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The rhinoceros beetle Cyphonistes tuberculifrons Quedenfeldt 1884 (Cole-
optera Scarabaeidae Dynastinae Oryctini) was attracted by different quinones in
a gallery forest in northeastern Ivory Coast. Quinones are widespread in organic
matter, e.g. in termite defensive secretions, fruit, rotting fruit, wood, and rotting
wood. We consider the attraction to rotting wood, rotting fruit and perhaps
attacked termite mounds to be the most probable function of the attractive effect
of quinones on C. tuberculifrons.
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INTRODUCTION

During experiments on the attraction of necrophagous dung beetles by qui-
nones (KRELL et al. 1997, 1998) we sometimes found rhinoceros beetles of the spe-
cies Cyphonistes tuberculifrons Quedenfeldt 1884 (Scarabaeidae Dynastinae Orycti-
ni) in our pitfall traps. This observation prompted us to investigate in which con-
text quinones are attractive to Dynastinae.

If a consumer uses host-produced volatile substances as kairomones (or
apneumones, if they originate from a dead host; LANIER 1990) for host finding, this
is called primary attraction. By contrast, secondary attraction is caused by other
consumers through aggregation pheromones or other semiochemicals (TUNSET et al.
1993). Primary attraction of saprophagous or xylodetriticolous rhinoceros beetles
(Coleoptera Scarabaeidae Dynastinae) has never been documented. The cues by
which they find their hosts are unknown, despite the fact that these beetles are of
economic importance (they attack palms (BEDFORD 1980) and other commercial
plants) and thus have been studied intensively. We interpret that the attractive
effect of quinones on C. tuberculifrons to be the first proven case of primary attrac-
tion of Dynastinae to their larvae’s microhabitat or to resources essential for the
adult beetles themselves.

MATERIAL AND METHODS

Study area. We conducted our experiments in the Parc National de la Comoé in north-
eastern Ivory Coast (= Cote d’Ivoire, West Africa) near the research camp of Wiirzburg Univer-
sity (Lola-Camp; 3°48'58”W, 8°45’'07”-14"N). The area is situated at the border between the
Guinea and Subsoudan savanna; it is attributed by POREMBSKI (1991) to the former and by e.g.
PorLEcot (1991) to the latter. All traps were set in the gallery forest of the Comoé River.

Traps. We used pitfall traps made of a transparent plastic funnel (about 10 cm diame-
ter; polyethylene) placed on the top of a transparent plastic cup (polystyrol) without conser-
vation fluid. The bait was placed beneath the funnel at the bottom of the cup.

Bait. The following substances were tested as attractants, sometimes dissolved in etha-
nol p.a. (Riedel de Haén, Germany, 32221) (see Table 1):

— 1,4-benzoquinone (2) [numbers refer to Fig. 1], > 98% (Fluka, Buchs, Switzerland,
12310; lot no. 358421/1 1296),

— 2,5-dihydroxy-1,4-benzoquinone (8), 98% (Sigma-Aldrich, Steinheim, Germany,
19,546-4; lot no. 10643-077),

— 2,3-dimethoxy-1,4-benzoquinone (5) (synthesized after SHARMA et al. 1985),

— 2,3-dimethoxy-5-methyl-1,4-benzoquinone (7), > 99% (Fluka, Buchs, Switzerland,
38775; lot no. 256800/1 896),

— 2-methoxy-3-methyl-1,4-benzoquinone (4) [synthesized after GODFREY et al. (1974)
and Lury & RaPoPoRT (1981)],

— 2-hydroxy-3-methyl-1,4-benzoquinone (3) + 2,6-dimethoxytoluene (synthesized
according to the procedure proposed by ATTYGALLE et al. (1993) for 2-methoxy-3-methyl-1,4-
benzoquinone, but the MS spectrum shows that our product was a mixture of the aforemen-
tioned substances),

— toluquinone (1), > 98% (2-methyl-1,4-benzoquinone; Fluka, Buchs, Switzerland,
product number 89590; lot no. 358564/1 297),

— toluhydroquinone (6), > 98% (2-methyl-1,4-hydroquinone; Fluka, Buchs, Switzerland,
89600; lot no. 339925/1 595).
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As dispenser for these substances we used white unperfumed toilet paper of Ivorian
fabrication. In the control traps, toilet paper without quinones but sometimes with ethanol
(see Table 1) was exposed.

Experiments. The traps with the bait were exposed on 8 days between May 6th and
June 20th, 1997, and on 6 days between April 1st and April 17th, 1998 (see Table 1), from
before dusk (04:00 to 06:00 p.m.) to after dusk (08:00 to 10:00 p.m.). Since these were prelim-
inary experiments for another project, the number of traps and bait substances differed

between days (see Table 1). Statistical tests were performed with xISTAT 3.4.
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Fig. 1. — Quinones. (1)-(6): Quinones attractive for Cyphonistes tuberculifrons in our experiments.

(1): 2-methyl-1,4-benzoquinone (toluquinone). (2): 1,4-benzoquinone. (3): 2-hydroxy-3-methyl-1,4-
benzoquinone. (4): 2-methoxy-3-methyl-1,4-benzoquinone. (5): 2,3-dimethoxy-1,4-benzoquinone. (6):
2-methyl-1,4-hydroquinone (toluhydroquinone). (7)-(8): Quinones not attractive for Cyphonistes
tuberculifrons in our experiments. (7): 2,3-dimethoxy-5-methyl-1,4-benzoquinone. (8): 2,5-dihydroxy-
1,4-benzoquinone. (1)-(2), (9)-(10): Quinones found in termite defensive secretions. (1), (2): see
above. (9): 2-ethyl-1,4-benzoquinone. (10): 5-hydroxy-2-methyl-1,4-benzoquinone. (2), (11)-(15): Qui-
nones found in rotting wood. (2): see above. (11): 2-methoxy-1,4-benzoquinone, (12): 5-hydroxy-
methyl-2-methoxy-1,4-benzoquinone. (13): 5-hydroxy-2-methoxy-1,4-benzoquinone. (14): 4,5-
dimethoxy-1,2-benzoquinone. (15): 2,6-dimethoxy-1,4-benzoquinone. (11), (15): Quinones found in
fruit. (11), (15): see above. [(16)-(19): Quinones found in wood]. (16): 2-hydroxy-5-methoxy-3-
methyl-1,4-benzoquinone. (17): 2,5-dimethoxy-1,4-benzoquinone (Thermophillin). (18): 1,4-naphtho-
quinone. (19): Anthraquinone. In wood and heartwood, substituted naphthoquinones and anthra-
quinones are present.
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Species. Cyphonistes Burmeister 1847 is a genus comprising 17 species of rhinoceros
beetles (Scarabaeidae Dynastinae) from tropical and South Africa. Cyphonistes tuberculifrons
is distributed from Ivory Coast to Angola and Tanzania (ENDRODI 1985), but was rarely seen
in the study area. Its flight activity starts after sunset and seems to reach its peak before
08:00 p.m. (BURGEON 1947: 301; F.-T. KRELL pers. obs.).

RESULTS

During 60 trap-nights we caught 16 specimens of Cyphonistes tuberculifrons
with 14 baited traps, whereas during 22 trap-nights with control traps no specimen
of the rare species was caught (Table 1). There was a significant difference between
the attraction success of the two trap types (P = 0.017; two-sided Fisher’s Exact
Test). Because the beetles fly only during the first nights after rain (F.-T. KreLL pers.
obs.), trapping was unsuccessful on some days. Since we tested whether C. tubercu-
lifrons was attracted by quinones during its activity time rather than at all times,
we did not include the unsuccessful, dry trap-nights in the statistical evaluation.
However, also when all trap-nights were considered (82 baited, 14 successful; 25
control, none successful), the results of the bait and control experiments showed a
significant difference in the number of attracted beetles (P = 0.037).

It is highly improbable that the 16 specimens of C. tuberculifrons went into
the baited traps by chance, since not a single beetle went into an unbaited one.

DISCUSSION

Quinones or ethanol?

Different types of quinones seemed to be successful baits for attracting rhi-
noceros beetles of the species Cyphonistes tuberculifrons. Since we used ethanol as
a solvent to increase the dispersion surface of the quinones, we had to check its
possible attractive effect. Alone or in a mixture with other host volatiles, ethanol is
known to attract xylophagous and also some associated predatory beetles of the
families Cerambycidae, Curculionidae (including Scolytinae and Platypodinae), Ni-
tidulidae, Melandryidae, Cleridae, and Monotomidae (= Rhizophagidae) (INSCOE
1982, CHENIER & PHILOGENE 1989, SCHROEDER & LINDELOW 1989, JAFFE et al. 1993).
They are supposed to locate fresh wounds of host plants or to determine their dete-
rioration on the basis of an odour bouquet containing ethanol (JAFFE et al. 1993:
1717, TuNsET et al. 1993: 163), since ethanol emanates from fresh wounds of plants
and from rotting plant products rich in carbohydrates, e.g. fruit.

There was no significant difference between the success of the traps with and
without ethanol. Since traps with quinones, not dissolved in ethanol, were also
attractive, and none of the control traps baited only with ethanol attracted any
specimen, we can exclude any attractive or attraction-increasing effect of ethanol in
our experiment. This was as expected because the ethanol had completely evaporat-
ed no later than 30 min after exposure and all traps were exposed more than 30
min before the flight activity of C. tuberculifrons began. Hence, without doubt the
quinones were the attractants.
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Known attractants for Oryctini

MARIAU (1968) assumed that plant wounds were attractive to adults of Oryctes
Illiger 1798, but his experiments did not distinguish between primary and secondary
attraction. To date, only a few substances have been identified as chemical attrac-
tants for Oryctini. Ethyl dihydrochrysanthemumate (BARBER et al. 1971) and ethyl
chrysanthemumate (MADDISON et al. 1973, JuLiA 1974) have been used as attractants
for the biological control of the rhinoceros beetles Oryctes rhinoceros (L. 1758) and
O. monoceros (Olivier 1789). VANDER MEER et al. (1979) found a further strong
attractant: (+)-Des-N-morphinan, a phenanthrene. A few other chrysanthemumates,
geraniol, curlure (4-(p-hydroxyphenyl)-2-butanone acetate), siglure (1-methylpropyl
trans-6-methyl-3-cyclohexane), 2,5-dimethyl-2,4-hexadiene, isopentyl and phenethyl
butyrate, trans-2-hexenal, butyl and pentyl hexanoate were much less attractive in
field experiments (BARBER et al. 1971, VANDER MEER et al. 1979). Pheromones of
Oryctini are known only from the above-mentioned two species: a male aggregation
pheromone, ethyl-4-methyloctanoate, and a further attractive substance, ethyl-4-
methylheptanoate (GRIES et al. 1994, HALLETT et al. 1995, MoORIN et al. 1996, RENOU
et al. 1998). Recently, RENOU et al. (1998) found olfactory receptor cells in the anten-
nae of female O. rhinoceros for ethyl-4-methyloctanoate, phenyl ethanol, phenol,
phellandrene, isoamyl acetate, Z3-hexenol, and ethyl chrysanthemumate.

Thus, quinones or quinone derivatives have never been recorded as being
attractive to rhinoceros beetles, neither as pheromones nor as primary attractants
of the host plants. Since the identification of phenol and phenyl ethanol as possible
attractants by RENOU et al. (1998) was published after our field experiments we
were not able to test these substances.

Quinones and the feeding ecology of Oryctini

Quinones are repellents or deterrents for both vertebrates and invertebrates,
often causing toxic effects. They are present in defensive secretions of Diplopoda
(EISNER et al. 1978), Isoptera (see later), Orthoptera, Dermaptera, Dictyoptera, Thy-
sanoptera, Coleoptera, and Opiliones (WHITMAN et al. 1990) as well as in termite
resistant timbers (FLOYD et al. 1976, LEISTNER 1985). It seems strange that such effec-
tive repellents act as attractants for some insects. Recently, however, we found that
necrophagous dung beetles of the genus Onthophagus Latreille 1802 (Scarabaeidae
Coprinae) use the quinones of diplopod defensive secretions to locate fresh millipede
carcasses; thus they can be the first and most effective users of this resource which
is unattractive for most of their competitors (KRELL et al. 1997, 1998). It is not easy
to find a connection between rhinoceros beetles and quinones since they do not feed
on animals or animal remains containing defensive secretions.

The feeding habits of adult Cyphonistes tuberculifrons are virtually unknown,
as are those of the other species of this genus. BURGEON (1947: 301) reported that,
in the Congo, it was found in the soil under fallen fruit but did not indicate any
feeding activity. NONVEILLER’s (1984: 37) affirmation of rhizophagy in C. tuberculi-
frons is based on pure speculation without any supporting facts (G. NONVEILLER in
litt. 1998). According to PERINGUEY (1885) the southern African species C. cornicula-
tus Burmeister 1847 was frequently found under termite mounds in the Cape
region. Later he “ascertained that it feeds upon the material of which the more or
less conical base of the termite nest is made” (PERINGUEY 1901-1902: 558; the “coni-
cal base” is likely to be the fungus garden, J. KORB pers. comm.).
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In eastern Africa, EIcCHELBAUM (1913) found larvae of Cyphonistes tuberculifrons
in rotting wood and reared them to pupal and adult stage. Although this is only one
observation, we assume that the larvae are saproxylophagous, since larvae of Dynasti-
nae generally do not move between different microhabitats. They stay in their sub-
stratum all their life.

In the view of these hints we are searching for connections between quinones
and the presumed habit or substratum of Cyphonistes tuberculifrons, i.e. wood,
dead wood, rotting fruit, and termite mounds.

Quinones as components of termite defensive secretions

Defensive secretions of some species of Mastotermes (Mastotermitidae), Ma-
crotermes, Microtermes, Hypotermes and Odontotermes (Macrotermitidae) contain
the quinones (1), (2), (9), and (10) (MascHwITZ & THO 1974, HowsE 1975, Woob et
al. 1975, OLAGBEMIRO et al. 1988), the first two of which were attractive in our
experiments. The termite species include Macrotermes bellicosus (Smeathman 1781)
which is common in the study area (KorB 1997). PERINGUEY (1885, 1901-1902)
reported a possible termitophily of Cyphonistes corniculatus in South Africa.

If the adults od Ciphonistes tuberculifrons feeds on fungus gardens of termites,
using termite defensive secretions to find termite mounds would be an economic
strategy. Termites use their defensive secretions in large amounts directly at their
mound in cases of attack by ants or vertebrates. These predators may kill or at least
weaken the colony. Thus, Ciphonistes has easier access to the fungus gardens.

Quinones in rotting fruit

In more than half the orders of plants, phenolic compounds are present,
mostly of the flavonoid type. These polyphenols can be found in different parts of
the cormus, including fruit. The browning in plant tissues is caused by oxidation of
the polyphenols to o-quinones. Browning is greatly hastened after mechanical inju-
ry (MATHEW & PARPIA 1971, EsPiN et al. 1995). Hence, quinones are frequently for-
med in rotting fruit fallen to the ground. Moreover, in fruit of some species of at
least six families occurring in the study region, various quinones were found even
before rotting (THOMSON 1987, 1997); among them, but in a lower proportion, were
simple substituted 1,4-benzoquinones [(11), (15)].

C. tuberculifrons has been found only once under rotting fruit (BURGEON
1947). They may have been attracted by the quinones present in the fruit or emerg-
ing from the rotting fruit. However, there is no indication that rotting fruit are used
as a food resource by this species, even though other rhinoceros beetles are known
to feed as adults on fruit (LOSER 1991).

Quinones as wood components and products of rotting wood

Quinones are present in the wood, heartwood or stem bark of some species
belonging to at least 18 families (LEISTNER 1985; THoMSON 1987, 1997) present in
the study area (PoiLEcOT 1991). The molecular structure of these quinones is mostly
much more complex than those tested. Naphthoquinones (18), anthraquinones (19)
and a few other substances found are polycyclic; obtusaquinones are quinoneme-



304 F.-T. Krell et alii

thides; only three “simple” benzoquinones, (15), (16), and (17), were found in wood
or heartwood of five families (THoMsoN 1971, 1997; LEISTNER 1985) occurring in the
study area (PoiLEcoT 1991). Since Dynastinae larvae prefer to inhabit rotting wood
rather than live wood, we have to ascertain in which way the overall concentration
of simple quinones develops during the rotting process.

Different quinones are obligatorily formed by white-rot and brown-rot fungi
and other micro-organisms during lignin degradation. Therefore, rotting wood con-
tains more quinones than living wood. The following rotting wood quinones have
been detected: (2), (11), (12), (13), (14), (15), the corresponding hydroquinones, and
two bicyclic quinones (BoLLAG et al. 1982; KirK et al. 1986; ScHMIDT et al. 1989;
SCHOEMAKER et al. 1989; WaARINSHI et al. 1989, 1991; ERIKSSON et al. 1990: 309ff;
TUOR et al. 1992). One of these quinones, 1,4-benzoquinone (2), was attractive to C.
tuberculifrons in our experiments. The other monocyclic benzoquinones and hydro-
quinones are of relatively simple structure and resemble the quinones attractive in
our experiments. Since rotting wood is the larval habitat of Cyphonistes tubercoli-
frons, attraction of the adults by quinones could help them find a suitable substra-
tum for reproduction.

CONCLUSION

We cannot conclude that the quinones most frequently present in some woods
attract C. tuberculifrons because they are much more complex than the attractive
quinones, are much less volatile and have a different steric configuration which
will hardly fit receptors that respond to simple quinones. However, we did not test
these complex quinones and, hence, do not know anything about their attractivity.
Adult Oryctini though do not feed in massive wood or hardwood but only in softer
parts of trees like buds. Indeed, the larvae of C. tuberculifrons feed on rotting wood
and their parents have to look for rotting wood for their mating and oviposition.

We presume that the quinones originating from lignin degradation during the
wood rotting process can attract C. tuberculifrons because they resemble or are the
same quinones (1,4-benzoquinone (2)), that were attractive in our experiments. The
few simple quinones found in undegraded wood may fit the unspecific receptors of
C. tuberculifrons as well, possibly increasing the attractivity of rotting wood. Attrac-
tion by the quinones of termite defensive secretions, fruit or rotting fruit is another
possible mechanism helping the adults to find sources of food for precopulatory,
egg-ripening feeding, but not to find resources for reproduction. It is also possible
that C. tuberculifrons has quinones as pheromones. However, the substances identi-
fied as pheromones in Dynastinae have nothing to do with quinones; so these results
are not of much help for our discussion. However, in chafers, the subfamily Melolon-
thinae closely related to Dynastinae, phenolic compounds are used as pheromones
(LEAL 1998). Since we attracted both males and females with quinones, it is improb-
able that they are sexual pheromones. Moreover, sexual pheromone reception is
mostly specific; even chirality and stereoisomerism of the semiochemicals may be
crucial for their effect and their efficacy (LEAL 1996, 1998). In our case, different qui-
nones were attractive. They could, however, be less specific aggregation pheromones
for both sexes, but it is not necessary to develop a costly aggregation pheromone
mechanism based on a substance that is present in the aggregation place. Moreover,
lesser specificity of semiochemical receptor cells indicates a kairomone or apneu-
mone system rather than a pheromone system (MUSTAPARTA 1986: 266).
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In summary, it is most probable that the attraction of C. tuberculifrons to qui-
nones indicates a primary attraction of a saprophagous beetle to the substratum
that serves for feeding or reproduction: termite fungus gardens, rotting fruit and/or
rotting wood.
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