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DIET OF A CRYPTIC BUT WIDESPREAD INVADER, THE ORIENTAL
WEATHERFISH (MISGURNUS ANGUILLICAUDATUS) IN IDAHO, USA

Alexander N. Urquhartl2 and Peter Koetsier!

ABSTRACT.—The oriental weatherfish (Misgurnus anguillicaudatus) is invasive to 13 U.S. states and at least 9 other
countries. Although this cryptic fish species is widespread, very little is known regarding its ecology. We used baited
minnow traps to collect 237 individuals from water bodies connected to the Boise River, Idaho. To determine the diet of
the fish within this invasive population, we dissected and examined stomach contents of the sampled fish. Most of the
stomachs (158 of 237) were empty, and 42 contained only the trap bait. However, 37 contained natural food items. Gravi-
metric analysis, frequency of occurrence, and mean percent by number all indicated macroinvertebrates as the primary
diet component, with chironomid larvae as the most numerous prey eaten. Graphical analysis of prey-specific abun-
dance also indicated that oriental weatherfish fed on a generalized diet, of which detritus is likely an important part. An
omnivorous diet may, in part, explain the species’ ability to expand its invasive range quickly and successfully. Our find-
ings add to a growing list of traits indicating that the oriental weatherfish fits the profile of a highly successful invader.
As such, the oriental weatherfish should be a target species for further ecological research.

REsUMEN.—EI Dojo (Misgurnus anguillicaudatus) es un pez invasor que se encuentra en 13 estados de los EE. UU,,
y por lo menos, nueve paises més. Este enigmatico pez tiene una distribucion extensa, sin embargo se sabe poco sobre
su ecologia. Colectamos 237 ejemplares de cuerpos de agua conectados al Rio Boise (Idaho, EE. UU.), utilizando foxinos
como carnadas. Para poder determinar la dieta de los peces de esta poblacién, disectamos y examinamos el contenido
del estémago. La mayor parte de los estomagos (158 de 237) estaban vacios, y 42 estémagos s6lo contenian la carnada.
Sin embargo, 37 contenfan alimentos naturales obtenidos de su ambiente. El andlisis gravimétrico, la frecuencia y el
porcentaje promedio por nimero indicaron que los componentes principales de su alimentacién eran macroinvertebra-
dos, y que las presas mds comunes eran las larvas de quironémidos. El anélisis gréfico de la abundancia de presas tam-
bién indicé que tienen una dieta generalista compuesta en gran medida por desperdicios. Se puede suponer que una
dieta omnivora sea, en parte, la que permite a este pez extender su distribuciéon de manera rdpida y efectiva. Nuestros
hallazgos indican que el dojo tiene el perfil de un pez con caracteristicas efectivas de una especie invasora, y por lo
tanto, debe ser objeto de mas investigaciones ecoldgicas.

Globally, aquatic biodiversity is threatened the oriental weatherfish is now established in
by invasive species (Olden et al. 2004, Villeger 10 countries outside of its native range includ-
et al. 2011). These new residents often disrupt  ing the Philippines, Turkmenistan, Ttaly, and
existing community structure and may lead to  Spain (Freyoff and Korte 2005, Simon et al.
loss of native biota (Mills et al. 1994, Dextrase 2006, Franch et al. 2008), Germany (Meyer
and Mandrake 2006, Vitule et al. 2009). Most and Hinrichs 2000), and Australia (Keller and
studies have focused on iconic invasive organ- Lake 2007). Range expansion of the species
isms, such as introduced sport fish (e.g., Town-  appears to be ongoing, and most recently, wild
send 1996) or species that have shown high populations have been described in the Neth-
economic impacts (e.g., zebra mussel, Dreis- erlands (van Kessel et al. 2013) and Brazil
sena polymorpha; Ricciardi 2003). However, (Abilhoa et al. 2013). Within North America,
many less charismatic species have been intro-  the species is established in Mexico (Contr-
duced, about which very little is known. The eras and Escalante 1984) and 13 of the United
oriental weatherfish (Misgurnus anguillicauda-  States (Fuller et al. 1999, Tabor et al. 2001,
tus) is one such invader. Ashton and Ciccotto 2010). In Idaho, the first

The oriental weatherfish is native to east- reported oriental weatherfish was collected
ern Asia, with a range spanning from India to  near the town of Eagle in 1951 (Courtenay et
Vietnam and north into southern Russia. Due al. 1987). Since that time, a self-sustaining
in part to its popularity as an aquarium pet, population has been thriving within irrigation
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canals and pond systems that have seasonal
connection to the lower Boise River (Urquhart
and Koetsier 2011).

Studies are lacking that examine the im-
pacts of oriental weatherfish on native fish
communities. However, potential threats have
been identified in a few cases. In Australia,
the species is banned from importation due to
several concerns: decreased numbers of native
fish where the oriental weatherfish has estab-
lished (Burchmore et al. 1990, Arthington and
Bludhorn 1995) and potential dietary overlap
with native species (Lintermans 2002). The
overlap includes competition with native spe-
cies for invertebrate prey (Keller and Lake
2007) and direct predation of native fish eggs
and larvae (Logan et al. 1996).

Currently, the invaded range of the ori-
ental weatherfish includes disparate locations
around the globe, and the species may adapt
its diet to locally available food sources, a
strategy employed by other invasive fishes
(Harms and Turingan 2012, Kornis et al. 2012,
Borcherding et al. 2013). Consequently, de-
termination of diet is necessary to elucidate
the ecological role—and the potential threats
to native fishes—that the oriental weatherfish
holds within each of its invaded regions. To
this end, we conducted a dietary analysis of
oriental weatherfish collected from canals and
ponds connected to the Boise River in Idaho,
USA.

METHODS

From May 2008 to July 2009, we collected
oriental weatherfish from 6 water bodies sea-
sonally connected to the Boise River (see Ur-
quhart and Koetsier 2011 for collection sites,
GPS coordinates, and voucher specimens). We
placed minnow traps in suitable sites based
on published habitat descriptions (Allen 1984,
Tabor et al. 2001, Freyhof and Korte 2005) and
Idaho Department of Fish and Game collec-
tion records (IDFG personnel, personal com-
munication). Traps were approximately cylin-
drical, measuring 42 cm long and 22 cm wide,
and made of vinyl-coated steel mesh (4-mm
mesh size). Each end had a 2.5-cm opening at
the apex of an inward-facing cone. Each trap
was baited with approximately 30 g of dry
commercial dog food, submerged upon the sub-
strate and marked with a small floating buoy.
Traps were placed singly at each location and
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were moved or relocated based on site acces-
sibility and seasonal dewatering. Water depth
varied by location and ranged from 10 cm to
approximately 1.5 m.

We checked traps every 4-10 days, and cap-
tured oriental weatherfish were moved to the
Boise State University, Aquatic Ecology Labo-
ratory. A subsample of collected fish (237 indi-
viduals) were euthanized using a dilution of
tricaine methanosulfonate (MS222) in fresh-
water. These fish were either dissected im-
mediately or frozen at —4 °C and later thawed
for dissection. Dissected fish were sexed (Ur-
quhart and Koetsier 2011), wet weighed (0.1
), and measured for total length (TL). Each
fish was incised from the vent forward through
the pectoral girdle, and the alimentary canal
was removed by excision at the vent and the
foregut, just forward of the pectoral girdle.
Heart, liver, and extraneous connective tissues
were removed and discarded. Each complete
digestive tract was preserved in 70% ethanol
until examined for diet analysis.

We dissected each stomach and emptied
the contents into a small glass bowl. Intestinal
contents were not enumerated in this study
because the advanced degree of digestion
made identification impossible. Stomach con-
tents were examined under a dissection scope
at 10X—60X power (Zeiss Stemi 2000-C), and
each item was classified as one of 3 broad
categories: invertebrates, vegetation, or inor-
ganic substrate. When possible, invertebrates
were identified to order or family and then
enumerated. Stomach content samples (sepa-
rated into the 3 categories) were placed into
aluminum pans and oven-dried for 24-48 h at
105 °C (Bowen 1996). From each dry-weight
sample, we calculated percent composition by
mass of each category per fish. Within the in-
vertebrate category, we divided each sample
into individual taxa and calculated frequency
of occurrence based on the number of stom-
achs in which each was found. For these cal-
culations, disarticulated pieces of unidentified
arthropods were grouped together as a single
category (hereafter called “disarticulated pieces”)
regardless of taxa or number of parts. We also
included vegetation and inorganic substrate in
calculations of frequency of occurrence.

To compare the relative abundance between
individual food items, we calculated mean per-
cent composition by number (%N;) using the
formula
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TABLE 1. Mass, frequency, and numerical composition
of stomach contents of 37 oriental weatherfish collected
from water bodies connected with the Boise River, Idaho.
Frequency and abundance indicated that the fish were
feeding primarily on macroinvertebrates and detritus.

% by number

Food item % by mass  Frequency (SE)
INVERTEBRATES 78.4
Insecta

Chironomidae 0.297 25.8 (13.9)

Hemiptera 0.027 2.0 (1.9)

Odonata 0.216 8.6 (3.1)

Formicidae 0.027 6.0 (6.1)
Disarticulated 0.405 13.2 (3.8)
Crustacaea

Daphnia 0.027 0.7 (0.8)

Amphipoda 0.054 2.0 (01.6)
Annelida

Oligochaetae 0.027 0.7 (0.7)
Mollusca

Sphaeriidae 0.189 15.2(7.9)

Gastropoda 0.135 7.9 (4.7)
VEGETATION 14.6 0.243 12.6 (5.5)
SUBSTRATE 7.0 0.189 5.3 (2.3)

nj
3t N
%N; = ———— ,

ni nj
Siz1 Ejil Ny

where Nj; is the number of prey taxon (i) in the
stomach of a fish (), n; is the number of prey
taxa, and n; is the number of stomachs con-
taining foocf. Standard error was calculated us-
ing the formula

nj ng
J S (NG -N; Sy Ny 2

nj(nj -1)
SE%N = >
ﬂj

1 Qi
m Yi=1 2j=1 Ny

where variables are defined as above (Cochran
1977, as depicted in Tirasin and Jgrgensen
1999). For these calculations, disarticulated ar-
thropod pieces and soil components were as-
signed the value of a single organism regardless
of the total amount found within a stomach.
We also calculated prey-specific abundance
(P;) using the formula

3S;
P = :

2 Sy

where S; is the number of prey i found in a
given stomach and S,; is the total number of
prey in a stomach which contained prey i.
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Following Amundsen et al. (1996), we then
plotted prey-specific abundance against fre-
quency of occurrence to determine the feed-
ing behavior and relative importance of each
prey item. In this modification of Costello
(1990), grouping of prey items along either
axis or along the diagonal indicates the level
of specialization or generalization of feeding
within the population. Additionally, individual
food items that are plotted farther toward the
upper right of the graph indicate food speci-
fically targeted by the fish (Amundsen et al.
1996).

REsuLTS

Dissected fish comprised 84 males, 149 fe-
males, and 4 juveniles. Body size ranged from
4.9 cm to 23.3 cm TL (x = 13.8 cm, SE 0.2)
and from 0.6 g to 60.8 g wet weight (x = 16.4
g, SE 0.7). Of the 237 dissected fish, 158 indi-
viduals had empty stomachs, and 42 individu-
als had stomachs containing only the trap bait.
The bait was easily recognizable as a yellow,
oily, non-cellular mass in the stomachs. The
remaining 37 individuals comprised 18 males,
18 females, and 1 juvenile, ranging in length
from 7.0 cm to 21.4 cm (X = 15.2 cm, SE 0.5),
with wet weights from 2.0 g to 52.0 g (x =
22.7 g, SE 2.1). Within the stomachs of these
individuals, invertebrates made up 78.4% of
ingested material by mass, followed by vegeta-
tion (14.6%) and inorganic substrate (silt, sand,
and very fine gravel, diameter <3 mm; 7.0%).
Frequency analysis showed that disarticulated
pieces were present in 40.5% of the stomachs,
followed (in frequency) by chironomid larvae
(29.7%), vegetation (24.3%), odonate naiads
and adults (21.6%), and small freshwater clams
(18.9%). Additional contents consisted of snails,
small crustaceans (amphipods and Daphnia),
ants, a single small annelid worm, and aquatic
hemipteran insects (Table 1). Vegetation was
not identified to taxon because it primarily
consisted of small (<3 mm in length) pieces of
fibrous plant matter. Inorganic substrate was
present in 18.9% of stomachs.

Chironomid larvae were present in the
greatest abundance of any given prey item (x
= 25%, SE 13.9), followed in number by
freshwater clams (x = 15.2%, SE 7.9); how-
ever, no single food item was eaten in high rela-
tive abundance (Fig. 1). Plots of prey-specific
abundance of individual food items showed
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Fig. 1. Mean percent composition by number of stomach contents of 37 oriental weatherfish collected from water
bodies connected with the Boise River, Idaho. Macroinvertebrates made up the majority of the food eaten, and chirono-
mid larvae represented the most numerous prey item. Error bars represent standard error.

clustering along the diagonal, with most prey
items located in the lower left quadrant when
plotted against frequency of occurrence (Fig. 2).

DIsCUSSION

Abundance and frequency analyses indi-
cate that oriental weatherfish associated with
the lower Boise River ate a diet consisting pri-
marily of macroinvertebrates. Graphical analy-
sis of prey-specific abundance (Fig. 2) corrob-
orates this result and also indicates that the
population, as a whole, fed on prey items of
low relative importance (Costello 1990, Amund-
sen et al. 1996). In concordance with abun-
dance and frequency data, chironomid larvae
represented the invertebrate taxa most tar-
geted by oriental weatherfish; however, the
overall diet remained generalized.

The most abundant food items found were
disarticulated pieces of invertebrates. Several
of these parts contained soft tissue, suggest-
ing that they were pieces of prey taken live
by the fish (Keller and Lake 2007). Con-
versely, some of these disarticulated pieces
appeared to be the molted exuviate of emerg-
ing insects. Detritus may therefore also be an
important part of the oriental weatherfish’s diet,
and nutrients or important organic components
(e.g., carbon, nitrogen) might be obtained
through digestion of this material (Helfman et

al. 2009). However, a small proportion of the
stomachs also contained some inorganic sub-
strate (sand, silt, small pebbles), suggesting
that detritus, along with substrate materials,
may have been accidentally ingested. Oriental
weatherfish use their oral barbels to locate
prey by tactile cues and chemoreception (Wa-
tanabe and Hidaka 1983). Once invertebrates
are located, the fish suck them up from the
substrate, possibly along with other benthic
material. Thus, exuviate and substrate parti-
cles in the gut may be an unintended result of
the species’ feeding behavior rather than tar-
geted dietary components.

Chironomid larvae were the second most fre-
quent food and were eaten in the largest pro-
portion. Most of these larvae were found in-
tact and were easily identified by the attached
head capsules, which probably indicate live prey
consumption. Consequently, chironomids repre-
sented the most important individual prey item
(Amundsen et al. 1996). However, we did not
sample environmental abundance, so we could
not determine whether oriental weatherfish pre-
ferred this prey or whether chironomids were
simply the most abundant invertebrate in the
habitat. This ambiguity reveals a disadvantage in
using passive trapping methods to capture fish
for analysis of gut contents. Oriental weatherfish
are difficult to collect by electrofishing or active
net seining due to their burrowing behaviors
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Fig. 2. Abundance and importance of food items from
stomach contents of 37 oriental weatherfish collected from
water bodies connected with the Boise River, Idaho, USA.
Grouping of food items along the diagonal indicates a gen-
eralized diet shared by the population (Amundsen et al.
1996). All food identities are labeled to the right of their
associated datapoint, except Daphnia, which is to the left
(Ch—chironomid larvae, He—hemiptera, Od—odonata, Fo—
formicidae, Di—disarticulated pieces, Da—Daphnia, Am—
amphipoda, Ol-oligochaeta, Sp—sphaeriidae, Ga—gastropoda,
V—vegetation, S—inorganic substrate).

and their relative insensitivity to electrical cur-
rent (Simon et al. 2006, Koetsier personal obser-
vation), hence our use of passive baited min-
now traps in this study. However, fish entrapped
for several days could feed opportunistically
on nonpreferable food items along the bottom
of the trap. Consequently, stomach contents
may be a result of trap location rather than fish
preference. Additionally, loss of easily digestible
material during entrapment is also a concern
(Bowen 1996). Although our analyses indicate
a primarily invertebrate diet, other soft-bodied
organisms, algal cells, phytoplankton, and other
microscopic foods may have been digested while
the fish were in the traps, leaving behind only
the harder-to-digest invertebrate prey.

Within its native range, the oriental weath-
erfish is carnivorous when small, feeding mainly
on zooplankton (Kubota 1961) and small ben-
thic invertebrates such as emphermeropteran,
trichopteran, and chironomid larvae (Katano
et al. 2003). The species tends to undergo an
ontogenic diet shift at approximately 10-13 cm
TL, switching to an herbivorous diet (Kubota
1961). In our study, fish that contained natural
food items ranged from 7.0 cm to 21.4 em TL
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(x = 15.2 ¢m) and fed primarily on inverte-
brates, with only 9 fish (range 9.4-21.4 ¢cm TL,
X = 14.9 cm) containing vegetation. These
findings corroborate the few other existing re-
ports on diet of invasive oriental weatherfish
populations. In Australia (Burchmore et al.
1990, Keller and Lake 2007) and Washington
State, USA (Tabor et al. 2001), benthic mac-
roinvertebrates were the primary prey. How-
ever, none of these studies reported the spe-
cific sizes of fish that contained food in their
stomachs, and neither did these studies ex-
plore the proposed ontogenic shift in diet. Our
data is therefore the first to suggest that orien-
tal weatherfish may have a longer carnivorous
diet period (and at a larger size) within in-
troduced habitats than is found in their na-
tive range. Thus, oriental weatherfish may be
adapting to invaded habitats through delay of
the characteristic diet shift seen within the
species’ native range. Though this interpreta-
tion must be tempered by our study’s small
sample size of fish that contained food (37
individuals), this information is nonetheless
significant, as our sample size exceeds those
in previous reports (5 fish—Burchmore et al.
1990; 7 fish—Tabor et al. 2001; 21 fish—XKeller
and Lake 2007).

As a relatively unknown but widespread in-
vasive species, the oriental weatherfish may
have unknown ecological effects on native fauna.
Competition for important invertebrate prey
may be a substantial factor where dietary over-
lap with native species exists. As a generalist
omnivore, the oriental weatherfish may feed
on prey that is important to native fishes. Un-
der experimental conditions, oriental weather-
fish caused significant decreases in invertebrate
populations (Keller and Lake 2007), and the pos-
sibility of direct predation of native fish eggs
and larvae has also caused concerns (Logan et
al. 1996). Due to ongoing range expansion of
the invasive oriental weatherfish, we predict that
new populations will continue to be reported.
As such, it is important to know the ecology of
this secretive fish. We therefore suggest that fur-
ther studies be conducted to elucidate the po-
tential impacts on native fauna that are imposed
by this cryptic but widespread invader.
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