
Host-selection behavior of nymphs of Vanduzeea arquata and E n c h e n o p a  b ino ta ta  

Discrimination of whole twigs, leaf extracts and sap exndates 

Agnes Kiss 
Division of  Biological Sciences, University of  Michigan, Ann Arbor, MI48109; Present address: 
Agricultural Production Division, Room 413 SA-18, Office of  Agriculture, Bureau for Science and 
Technology, Agency for International Development, Washington, DC 20523, USA 

Keywords: host-discrimination, Homoptera,  Membracidae, Vanduzeea arquata, Enchenopa binotata, 
secondary compounds, alkaloids, phloem sap, hop-tree Ptelea trifoliata 

Abstract 

The host-discrimination behavior of two species of phloem-feeding membracid nymphs was examined 
through pair-wise choice experiments using whole twigs, leaf extracts and sap exudates. Both species have 
restricted host ranges in the field: Vanduzeea arquata is monophagous, while Enchenopa binotata may best 
be considered narrowly oligophagous in that it represents a complex of sympatric, reproductively isolated 
populations each associated with a different species or genus of plants. 

Nymphs of both species settled preferentially on twigs of their respective host plants but those of V. arquata 
showed absolute discrimination while those orE. binotata selected the alternative twigs a small percentage of 
the time. Vanduzeea arquata nymphs also showed a greater sensitivity to plant extracts, as a larger 
proportion of their responses, both positive and negative, were significant. Leaf extracts of all plants tested 
discouraged ingestion but not probing, and most nymphs exhibited a positive probing response to the 
extracts of their respective hosts. Only the sap exudates of the hop-tree (Ptelea trifoliata) inhibited ingestion. 
Enchenopa binotata nymphs from the population associated with the hop-tree also showed a negative 
response to these extracts but only at a higher concentration. 

Water-soluble quaternary alkaloids are the secondary metabolites of the hop-tree most likely to be present 
in the extracts used in this study and in the phloem sap of the plant. They also occur in the honeydew of 
nymphs feeding on this species. Because these compounds are known to be cytotoxic, it is likely that hop-tree 
E. binotata nymphs possess physiological specializations to detoxify or tolerate them. 

Introduction 

Like many phloem-feeding homopterans, the 
membracids Vanduzeea arquata Say and Enche- 
nopa binotata (Say) have restricted host ranges. 
Vanduzeea arquata is monophagous, occurring on- 
ly on the black locust tree (Robinia pseudoacacia 
L.: Papilionaceae) throughout its range (Funk- 
houser, 1917). Populations of E. binotata can be 
found on several species of woody plants in the 
northeastern United States (including R. pseudaca- 
cia), but these populations appear to be reproduc- 
tively isolated and thus represent separate species 
(Wood, 1980; Guttman et aL, 1982; Wood & Gutt- 
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man, 1983). Some of the species of the E. binotata 
complex utilize several congeneric host species such 
as Celastrus orbiculatus and C. scandens, Juglans 
nigra and J. cinerea, or several species of Viburnum 
(Kiss, 1983). Thus, the complex as a whole may be 
best described as narrowly oligophagous. 

Specific host associations of insect populations 
in the field may be related to discriminatory behav- 
iour and specializations in the individuals. Wood 
(1980) and Kiss (1983) showed that adult females of 
the E. binotata complex oviposit preferentially on 
their respective hosts and often die without ovipos- 
iting when caged on other plants, including one 
anothers'  host species. The purpose of the present 
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study was to extend the investigation of host-dis- 
crimination to the feeding behavior of the nymphs 
and to compare the discriminatory capacities of V. 
arquata and E. binotata, considering their different 
degrees of host specificity in the field. 

Host-selection behavior and specific host associ- 
ations are known often to be mediated or influ- 
enced by the responses of herbivorous insects to 
plant secondary metabolites. These compounds can 
act both as behavioral stimuli and as physiological 
determinants of host-suitability. A number of stud- 
ies have shown that secondary compounds can in- 
fluence the behavior of phloem-feeding homopte- 
rans such as aphids (eg. Mittler & Dadd, 1965; Arn 
& Cleer, 1971; Dreyer & Jones, 1981) and del- 
phacids (Fisk, 1980; Yoshihara et al., 1979). In 
particular, the presence of plant extracts or specific 
secondary compounds in artificial diets can de- 
crease ingestion and reduce fecundity and survivor- 
ship, even of homopterans which are specialists on 
plants containing those compounds.  In some cases 
this apparent  contradiction may be resolved by the 
fact that the compounds are not present in the 
phloem sap and thus not ingested although they 
may serve as behavioral cues to the insect which 
encounters them while probing through peripheral 
tissues to the phloem. Other evidence suggests, 
however, that potentially toxic secondary com- 
pounds may be ingested by some phloem feeders 
(Camm et al., 1976; Wink et al. 1982). In the present 
study the influence of plant chemistry on the host- 
selection behavior of nymphs of E. binotata and V. 
arquata was examined by means of discrimination 
experiments utilizing twigs, whole-leaf extractsand 
sap exudates of host and non-host plants. The 
experiments were designed to distinguish between 
effects of the extracts on probing and on ingestion. 
This appears to be the first such study of membrac-  
id host selection and the first to examine the effect 
of sap exudates on homopteran feeding behavior. 

Materials  and methods  

The membracids and plant materials were col- 
lected f rom several field sites in the vicinity of Ann 
Arbor,  Michigan (Washtenaw Co.) in July and Au- 
gust of 1981 and 1982. Individuals f rom E. binotata 
populations associated with Ptelea trifoliata, the 
bittersweets, Celastrus scandens L. and C. orbicula- 

tus Thunb. (Celastraceae) and Robiniapseudoaca- 
cia were used; they are here referred to as the Hop-  
tree-E, binotata, the Bittersweet-E. binotata and 
the Locust-E. binotata, respectively, because they 
have not yet been described as separate species. 
Enchenopa binotata nymphs were tested for their 
discrimination between twigs and extracts of their 
own and one anothers '  hosts, and between twigs of 
their respective hosts and the bur oak, Quercus 
macrocarpa Michx. (Fagaceae), which is not com- 
monly reported as a host for E. binotata. Individu- 
als of V. arquata were collected from black locust 
and tested for their discrimination between that 
species and the three non-host species above. 

All discrimination experiments consisted of 
pairwise choice tests. Nymphs were released into 
the experimental chambers and left undisturbed for 
24 h. The proport ion of nymphs settling ort the host 
versus non-host twig or on the plant extract versus 
the control solution was then recorded and the 
Matched Pairs Sign Test (MPST) was used to de- 
termine significance levels. Nymphs were used in 
preference to adults because they settled to feed 
more readily under these experimental conditions. 
Nevertheless, some nymphs failed to settle in each 
trial, with the result that final sample sizes are vari- 
able. Separate trials were conducted using newly 
hatched individuals ('hatchlings') which had been 
removed from their natal host plants prior to be- 
ginning to feed and older (3rd-5th instar) individu- 
als collected from host plants in the field. 

Preparation o f  plant materials (twigs, leaf extracts, 
sap exudates). Discrimination experiments involv- 
ing twigs were conducted indoors on freshly col- 
lected twigs whose severed ends were kept sub- 
merged in tap water. Such severed twigs remained 
green and continued to put out new growth for up 
to 2 3 weeks and nymphs could be maintained on 
them from hatching to maturity. 

For experiments using whole-leaf extracts, fresh- 
ly collected, mature leaves were freeze-dried, 
crushed and extracted in distilled water at just be- 
low boiling temperatures for one half hour. The 
'1%' solutions used in the feeding experiments were 
obtained by extracting 1 g (dry weight) of plant 
material per 100 ml of water. 

'Air-sap'  exudates were obtained by forcing 
fluids f rom young twigs by means of air pressure. 
Fresh twigs were cut into segments approximately 8 



cm long and connected by means of a tight-fitting, 
flexible plastic tube to a laboratory air spigot. The 
distal ends of the twigs were immersed in distilled 
water, to a depth of approximately 1 cm. When the 
air was turned on, gas and liquid exuded from the 
distal ends of the twigs, eventually turning the water 
turbid and frothy. The concentration of air-sap 
used in the feeding experiments represents the exu- 
date forced from 20 twig segments, each blown out 
for two minutes, collected in 1 ml of water. 

'EDTA-sap '  exudates were obtained by means of 
an ethylenediaminotetraacetic acid (EDTA)-en- 
hanced exudation technique modified from that de- 
scribed by King & Zeevaart  (1974) and Costello et al. 

(1982). The petioles of freshly collected, mature 
leaves were recut under an 80 mM EDTA solution 
(brought to pH 7 with concentrated KOH). The 
leaves were placed upright in a beaker of the EDTA 
solution, with their petioles immersed to a depth of 
approximately 2 cm, for two hours. (The EDTA 
treatment prevents the formation of callous tissue 
in the severed sieve tube elements, allowing exuda- 
tion to continue over a long period of time.) The 
leaves were then rinsed in cold tap water and placed 
upright with petioles immersed in distilled water for 
24 h. The leaves and beaker were enclosed in a 
sealed plastic bag to reduce water loss through 
transpiration. After 24 h the water in the beaker was 
freeze-dried, leaving a small quantity of water-sol- 
uble, mostly crystalline residue. The '1%' and '5%' 
solutions used in the feeding experiments contained 
0.01 g and 0.05 g of this residue, respectively, per 1 
ml of distilled water. 

Discr imina t ion  exper iments .  In trials using whole 
twigs, groups of five nymphs were placed on the 
floor of an experimental chamber between two 
twigs which were placed in contact with one anoth- 
er to facilitate movement  of the nymphs between 
them. 

Experiments utilizing plant extracts (whole-leaf 
extracts and sap exudates) were carried out in 
chambers constructed from 35 mm-diameter  plastic 
Petri dishes and Parafi lm sheets. The two types of 
chambers used are shown diagrammatically in 
Fig. 1 (A & B). In the 'single-layer' chamber (Fig. 
1 A) designed to test the influence of plant extracts 
on ingestion behavior, a Parafi lm sachet was di- 
vided into two sealed compartments,  one contain- 
ing the plant extract in a 5% sucrose solution and 
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Fig. 1. Design of experimental chambers used in pairwise choice 
tests involving plant extracts: (A) 'Single-layer' experiments test- 
ing feeding behavior; (B) 'Double-layer' experiments testing 
probing behavior. (Proportions not to scale). 

the other (control) containing the sucrose solution 
alone. The nymphs probed through the Parafi lm to 
ingest either of these two solutions. In the 'double- 
layer' chamber (Fig. 1B), designed to test the influ- 
ence of extracts on probing behavior, nymphs 
probed through a Parafilm compar tment  contain- 
ing a layer of thin cotton gauze soaked in either the 
test extract (without added sucrose) or a distilled 
water control before reaching a second layer con- 
sisting of a pure 5% sucrose solution. This design 
was intended to simulate more closely the natural 
condition, in which the nymphs '  stylets must pene- 
trate peripheral plant tissue layers to reach the su- 
crose-rich phloem sap on which they feed. In sever- 
al trials different food colorings were added to each 
solution and later observed in the honeydew on the 
floor of the chamber. In this way it was shown that 
the nymphs did penetrate through the leaf extracts 
and water controls to ingest the sucrose solution. In 
the d0uble-layer chambers it was necessary to cover 
the narrow strip of compressed Parafilm which sep- 
arated the paired test compartments  with cello- 
phane tape to prevent nymphs from settling prima- 
rily on that region. 

Each chamber was oriented such that the Para-  
film sachet formed the roof, and was illuminated 
f rom above by a 40 or 75 watt lightbulb. This en- 
couraged the positively phototropic, negatively 
geotropic nymphs to remain in contact with the 
sachet and probe into it. 

Leaf extracts, air-sap exudates and EDTA-sap 
exudates from the black locust, the hop-tree and the 
bittersweets were used in the single-layer experi- 
ments. Dilute KOH and HClwere  used to standard- 
ize the pH of these extracts and their respective 
control solutions: pH = 5.5 for leaf extracts, which 
are naturally acidic, and pH = 7.5 for sap exudates, 
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to reflect the slightly alkaline nature of phloem sap 
(Canny 1973). Only leaf extracts were used in the 
double-layer experiments. In each trial, one to five 
nymphs were placed into the chamber between the 
paired compartments; the locations of all nymphs 
whose stylets were visibly embedded in the Parafilm 
were recorded 24 h later. In the single-layer experi- 
ments it was proposed that nymphs would probe 
into the two solutions at random but that the length 
of time they spent feeding would depend on the 
presence of feeding inhibitors or stimulants (to 
counter or supplement the stimulatory effect of the 
added sucrose). In the double-layer experiments it 
was proposed that the probability that nymphs 
would continue probing through the test (outer) 
layer until they reached the sucrose (inner) layer 
would depend On the presence of probing stimu- 
lants or inhibitors in the test solution. 

Results 

Discrimination experiments. The nymphs showed a 
significant preference for the twigs of their respec- 
tive host species whether or not they had fed on 
their natal host plants prior to testing (Table 1). 
However, in each case a small proportion of E. 
binotata nymphs did settle on non-host twigs, in- 
cluding those of the bur oak. By contrast, all 
nymphs of V. arquata showed absolute discrimina- 
tion, settling only on the twigs of their host, the 
black locust. 

The results of the single-layer experiments using 
plant extracts are shown in Table 2A. Ingestion by 
nymphs of V. arquata was significantly inhibited by 
the leaf extracts of all three plant species and stimu- 
lated by the air-sap of their host, the black locust. 
Surprisingly, these nymphs also-responded posi- 
tively to the air-sap of the bittersweets yet negative- 
ly to the EDTA-sap. 

None of the extracts of the black locust or the 
bittersweets significantly affected settling by any of 
the E. binotata individuals in the single-layer exper- 
iments. The Hop-tree-E. binotata differed from the 
others in their response to the hop-tree extracts: 
while nymphs of the Bittersweet-E. binotata and 
the Locust-E. binotata discriminated strongly 
against all types of hop-tree extracts, the Hop-tree- 
E. binotata individuals showed a relatively weak 
negative response to this leaf extract and none to 
the air-sap or EDTA-sap. However, the Hop-tree- 
E. binotata nymphs did avoid a more concentrated 
solution of the hop-tree EDTA-sap, suggesting that 
their differential response to hop-tree leaf extract 
and sap exudate was due to quantitative, rather 
than qualitative, differences between the samples. 

In contrast to their inhibitory effects on inges- 
tion, the leaf extracts had a positive or neutral effect 
on probing behavior (Table 2B). With the excep- 
tion of a moderately negative response by the Hop- 
tree-E, binotata nymphs to the bittersweets (p < 
0.05) there was no evidence for probing inhibitors 
in the leaf extracts from any of the three plant 
species, including the hop-tree. The majority of the 

Table 1. Feeding-discrimination in nymphs of E. binotata and V. arquata: experiments using whole twigs. 

Total number of nymphs settling on twigs of hosts vs. non-hosts 

Hop-Tree-E. binotata Bittersweet-E. binotata Locust-E. binotata V. arquata 

On twigs of: On twigs of: On twigs of: On twigs of: 
hop-tree bitter- bitter- hop-tree black hop-tree black hop-tree 

sweets sweets locust locust 
Hatchlings ~ 18 4 35 5 21 0 
Older nymphs 61 6 13 2 75 7 71 0 

hop-tree black bitter- black black bitter- black bitter- 
locust sweets locust locust sweets locust sweets 

Hatchlings 47 13 45 12 25 4 
Older nymphs 58 5 30 10 66 4 33 0 

Older nymphs 

hop-tree bur oak bitter- bur oak black bur oak black bur oak 
sweets locust locust 

62 16 36 7 23 10 18 0 
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Table 2. Discrimination of plant extracts by E. binotata and V. arquata: (A) single-layer experiments (effect on ingestion); (B) 
double-layer experiments (effect on probing). 

Number of nymphs choosing extract/Number choosing control 

Hop-tree Bittersweet- Locust- V. arquata 
E. binotata E. binotata E. binotata 

(A) Single-layer experiments 
Whole leaf extracts of: 

Hop-tree 10/27 (-) 5/31 (--) 
Bittersweets 10/22 8/15 
Black Locust 11/11 7/15 

Air-sap exudates of: 
Hop-tree 15/24 1/24 (--) 
Bittersweets 15/15 14/11 
Black Locust 4/ 6 15/I0 

EDTA-sap exudate of: 
Hop-tree (1%) 14/27 26/43 ( ) 
Hop-tree (5%) 7/18 (-) 1/20 (--) 
Bittersweets (1%) 12/11 17/30 
Black Locust (1%) 18/22 29/29 

(B) Double-layer experiments 
Whole leaf extracts of: 

Hop-tree 28/ 4 (++) 10/12 
Bittersweets 7/18 (-) 25/10 (+) 
Black Locust 22/18 14/ 8 

2/47( ) 
9/20 

28/20 

8/45 (--) 
12/22 
40/43 

8/30 ( ) 
0/ 6 (-) 
9/12 

10/15 

4/ 7 
16/18 
29/20 

3/32 (--) 
12/36 (--) 
10/36 (--) 

4/92 (--) 
78/36 (++) 

I21/36 (++) 

1/63 (--) 
0/10 (--) 

19/46(--) 
23/19 

15/14 
16/20 
34/ 0 (++) 

Positive response to extract: (+) p < 0.05; (++) p < 0.01. 
Negative response to extract: (-) p < 0.05; ( ) p < 0.01 (matched pairs sign test). 

membracids showed a significant, positive probing 
response only to the leaf extracts of their respective 
hosts; however, the Locust-E. b i n o t a t a  nymphs re- 
sponded somewhat positively to both the bitter- 
sweets and black locust leaf extracts. 

Discussion 

There is probably little direct selective pressure 
for discriminatory capacity in the juvenile stages of 
these membracids because the developmental host 
is largely selected by the ovipositing females. Never- 
theless, they did show a highly significant prefer- 
ence for twigs of their own host species and a similar 
degree of feeding-specificity has been reported for 
the nymphs of several other homopteran species 
with similar life histories (Claridge et  al. ,  1977; 
Stiling, 1980; Booij, 1982). It may be suggested that 
these preferences in the juvenile stages exist as an 
indirect result of selection for specificity in the 
adults. 

The selectivity of individual E. b i n o t a t a  nymphs 

was less than that shown by V. a r q u a t a  nymphs. 
This difference in individual behavior is consistent 
with the degree of specificity shown by these mem- 
bracid species in the field. The diversity of hosts on 
which the species of the E. b i n o t a t a  complex occur 
may be related to the propensity of these individu-  
als to accept novel hosts, thus increasing the likeli- 
hood that offshoot an population would become 
established on a new host. 

Extracts inside Parafilm sachets provide only a 
fairly poor approximation of the chemical features 
of living plants. Nevertheless, this technique has 
provided valuable insights into the influence of 
plant chemistry on homopteran host-selection be- 
havior. The results presented .here confirm and ex- 
tend those of earlier studies (cf. references cited 
above) and support the hypothesis that host-specif- 
ic secondary plant compounds may stimulate prob- 
ing but inhibit ingestion by homopterans. This ob- 
servation is consistent with the fact that many such 
compounds are likely to be encountered, but not 
ingested, by a phloem-feeder whose stylets do not 
break peripheral cells while penetrating to the 
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phloem. Thus it is impor tan t  to examine the re- 
sponses of  homopte rans  to the phloem-sap itself. 
Al though the sap exudates used in this study may 
not represent pure phloem sap, they should provide 
a closer approx ima t ion  of the material normally 
ingested by a phloem-feeder than do the leaf ex- 
tracts which have been used in many studies. 

Both the air-sap and the E D T A - s a p  samples 
f rom the hop-tree inhibited ingestion, particularly 
by nymphs  associated with other  hosts. Kiss (1983) 
found that  nymphs  f rom six different E. binotata 
species could be reared f rom hatching to adu l thood  
on both  the black locust and the bittersweets., but  
only the Hop-tree-E. binotata survived on the hop- 
tree. All others showed no sign of  feeding and died 
within a few days of transfer. The results of the 
present discrimination experiments strongly sug- 
gest that  these nymphs  failed to feed on the hop-tree 
because its phloem sap contains feeding inhibitors. 

Of the coumarins  and furoquinoline alkaloids 
which comprise the principal secondary compounds  
of  the hop-tree (Dreyer,  1969; Mitscher et al., 
1975a, b) only one class, the rare quaternary alka- 
loids, are water-soluble and thus likely to be present 
in the phloem sap. Thin layer ch romatography  and 
ultraviolet spectroscopy indicate the presence of  
one or more  quaternary  alkaloids in the hop-tree 
extracts used in this study and in the honeydew of  
nymphs  feeding on hop-trees (Kiss, 1983). Because 
these c o m p o u n d s  are reported to be cytotoxic  
(Mitscher et al. 1975a; Rideau et al., 1979) it seems 
likely that  the Hop-tree-E.  binotata posess specific 
physiological adaptat ions allowing them to detoxi- 
fy or tolerate these consti tuents of  their host plant. 
Such adaptat ions  have been demonstra ted for a 
number  of  herbivorous insects but not yet for any 
homopte ran  species. 

R6sum6 

Comportement  de sdlection de rhdte par les larves 
de Vanduzeea arquata  et des espbces du complexe 
Enchenopa  binotata (Homoptera: Membracidae): 
distinction des pousses saines, des extraits de 
feuilles et d'exsudats de skve 

Les larves de Vanduzeea arquata Say et de 3 
membres  du complexe Enchenopa binotata Say 
pr6fbrent l~gbrement plus les pousses des esp~ces de 

leurs h6tes respectifs dans des choix binaires. Les 
r6ponses (al imentat ion et sondage) des larves 5. des 
extraits de feuille et 5. des exsudats de s~ve d'espbces 
de plantes h6tes ou non ont 6t6 examin6es avec des 
sachets 5. couche simple ou double de parafilm. Les 
extraits de feuille de plante h6te stimulaient le son- 
dage par beaucoup de larves. Les extraits de feuille 
et de sbve de Ptelea trifoliata (Rutac6es) inhibaient 
la prise de nourr i ture des larves de toutes les espb- 
ces, mais l'effet dissuadant 6tait moins prononc6 sur 
les larves des espbces d'Enchenopa associbes 5. cet 
arbre que sur les autres. La pr6sence d'alcalo[des 
quaternaires dans le phloem de cet arbre peut dis- 
suader les autres larves de membracides de s'ali- 
menter  sur cette essence, mais ces substances ont 6t6 
d6cel6es dans les larves d'Enchenopa et dans leur 
miellat. Des glucosides flavonoides, pr6sents dans 
les extraits de feuille et les exsudats de s~v6 de 
Robinia pseudoacacia (Fabac6es) et de Celastrus 
scandens et C. orbiculatus (C6lastrac6es), n 'ont  pas 
modifi6 significativement le compor tement  alimen- 
taire des larves d'Enchenopa, mais peuvent avoir  
influenc6 celui des larves de V. arquata. Les larves 
d'Enchenopa pr6sentaient une plus faible apti tude 
que les larves de V. arquata 5. choisir leur h6te; leur 
tolerance relative pour  des esp~ces non h6tes peut 
btre li6e 5. la sp6ciation en fonct ion de la filiation de 
v6g6taux qui semble avoir eu lieu dans ce groupe. 
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