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Abstract. The pathogens and parasites of Chrysolina fastuosa (Scopoli, 1763) (Coleoptera: Chrysomelidae) were
investigated. Two different types of pathogen and parasite were recorded in the adults of C. fastuosa: a gre-
garine belonging to the family Gregarinidae and a nematode parasite member of the family Mermithidae for
the first time. The total occurrence rate of the pathogen and parasite of C. fastuosa is 48.2%. The gregarine
pathogen and mermithid parasite infection rates are 48.1% and 7.7% respectively. In this study we report a
gregarine pathogen and a mermithid parasite of C. fastuosa (Scopoli, 1763) (Coleoptera: Chrysomelidae) and
their occurrence over a period of two years (2008 and 2009) from Turkey.
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Introduction

The family Chrysomelidae (Coleoptera) contains
several important flea beetles which are agricul-
turally important pests (Aslan et al. 1999, 2007).
Because of their ubiquity, and often highly special-
ized monophagous or oligophougus habits, many
chrysomelids have gained prominence for their
beneficial role in the biological control of noxious
weeds, while others have been recognized as se-
vere economic pests of crop plants (Aslan et al.
1999, Warchalowski 2003). One species from this
family, Chrysolina fastuosa (Scopoli, 1763), lives
on black horehorn, Ballota nigra L. (Lamiaceae).
There are some poorly known chrysomelid species
and also their host plant, habitat and distribution
in Turkey (Gok et al. 2008). Adult C. fastuosa feed
on leaves of B. nigra and cause considerable dam-
age. Medical plants can be used in herbalism and
medicine, especially antimicrobial or antioxidant
activity of plant essential oils feature in medicine
(Pirbalouti et al. 2010, Mahboubi et al. 2010). B. ni-
gra can be considered a minor weed, and yet is
also commonly employed in medicine as a drug
and is used in herbalism (Seidel et al. 1997).
Therefore some scientists have postulated that C.
fastuosa could be a possible biological control
agent for B. nigra as a minor weed, while others
believe C. fastuosa to be a possible pest feeding on
B. nigra as a useful herbal drug (Bozsik 2006). At
this point, natural pathogens and parasites of C
fastuosa particularly come into prominence.
Several beetles from the Chrysomelidae family

are frequently parasitized by gregarines (Théo-
doridés 1988, Clopton et al. 1992, Yaman 2002,
Yaman 2004, Yaman et al. 2008). Additionally
there are several reports about chrysomelid beetles
infected with mermithid parasites (Oldham 1933,
Sommer 1981, Mennan & Erturk 2006, Yaman et
al. 2009a). However, there are no previously re-
corded gregarine pathogens or mermithid para-
sites recorded from C. fastuosa. In the present
study we report a gregarine pathogen and a mer-
mithid parasite of C. fastuosa and their occurrence
over a two year period for the first time.

Material and methods

Chrysolina  fastuosa adults were collected from Ma-
cka/Trabzon (Turkey) from May to September in the
years 2008 and 2009. Collected C. fastuosa adults were put
into glass bottles and brought to the laboratory where
they dissected as soon as possible. Adults were dissected
in Ringer’s solution and their intestines examined under a
microscope at a magnification of 400X to 1000X for ob-
serving natural pathogens and parasites (Yaman 2004,
Bandyopadhyay et al. 2008). Detected pathogens and
parasites were measured and photographed using an
Olympus BX51 microscope with DP-25 digital camera
and DP2-BSW Soft Imaging System. To observe the char-
acteristic spore stage of gregarine pathogens, 50 adults of
C. fastuosa were placed in 10 x 10 x 10 cm sized plastic
cups with moisten papers for 24 h. The insects were re-
moved and their feces were collected. The feces were held
in dry storage for between 36 and 52 h to observe the
spore stage (Clopton et al. 1991). The following gregarine
pathogen structures were measured (pm); length of deu-
tomerite (LD), length of protomerite (LP), total length
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(TL), width of deutomerite (WD), width of protomerite
(WP), ratio of the length of protomerite to total length
(LP:TL), ratio of the width of protomerite to the width of
deutomerite (WP:WD) (Bandyopadhyay et al. 2008, Malik
& Bandyopadhyay 2009).

A X2 test was applied for statistical analyses using
SPSS 17.0. The X2 test was used to calculate the difference
between rate of gregarine infection in years and sex of C.
fastuosa.

Results

Over a period of two years (2008 and 2009), two
different pathogenic and parasitic organisms were
determined from C. fastuosa for the first time. Ob-
served pathogens were a gregarine belonging to
the family Gregarinidae and a nematode parasite
member of the family Mermithidae. Infective or-
ganisms were observed in C. fastuosa population
collected from Trabzon. The total occurrence rate
of the pathogen and parasite of C. fastuosa wass
48.2%. Detailed information on the pathogen and
parasite of C. fastuosa are given below.

Gregarine pathogen

A total of 373 out of 776 adult C. fastuosa were in-
fected by the gregarine pathogen (48.1%). The gre-
garine infection rate increased to its highest level
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of 73.1% in May in 2009. The infection level was
comparatively stable between 2008 and 2009 with
the infection rates, 50% and 46% respectively. The
collection date of samples, and observed pathogen
and parasite infection levels are shown in Table 1.

The life stages of the gregarine pathogen were
observed in the midgut of the host. Observed
stages of the life cycle of the gregarine pathogen
were the gamont, associative form, associative
form prior to cyst, precyst and spore stages (Fig 1).
The gregarine is divided into two segments, the
front segment of the gregarine is called the pro-
tomerite and the other segment is called the deu-
tomerite which contains the nucleus, and these
two segments are separated by a septum from one
another. The observed gamonts were ellipsoidal to
ovoidal in shape. The protomerite was globular or
oval and deutomerite was ellipsoidal or oval. The
spherical nucleus with small round karyosome
was well seen (Fig. 1A). Gamonts in associations
have ovoidal or elongate shape. In both gamonts
and associative forms nuclei with one karyosome
were well seen (Fig. 1B, C). The precyst has ovoid
shape with the wall separating the gamonts (Fig.
1D). The spore has uniform shape. Morphological
features of the determined pathogen showed that
it was a cephaline gregarine.

Tablel. Pathogens and parasites of Chrysolina fastuosa.

Number of Infection found in C. fastuosa population
Sampled dates Sex examined . o s o
beetles Gregarine % Mermithid %

29.05.2008 2933 19 11 57.9 - 0
33 9 5 55.6 - 0

9 8 5 62.5 - 0

07.06.2008 33 63 36 57.1 - 0
9 79 32 40.5 - 0

17.06.2008 33 90 42 46.7 - 0
9 63 36 57.1 - 0

05.07.2008 33 18 11 61.1 - 0
o 14 6 4209 - 0

10.07.2008 33 17 6 353 - 0
9 16 8 50 - 0

11.05.2009 33 26 19 731 - 0
9 25 15 60 - 0

22.05.2009 33 101 52 515 - 0
29 85 48 56.5 - 0

23.06.2009 33 35 12 343 - 0
9 23 7 30.4 - 0

30.06.2009 38 41 10 244 - 0
9 20 7 35 - 0

07.07.2009 33 13 2 154 1 7.7
9 11 3 273 - 0

Total 776 373 48.1 1 0.1
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Figure 1. Gamont (A), associative form (B), associative form prior to cyst (C) and precyst
(D) of the gregarine parasite. P; protomerite, D; deutomerite, S; septum, N; nucleus, n;
karyosome, Pr; primite, St; satellite (Bar; 100 pm).

Figure 2. Mermithid parasite of C. fastuosa; A: posterior end of juvenile mermithid; B: ante-
rior end of juvenile mermithid (Bar: 50 pm).
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Morphological and structural measurements
of gamonts of the gregarine pathogen were deter-
mined as (in pm); Total length (TL): 462.8 + 103.7,
length of protomerite (LP): 86.2 £ 20.9, length of
deutomerite (LD): 376.6 + 92.2, width of protomer-
ite (WP): 124 * 31.6, width of deutomerite (WD):
191.8 £ 71.2, ratio of the length of protomerite to
total length (LP: TL): 5.5 + 1.5, ratio of the width of
protomerite to the width of deutomerite (WP:
WD): 1.5 + 0.2. The detailed morphological meas-
urements of gregarine gamonts and primites-
satellites in association form are given in Table 2
and 3. The precyst form measured 266-372 x 314-
427um. The spore form measured 7.2 - 9.8 ym
width (n=54) and 3.6 - 5.2 um length (n=55).

The total of gregarine pathogen infection in C.
fastuosa can be accepted as a high level (48.1%). In-
fection reached the highest levels in July 2008
(61.1%) and in May 2009 (73.1%). However, the in-
fection averages showed that the gregarine infec-
tion in C fastuosa was relatively stable during the
two years 2008 and 2009 (Pearson Chi-square, p >
0.05; x2 = 1.210; df = 1). During the present study,
we also compared the infection level in male and
female beetles. The results showed that there was
no significant difference in the infection levels of
male and female beetles (Table 1) (Pearson Chi-
square, p > 0.05; 2 = 0.133; df = 1) which indicates
that the gregarine infection does not favor any of
the sexes.

Mermithid parasite
The mermithid parasite was observed only in July
2009 in 7.7% of beetles. Total infection rate was
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0.1%. The collection date of samples and observed
pathogen and parasite infection level is shown in
Table 1. The mermithid parasite was detected in C.
fastuosa adults as a juvenile form in the hemecoel
of the host. The anterior end of the juvenile form
was blunt and the posterior end had an append-
age tail (Fig. 2A, B).

The determined juvenile form of the mer-
mithid parasite measured from anterior to poste-
rior was 94 mm in length and 278.5 - 317.5 um in
width. The tail at the posterior end measured 75
pm in length. It had a thick cuticle and measured
13 - 19 um in width (Fig. 2).

The infected adults of C. fastuosa showed some
specific characteristic symptoms of the mermithid
parasite such as darker body coloration, slower
movement and swelling of the abdomen.

Discussion

Natural pathogens and parasites of C. fastuosa par-
ticularly come into prominence. As B. nigra can be
considered a minor weed, in this case C. fastuosa is
a possible beneficial insect, Yaman et al. (2009b)
and Yaman & Radek (2007) reported that patho-
gens and parasites of beneficial insects are unde-
sirable state. On the other hand B. nigra can be
medical plant used in herbalism, and C. fastuosa to
be a possible pest (Bozsik 2006). Therefore patho-
gens and parasites can be used for biological con-
trol of C. fastuosa, similar situation is Helicosporid-
ium sp. as biological control agent for Dendroctonus
micans (Yaman 2008).

Table 2. Measurements of gamonts of the gregarine parasite (in pm) (minimal and maximal, TL; total length, LP;
length of protomerite, LD; length of deutomerite, WP; width of protomerite, WD; width of deutomerite, LP:TL; ratio
of the length of protomerite to total length, WP:WD; ratio of the width of protomerite to the width of deutomerite.).

TL LP LD WP WD LP:TL WP : WD
C. fastuosa
Mean 462.8+103.7 86.2420.9 376.6£92.2 124+431.6 191.8471.2 5.5+1.5 1.5+0.2
(n=37) 262-668 46-132 197-570 60-203 87-387 3.9-11.7 0.9-1.9

Table3. Measurements of associative forms of the gregarine parasite (in pm) (minimal and maximal, TL; total length,
LP; length of protomerite, LD; length of deutomerite, WP; width of protomerite, WD; width of deutomerite, LP:TL;
ratio of the length of protomerite to total length, WP:WD; ratio of the width of protomerite to the width of deu-

tomerite.).
C. fastuosa TL LP LD WP WD LP:TL WP:WD
Primite 388.7£18.1 74%5.2 314.6£15.2 114.9+7.7 160.7£33.8 5.3+0.3 1.4+0.3
(n=5) 366-411 66-80 297-331 106-123 128-196 4.8-55 1.1-1.8
Satellite 428.1£29.5 69.5+8.8 358.7+£32.7 93.1£9.8 1444283 6.2+0.9 1.5+0.2
(n=5) 383-451 59-83 318-391 85-108 113-177 49-7.6 1.3-1.8
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The present study is the first to examine the
pathogens and parasites of C. fastuosa. We present
information on two pathogenic and parasitic or-
ganisms of this pest for the first time: a protist
(gregarine) and a nematode (mermithid).

The protist pathogen is the first gregarine
pathogen recorded from C. fastuosa, although
other members of the family Chrysomelidae are
frequently infected by gregarines (Geus 1969,
Théodoridés 1988). In the literature, several spe-
cies of Gregarinidae family have been reported
from chrysomelids by several authors, for instance
G. munieri (Geus 1969, Lipa & Simchuk 1979), G.
crenata (Bhatia & Setna 1924), G. phyllotretae (Ho-
shide 1953), G. ampullaria (Hoshide & Hoshide
1969), G. chaetocnemae (Sarkar 1984), G. juengeri, G.
phaedoni, G. hoplosomae (Théodoridés et al. 1984)
and G. coronata (Clopton et al. 1992). Additionally,
in Turkey, G. phyllotretae (Yaman 2002, Yaman et
al. 2009a) and two undefined species of the genus
Gregarina (Yaman 2004, Yaman et al. 2008) were
recorded from different species of the family
Chrysomelidae. The gregarine pathogen deter-
mined in this study has different morphological
characteristics and larger body sizes from all re-
corded gregarines with one exception, G. munieri.
G. munieri is the most frequent gregarine among
chrysomelids in the world (Geus 1969,
Théodoridés 1988). Geus (1969) lists G. munieri as a
parasite of 78 species of the family Chrysomelidae.
Théodoridés (1988) schematized the life-cycle of G.
munieri, and listed eight species belonging to
Gregarinidae from different Chrysomelid hosts. G.
munieri is characterized by its larger size among
the gregarine pathogens infecting the family
Chrysomelidae. The observed gregarine pathogen
from C. fastuosa shows many similarities with G.
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munieri by morphological ratios and shapes, such
as shape of the protomerite being globular or oval,
sporadin shape being ovoidal to elipsoidal,
gametocyst being elipsoidal and spore shape and
sizes, additionally characteristic measurements
and ratios are similar with G. munieri. Lipa &
Simchuk (1979) reported that total length was 303
um, LP:TL is 1:4.8-6.8 and WP:WD is 1:1.1-2.0 for
G. munieri (Table 4). Therefore we suppose that the
gregarine pathogen from C. fastuosa is G. munieri.
This study presents G. munieri as the first protist
pathogen of C. fastuosa and also presents C. fastu-
osa as a new host of G. munieri.

There have previously been no nematodes re-
corded from C. fastuosa. The mermithid parasite
presented here is the first recorded nematode
parasite from this insect. Several different nema-
todes were determined from the family Chry-
somelidae (Poinar 1988). In total 27 nematode
parasite species are members of the family Mer-
mitidae, and 10 of these mermithid parasites are
described at species level from different species of
Chrysomelidae. Poinar (1988) reported that, be-
cause of undefined nematode reports, it was im-
possible to state the number of nematode species
occurring in Chrysomelidae. However, there are
few records from Turkey. Mennan and Erturk
(2006) reported a mermithid parasite from Lepti-
notersa decemlineata in Turkey and Yaman et al.
(2009a) recorded an unidentified mermithid from
P. undulata in Turkey.

The morphological measurements and fea-
tures of the mermithid parasite observed from C.
fastuosa in the present study show similarities with
the mermithids observed from L. decemlineata by
Memnan & Ertiirk (2006) and from E. chrysorrhoea
by Yaman et al. (2002). Memnan & Ertiirk (2006)

Table 4. Comparative characters of four gregarine species.

Characters G. munieri G. crenata G. phyllotretae G. phyllotretae Gregarine sp
Total length 303um 220um 102um 150um 462.8 +103.7
Protomerite Globular or Rhomboidal Hemispherical Com.cal to . Globular or
oval hemispherical oval
. Ovoid, ellip- Elongate ovoid ~ Elongate to el- Ellipsoidal to
Sporadin soidal Elongate to ellipsoidal lipsoidal ovoid
Ellipsoidal Ovoidal S S Ovoid
Gametocyst 303 x 239 to 220 X188 to E{;T;&dd fil;‘f‘g’;dal 314 x 266 to
442 x 311 232 x183 427 x 372
LP:TL 1:4.8-6.8 1:4.3-6.2 1:4-81 1:3-8 1:3.9-11.7
WP:WD 1:11-2.0 1:11-1.8 1:1-1.5 1:11-1.7 1:0.9-1.9
Host Chrysomela Chrysomela Phyllotreta vit- Phyllotreta un- Chrysolina fas-
0s menthastri menthastri tata dulata, P. atra tuosa
Lipa and Sim- Lipa and Sim- . In the present
Reference chuk, 1979 chuk, 1979 Hoshide, 1953 Yaman, 2002 study
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reported that the morphological characters of the
mermithid from L. decemlineata were similar to the
characters of the genus Hexamermis given by Drea
et al. (1997) and Kaiser (1991). Yaman et al. (2002)
identified a mermithid from E. chrysorrhoea and
they discussed it as a member of the genus
Hexamermis. Moreover according to Sommer
(1981) the Hexamermis nematode group can be dis-
tinguished by their body length being between 0.7
and 1.5 cm.

Because of the lack of fully matured specimen
observation, we could not make complete taxo-
nomic identification of the mermithid recovered
from C. fastuosa. However, morphological charac-
ters and measurements of the examined juvenile
showed that the observed mermithid from C. fas-
tuosa possibly belongs to genus Hexamermis (Drea
et al. 1997, Memnan & Ertiirk 2006, Yaman et al.
2002, Kaiser 1991, Poinar 1988).

Mermithid parasite infection rate was 7.7% in
July 2009. Yaman et al. (2009a) and Memnan &
Ertiirk (2006) also reported low rates from Turkey
from P. undulata and L. decemlineata hosts. Addi-
tionally Drea et al. (1997) reported low infection
density from several hosts in West Germany and
Austria. Yaman et al. (2009a) and Memnan and
Ertuirk (2006) discussed that the reason of this low
infection rate of the mermithid from different
hosts could be the fact that viability of eggs of
mermithids depends on many factors such as rain-
fall in the area where insects are collected, and this
factor decreases the rate of parasitism. Drea et al.
(1997) also discussed the lack of sufficient rainfall
in the area where insects are collected.
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