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Introduction 

Melanism has been observed within multiple species belonging to the family Sciuridae and is 

often seen in populations found near urbanized areas.  Bohls and Koehnle (2017) observed 

melanistic eastern gray squirrels (Sciurus carolinensis, Glemin) on Hiram college campus during 

a behavior study.  VanDruff and Gustafson (1990) have found that melanism in S. carolinensis 

occurs primarily in urban populations and near the northern limit of the species range.  Gibbs 

et.al (2019) found that the probability of finding a melanistic S. carolinensis increases with 

urban land cover using the online programs Squirrel Mapper, and Flickr.  

 Currently, existing melanistic squirrel populations are increasing in size, and new melanistic 

populations have begun to appear where they had not previously been observed.  Wilson 

(2013) performed field surveys in Omaha Nebraska and reported that populations of melanistic 

fox squirrel (Sciurus niger, Linnaeus) are increasing.  In 2008 Barret and Barret (2011) found the 

first melanistic S. carolinensis to be documented in the Piedmont region of northern Georgia.  

 McRobie et.al (2009) discovered the genetic basis for melanism of S. carolinensis in Britain is 

due to a deletion of 24-base pairs in the melanocortin 1 receptor (MC1R), and that the black, 

and brown-black phenotypes were homozygous and heterozygous for MC1R-Δ24 EB.  McRobie 

et.al (2019) found that this MC1R base pair deletion was also responsible for melanism in S. 

niger by looking at DNA samples from previous studies performed in multiple states across the 

United States. 
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 Several hypotheses have been proposed as to why melanism is increasing in squirrel 

populations including advanced thermoregulation and dominance. Research into the possible 

difference in thermogenic capacity between melanistic and standard morphed was conducted 

by Ducharme et.al (1989).  Their results showed that the heat production of melanistic 

individuals at -10 Celsius was 18% lower than the standard grey phenotype individuals in the 

same temperatures.  This led them to believe that melanistic individuals’ fur is better suited to 

trap heat.  However, their proposed reasoning for their results is contradicted by Fratto and 

Davis (2011) study which found that melanistic body hair width was 7% thinner when compared 

to body hairs of the standard morphs which would result in greater heat loss due to increased 

air flow.  Due to the contradiction between these studies the possibility of a difference in 

thermoregulation is unclear. 

The second hypothesis proposed to explain why melanism is increasing in squirrel populations 

is based on behavioral differences that affect an individual’s fitness.  Within squirrel 

populations more aggressive dominant males have greater access to resources such as mates.  

Observations made by Koford (1982) of standard morphed Douglas’s squirrel (Tamiasciurus 

douglasii, Bachmen) populations have shown that more aggressive males experience greater 

mating success.  Koprowski (1993) also documented that more aggressive males in populations 

of standard morphed S. niger had greater mating success in tree squirrel populations.  

Gustafson and VanDruff (1990) hypothesized that the behavior of melanistic and standard 

morphed S. carolinensis differed when it came to aggression and wariness. However, no 

significant difference in aggression or wariness between standard and melanistic morphs of S. 

carolinensis was determined.  These results are contradicted by a predator call study conducted 
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by Bohls and Koehnle (2017). In this study they determined that gray morphs fled 100% of the 

time while melanistic morphs fled 45% of the time showing that wariness did significantly differ 

between the two morphs.   

The objective of my study is to determine if the increase in the population of melanistic S. 

carolinensis might be explained by morph-related differences in dominance.  I will also 

determine the relative abundance of melanistic S. carolinensis within Muncie, Indiana to 

provide a reference for possible future research into population growth. 

Literature Review  

Genetic Cause of Melanism in Squirrels 

The genetics behind the cause of melanistic S. carolinensis was studied by McRobie et.al in 

2009.  Looking at research done on other species McRobie et.al found that the melanocortin 1 

receptor (MC1R) regulates the distribution and amount of eumelanin, a pigment that results in 

a brown or black coloration in hair, played a key role in determining if an individual would be 

melanistic.  With this information, they then began to determine if any difference in MC1R 

existed between the two phenotypes.  Thirty-six squirrels, 16 of which were standard morphed, 

while the rest were melanistic, were sampled by extracting genomic DNA from the skeletal 

muscle.  The primers msh4f and mc1r11r were used to amplify the MC1R gene which was then 

used in a polymerase chain reaction (PCR).  Sequencing of the product of the PCR reaction 

showed that the MC1R gene from melanistic sampled individuals had a 24 base-pair deletion 

leading the authors to believe that the MC1R-Δ24 EB allele encodes a constitutively active or 

hyperactive receptor.  They also found that the gray phenotype was homozygous for the wild-



5 
 

type allele E+ while the black and brown-black phenotypes were homozygous and heterozygous 

for MC1R-Δ24 EB.   

Later McRobie et.al (2019) investigated the genetic basis of melanism in the fox squirrel 

(Sciurus niger).  They obtained tissue and DNA samples from 106 S. niger and 51 from gray 

squirrels (Sciurus carolinensis) using a blood and tissue kit. Phylogenetic analysis of the samples 

showed that the same 24 base pair deletion in the melanocortin 1 receptor (MC1R) was 

responsible for melanism in S. niger as with the gray squirrel.  This led the authors to believe 

that there was a convergent evolution in melanism due to introgression between the two 

species or ancestral polymorphism. 

Range 

The geographic range of melanistic individuals of a species is normally in the northern limit of 

the species range.  However recent studies have shown that the geographic range of melanistic 

squirrels is increasing.  Wilson (2013) observed a change in the proportion of melanistic 

squirrels in Omaha, Nebraska as well as their distribution in various city habitats such as 

graveyards and parks.  Interest for this study was due to recent anecdotal observations that 

suggested that melanistic populations of S. niger were expanding within the city.  To determine 

population size and proportion of both melanistic, as well as standard morphed individuals, 

surveys were conducted using a modified version of Lueninghoener’s (1973) spot count 

method.  The results showed that the greatest proportion of melanistic individuals were found 

in Council Bluffs (50.8%), parks (12.1%), and residential areas (10.9%).  When looking at the 

spread of melanism within Omaha, this study found an increase in the proportion of melanism 
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overall in the city when compared to a previous study done by Lueninghoener in 1973.  This 

difference was determined using a chi-squared test which showed an increase of 7.4% in the 

North West, 7.6% in the North East, and 4.6% in the South of the city.  The author proposed 

multiple hypotheses including thermal advantages, and differences in behavior but presented 

no evidence to support any hypothesis.   

Barret and Barret (2011) showed that melanistic morphs are not only spreading from currently 

existing populations but are occurring where no melanistic populations had previously been 

documented.  In 2008, a melanistic morph of S. carolinensis was observed in Athens-Clarke 

County, Georgia.  This is a rare observation because there had been no previous reports of Gray 

Squirrel melanism south of Virginia in the southeastern United States.  As for the cause of this 

observation, the authors state that the possibility of a thermal advantage was unlikely due to 

the county being in the southeastern United States.  

Thermoregulation 

A possible thermoregulation advantage over standard phenotype individuals has been 

proposed to explain why melanism is becoming more common in squirrel species.  Ducharme et 

al. (1989) studied the thermogenic capacity of the gray squirrel, its seasonal variation, 

dependence on non-shivering thermogenesis (NST) and shivering thermogenesis (ST), as well as 

the relationship between thermal physiology and fur color of gray squirrels (Sciurus 

carolinensis).  To do this, both standard and melanistic S. carolinensis were captured in the 

suburbs of Quebec.  Individuals were then placed in a metabolic chamber that would allow 

researchers to determine oxygen use and CO2 production that would be used to calculate 
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metabolic heat production.  To simulate the effect of winter temperatures on heat production, 

the chamber was placed in an incubator that contained dry ice while the gas sent into the 

chamber was precooled.  Finally, to determine non-shivering thermogenesis squirrels were 

injected with L-NA bitartrate dissolved in 0.9% NaCl to stimulate noradrenaline, resulting in the 

subject's inability to shiver for a short period before being placed back into the chamber.  The 

major findings of their study were that melanistic individuals had 11% higher NST capacity and 

that the heat production of melanistic individuals at -10 Celsius was 18% lower than the 

standard grey phenotype individuals in the same temperatures.  This led them to believe that 

melanistic individuals’ fur is better suited to trap heat.  

Fratto and Davis (2011) who hypothesized that melanistic morphed squirrels possess either 

shorter or thinner hairs compared to standard morphs.  Over 50 fox squirrel specimens were 

obtained from the Georgia Museum of Natural History at the University of Georgia.  Each 

specimen was then separated based on fur color.  Random hairs selected from each tuft sample 

were then scanned using a flatbed scanner at 1,200 dpi and the resulting images were analyzed 

using the image analysis program FaveaPro.  The data was then analyzed using ANOVA to 

determine any significant difference in hair length and width between the two phenotypes.  

They found that hair length did not significantly differ between standard and melanistic 

morphs.  However, hair width did differ with melanistic morphs which possessed body hairs 

that were 7% thinner, and tail hairs that were 9% thicker than the standard morphs. 

Based on the results of these two studies we can not determine if melanistic individuals possess 

a thermoregulation advantage over standard morphed individuals.  This is due to the results of 

both studies contradicting each other.  In the study conducted by Ducharme et al. they 
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attribute their results to the possibility that the fur of melanistic individuals is better suited to 

trap heat.  However, the results of Fratto and Davis study showing that melanistic morphs 

posses thinner hairs contradict Ducharme et al. reasoning.  This is because thinner hairs would 

increase airflow resulting in greater heat loss instead of heat gain.   

 

Behavior  

The behavior of squirrel species as well as their social hierarchy has been well-studied.  Koford 

(1982) studied the mating system of Douglas tree squirrels (T. douglasii) in Nevada City, 

California.  During this time trapping remained constant, with trapped individuals receiving an 

ear tag and a dye for identification after physical data was collected.  After release, their 

behavior was then observed from a distance.  More dominant males were observed staying 

closer to females during mating season and possessed greater mating success compared to 

subordinate males. Koprowski (1993) studied the effect of dominance, as well as the tactics 

used by S. niger during the mating season.  Two behavioral tactics were present during mating 

bouts involving male fox squirrels.  The first observed tactic was active pursuit, which was 

mainly performed by dominant males.  The second tactic, termed the satellite tactic, occurred 

when a male stayed a fixed distance from a female waiting for a chance to approach and was 

preformed by less dominant individuals.  Out of the twenty-four observed copulations 62.5% 

were performed by individuals using active pursuit while 37.5% were performed by individuals 

using the satellite tactic. 
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With the two previous studies in mind, it has been hypothesized that melanistic individuals’ 

behavior differs allowing them greater access to resources such as food or females compared to 

standard morphed individuals.  Bohls and Koehnle (2017) hypothesized that melanistic S. 

carolinensis would have reduced antipredator behavior when faced with recorded predator 

calls.  This type of behavior could result in greater resource accumulation, due to less time 

spent fleeing to safety and more time spent foraging.  To test this, a Bose speaker and an iPod 

were set up about 6 meters away from a test subject, in this case an individual squirrel.  

Predatory hawk sounds were then played for five minutes.  Results showed that in response to 

predator calls, both morphs had similar flagging and vigilant behavior.  However, they found 

that gray morphs fled 100% of the time while melanistic morphs fled 45% of the time.  This type 

of behavior could allow more time to be spent foraging, possibly increasing the amount of food 

found.  

Gustafson and VanDruff (1990) examined the behavior of black and gray morphed S. 

carolinensis to see if there were any behavioral differences in aggression, wariness, or sunning 

behavior that may increase survival in an urban environment.  Wariness was tested by 

approaching a squirrel at a constant speed until the squirrel would flee.  They would then 

measure the distance from the initial point of approach to the squirrel's position before it fled.  

This process was repeated multiple times resulting in 173 measurements.   Differences in 

aggression was determined by observing video recordings melanistic and standard morphed 

squirrel interactions at feeding stations.  Feeding stations were located within an unnamed 

cemetery and residential areas.  With this test, they classified individuals who drove off 

potential competition for the food source as dominant, while those who fled were classified as 
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submissive.  Sunning behavior was documented by recording the amount of time a standard or 

melanistic morph spent performing activities such as feeding, foraging, and grooming.  Results 

showed no difference in the mean distance at which flight response occurred between the two 

morphs, so no difference in wariness was determined.  

A review of the video recordings showed 200 aggressive encounters of which 96 were between 

melanistic and standard morphed individuals.  However, no significant difference was observed 

between the numbers of encounters where a melanistic or a standard morph was more 

dominant. No significant difference in the amount of time performing sunning behavior was 

detected.  Based on their results, the authors concluded that no significant difference exists in 

the behavior of the two-color morphs that could result in increased survival, mating success, or 

access to resources. 

The studies conducted by Koford and Koprowski show that more dominant males possess 

greater mating success than submissive males in a population.  If it can be determined that 

melanistic males are more dominant within a population than the standard morphed males, it 

is possible that the increase in melanistic populations may be related to increased mating 

success.  Although Gustaphon and Vandruffs study found no difference in the behavior 

between morphs, the results of the study conducted by Bohls and Koehnle showed a difference 

in wariness behavior.  Due to the results of these studies contradicting one another, I believe 

that a difference in aggression between melanistic and standard morphs is still possible.  

Methods 
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To determine whether dominance differs between melanistic and standard morphed S. 

carolinensis, recordings of interactions at feeding stations will be taken for analysis.  Feeding 

stations will consist of a slightly elevated platform with an assortment of food items such as 

nuts on top.  Two video cameras will be placed at each feeding station.  One will be elevated to 

better record chasing behavior, while they other will be used to record up close squirrel 

interactions.  During this time, phenotypes will be recorded as melanistic or standard and 

dominance will be categorized based on chasing behavior for each squirrel (Gustaphon and 

VanDruff 1990).  Individuals that actively chase away others will be classified as dominant, have 

their phenotype recorded, and labeled with a +1 (dominant).  Those who actively retreat or 

avoid the feeding station when another squirrel is present will be classified as submissive, 

labeled with a -1(submissive).  In the case that neither squirrel can be classified as dominant 

nor submissive, they will both be labeled with a 0 (equal).  The data obtained will then be 

analyzed with a Chi-square test to compare dominance between melanistic to standard 

morphs.   

To estimate the density of melanistic S. carolinenses in Muncie, Indiana the city will be divided 

into four strata: business, residential, park/cemetery, and Ball State University campus.  Each of 

these strata will be further divided into plots that will be given a number.  A random number 

generator will then be used to select starting points for observational surveys.  For plots 

selected in park/ cemetery strata, a random compass bearing (0 to 360) will be selected to 

travel 500ft in a straight line to conduct the survey.  However, if the selected direction leads 

outside the strata, a new direction will be randomly selected.  
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Observational surveys for business and residential strata will be conducted by following the 

sidewalks (or streets if sidewalks are not present) located in the selected plots for the same 

distance stated in the previous paragraph.  During each survey, surveyors will record the 

number of squirrels observed, the phenotype of each squirrel encountered, as well as the 

location were the observation occurred.  The data will then be used to determine the relative 

abundance of melanistic squirrels in Muncie, Indiana. 
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