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Abstract

SASKA P., JAROSIK V. (2001): Laboratory study of larval food requirements in nine species of Amara (Coleoptera: Cara-
bidae). Plant Protect, Sci., 37: 103-110.

Food requirements of the larvae of nine closely related species of the genus Amara (Coleoptera; Carabidae) were studied in the
laboratory. Mealworms, a mixed diet of mealworms and oat flakes, and seeds of Capsella bursa-pastoris and Stellaria media were
offered as food. Survival and developmental rate were monitored daily from the 1% larval instar. Amara aenea is omnivorous while
A. similata and A. familiaris are granivorous in the larval stage. Larvae of A. familiaris appeared to be specialist feeders of seeds
of Stellaria media. The larvae of all three species are probably important predators of weed seeds. Food specialization of the other
species remained uncertain. The origin of granivory in the genus Amara is discussed. It is considered to be an apomorphic

character of some species.
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Since the first study on food biology of carabid beetles
(Coleoptera: Carabidae) more than a hundred years ago
(FORBES 1883), their feeding biology has become an im-
portant subject of interest (reviewed by THIELE 1977;
HENGEVELD 1980a; LUFF 1987; LOVEI & SUNDERLAND
1996). The knowledge of food requirements in field cara-
bids is basically important for evaluating their potential
as pest control agents, especially in sustainable farming
systems (reviewed by KROMP 1999). Most carabids are
considered carnivorous, both in the adult and larval stag-
es. However, adults of many species often feed on plants,
particularly those of the families Poaceae, Brassicaceae
and Apiaceae. They belong mostly to the tribes Harpalini
(e.g. BURMEISTER 1939; LINDROTH 1945; SCHREMMER
1960; JOHNSON & CAMERON 1969; BRANDMAYR & ZET-
TO BRANDMAYR 1974, 1991; ZETTO BRANDMAYR &
BRANDMAYR 1975; ALLEN 1979; ZETTO BRANDMAYR
1990) and Zabrini (e.g. BURMEISTER 1939; LINDROTH 1945;
JOHNSON & CAMERON 1969).

The adults of the genus Amara are generally consid-
ered granivorous, since many have been observed feed-
ing on flower heads or plant-seeds (KLEINE 1912, 1914;
BURMEISTER 1939; LINDROTH 1945; BURAKOWSKI 1967,

FORSYTHE 1982; HURKA 1996; LUKA et al. 1998). Although
dissections (HENGEVELD 1980b) and rearing experiments
(BILY 1971, 1972, 1975; HURKA & DUCHAC 1980a, b; HUR-
KA 1998) revealed that the adults also eat animal food, the
abundance of adults of several species is significantly
higher in weedy than weedless tields (KOKTA 1988; DE
SNOO et al. 1995; HONEK & JAROSIK 2000) and the fecun-
dity of females of A. similata is highest when reared on a
diet of a mixture of weed-seeds (JARGENSEN & TOFT 1997).
Therefore, seeds are the preferred food of adults of sever-
al Amara species and a potential food of their larvae.
For a long time the larvae of the genus Amara were
regarded as insectivorous (e.g. BURAKOWSKI 1967; LUFF
1993), only occasionally eating plant roots (BURMEISTER
1939). Consequently, Amara larvae were usually fed an
insect diet in the laboratory (BILY 1971, 1972, 1975; HUR-
KA & DUCHAC 1980a, b; DESENDER et al. 1986; DESEN-
DER 1988; HURKA 1998; HURKA & JAROSIK 2001). The
granivory of Amara larvae was first suggested by THOMP-
SON (1979) and HURKA (1998) who successfully reared
some species on a diet of oat flakes. Recently, JGRGENSEN
and TOFT (1997) reared larvae of A. similata on a variety
of diets. Surprisingly, the lowest mortality was recorded
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when the larvae were fed seeds of Capsella bursa-pas-
toris. The larvae were unable to complete their pre-imagi-
nal development on an insect diet. This was the first
convincing evidence that Amara larvae are granivorous.

The aim of this study was to investigate whether the
larvae of related species of the subgenus Amara differ in
food requirements and how the different types of diet
influence developmental time and survival.

MATERIAL AND METHODS

Collecting Material: Nine species of the nominotypic
subgenus Amara, which overwinter as adults and devel-
op as larvae in spring and early summer (HORKA 1996),
were used in the feeding experiments: A. aenea (De Geer),
A. familiaris (Duftschmid), A. lunicollis Schitdte, A. mon-
tivaga Sturm, A. nitida Sturm, A. saphyrea Dejean, A. simi-
lata (Gyllenhal), A. spreta Dejean and A. ribialis (Paykull).
The adults were collected in the field at several localities
of the Czech and Slovak Republics (Appendix I). The bee-
tles were individually picked from the ground or collected
by unbaited pitfall traps at the onset of their breeding
period in the spring. Beetles were transported in plastic
bottles (100-250 ml, filled with damp substrate and closed
with a lid that allowed air circulation), and then placed into
rearing vials. Species and sex of the beetles were deter-
mined according to HURKA (1996).

Rearing: The method of rearing larvae was described
by HURKA (1996). Breeding pairs were placed in glass
vials (diameter 12 cm, height 7 cm) containing a 34 cm
deep layer of a sieved substrate (garden soil: A. aenea,
A. familiaris, A. lunicollis, A. montivaga, A. nitida, A. sa-
phyrea and A. similata, or sand: A. spreta and A. tibialis)
and covered by gauze. A flat stone placed on the top of
the substrate served as a natural shelter. Food was sup-
plied ad libidum and placed in the centre of the vials, and
changed twice a week to avoid the development of mould
or propagation of mites. Mouldy food and substrate were
removed immediately. Humidity was kept by moistening
the substrate. Both adults and pre-imaginal stages were
kept at 21 + 1°C, under natural photoperiod (50° N).

The breeding pairs were initially examined twice a week
or, following the discovery of the first egg or larva, daily.
The eggs were laid and larvae sheltered in the substrate,
They were removed from the substrate after spreading it
on a photographic tray and picking them up with a pair of
forceps. Both eggs and larvae were transferred individu-
ally into petri dishes (diameter 6 cm, height 1.5 cm), con-
taining a 0.5 cm layer of the same substrate as used for the
rearing of adults. The development of eggs, larvae and
pupae was checked daily, and the length and survival of
each stage of each individual was recorded.

The rearing experiments were performed in 1997-1999,
A step-wise design of testing the food requirements was
used. In 1997, adults and larvae of all species were fed
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bits of yellow mealworms (Tenebrio molitor larvae). In
the next year, the species whose females did not lay eggs
and where larvae did not develop on the insect diet were
fed either seeds (Capsella bursa-pastoris, Stellaria me-
dia) or a mixed diet of mealworms and oat flakes. The
seeds of convenient size were taken from the most abun-
dant plants growing in the habitats where the species
lived, or those recorded in the literature (KLEINE 1912;
BURMEISTER 1939; LINDROTH 1945; JGRGENSEN & TOFT
1997). The diets and numbers of larvae of each species
reared on these diets are given in Table 1.

Statistical Analysis: Survival was based on cohorts of
freshly hatched 1% instar larvae of each species, with the
mean time to death measured in days, or in terms of sur-
vival to the 1%, 2" and 3™ larval instar, pupal and adult
stages. The individuals used for taxonomic studies (SAS-
KA unpubl.) were censored to avoid underestimation of
their life spans (COX & OAKES 1984; PYKE & THOMPSON
1986; HONEK ef al. 1998). The data were described by
likelihood ratio tests in which the survival was fitted by
exponential function (which is characterised by a con-
stant death rate), and by Weibull function (which is char-
acterised by a continuous increase or decrease in death
rate; Appendix II). The appropriate likelihood test (expo-
nential or Weibull), and the appropriate measurement of
the mean time to death (days or developmental stages)
were selected based on the comparisons of residual devi-
ance and explanatory power of the models. The structure
of the models was checked following CRAWLEY (1993) by
error-checking plots for censored exponential and Weibull
data on age at death (AITKIN ef al. 1989).

Duration of development of each species were determined
for the 1% and 2™ larval instars based on specimens moult-
ed to the next instar, with the mean developmental time
measured in days. The appropriate transformation of the
mean developmental times was chosen by the Box-Cox
method (BOX & COX 1964, 1982). The adequacy of the
transformation was checked by comparing the raw and
the transformed data by plotting standardised residuals
of the models against fitted values and against explanato-
ry variables, the ordered residuals against expected order
statistics (CRAWLEY 1993), and by testing the raw and
the transformed data for skewness (SOKAL & ROHLF 1981).

The data were analysed by two-way analysis of vari-
ance (ANOVA) with interactions, using species and lar-
val diet as factors, and the mean times to death and the
transformed developmental times as explanatory variables.
The differences in survival and developmental times were
tested by LSD tests (SOKAL & ROHLF 1981) and by dele-
tion tests. In the deletion tests, all parameters significant-
ly (P < 0.05) different from zero and one from the other
were obtained. This was achieved by a step-wise process
of model simplification, beginning with the maximal model
(containing both factors, i.e. species and diet, and their
interaction), then proceeding by the elimination of non-
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Table 1. Mortality of Amara species on different diets
Species Larval diet k LA i . A
N D N D N D N D N D
Amara aenea YM 10 2 7 - 5 — — o o =
cr 11 - 11 - 7 — 2 - = =
Amara familiaris YM 49 28 19 I5 - -~ - - - -
CP 10 10 - - = = = = = -
SM 10 1 9 - 7 = - = = g
Amara lunicollis YM 19 4 14 5 7 = — - = s
Amara montivaga YM 4 - 3 3 = = = = _ -
oM 22 12 10 5 2 - - - = =
CP 9 9 - - - - = = - i
Amara nitida Cp 5 = 4 = 3 - - - - _
Amara saphyrea oM 29 21 8 6 1 - - - - -
Amara similata YM 8 S 3 3 - - - = = =
CP 32 1 31 - 22 - 2 - 2 1
Amara spreta YM 29 5 23 5 14 - 6 1 5 -
Amara tibialis YM 25 12 13 1 6 - 1 - 1 -

YM - yellow mealworms (Tenebrio molitor); OM — oat flakes plus yellow mealworms; CP — seeds of Capsella bursa-pastoris, SM - seeds
of Stellaria media; L1, L2 and L3 - larvae of 1%, 2" and 3™ instar; P — pupae; A — adults; N — number of individuals entering the instar;

D — number of individuals dead in the instar

The _disproportion between (I\I—l).)],miws insm.and. Noyccessive instar W8S 8 consequence of killing some larvae and using them for taxonomic
studies, thus, the numbers entering successive instars are smaller than that of larvae completing the previous instar

significant terms (using deletion tests from the maximal
model), and retention of significant terms (CRAWLEY 1993),
Calculations were made using general linear modelling in
the commercial statistical package GLIM 4.0 (FRANCIS et
al. 1994),

RESULTS

The diet significantly influenced developmental rates
(F=18.68;df=1, 145; P =2.86E-05), and mean times to
death measured in instars (y°= 55.27; df = 3; P=6.01E- 12) of
particular species. The developmental times of the 1% and
2" Jarval instars was on average 46 d on an optimal diet,
those of the 3" instar were usually 2-2.5times longer, ex-
cept in Amara spreta and A. tibialis where the 3" instar
lasted only slightly longer than did the 1% and 2™ larval
instars.

The variance in developmental times of the 1% instar
larvae significantly increased with increasing develop-
ment duration. Thus, the development of the 1% instar
larvae of A. aenea fed mealworms was fast and varied be-
tween 5-0 d, that of A. familiaris was slow and varied
between 6-12 d. The increase in mean developmental time
was caused by a longer developmental time of some indi-
viduals. Therefore, with inappropriate foods, the distri-
bution of developmental time was asymmetric and
significantly right skewed (skewness = 1.11; P="7.05E-09).
The standardized residuals increased toward the right end

when plotted against ranked normal deviates. For instance,
on the preferred seed diet about 70% of the larvae of A.
familiaris and A. similata spent only 4 d in the 1 larval
instar, while two individuals of A. montivaga fed a mixed
diet of mealworms and oat flakes spent 14 and 16 d in this
instar. Many species were unable to complete their devel-
opment on the diets offered.

Amara aenea appeared omnivorous. Its larvae reached
the 3 instar both when fed mealworms or seeds of Capsel-
la bursa-pastoris, but the development was significantly
faster with seed than insect diet, both in the 1% (F = 8.87;
df=1,16; P=0,009) and 2™ (F = 41.78;df = 1, 12; P =
3.10E-05) larval instars.

Amara familiaris and A. similata were both granivo-
rous, unable to complete the development when reared
on a diet of mealworms. Mortality of the 1% instar larvae
fed mealworms was higher than in other species (Fig. 1).
Mortality suffered by A. familiaris and A. similata did not
differ significantly from that of A, montivaga and A. ge-
nea (Table 2). A. familiaris developed successfully on
seeds of Stellaria media. All larvae reared on seeds of
C. bursa-pastoris died during the 1% larval instar, where-
as the mortality with S. media was negligible. All but one
individual reached the 2™ and 3" larval instar. Their de-
velopmental rates in the 1% larval instar were significantly
faster than those of larvae fed mealworms (F = 141.7; df =
1,26; P=5.01E-12). All the larvae but one of A. similata
fed seeds of C. bursa-pastoris reached the 2™ or 3 larval
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instar. The developmental rate of A. similata fed seeds of
C. bursa-pastoris was very fast, both in the 1* (Fig. 2)
and 2™ (Fig. 3) larval instar, and the 1*instar of this spe-
cies developed significantly faster than that of the om-
nivorous A. aenea (Fig. 2). Mortality of A. similata was
significantly lower (x*=236.27; df = 1; P = 1.72E-09) and
developmental rate in the 1% instar significantly faster
(F=67.72;df = 1, 33; P = 1.67E-09) when fed seeds of
C. bursa-pastoris instead of mealworms.

Food specializations of other species may be referred
from differences in mortality and developmental rates of
the 1* and 2™ instars.

Three other species are probably granivorous. Larvae
of Amara nitida, which were reared on the seeds of Capsella
bursa-pastoris, developed rapidly and with no mortality.
The developmental rate of this species was intermediate
and did not differ significantly from that of the granivo-
rous A. similata and omnivorous A. aenea, both in the 1%
(Fig. 2) and 2" instar (Fig. 3). This species is therefore
omnivorous or granivorous in the larval stage. Larvae of
A. saphyrea were only reared on a mixed diet of meal-
worms and oat flakes. The development was poor and
only one individual of 29 reached the 3™ instar. Mortality
of A. saphyrea on the mixed diet was marginally ()= 3.492;
df = 1; P = 0.06) higher than that of A. montivaga, but
their developmental rates in the 1* instar did not differ

025

—B— A. familiaris (49) —&— A. lunicollis (19)
—@— A spreta (29)

Fig. 1. Survival of larvae of Amara spe-
cies reared on mealworms. Figures in pa-
rentheses are numbers of 1* instar larvae

significantly (F=0.1014; df = 1, 19; P =0.75). Larvae of
A. montivaga reared on mealworms all died before moult-
ing to the 3" instar. Mortality was significantly higher
(Fig. 1, Table 2) and developmental rate in the 1* instar
significantly lower (Fig. 4) than those recorded for A. spre-
ta. However, all larvae of A. montivaga reared on seeds of
C. bursa-pastoris died in the 1% instar. Mortality and de-
velopmental rates (F=3.495;df = 1, 12; P =0.086) of the
1*"instar larvae reared on mealworms and the mixed diet
did not differ significantly. All larvae reared on these di-
ets died before reaching the 3" instar, except for two indi-
viduals reared on the mixed diet.

A. lunicollis and A. tibialis are also both potentially
omnivorous in the larval stage as they reached the 3™
instar, but mortality was significantly higher and devel-
opmental rate slower than that of the most carnivorous
species, A. spreta (Table 2), Larvae of these three species
were only reared on mealworms (Table 1). However, in
comparison with A. spreta and the omnivorous A. aenea,
the developmental rate of larvae of A. lunicollis and
A. tibialis was slower and the mortality higher. The 1*
larval instar of A. tibialis developed significantly slower
than that of A. aenea and A. spreta, and A. lunicollis
slower than A. spreta and faster than A. familiaris (Fig. 4).
A. tibialis had a significantly higher mortality than
A. spreta, and both species a lower mortality than A. sim-
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Fig. 2. Mean developmental rates (per days)
+ standard errors (bars) of 1* instar larvae
fed seeds of Capsella bursa-pasto-ris. Hori-
31 zontal lines indicate species not significant-

0.19 T T

A. aenea A. nitida

106

A similata

ly different by LSD test. Figures — numbers
of larvae. F=11.22; df = 2.45; P=0.0001



Plant Protection Science — 2001

Vol. 37, No. 3: 103-110

Table 2. The significance of differences in mortality of larvae of Amara species reared on mealworms

Species A. aenea A. spreta A. lunicollis A. tibialis  A. montivaga A familiaris  A. similata
A. aenea (10) -

A, spreta (29) NS ~

A. lunicollis (19) NS NS -

A. tibialis (25) NS = NS -

A. montivaga (4) NS & NS NS -

A. familiaris (49) NS * ¥ * NS -

A. similata (8) NS ¥ * x NS NS -

LSD test, ¥ = 66.98; df = 6; P = 1.70E-12

Figures in parentheses are numbers of 1% instar larvae; NS = not significant; * = significant at P < 0.05
gu p £ gn

ilata and A. familiaris (Fig. 1, Table 2). A. spreta had the
fastest development of those reared on an insect diet in
the 1% (Fig. 4) and 2" (Fig. 5) larval instars. Developmen-
tal rate in the 1* instar was significantly faster than in all
other species except A. aenea (Fig. 4), and in the 2™ instar
except for A. tibialis and A. lunicollis (Fig. 5). Mortality
in the 1* instar fed mealworms was not as low as that of
A. aenea (Fig. 1, Table 2), and did not differ from that
recorded for A. aenea and A. lunicollis. These results
indicate that larvae of A. lunicollis, A. tibialis and A. spre-

ta might be omnivorous, although the latter is probably
the most carnivorous.

DISCUSSION

Granivory was recently (JGRGENSEN & TOFT 1997) dem-
onstrated as optimum food specialization in larvae of
Amara similata, which survived best when fed Capsella
bursa-pastoris seeds, but were unable to finish develop-
ment on a diet of insects.

02 1 Fig. 3. Mean developmental rates (per days)
=) 021 1 + standard errors (bars) of 1% instar larvae fed
% : T seeds of Capsella bursa-pastoris. Otherwise
B 024 l asin Fig. 2. F=5.514; df = 2.32; P=0.009
E
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g 0.18 - 8
B a7 | [ l
i 3 2
0.16 T T 1
A. aenea A. nitida A. similata
02 —
= I
= 018 " -
L
2 s 5
A_E 0.16 ]' I
b= | 3
?5) 0.14 19 _|_ T J-
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% 012
e IHEER R E ul|7] |2
D 0-1 T T T T T T 1
) Fig. 4. Mean developmental rates (per days)
& W oW g + standard bars) of 1#instar larvae fed
P R .'& c\@ _00\ m& Q‘ standard errors (bars) of 1¢instar larvae fe
;\&(\‘ & W & \\\0“ -~ b." mealworms. Other-wise as in Fig, 2. F=12.33;
y» g o P df = 6.81; P=8.19E-10
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0.18 Fig. 5. Mean developmental rates (per days)
+ standard errors (bars) of 1 instar larvae fed
<) T mealworms. Otherwise as in Fig. 2. F=4.359;
= 0.16 - J_ df=3.31; P=0.011
Qo
2
g
& 014 4
: 7 : | 2
&
S [
v . T
g 0.12 . T T
L :
0.1. T T T 1]
A. aenea A, lunicollis A. tibialis A. spreta

Our results revealed differences in larval food require-
ments among nine closely related Amara species. We con-
firmed granivory of A. similata in the larval stage, and
demonstrated the specialization of A. familiaris on the
seeds of Stellaria media. Larvae of A. nitida, A. montiva-
ga and A. saphyrea are probably granivorous.

Larvae of Amara aenea are certainly omnivorous as
they developed successfully on seeds or insect diet. This
agrees with the habits of the adults, which are often ob-
served feeding on plants (e.g. KLEINE 1912; BURMEISTER
1939). Three other species (A. lunicollis, A. tibialis and
A. spreta) are potentially omnivorous in the larval stage.
The latter species is probably the most carnivorous. Om-
nivorous feeding habits of larvae of A. famelica (HURKA
1998) and carnivory of the larvae of representatives of
A. communis species-aggregate (HURKA & JAROSTK 2001)
and A. proxima (HURKA 1998) have been already record-
ed, and omnivory of A. littorea has been suggested (HUR-
KA 1998).

Carnivory is generally considered as the plesiomorphic
character state for the larvae of carabids (HURKA 1996).
The evolution of granivory was associated with increase
in developmental time and mortality on an insect diet, prob-
ably as a consequence of decreasing ability of digestion
(ALLEN & HAGLEY 1982; JGRGENSEN & TOFT 1997). Con-
sequently, species probably lost their ability to complete
the post-embryonic development on an insect diet. With
regards to our results (striking differences in food require-
ments in closely related species) we consider larval
granivory as an apomorphic character of several species
of the subgenus Amara. Thus, granivory might have de-
veloped in particular species several times in parallel. Fu-
ture analysis of the morphological features (e.g. shape of
the mandibles) that were recently used for estimation of
feeding habits of larval carabids (ZETTO BRANDMAYR et
al. 1998) might support our opinion.

Granivorous (A. similata, A. familiaris) and omnivo-
rous (A. aenea) species are abundant on arable land (e.g.
JAROSIK & HURKA 1986; LUKA er al. 1998; HONEK &
JAROSIK 2000). Their predation on seeds of weedy plants
dispersed on the ground may be an important factor of
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weed population biology. Our results indicated that the
larvae also feed on seeds and thus significantly contrib-
ute to the total seed predation. Therefore, the granivo-
rous larvae of particular Amara species are potential weed
control agents on agricultural land.
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Appendix I: The origin of reared specimens

Amara aenea (De Geer) — Bohemia centr., Praha-Kun-
ratice, 22. iv. 1998, P. Saska leg., four females (4f) and (+)
two males (2m); Amara familiaris (Duftschmid) — Slova-
kia occ., Borsky Mikulas, 3. iv. 1997, Z. Papousek leg., 1f +
3m; Moravia mer., Sedlec nr. Mikulov, 24. v. 1999, P. Saska
leg., 3f + 1lm; Amara lunicollis Schiédte — Boh. bor.-or.,
Vrchlabi, 20.iv. 1997, P. Saska leg., 1f + 2m; Amara monti-
vaga Sturm — Boh. bor.-or., Vrchlabi, 2. v. 1997, P. Saska
leg., 6f + 4m; Boh. bor.-or., Vrchlab, 16. v. 1998, P. Saska
leg., 1f + Lm; Boh. centr., Praha-Radotin, 3. v. 1999, P. Sas-
ka leg., 2f + 1m; Amara nitida Sturm — Boh. bor.-or,,
Vrchlabi, 2. v. 1997, 24. iv.-16. v. 1998, P. Saska leg., 5f +
1m; Amara saphyrea Dejean — Slov. mer., Stirovo - Hegy
Farok, 9.v. 1999, K. Hirka leg., 19f + 5m; Amara similata
(Gyllenhal) — Mor. mer., Sedlec nr. Mikulov, 23. v. 1997, P.
Saska leg., 2f; Boh. centr., Vla§im, 15. v. 1999, L. Pfenosi-
lova leg., 2f; Mor. mer., Sedlec nr. Mikulov, 24. v. 1999, P.
Saska leg., 8f + 3m; Amara spreta Dejean — Boh. centr.,
Travéice, 15. v. 1997, K. Hirka leg., 1f + 2m; Amara tibia-
lis (Paykull) — Boh, centr., Trav¢ice, 15. v. 1997, K. Hirka
leg., 3f+2m.,

Appendix II: Survival analysis

The differences in survival were fitted by a likelihood
function described by two parameters, mean time to death
i, and shape parameter ¢t. The mean time to death was the
time to when 50% of the larvae had died. The shape pa-
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rameter indicated the appearance of the mortality curve.
Proportion P of larvae that died as a function of time (7)
was described as

P(ty=e™"
where: L=p

The model indicates on exponential distribution of sur-
vivorship if o is equal to 1, and to Weibull distribution if
o significantly differs from 1. In Weibull distribution, ot < 1
indicates decrease in death rate with increasing time, and
o > 1 increase in death rate with time.
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SASKA P., JAROSIK V. (2001): Laboratorni studie potravnich naroki larev deviti druhii rodu 4mara (Coleoptera: Carabi-
dae). Plant Protect. Sci., 37: 103-110.

Potravni naroky deviti piibuznych druhil rodu Amara (Coleoptera: Carabidae) byly podrobeny zkoumdni v laboratornich cho-
vech. Jako typy potravy byly nabizeny: kousky larev potemnika mouéného (T. molitor), smiSend potrava z kouskd larev
T molitor a ovesnych vlodek, semena kokosky pastusi tobolky (Capsella bursa-pastoris) a ptatince Zabince (Stellaria media).
Od poéatku prvniho instaru byla denn& zaznamendvana mortalita a délka vyvoje. Na zdkladé naich vysledkh byly u ti druhi
objeveny potravni naroky larev: omnivorni u Amara aenea a granivorni u 4. similata a A. familiaris. Larvy A. familiaris se ukazaly
jako specialisté na semena druhu Stellaria media. Potravni specializace ostatnich druhti se nepodafilo spolehlivé prokazat.
Vysledky oviem naznaduji, Ze larvy zejména polnich druhdl jsou vyznamnymi predatory semen nékterych pleveld. Dale je
diskutovan piivod granivorie u rodu Amara; ta je povaZovina za evoluéni novinku nékterych druhd.

Klifova slova: Amara; larvy; potravni naroky; semena polnich pleveld; pivod granivorie
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