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The effect of temperature on the development and survival of
Agasicles hygrophila Selman & Vogt (Coleoptera: Chrysomelidae), a
biological control agent for alligator weed {Alternanthera philoxeroides)
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Abstract Agasicles hygrophila was introduced
into New Zealand in 1982 for the biological control
of alligator weed, Alternanthera philoxeroides. The
optimum temperature for A. hygrophila development
was 27-30°C where development time was 19-20
days. Mortality was lowest (13-14%) at tempera-
tures between 23-25°C. The estimated lower devel-
opment threshold for A. hygrophila was 13.3°C.
Adult beetles reared at 23-27°C were heavier than
those reared at 15-20°C and 30°C, and females were
heavier than males. There was significant mortality
of adults during exposure to low temperatures. Mor-
tality was 92% for adults exposed for four weeks at
10°C and 70% for adults exposed for 12 weeks at
15°C. The number of eggs laid subsequently de-
creased as the time adults were exposed to chilling
was increased. Viability decreased as the tempera-
ture to which adults were exposed was lowered, and
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with increased chilling time. Females survived
longer than males when chilled at 10° and 15°C. All
adults died when chilled for 13 h at -8°C; at 2° and
-4°C there was high adult survival, but the viability
of eggs laid was low. These results suggest the over-
wintering capacity of A. hygrophila is much reduced
when exposed to temperatures of 15°C and below.
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INTRODUCTION

Alligator weed {Alternantheraphiloxeroides (Mart.)
Griseb.) is a stoloniferous, emergent, aquatic herb,
which not only infests waterways but also grows as
a terrestrial plant in ecosystems ranging from almost
arid to swampy conditions. It is distributed from
North Cape to the Waikato River in the North Island
of New Zealand, and it appears to be spreading
southwards (C. Stewart unpublished survey). Alli-
gator weed is problematic for several reasons. Inter-
woven mats restrict traffic in navigable waterways,
and limit fishing, swimming and other recreational
uses of lakes, rivers and streams (Spencer & Coulson
1976). In farming areas, weed mats make it difficult
for stock to reach drinking water in ponds and
streams. This leads to tramping, pugging and dete-
rioration of bank edges, which in turn allows other
weeds to colonise (Philip et al. 1988). Drainage and
irrigation canals become blocked with alligator
weed, which increases the chance of flooding
(Coulson 1977). Over time, enclosed water bodies
become swamps covered with vegetation, and as the
monospecific alligator weed community ages, other
plants invade and grow within the alligator weed
mat. Because alligator weed is such a highly com-
petitive plant, it is able to displace natural aquatic
vegetation, and in pasture it displaces more desirable
plant species (Julien 1981). Native swamps in New
Zealand, such as the internationally recognised
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Whangamarino Wetland Management Reserve (situ-
ated south of Auckland near Meremere) are at risk
of infestation by alligator weed.

Chemical control of alligator weed is difficult and
expensive, and the herbicides used may damage non-
target plants and animals as well as polluting fresh
water resources (Harley 1976). Herbicides are gen-
erally ineffective against alligator weed because high
application rates and frequent applications are re-
quired to control the weed. Nodes limit the translo-
cation of chemicals to the underwater biomass of the
plant, and are not readily killed by most herbicides
(Coulson 1977). The upper portions of the plant are
readily killed but they regenerate from the underwa-
ter stems (Julien 1995). Mechanical methods of con-
trolling alligator weed, such as mowing and cutting,
give only temporary control and usually lead to more
rapid dispersal of the weed (Coulson 1977; Weldon
1960). Because of its rapid vegetative growth under
favourable conditions, regeneration is inevitable
unless all tissue is destroyed. Herbicide regimes for
control of alligator weed have recently been re-
searched in studies using non selective chemicals,
but some of these are restricted in use near water-
ways and are very expensive (Julien 1995).

Agasicles hygrophila Selman & Vogt (Coleo-
ptera: Chrysomelidae), was selected as a biological
control agent for alligator weed after searches made
in South America by the United States Department
of Agriculture from 1960 to 1974 (Coulson 1977).
A. hygrophila was imported into Australia from the
USA in 1976, and it was subsequently introduced
into Northland and Auckland from Australia in 1982
(Roberts & Sutherland 1989). It has established and
spread rapidly throughout Northland (Philip et al.
1988). However, there is limited quantitative infor-
mation on its effectiveness as a biological control
agent in New Zealand conditions.

A general study was made by Maddox (1968) on
the basic biology of A. hygrophila, while Vogt et al.
(1979) focused on the probable evolution of the
Disonychine group of beetles (of which A. hygro-
phila is a member) and its amaranthaceous hosts in
South America. Little other research has been done
on the biology, physiology and ecology of
A. hygropkila. Low temperature has been reported
as a likely cause of increased over-wintering mor-
tality of A. hygrophila in New Zealand (Roberts et
al. 1984). Mean annual temperatures, both in the
Mississippi Valley Region (USA) and in South
America, where A. hygrophila is established, were
generally higher than those experienced in North-
land, New Zealand. The mean annual temperature

at the Whangarei Airport meteorological site during
1967-1980 was 15.6°C (New Zealand Meteorologi-
cal Service 1983) compared with means which
ranged from 13.3°C in Mar del Plata to 21.9°C in
Corrientes, South America (Vogt et al. 1992). The
mean annual temperature in Buenos Aires, where the
New Zealand strain of A. hygrophila originated, is
16.1°C (Vogtetal. 1992). In the USA, in areas where
A. hygrophila is active, mean annual temperatures
range from 18.3°C (Greenville, Mississippi) to
21.1 °C (New Orleans, Louisiana) (Vogt et al. 1992).
Vogt et al. (1992) found that A. hygrophila over-
winters near the Gulf Coast, and each year it dis-
perses into the interior regions of the Lower
Mississippi Valley Region. In general, the impact of
A. hygrophila is reported to decrease as it moves to
more inland sites. Over-wintering is restricted to
areas with higher mean annual temperatures than
those of Northland. This apparent limitation to
warmer areas in the winter months could be because
A. hygrophila has no winter diapause (Maddox
1968).

The effects of low temperatures (below 20°C) on
A. hygrophila have not previously been studied. The
aims of this study were to investigate the effects of
temperature (10-30°C) on the development and sur-
vival of A. hygrophila, and to measure the effect of
low temperature regimes (similar to those experi-
enced in New Zealand winters) on the survival and
reproductive potential of adult A hygrophila.

MATERIALS AND METHODS

Agasicles hygrophila was collected at Waitoki
(Rodney District, Northland), and a colony was
maintained on fresh, field-gathered alligator weed in
a greenhouse at 17-29°C. The colonies (approxi-
mately 1500-2000 insects) were illuminated by
overhead 'GRO-LUX' (Sylvania F36W/GRO-18)
and 58 COOLWHITE (Sylvania) lights with a pho-
toperiod of 16:8 L:D. To ensure colony fitness and
minimise any effects of inbreeding, adults were pe-
riodically collected from Whatatiri Lake (Whangarei
District, Northland) and added to the greenhouse
colony.

Temperature development studies
Egg, larval and pupal development times were de-
termined at constant temperatures at 15°, 18°, 20°,
23° and 25°C (±1°C) in controlled temperature
rooms; at 27° and 30°C (±1°C) in a GCA/Precision
Scientific controlled temperature cabinet); and at


