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1. Introduction 

 

The high Andean region of Puno is characterized by low night temperatures and relatively higher temperatures during 
the day, which generates a marked daily thermal oscillation (Bradley et al., 2006; Cheng et al., 2024; Pepin et al., 2015; Vuille 
et al., 2018). These conditions represent a challenge for animal production, especially in species sensitive to abrupt 
environmental changes, because heat stress can alter metabolic and productive processes (Collier et al., 2019; West, 2003). In 
this context, the breeding of guinea pigs (Cavia porcellus) constitutes an activity of economic and nutritional importance in the 
family and semi-intensive systems of the Andes (Bryden, 2012; Chauca, 1997; Sánchez-Macías et al., 2018). However, their 
growth may be conditioned by the thermal variability of the environment and by the physiological responses associated with 
thermoregulation (Chavez-Tapia & Avilés-Esquivel, 2022; Powell et al., 2020; Renaudeau et al., 2012). 

Maintaining adequate thermal conditions is relevant for guinea pig growth, as exposure to cold, heat, or sharp 
fluctuations can increase energy expenditure for body maintenance and reduce the energy available for weight gain (Mount, 
1979; Renaudeau et al., 2012). In intensive and semi-intensive rearing systems, the characteristics of the houses influence 
ventilation, heat retention and protection from external weather conditions (Bosman & Whitfield, 2014; Chavez-Tapia & Avilés-
Esquivel, 2022). However, there is limited empirical evidence on the relationship between the microclimate of the facilities and 
the productive performance of guinea pigs in high Andean conditions. 

The Temperature and Humidity Index (THI) integrates air temperature and relative humidity and is used as an indicator 
of thermal conditions in animal production studies (Bohmanova et al., 2007; Thom, 1959). The literature suggests that animals 
can present a range of comfort within which growth is favored, while inferior or superior conditions can generate stress and 
reduce productive efficiency (Hahn, 1999; Jahuira Arias et al., 2022; Kadzere et al., 2002; West, 2003). In guinea pigs, a possible 

Abstract The high-altitude region of Puno is characterized by a pronounced daily thermal oscillation, which poses a 
challenge for the production of guinea pigs (Cavia porcellus), a species that is highly sensitive to microclimatic variability. 
This study analyzed the association between the thermal conditions of the houses and the weight gain of guinea pigs, 
considering both the mean level of the Temperature-Humidity Index (THI) and its intraday stability, measured by the 
thermal amplitude THI. The research followed a quantitative, non-experimental and longitudinal design, using productive 
and environmental data from INIA's Illpa Experimental Center. A total of 36 Peru breed guinea pigs housed in three pre-
existing and independent facilities were evaluated, with weight records collected every 14 days between November 2023 
and February 2024 (216 observations). The climatic variables were monitored by digital sensors that recorded 
measurements every 15 minutes. The results show that a higher intraday thermal amplitude of the Temperature and 
Humidity Index (THI) is negatively and statistically significantly associated with weight gain. On the other hand, no 
statistically significant association was detected between the mean level of the THI and weight gain under the observed 
conditions. This result does not imply the absence of a possible biological effect of the average THI, but rather that this 
effect could not be statistically identified within the thermal range and the period analyzed. Likewise, males showed greater 
weight gains than females, while the estimated coefficient for age was negative, although it did not reach statistical 
significance in the linear mixed model. Overall, the results suggest that intraday thermal stability may be related to 
productive performance; however, they do not allow us to conclude that it is more important than the average level of the 
THI or that it constitutes the only determining factor of weight gain (p<0.001). 
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nonlinear response to thermal conditions has also been proposed; however, the identification of an optimal range depends on 
the environmental and productive characteristics of each breeding system (NSW, 2023; Renaudeau et al., 2012; Silanikove, 
2000). 

In addition to the average level of THI, its intraday variability can provide information on the thermal changes 
experienced by the animals. The thermal amplitude, defined as the difference between the daytime and nighttime THI, allows 
us to characterize the fluctuations of the microclimate between both periods. These variations can affect thermoregulation 
and energy use, particularly in regions with pronounced changes between day and night (Mount, 1979; Renaudeau et al., 2012). 
In addition, weight gain can vary depending on gender, age and infrastructure characteristics, so these factors should be 
analysed in conjunction with thermal conditions (Cheng et al., 2024; Mader et al., 2010; Nienaber & Hahn, 2007).  

The objective of this study was to analyze the association between the thermal conditions of the sheds and the weight 
gain of guinea pigs (Cavia porcellus) in the high Andean region of Puno. To this end, the mean level of the THI, its quadratic 
term and the intraday thermal amplitude were considered, together with biological variables of the animals and characteristics 
of the sheds. The study provides evidence obtained under real management conditions on the relationship between the 
microclimate of the facilities and the productive yield, without assuming that the observed associations represent isolated 
causal effects. 
 

2. Method and Materials 
 

The study does not correspond to an experimental design, since the sheds and breeding ponds were pre-existing 
structures at the beginning of the research and no random assignment or deliberate manipulation of environmental conditions 
was carried out. The thermal and productive variables were observed and recorded in real management conditions at the Illpa 
Experimental Center of INIA, taking advantage of the natural variability of the microclimate present in each shed. In this 
framework, the research adopts a non-experimental and observational approach, aimed at analyzing the association between 
thermal conditions and weight gain of guinea pigs, without direct intervention of the researcher, in accordance with the 
methodological guidelines established for observational studies in applied sciences (Angrist & Pischke, 2009; Hernández-
Sampieri et al., 2014; Rosenbaum, 2010). 

The guinea pigs evaluated belonged to the Peru breed and, during the initial phase, the pups remained with their 
mothers in the maternity pools of each shed. After weaning, the animals were transferred and assigned to breeding ponds 
within the same shed, following the structure presented in Figure 1 and in accordance with the usual management procedures 
of the INIA Illpa Experimental Center. Likewise, the males were separated from the females in accordance with the routine 
breeding practices implemented by the institution. 

In the three sheds evaluated, feeding, sanitation and management practices were exclusively developed under the 
institutional livestock protocols of the INIA Illpa Experimental Center. All animals received a uniform diet, the same sanitary 
scheme, constant veterinary care and standardized feeding schedules. The research was not experimental, since the sheds and 
breeding ponds were pre-existing structures and were not designed, modified or controlled for experimental purposes. 
Similarly, no random assignment of the animals or deliberate manipulation of the productive or environmental conditions was 
carried out. 

The sheds are organized in an almost linear way, which favors a relatively similar exposure to external climatic 
conditions. However, as they are pre-existing infrastructures, each shed represents a particular combination of construction 
materials, type of floor and roof, ventilation, internal height and insulation. Because these characteristics were not 
independently manipulated and the animals were not randomly assigned, thermal variables may be related to the design of 
the houses and other environmental factors not observed. Consequently, the estimates should be interpreted as conditional 
associations to the variables included in the model and not as isolated causal effects of the thermal amplitude or of each 
component of the infrastructure. 

 

 

Figure 1 Structure of existing sheds and breeding pools for guinea pigs. 
Note: Authors' elaboration based on the physical structure observed at the Illpa Experimental Center of the National Institute of Agrarian Innovation (INIA). 

 

The study was developed under an observational longitudinal design, considering three pre-existing sheds, each with 
two breeding ponds and six guinea pigs per pool, adding up to a total of 36 animals. Each guinea pig was monitored individually, 
recording its weight every 14 days using a digital scale, with measurements made by specialized personnel from the National 
Institute of Agrarian Innovation (INIA). 
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The three sheds were selected because they constituted the totality of the facilities of the Illpa Experimental Center 
that, during the study period, housed guinea pigs of the Peruvian breed under comparable conditions of feeding, sanitary 
management and weighing frequency. Therefore, their selection was determined by the availability of pre-existing 
infrastructures and not by a random sampling of facilities. This condition limits the generalizability of the results and the ability 
to independently estimate the effect of the type of house. 

The sample size was determined by the totality of the Peruvian breed animals that met the inclusion criteria and were 
available in the six housing units during the study period. Due to the observational nature of the research and the pre-existing 
availability of animals and facilities, no experimental sample size assignment was performed. The six measurements made per 
animal allowed 216 longitudinal observations to be gathered; however, the biological sample consisted of 36 animals, so the 
216 measurements should not be interpreted as biologically independent observations. 

For weighing, each animal was individually removed from its housing unit and handled by trained personnel from the 
Illpa Experimental Center. The animals remained outside the pool only for as long as necessary to record their weight and were 
returned immediately afterwards, in an effort to reduce the stress associated with handling. Before each weigh-in day, the 
digital scale was placed on a stable surface and set to zero. No additional information was available on the make, model, 
accuracy of the equipment or the exact timing of the measurements, which constitutes a limitation of the methodological 
record. 

From these measurements, a longitudinal panel database comprising six observation periods was constructed, resulting 
in 216 repeated observations (36 guinea pigs × 6 measurement periods). The study was conducted between November 10, 
2023, and February 13, 2024, allowing the evaluation of changes in body weight over time and their association with the 
thermal conditions recorded in the housing facilities under routine management conditions, without any intervention by the 
researchers. The physical characteristics and geographic location of the three evaluated housing facilities are summarized in 
Table 1, highlighting differences in construction materials, flooring, roofing, ventilation systems, and thermal insulation, all of 
which may contribute to variations in the internal microclimate experienced by the animals. 
 

Table 1 Physical conditions and spatial location of the evaluated sheds. 

Shed Physical characteristics Latitude 

(S) 

Length (O) 

1 Compacted earth soil; adobe walls; calamine roof; natural side ventilation; There is no additional 

thermal insulation. 

15°43′45" 

S 

70°09′30" 

W 

2 Concrete floor; adobe walls; calamine roof with plastic coating; Natural ventilation both front and 

side. 

15°43′46" 

S 

70°09′29" 

W 

3 Concrete floor; brick walls; calamine roof; greater internal height, better air circulation and 

permanent natural ventilation. 

15°43′47" 

S 

70°09′28" 

W 

Note: Authors' elaboration based on the physical structure observed at the Illpa Experimental Center of the National Institute of Agrarian Innovation (INIA). 
 

To record climate variables, digital data loggers (environmental sensors) were used to measure air temperature (°C) and 
relative humidity (%), following procedures commonly used in microclimate studies in livestock buildings (Seedorf et al., 1998; 
Wathes et al., 2008). The data loggers were placed at the level of each pool, close to the animals, to capture in a representative 
way the internal microclimate of the house, in accordance with the methodological recommendations for environmental 
measurement in animal production facilities. Measurements were made continuously every 15 minutes, 24 hours a day, 
throughout the study period from November 10, 2023 to February 13, 2024, a common practice in heat stress studies and 
environmental assessment in livestock systems (Brown-Brandl et al., 2005; Eigenberg et al., 2005; Mader et al., 2010). 

The sensors were not independently calibrated prior to the study. The devices were used in accordance with the 
manufacturer's technical specifications and the declared margins of accuracy for temperature and relative humidity were 
considered. The absence of an independent calibration constitutes a possible source of uncertainty in the measurement of 
environmental variables and, therefore, a limitation of the study. 

From the air temperature and relative humidity records, the Temperature and Humidity Index (THI) was calculated, 
obtaining daily average values, as well as differentiated averages for the day and night periods. The daytime period was defined 
between 08:00 and 17:00 hours, while the nighttime period comprised the remaining interval. These indicators allowed to 
characterize the average level of the thermal environment and its intraday variability within the houses, and were subsequently 
used to analyze the association between thermal conditions and the weight gain of guinea pigs between consecutive 
measurements. The estimation of the Temperature and Humidity Index was made from the temperature and relative humidity 
records using the traditional expression of the THI widely used in heat stress studies in production animals (Bohmanova et al., 
2007; Mader et al., 2010; Thom, 1959).  

The estimation of the Temperature and Humidity Index (THI) was made using the following expression: 
 

𝑇𝐻𝐼 = 𝑇 − (0.0055. 𝐻𝑅)(𝑇 − 14.5) 
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where represents the air temperature expressed in degrees Celsius and corresponds to the relative humidity expressed as a 
percentage 𝑇(°𝐶)𝐻𝑅. 
 

Subsequently, from the continuous records of temperature and relative humidity, the mean values of the day and night 
THI were calculated, with the aim of capturing the intraday thermal variability to which the guinea pigs were exposed inside 
the sheds. This differentiation makes it possible to evaluate not only the average level of thermal comfort, but also the 
fluctuations between day and night, characteristics of production systems exposed to high thermal amplitude and constitute 
a relevant source of physiological stress that affects production performance (Hahn, 1999; West, 2003). Several studies have 
shown that thermal instability, higher than the average temperature level, can reduce production efficiency and alter metabolic 
processes in production animals (Kadzere et al., 2002; Renaudeau et al., 2012). From these indicators, the thermal amplitude 
of the THI, defined as the difference between the daytime and nighttime THI, was estimated, which was incorporated into the 
econometric analysis as a measure of the instability of the microclimate to which the animals were exposed. The thermal 
amplitude of the THI was calculated using the following expression: 
 

𝐴𝑇𝐻𝐼,𝑡𝑗 = 𝑇𝐻𝐼𝑑𝑖𝑢𝑟𝑛𝑜,𝑡𝑗 − 𝑇𝐻𝐼𝑛𝑜𝑐𝑡𝑢𝑟𝑛𝑜,𝑡𝑗 

where represents the intraday thermal amplitude of the THI recorded during the period in the housing unit.𝐴𝐼𝑇𝐻,𝑡𝑗𝑡𝑗 
 

Due to the longitudinal and hierarchical structure of the data, a mixed linear model was estimated as the main 
specification. Each guinea pig was evaluated in six periods, so repeated measurements corresponding to the same animal 
cannot be considered independent. The mixed model allows the explanatory variables to be incorporated as fixed effects and 
to control the dependence between the observations by means of a random intercept per animal. Likewise, panel data models 
were estimated as complementary specifications, since they allow the cross-sectional dimension (guinea pigs) and the temporal 
dimension (measurement periods) to be analyzed together, taking advantage of the intra- and inter-individual variability of the 
information and controlling for the unobserved heterogeneity constant over time (Hsiao, 2007; Baltagi, 2021). Thus, the MCO, 
fixed-effect, and random-effects models were used to assess the stability of the signs and magnitudes of the coefficients, while 
the linear mixed model was considered the main specification because it recognized the correlation between repeated 
measurements of the same animal. 

Let be the weight gain (in grams) of the guinea pig in the period. The econometric model is specified as:𝑃𝑖𝑡𝑖𝑡 
 

𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝑇𝐻𝐼𝑖𝑡 + 𝛽2𝑇𝐻𝐼𝑖𝑡
2 + 𝛽3𝑆𝑒𝑥𝑜𝑖 + 𝛽4𝐸𝑑𝑎𝑑𝑖𝑡 + 𝛽5𝐴𝑖𝑡 + 𝛾2𝐺𝑎𝑙𝑝𝑜𝑛𝑖 + 𝑢𝑖 + 𝜆𝑡 + 𝜀𝑖𝑡 

Where: 

• 𝑇𝐻𝐼𝑖𝑡: Temperature-humidity index (average period). 

• 𝑇𝐻𝐼𝑖𝑡
2 : quadratic term of the THI, incorporated to explore a possible nonlinear relationship. 

• 𝑆𝑒𝑥𝑜𝑖: indicator (1=male, 0=female). 

• 𝐸𝑑𝑎𝑑𝑖𝑡: Age of the guinea pig (days). 

• 𝐴𝑖𝑡: intraday thermal amplitude of the THI, calculated as the difference between the daytime and the nighttime THI: Shed 
mannequins (reference: shed 1).𝐺𝑎𝑙𝑝𝑜𝑛𝑖  

• 𝑢𝑖: unobserved heterogeneity of guinea pig (individual effect). 

• 𝜆𝑡: effects of the period (time). 

• 𝜀𝑖𝑡: idiosyncratic error term. 
 

The linear mixed model was specified as follows: 
 

Δ𝑃𝑡𝑖𝑗 = 𝛽0 + 𝛽1𝑇𝐻𝐼𝑡𝑗 + 𝛽2𝑇𝐻𝐼𝑡𝑗
2 + 𝛽3𝑆𝑒𝑥𝑜𝑖𝑗 + 𝛽4𝐸𝑑𝑎𝑑𝑡𝑖𝑗 + 𝛽5𝐴𝑡𝑗 + 𝛾2𝐺𝑎𝑙𝑝𝑜

ˊ
𝑛2𝑗 + 𝛾3𝐺𝑎𝑙𝑝𝑜

ˊ
𝑛3𝑗 + 𝜆𝑡 + 𝑏𝑗 + 𝑢𝑖𝑗 + 𝜀𝑡𝑖𝑗  

where represents the weight gain, expressed in grams, of the animal, housed in the unit, during the period; corresponds to the 
average value of the Temperature and Humidity Index recorded in the unit during the period; it is its quadratic term, 
incorporated to explore a possible nonlinear relationship; it is an indicator variable that takes the value of 1 for males and 0 
for females; it represents the age of the animal in days; corresponds to the intraday thermal amplitude of the THI; and they 
are indicator variables of sheds 2 and 3, considering shed 1 as a reference category; represents the fixed effects of 
measurement periods; it represents the animal-specific random intercept and controls the correlation between its repeated 
measurements; and it is the residual error. 
 

Δ𝑃𝑖𝑗𝑡𝑖𝑗𝑡𝐼𝑇𝐻𝑗𝑡𝑗𝑡𝐼𝑇𝐻𝑗𝑡
2𝑆𝑒𝑥𝑜𝑖𝑗𝐸𝑑𝑎𝑑𝑖𝑗𝑡𝐴𝐼𝑇𝐻,𝑗𝑡𝐺2𝑗𝐺3𝑗𝜆𝑡𝑢𝑖𝑗𝜀𝑖𝑗𝑡 

𝑏𝑗 ∼ 𝑁(0, 𝜎𝑏
2),  𝑢𝑖𝑗 ∼ 𝑁(0, 𝜎𝑢

2),  𝜀𝑡𝑖𝑗 ∼ 𝑁(0, 𝜎𝜀
2). 

 

The estimation of the mixed linear model was based on the assumptions of linearity of fixed effects, approximate 
normality of residuals and random effects, homogeneity of residual variance, and conditional independence of observations 
once random effects have been considered. The dependence derived from repeated measurements was represented by an 
animal-specific random intercept. In this way, the observations corresponding to the same individual could present correlation, 
while conditional independence was assumed between animals once the explanatory variables and the individual random 
effect were considered. We also assumed that random effects were not correlated with residual errors. 
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The study used environmental and productive records obtained during routine management activities carried out at the 
Illpa Experimental Center of the National Institute of Agrarian Innovation (INIA). The execution of the study and access to the 
information were authorized by INIA. Due to its observational nature, no additional experimental procedures or interventions 
other than usual animal handling practices were performed. Throughout the study period, the institutional protocols for animal 
management and welfare established by the Illpa Experimental Center were respected. 

 

3. Results 
 

Figure 2 shows the growth curves of the body weight of guinea pigs as a function of age, differentiated by house. An 
increasing and approximately linear trend in weight as age advances is observed in each panel, which is consistent with the 
biological growth pattern described for guinea pigs in controlled farming systems (Chauca, 1997; Dalle Zotte, 2014). However, 
there is also marked heterogeneity in individual trajectories within each house, reflecting differences in growth rate between 
animals even under similar management conditions, a phenomenon widely documented in animal production studies 
(Renaudeau et al., 2012). Similarly, variations in the slope of the curves between houses suggest differences in growth 
trajectories, which supports the need for a statistical analysis to examine the association between thermal conditions and 
weight gain, considering the individual characteristics of the animals and the houses (West, 2003). 
 

 

Figure 2 Guinea pig weight growth curves according to the type of house. 
Note: Prepared by the authors based on the production records of the Illpa Experimental Center of the National Institute of Agrarian Innovation (INIA). 

 

To robustly analyze the relationship between thermal comfort and weight gain, four complementary specifications were 
estimated: ordinary least squares (OQs), fixed period effects, random panel effects, and a linear mixed model. The linear mixed 
model was considered the main specification because it recognizes the longitudinal structure of the information, made up of 
six repeated measurements within each animal. MCO and panel models were used as complementary sensitivity analyses to 
assess the stability of the signs and the magnitudes of the estimated coefficients, following the traditional approaches of 
econometric analysis of panel data (Baltagi, 2021; Greene, 2018; Hsiao, 2014).. In all the specifications, the Temperature and 
Humidity Index (THI) and its quadratic term, sex, age, intraday thermal amplitude of the THI, the type of shed and the 
measurement periods were incorporated. The results are presented in Table 2, based on a sample of 216 observations. 

Diagnostic analyses showed no substantial deviations from the model assumptions. The residuals had an approximately 
symmetrical distribution and the quantile-quantile graph did not show significant deviations from normality. Likewise, the 
dispersion of the residuals against the adjusted values did not show systematic patterns that indicated relevant problems of 
heteroskedasticity. The sensitivity analysis, based on the successive exclusion of animals and housing units, showed that the 
signs and magnitudes of the main coefficients remained stable. Although some observations with relatively high studentized 
residuals were detected, their exclusion did not substantially modify the results or the main conclusions of the study. 

The joint test applied to the fixed period effects did not allow the rejection of the null hypothesis that their coefficients 
were jointly equal to zero (F = 1.47; p = 0.203). Therefore, once the variables included in the model were considered—mean 
THI, its quadratic term, intraday thermal amplitude, sex, age, and type of house—no statistically significant differences were 
detected between the measurement periods. This result does not demonstrate the absence of temporal variation in weight 
gain, but indicates that such variation could not be statistically identified in the sample analyzed. 

Ordinary least squares, period-fixed effects, and random-effects models were used as supplementary specifications to 
examine the stability of the signs and the magnitudes of the estimated coefficients. Consequently, the substantive 
interpretation of the results was based on the mixed linear model, which allows the correlation between repeated 
measurements corresponding to the same animal to be represented. 
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The linear mixed model was considered the main specification because it represents the longitudinal structure of the 
data, made up of six repeated measurements in each of the 36 animals. The incorporation of a specific random intercept for 
each animal makes it possible to control the correlation between the observations corresponding to the same guinea pig and 
to recognize that their repeated measurements are not independent. The MCO and panel models were presented as 
complementary analyses, while the substantive interpretation was mainly based on the mixed linear model. In this way, 
standard errors and significance tests recognize the lack of independence between observations belonging to the same 
hierarchical level. The MCO and panel models are presented as complementary analyses, while the substantive interpretation 
is mainly based on the linear mixed model. 
 

Table 2 Estimation of the association between thermal comfort and weight gain of guinea pigs using MCO, fixed period effects, random 
panel effects, and linear mixed model. 

Variables MCO Fixed period effects Panel Random Effects Mixed linear model 

Intercept -128.7960 

(3114.396) 

-1142.5005 

(4613.048) 

-1070.1 

(4707.3) 

349.65 

(69.92) 

THI 16.6922 

(101.159) 

47.0788 

(149.110) 

44.733 

(152.17) 

1.672 

(1.427) 

THI Square -0.1112 

(0.823) 

-0.3709 

(1.213)  

-0.3518 

(1.2382) 

-0.366 

(0.984) 

Sex (1=male; 0=female) 29.3729*** 

(3.983) 

29.2588*** 

(5.129) 

29.258*** 

(5.0681) 

29.259*** 

(4.139) 

Age in days  -0.8620*** 

(0.096) 

-0.7539* 

(0.451) 

-0.7533* 

(0.4459) 

-0.754 

(0.622) 

Thermal amplitude of the THI  -14.8374*** 

(2.325) 

-8.3824** 

(3.594) 

-8.4095** 

(3.6049) 

-8.389** 

(3.462) 

Type of house 
   

 

Shed 2 1.8386 

(1.8386) 

2.4234 

(4.166) 

2.4120 

(4.1226) 

2.421 

(5.229) 

Shed 3 2.2806 

(5.095) 

0.7553 

(6.853) 

0.7787 

(6.7840) 

0.761 

(5.461) 

R squared 0.555 0.570 0.5777  

R squared marginal    0.5723 

Conditional squared R     0.5846 

F  37.01*** 37.65*** 23.142*** 24.053*** 

Number of observations  216 216 216 216 

Note: The values in parentheses correspond to robust standard errors in the MCO and panel specifications, and to model-based 
standard errors in the mixed linear specification. p < 0.01; ** p < 0.05; * p < 0.10. Shed 1 is the reference category. Source: Prepared 
by the authors based on the productive and environmental records of the Illpa Experimental Center of the National Institute of 
Agrarian Innovation (INIA). 

 

In the linear mixed model, sex presented a positive and statistically significant association at 1%, which indicates that 
males registered, on average, a weight gain 29,259 grams greater than females, keeping the other variables constant. Likewise, 
the intraday thermal amplitude of the THI presented a negative and significant association at 5%; Its coefficient of −8.389 
indicates that the increase of one unit in this variable is associated with an approximate decrease of 8,389 grams in weight 
gain. 

The age coefficient was negative in all four specifications. However, in the mixed linear model, considered as the main 
specification, this association did not reach statistical significance. Therefore, the estimated sign suggests a possible slowdown 
in weight gain with age, but the evidence from the main model does not allow to statistically confirm this relationship. 

In the linear mixed model, the coefficients for the mean Temperature–Humidity Index (THI) and its quadratic term were 
not statistically significant. Therefore, within the observed range of thermal conditions, no statistically significant linear or 
nonlinear association was detected between mean THI and weight gain. This finding should not be interpreted as evidence that 
the average thermal environment has no biological effect; rather, it indicates that the available data did not provide sufficient 
statistical power to identify such an association under the conditions evaluated. For descriptive purposes, Figure 3 presents 
the average body weight of guinea pigs according to sex. As shown, males exhibited a higher average body weight (1244.3 g) 
than females (1065.0 g), a pattern that is consistent with the positive and statistically significant coefficient estimated for sex 
in the mixed linear model. 
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Figure 3 Descriptive comparison of average body weight of guinea pigs by sex. 
Note: Values represent the mean body weight (g) recorded during the study period. Prepared by the authors based on the production records of the Illpa 

Experimental Center of the National Institute of Agrarian Innovation (INIA). 
 

Figure 4 presents, for descriptive purposes, the observed relationship between mean THI and guinea pig weight gain, 
together with a quadratic fit. Visually, the estimated curve suggests a possible nonlinear relationship; however, the linear and 
quadratic coefficients of the THI were not statistically significant. Therefore, there is insufficient evidence to confirm the 
presence of an optimal level of THI or an inverted U-shaped relationship under the conditions analyzed. 

Consequently, the fit depicted in the figure should be interpreted as an exploratory description of the data and not as a 
demonstration of a nonlinear biological response. The lack of significance may be related to the relatively narrow range of THI 
observed, sample size, or variability between animals and housing units. Studies with greater thermal variation and an 
experimental design would allow this possible relationship to be evaluated more precisely. 
 

 

Figure 4 Observed relationship between the Temperature and Humidity Index (THI) and guinea pig weight gain. 
 

The coefficients associated with the type of house were not statistically significant after controlling for thermal variables 
and individual characteristics of the animals. However, this result does not mean that infrastructure is unimportant, as building 
materials, type of floor and roof, ventilation and insulation can modify the indoor microclimate. On the other hand, the thermal 
amplitude of the THI showed a negative and statistically significant relationship with weight gain (p < 0.05). Therefore, this 
effect must be interpreted in a conditional manner, without considering that thermal stability is the only factor that determines 
production performance.  

Taken together, the results show a statistically significant association between the intraday thermal amplitude of the 
THI and weight gain. In contrast, no statistically significant associations were detected for the mean THI or for the indicator 
variables of the house. These differences in significance do not allow us to conclude that the mean THI or infrastructure is not 
biologically important, but only that their associations could not be statistically identified under the conditions studied. 
 

4. Discussion 
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Under the conditions analyzed, no statistically significant association was detected between mean THI level and weight 
gain. This result does not constitute evidence of the absence of a biological effect of the average thermal environment, but 
rather indicates that such an effect could not be statistically distinguished within the observed THI range. Average values can 
mask episodes of stress linked to daily fluctuations, as West points out (2003), Bohmanova et al. (2007) and Mader et al. (2010); 
however, the results of the present study do not allow us to establish that the thermal amplitude replaces or is necessarily 
more important than the mean level of the THI. 

In guinea pigs, Jahuira Arias et al. (2022) They support that moderate ranges of temperature and humidity do not 
necessarily translate into productive improvements if the animal suffers sudden changes between day and night. This pattern 
has also been documented in studies on heat stress in production animals, where intraday thermal variability can affect 
thermoregulation and energy metabolism (Collier et al., 2019; Renaudeau et al., 2012). Taken together, these findings reinforce 
the interpretation that the average THI, by itself, does not fully capture the relevant heat stress in high Andean systems, where 
daily thermal amplitude constitutes a critical component of the productive environment. 

The inclusion of the quadratic term of the THI allowed us to explore a possible nonlinear relationship between the 
thermal environment and weight gain. Although the estimated sign is compatible with the hypothesis of an inverted U-shaped 
curve, the coefficient was not statistically significant; therefore, the data do not confirm the existence of an optimal level of 
THI. However, this functional form is consistent with the theory of animal thermal comfort, according to which there may be a 
range of environmental conditions favorable for growth, while lower or higher values can generate thermal stress Thom (1959), 
West (2003), Mader et al. (2010) and Renaudeau et al. (2012)  Likewise, possible nonlinear responses to changes in temperature 
and humidity have been described in guinea pigs and other production animals (NSW, 2023;  Collier et al., 2019; Dikmen & 
Hansen, 2009). The lack of statistical significance observed in this study could be related to the concentration of THI values 
within a relatively narrow thermal range, although sample size and variability between animals and housing units may also play 
a role. 

The intraday thermal amplitude of the THI showed a negative and statistically significant association with weight gain, 
constituting one of the main findings of the study. This result provides evidence that thermal fluctuations may be related to 
productive performance under the conditions analyzed. From a biological perspective, Mount (1979) He argues that thermal 
fluctuations can increase the energy expenditure allocated to thermoregulation and reduce the energy available for growth. 
Similarly, (Renaudeau et al. (2012), Kadzere et al. (2002), Mader et al. (2010) They point out that intraday thermal variability 
can generate accumulated physiological stress and affect production efficiency. Likewise, Chauca (1997) and Jha et al. (2019) 
highlight the relevance of stable environmental conditions for the performance of production animals. These antecedents 
support the biological plausibility of the observed association; however, the lack of statistical significance of the mean THI does 
not allow us to conclude that the thermal amplitude is biologically more important or that the mean level of the environment 
is without effect. 

The THI and highly significant effect of sex indicates that males have greater weight gains than females, a result widely 
documented in the literature on guinea pig production. Chauca (1997) He points out that males have a higher growth rate due 
to hormonal and metabolic differences that favor the deposition of body mass. Constantly, from the Dalle Zotte (2014) and 
New South Wales (NSW, 2023) Greater weight gains are reported in males under different breeding systems, even when 
handling and feeding conditions are homogeneous. Similarly, Lebas et al. (1997) confirm that sex is one of the most robust 
biological determinants of growth in small production mammals, which validates the inclusion of this variable as an individual 
control in the econometric model and supports the magnitude of the estimated effect (Powell et al., 2020). 

The negative age coefficient is compatible with a possible slowdown in weight gain as animals advance towards 
maturity. This pattern coincides with what Chauca (1997) described, who notes that guinea pig growth is most accelerated 
during the early stages after weaning and decreases as the animals approach maturity. Similarly, (Powell et al., 2020; Seedorf 
et al., 1998) They point out that production efficiency and weight gain can be progressively reduced with age in production 
animals. However, in the present study, the association between age and weight gain was not statistically significant in the 
linear mixed model. Therefore, the negative coefficient should be interpreted as an estimated standard compatible with the 
literature, but not as a conclusive result of the study. 

As for the infrastructure, the lack of statistical significance of the indicator variables of the shed does not allow us to 
conclude that its physical characteristics are irrelevant. Each facility is simultaneously differentiated by the materials of the 
walls, floor, ceiling, ventilation, internal height and insulation, factors that can jointly modify the microclimate to which the 
animals were exposed. Because these characteristics did not vary independently, it is not possible to accurately identify the 
specific contribution of each structural component or to determine whether the estimated association for thermal amplitude 
corresponds exclusively to the variability of the THI or partially reflects the joint effect of the house design and other 
unmeasured environmental factors. 

From an operational approach, the relationship between the thermal environment and guinea pig growth can be 
summarized by synthetic indicators such as the Temperature and Humidity Index (THI), which integrates information on 
environmental temperature and relative humidity, and has been widely used in studies on heat stress in livestock species 
(Bohmanova et al., 2007; Thom, 1959). The literature indicates that moderate levels of THII favor body growth, while high or 
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very low values generate heat stress and reduce production efficiency (Collier et al., 2019; Jahuira Arias et al., 2022; Kadzere 
et al., 2002; Renaudeau et al., 2012). In guinea pigs, this relationship is not usually strictly linear, suggesting the existence of 
an optimal range of thermal comfort for weight gain, especially under controlled and semi-intensive management systems 
(Jahuira Arias et al., 2022; NSW, 2023; Renaudeau et al., 2012). 

An important limitation of the study is the possible confusion between the structural characteristics of the sheds and 
the thermal variables recorded. The three sheds evaluated were pre-existing infrastructures and differed simultaneously in 
construction materials, floor, roof, ventilation, internal height, and insulation. Consequently, although the thermal amplitude 
of the THI maintained a negative and statistically significant association with weight gain after controlling for the observed 
variables, the observational design does not allow attributing this relationship exclusively to thermal stability or completely 
separating its influence from that corresponding to the design of the houses and other unmeasured environmental factors. 
The shed indicator variables control for average differences between the installations, but do not allow the individual effect of 
each construction characteristic to be identified. Therefore, the results should be interpreted as associations and require 
validation by experimental studies that include a greater number of houses and controlled structural modifications. 
 

5. Conclusions 
 

The results show that a higher intraday thermal amplitude of the THI is associated with a lower weight gain of guinea 
pigs under the conditions analyzed, while the mean level of the THI does not present a statistically significant association. 
However, the observed relationship cannot be attributed exclusively to thermal stability, because the sheds differ 
simultaneously in their construction materials, ventilation, floor, roof, internal height and insulation. Therefore, the results 
should be interpreted as associations conditioned by the observed characteristics and not as isolated causal effects. Likewise, 
males showed greater weight gains than females, while the estimated coefficient for age was negative, although it did not 
reach statistical significance in the linear mixed model. 

From a productive and management perspective, the results suggest that intraday thermal stability may be associated 
with the productive performance of guinea pigs. However, because only three pre-existing sheds were evaluated, whose 
construction characteristics varied simultaneously, it is not possible to independently estimate the effect of each type of 
infrastructure or causally attribute the observed differences to ventilation, materials or insulation. Therefore, the 
recommendations aimed at reducing the thermal amplitude should be considered preliminary and require validation through 
experimental studies with a greater number of installations and controlled structural modifications. 
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