitude, and climate
determine the eating habits of a species (Remonti et al., 2009). Variations in food resources
can influence the selection of animal habitats (Wang et al., 2010). Research on diet
composition can provide an overview of animal ecological niches and help to design
strategies in conservation management in a landscape (Kruuk, 2006). Furthermore, a
landscape has a spatio-temporal dynamic that influences the ecological interaction of the
organisms. However, previous studies on small-clawed otter diet composition have not yet
revealed information on its relationship to temporal environmental factors (Kruuk et al.,
1994; Hon et al., 2010; Foster Turley, 1992; Kanchasanaka and Duplaix, 2011; Aadrean et
al., 2011; Abdul Patah et al., 2014).

The existence of small-clawed otters in the paddy fields of West Sumatra had been
reported by Aadrean et al., (2010). Paddy fields are an inundated aquatic ecosystem that
supports various types of aquatic animals (Che Salmah et al., 2017). Paddy ecosystems have
a high diversity of fauna. This diversity is largely determined by the environmental
conditions of the rice fields (Heong et al., 1991). In addition, Aadrean and Usio (2017; 2020)
have also described the characteristics of latrine site of small-clawed otters in the West
Sumatra paddy field and its relationship to environmental factors. However, the research did
not report on diet composition of small-clawed otter, and its relationship to temporal
environmental factors. The purpose of this study, therefore, was to determine the effect of
environmental factors of paddy on the diet of small- clawed otters.

STUDY SITE AND METHOD
Study site

We studied small-clawed otters in paddy fields in Lubuk Alung sub-district, Padang
Pariaman Regency, West Sumatra, Indonesia (00°38'00"S — 00°40'40"S, 100°17'10" —
100°20'20" E, with altitude 25 — 50 m above sea level) (Fig. 1). The paddy field landscape
has an area of 3.139 Ha, with most of them (2.815 Ha) irrigated with technical irrigation
from the Anai Dam irrigation project. This area has a tropical climate. Rainfall in Lubuk
Alung has a range of 138 — 853.2 mm/month, with an average of 558.225 mm/month
(Statistics Indonesia, 2013-2017).

The paddy fields in this study were owned and managed by individuals or small groups
of farmers. Paddy cultivation in the study site can take place two or three times per year.
Because there is no great fluctuations in climate conditions, and thertr is all-day availability
of water from the Anai Dam, farmers may determine for themselves when to plant rice in
their paddy fields. As a result, the paddy cultivation stage was asynchronous, creating
heterogeneous paddy field landscape.

Otter Diet

We examined 415 spraints collected from the Lubuk Alung paddy field from March
2015 to April 2017. The spraints were collected weekly from 25 latrine sites recorded during
a previous study (Aadrean and Usio, 2017), which investigated latrine site characteristics
and visitation rates. While collecting each spraint specimen, Aadrean and Usio (2017)
recorded rice cultivation stage and water level of the paddy field adjacent to the latrine site.
Prior to identification, the spraints were washed in water and then air-dried. For
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identification, we used reference material created from prey species collected in the study
site.
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Figure 1. Map of the study site in West Sumatra

Data Analysis

Diet composition was analyzed by occurrence frequency, relative occurrence
frequency (Anoop and Hussain, 2005) and Score-Bulk Estimate (SBE) (Fonseca et al., 2008).
Then to conclude, we used the Rescaled Important Index (RII) proposed by Fonseca et al.,
(2008). Scores of SBE were obtained by multiplying the dry weight of the spraint with the
visual proportion value (ranged from 1 to 10) of each prey animal category.

To reveal any relationship between temporal environmental factors and diet
composition, we performed statistical modeling. We used the SBE of each diet composition
category for response variable (Table 1). We only selected prey categories that had an
occurrence frequency of more than 10% (fishes, molluscs, insects and frogs). We used
cultivation stage, water level of paddy fields, temperature and rainfall as predictor variables.
The temperature and rainfall data were obtained from Meteorological, Climatological, and
Geophysical Agency (BMKG) data extracted from annual profile of Padang Pariaman
regency (Statistics Indonesia, 2016-2018). Cultivation stage wase divided into 4 categories:
preparation, vegetative, generative, and postharvest. Preparation stage is the period starting
from when paddy fields are ploughed until the farmers plant the rice seedlings. Vegetative
stage is the period from farmers starting to plant rice until the emergence of the paddy
flowers. Generative stage starts from the period of flowering until farmers harvest the rice.
Postharvest is when the period after harvesting until the fields are ploughed again.

We examined the relationship in two levels of model; spraint site level and landscape
level. In spraint site level, we used diet composition of each spraint specimen. In landscape
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level, we pooled diet composition of spraints that were collected from each weekly sampling
effort. Thus, we averaged the SBE and other environmental factors, except for cultivation
stage, where we used dominant stage as the input data (Table 2).

Table 1. Response variables used in the GLM models

Prey Item  Model Type Data Summary (min — max; averagexSD)
Fishes Spraint site level Range 0.00 — 35.00; Average 13.65 = 8.16
Landscape level Range 4.60 — 31.50; Average 14.12 + 4.94
Molluscs Spraint site level Range 0.00 — 31.50; Average 6.01+5.52
Landscape level Range 0.00 — 11.6; Average 5.85 = 2.55
Insects Spraint site level Range 0.00 — 17.60; Average 2.71 + 2.80
Landscape level Range 0.00 — 7.00; Average 2.55 +1.33
Frogs Spraint site level Range 0.00 — 14.00; Average 1.21 +2.12
Landscape level Range 0 — 4.10; Average 1.22 + 1.03

Table 2. Predictor variables used in the GLM models
Environmental Variables Model Type Data Summary
(min, max, averagexSD, or
number of data)
Cultivation Stage Point Preparation = 44
Vegetative = 234
Generative = 91
Postharvest = 32
Landscape level Preparation = 12
Vegetative = 20
Generative = 14
Postharvest =9

Rainfall Point Range 169 — 643 mm
Average 369.53 + 168.36
Landscape level Range 169 — 643 mm
Average 373.78 £172.9
Temperature Point Range 24.7 - 31.2
Average 26.19 + 1.67
Landscape level Range 24.7 - 31.2
Average 26.12 + 1.58
Water Level Point Range 0 — 17 cm
Average 2.25 + 2.97
Landscape level Range 0.31 - 4.16 cm

Average 1.64 £ 0.75

We explored all combination between predictor variable and then analyzed using the
General Linear Model (GLM). The best model is selected based on the value of Akaike's
Information Criterion (AIC). The best modeling is chosen based on the smallest AIC value.
When there are two or more models that have the smallest AIC value (AAIC <2), the model
that has the least number of parameters is chosen.
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RESULTS

We found that the diet composition of small-clawed otters in the paddy fields consist
of fishes, snails, insects, frogs, crabs, mammals, birds and reptiles. Fish showed as dominant
composition in the diet. Remains of fish were almost found in every spraint specimen
(99.04% of occurrence frequency). We found snails (dominantly golden-apple snails) in high
occurrence frequency (91.08%) in the diet composition, although SBE of the category was

not such high (24.84%). Remains of crabs were found in only 4.10% occurrence frequency
(Table 3).

Table 3. Diet composition of small-clawed otter in a paddy field landscape (n=415)

Category OF ROF SBE RII
Fish 99.04% 32.21% 57.13% 63.57%
Snails 91.08% 29.62% 24.84% 25.43%
Insects 71.08% 23.12% 11.22% 8.96%
Frogs 34.46% 11.21% 5.06% 1.96%
Mammals 4.82% 1.57% 0.76% 0.04%
Crabs 4.10% 1.33% 0.64% 0.03%
Aves 2.41% 0.78% 0.29% 0.01%
Reptile 0.48% 0.16% 0.06% 0.0003%

OF= Occurrence Frequency, ROF = Relative Occurrence Frequency,
SBE= Score-Bulk Estimate, RIl = Rescaled Important Index).

GLM analyses revealed that temperature, rainfall, water level and cultivation stage
were not significantly related to fish composition in small-clawed otter diet (Table 4). The
best model for fishes in both spraint-site and landscape level was the model without predictor
variable (null model) (Table 5). Water level showed positive relationship to snails in the diet
composition in spraint site level (AIC = 2508.53, P=0.0449) (Fig. 2). However, there was
no predictor has significant relationship in landscape level. Temperature showed positive
relationship to insect and frogs in the diet composition in both spraint site and landscape
level (all P<0.01) (Fig. 3; Fig. 4).

30 -

20~

SBE

10-

0-

0 5 10 15

Water level

Figure 2. Relationship between paddy field water level and snails in diet composition
of small-clawed otters in spraint site level
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Table 4. Estimation of the best modeling parameters in diet composition of small-clawed otter. Only models that have AAIC < 2 are listed in this Table (N=401)
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Prey Item Model Type | Model Covariate Estimate SE Z Value P Value AlIC AAIC
Spraint site null 2823.01 0
Fishes :_e;/riljsca e 0
ovel S [ 334.78
temperature + water 2508.47 0
water 2508.53 0,06
o intercept 5.59115 0.34422 16.243 <0.00001***
Isef\’g'”t site ™ ater 0.18586 | 0.09238 2.012 0.0449*
stage + temperature + water 2509.75 1.28
stage + water 2509.83 1.36
Snail rainfall + water 2510.06 1.59
rainfall 261.7 0
null 261.96 0.04
Landscape intercept 5.8473 0.3436 17.02 <0.00001***
level rainfall + water 263.05 1.35
water 263.3 1.6
rainfall + temperature 263.64 1.94
temperature 1960.61 0
intercept -3.15377 2.17753 -1.448 0.14831
i?g‘l‘“t Site ™ emperature 0.22405 | 008299 | 2.700 0.00723**
rainfall + temperature 1962.58 1.97
Insect temperatu_re + water 1962.60 1.99
+ + +
:;arﬁ]sera:ilrr;fall water 184.06 0
Landscape stage + water + temperature 184.79 0.73
level temperature 185.61 1.55
intercept -5.1303 2.8443 -1.804 0.07696.
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temperature 0.2940 0.1087 2.705 0.00916**
o temperature 1735.48 0
fg\’/ﬁ'”t S intercept 443998 | 164457 | -2.700 0.7234**
temperature 0.21574 0.06267 3.442 0.000638***
Frogs temperature 156.01 0
intercept -5.20898 217311 -2.397 0.02009*
:;%r;cliscape femperature 0.24610 | 0.083404 | 2.964 0.00455%*
rainfall + temperature 157.03 111
water + temperature 157.97 1.35

Table 5. Summary of significant predictor variables for the best models

Prey Category Spraint site level Landscape level
Fishes null null
Snails water null
Insects temperature temperature
Frogs temperature temperature
Table 6. Comparison of diet composition of small-clawed otters from this study with published data (OF = Occurrence frequency. ROF = relative occurrence frequency)
No Cateqor This study Kruuk et al., (1994) Hon et al., (2010) Kanchasanaka and Duplaix, (2011) Abdul Patah et al., (2014)
gory %OF %ROF _ %OF  %ROF %weight %BP %OF
1 Crab 4.10 1.33 95 90 85 40.50 22.2
2 Snail 91.08 29.62 - 0 - 22.10 8.3
3 Insect 71.08 23.12 5 0 - 3.10 41.7
4 Fish 99.04 32.21 40 5 10 19.30 27.7
5 Amphibian 34.46 11.21 40 5 - 0.10 -
7 Aves 241 0.78 - - - - -
8 Reptile 0.48 0.16 - - - 8.50 -
9 Mammals 4.82 157 15 0 - - -
10 Shrimp - - - - - 0.30 -
11 Not identified - - - - 5 6.10 -
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Figure 3. Relationship between temperature and insects in diet composition of small-clawed otters
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Figure 4. Relationship between temperature and frogs in diet composition of small-clawed otters

DISCUSSION
Diet Composition

This study found that fish are the dominant diet of small-clawed otter. This result differs
from studies in other natural habitats, such as in Thai rivers (Kruuk et al., 1994), in the
northeastern rivers of Cambodia (Hon et al., 2010), in peat swamp forests of southern
Thailand (Kanchanasaka and Duplaix, 2011) that showed crabs as a dominant food, and in
combined habitat type in peninsular Malaysia that showed insects as a dominant food (Abdul-
Patah et al., 2014) (Table 6). Habitat changes may cause the transition of dominant prey.
Because otters are opportunistic predators, they will forage on prey species according to the
prey available in their habitat (Clavero et al., 2003).

The availability of prey is the main factor that determines the diet of otters in their
habitat (De Silva, 1991; Foster-Turley, 1992; Kruuk, 2006). Crab is lacking in our study site.
As a comparison, paddy fields in Java that were described by Melisch et al. (1996) were
destroyed by Potamon crabs. Paddy fields with irrigation canals allow fishes to be available
as prey to small-clawed otters. The existence of paddy fields that are close to community
settlements that have fish ponds, can be also a factor that causes fish to become the dominant
food, although it is necessary to examine whether the small-clawed otters in this location prey
on fish from community ponds or from small watercourses in the paddy fields.

The snail category also appeared as dominant in the diet composition of small clawed
otters (91.08% occurrence frequency). Golden apple snail (Pomacea canaliculata) is
abundant in this paddy field. We could not confirm yet whether the snails are food substitution
for crabs or not; however, the morphology of the last two, large, upper teeth of small-clawed
otters are specialized to crush crabs and other hard-shelled prey (Hussain et al., 2011). The
Golden apple snail is an invasive species that has developed into a pest of rice plants in rice
fields throughout the world (Suharto, 2002). Golden apple snails are therefore classified as
the 100 worst invasive species in the world by the Invasive Species Group (ISSG) (Lowe et
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al., 2000). This result may be used to design the future development of environmentally
friendly agriculture. Without using chemicals, farmers may control the golden apple snail pest
by using the small-clawed otters as natural pest controls. Further research is necessary to
confirm the effectiveness of this.

The Relationship of Environmental Factors with the Diet of Small-Clawed Otters.

Interestingly, there was no predictor for a relationship with fishes in the diet
composition of small-clawed otter. This finding suggests that, availability of fishes in the
paddy field did not relate to the dtage of cultivation. Cultivation in our study site is
asynchronous. Even though one paddy field has entered a post-harvesting stage, the other
paddy fields may still in vegetative stage. In such conditions, the canals and ditches are mostly
inundated by water throughout the year. The main source of fishes is probably the irrigation
ditches and canals. Moreover, in tropical climate regions, the growth and reproduction cycles
of fishe are mostly asynchronous. The availability of fish will be biologically stable
throughout the year.

Snails in the diet of small-clawed otters had a positive correlation with water level. The
slow moving traits of snails limit them to be highly depend on the conditions in a particular
paddy field. According to a0 previous study (Aadrean and Usio, 2020), the availability of
snails was greatest when the water level was higher. Furthermore, Widjajanti (1989) revealed
that the snail population tends to decrease in the last third of the period of rice growth and
before the harvest, because at that time the paddy water is reduced or almost dry.

The composition of insects in the diet is positively related to temperature. This is in
accordance with the statement of Haneda et al., (2013) that an increase in temperature will
affect the activity of insects, distribution, and breeding. Higher temperature will increase
availability of insects in the paddy field. Similarly, the amountof frogs in otter diets is also
positively related to temperature. The presence of animals that are exothermic, such as insects
and amphibians, is closely correlated to environmental temperature. In the study of Browne
and Edward (2003), temperature influences the growth and development of an amphibian
species. Amphibians are an important part of the otter diet in many locations (Erlinge, 1972;
Brzezifiski et al., 1993; Sulkava, 1996). Most of the research conducted to look at the annual
pattern of the highest amphibian consumed by otters occurs in late winter and early spring
(Weber, 1990; Brzezifiski et al., 1993; Sulkava, 1996).

Our study results may be used to enhance paddy cultivation management. If we consider
an environmentally friendly agriculture system, water management and asynchronous
cultivation system should be included in the consideration.
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RESUME

RELATION ENTRE FACTEURS ENVIRONNEMENTAUX TEMPORELS ET
COMPOSITION DU REGIME ALIMENTAIRE DE LA LOUTRE CENDREE (Aonyx
cinereus) DANS UN PAYSAGE DE RIZIERES HETEROGENE A SUMATRA, EN

INDONESIE

La loutre cendrée (Aonyx cinereus) est I'une des quatre espéces de loutres en Indonésie. Cette espece consomme
différents espéces d'animaux. La disponibilité en proie dépend de ses conditions environnementales. En
conséquence, cette étude visait a examiner la relation entre les facteurs environnementaux temporels et la
composition du régime alimentaire de la loutre cendrée dans un paysage des riziéres. Nous avons examiné 415
épreintes collectées dans ce paysage hétérogéne de riziéres a l'ouest de Sumatra, en Indonésie. Nous avons
constaté que la loutre cendrée consommait des poissons, des escargots, des crabes, des reptiles, des grenouilles,
des oiseaux et des mammiferes. Contrairement au milieu naturel, le poisson est devenu le régime alimentaire
dominant plut6t que les crabes. De plus, nous avons effectué une analyse a I’aide du Modéele Linéaire Généralisé
(MLG) pour expliquer les facteurs environnementaux temporels qui affectent la composition du régime
alimentaire de la loutre cendrée. Les analyses du MLG ont révélé que la température, les précipitations, le niveau
de I'eau et le stade de la culture n'étaient pas significativement corrélés & la composition des poissons du régime
alimentaire de la loutre cendrée. Il y avait une corrélation positive entre le niveau de I'eau et la présence
d’escargots dans la composition du régime alimentaire. De méme, il existait une corrélation positive entre la
température et la présence d’insectes et de grenouilles dans la composition du régime alimentaire.

RESUMEN
RELACION ENTRE FACTORES AMBIENTALES TEMPORARIOS Y
COMPOSICION DE LA DIETA EN LA NUTRIA DE UNAS PEQUENAS ASIATICA
(Aonyx cinereus) EN EL PAISAJE HETEROGENEO DE ARROZALES EN
SUMATRA, INDONESIA

La nutria de ufias pequefias asiatica (Aonyx cinereus) es una de las cuatro especies de nutria que hay en Indonesia.
Esta especie consume varios tipos de animales. La disponibilidad de presas depende de las condiciones
ambientales. Por lo tanto, este estudio estuvo dirigido a examinar la relacion entre factores ambientales
temporarios y la composicion de la dieta de la nutria de ufias pequefias, en un paisaje de arrozales. Examinammos
415 fecas colectadas en un paisaje heterogéneo de arrozales en Sumatra Occidental, Indonesia. Encontramos
que la nutria de ufias pequefias consume peces, caracoles, cangrejos, reptiles, ranas, aves, y mamiferos. A
diferencia de los habitats naturales, los peces fueron dominantes en la dieta, en lugar de los cangrejos. Ademas,
llevamos a cabo un analisis de Modelo Lineal Generalizado (GLM) para explicar los factores ambientales
temporarios que afectan la composicion de la dieta de la nutria de ufias pequefias. Los analisis GLM revelaron
que la temperatura, precipitacion, nivel del agua y estadio de cultivo no estuvieron relacionados
significativamente con el peso de los peces en la dieta de las nutrias. El nivel del agua mostré una relacion
positiva con el peso de los caracoles en la composicion de la dieta. La temperatura mostrd una relacion positiva
con el peso de los insectos, y de las ranas, en la composicion de la dieta. showed positive relationship to both
insect and frogs in the diet composition.
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