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ABSTRACT

The psyllid Trioza aguacate Hollis & Martin (Hemiptera: Triozidae) causes deforma-
tion of leaves and young shoots of avocado. In recent years, population densities of this 
pest in avocado orchards have increased. The objectives of this study were to determine 
seasonal fluctuations of the populations of eggs, nymphs, and adults of T. aguacate, how 
these fluctuations are related to the incidence of avocado vegetative shoots, temperature 
and rainfall at 3 different altitudes in Michoacan, Mexico, i.e., 2,130 m, 1,860 m and 
1,293 m. In addition, we attempted to determine the spatial distributions of nymphs 
and adults found on avocado vegetative shoots. We sampled the populations of adult and 
immature T. aguacate every 20 days from Jan 2012 to Jul 2013. To estimate population 
densities, 9 trees were selected in each orchard, and the trees were distributed in the 
form of a cross. From each replicate of trees, 4 shoots were randomly collected, and the 
eggs and nymphs were counted on them. Adults counts were obtained from yellow traps 
established at the 4 cardinal points in each tree. During the same period, young vegeta-
tive shoots, temperature and rainfall were recorded. The results showed that this psyllid 
was not present at all in the orchard located at the low altitude level of 1,293 m. The 
psyllid was present at the medium altitude site from Jan to Jun, and from Dec to Jun 
at the high altitude site. All of the development stages were most abundant from Mar 
to May, when avocado vegetative shoots were most abundant in both years. The abun-
dance of eggs and nymphs showed a positive relationship with young vegetative shoots, 
a negative relationship with rainfall, and the eggs showed a positive relationship with 
temperature. The incidence of adults was strongly related with spring budding, but not 
significantly correlated with temperature. Both nymphs and adults had an aggregated 
spatial distribution.

Key Words: Triozidae, psyllids, aggregated indices, avocado pests

RESUMEN

El psílido Trioza aguacate Hollis & Martin (Hemiptera: Triozidae) causa deformación de 
hojas y brotes jóvenes de aguacate y en los últimos años ha incrementado su densidad de 
población en los huertos. El objetivo del estudio fue determinar la fluctuación poblacio-
nal de huevos, ninfas y adultos de T. aguacate y la relación que guarda su incidencia con 
la abundancia de brotes, la temperatura y la precipitación pluvial en diferentes altitudes 
en Michoacán, México, además de conocer su distribución espacial en los brotes. El tra-
bajo se realizó con muestreos cada 20 días, de enero de 2012 a julio de 2013. Para estimar 
la densidad de población se seleccionaron nueve árboles en cada huerto, distribuidos en 
forma de cruz. De cada árbol se colectaron cuatro brotes al azar, donde se contabilizó el 
número de huevos y ninfas. Los adultos se contabilizaron en trampas amarillas coloca-
das en cada árbol en los cuatro puntos cardinales. Durante el mismo periodo, se registró 
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la brotación vegetativa, temperatura y precipitación pluvial. Los resultados mostraron 
que el psílido no se presentó en el huerto con menor altitud (1,293 m), y que en los dos 
huertos donde estuvo presente, lo hizo en dos periodos (enero a junio de 2012, y enero 
a junio de 2013); la mayor incidencia de todos los estados de desarrollo se presentó de 
marzo a mayo, coincidiendo con la abundancia de brotes vegetativos, en ambos periodos. 
La abundancia de huevos y ninfas mostró una relación positiva con los brotes vegeta-
tivos jóvenes, una relación negativa con la precipitación, y los huevos mostraron una 
relación positiva con la temperatura. La incidencia de los adultos estuvo fuertemente 
relacionada con la brotación de primavera, pero no presento relación significativa con la 
temperatura. Tanto las ninfas como los adultos presentaron una distribución espacial 
en agregados.

Palabras Clave: Triozidae, psílido, índices de agregación, plagas de aguacate

It is estimated that the world avocado (Persea 
americana Mill.; Laurales: Lauraceae) produc-
tion has increased in the last 4 decades, from 
3,636,339 to 4,360,018 t in 2012. The main pro-
ducing countries are Mexico (30.2%), Indonesia 
(6.7%), Dominican Republic (6.65%), USA (5.6%), 
Colombia (5.0%), Peru (4.9%), and Kenya (4.3%) 
(FAOSTAT 2014).

Mexico, the place of origin of avocado, has 
151,022 cultivated ha from which 1,316,104 t of 
fruit are produced annually. Within Mexico, the 
state of Michoacan is the most important pro-
ducer of this fruit with a total of 1,117,338 t, fol-
lowed by Jalisco (40,846 t), Morelos (35,541 t), 
Nayarit (29,178 t), the State of Mexico (28,765t), 
Guerrero (14,783 t), and Puebla (12,015 t) (SIAP 
2012).

Moreover, a wide variety of insects and mites 
are associated with different avocado plant 
structures in Mexico. Increased avocado mono-
culture, facilitated by deforestation of natural 
woods to establish the crop, has favored a high 
incidence of pest insects and mites (Wysoki et 
al. 2003). Among these pests, the psyllid Trioza 
aguacate Hollis & Martin (Hemiptera: Triozidae) 
was identified and recorded in 1997. This psyllid 
causes deformation of avocado leaves and young 
vegetative shoots (Hollis & Martin 1997). In the 
last few years, population densities of this pest 
have increased, but there is no information of 
its dynamics in the field. Therefore, the follow-
ing objectives were proposed: a) to determine the 
population fluctuation of T. aguacate and the re-
lationship between the incidence of T. aguacate 
and the abundance of vegetative shoots, temper-
ature, and rainfall in 3 production zones at dif-
ferent altitudes in the state of Michoacan, and to 
determine the spatial distribution of this insect 
on avocado shoots.

MATERIALS AND METHODS

Location of the Study Area

The study was carried out in 3 orchards locat-
ed at different altitudes in the state of Michoac-

an from Jan 2012 to Jul 2013. The first orchard 
(San Lorenzo) is located at a high altitude (2,130 
m ) in the community of San Lorenzo, munici-
pality of Uruapan (N 19° 31  25.45  W 102° 05  
12.58 ). The second orchard (Los Gemelos) is lo-
cated at a medium altitude level (1,860 m) in the 
ejido of El Tarascon, municipality of Salvador 
Escalante (N 19° 26 29.81  W 101° 49 53.03 ). 
The third orchard (La Fontana) is located at a 
low altitude (1,293 m) in the municipality of Zi-
racuaretiro (N 19° 23  59.41  W 101° 55  28.20 ). 
The orchards sampled were all growing 10-year-
old ‘Hass’ avocados with a staggered formation 
at 10 m. distance from each other. Water supply 
at La Fontana came from a micro-sprinkler ir-
rigation system; at Los Gemelos water was pro-
vided by rainfall and auxiliary irrigation; and 
at San Lorenzo water was supplied only by sea-
sonal precipitation.

Abundance and Population Fluctuation of T. aguacate

To determine the abundance and population 
fluctuation of T. aguacate eggs and nymphs, 
each orchard was sampled every 20 days from 
Jan 2012 to Jul 2013. In each orchard 9 trees 
were selected at random in the form of a cross, 
and from each of these, 4 shoots were randomly 
collected, one from each cardinal point of the 
tree. The shoots were no more than 8 cm long 
and they came from the midsection of the can-
opy (approximately 1.6 m off the ground). The 
shoots were placed individually in previously 
labeled polyethylene bags, held in iceboxes, and 
then taken to the Entomology Laboratory of the 
Colegio de Postgraduados, where the numbers 
of eggs and nymphs at the terminal portion of 
the shoot were counted by a Leica Zoom 2000 
stereomicroscope (Leica Microsystems, Buffalo 
New York, USA).

To determine the abundance and population 
fluctuation of T. aguacate adults, the same trees 
and time frames for sampling adults were used as 
for sampling nymphs. Four yellow sticky traps (7 
× 14 cm) were placed in each tree at the 4 cardinal 
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points and at a height of 1.60 m. The traps were 
covered with thin resin-based glue. Traps were 
replaced every 20 days. The numbers of adults 
caught in each trap were counted, and adults 
were sexed.

During the same period, the abundance of veg-
etative shoots was determined by randomly col-
lecting 36 shoots in each of the sampled orchards, 
and the number of young vegetative shoots was 
counted after each sampling. To determine the 
mean temperature and rainfall every 20 days, 
relevant data were obtained from the agrometeo-
rological station closest to each sampled orchard. 
These stations were operated by the Association 
of Avocado Producers, and Export Packers of Mi-
choacán (APEAM).

To estimate the Poisson models, we used data 
on egg, nymph, and adult densities, and related 
them with young vegetative shoots, precipitation, 
and temperature in both avocado orchards. The 
data were processed with the SAS software (Sta-
tistical Analysis System, version 9.0 SAS Insti-
tute Inc., Cary, North Carolina).

Spatial Distribution

The spatial distribution of nymphs on shoots 
and adults in traps, the 2012 and 2013 sampling 
period date were used to calculate the Morisita 
Index and the Lloyd Index.

The index of Morisita (Id) is expressed by fol-
lowing equation:

n( n xi

2 - n xi)
    

i=1                 i=1

n( n xi)
2 - n xi

     
i=1                   i=1

Id =

Where: n is the total number of sampling units, 
xi is the number of individuals of the ith sampling 
unit, and is the total number of individuals per 
sampling. When Id = 1, the distribution is random; 
when Id > 1, the distribution is aggregated, and 
when Id < 1, the distribution is uniform (Cadahia 
1977).

The Lloyd aggregate mean (Lloyd 1967) was 
calculated using the following equation:

m* = X       
–

 +  s2 -  1,
X       
–

where m* is Lloyd’s aggregate mean, X       
–

 is the 
mean, and S2 is the sample variance. If m*= X       

–

, the distribution is random; if m* > X       
–

, it is ag-
gregated, and if m* < X       

–
, it is uniform. Consider-

ing that m* depends on the population density, 
it follows that an individual in a densely popu-
lated region receives greater pressure to modify 
its distribution pattern than an individual in 

a dispersed population. Lloyd’s index, L = m*/
X       
–

, was also calculated, which in turn depends 
on the relationship between Lloyd’s aggregate 
mean and the sample mean. The interpretation 
of Lloyd’s index is somewhat similar to that of 
Lloyd’s aggregate mean; thus, when L > 1 then 
m* > X       

–
, and therefore, L > 1 represents an ag-

gregated distribution pattern.

RESULTS

Abundance of Trioza aguacate

From all the shoots samples collected in the 
497 days of study at the high altitude site (San 
Lorenzo), 2,228 eggs and 2,078 nymphs were col-
lected, while 379 adults were collected from the 
traps at this site. At the medium altitude site (Los 
Gemelos), from all of the shoots, 1,547 eggs and 
2,163 nymphs were collected, and 742 adults were 
collected from the traps. At the low altitude site 
(La Fontana), no eggs and no nymphs were de-
tected in any of the shoots sampled, nor were any 
adults caught in the traps.

At the high altitude site, the highest mean 
density of T. aguacate was in Apr 2012, with 
3.94 (SE = 0.574) nymphs per shoot and 2.7 (SE= 
0.69) adults per trap. In 2013, the maximum 
mean densities were 14.1 (SE = 3.43) nymphs 
per shoot in May, and Mar 1.8 (SE = 0.40) adults 
per trap .

At the medium altitude site, the maximum 
mean density was 22.5 (SE = 3.8) nymphs per 
shoot in Apr, and 11.1 (SE= 1.84) adults per trap 
in May during the 2012. In the 2013 period, the 
maximum mean densities were 9.2 (SE = 2.6) 
nymphs per shoot in Apr, and 1.6 (SE = 0.49) 
adults per trap in Jan.

With regard to the male: female ratio, the 
males were found to be more abundant than the 
females. At the high altitude site, the male: fe-
male ratio was 1.6:1 in the 2012 and the 1.3:1 in 
the 2013 period. In the medium level, the ratio 
was 2:1 in the 2012 period and the 1.5:1 in 2013.

Population Fluctuation of T. aguacate

During the study period (Jan 2012 to Jul 2013), 
in the orchard located at the medium altitude site 
(Los Gemelos) and the high altitude site (San Lo-
renzo), the population fluctuation curves showed 
2 well defined periods. The psyllid was present at 
the at the medium altitude site from Jan to Jun 
2012, and from Dec 2012 to Jun 2013 at the high 
altitude site.

At the low altitude site (La Fontana), the psyl-
lid was not detected in the shoots or in the traps 
in either period. On this site the higher temper-
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Fig. 1. Population fluctuation of Trioza aguacate, meteorological data, and vegetative shoots of avocado, 2012-
2013, in the Los Gemelos orchard, located at the medium altitude level (1,860 m); a) Egg, nymph, and adult fluc-
tuation; b) Average, maximum, and minimum temperatures; c) Young vegetative shoots fluctuation and rainfall.
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Fig. 2. Population fluctuation of Trioza aguacate, meteorological data, and vegetative shoots in avocado, 2012-
2013, in the San Lorenzo orchard, located at the high altitude level (2,130 m); a) Egg, nymph, and adult fluctuation; 
b) Average, maximum, and minimum temperatures; c) Young vegetative shoots fluctuation and rainfall.
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atures occurred in Feb (26.2 °C), Mar (28.3 °C), 
Apr (29.3 °C), May (29 °C), Jun (30.1 °C) and Jul 
(29.9 °C); the rainfall occurred from early Jun to 
mid-Oct and vegetative shoots occurred in Apr, 
Oct, Feb and May.

At the medium altitude site, the first adult 
psyllids were observed at the beginning of Dec 
2012, showing a slight peak in egg and nymph 
density in the middle of Feb. The maximum popu-
lation peak were reached in Apr, then the popula-
tion dwindled in Jun, and became completely ab-
sent from Jul to Nov. These trends in abundance 
were similar in both periods; although the overall 
population density in the 2013 period was lower 
than in 2012 (Fig. 1).

At the high altitude site, during the 2012 pe-
riod, the psyllid was observed since Jan. The 
eggs showed 3 maximum population peaks, 
i.e., in Feb, Apr, and May. Nymphs and adults 
reached their maxima in Apr. The populations 
decreased in Jun and was totally absent from 
Jul to Dec. In the 2013 period, the first adults 
were detected at the beginning of Jan, and 
reached the maximum population peak by mid-
Feb, while the corresponding egg and nymphal 
peaks came in Mar and Apr, respectively (Fig. 
2).

The results of the parameter estimation of 
the Poisson model are shown in Table 1, where 
we can see the estimators of the model for each 
of the parameters and the intercept, standard 
error, and the probability (Pr) values associated 
with the observed value of the Chi-square test 
statistic, in the 2 altitude levels where the psyl-
lid was present.

The Poisson models derived from the above 
table for the medium altitude level (1,860 m) 
were:  (Eggs ) = e-5.9723 + 0.0886 S-0.3506 R+0.3464 Tand  (Nymphs= 
e-0.3815 + 0.0635 S-039308R

). For the orchard in the high 
altitude level (2,130 m), the obtained Poisson 
models were:  (Eggs )  = e-3.3489 + 0.0852 S-0.0862 R+0.4857 T and 

 (Nymphs) e-1.7457 + 0.085 S-0.862 R+0.1780 T. In these equations 
represents the development stage of T. agua-

cate, S represents the young vegetative shoots, 
R is the mean rainfall every 20 days, and T is 
the mean temperature.

The previously described models explain a 
positive relationship between egg and nymph 
density and the number of young vegeta-
tive shoots, and a negative relationship with 
rainfall. Also the models indicated that the 
eggs showed a positive relationship with tem-
perature at both altitude levels. The nymphs 
showed a positive relationship with tempera-
ture only at the high altitude level, while in 
the medium altitude level, the relationship 
was non-significant. In the case of adults, the 
relationships with the parameters of young 
vegetative shoots, rainfall, and temperature 
were non-significant in the model (Table 1) in 
both orchards.
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Spatial Distribution

At the medium altitude site, the Morisita 
and Lloyd aggregation indices indicated that the 
spatial distributions in the vegetative shoots of 
T. aguacate nymph population were aggregated 
during the sampling periods (Table 2). Also the 
spatial distribution of the adults sampled by trap 
was aggregated, with the exception of the last 
sampling in 2012 and the sampling done in Feb 
2013, when the index values were less than one. 
This latter value indicates a regular or uniform 
spatial distribution, which occurred, perhaps, be-
cause the population density was too low and the 
probability of finding an individual at the same 
point was low (Table 2).

At the high altitude site, in both periods (2012 
and 2013), the calculated aggregation indices for 
the nymph population were greater than 1 in 
nymphs, thus indicating an aggregated spatial 
pattern. The adults showed the same distribu-
tion patterns as the nymphs based on aggrega-
tion indices. Thus both the nymph and adult 
populations had aggregated spatial distribution 
patterns in most samplings, with the exceptions 
of the last one of 2012 and the first sampling of 
2013, in which the spatial distribution pattern 
was uniform (Table 3).

DISCUSSION

At the high altitude site the abundances of 
the T. aguacate eggs, nymphs, and adults were 
slightly less in the 2012, than in the 2013 
(0.82% fewer psyllids in 2012). At the medium 
altitude site, the abundances of eggs, nymphs, 
and adults were 17.62% higher in 2012 than in 
2013. This could be because at the beginning of 
Jan, this orchard was sprayed with imidaclo-
prid insecticide for thrips control, which coin-
cided with the first appearance of T. aguacate 
adults, and which probably hindered oviposi-
tion. Thus the T. aguacate population density 
was artificially reduced.

Regarding population fluctuations, T. agua-
cate was present only from Jan to Jun at the 
high altitude site and from Dec to Jun at the 
medium altitude site. At these sites, there was 
a significant population decrease, and drastic 
disappearance of T. aguacate from Jul to Nov or 
Dec, depending on the altitude level. Probably 
this was due to the negative effect that rainfall 
has on population density . It is worth mention-
ing that in both orchards where T. aguacate was 
present, there were numerous avocado shoots 
from Mar to Apr, since at the high altitude site 
(San Lorenzo orchard) adequate soil moisture 
was provided by the rains that are normally 
present in the Valles Altos (highlands), while 
at the medium altitude site (Los Gemelos or-

chard), where rainfall in spring is deficient, soil 
moisture was provided by auxiliary irrigation.

At the 2 altitudes where the psyllid was pres-
ent, there were strong correlations with vegeta-
tive avocado shoots, thus indicating that the 
abundance of eggs and nymphs greatly depends 
on the presence of young vegetative shoots. This 
brings about a notable increase of the popula-
tion of the insect, since with the increase of new 
foliage in the tree, the conditions for adults to 
lay their eggs and the availability of young leaf 
tissue needed to feed nymphs are favored. This 
phenomenon is similar to that reported by Bar-
bosa et al. (2004), who indicated that the eggs 
and nymphs of Tuthillia cognata Hodkinson, 
Brown & Burckhardt (Hemiptera: Psylloidea) 
in different development stages are located on 
the younger leaves of the upper third of the 
camu-camu plant, Myrciaria dubia (Kunth) 
McVaugh (Mytales: Myrtaceae) and Tsai et al. 
(2002), meanwhile, related the high population 
levels of the Asian citrus psyllid Diaphorina 
citri Kuwayama (Hemiptera: Liviidae) to the 
availability of young shoots.

The highest densities of T. aguacate were ob-
served (for all development stages) before the 
beginning of the rainy season, when rainfall 
was scarce (0-5.2 mm). This was verified with 
the moderate to high negative relationship be-
tween population densities of all development 
stages and rainfall at both altitudes. It was ob-
served that when rainfall increased, the den-
sities of all development stages of T. aguacate 
tend to decrease. These results coincide with 
the behavior of other psyllids, as reported by 
Pinedo et al. (2001) and Delgado & Couturier 
(2004), who pointed out that the greatest infes-
tations of Tuthillia cognata occurred during the 
dry season, and populations decreased in the 
rainy season. Likewise, Dalberto et al. (2004) 
stated that the rainy season caused a decrease 
in the populations of the psyllid Triozoida lim-
bata (Enderlein) (Hemiptera: Triozidae) in Inga 
edulis Mart. (Fabales: Fabaceae) trees in the 
Amazon in Brazil.

With regard to temperature, the model 
showed a positive relationship with eggs (  
= 0.3464, P = < .0001) at both altitude levels, 
and with nymphs (  = 0.3464, P = <.0001) only 
at the high altitude level; and non-significant 
with nymphs (  = 0.2709, P = 0.0016) at the 
medium altitude level. Adult density was non-
significant (  = -0.1135, P = 0.7326) at the high 
altitude level, however, there was a negative 
tendency at this stage of development. In the 
low altitude level (1,293 m), the psyllid was 
not present. In this area, the maximum tem-
peratures were 28.6, 29.6, and 30.1 °C in Mar, 
Apr, and May, respectively. It is probable that 
high temperatures restrict the development of 
the psyllid, since it is in these months when the 
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insect is present in the other 2 studied altitude 
levels. This behavior is also shown by D. citri, 
which at temperatures above 28 °C, decreases 
egg and nymph survival and affects female 
longevity and decreases egg production (Liu & 
Tsai, 2000). In the case of Heteropsylla cubana, 
temperatures from 32 to 33 °C, considerably in-
crease the first nymph instars (Geiger & Guti-
errez, 2000).

With regard to the spatial distribution of 
the psyllid, we found that nymphs and adults 
showed an aggregated distribution pattern dur-
ing most of the samplings in both periods and at 
both altitude. Based on these results, the popu-
lation generally tends to aggregate following 
the time of greatest shoot growth, and main-
ly in the egg and nymph development stages. 
This aggregated distribution is also shown by 
the different development stages of the psyllid 
T. cognata in camu-camu (Pérez & Iannacone 
2009) and of the citrus psyllid D. citri in Murra-
ya paniculata (L.) Jack (Sapindales: Rutaceae) 
in southern Florida (Tsai et al. 2002) and in la 
Habana, Cuba (Miranda et al. 2011). Neverthe-
less, in the last adult samplings from the traps 
in the 2012 period, at both altitudes, the aggre-
gation index values were less than one, showing 
a uniform distribution pattern. This indicates 
that the probability of finding an individual in 
the same space as another decreases, which 
is probably due to the low population density 
present at the beginning of each period, when 
the first individuals appear and at the end of 
each period when the density declines due to 
the lack of vegetative shoots and the presence 
of rainfall.

In summary, this study showed that T. agua-
cate in Michoacan Mexico was present only 
from Jan to Jun at the high altitude site and 
from Dec to Jun at the medium altitude site, 
coinciding with the presence of spring avocado 
vegetative flower shoots and little or no rain-
fall. Trioza aguacate was not present at the low 
altitude level despite the presence of avocado 
vegetative shoots. All the development stages 
of T. aguacate showed negative relations with 
rainfall. According to the computed aggregation 
indices, nymphal and adult populations had ag-
gregated spatial distributions on the avocado 
shoots.
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