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Considerable research and review information 
has been published on the biology of  the Asian 
citrus psyllid (ACP), Diaphorina citri. Hussain 
and Nath (1927) laid the foundation for present 
knowledge of  ACP biology in an early compre-
hensive review upon which many advances 
have been made. Presented here are highlights 
of  the ACP life cycle and developmental biology. 
ACP favors tropical/subtropical climates and 
hot, coastal zones (Catling, 1970; Hodkinson, 
2009; Jenkins et al., 2015). Typical of  all 
Hemiptera, ACP undergoes simple (incomplete) 
metamorphosis with the three typical life stages: 
egg, nymph and adult. Citrus is regarded as a 
primary host plant of  the psyllid and the most 
important from an economic standpoint, but a 
number of  other species within the plant family 
Rutaceae, subfamily Aurantioideae, are utilized 
by the psyllid for food and reproduction. The 
psyllid’s reproductive biology is closely syn-
chronized with the production of  shoots of  new 
leaf  growth (flush), as oviposition occurs exclu-
sively on emergent leaves (often called feather 
flush), sometimes including young leaves associ-
ated with emergent floral shoots (Hall et al., 
2008a), and young, unhardened leaves are re-
quired for the development of  nymphs. While 
immatures of  some species within the Psylloi-
dea, including the African citrus psyllid Trioza 

erytreae, develop in pit-like deformations or galls 
induced on leaves, the Asian citrus psyllid does 
not and thus is free-living throughout its devel-
opment on a flush shoot. However, many eggs 
and early instar nymphs are usually protected or 
hidden from view within unexpanded leaves or 
clusters of  young leaves.

1.1 Adult Reproductive  
Biology, Life Characteristics  

and Polymorphisms

The ACP is a bisexual species, with equal num-
bers of  females and males observed in some 
populations (Aubert and Quilici, 1988; Tsai and 
Liu, 2000; Nava et al., 2007) and a predomin-
ance of  females in others (Pande, 1971; Hod-
kinson, 1974; Alves et al., 2014). Temporal 
emergence patterns of  males and females are 
similar, with no evidence of  protandry or prot-
ogyny (Wenninger and Hall, 2007; Hall and 
Hentz, 2016). Adults are small (2.7–3.3 mm 
long) with mottled brown wings (Fig. 1.1A). 
The end of  the male’s abdomen bends upward 
while the end of  the female’s abdomen is straight 
and pointed (Husain and Nath, 1927) (Fig. 1.1B). 
Adults rest or feed on plants with their bodies  
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characteristically held at a ~45° angle (range 
30–60°) to the plant surface. Adults feed on 
young stems and on leaves of  all stages of  devel-
opment but preferentially move to newly devel-
oping flush to feed, mate and oviposit. Mating 
may primarily take place on flush shoots where 
females feed and lay eggs, but both sexes 
frequently walk on limbs and branches in the  
interior of  a tree where they can sometimes be 
found mating. Adult males and females locate 
mates, in part, using substrate-borne vibrational 
sounds (Wenninger et al., 2009a). These sounds 
cannot be detected by the human ear, but indi-
viduals calling mates can be seen rapidly vibrat-
ing or beating their wings for short periods of  
time. Behavioral evidence indicated that females 
emit a sex pheromone (Wenninger et al., 2008), 
and recently Zanardi et al. (2018) identified 
acetic acid as possibly being involved. In add-
ition, female-produced cuticular hydrocarbons 
may function as sex pheromones when males 
are in close proximity (Mann et al., 2013; Martini 

et al., 2014a; Moghbeli et al., 2014). During 
copulation, a male and female are positioned 
side by side with their heads facing the same 
direction, the male bending the tip of  his abdo-
men down to the female. He uses his legs on the 
side next to the female to hold her while sup-
porting himself  on the plant surface with his 
legs on the other side (Hussain and Nath, 1927). 
Wenninger and Hall (2007) reported that 
copulation lasts from 20 to 100 min and occurs 
predominantly during daylight hours. Pande 
(1971) reported that mating takes place at any 
time during the day or night. Females maintain 
optimum reproductive output by mating mul-
tiple times with the same or different partners 
(Wenninger and Hall, 2008a).

Adults exhibit three relatively distinct ab-
dominal colors: gray/brown, blue/green and 
orange/yellow (Husain and Nath, 1927; Wen-
ninger and Hall, 2008b). Most individuals 
within Florida populations are blue/green, while 
gray/brown individuals are rarest (Hall and 

(a)

(d)

(b) (c)

Fig. 1.1. (A) An adult Asian citrus psyllid, Diaphorina citri. (B) Backlight illumination can be used to 
distinguish females from males based on the tip of their abdomens. The upper adult is a female, the lower 
adult is a male. (C) Asian citrus psyllid eggs. (D) The five nymphal instars of the Asian citrus psyllid.



 Life Cycle and Developmental Biology 3

Hentz, 2016). Age-related shifts may occur over 
time in an individual’s color, but are not sea-
sonal. The biological significance of  these poly-
morphisms is slowly being unraveled. Husain 
and Nath (1927) reported that the abdomen of  
gravid females turns distinctively orange, par-
ticularly during spring. Wenninger and Hall 
(2008b) reported that abdominal color has little 
value as an indicator of  sexual maturity and 
only limited value for discerning female mating 
status. The orange/yellow color in females re-
flects the presence of  eggs in the abdomen; in 
males, it seems to derive from the color of  the in-
ternal reproductive organs and this color is gen-
erally only expressed in older males. Females may 
associate male color with reproductive success, 
as they avoid blue males after previous experi-
ence (Stockton et al., 2017). Orange males mate 
more frequently than blue males and appear to 
be more sexually aggressive in mating attempts 
(Stockton et al., 2017). Interestingly, females that 
mated with orange males laid twice as many eggs 
as those mated to blue males (Stockton et al., 
2017). There is evidence that blue/green individ-
uals are more apt for long-distance dispersal 
(Martini et al., 2014b), which could be related to 
their larger size (Paris et al., 2016). Differences 
have been reported among color morphs with  
respect to insecticide resistance (Boina and 
Bloomquist, 2015). Hemocyanin may in part be 
responsible for the blue/green morph (Ramsey et al., 
2017), but it is not known why some psyllids 
might produce more hemocyanin than others.

Husain and Nath (1927) reported that new 
adults in the Punjab region of  what is now Paki-
stan began copulating soon after emergence and 
females began laying eggs on citrus soon after-
wards following a pre-oviposition period of  1–3 
days. In nearby Rajasthan (India), Pande (1971) 
reported that adults copulated 12–60 h after 
emergence and that oviposition commenced 
8–20 h later, indicating a pre-oviposition period 
of  0.8–3.3 days. Wenninger and Hall (2007) re-
ported that newly emerged adults in Florida at 
26°C on orange jasmine (Murraya paniculata) 
mated within 2–3 days with oviposition begin-
ning 1 day after mating for a pre-oviposition 
period of  3–4 days. Contrasting observations in 
Brazil by Alves et al. (2014) and Nava et al. 
(2007) indicated a pre-oviposition period of  
8.5–10.9 days at 24–25°C on orange jasmine. 
Clearly, there are some discrepancies among 

pre-oviposition periods reported for ACP that 
may be due to environmental and host plant fac-
tors. Based on data from Yang (1989), changes 
in photoperiod and light intensity can influence 
the pre-oviposition period. Uechi and Iwanami 
(2012) noted that maturation of  a female’s 
ovaries was faster when new adults fed on 
younger leaves.

Females lay eggs throughout their lives, 
provided that tender flush is available. Adult fe-
males typically lay 500–800 or more eggs over 
their lifetime (Husain and Nath, 1927; Tsai and 
Liu, 2000; Nava et al., 2007), with a reported 
maximum of  1378 (Tsai and Liu, 2000; a max-
imum of  1900 referenced by Tsai and Liu was 
apparently an error). The number of  eggs laid by 
an individual female may vary depending on 
factors such as temperature and host plant spe-
cies (Liu and Tsai, 2000; Tsai and Liu, 2000; 
Nava et al., 2007; Westbrook et al., 2011; Alves 
et al., 2014; Hall and Hentz, 2016; Hall et al., 
2017a). Adult females held at 25°C were re-
ported to lay an average of  858 eggs on grape-
fruit (Citrus paradisi) compared with 572, 613 
and 626 on rough lemon (Citrus jambhiri), sour 
orange (Citrus aurantium) and orange jasmine, 
respectively (Tsai and Liu, 2000). Differences in 
oviposition rates reported on different host plant 
species (e.g. Tsai and Liu, 2000; Nava et al., 
2007; Westbrook et al., 2011; Hall et al., 2017a) 
may be attributed to differences in plant volat-
iles, secondary plant compounds, nutritional 
quality and other factors but not in the abun-
dance of  simple foliar trichomes (Hall et al., 
2017b). At 25°C, oviposition rates per female 
steadily increased over the first 10 days after 
mating, reaching a peak within 12–18 days, 
after which rates steadily declined on orange jas-
mine and grapefruit. In contrast, oviposition 
rates on lemon and sour orange peaked at about 
the same time but then remained somewhat 
steady through 60 or more days (Tsai and Liu, 
2000). Nava et al. (2007) reported that females 
laid the majority of  their eggs during the first 10 
days after oviposition commenced. There can be 
substantial day-to-day variation among individ-
ual females in numbers of  eggs laid (Husain and 
Nath, 1927). Such variation can be a result of  
mate availability, male color morph, age and 
possibly other biotic or abiotic factors. Based on 
Nava et al. (2007), differences in fecundity may 
also have a genetic basis.
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A number of  factors may influence longev-
ity of  adult ACP, including temperature, relative 
humidity, host plant species, food availability 
and reproductive status (Tsai and Liu, 2000; Mc-
Farland and Hoy, 2001; Nava et al., 2007; Hall 
et al., 2008b). Husain and Nath (1927) reported 
that adults live as long as 2 months or more, dur-
ing which females may continually lay eggs. 
These authors reported that one adult lived for 
189 days. Pande (1971) indicated that female 
ACP generally live longer (mean 45.0 days) than 
males (mean 40.5 days). Nava et al. (2007) re-
ported that at 24°C adult males lived an average 
of  21–25 days and females lived an average of  
31–32 days on lime (Citrus limonia), Sunki man-
darin (Citrus sunki) and orange jasmine. Longev-
ity was one of  several factors that collectively 
suggested a greater importance of  females com-
pared with males in the epidemiology of  huan-
glongbing (Hall, 2018). Females held at 25°C 
lived an average of  40–48 days on rough lemon, 
sour orange, grapefruit and orange jasmine 
(Tsai and Liu, 2000). Adult psyllids can survive 
without food for at least several days, depending 
on environmental conditions (Hall and McCol-
lum, 2011). They may sustain themselves for 
3–8 days or more on some plant species outside of  
the Rutaceae such as cotton (Gossypium hirsutum), 
guava (Psidium guajava) or tomato (Solanum  
lycopersicum) (Hall et al., 2008b).

1.2 Development of Eggs  
and Nymphs

Eggs are oval, clear to light yellow when freshly 
deposited and bright yellow-orange with two dis-
tinct red eye spots at maturity (Fig. 1.1C). Eggs 
are laid on terminal growth of  newly developing 
plant tissue, including leaf  folds, petioles, axil-
lary buds, upper and lower surfaces of  young 
leaves and tender stems (Tsai and Liu, 2000). 
The average size of  an egg was reported by Tsai 
and Liu (2000) to be 0.31 mm long and 0.14 
mm in diameter. Eggs are anchored to young 
flush shoots with a tapered basal stalk (pedicel) 
at the posterior/lower end averaging 0.038 mm 
in length (Husain and Nath, 1927). Once em-
bedded in plant tissue, the pedicel facilitates 
water exchange with the plant, which is essen-
tial for egg development (Burckhardt, 1994). 

Means of  16–27 eggs per shoot have been re-
ported along with a maximum of  777 eggs on 
one single flush shoot (Hall et al., 2008a). If  
young flush is not available, gravid females may 
discharge eggs, singly or in groups, on to the sur-
face of  a plant without imbedding the stalk. 
These eggs fail to develop.

The ACP develops through five nymphal  
instars (Fig. 1.1D). Early instars are largely  
sedentary and move only when disturbed or 
overcrowded (Tsai and Liu, 2000), whereas older 
nymphs are more mobile. Nymphs feed on young 
leaves and stems, continually secreting copious 
amounts of  honeydew in conjunction with a 
white wax-like material (Tsai and Liu, 2000; 
Ammar et al., 2013). Adult females also produce 
a similar white excretory substance, but males 
only produce clear sticky droplets (Hall et al., 
2010). Honeydew associated with large infest-
ations of  nymphs collects below infested flush on 
which black sooty mold can develop.

Husain and Nath (1927) and Tsai and Liu 
(2000) presented information on distinguishing 
the five instars. The first-instar nymph is 0.3 mm 
in length and 0.17 mm in width with a light 
pink body and red compound eyes. The second 
instar is 0.45 mm in length and 0.25 mm in 
width; rudimentary wing pads are visible on the 
dorsum of  the second instar’s thorax. The third 
instar averages 0.74 mm long and 0.43 mm 
wide, with well-developed wing pads and evi-
dence of  antennal segmentation. Third-instar 
nymphs have a single seta on each antenna. 
Fourth instars average 1.01 mm in length and 
0.7 mm in width, with mesothoracic wing pads 
extended to the compound eyes and metathor-
acic wing pads extended to the third abdominal 
segment. The fourth instar has two setae on each 
antenna. Fifth instars average 1.6 mm long and 
1.02 mm wide, with the mesothoracic wing pads 
extended toward the front of  the compound eyes 
and the metathoracic wing pads reaching the 
fourth abdominal segment. Three setae are found 
on each antenna of  fifth-instar nymphs. In some 
mature nymphs, the abdominal color turned blu-
ish green while in others the abdomen turned 
pale orange (Tsai and Liu, 2000), but the signifi-
cance of  these color changes is not known.

The ACP is a multivoltine species and so 
the number of  generations produced each year 
varies depending on temperature and other  
environmental factors in conjunction with the 
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availability of  young flush for oviposition. Hus-
ain and Nath (1927) and Pande (1971) re-
ported nine to ten generations annually, with 
as many as 16 generations observed by Atwal 
et al. (1968). Young trees may continually pro-
duce at least some new growth over much of  
the growing season, supporting many gener-
ations each year. Older trees usually flush at 
certain times of  the year and, after a flush, 
adults may be stimulated to disperse from these 
trees in search of  new growth to support repro-
duction. Population levels of  the ACP in Florida 
are usually highest during late spring or early 
summer before the rainy season and lowest 
during winter. However, large populations of  
eggs, nymphs and adults can occur at any time 
of  year, depending on environmental conditions 
and the presence of  young flush (Tsai et al., 
2002; Hall et al., 2008a). Diapause has not 
been reported in ACP (Burckhardt, 1994).

1.3 Temperature Effects

The effects of  temperature on ACP longevity, re-
production and development have been studied 
in detail under laboratory conditions (Liu and 
Tsai, 2000; Mizuno et al., 2004; Fung and Chen, 
2006; Nakata, 2006; Nava et al., 2007; Hall 
et  al., 2011; Hall and Hentz, 2014). Table 1.1 

presents a summary of  published information 
pertinent to the biology of  the psyllid reared on 
orange jasmine at temperatures of  15–33°C. 
Nava et al. (2007) reported female longevity on 
‘Rangpur’ lime to range from a mean of  88.3 
days at 15°C to 28.7 days at 33°C. Liu and Tsai 
(2000) reported that maximum female longev-
ity ranged from 117 days at 15°C to 51 days at 
30°C. Data from Wenninger and Hall (2007) 
suggested mating activities paused in a greenhouse 
during mid-afternoon when air temperatures 
reached 40°C. Lower and upper temperature 
thresholds for oviposition were reported as 
16.0°C and 41.6°C, respectively, with 29.6°C 
estimated as optimal (Hall et al., 2011). Skelley 
and Hoy (2004) reported a cessation of  ovipos-
ition following an air-conditioning failure caus-
ing the temperature in a rearing room to remain 
at 34°C for 5 days. Oviposition gradually re-
sumed over 2–3 weeks once temperatures went 
back to normal. Fecundity, survival from egg to 
adult and development time vary with tempera-
ture and among host plant species (Tsai and Liu, 
2000; Alves et al., 2014). Lower and upper tem-
perature thresholds for development were re-
ported to be 10.9–11.7°C and < 33°C, respectively 
(Liu and Tsai, 2000). The optimal temperature 
range for ACP development on orange jasmine  
is generally around 24–28°C based on fecund-
ity, survivorship and speed of  development and 
closer to 28°C based on intrinsic rates of  increase 

Table 1.1. Biology of Diaphorina citri on orange jasmine at different constant temperatures.

Longevity 
(days) 

females

Number 
eggs per 
female

Duration (days)

Survival 
(%) egg 
to adult

Intrinsic rate 
of increase 

(Rm)Egg

Nymphal instar

Egg to adult1st 2nd 3rd 4th 5th

10°Ca – – – – – – – – –  0.0 –
15°Ca 88.3±4.3 171±25 9.7 6.4 5.5 6.5 7.3 13.8 49.3±0.4 61.9 0.036±0.003
20°Ca 50.6±1.6 494±51 7.0 3.7 2.7 3.4 5.1  7.0 28.8±0.5 69.8 0.092±0.002
24°Cb 32.4±3.2 348±56 3.6 17.7±0.8d 78.5±6.0d –
25°Cc 34.3±1.9 381±35 4.6 – – – – – 17.3±0.3 64.3±7.1 –
25°Ca 39.7±1.4 626±22 4.2 2.0 1.6 1.7 2.4  5.2 17.0±0.2 75.4 0.162±0.002
28°Ca 34.7±1.1 748±35 3.5 1.6 1.4 1.9 2.3  3.4 14.1±0.2 83.9 0.199±0.002
30°Ca 33.5±1.1 316±31 3.3 1.7 1.5 1.8 2.5  5.4 16.3±0.3 73.7 0.130±0.003
33°Ca 28.7±1.4  67±10 – – – – – – –  0.0 –

aLiu and Tsai, 2000; 75–80% relative humidity, 13 h light phase.
bNava et al. 2007; 70% relative humidity, 14 h light phase.
cAlves et al. 2014; 60% relative humidity, 14 h light phase.
dExtrapolated from Nava et al. (2007).
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(Rm) (Table 1.1). However, only 75–84% of  im-
matures survived to the adult stage within this 
optimum temperature range, even under fairly 
ideal laboratory conditions (Liu and Tsai, 2000). 
The majority of  immatures failing to reach the 
adult stage died during the egg and first nymphal 
instar stages.

Linear regressions relating developmental 
rates of  immatures to air temperature have fa-
cilitated estimates of  developmental thresholds 
and degree-day growth models for the psyllid 
(Liu and Tsai, 2000; Fung and Chen, 2006; 
Nava et al., 2007; Milosavljevic ́et al., 2018). In-
formation has been published on life-table 
parameters for the psyllid, including intrinsic 
rates of  increase, net reproductive rates, mean 
generation times and population doubling times 
at different temperatures and on different host 
plants (Tsai and Liu, 2000; Fung and Chen, 
2006; Nava et al., 2007; Alves et al., 2014).

ACPs occur in some of  the hottest climates 
in which citrus is grown and are known to sur-
vive at least short exposures to temperatures as 
high as 45°C in arid climates (Aubert, 1988, 
1990). Mortality due to high temperatures may 
be intensified when it occurs in conjunction with 
low humidity producing a high saturation deficit 
index (SDI) (Hodkinson, 2009). Research on 
other psyllid species has shown that high SDI 
may result in mortality, reduced fecundity and 
slower rates of  development. However, Hall and 
Hentz (2014) found that adult ACPs were less 
tolerant of  high temperatures (45°C) when hu-
midity was moderate (75%) than when it was 
low (23%). Heat acclimation helps explain why 
the psyllid can survive in some geographical 
areas where afternoon air temperatures some-
times exceed 40°C for several hours. Atwal et al. 
(1968) reported that 5th-instar nymphs and 
adults withstood 45°C for up to 4 h and adults 
withstood 40°C for up to 12 h. Heat shock proteins 
probably help psyllids survive high temperature 
extremes (Marutani-Hert et al., 2010). ACPs are 
common and abundant in Pakistan and yet daily 
air temperatures during the summer may exceed 
40°C for 7–8 h, with peaks as high as 44°C with 
33–39% relative humidity (RH) (Hall and Hentz, 
2014). Levels of  mortality or adverse biological 
effects from such temperature extremes are not 
known, but ACP populations remain prevalent 
in the Punjab region of  Pakistan (Hoddle and 
Hoddle, 2013). Some eggs and nymphs of  the 

ACP may escape high lethal air temperature 
events because they are protected within clusters 
of  young flush leaves.

In subtropical areas with seasonal changes 
in climate, psyllids infesting citrus may some-
times be subjected to freezing temperatures for 
various periods of  time. ACPs are known to sur-
vive at least short exposures to temperature ex-
tremes as low as –7°C in subtropical wet areas 
(Aubert, 1988, 1990). Atwal et al. (1968) re-
ported that fifth-instar nymphs and adults ex-
posed to 0°C died within 6–8 h. Working with 
psyllids reared under greenhouse conditions at 
~25°C, 66–48% of  adults survived exposure for 
2–3 h to temperatures of  –5 to –6°C; greater 
than 60% of  nymphs survived 8–10 h of  expos-
ure to temperatures as low as –4°C; and around 
50% or more eggs remained viable after being  
exposed for 2–3 h to temperatures as low as –8°C 
(Hall et al., 2011). The psyllid can acclimate to 
colder temperatures and subsequently survive 
some freeze events that would otherwise be lethal 
(Hall et al., 2011). According to Hodkinson 
(2009) and others, insects can avoid lethal freez-
es by lowering the ‘super cooling point’ of  their 
body tissues. It is likely that some adult psyllids 
may survive a freeze by finding cold protection in 
bark crevices or within ground litter. Some 
freeze events might not be severe enough to kill a 
large percentage of  psyllids but may indirectly 
cause mass mortality of  eggs and nymphs by 
killing young flush. Young citrus flush shoots 
have been noted as being fairly tolerant of  a 3 h 
freeze at –1.7°C or a 30 min freeze at –2.2°C, but 
large percentages of  new shoots may die follow-
ing freezes of  –2.2°C for 2–3 h or following a 
–3.3°C freeze for 30 min (Oswalt, 2008).

1.4 Humidity, Rain and Sunlight

Most laboratory investigations on ACP biology 
have been conducted at constant relative hu-
midity levels in the 60–80% range. In Florida, 
where high population levels of  the psyllid are 
known to occur, humidity during the night and 
early hours after daybreak usually approaches 
90% or higher. Skelley and Hoy (2004) re-
ported on a rearing procedure for the psyllid in 
which RH in an air-conditioned rearing room 
varied seasonally from 35% to 65%, noting 
that females produced fewer eggs when the  
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RH in the room dropped below 40% (informa-
tion was not provided on humidity levels in the 
canopies of  rearing plants). McFarland and Hoy 
(2001) reported that, in the absence of  a host 
plant, adult longevity decreased as RH was in-
crementally decreased from 97% to 7% at either 
25°C or 30°C. The effect was more pronounced 
at 30°C, at which about 80% adults survived 
for 20 h at 97% humidity, compared with 0% sur-
vival at 7% humidity. With respect to rain, Au-
bert (1987) speculated that monthly rainfall in 
excess of  15 cm was generally associated with 
low populations of  the psyllid due to eggs and 
young nymphs being washed off  plant surfaces. 
However, according to Husain and Nath (1927), 
because eggs are anchored into plant tissue by 
their stalks, they cannot be washed off  by rain. 
Population levels of  eggs, nymphs and adults 
did not appear to be negatively influenced by 
rain in two Florida orchards where rainfall 
sometimes exceeded 9 cm a month (Hall et al., 
2008a).

Adult activity (flight, walking, feeding, 
mating and oviposition) is prompted by daylight. 
Flight activity varies with changes in sunlight 
(Hall, 2009) and is pronounced during warm, 
sunny afternoon hours (Aubert and Hua, 1990; 
Sétamou et al., 2012; Paris et al., 2015). Flight 
initiation by ACP is influenced by changes in 
barometric pressure and increases in air tem-
perature, but changes in humidity do not affect 
its dispersal (Martini and Stelinski, 2017). The 
psyllid is positively phototaxic (Husain and 
Nath, 1927; Aubert and Hua, 1990) and its be-
havior is strongly influenced by sunlight (see 
Hall et al., 2008b, 2018). Paris et al. (2017) 
showed that positive phototaxis by walking psyl-
lids was associated with short-wavelength ultra-
violet (UV) light (350–405 nm), while little or 
no walking responses were observed at longer 
wavelengths in the visible spectrum from green 
to yellow to orange (500–620 nm). Increased 
UV light (high spectral irradiance in the 250–
400 nm range) was one of  several factors specu-
lated as possibly being responsible for lower 
population levels of  the psyllid at higher alti-
tudes (Jenkins et al., 2015), but the effects of  
high UV on psyllid reproduction, development 
and longevity are not known.

Published research findings on ACP biology 
under laboratory conditions are usually accom-
panied by information on photoperiod, which is 

usually in the range of  13–16 h of  daily illumin-
ation. However, irradiation and light intensity 
are generally not reported, although light type 
and position sometimes are. For example, Skelley 
and Hoy (2004) reared the psyllid in rooms illu-
minated only by fluorescent lamps (5000–6000 
lux output) suspended 2.5 cm above rearing 
cages. Hall et al. (2016) illuminated ACP-infest-
ed plants in the laboratory using light-emitting 
diode lamps (PAR38 22º, 17 W, white 3000K 
floodlights) positioned 45–60 cm above the 
plants, and in a walk-in chamber using 400 W 
mercury vapor lamps positioned 23 cm above 
rearing cages. Wenninger et al. (2009b) reported 
working at a light intensity of  about 3200 lux 
(provided by fluorescent lamps) recorded just 
above rearing vials. Good comparisons remain to 
be made of  ACP biology under fluorescent lamps, 
mercury lamps, light-emitting diodes, halogen 
and tungsten lamps versus sunlight. Hall and 
Hentz (2016) considered cooler temperatures 
during winter as primarily responsible for slower 
development and reduced productivity of  ACP 
reared on different host plant species, although 
shorter photoperiods and reduced solar radi-
ation/light intensity may also have been factors. 
Data presented by Yang (1989) indicated that fe-
cundity increased with light intensity (1200–
15,000 lux) and photoperiod (6–18 h daily illu-
mination), and that these parameters influenced 
the pre-oviposition period. Information on solar 
radiation as it relates to ACP reproduction potential 
and intrinsic rates of  increase is needed. Mass- 
producing of  ACP would benefit from expanded  
information on the influence of  light on the re-
productive biology of  the psyllid. To this end, Hall 
and Hentz (2019) reported that photoperiod,  
irradiance and illuminance were positively cor-
related with ACP reproductive rates.

1.5 Expanding the Knowledge Base

Newly emerging research interests are continu-
ally expanding our knowledge of  the biology of  
the ACP. Endosymbionts such as Wolbachia, 
Profftella and Carsonella may affect certain 
parameters of  psyllid reproduction and biology 
(Hoffmann et al., 2014; Ramsey et al. 2017). 
Much remains to be discovered regarding the de-
velopmental biology of  ACP infected by ‘Candi-
datus Liberibacter asiaticus’ (CLas), the bacterial 
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pathogen responsible for huanglongbing. Evi-
dence has already been presented that this 
pathogen increases ACP dispersal potential 
(Martini et al., 2015) and susceptibility to in-
secticides and entomopathogens (Tiwari et al., 
2011; Orduño-Cruz et al., 2016). Ren et al. 
(2016) reported that the bacterium had obvious 
effects on the biology of  the psyllid, including in-
creased fecundity and longevity of  females. 
Pelz-Stelinski et al. (2010) and Pelz-Stelinski and 
Killiny (2016) found that females carrying the 
pathogen were more fecund than uninfected 
counterparts and that developmental rates of   

infected nymphs were reduced, but that lon-
gevity of  infected adults was reduced. Electro-
penetrography showed that ACP infected by 
the pathogen foraged more often than healthy 
ACP (Killiny et al., 2017). Transcriptome and 
proteome analyses on ACP infected by CLas 
showed an upregulation of  transcripts and pro-
teins involved in defense and immunity (Kruse 
et al., 2017; Ramsey et al., 2017). Further ad-
vances in our knowledge of  ACP biology will be 
beneficial with respect to finding novel methods 
of  managing vector populations and thus 
huanglongbing.
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