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1. Abstract 

Due to high survival instinct, captive wildlife intentionally disguise signs of weakness and 

illness to avoid predation. Therefore, caretakers must employ subtler observation than that 

required for domesticated species and must integrate several observational parameters to 

detect changes in health early enough for effective intervention. The present study is an 

analysis of weight data over a four year time period for a variety of species in a captive 

animal collection at the Arizona-Sonora Desert Museum in Tucson, Arizona. The purpose is 

to determine whether weight fluctuation patterns exist due to seasonality, use of the 

animals, or other environmental factors. Knowledge of existing patterns may aid caretakers 

in interpreting future weight measurements and possibly achieving early detection of 

health deterioration based on aberrant values. 
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2. Statement of Relevance 

 Many zoo facilities record weight data for their animals as part of their management 

protocols. However, there is a lack of evidentiary support in the literature on captive 

animal management for the use of this data as a health management tool and little 

discussion on the many ways in which keepers can interpret weight data. Often, animals’ 

weights are considered in the context of their health only when other signs suggest health 

compromise. While aberrant weight values as secondary signs of illness are useful in 

confirming health compromise, it is possible that changes in weight can be observed as 

initial clues to illness. This study explores this possibility but acknowledges the need for an 

understanding of baseline weight values in order for comparisons to be possible. 

Furthermore, the study seeks to characterize the baseline weight data for a variety of 

captive Sonoran Desert animals, so that an individual weight value may be evaluated in the 

context of the norm for a particular animal species over a span of time. Specifically, animal 

care staff members at the Arizona-Sonora Desert Museum expect that weight data may 

express patterns of seasonality, due to the changes that animals undergo with time of year.  
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3. Methodology 

3.1 Overview 

 The Interpretive Animal Collection (IAC) at the Arizona-Sonora Desert Museum 

contains over 70 animals of 34 species, including small mammals, reptiles, arthropods, 

amphibians, and birds. Weight values were recorded from 2007 to 2011 for each animal 

beginning at the time at which the animal reached adult size or the time at which the 

animal joined the collection if the specimen was already of adult age at the time of 

introduction. However, some animals may have undergone changes in weight in 

correlation with age, despite being adults at the time of initial record.  

 Data were collected from multiple animals of the same species, as well as several 

species within the same order. However, the present study is an analysis of a select group, 

containing at least one specimen from the mammals, birds, reptiles, and amphibians. There 

are limits to the conclusions possible with this group that will be addressed later. Finally, 

because this data was recorded as part of standard management protocol that was subject 

to variation, the data occasionally lacked completeness due to unavoidable circumstances. 

3.2 Influential Factors 

 The nature of weight recording as part of standard management protocol includes 

inevitable variability and potential confounding factors. During the study, keepers in the 

IAC maintained liberty to change the diets and activities of the animals according to their 

best judgments and sometimes after consults with veterinarians. Moreover, changes in 

protocol sometimes dictated changes in the times at which animals were fed.  

 Captive animals often live to many times the average life span of their wild 

counterparts. This is partly due to keepers’ attempts to stabilize the parameters of a 
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captive environment that would otherwise remain uncontrollable. For instance, IAC 

keepers change enclosure locations according to temperature in order to avoid 

temperature extremes during summers and winters, and captive animals experience no 

predator threat. They also lack exposure to a naturally stimulating environment. Thus, 

animal care staff members provide enrichment in the forms of new foods, socialization 

with other species, toys, and additional objects in enclosures. 

 While a captive environment cannot mimic a natural environment completely, some 

influential factors may remain similar enough between both settings so that similar weight 

patterns may occur. Nevertheless, captive animal weight analysis may prove useful across 

captive animal collections or at least within a particular collection. The study aims to 

evidence the usefulness of weight analysis to describe the health of specimens in captive 

animal collections. 
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4 Literature Review 
 
4.1 Energy Expenditure 
 

 
 

Figure 1. Macroclimate-microclimate model (W. E. Porter, et. al.) 
  

 

Figure 1 is a flow diagram that describes the factors dictating how an animal 

functions in its environment. Macroclimate, a term that is distilled into the parameters of 

resources available, predators, and microclimate, describes the overall major influences on 

an animal’s energy expenditure, growth, and life functions. The macroclimate-microclimate 
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model is a primary consideration for this study because it includes microclimate, which 

describes climate factors, such as temperature and wind speed, for many ecosystems, 

including the Sonoran Desert. Many of these climate factors are expected to change with 

time of year, and thus, may have variable influence on the weights recorded for captive 

Sonoran Desert animals. However, Figure 1 describes the predicaments of wild rather than 

captive species; it is not directly applicable to the current study. It is expected that some of 

the factors shown in Figure 1, such as predator numbers and competition, will be relatively 

stable in captive environments. Conversely, there are other factors (described in 3.2) 

present in a captive environment that are either absent or stable in natural environments 

(W. E. Porter, et. al.). 

Speakman describes two types of factors that influence energy requirements: 

intrinsic and extrinsic. Intrinsic factors are characteristics of an animal, whether they are 

innate or temporary. Examples include phylogeny and reproductive activity. Extrinsic 

factors are environmental and include factors that contribute to the microclimate model. 

Examples include temperature, humidity, rainfall, latitude, and altitude. This study adopts 

this terminology for describing the factors that affect energy expenditure and body weight 

changes. 

Animals can only sustain certain amounts of energy expenditure. If intrinsic or 

extrinsic factors cause animals to expend energy past their maximums, they will eventually 

die. This often occurs in the wild, due to temperature extremes or other extrinsic factors. 

Speakman contests the “digestive bottle neck” hypothesis, which states that animals are 

limited in reaching their maximum levels of energy expenditure only by the limits of their 

digestive capacities. Instead, he suggests that animals are at their greatest level of fitness 
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when they expend energy substantially below their maximum capacities. When intrinsic or 

extrinsic factors require more energy expenditure than the ideal below-maximum level, 

fitness decreases. This may be reflected in loss of body weight. 

4.2 Immune Function 

Research conducted by C. Bonneaud, et. al. describes the cost of mounting an immune 

response in the house sparrow, Passer domesticus. After injection with a lipopolysaccharide 

(LPS), house sparrows exhibited decreases in body weight. Exposure to LPS affected 

metabolism, causing increased utilization of glucose in peripheral tissues, and cytokines 

responsible for inflammatory response also promoted decreased food intake and increased 

resting energy expenditure. The resultant decrease in body weight occurred despite 

decreased activity and has been shown to occur in a wide variety of birds and mammals in 

response to infection with LPS. Thus, pathogens are possible extrinsic factors that have 

been proven to cause decreases in body weight. 

4.3 Body Weight Parameters 

Basal metabolic rate indicates an animal’s minimum energy requirement to 

maintain homeostasis. It is dependent on a complex relationship among body size, climate, 

and circadian period. This parameter is important in analyzing seasonal patterns because it 

represents the maximum energy demand for an animal’s daily energy budget, and basic 

metabolic rate varies with environmental conditions more than with phylogeny.  

An animal’s resistance to passive heat transfer can be characterized according to 

minimum thermal conductance, a measure of the maximum temperature differential at 

which an animal can maintain homeostasis without requiring additional heat production. 

Minimum thermal conductance is negatively correlated with body weight, and it is 
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generally higher in the summer and lower in the winter. Thus, for many species, body 

weight can be expected to fluctuate from lower in the summer to higher in the winter. 

Latent heat loss results from evaporation from the skin and respiratory tract and is 

generally unfavorable, except in heat stress conditions. A ratio of metabolic heat produced 

to evaporated heat lost indicates an animal’s thermoregulatory effectiveness and heat 

tolerance. Thermoregulatory effectiveness also correlates with water loss according to 

metabolic rate. Animals with lower metabolic rates have lower heat production and thus 

lower rates of evaporation; they are able to better conserve water. However, when animals 

are required to increase their metabolic rates due to extrinsic or intrinsic factors, they may 

experience higher rates of evaporation and decreased body weight (Mugaas). 

Smit’s research on the San Esteban Chuckwalla exemplifies this concept of 

thermoregulatory effectiveness. Because chuckwallas were more active in spring months 

than in winter months, they had higher metabolic rates and higher rates of water 

evaporation. This resulted in an overall decrease in weight in from winter to spring 

months. However, during the summer, although the lizards lost considerable body water, 

they did not experience steep decreases in body weight. This indicated that they were in 

positive energy balance and gained tissue mass to make up for dehydration. Importantly, if 

a lizard or any other animal were unable to maintain positive energy balance during 

periods of great evaporative loss, it would experience a decrease in weight that could 

signify ill health. 

Diet may also correlate with an animal’s basal metabolic rate. For instance, J. 

Mugaas, et. al. describes invertebrate-eating mammals that are less than 100 grams as 

having higher metabolic rates than insectivores or folivores. Grazers, nut-eaters, and 
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frugivores also exhibit higher metabolic rates. Thus, changes in diet may cause changes in 

metabolic rate and changes in body weight. 
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5 Results 
 

 
 

Figure 2. a) Weight graph in grams for Ringtail (Bassariscus astutus) from 2008-2011 
b) Individual weight graphs in grams for Ringtail (Bassariscus astutus) from 

2008-2011 
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Figure 3. a) Weight graph in grams for Harris’ Antelope Squirrel (Ammospermophilus 
harrisii) from 2008-2011 b) Individual weight graphs in grams for Harris’ Antelope 

Squirrel (Ammospermophilus harrisii) from 2008-2011 
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Figure 4. a) Weight graph in grams for Hooded Skunk (Mephitis macroura) from 2008-2011 

b) Individual weight graphs in grams for for Hooded Skunk (Mephitis macroura) from 
2008-2011  
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Figure 5. a) Weight graph in grams for North American Porcupine (Erethizon dorsatum) 

from 2009-2011 b) Individual weight graphs in grams for North American Porcupine 
(Erethizon dorsatum) from 2009-2011 
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Figure 6. a) Weight graph in grams for American Kestrel male (Falco sparverius) from 

2008-2011 b) Individual weight graphs in grams for American Kestrel male (Falco 
sparverius) from 2008-2011 
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Figure 7. a) Weight graph in grams for American Kestrel female (Falco sparverius) from 

2008-2011 b) Individual weight graphs in grams for American Kestrel female (Falco 
sparverius) from 2008-2011 
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Figure 8. a) Weight graph in grams for Harris’s Hawk (Parabuteo unicinctus) from 2008-
2011 b) Individual weight graphs in grams for Harris’s Hawk (Parabuteo unicinctus) from 

2008-2011 
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Figure 9. a) Weight graph in grams for Desert Tortoise (Gopherus agassizii) from 2008-

2011 b) Individual weight graphs in grams for Desert Tortoise (Gopherus agassizii) from 
2008-2011  
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Figure 10. a) Weight graph in grams for San Esteban Chuckwalla (Sauromalus varius) from 
2008-2011 b) Individual weight graphs in grams for San Esteban Chuckwalla (Sauromalus 

varius) from 2008-2011  
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Figure 11. a) Weight graph in grams for Tiger Salamander (Ambystoma tigrinum 
nebulosum) from 2009-2011 b) Individual weight graphs in grams for Tiger Salamander 

(Ambystoma tigrinum nebulosum) from 2009-2011  
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6 Analysis 
 
6.1 Ringtail 
 

Figure 2a indicates that B. astutus displayed relatively stable body weight from 

years 2008 to 2011. The ringtail weighed the most in 2008, and its weight decreased 

slightly in subsequent years. This could indicate that the animal’s basal metabolic rate 

increased with age. Furthermore, in each graph in Figure 2b, maximum weight range for 

each year occurred in the springtime. This observation can be attributed to the temperate 

climate of the Sonoran Desert in spring. 

The minimum weight recorded occurred in winter of 2011, before which time the 

ringtail’s weight was decreasing steadily. This steady decrease occurred during Tucson’s 

hottest months into its coldest months. It may be concluded that the ringtail’s increased 

basal metabolic rate may have caused loss of water that was not balanced by increased fat 

storage. Though the decrease between years 2010 and 2011 is not extremely exaggerated, 

it is sharper than that which occurred between years 2009 and 2010. If this pattern 

continues in subsequent years, keepers may record it as the norm for the animal. For past 

years, however, the decrease could have indicated the presence of intrinsic or extrinsic 

factors that were lowering the ringtail’s fitness. 

 
 
6.2 Harris’ Antelope Squirrel 
 

Figure 3a indicates that A. harrisii exhibited fairly stable body weight from 2008 to 

2010. Interestingly, from November to December in both the 2008 and 2009 years, the 

Harris’ antelope squirrel dropped in weight by approximately 15 percent. This nearly 
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identical weight loss between years may indicate the influence of seasonal factors that 

keepers can consider the norm for this species at this time of year.  

The seasonality of the aforementioned pattern may be due to change in minimum 

thermal conductance. It follows that the minimum thermal conductance is lower during 

colder winter months, meaning that there is a lower temperature differential between the 

animal and its environment required to necessitate additional heat production. 

Importantly, the most variability occurred in the fall of 2011. During this time 

period, the minimum weight value occurred, which was approximately 25 percent lower 

than the values for the winter and spring months of this or any other year. While previous 

fall-winter variability may be considered the standard for the species, this precipitous drop 

may indicate that the animal was unable to maintain fitness in the face of environmental 

stressors. This drop in weight may indicate that the animal’s immune system was having to 

work harder than before, causing increased energy expenditure and weight loss.  

 

6.3 Hooded Skunk 
 

Figures 4a and 4b show that M. macroura experienced rapid growth in 2008. This 

may be due to the skunk’s age at the time of introduction to the collection. Because this 

minimum weight value occurs at the beginning of recorded data, it is assumed that it is due 

to physiological development rather than ill health or low fitness. 

Although the data is generally stable after 2008, there was a slight decrease in 

weight during the summer months of each year. This makes sense in terms of the skunks 

molting cycle, which begins in April and ends in September (Merlin). The 2010 graph in 

Figure 4b most closely mirrors the effect expected due to molting. Molting allows increased 
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heat transfer and greater evaporation. This results in a decrease in weight. The weight then 

increased at the end of fall, just before the weather cools. 

The otherwise stable weight values for M. macroura may have several causes, one of 

which could be the nature of its diet. Skunks are omnivores and in captivity eat a variety of 

items associated with both faster and slower digestive rates. This combination may cancel 

out the metabolic effects of single food items. 

 
 
 
6.4 North American Porcupine 
 

Figures 5a and 5b show the overall increase in weight in E. dorsatum that occurred 

from 2009 to 2010. The magnitude of the increase was approximately 40 percent, but 

because it occurred at the beginning of weight recording, it is assumed to be the result of 

normal development or the new captive environment. 

For each year, the data shows a pattern of increase going into winter months. 

Although porcupines do not hibernate in the winter, they store fat for energy and 

insulation. Moreover, the porcupine diet supports the data. Because the porcupine eats 

fruits and vegetables in a captive setting, its basal metabolic rate is not high. The porcupine 

needn’t scavenge for these foods in a captive setting either; it spends much of its time 

under shelter, especially during harsh weather conditions. 

The data shows regularity and does not present cause for alarm in regard to illness. 

By 2011, however, the specimen reached 1000 grams past the average weight for the North 

American porcupine, which is 7000 grams. Whether this is its proper adult size or the 

specimen is overweight may need to be determined. 
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6.5 American Kestrel Male 
 

Figures 6a and 6b show an overall decrease in body weight with age in F. sparverius. 

This specimen also shows a marked pattern that repeated for each recorded year. Body 

weight decreased steadily from winter to summer, when it reached its lowest value 

between May and July. After the lowest point, weight increased steadily through fall to 

winter.  

This decreased weight pattern may be due to the increase in evaporated heat 

required for the bird to maintain homeostasis in the heat of the Sonoran Desert. In terms of 

minimum thermal conductance, the data makes sense because a higher temperature 

differential is tolerated before additional heat is produced, making for higher thermal 

conductance and lower body weight. Therefore, water loss during the summer months may 

thus be considered the norm for F. sparverius.  

Interestingly, the pattern of increased body weight for 2009 was less sharp that that 

of 2008. In addition, the minimum weight for 2009 was lower than that for 2008. It is 

possible that this is a demonstration of an inverse relationship between body weight loss 

and required recovery period. 

 

6.6 American Kestrel Female 

Weight data was also analyzed for a female species of American kestrel to 

investigate the possibility of sex as an influence in seasonal weight patterns. The pattern 

for the female was similar to that of the male, including sharp decreases in body weight 

during the summer months.  
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A major difference that occurred in each graph in Figure 7b was a sharp increase in 

body weight for the female in either April or May. This may be a correlate with changes that 

occur during breeding season in the female that do not occur in the male. If follows that 

females may store more energy in preparation for nurturing developing offspring during 

these months. Also worth mentioning is the carnivorous diet of F. sparverius, which in part 

accounts for their uniquely high metabolism. 

 

6.7 Harris’s Hawk 

Figures 8a and 8b indicate a pattern of steady decrease in body weight from 

February to May and increase from June to January in P. unicinctus. The exception to this 

pattern occurred at the beginning of recordings in 2008, which is assumed to be a period of 

growth. In addition, a swivel clip was added to the weight measurements beginning in 2009 

and is thus responsible for the overall weight increase among 2008 and subsequent years. 

Similar to the American kestrel explanation, it is likely that weight decrease in the 

summer correlated with loss of water due to evaporation and increased minimum thermal 

conductance. The increase in weight that occurred from fall to winter may be explained by 

the decrease in temperature during these months, causing decreased minimal thermal 

conductance and increased basal metabolic rate. 

 

 
6.8 Desert Tortoise 
 
 Figures 9a and 9b indicate that body weight for G. agassizii increased from 2008 to 

2011. The data makes conclusion beyond this difficult. Although body weight maintained a 

similar average throughout the four years, it contained no pattern of increase and decrease. 
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This suggests that the weights exhibited past 2008 average to that which is ideal for the 

species.  

 The variability of weight change may be described as a function of diet. Animal 

caretakers feed desert tortoises a variety of food items that may be associated with both 

high and low metabolic rates. Thus, depending possibly on diet components at the time of 

recording, body weight fluctuated. 

 

6.9 San Esteban Chuckwalla 

 Figures 10a and 10b show consistent body weight across the four years for S. varius, 

except for a peak in July of 2011 and the major differential between the months of January 

for 2009 and 2010. 

 The stability of the lizard’s weight across the summer months demonstrates the fact 

that it is kept at high fitness in the captive setting. As previously discussed, chuckwalla’s 

lose body water during the heat of summer and thus tend to lose body weight. Moreover, 

dramatic decreases in body weight can occur if the lizard does not achieve positive energy 

balance to make up for dehydration. In the captive setting, chuckwallas are provided with 

cool shelter and misted twice daily to minimize water evaporation. 

 The major point of concern in the data is the drop in weight during the winter of 

January 2010 compared to January 2009. This difference could be due to infection with a 

pathogen, colder temperatures, or other intrinsic or extrinsic factors. This is an example of 

a data point that could be used to indicate potential health compromise. 
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6.10 Arizona Salamander 
 

Figures 10a and 10b indicate an overall increase in body weight in A. nebulosum 

from 2009 to 2011. This increase may be attributed to normal physiological development. 

The pattern of body weight change is relatively stable among years with the exception of a 

sharp increase in September of 2011, although each year displayed increase in the fall. It is 

possible that the September 2011 recording resulted from greater water absorption.  
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7 Conclusion 
 
 The present study described the patterns of body weight changes in 10 captive 

Sonoran Desert Animals. Basic parameters of basal metabolic rate, minimum thermal 

conductance, heat loss, and diet were used to analyze and rationalize the body weight 

patterns that existed for each animal. Aberrant weight values were identified as potential 

indicators of health compromise, which is the result of a negative balance between energy 

consumed and expended for life functions, from daily activity to immune defense. 

  Keepers can provide higher quality captive animal care by keeping record and 

knowledge of the average weights and weight patterns expected for their animals. Weight 

values that differ greatly from what has previously been observed are calls for 

investigation into the health of the specimen. Rather than serving as supportive evidence, 

aberrant weight values may act as initial clues to health compromise, especially 

considering that less domesticated species are apt to disguise illness. 

 This work requires further study to improve the practicality of the conclusions 

presented. First, it would be useful to determine the most favorable maximum and 

minimum weights for each species, keeping in mind gender differences and the fact that 

favorable values are likely neither the high or low extremes. Second, correlation studies 

between diets and changes in body weight can be used to determine the extent to which 

diet influences weight and the most favorable diet for each species. Finally, a retroactive 

study that compares history of illness and abnormal behavior to weight data may provide 

direct evidence that weight is a practical parameter by which captive animal health can be 

measured. 
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