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The South American leaf-sucking mirid, Eccritotarsus catarinensis (Carvahlo)
(Heteroptera: Miridae) was evaluated for the biological control of water hyacinth.
Laboratory host specificity trials both in South Africa and Australia demonstrated that it
fed and developed on several species within the Pontederiaceae besides water hyacinth,
including Pontederia cordata L. (pickerelweed), albeit these were inferior hosts by com-
parison, with the exception of the Australian Monochoria vaginalis (Burman f.) Kunth
which was equally as good as water hyacinth as a host. In South Africa, P. cordata is an
introduced and potentially invasive plant of no conservation status. The mirid, which is
otherwise quite host specific, was therefore cleared for release in South Africa in 1996.
However, it was not considered suitable for release in Australia because it developed read-
ily on M. vaginalis. In the USA, P. cordata is an indigenous component of the aquatic
flora and any threat to it would preclude the release of E. catarinensis. Several experi-
ments were conducted in South Africa to assess host selection by E. catarinensis under
field conditions. Under no-choice conditions, E. catarinensis did not establish on field
populations of  P. cordata. In a choice situation, where the populations of the mirid were
very high on adjacent water hyacinth, some feeding, but no oviposition occurred on P.
cordata. These results were confirmed in the upper Amazon basin of Peru where E. catari-
nensis was found on Pontederia rotundifolia L.f., but only when in sympatry with water
hyacinth. We conclude that the mirid will not establish on P. cordata in the absence of
water hyacinth. However, where water hyacinth and P. cordata grow in close proximity,
some spill-over from the former to the latter would be predicted. The ultimate question
regarding the potential use of this insect is whether it is a sufficiently effective control
agent of water hyacinth to warrant some risk of collateral effects on native
Pontederiaceae.
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Introduction
Eccritotarsus catarinensis (Carvalho) (Heteroptera: Miridae) is a leaf-sucking mirid

that has been evaluated for the biological control of water hyacinth (Eichhornia crassipes
(Mart.) Solms-Laubach) (Pontederiaceae) in South Africa (Hill et al. 1999) and Australia
(Stanley and Julien 1999). Feeding, oviposition and nymphal development was recorded
on several species in the Pontederiaceae, including Pontederia cordata L. (pickerelweed).

In South Africa, pickerelweed is an introduced and potentially invasive species of wet-
lands and is thus of no conservation status. In addition, the other species that supported
development of the mirid in the laboratory were inferior hosts in comparison to water
hyacinth. Therefore, the mirid was cleared for release in 1996. It has become established
at a number of sites in South Africa, and causes severe chlorosis of the leaves. Its full
impact has not yet been quantified (Hill and Cilliers 1999). The mirid was considered
unsuitable for release in Australia because, in laboratory trials, it readily developed on the
native Monochoria vaginalis (Burman f.) Kunth. (Pontederiaceae) (Stanley and Julien
1999).

Water hyacinth remains a troublesome weed in the southern states of the USA and
additional natural enemies for its biological control are needed (Center 1994, Center et al.
1999). However, any threat to pickerelweed, a component of the indigenous aquatic flora
of the USA, would preclude the release of E. catarinensis.

Laboratory host specificity testing can often result in artificially expanded host ranges
(Wapshere 1989), so we investigated the host selection by E. catarinensis on water
hyacinth and pickerelweed in the field in South Africa in an attempt to validate the results
of the laboratory tests and to assess the suitability of E. catarinensis for release in the
USA. We also investigated the host range of this species in its native range in the upper
Amazon basin of Peru.

Materials and Methods
Laboratory Host Specificity Testing

For purposes of comparison, the results of the laboratory host specificity trials are
summarized below. Full details can be found in Hill et al. (1999) and Stanley and Julien
(1999).

No-choice trials
Ten pairs of adult E. catarinensis were released into cages containing either water

hyacinth or pickerelweed, and allowed to feed and oviposit for 7d, after which they were
recaptured. The plants were retained and monitored for insect development. The methods
used in South Africa and Australia were identical.

Choice trials
In South Africa, multi-choice trials were conducted in which water hyacinth and pick-

erelweed, with several other test plant species (Hill et al. 1999), were placed in a large
cage. Twenty-five pairs of adult E. catarinensis were released into the cage and allowed
to feed and oviposit for 14 d after which they were recaptured. The plants were then indi-
vidually isolated in cages for up to three weeks and examined daily for the apperance of
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neonate nymphs.
In Australia, paired and multi-choice trials were conducted. In the paired choice trials,

ten pairs of the mirid were released into an arena containing water hyacinth and pickerel-
weed leaves (still attached to the plants), and allowed to feed and oviposit for 7 d after
which they were recaptured. In the multi-choice trials, ten pairs were introduced to the
arena containing six species (five species in the Pontederiaceae, including water hyacinth
and pickerelweed, and Colocasia esculenta L. Schott (Araceae)) and allowed to feed and
oviposit for 4 d after which they were recaptured. In both the paired and multi-choice tri-
als, the number of eggs inserted into the leaves of the test plants were recorded.

Field Host Specificity Testing
The performance of E. catarinensis on water hyacinth and pickerelweed in the field in

South Africa was determined through adult choice and no-choice experiments that were
designed to simulate conditions where pickerelweed grows in the presence and absence of
water hyacinth. Three different experiments were used for the choice trials and two for the
no-choice trials.  

Choice trials
The attractiveness of pickerelweed to dispersing populations of E. catarinensis.
A pool (265cm in diameter) was stocked with water hyacinth plants, supporting a very

high population of the mirid. The pool was surrounded by 16 plastic tubs (55 x 40 x 35cm)
arranged in two concentric rings and stocked with either mirid-free water hyacinth or
pickerelweed. The nearest ring of tubs was placed 1m from the central pool. The outer
ring of tubs was 2m from the inner ring. There were eight tubs in each ring and they were
placed in an alternating arrangement of either water hyacinth or pickerelweed in recipro-
cal order such that if a tub in a particular position within the outer ring contained pick-
erelweed, the tub in that position in the inner ring contained water hyacinth and vice-
versa. Therefore, the bugs moving in a linear manner to one plant species in the outer ring
had to disperse past the other species in the inner ring. Each tub was examined for five
minutes for adult mirids 10 d after the experiment was set up and again 10 d later. There
were three replicates for this experiment.

Dispersal of E. catarinensis from heavily attacked water hyacinth to an abutting pick-
erelweed population.

This study simulated a common field situation in which pickerelweed occurs in the lit-
toral zone of a water body and water hyacinth occurs immediately adjacent in deeper
water. A large pool (310cm in diameter) was divided into three sections (maximum width
100cm) and water hyacinth plants supporting a high population of mirids were placed in
the middle section. Mirid-free water hyacinth was placed in one of the side sections and
pickerelweed in the other side section.

Five plants from each treatment were examined 20 d after introduction of the mirid
infested water hyacinth. During each sampling occassion, the youngest five fully expand-
ed leaves of each plant were examined and numbered 1 the youngest and 5 the oldest. The
adaxial and abaxial surfaces were assigned a score based on leaf area showing signs of
damage. The score categories were: 0 for 0% damage, 1 for less than 5% damage, 2 for
5-25% damage, 3 for 25-50% damage, 4 for 50-75% damage and 5 for 75-100% damage.
These leaves were also assigned a score for feeding intensity between 0 and 5 where 1 was

Host selection by Eccritotarsus catarinensis on water hyacinth and pickerelweed
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little speckling of the leaves and 5 represented a breakdown of chlorophyll to the point
where the leaf appeared white. The two scores were multiplied to obtain an overall dam-
age score. Therefore, feeding scores were out of a possible 25. There were six replicates
for this experiment.

Dispersal of E. catarinensis from heavily attacked water hyacinth to abutting pick-
erelweed population under field conditions.

Eight pickerelweed plants were planted in a dense stand of water hyacinth, supporting
a high population of the mirid, on the Crocodile River near the town of Brits in the North
West Province of South Africa. The pickerelweed plants were placed in water up to 50cm
deep within the littoral zone of the shoreline. The eight pickerelweed plants and eight cor-
responding water hyacinth plants were examined one month after introduction to assess
the movement of E. catarinensis onto the pickerelweed, and monthly for a further three
months (i.e. the plants were sampled on four occassions after introduction of the pick-
erelweed). During each sample, the adaxial and abaxial surfaces of the youngest five fully
expanded leaves were scored for area damaged and feeding intensity (same scoring sys-
tem was used as described above).

No-choice trials
Establishment of E. catarinensis on pickerelweed in a pool.
A pool (265cm in diameter) was stocked with pickerelweed. Two hundred adult E.

catarinensis were released onto the plants. The pool was checked for adults and feeding
damage 10 d after introduction of the mirids and again 10 d later.  There were four repli-
cates for this experiment.

Establishment of E. catarinensis on stands of pickerelweed and water hyacinth in the
field.

The ability of E. catarinensis to establish on pickerelweed in the absence of water
hyacinth was tested at two field sites near Johannesburg, Gauteng Province, South Africa.
At Delta Park Bird Sanctuary, 500 adult mirids were released on each of three stands of
water hyacinth (with no pickerelweed). At the Johannesburg Botanical Gardens,
Emmerentia Dam, 500 adult mirids were released on each of three stands of pickerelweed
(with no water hyacinth). Ten plants from each of the water hyacinth and pickerelweed
stands were sampled weekly, for seven weeks, and different plants were selected each
week. Leaf area damaged and feeding intensity were scored (same scoring system was
used as described above) for both the adaxial and abaxial surfaces of the leaves.

Occurrence of E. catarinensis on water hyacinth and Pontederia rotundifolia in the
Amazon basin.

Surveys were conducted in the upper Amazon basin in Peru during April-May 1999.
Plants were searched for herbivorous insects at several localities between Iquitos and
Nauta on the Amazon River and its tributaries. Eccritotarsus catarinensis was found at
only one locality and the first record was from Pontederia (= Reussia) rotundifolia, a
rooted, floating species with a habit similar to water hyacinth. P. rotundifolia and water
hyacinth produced isolated stands at frequent intervals along this portion of the Kumaceba
River and the mirids seemed to occur on P. rotundifolia only when it was in close prox-

Hill et al.
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imity to water hyacinth. To test this hypothesis, 10 sites were chosen where the two
species were growing fairly near to one another. Both species were examined for 10 min.
Presence of the mirid was recorded and each species at each site was assigned a damage
score between 0 and 3 where 0 was no damage, 1 was slight damage, 2 was fair damage
and 3 was heavy damage.

Results
Laboratory Host Specificity Testing.

The results of the no-choice trials from both countries showed that E. catarinensis was
able to ovposit and develop on pickerelweed. However, water hyacinth was a more suit-
able host, supporting the development of larger numbers of nymphs (Table 1). The multi-
choice trials conducted in South Africa and the paired-choice trials conducted in Australia
also showed this trend. However, the multi-choice trials from Australia were unable to
indicate any differences between the Pontederiaceae (Table 1). The higher numbers of
progeny produced in the multi-choice trials in South Africa are due to the fact that more
adults were used and they were allowed to oviposit for longer than in the no-choice trials
and the multi and paired-choice trials in Australia. These results clearly demonstrated that
the mirid could utilize pickerelweed as a host both in the presence and absence of water
hyacinth. Furthermore, during these trials, the adults were able to survive for the full dura-

Host selection by Eccritotarsus catarinensis on water hyacinth and pickerelweed

Table 1.
Development of Eccritotarsus catarinensis on water hyacinth and pickerelweed

in quarantine laboratories in South Africa and Australia during choice and
no-choice  host specificity trialsa.

Plant No-choice Choice
Species Mean number of adults South Africa Australia

n South n Australia Mean No. adults Mean No. Eggs
Africa n Multi n Paired n Multi

Water-
hyacinth 10 92.6 3 84.4 5 261.2 3 51 4 6.0

(23.4)b (34.7) (48.2) (12.6) (1.5)

Pickerel-
weed 10 20.6 3 41.3 5 45.4 3 32 4 15.3

(12.9) (12.4) (14.3) (11.3) (5..6)

a Results taken from Hill et al. (1999) for the South African data and Stanley and Julien (1999)
for the Australian data.

b Figures in parenthises represent the standard error.
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tion of the trial and normal feeding activity was recorded.
Field Host Specificity Testing
Choice trials

The attractiveness of pickerelweed to dispersing populations of E. catarinensis.
The mirids dispersed readily onto the water hyacinth tubs within ten days after intro-

duction but none of the pickerelweed tubs became infected (Table 2). Even water hyacinth
in the outer ring of tubs was infested, indicating that the mirids had by-passed more prox-
imally located tubs containing pickerelweed in the inner ring. Populations in the water
hyacinth tubs had increased 20 d after introduction while no adults or feeding damage was
recorded on the pickerelweed (Table 2).

Dispersal of E. catarinensis from heavily infested water hyacinth to abutting water
hyacinth and pickerelweed populations.

Mirids moved onto undamaged water hyacinth, inflicting nearly as much damage as
on the previously infested water hyacinth, while little spill-over occurred onto pickerel-
weed (Table 3). Although feeding damage, frass marks and adults were recorded on all
ages of the water hyacinth leaves, the mirids preferred the undersurfaces of the 2nd and 3rd

youngest fully expanded leaves and feeding was therefore concentrated on these leaves.
No feeding damage was recorded on the undersurface of the pickerelweed leaves.

Nymphs were recorded on the water hyacinth plants while very few were recorded on
pickerelweed. It is uncertain if the nymphs on the previously undamaged water hyacinth
and pickerelweed plants were due to hatching from eggs laid on these plants, or due to the

Hill et al.

Table 2.
Mean number of Eccritotarsus catarinensis adults recorded at the pickerelweed and

water hyacinth tubs after 5 mins of searching each tub.

Date IWHa Tubs IPW Tubs OWH Tubs OPWTubs

Rep 1
27/11/97 3.3b (2.9)c 0 1.3 (1.3) 0
07/12/97 13.6 (4.6) 0 7.0 (2.6) 0

Rep 2
07/01/98 3.5 (2.1) 0 2.8 (2.0) 0
17/01/98 10.0 (3.7) 0 6.3 (2.3) 0

Rep 3
28/01/98 4.5 (1.5) 0 3.3 (1.3) 0
08/02/98 12.5 (2.2) 0 13.8 (4.1) 0

a IWH – Inner water hyacinth tubs, 1m from the pool.
IPW –  Inner pickerelweed tubs, 1m from the pool.
OWH – Outer water hyacinth tubs, 3m from the pool.
OPW – Outer pickerelweed tubs, 3m from the pool.

b Mean of four tubs.
c Figures in parenthises represent the standard error.
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movement of nymphs from the middle section of heavily infested plants.  
Dispersal of E. catarinensis from heavily attacked water hyacinth to abutting pick-

erelweed population under field conditions.
During this study, the assessment of area of leaf damaged and feeding intensity was

complicated by feeding damage to both water hyacinth and the planted pickerelweed by
the weevils, Neochetina eichhorniae Warner and N. bruchi Hustache (Coleoptera:
Cuculionidae) and mite, Orthogalumna terebrantis Wallwork (Acarina: Galumnidae).
Furthermore, three pickerelweed plants died during the study.

Far higher feeding scores were recorded on water hyacinth than on pickerelweed. The
pickerelweed plants were placed in the field on the 22nd of December 1997, and were
therefore exposed to a very high mirid population for four summer months by the 14th of
April 1998. However, the feeding scores on pickerelweed were low, in the region of 1
(Table 4) while they were in the region of 5 on water hyacinth. This indicates that even at
high population levels and where pickerelweed occurs in a sea of mirid infested water
hyacinth, the spill-over of mirids from water hyacinth to pickerelweed is low.

No-choice trials
Establishment of E. catarinensis on pickerel weed in a pool. 
The mirids did not establish on pickerelweed growing in pools despite attempts to

establish them using a technique that has been successful on water hyacinth. Ten days
after introduction of the mirids, a few adult mirids and frass marks were noted. However,
after 20 d no adults were found. It is uncertain whether the adult mirids died, or dispersed
in search of water hyacinth.

Establishment of E. catarinensis on stands of water hyacinth and pickerelweed in the
field.

The mirids established readily on two of the three stands of water hyacinth growing at

Host selection by Eccritotarsus catarinensis on water hyacinth and pickerelweed

Table 3.
Feeding scores of Eccritotarsus catarinensis on the adaxial and abaxial surfaces of

leaves of water hyacinth supporting a high population of the mirid,
and water hyacinth and pickerelweed exposed to the mirid for 20 days.

Leaf      Colonized water hyacinth  Uncolonized water hyacinth Pickerelweed
No.a

Upper Lower Upper Lower Upper Lower

1 2.4b (1.8)c 1.6 (1.0) 1.8 (1.3) 1.2 (0.4) 0.7 (1.1) 0.0 (0.0)
2 2.5 (1.6) 4.4 (1.8) 1.8 (1.2) 3.5 (1.2) 0.4 (0.6) 0.0 (0.0)
3 2.9 (2.3) 5.7 (2.1) 1.9 (1.5) 5.0 (1.4) 0.4 (1.2) 0.0 (0.0)
4 3.1 (2.4) 6.8 (3.6) 2.2 (1.0) 5.9 (2.7) 0.1 (0.2) 0.0 (0.0)
5 2.0 (1.5) 6.9 (3.2) 2.3 (1.5) 5.6 (1.7) 0.0 (0.0) 0.0 (0.0)

a Leaf 1 was the youngest, fully expanded leaf and leaf 5 the oldest leaf.
b Mean feeding scores for area damaged and intensity for 30 leaves.
c Figures in parenthises represent the standard error.
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Delta Park Bird Sanctuary. They initially established on the third stand, but after two
weeks, no further insect activity or feeding damage was noted. The feeding scores for the
remaining two stands over the seven week period ranged from 0.5 to 2.0. Although these
scores were low in comparison to the other experiments, this is probably due to the fact
that the mirid populations needed time to increase. In addition, this trial was terminated
in mid May which is approaching the Austral winter and the temperatures were starting to
drop which would have reduced insect activity and feeding.

At the pickerelweed site at Emmerentia Dam, feeding damage was recorded at one of
the stands one week after introduction of the mirids. However, thereafter no feeding dam-
age or frass marks were noted on the pickerelweed plants and the mirids did not establish.

Occurrence of E. catarinensis on water hyacinth and Pontederia rotundifolia in the

Hill et al.

Table 4.
Eccritotarsus catarinensis feeding scores on the leaves of water hyacinth and

pickerelweed growing in the Crocodile River near Brits in the
North West Province of South Africa.

Date Leaf No. n Water hyacinth Pickerelweed

Upper Lower Upper Lower

20/01/98 1 8 3.3 (5.3)b 3.3 (3.2) 0.8 (1.4) 0.4 (0.5)
2 8 6.5 (5.9) 4.0 (2.6) 1.1 (2.1) 1.6 (1.1)
3 8 3.4 (3.1) 5.4 (2.3) 1.5 (2.7) 2.4 (1.2)
4 8 4.0 (3.6) 4.4 (1.2) 2.1 (1.4) 1.7 (2.4)
5 8 4.4 (2.5) 5.4 (2.5) 0.3 (0.5) 2.1 (1.9)

15/02/98 1 8 5.8 (2.3) 3.4 (1.9) 3.5 (1.3) 1.1 (1.6)
2 8 4.8 (1.9) 4.1 (1.7) 1.5 (1.3) 1.4 (1.7)
3 8 2.3 (1.2) 4.6 (1.3) 1.5 (1.9) 0.5 (1.4) 
4 8 4.0 (2.4) 4.5 (1.3) 0.6 (0.5) 0.5 (1.4)
5 8 3.5 (1.9) 6.4 (1.7) 0.6 (0.8) 0.0 (0.0)

13/03/98 1 5 3.2 (2.6) 1.0 (1.4) 0.2 (0.5) 0.4 (0.9)
2 5 4.0 (2.5) 3.6 (1.4) 1.0 (0.7) 1.0 (1.7)
3 5 7.4 (2.5) 5.6 (2.3) 2.4 (1.7) 1.8 (1.4)
4 5 6.0 (3.5) 7.2 (2.9) 1.4 (1.1) 1.0 (1.1)
5 5 12.4 (3.2) 11.2 (3.0) 2.0 (1.2) 1.2 (0.8)

14/04/98 1 5 2.2 (1.6) 2.6 (2.0) 0.2 (0.5) 0.2 (0.5)
2 5 3.6 (1.3) 4.8 (2.0) 0.2 (0.5) 0.6 (0.9)
3 5 2.8 (1.3) 7.2 (2.0) 0.8 (0.8) 1.6 (0.9)
4 5 3.6 (1.7) 7.0 (1.2) 1.0 (0.7) 1.2 (0.8)
5 5 6.4 (2.9) 10.4 (2.2) 1.8 (0.5) 1.6 (0.6)

a Leaf 1 was the youngest, fully expanded leaf and leaf 5 the oldest leaf.
b Figures in parenthises represent the standard error.
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Amazon basin.
When the two species were examined, we fully expected to find the mirid on both.

However, whereas the average score on water hyacinth was 1.9 (± 0.9), the average score
for P. rotundifolia was zero. Mirid damage was not recorded on one water hyacinth site,
whereas no damage was recorded on the P. rotundifolia at the same locations.

Discussion
Eccritotarsus catarinensis clearly has a narrow host range, being restricted to the fam-

ily Pontederiaceae. These studies demonstrate that, pickerelweed is more acceptable to E.
catarinensis under restricted laboratory conditions than under field conditions. Of all the
trials conducted, the choice trials in the Crocodile River at Brits and the no-choice trails
on water hyacinth at Delta Park and on pickerelweed at Emmerentia Dam probably rep-
resented the most realistic conditions that the insects are likely to be exposed to in the
USA. These trials showed that, even though it has the physiological capacity to utilize
pickerelweed, the mirid will not establish on it in the absence of water hyacinth. High pop-
ulations of mirids in the presence of water hyacinth will sometimes spill-over and feed on
pickerelweed. The feeding damage, however, is likely to be much less than that done to
water hyacinth.

In a similar study, Balciunas et al. (1996) showed that the weevil, Bagous hydrillae
O’Brein, a natural enemy of Hydrilla verticillata (L.f.) Royle (Hydrocharitaceae) had a
far wider host range in the laboratory than in the field in its native Australia. Based pure-
ly on the laboratory data, B. hydrillae would not have satisfied the host specificity
requirements for introduction to the USA as a biological control agent for hydrilla.
However, the field results showed that the insect’s behavioural host range was sufficient-
ly restricted to warrant its introduction. Balciunas et al. (1996) therefore stressed the
importance of extensive field surveys when evaluating potential natural enemies in their
native range. Work on E. catarinensis in South America, while preliminary, further eluci-
dated its realized host range and confimed field studies done in South Africa.

There have been a number of surveys of water hyacinth in South America since the
late 1960’s (Bennett and Zwölfer 1968, Perkins 1974, Bennett 1984). Despite these, E.
catarinensis has remained relatively scarce, in fact it was only in 1989 that it was col-
lected and identified (S. Neser, Plant Protections Research Institute pers. comm.). As a
result, information on its host range in South America is not available. However, during
the recent survey of Pontederiaceae in the upper Amazon River in Peru, we found the
mirid in the Kumaceba River. In this system, water hyacinth was growing in sympatry
with P. rotundifolia. Here, the water hyacinth were very heavily damaged, supporting a
high population of both nymphs and adults. A few adults and some minor feeding damage
was recorded on P. rotundifolia. This evidence from the country of origin supports the
field trials in South Africa where, in the presence of water hyacinth, supporting high pop-
ulations of the mirid, some spill-over feeding can be expected on other species of
Pontederiaceae. However, the risk of population-level impacts to species other than water
hyacinth is likely to be small and E. catarinensis should be able to be safely utilized for
the biological control of water hyacinth in a classical manner. However, while small, some
risk of collateral damage exists. Utilization of E. catarinensis should therefore await
assessment of its effectiveness so as to balance this risk against potential benefits thereby
making informed decisions possible.

Host selection by Eccritotarsus catarinensis on water hyacinth and pickerelweed
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