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ABSTRACT

ARTICLE HISTORY

Dalmatian and yellow toadﬂax, Linaria dalmatica and L. vulgaris, are
exotic weeds in North America, and their classical biological control
has been improved by the establishment of seed-feeding (Rhinusa
antirrhini) and stem-mining (Mecinus janthinus and Mecinus
janthiniformis) weevils. Here, we evaluated the complex of
hymenopteran parasitoids attacking these weevils in Colorado. Ten
species were identiﬁed of the genera Neocatolaccus, Eurytoma,
Pteromalus, Brasema, Telenomus and Bracon. Neocatolaccus
tylodermae was the most abundant parasitoid of M. janthinus,
M. janthiniformis and R. antirrhini. This is the ﬁrst report of
N. tylodermae attacking the weevil genera Mecinus and Rhinusa
feeding on the genus Linaria.
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Biological control of invasive weeds typically entails the collection of specialised insects
or pathogens from the native range of a target plant, extensive experiments to determine
their host range, and subsequent release of approved agents into the invasive range of the
target weed. The biological control agents, having escaped their own natural enemies
during the quarantine and introduction process, ideally increase in numbers and exert
top-down control on the invasive weed. However, these biological control agents can
also be subject to attack from parasitoids or predators in the introduced range.
Knowing whether or not biological control agents are parasitised, and by what species,
can aid in evaluating the eﬀectiveness of biological control eﬀorts, and understanding
their long-term prospects for weed control. Here, we evaluate the complex of parasitoids
attacking biological control agents of Dalmatian and yellow toadﬂax, Linaria dalmatica
(L.) Mill. and Linaria vulgaris Mill. (Plantaginaceae), exotic weeds of rangelands, grasslands, forests and croplands in North America.
Dalmatian toadﬂax and its congener yellow toadﬂax are short-lived perennial forbs
that propagate by seed and vegetative reproduction. Yellow and Dalmatian toadﬂaxes
are native to Eurasia and south-eastern Europe, respectively. These species were introduced to North America in the 1800s and are now present throughout much of temperate
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North America. Yellow toadﬂax occurs in all continental states, all Canadian provinces
and two Canadian territories, while Dalmatian toadﬂax is mostly absent in the southeastern U.S.A., Alaska, and Canadian territories. Both species compete aggressively for
light, water and nutrients, and are able to displace native and more desirable plant
species in natural areas. In addition, yellow toadﬂax is typically associated with more
moist and fertile sites; it can invade higher elevations and, unlike Dalmatian toadﬂax,
aﬀect cropland (Sing et al., 2016).
Successful management of toadﬂaxes is diﬃcult because of the plants’ robust root
systems and abundant seed production. Cultural methods and burning are not
eﬀective and result in the re-establishment of the weeds. Grazing is an eﬀective management strategy under the ideal circumstances but it can be diﬃcult and time-consuming to
implement strategically, and may have negative, long-term consequences for plant communities. Satisfactory short-term control can be provided using herbicides, but this
method can be impractical and uneconomical for large infestations and may have negative, long-term eﬀects on plant communities. These management issues triggered studies
on possible classical biological control of toadﬂaxes in the 1950s. The ﬁrst observed
specialised insect herbivores of toadﬂaxes in North America were the ﬂower-feeding
beetle (Brachypterous pulicarius (L.) (Kateretidae)) and the seed-feeding weevils
(Rhinusa antirrhini (Paykull) and Rhinusa neta (Germar)). These species were ﬁrst
recorded between 1909 and 1957 on yellow toadﬂax growing in the North America
and were not deliberate biological control introductions. The ﬁrst tested and approved
toadﬂax biocontrol agent was the defoliating moth (Calophasia lunula (Hufnagel) (Noctuidae)), which was released in Canada in 1962 and subsequently in the U.S.A. During
the 1990s, four additional biological control agents were approved for release in North
America, including two root-boring moths (Eteobalea intermediella (Riedl) and Eteobalea serratella (Treitschke) (Cosmopterigidae)), a root-galling weevil (Rhinusa linariae
(Panzer)) and a stem-mining weevil (Mecinus janthinus Germar) (Sing et al., 2016).
Recent DNA analysis showed that some populations of what was considered to be
M. janthinus in North America were actually Mecinus janthiniformis Toševski &
Caldara, a closely related, morphologically similar species (Sing et al., 2016; Tosevski
et al., 2018). Both Mecinus species feed on the both toadﬂaxes, but M. janthiniformis is
most commonly associated with Dalmatian toadﬂax, whereas M. janthinus is most commonly associated with yellow toadﬂax (Tosevski et al., 2018). Mecinus janthiniformis is
now well established throughout the northwestern U.S.A. and southern British Columbia, Canada. A few relatively small populations of M. janthiniformis have also been established on Dalmatian toadﬂax in southern Alberta. Mecinus janthinus has recently been
conﬁrmed as successfully established at limited sites in the North America, but currently
more rarely encountered than M. janthiniformis (Sing et al., 2016). The objective of our
study was to identify the parasitoid complex attacking weevils feeding on Dalmatian
toadﬂax in northeastern Colorado.
To determine the parasitoids of weevils feeding on Dalmatian toadﬂax in Larimer
County, northeastern Colorado, ﬁeld studies were performed at two diﬀerent locations:
(1) Maxwell Ranch, a working cattle ranch, owned and operated by the Colorado State
University Research Foundation, located about 56 km north of Fort Collins, Colorado,
composed of approximately 4856 ha of rangeland, and (2) Lory State Park, a state
park located just west of the city of Fort Collins, which encompasses 1008 ha along
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the Rocky Mountain foothills in northeastern Colorado. In each area, two sites with
diﬀerent altitudes were chosen for sampling: two sites with the altitudes of 1980 and
2135 m at the Maxwell Ranch, and the Well Gulch Nature Trail (with an elevation
range of 1675–1770 m) and Arthur’s Rock Trail (with an altitude of 1675–2040 m) in
Lory State Park. These sites were chosen for sampling Dalmatian toadﬂax,
M. janthiniformis and its parasitoids during the late winter through late summer 2019.
Sites were visited every two weeks from 8 March to 27 August 2019. Fifty Dalmatian
toadﬂax plants were randomly selected from a wide range (∼ 1 km) of each site. Sampling
was performed on the live plants of the current year as well as the dried plants from the
previous year. The above-ground parts of sample plants were cut oﬀ and taken to the laboratory. The stems of dried plants were immediately dissected to search for parasitoids of
M. janthiniformis. The stems and seed capsules of fresh plants were separated. In order to
record emerged parasitoids of M. janthiniformis and R. antirrhini, the stems and seed
capsules were kept separately in ventilated cages and vials, respectively. Seed capsule
weevils were identiﬁed to species by Donald Bright (Colorado State University).
In addition to ﬁeld studies, further sampling was performed from yellow toadﬂax
grown outside on the Colorado State University campus. Yellow toadﬂax plants were
started from seed in April 2018 and grown in 3.78 l pots in a greenhouse. Each week
from mid-May until the end of August, eight greenhouse-grown plants were placed
into single, 32 × 32 × 77 cm cages that contained 10:10 M:F M. janthinus. Weevils
were allowed to oviposit for one week and then removed from the plants. Plants were
moved outside to a lath house, and a new set of eight plants from the greenhouse was
placed in the cages. Plants with eggs or developing M. janthinus larvae were watered
as needed. In November of 2018, the above-ground portion of each plant was harvested
and then stored in plastic bags in a growth chamber at 2°C until May 2019. Plants were
dissected between 1 May and 15 June and the number of M. janthinus larvae, pupae and
adults was recorded. The presence of living or dead parasitoids present within the stems
was recorded as well, and individuals were stored in 70% ethanol for species
determination.
The collected parasitoid specimens were separated to morphospecies and identiﬁed to
family level by Boris Kondratieﬀ. Specimens of Braconidae were then determined by
Scott R. Shaw (University of Wyoming); specimens of Chalcidoidea were determined
by Steven L. Heydon (University of California – Davis); and other specimens were determined by Boris C. Kondratieﬀ. Voucher specimens from these collections were deposited
in the C. P. Gillette Museum of Arthropod Diversity (600 Hughes Way, Fort Collins, CO
80521, the U.S.).
In the present study, 109 wasp specimens were reared from Dalmatian and yellow toadﬂaxes infested with M. janthinus, M. janthiniformis and R. antirrhini. These specimens
represented ten diﬀerent hymenopteran species (Table 1). Specimens are archived in the
C.P. Gillette Museum of Arthropod Diversity at Colorado State University. Out of these
species, seven belonged to four superfamilies and were represented by few individuals
(i.e. 1–3 specimens), suggesting these taxa are either rare or not directly parasitising
the weevils. These include three diﬀerent species of Ichneumonoidea (Bracon spp. (Braconidae)), two diﬀerent species of Chalcidoidea (Pteromalus sp. (Pteromalidae) and
Brasema sp. (Eupelmidae)), one species of Apoidea (Trypoxylon pennsylvanicum Saussure (Crabronidae)) and an undetermined species of Proctotrupoidea (Diapriidae)
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Superfamily

Family

Species

Chalcidoidea

Pteromalidae

Neocatolaccus tylodermae (Ashmead)

Hosta

Host plant (part)b

Locationc

Emergence

#

Collectord

MJ
YT (S)
CSU
May–June 2019
52
MF
DT (S)
LSP
Aug.–Sept. 2019
15
RA
DT (C)
LSP
Aug.–Sept. 2019
13
Pteromalus sp.
MF
DT (S)
LSP
Sept. 2019
1
Eurytomidae
Eurytoma sp.
MF
DT (S)
LSP
June–Aug. 2019
7
RA
DT (C)
LSP
Aug. 2019
2
Eupelmidae
Brasema sp.
MF
DT (S)
LSP
Aug. 2019
1
Platygastroidea
Scelionidae
Telenomus sp.
DT (S)
LSP
Aug. 2019
11
Ichneumonoidea
Braconidae
Bracon sp. 1
MF
DT (S)
LSP
June 2019
1
Bracon sp. 2
MF
DT (S)
LSP
July 2019
3
Bracon sp. 3
MF
DT (S)
LSP
Sept. 2019
1
Apoidea
Crabronidae
Trypoxylon pennsylvanicum Saussure
DT (S)
LSP
Aug. 2019
1
Proctotrupoidea
Diapriidae
Undetermined
MF
DT (S)
LSP
Aug. 2019
1
a
MJ = Mecinus janthinus Germar (Curculionidae); MF = Mecinus janthiniformis Toševski & Caldara (Curculionidae); RA = Rhinusa antirrhini (Paykull) (Curculionidae).
b
YT = yellow toadﬂax: Linaria vulgaris Mill. (Plantaginaceae); DT = Dalmatian toadﬂax: Linaria dalmatica (L.) Mill. (Plantaginaceae); S = stem; C = seed capsule.
c
CSU = Colorado State University; LSP = Lory State Park.
d
AN = Andrew P. Norton; JK = Javad Karimzadeh.
e
SH = Steven L. Heydon; SS = Scott R Shaw; BK = Boris C. Kondratieﬀ.

AN
JK
JK
JK
JK
JK
JK
JK
JK
JK
JK
JK
JK

Determinere
SH
SH
SH
SH
SH
SH
SH
SH
SS
SS
SS
BK
SS
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Table 1. List of parasitoid species collected/reared from toadﬂax and their weevils in Colorado.
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(Table 1). Except for T. pennsylvanicum, which prey upon spiders, all other species might
be rare parasitoids (or even hyperparasitoids, e.g. Pteromalus sp.) of toadﬂax weevils.
Three species belonging to two diﬀerent superfamilies were found at higher density
(i.e. 9–80 individuals), which suggests they may be more important parasitoids of
toadﬂax weevils in Colorado. These include two diﬀerent species of Chalcidoidea and
one species of Platygastroidea (Table 1). These are discussed below.
Neocatolaccus tylodermae (Ashmead) (Chalcidoidea, Pteromalidae). This species is
a known solitary ectoparasitoid of several weevils, including Cylindrocopturus adspersus
(LeConte) on sunﬂower in Texas, Colorado, Kansas and Nebraska, Cosmobaris americana (Casey) on a number of broadleaved weed species in Colorado, Microlarinus lareynii (Jacquelin du Val) and Microlarinus lypriformis (Wollaston) on puncturevine in
California, and Ceutorhynchus obstrictus (Marsham) on canola in Georgia (Charlet
et al., 2002; Gibson et al., 2006). Based on the Universal Chalcidoidea Database
(Noyes, 2020), this species is widely distributed in North America, and recorded
primary hosts are weevils such as Ampeloglypter sesostris (LeConte), Anthonomus
grandis Boheman, C. obstrictus, C. americana, C. adspersus, Cylindrocopturus longulus
(LeConte), Lixus musculus Say, Lixus parcus LeConte, Lixus scrobicollis Boheman, Microlarinus sp., M. lareynii, M. lypriformis, Onychobaris subtonsa LeConte, Rhinocyllus
conicus (Froelich), Trichobaris texana LeConte, Trichobaris trinotata (Say) and Tyloderma foveolatum (Say). Related host plants of these weevils include Amaranthus retroﬂexus L., Ambrosia artemisiifolia L., Carduus nutans L., Helianthus annuus L., Brassica
napus L., Bassia scoparia (L.) A.J.Scott, Salsola iberica Sennen & Pau, Salvia reﬂexa
Hornem. and Solanum carolinense L. (Noyes, 2020). In our study, this species was
reared from M. janthiniformis (in stems of Dalmatian toadﬂax), R. antirrhini (in seedpods of Dalmatian toadﬂax) and M. janthinus (in stems of yellow toadﬂax). This was
the only parasitoid species recorded from the caged plant rearing trials, and all were dissected from stems that were collected in early November and overwintered in a growth
chamber. Of the eggs laid in these plants between May and August, a total of 8.3% of the
Mecinus larvae, pupae and adults were parasitised by this species. Neocatolaccus tylodermae has not previously been reported being reared from the three curculionids or their
host plants. This is indeed the ﬁrst report of N. tylodermae as a parasitoid of the weevil
genera Mecinus and Rhinusa, and from host plants in the genus Linaria.
Eurytoma sp. (Chalcidoidea, Eurytomidae). This is a large and diverse genus, with
more than 700 species listed in the Universal Chalcidoidea Database (Noyes, 2020).
Members of the genus have been reported from a large number of host species, including
both plant and arthropod species. This is the ﬁrst report of a Eurytoma species attacking
the genera Rhinusa and Mecinus.
Telenomus sp. (Platygastroidea, Scelionidae). This is a large genus of egg parasitoids.
Telenomus species have been mainly reported as egg parasitoids of moths and bugs
(CABI, 2021).
At present, only two parasitoid species have been identiﬁed in association with the
weevils feeding on yellow and Dalmatian toadﬂaxes worldwide: Pteromalus microps
(Graham) (Chalcidoidea, Pteromalidae) and Entedon sparetus Walker (Chalcidoidea,
Eulophidae). Of these two, only P. microps has been reported from the U.S. Pteromalus
microps was ﬁrst described as a parasitoid of R. antirrhini from the United Kingdom. In
North America, it was ﬁrst recorded as a parasitoid of R. antirrhini on yellow toadﬂax in
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Wisconsin (Volenberg & Krauth, 1996). This species has also been reported as a parasitoid of M. janthinus on yellow toadﬂax in Alberta (Sing et al., 2016). This is a Holarctic
species, distributed from Western Europe to Central Asia and North America. This
species has been reported as a parasitoid of R. antirrhini and R. neta (Mitroiu, 2005).
Based on the Universal Chalcidoidea Database (Noyes, 2020), primary hosts of this parasitoid are weevils such as R. antirrhini, R. neta and Gymnetron terminassianae
Smreczynski.
Entedon sparetus is a solitary, egg-larval endoparasitoid of weevils in the genera Gymnetron, Larinus and Lixus in stems of plants of genera Plantago, Cirsium, Carduus and
Verbascum. The species has been distributed throughout Europe, Morocco, Kyrgyzstan
and Russian Far East (Gumovsky, 2007). This species is also the dominant parasitoid
of M. janthinus in southeastern Europe (where it can parasitise over 50% of larvae),
and has been reported to reduce M. janthiniformis populations by more than 80%
(Tosevski et al., 2018). This species is also a parasitoid of Mecinus pyraster (Herbst)
feeding on Plantago lanceolata L. (Norowi et al., 2000). The Universal Chalcidoidea
Database (Noyes, 2020) lists several other hosts in the Curculionidae for this parasitoid.
A recent study in the U.S. on Dalmatian toadﬂax revealed that at least three parasitoids
belonging to the Chalcidoidea attack M. janthiniformis (Willden & Evans, 2019), but this
study did not identify these parasitoid species. Willden and Evans (2019) stated that the
two parasitoids were solitary pteromalids (one endoparasitoid and one ectoparasitoid;
the ectoparasitoid was the most common and a larval-pupal parasitoid) and one parasitoid was a Eupelmidae. In our study, we record for the ﬁrst time additional species of the
parasitoid complex of toadﬂax weevils. Neocatolaccus tylodermae was determined as the
most frequent recovered parasitoid of M. janthinus, M. janthiniformis and R. antirrhini.
This is the ﬁrst report of N. tylodermae on these three weevils and their host plants (i.e.
Dalmatian and yellow toadﬂaxes).
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