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Sensitivities of mosquitofish and black mudfish to a piscicide: could
rotenone be used to control mosquitofish in New Zealand wetlands?

KATE WILLIS
NICHOLAS LING*

The University of Waikato
Department of Biological Sciences
Private Bag 3105
Hamilton, New Zealand
email: nling@waikato.ac.nz

Abstract The comparative sensitivities of
mosquitofish (Gambusia affinis) and black mudfish
{Neochanna diversus) to the piscicide rotenone were
investigated to determine whether it is feasible to use
rotenone to control mosquitofish in wetlands inhab-
ited by mudfish. Mosquitofish were exposed to four
nominal rotenone concentrations (56, 79, 112, 158
Hg.L"1) and the time taken for 50% (ET50) and 90%
(ET90) of individuals to gasp at the water surface
was recorded. Fish were removed from the rotenone
at this stage and placed in rotenone-free water to
recover. Mudfish were exposed to a single nominal
rotenone concentration (100 |j.g.L~')> and removed
when hanging at the surface and gulping air. The
response time of mosquitofish decreased with con-
centration. Mean ET50 values were 158 and 26 min
for 56 and 158 (ig.L~' rotenone, respectively. Mean
ET90 values were 246 and 36 min, respectively.
Mudfish were approximately twice as sensitive as
mosquitofish to 100 |ig.LM rotenone. All mudfish
recovered following exposure to rotenone. The man-
agement implications of the findings are discussed.
We suggest that if rotenone were to be used to con-
trol mosquitofish in wetlands, it could be applied in
summer to remnant standing water as repeated doses
of 100-200 Hg.L-'.
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INTRODUCTION

The black mudfish (Neochanna diversus) is one of
five mudfish species belonging to the genus
Neochanna, in the family Galaxiidae. Until recently,
only three species of mudfish were known in New
Zealand. They occupy similar habitat, but are
separated geographically. A fourth species was
recently discovered in Northland (Gleeson et al.
1999). The Tasmanian mudfish has recently been
included in the genus and is considered ancestral to
the group (McDowall 1997). Unlike the Tasmanian
mudfish and many other galaxiids, the New Zealand
mudfish species are non-migratory, completing their
entire life cycle in freshwater.

Black mudfish preferentially inhabit peat swamps
that are subject to seasonal drying (McDowall 1979).
They are facultative aestivators, and burrow in mud
only when the overlying water dries up during late
summer. Remnant populations can also be found in
drains and ditches in areas that were once extensive
wetlands but have since been drained for agriculture
(Barrier 1993).

The black mudfish is currently classified as a
'data deficient' species by the IUCN (Baillie &
Groombridge 1996), meaning that knowledge of the
species is too meagre to allow proper evaluation of
its status. Recent work (McLea 1986; Barrier 1993;
Dean 1995) suggests that black mudfish are not as
rare as was previously thought, but their distribution
has been considerably reduced by widespread
swamp drainage.

In addition to habitat loss, the remaining popu-
lations also have to contend with the introduced
mosquitofish, Gambusia affinis. Gambusia affinis is
native to Gulf and Atlantic lowland drainages of the
southern United States and Mexico (Rosen & Bai-
ley 1963), and has been distributed worldwide as a
mosquito control agent. The species was introduced
into New Zealand in the 1930s (McDowall 1990),
is now widespread throughout the northern North
Island, and is increasingly common in habitats oc-
cupied by mudfish. Mosquitofish are able to survive
environmental extremes and are prolific breeders,
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bearing up to three broods of live young a year in
New Zealand (Wakelin 1986). They are aggressive
fish, preying not only on fish eggs and larvae but also
attacking fish larger than themselves (Barrier &
Hicks 1994; Rowe 1998). Mosquitofish have been
implicated in the extinction or severe reduction of
native fish species overseas (Myers 1965; Meffe
1985; Lloyd 1990; Arthington 1991), and can
modify habitats by significantly altering plankton
community composition (Hurlbert et al. 1972;
Hurlbert & Mulla 1981). In New Zealand,
mosquitofish have been implicated in the decline of
the dwarf inanga, Galaxias gracilis (Rowe &
Chisnall 1997; Rowe 1998), and have been observed
eating mudfish fry (Barrier 1993; Barrier & Hicks
1994). Large mosquitofish will chase and nip juve-
nile mudfish (Barrier & Hicks 1994), and prelimi-
nary results suggest that the growth of adult mudfish
is reduced in the presence of mosquitofish (authors'
unpubl. data).

Fish toxicants (piscicides) have been used to con-
trol or eliminate populations of unwanted or noxious
fish (see Bettoli & Maceina 1996). Two general
piscicides, rotenone and antimycin, are the most
commonly used. Rotenone was chosen for use in this
study for several reasons. Firstly, it is a natural com-
pound obtained from the roots of trees in the genera
Denis zxALonchocarpus (Bettoli & Maceina 1996),
and is extremely toxic to fish, although less so than
antimycin. Furthermore, rotenone can achieve selec-
tive control of noxious fish species. It acts by block-
ing cellular oxygen uptake (Fajt & Grizzle 1998),
causing many fish to gasp at the water surface. Con-
sequently, valued species can often be caught and
removed from the rotenone before they die. Unlike
antimycin, the toxic effects of rotenone can be re-
versed by transferring the fish into freshwater. Re-
covery may also be aided by the addition of strong
oxidizing agents such as methylene blue or potas-
sium permanganate, although even then fish revival
is not guaranteed.

Rotenone toxicity is affected by environmental
factors such as turbidity, temperature, pH, and dis-
solved oxygen, and is most effective in warm
(>20°C), acidic, clear waters that have little aquatic
vegetation (Bettoli & Maceina 1996). Such condi-
tions are common in the marginal zones of wetlands
inhabited by black mudfish. Furthermore, the envi-
ronmental persistence of rotenone is greatly reduced
when applied at temperatures above 20°C, with a
half-life in water of less than one day at 23°C
(Bettoli & Maceina 1996).

This study was undertaken to investigate the
comparative sensitivities of mosquitofish and black
mudfish to rotenone, to determine whether careful
dose application could be used as a way to selectively
control mosquitofish in wetlands where mudfish are
also present. Rather than conducting toxicity tests
using mortality as the endpoint, we chose a sublethal
endpoint as a predictor of an eventually fatal effect.
In this way we hoped to reduce the number of fish,
especially mudfish, that died from rotenone exposure
during our experiments. To assess the relative
sensitivity of the two species, we measured the time
taken for 50% and 90% of individuals to come to the
surface and gulp air at a given concentration. These
times are referred to as ET50 and ET90 values,
where ET is the effective response time.

METHODS

Experimental animals
Adult mosquitofish ranging in length from 18-
39 mm total length (TL) were collected from Chapel
Lake, University of Waikato, Hamilton, using
dipnets in the spring and summer of 1998, and ac-
climatized to laboratory conditions for a minimum
of two weeks. They were separated according to sex,
transferred into 40 L aquaria containing aged tap
water, and maintained at 20 ± 2°C in a temperature
controlled laboratory. Mosquitofish were fed twice
weekly with a mixture offish flakes (Nutrafin™) and
frozen bloodworms.

Adult black mudfish ranging in length from 63-
83 mm TL were collected from the Whangamarino
wetland in November 1998 using fine meshed
(3 mm) Gee minnow traps, and maintained in labo-
ratory aquaria as described for the mosquitofish.
Mudfish were fed twice weekly with frozen
bloodworms.

Mosquitofish toxicity tests
Toxicity tests used rotenone sold as a 0.5% (5 g.kg"1)
formulation in the garden pesticide Derris Dust
(Yates). To achieve the nominal rotenone concen-
trations, appropriate amounts of Derris Dust were
made into liquid emulsions using test dilution water
before addition to test vessels. Water rotenone con-
centrations were not assayed. Derris Dust was used
within one month of opening the container since
rotenone degrades on exposure to light and air.
Chemical analysis of three separate batches of Derris
Dust, using the method of Post (1955) and pure ro-
tenone (95%, Sigma) as a standard, showed concen-


