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Abstract: The Goliath beetle (Goliathus goliatus) is one of the largest and most commercially valuable
(for collection exports) beetle species worldwide, and occurs in West and Central Africa, with
polymorphic populations being found in Benin, Eastern Nigeria, and Western Cameroun. The white
morph is the most commercially valuable, and therefore is actively searched for by hunters and
dealers. In a long-term, opportunistically conducted study in south-eastern Nigeria, we documented
a substantial decline of the white morph compared to the normally coloured brown morph, although
an overall decline in the number of observed beetles was evident for both colour morphs. Although
a combination of reasons may have caused the white form decline, it is likely that overcollecting was
the primary threat behind the observed pattern. Therefore, we urge the competent authorities to
better protect the polymorphic populations of these giant beetles and the International Union for
the Conservation of Nature (IUCN) to make a quick assessment for eventual inclusion of the species
among the threatened taxa Red List.
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1. Introduction

Many beetle species are especially valued for collections throughout the world, with
large-sized, colourful, and morphologically attractive species being particularly valued [1].
The Goliath beetle (Goliathus goliatus) is one of the largest (up to 100–110 mm long) [2]
and most commercially valuable (for collection exports) beetle species worldwide [3,4].
Goliathus goliatus occurs in West and Central Africa, and polymorphic populations occur
in Benin, Eastern Nigeria, and Western Cameroun [3–5], with most of the individuals
being “normally” coloured (with brown elytra) and a few individuals having white elytra
(Figure 1). In these areas, the frequency of occurrence of the white morph (named “quadri-
maculatus”) is unknown. However, it is well known that the white morph is much more
valued by international beetle collectors, and white morph specimens are sold for much
higher prices for the same size range than brown morph specimens (for instance on eBay or
in Facebook; Amori et al., personal observations). Therefore, the white morph is especially
hunted for by local persons (Luiselli et al., original interview data with local collectors).
During long-term opportunistic surveys carried out in South-Eastern Nigeria, we collected
data on the frequency of occurrence of the various colour morphs of this giant beetle
throughout the years, and we evaluated whether the frequency of these morphs was stable
or tended to vary across the years. Because of the long-term duration of the field study, the
data given here may be instrumental for assessing whether the local harvesting of these
beetles is sustainable or not, with special reference to the “quadrimaculatus” morph.
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Figure 1. The two sympatric morphs of the Goliath beetle: (a) brown male; (b) brown female;
(c) “quadrimaculatus” male; (d) “quadrimaculatus” female. These four specimens are currently
deposited in the Private Entomological Collection “Luiselli” in Rome, Italy. Photos: L. Luiselli.

2. Materials and Methods

The field study was carried out in the northern Cross River State, South-Eastern Nige-
ria (precise locality not given for conservation reasons). The study area was characterized
by an evergreen hilly/mountainous forest (situated at 500–1000 m a.s.l.), nearby the border
between Nigeria and Cameroun. The climate was typically tropical, with the wet season
from April to September and the dry season from October to March. With over 3000 mm of
annual rainfall, this area is one of the wettest zones in West Africa.

Field work was carried out, at irregular time intervals, during 1996–2021, alongside
long-term field research on other organisms, mainly reptiles. The total number of field
days specifically allocated for surveying beetles was 189. We ensured a similar sampling
effort each month of the year, with sampling undertaken during the same time of the
day in the forest habitats. We sampled beetles 14–17 days in each month throughout
the study period. During each field day, the study area was randomly searched from
06:00 to 24:00, trying to spend as much time as possible searching for beetles, with similar
amounts of time spent in each habitat type. Similar to methods used for monitoring other
forest beetle species [6,7], we recorded all adult G. goliatus individuals observed along
dirt tracks and paths in forested areas (visual encounter surveys, VES). We used an LED
headlamp at night. In each study site, transects were walked concurrently by three persons
moving independently of each other. We also recorded individuals that were found dead
on the ground, or that arrived attracted by light at night, during field days that were not
specifically devoted to beetle sampling.

In the study area, some Goliath beetle colour morphs were observed: the typical brown-
elytra morph (Figure 1a,b), the “quadrimaculatus” morph with white elytra showing four
symmetric black dots at the extremities (Figure 1c,d), and intermediate morphs between
these two. These intermediate morphs are characterized by the alternance of brown
and white colours on the elytra, with geometric patterns that may be complicated, and
that assume the commercially used name of “albatus”, “conspersus”, “hieroglyphicus”,
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“apicalis”, and “undulatus” (although these names have no scientific value). Herein,
we considered as “white” those individuals where at least 50% of the elytra were white.
However, in our examined sample, there were no cases that could be considered contentious
in terms of being assigned to one of the two colour categories (brown or white), as all of the
white individuals had elytra that were >70% white, and all brown individuals had >85%
brown elytra (our unpublished data).

3. Results

Overall, we observed a total of 248 Goliath beetles (133 males and 115 females),
out of which 32 (14%) were white and the remaining 86% were brown or dark-coloured.
Females were more frequently white than males, accounting for 15.6% versus 10.6% of the
total individuals. The frequency of occurrence of both the white and the brown coloured
individuals, as well as the various “commercial morphs” within the observed samples, is
presented in Table 1. In terms of “commercial forms”, normally coloured and “apicalis”
individuals were the most frequently encountered in both males and females (Table 1).

Table 1. Distribution of the recorded Goliathus goliatus individuals by colour morph (white or brown) and by commercial
name at the study area in South-Eastern Nigeria.

Brown Males White Males TOTAL Males Brown
Females White Females TOTAL

Females

Sample size 133 115
“normal” morph 64 0 64 66 0 66
quadrimaculatus 0 7 7 0 11 11

apicalis 38 0 38 31 0 31
undulatus 0 3 3 0 2 2

albatus 8 4 12 0 5 5
hieroglyphicus 2 0 2 0 0 0

conspersus 7 0 7 0 0 0
TOTAL 118 14 133 97 18 115

Stratifying the data by three time periods (1996–2004 (66 field days), 2005–2013
(62 field days), and 2014–2021 (61 field days)), it appeared that the white morph has
declined dramatically in the percentage of observed individuals: white individuals repre-
sented 17.7% of the total sample in the first time period, 10.9% in the second time period,
and 6.4% in the third time period. Moreover, the total number of individuals also declined
from 113 (in 1996–2004) down to 73 (2005–2013) and 62 (2014–2021).

4. Discussion

Our study revealed a clear decline in the observed Goliath beetles throughout the
study period, with an even disproportionally heavier decline in the white morph. Although
preliminary, and so far only descriptive (not experimental), we attribute this trend to a true
population decline of the study species, albeit more experimental approaches would be
needed to better define the extent of the decline given that shifts towards an enhanced
elusiveness cannot be ruled out. This decline, and in particular the differentially enhanced
decline of the white morph, was probably due to overharvesting by local communities. In
this regard, although Nigeria is officially unusual as an export area for these animals (com-
pared with Cameroon, for instance; see [3,4]), many individuals are still exported illegally
to Cameroon and from there sent to the European and American markets (information
gathered from our interviews with local collectors). It cannot be excluded that several
individuals that reach the Western world labeled as coming from Cameroon were in fact
collected from South-Eastern Nigeria, although the trade is quite hidden, like that of other
animal species such as tortoises for instance (our unpublished observations). Moreover,
males are harvested preferentially because of their size, colour, and head morphology, and
this may cause sex ratio perturbations to the wild populations. Indeed, a declining number
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of individuals has also been observed throughout the years for the other colour morphs of
the Goliath beetle (although not as strong a decline as in the “quadrimaculatus” morph).

However, additional reasons may explain the observed pattern, and the biological
significance of elytra colouration as revealed in other species of beetles should be con-
sidered [8–11]. Intraspecific variability of the elytra colour in beetles can be associated
with (i) the trophic pressure of predators (for example, birds or mammals may be more
likely to prey upon some colour morphs) [12], (ii) the better reflective ability of white
colouration in hot climates (prevention of excessive body heating in individuals with larger
body sizes and, accordingly, slower heat transfer to the surrounding space) [13] and the
better wettability [14], (iii) different humidity levels at the local population scale [15,16],
(iv) the domination of different colour morphs of beetles in different types of plant com-
munities or landscapes [17], (v) a different set of food for the larvae, as a result of which
different digestive enzymes are expressed, some of which can be linked to the genes for
wing colouring [17], or (vi) direct mechanical collection of beetles with white elytra (as we
pointed out at above). The anthropogenic impact on beetles can be both direct (mechanical
extermination of a given morphological form) and indirect (for example, through changes
in the fauna of parasites of larvae, pupae, or adults, destruction of any food plants, pollu-
tion of the environment by insecticides, fungicides, herbicides, heavy metals, or persistent
organic pollutants) [9,11]. Concerning the white morphs of Goliathus goliatus, it has already
been reported that they are declining in some Cameroon sites where they are exploited
for international trade [3,4], but the data confirming this declining trend were not given
in the original sources. Thus, our study is the first to quantitatively document the decline
trend of the white morph in Goliath beetles. Even more worryingly, we documented a
substantial decline in a beetle population still under likely less human pressure than other
conspecific populations, such as those in Western Cameroon that feed a great part of the
worldwide Goliathus trade. Therefore, we anticipate that the decline of the polymorphic
G. goliatus populations in Cameroon may be even worst than that of the population studied
herein. It is also possible that the genes for resistance to some pesticide(s), which have
become widely used in Africa in the last 10–20 years, are linked to genes that determine
the coloration (i.e., the degree of coverage with white scales). This latter hypothesis is,
however, unlikely in our study case, given that the landscape at the study area is quite
well preserved, being situated nearby protected areas (Cross River National Park) with
well-preserved mountain evergreen forests where the human impact is low (apart from
poaching or the illegal extraction of timber and non-timber products), with no apparent
use of chemical pollutants. Furthermore, the change in the occurrence of different colour
forms of beetles could be explained by the combined simultaneous influence of two or
three of the above-listed factors.

In conclusion, we urge (i) researchers to continue to conduct field studies on the
status of the various colour morphs of Goliath beetles in other areas where polymorphism
naturally occurs, and (ii) the competent authorities to better protect the polymorphic popu-
lations of these giant beetles that, despite still not listed in the IUCN (2021) Red List [18],
clearly deserve a quick assessment for eventual inclusion among the threatened taxa.
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