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Simple Summary: Oil palm is one of Colombia’s main agribusinesses, with more than 590,000 ha
planted. The eastern palm-growing region accounts for 47% of the planted area. It is also the area
affected by the Lethal Wilt disease, which has caused the eradication of more than a million palms,
equivalent to 7790 ha. Haplaxius crudus is considered a vector of the causal agent of this disease, and
management strategies are focused on reducing H. crudus populations in the field. However, the
population parameters of the insect, which are essential for adequate control, are unknown. Therefore,
it was proposed to determine the life cycle and life table parameters under semi-controlled conditions
in an oil palm plantation. The life cycle was 62.7 ± 15.5 days (average ± standard deviation). The egg
stage lasted 14.6 ± 0.6 days, the nymphal stage 48.1 ± 14.9, and adult longevity was 14.8 ± 8.4 days.
The highest specific mortality rate (qx) was in the egg phase: 0.14. The net reproductive rate was
Ro = 10.96; the generation time was T = 62.3 days, the intrinsic natural growth rate was rm = 0.03,
the and finite growth rate was λ = 1.03. These results contribute to the knowledge of the population
dynamics of this insect in the field and for the development of population control studies.

Abstract: The palm leafhopper, Haplaxius crudus, is a possible vector of the pathogen that causes the
Lethal Wilt of oil palms in Colombia. This disease represents the biggest phytosanitary problem in
the eastern palm zone. From 2010 to 2021, more than 7700 ha have been eradicated, with economic
losses exceeding 154 million USD. Therefore, knowing the biology of this insect and its population
parameters is necessary for developing population control tools. To evaluate these parameters, a
cohort of 100 eggs obtained from H. crudus adults from the breeding unit established in the Campo
Experimental Palmar de las Corocoras de Cenipalma in Paratebueno, Cundinamarca, was monitored
to record the life cycle and the population parameters using a life table under semi-controlled condi-
tions in an oil palm plantation. The life cycle from egg to adult was 62.7 ± 15.5 days (26.1 ± 2.9 ◦C;
HR: 89.8 ± 14.0%). The egg stage lasted 14.6 ± 0.6 days, the nymphal stage 48.1 ± 2.8 days through
five instars, and the adult longevity was 14.8 ± 8.4 days. The specific mortality rate (qx) calculated
in the life table was 0.14 (for the egg stage), 0.05 (for I instar), 0.05 (for II instar), 0.03 (for III instar),
0.04 (for IV instar), and 0.07 (for V instar). The population parameters’ values were as follows: net
reproductive rate Ro = 10.96; generation time T = 62.3 days, intrinsic natural growth rate rm = 0.03,
and finite growth rate λ = 1.03. These results help us to understand the population dynamics of this
insect in the field and for the development of population control studies.

Keywords: Colombia; life table; palm leafhopper; lethal wilt disease; Elaeis guineensis

1. Introduction

Haplaxius crudus Van Duzee was described in Jamaica in 1907 and is native to southern
Florida, Cuba, the Cayman Islands, Jamaica, Trinidad, and tropical America, from Mexico to
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northern South America [1,2]. The adult H. crudus is a vector of the causative agent of lethal
coconut yellowing (ALC), a highly destructive disease of coconut and ornamental palms in
Florida and several countries in the Caribbean Basin region [1,3]. The lethal yellowing of the
coconut palm is caused by the phytoplasma Candidatus Phytoplasma palmae, belonging to
the group 16SrIV subgroup A [4,5]. Studies conducted by Cenipalma found that H. crudus
is responsible for disseminating in palm plantations in Colombia, the pathogen causing
Lethal Wilt (LW). This disease represents the most significant phytosanitary problem for oil
palm in the Colombian eastern palm zone. The first cases of LW were recorded in Bajo Upía
(Casanare, Colombia) in 1994 [6]. According to data from Cenipalma, between 2010 and
2021, there were 1,114,025 palms that were eradicated due to LW [7] which has generated
economic losses of more than 154 million USD [8].

Palms affected by the LW show rotting of the inflorescences and fruit bunches. In
addition, a dark brown drying occurs on the leaves that begins from the apex of the leaflets
towards the base. These symptoms are initially observed in one or two middle-third leaves
and then they spread to all the leaves without defined uniformity [9,10].

Haplaxius crudus undergoes incomplete metamorphosis, i.e., egg, nymph, and adult
stages, and it completes its entire biological cycle in grasses and Cyperaceae and the adults
feed on oil palms. The egg is placed by the females in the grasses growing around the
palms and in the plantation paddocks; the eggs are inserted near the base of the stem and
below the leaf sheaths that begin to dry out [10,11]; when the nymphs emerge, they are
located on the roots of the grasses to feed and they remain in the nests that they produce,
with a kind of silk that they secrete from their abdominal glands [3]. When they reach the
adult stage, they fly to the foliage of the palm, and in the underside of the leaves, they mate
and feed by sucking phloem fluids [1,10]. In this way, feeding on diseased palms and then
on healthy palms, could transmit the pathogen that causes the disease. The symptoms of
this disease in oil palms appear approximately six months after being infected [9,10,12].

There are some reports of natural enemies of H. crudus present in Mexico and Florida
(USA), including spiders of the genus Theridion (Walckenaer) (Araneae: Theridiidae) and
the ant Solenopsis invicta (Buren) (Hymenoptera: Formicidae) [13,14], parasitic mites of the
genera Leptus (Latreille) (Trombidiformes: Erythraeidae) and Erythraeus (Latreille) (Trom-
bidiformes: Erythraeidae) [14] and the fungus Hirsutella citriformis (Speare) (Hypocreales:
Ophiocordyetaceae) [14,15]. In Colombia, it was established that a strain of the fungus
Metarhizium anisopliae (Metchnikoff) Sorokin (Hypocreales: Clavicipitaceae) affects adults
and nymphs of H. crudus. However, the most widespread control measure for this insect in
plantations is the calendar application of systemic chemical insecticides (neonicotinoids),
which incurs higher production costs and affects beneficial fauna in the plantations [16].

Although several investigations have been carried out that focus on the control of
H. crudus [15–17], few studies are related to the biology of the insect [18,19], such as its
population parameters. Information that allows an estimate of what is happening in nature
and knowledge of the biological attributes of the pest, offers essential information for
its understanding and management [20]. The objective of this research was to study the
biology of H. crudus on the grass Panicum maximum L. cv Mombaza, host of eggs and
nymphs of the insect, and its relationship with the palm oil, Elaeis guineensis, host to its
adults. The study was carried out under semi-controlled conditions in a shade house in an
oil palm plantation to determine the development time and morphological characteristics
of each stage and to estimate age-specific mortality parameters, reproductive capacity, and
adult longevity.

2. Materials and Methods
2.1. Location

The research was conducted in the H. crudus breeding unit in the Experimental Field
“Palmar de Las Corocoras” (CEPC) of Cenipalma in Paratebueno, Cundinamarca, at an
altitude of 227 m a.s.l., latitude 4◦22′04′ ′ N and longitude 73◦10′16′ ′ W. The average
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temperature during the study was 26.1 ± 2.9 ◦C and the relative humidity was 89.8 ± 14%
(WatchDog® Logger 3617A, Aurora, IL, USA), and the natural day length was 12 h.

2.2. Egg Cohort

A cohort of 100 eggs obtained from one day of oviposition of 50 eight-day-old gravid
females of H. crudus from the breeding unit was used. These females were released
inside oviposition units (Figure 1A) made up of acetate cylinders (35 cm high and 7 cm in
diameter), modified with two side windows (5 cm × 8 cm), and covered with tulle fabric
to allow for the circulation of air. At the upper end, they were sealed with a foam (2.5 cm
thick) to which a cut was made in the center to introduce the oil palm leaflets for feeding
the H. crudus females, and at its base, there was a small pot (7 cm diameter) with a clump
of Digitaria sanguinalis L. (Poales: Poaceae) for egg laying, which was sown using coconut
fiber-based plugs as the substrate (Figure 1B). The D. sanguinalis clumps infested with eggs
(Figure 1C) were examined under a stereoscope and with the help of a dissection needle
and a fine brush, the eggs were removed and deposited in Petri dishes (5.5 cm diameter)
conditioned as a humid chamber for incubation.
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Figure 1. Methodology for obtaining Haplaxius crudus eggs. (A) Oviposition units; (B) ovipositing
female; and (C) eggs inserted in the leaf sheath.

2.3. Life Cycle

The eggs were observed daily to record their characteristics and development time
until hatching. When the nymphs emerged, they were immediately isolated in cylindrical
pots (4 cm diameter × 5 cm high) with a clump of P. maximum, with a good root system
planted in coconut fiber plugs, to monitor each instar’s characteristics and development
time. When the adults emerged, they were placed in pairs (one ♀ and one ♂) within
oviposition units to record the longevity of sex, the oviposition potential of the females,
and the hatching rate of their eggs. When a male died, it was replaced by another one
obtained from the breeding unit.
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2.4. Population Parameters

With the daily record of the number of survivors in each of the development phases of
the insect, the life table was established based on the complete cohort method or horizontal,
in which a group of individuals of the same age is followed from birth throughout their
lives [21,22]. The parameters used in the life table were: age (x) which designates the exact
age of each individual H. crudus from birth to death; number of survivors at age x (nx);
fraction of the original cohort that dies in the interval between age x and the following (dx),
fraction of the cohort that survives between two successive instars (qx), the proportion of
individuals surviving at age x (lx) and net fecundity (mx) that represents the number of
females obtained for each female of age x. This information allowed for the estimation of
the net reproductive rate, which is defined as the average number of females produced by
each female per generation:

Ro = Σ(mxlx)

The generation time of the cohort, defined as the average age of females in a cohort at
the time of the birth of its offspring is as follows:

T = Σxlxmx/Ro

The intrinsic rate of natural growth of the population, which expresses the capacity of
the increase in the number of females per female per unit of time is as follows:

rm = ln R0/T

And, the rate of finite increase, that indicates the number of individuals added to the
population per female and per unit of time [22,23] is as follows:

λ = erm

3. Results
3.1. Description of the Different Stages

Eggs. They are inserted individually or in groups (two to ten) in the senescent leaf
sheaths. They are fusiform and smooth, pointed at the apical end and rounded at the basal
end. Initially, they are translucent with white ends and when close to hatching, they turn
whitish and have a curved appearance. From the fifth day, the eyes can be distinguished,
which present on each side as two small red spots (Figure 2A).

Nymphs. The nymphs have five instars; their color varies between light yellow
and beige, and their legs are white and long in symmetry with the body. Waxy exudate
formation is seen in segments 7, 8, and 9 of the abdomen. With this exudate, they form nests
to protect themselves from the environmental conditions and some natural enemies [11].
The most significant characteristic to determine the instar, in which the nymph is found, is
the length of the wing primordia, which grows with each molt until they reach the posterior
edge of the thorax.

Instar I. The newly emerged nymphs are white, and later the head and abdomen turn
light yellow. The eyes are red, and the antennae protrude beyond the frame of the head; the
most outstanding characteristic of this instar is that the thorax is larger than the abdomen
(Figure 2B).

Instar II. The nymph is beige on the thorax and light yellow on the abdomen. The
size of the abdomen is like the size of the thorax, and its segmentation is more marked
(Figure 2C).

Instar III. The size of the nymphs in this instar increases notably relative to the previous
instars. The abdomen and thorax continue with the same coloration as the previous instar.
When the nymph is close to molting at instar IV, the primordia of the forewings become
more noticeable, which are attached to the mesothorax and reach a third of the metathorax
in this instar (Figure 2D).
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Figure 2. Developmental stages of Haplaxius crudus. (A) Egg; (B) nymph I; (C) nymph II; (D) nymph
III; (E) nymph IV; (F) nymph V; and (G) teneral adult.

Instar IV. The nymphs in this instar begin to widen their entire body (thorax and
abdomen) and as they recently emerged, they present a darker coloration; the primordia of
the forewings are more developed, reaching two-thirds of the metathorax (Figure 2E).

Instar V. In this instar, the nymphs increase in size significantly; as they recently
emerged, they are light brown, and later, the thorax turns light yellow and the abdomen
greenish yellow. The anterior wing primordia are longer, protruding from the metathorax
and reaching the third segment of the abdomen. The eyes increase in size, and their red
coloration becomes intense. The waxy filaments are longer and more abundant compared
to the other instars (Figure 2F).

Adult. The recently emerged adult takes a few hours to start flying for food (Figure 2G).
Its main characteristic is the burgundy compound eyes, which turn light yellow 24 h later.
The body is light yellow, with a slightly greener abdomen, short setiform antennae, and
transparent membranous wings. The differentiation between female and male is apparent
from the genitalia of the female, in which an ovipositor is observed in the ventral area of
the abdomen. In a preliminary stage of this study and using the same methodology, it
was observed that the 8-day-old females could lay an average of 69.3 ± 23.3 eggs and a
maximum of 124 eggs, and the 15-day-old females could lay an average of 85.8 ± 22.7 eggs
with a maximum of 137 eggs.

3.2. Lifecycle

The egg development period was 14.6 ± 0.6 days, and the nymphal stage was
48.1 ± 14.9 days, passing through five instars. Adult longevity was on average 18.2 ± 8.7 days
for females and 11.2 ± 9.3 days for males (Table 1).
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Table 1. Haplaxius crudus life cycle (under shade conditions: T: 26.1 ± 2.91 ◦C; HR: 89.8 ± 14%).

Stage Number Average ± SD *
(Days)

Range
(Min-Max)

EGGS 100

Oviposition to hatch 86 14.6 ± 0.6 11–20

NYMPHS

I instar 86 9.2 ± 2.3 7–12
II instar 82 7.5 ± 3.0 6–11
III instar 78 7.0 ± 1.5 4–12
IV instar 76 9.9 ± 2.1 7–15
V instar 73 14.2 ± 3.2 7–23
Total nymphs 48.1 ± 14.9

ADULTS 68
Females 33 18.2 ± 8.7 8–34
Males 35 11.2 ± 9.3 5–27
Average life span 68 14.8 ± 8.4

* SD = standard deviation.

3.3. Population Parameters

The highest mortality rate (qx) occurred in the egg stage (qx: 0.14), followed by the V
nymphal instar (qx: 0.07), while the instar with the lowest mortality rate was instar III (qx:
0.03) (Table 2). Likewise, in population studies, the value of Ro indicates that 10.96 females
replaced each female in one generation and that the population was growing (Ro > 1). The
capacity for increase or intrinsic rate of population growth had a value rm = 0.03; each
female can contribute 0.03 females/day throughout the generation time, and the finite
growth rate was λ = 1.03, indicating that 1.03 individuals/day are added to the population.
The generation time (T) of the cohort was 62.3 days. That is to say that the females at the
time of the birth of their first offspring were of that average age. All this information would
mean that approximately six generations per year could be obtained under the conditions
prevalent during the study.

Table 2. Haplaxius crudus life table (under shade conditions: T: 26.1 ± 2.91 ◦C; HR: 89.8 ± 14%).

Stage (X) nx dx qx lx mx Ro

Egg 100 14 0.14 1.00 - -
I instar 86 4 0.05 0.86 - -
II instar 82 4 0.05 0.82 - -
III instar 78 2 0.03 0.78 - -
IV instar 76 3 0.04 0.76 - -
V instar 73 5 0.07 0.73 - -
Adult 68 68 1.00 0.68 16.12 10.96

nx: number of individuals that survive to the beginning of the age interval x; dx: number of individuals that die
between ages x and x + 1; qx: the probability of dying between x and x + 1; lx: proportion of survival at age x; and
mx: average number of female progenies produced by each female of age x. Ro: net reproductive rate.

4. Discussion

Although the literature related to the biology of this insect is little, studies carried
out by Tsai and Kirsch [18] found an egg stage duration of 11 ± 0.0 days and a nymphal
stage of 41.6 ± 12.0 days at a temperature of 30 ◦C and a duration of 19.5 ± 0.8 and
61.3 ± 13.3 days, respectively, for eggs and nymphs at 24 ◦C. In this study, adult longevity
was 7.8 days for females and 7.3 days for males at 24 ◦C. Other laboratory studies indicate
that the egg stage lasted 12–13 days (T: 24–28 ◦C), and adult emergence began 7–9 weeks
later the emergence of the nymphs [24]. Piña [25], during samplings in the urban area of
Mérida, Yucatán (mean annual temperature between 25 and 26 ◦C), reported that each
of the five nymphal stages lasted 9 days. Halbert et al. [26] mention that the number
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of generations of this insect is affected by temperature. However, even this effect of
temperature allows us to observe different growth rates of individuals within the same
niche [18]. Velasco and Walter [27] reported that insect survival, nymphal growth, and
reproductive rate were highly influenced by food quality. Effects due to host variations
(rootstocks and orange scions) were also observed in Diaphorina citri Kuwayama, 1908
(Hemiptera: Liviidae) [28,29], and due to environmental conditions such as temperature, as
evidenced in Sipha flava Forbes, 1884 (Hemiptera: Aphididae), fed with elephant grass [30].

In the literature there is no information on the reproductive parameters of H. crudus;
however, Table 3 allows comparison of the population parameters of H. crudus and other
leafhopper vectors of pathogens such as Nilaparvata lugens (Stål, 1854) (Hemiptera: Delphaci-
dae), a rice pest in Asia and Oceania [31]; Peregrinus maidis (Ashmead, 1890) (Hemiptera:
Delphacidae), a pest of maize and sorghum and vector of the “Maize Mosaic Rhabdovirus”
and “Maize Tenuivirus” viruses in tropical environments [32]; Sogatella furcifera (Horváth,
1899) (Hemiptera: Delphacidae), a pest of rice in South Asia [33]; Lacertinella australis
(Remes Lenicov & Rossi Batiz, 2011) (Hemiptera: Delphacidae), a pest of grasses of the
genus Cortaderia spp. and present in garlic, rice and rye crops in Argentina [34]; and D. citri
vector of the bacterium that causes the disease called “huanglongbing” (HLB) in citrus [28].
Compared to the other leafhoppers, H. crudus presents one of the highest net reproductive
rate (Ro) values, like those recorded for N. lugens. Regarding the intrinsic growth rate (r),
the lowest value corresponds to H. crudus, similar to that obtained for L. australis; however,
a value greater than zero indicates that the population is growing. Likewise, H. crudus
presents the highest estimated value for generation time (T). This indicates the development
of a few generations per year; however, its role as a vector of a lethal disease in oil palm is
still worrisome.

Table 3. Comparison of the population parameters of H. crudus with other insect vectors of phy-
topathogens.

Species
Parameters

ReferencesNet Reproductive
Rate (Ro)

Intrinsic Growth
Rate (r)

Rate of Finite
Increase (λ)

Generation Time
(T)

Haplaxius crudus 10.96 0.038 1.039 62.33
Nilaparvata lugens 10.02 0.067 1.068 34.05 [31]
Sogatella furcifera 9.27 0.069 1.080 31.86 [33]
Peregrinus maidis 7.34 0.044 - 44.90 [32]
Lacertinella australis 12.75 0.037 1.037 64.41 [34]
Diaphorina citri 8.078 0.087 - 23.96 [28]

The r value helps compare the growth potential of a population with other species. In
this case, it is lower in H. crudus than in the other four species. Nevertheless, its positive
value indicates the importance to this insect which serves as a possible vector of the
pathogen that causes LW since a single specimen that survives management strategies is a
potential carrier of the disease [35].

In conclusion, a high net reproductive index (Ro), a positive intrinsic growth rate (r),
and a short generation time makes H. crudus a pest that can rapidly increase its population
size, with the aggravating factor that it is an insect that serves as a vector of the pathogen
that causes lethal wilt, a devastating disease for oil palm in Colombia. Therefore, it is
necessary to focus our attention on the effective combination of management practices that
allow the reduction of H. crudus populations and, as a direct effect, reduce the speed of the
spread of this disease.

Author Contributions: I.J.B.-A. and A.M.-R. conceived and designed the research; I.J.B.-A. and
A.F.-S. collected the data, contributed data analysis; I.J.B.-A., A.F.-S. and A.M.-R. wrote the first
draft manuscript; I.J.B.-A. and A.M.-R. carried out final corrections to the manuscript; and A.M.-R.
obtained the funding. All authors have read and agreed to the published version of the manuscript.



Insects 2024, 15, 85 8 of 9

Funding: This research was funded by Fondo de Fomento Palmero (FFP) grant number 2020206.

Data Availability Statement: Data supporting this research are available from the corresponding
authors upon request.

Acknowledgments: The authors would like to thank the Fondo de Fomento Palmero for financing
this study, as well as the Campo Experimental Palmar de las Corocoras for allowing the development
of this work in their facilities and field. To Carlos E. Barrios for advice on the analysis of the life
table data.

Conflicts of Interest: Author Anamaría Fernandez Sanchez was employed by the company Ceni-
palma. The remaining authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Howard, F.W.; Gallo, S. Cixiido Americano de Las Palmas, Myndus crudus Van Duzee (Insecta: Hemiptera: Auchenorrhyncha: Fulgoroidea:

Cixiidae); Universidad of Floridas, IFAS Extension: Gainesville, FL, USA, 2007; pp. 1–10. [CrossRef]
2. Silva, F.G.; Passos, E.M.; Diniz, L.E.C.; Teodoro, A.V.; Talamini, V.; Fernandes, M.F.; Dollet, M. Occurrence in Brazil of Haplaxius

crudus (Hemiptera: Cixiidae), Vector of Coconut Lethal Yellowing. Neotrop. Entomol. 2019, 48, 171–174. [CrossRef]
3. Howard, F.W.; Norris, R.C.; Thomas, D.L. Evidence of Transmission of Palm Lethal Yellowing Agent by a Planthopper, Myndus

crudus (Homoptera: Cixiidae). Trop. Agric. 1983, 60, 168–171.
4. Ramos-Hernández, E.; Lesher-Gordillo, J.M.; Ortiz-García, C.F.; Oropeza-Salín, C.; Sánchez-Soto, S.; Magaña-Alejandro, M.A.;

Narváez-Cab, M.D.S. Cixiidae and Derbidae (Hemiptera) Putative Vectors of Phytoplasma of Group 16 Sriv. Rev. Colomb. Entomol.
2020, 46, 1–7. [CrossRef]

5. Ramos Hernández, E.; Magaña Alejandro, M.A.; Ortiz García, C.F.; Oropeza Salín, C.; Lesher Gordillo, J.M.; Sánchez Soto, S. The
Coconut Pathosystem: Weed Hosts of Nymphs of the American Palm Cixiid Haplaxius crudus (Hemiptera: Fulgoroidea). J. Nat.
Hist. 2018, 52, 255–268. [CrossRef]

6. Torres, E.; Tovar, J.P. Estudio Epidemiológico de La Enfermedad Marchitez Letal de La Palma de Aceite En Plantaciones de
Villanueva, Casanare. Palmas 2004, 25, 210–219.

7. Corporación Centro de Investigación en Palma de Aceite. Informe de Labores Cenipalma 2021; Corporación Centro de Investi-
gación en Palma de Aceite: Bogotá D.C., Colombia, 2022. Available online: https://publicaciones.fedepalma.org/index.php/
labcenipalma/issue/view/1590/158 (accessed on 5 May 2023).

8. Ruiz, E.; Tovar, J.P.; Ospina, C.; Rojas, L.; Hernández, D.; Rosero, G.; Hernández, M.; Rubiano, M.; Suesca, F.; Verdugo, J.; et al.
Costos de Control de La Marchitez Letal En Plantaciones Colombianas Localizadas En La Región Del Bajo Upía. Palmas 2020, 41,
38–52.

9. Arango, M.; Ospina, C.; Sierra, J.; Martínez, G. Myndus crudus: Vector Del Agente Causante de La Marchitez Letal En Palma de Aceite
En Colombia; Palmas: Bogotá D.C., Colombia, 2011; Volume 32, pp. 13–25.

10. Bustillo, A.; Arango, M. Las Mejores Prácticas Para Detener El Avance de La Marchitez Letal (ML) En Plantaciones de Palma de
Aceite En Colombia. Palmas 2016, 37, 75–90.

11. Howard, F.W.; Moore, D.; Giblin-Davis, R.M.; Abad, R.G. Insects on Palms; CABI Publications: Wallingford, UK, 2001. [CrossRef]
12. Arango, M.; Sierra, L.; Aldana, R.; Martínez, G. Efecto de La Aplicación de Insecticidas y Herbicidas En El Desarrollo de La Marchitez

Letal de La Palma de Aceite En El Bajo Upía, Casanare, Colombia; Palmas: Bogotá D.C., Colombia, 2011; Volume 32, pp. 11–23.
13. Howard, F.W.; Edwards, G.B. Web-Building Spiders on Coconut Palms and Their Prey (Arachnida; Araneae). Folia Entomol. Mex.

1984, 62, 81–87.
14. Howard, F.W. Myndus crudus (Homoptera: Cixiidae), a Vector of Lethal Yellowing of Palms. In Proceedings of the 2nd International

Workshop on Leafhoppers and Planthoppers of Economic Importance, Provo, UT, USA, 28 July–1 August 1986; CAB International
Institute of Entomology: Wallingford, UK, 1987; pp. 117–129.

15. Rosero Guerrero, M.; Bustillo Pardey, A.E. Selection of Entomopathogenic Nematodes to Control Nymphs of Haplaxius crudus
(Van Duzee) (Hemiptera: Cixiidae). Am. J. Entomol. 2019, 3, 24. [CrossRef]

16. Rosero Guerrero, M.; Bustillo Pardey, A.E.; Morales Rodríguez, A. Efficacy of Metarhizium anisopliae to Control Adults of Haplaxius
crudus (Van Duzee) (Hemiptera: Cixiidae), Vector of Lethal Wilt Disease of Oil Palm in Colombia. Int. J. Trop. Insect Sci. 2021, 41,
503–509. [CrossRef]

17. Sierra, L.J.; Arango, M.; de la Torre, R.C.A.; Martínez, G. Evaluación de Insecticidas Para El Control de Adultos de Myndus crudus
(Hemíptera: Cixiidae). Palmas 2011, 32, 25–32.

18. Tsai, J.H.; Kirsch, O.H. Bionomics of Haplaxius crudus (Homoptera: Cixiidae). Environ. Entomol. 1978, 7, 305–308. [CrossRef]
19. Wilson, S.W.; Tsai, J.H. Descriptions of the Immature Stages of Myndus crudus (Homoptera: Fulgoroidea: Cixiidae). J. N. Y.

Entomol. Soc. 1982, 90, 166–175.
20. Duarte, L.; Ceballos, M.; Baños, H.L.; Sánchez, A.; Miranda, I.; Martínez, M.D.L.A. Biologia y Tabla de Vida de Myzus persicae

(Sulzer) (Hemiptera: Aphidae) En Condiciones de Laboratorio. Rev. Prot. Veg. 2011, 26, 1–4.
21. Rabinovich, J.E. Introducción a La Ecología de Poblaciones Animales; Centro de Investigaciones Sociologicas: Madrid, Spain, 1980; p. 313.

https://doi.org/10.32473/edis-in707-2006
https://doi.org/10.1007/s13744-018-0663-y
https://doi.org/10.25100/socolen.v46i2.7065
https://doi.org/10.1080/00222933.2017.1420832
https://publicaciones.fedepalma.org/index.php/labcenipalma/issue/view/1590/158
https://publicaciones.fedepalma.org/index.php/labcenipalma/issue/view/1590/158
https://doi.org/10.1016/s0261-2194(01)00142-9
https://doi.org/10.11648/j.aje.20190301.14
https://doi.org/10.1007/s42690-020-00234-4
https://doi.org/10.1093/ee/7.2.305


Insects 2024, 15, 85 9 of 9

22. Portilla, M.; Morales-Ramos, J.A.; Rojas, M.G.; Blanco, C.A. Life Tables as Tools of Evaluation and Quality Control for Arthropod
Mass Production. In Mass Production of Beneficial Organisms: Invertebrates and Entomopathogens; Academic Press: Cambridge, MA,
USA, 2013; pp. 241–275. [CrossRef]

23. Herrera, M.; Dagatti, C.; Becerra, V. Tabla de Vida y Parámetros Poblacionales de Lobesia botrana (Den. et Schiff.) En Condiciones
de Laboratorio. Rev. Soc. Entomol. Argent. 2017, 76, 3–4.

24. Eden-Green, S.J. Rearing and Transmission Techniques for Haplaxius sp. (Horn: Cixiidae), a Suspected Vector of Lethal Yellowing
Disease of Coconuts. Ann. Appl. Biol. 1978, 89, 173–176. [CrossRef]

25. Piña-Quijano, P.E. Estudio Poblacional de Myndus crudus Van Duzee (Homoptera, Cixiidae), Vector Del Amarillamiento Letal Del Cocotero
En El Estado de Yucatán; Universidad Autónoma de Yucatán, Tesis para Licenciatura en Biología: Mérida, México, 1993.

26. Halbert, S.E.; Wilson, S.W.; Bextine, B.; Youngblood, S.B. Potential Planthopper Vectors of Palm Phytoplasmas in Florida with a
Description of a New Species of the Genus Omolicna (Hemiptera: Fulgoroidea). Fla. Entomol. 2014, 97, 90–97. [CrossRef]

27. Velasco, L.R.I.; Walter, G.H. Potential of Host-Switching in Nezara viridula (Hemiptera: Pentatomidae) To Enhance Survival and
Reproduction. Environ. Entomol. 1993, 22, 326–333. [CrossRef]

28. Pérez-Artiles, L.; Busoli, A.C.; Sotelo, P.A.; Arcila, A.M. Biología y Parámetros Reproductivos de Diaphorina citri (Hemiptera:
Liviidae) En Diferentes Hospederos de Rutaceae. Rev. Colomb. Entomol. 2017, 43, 141. [CrossRef]

29. Alves, G.R.; Diniz, A.J.F.; Parra, J.R.P. Biology of the Huanglongbing Vector Diaphorina citri (Hemiptera: Liviidae) on Different
Host Plants. J. Econ. Entomol. 2014, 107, 691–696. [CrossRef]

30. De Oliveira, S.A.; Auad, A.M.; Souza, B.; Souza, L.S.; Amaral, R.L.; Silva, D.M. Tabela de Esperança de Vida e de Fertilidade de
Sipha flava (Forbes) (Hemiptera, Aphididae) Alimentado Com Capim-Elefante Em Diferentes Temperaturas. Rev. Bras. Entomol.
2009, 53, 614–619. [CrossRef]

31. Win, S.S.; Muhamad, R.; Mior Ahmad, Z.A.; Adam, N.A. Life Table and Population Parameters of Nilaparvata lugens Stal.
(Homoptera: Delphacidae) on Rice. Trop. Life Sci. Res. 2011, 22, 25–35. [PubMed]

32. Wang, J.J.; Tsai, J.H.; Broschat, T.K. Effect of Nitrogen Fertilization of Corn on the Development, Survivorship, Fecundity and
Body Weight of Peregrinus maidis (Hom., Delphacidae). J. Appl. Entomol. 2006, 130, 20–25. [CrossRef]

33. Win, S.S.; Muhamad, R.; Ahmad, Z.A.M.; Adam, N.A. Life Table and Population Parameter of Sogatella furcifera (Horvath)
(Homoptera: Delphacidae) on Rice. J. Biol. Sci. 2009, 9, 904–908. [CrossRef]

34. Batiz, R.; Maria, F.; Maciá, A.; Marino De Remes Lenicov, A.M. Tabla de Vida y Parámetros Poblacionales de Lacertinella australis.
Rev. Soc. Entomol. Argent. 2016, 75, 117–126.

35. García, Y.; Patricia Ramos, Y.; Sotelo, P.A.; Kondo, T. Biología de Diaphorina citri (Hemiptera: Liviidae) Bajo Condiciones de
Invernadero En Palmira, Colombia. Rev. Colomb. Entomol. 2016, 42, 36. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/B978-0-12-391453-8.00008-X
https://doi.org/10.1111/j.1744-7348.1978.tb07687.x
https://doi.org/10.1653/024.097.0112
https://doi.org/10.1093/ee/22.2.326
https://doi.org/10.25100/socolen.v43i2.5934
https://doi.org/10.1603/EC13339
https://doi.org/10.1590/S0085-56262009000400011
https://www.ncbi.nlm.nih.gov/pubmed/24575207
https://doi.org/10.1111/j.1439-0418.2005.01030.x
https://doi.org/10.3923/jbs.2009.904.908
https://doi.org/10.25100/socolen.v42i1.6667

	Introduction 
	Materials and Methods 
	Location 
	Egg Cohort 
	Life Cycle 
	Population Parameters 

	Results 
	Description of the Different Stages 
	Lifecycle 
	Population Parameters 

	Discussion 
	References

