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AbstrAct: Many theories have been advanced to explain human hairlessness, however, there is no consen-
sus. This study of 76 males observed that skin reflectance measuring skin colouration and melanin pig-
mentation correlated with hair size and follicle density. Individuals with a greater concentration of melanin 
within the superficial layer of the skin had a lower follicle density and smaller sizes of hairs. In contrast, 
individuals with a lower melanin concentration and lighter skin colour had a full range of hairiness. This 
leads to the suggestion that over the course of human evolution, high concentrations of melanin in consist-
ently exposed to ultraviolet radiation areas developed first and that hair loss was a consequence of compe-
tition in the skin between melanin production and hair growth. Darker pigmented skin and lower follicle 
density are significantly correlated (R2=0.283; p<0.05). Individuals with darker skin had a mean of 4.91 
follicles per cm2 whereas those with lighter skin reflectance had 11.20 follicles per cm2. This suggests that 
increased concentrations of melanin in the basal layer of the epidermis may limit hairiness by negatively 
influencing the skin’s ability to produce hair.
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Introduction

To date there is no accepted theory of 
mammalian hair growth (Foote, 2013). 
Humans appear considerably less hairy 
than chimpanzees and other primates, 
however, there is no clear explanation for 
this variation. Humans and chimpanzees 
have the same number of hair follicles 
and as a  result, human hair must have 

become shorter and thinner (Morgan 
1982). There are a  number of theories 
and anecdotal evidence for the amount 
of hair varying across geographic groups 
of people. Thus, there is a need to quan-
titate variation in order to explain why 
differences occurred amongst individuals 
and geographical populations. 

Theories contributing to the evolu-
tion of hairlessness:
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There are a number of theories which 
have been developed to aid in the un-
derstanding of human hairlessness. The 
aquatic ape theory suggests that Homo 
evolved to its erect, bipedal and hairless 
state by living in water (Hardy 1960). A 
newer version of Hardy’s theory is the 
“wading hypothesis”, which contends 
that ancestral humans had a peri-aquatic 
lifestyle (spending a substantial amount 
of time wading in shallow waters) which 
influenced hairlessness (Niemitz 2010). 
To the contrary, another theory states 
that human ancestors ventured onto dry 
savannah where they needed to ther-
moregulate more vigorously; both to lose 
heat gained by physical exertion, and col-
lect heat in cooler periods, which would 
have been facilitated by loss of hair and 
exposure of naked skin to the environ-
ment (Rantala 2007). Similarly, the ther-
moregulatory theory is related to envi-
ronmental conditions where naked skin 
proved advantageous. For survival Homo 
needed to hunt, and as a result evolution-
ary adaptations occurred to radiate heat 
produced during physical effort (O’Keefe 
et al. 2011). Extensive hunting in hot 
environments would have caused ther-
mal stress on the body which demanded 
efficient temperature regulation by cool-
ing (Pagel 2003). The parasitic theory is 
another plausible explanation for human 
hairlessness, related to when clothing 
was introduced, along with denser pop-
ulations, which together were ideal con-
ditions for ectoparasites (Rantala 1999). 
These ectoparasites would feed on skin 
(epidermis) which may have caused a re-
duction in body hair, as hair provides 
a  protective environment for parasites 
to attach to and lay their eggs on (Dean 
and Silva-Jothy 2012). It still remains 
unclear which theory is more plausible. 
No matter which theory is correct, all hu-

mans have no hair cover dense or great 
enough to provide effective protection 
against environmental temperature. Hu-
man body hair, however individually var-
iable, is vestigial. Thus there is no reason 
why the amount of hair on the human 
body should correlate with climatic con-
ditions.

Human body hair may have evolved 
to become shorter and thinner, due to 
climatic conditions. There are two forms 
of hair on the body vellus and terminal. 
Vellus hair is much shorter, finer and 
inconspicuous, found in areas which 
appear naked yet there is hair, such as 
behind the ear (Dean and Silva-Jothy 
2012). Whereas, terminal hair is thicker 
and more visible as it is found in areas 
including the legs, axilla, and arms (Toll 
et al. 2004). Thus, it is not necessarily 
a reduction of hair follicles for our seem-
ing naked appearance but rather weaker 
hair. There is anecdotal variation among 
different groups and this study aims to 
study geographical variation in relation 
to other skin adaptations.

Skin Colour and Melanogenesis
Skin colour varies in all individuals, due 
to genetic variations, and it can be mod-
ified by exposure to ultraviolet (UV) ra-
diation (Candille et al. 2012). Skin col-
our can vary during puberty (Sitek et al. 
2012) and due to psychological stress 
(Sitek et al. 2012). In humans melanin 
occurs in the stratum basale layer of the 
epidermis of skin, whereas chimpanzees 
store their melanin deeper in the dermis 
(Becker 1927). Melanin produces the 
striking polymorphic variation in skin, 
hair and eye colour of humans (Candille 
et al. 2012). Hair pigment derives from 
melanin being taken up by keratinocytes 
(Hofreiter and Schöneberg 2010). Mel-
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anocytes are specialised dendritic cells 
(Yuen and Jablonski 2010) that produce 
melanin in specialised cytoplasmic orga-
nelles, melanosomes (Jody et al. 2009). 
Melanosomes vary in size and degree of 
aggregation according to an individual’s 
skin type and pigmentation (Jablonski 
2004). Located within melanosomes 
is tyrosine, the regulatory amino acid 
of melanin, which is highly involved in 
melanin synthesis reactions (Lin 2007). 
There are two types of melanin, eumela-
nin (brownish-black) and pheomelanin 
(reddish-yellow); increased concentra-
tions of eumelanin characterise dark-
er tanned skin while concentrations of 
pheomelanin vary in each individual 
(Costin and Hearing 2007). However, 
pheomelanin is commonly present in in-
dividuals of red-haired Europeans, East 
Asians and Native Americans (Lessin et 
al. 2012). Primates have highly variable 
skin pigmentation, by having bluish, 
white, pink and black pigment in differ-
ent areas of the body (Montagna 1972). 
Melanin protects the skin against ex-
cessive amounts of Ultraviolet B (UVB) 
radiation, therefore an accumulation 
of melanin is a  reflection of geographic 
differences in people exposed to higher 
amounts of UV, and those whose ances-
tors were exposed to greater UVB radia-
tion have a genetic tendency to produce 
more melanin (Robins 2009). Those in-
dividuals exposed to lesser quantities of 
UV will have lower amounts of melanin, 
and therefore lighter skin pigmentation 
(Sturm 2009).

It is possible that a  reduced follicle 
density in individuals with greater con-
centrations of melanin, could be a result 
of melanin competing with follicular 
growth. Levels of tyrosine may differ in 
melanosomes which may also compete 
with the production of other structur-

al elements of human skin such as hair 
follicles (Slominski et al.1991). There 
is some indication that hair density and 
growth are correlated depending on hair 
pigmentation (Van Neste and Tobin 
2004). Therefore, it can be hypothesised 
that accumulation of high levels of mela-
nin in the skin reduces follicle function, 
growth in numbers and size of hair. In 
females, due to cyclic changes in their 
physiology there is additional regula-
tion of skin physiology and turnover of 
pigmentation, whereas in males the sit-
uation is simpler (Ali and Wojnarowska 
2011). 

Therefore, it is important to study 
a  relationship between skin pigmenta-
tion, hair density and hair size in rela-
tion to geographic areas where people 
have originated in order to understand 
the causes of the variation in the degree 
of hairlessness. The aim of this work is 
to investigate correlations between skin 
colour, hair follicle density and size in re-
lation to geographic origin in a sample of 
males from different continents.

Materials and Methods
There were two parts of this study: 1. 
Histology of skin and hair from differ-
ent areas of the body, and 2. Correlation 
between skin pigmentation and hairless-
ness.

Histological study was conducted to 
ascertain variation of hair density and 
size across the different locations of the 
human body, in order to choose one area 
to represent human hairiness for a large 
sample.

Skin samples were obtained from 
four cadavers (two male and two fe-
male) donated to the University of Ad-
elaide Medical School. Skin samples of 
1 cm2 to the depth of deep fascia were 
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dissected from the following locations 
(Fig. 1):
 – Chin, anterior lower border of mental 

protuberance
 – Back, midline centre of neck
 – Chest, point where median sagittal 

plane is intersected by the plane run-
ning through the nipples. In females, 
the breasts were moved to anatomi-
cal position, before determining the 
plane running through the nipples.

 – Axilla, apex of the dome of skin on 
the floor of the axilla, skin was taken 
from both axillae.

 – Forearm, distal 1/3 of both dorsal 
forearms.

 – Pubis, taken from the midline, mons 
pubis adjacent to the anterior commis-
sure of labia majora in females, and 
midline just above the root of the pe-
nis in males.

 – Medial leg, mid-point along the medi-
al border of the shin between the up-
per border of the medial tibial condyle 
and apex of medial malleolus; from 
both legs. 

 – Skin samples were then processed 
for standard histology, stained with 

haematoxylin and eosin. Skin sec-
tions were cut parallel to the skin 
surface. Hair follicle density (number 
of follicles per cm2) and the diame-
ter of hair follicles and hair (i.e hair 
shaft), was measured on these sam-
ples. Skin measurements were taken 
using Nikon Bright Field Microscope 
with the use of NIS Basic Research 
Anatomy Software (2011), at 4 and 
20 times magnification.
Hair follicle density, measured by 

counting the number of hair follicles 
within a  30,000,000 µm2 at 4 times 
magnification. The part follicles falling 
along the left and anterior borders were 
not counted. To avoid bias four square 
shaped areas were selected that fell at 
the four corners of the section; 4 fields 
per slide.

Hair follicle diameter was meas-
ured by the longest and shortest diam-
eter from epithelial sheath to epithelial 
sheath of each follicle at 20 times mag-
nification. 

Hair shaft diameter was also meas-
ured at the longest and shortest diam-
eter from glassy membrane to glassy 
membrane of the hair shaft at 20 times 
magnification. Measurements were tak-
en only from the hair follicles where hair 
was within the follicle.

Hair density, sizes and skin colour es-
timation:

Ethics approval was obtained from 
the University of Adelaide’s Human Re-
search Ethics Committee (HS-2013-017) 
to use live human male volunteers. Pow-
er analysis indicated that a sample size of 
35 would be statistically sufficient. Males 
(n=76) aged 18 to 60 years from several 
geographic origins gave their consent to 
participate in this study. Females were 
excluded due to physiological changes. 
Information in relation to age, country of 

Fig. 1. Outlined human body with location of dis-
sections
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birth of biological mother and father to 
determine geographic origin and recent 
tanning of the skin (in order to perform 
most accurate skin colour analysis), were 
obtained using a questionnaire. 

In each participant an elastic band was 
placed around the left wrist just above 
the radial styloid process (Fig. 2a). The 
forearm was placed in a supinated posi-
tion on top of a 35 mm slide holder (the 
elastic in line with the slide holder) on 
an EPSON Perfection Scanner 2400 (Fig. 
2b), and scanned a 8.05 cm² area (stand-
ard window size of a slide holder) of the 
forearm; just proximal to the forearm 
band (Fig. 2c). This ensured the same 
skin area was used for measurements of 
skin with and without hair. Each scanned 
image was taken with the use of Adobe 
Photoshop (2010). 

The image with forearm hair pres-
ent was used to determine follicle den-
sity. The hair being present in this im-
age made it easier to identify follicles of 
which a count was done (Fig. 3 A1 and 
B1). The part follicles which fell on the 
left and anterior side were not included. 
The participant was then asked to shave 
the region outlined by the researcher 

using a disposable safety razor in a sin-
gle stroke, to ensure that full length of 
hairs was shaved from the skin surface. 
The shaved hair was collected and ten 
hairs from each participant were used for 
analysis of length and width. All meas-
urements were taken using NIS Basic 
Research Anatomy Software. The shaved 
area of the forearm was scanned again 
and the image was used for the determi-
nation of skin colour (Fig. 3 A2 and B2).

Skin colour was measured on the 
shaven images to ensure that hair pig-
ment did not interfere with the reading. 

Fig. 3. A1 and B1 (before shaving) were used for 
follicle density measurements and A2 and B2 
(after shaving) were used for skin colour meas-
urements

Fig. 2. A wrist of participant with elastic band above *radial styloid process b EPSON Scanner 2400 with 35 
mm slide holder to ensure same area was measured by positioning the elastic band below the anterior 
white line of the box shown c Forearm supinated on scanner
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Von Luschan’s Chromatic Scale and skin 
reflectance were used to quantify skin 
colour. Von Luschan’s Scale, a  princi-
pal method of measuring skin colour, 
consists of 36 differently coloured tiles 
from very fair (tile 1) to very dark (tile 
36) (Chiao et al. 2013). Skin reflectance 
is measured by the amount of light re-
flected from the skin and is measured in 
wavelengths. It can be performed with 
the use of software (Välisuo et al. 2011).
There is a  good correlation between 
these two methods (Fig. 4). NIS BR 
Anatomy Software was used to measure 
reflectance. Greater reflectance intensity 
correlated with a  lighter Von Luschan’s 
tile, this was applied for the study in or-
der to determine skin colour.

Each image of the participant shaved 
forearm was examined with the use of 
the software, and reflectance intensities 

of pixels were used for each individual to 
measure skin colour.

Statistical Analysis
Geographic origin of all participants was 
divided into three groups based on lati-
tudes:
 – Group 1: Equatorial areas, ranging 

from tropic to tropic (Tropical)
 – Group 2: Intermediate latitude be-

tween a tropic and 45 degrees 
 – Group 3: Extreme latitude, greater 

than 45 degrees
 – Further on, the sample was also divid-

ed into two groups according to skin 
colour reflectance intensity.
1. Sample with skin colour reflectance 

of 330 and above pixel intensity (n=6)
2. Sample with skin colour reflectance 

of 331 and above pixel intensity (n=70)
Following statistical analyses were 

carried out by the use of IBM SPSS 
(2010), linear regression analysis, ANO-
VA, t-test, F-test, correlations (Pearson’s 
product-moment). Graphs were created 
by Microsoft Excel (2010).

Results
Overall, there were similarities present 
in follicle density and hair characteristics 
across the various areas of the human 

Fig. 4. Validation of methods Von Luschan’s Scale 
and skin colour reflectance intensity of pixels

Table 1. Measurements from histological analysis (n=4)

Density 
per cm2 SD

Follicle 
length 
(µm)

SD
Follicle 
width 
(µm)

SD
Hair 

length 
(µm)

SD
Hair 

width 
(µm)

SD

Chin 27.5 5.1 202.1 112.8 431.6 1297.9 105.7 70.2 159.2 338.6
Back 12.0 1.7 130.7 91.4 102.0 49.5 68.9 80.1 55.5 56.3
Pubis 8.8 1.5 203.6 154.2 202.4 156.8 127.6 121.1 97.0 86.3
Axilla 8.6 1.6 281.3 144.3 244.5 144.3 173.2 152.3 143.0 124.7
Forearm 8.1 1.1 142.0 61.8 153.5 101.1 57.7 33.2 65.0 52.0
Leg 6.6 0.8 138.3 40.7 104.9 48.9 70.2 37.0 57.5 35.8
Chest 5.1 0.5 195.0 103.6 201.5 159.7 107.3 81.9 115.4 126.0
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Fig. 5. H & E stained images showing follicle density a Back; b Chin; c Chest; d Axilla; e Leg; f Pubis; g 
Forearm all viewed at 4 times magnification and h. forearm follicles at 20 times magnification
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body (Table 1). Sizes of follicles across the 
body were greatest on the chin, while sizes 
of hair within the follicles varied. Thicker 
hairs were found on the pubis and axilla 
(Table 1). With the exception of the chin 
and back, which had the greatest follicle 
density, the density was similar in all other 
regions (Fig. 5). This confirmed that the 
forearm could be used as representing the 
human body as its follicle density was sim-
ilar to other regions. 

The chest had the lowest follicle 
density (Fig. 6). This was as expected 
of a  mammal; greater hair dorsally and 
around the limbs and less hair ventrally. 
No sex differences were evident, there-
fore sample was pooled.

Hair density, sizes and skin 
colour

Means, standard deviations and standard 
error of the mean was calculated for the 
entire sample (n=76) (Table 2). 

There was a  strong power relation-
ship between follicle density and skin 

colour reflectance intensity (Fig. 7). 
A notable trend can be seen as a  lower 
follicle density correlated with darker 
skin colour, however, there is a  greater 
range of variation in people with lighter 
skin. The relationship is significant with 
R2=0.283 (p<0.05). 

Similarly, hair length and skin colour 
reflectance had a strong power relation-
ship (Fig. 8). Shorter hair length corre-
lated significantly with darker skin col-
our reflectance: R2=0.209 (p<0.05).

In contrast, hair width did not show 
any significant relationship with skin 
colour reflectance, however there was 
a slight trend with R2=0.023 (Fig. 9).

Initially, the sample was divided into 
three groups by latitude. However, upon 
analysis no difference was seen between 
groups 2 and 3 (Table 3), therefore, these 
groups were pooled. 

Fig. 6. Distribution of follicle density across the 
body with ± SD

Fig. 7. Follicle density per cm2 and skin colour re-
flectance of all participants (n=76)

Table 2. Summary of all participants (n=76)

Mean SD SE Min Max
Skin colour reflectance intensity 515.3 100.8 11.6 167.4 627.2
Follicle density per cm2 10.7 4.8 0.6 1.2 20.9
Hair length (mm) 10.4 3.6 0.4 3.4 17.5
Hair width (mm) 0.1 0 0 0 0.1



 Skin colour and hairiness 227

Thus, groups were sorted as tropical 
(group 1) and other (groups 2 and 3) 
(Table 4). There was a considerable vari-
ation noted in both groups across all var-
iables, however, hair width had similar 
means in both groups with only 0.01 dif-
ference (Table 4). Standard deviations of 
hair width were identical in both groups 
(Table 4). The greatest differences were 
seen in skin colour reflectance (Table 
4). Similar, to previous results, skin col-
our reflectance, follicle density, and hair 
length differences were significant, while 
hair width difference was not T values of 
skin colour reflectance and hair length 
were significant, 4.89 and 2.47 respec-
tively; p<0.05 

The sample was grouped by skin col-
our reflectance. Individuals with skin re-
flectance intensity reading of under 330 
reflectance intensity of pixels (n=6) and 
over 331 reflectance intensity of pixels 
(n=70). Considerable differences can 
be seen in all variables with skin colour 
reflectance below 330 intensity correlat-
ing with shorter hairs and lower follicle 
density, in not only mean values, but also 
range, standard deviations and stand-

Fig. 8. Hair length (mm) and skin colour reflec-
tance of all participants (n=76)

Fig. 9. Hair width (mm) and skin colour reflectance 
of all participants (n=76)

Table 3. Comparisons of means and standard deviations across latitude groups 1 (n=14), group 2 (n=19) 
and group 3 (n=43)

Latitude group Mean SD
Skin colour reflectance (1) Tropical 367.7 136.6

(2) Intermediate 542.9 40.0
(3) Extreme 551.3 52.5

Follicle density per cm2 (1) Tropical 8.5 6.3
(2) Intermediate 12.0 5.7
(3) Extreme 11.0 3.5

Hair length (mm) (1) Tropical 8.0 4.2
(2) Intermediate 11.7 4.0
(3) Extreme 10.7 3.0

Hair width (mm) (1) Tropical 0.1 0.0
(2) Intermediate 0.1 0.0
(3) Extreme 0.1 0.0
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ard error of means (Table 5). Since, the 
data was not normally distributed cubic 
transformation was used to bring data 
distribution to normality prior to t-test. 
T-tests showed significance across the 
variables, with p<0.05 for all variables 
with the exception of hair width (Table 
5). F-test of differences in variances was 
also significant. 

Discussion
This study shows that hair development 
is related to skin colour, and that skin 
pigmentation may play a role in regulat-
ing size of hair and hair follicle density. 
Since this study is on humans, it could 
not be experimental and therefore is ob-
servational. Sampled ranges of variation 

were large and this permitted observa-
tions of correlation and relationships.

The sample size for this study was 
relatively large (n=76) exceeding twice 
the minimum required sample size de-
termined by the power analysis, how-
ever, there was a  small representation 
of those of darker skin reflectance be-
low 330 (n=6). The results could have 
been more precise if the sample size of 
individuals with darker skin was great-
er. However, this was difficult to achieve 
due to the study taking place within the 
environment of the University of Ade-
laide, mostly attended by people de-
scended from those born in higher geo-
graphical latitudes and not commonly by 
people originating in lower geographical 
latitudes. Another limitation included 

Table 4. Summary of participants of tropical origin (n=14) and all other origins (n=62)

Tropical mean SD (n=14) Other mean SD (n=62) t
Skin colour reflectance 367.7 136.6 548.7 48.9 4.89*
Follicle density per cm2 8.4 6.3 11.2 4.3 1.62
Hair length (mm) 8.0 4.2 11.0 3.3 2.47*
Hair width (mm) 0.1 0.2 0.1 0.2 1.16

*p<0.05

Table 5. Participants with a reflectance of ≤330, dark skin (n=6) and ≥331, lighter skin colour (n=70)

Mean SD SE Range t F

Skin colour reflectance ≤ 330 233.8 34.6 14.1 270.2
25.70* 3.53*

≥ 331 539.5 59.0 7.0 96.0

Follicle density per cm2 ≤ 330 4.9 3.5 1.4 9.9
4.07* 2.04*

≥ 331 11.2 4.7 0.6 18.3

Hair length (mm) ≤ 330 4.7 1.0 0.4 2.6
11.13* 13.49*

≥ 331 10.9 3.3 0.4 13.5

Hair width (mm) ≤ 330 0.0 0.0 0.0 0.0
2.91 486.93*

≥ 331 0.0 0.0 0.0 0.1

*p<0.05
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the assessment of geographic origin of 
participants by questionnaire. To avoid 
any suspicion of possible racist bias, 
only birthplace of biological parents was 
asked by the researcher. It was hoped 
that parental birthplace corresponded to 
their geographic background. However, 
the researcher was mindful that parents 
may have been second generation em-
igrants born in an area that did not re-
flect their family lineage’s place of origin. 
Despite this, when grouping individuals 
by parents birthplaces, results were still 
significant. Although the histology com-
ponent of the study was purely aimed to 
view the hair variation across the human 
body in order to understand to what ex-
tent the forearm hair represents the hu-
man body, the sample size was dictated 
by limited time for multiple dissections 
and histological analyses. This limited 
sample size may not have permitted sta-
tistical observation of subtle differences. 
Since all cadavers were of European geo-
graphic background there was not much 
variation noticeable in their skin colour. 
Any measurement errors always reduce 
levels of correlations (Padilla and Veprin-
sky 2012).

Despite all limitations described 
above, this study showed the relation-
ship between hairiness and skin pig-
mentation which has not been studied 
before. Significant product- moment 
correlations and significant differences 
in simple comparison of the means of 
people grouped by skin colour indicate 
an inverse relationship between skin pig-
mentation and hairiness. It seems from 
this study that there is a one way corre-
lation between greater concentrations of 
melanin and shorter and less dense hairs. 
Contrastingly, in those individuals who 
did not have greater concentrations of 
melanin the whole range of hairiness is 

seen (see results: Fig. 7). Although both 
the range of skin colours and the range 
of hairiness are wide in the sample with 
reflectance over 330, there is no correla-
tion between these variables in this sam-
ple (R2=0.120). There is also a  signifi-
cant difference in variances. Individuals 
of lighter skin pigmentation have much 
wider variation of hair characteristics 
from that of darkly pigmented people. 
People of lighter skin sometimes have 
fairly large hair dimensions and large 
hair densities that are easily noticeable 
with the naked eye as a “pelage”.

Most theories about human hairless-
ness are based on supposed adaptive val-
ue of hairlessness, whereas it seems to 
be a correlate, or possibly a consequence, 
of increased concentrations of melanin. 
Skin colour has long been established as 
an indicator of adaptation to increased 
UV conditions (Jablonski & Chaplin 
2000) while the question of human hair-
lessness does not find a satisfactory an-
swer. The wider range of hairiness found 
in less pigmented people seems to indi-
cate that hairlessness is not a consistent 
human characteristic. It is only notice-
able consistently in people with greater 
concentration melanin in superficial skin 
layers (Costin and Hearing 2007); this 
may be interpreted in evolutionary terms 
as follows. 

When human ancestors ventured 
out of shaded forests into areas exposed 
for prolonged periods to high and con-
sistent UV radiation (open savannah or 
waterside environments) (Schwartz and 
Rosenblum 1981) the terminal hairs 
(likely to be similar to those of present 
day apes), did not provide sufficient in-
sulation against detrimental UVB radia-
tion, especially in areas of the body ex-
posed to UV by assuming erect bipedal 
posture (e.g. chest and abdomen) (Hoch-
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berg and Templeton 2010). Thus, high 
melanin concentration located in basal 
layer of the epidermis (above the dermis) 
became an effective protection against 
UV (Mc Neil et al. 2013). This relocation 
of melanin from deeper skin layers to the 
basal layer (Becker 1927) may have com-
peted with hair growth or deregulated 
hair growth in the skin, thereby, reduc-
ing size of hairs. Were hairlessness de-
veloped before changes in concentration 
of melanin in the superficial skin layer, 
all humans including those who lost skin 
pigment, would be equally hairless. 

In future studies it is necessary to 
better document hair characteristics of 
highly pigmented people. To find even-
tual physiological mechanisms of the 
interactions between high concentration 
of melanin and hair follicle growth and 
development may require some animal 
experimentation.

Dark skin pigmentation is invariably 
related to less hairiness, while lighter 
skin pigmentation displays a full range of 
hairiness. This finding suggests that hu-
man ancestors in high UV areas needed 
to develop high concentrations of mel-
anin first, consequently leading to the 
reduction in hair. In contrast, in individ-
uals exhibiting reduced melanin concen-
tration a full range of hairiness can still 
exist.

Acknowledgements

Thank you to all participants for con-
tributing their time to participate in this 
study, it was greatly appreciated.

Authors’ contributions

AD wrote the final version of the paper. 
AD, MH and JK jointly formulated the 
research hypothesis, plan and method. 

AD collected observations and analysed 
them with MH and JK help. All authors 
contributed to final interpretation of the 
results, and read the final version of the 
text.

Conflict of interest

The Authors declare that there is no con-
flict of interests.

Corresponding author

Amrita Dhugga, Level 1 University of 
Adelaide Medical School North, Adelaide 
5005, SA
e-mail address: amrita.dhugga@student.
adelaide.edu.au

References
Ali I, Wojnarowska F. 2011. Physiological 

changes in scalp, facial and body hair after 
the menopause: a  cross-sectional popu-
lation-based study of subjective changes. 
Brit J Dermatol 164:508–13. 

Becker WS. 1927. Melanin Pigmentation Sys-
tematic Study of the Pigment of the Hu-
man Skin and Upper Mucous Membranes, 
with Special Consideration of Pigment-
ed Dendritic Cells. Arch Derm Syphilol 
16:259–90.

Candille SI, Absher DM, Beleza S, Bauchet 
M, McEvoy B, Garrison NA, Li JZ, My-
ers RM, Barsh GS, Tang H, Shriver MD. 
2012. Genome-Wide Association Studies 
of Quantitatively Measured Skin, Hair, 
and Eye Pigmentation in Four European 
Populations. PLoS ONE 7:1–12 . 

Chiao FB, Resta-Flarer F, Lesser J, Ng J, Ganz 
A, Pino-Luey D, Bennett H, Perkins C, 
Witek B. 2013. Vein visualization: pa-
tient characteristic factors and efficacy of 
a new infrared vein finder technology. Brit 
J Anaesth 110:966–71.

Costin G-E, Hearing VJ. 2007. Human skin 
pigmentation: melanocytes modulate 



 Skin colour and hairiness 231

skin color in response to stress. FASEB J 
2:976–94. 

Dean I, Siva-Jothy MT. 2012. Human fine 
body hair enhances ectoparasite detec-
tion. Biology Letters 8:358–61. 

Foote S. 2013. An Evolved Hair Growth Mech-
anism in Mammals, Implications in Hu-
man Physiology. Open Science Repository 
Anthropology. e70081946. doi:10.7392/
Anthropology.70081946.

Hardy A. 1960. Was man more aquatic in the 
past. New Scientist 7:5. 

Hochberg Z, Templeton A. 2010. Evolution-
ary perspective in skin color, vitamin D 
and its receptor. Hormones 9:307–11.

Hofreiter M, Schöneberg T. 2010. The genetic 
and evolutionary basis of colour variation 
in vertebrates. Cell Mol Life Sci 67:2591–
603.

Jablonski NG. 2004. The Evolution Of Hu-
man Skin And Skin Color. Annu Rev An-
thropol 33:585–81. 

Jablonski NG, Chaplin G. 2000. The evolu-
tion of human skin coloration. J Hum Evol 
39:57–106. 

Jody PE, Wickett RR, Raymond EB. 2009. 
Mechanisms Regulating Skin Pigmen-
tation: The Rise and Fall of Complexion 
Coloration. Int J Mol Sci 10: 4066–87. 

Lessin SR, Perlis CS, Zook MB. 2012. How 
Ultraviolet Radiation Tans Skin. In: CJ 
Heckman, SL Manne, CJ Heckman and SL 
Manne, editors. Shedding Light on Indoor 
Tanning. New York, NY US: Springer Sci-
ence + Business Media. 87–94. 

Lin JY, Fisher DE. 2007. Melanocyte biology 
and skin pigmentation. Nature 445:843–
50.

McNeil EM, Ritchie A, Melton DW. 2013. 
The toxicity of nitrofuran compounds on 
melanoma and neuroblastoma cells is en-
hanced by Olaparib and ameliorated by 
melanin pigment. DNA Repair 12:1000–
06.

Montagna W. 1972. The skin of nonhuman 
primates. American Zoologist 12:109–24. 

Morgan E. 1982. The Aquatic Ape. A theory 
of human evolution. New York: Stein and 
Day. 27–34

Niemitz C. 2010. The evolution of the upright 
posture and gait – a review and a new syn-
thesis. Naturwissenschaften 97:241–63. 

O’Keefe JH, Vogel R, Lavie CJ, Cordain L. 
2011. Exercise Like a Hunter-Gatherer: A 
Prescription for Organic Physical Fitness. 
Prog Cardiovasc Dis 53:471–79. 

Padilla MA, Veprinsky A. 2012. Correlation 
Attenuation Due to Measurement Error: 
A New Approach Using the bootstrap 
procedure. Educ Psychol Meas 75:827–46.

Pagel M, Bodmer W. 2003. A naked ape would 
have fewer parasites. Proceedings of the 
Royal Society of London. Series B: Biolog-
ical Sciences 270(S1):117–19.

Rantala MJ. 1999. Human nakedness: adapta-
tion against ectoparasites?. Int J Parasitol 
29–1987–89.

Rantala MJ. 2007. Evolution of nakedness in 
Homo sapiens. Journal of Zoology 273:1–7. 

Schwartz, GG & Rosenblum, LA (1981). Al-
lometry of primate hair density and the 
evolution of human hairlessness. Am J 
Phys Anthropol 55:9–12.

Sitek A, Żądzińska E, Rosset I. 2012. Effects 
of psychological stress on skin and hair 
pigmentation in Polish adolescents. An-
thropol Rev 75:1–17.

Sitek A, Żądzińska E, Rosset A, Antoszewski 
B. 2013. Is increased constitutive skin and 
hair pigmentation an early sign of puber-
ty? HOMO 64(3):205–14. 

Slominski A, Paus R, Costantino R. 1991. 
Differential expression and activity of 
melanogenesis-related proteins during 
induced hair growth in mice. J Invest Der-
matol 96:172–79.

Sturm RA. 2009. Molecular genetics of hu-
man pigmentation diversity. Hum Mol 
Gen 18:9–17.

Toll R, Jacobi U, Richter H, Lademann J, 
Schaefer H, Blume-Peytavi U. 2004. Pen-
etration profile of microspheres in folli-
cular targeting of terminal hair follicles. J 
Invest Dermatol 123:168–76.

Välisuo P, Harju T, Alander J. 2011. Reflec-
tance measurement using digital camera 
and a protecting dome with built in light 
source. J Biophotonics 4:559–64. 



232 Amrita Dhugga, Maciej Henneberg, Jaliya Kumaratilake

Van Neste D, Tobin DJ, 2004. Hair cycle and 
hair pigmentation: dynamic interactions 
and changes associated with aging. Mi-
cron 35:193–200.

Yuen AWC, Jablonski NG. 2010. Vitamin D: 
In the evolution of human skin colour. 
Med Hypotheses 74:39–44.




