African Entomology 2023, 31: €13747 (7 pages)
https://doi.org/10.17159/2254-8854/2023/a13747

RESEARCH ARTICLE

AFRICAN

ENTOMOLOGY

ISSN (online) 2224-8854

Biology of the invasive shell lerp psyllid, Spondyliaspis cf.

plicatuloides (Froggatt) (Hemiptera: Aphalaridae)

Privilege T. Makunde'* '/, Bernard Slippers**"’, Samantha J. Bush?'*’, and Brett P. Hurley'?

'Department of Zoology and Entomology, University of Pretoria, Pretoria, South Africa
2Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Pretoria, South Africa
3Forestry and Agricultural Biotechnology Institute, University of Pretoria, Pretoria, South Africa

Spondyliaspis cf. plicatuloides (Froggatt) (Hemiptera: Aphalaridae), a shell lerp psyllid, is native to Australia but
was first detected in South Africa during 2014. The insect feeds on the sap of eucalypt species and thus has the
potential to become a pest in commercial Eucalyptus plantations. Information pertaining to the basic biology
of this psyllid, which is important in fundamental studies of insect pests, is lacking. To investigate the biology
of S. plicatuloides, the psyllid was reared under controlled glasshouse conditions on potted red-flowering
gum, Corymbia ficifolia (F Muell.) KD Hill and LAS Johnson (syn. Eucalyptus ficifolia). The egg incubation period,
number of nymphal instars and their developmental time, adult fecundity, adult longevity and duration of
the life cycle were determined. The major diagnostic features used to differentiate nymphal instars included
the number of antennal segments, wing pad development and body length. Females reached reproductive
maturity 2.3 + 0.47 days after eclosion and laid 16.2 + 3.9 eggs on average. Reproduction was found to be
sexual. The first nymphal instar took 10.7 + 1.2 days to hatch from the egg. The nymphal instars completed
their development in 22.6 + 1.4 days under the brown scalloped shelters they secrete. The insect’s total life
cycle lasted 37.37 + 1.17 days from egg to adult death. Male and female lifespans are also reported. The study
provides the first information on the basic biology of S. cf. plicatuloides that will be useful for future studies on
surveillance and management strategies.

INTRODUCTION

Spondyliaspis cf. plicatuloides (Froggatt) (Hemiptera: Aphalaridae: Spondyliaspidinae), commonly
known as the shell lerp psyllid, is a sap sucking insect that feeds exclusively on fully expanded
leaves of eucalypts (Angophora, Corymbia and Eucalyptus) (Hollis 2004). The insect, which is
native to Australia, was detected in South Africa in 2014, making it the first report of the insect
outside of its native range (Bush et al. 2016). The immature stage of the insect (nymphal instars)
uses anal exudates to build a brown scalloped shelter, known as a lerp, under which the individual
completes its development (Hollis 2004). The size of the lerp increases with each subsequent
nymphal instar (Hollis 2004). Immatures remain under the lerp until they exit as young adults.
Infestation of susceptible eucalypt species is typically accompanied by direct damage from sap
sucking by both adults and immature stages, which causes chlorosis and subsequently leaf necrosis
and defoliation (Figure 1A-C). By covering the leaf surfaces of infested eucalypts, the lerps cause
indirect damage by limiting light interception for photosynthesis (Hollis 2004). In South Africa
the insect was first discovered on ornamental and street eucalypt trees (Bush et al. 2016), but it has
since spread to nearly all commercial eucalypt growing regions, infesting some eucalypt species,
hybrids and clones (Makunde; per. obs.). As a result, the shell lerp psyllid has the potential to be an
economically important insect in South Africa.

There exist substantial amounts of research published on the biology of eucalypt psyllids (Clark
1962; Azevedo and Figo 1979; Pinzén et al. 2002; Purvis et al. 2002; Santana and Zanol 2006;
Angel et al. 2008; Hodkinson 2009; Soufo and Tamesse 2015; Cuello et al. 2018; Avalos et al. 2021).
However, much of the literature is focused on invasive alien eucalypt psyllids, outside of Australia.
The biology of eucalypt psyllids that have not been invasive is poorly known. As a result, psyllids
that have been identified for the first time as invasive alien insects, such as S. cf. plicatuloides, are
typically understudied. Apart from Froggatt’s original description in 1900, little is known about
the insect, and almost no information about its life history or general biology has emerged since its
discovery in South Africa (Bush et al. 2016). This lack of information on basic biology hinders the
development of surveillance activities and pest management strategies. Furthermore, the insect’s
name hasn’t been confirmed, as it is tentatively identified as S. cf. plicatuloides.

Understanding the fundamental biology and ecological needs of an insect is critical when planning
management options (Taylor et al. 2018). As eucalypt psyllids are sap sucking insects that can be
controlled with systemic insecticides, understanding their biology is important to identify the most
vulnerablelife stage. Furthermore, when using natural enemies such as parasitoids as part of management
strategies, a better understanding of the target pests’ biology is required to identify the most susceptible
developmental stage and synchronise it with the release of the parasitoids (Angel et al. 2008).

We studied aspects of the basic biology of S. cf. plicatuloides in controlled conditions. Specifically,
we determined the developmental time and morphometric data for the different stages of the
psyllid’s life cycle. We also determined the pre-oviposition period, fecundity and longevity. To our
knowledge this is the first published information on the basic biology of S. cf. plicatuloides.

African Entomology is the journal of the Entomology Society of Southern Africa 1

CORRESPONDENCE
Privilege T. Makunde

EMAIL
privilege.makunde@fabi.up.ac.za

DATES
Received: 8 April 2022
Accepted: 16 July 2022

KEYWORDS
biological invasion
eucalypts
immatures

life cycle
Spondyliaspidinae

COPYRIGHT

© The Author(s)

Published under a Creative Commons
Attribution 4.0 International Licence
(CCBY 4.0)


https://doi.org//10.17159/2254-8854/2022/a10298
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/0000-0001-6464-9472
https://doi.org/0000-0003-1491-3858
https://doi.org/0000-0002-2420-4601
https://doi.org/0000-0002-8702-5547

Figure 1. A. Eucalypt tree infested with Spondyliaspis cf. plicatuloides
(from a distance), B. Leaf necrosis due to feeding by the nymphal instars
of S. cf. plicatuloides (close up), C. Late nymphal instar lerps and an egg
cluster

MATERIALS AND METHODS
Source of insects and species confirmation

Spondyliaspis cf. plicatuloides adult individuals were collected
from infested leaves of Eucalyptus sideroxylon Cunn. ex Woolls
in the Zoo Plot of the National Zoological Gardens, Rietondale,
Pretoria, Gauteng (25°44.139" S, 28°14.435" E). Briefly, infested
leaves were collected, and placed into bags, brought to the
laboratory, and immediately transferred into 9.5-1 labelled,
unventilated plastic containers (Addis Flavour-tight seal Addis
Cake Saver) lined with paper towel. The emergence of adults was
monitored for 48 hours and all emerged adults were collected,
sexed and used to establish a colony that was maintained in a
glasshouse at the Forestry and Agricultural Biotechnology
Institute (FABI), at the University of Pretoria, South Africa
(25°45'19.538" S, 28°14'7.373" E) on two-year-old potted red-
flowering gum, Corymbia ficifolia (F Muell.) KD Hill and LAS
Johnson (0.5-1 m tall) under controlled conditions: 25 + 1 °C, RH
ranging from 60-70%, 13L:11D h photoperiod. Approximately
31 of water were applied per plant every day using a watering can.

To confirm the identity of the psyllid, a section of the COI
mitochondrial DNA from three adult specimens were amplified
and sequenced. Total genomic DNA was extracted from
individual specimens using a DNeasy® Blood and Tissue Kit
(QIAGEN GmbH, Germany) according to the manufacturer’s
instructions. DNA concentrations were determined using a
NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific
Inc., Wilmington, USA) and adjusted to 2 ng/l. DNA barcoding
of the COI gene was performed using PcoF1 and LepR1 primers
following Park et al. (2010, 2011) protocols. The Polymerase
Chain Reaction (PCR) generated a 700 bp fragment and the PCR
products were sequenced using an ABI Prism™ 3100 Genetic
Analyzer (Applied BioSystems, USA), separately with forward
(PcoF1) and reverse (LepR1) primers. Additionally, the identity
of S. cf. plicatuloides collected from various eucalypt plantations
across South Africa, namely in the Eastern Cape, Gauteng,
KwaZulu-Natal, Limpopo, and Mpumalanga provinces, was
confirmed using the same methods described above.

For comparison, some COI sequences amplified with the PcoF1
and LepR1 primers were obtained from the Barcode of Life Data
(BOLD) System (http://www.boldsystems.org/). To edit DNA
sequences, CLC Main Workbench 6.0 (CLC Bio, Denmark) and
the Biological Sequence Alignment Editor (BioEdit) software
(Hall 1999) version 7.0.9 were used, and an online Multiple
Sequence Alignment Program (MAFFT) version 7 (http://mafft.
cbrc.jp/alignment/software/) was used to align the sequences
(Katoh and Standley 2013).
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Duration of egg incubation and nymphal instars

The duration of egg incubation (days required for eclosion to
occur from the day eggs were laid) and the nymphal instars were
studied on one-year-old potted Corymbia ficifolia (60-75 cm
tall) in a glasshouse at 25 + 1 °C; 60-70% relative humidity
and a photoperiod of 13L:11D hours. We discovered that the
psyllid could complete its life cycle on plants as young as one
year old, despite the fact that it is usually found in older trees.
Corymbia ficifolia plants were thoroughly examined prior to
assays to rule out any prior contamination by S. cf. plicatuloides.
Using a handheld entomological aspirator, newly emerged adults
(yellow in colour) were isolated from the colony and sexed under
a Nikon SMZI1500 stereoscopic microscope (Nikon, Tokyo,
Japan) at 5-10x magnification. For this experiment, five C.
ficifolia plants were used. On each plant with more than five fully
expanded leaves, 20 virgin adults (10 males and 10 females) were
released and confined to the plant by a zipped nylon-netting
entomological sleeve (45 cm x 50 cm). Egg laying was monitored
daily, and once egg laying occurred, three to four leaves per
branch with egg clusters (> 60 eggs) were marked for further
observation. Each leaf with an egg cluster was treated as a
separate experimental unit. The entomological sleeves and adults
were removed a day after egg laying. The assays were repeated
six times using different plants of C. ficifolia. A temperature/
humidity logger (iButton® hygrochron, DS1923-F5#) was used to
measure temperature and humidity.

The egg clusters were monitored daily until the first instars
started hatching on five different plants. The incubation period
for the eggs was calculated when 50% of the first nymphal instars
had hatched and the adult developmental time was calculated
when 50% of the immatures had become adults. Every two days
after hatching until adult emergence, five lerps together with the
immatures per plant were carefully lifted with a fine entomological
needle and placed in 70% ethanol and stored at -20 °C for
morphometric measurements. Measurements from nymphal
instars included body length (measured from the head apex to the
anal pore), body width (measured at the widest part), antennal
length of nymphs (scape to the end of flagellomere) and width
and length of lerps. All measurements were done in micrometres
(um). The number of antennal segments was also determined. Six
eggs per plant were randomly selected and carefully removed with
an entomological needle and used for measurements of egg length
(n = 30), while three eggs per plant were used for measurements of
pedicel length (n = 15).

Adult S. cf. plicatuloides were collected, sexed, and preserved in
70% ethanol and stored at 20 °C for morphometric measurements.
Each specimen’s right forewing (dorsal view) and right antennae
were mounted on microscope slides. The measured parameters of
the female and male adults included total body length (measured
from the head apex to the tip of the folded wings), right forewing
length, body width (measured at the maximum width), distance
between eyes (vertex), and right antennal length (scape to the end
of the flagellomere), (male n = 30; female n = 30). This method is
similar to that used to investigate the life cycle of Ctenarytaina
thysanura Ferris and Klyver infesting Boronia megastigma
(Mensah and Madden 1993).

Images of immature stages, lerps and adults were captured
using an Olympus DP21 camera system attached to a Nikon
SMZ1500 stereoscopic microscope (Nikon, Tokyo, Japan).
All morphometric measurements were then processed using
Olympus Stream Basic image analysis software.

Pre-oviposition period, fecundity, adult longevity and egg
viability assays

The newly emerged adults were collected with a handheld
entomological aspirator and sexed under a Nikon SMZ1500



stereoscopic microscope (Nikon, Tokyo, Japan). The presence
of a distinct external genitalia with a slender apical lobe
distinguished males from females.

Additionally, males are smaller than females . Two branches of
15 Corymbia plants with five fully expanded mature leaves were
enclosed by an entomological sleeve (45 cm x 50 cm) and in each
sleeved branch, a pair of male and female S. cf. plicatuloides was
introduced. Thereafter, egglaying was monitored on a daily basis,
and the preoviposition period (the number of days from adult
emergence to egg laying) was calculated based on the appearance
of the first egg. The adults were monitored daily until the last
female and male died to assess adult longevity (adult emergence
to death). The eggs were counted and the hatching of the first
nymphal instars was determined using a 40x magnifying glass
(Koppert Biological Systems). The sex ratio of the offspring and
egg viability (total number of eggs hatched/ total number of eggs
laid) were then calculated.

Data analysis

Averages and standard deviations of pedicel length, egg length
and width, pre-oviposition period, fecundity, incubation
period, nymphal instar duration, longevity, adult forewing
length, antennal length and life cycle duration were calculated
using Excel®. Furthermore, using R 4.1.3 (R Core Team 2022),
Kruskal-Wallis test with post hoc analysis were used to compare
the five nymphal instars by the following parameters: body
length, vertex, widest body part and antennal length. Student’s
t-test (Paired Two Sample for Means) in Excel® were used to
determine statistical differences between female and male adults
on longevity, antennae length, right forewing length, body
length, widest body part and vertex.

RESULTS
Insects species confirmation

DNA barcoding using sequence data from the mt COI locus
from adult specimens from the Zoo Plot of the National
Zoological Gardens and each of the sites in the five provinces
yielded identical sequences to those identified as Spondyliaspis
plicatuloides in the BOLD System (accession numbers:
BIOUGO01078-G01, BIOUGO01078-G02, BIOUGO01078-GO03,
BIOUGO01078-G04 and BIOUG01078-G05).

Fecundity, duration of egg incubation, egg viability and
nymphal instars

Spondyliaspis cf. plicatuloides females oviposited 16.20 + 3.90 eggs
per female (n = 30) on average (+ SD) with a range of 11-26 eggs.
The eggs are reddish brown in colour, smooth and ovoid in shape
(Figure 2A), measuring 128.01 + 3.22 um in width and 238.97 +
8.89 um in length (n = 30). A pedicel protrudes from one end
of the egg which connects it to the eucalypt leaf (Figure 2B).
Pedicels are responsible for water absorption and nutrient uptake
in addition to supporting the eggs on the leaf surfaces (White
1968; Taylor 1992). Eggs are usually laid in clusters (Figure 2A);

however, they can occasionally be found scattered singly on the
leaf. The average length of the pedicel after removing the egg from
the leaf was 101.61 + 11.74 um. The eggs are laid on the abaxial
and adaxial surfaces of fully expanded leaves and the egg divides
along its longitudinal axis when the first-instar nymph hatches
(Figure 2C). The average egg viability of S. cf. plicatuloides eggs
was 95.20 + 3.87%.

The average (+ SD) incubation period for S. cf. plicatuloides
eggs at 25 °C was 10.73 + 1.18 days. Following hatching, the
first-instar nymphs move slowly for a short distance from the
egg cluster on the same leaf to the adaxial or abaxial surface
of the leaf until they find a feeding site. Once settled, the first-
instar nymphs become sessile as each forms an individual lerp
(size increases with subsequent instar). The nymphal instars,
like adults, ingest eucalypt sap by inserting stylets through the
stomata.

In the development of S. cf. plicatuloides, five nymphal instars
were observed (Figure 3). On average, the developmental period
for each of the instars; I, II, III, IV and V at 25 °C was 7.80 +
1.56, 4.10 + 0.31, 2.07 £ 0.37, 2.03 + 0.32 and 6.57 + 1.28 days,
respectively and was significantly different among the nymphal
instars (p < 0.001) (Table 1). The developmental duration of the
first and fifth instars was greater than that of the second, third,
and fourth nymphal instars (Table 1). The nymphal instars had a

Figure 2. A. Spondyliaspis cf. plicatuloides egg cluster, B. two eggs
removed from the leaf epidermis showing pedicels, structures used to
attach eggs to the leaf, and C. appearance of eggs after hatching of the
first instar
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Figure 3. Developmental stages of the shell lerp psyllid, Spondyliaspis, cf.
plicatuloides, showing the first to fiftth nymphal stage

Table 1. Characteristics used to differentiate the immature stages of Spondyliaspis cf. plicatuloides. Mean + standard deviation; I, Il, Ill, IV, V immature
stages; n = 120, 60, 30, 30, 90 specimens respectively. All parameters measured for the five nymphal instars were subjected to Kruskal-Wallis test with
post hoc analysis. Different letters indicate significant differences among the five nymphal instars at p < 0.001 according to the Mann-Whitney U

(Wilcoxon rank-sum) test.

Nymphal Body length Widest body Lerp length Antennae Vertex Wing pad Nymphal ’iﬁgﬁiggf
instar (um) part (um) (um) length (um) (um) length (um) duration (days) segments

I 236.54 £19.84* 13248 £12.60° 38414 £7252* 3532 £444° 11796 £9.12° Absent 780 + 1.56° 3

Il 401.85+56.18° 29991 +4775° 71042 +78.29° 7646 +21.15° 24650 + 10.35° Absent 410+0.31° 3

Il 62276 £4524° 43645 +4091¢ 1069.32 £ 11790° 11492 £ 16.77° 25850 + 20.06° Absent 207 +£0.37 5

v 051.18 £130.69¢ 71740 £92.38¢  1650.16 + 158.55¢ 29703 +35.74% 32741 +5046¢ 20249 + 12.78° 203 +£0.32¢ 7

\ 1696.83 +310.21° 1202.69 + 238.57¢ 242531 +32995¢ 905.06+49.37¢ 44283 +6859° 61514 +46.01° 6.57 +1.28° 9-10
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total mean developmental period of 22.6 + 1.4 days between the
eclosion of the first nymphal instar and emergence of the adult.

The body length, head capsule width, colouration, lerp size
(length and width), forewing pad development, and number
of antennal segments easily distinguished the nymphal instars
(Table 1). The first-instar nymphs were completely yellow soon
after hatching, with the exception of small red eyes, but turn
brown after building the lerp. Turning brown may be a function
of feeding, assuming they feed after choosing a site for their lerp.
The second, third and fourth nymphal instars were all brown in
colouration (Figure 3). The body of the fifth-instar nymph was
yellowish brown with apparent black markings on the abdomen
and thorax (Figure 3). Wing buds are visible or apparent in the
fourth instar nymph stage, whereas those in the fifth nymphal
instar are well developed and obvious (Figure 3). All stages had
a flattened dorsoventral appearance. When the nymphal instars
finish developing, the fifth-instar nymph leaves its lerp and
settles on the leaf surface, where it moults into the adult stage.
Excluding for the first and second nymphal instars, which have
the same number of antennal segments, each nymphal instar has
a different number of antennal segments (Table 1).

The lerps of all five instars were brown (Figure 4). The lerps of
the first-instar nymphs were conical and not ridged, while the
lerps of the second-instar nymphs were also conical, but with
points of ridges that started to develop on the outer margins. The
third, fourth and fifth instars constructed lerps in concentric
layers from the hinge (point to which the lerp attach to the leaf
surface) outwards. These lerps were roughly hemispheric, with
constriction at the sides near the hinge. Third-instar nymphs
had five-six ridges, fourth-instar nymphs had seven-eight
ridges, and fifth-instar nymphs had nine-ten ridges (Figure 4).
The fifth instar lerp has four raised ridges arising from the hinge.
Furthermore, there are subsidiary ribs that arise between all
the main ridges near the outer margin, giving the lerp a ridged
appearance at the margin.

When the fifth instar emerges from the lerp, it transforms

1 it 1 1w v

Figure 4. Lerps of the five different nymphal instars of Spondyliaspis cf.
plicatuloides, from first to fifth instar. The development and number of
ridges distinguish the lerps of the five instars

Q d

Figure 5. A. Newly emerged adult Spondyliaspis cf. plicatuloides (yellow
with whitish wings), B. female adult, C. female adult, ventral view, D.
male adult, ventral view showing the tapering end of the abdomen (¥),
a feature that can easily distinguish males from females visually)
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into an adult with a light-yellow body and transparent, whitish
wings (Figure 5A). Shortly after, the young adults darken and
turn orange, with small brown spots on the thorax and abdomen
that are usually banded and give them a striped appearance and
they develop a short external genitalia (Figure 5B, C and D).
They either remain motionless for a few minutes near the exuvia
or move slowly over the leaves as soon as they emerge. They also
gulp air to expand their wings and body. Their antennae and
wings are not fully opened when they start moving. The wings
then vibrate until fully stretched, at which point they move
quickly and bounce back when touched. The wings form a roof
over the body when they are at rest.

Adults morphometric measurements, longevity and sex ratio

Males and females exhibit significant differences in all
morphometric measurements assessed (Student’s t-test;
p < 0.001). Sexual dimorphism was observed for various
morphometrics and the females were 1.3 times larger than
the males (Table 2). Male and female adult length (head to
apex of folded wings) was 2970.82 + 289.84 um and 3880.30 +
225.89 pum, respectively. Furthermore, the widest body part
(abdomen) of male and female adults was 928.26 + 98.38 um
and 1302.19 + 127.68 um, respectively. The vertex distances of
male and female adults were 535.57 + 32.32 um and 652.64 +
33.09 um, respectively. The average antennal length of males
was shorter (2076.82 + 131.08 um) than that of females (2309.47
+ 185.27 um). The forewings in females (2905.04 + 171.80 um)
of S. cf. plicatuloides are relatively longer than those of males
(2325.60 + 202.79 pm). The male has distinct external genitalia,
including a slender apical lobe on the proctiger (Figure 5D).

The total duration of the life cycle of S. cf. plicatuloides was
37.37 £ 1.17 days, determined by observing the egg laying to the
death of the adult at 25 °C; 60-70% RH. The duration from egg
laying to adult emergence from the lerp was 33.30 + 1.44 days.
Adult males and females lived an average of 3.80 + 0.70 and 5.80
+ 0.70 days, respectively (Table 2) and the sex ratio of males to
females per cluster was 1:1 (n = 30).

DISCUSSION

The current study is the first to describe the life cycle and
developmental biology in the genus Spondyliaspis, and
specifically Spondyliaspis cf. plicatuloides. Studying the basic
and developmental biology of insects in the field is difficult due
to the uncontrollable nature of the interaction of abiotic and
biotic factors, which makes glasshouse studies essential.
Taxonomic revision for the genus Spondyliaspis is required as
it is little studied and many uncertainties remain. The studied
psyllid species was tentatively identified as Spondyliaspis cf.
plicatuloides, but it could also be Spondyliaspis bancrofti (Bush
et al. 2016), a type species for the genus Spondyliaspis Signoret
(1879). The challenge is that Signoret did not have an adult
specimen and only provided a brief description of the lerp

Table 2. Key morphometric measurements and lifespan used to
differentiate male and females of S. cf. plicatuloides. Mean + standard
deviation, n = 30. All morphometric measurements and longevity
differences between males and females were statistically different
(Student’s t-test; p < 0.001)

Parameter Male Female
Body length (um) 2970.82 + 289.84 3880.30 £ 225.89
Body width (um) 928.26 +98.38 1302.19 + 127.68
Head capsule width (um) 53557 +32.32 652.64 + 33.09
Forewing length (um) 2325.60 + 202.79 2905.04 £ 171.80
Antennae length (um) 2076.82 +131.078 230947 +185.27
Longevity (days) 3.833 +0.699 5.800 + 0.664




(Taylor 1960).

The average fecundity of S. cf.plicatuloides was 16.20 *
3.90 eggs per female, with a range of 11 to 26 eggs. This was
lower compared to the fecundity of other Australian lerp
forming Spondyliaspidinae such as Cardiaspina albitextura
Taylor (124 eggs/female; range of 14-289) (Clark 1962), Creiis
lituratus Froggatt (95 eggs/female; range of 130-148) (Angel
et al. 2008), grey box Cardiaspina sp. (43.33 £ 6.40) (Hall et al.
2015), and G. brimblecombei Moore (range 50-75 eggs) (CABI
2012). Furthermore, the fecundity of S. cf. plicatuloides was even
lower than that of Blastopsylla occidentalis Taylor, a free-living
eucalypt psyllid (Dzokou et al. 2020). The fecundity of psyllid
species is related to their life cycle type (Hodkinson 2009), with
species having nymphal instars living in protective galls or lerps
producing fewer eggs than those with nymphs living on exposed
growing tips. The reported average fecundity per female psyllid
ranges from 40 to above 1000 (Hodkinson 2009), still higher
than that found in this study. Species with the lowest reported
fecundity, 40-50 are found within the Spondyliaspididae and
Carsidaridae, whereas those with the highest fecundity are
frequently found in the Psyllidae and Triozidae (Hodkinson
2009). Temperature, day length, season and nutritional status
of the host are just a few of the factors that influence fecundity
(Mehrnejad and Copland 2005).

The eggs of Spondyliaspis cf. plicatuloides were 238.97 *
8.89 um (0.239 + 0.09 mm) long and 128.01 + 3.22 um (0.128
+ 0.003 mm) wide, making them smaller than those of other
Australian Spondyliaspidinae. This includes Cardiaspina
albitextura (0.34 £ 0.003 mm long, 0.18 + 0.003 mm wide),
C. densitexta Taylor (0.34 £ 0.001 mm long, 0.17 = 0.002 mm
wide), C. retator Taylor (0.31 + 0.003 mm long, 0.20 + 0.002 mm
wide), Cardiaspina sp. (nr. brunnea Taylor) (0.30 + 0.008 mm
long, 0.24 + 0.007 mm wide), Creiis sp.1 (0.39 + 0.003 mm long,
0.16 £ 0.003 mm wide), Glycaspis brimblecombei Moore (0.34 +
0.002 mm long, 0.14 + 0.002 wide), and Platyobria lewisi Taylor
(0.29 mm long, 0.10 wide) (Taylor 1992). The incubation period of
S. cf. plicatuloides (10.73 + 1.18 days) fell within the general range
of psyllids (10-20 days; Collet 2001) and with examples including
Ctenarytaina thysanura (Ferris and Klyver) (10-12 days,
Mensah and Madden 1993) and Blastopsylla occidentalis Taylor
(10.11 £ 1.05 days, Dzokou et al. 2020). The pedicel length of
S. cf. plicatuloides eggs was 101.61 £ 11.74 pm (0.102 £ 0.001 mm)
on average, longer than that of C. albitextura (0.08 £ 0.0002 mm)
(Spondyliaspidinae) and other Psyllidae and Triozidae species
(Taylor 1992), and the same length as that of C. densitexta (0.10
+ 0.006 mm), C. retator (0.10 £ 0.002 mm), Cardiaspina sp.
(nr. brunnea) (0.11 + 0.005 mm) and G. brimblecombei (0.10 *
0.002 mm). The egg pedicels of S. cf. plicatuloides were slightly
smaller than those of Creiis sp. 1 (0.19 + 0.002) (Taylor 1992).

Our findings showthatboth maleand female S. cf. plicatuloides
have five nymphal instar stages before becoming adults, with a
sex ratio of 1:1, as previously reported in other psyllids (Clark
1962; Hodkinson 1974; Stechman et al. 1987; Mensah and
Madden 1993; Collet 2001; Hollis 2004). The first and fifth
instars’ developmental duration lasted significantly longer than
the second, third and fourth nymphal instars. Patil et al. (1994)
reported a similar pattern for the development of Heteropsylla
cubana (Crawford) and Pereira et al. (2020) on the development
of G. brimblecombei. The first and second instar nymphs of
S. cf. plicatuloides had three antennal segments while the third,
fourth and fifth instars had five, seven and nine-ten antennal
segments, respectively, as previously reported on respective
instars of G. brimblecombei (Avalos et al. 2021).

We found sexual dimorphism in S. cf. plicatuloides adult size,
where females were larger and wider than males. Furthermore,
males had shorter antennae than females. In addition, female
forewings were noticeably longer than male forewings. The
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differences in morphometrics observed in adult male and female
insects is due to their distinct reproductive roles (McLechlan
1986). The smaller body size and the smaller forewings of male
adults may indicate reduced friction with air, thus assisting
flight and location of females (Gushki et al. 2018).

Spondyliaspis cf. plicatuloides completed its life cycle at 25
°C; 60-70 % RH in 37.37 + 1.17 days. This development time
was longer than the 30 days for G. brimblecombei (Firmino-
Winckler et al. 2009; Avalos et al. 2021) at 26 °C and 27 °C, and
Cardiaspina (Morgan and Taylor 1988) at 30-35 °C. Temperature
influences the life cycle duration of psyllids, and these variations
could be explained by the differences in rearing temperatures
(Morgan and Taylor 1988). When compared to other invasive
psyllids in the Ctenarytainini tribe, S.cf. plicatuloides had a
shorter life cycle than Ctenarytaina spatulata Taylor (44.89 +
1.187 days at 20 °C) (Santana and Zanol 2006), Ctenarytaina
thysanura (60 days at 18-20 °C) (Mensah and Madden 1993)
and Ctenarytaina eucalypti (Maskell, 1890) (149 days at 15 °C)
(Pinzén et al. 2002). As a result, low temperatures may prolong
the life cycle of psyllids.

Females reached reproductive maturity 2.3 + 0.47 days after
eclosion, which is consistent with other psyllids where egg
maturation and oviposition occur quickly (Burts and Fischer
1967). The average longevity of S. cf. plicatuloides (3.80 + 0.60
and 5.80 £ 0.70 days for males and females, respectively) was
lower than observed in other Spondyliaspidinae, namely
Cardiaspina albitextura (14 days) (Morgan and Taylor 1988)
and G. brimblecombei (10.70 £ 3.74 days for males and 11.41 +
4.20 for females) (Avalos et al. 2021). As well as some psyllids
in Ctenarytainini, for example C. spatulata (5.7 + 1.481 days)
(Santana and Zanol 2006) and C. eucalypti (70 days) (Pinzon et
al. 2002). If S. cf. plicatuloides co-occurs with other destructive
psyllids, reproductive data collected for other psyllids is useful
because it will guide insect control specialists in optimising the
best period for management.

The findings of this study are critical for developing
future surveillance and Integrated Pest Management (IPM)
programmes in Eucalyptus forest plantations in South Africa,
and other countries where this psyllid may become invasive in
the future. The key characteristics used to distinguish different
nymphal instars in this study will be useful in identifying
the different developmental stages in the field. In addition,
knowledge on the identification and duration of the life stages
can be used to inform different pest management strategies,
such as the release of natural enemies that target specific life
stages. Given the high diversity of psyllid species associated with
eucalypts in Australia, and that only a small number of these
psyllids have thus far been introduced into other continents
(Makunde et al. 2020), it is likely that there will be further
introductions of eucalypt-feeding psyllids in the future where
the basic biology is unknown. Therefore, this study is useful in
presenting established methods that could be used to investigate
the biological characteristics of similar invasive eucalypt psyllids
in the future.
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