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METHODOLOGY

Validation of indwelling vaginal sensor 
to monitor body temperature in ewes
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Abstract 

Remote-sensing technology facilitates longitudinal collection of body temperature during periods of hot or cold 
environmental stress without human interference, producing high-frequency measurements whilst reducing labour 
and stress to the animal. A pilot study was conducted to validate an improved, minimally invasive method for the con-
tinual measurement of vaginal temperature (VT) in female sheep. A silicon mould of a modified controlled internal 
drug release (CIDR) device (Zoetis Animal Health, Parsippany), was manufactured to securely house a temperature 
logger (Micro-T 16-bit; Star Oddi, Iceland) and allow direct contact at the collection site. These temperature-sensing 
CIDR devices were validated against manual rectal temperature (RT) measurements collected from 15 mature, non-
pregnant, non-lactating Merino ewes. Rectal temperature was measured from each individual, six times per day in 2-h 
intervals for 14 consecutive days. The simultaneous measures of VT and RT did not differ significantly within each ewe 
(P > 0.05) and demonstrated a moderate linear relationship (R2 = 0.62, P < 0.05). The mean (± SEM) difference between 
RT and VT was small (0.010 ± 0.004 °C), with a 95% confidence interval of − 0.26 to 0.29 °C. Additionally, the coef-
ficient of variation was lower on average for VT (0.49%) compared to RT (0.59%). Differences among paired readings 
were likely due to interval variation as well as penetration depth, air influx and faecal temperature when collecting RT. 
The initial silicone manufacturing costs were high (2200 AUD), with each unit costing 1.25 (AUD) thereafter; however, 
the temperature-sensing CIDR device was an effective and efficient research tool for the remote monitoring of body 
temperature. While further validation of these devices within extensive grazing environments is warranted, the collec-
tion and analysis of longitudinal physiological data from ewes has the potential to improve a variety of management 
aspects related to extensively grazed ewes maintained and joined in harsh conditions.
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Introduction
Climate change is the most serious environmental chal-
lenge faced by producers around the world, threatening 
the physiology, reproductive function and overall health 
and productivity of livestock [1]. Heat stress often occurs 
when the effective environmental temperature exceeds 

the upper critical temperature of a sheep (25 to 31  °C) 
[2], resulting in an imbalance between heat production 
within the body and its dissipation. Biologically, animals 
have the ability to minimise the negative effects of hot 
conditions by invoking physiological mechanisms [3], 
such as an increase in respiration rate and body tempera-
ture, as well as by adjusting their activity and feeding pat-
terns to avoid hot periods of the day or increase the use 
of shaded areas [4]. An increase in core temperature is 
one of the primary physiological indicators and has been 
used to evaluate the heat stress response in sheep [5]. It is 
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also related to a number of other varied functions such as 
activity, nutrition, health preservation and reproductive 
success [6, 7]. Manual measurement of temperature using 
a digital rectal thermometer is considered the best esti-
mate of core body temperature and is currently the most 
reliable diagnostic tool for identifying illness [8], disease 
[9] or heat stress [5] in livestock animals. Rectal tempera-
ture (RT) is relatively accurate and repeatable; however, 
the presence of humans can often disrupt the behav-
ioural and physiological responses of an animal and lead 
to stress-induced hyperthermia [10]. Additionally, man-
ual thermometry is labour intensive and only provides 
a cross-sectional sample due to the need to handle and 
restrain the animal. For this reason, manual thermometry 
is not suitable for the longitudinal assessment of body 
temperature patterns in free-ranging animals [11]. To cir-
cumvent the issues associated with manual collection, a 
plethora of automated technologies are being trialled for 
the continuous, remote measurement of body tempera-
ture in livestock animals [12].

Technologies appropriate for the automated collection 
of heat stress data in sheep have been recently reviewed 
[13]. Many tools used to measure core temperature, 
such as subcutaneous microchips or rumen boluses, 
require surgical intervention or are otherwise invasive 
[14, 15]. These methods are also not always practical 
in a research setting due to their irretrievability or fatal 
outcome for the animals, and orally administered rumen 
sensors are affected by internal environmental changes, 
such as drinking events [16]. A non-invasive, contactless 
approach is the use of thermal imaging or infrared ther-
mography (IRT). Despite being a relatively useful tool 
for monitoring body temperature in sheep [17], skin or 
peripheral temperature can vary depending on the pres-
ence or absence of wool and readings can be affected by 
ambient temperature and UV light, leading to inconsist-
encies at different anatomical locations [18, 19]. Another 
less invasive and more practical method is the use of 
indwelling temperature probes [20–22]. Despite consist-
ently recording core temperature in livestock species, rec-
tal probes require external physical attachment to secure 
the device and resist expulsion during defecation [13, 
19]. Although this has been achieved in cattle with the 
use of a tail harness [23], a reliable attachment method 
has yet to be developed in sheep, which typically lack a 
comparable tail. Difficulties in keeping the temperature 
probe stationary as well as expulsion and faecal tempera-
ture during defecation therefore limit the practicality and 
reliability of this method in sheep. These limitations have 
led to the collection of vaginal temperature (VT) and the 
use of indwelling vaginal probes in female sheep [24], as 
differences in VT and RT have been found to be negligi-
ble when using identical temperature measuring devices 

[25]. Affordability, practicality and welfare concerns can 
affect how body temperature is measured, including the 
frequency of measurement as well as the type of device 
which is used. In addition to comparing the measure-
ment of body temperature at different anatomical loca-
tions, different types of temperature loggers have also 
been compared by measuring VT with two sensor types 
simultaneously within the same animal [26].

The most common deployment technique for insert-
ing temperature loggers into the vagina is the use of 
controlled internal drug release (CIDR) devices. Usually 
containing progesterone to synchronise oestrous, these 
devices are instead sourced as blanks (i.e. no hormonal 
treatment) and used to house a self-contained tempera-
ture logger. The same technique has been used in both 
sheep [21] and cattle [27], whereby a segment of the 
CIDR was removed, replaced with a temperature-sensing 
device and secured in place with tape or shrink tubing. 
Despite previous studies reporting the relative effec-
tiveness of this method [21, 22, 27], temperature sensor 
coatings such as tape and/or shrink tubing can influence 
body temperature measurements. As most temperature 
sensors used to study thermoregulation are coated with 
a suitable material to waterproof the device as well as 
to protect the animal from infection [28], extra coatings 
applied to secure the device in place can influence accu-
racy and response time for core temperature data collec-
tion. Due to huge variability in tag design, deployment 
methods and animal physiology, it is not possible to make 
a general quantification on the effect of sensor coatings 
on body temperature measurements. However, the mate-
rials used to coat the devices are known to thermally 
insulate the sensor, potentially biasing temperature meas-
urements and indicating an improved thermoregulatory 
response than what actually exists [28]. Here, we present 
an alternative method for deploying an indwelling vaginal 
temperature sensor in Merino ewes in order to eliminate 
the risk of bias associated with additional material layers 
or coatings. This newly engineered deployment design 
allows direct contact between the temperature sensor 
and the skin inside the vagina, giving the sensor the abil-
ity to accurately capture acute fluctuations in core tem-
perature. As a result, this study successfully validated an 
improved deployment method by evaluating the relation-
ship between manual rectal temperature and automated 
vaginal temperature in Merino ewes.

Materials and methods
Animals
This was a collaborative experiment between The Uni-
versity of Adelaide and South Australian Research and 
Development Institute (SARDI), and conducted in late-
summer, February 2021 at the Turretfield Research 
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Centre, Rosedale, South Australia (34° 33ʹ S, 138° 50ʹ E). 
All animal use, housing and methodology were approved 
by the PIRSA Animal Ethics Committee (project: 11/12) 
and conducted in accordance with the provisions of the 
Australian Code for the Care and Use of Animals for Sci-
entific Purposes.

Both RT and VT data were collected from fifteen 
4-year-old South Australian dry (non-pregnant, non-
lactating) Merino ewes (Ovis aries) (75.8 ± 1.6  kg body 
weight). VT was collected using a newly developed 
indwelling vaginal probe, whilst RT was collected manu-
ally using a high-accuracy digital thermometer. Ewes 
were randomly selected, moved from the paddock and 
split into two outdoor yards (10  m2; pen 1, n = 8; pen 2, 
n = 7), for a 6-day acclimatisation period. Ewes were then 
moved to an indoor facility and randomly housed in indi-
vidual pens (2.5 × 1.5 m) for the remainder of the study 
(14 days). VT sensors were inserted into the ewes upon 
moving into the indoor facility and ewe temperature data 
were collected at 10-min intervals. Restraint of ewes by 
experienced personnel in a pen or raceway was required 
to instal the device, taking less than 1  min per ewe. As 
risk of irritation or infection increases as the length of 
deployment time increases, each ewe was inspected 
several times each day for irritation and/or device dis-
lodgement. Signs of irritation/infection include excessive 
discharge, increased temperature and inappetence [29].

Between 0800 and 1800  h and 2  h apart, six RT data 
were manually collected, with exclusions at 0800 h on day 
1 and 1400  h on day 8 which were accidentally missed 
and no data recorded. RT was collected by two trained 
personnel inserting a high-accuracy digital thermom-
eter (One Step®) approximately 5  cm into the rectum 
and pressing against the wall of the rectum until a stable 
reading was reached (~ 30  s). Ambient temperature and 
relative humidity within the indoor housing facility was 

measured using a HOBO Temperature/Relative Humid-
ity Data Logger (MX2302A; Onset Computer Corpora-
tion, USA), preprogramed to collect measurements every 
10  min. During the study, ewes had ad  libitum access 
to water and were fed 500 g of grain/ewe/day as well as 
rations of hay to ensure their energy requirement for 
maintenance was achieved.

Device construction
Modified CIDR devices and applicators were reverse 
engineered and moulded (AZ3D Pty Ltd.) using a com-
bination of two manufacturing techniques: computer 
numerical control (CNC) machining and hydraulic press 
manufacturing. Initially, a P20 steel single cavity mould 
was created using CNC machining. Thereafter, hydraulic 
press manufacturing was used to produce 200 probes in 
a biocompatible silicon material with a shore hardness of 
70. Design modifications were made to an original sheep 
CIDR device (Zoetis Animal Health, Parsippany, NJ), to 
enable the secure housing of a Star-Oddi Data Storage 
Tag (DST) (Micro-T 16-bit; Star-Oddi, Iceland) (Fig.  1). 
Modifications included adding curvature to the sharp 
edges of the probes to ensure the data logger was securely 
held in the cavity, along with increasing the diameter of 
the tail of the probe. Manufacturing cost of the silicone 
mould was 2200 AUD and following this, cost per unit 
was 1.25 AUD. The temperature loggers were placed 
inside the centre of each of the CIDR moulds, exposing 
the cylindrical sides of the logger and enabling direct 
contact between the logger and the skin inside the vagina 
(Fig.  1). These temperature sensors had an accuracy of 
± 0.06 °C and were factory-calibrated and tested prior to 
receipt from the manufacturer. All loggers had a three-
point traceable calibration certificate at 10 °C, 25 °C and 
40 °C, specifically calibrated for use at 5–45 °C. The log-
ger was pre-programmed through a communication box 

Fig. 1  A Size dimensions of Star-Oddi micro-T Data Storage Tag, B computerised prototype of CIDR mould and, C final product of CIDR replica 
containing temperature logger
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and Mercury software (Star Oddi, Iceland). Devices were 
inserted approximately 10 cm into the vagina of the ewes 
using a modified CIDR sheep applicator (Zoetis Animal 
Health, Parsippany, NJ) (Fig.  2), after applying Savlon® 
antiseptic cream to the tip of the applicator. At conclu-
sion of the experiment, the devices were removed and 
data were downloaded with the communication box, 
exported to Microsoft Excel v. 2016 (Microsoft Corpora-
tion, Redmond, WA); and labelled with device/logger ID, 
ewe ID, date and time.

Statistical analysis
Statistical analysis was conducted using both IBM 
SPSS Statistics v. 26 and Xrealstats Statistics Pack-
age for Microsoft Excel v. 2016 (Microsoft Corpora-
tion, Redmond, WA). We excluded all VT data collected 
up to 1  h after insertion, as they were likely influenced 
by the insertion process. In order to compare VT and 
RT, we matched them with reference to animal ID and 
time-point. The manual RT data collection usually took 
20  min and therefore, the mean VT based on the VT 
readings captured across this 20-min period was calcu-
lated. Automated VT and corresponding RT data were 
analysed using a linear regression to calculate the coef-
ficient of determination. As the best anatomical location 
or methodology for determining an animals’ true core 
temperature has yet to be defined, both VT and RT were 
estimated measures of core body temperature, and a rela-
tionship between these two measures was expected. As 
the coefficient of determination does not allow to deter-
mine the difference between measures, we also investi-
gated the agreement between automated VT and manual 
RT using the Bland–Altman method [30]. We determined 
the strength of agreement, direction, and upper and 
lower agreement between VT and RT. To determine the 

concordance of VT against RT, a Pearson’s and Lin’s con-
cordance correlations coefficients (LCCC) [31] were also 
conducted. Data are presented as means ± standard error 
of the mean (SEM).

Results and discussion
The use of indwelling temperature sensors allowed for 
the automated measurement of VT at 10-min intervals in 
the absence of a human observer. The temperature sen-
sors (DST Micro-T 16-bit; Star Oddi, Iceland), contain 
two centrally positioned thermistors and are coated in 
a highly thermally conductive ceramic material, which 
facilitated fast and uniform heat distribution throughout 
the whole device. Although relatively expensive, these 
loggers have the advantage over cheaper alternatives due 
to their high accuracy (± 0.06  °C), sensitivity and rapid 
response time [26]. The replicas designed for this experi-
ment eliminate the need for extra material to secure the 
loggers (shrink tubing, vinyl electrical tape, rubber, etc.), 
which has shown to create inconsistencies and decrease 
device sensitivity [28].

Considering the data logger as the experimental unit, 
n = 82 paired observations per logger were generated and 
used to validate the temperature loggers in  vivo. Mean 
(± SEM) VT and RT at each time point were compared 
across the 14-day trial period to determine whether a 
similar pattern existed (Fig. 3). VT profiles of all animals 
remained relatively stable outside the manual data col-
lection period; however, acute fluctuations in VT were 
consistently observed between 0800 and 1800  h each 
day which occurred during the period of manual RT col-
lection. Although a precise explanation for these acute 
fluctuations cannot be elucidated, it is likely they were 
induced by human presence during manual data collec-
tion. Although domesticated, sheep are a prey animal and 

Fig. 2  A CIDR replica inserted into CIDR applicator and, B CIDR replica and logger ejected from applicator
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the behavioural responses of their wild ancestors evolved 
to evade detection and capture by predators [32]. For this 
reason, exposure to a stressor such as human handling 
can activate an endocrine response, leading to stress-
induced hyperthermia (SIH) and increased metabolic 
heat production associated with the flight response [10]. 
Unlike studies which make direct comparisons between 
anatomical locations using the same, or varied automated 
technologies [25, 27, 33], the current study compares the 
use of automated technologies versus manual measure-
ment. Despite some using a similar approach in cattle 
[20, 34] and sheep [15, 20], researchers are yet to report 
how body temperature is influenced by the collection of 
RT. Following the manual collection of rectal tempera-
ture by researchers, an increase in mean ewe VT between 
0.2 and 0.6 °C was observed at each collection time-point 
on each day, with the maximum increase recorded at 
1800 h on day 10 of the trial period. Increases in VT were 
consistently seen to reach a peak at approximately 30 min 
after manual RT collection and before decreasing back to 
basal range. SIH in sheep is a common response to emo-
tional or physiological stress, often caused by routine 
husbandry practices such as shearing [35] and transport 
[36]. When shearing was used to stimulate SIH, it was 
found to last between 4 and 14 min post-shearing when 
automated body temperature was taken in 1-min inter-
vals [35]. A higher collection interval in the current study 
would have allowed a more accurate measurement of the 
duration of SIH caused by human handling/restraint. 
Although diurnal variation across individual sheep is 
normal [37], acute core temperature changes of ≥ 0.5 °C 
are considered a physiological response and in some 

cases, a welfare concern [38]. Increases in VT due to SIH 
seen here, are therefore biologically relevant and would 
introduce a level of interference if manual RT was used to 
quantify heat stress based on elevated core temperature. 
Hence, studies which have previously used manual RT as 
an indication of heat stress [39], may have biased results 
due to the influence of human interference and occur-
rence of SIH. Feeding occurred prior to data collection 
at both the 0800  h and 1800  h time points, which pro-
vides reasoning for a larger and extended increase in VT 
due to prolonged human presence at these time points. 
More research is necessary to truly define the influence 
of manual thermometry on core temperature fluctuations 
in sheep. Nevertheless, comparing each method simulta-
neously allows us to understand the relationship between 
varying techniques as well as anatomical localities.

The coefficient of determination indicated that there 
was a moderate linear relationship between VT and RT 
collected at the same time points (R2 = 0.62, P < 0.0001; 
Fig.  4). The coefficient of variation was lower on aver-
age for VT (0.49%) compared to RT (0.59%), suggesting 
that there was less variation in VT in the current study; 
however, lower VT variation may be due to VT being 
averaged over three measures during the manual RT 
collection period. A previous study has also suggested 
that a strong relationship exists between manual RT 
and automated VT in lactating ewes after administra-
tion of lipopolysaccharide (R = 0.97, P < 0.001; [20]), as 
well as in lactating control ewes within the same experi-
ment (R = 0.88, P < 0.001; [20]), and in gestating Senepol 
cows (R = 0.78, P < 0.001; [20]). Similarly, Vickers et  al. 
[34] investigated the same relationship in dairy cows 

Fig. 3  Mean rectal, vaginal and ambient temperature measured across time. Pooled SEM: ± 0.0106 and 0.0347 for vaginal and rectal, respectively
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postpartum (R = 0.81, P < 0.001); however the strength 
of the relationship decreased by almost half during peak 
lactation (R = 0.46, P < 0.001). The relationship identi-
fied within the current study (R2 = 0.62, P < 0.0001) was 
lower than that previously described in sheep (R = 0.88, 
P < 0.001; [20]); however, different data collection and 
statistical methods were performed, making direct 
comparisons between the two studies difficult. Studies 
which compare the concurrent measurement of RT and 
VT using only automated temperature sensors tend to 
improve the relationship observed between the two ana-
tomical locations (R = 0.92, P < 0.0001; [27]). Given that 
the current study used a combination of indwelling data 
loggers and a high accuracy hand-held thermometer to 
obtain time-point measurements, intervals were slightly 
variable. Additionally, when taking manual RT measure-
ments, variations in penetration depth, air influx and 
faecal temperature could also contribute to differences 
encountered between RT and VT [34]. It is also impor-
tant to consider the changes in uterine and vaginal blood 
flow which occurs at varying reproductive stages, which 
has been reported to alter VT in sheep [24, 40]. Regard-
less, the current study is the first to evaluate the relation-
ship between VT and RT in dry Merino ewes using a 
novel deployment technique.

Calculating the correlation coefficient (R) or coeffi-
cient of determination (R2) describes; (a) the relationship 
and direction between variables or, (b) the proportion of 

variance that two variables have in common, respectively 
[41]. Considering that RT and VT are both estimated 
measures of core body temperature, a close relationship 
between the two measures was anticipated. Therefore, 
results generated from the above models are sometimes 
inadequate and may be misleading, as a high correlation 
or linear relationship does not imply that there is strong 
agreement between two methods. An alternative method 
was introduced by Bland and Altman [30], which is used 
to quantify the agreement between two quantitative 
measurements by constructing limits of agreement [41]. 
Analysing RT and VT using the Bland–Altman approach 
[30, 42], ultimately determines whether two methods of 
measurement are comparable. As the body temperature 
of sheep is maintained within a tight range, 38.3–39.9 °C 
[43], the Bland–Altman method of comparison was per-
formed by using RT minus VT. In the current study, this 
model indicated that the mean difference between RT 
and VT was small (0.010 ± 0.004  °C), with a 95% confi-
dence interval of − 0.26 to 0.29 °C (Fig. 5). Although the 
coefficient of variations suggests that automated meas-
ures of VT may be a more precise estimate of core body 
temperature in sheep, it is important to consider that VT 
was averaged over three measures during the manual RT 
collection period. Nevertheless, these results suggest that 
RT and VT are comparable and reproducible.

Secondary to the Bland–Altman method of compari-
son, measuring the reproducibility of a method from trial 

Fig. 4  Linear relationship between rectal temperature (RT, °C) and vaginal temperature (VT, °C) using data recorded at six, 2-hourly time points 
across the 14-day trial period (n = 82 temperature measures per individual, 15 individuals)
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to trial is also of interest. For this purpose, an index devel-
oped by Lin [31] which evaluates agreement between 
paired readings has advantages over other correlation 
models as it considers each measurement as a distinct 
reading rather than a replicate (random). The LCCC for 
the current study was 0.78. Although there is little agree-
ment and differences in stringency as to how to interpret 
LCCC values [44], values ≥ 1.0 indicate strong concord-
ance between two measures. Below this, LCCC is often 
interpreted similar to other correlation coefficients like 
Pearson’s, where < 0.2 is poor and > 0.8 is excellent [45]. 
Others have a more rigorous interpretation, classing 
LCCC values < 0.9 as poor [46]. Reasoning for such a high 
threshold is likely because LCCC usually gives a higher 
value for most practical situations [47]; however, this is 
often too high to be reasonable. The moderate LCCC 
value of 0.78 in this study is in agreement with the coef-
ficient of determination (R2 = 0.62) and suggests a low–
moderate concordance or reproducibility of the methods, 
in alignment with the approach made by Altman [45] and 
others [48].

The body temperatures of mammalian species exhibit 
ultradian and circadian rhythms around a set point 
[49], which has shown to be influenced by climate [37]. 

When assessing the circadian rhythm in ruminants, 
body temperature is at its lowest in the morning and 
highest in the evening [50]. If body temperature is to 
be used to infer heat stress in free-ranging sheep, their 
daily temperature patterns need to be well understood. 
It is difficult to establish a definite circadian rhythm in 
the current study due to the interference during man-
ual data collection. Nevertheless, a gradual decrease 
in vaginal temperature was consistently observed 
between 1900 and 0700  h the following day, with the 
highest temperatures occurring at approximately 
1800  h (Fig.  3). In the absence of a human observer, 
the indwelling data loggers validated in this study 
would have the capacity to accurately assess the natu-
ral thermal rhythms in free-ranging sheep compared 
to manual collection using a hand-held thermometer. 
Similarly, due to the high-sensitivity of this technology, 
it has the potential to determine varying stages of the 
reproductive cycle in livestock. Changes in uterine and 
vaginal blood flow which occur at different stages of 
reproduction [40], have been shown to alter the VT of 
sheep during gestation as well increasing it during peak 
estrous [24]. Under consistent or controlled ambient 
conditions, these vaginal loggers have the capacity to 

Fig. 5  Bland–Altman plot assessing the level of agreement between (RT, °C) and vaginal temperature (VT, °C) recorded at the same time point. 
Mean differences (dashed line) and confidence intervals (95% = mean ± 1.96 × SD; solid lines) are also indicated. The x-axis represents the mean 
temperature measurement as determined by averaging rectal temperature (RT, °C) and vaginal temperature (VT, °C), whilst the y-axis shows the 
difference in recorded temperatures for the two methods, in this instance RT–VT
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better define how varying reproductive stages or hor-
monal activities throughout estrous can influence VT 
in ewes.

Weather conditions at the time of the experiment 
were relatively stable across the trial period. Although 
the experiment was conducted indoors, the facility was 
not temperature controlled and the sheep were there-
fore exposed to ambient conditions similar to those 
outside the housing facility. Ambient temperature 

measured inside the housing facility did not vary more 
than 2  °C from that recorded by the nearest, on-farm 
weather station (Gazeeka WeatherBox, Vomax Instru-
mentation Pty Ltd ©, Marleston SA). Despite ambi-
ent temperatures being naturally high during the trial 
period (Table 1), most sheep were able to maintain their 
core temperature below their upper limit (39.9  °C), as 
indicated by the automated collection of vaginal tem-
perature (Fig. 6).

Despite all data being downloaded at the conclusion 
of the study with 0% data loss, there is a potential for 
data loggers to either become dislodged or fail to col-
lect and store data successfully, which can only be rec-
ognised during the data download period. Another 
limitation of indwelling loggers is that prolonged use 
may lead to infection or expulsion. Fortunately, the cur-
rent study found little to no irritation or damage posed 
to vaginal tissue. VT measurement produces a read-
ing that more closely reflects core temperature and is 
the most consistent with RT readings when compared 
to peripheral and subcutaneous sensors [22]. However, 
the device is a data logger not a radiotelemetry device, 
meaning that data are stored and must be downloaded. 
Radiotelemetry technology would be especially useful 
in an industry setting, as all data would be communi-
cated and transcribed to a database with the ability to 
monitor body temperature in real-time. Nevertheless, 
automated data loggers are a reliable and advantageous 
method of obtaining accurate body temperature meas-
urements within a research setting.

Table 1  Temperature data for each day during the trial period

Minimum, maximum and mean ambient temperature, as well as the maximum 
temperature humidity index (THI). Mean values are represented as mean ± SEM
a THI refers to the temperature humidity index calculated for each day by the 
following formula: THI = 0.8 * Ta + RH (Ta − 14.4) + 46.4, where Ta = ambient 
temperature in °C and RH = relative humidity expressed as a proportion [5]

Day Min. temp, °C Max. temp, °C Mean temp, °C Max. THIa

1 15.28 36.67 28.77 ± 0.47 83

2 12.36 42.13 26.41 ± 0.63 84

3 18.06 43.35 30.79 ± 0.50 85

4 21.02 38.12 31.10 ± 0.30 81

5 23.42 40.66 30.47 ± 0.31 83

6 17.35 35.52 25.30 ± 0.33 80

7 14.37 26.45 19.95 ± 0.22 72

8 13.20 24.65 18.90 ± 0.21 70

9 11.53 24.29 17.67 ± 0.23 69

10 10.84 25.18 17.57 ± 0.26 70

11 5.65 23.56 15.78 ± 0.34 69

12 10.96 25.95 18.09 ± 0.30 71

13 8.07 30.18 19.74 ± 0.45 75

14 10.37 29.85 20.16 ± 0.41 75

Fig. 6  Mean, minimum and maximum vaginal temperature (VT, °C) for each individual ewe during the trial period. Shaded area indicates the 
normal temperature range of a sheep (38.3–39.9 °C) [43]. Individual ewe variance for VT ranged from 0.029 to 0.056 °C
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Conclusions
In the current study, VT and RT were found to demon-
strate a moderate linear relationship, level of agreement 
and reproducibility. The improved deployment technique 
trialled in this study facilitated the accurate measurement 
of VT and proved to be a reliable method for the auto-
mated collection of core body temperature in dry Merino 
ewes. Although VT can only be measured in female ani-
mals, it is minimally invasive and considered the best site 
for the short-term measurement of body temperature 
in female sheep. A major finding in this study was the 
marked effect that human interference has on acute fluc-
tuations in body temperature. Stress-induced hyperther-
mia is an important evolutionary mechanism and prey 
animals must be aware of their environment and respond 
properly to all kinds of stimuli. This highlights the impor-
tance of decreasing the need for human handling and 
restraint during the collection of physiological data, 
such as body temperature. Due to the ability to take con-
tinuous measurements over time without the need for a 
human observer, indwelling data loggers are undoubtedly 
more useful in a research setting and for evaluating heat 
stress in sheep. Future research using this automated 
approach, will have the ability to accurately monitor the 
body temperature of free-ranging ewes and quantify the 
impact of hot conditions on the ability of ewes to main-
tain their core temperature within normal range. The 
temperature loggers used in this study have enough sen-
sitivity and accuracy to define the thermal thresholds of 
individual sheep. Identifying differences in the thermal 
thresholds of individual ewes could then allow investiga-
tion into the transgenerational effects of heat tolerance.
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