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Abstract Here we present methods for distinguishing tail

hairs of African elephants (Loxodonta africana), Asian

elephants (Elephas maximus), and giraffes (Giraffa camel-

opardalis) from forensic contexts. Such hairs are commonly

used to manufacture jewelry artifacts that are often sold

illegally in the international wildlife trade. Tail hairs from

these three species are easily confused macroscopically, and

morphological methods for distinguishing African and

Asian tail hairs have not been published. We used cross

section analysis and light microscopy to analyze the tail hair

morphology of 18 individual African elephants, 18 Asian

elephants, and 40 giraffes. We found that cross-sectional

shape, pigment placement, and pigment density are useful

morphological features for distinguishing the three species.

These observations provide wildlife forensic scientists with

an important analytical tool for enforcing legislation and

international treaties regulating the trade in elephant parts.
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‘‘Having pull’d out of an Elephants-tayl a black Hair,

and cut transversly from it a thin scale, I exposed it to

my Microscope, which represented in the thick of that

Hair about an hundred little specks somewhat whit-

ish, and in each speck a black point, and in some few

of those black points, a little hole; and this hair

consisted withal of united Globuls, which yet I

thought I should have found bigger in this thick hair

of so bulky a Beast, than indeed they were. This Scale

I keep still by me because of its curious and elegant

appearance, not unlike (excepting the Colours) a

Peacocks-tayl.’’

Anthony van Leeuwenhoek (1674)

Philosophical Transactions

‘‘It is an elephant’s hair, probably from the tail. But,

as you see, it is a compound hair; virtually a group of

hairs agglutinated into a single stem.’’

Dr. Thorndyke (fictional detective)

From ‘‘The Trail of Behemoth’’ (1929),

by R. Austin Freeman (reprinted, 2004)

Introduction

Artifacts constructed from elephant and giraffe tail hairs

are often encountered in the international wildlife trade

(Fig. 1). The most common examples include tail hair

bracelets, necklaces, rings and flywhisks used by indige-

nous peoples and sold to tourists throughout Africa and

parts of Southeast Asia [1]. Rigorous methods for identi-

fying elephant and giraffe hairs are of interest to law

enforcement officials, who monitor the illegal trade in

endangered and threatened species. Tail hairs from all three

species are known to be used in artifacts and international

trade [1]. Similar artifacts are often manufactured from

various plastics and botanical fibers (e.g., elephant grass

[Pennisetum purpureum]), thus forensic analysis may be

required to determine if such items contain parts of
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protected species. While wildlife conservation efforts have

focused extensively on the ivory trade, all parts and

products manufactured from elephants fall under strict

regulatory control and forensic methods for their identifi-

cation are critical to conservation efforts.

Asian elephants (Elephas maximus) are protected under

Appendix I of CITES (Convention on International Trade

in Endangered Species of Wild Fauna and Flora), while

populations of African elephants (Loxodonta africana) are

variously protected under Appendix I and II. The Asian

elephant is also listed as endangered on the US Endangered

Species Act (ESA), while the African elephant is listed as

threatened. In contrast, giraffes (Giraffa camelopardalis)

are not protected under CITES or the ESA. Overall, com-

mercial trade in elephant parts is highly regulated, and

forensic methods for distinguishing elephant and giraffe

tail hairs are critical to wildlife enforcement efforts.

The thick, coarse, black tail hairs of elephants (African

and Asian) and giraffes are easily confused macroscopi-

cally. While elephant tail hairs are generally thicker than

those of giraffe, the size of an individual hair alone cannot

be used to distinguish these species. Previous research [1]

has reported spectroscopic and chemical differences

between the tail hairs of elephants and giraffes, and here

we present methods for distinguishing them using cross

section morphology and light microscopy. The technique

provides a robust means of identifying these fibers with

inexpensive, standard laboratory equipment.

Previous microscopic studies

The earliest microscopic study of elephant tail hair was

reported by none other than Anthony van Leeuwenhoek

(1674) in a letter to the Royal Society of London [2]. Van

Leeuwenhoek’s microscopes functioned at up to 266X [3],

thus allowing him to describe what he saw in the eloquent

language of his time as quoted above. Shoshani [4]

described, but did not illustrate, the cross section of an

elephant tail hair as ‘‘…oval in shape…’’ and possessing

‘‘…a number of small unpigmented areas (white as

opposed to the dark color elsewhere in the section).’’

Microscopic observations on elephant tail hairs have even

appeared in a crime novel. Freeman’s fictional detective

Dr. Thorndyke opined on the identification of a suspected

elephant hair recovered from a crime scene, noting ‘‘…it is

a compound hair; virtually a group of hairs agglutinated

into a single stem.’’ [5]. Giraffe tail hairs were described by

Lochte [6] as possessing multiple strands of medulla.

While several subsequent or earlier studies mention the

morphology of elephant and giraffe body hairs, to our

knowledge no comparative studies of elephant and giraffe

tail hair cross sections have been published in an attempt to

distinguish these species.

Among early researchers, Smith [7] illustrated cross

sections of skin and body hairs of the elephant, and Neu-

ville [8] noted the variable medullation in elephant hairs,

but we are unsure if his study included tail hairs. Hausman

[9] included the cuticular structures of elephant, mammoth,

and giraffe body hairs. Lochte [10] published what may be

the earliest photomicrographs of cross sections and cutic-

ular casts of elephant and giraffe body hairs, which for an

Indian (=Asian) elephant are described as fine and thin

hair, with no explicit detail. The giraffe hairs were taken

from the back near the mane and described as transparent,

having no medulla.

Body hairs of these mega mammals and others, such as

rhino and hippo, have been described and/or illustrated in

several reports [11–16]. Ryder [17] described the follicular

mammoth body hairs in detail, but he only illustrated a

tracing of a group of hairs from the leg of the Liakhov

mammoth. Valente [18] compared mammoth hair from the

corpse of a frozen specimen found in 1977 to those of zoo

elephants—both Elephas and Loxodonta. He states that the

‘‘cortex of Mammuthus hair had tiny dark brown pigment

granules and the density of pigmentation decreased from

the central axis of the hair to the periphery’’ [18]. The

Elephas hairs were ‘‘non-medullated and circular in cross-

section…[and] the cortex may or may not contain pigment

granules which, if present, are sparse towards the periph-

ery’’ [18]. By contrast, the body hairs of Loxodonta were

‘‘heavily pigmented throughout…except for the region

immediately underlying the cuticle’’ [18].

Rasmussen and Munger [19] show the cross section of a

vibrissa in micrographs of skin from the trunk of an Asian

elephant, although their paper concerned the sensory

innervation of that appendage and not the hairs themselves.

A low magnification photomicrograph (50X) of one of

these hairs [19] shows an unmedullated, pigmented center

Fig. 1 Examples of elephant hair artifacts, including bracelets, rings

and earrings
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surrounded by concentric rings of connective tissue that is

separated from an outer capsule of connective tissue by an

amorphous ring of ‘‘vascular sinus spaces.’’ While these

previous studies focused on body hair morphology, here we

concentrate our analysis on the structural features of ele-

phant and giraffe tail hairs (cross-sectional shape, pigment

placement, and density) and the use of these morphological

features for identifying the species source of tail hairs in

forensic contexts.

Methods

Vouchered tail hairs of known species origin were examined

from the collection of the US National Fish and Wildlife

Forensics Laboratory (United States Fish & Wildlife Ser-

vice). Samples consisted of 18 individual African elephants

(Loxodonta africana), 18 Asian elephants (Elephas maxi-

mus), and 40 giraffes (Giraffa camelopardalis) from captive

zoo settings. Background data on these vouchered samples

were previously published [1]. While the forest elephant is

recognized as a full species (Loxodonta cyclotis) by some

researchers [20], here we follow CITES taxonomy and other

researchers who treat Loxodonta from Africa as a single

species (Loxodonta africana) [21].

Hairs were cross-sectioned, examined with light

microscopy, and evaluated for species diagnostic charac-

ters. Cross section analysis has long been used to evaluate

mammal hair morphology and facilitate species identifi-

cation [22]. Hairs were sonicated in test tubes with tap

water for 10 min to loosen and remove detritus. Water was

decanted, and hairs were subsequently sonicated in iso-

propyl alcohol to remove non-water-soluble particles.

Hairs were allowed to air dry. To facilitate cross-section-

ing, individual hairs were placed in centrifuge tubes and

filled with epoxy to serve as a stabilizing agent (EPO-Kwik

resin and hardener by Buehler, Lake Bluff, IL). The filled

tubes were allowed to dry/set for 24 h. Once set, centrifuge

tubes were placed in a mechanical microtome (Model 860,

American Optical Co., Buffalo, NY) and were cross-sec-

tioned (&26 l thick). Samples were mounted onto per-

manent slides using Shandon E-Z Mount (Thermo Fisher

Scientific Inc., Waltham, MA) and were examined and

analyzed unstained at 100, 200, and 4009 with a Leica

dual-stage transmitted light microscope. Images were

produced with LAS software (Leica Microsystems, Inc.,

Bannockburn, IL).

Results

Our cross sections reveal that tail hairs of elephants and

giraffes differ significantly from body hairs, and suggest

that they are more like rhinoceros horn or horse hoof

keratins [23, 24]. To describe them as hairs, one would

need to qualify that they appear to have multiple medullae

on the interior and generally lack cuticular scales on the

exterior. They are more like small, cylindrical segments of

thicker keratinous outgrowths of epidermis, comparable to

that seen in horn or hoof. As Pollitt described for horses’

hooves, ‘‘…the keratinocytes of individual hoof wall

tubules are arranged around a central hollow medulla in

non-pigmented concentric layers’’ [24]. In a single elephant

hair, therefore, these tubules appear to be imbedded in a

keratinized cellular matrix [23] confined by the diameter of

the tail ‘‘hair.’’

In their expansive SEM study of animal hairs, Chernova

and Tselikova [13] published micrographs of cross sections

of both mammoth and African elephant hairs. Unlike the

fine Asian elephant hair pictured in the early publication by

Lochte [10], their electron micrographs of the mammoth

and Loxodonta hairs show the same tubule-like features at

relatively low magnification that we see in our tail hair

specimens.

The dispersion of pigment granules in the matrix is

affected by the location of the tubules. The resulting pat-

tern that the granules form defines the characterization that

distinguishes each species. Thus, it is both the arrangement

of the tubules and the dispersion of the pigment that creates

the diagnostic traits identifiable in tail hairs of elephants

and giraffe (Figs. 2, 3).

Similar tubules observed in hairs and other keratins have

variously been referred to as sinuses [19], vacuoles [25],

cortical cells with cavities [26], compressed tubules [27],

or tubules [24], which is the preferred term here. Chernova

[28] stated there is ‘‘impelling need for consistent detailed

description of cellular structure’’ for microscopic features

of both human and animal hair. In our study, we found

some of these tubules to be empty cavities, and, indeed, in

a scanning electron micrograph generated on one of our

Fig. 2 Cross sections of giraffe tail hairs at 1009
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specimens (Fig. 4), a remnant of the matrix got caught

during sectioning in one of the holes near the periphery.

In other tubules shown in Fig. 4, they are in-filled, either

with what appears to be a yellowish matter also visible in

the transmitted light micrographs (Fig. 5), or by differen-

tiated keratinous cells retained by the elongating tubule

during its growth phase. As these tubules migrate during

growth toward the periphery of the hair, the vacuous ones

reach the edge of the tail hair and form grooves, which in

cross section look like a scallop-shaped edge (Fig. 5).

These grooves can be seen in stereomicrographs running

the length of the tail hair. We speculate that the different

expressions of the tubules (compressed, in-filled, or vacu-

ous,) are related to the morphogenesis and development of

keratinocytes that eventually mature and migrate away

from the tubule to form the matrix.

Distinguishing traits

Giraffe vs. elephant

The character trait that distinguishes giraffe from elephant

(both African and Asian) is the distinct radial arrangement

(in giraffe) of the tubules toward the periphery of the hair

shaft (Fig. 2; Table 1). They appear as oval or flattened

tubules arranged in a ring positioned more than two-thirds

the radius of the tail hair’s diameter from its center. The

pigment is usually densest in-between the tubules and

appears to flow away from the un-pigmented keratin cells

that surround the formed or forming tubules. The effect is a

pattern of undulating un-pigmented rays on a dark mottled

ground, emanating from the center of the cross section and

forming regularly spaced, dark-centered tubules surrounded

Fig. 3 a Cross section of Asian elephant (left) and African elephant

(right) tail hairs at 1009. b Cross section of Asian elephant (left) and

African elephant (right) tail hairs at 1009. c Cross section of Asian

elephant (left) and African elephant (right) tail hairs at 1009. d Cross

section of Asian elephant (left) and African elephant (right) tail hairs

at 4009
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by un-pigmented concentric wavy rings, which are the

maturing keratinocytes of the tubules’ walls.

As noted previously, the structure of these hairs is

reminiscent of horse hoof keratin [24], but on a much

smaller scale. Unlike horse’s hoof, the tubules in tail hair

are weaker and, therefore, appear less organized and more

variable in shape, and because they comprise hair, the

generation of the tubules is centered in the cylinder and

grows outward from there. In proximal sections taken from

giraffe tail hairs, the tubules have not begun to migrate

toward the periphery, but still appear to be organized in the

less pigmented center, trending toward the outside wall

where the pigment granules are darkest, but where fingers

of un-pigmented space have intruded and are beginning to

follow the progression of the tubule and its attendant

un-pigmented cells toward the periphery (Fig. 2).

African vs. Asian elephant

The character traits that distinguish African elephant

(Loxodonta) from Asian elephant (Elephas) are the density

and appearance of the pigment assemblages, and the

arrangement of the tubules (Table 1). The two elephant

species can be distinguished by the larger, darker pigment

granules and denser assemblages in the keratin matrix

of Elephas, and by the more diffuse, blurry-appearing

assemblages in Loxodonta (Fig. 3d). While the large

granules are about the same size in both elephants, there

appears to be fewer large granules in Loxodonta. In both

elephants’ tail hairs, rings of undifferentiated keratinocytes

form around the tubules, which may be vacuous or infilled

or compressed, but in Loxodonta, the rings conform to

tubules that are more polygonal in shape, numbering up to

50 in some cross sections. By contrast, the rings around the

tubules in Elephas are more rounded in shape and do not

influence the arrangement of nearby pigment granules as

seen in Loxodonta. In Elephas, there are fewer tubules, and

the rings are less distinct and fainter in appearance than

those of Loxodonta.

Finally, there is a noticeable absence of pigmentation

that is expressed differently in each species. For example,

cross sections of Loxodonta tail hairs frequently are almost

void of pigmentation in the center, while Elephas is usually

heavily pigmented throughout. In addition, Elephas

exhibits the ray-like features more or less absent of pig-

ment granules that are common to Giraffa, though fewer in

number, but like Giraffa tend to radiate from the center.

Conclusions

Our research into thickened tail hairs of elephants and

giraffes was driven by the occurrence of these animal parts

in the international wildlife trade. To date, morphological

cross-section comparison of the tail hairs of these species

was lacking. Our light microscopy analysis of tail hairs

shows that cross-sectional shape, pigment placement, and

pigment density are useful morphological features for

distinguishing these three species. While we do not yet

know of a functional explanation for these differences, we

have demonstrated that these species can be distinguished

using inexpensive and standard laboratory equipment.

Fig. 4 SEM of Asian elephant tail hair at 1,0009

Fig. 5 Cross section of African elephant tail hair at 1009
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These results compliment previous research demonstrating

chemical differences between elephant and giraffe tail hairs

[1]. These methods should prove useful for enforcing leg-

islation and international treaties regulating the trade in

elephant parts.

Key points

1. Light microscopy is a useful tool for identifying the

species origin of elephant and giraffe tail hairs in

forensic contexts.

2. This study describes the first reported morphological

differences between the tail hairs of African elephants

and Asian elephants.

3. Tail hairs from the three species under investigation can

be identified based on differences in cross-sectional

shape, pigment placement, and pigment density.

4. This study compliments previous research document-

ing chemical differences between elephant and giraffe

tail hairs.
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