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Importance of feeding behaviour on life cycle
in the zoophytophagous bug Dicyphus geniculatus
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Abstract
Dicyphus geniculatus (Fieber) (Heteroptera Miridae) is a Mediterranean mirid that has been observed in public green areas in
towns of eastern and western provinces of Spain feeding on whiteflies and thrips on Dianthus caryophyllus L. carnations. In this
article, the relative importance of feeding behaviour with respect to the duration of nymphal development and nymphal survival,
as well as reproduction, was investigated. Nymphs of Bemisia tabaci (Gennadius), larvae of Frankliniella occidentalis (Pergande)
and carnation plants introduced into a 50 × 50 × 50 cm methacrylate box, together with adults mirids, in a climate-controlled
chamber (25 ± 1 °C, 60 ± 5% HR, 16:8 h L:D photoperiod) were used to analyse feeding behaviour. In particular, data on realised
fecundity, sex ratio and adult longevity were analysed. Realised fecundity differed significantly with respect to prey availability
(F1, 267 = 44504.92; p ≤ 0.001). The sex ratio did not differ from 1(♂♂):2(♀♀+♂♂) with respect to feeding regimes [“with
B. tabaci prey” (37/53+37 = 0.41), χ2 = 1.434, df 1, p = 0.231, “with F. occidentalis prey” (42/50+42 = 0.46), χ2 = 0.200, df 1,
p = 0.655] or prey type (B. tabaci or F. occidentalis, χ2 = 0.564, df 1, p = 0.453). Adult longevity differed significantly in terms of
prey availability (F2, 534 = 58.89, p ≤ 0.001) and longevity differed for each sex within each feeding regime (F 1, 534 = 14.13;
p ≤ 0.001). D. geniculatus can survive on a host plant diet exclusively but could not complete its development in the absence of
supplemental prey food, indicating that D. geniculatus requires an animal component in its diet. Other zoophytophagous dicyphines are successfully used as beneficials in integrated pest management in horticultural crops. Thus, D. geniculatus has a potential role in the biological control of carnation pests, and therefore may be a promising pest biological control agent, thus contributing to urban area sustainability.
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Introduction
Although mirid bugs (Heteroptera Miridae) have been
traditionally considered as phytophagous and include
several agricultural pests, many of them also eat prey
and are known to be zoophytophagous (Wheeler,
2000a). Because of this partly predatorial feeding behaviour, there is currently increasing recognition of their
potential for use in pest biological control (Albajes and
Alomar, 1999; Alomar, 2002; Lucas and Alomar, 2002;
Wheeler, 2000b; Urbaneja-Bernat et al., 2013; Maselou
et al., 2014; Pérez Hedo et al., 2015). Nevertheless, in
order to maximise benefits and to minimise plant injury,
it is necessary to obtain information about the relative
influence that the host plant and prey availability have
on the biology of the zoophytophagous species (Urbaneja et al., 2005), and thus the ultimate utility of these
facultative predators in the biological control of pests
(Wheeler, 2001).
Several mirid Dicyphine zoophytophagous species
have been collected among open-field and/or protected
horticultural and ornamental crops in the Mediterranean
Basin: Macrolophus pygmaeus (Rambur), Nesidiocoris
tenuis (Reuter), Dicyphus errans (Wolff), Dicyphus tamaninii Wagner (Albajes and Alomar, 1999; Wheeler,
2001), Dicyphus hyalinipennis (Burmeister) (Ceglarska,
1999), Dicyphus cerastii Wagner (Carvalho and Mexia,
2000) and Dicyphus maroccanus Wagner (Abbas et al.,
2014). These species have been implicated in the biological control of several pests, such as whiteflies,

aphids, thrips, leafminers, spider mites (Malausa et al.,
1987; Malausa, 1989; Arzone et al., 1990; Alomar et
al., 1991; Calabrò and Nucifora, 1993) and the more
recently introduced South American tomato pinworm
Tuta absoluta (Meyrick) (Urbaneja et al., 2009; Ingegno
et al., 2013). These pests are frequently found on both
horticultural and ornamental crops, where they have a
very high economic impact. However, most of the research and subsequent implementation has been undertaken on horticultural crops, and much less attention has
been devoted to the potential use of dicyphine zoophytophagous mirid species with ornamental crops, mainly
due to the very low damage thresholds in these crops
(Enkergaard and Brødsgaard, 2006) when aiming to
achieve a high-quality product (Gullino and Wardlow,
1999; Marsh and Gallardo, 2009). Emerging research is
being developed at present in Europe to explore possible
control of whiteflies among greenhouse ornamental
crops by M. pygmaeus, D. errans, Dicyphus eckerleini
Wagner, D. maroccanus and D. tamaninii. Examples of
successful IPM in ornamentals may be found in Gullino
and Wardlow (1999) and Murphy et al. (2011).
Dicyphus geniculatus (Fieber) is widespread in
Europe, and its presence is also signalled in Turkey and
Azerbaijan (Kerzhner and Josifov, 1999). Compared to
other Dicyphus species, little information is known
about D. geniculatus biology. Wagner and Weber
(1964) name Salvia glutinosa L. (Lamiaceae) and Silene
baccifera L. (Caryophyllaceae) as host plants. Éhanno
(1987) reports observations of the species in grasslands

in France, and S. baccifera. D. geniculatus has been reported in northern Italy in horticultural areas in Piedmont and Liguria regions, on Mentha sp. (Lamiaceae),
Parietaria officinalis L. (Urticaceae) and Silene spp.
(Tavella and Goula, 2001), as well as on S. glutinosa
and Digitalis grandiflorum Miller (Plantaginaceae) in
the Piedmont Alpine valley (Ingegno et al., 2008). As it
occurs with other dicyphines, a mirid subtribe including
species that specialise in sticky plants (Wheeler, 2001;
Wheeler and Krimmel, 2015), most D. geniculatus host
plant species are provided with trichomes, either glandular or not; among vascular plants, 30% are sticky or
hairy (Duke, 1994). This latter group includes conspicuous crops such as cotton, tomato and tobacco. The
effects of plant trichomes on predator efficacy have
been tested in many studies, and a good synthesis may
be found in Riddick and Simmons (2014a). Most studies
have shown that plant hairiness is detrimental to most
predatory insects; others have demonstrated a neutral
effect. A certain number of predatory insects adapt
(Riddick and Simmons, 2014b). Plant trichomes make
herbivore locomotion more difficult and entrap pollen
as well as insects (either tourist or not), providing a diversity of leaf surface resources (phylloplane) to insects
that specialise in hairy plants (Krimmel, 2014). Entangled insects transform into carrion, which is attractive to
dicyphine predators (Wheeler, 2001) in an interaction
that is not very different from the mirid-spider interaction (Wheeler and Krimmel, 2015). Stickiness may
therefore be interpreted as an indirect plant defence
(Krimmel and Pearse, 2013).
In the present work, D. geniculatus was observed on
carnations (Dianthus caryophyllus L.), which have
leaves that are hairless and waxy, thus contrasting with
most trichogenous host plants inhabited by dicyphines.
Voigt and Gorb (2010) hypothesise that dicyphine locomotion on hairy plant surfaces may be carried out according to two different strategies: either avoiding or
overcoming stickiness and/or tricome toxicity. Dicyphus
spp. are light insects that use plant trichomes as useful
clinging structures, to keep their slim bodies separated
from the hairy plant surface by means of their relatively
long legs, and get rid of sticky tricome compound by
grooming frequently. However, a specialisation in hairy
plants does not preclude locomotion on smoother surfaces, even glass (Voigt and Gorb, 2010), which is possible due to the presence of special dentate claws and
large pad-like pseudopulvilli, characteristic of most
Bryocorinae (Cassis and Schuh, 2012). Surveys on
sweet pepper, a plant with very smooth, hairless surfaces, reported the presence of D. errans and D. tamaninii in Spain (Goula and Alomar, 1994) and Italy (Tavella and Goula, 2001), M. pygmaeus in Greece (Perdikis
and Lykouressis, 2004) and the Netherlands (Messelink
et al., 2011) and, together with N. tenuis and D. maroccanus, in Spain (Jacas et al., 2008; Pérez-Hedo and Urbaneja, 2014). Protected crops of glabrous ornamental
Euphorbia milii Des Moulins (Euphorbiaceae) and Serissa foetida (L.f.) Lam. (Rubiaceae) were successfully
colonised by D. tamaninii as part of research on mirid
predation on Frankliniella occidentalis (Pergande)
(Blaeser et al., 2004). Under natural conditions,
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D. geniculatus has been recorded among the Digitalis
grandiflorum Miller (Ingegno et al., 2008) glabrous upside and sparsely pubescent underside (Tutin et al.,
1972). Thus, several examples of dicyphine that do not
colonise hairy host plants may be found. In this context,
D. geniculatus living on Dianthus caryophyllus should
not be surprising.
D. caryophyllus has been appreciated as ornamental
since ancient times, and it is the wild species from
which most commercial ornamental carnations have
been derived (Chacón et al., 2013). Aside from its use
as a cut flower and flower pot plant, D. caryophyllus has
a long and strong reputation for medical use in the Far
East (Chandra et al., 2016). Carnation cropping is
largely implemented. For example, in 2013 in Spain,
more than 40% of flower crop surfaces were devoted to
growing carnations; exports of the crop increased nearly
70% in 2013 (COAG, 2014). Unfortunately, production
is frequently at risk due to diseases and pests. In Spain,
main carnation crop pests are thrips, mainly F. occidentalis; aphids, mainly Myzus persicae Sulzer; leafminers, Liriomyza dianthicola (Venturi); caterpillars,
Cacoecimorpha pronubana (Hubner) and Epichoristodes acerbella (Walker) (Belda and Moerman, 2008;
INFOAGRO, 2016). The presence of mites, spider mites,
scales, leaf miners and cutworms has also been reported
and some require quarantine (Trujillo et al., 1989; Australian Government, 2006). As is the rule for ornamentals (Gullino and Wardlow, 1999), carnation crop pest
management usually relies on pesticides, although preventive measures such as the sanitation of crop areas
and seed certification or monitoring, together with IPM,
are increasing (Belda and Moerman, 2008), with the aim
of reducing the environmental pollution and pesticide
exposure experienced by growers, labourers and applicators, among others (Marsh and Gallardo, 2009).
For several years, D. geniculatus has been observed in
several towns of the Alicante, Valencia and Salamanca
provinces (Spain), feeding on whiteflies and thrips on
carnations (D. caryophyllus) in urban public green areas, causing no apparent significant damage to the host
plant (author’s personal observations). Plants with no
preying pests were not colonised by D. geniculatus. Urban sustainability is a topic that continues to garner significant attention, as may be concluded from the large
revision by Kabisch et al. (2015). Thus, pest management in urban green areas should not be considered an
additional challenge neither for those concerned with
the environment or with citizen and pet health in urban
areas that are already polluted. Urban green areas provide important ecological services and social benefits
(Coley et al., 1997; Haase et al., 2014), and ornamental
plants are perceived by citizens as “decorative” (Kravanja, 2006). In particular, carnations in Spain are
largely prized for their brilliant, colourful flowers. Thus,
managers have to successfully implement the most conservative and gentle strategies, i.e., IPM, to control pests
in urban green areas in order to achieve plants of the
highest quality with superior aesthetics: intrinsic values
of ornamental plants (Marsh and Gallardo, 2009). According to observations on other beneficial congenic
species, D. geniculatus may significantly contribute to

control whiteflies and thrips on carnations, among both
greenhouse and open-field crops, as well as in urban
green areas. In this article, the influence of prey availability on the life cycle (nymphal stage survival and development) and on certain reproductive parameters (realised fecundity, sex ratio and adult longevity) of this
mirid species have been evaluated.
Materials and methods
Plants
Pesticide-free carnation garden plants (25 cm high),
Dianthus caryophyllus L. (var. Standard) (Viveros
Devís, Valencia, Spain), were used in all assays. Carnation seedlings were transplanted to 10 × 10 × 10 cm pots
using a substrate composed of peat and perlite as the
growing medium and maintained until use under the following environmental conditions: 14-24 °C, 60-70%
RH and 12:12 h L:D.
Insects
D. geniculatus individuals came from populations
originally collected on carnation plants from several
public and private gardens in the province of Alicante
(V-IX-2006/08). Goula, according to Wagner (1974),
identified individuals based on external morphological
characteristics and biometrics and an examination of
male genitalia. Specimens were maintained at the Fundación Entomológica Torres-Sala (Valencia) and the
Universidad de Salamanca facilities. Laboratory colonies were kept at 25 ± 1 °C, 55-80% RH, with a 16:8 h
L:D photoperiod, in several boxes (50 × 50 × 50 cm
methacrylate with a cloth-covered window in the lid)
with water, sucrose solution and Ephestia kuehniella
Zeller (Lepidoptera Pyralidae) eggs as a nutritional supplement, and a pot with soil substrate with carnations as
host plant.
Bemisia tabaci (Gennadius) nymphs (Hemiptera Aleyrodidae) and F. occidentalis larvae (Thysanoptera
Thripidae) came from populations originally collected
on carnation plants from Viveros Devís (Valencia,
Spain). Adults of these species were kept at the same
climatic conditions as D. geniculatus. Inside the boxes
water, sucrose solution and carnations were present as
described above.
Experimental procedure
Adult mirids and prey used in the experiments were
collected from laboratory colonies. In all cases, the adult
mirids were collected when they were less than oneday-old and used for the experiment when they were
five days old.
D. geniculatus adults (n = 13 ♀♀ + 13 ♂♂) were introduced into a 50 × 50 × 50 cm methacrylate box (with
a cloth-covered window in the lid) together with four
carnation plants in a climate-controlled chamber
(25 ± 1 °C, 60 ± 5% HR, 16:8 h L:D photoperiod) for one
day. Four replicates were performed for each experiment. Then, mirid adults were removed, and the aerial
parts of the plants were checked, under a LeicaMZ125
binocular microscope, for oviposition scars (about 1 mm

long) and cut into small sections (about 2 × 2 mm), each
containing one egg that was less than 24 hours old. Each
plant section was placed with one egg in a Petri dish
(10 cm diameter) on a fine layer (3 mm) of agar (2%,
w/v) and examined daily until mirid nymphs appeared.
The nymphs that emerged were placed individually into
clear, covered plastic cages (4 cm diameter at the bottom, 5.4 cm at the top, 3 cm high and ventilated with
insect gauze with a tiny mesh size) and held in the climate chamber under the same controlled conditions. In
each cage, stem and leaf samples from the host plant
and water in an Eppendorf tube fitted with a cotton wick
were provided.
Experiment 1: Dicyphus geniculatus juvenile development and survival
To evaluate the influence of prey on the biology of
D. geniculatus, 15 newly emerged mirid nymphs were
placed individually in plastic cages, which were supplied daily with a portion of carnation leaf, water and at
least 50 prey (B. tabaci nymphs or F. occidentalis larvae, both at any stage), which were considered as the
two treatments. The control treatment consisted of individualised carnation leaf portions and water only, without any type of prey. These mirid nymphs were examined daily until death or final moult to adult, and their
development times (days), survival (expressed as %)
and sex ratio were calculated.
Experiment 2: Dicyphus geniculatus reproduction
To evaluate the reproductive parameters of the insect,
i.e., realised fecundity and adult longevity, 30 couples
(male and female) of newly emerged adults of D. geniculatus were individualised in the plastic cages with
prey (nymphs of B. tabaci or larvae of F. occidentalis),
and leaves of the host plant with petiole and water ad
libitum, or with leaves of the host plant with petiole and
water only, in the absence of prey. Leaves were changed
and new prey was offered every two days until adult
death.
Both experiments were repeated three times with a
new batch of nymphs and adults over time.
Data analysis
Three-way factorial ANOVA (with a post-hoc Tukey
HSD test for pairwise comparisons) was used to process
data from both experiments, in which the random factor
was always the “repetition period”. In Experiment 1, the
influence of the fixed factors “nymphal instar” and
“prey availability” (i.e., prey type-without prey) on the
nymphal survival (%) of D. geniculatus was tested; also,
the influence of the fixed factors “food source” and
“sex” on the nymphal development time of D. geniculatus was tested. In Experiment 2, the effect of the fixed
factors “prey diet” and “sex” on adult longevity was
tested. Additionally, two-way factorial ANOVA (with a
post-hoc Tukey HSD test for pairwise comparisons) was
used to process data from Experiment 2 to test the effect
on realised fecundity of the fixed factor “prey availability”, taking as random factor the “repetition period”. In
Experiment 1, sex ratio (presented as proportion male:
♂♂/♀♀+♂♂) of adults was compared to a null hy175

pothesis of 1:1 using a χ2; this test was used to compare
sex ratio after consumption of different prey types. All
variables were distributed normally and were not transformed prior to analyses. In addition, the distributions of
residuals were approximately normal. Values are reported as means ± SE. Analyses were performed using
the IBM SPSS statistical software package (v2.0; critical p-value used: 0.05).
Results
Experiment 1: Dicyphus geniculatus juvenile development and survival
The three-way ANOVA [σ2 (residual variance): 0.012,
σB2 (block variance): 7.1/106] revealed that survival of
nymphs (table 1) differed significantly with respect to
nymphal instar (F4, 26 = 9199.69; p ≤ 0.001) and prey
availability (F2, 26 = 34392.97; p ≤ 0.001). An additional
Tukey’s HSD test revealed significant differences at the
95% confidence level amongst all nymphal instars and
also with different prey types (table 1). Furthermore, the
three-way ANOVA did not reveal any significant interaction between the factors (nymphal instar/prey availability) and survival of nymphs (F6, 26 = 6490.25;
p ≤ 0.001).
Concerning the nymphal development time (table 2),
the three-way ANOVA [σ2 (residual variance): 0.46, σB2

(block variance): 2.3/105] revealed that this variable differed significantly with respect to sex (F1, 188 = 13.17;
p ≤ 0.001) and prey type (F1, 188 = 68.42; p ≤ 0.001).
Furthermore, the three-way ANOVA did not reveal any
significant interaction between the factors (nymphal instar/prey availability) and survival of nymphs (F1, 188 =
0.622; p = 0.431).
The sex ratio corresponding to both feeding regimes
“with B. tabaci prey” and “with F. occidentalis prey”
did not differ from 1(♂♂):2(♀♀+♂♂) [“with B. tabaci
prey” (37/53+37 = 0.41), χ2 = 1.434, df 1, p = 0.231;
“with F. occidentalis prey” (42/50+42 = 0.46), χ2 =
0.200, df 1, p = 0.655]. Also, the sex-ratio did not differ
with respect to prey type (B. tabaci or F. occidentalis)
(χ2 = 0.564, df 1, p = 0.453).
Experiment 2: Dicyphus geniculatus reproduction
With respect to adult longevity (figure 1), the threeway ANOVA [σ2 (residual variance): 70.39, σB2 (block
variance): 4/105] revealed that longevity differed significantly in terms of prey availability (F2, 534 = 58.89;
p ≤ 0.001). Also, longevity was different for each sex
within each feeding regime (F1, 534 = 14.13; p ≤ 0.001).
An additional Tukey’s HSD test revealed significant
differences at the 95% confidence level between feeding
regime, i.e. without prey, compared to B. tabaci /
F. occidentalis diets. However, no significant differences were found (figure 1) between prey feeding re-

Table 1. Survivorship (expressed as a percentage: %) of nymphal instars (N 1-N5) of D. geniculatus in carnation
plants at 25 ± 1 °C, 55-80% RH, and 16:8 h L:D photoperiod with different prey and without prey. The survival of
nymphs differed significantly with respect to nymphal instar (F 4, 26 = 9199.69; p ≤ 0.001) and prey availability
(F2, 26 = 34392.97; p ≤ 0.001).
Nymphal instars (%)

Without prey
(n = 45)
80
28
8
-

N1
N2
N3
N4
N5
Total

Carnation plants
With prey
Bemisia tabaci
Frankliniella occidentalis
(n = 45)
(n = 45)
95
92
79
74
76
73
70
67
66
63
26.5
22.1

Table 2. Development time for male and female nymphal instars (N 1-N5) of D. geniculatus, (days; mean ± SE), in
carnation plants at 25 ± 1 °C, 55-80% RH, and 16:8 h L:D photoperiod with different prey and without prey. The
nymphal development time differed significantly with respect to sex (F 1, 188 = 13.17; p ≤ 0.001) and prey type
(F1, 188 = 68.42; p ≤ 0.001).
Nymphal instars
N1
N2
N3
N4
N5
Total
176

Without prey
(n = 45)
3.6 ± 0.3
5.1 ± 0.2
3.8 ± 0.2
-

Carnation plants
With prey
Bemisia tabaci
Frankliniella occidentalis
♂♂ (n = 21)
♀♀ (n = 24)
♂♂ (n = 22)
♀♀ (n = 23)
3.1 ± 0.6
3.2 ± 0.5
3.1 ± 0.4
3.3 ± 0.1
5.2 ± 0.4
5.8 ± 0.5
6.4 ± 0.2
7.2 ± 0.1
3.2 ± 0.3
4.1 ± 0.2
3.9 ± 0.3
3.3 ± 0.6
2.2 ± 0.4
2.3 ± 0.3
3.7 ± 0.3
3.2 ± 0.4
3.3 ± 0.6
2.4 ± 0.5
3.8 ± 0.7
4.2 ± 0.2
17.9 ± 0.6
18.9 ± 0.7
21.4 ± 0.5
22.1 ± 0.8

Figure 1. Mean adult longevity of D. geniculatus (days)
in carnation plants at 25 ± 1 °C, 55-80% RH, and 16:8
h L:D photoperiod with different prey and without
prey. The longevity differed significantly in terms of
prey availability (F2, 534 = 58.89; p ≤ 0.001) and also
within each feeding regime (F1, 534 = 14.13; p ≤ 0.001).

Figure 2. Mean realised fecundity (eggs) of D. geniculatus in carnation plants at 25+ 1 °C, 55-80% RH, and
16:8 h L:D photoperiod with different prey and without prey. This variable differed significantly with
respect to prey availability (F1, 267 = 44504.92;
p ≤ 0.001).

gimes (B. tabaci vs. F. occidentalis). Furthermore, the
three-way ANOVA did not reveal any significant interaction between factors (prey availability / sex) and adult
longevity (F2, 534 = 0.820; p = 0.441).
With respect to realised fecundity (figure 2), the twoway ANOVA [σ2 (residual variance): 38.44, σB2 (block
variance): 0.08] revealed that this variable differed significantly with respect to prey availability (F1, 267 =
44504.92; p ≤ 0.001). An additional Tukey’s HSD test
revealed significant differences at the 95% confidence
level among all feeding regimes (without prey, with
B. tabaci and with F. occidentalis).

M. pygmaeus reared on strict phytophagy may reach
adulthood (Lucas and Alomar, 2001; Perdikis and Lykouressis, 2000) or not (Ingegno et al., 2011).
The effect of diet on dicyphine performance depends
on plant, prey and zoophytophagous insect species and
on the type and/or amount of plant and/or animal food,
under the influence of abiotic factors (Sánchez, 2008).
In the case of plants, every part provides different nutritional qualities (Lucas and Alomar, 2001). Prey availability determines insect establishment on host plants
(Ingegno et al., 2011), and in a more general sense, prey
consumption influences insect performance (Tavella
and Arzone, 1996; Perdikis and Lykouressis, 1997;
2000). In the present study, realised fecundity of
D. geniculatus was significantly much lower in an exclusively herbivorous diet and different depending on
prey type, as reported for other dicyphine species (Urbaneja et al., 2005; Hatherly et al., 2008).
Switching from plant to prey consumption and vice
versa is a crucial item to evaluate D. geniculatus utility
as pest predator. N. tenuis (El-Dessouki et al., 1976;
Calvo and Urbaneja, 2003; Calvo et al., 2009) and
D. tamaninii (Gabarra et al., 1988; Albajes and Alomar,
1999; Castañé et al., 2003) have been shown to damage
the plants when prey is scarce, thus entailing the monitoring of a predator’s population to keep it below plant
damage risk densities (Alomar and Albajes, 1996), although it has been shown that yield may not be affected
by the injuries inflicted by a zoophytophagous beneficial (Sánchez and Lacasa, 2008). Those generalist
predators may successfully control several pests already
reported in association with carnations such as mites,
spider mites, thrips, aphids, scales, cutworms and caterpillars, as well as whiteflies and leaf-miners, observed
to be consumed by D. geniculatus on D. caryophyllus.
There is thus a common, already known scenario to be
taken into account when using D. geniculatus, a polyphagous zoophytophagous dicyphine. The benefits of
carnation pest biological control and the risk of carna-

Discussion and conclusions
True bugs may be zoophytophagous (Wheeler, 2001),
and the importance of plant and animal nutrients for development and survival is variable depending on plant,
prey and zoophytophagous species (Naranjo and Gibson, 1996). Accordingly, feeding regime and type of
prey have a great influence on D. geniculatus life cycle
and performance, as it has already been observed for
other dicyphine species and is further discussed.
Adults of D. geniculatus can survive on carnation
plants without the availability of prey for about 12-13
days. Nevertheless, this species is unable to complete its
development without any prey. Whitefly nymphs and
thrips larvae were necessary, as prey, for D. geniculatus
to complete its nymphal development, showing that
D. geniculatus requires an animal component in its diet
for development. The same results were observed for
N. tenuis (Urbaneja et al., 2005) and D. errans (Arvaniti
et al., 2014).
Other zoophytophagous dicyphines can develop into
adults feeding only on plants, as is the case for D. tamaninii (Lucas and Alomar, 2001). However, the response of zoophytophagous dicyphine species to diet is
not homogeneous, even within the same insect species.
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tion damage when prey declines have to be properly
evaluated (Albajes and Alomar, 1999). In the case of
N. tenuis, benefits outweigh risks (Urbaneja et al., 2005).
D. caryophyllus has a waxy, smooth epidermis, which
makes the plant more vulnerable to pesticides (Belda
and Moerman, 2008). Predatory mites efficiently control
red mites, spider mites and thrips, and some successful
IPM on carnations have been reported (Gullino and
Wardlow, 1999) in relationship to the two latter pests.
However, carnation colonisation is difficult for predatory mites, as they do not easily adhere to smooth surfaces (Belda and Moerman, 2008), an observation fitting generalist predators (Krimmel, 2014). Lacewings
have been proved to be useful in limiting aphid populations in carnation IPM cultures (Gullino and Wardlow,
1999). Aphid populations may be controlled by the cecydomiid Aphidoletes aphidimyza (Rondani) when temperature in the crops is above 16 °C, but this is not the
case for certain periods of the year, either due to winter
temperatures, or because carnation is cultivated at low
temperatures (Hernández, 1983). In addition, glabrous
plants (those with little hair) are less attractive to predators, as they lack extra food in the form of carrion or
pollen usually entrapped in hairy plants (Krimmel,
2014). However, predatory mirid bugs colonise smooth
sweet pepper plants and successfully control the pepper
pests: M. pygmaeus controls F. occidentalis in the Netherlands (Messelink et al., 2011), as well as M. persicae
in the Netherlands (Messelink et al., 2011), Greece
(Perdikis and Lykouressis, 2004) and Spain (PérezHedo and Urbaneja, 2015). In Spain, N. tenuis and
D. maroccanus control M. persicae (Pérez-Hedo and
Urbaneja, 2015).
D. geniculatus opens a new perspective on pest management on hairless ornamental host plants. By colonising carnations, D. geniculatus may contribute to the biological control of carnation pests, adding to the positive
effects of previously implemented beneficials (Belda
and Moerman, 2008). Although some successful IPM
programs have been implemented (Gullino andWardlow, 1999), several carnation pests have to be managed
by pesticide spraying (INFOAGRO, 2016). Urban ecosystem services deserve increasing research (Kremer et
al., 2015), and the implementation of beneficials may
contribute to the final goal of achieving the best environmental and human health conditions in urban areas.
Nevertheless, our results are still preliminary, and further research is needed to evaluate the feasibility of carnation pest management using D. geniculatus in conservation or augmentative biological control.
Acknowledgements
The research conducted was possible thanks to contributions from the “Museu Valencià d’Història Natural”
(Valencia, Spain). The laboratories of the Fundación
Entomológica “Torres-Sala” (Valencia, Spain) were
used to carry out this study. The authors wish also to
thank to anonymous reviewers whose observations have
largely contributed to improve this publication.
178

References
ABBAS S., PÉREZ-HEDO M., COLAZZA S., URBANEJA A., 2014.The predatory mirid Dicyphus maroccanus as a new potential biological control agent in tomato crops.- BioControl, 59
(5): 565-574.
ALBAJES R., ALOMAR O., 1999.- Current and potential use of
polyphagous predators, pp. 265-275. In: Integrated pest and
disease management in greenhouse crops (ALBAJES R.,
GULLINO M. L., VAN LENTEREN J. C., ELAD Y., Eds).- Kluwer Academic Publishers, Dordrecht, Netherlands.
ALOMAR O., 2002.- Facultative predation as a biological control, pp 1-3. In: Encylopedia of pest management (PIMENTEL
D., Ed.).- Marcel Dekker, Inc., New York, USA.
ALOMAR O., ALBAJES R., 1996.- Greenhouse whitefly (Homoptera: Aleyrodidae) predation and tomato fruit injury by
the zoophytophagous predator Dicyphus tamaninii (Heteroptera: Miridae), pp. 155-177. In: Zoophytophagous Heteroptera: implications for life history and integrated pest management (ALOMAR O., WIEDENMANN R. N., Eds).- Entomological Society of America. Proceedings Thomas Say Publications in Entomology. Lanham, Maryland, USA.
ALOMAR O., CASTAÑÉ C., GABARRA R., ARNÓ J., ARIÑO J.,
ALBAJES R., 1991.- Conservation of native mirid bugs for
biological control in protected and outdoor tomato crops.IOBC/wprs Bulletin, 14 (5): 33-42.
ARNÓ J., CASTAÑÉ C., RIUDAVETS J., ROIG J., GABARRA R.,
2006.- Characterization of damage to tomato plants produced by the zoophytophagous predator Nesidiocoris
tenuis.- IOBC/wprs Bulletin, 29: 249-254.
ARVANITI K., PERDIKIS D. C., FANTINOU A., 2014.- Development of the omnivorous predator Dicyphus errans when fed
on different prey regimes and its total prey consumption
during the nymphal stage.- IOBC/wprs Bulletin, 102: 1-5.
ARZONE A., ALMA A., TAVELLA L, 1990.- Ruolo dei Miridi
(Rhynchota: Heteroptera) nella limitazione di Trialeurodes
vaporariorum Wetswood (Rhynchota; Aleyrodidae).- Bollettino di Zoologia Agraria e di Bachicoltura, 22 (1): 43-51.
AUSTRALIAN GOVERNMENT, 2006.- The biology and ecology of
Dianthus caryophyllus L. (carnation).- Department of
Health and Ageing, Office of the Gene Technology Regulator, Canberra, Australia.
BELDA J. E., MOERMAN E., 2008.- Cultivo de flor cortada, pp.
435-451. In: Control biológico de plagas agrícolas (JACAS J.
A., URBANEJA A., Eds).- M.V. Phytoma-España S.L., Valencia, Spain.
BLAESER P., SENGONCA C., ZEGULA S., 2004.- The potential
use of different predatory bug species in the biological control of Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae).- Journal of Pest Science, 77: 211-219.
CALABRÒ M., NUCIFORA A., 1993.- Presenza di Miridi zoofitofagi (Rhynchota, Heteoptera) su pomodoro e altre piante e
loro utilizzabilità come ausiliari.- Bollettino dell'Accademia
Gioenia di Scienze Naturali in Catania, 26 (342): 115-131.
CALVO J., URBANEJA A., 2003.- Nesidiocoris tenuis Reu.
(Het.: Miridae) en tomate: ¿amigo o enemigo?- Almería en
Verde, 4: 21-23.
CALVO J., BOLCKMANS K., STANSLY P. A., URBANEJA A.,
2009.- Predation by Nesidiocoris tenuis on Bemisia tabaci
and injury to tomato.- BioCiontrol, 54: 237-246.
CARVALHO P., MEXIA A., 2000.- First approach on the potential role of Dicyphus cerastii Wagner (Hemiptera: Miridae),
as natural control agent in Portuguese greenhouses. Bulletin
OILB/srop, 23 (1): 261-264.
CASSIS G., SCHUH R. T., 2012.- Systematic, biodiversity, biogeography and host associations of the Miridae (Insecta:
Hemiptera: Heteroptera: Cimicomorpha).- Annual Review of
Entomology, 47: 377-404.

CASTAÑÉ C., ALOMAR O., RIUDAVETS J., 2003.- Potential risk
of damage to zucchinis caused by mirids bugs.- IOBC/wprs
Bulletin, 26 (10): 135-138.
CEGLARSKA E. B., 1999.- Dicyphus hyalinipennis Burm. (Heteroptera: Miridae): a potential biological control agent for
glasshouse pests in Hungary.- Bulletin OILB/srop, 22 (1):
33-36.
CHACÓN B., BALLESTER R., BIRLANGA V., ROLLAND-LAGAN
A.-G., PÉREZ-PÉREZ J. M., 2013.- A quantitative framework
for flower phenotyping in cultivated carnation (Dianthus
caryophyllus L.).- PlosOne, 8 (12): e82165.
CHANDRA S., RAWAT D. S., CHANDRA D., RASTOGI J., 2016.Nativity, phytochemistry, ethnobotany and pharmacology of
Dianthus caryophyllus.- Research Journal of Medicinal
Plant, 10 (1): 1-9.
COAG, 2014.- Anuario agrario 2014. Análisis agroganadero,
agricultura. Planta ornamental y flor cortada.- [online]
URL: http://www.coag.org (Accessed 15 March 2016).
COLEY R. L., SULLIVAN W. C., KUO F. E., 1997.- Where does
community grow? The social context created by nature in
urban public housing.- Environment and Behavior, 29 (4):
468-494.
DUKE S. O., 1994.- Commentary: glandular trichomes - a focal
point of chemical and structural interactions.- International
Journal of Plant Science, 155: 617-620.
EHANNO B., 1987.- Les Hétéroptères Mirides de France. Inventaires de faune et de flore, 40.- Museum national
d’histoire naturelle-Secrétariat de la faune et de la flore, Paris, France.
EL-DESSOUKI S. S., EL-KIFL A. H., HELAL H. A., 1976.- Life
cycle, host plants and symptoms of damage of the tomato
bug, Nesidiocoris teunis Reuter (Hemiptera: Miridae), in
Egypt.- Zeitschrift für Pflanzenkrankheiten und Pflanzenschutz, 83: 204-220.
ENKEGAARD A., BRØDSGAARD H. F., 2006.- Biocontrol in protected crops: is lack of biodiversity a limiting factor?, pp.
91-122. In: An ecological and societal approach to biological control (EILENBERG J., HOKKANEN H. M. T., Eds).Springer, Dordrecht, Netherlands.
GABARRA R., CASTAÑÉ C., BORDAS E., ALBAJES R., 1988.- Dicyphus tamaninii Wagner as a beneficial insect and pest of
tomato crops in Catalonia.- Entomophaga, 33 (2): 219-228.
GOULA M., ALOMAR O., 1994.- Míridos (Heteroptera, Miridae) de interés en el control integrado de plagas en el tomate. Guía para su identificación.- Boletín de Sanidad Vegetal Plagas, 20: 131-143.
GULLINO M. L., WARDLOW L. R., 1999.- Ornamentals, pp.
486-505. In: Integrated pest and disease management in
greenhouse crops (ALBAJES R., GULLINO M. L., VAN LENTEREN J. C., ELAD Y., Eds).- Kluwer Academic Publishers,
Dordrecht, Netherlands.
HAASE D., LARONDELLE N., ANDERSSON E., ARTMANN M.,
BORGSTRÖM S., BREUSTE J., GOMEZ-BAGGETHUN E, GREN
Å., HAMSTEAD Z., HANSEN R., KABISCH N., KREMER P.,
LANGEMEYER J., RALL E. L., MCPHEARSON T., PAULEIT S.,
QURESHI S., SCHWARZ N., VOIGT A., WURSTER D., ELMQVIST
T., 2014.- A quantitative review of urban ecosystem service
assessments: concepts, models, and implementation.- Ambio, 43: 413-433.
HATHERLY I. S., PEDERSEN B. P., BALE J. S., 2008.- Effect of
host plant, prey species and intergenerational changes on the
prey preferences of the predatory mirid Macrolophus caliginosus.- BioControl, 54 (1): 35-45.
HERNÁNDEZ J. R., 1983.- El clavel para flor cortada. Hojas
divulgativas 4/83.- Ministerio de Agricultura, Pesca y Alimentación, Madrid, Spain.
INFOAGRO, 2016.- El cultivo del clavel.- [online] URL:
http://www.infoagro.com/flores/

INGEGNO B. L., GOULA M., NAVONE P., TAVELLA L., 2008.Distribution and host plants of the genus Dicyphus in the
Alpine valleys of NW Italy.- Bulletin of Insectology, 61 (1):
139-140.
INGEGNO B. L., PANSA M., TAVELLA L., 2011.- Plant preference in the zoophytophagous generalist predator Macrolophus pygmaeus (Heteroptera: Miridae).- Biological Control,
58: 174-181.
INGEGNO B. L., FERRACINI C., GALLINOTTI D., ALMA A., TAVELLA L., 2013.- Evaluation of the effectiveness of Dicyphus
errans (Wolff) as predator of Tuta absoluta (Meyrick).- Biological Control, 67: 246-252.
JACAS J. A., URBANEJA A., GARCÍA-MARÍ F., 2008.- Artrópodos depredadores, pp. 39-56. In: Control biológico de plagas agrícolas (JACAS J. A, URBANEJA A., Eds).- Phytoma,
Valencia, Spain.
KABISH N., QURESHI S., HAASE D., 2015.- Human-environment
interactions in urban green spaces- a systematic review of
contemporary issues and prospects for future research.- Environmental Impact Assessment Review, 50: 25-34.
KERZHNER I. M., JOSIFOV M., 1999.- Miridae, pp. 1-576. In:
Catalogue of the Heteroptera of the Palaearctic Region (AUKEMA B., RIEGER C. H. R., Eds) vol 3. Cimicomorpha II.Netherlands Entomological Society, Amsterdam, The Netherlands.
KRAVANJA N., 2006.- Significant percentual properties of outdoor ornamental plants.- Acta Agriculturae Slovenica, 87:
333-342.
KREMER P., ANDERSSON E., MCPHEARSON T., ELMQVIST T.,
2015.- Advancing the frontier of urban ecosystems services
research.- Ecosystem Services, 12: 149-151.
KRIMMEL B. A., 2014.- Why plant trichomes might be better
than we think for predatory insects?- Pest Management Science, 70: 1666-1667.
KRIMMEL B. A., PEARSE I. S., 2013.- Sticky plant traps insects
to enhance indirect defence.- Ecology Letters, 16: 219-224.
LUCAS É., ALOMAR Ò., 2001.- Macrolophus caliginosus
(Wagner) as an intraguild prey for the zoophytophagous Dicyphus tamaninii Wagner (Heteroptera: Miridae).- Biological Control, 20: 147-152.
LUCAS É., ALOMAR Ò., 2002.- Impact of Macrolophus caliginosus presence on damage production by Dicyphus tamaninii (Heteroptera: Miridae) on tomato fruits.- Journal of
Economic Entomology, 95: 1123-1129.
MALAUSA J. C., 1989.- Lutte intégrée sus serre: les punaise
prédatrices Mirides dans les cultures de Solanacées du sudest de la France.- Revue d’Horticulture, 198: 39-43.
MALAUSA J. C., DRESCHER J., FRANCO E., 1987.- Perspectives
for the use of a predaceous bug Macrolophus caliginosus
Wagner (Heteoptera, Miridae) on glasshouse crops.IOBC/wprs Bulletin, 10 (2): 106-107.
MARSH T. L., GALLARDO K., 2009.- Adopting biological control for ornamental crops in greenhouses.- CAB Reviews:
Perspectives in Agriculture, Veterinary Science, Nutrition
and Natural Resources, 4 (022): 1-9.
MASELOU D. A., PERDIKIS D. C., SABELIS M. W, FANTINOU A.
A., 2014.- Use of plant resources by an omnivorous predator
and the consequences for effective predation.- Biological
Control, 79: 92-100.
MESSELINK G. J., BLEMHARD C. M. J., KOK L., HANSSEN A.,
2011.- Generalist predatory bugs control aphids in sweet
pepper.- IOBC/wprs Bulletin, 68: 115-118.
MURPHY G. D., GATES C., WATSON G. R., 2011.- An update on
the use of biological control in greenhouse ornamental crops
in Canada.- IOBC/wprs Bulletin, 68: 125-128.
NARANJO S. E., GIBSON R. L., 1996.- Phytophagy in predaceous Heteroptera: effects on life history and population dynamics. pp 75-93. In: Zoophytophagous Heteroptera: impli-

179

cations for life history and integrated pest management
(ALOMAR O., WIEDENMANN R. N., Eds).- Entomological Society of America, Proceedings Thomas Say Publications in
Entomology, Lanham, Maryland, USA.
PERDIKIS D. C., LYKOURESSIS D. P., 1997.- Rate of development and mortality of nymphal stages of the predator Macrolophus pygmaeus Rambur feeding on various preys and
host plants.- IOBC/wprs Bulletin, 20 (4): 241-248.
PERDIKIS D.C., LYKOURESSIS D. P., 2000.- Effects of various
items, host plants, and temperatures on the development and
survival of Macrolophus pygmaeus Rambur (Hemiptera:
Miridae).- Biological Control, 17: 55-60.
PERDIKIS D. C., LYKOURESSIS D. P., 2004.- Myzus persicae
(Homoptera: Aphididae) as suitable prey for Macrolophus
pygmaeus (Hemiptera: Miridae) population increase on pepper plants.- Environmental Entomology, 33: 499-505.
PÉREZ-HEDO M., URBANEJA A., 2015.- Prospects for predatory
mirid bugs as biocontrol agents of aphids in sweet peppers.Journal of Pest Science, 88: 65-73.
PÉREZ-HEDO M., BOUAGGA S., JAQUES J. A., FLORS V., URBANEJA A., 2015.- Tomato plant responses to feeding behavior of three zoophytophagous predators (Hemiptera: Miridae).- Biological Control, 86: 46-51.
RIDDICK E. W., SIMMONS A. M., 2014a.- Do plant trichomes
cause more harm than good to predatory insects?- Pest
Management Science, 70: 1655-1665.
RIDDICK E. W., SIMMONS A. M., 2014b.- Plant trichomes have
mixed impacts on predatory insects?- Pest Management Science, 70: 1668.
SÁNCHEZ J. A., 2008.- Zoophytophagy in the plantbug Nesidiocoris tenuis.- Agricultural and Forest Entomology, 10:
75-80.
SÁNCHEZ J. A., LACASA A., 2008.- Impact of the zoophytophagous plant bug Nesidiocoris tenuis (Heteroptera: Miridae) on tomato yield.- Journal of Economic Entomology,
101 (6): 1864-1870.
TAVELLA L., ARZONE A., 1996.- Development of Macrolophus
caliginosus and Dicyphus errans reared on different diets
(Rhynchota Miridae), p. 652. In: XX International Congress
of Entomology, August 25/31, 1996, Firenze, Italy.
TAVELLA L., GOULA M., 2001.- Dicyphini collected in horticultural areas of north-western Italy (Heteroptera Miridae).Bollettino di Zoologia Agraria e di Bachicoltura, 33 (2): 93102.
TRUJILLO E. E., SHIMABUKU R., HASHIMOTO C., HORI T. M.,
1989.- Disease and pests of carnation.- Research Extension
Series, 108. College of Tropical Agriculture and Human Resources. University of Hawaii, USA.
TUTIN T. G., HEYWOOD V. H., BURGES N. A., MOORE D. M.,
VALENTINE D. H., WALTERS S. M., WEBB D. A., 1972.Flora Europaea. Vol. 3. Diapensiaceae to Myoporaceae.Cambridge Univeristy Press, Cambridge, UK.

180

URBANEJA A., TAPIA G., STANSLY P., 2005.- Influence of host
plant and prey availability on developmental time and survival of Nesidiocoris tenuis (Heteroptera: Miridae).- Biocontrol Science and Technology, 15: 513-518.
URBANEJA A., MONTÓN H., MOLLÀ O., 2009.- Suitability of
the tomato borer Tuta absoluta as prey for Macrolophus
pygmaeus and Nesidiocoris tenuis.- Journal of Applied Entomology, 133: 292-296.
URBANEJA-BERNAT P., TENA A., BOLCKMANS K., URBANEJA
A., 2013.- Sugar as nutritional supplement for the zoophytophagous predator Nesidiocoris tenuis.- BioControl, 58: 5764.
VOIGT D., GORB S., 2010.- Locomotion in a sticky terrain.Arthropod-Plant Interactions, 4: 69-79.
WAGNER E., 1974.- Die Miridae Hahn, 1831, des Mittelmeerraumes und der Makaronesischen Inseln (Hemiptera Heteroptera), Teil 1.- Entomologische Abhandlungen herausgegeben vom Staatlichen Museum für Tierkunde Dresden,
37 (1970-1971) Supplement: 1-484.
WAGNER E., WEBER H., 1964.- Hétéroptères Mirides. Faune
de France 67.- Fédération Française des Sociétés des Sciences Naturelles, Paris, France.
WHEELER A. G. Jr, 2000a.- Plant bugs (Miridae) as plant
pests, pp. 37-83. In: Heteroptera of economic importance
(SCHAEFER C. W., PANIZZI A. R., Eds).- CRC Press, London,
UK.
WHEELER A. G. Jr, 2000b.- Predacious Plant Bugs (Miridae),
pp. 657-693. In: Heteroptera of economic importance
(SCHAEFER C. W., PANIZZI A. R., Eds).- CRC Press, London,
UK.
WHEELER A. G. Jr, 2001.- Biology of the plant bugs.- Cornell
University Press, New York, USA.
WHEELER A. G. Jr, KRIMMEL B. A., 2015.- Mirid (Hemiptera:
Heteroptera) specialists of sticky plants: adaptations, interactions, and ecological implications.- Annual Review of Entomology, 60: 393-414.

Authors’ addresses: José TORMOS (corresponding author,
tormos@usal.es), Josep Daniel ASÍS, Luis DE PEDRO, Área de
Zoología, Facultad de Biología, Universidad de Salamanca,
37071 Salamanca, Spain; Francisco BEITIA, Instituto Valenciano de Investigaciones Agrarias, Unidad Asociada de Entomología IVIA/CIB-CSIC, Apartado Oficial, 46113 Montcada,
Valencia, Spain; Marta GOULA, Departament de Biologia
Animal, Facultat de Biologia, Universitat de Barcelona, Avinguda Diagonal 643, 08028 Barcelona, Spain.
Received September 3, 2015. Accepted May 2, 2016.

