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Abstract: Samburu resin harvesters in northern Kenya maintain that frankincense resin flow from
Boswellia neglecta and Commiphora confusa is induced by insect larval activity. Observations on the
insects’ larval behaviour support these claims. During the frankincense harvest, buprestid beetle
larvae, identified as a Sphenoptera species, are found under B. neglecta resin, eating the monoterpene-
rich inner bark, which apparently stimulates the trees to produce copious amounts of fresh resin. The
same behaviour was observed with cerambycid beetle larvae, identified as Neoplocaederus benningseni
Kolbe, on C. confusa trees. Remarkably, these insects have developed the capacity to digest the
resin-saturated inner bark and overcome the toxic, repellent characteristics of oleo-monoterpenes.
The frankincense resin also appears to act as a protective covering during the insects” larval and
pupal stages. Excessive tree damage was not noted from these insect invasions. Even though the tree
species are from different genera, the resin produced by both is black, with a very similar aromatic
chemical profile. The question thus arises as to whether the larval feeding behaviour of these beetle
species has an influence, not only on the physical appearance but also on the chemical composition of
the resins.
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1. Introduction

There are two tree species in northern Kenya that produce monoterpenoid frankin-
cense resins of commercial importance [1]. Boswellia neglecta S. Moore is found in areas of
low rainfall on hill slopes and well-drained rocky areas and gullies, where soils are shallow,
growing at elevations of 150 to 1300 m. B. neglecta produces two types of aromatic frankin-
cense resins. The first type consists of pale-yellow droplets, which exude spontaneously
from the surface of the bark, without there being any notable damage to the bark surface.
This resin is chewed by Samburu collectors, as a type of chewing gum. The second type
of resin is black and resembles sticky tar. It is produced in much bigger quantities and
is harvested for commercial purposes [1]. It contains a-pinene, x-thujene, terpinen-4-ol,
p-cymene and 3-pinene as its main volatile compounds [1]. Commiphora confusa Vollesen
occurs in Acacia-Commiphora bushland on rocky slopes or quartz-strewn sandy soil over
basement rocks, growing at elevations of 600 to 1300 m. The tree produces three types
of exudates. The first type is similar to that of B. neglecta, whereby pale-yellow, aromatic
frankincense resin droplets exude spontaneously from the surface of the bark, without
there being any notable damage to the bark’s surface. This is also used as a chewing gum
by Samburu collectors and is harvested and sold as frankincense. The second type is a clear,
non-aromatic, polysaccharide gum produced in copious quantities when the tree branches
or stems are damaged. The third type is an aromatic, black resin that is harvested and sold
as frankincense [1]. It contains x-pinene, a-thujene, 3-pinene, terpinen-4-ol, and p-cymene
as major volatile constituents [1].
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Prior to this study, it was believed that tapping, which involves making repeated
incisions on the bark over several months, was the only means of frankincense resin
inducement. This preliminary study is the first to investigate the possibility that insect
larval chewing activity induces the flow of frankincense resin.

2. Materials and Methods

Field observations were made by the first author in various parts of Samburu district
in northern Kenya. She collected mature beetles, cocoons and larvae in and on B. neglecta
and C. confusa resins. The insect specimens were stored in 90% alcohol in 2 mL and 8 mL
glass vials with screw caps and straight side walls, with an opening, the full diameter of
the vial to simplify specimen insertion.

The sampling methods were opportunistic in that all frankincense trees with resin
that the first author came across were investigated for the presence of beetle larvae, adults
or cocoons. Table 1 presents more detailed descriptions of individual collections. In-
sect specimens were deposited in the National Museums of Kenya, Nairobi, as voucher
specimens. Two cerambycid beetles, voucher nos: Nmk/inv-2021-001 and Nmk/inv-
2021-002; one cerambycid larva, voucher no: Nmk/inv-2021-003; one cerambycid cocoon,
voucher no: Nmk/inv-2021-004. Three buprestid larvae, voucher nos: Nmk/inv-2021-005,
Nmk/inv-2021-006 and Nmk/inv-2021-007. Some specimens were kept by the first author
for future reference.

The species were identified by Mr. Morris Mutua, Senior Research Technologist, in
the Entomology Department of the National Museums of Kenya, Nairobi. The cerambycid
specimens were identified by comparing them to existing collections in the Museum, and
the buprestid larvae were identified by the morphological characteristics of Sphenoptera
larvae [2].

Table 1. Collection methods and observations on the buprestid and cerambycid insects and their
association with frankincense trees in northern Kenya.

Tree Species

Locality

Number of
Specimens Observations
Collected

Insect Species

Date and Stage

Boswellia
neglecta

Oldonyo Mara
hill, South Horr.

Fresh black resin was seen dripping from several
mature trees. When the fresh resin was peeled
back, in all resin samples, immature larvae were
found within the resin mass, eating the inner
4 bark, which was thin (ca. 4 mm thick). The
chewed indentations were shallow (ca. 4 mm
deep) and did not penetrate the heartwood
(Figure 1(A1)). Four larvae were lifted out of the
resin with twigs, and stored in 2 mL spirit vials.

Sphenoptera sp.

May 2015 immature larvae

B. neglecta

Mathews Range.

Fresh resin collected by Samburu collectors,
from the foothills of the Mathews range, was
delivered to the first author. During resin
1 sorting, several mature larvae were noted,
feeding inside the fresh resin. One larva was
lifted out of the resin with a twig and stored in a
2 mL spirit vial.

Sphenoptera sp.

Aug 2017 mature larvae

B. neglecta

Summit of
Lemogor hill,
Milgis.

Aproximately 15 mature trees were examined in
a dense woodland of B. neglecta trees. All trees
had had insect infestations, indicated by healed
- over indentations. Examined trees showed
complete recovery from larval chewings under
resin (Figure 1(C1,C2). Excessive damage or tree
mortality was not noted from insect invasions.

Feb Sphenoptera sp.
2021 -
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Table 1. Cont.

Tree Species

Insect Species

Locality Date and Stage

Number of
Specimens
Collected

Observations

B. neglecta

Summit of
Laikawa hill,
Milgis.

Sphenoptera sp.

Aug 2021 mature larvae

There was a woodland of almost pure stands of
B. neglecta, with a mixed population of adult and
young trees. We examined aproximately 12 adult
trees and for each adult tree, there appeared to
be up to 5 infestations, each with a lot of resin
exudation. All revealed larvae under the resins.
One larva was found in a hole under the resin
(Figure 1(A3)) and another appeared to be
making a hole under the resin (Figure 1(A2)).
Often, we found the insects had burrowed under
the intact bark of the tree, which concealed both
the resin and the insects (Figure 1(A4)). The trees
showed natural senescence with dead twigs and
branches, and most of the exposed dead
branches had insect holes and were occupied by
a variety of insects. Excessive damage or tree
mortality was not noted from insect invasions.
Four mature larvae specimens were collected
and stored in 2 mL spirit vials.

Commiphora
confusa

Neoplocaederus
benningseni

Sera Oct 2014

We examined 240 C. confusa trees in 6 different
locations, during a resource assessment
conducted by the first author. Of this popuation,
aproximately 45% were mature trees. Most of
these trees had bark “scabs” showing recovery
from shallow scrapings from goats and larval
activity (Figure 1(C3,C4)). According to collector
information, C. confusa has very regenerative
properties, as any cuts or scrapings are sealed off
and repaired within 4 months. Tree mortality
was not noted from insect invasions.

C. confusa

N. benningseni

Sera May 2015 .
immature larvae

Resin was noted on the bark of several trees.
Resin was gently lifted on two trees, revealing
larvae eating the inner bark (Figure 1(B1)). The

chewed indentations (Figure 1(C3)) were
shallow (ca. 3 mm deep). The two larvae were
gently lifted out of the resin with twigs and put
into 2 mL spirit vials.

C. confusa

N. benningseni

Sera May 2016 immature larvae

Resin was collected from Sera and delivered to
the first author. During resin sorting, several
immature larvae were noted feeding in the resin.
One immature larva was gently prised out of the
resin with a twig, and stored in a 2 mL spirit vial.

C. confusa

N. benningseni

Sera Oct 2016
mature larvae

Resin was collected from Sera and delivered to
the first author. During resin sorting, several
mature larvae were noted feeding in the resin.
Two mature larvae were gently prised out of the
resin with a twig, and stored in 2 mL spirit vials.

C. confusa

N. benningseni
cocoon and
cocoon
fragments

Sera Oct 2016

Resin was collected from Sera and delivered to
the first author. During resin sorting, a complete
cocoon made of bark strips and a shell-like
substance was found embedded in the resin
(Figure 1(B3)). Numerous cocoon fragments
were also found within the resin.

C. confusa

N. benningseni

Sera Nov 2016 mature beetles

Resin was collected from Sera and delivered to
the first author. During resin sorting, three
beetles emerged from cocoons (Figure 1(B4,B5)).
These were captured and stored in 8 mL
spirit vials.
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Figure 1. The buprestid and cerambycid beetles and the bark/resin of Boswellia neglecta and Com-
miphora confusa in northern Kenya: (A) Sphenoptera sp. larva and the bark/resin of B.neglecta:
(A1) Larva eating inner bark and apparently inducing resin production (locality: Oldonyo Mara);
(A2,A3) Larvae making holes and preparing to pupate (Laikawa hill, Milgis); (A4) B. neglecta resin
covering Sphenoptera sp. larva (Laikawa hill); (A5) Sphenoptera sp. larva, dorsal view (Laikawa
hill); (A6) Sphenoptera sp. larva, ventral view (Laikawa hill); (B) Neoplocaederus benningseni and the
bark/resin of C. confusa: (B1) Larva eating the inner bark and apparently inducing resin produc-
tion (locality: Sera); (B2) N. benningseni larva (Sera); (B3) Larva cocoon in C. confusa resin (Sera);
(B4) N. benninseni beetle hatching from cocoon in C. confusa resin; (B5) Adult N. benninseni beetle
(Sera). (C) B. neglecta and C. confusa bark regeneration from bark beetle larval chewings; (C1) Wound
under B. neglecta resin from Sphenoptera sp. larval chewing (Laikawa hill, Milgis); (C2) B. neglecta bark
recovery from insect activity (Laikawa hill); (C3) Wound on C. confusa bark from N. benningseni larval
chewing (Sera); (C4) C. confusa bark recovery from N. benningseni larval chewing (Sera). Photographs
by Hilary Sommerlatte.
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3. Results

The buprestid beetle larva associated with B. neglecta was identified as a Sphenoptera
species (Coleoptera: Buprestidae), and the cerambycid larva and adult beetle associated
with C. confusa, as Neoplocaederus benningseni Kolbe (Coleoptera: Cerambycidae).

Observations of bark beetles and the resin of B. neglecta and C. confusa are summarized
in Table 1 and illustrated in Figure 1.

4. Discussion

From the preliminary observations summarized in Table 1, it appears that, soon
after the rains, around May, the larval chewings of the two beetle species along the resin-
saturated inner bark, stimulated the frankincense trees to produce copious amounts of
aromatic black resin (Figure 1(A1,B1)). As the Samburu collectors pointed out, under all
fresh resin there will always be a larva (“worm”). At the end of the dry season, between
August and October, when the larvae pupate and chewings cease, the resin dries and
hardens. It is these easily collectable lumps of frankincense resin that the Samburu harvest
and sell as frankincense.

The abundance of resin production caused by the presence of insect infestations has
been noted in other monoterpenoid resin producing species [3]. It was reported that in
conifers, the aromatic monoterpene oleoresins are used as a defence mechanism against
attacking insects. The viscous, sticky resin, released in response to insect attacks, is toxic to
the adults, larvae and eggs, and physically entraps the invading organisms [3].

Interestingly, the larvae of both the buprestid Sphenoptera sp. and the cerambycid
N. benningseni appear to have developed a high degree of tolerance to the physical and
toxic properties of the monoterpene resins. They eat the resin-saturated inner bark and
are enveloped by the resin during several months of their larval phase. Furthermore, the
resin mantle may act as a protective cover against predators during the larval and pupal
stages. The fresh resin covers the vulnerable feeding larvae (Figure 1(A4,B1)) and the dry,
hard resin protect the pupae. In the latter case, the first author noted that the N. benningseni
larvae make their cocoons within the dry resin of C. confusa (Figure 1(B2-B4)) and the
Sphenoptera sp. larvae bore into the wood under the resin, which dries and covers the pupal
hole (Figure 1(A2-A4)).

In the literature, buprestid and cerambycid species have not been mentioned to effect
frankincense resin inducement in other frankincense oleoresin producing species such as
Boswellia sacra Fluickiger, B. papyrifera (Caill. ex Delile) Hochst., B. serrata Roxb. and B. carteri
Birdw. Frankincense inducement in these species is brought about by tapping, which
involves making repeated incisions in the bark over a series of months [4-6]. However,
over-tapping, which involves making too deep or too many tapping spots, carried out too
frequently than is traditionally practiced for sustainable harvesting, severely weakens the
trees. Weakened trees are susceptible to frequent attacks by buprestid and cerambycid
species [4,7]. The relationship between these insects and their frankincense tree hosts
is destructive rather than sustainable and is a cause of high tree mortality [8-10]. This
is causing concern about the sustainability of the frankincense resin trade from these
species [4,7,8].

The buprestid and cerambycid beetle larval chewings along the inner bark on B. neglecta
and C. confusa, respectively, are shallow scrapings up to 5 mm deep, which soon heal over
(Figure 1(C1-C4)). Excessive damage or tree mortality was not noted from these insect
invasions in all the populations of B. neglecta and C. confusa visited. Therefore, the induced
black frankincense resin harvest from larval chewings appears to be sustainable.

Unlike most Boswellia species, which produce a pale-yellow, clear frankincense resin
as a result of tapping, the B. neglecta and C. confusa trees produce mainly a black, crumbly
frankincense resin, apparently induced by insect activity. Interestingly, the resins of both
species have a very similar aromatic chemical profile, even though the trees are from
different genera [1]. Analyses of the volatile compounds of steam-distilled black resin of
both species collected at several localities in Kenya [1,11,12] and Ethiopia [1,12] highlighted
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the qualitative similarity between the two species and the two countries [1]. The levels of
the main compounds (as a percentage of total composition) in these studies in both Ethiopia
and Kenya for B. neglecta and C. confusa were, respectively: «-pinene (17.8-84.7; 16.3-57.1),
[-pinene (1.3-13.7; 9.5-17.5), a-thujene (8.1-19.0; 11.9-23.1), p-cymene (0.1-13.7; 1.2-11.7),
and terpinen-4-ol (0.5-20.6; 0.8-13.7) [1]. The question arises if the feeding activities of
these particular buprestid and cerambycid beetle species have an influence on the texture,
colour and aromatic profile of the frankincense. Freshly exuded gum-resins are generally
colourless or pale yellow and darker colours are caused by autoxidation, polymerization
and enzyme activity [13]. One or more of these processes may be triggered by the insect
larvae, an aspect that deserves further study.

5. Conclusions

The observations presented here support the claims of Samburu frankincense collectors
that the Sphenoptera sp. and the N. benningseni beetle larval chewings are responsible for
frankincense resin production in B. neglecta and C. confusa, respectively. Apparently, the
larvae “act as tappers”, and the copious amounts of aromatic resin produced provides a
protective mantle in the vulnerable stages of the insects’ life cycles. It is this insect-induced
black resin which is collected from both tree species and sold as frankincense. As the trees
are not weakened by undue stress from repeated tapping by collectors, the equilibrium of
insect and host interactions is not disrupted, with the consequence of limited damage to
the trees by insect invasions.

These relationships require further investigation and experimental evidence to elu-
cidate the role of these beetle species in the inducement of frankincense and the effect it
may have on the physical appearance and chemical composition of the resin. Such an
association may also apply to commercial Burseraceae resins from other parts of the world.
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