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Abstract The ability of New Zealand flower thrips (NZFT) to tolerate cold temperatures was
investigated. Thrips were collected from a range of natural sources in Central Otago over
2 years. Some adult NZFT (predominantly females) survived for up to 2 months on peach
fruit at 0-1°C; LTs, = 35.4 days and LTy = 70.7 days. Plant material containing NZFT was
exposed for 24 h to -10, -7.5, -5, -2.5 and 0°C and NZFT mortality measured. Irrespective
of the time of year when NZFT were collected, mortality was similar after 24 h at -2.5°C to
that at 0°C (means = 4.6,4.7%), but increased with decreasing temperature (mean mortality
=22.5% at -5°C, 66.3% at -7.5°C and 82.0% at -10°C). From -7.5°C downwards, responses
to changes in temperature varied between seasons (P<0.01), with autumn adults being less
cold-tolerant than those collected in spring. Central Otago winter temperatures would not
have threatened the survival of NZFT over the study period.

Keywords New Zealand flower thrips, Thrips obscuratus, cold tolerance, stonefruit, gorse,
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INTRODUCTION

The cold hardiness of an insect is generally con-
sidered an important determinant of its dis-
tribution, affecting its ability to survive winter
and spring conditions (Goto & Kimara 1998;
Addio-Bediako et al. 2000; Sinclair & Roberts
2005). Some insect species overwinter as a partic-
ular life stage, sometimes in diapause, while others
retain cold tolerance all year round, irrespective of
stage, as in the case of at least two New Zealand
alpine insects (Sinclair 1997; Ramlov et al. 1992).

The mechanisms involved in adaptation to cold
conditions appear to differ between insect species,
with diverse explanations being offered, including
removal of ice nucleators from the gut and body to
facilitate supercooling, induction of carbohydrate
cryoprotectants, antifreeze proteins, gut-clearing,
membrane changes and actual freezing of body
liquids (Chen & Walker 1993). Cold tolerance in
Drosophila species has been associated with the
formation of heat-shock proteins (Hsp70) that
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confer resistance to heat as well as cold (Goto &
Kimura 1998; Neven 1999; Hoffman et al. 2003;
Sejerkilde et al. 2003).

New Zealand flower thrips (Thrips obscuratus
(Crawford)) (NZFT) is possibly unique
among New Zealand insects in that it is highly
multivoltine and under Central Otago conditions
completes at least seven generations in a year,
with each generation taking 4-6 weeks during
the growing season for temperate fruit crops.
The upper thermotolerance limit of adult NZFT
varies according to the season and is higher in
autumn than spring (McLaren & Fraser 1998). In
the current study, the aim was to investigate the
cold tolerance of NZFT populations throughout
the year, especially in relation to their ability to
survive both Central Otago’s winter and cool-
storage of fruit in summer and autumn.

METHODS
Survival in cool-storage
Trays of ‘Redhaven’ peaches were picked from
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trees growing at Clyde Research Centre on 8
February 2001 and packed into six single-layered
cardboard trays, each containing 23 fruit in
pocket packs. The trays were held on shelves in
a coolstore at 0-1°C. One tray was removed after
each of 1, 15, 33, 47, 56 and 63 days and held at
20°C for 3-15 h. Each fruit was inspected and the
numbers of live or dead NZFT on the fruit and
inside the tray were recorded. Confirmation of
their state sometimes required a nudge with a
needle under a binocular microscope. The trial
was terminated after 9 weeks, as many of the fruit
had collapsed or become decayed.

Seasonal cold tolerance

From September 2006 to July 2008, samples of
NZFT were collected from host plants within
4 km of Clyde Research Centre at approximately
monthly intervals and placed inside plastic
containers (34 X 12 X 12 cm) (Table 1). Each
tightly-sealed container contained a rack at the
base that prevented thrips from being trapped

Table 1 Total numbers of adult New Zealand flower thrips (NZFT) collected from various host plants,
tested at different temperatures on specific dates and seasons.

Year Season Host Sampling dates temperature (°C)
plant (day/month) -10  -7.5 -5 -2.5 0 20
2006 spring gorse 13/9 184 209 145 65 78 110
peony 20/12 71 280 408 272 151 67
cherry 26/9 14 17 28 39 27 25
hawthorn  24/10 18 11 7 13 24 18
2006/07 summer apricot 14/2 32 30 25 27 99 129
2007 autumn  nectarine  6/3 12 48 18 15 68 51
winter gorse 9,30/7 3 1 2 x1 2 1
spring gorse 03/9; 1,22/10 228 302 198 186 323 338
broom 20/11 124 148 73 48 128 136
2007/08 summer broom 13/12 * * 6 27 * 10
peony 13/12 169 341 90 313 138 214
apricot 21/1;11/2 193 98 288 147 553 142
2008 autumn  gorse 08/5 * * * 2 * *
peach 17/3;2/4 91 79 99 103 189 184
winter gorse 9,23,24,26,30/6; 168 118 77 26 49 146

23,24,27/7

Y=not analysed (too few thrips).
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in moisture. Samples of ripe fruit were placed in
5 litre plastic containers with a tight-fitting plastic
lid; the lid included cloth-covered ventilation
holes in 2007 but not in 2008. On most sampling
occasions,one container was placed in an incubator
set at 20, 0, -2.5, -5, -7.5 or -10°C for 24 h, and
then removed and held at ambient temperature
for 3-4 h. All the plant material and its containers
were then inspected and the numbers of live and
dead NZFT recorded. Samples were generally
collected over three consecutive days because of
limited incubator availability; samples were tested
at 0 and 20°C on each day. No measurement
was made of natural mortality when the sample
first arrived at the laboratory, but mortality of
samples held at 20°C was expected to provide an
approximation of likely losses during collection
and transportation to the laboratory. It was
assumed that these mortalities would have been
typical of those occurring across all treatments
prior to the commencement of the experiment.
All the adults found on gorse over winter and
early spring were female. A few males were found
on fruit in summer and autumn, but were not
recorded separately. McLaren (1992) documented
the absence of male NZFT in early spring and the
continued predominance of females inlate spring;
observations of NZFT on fruit in Central Otago
over a number of years have indicated that males
represent fewer than 10% of the adult population
(G.E. McLaren, unpublished data). Some larvae
were found on gorse in October 2007 and one in
June 2008. Therefore analyses were conducted on
numbers of adults (predominantly females).

Statistical analyses

Survival in cool-storage

The number of dead thrips out of the total thrips
recovered per sample in cool-storage was analysed
with a binomial generalized linear model with
a complementary log-log link (McCullagh &
Nelder 1989). First, the mean mortality figures
for NZFT from all sampling dates and at each
storage time were analysed. A day-response
relationship was then fitted to the means, similar
to Probit Analysis (Finney 1971), with In(Days)
as the predictor:
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Days

% =100| 1—exp| — Iv;

This curve has a predicted mortality of 0% at
Day 0. M is the mortality at the inflection point
of the curve, and b is a slope parameter. The curve
was fitted using GenStat's PROBITANALYSIS
procedure, and assessed for fit to the means. The
numbers of days to give 50, 90 or 99% mortality
(LTsg, LTq, LTg9) were estimated from the fitted
curve using GenStat’s FIELLER procedure
(GenStat Committee 2009a), which provides
95% confidence limits for the LTy, estimates.

Seasonal cold tolerance

The total number of dead thrips out of the total
thrips found in each container was analysed
to assess percentage mortality. The data were
analysed using a binomial generalized linear
model with a logit link (McCullagh & Nelder
1989), allowing for over-dispersion (i.e. container
to container variation). In these analyses, the
impacts of collection season and treatment
temperature on mortality were assessed, along
with the interaction between them, using F-tests.
Estimated mean mortality for each season
and treatment temperature and the associated
95% confidence limits were obtained on the
transformed (logit) scale, and back-transformed
to percentages.

Temperature response relationships in the
means were investigated for a subset of the data
(see Results below). A logistic response curve of
log(-Temperature) was fitted to the means using a
binomial generalized non-linear model approach,
as implemented in GenStat’s PROBITANALYSIS
procedure (GenStat Committee 2009a):

100- P,

—b
1+ —Temperature
_Dso

%Mortality = P, +

This curve assumes that a sufficiently low
temperature will give 100% mortality for all
seasons. Py is the estimated mortality at 0°, D,
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is the temperature giving a mortality half way
between P, and 100% mortality, and b is related
to the slope of the curve at Temperature=Ds,.
The curve was fitted allowing for each of the
three parameters to be the same across seasons,
or to vary between seasons. Estimates for
temperatures to give mortalities of 90 or 99% of
those not dying at 0°C (Ds, Dyy) were calculated
from the fitted parameters using GenStat’s
FIELLER procedure, as for the cool-storage
data. All analyses were carried out using GenStat
(GenStat Committee 2009b).

RESULTS

Survival in cool-storage

Estimated mean mortality for the number of
days in cool-storage showed that mortality at
Day 1 was higher than that for Day 15. Further
analysis of the data suggested that the results
for Day 1 deviated from the general trend of the
other dates, and Day 1 was therefore excluded
from the analysis (Figure 1). The estimated lethal
time (LT,,) in days for 50, 90 and 99% mortality
showed that NZFT can survive for relatively
long periods in cool-storage, with at least 50%
surviving for more than 1 month and a few up to
2 months (Table 2). In fact, some NZFT outlived
their fruit hosts.

Table 2 Time (days) to give 50, 90 or 99%
mortality (95% confidence limits) of New
Zealand flower thrips on peaches.

Days at 0-1°C

% mortality

50 35.4 (30.2, 39.5)
90 54.9 (49.2, 64.3)
99 70.7 (61.1,91.0)

Seasonal cold tolerance
Therewasasignificantinteractionbetweenseason
and temperature (P<0.001) indicating that the
mortality-temperature response patterns varied
substantially between sampling seasons (Table 3).
The interaction is due in part to the varying
patterns of change in mortality between 0 and
20°C, varying from a small decrease to a large
increase (autumn 2008). Mortality at 20°C gives
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some indication of natural mortality, which was
very low among winter- and spring-collected
thrips (average mortality = 0.5-3.4%), but much
higher amongst those collected on fruit in summer
and autumn (Table 3). Mortality on fruit at 20°C
was highest in autumn 2008. Some of these losses
were later demonstrated to be associated with the
absence of ventilation in the containers used for
fruit. Therefore, temperature-response patterns
were further explored after excluding the 20°C
data.

For the =0°C only data, the season X
temperature  interaction was  significant
(P=0.009), indicating that the shape of the
temperature response varied between the seasons
(Figure 2) even after exclusion of the 20°C data.
For all seasons, mean mortality decreased as 24-h
treatment temperatures increased from -10°C to
0°C. However, mortality at -10°C, and the rates of
decline in mortality varied considerably between
seasons (Figure 2).

Logistic curves fitted to the <0°C data only
allowed these differences in response to be
summarised (Figure 2, Table 4). Both the P,
and Ds, parameters varied significantly between
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Figure 1 Mortality of New Zealand flower
thrips through time in cool-storage, showing
mean mortality, mortality on individual fruits
and the fitted complementary-log-log time-
response curve.
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Table 3 Estimated percentage mortality for New Zealand flower thrips collected in seven different
seasons when subjected to 24 h at six different temperatures (95% confidence limits in brackets).

Season -10°C -7.5°C -5°C -2.5°C 0°C 20°C
2006 sprin 95.1 97.3 34.7 3.9 21 0.5
pring (75.4,99.2)  (85.3,99.6) (22.8,48.8)  (0.7,19.2)  (0.1,26.2) (0.0,79.8)
06/07 summer 96.9 76.7 56.0 44.4 475 18.6
(3.2,100.0)  (15.1,98.4)  (7.7,95.1)  (5.591.6) (18.9,77.9)  (4.7,51.3)
2007 autumn 99.9 95.8 44.4 26.7 27.9 25.5
(0.0,100.0) (14.9,100.0)  (3.2,95.2)  (0.7,94.9)  (5.9,70.6) (3.8,75.0)
2007 sprin 72.2 29.6 15.9 2.6 1.1 1.7
pring (53.7,85.3) (17.3,45.7)  (5.8,36.7)  (0.2,30.0)  (0.1,18.9) (0.2,16.0)
07/08 summer 71.8 54.9 16.7 2.9 8.0 21.0
(53.7,84.9)  (38.9,69.9)  (7.4,33.5)  (0.5,15.6) (3.2,18.3)  (10.1,38.8)
2008 autumn 49.5 39.2 31.3 24.8 30.2 92.9
(19.2,80.1)  (12.0,75.4)  (9.5,66.3)  (6.7,60.2) (12.9,55.7)  (65.4,98.9)
2008 winter 35.7 9.3 11.7 11.5 8.2 3.4
(15.8,62.2)  (1.2,46.6) (1.2,59.2)  (0.2,89.2)  (0.3,75.1) (0.2,43.4)
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Figure 2 Mean percentage mortality and fitted logistic dose-response curves for New Zealand flower
thrips for temperatures<0°C. (a) data for spring, summer and autumn during 2006/07 (b) data for
spring, summer, autumn and winter during 2007/08. Error bars are 95% confidence limits for the
smallest, largest and a mid-range mean. For clarity, these are drawn to one side rather than at the mean;

other confidence limits are omitted for clarity (see Table 3).

seasons (P<0.001, Table 4), but the slope
parameter b did not, indicating some consistency
in the rate of decline of mortality. Mortality at
0°C (Py) was much higher for thrips collected
in 2006/07 summer, 2007 autumn and 2008

autumn than for the other four seasons. The
temperatures required to reduce mortality by
a further 50% (D,)) also varied substantially
between the seasons, from -5.2°C (2007 autumn)
to -11.9°C (2008 winter). Temperatures required
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for further reductions (Dgy, Dyg) varied similarly
and included some very low temperatures, but
only one estimate (Dyy, winter 2008) was as cold
as that of a freezer (-18°C), at which temperature
fewer than 1% would survive.

Of the summer 2006/07 population of NZFT,
46.8% would have been killed after 24 h at 0°C
and 50% of the remainder would have been
killed by 24-h treatment at -6.8°C. The autumn
populations of both 2007 and 2008 were also
sensitive to 0°C (26.8% and 29.4% mortality
respectively), with 50% of the remaining
individuals being vulnerable to a further drop to
-5.2°C in 2007 and a remarkable -11.6°C in 2008.
The majority of the winter 2008 population
that survived 0°C could tolerate temperatures as
low as -11.9°C. The spring populations in both
2006 and 2007 had the highest tolerance to 0°C.
Opverall, winter and spring populations had the
highest cold tolerance and autumn populations
the lowest.

DISCUSSION

Adult NZFT survived on peaches for long
periods in cool-storage and could possibly have
lived longer if their fruit hosts had survived as
well. There seemed to be an initial time in which
the thrips adjusted to cold (0°C) conditions since
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mortality after just 1 day was higher than that
after 15 days. For instance, it was noted that the
thrips had moved from their initial positions
scattered all over the fruit on Day 1, to all being
underneath the fruit on Day 15. When the fruit
were removed from the cool-store after 15 or
more days, all the thrips were immobile, but
many recovered within a few hours, after they
had been warmed. Their ability to reproduce
following cool-storage was not investigated.
Numbers of NZFT in Central Otago decline
naturally in the autumn and remain at very low
levels over winter. McLaren & Alspach (2006)
suggested that this decline could be a consequence
of a slowing of plant growth in autumn,
with diminishing supplies of fresh growing
tips and flowers that provide pollen, limiting
opportunities for oviposition and development.
The situation is compounded in winter since the
majority of NZFT’s hosts are deciduous. Gorse
(Ulex europeaus) is one of just two host plants,
both of which are evergreen, that have been
recorded as overwintering host for NZFT; the
other is Verbascum thapsus. While it is possible
that the NZFT populations on gorse were
supplemented by new arrivals from Canterbury
in late winter, some probably survived the whole
winter on gorse (McLaren et al. 2010). In the

Table 4 Parameters estimated from fitting logistic dose-response curves to data for New Zealand flower
thrips over seven seasons, for temperatures<0°C (95% confidence limits or SE in brackets).

% mortality

Temperature (°C) producing 50, 90 or 99% mortality

at 0°C of those that did not die at 0°C

Season b, D5 Dy Dyy

2006 spring 2.1(2.4) -5.3 (-4.8,-5.9) -6.7 (-6.0,-7.7) -8.1 (-7.1,-9.8)
2006/07 summer 46.8 (15.6) 6.8(-35,-12.9)  -8.6(-4.5,-16.5)  -10.3 (-5.5,-20.4)
2007 autumn 26.8 (18.0) -5.2 (-2.8,-9.3) -6.5 (-3.6,-11.8) -7.8 (-4.4,-14.6)
2007 spring 2.7 (2.4) -8.6 (-7.6,-9.7) -10.8 (-9.6,-12.7) -13.0 (-11.2,-16.3)
2007/08 summer 6.4 (2.7) -7.8 (-7.0,-8.7) -9.8 (-8.3,-11.3) -11.8 (-10.4,-14.4)
2008 autumn 29.4 (8.2) -11.6 (-7.2,-19.1) -14.5 (-9.2,-24.8) -17.5 (-11.1,-31.0)
2008 winter 8.3 (7.8) -11.9 (-8.8,-16.5)  -14.9 (-11.1,-21.6)  -18.0 (-13.3,-27.2)

b*, proportional to
slope of curve at Ds,

5.618 (0.843)
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current study, just one NZFT larva was recorded
on gorse flowers in June 2008; none was found
in the other winter months, suggesting that any
development that occurs in Central Otago’s
winter is very limited. Meteorological records
from Clyde Research Centre showed that in the
winters of 2007 and 2008, the lowest temperatures
were -8.0°C on both 28 June and 22 July 2007
and -5.5°C on 9 July 2008. On the evidence
presented in Table 4, these winter temperatures
seem unlikely to kill all the NZFT population in
Central Otago.

If temperature tolerance is associated with the
production of cold or heat-shock proteins, these
could have a dual effect, providing protection
against both heat and cold in summer and winter
(Sejerkilde et al. 2003). Therefore, over the course
of a year, both winter and summer populations
should be able to withstand low temperatures.
Previous research showed that NZFT was more
heat-tolerant in autumn than in spring (McLaren
& Fraser 1998). The current research showed
that the autumn population was less cold-
tolerant than the spring population, indicating a
general upward shift in the range of temperature
tolerance (upper and lower together) from
spring to autumn. The mechanism involved in
this shift was not investigated but suggests that
there is some underlying conditioning that
confers greater heat tolerance in generations that
have recently experienced high temperatures (i.e.
autumn populations) and greater cold tolerance
in those spring populations that have just
experienced winter conditioning.

The cold tolerance of adult NZFT appeared
to be higher in winter and spring than in
autumn, but it was also apparent that there were
some individuals that were highly cold-tolerant
in every season and could certainly survive the
low temperatures of Central Otago winters,
as well as long exposures in cool-storage. The
results indicate there is diversity in temperature
tolerance within any population of NZFT.
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