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 Introduction
Species diversity varies across the globe and different environmental 
conditions. Despite the differences in the number of species between lo-
cations, there are measurable patterns relating to species diversity. For 
example, moving from the poles to the equator, there is an increasing gra-
dient of the number of species present (MacArthur 1965). Typically, the 
tropics are believed to contain the greatest species diversity because they 
are composed of many habitats in a relatively uniform climate. The sta-
bility of the tropics, along with high habitat complexity, high productivity, 
and greater competition, are thought to be the driving forces behind the 
increase in diversity (Pianka 1966). On top of this, it is hypothesized that 
more uniform environments will have more effective barriers to dispersal 
WKDQ� HQYLURQPHQWV� ZLWK� JUHDWHU� ÀXFWXDWLRQ�� 7KLV� LV� EHFDXVH� RUJDQLVPV�
WKDW�H[LVW� LQ�ÀXFWXDWLQJ�HQYLURQPHQWV�DUH�PRUH�OLNHO\�WR�DGDSW�WR�D�JUHDW-
er range of conditions. They are also less likely to encounter unbearable 
conditions than their counterparts from a stable environment with a small-
er range of conditions present (Jazen 1967). As such, organisms from 
tropical environments are more restricted in their ability to migrate than 
organisms from temperate climates, allowing diversity to build over time. 
(VWDEOLVKPHQW�RI�D�VSHFLHV� LQ�D�QHZ� ORFDWLRQ� LV�D� UDUH�DQG�GLI¿FXOW�SKH-
nomenon that gets increasingly unlikely as the distance between loca-
tions grows. Dispersal, especially over long distances, is characterized 
E\� GLI¿FXOWLHV� LQYROYLQJ� LVRODWLRQ�� HFRORJLFDO� RSSRUWXQLWLHV�� DQG� FOLPDWLF�
differences. Typically, species that are good dispersalists are less com-
petitive and weedier than their counterparts (Carlquist 1966). These spe-
cies have adapted for movement rather than being able to outcompete 
other individuals and species. Dispersalist species would be unlikely to 
successfully establish a new population in a location already inhabited 
E\� RWKHU� VSHFLHV�� 5DWKHU�� WKH\�ZRXOG� QHHG� WR� ¿QG� DQ� HPSW\� RU� VSDUVH-
ly populated area to colonize, which are few and far between. Mean-
while, species that are adapted for survival rather than dispersal are 
unlikely to  survive the journey to a new location and will not migrate 
or expand from their original range without some form of intervention. 
 On average, the human body is home to trillions of individual 
microbes and thousands of species (Hulcr et al. 2012). The human body 
can be considered a planet with each individual harboring unique micro-
bial communities that live in a range of physiologically and topographical-
ly distinct niches. Much like how the Earth is broken down into different 
biomes based on environmental conditions, human skin is broken down 
in different regions based on physiological characteristics. Skin is gen-
erally characterized as one of three types: sebaceous, wet, or dry (Byrd 
et al. 2018). Therefore, the human body can be thought of as at least 
three different biomes. These biomes can then be compared to preex-
isting environments on Earth. Moist, hairy underarms can be considered 
analogous to tropical rainforests, while smooth, dry forearms are compa-
rable to desert areas (Grice et al. 2009). Known patterns about Earth’s 
species diversity can then be applied to the human body to hypothesize 
how microbe richness and abundance may vary between each body part.
To explore and test the dynamics of microbes on the surface of the hu-
man body, species presence and amounts were recorded on three different 
parts of the human body: the armpit, the elbow crease, and the back of 
the knee. We hypothesize that the armpit is a warmer and more constant 
environment compared to the knee and the crease of the elbow. Since 
the armpit is a more constant environment, we predict that there will be 
greater species diversity. This hypothesis is based on the tropics being 
a highly diverse ecosystem with which the armpit shares many qualities, 
such as high humidity, complex environment, and relatively constant con-
ditions. Our second hypothesis is that isolation between body parts would 
decrease similarity in microbe species. Therefore, we expect the elbow 
to have more similar microbes to the armpit because they are closer in 
proximity to each other than the back of the knee is to either of them.

Methods
For this study, we collected swab data from 15 participants, sampling 
their armpit, back of the knee, and elbow crease for a total of 45 sam-
ples. The participant pool we sampled from were males at Lake Forest 
College who use antiperspirants and do not shave their armpits. Addi-
tionally, all participants were questioned on their shower frequency per 
week, how recently they showered and applied antiperspirant, and their 
amount of regular contact with chlorine chemicals. The 15 participants 
were swabbed following the lab handout except for the duration of the 
Q-tip swab. Rather than 3 rotation cycles, participants swabbed each lo-
cation for 15 seconds. For each sample location, participants swabbed 
an area of 2.5 cm at the center of each site, approximately the area of 
a quarter. Each sample was recorded with either the letter A for the arm-
pit, E for the elbow crease, or K for the back of the knee. This was fol-
lowed by numbers 1 through 15, which corresponded with the participant’s 
number. Participants’ names were recorded along with their number on 
a separate document for anonymity. Additionally, the initials KM were 
added to each label to differentiate the samples from other experiments. 
 Each participant conducted the swabbing themselves following the in-
structions outlined above. The amount of time between sample collection, 
application to the petri dish and storing the samples in the incubator was 
approximately one hour. We followed the inoculation protocol provided for 
each sample and stored the plates in the 36°C incubator for 3 days be-
fore taking them out and wrapping the edges of the sample plates with 
SDUD¿OP� WR�EH� VWRUHG� LQ� WKH� IULGJH��(DFK�GD\�ZLWKLQ� WKH���GD\� VSDQ��ZH�
checked the plates at about 6:00 PM to observe growth in the incubator. 
After one day of cooling in the fridge to ensure no residual growth, the 
samples were photographed for analysis and placed back into the fridge. 
The photographs of each petri dish were examined to measure the num-
ber of species and number of microbes present in each. Overall, we dif-
ferentiated species using morpho-species characteristics of size, shape, 
texture, and color. All the data were recorded in an Excel spreadsheet 
and compared in averages using a one-way ANOVA of three body parts 
for statistical analysis. We ran separate ANOVA tests for each of the 
following measurements: species abundance, diversity, and richness 
from the data. Diversity was measured using the Shannon Weiner Di-
YHUVLW\� ,QGH[� DQG� WKH� UHVXOWV� ZHUH� DQDO\]HG� IRU� VLJQL¿FDQFH� XVLQJ� D�
one-way ANOVA. We also completed six t-tests to examine the statisti-
cal difference between our two most plentiful species in each location.

Results

Figure 1. Total average abundance of species located at each 
of the three body locations. The mean was calculated for each 
body location (armpit, elbow crease, and back of the knee). Er-
ror bars measure the standard error of each total average abun-
GDQFH�� 6WDWLVWLFDOO\� VLJQL¿FDQW� E\� $129$�� )2, 42 = 7.03, p*= 0.002.

Total average abundance was calculated to determine which of the three 
locations measured had the most overall microbes. This data was found 
WR�EH�VLJQL¿FDQW� �$129$��)2, 42 = 7.03, p*= 0.002) with greater microbe 
growth located in the armpit compared to the elbow and knee, which is re-
ÀHFWHG�LQ�)LJXUH����7RWDO�DEXQGDQFH�ZDV�FDOFXODWHG�E\�WDNLQJ�WKH�DYHUDJH�
of the counted microbes on each body part. Species richness (ANOVA: 
F2, 42 = 1.84, p= 0.171) and species diversity (ANOVA: F1, 4 =0.42, p= 
�������ZHUH�DOVR�FDOFXODWHG��EXW�ERWK�GDWD�ZHUH�IRXQG�WR�EH�LQVLJQL¿FDQW�
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Figure 2. The frequency of each species recorded from counting the 
number and type of species from 45 samples. Descriptions of the dis-
tinguished species are along the x-axis based on the researcher’s view 
of distinct morpho-characteristics. The y-axis denotes frequency [%].

)UHTXHQF\� DQDO\VLV� RI� WKH� VL[� VSHFLHV� SUHVHQW� LQ� WKH� IRUW\�¿YH� VDP-
ples taken showed that the armpit and the knee had the maximum spe-
cies types (5 out of 6), while the elbow samples only contained 3 out 
of 6 (Figure 2). The most common species across all three locations 
were the small-smooth, medium-smooth, and large-smooth circles. 
/DUJH�VPRRWK� FLUFOH� GLVWULEXWLRQ� ZDV� IRXQG� WR� EH� LQVLJQL¿FDQW� �$12-
VA: F2,42 = 0.05, p= 0.949) while the medium-smooth circle distribution 
(ANOVA: F2,42 = 3.38, p*=0.044) and the small-smooth circle distri-
EXWLRQV� �$129$�� )�����  ������ S � �������ZHUH� IRXQG� WR� EH� VLJQL¿FDQW��
Three t-tests were performed between each of the locations on the body 
for both the medium-smooth and small-smooth circles. Each of the me-
GLXP�VPRRWK� ORFDWLRQ� FRPSDULVRQV�ZHUH� QRW� IRXQG� WR� KDYH� VLJQL¿FDQFH�
(Paired t-testAE: tdf = 1.73, p= 0.105, Paired t-testAK: tdf = 1.92, p= 0.076, 
Paired t-testEK: tdf = 1.92, p= 0.076), indicated by the mean abundanc-
es measured in Figure 3. Of the small-smooth circle data, comparisons 
between the armpit and the elbow (Paired t-test: tdf = 2.54, p*= 0.024), 
as well as the armpit and the knee (Paired t-test: tdf = 2.68, p*= 0.018), 
ERWK�ZHUH� IRXQG� WR� EH� VLJQL¿FDQW�� ZKLOH� WKH� FRPSDUHG� DEXQGDQFHV� EH-
WZHHQ� WKH� HOERZ� DQG� NQHH� ZHUH� LQVLJQL¿FDQW� �3DLUHG� W�WHVW�� WGI�  � ������
p= 0.346), as shown in Figure 4. The small-smooth circles had greater 
preferential abundance on the armpit than both the armpit and the knee.
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Figure 3. Mean abundance of medium-smooth circular species. 
Comparison of medium smooth species between (A) armpit and elbow, 
Paired t-test: tdf = 1.73, p= 0.105; (B) armpit and knee, Paired t-test: tdf 
= 1.92, p= 0.076; (C) elbow and knee, Paired t-test: tdf = 0.63, p= 0.542.
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Figure 4. Mean abundance of small-smooth circular species with signif-
icant data indicated by *. Comparison of differences between (A) armpit and 
elbow, Paired t-test: tdf = 2.54, p*= 0.024; (B) armpit and knee, Paired t-test: 
tdf = 2.68, p*= 0.018; (C) elbow and knee, Paired t-test: tdf = 0.97, p= 0.346.

Discussion
While the hypotheses posited that the armpit would have the greatest 
amount of species diversity, species richness data were not found to be 
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VLJQL¿FDQW��+RZHYHU��GHVSLWH�WKH�LQVLJQL¿FDQW�VSHFLHV�ULFKQHVV�YDOXH��WKH�
armpit was found to have the highest frequency of species (Figure 2) and 
the greatest total abundance (Figure 1) of the three sampled locations. Ad-
ditionally, the armpit did have the greatest calculated diversity index. How-
HYHU��WKLV�DOVR�ZDV�QRW�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQW��%DVHG�RQ�WKHVH�
results, we reject the hypothesis that the armpit would have the greatest 
species diversity due to its warmer and more constant climate. We also 
cannot accept the hypothesis that isolation between body parts would de-
FUHDVH�VLPLODULW\�LQ�VSHFLHV�GLYHUVLW\��7KLV�LV�GXH�WR�D�ODFN�RI�VLJQL¿FDQW�UH-
sults when comparing species richness and abundance between locations. 
7KH�PHDQ�DEXQGDQFH�RQO\�SURGXFHG�VLJQL¿FDQW�UHVXOWV�IRU�VPDOO�PLFUREHV�
between the armpit and elbow and the armpit and knee. All other compari-
VRQV�EHWZHHQ�ORFDWLRQV�DQG�RWKHU�VSHFLHV�SURGXFHG�QRQVLJQL¿FDQW�UHVXOWV���
:KLOH�PXFK� RI� WKH� GDWD� SURYHG� WR� EH� VWDWLVWLFDOO\� LQVLJQL¿FDQW�� DQ� LQWHU-
esting trend involving the frequency of certain species was discovered. 
It was observed that the medium-smooth and small-smooth circular mi-
crobes had a greater presence than other species found in the samples. 
Hucler et al. (2012) found a similar trend with the bacterial phylotypes 
present in the human belly button, with the most frequent and abun-
dant phylotypes being present across independent populations. These 
frequent and abundant phylotypes were termed oligarchs, the same as 
species found to be both predictably frequent and abundant in tropical 
rainforests. While oligarchs were present in multiple samples, not one oli-
garch was present in every sample, much like what we found with our 
medium-smooth and small-smooth circular microbes. Hucler et al. (2012) 
determined that these oligarchs allow for some degree of predictability 
while the rest of the system is made up of randomly determined microbes.    

This study was highly restricted due to a variety of limitations as well as 
sources of error. The chief limitation was the limited sample population 
swabbed, with only 15 individuals being tested, resulting in a total of 45 
samples. More participants and a larger sample size may have produced 
more microbe variety. Our gut microbial communities stabilize around 
three years of age, and the strains within the gut likely come from close 
contact and family members, which are then maintained throughout life 
(Byrd et al. 2018). The skin may undergo a similar process, and there-
fore individuals from different regions may have different microbial com-
munities on their skin. Additionally, while shaving practices and the use of 
antiperspirants were controlled for, the type of antiperspirant and use of 
other chemical products were not controlled. The differing chemical make-
up, addition of other products, or time of product application could have 
affected the sample’s microbe makeup. Finally, relying on self-designed 
morpho-characteristics to distinguish species type most likely affected the 
total number of species recorded and therefore skewed the diversity data. 
Further research into the microbe diversity of human skin remains both 
DQ�LQWULJXLQJ�VFLHQWL¿F�YHQWXUH�DQG�PHGLFDOO\�EHQH¿FLDO��&KDUDFWHUL]LQJ�WKH�
PLFUREHV�WKDW�LQKDELW�VSHFL¿F�ERG\�SDUWV�PD\�SURYLGH�PRUH�LQVLJKW�LQWR�WKH�
balance between human health and disease. Human skin has high variabil-
ity at different points in time, though there are some common areas of the 
human body where certain microbe taxa and diversities are consistently 
located (Ursell et al. 2012). This variability limits what we know overall and 
could be causing different medical and health issues. Antibiotic exposure, 
PRGL¿HG�K\JLHQLF�SUDFWLFHV��DQG�OLIHVW\OH�FKDQJHV�KDYH�WKH�SRWHQWLDO�WR�DO-
ter the skin microbiome selectively (Grice et al. 2009). The altered skin mi-
crobiome has many results, such as an increased frequency of human skin 
conditions or removal of a protective barrier unknown to us. Understanding 
the ecosystem that lives with us every day can also provide insight into 
the condition that led to the emergence of antibiotic-resistant organisms.


