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Table 2. Flavonoids reported in Carduus spp. by compound ?

JorDON-THADEN & LouUDA IN BIOCHEMICAL SYSTEMATICS AND Ecorocy 31 (2003)

Compound

Species

Biological activity

References

apigenin?®

apigenin-7-O-glucoside

apigenin-7-O-neohesperidoside

chrysoeriol-7-O-b-D-(6-O-
acetyl glucopyranosyl)(1—3)-
-p-glucopyranoside

diosmetin

hispidulin (scutellarein 6-
methyl ether)

hispidulin-7-O-p-D-
glucopyranoside

isorhamnetin

kaempferol

kaempferol-3,4’-dimethyl
ether-7-O-glucoside
kaempferol-3-O-glucoside-7-
O-rhamnoside
kaempferol-3-O-p-D-
glucopyranoside
kaempferol-3-O-a-L-
rhamnofuranoside
kaempferol-3-O-a-L-
rhamnoside
kaempferol-7-O-rhamnoside
kaempferol-3-O-a-L-
rhamnopyranose
kaempferol-3-methyl ether-7-
O-glucoside
luteolin®

luteolin-7-O-galactoside

luteolin-7-O-digalactoside
luteolin-7-O-glucoside?

luteolin-7-O-diglucoside

luteolin-7-O-rutinoside

luteolin-3-O-u-L-
rhamnopyranoside

luteolin-4-methyl ether-7-O-
glucoside

narnigenin

(continued on next page)

C. assoi, C. nutans, C.
pycnocephalus, C.
tenuiflorus

C. pycnocephalus, C.
nutans

C. nutans

C. pycnocephalus

C. pycnocephalus
C. assoi

C. assoi

C. nutans

C. assoi, C. getulus, C.
nutans, C. tenuiflorus,C.
pyncocephalus

C. pycnocephalus

C. nutans

C. assoi

C. nutans

C. pycnocephalus

C. nutans
C. assoi, C. tenuiflorus

C. getelus

C. acanthoides,
C. assoi, C. getulus,
C. nutans

C. acanthoides,
C. nutans

C. acanthoides
C. acanthoides,
C.nutans

C. nutans

C. nutans

C. assoi

C. getelus

C. tenuiflorus

anti-inflammatory, anti-
spasmodic, antibacterial, insect

attractant UV-pigment
?

?

antimicrobial

antimicrobial
cytotoxic

?

-~

enzyme inhibitor(a-glucosidase
and a-amylase) larval growth
inhibitor, antibacterial, insect
attractant as UV-pigment

antibacterial

1-10

7,10

11

11,12

13

57,9

14

2-5,10, 15

10

10
10

10

10

14

2,6
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Table 2. (continued)

Compound Species Biological activity References

quercetina C. getulus antioxidant, larval growth 2,15, 16,
inhibitor, oviposition stimulator, 17
antibacterial

quercetin 3,3-dimethyl ether C. getulus cytotoxic 14

rutin® (quercetin-3-O- C. nutans larval growth inhibitor, 2,8

rutinoside) antibacterial
tilianin C. nutans 8
tricin C. assoi 5

Key for Table 2 References — 1, Simmonds and Grayer, 1999; 2, Hedin and Waage, 1986; 3, Harborne,
1967; 4, Harborne, 1977; 5, Fernandez et al., 1991; 6, Cardona et al., 1992b; 7, Amer et al., 1985; 8,
Kaloshina and Mazulin, 1988; 9, Abdallah et al., 1989; 10, Bain and Desrochers, 1988; 11, El-Lakany
etal., 1997;12, El-Lakany et al., 1995; 13, Ulubelen and Oksuz, 1982; 14, Abdel-Salam et al., 1982; 15,
Elliger et al., 1980; 16, Williamson et al., 1999; 17, Haribal and Renwick, 1996.

2Shown biological activity in insects.

Renwick, 1996). Vicenin-2, rutin, narirutin and hesperidin (together, but not in-
dividually) were strong oviposition stimulants for Papilio xuthus (Ohsugi et al.,
1985; Nishida et al., 1990). Both vicenin-2 and rutin have been found in some
Cirsium and Carduus species (below).

2.1.3. Occurrence and activity in Cirsium and Carduus

We found 78 flavonoids reported from Cirsium spp. and 31 from Carduus spp.
(Tables 1 & 2). Three of the six flavonoid groups were reported: flavonols, fla-
vones, and one isoflavone. The compounds most often reported for both Carduus
and Cirsium (Tables 1 & 2) were: apigenin, cirsimaritin, kaempferol, linarin, luteo-
lin, pectolinarin, and quercetin (with various glycosides attached). Ten flavonoid
groups were shared between Cirsium and Carduus. Cirsium spp. had 11 groups of
flavonoids reported that were not found in Carduus spp., while two flavonoids
were reported only from Carduus spp.

Linarin and pectolinarin, known to have anti-inflammatory properties (Ta-
ble 1), are common in Cirsium spp. but have not been studied for their biolog-
ical activity towards insects. Other less common compounds with known bio-
logical activity included: diosmetin, vicenin-2, skutellarein, and rutin (Tables 1
& 2). Antimicrobial activity was identified in diosmetin (Haribal and Renwick,
1996). Vicenin-2 was isolated from Cirsium oligophyllum (Iwashina et al., 1995,
1999). Rutin was found in Cirsium echinus, C. arvense var. setosum, and C. undu-
latum, (Morita et al., 1964, 1973; Gardner, 1973; Elliger et al., 1980; Rasulov et
al., 1989) and Carduus nutans (Hedin and Waage, 1986; Kaloshina and Mazu-
lin, 1988). The literature suggests both a high frequency of occurrence in flavo-
noids, and both overlap and variation in these compounds among Cirsium and
Carduus species.
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Table 4. Other reported secondary metabolites in Carduus spp. by compound®
Compound Species Biological activity References
Sterols and triterpenes
erythrodiol 3-acetate? C. getulus molting inhibitor 1-2
lupeol C. pycnocephalus ? 3
[-sitosterol® C. acanthoides, C. getulus, Disrupts ecdysteroid 1-7
C. pycnocephalus, C. nutans ~ biosynthesis molting hormone
in Plodia interpunctella
Stimulated feeding of pea
weevil; phagostimulant for
black vine weevil, obscure root
weevil, and alfalfa weevil
{-sitosterol glucoside C. pycnocephalus ? 3
sitosterol-3-O-xyloside C. nutans ? 7
taraxasterol acetate,? C. getulus, C. nutans molting inhibitor 1,2,7
taraxasterol®
A-5-avenasterol, C. acanthoides ? 4
brassicasterol, campesterol,
stigmasterol
Polyacetylenes and
hydrocarbons
vinylpentaacetylene C. argyroa, C. collinus, ? 8
C. glaucus, C. leucophyllus,
C. nigrescens, C. nutans,
C. personata, C. pycnocephalus
4,6-tetradecadiene-8,10,12- C. leucophyllus ? 8
triyn-1-ol
1,11-tridecadiene-3,5,7,9- C. nigrescens, C. personata ? 8
tetrayne
2,6,8,14-tetradecatetraene-4-  C. argyroa, C. collinus ? 8

yne-10,11,12,13-methylene

Alkaloids
acanthoidine, acanthoine,
ruscopine

Coumarins

6-prenyloxy-7-
methoxycoumarin,
isoescopoletin, isofraxidin

Lignans
1-hydroxypinoresinol,
pinoresinol,® syringaresinol

2-hydroxyolivil,

laricinresinol, prinsepiol

C. acanthoides

C. tenuiflorus

C. assoi, C. tenuiflorus

C. assoi

(acanthoidine only) hypotensive 9-11

(dog and human)

(pinoresinol only) Toxicity to
4th instar milkweed bug larvae
and blood sucking bug.
Pinoresinol has antimolting
activity

?

12

13,14

15

Key to Table 4 References — 1, Abdel-Salam et al., 1982; 2, Abdel-Salam et al., 1983; 3, El-Lakany et al.,
1995; 4, Nolasco et al., 1987; 5, Svoboda and Lusby, 1994; 6, Shanks and Doss, 1987; 7, Abdallah et
al., 1989; 8, Harborne et al., 1999; 9, Frydman and Deulofeu, 1962; 10, Boidadzhiev, 1964; 11, Cabral
et al., 1999; 12, Cabral et al., 2000; 13, Fernandez et al., 1991; 14, Bohlmann et al., 1973; 15, Cardona

et al., 1992b.

2Shown biological activity in insects.
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2.2. Sterols and triterpenes

2.2.1. Chemistry

The second most common secondary metabolites in Cirsium and Carduus spe-
cies were sterols and triterpenes (Tables 3 & 4). Little is known, however, about
their activity with respect to insect specialists on these genera. Sterols and trit-
erpenoids are classes of terpenoids (isoprenoids). Terpenoids are derived from
isopentenyl and dimethylallyl pyrophosphates (Bramley, 1997), and the sterols
are derived from triterpenoids (C,), the largest class (Harborne, 1999). Triter-
penoinds are generally classified as membrane constituents, occurring mostly
in leaf glandular trichomes, bud exudates, and bark resins (Harborne, 1999).
Glandular trichomes or resin ducts often are found on the involucural bracts
of Cirsium spp. (Great Plains Flora Association, 1986; Bremer, 1994; personal
observation).

2.2.2. Biological activity

Most research on the effects of plant sterols and triterpenes on insects are re-
lated to their effect on hormonal activity, often with the aim of employing them
as insecticides (Prestwich, 1986). Sterols have an antagonistic effect on the abil-
ity of larvae to molt (Alder, 1995; Luu and Werner, 1996; Dugassa-Gobena et al.,
1998), since insect metabolism is vulnerable to dietary sterols (Feldlaufer and
Svoboda, 1988; Darvas, 1991; Svoboda, 1992). On the other hand, some insects
incorporate ingested sterols into their metabolism, relying upon them for their
molting hormones (Svoboda et al., 1991, 1994). For example, a lepidopteran (Plo-
dia interpunctella) used synthetic f-sitosterol, a compound found in Cirsium and
Carduus spp., as a dietary source to produce cholesterol (Svoboda and Lusby,
1994), essential to the production of ecdysteroid molting hormones (Svoboda
et al., 1991). Additionally, p-sitosterol stimulated feeding by several weevils,
such as the pea leaf weevil (Sitona lineatus), black vine weevil (Oiorhynchus sul-
catus), obscure root weevil (Sciopithes obscurus), and alfalfa weevil (Hypera pos-
tica) (Shanks and Doss, 1987).

2.2.3. Occurrence and activity in Cirsium and Carduus

The sterol, p-sitosterol, which can affect insect molting (above), was reported
from five of the 92 Cirsium spp. studied (C. echinus, C. oleraceum, C. syriacum, C.
vallis demonii, C. vulgare), as well as four of the 12 Carduus spp. (C. acanthoides, C.
getulus, C. pycnocephalus, C. nutans) (Tables 3 & 4). The triterpenes, taraxasterol
acetate, taraxasterol and erythrodiol-3-acetate, extracted from Carduus getulus in-
hibited molting of the cotton leafworm (Spodoptera littoralis) (Abdel-Salam et al.,
1982). Taraxasterol acetate and taraxasterol also were found in eight Cirsium spp.
(C. arvense, C. canum, C. carolinianum, C. hypoleucum, C oleraceum, C. setosum, C.
texanum, C. vallis demonii) (Table 3), as well as two Carduus spp. (Carduus getu-
lus, C. nutans) (Table 4). Tulloch and Hoffman (1982) found y-taraxasterol acetate
(and other uncommon compounds) in the epicuticlar wax of Cirsium arvense. Al-
though other sterols and triterpenes are reported from Cirsium and Carduus spp.
(Tables 3 & 4), their biological activity has not been evaluated.
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2.3. Polyacetylenes, acetylenes and other hydrocarbons

2.3.1. Chemistry

These groups of compounds are grouped, based on the similarity of their struc-
ture, long hydrocarbon chains. Polyacetylenes and acetylenes are characteristic
of the Asteraceae (Bohlmann et al., 1973; Baek et al., 1995; Harborne et al., 1999).
Polyacetylenes are fatty acid derivatives that are generally stored in secretory
plant cells, called laticifers (Mauseth, 1988; Ellis, 1997), that secrete latex. Viscous
exudates, such as latex, usually contain secondary metabolites (Mauseth, 1988).
Most true thistles have clear latex that exudes upon damage from most organs of
the plant. Aphid clusters have been observed on some Cirsium spp. around ex-
uded droplets likely to be latex (Bremer, 1994; personal observation). The chem-
ical profile of these exudates of thistles does not appear to have been character-
ized. However, polyacetylenes are reported to be common and characteristic in
thistle roots (below).

2.3.2. Biological activity

Polyacetylenes from the Asteraceae have been reported to have major antifeed-
ant properties, including against root-feeding insects of thistles (e.g. Yano, 1977;
Bohlmann and Abraham, 1981; Aquino et al., 1987; Negi et al., 1989; Takaishi et
al., 1990, 1991a, 1991b; Binder et al., 1992; Binder and French, 1994; Shen and Mu,
1990; Stevens et al., 1990; Christensen, 1992; Sawaguchi et al., 1994). Polyacety-
lenes from leaves of rabbitbrush, Chrysothamnus nauseosus, had antifeedant prop-
erties against the Colorado potato beetle, Leptinotarsa decemlineata (Rose et al.,
1980). All four polyacetylenes found inhibited feeding by third instar larvae of L.
decemlineata. Phenylheptatriyne (PHT) from Asteraceae also had antifeedant ef-
fects on the moth, Euxoa mossoria (McLachlan et al., 1982). In addition, both syn-
thetic polyacetylenes and those extracted from various Asteraceae species had in-
secticidal properties on mosquito larvae (Arnason et al.,, 1981; Wat et al., 1981;
Towers et al., 1984; Wang et al., 1990; Guillet et al., 1997; Wan et al., 2000). Alter-
nately, however, some polyacetylenes were reported to stimulate feeding by in-
sect specialists on Asteraceae, such as the leaf beetle Chrysolina aurichalcea (Mat-
suda et al., 1982).

2.3.3. Occurrence and activity in Cirsium and Carduus

Almost all of the polyacetylenes and hydrocarbons reported from Cirsium and
Carduus (Tables 3 & 4) were from roots rather than above-ground organs (Table
3). The one exception was a heptadecatetraene, which was isolated from the aerial
parts of Cirsium hypoleucum and C. canum (Bohlmann and Abraham, 1981). In the
extensive study of the roots of Cirsium dipsacolepis, eight aliphatic aldehydes and
24 hydrocarbons were isolated, but their biological activity is unknown (Takano
and Kawaminami, 1988; Table 3). Takano and Kawaminami (1988) found that al-
most 80% of the volatile oils extracted from the roots of Cirsium dipsacolepis were
made up of aplotaxene and four derivates of aplotaxene. In an extensive review
of naturally occurring acetylenes, Bohlmann et al., (1973) found four main com-
pounds in many Cirsium and Carduus spp. (Tables 3 & 4). None of these four have
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Table 5. Flavonoid groups in Cirsium and Carduus spp P

Cirsium No.of  No. of spp. Carduus No. of No. of
derivatives derivatives spp-
Cirsium only
acacetin + 3 5 -
cirsiliol + 3 1 _
cirsimaritin + 3 10 -
genkwanin + 1 1 -
linarin + n/a 26 -
nepetin + 2 1 -
pectolinarin + 4 29 -
rhoifolin + n/a 1 -
skutellarin® + n/a 1 -
syringin + n/a 1 -
vicenin-2¢ + n/a 2 -
Cirsium and Carduus
apigenin® + 11 22 + 3 4
chrysoeriol + 4 6 + 1 1
diosmetin + 1 3 + 1 1
hispidulin + 5 5 + 2 1
kaempferol + 9 5 + 9 5
luteolin® + 7 25 + 8 4
narnigenin + n/a 1 + n/a 1
quercetin® + 11 13 + 2 1
rutin® + n/a 2 + n/a 1
tricin + 1 1 + 1 1
Carduus only
isorhamnetin - + 1 1
tilianin - + 1 1
total number of derivates 65 n/a 29 n/a
total number of species n/a 974 n/a 12
studied

2 Totals include the number of times that compound appeared in any of the species
discussed in this review.

bSee Tables 1 and 2 for references.

¢ At least one derivative has insect bioactivity.

4 North American native species totaled 13 out of the 92 Cirsium studied.

Carduus, we found evidence in the literature for compounds from only 12 species
(Tables 2 & 4) out of about 90+ species of Carduus worldwide (Bremer, 1994). No
Carduus species are native to North America. The low proportion (13%) of world-
wide Carduus species that have been analyzed for their chemical profile is surpris-
ing. Two species, Carduus acanthoides and C. nutans, are considered major weeds
worldwide (Frick, 1978; Delfosse, 2000; USDA Plant Database, 2002). Four of the
12 Carduus spp. studied chemically have been inadvertently introduced and nat-
uralized in North America: Carduus acanthoides, C. nutans, C. pycnocephalus, and C.
tenuiflorus (Tables 2 & 4).
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Table 6. Species groups with shared chemical profiles by reported insect biologically

active compounds?

Flavonoids
Apigenin
Cirsium arvense©
Cir. canescens®
Cir. carolinianum
Cir. chikushiense
Cir. drummondii®
Cir. gratiosum
Cir. japonicum
Cir. magofukui
Cir. nipponicum
Cir. oleraceum
C. ochrocentrum®
Cir. purpuratum
Cir. rhinoceros
Cir. sieboldii
Cir. syriacum
Cir. vallis-demonii
Cir. vulgare
Carduus assoic
Car. nutansc
Car. pyncnocephalus®
Car. tenuiflorus®

Vicenin-2
Cirsium gratiosum
Cir. oligophyllum

Rutin

Cirsium gratiosum

Cir. arvense var. setosum
Carduus nutans®

Quercetin
Cirsium arvense©
Cir. babanum

Cir. foliosum®

Cir. oleraceum
Cir. pulcherrimum
Cir. scariosum®

b

Luteolin

Cirsium amplexifolium

Cir. arvensec

Cir. buergeri

Cir. chikushiense

Cir. echinus

Cir. gyojanum

Cir. helenoides

Cir. hosogawa

Cir. kawakamii

Cir. lucens

Cir. magofukui

Cir. matusmurae

Cir. matusmurae var. pubescens
Cir. nipponicum var. yoshinoi
Cir. oleraceum
Cir. palustre

Cir. pulcherrimum
Cir. rhinoceros
Cir. seiboldi

Cir. suffultum
Cir. syriacum

Cir. tweedyi®

Cir. vallis-demonii
Cir. wallichii

Cir. yakusimense
Carduus acanthoides®
Car. assoi®

Car. gelulus®

Car. nutans®

b

Skutellarein
Cirsium oleraceum

Cirsium subniveum®

Cir. tioganum var. coloradense®
Cir. tweedyi®

Cir. undulatum®

Cir. vallis-demonii

Cir. vulgare, Carduus getulus®

(continued on next page)

In the genus Cirsium, we found evidence in the literature for compounds from
106 species worldwide (Tables 1 & 3), even though at least 250 species of Cirsium
have been described (Bremer, 1994). Only 16 of the 104 species (15.4%) examined
to date occur in North America, and only six of those 16 (37.5%) are native to
North America. Yet, at least 94 native Cirsium species and 125 accepted native taxa
occur among the 100 species and 131 accepted taxa currently listed for the USA
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Table 6. (continued)

1379

Other Secondary Metabolites:
Sterols and triterpenes:

b-sitosterol

Cirsium echinus

Cir. syriacum

Cir. oleraceum

Cir. vallis demonii

Cir. vulgare®

Carduus acanthoides®

taraxasterol
Cirsium arvensec
Cir. oleraceum
Cir. setosum
Cir. texanum
Cir. vallis demonii
Carduus getulus®

b

taraxasterol acetate
Cirsium canum
Cir. carolinum
Cir. hypoleucum
Carduus getulus®
Car. nutans®
erythrodiol 3-

acetate
Car. getulus®
Car. nutans®
Car. pycnocephalus
Alkaloids:
O-acetyljacoline (I)
Cirsium wallichii
Phenolic acids:
p-coumaric, caffeic, ferulic,
vanillic, p-hydroxybenozoic,
protocatechuic
Cirsium vulgare®
Lignans:
pinoresinol
Carduus assoi
Car. tenuiflorus®

Car. nutans® Carduus getulus®

heliotridane
Cirsium steigerum

2 References in Tables 1-4.
®Native North American species.
¢ Introduced North American species (Carduus is not native to North America).

(USDA Plant Database, 2002). Therefore, only 13.8% of the native Cirsium spp.,
10.4% of the accepted native taxa, and 16% of all species including exotics in the
USA have been examined for their chemistry. Interestingly, the two native North
American species for which the most compounds have been identified, Cirsium
canescens and C. undulatum, are the same two species for which the most field ev-
idence exists on non-target host selection by Rhinocyllus conicus (Rees, 1977, 1978;
Louda et al., 1997; Louda, 1998, 1999b; Louda and Arnett, 2000).

3.2. Missing data for sesquiterpene lactones?

We were surprised by the scarcity of reports of sesquiterpene lactones in the
104 species of Cirsium and Carduus examined to date. We found only one report
of these compounds for Cirsium or Carduus (Bohlmann and Abraham, 1981).
Yet, these compounds often are common in the Asteraceae, including in close
relatives of true thistles. For example, sesquiterpene lactones are common sec-
ondary metabolites in Centaurea and Cnicus, which are very close relatives (e.g.
Bremer, 1994). Furthermore, these compounds significantly influence insect ac-
tivity (above). There are two possible explanations for the apparent scarcity of
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Table 7. Flavonoids reported in Cirsium and Carduus species in Rhinocyllus case study?®

Flavonoid European hosts North American hosts
High No
Rhinocyllus Rhinocyllus
use use (6)
Carduus ~ Carduus Cirsium Cirsium Cirsium Cirsium
nutans acanthoides vulgare undulatum  canescense  tioganum var.
(1) 2) 3) 4) (5) coloradense
@)
apigenin X
apigenin-6-8-C-diglycoside X X
apigenin-7-O-diglucoside X X
6-methoxy apigenin-7-O-diglucoside X
apigenin-7-O-glucoside X
apigenin-7-O-neohesperidoside X X X
chrysoerial-7-O-diglycoside X
6-methoxy chrysoerial-7-O- X
diglucoside
chrysoerial-7-O-monoglycoside X
diosmetin-7-O-diglycoside
genkwanin-4'-O-glucoside X
isorhamnetin X
kaempferol X
kaempferol-3-O-arabinosylgalactose X
kaempferol-3-O-glucoside X
kaempferol-3-O-glucoside-7-O- X
rhamnoside
kaempferol-3-O-a-L- X
rhamnofuranoside
kaempferol-7-O-rhamnoside X
linarin ? ? ? X
6-methoxy linarin X
luteolin X X ? ? ?
luteolin-7-O-galactoside X X
luteolin-7-O-digalactoside X
luteolin-7-O-glucoside X X
luteolin-7-O-diglucoside X
luteolin-7-O-rutinoside X
pectolinarin ? ? ? X
quercetin ? ? ?
quercetin-3-O-diglycoside X X
quercetin-3-O-galactose X
quercetin-3-O-glucose X
rutin X X ? ?
tilianin X

(continued on next page)
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Table 7. (continued)

Key to Table 7 References (Numbers in parentheses):

1: Bain and Desrochers, 1988; Kaloshina and Mazulin, 1988; Abdellah et al., 1989
2: Frydman and Deulofeu, 1962; Nolasco et al., 1987; Bain and Desrochers, 1988

3: McGowan and Wallace, 1972; Wallace, 1974; Iwashina et al., 1995

4, 5: Gardner, 1974

6: Turner et al., 1987; Goeden and Ricker, 1987a

7: Gardner, 1973.

? = Literature suggests compound suspected to be found, but has not been found.

2Shown biological activity in insects.

sesquiterpene lactones reported from thistles. Either few of these compounds
are present, or they have been missed in the general isolation protocols and not
targeted for isolation with specifically suited procedures. Flavonoid analysis,
the most common analysis reported here, relies mostly on polar and cellulose-
based chromatography. The nonpolar sesquiterpene lactones are unlikely to be
retained on this medium, and so are likely to have been discarded. We suggest
that the prevalence of sesquiterpene lactones in other tribes of the Asteraceae
(Hegnauer, 1977, 1989; Herz, 1977; Heywood et al., 1977; Seaman, 1982), the evi-
dence of biological activity (above), and their presence in closely related species
argue for direct studies of the presence or absence of sesquiterpene lactones in
Cirsium and Carduus. Since specific methods for isolation of sesquiterpene lac-
tones are well known (e.g. Bohlmann et al., 1984; Fernandez et al., 1989, 1995;
Bicchi and Rubiolo, 1996), and since sesquiterpene lactones would be strong
candidates to mediate host recognition and feeding by more specialized insects,
we conclude that this lack of evidence presents an important opportunity for
research.

3.3. Potentially relevant variation in flavonoids

Although the connection between plant flavonoid profile and insect behavior
has been investigated, more research is needed (Rees and Harborne, 1985; Bohm,
1998; Simmonds, 2001). The evidence available strongly suggests that flavonoids
could be important in thistle-insect interactions. Flavonoid occurrence and vari-
ation in thistles were well documented (Tables 1 & 2). Flavonoids were the most
commonly reported compounds in thistles, providing 51.4% of the 212 total com-
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