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Data quality problems undermine analyses of endotherm
upper critical temperatures

Abstract
In an analysis of avian and mammalian thermal tolerances

recently published in this journal, Khaliq et al. (2015) reported

that endotherm thermal niches are phylogenetically conserved in

tropical, but not temperate, regions. However, closer examination

of the data upon which this analysis was based reveals that many

of the upper critical temperature (UCT) data are not valid.

Approximately 55% and 42% of avian and mammalian UCT data,

respectively, originated from studies in which animals were not

exposed to air temperatures high enough to elicit an increase in

metabolic rate above minimum levels; the cited UCT values are

merely the highest air temperatures at which measurements took

place. An additional 18% and 25% of avian and mammalian UCT

data, respectively, represent values based on just one individual

per species and/or measurements at too few air temperatures

above the thermoneutral zone (TNZ) to reliably estimate the

UCT.

Several recent studies examining global variation in the thermal tol-

erances of endotherms have focused on the upper and lower limits

of the thermoneutral zone (TNZ), the range of air temperatures over

which resting metabolic rate is minimal and increments associated

with heat production or active heat dissipation are absent. One such

study was recently published in this journal; Khaliq and colleagues

partitioned variation in thermal traits of mammals and birds into phy-

logenetic and environmental (i.e. adaptive) components, and reported

phylogenetic niche conservatism in tropical, but not temperate,

regions (Khaliq et al., 2015).
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Our purpose here is to highlight serious flaws in the data set

upon which the conclusions of Khaliq et al. (2015) are based. The

problems concern the upper critical temperature (UCT), the air tem-

perature representing the upper boundary of the TNZ (also known

as the upper critical limit of thermoneutrality). A second variable

included in the analysis, TNZ breadth, was calculated as the differ-

ence between the UCT and the lower critical temperature, and so

the shortcomings of the UCT data set apply equally to the TNZ

breadth data.

The fundamental problem with the UCT and TNZ breadth data

analysed by Khaliq et al. (2015) is that many of these data simply do

not exist, as they originate from empirical studies in which metabolic

rate was not measured at air temperatures high enough to elicit the

increase that defines the UCT. Khaliq et al. (2015) included mam-

malian and avian UCT data as defined in an earlier study (Khaliq

et al., 2014); the correct definition of UCT is provided in the Elec-

tronic Supplementary Material of the latter paper. However, for

many UCT data included in their analyses this definition was not fol-

lowed.

We examined the original papers cited as the sources of 237 of

255 avian data and 284 of 295 mammalian data provided in

Appendix S1 of Khaliq et al. (2015). On the basis of visual inspection

of the relationship between resting metabolic rate and air tempera-

ture, we allocated each datum to one of the following categories

(see Appendix S1 in Supporting Information):

1. Good data – increase in metabolic rate above the TNZ, with a

clear inflection point defining the UCT based on data for at least

two individuals per species (Fig. 1, top panel).

2. Insufficient data – some evidence of an increase in metabolic rate

above the TNZ, but based on only a single individual and/or mea-

surements at too few air temperatures to reliably estimate a UCT

(Fig. 1, middle panel). Although it is often possible to fit piecewise

regression models to these data sets using software such as the R

package ‘segmented’ (Muggeo, 2009), inflection points identified in

this way are highly sensitive to whether or not sufficient data exist

at higher air temperatures to reliably estimate the slope (Fig. 2).

3. No UCT – by Khaliq et al.’s (2014) definition, the data do not

exist; metabolic rate was not measured at air temperatures high

enough to elicit an increase above thermoneutral levels (Fig. 1,

bottom panel).

Of the 284 mammalian UCT data we checked, good data (Cat-

egory 1) accounted for only 33.1% of the original data set (94

species). A further 25.4% (72 species) had insufficient data (Cate-

gory 2), and for the remaining 41.5% (118 species) the UCT did

not exist (Category 3).

Of the 237 avian UCT data we checked, good data (Category 1)

accounted for only 27.0% of the original data set (64 species). A fur-

ther 18.1% (43 species) had insufficient data (Category 2), and for

the remaining 54.9% (130 species) the UCT did not exist (Category

3). Approximately one quarter of the avian UCT data are valid, and

over half effectively do not exist.

The reasons why the correct UCT definition was not applied by

Khaliq et al. when compiling the data set are not clear. In at least

one instance, unambiguous statements by the authors of an original

study that no UCT was reached were apparently overlooked. In their

study of the thermal physiology of estrildid finches, Marschall &

Prinzinger (1991) clearly indicated that three species (Estrilda mel-

poda, Padda oryzivora and Taeniopygia guttata) did not reach a UCT.

Nevertheless, Khaliq et al. (2015) included UCT values for these

three species in their data set. In other instances, original papers

F IGURE 1 Examples of data included by Khaliq et al. (2015)
illustrating our three categories of upper critical temperature (UCT)
data quality. Category 1 (top panel): metabolic rate in Dunn’s larks
(Eremalauda dunni; data from Tieleman et al., 2002). In this case,
metabolic rate is measured at two air temperatures obviously above
the thermoneutral zone (TNZ), allowing for accurate estimation of a
UCT. Category 2 (middle panel): night-time oxygen consumption in
grey-necked wood-rails (Aramides cajanea; data from McNab & Ellis,
2006). The increase in metabolic rate above the TNZ involves only a
single data point and the UCT can hence not be estimated
accurately. Category 3 (bottom panel): night-time oxygen
consumption in Nicobar pigeons (Caloenas nicobarica; data from
McNab, 2000). There is no increase in oxygen consumption
associated with a UCT; the value of 37 °C included in the data set
analysed by Khaliq et al. (2015) is simply the highest air temperature
at which oxygen consumption was measured. Data for E. dunni, A.
cajanea and C. nicobarica were extracted from original figures using
DigitizeIt software (http://www.digitizeit.de) solely for plotting them
here.
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admittedly do contain potentially ambiguous phrases such as ‘Ther-

moneutrality extended from XX to YY °C’ (McNab, 2000, 2001,

2003), where YY °C was simply the highest air temperature at which

metabolic rate was measured. However, even cursory examination of

the figures in these papers reveals that no UCT was reached (see

Fig. 1, bottom panel for an example of such a data set).

Overall, just ~30% of the mammalian and avian UCT data that

formed the basis for the analyses by Khaliq et al. (2015) can be con-

sidered reliable estimates of the upper boundary of the TNZ. In our

opinion, these data quality problems fatally undermine these authors’

qualitative and quantitative conclusions about the effects of phy-

logeny and environment on UCT and TNZ breadth. We recommend

the authors repeat these analyses using a more constrained data set

to which appropriate data inclusion criteria are rigorously applied.

Keywords
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F IGURE 2 Resting metabolic rate data measured at air
temperatures (Ta) well above the thermoneutral zone are necessary
for reliable estimates of the upper critical temperature (UCT).
McNab & Ellis (2006) measured oxygen consumption in grey-necked
wood-rails (Aramides cajanea) over a Ta range extending up to
c. 39 °C (actual data shown as filled circles); these are a subset of
the data shown in Fig. 1 (middle panel). The open symbols are
hypothetical data that we have added in order to illustrate why data
at a range of Ta above the thermoneutral zone are essential for
accurate estimation of the UCT. The three lines are regression
models fitted to the data sets (actual data and hypothetical data
combined) using the R package ‘segmented’. The hypothetical data
shown by open circles fall along the line suggested by the single
data point that McNab and Ellis collected at Ta = 39 °C; in this
instance, the estimated UCT is at Ta = 37.6 °C (solid line), close to
the value used by Khaliq et al. The hypothetical data shown by open
triangles, in contrast, illustrate a situation where the actual slope is
shallower than suggested by the single datum at Ta = 39 °C; in this
instance, the UCT is nearly 2 °C lower, at Ta = 35.5 °C (dashed line).
The third set of hypothetical data, shown by open diamonds,
illustrates a situation characteristic of taxa such as caprimulgid birds
(e.g. Dawson & Fisher, 1969; O’Connor et al., in press) where RMR
remains low even at very high Ta; in such instances, no UCT occurs
(dotted line).
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