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Cold tolerance is an important factor determining the distribution of ectothermic species and several traits have been used to characterize insect cold
tolerance. It is, however, unclear how well these traits describe the ecologically relevant variance in cold tolerance.
We examine this question using 14 Drosophila species (table 2) with known latitudinal distribution (Lat) and temperature regime minimums (AMiT). All
species where characterised with respect to 5 popular measures of cold tolerance that have been associated with different physiological processes.
• Chill coma temperature (CTmin), lethal temperature (LTe50), lethal time (LTi50), chill coma recovery time (CCRT) and supercooling point (SCP)

Table 1 - correlation matrix
AMiT
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The drosophilids used are
representatives of both tropical and
temperate species with mean
latitudinal distribution ranging from 9
to 50° from equator.

From each species we extracted
latitudinal and longitudinal
information of field observations
from the TaxoDros database1
(16-3513 observations per species).

Env. temperature

AMiT: Annual minimum temperature
Warmest
min. temp

Coldest
min. temp

Using the WorldClim2 database we
extracted the minimum yearly
temperatures of each observation
site. AMiT of a species is reported
the average -1 SD as this represents
the lowest temperatures within the
species distribution range.

As suggested by the latitudinal
distribution the lowest temperature
exposure (AMiT) varied considerably
between species.

Temperature

The temperature of chill coma is
observed while gradually lowering
temperature by 0.1°C min-1.

Chill coma temperature showed
significant and good correlations to
AMiT, Lat and all measures except
SCP and, surprisingly, CCRT (table 1).

Onset of chill coma in insects has
been associated with loss of
muscle excitability due to
depolarization of muscle
membrane potential3,4.
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Temperature

LTe50: Lethal temperature
Flies were placed acutely for 2h at
low temperature ranging from +1
to -14°C. Survival was scored after
24h of recovery at 20°C.
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LTi50: Lethal time
123

Time

The LTe50 is also a strong predictor of
distribution and well correlated to
CTmin and LTi50. Again we found no
correlation to CCRT and SCP (table 1)

Mortality under these acute
exposures to low temperature
have been linked to phase
change and rupture of cell
membranes5.

Time

Flies were placed at -2°C for
durations between 1 and 240h.
Survival was scored after 24h of
recovery at 20°C.
Mortality under chronic low
temperature exposure is linked to
indirect chill injury caused by loss
of ion and water homeostasis6.

= not dead within 240h
Although the dataset for LTi50 is
limited this trait may also prove to be
a good proxy of cold tolerance (table
1). However it is a logistical difficult
measure to acquire (see discussion).
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CCRT: Chill coma recovery time
Temperature

Flies were placed acutely at -2°C
for 2h to induce chill coma. After
return to room temperature
(≈23°C) the recovery time was
recorded.

Time

Recovery time is thought to be
related to a reversal of the
processes associated with onset of
chill coma as well as recovery of
ion homeostasis7,8.

Surprisingly CCRT correlated weakly
to AMiT and LTe50 (table 1) and had
no significant correlation to Lat,
Ctmin, LTi50 or SCP.
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SCP: Super cooling point
The temperature of spontaneous
freezing (super cooling point) is
identified from the freezing
exotherm occurring while ramping
down temperature at a rate of 1°C
min-1,

Fly temperature

*** *** **

-

*

-

*** **

-

-

*

*** **

-

-

*

*

-

-

-
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Ctmin 0.796 -0.833
LTe50 0.824 -0.856 0.943

LTi50 -0.546 0.615 -0.882 -0.854

-

CCRT 0.610 -0.383 0.506 0.727 -0.711
SCP

SCP

0.497 -0.545 0.319 0.421 0.579 0.144

P

>0.05

0.05- 0.009<0.001
0.01 0.001

 The measures best correlated to AMiT and Lat were

CTmin: Chill coma temperature

1,2,3

Ctmin LTe50 LTi50 CCRT

Discussion and conclusions

Time of year

Time

Correlation coefficients

Lat. from equator

Lat: Latitude from equator

Lat

Significance level

These 5 measures were evaluated in relation to their:
• Correlation to environmental variables to identify the best predictors of drosophilid distribution pattern
• Correlation between measures to identify putative common physiological mechanisms underlying the traits
• Applicability relative to logistical and ethical concerns

The SCP is reliant on the flies ability
to resist freezing9.
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Unsurprisingly SCP showed no
correlation to either of the other
physiological traits. However a weak
correlation was found to Lat but not
AMiT (table 1).
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CTmin and LTe50. Both measures are strong candidates
to predict the cold limit of drosophilid distribution. The
LTi50 might also prove to be a powerful predictor, but it
is difficult to choose a temperature that is low enough
to induce indirect chill injury in tolerant species and
not cause direct chill injury in sensitive species.
 Because CTmin represents a dynamic measure where
both temperature and time change, we recommend
to use this trait which is also simple from a logistical
consideration (the measure requires only few animals
and a single water bath).
 Although widely popular, we found that CCRT and
SCP were poor predictors of species distribution.
The poor correlations to SCP were not surprising as
the “chill susceptible” Drosophila species are neither
freeze tolerant nor truly freeze avoiding.
 Although CCRT has been suggested to represent a
reversal of the processes leading to chill coma. We
found that CTmin and CCRT were poorly correlated.
This suggests dissimilar processes underlying these
traits. Our working hypothesis is that low temperature
itself causes a depolarisation leading to chill coma.
CCRT is dependent on a reversal of these processes
but also on the recovery of ion homeostasis which is
known to be perturbed during prolonged cold
exposure.
 There is a strong positive correlation between CTmin
and LTe50. This suggests a link between the
adaptations protecting the flies against direct chill
injury (membrane phase change) and those securing
membrane potential at low temperature. A possible
common mechanism might be sought in the
membrane lipid composition.

Table 2 - species
Species name
Drosophila melanogaster
Drosophila persimilis
Drosophila obscura
Drosophila montana
Drosophila mojavensis
Drosophila kikkawai
Drosophila simulans
Zaprionus tuberculatus
Drosophila sordidula
Drosophila formosana
Drosophila mercatorum
Drosophila birchii
Drosophila bipectinata
Drosophila equinoxialis

abbreviation
mel
per
obs
mon
moj
kik
sim
tub
sor
for
mer
bir
bip
equ
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