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Abstract The tadpole shrimp, Triops sinensis, was
discovered in the paddy fields of the Shouchang River
watershed. The gut contents of the shrimp from these field
populations were analyzed in order to quantify their dietary
patterns. Some species of tadpole shrimps were found to
prey on mosquito larvae as well as uproot weeds. Mosquito
larvae and weeds were seldom found in the paddy fields
which the tadpole shrimp inhabited in the Shouchang
River watershed. The results further showed that the larvae
of these tadpole shrimp mainly feed on algae and rice
lamina. The tadpole shrimp could feed on animal food
including protozoa, nematodes, rotifers, crustaceans, and
aquatic insect larvae, though the animal food was
subsidiary.
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1 Introduction

Tadpole shrimp are described as living in temporary
waters, such as rice paddies and temporary ponds (Thiery,
1997; Maeda-Martinez et al., 1997; Grygier et al., 2002;
Eder et al., 1997; Belk et al., 2002; Boix et al., 2002). The
tadpole shrimp, Triops sinensis (Crustacea, Notostraca),
are mainly distributed in the paddy fields in the Shouchang
River watershed. The tadpole shrimp, T. longicaudatus
(Tietze and Mulla, 1989, 1990, 1991) and T. granaries
(Maffi, 1962), are described as prey-in on mosquito larvae
and are considered as a biological control agent for
mosquitoes. Triops can also uproot weeds and has been
used to control weeds in rice fields (Takahashi, 1977a, b;
Takahashi and Gohda, 1981). Previously, we found that

mosquito larvae and weeds were seldom found in the
paddy fields which the tadpole shrimp inhabited in the
Shouchang River watershed, wherein the density of the
shrimp population was large and the shrimp grew and bred
normally in the field. What do tadpole shrimp feed on in
these paddy fields? The current study aims to explain the
dietary patterns of these shrimp which inhabit the paddy
fields in the Shouchang River watershed.
The Shouchang River watershed is located in Jiande

County (E118°54′–119°45′, N29°14′–46′), western Zhe-
jiang Province, China. The Shouchang River is the largest
branch river of the Xinan River (part of the Qiantang
River). The length of the river is about 63 km. The
headwater of the river is Dakengyuan in Lijia Town. The
river crosses the Xinan River at Luotongfu. The land area
of the Shouchang River watershed is about 629.47 km2.
The watershed is mainly in the rice producing area of
Jiande County.

2 Materials and methods

The tadpole shrimp species were collected in the paddy
fields at Hangtou Town, a mid-area of the watershed, from
April 1 to May 30, 2003. The species were collected at the
same site every week and immediately fixed with alcohol
(70%). A random sample of 15 shrimp was drawn from the
field during each collecting trip. Body length and width
were measured using vernier calipers. Sex ratio was
determined per sample. The gut was divided into fore-gut
(the part in the region of the trunk with appendages) and
hind-gut (the part in the region of the trunk without appen-
dages). The contents of the gut were diluted with 10 mL
double distilled water after the gut was dissected. The
liquid (0.05 mL) was extracted and enclosed in temporary
glass slides. Ten slides were made for each sample. Ten
micro fields of vision were counted on every slide with a
microscope. One hundred fields of vision were observed
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for each tadpole shrimp. The frequency of each food item
in the gut was quantified. Algae were identified to genus.

3 Results and discussion

3.1 Composition of food

The gut contents of the tadpole shrimp, T. sinensis,
inhabiting the paddy fields of the Shouchang River
watershed, indicated an omnivorous diet of these shrimp.
The food included benthic algae, rice lamina, protozoa,
nematodes, rotifers, crustaceans, aquatic insects, and
congener (Table 1). The composition of food was mainly
plant material, with a frequency of about 90.445%; most of
this included diatoms (27.90%) and rice lamina (46.20%).
Navicula sp. was 43.06% of diatoms. The animal food was
only 8.8%. The results showed that the feeding pattern of
the shrimp was scraping benthic algae, browsing on rice
lamina, and preying on laggardly animals. There was no
obligatory micro-zooplankton found in the food. These
suggest the shrimp did not obtain food by filtering. It has
been reported that T. sinensis can browse on algae, but the
shrimp were not found in water full of chlorella (Chen and
Chen, 1999).

It was estimated that Navicula sp. was the dominant
species in these fields; therefore, the higher incidence of
Navicula sp. was likely due to its relative abundance rather
than to a specific shrimp preference for this alga.
It has been reported that tadpole shrimp can feed on rice

seedlings (Rosenberg, 1947) and the bud and root of tender
weeds in the paddy fields (Takahashi, 1977b). The tadpole
shrimp, T. sinensis, also like browsing on rice lamina
(46.2%) as their major food. In China, the primary mode of
cultivation of rice is to transplant the seedlings; therefore,
the tadpole shrimp browsing on rice has little influence on
rice production. The tadpole shrimp not only scraped algae
and browsed on rice lamina but also preyed on protozoa,
nematodes, rotifers, crustaceans, and insect larvae. In the
latter animal foods, the tadpole shrimp mainly preyed-on
bigger, laggardly fairy shrimp, Branchinella kugenumaen-
sis (4.23%), which were also in the temporary waters.
Previous reports suggest that tadpole shrimp feed on

mosquito larvae and therefore can be used for controlling
mosquitoes (Su and Mulla, 2002; Maffi, 1962; Tietze and
Mulla, 1989, 1990, 1991). Although tadpole shrimp were
shown to feed on mosquito larvae in this study, the larvae
were not their main food; thus, it is unclear how important
such predation is to mosquito control. There were a
number of organic granules in the tadpole shrimp gut, and

Table 1 Composition and frequency (%) of the contents in the gut of the tadpole shrimp, T. sinensis

categories females males mean�S.E.

algae 42.25 46.14 44.20�1.95

Cyanophyta 6.04 8.06 7.05�1.01

Microcystis sp. 1.93 0.52 1.23�0.71

Phormidium sp. 0.47 0.19 0.33�0.14

Chamaesiphon sp. 0.00 0.03 0.02�0.02

Dermocarpa sp. 0.29 0.23 0.26�0.03

Lyngbya sp. 1.46 3.10 2.28�0.82

Tolypothrix sp. 0.29 0.43 0.36�0.07

Spirulina sp. 0.90 2.05 1.48�0.58

Oscillatoria sp. 0.70 1.51 1.11�0.41

Bacillariophyta 28.17 27.57 27.87�0.30

Hantzschia sp. 1.60 1.46 1.53�0.07

Diatoma sp. 0.31 0.25 0.28�0.03

Pinnularia sp. 2.40 1.91 2.16�0.25

Navicula sp. 11.22 12.81 12.02�0.80

Bacillaria sp. 2.67 1.35 2.01�0.66

Cymbella sp. 0.70 0.90 0.80�0.10

Neidium sp. 0.33 0.32 0.33�0.01

Epithemia sp. 0.78 1.07 0.93�0.15

Opephora sp. 0.25 0.37 0.31�0.06

Diplneis sp. 0.16 0.49 0.33�0.17

Gomphonema sp. 0.27 0.56 0.42�0.15

Rhopalodia sp. 0.29 0.11 0.20�0.09

Cocconeis sp. 0.62 0.60 0.61�0.01

Surirella sp. 0.10 0.07 0.09�0.02
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we concluded that these granules were not from filter
feeding, but rather were passively consumed while
scraping benthic algae and browsing on grass. Thus, the
tadpole shrimp did not show any sign of filter feeding.

3.2 Variation of food in different growth stages

The development time of the tadpole shrimp was short;
about 25 to 30 days were needed from hatching to sexual
maturity. The tadpole shrimp samples were collected at
different representative stages. Though the tadpole shrimp
took algae and rice lamina as their major food sources, they

also fed on animal material. As the tadpole shrimp grew,
their abilities to prey on other animals increased (Table 2).
It was suggested that when the tadpole shrimps were small,
their abilities to prey on animal food were weak. There
were cannibalistic phenomena when the individuals were
at a certain growth stage. Body fragments and appendages
of the tadpole shrimp were not found from the gut samples
collected on April 27 and May 4, but they were found from
the samples collected on May 12 and 19. Moreover, the
frequency increased. The results showed that the large
tadpole shrimp had a strong ability to prey on other
animals.

(Continued)
categories females males mean�S.E.

Eunotia sp. 0.21 0.41 0.31�0.10

Amphora sp. 0.55 0.80 0.68�0.13

Synedra sp. 1.21 0.84 1.03�0.19

Fragilaria sp. 0.59 0.33 0.46�0.13

Caloneis sp. 1.39 1.32 1.36�0.04

Nitzschia sp. 2.40 1.38 1.89�0.51

Gyrosigma sp. 0.06 0.17 0.12�0.06

Cymatopleura sp. 0.06 0.05 0.06�0.01

Chlorophyta 4.94 6.35 5.65�0.71

Pleurotaenium sp. 3.22 4.36 3.79�0.57

Cladophora sp. 0.00 0.05 0.03�0.03

Treubaria sp. 0.31 0.28 0.30�0.02

Ankistrodesmus sp. 0.02 0.21 0.12�0.10

Oedogonium sp. 0.16 0.45 0.31�0.15

Volvox sp. 0.00 0.03 0.02�0.02

Scenedesmus sp. 0.80 0.17 0.49�0.32

Spirogyra sp. 0.00 0.56 0.28�0.28

Cosmarium sp. 0.35 0.20 0.28�0.08

Zygnema sp. 0.00 0.03 0.02�0.02

Vaucheria sp. 0.08 0.01 0.05�0.04

Xanthophyta 3.10 4.15 3.63�0.53

Tribonema sp. 3.10 4.15 3.63�0.53

Euglenophyta 0.00 0.01 0.01�0.01

Colacium sp. 0.00 0.01 0.01�0.01

rice lamina 48.46 43.94 46.20�2.26

protozoa 0.51 0.01 0.26�0.25

nematode 0.31 0.53 0.42�0.11

rotifer 0.00 0.08 0.04�0.04

Branchinella kugenumaensis 3.18 5.27 4.23�1.05

Triops sinensis 2.45 2.67 2.56�0.11

Cladoceran 1.15 0.94 1.05�0.11

Copepoda 0.06 0.27 0.17�0.11

larvae of mosquito 0.06 0.11 0.09�0.03

others 1.57 0.04 0.81�0.77
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3.3 Digestion pattern

The vegetation, crustaceans, and insects in the foregut and
hindgut of the tadpole shrimp showed slight differences
(Table 3). This may be due to the tadpole shrimp’s poor
digestion ability and probably the fact that these kinds of
food are difficult to digest. In accordance with their feeding
characteristics that we observed in the paddy fields—most
of their time was spent on feeding, and they had a good
appetite and a fast gut transit time. However, some food
that is easy to digest, such as protozoa and nematodes (but
they were not dominant in the gut), showed notable
differences in the foregut and hindgut of the tadpole
shrimp.
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