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Abstract: The Gonipterini tribe (Coleoptera: Curculionidae) contains a number of species of eco-
nomic significance, including several species of Gonipterus which are invasive pests of eucalypt plan-
tations internationally. However, the inter-specific ecosystem-level interactions and population dy-
namics of many species are poorly understood within their native range. This study investigated
the associations of adults of two species of Oxyops and two species of Gonipterus from Central
Queensland, Australia, including their phenology over the course of a year-long survey. A total of
116 adult Gonipterini weevils were found across the year, with Oxyops fasciculatus being the most
abundant. Weevils were only found in 10.7% of the Eucalyptus populnea saplings surveyed; however,
saplings containing weevils contained an average of 1.9 weevils. Additionally, 21% of weevils were
found in close proximity to another weevil at a micro-ecosystem scale (e.g., on the same leaf). Weevil
numbers peaked in March at 17.2 adults/acre, with the lowest numbers found in November (1.8
adults/acre). One of the Oxyops species (an undescribed species known only from Central Queens-
land) was more commonly found on the leaves, compared to Gonipterus cinnamomeus which was
more commonly located on the stem or petiole. These results provide insight into the population
dynamics, interactions, and spatial and temporal resource partitioning between the adults of differ-
ent Gonipterini species within their native range.
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claims in published maps and institu- 1. Introduction

tional affiliations. Within the weevil family (Coleoptera: Curculionidae), the Gonipterini tribe encom-

passes seven genera (Bryachus, Gonipterus, Ipterogonus, Oxyops, Pantoreites, Prophaesia and
= Syarbis); of which Gonipterus and Oxyops are the most economically significant. Both the
Copyright: © 2022 by the authors.  ]aryae and adults from this tribe are generally found on eucalyptus trees, where they feed
Submitted for possible open access  y;p0n the leaves. Several species of Gonipterus have become international pests of Eucalyp-
tus plantations [1,2], including in New Zealand, South America and South Africa [3]. Con-
sequently, many studies on these genera have focused on the discovery of parasitoids for
use as biocontrol agents [4], and clarifying the identification and taxonomy of cryptic spe-
cies [2]. In contrast, Oxyops vitiosa has been used as a biocontrol agent for Melaleuca quin-
quenervia, which has become an established weed species in the Florida everglades [5].
However, despite the considerable significance of this tribe, there have been limited
studies on the interactions and phenology of Gonipterini species in their natural habitat.
Recent studies have investigated the phenology, trophic associations and parasitoids of
Gonipterus species from Tasmania [6] and subtropical Australia [3], but did not consider
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Oxyops species. Consequently, this study aimed to investigate the phenology and associ-
ations between the adult weevils of two species of Oxyops and two species of Gonipterus
from Central Queensland, Australia.

2. Materials and Methods
Study Area and Design

The study area was a 1.1 acre portion of open eucalypt woodland on a Central
Queensland grazing property (23°46' S, 150°21" E) (Figure 1). The predominant eucalypt
species was Eucalyptus populnea, while small number of Eremophila mitchellii trees and Pit-
tosporum spinescens shrubs were also present. The mean density of mature (>5 m height)
E. populnea trees was 16 trees/acre, while the mean sapling density was 47 saplings/ha.

Figure 1. A representative photograph of the survey area.

As preliminary observations indicated the highest abundance of Gonipterini weevils
on E. populnea saplings, only the saplings were surveyed in this study. Twelve field sur-
veys were conducted over the course of 2021, at approximately monthly intervals. During
each survey, every E. populnea sapling in the survey area was checked for the presence of
adult Gonipterini weevils, with the identity, number and location of each weevil recorded.
Additionally, the length and width of each weevil was measured.

During the first three surveys (January, February and March), the height of each sap-
ling and height of each weevil above the ground was measured. Additionally, the pres-
ence or absence of ants on the saplings was recorded throughout these three surveys, in
order to investigate possible interactions between the weevil species and ants.

3. Results and Discussion
3.1. General Abundance and Weevil Size

Four weevil species were found to be present in the survey area (Figure 2): Oxyops
fasciculatus, Gonipterus cinnamomeus, Gonipterus sp. n. 2, and an undescribed species of Ox-
yops known only from this region [7], referred to throughout this paper as Oxyops sp. Over
the 12 monthly surveys, a total of 116 weevils were found, with O. fasciculatus being the
most abundant and Gonipterus sp. n. 2 the scarcest. The size of the different species is
summarized in Table 1. Oxyops sp. (undescribed) was significantly longer and wider com-
pared to O. fasciculatus and G. cinnamomeus (p < 0.05), although its length:width ratio was
not significantly different (p > 0.05).
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Figure 2. The four Gonipterini species found in the survey area.
Table 1. Number and size of the Gonipterini weevil specimens found during the survey period.

Entries in the same column with different superscript letters were significantly different from one
another at a = 0.05 according to a one-way ANOVA following by post-hoc Tukey testing.

No. Specimens

Species (No. Measured) Length (mm)  Width (mm) L:W Ratio
Oxyops fasciculatus 79 (73) 73+0.5¢ 35+0.3" 2.10+0.18
Oxyops sp. 21 (20) 8.5+052 41+0.3= 2.07 £0.11
Gonipterus sp. n. 2 2(2) 7.3+0.5¢0c 40+0.02 1.88+0.18
Gonipterus cinnamomeus 14 (13) 7.8+0.7" 37+05P 2.12+0.18
ANOVA - xR xR NS

NS—not significant (p > 0.05), * p < 0.05, ** p <0.01, ** p < 0.001.

3.2. Height of Saplings

The mean height of E. populnea saplings containing no Gonipterini weevils was 0.69
+ 0.43 (Table 2). In contrast, the mean height of saplings containing any species of Gonip-
terini weevil was significantly higher (ti2s35 = 3.817, p <0.001), at 0.92 + 0.43 m, suggesting
that weevils from this species may prefer more mature saplings. A one-way ANOVA re-
vealed significant variation in the sapling height between the different Gonipterini spe-
cies. However, the height of weevils above the ground and ratio of the weevil height to
total sapling height was relatively constant between the different species (Table 2).

Table 2. Details of the sapling heights and weevil heights across the first three survey months.

Weevils Absent O. fasciculatus Oxyops sp. G. cinnamomeus G.sp.n.2
Parameter (1 =123) f (n=32) (Zf 1 2)P (n=5) (np= 2) ANOVA
Sapling height (m) 0.69 +0.43 a 092+0312 0.92+0.302 0.74 +0.32 a 1.35+0.07 **
Height in sapling (m) - 0.67 £0.32 0.68 +0.30 0.57 +0.28 1.20 +0.00 NS
Height ratio in sapling ! - 0.73 £0.21 0.73 £0.16 0.89 +0.10 0.76 = 0.05 NS

1 Ratio of the height of the weevil above the ground divided by the sapling height. NS = not signif-
icant (p > 0.05), * p < 0.05, ** p <0.01, *** p< 0.001.

3.3. Presence of Ants

The survey data from the first three months (Jan-Mar) revealed that ants were found
on 49% of saplings which did not contain any Gonipterini weevils (Table 3). This propor-
tion was similar to that found for Oxyops sp. (undescribed) weevils; however, ants were
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present on 66% of saplings containing O. fasciculatus. A Chi-square test indicated no sig-
nificant difference in the proportion of Gonipterini weevils found on saplings with any
ants present (X% = 0.25, p > 0.05), suggesting that the weevils did not actively avoid sap-
lings with ants present. However, the average number of ants present in saplings with
any species of Gonipterini weevil (8 + 4 ants/sapling) was significantly lower than the
number of ants found on saplings without weevils (21 + 30 weevils/sapling; tes.1s =—3.23, p
< 0.01), indicating that the weevils may purposefully avoid saplings with high numbers
of ants.

Table 3. Presence of ants on the saplings, broken down by weevil species.

Mean Number of Ants
(when Present)

Weevils absent 63 (51%) 60 (49%) 21+30

O. fasciculatus (n = 32) 13 (41%) 19 (59%) 9+5

Oxyops sp. (n=12) 6 (50%) 6 (50%) 5+2

G. cinnamomeus (n = 5) 4 (80%) 1 (20%) 10+0

G.sp.n.2(n=2) 1 (50%) 1 (50%) 10+0

Weevil Species Ants Absent Ants Present

3.4. Phenology

Figure 3 shows the changes in abundance of each species throughout the survey pe-
riod. Weevil numbers peaked in March at 17.2 adults/acre, with the lowest numbers found
in November (1.8 adults/acre). Oxyops fasciculatus was the most abundant, except for dur-
ing July. The abundance of all species dropped noticeably during late autumn/early win-
ter, with most species increasing in abundance again in late winter/early spring, before
falling off in late spring. Overall, there did not appear to be significant temporal separa-
tion of the species, but rather their abundance generally rose and fell in concert.

Species

Gonipterus cinnamomeus
—o— Gonipterus sp. n. 2
—— Oxyops fasciculatus

Oxyops sp.

v

Apr 2020 Jul 2020 Oct 2020 Jan 2021

Date

Figure 3. Phenology of the four Gonipterini species throughout the survey period.

3.5. Within-Sapling Location

As shown in Table 4, Oxyops sp. was more commonly found on the leaves, compared
to Gonipterus cinnamomeus which was more commonly located on the stem or petiole (Chi-
square test, X% =16.24, p <0.05). Additionally, it was noted that most of the weevils on the
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trunk or stem of the sapling were found to be facing downwards, rather than upwards
(Table 5). However, the proportion of weevils facing upward/downward did not vary sig-
nificantly between the different species (Chi-square test, X% =5.88, p > 0.05). The ecophys-
iological relevance of this observation is currently unknown.

Table 4. Within-sapling locations of the various Gonipterini species.

Weevil Species Leaf Petiole Stem/Trunk
O. fasciculatus (n =79) 44 (55.7%) 5 (6.3%) 30 (38.0%)
Oxyops sp. (n=21) 15 (71.4%) 0 6 (28.6%)
G. cinnamomeus (n = 14) 3 (21.4%) 4 (28.6%) 7 (50%)
G.sp.n.2(n=2) 2 (100%) 0 0

Table 5. Direction in which Gonipterini species on the stem or trunk were facing.

Weevil Species Downwards Upwards
O. fasciculatus (n = 20) 17 (85%) 3 (15%)
Oxyops sp. (n=2) 1 (50%) 1 (50%)
G. cinnamomeus (n = 6) 5 (83%) 1 (17%)

3.6. Intra- and Inter-Specific Interactions

Weevils were only found in 10.7% of the Eucalyptus populnea saplings surveyed; how-
ever, saplings containing weevils contained an average of 1.9 weevils, indicating cluster-
ing of the weevils into saplings with other weevils present. This was supported by de-
tailed proximity observations (Table 6), which found that only 29% of the weevils were
present alone in a sapling, with the remainder found in the same tree as one or more other
weevils.

Table 6. Interactions between the Gonipterini species. Note that weevils touching another weevil
were also fall into the “one same leaf” category, while weevils on the same leaf also fall into the “in
same tree” category. Values in regular font indicate weevils classified in that category only; while
values in bold font indicate all weevils belonging to that category, regardless of whether they are
also found in another category.

Weevil Species Alone in Sapling In Same Tree On Same Leaf Touching A'nother
Weevil
. B o 37 (47%) 6 (8%) o
O. fasciculatus (n ="79) 23 (29%) 56 (71%) 19 (24%) 13 (16%)
_ o 12 (57%) 1 (5%) o
Oxyops sp. (n=21) 6 (29%) 15 (71%) 3 (14%) 2 (10%)
. B o 7 (50%) o
G. cinnamomeus (n = 14) 5 (36%) 9 (64%) 2 (14%) 0
G.sp.n.2(n=2) 0 2 (100%) 0 0

Furthermore, 21% of weevils were found in close proximity to another weevil at a
micro-ecosystem scale (i.e., on the same leaf). A small number of weevils (13% of the total)
were observed touching one another, although none were observed in copulation. Given
that ~90% of the saplings within the survey area contained no weevils, these results sug-
gest that the Gonipterini weevil species examined in this study have a strong preference
for a small number of saplings in the study area. However, it is not known whether this
preference is a result of these saplings providing a more suitable microhabitat compared
to the other saplings, or if this results from the weevils actively seeking out saplings with
other weevils present.

It was also noted that all weevils in contact with one another were always of the same
species. Additionally, weevils on the same leaf were always of the same species —with
two exceptions where G. cinnamomeus was found with O. fasciculatus (n = 1 observation)
and Oxyops sp. (n =1 observation). However, 60% of weevils found in the same tree as one
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or more weevils had at least two different weevil species found in the same tree. Overall,
these results suggest that while the Gonipterini weevils may be content to share saplings
with other Gonipterini species, they are moderately partitioned in space (i.e., not found
on the same leaves) from other species.

4. Conclusions

This study investigated the phenology and ecosystem-level distribution and interac-
tions of two species of Oxyops and two species of Gonipterus from Central Queensland,
Australia. Oxyops fasciculatus was the most abundant species found. The number of adult
weevils varied significantly throughout the year, with numbers peaking at 17.2
adults/acre in March. These results may provide insight into the population dynamics,
interactions, and spatial and temporal resource partitioning that exists between different
Gonipterini species within their native range.
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