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Abstract  

The Evapotranspiration Rate (ETo) of a given geographic region directly 

regulates the decomposition rate of vertebrate carrion, with any deviation attributed to 

insect activity. We conducted four decomposition experiments using pig carrion (Sus 

scrofa) over the span of two years (2018-2020) at a location in Davis, California. We 

used ETo, a variable that accounts for five climatic parameters: wind, temperature, 

humidity, solar radiation, and altitude, as the rate-determining variable of the 

decomposition process. We found ETo to have a strong (R2 = 0.97) predictive 

relationship with the decomposition rate. To account for maggot activity actively 

decomposing the carrion, we measured maggot weight in 2019 and 2020 using a novel 

method, and in 2020 we used FLIR imagery to measure maggot mass temperatures as 

a surrogate measurement of total maggot activity. Maggot activity was shown as a 

significant predictor (p-value < 0.0001) of the decomposition rate, while maggot weight 

was not (p-value > 0.1). We hope to show the forensic entomology community the 

potential of using ETo. Future projects can incorporate ETo to decomposition studies to 

determine if ETo is the most accurate descriptor of decomposition and ultimately 

increase certainty in the Postmortem Interval (PMI).     
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Chapter 1. Introduction 

The PMI and its Estimation Employing Insect and Taphonomic Evidence   

The Postmortem Interval (PMI) remains an essential estimate used by 

investigators to calculate a range of time between the death of a person and the 

discovery of the remains. Various entomological and taphonomic methods determine 

the PMI; these derive from insect developmental rate and insect succession or from the 

determination of a decedent’s stage of decomposition. These methods appear to share 

weather as one determining factor, and in particular, temperature seems a dominant 

parameter used in research projects pertaining to decomposition rate. For example, 

reference data sets for certain species of blowflies (Family: Calliphoridae) exhibit a 

positive correlation between increased developmental rate and temperature. Such a 

relationship has even yielded predictive models (Davidson 1944). Further, the presence 

and absence of certain insect taxa serves as a reliable indicator of a time-lapse within 

the process of decomposition, as specific necrophagous insects exhibit preference 

during certain stages of decomposition (Payne 1965, Benbow et al., 2013). Even a 

scoring system using taphonomy has been established, which divides the remains into 

three regions (head & neck, torso, and limbs); these regions may be assigned a score 

according to uniform descriptions of decomposition state (Megeysi, et al. 2005, Moffatt 

et al., 2016). The scores are tallied per region to give a total score, which provides 

investigators with additional information for consideration in PMI calculations.  

The Particular Effects of Temperature and How These Have Been Incorporated  

into PMI Estimation  

 Temperature constitutes the most recognized rate determining parameter. 
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Ecologists often measure the effects of heat accumulation on biological processes to 

study the effects of temperature (Baskerville et al., 1969), and entomologists do so with 

insect development (Hidgley & Haskell 2010). Forensic Entomologists use methods that 

incorporate temperature, such as accumulated degree days (ADD) or accumulated 

degree hours (ADH), for calculation of the PMI. Use of ADD started within the field of 

agriculture, using thermal summation and the growth rate of plants and crop pests to 

predict fruiting and economic injury (Wilson & Barnett 1983). Forensic entomologists 

saw the potential and incorporated the same idea onto necrophagous insects, which 

effectively predicts the age of certain species of necrophagous flies (Vass et al., 1992).  

Climate within the lab can be easily controlled and manipulated, this is not the 

case for field work, especially when focusing on more than one parameter. Weather 

parameters intertwine to create a climate, and each can influence the other—for 

example, wind speed can affect humidity, which in turn can affect temperature (Allen et 

al., 1998). Therefore, solely measuring a single variable can be misleading. It becomes 

vital to account for each parameter and, further, to incorporate each of these 

parameters into a model that specifies a single measurable variable.  

Potential Effects of Local Climate Parameters 

Using a single weather parameter, such as temperature, introduces limitations 

that can have a profound impact on the accuracy of the PMI. First, temperature 

constitutes only one of five parameters of climate, and only accounting for a single 

parameter ignores the impact of the others, humidity as one example. To obtain a better 

understanding of decomposition in a certain geographic region, it becomes necessary to 
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account for all environmental parameters. Second, omitting other weather parameters 

leads to complications when using reference data for site-to-site comparison. For 

example, if an investigator uses reference data from Reno, NV for a case in Detroit, MI, 

although the temperatures might be comparable, the climates of these two 

geographically separate regions can greatly differ (i.e., difference in humidity). The 

climate of a region depends on all the weather parameters of the given geographic 

location. To enable site comparison, these parameters must be accounted for to fully 

describe each location. Dipteran larva, maggots primarily family Calliphoridae and 

Sarcophagidae, become prominent decomposers of carrion. The lifecycle of these 

families of flies, most importantly the oviposition behavior and larvae development, 

greatly depend on general conditions of climate (George et al. 2013, Berg & Benbow, 

2013). For example, female flies seek out the most desirable locations for oviposition to 

provide their larvae with the best chance of survival. Biotic and abiotic factors influence 

oviposition, here we consider abiotic factors such as environmental conditions—weather 

parameters that pressure female flies to find the most ideal sites. Thus, environmental 

conditions directly dictate the abundance of larvae, specifically the environmental 

impact on the carrion, which can encourage or discourage oviposition. Therefore, to 

better determine the effects that the environment has on a decedent and to enable 

comparison between geographically separate regions, it is essential to consider all 

weather parameters.  

Unification of Climate Parameters and Possible Compensations  

Our ideas about how the environment plays an important role in the development 

of plant and animal life can be traced back to antiquity. Not until the age of 
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enlightenment, did our understanding expand due to rampant curiosity and scientific 

discovery. Rene Antoine Ferchault Reaumur (1683-1757) was a French Scientist with 

many research interests, one of which earned him the title of the “father of entomology” 

in France (Egerton 2006, Daszkiewicz 2016). In Reaumur’s studies, he brought forth 

and described the relationship between temperature and the time needed for insect 

development (Rostand 1962). Charles Francois-Antoine Morren (1807-1858), a Belgian 

Scientist who studied the periodic phenomena plants and animals exhibited during a 

particular season, especially the response to weather, went on to coin this field of study 

as phenology (Demarée & Rutishauser 2011). Thus, we know there is a relationship 

between the ecology and the climate of a select region, but we lack a model that 

encompasses the effects of all the weather parameters. For this, we (again) turn to 

agriculture. Thankfully, such an equation exists that describes for us the necessary 

variable. Physicist Howard Latimer Penman introduced the Penman equation in 1948, 

seeking to better understand the relationship between weather parameters and 

evaporation by a combination of sensible and latent heat transfer equations with the 

energy balance equations (Penman 1948, Jensen et al., 2016). The Penman equation 

was later improved upon by the addition of a surface resistance parameter and an 

aerodynamic resistance parameter by biological physicist John Lennox Monteith 

(Monteith1965). Therefore, it became known as the Penman-Monteith (PM) equation, 

the more accurate version of the Penman equation (Allen et al., 1998). As with the 

Penman equation, the PM equation incorporates all five environmental parameters 

(wind, solar radiation, altitude, humidity, and temperature) to yield a single variable that 

can be measured directly — Evapotranspiration Rate (ETo) (Penman 1948, Monteith 
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1965, Allen et al., 1998, Allen et al., 2000). There are various forms of 

evapotranspiration which account for the surface roughness and vegetation type 

(canopy, grass, etc.) in specific environments. We will be using the PM reference 

evapotranspiration (Equation 1), which describes the evaporative demand of the 

atmosphere independent of crop type (Allen et al., 1998). Widely used in the agricultural 

field, PM has been vital in developing farmland in previously uncultivated regions. Its 

power lies in its effective prediction of the timing of developmental events in certain 

crops, when they should be planted to produce the greatest yields, and in planning of 

optimal irrigation schedules (Allen et al., 1998, Allen et al., 2000, Jensen et al., 2016).  

Bringing ETo to Bear on the Estimation and Comparison of the PMI 

The necrophagous insect community powerfully drives vertebrate decomposition 

(Payne 1965), and climate within the region alters their activity (Benbow et al., 2013, 

George et al., 2013). Although some understanding exists regarding how individual 

weather parameters effect blowfly colonization (George et al., 2013), there appears to 

be no understanding how each of these parameters taken together effect insect 

colonization and activity. Thus, we asked if ETo can be used as an independent variable 

to estimate the period of decomposition in vertebrate carrion studies. The rate of 

decomposition of carrion heavily depends on weather, vertebrate scavengers, and 

invertebrate scavengers. In field research, vertebrate scavengers may easily be 

excluded from influencing decomposition; therefore, we can focus solely on the impact 

of weather parameters using ETo by additionally accounting for insect activity. Thus, we 

can potentially develop a relationship between ETo and the decomposition rate of 

carrion.   
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Hypotheses and Research objectives 

The ETo of a given geographic region directly regulates the decomposition 

rate of vertebrate carrion, with any deviation being attributed to insect activity. 

Ultimately, we seek to enable back-cast estimations to the point in time when death 

occurred with a greater degree of certainty and enable site-to-site comparison using an 

all-encompassing descriptor of climate—ETo. Our research constitutes a contribution to 

a partnership with a larger on-going study (Evapodecomposition) involving Purdue 

University, Indiana, under the direction of Dr. Trevor Stamper; this portion pertains 

specifically to research here at UC Davis, California. Accordingly, we (1) selected four 

different times of year with varied ETo to conduct our experimental trials based on 

historical weather data (Fig 1); Fall 2018, Spring 2019, Summer 2019, and Winter 2020. 

We (2) obtained four cohorts of three to four 30-70lb pigs and established field 

experiments at each of these times. We (3) sought to measure site weather parameters: 

temperature, humidity, altitude, wind velocity, and light intensity, using a portable 

weather node and data collected from a National Weather Service (NWS) certified 

weather station positioned at a local airport. We (4) measured the decomposition 

process using two methods; weight loss and calculated Total Body Scoring (TBS). We 

(5) sampled from the insect community around our pigs. We (6) conducted maggot 

collections and measured maggot abundance using a novel technique we established 

called “Maggot Indices,” where we obtained a maggot weight and randomly sampled 

maggots using a grid system. Additionally, we (7) measured insect activity by taking 

infrared images of the pigs. In particular, we sought to determine if the ETo of a specific 

region has a direct relationship with the decomposition rate of vertebrate carrion by 
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linear regression.      

Chapter 2.  Methods and Materials  

Location and Seasons of Experiment. We established a fenced study site with 

locked double gates in a rural area with restricted access, the Putah Creek Riparian 

Reserve Ecosystem in Davis, California (N38.530081 W121.810860 El 20m). We 

carried out a total of five experiments during different periods of the year, using either 

three or four freshly euthanized pigs. These include one in Fall 2018 (three pigs), two in 

Spring 2019 (three pigs each), one in Summer 2019 (four pigs), and Winter 2020 (four 

pigs). We used four pigs to increase our power of analysis (Lenth 2006). We used 

evapotranspiration (ETo) as the independent variable of the decomposition rate of each 

experimental group of pigs. We used these data to determine if ETo predicts the rate of 

decomposition.  

Pig deployment. For each experiment, three or four approximately 30-70Kg (43 

± 14 Kg) pigs were set out in a linear array perpendicular to prevailing winds and 30 m 

from each other to assure sample independence (Perez 2016). Pigs were separately 

placed on 2ft by 4ft grates constructed of ¾ in square steel tubing, with the head 

pointed north. Protective cages were constructed using fencing wire (2ft by 4ft) to 

exclude vertebrate scavengers from disturbing carrion. We established sampling 

locations 2m to the north, south, east, and west (ordinate points) around each pig.  

Measuring Environmental Parameters of the Evapotranspiration Equation. 

During each sample period, we measured temperature, humidity, atmospheric pressure, 

and wind velocity using the Skywatch BL400 weather station, a portable node with 
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Bluetooth capabilities that communicates with any smartphone using Skywatch 

application (Version 1.1.0). Solar radiation was measured using a Dr. Meter LX1330B 

Light Meter. We took measurements 15 cm above ground level at the ordinate points 

and 15 cm and 1.8 m above the navel of the pig. Altitude remained a constant. In 

addition to environmental weather parameters being collected around the pigs, we also 

collected the same data from the most local National Weather Service (NWS) certified 

weather station—CIMIS Davis Weather Station #6, approximately two miles from our 

study site. In 2014 Alexander Dedmon, a Ph.D. candidate under Dr. Robert Kimsey, 

conducted a Wilcoxon-Mann-Whitney comparison test between the California Irrigation 

Management Information System (CIMIS) Davis weather station #6 and a H.O.B.O. 

weather station position at our experimental site, the two weather stations were found to 

be comparable (p-value > 0.05). Further, the CIMIS station has accurately collected 

weather data since 1982. The weather parameters are continuously collected and can 

be downloaded using the CIMIS webpage (https://cimis.water.ca.gov/), therefore, we 

used the CIMIS station for our analysis.   

Measurements of Decomposition. We estimated decomposition rate by 

measuring pig weight using a digital hanging scale daily and by calculating daily Total 

Body Score (TBS). A Dr. Meter digital scale 110lbs/50Kg was used for pigs under 50 

Kg, and four Rapala 50lbs/25Kg scales were used for pigs over 50 Kg. To measure 

weight, we constructed field tripods to be placed over the pigs, with a central point of 

lifting (Fig 2). Pigs were also photographed from 1.5 m above ground at the four 

cardinal points and an aerial-overview using a Pentax Optio WG-2 GPS camera. 

Additionally, the photographs served to highlight interesting features and events 

https://cimis.water.ca.gov/
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throughout the decomposition process. These photographic data formed the basis for 

Total Body Scoring of the decomposition state specific for pigs (Nawrocka 2016, 

Megyesi et al., 2005, Galloway 1996).  

Decomposition Rate Analysis. For analysis, we averaged both the slope of the 

weight loss of pigs per cohort and the slope of TBS, this gave us a decomposition 

variable for each experiment that could be regressed against the average ETo in each 

experiment. First, for weight analysis, each cohort of pigs exhibited variation in weight, 

this was primarily due to the variation amongst pigs scheduled for euthanasia through 

the UC Davis Department of Animal Science-Swine Facility. To establish a standard 

starting point for weight analysis, we instead used percent of weight loss from the initial 

weight per day, i.e., day 1 had 0% weight loss from the initial weight, day 5 had 14% 

weight loss from the initial weight, and so on. Second, for TBS analysis, the TBS scale 

was altered—since it is ordinal in nature, but it is describing and measuring 

decomposition, which is continuous in nature, we rescaled it from 0 to 32 (Moffatt et al., 

2016) as opposed to its defined 3 to 35 (Megyesi et al., 2005, Nawrocka et al., 2016). 

Before using the averages per cohort, we conducted comparison analysis of pigs within 

specific cohorts, Fall 2018 weight analysis was the only one found to be statistically 

different, therefore it was excluded from further statistical analysis. However, TBS for 

Fall 2018 was found to be comparable and was used for analysis. Linear regression 

was used to determine the relationship between decomposition rate and ETo. The 

independent variable (x-axis) was ETo since it is a variable of the weather parameters 

and independent of the decomposition of carrion. For the dependent variable (y-axis), 

we used decomposition rate in the form of slope of average percent accumulated weight 
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loss and slope of average TBS.  

Measurement of and Rational for Determining Scavenger Abundance. We 

easily excluded vertebrate scavengers using protective wire cage coverings over our 

carrion; however, it remains impossible to exclude invertebrate scavengers in field 

experiments without serious modification of climatic parameters local to the pig. Indeed, 

it would seem impossible to sort the effects of these scavengers on decomposition rate 

from that of ETo. Instead, we must parse scavenger and climatic regulatory effects by 

measuring the maggot activity on pigs and recording the local ETo. In using ETo as the 

descriptive factor of decomposition per experiment, we can then compare insect activity 

to account for possible variation, if any.  

We assayed maggot and other scavenger populations minimizing retention of 

specimens (minimal sampling) to solely that needed for identification (Cochran 1977). 

Our intent was not to effect local population numbers, or the rate of pig decomposition 

as measured by weight loss. Invertebrates were identified to the most specific level 

possible (i.e., species, genus, family, order, etc.), with necrophagous insects identified 

down to species, and their numbers documented. 

Flying Insects. Sweep net collections were limited to 4 consecutive sweeps 

(sweep left then right equals 2 sweeps) of a butterfly net over the top of each pig. A 

McPhail trap was centrally located amongst the pig cohort (only implemented in Fall 

2018). We installed pit fall traps with 0.25L of propylene glycol at the ordinal points (four 

total) around each pig and sampled at 24-hour intervals. The propylene glycol 

maintained the numbers of trapped insects, preventing predatory and scavenger 
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behavior amongst insects within pitfalls.  

Indexing Maggot Populations. In an effort to measure invertebrate scavenger 

abundance actively decomposing the carrion, the main effort was centered on the 

primary decomposers—blowfly maggots. We measured surrogates of maggot 

population number using two separate methods (Table 1): (1) maggot index, or the total 

weight of maggots at a given time, and (2) maggot activity as estimated by the total heat 

given off by maggots in the remains. We used weight scales to measure the initial 

weight of the pig. While the pig was still raised, the maggot weight was obtained by 

shaking maggots off the pig in a standardized time and manner onto a screen (2ft by 

3ft) slid underneath the pig (Fig 2). We then obtain a second weight of the pig, the “post-

shaking” weight before lowering the grate. We considered the difference between initial 

weight and post-shaking weight to be the maggot weight, an index of maggot number. A 

wire grid of the same dimension as the grate (2ft by 4ft) was laid over the screen to 

ensure random sampling—one maggot from each “gridlette” was retained for later 

identification. The contents of the screen were then poured back onto the pig, where the 

maggots reestablished favorable positions on the carrion. We conducted a validation 

experiment of this method, UC Davis Spring 2019, to determine if the decomposition 

rate would be altered. To ensure that we did not alter the rate of weight loss over time, 

we assigned 3 of our 6 pigs as negative controls, only weighing them but not collecting 

specimens from them. The results were not statistically significant (Two sample t-test, p-

value > 0.05); thus, the difference in decomposition rates between pigs treated in this 

manner and pigs weighed without disturbance of maggot populations (Fig 4) were 

comparable.  
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Measuring maggot activity by FLIR. Feeding aggregations or maggot masses 

have been consistently recorded as being a couple to several degrees Celsius above 

ambient temperature, with increasing maggot mass volume/number positively correlated 

with increasing temperature (Slone et al., 2007, Heaton et al. 2014). It would seem that 

maggot massing benefits feeding efficiency, larval survival and may enhance 

development rate (Rivers et al., 2011, Aubernon et al., 2016, Podhorna et al., 2018). 

Thus, we indexed the sum of maggot activity during decomposition by measuring the 

amount of heat produced above the ambient temperatures. Maggot activity is readily 

visible by using non-invasive Infrared (IR) imagery by measuring the temperature given 

off by maggot masses on a carcass (Johnson 2014, Heaton et al., 2014). In addition to 

maggot weight, we utilized a smart phone based Forward-Looking Infrared (FLIR ONE 

2014) camera and took images of the pig before being weighed for the duration of the 

experiment (Fig 3). To help improve accuracy for image analysis, the images were 

taken at a standardized height of 4.5 ft above the carrion, and to reduce the emissivity 

of the surroundings and solar radiation effects we shaded the carrion with a canopy 

while taking the thermal image. Upon death, carrion exhibits an array of decomposition 

changes, such as algor mortis where temperature control ceases soon after the final 

heartbeat (De Saram et. al., 1955, Hayman & Oxenham 2016). Cooling commences, 

which graphically follows a sigmoidal curve, ultimately coming to a temperature plateau 

(Shapiro 1965, Hayman & Oxenham 2016). Temperature falls until equilibrium between 

the body and the environment is reached, and the body acquires the same temperature 

as the ambient surroundings. Insects are poikilothermic, they do not physiologically 

regulate their internal temperature. Thus, they depend on environmental conditions 
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(Rivers & Dahlem 2014). Since both insects and carrion lack physiological 

thermoregulation, their temperature remains that of the ambient which suggests that 

solar warming will affect both carrion and maggots feeding on it in the same manner as 

the surroundings. Therefore, the ambient temperature of the study site served as our 

base line or background temperature. Maggot masses display heterothermy, where 

heat production increases or decreases based on the size and volume of the maggot 

mass (Goodbrod & Goff 1990, Campobasso et al., 2001). The additive effect of the 

maggot mass temperature above the ambient is an index of maggot activity, indicating 

that locations on the pig above ambient constitute masses large enough to increase the 

local temperature. Using the FLIR Tools image analysis software, we calculated the 

difference between the surrounding ambient temperature and the average of three high 

temperature points on the pig—per the images. Three prominent high temperature 

points/maggot masses were observed, typically located at the top, torso, and rear of the 

pigs (Fig 3). Maggot activity utilizing FLIR imagery is still in the preliminary stages and 

was only tested in our winter 2020 experiment.   

Treatment of Collected Vouchers. To identify the insect community per 

experiment, we killed, preserved, and labeled insect samples using standard methods—

boiling fixation and alcohol preservation for soft-bodied invertebrates, mounting on pins 

for adult insects. Calliphorid and sarcophagid specimens were identified to species, 

genus, or family, all other forensically significant or incidental specimens were identified 

to genus, family, or order. All such specimens are retained in perpetuity at The Bohart 

Museum of Entomology at UC Davis. These specimens are identified as deriving from 

our research field trials and available for future researchers to review, as per standard 
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museum policies. 

Sampling and Data Collection Protocol. During initial pig deployment and each 

sampling period, we collected data from each pig once daily (twice daily for fall 2018 

and spring 2019) at a pre-determined time and continued on subsequent days until 

there was little to no change in weight for three consecutive days (standard deviation < 

1) (Table 2). 

All data were collected using custom data sheets filled out each collection period 

and archived with Dr. Robert Kimsey. Datasheets were then transcribed into electronic 

form using Microsoft Excel (2016). Microsoft Excel (2016) was primarily used for 

statistical analysis and for building graphs. Multiple linear analysis was performed using 

JMP Statistical Software.  

Chapter 3. Findings 

ETo per Cohort. We obtained the ETo of the Ecosystem using data from NWS 

 certified CIMIS Davis weather station #6. Using the historical data, we were able to 

determine various periods of the year with different ETo. For our experiments we 

retrieved daily ETo data, each experiment was found to have a unique ETo (Table 3) 

from all others—comparison tests exhibited statistically significant differences (p-value < 

0.05).  

Relationship between ETo and Decomposition Rate. We then determined if 

the rate of decomposition varies with local ETo, both with weight analysis and calculated 

TBS. However, only decomposition as measured by TBS was determined to have a 

statistically significant relationship with ETo (p-value < 0.05). A combined graph of each 
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experiment clearly shows an accelerated decomposition rate (Figs 5 & 6) in the warmer 

seasons than in cooler seasons. The two experiments with the most similar 

decomposition rate were spring and summer, coincidentally, the ETo were the most 

similar as well. Before analysis, pigs within each specific experimental cohort were 

compared to determine if there was significant variation in weight loss between pigs 

(Table 4). Fall 2018 exhibited a significant difference (Fig 7); therefore, we did not use 

the average weight loss data from Fall 2018 for linear regression analysis between 

weight loss and ETo. The same was considered for TBS amongst pigs within a specific 

experimental cohort. No significant difference in scoring between pigs was exhibited 

(Table 4 & Fig 8); therefore, we used all experiments for linear analysis between TBS 

and ETo. A linear regression plot between weight loss and ETo of each experiment 

(excluding Fall 2018) was done using the average slope of percent accumulated weight 

loss against the average daily ETo. A strong relationship was demonstrated with an R2 

(adjusted) of 0.73 (Fig 9) but was determined not to have a statistically significant 

relationship with ETo (Table 5). Additionally, a linear regression plot between TBS and 

ETo of each experiment was done using the average slope of TBS against the average 

daily ETo. A very strong relationship was demonstrated (Fig 10) with an R2 (adjusted) of 

0.97 and was determined to have a statistically significant relationship with ETo (Table 

6).  

Insect Community. Insect succession of vertebrate carrion typically follows a 

recognized pattern of necrophagous insects that arrive in waves per stage of 

decomposition (Payne, 1965, Anderson, 2011). The community of insects collected 

from each experiment are typical of the area and for the time of year (Table 7 & 8), with 
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the primary species of necrophagous fly larvae ranging between cohorts (Table 9).  

Maggot Indices/Maggot Weight. In Spring 2019, Summer 2019, and Winter 

2020 we obtained maggot indices. Although this effectively allowed us to random 

sample the dipteran larvae on the pigs without over sampling, the method of obtaining 

an accurate maggot weight requires refinement. For analysis, only data from summer 

2019 and winter 2020 were used as spring 2019 maggot weights were very 

inconsistent. Multiple Linear Regression of pig weight (Kg) (Table 10) as a function of 

Time (days) and Maggot weight (Kg) yielded no statistical significance (p-value > 0.05 

adjusted R2 = 0.005).  

FLIR Maggot Activity. In winter 2020 we measured maggot activity using FLIR 

imagery. Multiple Linear Regression analysis on pig weight (Kg) as a function of Time 

(days) and Maggot activity (°C) (Table 11) found time and maggot activity to be 

statistically significant predictors of pig weight (p-value < 0.0001 adjusted R2 = 0.79).  

Chapter 4. Discussion 

A direct relationship between the decomposition rate of vertebrate carrion and 

local ETo was determined and exhibited a strong correlation and statistical significance 

using the slope of TBS; weight analysis requires more data. The great benefit of 

implementing the use of ETo in the study of decomposition is twofold, 1) This variable 

incorporates temperature, humidity, wind, solar radiation, and altitude, and 2) this 

variable is renowned in the agricultural field. The PM equation has been in use for close 

to sixty years and has been referenced in hundreds of publications and used in 

hundreds of research projects. ETo also enables the potential for using reference data 
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for regions that have similar rates, which can be done by looking up the closest NWS-

certified weather station (or a node for more remote areas). ETo essentially eliminates 

the variation between locations inherently present when using only one or a few 

parameters. In using ETo for the calculation of the PMI, as opposed to simply using a 

single weather parameter, investigators can strengthen their conclusions and testify with 

a greater degree of certainty.  

Preliminary results demonstrate the potential of using FLIR technology in 

measuring maggot activity. Infrared thermography is quickly becoming an asset that is 

user-friendly, readily available, and safe, and expanding into different fields such as lab 

testing, industrial use, and the biomedical field (Jasper et al., 2017, Kirimtat & Krejcar 

2018). This form of measure is desirable, given the non-invasive nature. Maggot activity 

(temperature) can serve as a descriptor of invertebrate decomposers, giving us a better 

understanding of the maggot abundance actively decomposing carrion at any given 

time. In continuing research into maggot activity, we hope to elucidate a relationship 

between the decomposition rate and ETo, that can explain any deviation when 

comparing geographically separate sites, if in fact there is deviation. Our Winter 2020 

experiment demonstrated a relationship; however, more research is needed to confirm 

these preliminary results. Maggot indices enables random sampling of maggots, but as 

a measure of maggot weight, has not produced any useful results. The weight 

measurement in the field is not optimal for the sensitivity needed when working with 

small weight values.  
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Chapter 5. Conclusions 

The weight difference amongst pigs within a cohort could have caused a degree 

of variation in the decomposition process. The UC Davis swine facility usually has a set 

date and group of pigs scheduled for euthanasia, which often have a range of weights. 

To prevent issues associated with freezing pigs to ensure weight uniformity and time 

constraints we used those pigs that are freshly euthanized to deploy directly to the field.    

Insect sampling without replacement presented an issue of independence 

between sampling periods. In essence, each sample (insect) collected without 

replacement would be taken out of the population of available invertebrate scavengers 

making each subsequent collection period dependent upon the previous day. 

Destructive sampling would solve this issue; however, it would require many more 

resources, time, and volunteers. Therefore, we implement a “minimal sampling” method 

for the purpose of having a reference specimen of each type of insect present per 

collection period without severely effecting population number or the rate of 

decomposition (Michaud & Moreau 2013). Additionally, after we completed our first 

experiment in Fall 2018, we subsequently eliminated the McPhail trap from future 

studies to greatly minimize the chance of oversampling.  

The TBS method of measuring decomposition proved more accurate than weight 

analysis. The starting weight variation was much more apparent between pigs within a 

cohort than TBS, especially since TBS is based on the state of the remains, not the 

weight. TBS is based on an image with a pre-determined scoring system; therefore, no 

raising or disturbance of the pig is needed. When obtaining the weight of the pigs, we 
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must suspend the grate supporting the pig in the air using a tripod. In doing so, some of 

the tissues, fluids, maggots, bones, etc., sloth off, which can alter the measurement 

resulting in an unintentional loss in weight. This is something to consider for future 

projects. 

For maggot indices, we are still in the progress of establishing an accurate 

method of measuring the weight of maggots. Due to the low maggot presence during 

the early and late stages of decomposition, at times our current scales do not register a 

weight. The elements, specifically the wind, can alter weight measurement as well. For 

maggot activity, we sampled at 11 am when the sunlight was pronounced. We used a 

canopy to create shade, however surrounding solar radiation could have still interfered 

with our FLIR images. To reduce this, we can collect data at an earlier time before the 

sun has fully risen.  

In partnership with The Stamper Lab at Purdue University, we hope to replicate 

our experiment within our respective areas at different ETo to obtain a model which 

incorporates ETo and maggot activity. Further, our hope is to expand this project over 

multiple states to run a comparison analysis of decomposition rate vs. ETo between 

regions with similar ETo. For remote geographic sites without a close NWS-certified 

weather station, we shall use a portable weather station (i.e., Skywatch BL400 Node) to 

collect data. Ultimately, we hope to determine if the decomposition rate is comparable 

or different given a similar ETo and if the difference can potentially be explained by the 

invertebrate community (i.e., maggot activity). Maggot activity exhibited promising 

results from Winter 2020, we intend to improve the method and validate it as a 

measurement of “maggot abundance”. 
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The study of decomposition is deeply rooted in the weather of a region. 

Historically, temperature has been used as the primary rate-determining variable of 

decomposition and with great success. However, the fact of uncertainty is present in the 

PMI calculation when using temperature and more so evident in the use of reference 

data for geographically separate regions. Demonstrating the relationship between ETo 

and vertebrate decomposition rate can be a secondary determinant of the PMI along 

with ADD, and potentially even become the primary descriptive variable of 

decomposition. This is rather ambitious, however, by enlightening the forensic 

entomology community on ETo, future projects can be proposed, and additional data 

analyzed to see if indeed, ETo is the more accurate descriptor of decomposition and 

enable a more certain PMI calculation.   
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Figures 

Equation 1. 

  

𝐸𝑇𝜊 =
0.408(𝑅𝑛 − 𝐺) + 𝛾

900
𝑇 + 273

𝑈2(𝑒𝑠 − 𝑒𝑎)

∆ + 𝛾(1 + 0.34𝑈2)
 

 

ETo reference evapotranspiration [mm day-1], 
Rn net radiation at the crop surface [MJ m-2 day-1], 
G soil heat flux density [MJ m-2 day-1], 
T mean daily air temperature at 2 m height [°C], 
u2 wind speed at 2 m height [m s-1], 
es saturation vapour pressure [kPa], 
ea actual vapour pressure [kPa], 
es - ea saturation vapour pressure deficit [kPa], 
D slope vapour pressure curve [kPa °C-1], 
g psychrometric constant [kPa °C-1]. 

 

Equation 1: FAO Penman-Monteith Equation for the estimation of Reference 
Evapotranspiration (ETo) (Allen, R., et al. 1998). 
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Figure 1. 

Figure 1: CIMIS Reference Evapotranspiration (ETo) color coded map of California. The 
map shows the various evapotranspiration zones of the state pertaining to an 
accompanied table with the zones average monthly ETo.  
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Figure 2. 

 

      
 

Image 1: Field Tripod in operation.       Image 2: Maggot index process, showing scales         

                                                              and screen.  
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Figure 3. 

         
 

Image 4: FLIR image of pig.                   Image 5: Analyzed FLIR image: showing three 

high temperature                   points on the pig (Bx1, Bx2 and Bx3) and the        

                                                                average background temperature (Bx4). 
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Table 1. 

Table 1: Procedure for measuring maggot abundance: Maggot Indices and Maggot 
Activity. 

  

Maggot Indices Maggot Activity 

1. Raise the grate with the pig utilizing 
the tripod.  Slide the 2ft x 3ft screen 
underneath the grate as the pig is 
being raised, then obtain the initial 
pig weight. 

1. Prior to weighing the grate a infrared 
image will be taken with the FLIR One 
Android phone adapter. 

2. Utilizing a small 3lb sledge hammer 
while holding the grate with your 
free hand firmly tap the grate with 
the hammer three times then pause 
for 3 seconds. Repeat this twice 
more for a total of 9 taps. 

2. A 4.5ft long string with a hooked end 
will be connected to the grate with the 
opposite end having smart-phone 
holder. This will standarized the 
distance of the image being taken 
from the pig. 

3. Upon completion of the hammer 
taps, record the pig weight for a 
second time while the grate is still 
suspended. Pull the screen out 
from underneath the grate then 
lower the grate. 

3. A second person with a covering will 
produce a shadow over the pig, this 
will minimize any solar effect from 
intervering with the image. 

4. Lay a wire grid over the screen for 
random sampling. Collect one 
maggot per gridlette for reference. 

4. An image will then be taken of the pig. 

5. Replace all remaining maggots by 
inverting the screen onto the 
vertebrate cage protecting the pig. 
Maggots will fall onto the pig and 
regain favorable positions. 
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Table 2.  

UC DAVIS Data Collection Per Experiment 

Data to 
Collect 

Collection 
Protocol 

Fall 
2018* 

Spring 
2019* 

Summer 
2019 

Winter 
2020 

Weight Field Tripod Yes Yes Yes Yes 

Total Body Score Photographs Yes 
 

Yes Yes Yes 

Insect Community Reference of each type of 
insect present 

Yes 
 

Yes 
 

Yes 
 

Yes 
 

Scavenger Indices Sweep net collection, and 
Pit fall traps** 

Yes 
 

Yes 
 

Yes 
 

Yes 
 

McPhail Trap Centrally located within pig 
cohort. 

Yes No No No 

Maggot Indices Weight difference of pig 
before and after disturbance 

No Yes 
 

Yes 
 

Yes 
 

Maggot Activity FLIR Images No No No Yes 

Table 2: Summary of data collected per collection period. *Data collection twice a day, 
12-hour increments. **Propylene glycol was used for pitfall traps for fall 2018 and winter 
2020. 
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Table 3. 
  

UC Davis Evapodecompostion Experiments: 
Comparison of ETo   

t-Test: Two-Sample Assuming Unequal 
Variances 

 Fall 2018 & 
Spring 2019 

Fall 2018 & 
Summer 2019 

Fall 2018 & 
Winter 2020 

Mean 4.050 5.57 4.050 6.002 4.050 3.044 

Variance 1.931 0.420 1.931 0.193 1.931 1.647 

Observations 31 16 31 15 31 49 

df 45 
 

40 
 

60 
 

t Stat -5.106 
 

-7.119 
 

3.248 
 

P(T<=t) one-tail 3.228E-
06 

 
6.400E-09 

 
0.001 

 

t Critical one-
tail 

1.679 
 

1.684 
 

1.671 
 

  

t-Test: Two-Sample Assuming Unequal 
Variances 

 Spring 2019 & 
Summer 2019 

Spring 2019 & 
Winter 2020 

Summer 2019 & 
Winter 2020 

Mean 5.57 6.002 5.57 3.044 6.002 3.044 

Variance 0.420 0.193 0.420 1.647 0.193 1.647 

Observations 16 15 16 49 15 49 

df 26 
 

52 
 

61 
 

t Stat -2.184 
 

10.320 
 

13.720 
 

P(T<=t) one-tail 0.019 
 

1.734E-14 
 

1.322E-20 
 

t Critical one-
tail 

1.706 
 

1.675 
 

1.670 
 

Table 3: Two-sample t-Test comparison between ETo of each of our four experiments. 
Each experiment shows a unique ETo for that experiment that is statistically significantly 
different from the other experiments (P value < 0.05).  
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Figure 4. 

 
 
Figure 4: UC Davis 2019 Disturbance Experiment. A t-test was conducted to determine 
if the rate of decomposition between disturbed pigs (pigs 1-3) and non-disturbed pigs 
were similar, the p-value was less than alpha (0.05) indicating no significant statistical 
difference.    
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Figure 5 

 

Figure 5: Overview of weight loss analysis of UC Davis Evapodecomposition 
experiments: Fall 2018 (26September-26October), Spring 2019 (29April-14May), 
Summer 2019 (21August-3September.) and Winter 2020 (27January-15March).  

  

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61

W
e

ig
h

t 
(K

g
)

Time (Days)

UC Davis Evapodecomposition Experiments: Loss of 
Weight (Kg) vs Time (Days)

Fall 2018 Pig 1 Fall 2018 Pig 2 Fall 2018 Pig 3 Spring 2019 Pig 1

Spring 2019 Pig 2 Spring 2019 Pig 3 Spring 2019 Pig 4 Spring 2019 Pig 5

Spring 2019 Pig 6 Summer 2019 Pig 1 Summer 2019 Pig 2 Summer 2019 Pig 3

Summer 2019 Pig 4 Winter 2020 Pig 1 Winter 2020 Pig 2 Winter 2020 Pig 3

Winter 2020 Pig 4



 

36 
 

Figure 6. 

 
Figure 6: Overview of Total Body Score analysis of Evapodecomposition experiments: 
Fall 2018 (26September-26October), Spring 2019 (29April-14May), Summer 2019 
(21August-3September.) and Winter 2020 (27January-15March). 

  

0

5

10

15

20

25

30

1 5 9 13 17 21 25 29 33 37 41 45 49

T
B

S

Time (Days)

UC Davis Evapodecomposition Experiments: TBS vs 
Time (Days)

Fall 2018 PIG 1 Fall 2018 PIG 2 Fall 2018 PIG 3 Spring 2019 PIG 1

Spring 2019 PIG 2 Spring 2019 PIG 3 Spring 2019 PIG 4 Spring 2019 PIG 5

Spring 2019 PIG 6 Summer 2019 Pig 1 Summer 2019 Pig 2 Summer 2019 Pig 3

Summer 2019 Pig 4 Winter 2020 Pig 1 Winter 2020 Pig 2 Winter 2020 Pig 3

Winter 2020 Pig 4



 

37 
 

Table 4. 

Percent Accumulated Weight Loss Single 
Factor ANOVA Analysis per Cohort 

 
FALL 2018 Anova: Single Factor  

 
SPRING 2019 Anova: Single Factor  

Source 
of 
Variatio
n SS df MS F 

P-
value F crit SS df MS F P-value F crit 

Betwee
n 
Groups 4.656 2 2.328 

28.53
2 

1.72E-
11 

3.04
6 0.321 5 0.064 0.499 0.777 2.266 

Within 
Groups 14.684 180 0.082       22.372 174 0.129       

SUMMER 2019 Anova: Single Factor  WINTER 2020 Anova: Single Factor  
Source 
of 
Variatio
n SS df MS F 

P-
value F crit SS df MS F P-value F crit 

Betwee
n 
Groups 0.122 3 0.041 0.413 0.744 

2.76
9 0.1851 3 0.062 1.583 0.195 2.652 

Within 
Groups 5.534 56 0.099       7.489 192 0.039       

TBS Single Factor ANOVA Analysis per Cohort 
FALL 2018 Anova: Single Factor SPRING 2019 Anova: Single Factor 

Source 
of 
Variation SS df MS F 

P-
value 

F 
crit SS df MS F P-value F crit 

Between 
Groups 234.647 2 

117.32
3 2.698 0.073 

3.09
8 111.367 5 22.273 

0.37
2 0.867 2.316 

Within 
Groups 3913.702 90 43.486    

5388.62
1 90 59.874    

SUMMER 2019 Anova: Single Factor WINTER 2020 Anova: Single Factor 

Source 
of 
Variation SS df MS F 

P-
value 

F 
crit SS df MS F P-value F crit 

Between 
Groups 49.541 3 16.514 0.247 0.863 

2.76
9 36.532 3 12.177 

0.41
1 0.745 2.652 

Within 
Groups 3747.396 56 66.918    

5685.12
9 192 29.610    

Table 4: Summary of Single factor ANOVA per decomposition rate of experimental 
cohorts measured by weight and TBS. All cohorts were found to be comparable (p-
value > 0.05), with the exception of FALL 2018 weight loss analysis (p-value < 0.5). Fall 
2018 weight loss analysis was excluded from further statistical analysis.  
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Figure 7. 

 
Figure 7: Average Percent Weight Loss Accumulation per Experimental Cohort. The 
Fall 2018 cohort of pigs had statistically significant decomposition rate variation 
therefore we could not use this cohort in statistical analysis.  

  

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61

P
e

rc
e

n
t 

W
e

ig
h

t 
A

c
c

u
m

u
la

ti
o

n

Time (Days)

UC Davis Evapodecomposition Average Percent 
Weight Loss Accumulation per Cohort

Fall2018 Spring2019 Summer2019 Winter2020



 

39 
 

Figure 8. 

 
Figure 8:  Average Total Body Score (TBS) per cohort. The pigs within each cohort had 
comparable TBS and were used for statistical analysis.  
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Figure 9. 

 
Figure 9: Linear regression of Slope of Average Percent of Accumulate Weight Loss 
against Average ETo shows a strong relationship with an R2 of 0.863. Fall 2018 was 
excluded from this analysis.    
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Table 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Linear Regression of Average Slope Accumulated 
Weight Loss (%Kg/day) vs Average ETo (mm/day) 

 
Linear Fit 
Avg Slope Decomp. Rate (Kg/day) = -0.036338 + 0.0154013*Average ETo 
(mm/day) 
 
Summary of Fit 

RSquare 0.863884 

RSquare Adj 0.727768 

Root Mean Square Error 0.013827 

Mean of Response 0.038667 

Observations (or Sum Wgts) 3 

 
Analysis of Variance 

Source DF Sum of 
Squares 

Mean Square F Ratio 

Model 1 0.00121347 0.001213 6.3467 

Error 1 0.00019120 0.000191 Prob > F 

C. Total 2 0.00140467  0.2406 

 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| 

Intercept  -0.036338 0.030824  -1.18 0.4479 

Average ETo 
(mm/day) 

0.0154013 0.006113 2.52 0.2406 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Linear regression analysis of the average slope of accumulated weight loss 
(% Kg/Day) against Average ETo (mm/day) shows a strong relationship with an R2 
adjusted of 0.72. ETo is not statistically significant as a predictor or weight analysis (p-
value > 0.05). Note: Fall 2018 was excluded from this analysis.    
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Figure 10. 

 
Figure 10: Linear regression of Slope of Average Total Body Score (TBS) against ETo 
shows a strong relationship with an R2 of 0.978.  
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Table 6. 

 

 

 

 

Table 6: Linear regression analysis of Slope of Average Total Body Score (TBS/Day) 
against ETo (mm/day). ETo is statistically significant as a predictor of TBS (p-value < 0.05) 
and shows a strong relationship with an R2 adjusted of 0.97.  

Linear Regression of Average Slope of Total Body Score 
(TBS/Day) By Average ETo (mm/day) 

 
 
Linear Fit 
Avg Slope TBS = -1.189323 + 0.4862965*Average ETo (mm/day) 
 
Summary of Fit 

RSquare 0.977725 

RSquare Adj 0.966588 

Root Mean Square Error 0.123043 

Mean of Response 1.07925 

Observations (or Sum Wgts) 4 

 
Analysis of Variance 

Source DF Sum of 
Squares 

Mean Square F Ratio 

Model 1 1.3290654 1.32907 87.7868 

Error 2 0.0302794 0.01514 Prob > F 

C. Total 3 1.3593447  0.0112* 

 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| 

Intercept  -1.189323 0.249818  -4.76 0.0414* 

Average ETo (mm/day) 0.4862965 0.051902 9.37 0.0112* 
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Table 7.  

Necrophagous Insect Community Present per 
Pig per Cohort 

D
ip

te
ra

 

Specimen Fall 2018 Spring 2019 Summer 2019 Winter 2020 

L. sericata 1,2,3 3 1 3,4 

C. macellaria 1,2,3   1,2,3,4 4 

P. regina   1,2,3   1,3 

C. latifrons       1,2,3,4 

F. auricularia 1,2   1   

O. Ignava       3,4 

C. rufifacies 2       

L. silvarum    2 

Piophilidae 3 1,2   1,2,3,4 

Sphaeroceridae 3     1,2,4 

Muscidae 3   2,3,4 1,3 

Musca domestica     1,2   

Phoridae 2,3     3,4 

Sepsidae   1,3   1 

Sciaridae 2     1,2,3,4 

Heleomyzidae 3     3,4 

Ulidiidae 1   1,2,4   

Agromyzidae 3 2   2 

Calliphoridae 3   1,2,3,4 1,2,3 

Sarcophagidae 1,2,3   1,2,3,4   

Mycetophilidae       4 

Anthomyzidae 3       

C
o

le
o

p
te

ra
 

Staphylinidae 3 1,2 1,2,3,4 1,2,3,4 

Dermesdes 2,3 1,2 1 1,2,3,4 

Creophilus   1 2,3,4 1,2,3,4 

Carabidae   1,2 1,3 3,4 

Cleridae     4 1,2,3,4 

Histeridae   1,2,3 1,2 1,2,3,4 

Nitidulidae 3     1,2,3,4 

C. maxillosus 1,2,3       

C. ruficollis 1,2,3       

Silphidae       1,2,4 

Anthicidae     3   

Tenebrionidae   2     

Chrysomelid larva   1     

 Table 7: Necrophagous insect community present per pig per cohort. Note: Fall 2018 
and Spring 2019 had three pigs per cohort, Summer 2019 and Winter 2020 had four. 
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Incidental Insect Community Present per 
Pig per Cohort 

Order Specimen 
Fall 
2018 

Spring 
2019 

Summer 
2019 

Winter 
2020 

Apterygota 
Machiliidae 1,2,3   2,3,4   

Lepismatidae   1 2,3   

Araneida 

Aranida 1,2,3 1,2,3 1,2,3,4 2,3,4 

Phalangiidae 1     3,4 

Lycosidae     1,2,3,4   

Dermaptera 

Labiidae       1,2,3 

Dermaptera       1 

Labiduridae   1   2 

Hemiptera 

Ciccadelidae   2,3   3,4 

Leptopodidae       1,4 

Aphidae       4 

Fulgoridae       4 

Lygaedae   1,2 1 1,2,4 

Miridae   2     

Hymenoptera 

Braconidae       1,2 

Vespidae       2 

Diapriidae       2 

Polistes dominula     2   

Proctotripidae       1 

Formicidae 1,3   3 1,2,4 

V. pensylvanica 1,2,3       

Orthoptera 

Tettigonidae   3 4 2 

Rhaphidophoridae     4   

Gryllacrididae       4 

Stenopelmatus sp 3 1,2,3 1,2,3,4   

Grillidae  2 1,2,3 3,4 2,4 

Tetrigidae   1     

Isopoda Isopoda 1       

Mollusca Mollusk      2 

Embiidina Embioptera 3       

Reptilia Lizard     1,2,3   

Spirobolida Diplopoda 1,2       

Table 8: Incidental insect community present per pig per cohort. Note: Fall 2018 and 
Spring 2019 had three pigs per cohort, Summer 2019 and Winter 2020 had four. 

 

Table 8. 
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Table 9. 

Presence of Dipteran Species per pig per Cohort:  
Maggot Samples 

Species Fall 2018 Spring 2019 Summer 2019 Winter 2020 

C. latifrons       1,2,3,4 

C. macellaria 1,2,3   1,2,3,4   

C. rufifacies  1,2,3       

L. cuprina 2       

L. sericata 1,2,3 1,2,3     

L. silvarum 1 1,2,3     

O. Ignava 1,2       

P. regina  3 1,2,3     

Piophilidae 1       

Sarcophagidae 1,2,3   2   

Table 9: Community of Necrophagous Dipteran (maggot) Species present per pig per 
cohort. Note: Fall 2018 and Spring 2019 had three pigs per cohort, Summer 2019 and 
Winter 2020 had four.  
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Table 10. 

 

 

 

 

 

 

 

 

Winter 2020: Multiple Linear Regression of Pig weight (Kg) 
vs Time (Day) and Maggot Weight (Kg) 

Summary of Fit 
RSquare 0.01918 

RSquare Adj 0.005268 

Root Mean Square Error 15.61487 

Mean of Response 39.70087 

Observations (or Sum Wgts) 144 

 

Analysis of Variance 
Source DF Sum of 

Squares 
Mean Square F Ratio 

Model 2 672.305 336.153 1.3787 

Error 141 34379.205 243.824 Prob > F 

C. Total 143 35051.510  0.2553 

 

Parameter Estimates 
Term Estimate Std Error t Ratio Prob>|t| 

Intercept 37.331246 3.434627 10.87 <.0001* 

Mag. Weight (Kg) 2.1925062 1.394076 1.57 0.1180 

Time (day) 0.0619855 0.104148 0.60 0.5527 
 

Table 10: Multiple Linear Regression analysis of Maggot Weight (Summer 2019 and 
Winter 2020): Pig Weight (Kg) vs Time (Days) and Maggot Weight (Kg) using JMP 
Statistical Analysis Software. The p-values and low R2 show little relationship with the 
response variable.  
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Table 11. 

Winter 2020: Multiple Linear Regression of Pig weight (Kg) 
vs Time (Day) and Maggot Activity (°C) 
 

Summary of Fit 
RSquare 0.79789 

RSquare Adj 0.794493 

Root Mean Square Error 5.733785 

Mean of Response 43.54061 

Observations (or Sum Wgts) 122 

 

Analysis of Variance 
Source DF Sum of 

Squares 
Mean Square F Ratio 

Model 2 15444.872 7722.44 234.8938 

Error 119 3912.279 32.88 Prob > F 

C. Total 121 19357.151  <.0001* 

 

Parameter Estimates 
Term Estimate Std Error t Ratio Prob>|t| 

Intercept 78.876438 2.558259 30.83 <.0001* 

Time (Day)  -1.192219 0.058258  -20.46 <.0001* 

Mag. Activity (°C) 0.3388117 0.08163 4.15 <.0001* 
 

Table 11: Multiple Linear Regression analysis of Winter 2020: Pig Weight (Kg) vs Time 
(Days) and Maggot Activity (°C) using JMP Statistical Analysis Software. Time and 
Maggot activity are statistically significant (p-values < 0.0001) predictors of pig weight 
with an R2 adjusted of 0.79. 

 

 




