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ABSTRACT
The induction of reproductive diapause of Nysius huttoni was studied in
the laboratory at 20 ± 1°C and 60 ± 10% RH under a series of photoperiod
regimes: 16:8 h, 14:10 h, 12:12 h and 10:14 h light:dark. Reproductive
diapause was considered to have occurred if females failed to lay eggs
for 50 days after emergence. The sensitivity of different life stages to
diapause-inducing photoperiods varied. When newly emerged females
whose immature stages had been reared at 16:8 h were transferred to
10:14 h and 12:12 h, 46.7% and 79.3% of them entered reproductive
diapause, respectively. However, when fifth instar nymphs were
transferred from 16:8 h to 10:14 h and 12:12 h, 100% of adult females
entered reproductive diapause. If the entire life cycle was maintained at
10:14 h and 12:12 h, 66.7% and 40.0% of females entered reproductive
diapause, respectively. The critical photoperiod for reproductive diapause
was estimated to lie between 13:11 h and 13.5:10.5 h.
Keywords: Nysius huttoni, Lygaeidae, reproductive diapause,
photoperiod.

INTRODUCTION
The New Zealand wheat bug, Nysius huttoni White (Heteroptera: Lygaeidae), is endemic

to New Zealand and occurs throughout the country (Gurr 1957; Eyles & Ashlock 1969).
It is an important pest of wheat (Gurr 1952, 1957) and brassica crops (Ferguson 1994).

This bug usually overwinters as an adult (Gurr 1952) and undergoes reproductive
diapause, which is induced by shortening day lengths during late summer (Farrell &
Stufkens 1993). However, the critical photoperiod for inducing reproductive diapause
and response of different life stages to photoperiods have not been reported, making it
difficult to model its population dynamics. The aim of the present study was to determine
the effect of photoperiod on the reproductive diapause of N. huttoni, thus providing
information for the development of a pest management strategy.

MATERIALS AND METHODS
Breeding colony

A N. huttoni breeding colony was maintained at 20 ± 1°C, 60 ± 10% RH and a
photoperiod of 16:8 h light:dark, and housed in a clear, cylindrical plastic container (10 cm
high x 8.5 cm diameter), with a 4.5 cm diameter gauze covered hole in the lid for ventilation.
A medical cottonwool bud (6.5 cm long x 0.5 cm diameter) was provided as an
oviposition site. Food, which consisted of sunflower seeds and twin cress stems,
Coronopus didymus (L.) Sm., was replaced daily. All experiments were conducted under
the above conditions except for alterations in photoperiods.
Effect of photoperiod on reproductive diapause

To detect the reproductive diapause of N. huttoni females, Farrell & Stufkens (1993)
transferred the third and fourth instar nymphs collected in the field in later summer to
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12:12 h in the laboratory. This method was modified and improved by using a series of
photoperiods, 16:8 h, 14:10 h, 12:12 h and 10:14 h, in this study. Adults were sexed
according to Elyes (1963). The three experiments conducted are outlined below.

In Experiment A, four hundred newly laid eggs (<24 h old) were transferred from the
breeding colony to each of the four test photoperiods and maintained until adult emergence.
Nymphs were mass-reared in the plastic containers described above. Fifteen pairs of newly
emerged adults from each photoperiod were transferred to separate glass vials (8.0 cm
high x 2.5 cm diameter) with a 1.2 cm diameter gauze covered hole in the lid. The four sets
of adults were maintained in the same photoperiod used for rearing their immature stages.

In Experiment B, two hundred newly moulted fifth instar nymphs from the breeding
colony were transferred to plastic containers and maintained under each photoperiod. From
these, 20 pairs of newly emerged adults from each photoperiod were individually transferred
to glass vials and maintained in the same photoperiod under which they had moulted.

In Experiment C, adults were directly transferred from the breeding colony to the test
photoperiods, with 30 pairs set up for each photoperiod as described above.

For all experiments, a cottonwool bud was provided as an oviposition site for each
glass vial. The number of females that failed to lay eggs within 30 and 50 days was
recorded for all experiments. The critical photoperiod was estimated to have occurred
when 50% of females failed to oviposit (Beck 1980).
Statistical analysis

To assess the effect of photoperiod on reproductive diapause, the Marascuilo procedure
of nonparametric analysis (Marascuilo 1966) was used. In two treatments in Experiment
B 100% of females failed to oviposit. In these cases, this number (n) was adjusted slightly
to n + 0.01 to avoid having the proportion of females that did not enter diapause as zero.
This adjustment did not affect the statistical analysis. The rejection level for the test
statistic U0' was the 5% critical value for chi-square (5.99 for df = 2;  7.82 for df = 3).

RESULTS
The percentages of females that failed to oviposit within 30 and 50 days under the four

photoperiods are shown in Table 1. For females that were held at the same photoperiod as
their immature stages (Experiment A), diapause incidence tended to increase as photoperiod
decreased, but there was no significant difference between photoperiods for 30 days (U0'=
4.53; df = 3). In this experiment, more than 50% of females failed to oviposit within 30 days
at 10:14 h and 12:12 h and within 50 days at 10:14 h. However, for females exposed to the
same photoperiod as their fifth instars (Experiment B), when photoperiod was decreased
to 12:12 h, almost 100% of females entered diapause for at least 50 days, which was
significantly higher than the diapause incidence under longer photoperiods (U0'= 129.17
and 291.62 for 30 and 50 days, respectively; df = 3). In Experiment C, where adults were
transferred immediately after their emergence from a long photoperiod of 16:8 h to one of
the test photoperiods, the highest proportion of females (79.4%) entered diapause at
12:12 h (U0'= 106.74 and 92.96 for 30 and 50 days, respectively; df = 3).

TABLE 1: Percentage (%) of females that failed to lay eggs for 30 and 50 days
after emergence under different photoperiod conditionsı.

Photoperiod 30 days 50 days
(light:dark) A B C A B C

16:08 h 40.00aα 15.00cα 3.57cα 20.00bα 15.00bα 3.57cα
14:10 h 46.67aα 55.00bα 57.14bα 33.33abα 10.00bα 25.00bcα
12:12 h 60.00aβ  99.95aα 79.31aβ 40.00abβ 99.95aα 79.31aβ
10:14 h 73.33aαβ 99.95aα  46.67bβ 66.67aβ 99.95aα 46.67abβ

ıNumbers followed by the same English letters in each column and the same Greek letters
within rows of 30-day or 50-day columns were not significantly different at P<0.05.
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Under 16:8 h and 14:10 h, the photoperiod experienced during immature development
had no effect on female diapause behaviour (U0'= 4.33 and 3.53 for 30 and 50 days at 16:8 h,
respectively, and U0' = 0.43 and 4.13 for 30 and 50 days at 14:10 h, respectively; df = 2 in all
cases) (Table 1). However, when fifth instar nymphs were transferred from 16:8 h to 10:14 h
and 12:12 h (Experiment B), significantly more females entered diapause than when all life
stages were maintained under short photoperiods or when adults were transferred directly
from 16:8 h to the short photoperiods (U0'= 17.41 and 29.86 for 30 and 50 days at 12:12 h,
respectively, and U0' = 39.48 and 97.81 for 30 and 50 days at 10:14 h, respectively; df = 2).

If diapause is defined as the absence of oviposition for either 30 or 50 days after
emergence, then critical photoperiod fell either between 14:10 h and 14.5:9.5 h, or
between 13:11 h and 13.5:10.5 h.

DISCUSSION
In many insect species, diapause incidence increases with the number of prediapause

stages exposed to diapause-inducing conditions (e.g. Rock et al. 1983). However, this is
not the case with N. huttoni since fifth instar nymphs appeared more sensitive to shortened
photoperiods than earlier stages. In some other insects the adult is the most sensitive
stage to photoperiod (Tauber & Tauber 1970; Tauber et al. 1986; Nunata & Hidaka
1983; Nechols 1988), but N. huttoni adults appeared less sensitive to shortened
photoperiods than fifth instar nymphs.

The exposure of the entire life cycle of N. huttoni to 10:14 h and 12:12 h resulted in
relatively low percentages of females entering diapause. Whether constant photoperiods
cause a loss of sensitivity to changes in photoperiod is unknown. In the green lacewing,
Chrysopa (= Chrysoperla) carnea (Stephens), adults underwent a much less intense
diapause when the entire life cycle was maintained in a constant photoperiod of 12:12 h
than when they were maintained at 16:8 h before being placed in a diapause-inducing
photoperiod (Tauber & Tauber 1970).

Nysius huttoni is a Type I (Beck 1980) species in which long photoperiods promote
continuous development while short photoperiods induce diapause. Farrell & Stufkens
(1993) reported that reproductive diapause was considered to have occurred if females
failed to lay eggs for 30 days after emergence at 12:12 h, but they did not calculate the
critical photoperiod for induction of diapause. If failure to oviposit for 30 days after
emergence was used to define the critical photoperiod for N. huttoni reproductive diapause,
then the critical photoperiod for reproductive diapause induction would be between 14:10 h
to 14.5:9.5 h in our study. However, this occurs in January in New Zealand (Anon. 1995-
1999), which coincides with a period of rapid development and growth for N. huttoni. If
diapause is defined as the absence of oviposition for 50 days after emergence, then the
critical photoperiod falls to between 13:11 h and 13.5:10.5 h which is the photoperiod in
late February and early March (Anon. 1995-1999). Farrell & Stufkens (1993) reported
that a high proportion of females did not develop eggs during February and March of 1991
and 1992. Therefore, N. huttoni reproductive diapause ought to be defined as failure to
oviposit for 50 days after emergence, with a critical photoperiod of between 13:11 h and
13.5:10.5 h. This information could be useful for monitoring populations of N. huttoni,
and for making management decisions such as when to apply pesticides.

Our estimation of critical photoperiod is based on constant photoperiods and does not
take into account any effect of the changes in temperature and/or humidity to which N.
huttoni may also respond under natural conditions. Temperature has been found to play
a modifying role in the photoperiodic response of a number of insects (Stevenson &
Boivin 1990; Christiansen-Weniger & Hardie 1999). Therefore, further investigation
may be needed under the different combinations of various environmental conditions.
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