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Abstract

An inventory of Rhynchophorus species was carried out to determine their
diversity, biogeographical variability and morphometrics. A shotgun trapping
method was used at nine sites in three districts over a four-month period,
identifying three species: R. quadrangulus, R. phoenicis, R. ferrugineus and a
probable variant of R. phoenicis. Of these species, R. phoenicis stands out as
the most widespread palm weevil, while the probable variant of R. phoenicis
is considered the rarest subspecies in the Maniema region. The color of the
head and elytra is a criterion for distinguishing the different species of Rayn-
chophorus spp. Morphological criteria indicate that the probable subspecies
of R. phoenicis is the largest palm weevil in the Maniema region and even
globally. It is followed by R. quadrangulus and, by far, by R. phoenicis. The
smallest palm weevil in Maniema is R. ferrugineus. Moreover, these criteria
reveal that, for all three species identified, the female is generally larger than
the male. This study has the merit of extending the distribution of R. ferrugi-
neus from the Maghreb to the central East of the DRC, and highlighting a
subspecies of R. phoenicis. Recognition of the sexes on the basis of the shape
of the tip of the abdomen (oval in the male and flat in the female) is an addi-
tional contribution.
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1. Introduction

Entomophagy or the consumption of insects by humans [1] [2] is currently posi-
tioned as an important option for addressing the world’s nutritional and environ-
mental problems [3]. Entomophagy is not only a source of nutrients for local com-
munities, but also a significant source of income [4] [5]. Among more than 1,900
species of edible insects, beetles are the most consumed by humans [2]. This pref-
erence is said to be due to their delicious taste and high levels of fat and other
nutrients [6] [7]. Beetle larvae are high in fat, protein, vitamins, fiber and minerals
[8]-[10]. Their nutritional value varies according to species, metamorphic stage,
habitat and feed [2]. RAynchophorusare important sources of proteins and essen-
tial micronutrients [4] [9] [11]-[13]. Research is now bringing to the forefront the
nutritional value and variety of insects, rich in unsaturated fats, proteins, vitamins,
fiber and minerals [14].

Worldwide, in Africa and in the Democratic Republic of Congo, several studies
have been carried out on the identification and morphometrics of Rhynchophorus
spp [15]-[22]. Unfortunately, the available information on palm weevils does not
cover Maniema Region, including taxonomy and morphometrics, despite the fact
that the palm weevil menu, called Mpose, is part of the dietary habits of the com-
munities. So, there is a gap in the basic knowledge of species conservation status.
Our research therefore aims to provide information on the species of Rhynchoph-
orus spp consumed in this region. Specifically, this article seeks to identify RAyn-
chophorus species consumed and traded in the region. The hypothesis is that Ma-
niema province abounds in a diversity of Rhynchophorus species similar to those
found in the neighbouring province of Tshopo, 550km away as the crow flies [16].
This paper opens up new knowledge on rearing priorities for the market, regard-
ing the choice of palm weevil species and stresses the need for genetic studies on
a variant of R. phoenicis which looks like the South American R. palmarum. It
further sheds light on palm tree ecosystem conservation.

2. Study Area, Materials and Methods
2.1. The Study Area

This study was carried out in the province of Maniema, located in the central East
of the Democratic Republic of Congo (Figure 1). Maniema province is made up
of seven (7) districts/territories: Kailo, Kibombo, Pangi, Kabambare, Punia, Lu-
butu and Kasongo [23]. RAynchophorus sampling was carried out at nine sites in
the following three areas: Kanombe, Kikezi, Mungembe (Pangi district); Katako,
Shenge, Lokama (Kailo district); Difuma II, Lowe and Mamba Georges (Kibombo
district) in Maniema province. Maniema is characterized by the equatorial warm
and humid climate in the north and the humid tropical type in the south, passing
through a transition zone in the center. Annual rainfall varies from 1300 mm in
the south to 2300 mm in the north; with average temperatures ranging from 23°C
- 25°C [24]. The pedogenesis presents three types of soils [25] with two main veg-

etal formations: dense rainforest and savannah. Maniema province has a very rich
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hydrographic network. It is crossed from south to north by the Congo River,
which drains the waters of several tributaries that facilitate river traffic from
Kindu to Ubundu to Kisangani, a very important route for supplying the province

with manufactured goods [24].
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Figure 1. Location map.

2.2. Materials and Methods

2.2.1. Collection of Rhynchophorus spp.

To obtain the palm weevils, we used felled trapping (Figure 2); which involves
cutting the palm tree, followed by covering the snag with pieces of the twigs, while
wounding the trunk [16]. Weevils were also collected from palms felled during
field opening and palm wine production. Felled palm snags covered with pieces
of palm twig and trunks were wounded. At each site, we worked with 5 stakehold-
ers (palm wine producers and/or farmers). As a result, 2177 weevils were collected

from 90 palm trees, 10 per site, over a period of 4 months, during 14 visits per site.

Figure 2. Felled trapping.
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2.2.2. Identification of Rhynchophorus spp. Weevils

The identification of Rhynchophorus spp species was based on the publications
by [19] [21] [26] and the identification keys of [18] [27]-[29]. Individuals of RAyn-
chophorus species were counted, sexed, measured and pictures taken of the ven-

tral and dorsal parts of each specimen.

2.2.3. Measurements of Rhynchophorus spp. Weevils

For morphometrics, 1,800 individuals of different species, including 200 per site,
were measured. The following measurements were taken: fresh weight, total
length, pronotum length, elytra length, wing and tibia length, weevil and prono-
tum width. Measurements were taken using a caliper. Individuals were weighed
using a “Digital scale” precision balance (Figure 3) with a capacity and accuracy
of 500 g x 0.01 g to determine fresh weight (g). The aim was to check if there were
any differences between species and sexes.

Figure 3. Weighing facilities.

2.3. Data Archiving and Statistical Analysis

The various data sets collected were entered into an Excel 2013 spreadsheet, then
exported and analyzed using Past 4.11 and Jamovi 2.3.28 free softwares. For mor-
phometrics, a discriminant analysis was performed on Past 4.11 to differentiate
species or sexes according to all morphometric parameters or their proportions.
Means were compared using the non-parametric Kruskal-Wallis test on Jamovi
2.3.28 software, with a significance level of 5%. Morphometric proportions were
calculated by dividing the various parameters by the total length for lengths. De-
scriptive analysis was performed on the morphometric parameters to determine
the values of arithmetic means, medians, standard deviation, minimum, maxi-
mum and coefficients of variation. Analysis of variance was performed to compare
morphometric parameters by species, sex and species/sex interactions, as well as
species availability by site. Qualitative parameters were converted into scores to
facilitate multivariate quantitative analyses. Principal component analysis (PCA)
was performed with Past 4.11 software, while path diagrams on Jasp 0.18.3.0 fa-
cilitated graphical representation of PCA, apart from the usual graphs.
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3. Results

3.1. Palm Weevil Species Inventory

The palm weevil species of the genus Raynchophorusidentified in Maniema prov-

ince, covering three districts and nine locations, are shown in Figure 4.

R. quadrangulus

Probable variant of R.phoenicis

Figure 4. Pictures of Rhynchophorus species identified in Maniema province.

Maniema province is rich in Rhynchophorus species diversity. Three species,
namely R. quadrangulus, R. phoenicis, R. ferrugineus and a probable variant of R.
phoenicis were identified. A total of 2,177 palm weevils were caught in the shot
traps. The distribution of captures was as follows: 230 weevils at Difuma II loca-
tion, 268 at Kanombe, 213 at Katako, 222 at Kikezi, 200 at Lokama and Lowe, and
442 at Mamba Georges, as well as 201 at Mungembe and Shenge. All of three spe-
cies and the probable variant of R. phoenicis were present at the following sites:
Kanombe, Mungembe, Shenge, Difuma 2 and Mamba Georges. In contrast, the
probable variant of R. phoenicis was not observed at Kikezi, nor was R. quadran-
gulus collected at Lokama, nor was R. ferrugineus found at Lowe and Katako.

Head coloration is an essential distinguishing criterion. The probable variant of
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R. phoenicishas a black head and elytra. R. ferrugineus, on the other hand, has a
red head dotted with black spots. The arrangement of spots on the pronotum var-
ies from one individual to another. R. phoenicis has two pronotum color varia-
tions. R. phoenicis with a black pronotum has two red bands on the pronotum,
while R. phoenicis with a red pronotum has three black bands. R quadrangulus
has a black head with a red stripe running from left to right at the tip of the pro-
notum. The black coloring of the head also differentiates the probable variant of
R. phoenicisfrom the other three species. The black color of the elytra in the prob-
able variant of R. phoenicis, R. phoenicis and R. quadrangulus contrasts in 91% of
cases. Red elytra predominate in R. ferrugineus (92% of cases), but can also be
red/black (8%). In 9% of cases, red/black elytra are also found in R phoenicis.
This finding leads us to conclude that R. phoenicis and R. ferrugineus show color
variability in the elytra and pronotum. The color of the belly is red in R. ferrugi-
neus (99% of cases) as much as in R. phoenicis and quadrangulus. The red/black
belly is observed in the probable variant of R. phoenicis. The morphology of the
tip of the abdomen housing the genital organ seems to be determined exclusively
by sexual dimorphism; this structure is oval in shape in males and flattened in
females in the three species and the probable variant of R. phoenicis concerned.
Variability in morphometrics was tested as a function of qualitative parameters,
namely: elytron and head color; belly color and abdominal tip shape. Both in fe-

males and males, the species differed significantly in elytron and head color.

3.1.2. Frequency of Rhynchophorus Species in Maniema Province
Figure 5 shows the frequency distribution of Rhynchophorus species identified in
province.

R. ferrugineus
R. quadrangulus 12%

14%

probable variant
of R. phoenicis 2%

R. phoenicis
72%

Figure 5. Frequencies of RAynchophorus species in Maniema province.

Among the species identified, R. phoenicis stands out as the most widespread
palm weevil in the Maniema region, with a frequency of 72%; as opposed to R
quadrangulus and R. ferrugineus, which account for 14% and 12% respectively. It

should be noted that the probable R. phoenicis variant is much less frequent,
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reaching only 2% (Figure 5).

3.1.3. Abundance of Rhynchophorus Species by Site

Figure 6 shows the means (standard errors bars) of palm weevils caught by species

and by area surveyed in Maniema province.
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Figure 6. Mean counts of Rhynchophorus species by district (n = 3).

All of the three species were present at the following sites (Table 1): Kanombe

and Mungembe (Pangi district), Shenge (Kailo district), Difuma II and Mamba

Georges (Kibombo district). On the other hand, the probable variant of R. phoe-

nicis was not observed in Kikezi (Pangi district), nor was R quadrangulus col-

lected in Lokama (Kailo district), nor was R. ferrugineusfound in Lowe (Kibombo

district) and Katako (Kailo district). In the study districts, R. phoenicisis generally

the most abundant and dominant species. Variations in average counts between

Table 1. Descriptive statistics of Rhynchophorus species by district (n = 3).

District Species Mean Median Sum SD Minimum Maximum
R ferrugineus  1.33 2 4 1.155 0 2
var. phoenicis  5.33 5 16 0.577 5 6
Kailo
R. phoenicis 193 192 579 11.533 182 205
R. quadrangulus 5 3 15 6.245 0 12
R. ferrugineus 33 36 99  31.607 0 63
var. phoenicis ~ 4.67 5 14 1.528 3 6
Kibombo
R. phoenicis 187.33 191 562  95.553 90 281
R. quadrangulus 65.67 74 197  58.943 3 120
R. ferrugineus  45.33 40 136  36.295 12 84
var. phoenicis 2 3 6 1.732 0 3
Pangi
R. phoenicis 145 150 435  27.839 115 170
R quadrangulus 38 23 114 32234 16 75
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species appear to be significant from one district to another. Significant disparities
in the geographic distribution of species occurred (Figure 6). The sex ratio is ap-
proximately 1:1 for R. ferrugineus and R. phoenicis, while it reaches around 2.7:1
for R quadrangulus. Genetic and behavioral differences may explain this discrep-
ancy. For example, there may be a time lag in cocoon hatching between males and
females of this species. As for the probable variant R. phoenicis, the scarcity of

available specimens makes it impossible to estimate this sex ratio.

3.2 Weevil Morphometrics

Figure 7 shows the results of the discriminant analysis of all morphometric pa-

rameters for species of the genus RAynchophorusidentified in Maniema.

fresh weight

R. quadrangulus 4

R. phoenicis

R. ferrugineus fole3

Figure 7. Discriminant analysis of all morphometric parameters of the genus Raynchoph-
orus (specimens of the probable variant of R. phoenicis are completely included within the
R. phoenicis morphometric span).

The discriminant analysis (Figure 7) groups the individuals into three catego-
ries of the Rhynchophorus genus: quadrangulus, phoenicis, ferrugineus and a
probable variant of R. phoenicis. The probable variant of R phoenicis (strongly
resembling to R. palmarum) is completely included in the morphometric distri-
bution of R. phoenicis. The very low abundance of this variant is part of this ar-
gument, as is the great distance from the known geographical distribution of R.
palmarumin Central and South America. Initially, we assimilated the black weevil
identified in Maniema to R. pa/marum due to the color of the elytra and prono-
tum. However, discriminant analysis then associated it morphometrically with R
phoenicis. These morphological parameters suggest that the black palm weevil
identified in Maniema could be a probable subspecies of R. phoenicis. This would
require genetic / molecular studies to ascertain whether it is a subspecies of R.

phoenicis, which, incidentally, shows considerable morphometric variability.
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3.2.1. Fresh Weight
Figure 8 shows the means and standard errors of the fresh weight (g) of palm

weevils collected in Maniema province.

2.0 I
1.5 1 E -
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=) : sex
2 O
1.0
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0.5
0.0

ferrugineus phoenicis quadrangulus var. of phoenicis
species

Figure 8. Fresh weight (g) of RAynchophorus species (n = 66 - 667; except var.
phoenicis,n =9 - 27).

Comparison of means reveals that fresh weights differ according to species
(Kruskal-Wallis; X* = 7.67, dl = 1; p = 0.006). For R. ferrugineus, weights ranged
from 0.70 - 1.50 g for females and 0.56 - 1.50 g for males. Mean weights were 1.21
+ 0.32 for females and 0.88 + 0.35 for males respectively. For R. phoenicis, weights
ranged from 0.58 - 2.88 g for females and 0.60 - 2.80 g for males. Average weights
were 1.46 = 0.55 g for females and 1.41 + 0.52 g for males. In R. quadrangulus,
female weights ranged from 1.69 - 1.98 g, while male weights where 1.42 - 1.92 g.
Mean weights were 1.87 + 0.10 g for females and 1.74 £ 0.13 for males. For the
probable R. phoenicis variant, female weights ranged from 1.50 - 2.38 g, while
males were close to 1.72 g. Average weights for this probable subspecies are 2.04
+ 0.39 for females and 1.72 + 0.00 for males. In all three weevil species and in the
probable R. phoenicis variant, the female has a higher fresh weight than the male
(p < 0.05). ANOVA (Tukey’s post hoc test) of weights according to species shows
that the probable variant of R. phoenicis has a higher mean weight than R. quad-
rangulus; on the other hand, R. quadrangulushas a greater mean fresh weight than
R. phoenicis, and R. phoenicis weighs more than R. ferrugineus (p < 0.05). On the
other hand, no significant difference was observed between the weights of the

probable variant of R. phoenicis and R. quadrangulus (p > 0.05).

3.2.2. Total Length
Figure 9 shows the means and standard errors of the total length of weevils caught
in the field in Maniema province.

The results show that total length averages vary according to species and sex.
For R. ferrugineus, the minimum total length was 2.80 c¢m, while the maximum

length was 4.1 cm for females and 3.2 - 4 cm for males. The averages observed are
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Figure 9. Total length of weevils of the genus Rhynchophorus (n = 66 - 667;
except var. phoenicis, n = 9 - 27).

3.5 £ 0.46 for females and 3.4 £ 0.22 for males. For R. phoenicis, total length varies
between 2.7 - 4.5 cm in both females and males. Mean total lengths are 3.8 + 0.42
cm for females and 3.6 + 0.46 for males. In R. quadrangulus, total length varies
between 3.7 - 4.3 cm for females, and between 3.2 - 4.2 cm for males. Mean lengths
are 3.9 £ 0.17 for females and 3.7 £ 0.26 for males. For the probable R. phoenicis
variant, the total length of females ranged from 3.8 - 4.3 cm, while that of males
was 3.9 cm. Mean lengths are 4.1 * 0.22 for females and 3.9 + 0.0 for males. Total
length is significantly higher in females than in males for all three weevil species
and the probable R. phoenicis variant. Means of total length between individuals
of the species reveal a highly significant difference (Kruskal-Wallis; X* = 95.74, dl
=1; p < 0.001). Tukey’s post-hoc test shows that the probable variant of R. phoe-
nicis has a higher mean total length than R. quadrangulus; on the other hand, R
quadrangulusis longer than R. phoenicis; while R. phoenicisis longer than R. fer-

rugineus (p < 0.05).

3.2.3. Width
Figure 10 shows the results for the mean of the total width (cm) of weevil species
identified in Maniema province.

Total widths varied significantly between species (Kruskal-wallis; X* = 16.07, df
=1, P =< 0.001). The total width of R. ferrugineus weevils varied between 0.7 -
1.10 cm for females, and between 0.8 - 1.0 cm for males. Average widths were 0.9
+ 0.14 cm for females and 0.9 + 0.07 cm for males of R. ferrugineus. For R. phoe-
nicis, total widths range from 0.6 - 1.4 cm for females, and 0.6 - 1.30 cm for males.
The observed averages are 1.0 + 0.14 in females and 0.97 £ 0.15 cm in males. In R.
quadrangulus, total width varies from 1.00 to 1.30 cm in females and from 0.90 to
1.30 cm in males. Total width averages 1.1 + 0.08 cm for females and 1.19 + 0.11
cm for males. For the probable R. phoenicis variant, total widths ranged from 1.0
- 1.20 cm for females and 1.0 cm for males. Total width averages for this variant

are 1.1 £ 0.08 cm in females and 1.0 £ 0.00 cm in males. Total width averages are
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higher for females than males in these 4 weevil species (p < 0.05). Tukey’s post-
hoc test shows that R. quadrangulusis wider than the probable variant of R. phoe-
nicis; on the other hand, the probable variant of R phoenicis is wider than R.

phoenicis. R. phoenicisis wider than R. ferrugineus (p < 0.05).

091 |
<
2 1. sex
+ B
S LM
0.3
0.0+

ferrugineus phoenicis quadrangulus var. of phoenicis
species

Figure 10. Total weevil width (n = 66 - 667; except var. phoenicis, n = 9 - 27).
3.2.4. Wing Length

Figure 11 shows the means and standard errors of wing length (cm) for Rayn-

chophorus species recorded in Maniema province, Democratic Republic of

Congo.

31 # :
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ferrugineus phoenicis quadrangulus var. of phoenicis
species

Figure 11. Means and standard errors of weevil wing length.

The wing length of R. ferrugineus varies between 2.0 - 3.0 cm for females and
2.5 - 3.0 cm for males. Average wing lengths are 2.6 + 0.44 cm for females and 2.6
* 0.15 cm for males. For R. phoenicis, female wing lengths range from 1.4 - 3.8
cm, while male wing lengths vary from 2.0 - 3.20 cm. Average wing lengths are 2.7

+ 0.46 cm for females and 2.6 + 0.36 cm for males. In R. quadrangulus, total wing
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length varies from 2.6 - 3.40 cm in both females and males. The maximum total
length is identical for both sexes. The mean total wing lengths are 3.0 £ 0.23 cm
for females and 3.0 + 0.22 cm for males. For the probable R. phoenicis variant,
total wing length ranges from 2.4 - 3.20 cm in females and 2.9 cm in males. The
average wing length is 2.9 + 0.03 in females and 2.90 + 0.00 in males. Wings are
exceptionally longer in males than in females for R. ferrugineus and the probable
variant of R. phoenicis (p < 0.05). Tukey’s post-hoc test shows that R. quadrangu-
lushas longer wings than the probable variant of R. phoenicis; on the other hand,
the probable variant of R. phoenicishas longer winged than R. phoenicis. R. phoe-
nicis has longer winged than R. ferrugineus (p > 0.05). On the other hand, there
is no significant difference in wing length between R. ferrugineusand R. phoenicis
(p > 0.05).

3.2.5. Length of Elytra
Figure 12 shows the mean elytral length (cm) for weevils identified in Maniema

province.
1.5
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[}
© F
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ferrugineus phoenicis quadrangulus var. of phoenicis
species

Figure 12. Means and standard errors of weevil elytron length in cm.

The Kruskal-Wallis test shows that elytral length differs significantly (X* =
19.86, df = 1, P =< 0.001) between species. Elytral length in R. ferrugineus varies
between 0.8 - 1.6 cm for females, and between 1.20 cm and 1.40 cm for males.
Average elytral lengths are 1.3 £ 0.26 for females and 1.3 + 0.06 for males. For R.
phoenicis, elytra lengths fluctuate between 0.90 - 1.60 cm in both females and
males. Average elytral lengths are 1.31 + 0.19 for females and 1.26 + 0.19 for males.
In R quadrangulus, elytra length varies from 1.4 - 1.6 cm in females and from 1.1
- 1.6 cm in males. Mean values for elytral length are 1.48 + 0.07 for females and
1.36 £ 0.11 for males. For the probable R. phoenicis variant, elytral length ranges
from 1.2 - 1.6 cm in females, while in males it is 1.5 cm, with identical minimum
and maximum values. Elytral length averaged 1.43 *+ 0.17 in females and 1.50 +
0.00 in males. Females of R. quadrangulus and R. phoenicis had higher mean ely-

tral lengths than males, while males of the other species had higher mean elytral
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lengths than females. Tukey’s post-hoc test shows that the probable variant of R.
phoenicishas longer elytra than R. quadrangulus (p > 0.05); on the other hand, R.
quadrangulus has longer elytra than R. phoenicis (p < 0.05). In turn, R. phoenicis
has longer elytra than R. ferrugineus. There was no significant difference in elytral

length between R. ferrugineus and R. phoenicis (p > 0.05).

3.2.6. Length of Tibia
Figure 13 shows the means of tibial length (cm) by species and sex.

T
T
1.51 . 3
<
8) sex
5 E ™
0.5+
0.0+

ferrugineus phoenicis quadrangulus var. of phoenicis
species

Figure 13. Means and standard errors of tibial length (cm).

Non-parametric Kruskal-Wallis analysis shows a highly significant difference
in tibial length between species (X* = 9.71, dl = 1, P = 0.002). Tibial length in R.
ferrugineus ranged from 1.0 - 1.8 cm for females and 0.1 - 1.8 cm for males. The
averages are 1.4 + 0.34 cm for females and 1.3 + 0.15 for males. For R. phoenicis,
tibial length ranged from 1.0 to 1.90 cm for females, and from 0.9 to 2.0 cm for
males. Average tibia lengths are 1.0 + 0.23 for females and 1.5 £ 0.30 for males. In
R. quadrangulus, female tibial lengths range from 1.1 to 1.8 cm, while male tibia
lengths range from 1.2 - 1.8 cm. Average tibial length is 1.45 + 0.16 in females and
1.43 + 0.14 in males. For the probable R. phoenicisvariant, tibial length in females
ranged from 1.3 - 2.0 cm, while in males it was around 1.90 cm. Average tibial
lengths are 1.6 + 0.29 in females and 1.9 + 0.00 in males. Average tibial lengths are
generally higher in females, with the exception of the probable R. phoenicis vari-
ant. Tukey’s post-hoc test shows that the probable R. phoenicis variant has a
longer tibia than R. phoenicis; however, R. phoenicis has a longer tibia than R.
quadrangulus and R. quadrangulus has a longer tibia than R ferrugineus (p <
0.05). There was no difference between R. phoenicis and R. quadrangulus (p >
0.05).

3.2.7. Length of Rostrum (cm)
The means (with standard error bars) of rostrum length are shown in Figure 14.
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Figure 14. Means and standard errors of rostrum length.

The Kruskal-Wallis test for rostrum length reveals a highly significant differ-
ence (X? = 71108, df = 1, P =< 0.001) between species. R. ferrugineus rostrum
length ranged from 0.7 - 0.9 cm in females and 0.3 - 0.7 cm in males. Mean values
are 0.8 + 0.07 cm for females and 0.6 + 0.11 cm for males. For R. phoenicis, ros-
trum length ranged from 0.7 - 1.2 cm in females, and 0.5 - 1.1 cm in males. The
observed averages are 1.0 + 0.11 for females and 0.8 + 0.11 for males. In R. quad-
rangulus, rostrum length varies from 0.8 - 1.0 cm in females and 0.6 - 0.9 cm in
males. Average rostrum lengths are 0.9 + 0.06 for females and 0.7 + 0.06 for males.
For the probable R. phoenicisvariant, rostrum length ranged from 0.9 - 1.0 cm in
females, while it reached 0.8 cm in males. Average rostrum lengths are 1.0 + 0.04
cm in females and 0.8 + 0.00 cm in males. The rostrum is longer in females than
in males in these palm weevil species. R. phoenicis and the probable variant of R.
phoenicis have a longer rostrum than the other species (p < 0.05). Tukey’s post-
hoc test shows that the probable variant of R. phoenicishas alonger rostrum than
R. phoenicis; and R. phoenicishas alonger rostrum than R. quadrangulus. On the

other hand, quadrangulushas a longer rostrum than R. ferrugineus (p < 0.05).

3.2.8. Length of Pronotum
Results for average total pronotum length are shown in Figure 15.

The Kruskal-Wallis test shows that total pronotum length differs significantly
between species (X? = 17.86, dl = 1, p = 0.001). The pronotum length of R. ferru-
gineus ranges from 0.6 - 0.9 cm in females, and from 0.7 - 0.9 cm in males. Mean
pronotum lengths are 0.8 + 0.11 cm in females and 0.8 + 0.06 cm in males. For R.
phoenicis, pronotum length varies between 0.6 - 1.2 cm in both females and males.
Mean pronotum lengths are 0.9 + 0.12 cm for females and 0.9 £ 0.13 cm for males.
In R. quadrangulus, pronotum length varies from 0.8 - 1.1 cm for females and 0.8
- 1.0 cm for males. Mean pronotum lengths are 0.9 + 0.08 for females and 0.9 +
0.06 for males respectively. For the probable R. phoenicis variant, pronotum
length for females ranged from 0.8 - 1.2 cm, while that for males was 1.0 cm. Pro-

notum length averages are identical for both sexes, at 1.0 + 0.16. Average pronotum
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lengths for females of R. ferrugineus, R. phoenicis and R. quadrangulus exceed
those of males. In contrast, pronotum length in the probable variant of R. phoe-
nicis is identical for males and females. The probable variant of R. phoenicis has
a longer pronotum than R. phoenicis (p = 0.05). On the other hand, R. phoenicis
has a longer pronotum than R. quadrangulus (p > 0.05). In turn, R. quadrangulus

has a longer pronotum than R. ferrugineus (p < 0.05).
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Figure 15. Means (with standard errors) for pronotum length.

3.2.9. Width of Pronotum

Figure 16 shows the results for average pronotum width by species and sex of

palm weevil.
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Figure 16. Means and standard errors for pronotum width.

There was no significant difference in pronotum width between species. The
width of R. ferrugineus varies between 0.5 and 0.8 cm for females, and between
0.6 and 0.8 cm for males. Average pronotum widths are 0.70 £ 0.11 cm for females
and 0.66 * 0.06 cm for males. For R. phoenicis, pronotum width ranged from 0.4

- 0.9 cm for both females and males. Average pronotum widths for R. phoenicis

sex

sex
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are 0.71 = 0.12 cm for females and 0.81 £ 0.98 cm for males. In R quadrangulus,
pronotum width varies from 0.7 - 1.0 cm for females and also remains between
0.7 - 1.0 cm for males. Average pronotum widths are 0.82 + 0.10 for females and
0.76 £ 0.06 for males. For the probable R. phoenicisvariant, pronotum width var-
ies from 0.7 - 0.9 cm in females, and 0.8 cm in males. The mean pronotum width
was identical in males and females, at 0.8 + 0.08. Mean pronotum widths were
significantly greater in females of R ferrugineus and R. quadrangulus than in
males (p > 0.05). In contrast, pronotum width in the probable variant of R. phoe-

nicis is similar for both sexes, while in R phoenicisit is higher in males.

4. Discussion

4.1. Weevil Inventory

Our results revealed three species of the genus Raynchophorusin Maniema prov-
ince, namely: R. quadrangulus, R. phoenicis, R. ferrugineusand a probable variant
of R phoenicis. Similarly, in the equatorial climate around Kisangani, 550km
away as the crow flies, three species of the RAynchophorus genus were also ob-
served: R. phoenicis, R. ferrugineusand R. quadrangulus[16]. There are currently
ten (10) species belonging to the genus Rhynchophorus worldwide, including: R.
ferrugineus Olivier (Asia), R. palmarum L in Central and South America; R. cru-
entatus Fabricius, (America), R. phoenicis Fabricius, (Africa), R. quadrangulus
(Africa), R vulneratus (Asia), R. bilineatus (Asia), R. distinctus Wattanapongsiri
(Asia), R lobatus Wattanapongsiri (Asia) and R. ritcheri New species [18]. All of
the three species and the probable variant of R. phoenicis were present at the fol-
lowing sites: Kanombe and Mungembe (Pangi territory), Shenge (Kailo territory),
Difuma II and Mamba Georges (Kibombo territory). In contrast, the probable
variant of R. phoenicis was not observed in Kikezi (Pangi territory), nor was R.
quadrangulus collected in Lokama (Kailo territory), nor was R. ferrugineusfound
in Lowe (Kibombo territory) and Katako (Kailo territory). In Maniema province,
R. phoenicisis the most abundant and frequent palm weevil species. According to
[18], R. phoenicis is the most abundant species in the three study sites in Kisan-
gani too, a region 550 km away from Kindu. There, R. ferrugineusis a rare species,
while R. quadrangulus is relatively absent. The Tshopo and Lubunga sites each
had three species, while the Bangboka site had only one (R. phoenicis).

The sex ratios of the R. ferrugineus and R. phoenicis species are almost equiva-
lent, with a ratio of around 1:1. In contrast, for the R. quadrangulus species, the
ratio is around 2.7:1; which could be explained by genetic or behavioral differ-
ences. It is conceivable that this disparity is associated with a different cocoon
hatching time between males and females of this species [30] [31]. As for the prob-
able R phoenicis variant, the scarcity of specimens makes it hard to assess this
ratio. It is important to note that these species of the genus RAynchophorus are
characterized by their high proliferation. According to [16], the development of
the Rhynchophorus spp community is proving beneficial for Kisangani, as the sex

ratio was 0.5 in 2012, whereas in 2013 it reached 0.6, characterizing a rapidly
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expanding population.

Regarding species coloration, the color of the head and elytra is an important
criterion for distinguishing species. The probable variant of R. phoenicis has a
black head. R. ferrugineus, on the other hand, has a red head dotted with black
spots. It should be noted that the arrangement of spots on the pronotum can vary
from one individual to another. [32] demonstrated that R. ferrugineus shows var-
iations in the color pattern of its pronotum, these differences being closely linked
to host plants. According to [33], in the past, color variations in adult R. ferrugi-
neusled to numerous taxonomic changes. Molecular research suggests that R. fer-
rugineus may be a species complex composed of at least two cryptic species. Ac-
cording to [18], the pronotum of R. phoenicis shows a diversity of colors. When
the pronotum is red, it has three black stripes, while when it is black, there are
only two red stripes along the length of the pronotum. R. quadrangulushas a black
head, with a red stripe running horizontally from left to right at the tip of the

pronotum.

4.2. Weevil Morphometrics

There is little information on the morphometrics of weevils of species of the genus
Rhynchophorus in the scientific literature. Most publications restrict to body
length and width, generally focusing on individuals, without mentioning sex in
other cases. The morphometric parameters of our results show that the female is
larger: its fresh weight, total length, total width and rostrum length are all larger
than those of the male. The average elytral and wing lengths are larger in females
of R quadrangulus and R. phoenicis species. Wings are exceptionally longer in
males than in females of R. ferrugineus and the probable variant of R. phoenicis.
The mean pronotum lengths are identical for both sexes of the probable variant
of R. phoenicis. Pronotum width averages are higher in females of R. ferrugineus
and R quadrangulusthan in males. In contrast, pronotum width in the probable
R. phoenicisvariant is identical for both sexes, while in R. phoenicisit is higher in
males. [26] shows that, on average, males have longer tibiae than females. On the
other hand, females have longer elytra. This is probably linked to the size of the
abdomen, which is filled with eggs. It is also possible that this is linked to better
flight capabilities. According to [34], RAynchophorus adults observed in Megha-
laya (India) measure between 33 - 34 mm in length and between 11 - 13 mm in
width. Furthermore, according to [35], adult male body length varies from 19 to
42 mm, with a width ranging from 8 - 16 mm. Adult females range from 26 - 40
mm in length, with a width of 10 - 16 mm. An earlier study by [18] revealed that
males and females of palm weevil species are notably homogeneous in terms of
body size, with the exception of rostrum length. Males average between 31 - 39
mm in length, while females range from 29 - 40 mm. In terms of width, males are
between 11 - 15 mm, compared with 12 - 14 mm for females. In addition, [36]
observed clear sexual dimorphism in R. ferrugineus. [19] observed sexual dimor-

phism in terms of adult size, with females showing greater dimensions than males,
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both for the length and width of the abdomen and pronotum, as well as for the
length of the rostrum. This difference is probably linked to the reproductive char-
acteristics of the females. Indeed, the dimorphism observed in rostrum size is gen-
erally attributed to selection pressure exerted in favor of increasing rostrum length
in females. The rostrum is used by adult females to excavate and prepare spawning
sites. It also acts as an ovipositor and seems to have been a crucial factor in the
evolutionary process [37]. According to the work of [26], no significant differ-
ences were observed between males and females of the species identified in Kis-
angani concerning several morphometric measurements such as total length, total
width, wing length and total weight. In contrast, females had slightly longer elytra
than males, while males have longer tibiae than females.

The means and standard deviations of the measurements of black weevils iden-
tified in Maniema are as follows: 41.0 £ 0.22 mm for total length; 10.00 + 0.16 mm
for pronotum length and 8.00 + 0.08 mm for pronotum width. In contrast, the
black weevil (R. bilineatus) identified in Indonesia by [32] has the following aver-
age measurements: total length (30.393 + 2.229 mm), pronotum length (10.834 +
0.910 mm) and pronotum width (9.919 + 0.810 mm). According to [38], the mor-
phometric values for R. pa/marum: total length (31.39 + 1.15 mm), pronotum
length (12.29 £ 0.51 mm) and pronotum width (10.38 + 0.40 mm).

In this research, the black weevil identified in Maniema is similar to R. pal/-
marum and R. bilineatus in several respects, with a larger body size than R. bilin-
eatus and R. palmarum. On the other hand, pronotum length and width are infe-
rior to those of R. bilineatus and R. palmarum. Initially, we assimilated the black
weevil identified in Maniema to R. palmarum due to the color of the elytra and
pronotum. However, discriminant analysis then associated it morphometrically
with R. phoenicis. These morphological differences suggest that the large black
palm weevil, probably the largest in the world, identified in Maniema, could be a
probable variant or subspecies of R. phoenicis.

We found the likely variant of R. phoenicis at various sites in Maniema region,
including Kanombe, Mungembe, Shenge, Difuma 2, Lokama and Mamba
Georges. This weevil is hosted by raphia palm trees in Kanombe and Mungembe,
and it colonizes oil palms in Shenge, Difuma 2, Lokama and Mamba Georges. Its
head and elytra are black. It is likely the largest palm weevil. Rearing may grant its

conservation.

5. Conclusions

The aim of our study was to identify the number of species of the genus Rhyn-
chophorus spp present in Maniema province, assess their abundance and charac-
terize their morphometrics. Nine sites were selected: Mungembe, Kikezi and Ka-
nombe in Pangi district; Katako, Shenge and Lokama in Kailo district; and Difuma
II, Lowe and Mamba Georges in Kibombo district. Three species of Rhynchoph-
oruswere identified: quadrangulus, phoenicis, ferrugineus and a probable variant

of R phoenicis. Of all the species identified, R. phoenicisis the most predominant
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palm weevil and the rarest species is a probable variant of R. phoenicis in this
region of Maniema. On the other hand, the probable variant of R. phoenicis is
completely included in the morphometrics distribution of R phoenicis. This
would require genetic studies to reassure us that it is a variant of R. phoenicis
which, incidentally, shows high morphometrics variability. Its very low abun-
dance is part of this argument, as is the considerable distance from the known
geographical distribution of R. palmarum. Head color is a consistent feature for
differentiating species. This is the case with R. phoenicisand R. ferrugineus color
variability in the elytra and the pronotum. Overall, morphological criteria (fresh
weight, total length, total width, pronotum length, wing length, elytral length)
show that the probable variant of R. phoenicis is the largest species in Maniema.
It is followed by R quadrangulus and, by far, by R. phoenicis. The smallest palm
weevil in Maniema province is R. ferrugineus. These criteria also show that the
female is larger than the male in these three species and the probable variant of R
phoenicis. Tibial length is not such a clear indicator of sexual dimorphism and
difference between these species. On the other hand, rostrum length is the strong-
est indicator of sexual dimorphism, being significantly longer in females. The di-
morphism observed in rostrum size in palm weevils is generally attributed to se-
lection pressure: it is used in the excavation and preparation of oviposition sites
by adult females. The rostrum is significantly longer in R. phoenicis than in R.
quadrangulus. It remains, however, smaller in the small weevil R. ferrugineus. The
shape of the tip of the abdomen, where the genital organ is located, seems to be
purely a matter of sexual dimorphism. It is oval in the males and flat in the females
of these three species and the probable subspecies of R. phoenicis.

Perspectives mainly include a molecular study to check the taxonomic status of
the probable variant of R. phoenicis and its phylogenetic relationships with other
palm weevil species, in particular, R. palmarum. Rearing priorities should be de-
fined for the entomophagous communities, as well as for palm tree ecosystem

conservation.
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