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A “walker” tool to place Diaphorina citri (Hemiptera: 
Liviidae) adults at predetermined sites for bioassays of 
behavior in citrus (Sapindales: Rutaceae) trees
Emily A. Pregmon1, Sylvia Lujo1, Kayla Norton1, Ethan Hartman1, B. Rohde2,  
Nina Zagvazdina1, and R. W. Mankin1

The Asian citrus psyllid, Diaphorina citri Kuwayama (Hemiptera: 
Liviidae), vector of the Candidatus Liberibacter asiaticus bacterium, 
is an economic threat to the United States citrus industry (Gottwald 
et al. 2007; Grafton-Cardwell et al. 2013). Extensive research is being 
conducted to improve D. citri management and characterize its biol-
ogy and behavior, frequently involving bioassays where individuals are 
placed at predetermined sites on a test citrus plant, e.g., by use of 
a small paintbrush (Wenninger & Hall 2007; Wenninger et al. 2009; 
Hall et al. 2011; Zagvazdina et al. 2015), so that their activities can be 
observed under particular testing conditions. During bioassays, it has 
been observed that the psyllids may be disturbed by such handling 
and frequently jump from the brush or subsequently jump from the 
tree within a few seconds after placement with the brush. Potentially, 
this behavior biases the bioassay results towards a subpopulation of 
insects less likely to disperse. In addition, because large supplies of D. 
citri adults of specific sex, mating status, and age require considerable 
labor and time to separate from a rearing colony (Paris et al. 2013), 
there is interest in reducing the proportion of escapees in mating be-
havior and other bioassays where test psyllids of such specifications 
are needed. Like many other jumping plant lice (e.g., White 1970; Nis-
sinen 2007; Nissinen et al. 2008; Farnier et al. 2015), D. citri exhibits 
positive phototropic behavior (Sétamou et al. 2011; Anco & Gottwald 
2015; Paris et al. 2015). To coopt this behavior, we developed a walker 
tool, a darkened cone through which a psyllid may walk voluntarily to-
wards a lighted opening, exit onto a predetermined bioassay site, and 
remain until testing.

Two walker tools were constructed from 1,000 µL plastic pipette 
tips (Reach Barrier Tip #24-430, Genesee Scientific, San Diego, Califor-
nia) whose small tip ends were sliced off at an inner diameter of 2 mm 
(Fig. 1), wide enough for a psyllid to exit. Each pipette tip was covered 
with opaque tape except for 0.5 cm at the small tip end. In preliminary 
testing, psyllids that moved to the lighted end of a walker and encoun-
tered a selected test leaf were observed to jump away less frequently 
than when they were placed on the leaf by use of the paintbrush.

This study assessed the performance of the walker in placing D. 
citri adults on citrus tree leaves by comparison with the performance 
of the commonly used paintbrush “control.” It was not known if males 
and females responded differently to each tool, so both sexes were 
tested separately. At the beginning of each data collection trial, an ap-
proximately 30-cm-tall Citrus macrophylla Wester (Sapindales: Ruta-
ceae) tree was moved from a greenhouse at the Center for Medical, 

Agricultural, and Veterinary Entomology (CMAVE) to a work table in 
a laboratory. Twenty-five D. citri adults from a colony maintained at 
CMAVE (Paris et al. 2013) were aspirated into 33 mL vials and sexed. 
Three individuals of each sex were tested with each tool in each trial, 
with the test order selected randomly.

All tests began when the cap was removed from a vial and a timer 
was started. In a brush test, the brush was inserted into the vial, and 
the psyllid was guided onto it. Then the brush was moved towards a 
leaf on the citrus tree, and the psyllid was guided onto the leaf surface 
by twisting the brush side to side. In a walker test, the opened vial was 
inverted onto the laboratory table surface and tapped lightly to drop 
the psyllid onto the table. The bottom of the walker tool was placed 
over the psyllid. After a few seconds, the tool was lifted to determine 
if the psyllid had climbed into the inside of the walker. If so, the han-
dler placed a thumb over the bottom opening and pointed the walker 
towards the light of a 60 W lamp above the tree on the table. The 
handler waited for the psyllid to complete its walk to the clear top of 
the walker, which now was the only exit. When the psyllid neared the 
exit, the tip end of the walker was placed on the leaf surface, and the 
psyllid usually walked onto it.

With either method, if the psyllid jumped from the tool, or if it 
jumped from the plant within 10 s after placement, timing continued 
if the psyllid had jumped to an area where it could be retrieved using 
the tool. Placement was considered unsuccessful if a psyllid failed to 
enter the walker within 10 min, if it jumped from the brush or walker 
and could not be retrieved, or if it jumped from the plant within 10 s 
after placement and could not be retrieved. Timing ended and place-
ment was considered successful when the psyllid remained for 10 s at 
the placement site. Psyllids that remained for 10 s jumped only rarely 
thereafter. Data collection trials occurred on 6 d over a 2 mo period, 
resulting in 18 tests of each sex with each tool, or 72 tests in total.

For each test, the following measurements were recorded in a 
spreadsheet: 1) successful or unsuccessful placement, 2) the counts 
of jumps from the plant and the test device (including jumps by psyl-
lids that were not placed successfully), and 3) time needed to com-
plete a successful placement. Pearson χ2 tests of independence of 
proportions of successful placement, and Student’s t-tests of mean 
jump counts and mean time to successful completion were per-
formed using JMP Version 12 (SAS Institute 2015). Due to unequal 
variances, Welch–Satterthwaite approximations were applied to the 
degrees of freedom.
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Table 1 shows the performance of females and males under 
both placement methods. Separate analyses revealed no significant 
differences between males and females in the proportions success-
fully placed by the walker or the paintbrush, in the mean counts 
of jumps, or in the mean time to successful placement, although 
males in the walker tests showed a slightly higher proportion of 
successful placements and shorter time to successful placement 
than females. Consequently, further studies may be of interest to 
consider whether male D. citri adults have a stronger phototactic 
response than females.

The combined female and male data sets revealed significant 
differences in the proportions of successful placements, the mean 
counts of jumps, and the mean time to successful placement using 
the walker and paintbrush. It should be noted also that psyllids in 26 
of the 27 successful placements with the walker never jumped, and 
psyllids in 3 of the 13 successful placements with the brush never 
jumped. Given that replacement of psyllids that leave the bioas-
say arena requires 10 min or more additional time, the additional 
108 s required to complete successful placement using the walker 
compared with the brush was considered to be positively offset by 
the increase from 0.36 to 0.75 in the proportion of successful place-
ments of test psyllids.

We thank James Colee (University of Florida, Department of 
Statistics) for advice on statistical analyses. This article reports the 
results of research only. Mention of a trademark or proprietary 
product is solely for the purpose of providing specific information 
and does not constitute a guarantee or warranty of the product by 
the United States Department of Agriculture and does not imply its 
approval to the exclusion of other products that may also be suit-
able. Funds for this research were provided by the Florida Citrus 
Research and Development Fund.

Summary

A “walker” tool was developed to assist successful placement of 
Diaphorina citri Kuwayama (Hemiptera: Liviidae) adults at predeter-
mined sites on citrus (Sapindales: Rutaceae) trees in behavioral bio-
assays. Use of the walker resulted in a significantly higher proportion 
of successful placements and a significantly lower number of jumps 
away from the predetermined site compared with the use of a brush, 
although on average it required an additional 108 s more than the 
41 s required with the brush to complete a successful placement. Fe-
males and males performed similarly with both devices. Potentially, 
the walker is a useful placement tool under conditions where it is time 
and labor intensive to provide large numbers of insects with specific 
physiological characteristics for testing, e.g., when it is difficult to sup-
ply large numbers of D. citri adults of known sex, mating status, and 
age. Because phototaxis is commonly observed in psyllids, the walker 
may be of use also for bioassays with other economic pests such as 
Bactericera cockerelli (Šulc) (Hemiptera: Triozidae).

Key Words: phototaxis; jumping plant lice; handling disturbance

Sumario

Una herramienta de “andador “ fue desarrollado para ayudar a la 
colocación exitosa de adultos de Diaphorina citri Kuwayama (Hemipte-
ra: Liviidae) en sitios predeterminados sobre árboles cítricos (Sapinda-
les: Rutaceae) en bioensayos de comportamiento. El uso del andador 
resultó en una proporción significativamente mayor de las colocacio-
nes con éxito y una significativamente menor número de saltos de dis-
tancia desde el sitio predeterminado en comparación con el uso de un 
cepillo, aunque en promedio se requiere un adicional de 108 segundos 

Fig. 1. Image of “walker” in use to place Diaphorina citri individual on citrus tree leaf. Inset shows dimensions.
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más que los 41 segundos necesarios con el cepillar para completar una 
colocación exitosa. Las hembras y los machos actuaron de manera si-
milar con ambos aparatos. Potencialmente, el andador una herramien-
ta útil de colocación en condiciones en las que es tiempo y mano de 
obra para proporcionar un gran número de insectos con características 
fisiológicas específicas para las pruebas, por ejemplo, cuando es difícil 
suplir grandes cantidades de adultos de D. citri de sexo conocido, el 
estado del apareamiento, y la edad. Debido que se observa el fototaxis 
comúnmente en los psílidos, el andador puede ser de utíl también para 
los bioensayos con otras plagas económicas tales como el Bactericera 
cockerelli (Šulc) (Hemiptera: Triozidae).

Palabras Clave: fototaxis; piojos saltadores de plantas; perturba-
ción de manipulación

References Cited

Anco DJ, Gottwald TR. 2015. Within-orchard edge effects of the azimuth of the 
sun on Diaphorina citri adults in mature orchards. Journal of Citrus Pathol-
ogy 2: iocv_journalcitruspathology_28535.

Farnier K, Dyer AG, Taylor GS, Peters RA, Steinbauer MJ. 2015. Visual acuity 
trade-offs and microhabitat-driven adaptation of searching behaviour in 
psyllids (Hemiptera: Psylloidea: Aphalaridae). Journal of Experimental Biol-
ogy 218: 1564–1571.

Gottwald TR, da Graça JV, Bassanezi RB. 2007. Citrus huanglongbing: the patho-
gen and its impact. Plant Health Progress [online], DOI: 10.1094/PHP-2007-
0906-01-RV.

Grafton-Cardwell EE, Stelinski LL, Stansly PA. 2013. Biology and management of 
Asian citrus psyllid, vector of the huanglongbing pathogens. Annual Review 
of Entomology 58: 413–432.

Hall DG, Wenninger EJ, Hentz MG. 2011. Temperature studies with the Asian 
citrus psyllid, Diaphorina citri. Cold hardiness and temperature thresholds 
for oviposition. Journal of Insect Science 11: 83.

Nissinen A. 2007. Looking for ecological control of carrot psyllid. Forskningsnytt 
3: 8–9.

Nissinen A, Kristoffersen L, Anderbrant O. 2008. Physiological state of female 
and light intensity affect the host plant selection of carrot psyllid, Trioza api-
calis (Hemiptera: Triozidae). European Journal of Entomology 105: 227–232.

Paris TM, Rohde BB, Allan SA, Mankin RW, Stansly PA. 2013. Synchronized rear-
ing of mated and unmated Diaphorina citri (Hemiptera: Liviidae) of known 
age. Florida Entomologist: 96: 1631–1634.

Paris TM, Croxton SD, Stansly PA, Allan SA. 2015. Temporal response and at-
traction of Diaphorina citri to visual stimuli. Entomologia Experimentalis et 
Applicata 155: 137–147.

SAS Institute. 2015. JMP 12 Basic Analysis. SAS Institute, Inc., Cary, North Caro-
lina.

Sétamou M, Sanchez A, Patt JM, Nelson SD, Jifon J, Louzada ES. 2011. Diurnal 
patterns of flight activity and effects of light on host finding behavior of the 
Asian citrus psyllid. Journal of Insect Behavior 25: 264–276.

Wenninger EJ, Hall DG. 2007. Daily timing of mating and age at reproductive 
maturity in Diaphorina citri (Hemiptera: Psyllidae). Florida Entomologist 90: 
715–722.

Wenninger E, Hall DG, Mankin RW. 2009. Vibrational communication between 
the sexes in Diaphorina citri (Hemiptera: Psyllidae). Annals of the Entomo-
logical Society of America 102: 547–555.

White TCR. 1970. The nymphal stage of Cardiaspina densitexta (Homoptera: 
Psyllidae) on leaves of Eucalyptus fasciculosa. Australian Journal of Zoology 
18: 273–293.

Zagvazdina NY, Paris TM, Udell BJ, Stanislauskas M, McNeill S, Allan SA, Mankin 
RW. 2015. Effects of atmospheric trends on calling, mate-seeking, and pho-
totaxis of Diaphorina citri (Hemiptera: Liviidae). Annals of the Entomological 
Society of America 108: 762–770.

Ta
bl

e 
1.

 C
om

pa
ri

so
ns

 o
f A

) p
ro

po
rti

on
s 

± 
SE

 o
f s

uc
ce

ss
fu

l p
la

ce
m

en
ts

, B
) m

ea
n 

co
un

ts
 ±

 S
E 

of
 ju

m
ps

 fr
om

 t
oo

l o
r 

pl
an

t,
 a

nd
 C

) m
ea

n 
tim

e 
± 

SE
 t

o 
co

m
pl

et
e 

su
cc

es
sf

ul
 p

la
ce

m
en

t 
in

 b
ru

sh
 a

nd
 w

al
ke

r 
tr

ea
tm

en
ts

; 
be

ca
us

e 
no

 s
ig

ni
fic

an
t 

di
ffe

re
nc

es
 w

er
e 

fo
un

d 
be

tw
ee

n 
fe

m
al

es
 a

nd
 m

al
es

, t
he

ir
 d

at
a 

w
er

e 
co

m
bi

ne
d 

to
 c

om
pa

re
 b

ru
sh

 a
nd

 w
al

ke
r 

tr
ea

tm
en

ts
; *

 in
di

ca
te

s 
st

ati
sti

ca
lly

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e 
be

tw
ee

n 
br

us
h 

an
d 

w
al

ke
r 

tr
ea

tm
en

t a
t P

 <
 0

.0
5.

M
ea

su
re

m
en

t

Br
us

h
W

al
ke

r
Co

m
bi

ne
d 

fe
m

al
es

 a
nd

 m
al

es

Fe
m

al
e

M
al

e
Te

st
V

P
Fe

m
al

e
M

al
e

Te
st

V
P

Br
us

h
W

al
ke

r
Te

st
V

P

A
) P

ro
po

rti
on

0.
27

8 
± 

0.
15

9
0.

44
4 

± 
0.

15
9

  1
.0

41
a

0.
30

0.
66

7 
± 

0.
13

1
0.

83
3 

± 
0.

13
1

1.
15

5a
0.

25
0.

36
0 

± 
0.

11
6

0.
75

0 
± 

0.
11

6
11

.0
25

b
<0

.0
01

*
B)

 N
o.

 ju
m

ps
2.

22
 ±

 0
.5

2
2.

44
 ±

 0
.5

3
−0

.3
0c

0.
77

0.
28

 ±
 0

.1
1

0.
11

 ±
 0

.0
8

1.
26

d
0.

22
2.

33
 ±

 0
.3

7
0.

19
 ±

 0
.0

7
5.

76
e

<0
.0

01
*

C)
 T

im
e 

to
 p

la
ce

 (s
)

44
.2

 ±
 1

2.
2

40
.0

 ±
 5

.7
2

  0
.3

1f
0.

76
16

5.
3 

± 
41

.0
13

5.
4 

± 
21

.5
0.

53
g

0.
74

41
.2

 ±
 5

.6
0

14
8.

7 
± 

21
.5

−4
.8

2h
<0

.0
01

*

Te
st

V 
= 

va
lu

e 
of

 te
st

 s
ta

tis
tic

, e
ith

er
 P

ea
rs

on
 χ

2  o
r 

t-
te

st
 (w

ith
 W

el
ch

–S
att

er
th

w
ai

te
 a

pp
ro

xi
m

ati
on

 fo
r 

un
eq

ua
l v

ar
ia

nc
es

), 
N

 =
 n

um
be

r 
of

 p
sy

lli
ds

 in
 c

om
pa

ri
so

n,
 d

f =
 d

eg
re

es
 o

f f
re

ed
om

, P
 is

 th
e 

pr
ob

ab
ili

ty
 o

f o
bt

ai
ni

ng
 th

e 
sp

ec
ifi

ed
 v

al
ue

 o
f 

χ2  o
r 

t u
nd

er
 th

e 
nu

ll 
hy

po
th

es
is

.
a Pe

ar
so

n 
χ2  te

st
, N

 =
 3

6,
 d

f =
 1

; n
ul

l h
yp

ot
he

si
s:

 p
ro

po
rti

on
s 

of
 s

uc
ce

ss
fu

l p
la

ce
m

en
ts

 a
re

 in
de

pe
nd

en
t o

f s
ex

.
b Pe

ar
so

n 
χ2  te

st
, N

 =
 7

2,
 d

f =
 1

; n
ul

l h
yp

ot
he

si
s:

 p
ro

po
rti

on
s 

of
 s

uc
ce

ss
fu

l p
la

ce
m

en
ts

 a
re

 in
de

pe
nd

en
t o

f t
re

at
m

en
t.

c St
ud

en
t’s

 t-
te

st
, N

 =
 3

6,
 d

f =
 3

4;
 n

ul
l h

yp
ot

he
si

s:
 n

um
be

r 
of

 ju
m

ps
 is

 e
qu

al
 fo

r 
fe

m
al

es
 a

nd
 m

al
es

 w
ith

 b
ru

sh
.

d St
ud

en
t’s

 t-
te

st
, N

 =
 3

6,
 d

f =
 3

0.
5;

 n
ul

l h
yp

ot
he

si
s:

 n
um

be
r 

of
 ju

m
ps

 is
 e

qu
al

 fo
r 

fe
m

al
es

 a
nd

 m
al

es
 w

ith
 w

al
ke

r.
e St

ud
en

t’s
 t-

te
st

, N
 =

 7
2,

 d
f =

 3
7.

3;
 n

ul
l h

yp
ot

he
si

s:
 n

um
be

r 
of

 ju
m

ps
 is

 e
qu

al
 fo

r 
br

us
h 

an
d 

w
al

ke
r.

f St
ud

en
t’s

 t-
te

st
, N

 =
 1

3,
 d

f =
 5

.8
; n

ul
l h

yp
ot

he
si

s:
 s

uc
ce

ss
fu

l p
la

ce
m

en
t ti

m
e 

is
 e

qu
al

 fo
r 

fe
m

al
es

 a
nd

 m
al

es
 w

ith
 b

ru
sh

.
g St

ud
en

t’s
 t-

te
st

, N
 =

 2
7,

 d
f =

 1
6.

9;
 n

ul
l h

yp
ot

he
si

s:
 s

uc
ce

ss
fu

l p
la

ce
m

en
t ti

m
e 

is
 e

qu
al

 fo
r 

fe
m

al
es

 a
nd

 m
al

es
 w

ith
 w

al
ke

r.
h St

ud
en

t’s
 t-

te
st

, N
 =

 4
0,

 d
f =

 7
0;

 n
ul

l h
yp

ot
he

si
s:

 s
uc

ce
ss

fu
l p

la
ce

m
en

t ti
m

e 
is

 e
qu

al
 fo

r 
br

us
h 

an
d 

w
al

ke
r.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 15 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


