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Abstract 
 
This paper compares the development of the polyphagous aphid Myzus persicae Sulzer, considered as a generalist, and the oligo-
phagous aphid Macrosiphoniella millefolii (De Geer), considered as a specialist, on yarrow (Achillea collina Becker ex Reichen-
bach). Yarrow is a medicinal plant rich in bioactive secondary metabolites that have possible effects on the development of phy-
tophages, including aphids. Age specific life tables for cohorts developing under different constant temperatures were constructed 
and analyzed using standard techniques, and complemented with Jackknife estimates of the intrinsic rate of increase and its stan-
dard error. The parthenogenetic wingless morphs of the two species differed in the immature developmental time and survival, 
and in adult fecundity and life span. At high temperatures, the intrinsic rate of increase as the overall metric of performance 
tended to be higher for the generalist than for the specialist aphid species, while the opposite appears to occur at low and medium 
temperatures. Further insight into the complex interactions between yarrow and aphids requires that their genetic diversity is taken 
into account. The study of yarrow-aphid-natural enemy population interactions requires additional information on biomass dy-
namics, aphid morph differentiation and the performance of biological control agents. 
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Introduction 
 
Yarrow (Achillea collina Becker ex Reichenbach) is a 
medicinal herb belonging to the Achillea millefolium L. 
aggregate, that is adapted to temperate climates and po-
or soil quality (Cernaj et al., 1991). Yarrow is cultivated 
in the European Alps and commonly used in traditional 
medicine for digestive, anti-inflammatory, analgesic and 
antipyretic activity properties, and to treat skin inflam-
mations and wounds (Willuhn, 2002). Besides their role 
in pharmacology, secondary metabolites are generally 
known to influence the phytophagous species (Moran 
and Thompson, 2001; Chrzanowski and Leszczynski, 
2008). Among phytophages infesting yarrow there are 
the aphids Macrosiphoniella millefolii (De Geer) and 
Myzus persicae Sulzer (Rhynchota Aphididae). 

The oligophagous M. millefolii is a holocyclic species. 
It is a specialist feeding on Achillea spp. and related 
genera such as Tanacetum spp. (Sobhani, 1970; 
Schmitz, 1998). In alpine environments, M. millefolii is 
an important component of the yarrow-aphid-natural 
enemy system. In contrast, M. persicae is a poly-
phagous, holocyclic aphid, that attacks more than 30 
plant families including many economically important 
species worldwide, and it is an important vector of virus 
diseases (van Emden et al., 1969; Hill, 1983). Yarrow 
was reported as a host plant for M. persicae by 
Manachini and Cinanni (2004). We note, however, that 
M. persicae was absent from yarrow in alpine field. 

As a result of evolutionary processes, the specialists 
are often assumed to be generally better adapted to the 
host plant and to its chemical constituents than general-
ists, and hence may exhibit a relatively better perform-
ance (Smith and Smith, 2001). In fact, specialist insects 
may be adapted to plants containing toxic compounds 
that are handled through enzymatic detoxification, ex-

cretion, sequestration and behavioural responses 
(Rhoades, 1979; Berenbaum and Zangerl, 1998; Luka-
sik, 2007; Bažok et al., 2009; Hopkins et al., 2009). 
However, even in well studied systems such as the 
Brassicaceae system including the Arabidopsis thaliana 
(L.) Heynh. model plant, relatively little is known about 
how either specialists or generalist use these processes 
to overcome host plant glucosinolates (Hopkins et al., 
2009). In the case of yarrow, neither the performance of 
specialist and generalist insects nor the underlying proc-
esses have been studied in detail. 

The purpose of this paper is to assess and compare the 
performances of the two aphid species on yarrow. Birch 
(1948) and Messenger (1964) pioneered the use of life 
tables for assessing the performances of insects. Here, 
the assessment is done by the construction and analysis 
of age-specific life tables for wingless, parthenogenetic 
morphs of the two species feeding on the A. collina 
“SPAK”. This cultivar has been selected for a high con-
tent of secondary compounds. The results will provide a 
basis for planning future work aiming at elucidating the 
complex interactions between yarrow and arthropod 
phytophages. 
 
 
Materials and methods 
 
Plant cultivation and aphid rearing 

Seeds of A. collina of the cultivar ‘SPAK’ used in this 
study were provided by Valplantons Bio (Saillon, CH). 
The seeds were sown in trays containing a light soil and 
allowed to germinate in a greenhouse at 26 ± 1 °C;      
65 ± 5% RH; 16:8 L:D). 

As needed, 5 weeks old plants were transplanted in 
pots (12.5 cm diameter, 11 cm height), and after estab-
lishment were used as hosts for rearing aphids. A plastic 
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cylinder (Ø 11.5 cm, height 30 cm), was placed on the 
pot as a cage for the aphids; the top of the cylinder was 
closed with gauze to prevent the aphids from escaping 
and to allow air circulation. 

Seeds of Pisum sativum L., cv. Progress No. 9 dwarf 
peas, were obtained from the Consorzio Agrario of 
Parma, and used as host plant for M. persicae. Pea seed 
were sown weekly in large pots (Ø 20 cm) using perlite 
(Agrilit® 3) as a substrate. One week after germination, 
the seedlings were infested with aphids. 

M. millefolii specimens were collected in the fields 
during the growing season, and maintained in the labo-
ratory on yarrow at 21 °C, 70 ± 5% RH, 16:8 L:D. 
Colonies of M. persicae were made available by the In-
stitute of Entomology of Piacenza. The colonies were 
maintained on P. sativum seedlings inside a climatic 
chamber, with constant conditions (21 ± 1 °C; 65 ± 5% 
RH; 16:8 L:D). Periodically, yarrow and pea plants 
were replaced to guarantee host plant freshness and 
quality, and to avoid crowding in the colonies. 
 
Experiments 

The 3 week-old yarrow seedlings were individually 
transplanted in pots (Ø 6.3 cm, height 8 cm) and kept in 
the greenhouse for another week before the experi-
ments. The transplanted yarrow was covered with a 
transparent pot of the same size and, to prevent the 
aphids from escaping, the edges of the two pots were 
connected with a plastic film. The top of the cage was 
covered with gauze to permit air circulation. 

Cohort experiments began 4 weeks after sowing A. 
collina. Two days before the beginning of the experi-
ments, single adults of each species were put on indi-
vidual plants, and individuals born within 24 hours were 
placed individually on caged plants. On average, a co-
hort consisted of 10 individuals that were placed in one 
of 5 bioclimatic chambers with constant conditions of 
10, 15, 25 and 28 °C (65 ± 5% RH; 16:8 L:D), respec-
tively. For M. millefolii only, we conducted an addi-
tional experiment at 21 °C and 16:8 L:D. The develop-
ment of individuals in all cohorts was monitored daily, 
or every 2 days if conditions prevented more frequent 
monitoring. 

The fecundity of each adult was monitored regularly 
until the end of the life span. Developmental times of 
immature individuals, and adult longevity and fecundity 
rates were interpolated if needed to yield daily values 
for entering into age-specific life tables calculations. 
 
Data analysis 
I m m a t u r e  d e v e l o p m e n t  a n d  s u r v i v a l  

Numerous functions relating developmental rates r(T) 
to constant temperatures have been proposed (Kontodi-
mas et al., 2004). In this work, we prefer a function with 
few parameters and high predictive capabilities, rather 
than a complex function with possibly better explicative 
but inferior predictive qualities. Equation 1 in Brière et 
al. (1999) appears to be appropriate for this purpose: 

( ) ( ) TTTTTTr ul −−= α                  [1] 
where T = temperature, α = constant, Tl = lower devel-
opmental threshold, and Tu = upper developmental 

threshold. Barlow (1962) and Mackauer and Way 
(1976) provided estimates for the lower threshold for M. 
persicae. From their work, we derived the lower thresh-
old Tl = 4.5 The survival s1 of immature life stages was 
represented by a BETA function because of its capacity 
and flexibility to represent the temperature-dependent 
survival patterns: 

( ) ( ) ( )γλκ TTTTTs ul −−=1               [2] 
where T = temperature, κ = scaling parameter, λ and      
γ = BETA function parameters, Tl = lower developmen-
tal threshold, and Tu = upper developmental threshold. 
The values of the parameters Tl and Tu were obtained in 
equation [1]. 
 
A g e - s p e c i f i c  f e c u n d i t y  a n d  s u r -
v i v a l  o f  a d u l t s  

The observed age specific fecundity is represented by 
a function proposed by Bieri et al. (1983): 
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where a = age, in days, and φ1, φ2 and φ3 = parameters. 
The widely used Gompertz function represents the ob-
served age specific survival s2 (Strehler, 1977): 
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where a = age in days, and ω1, ω2, ω3 = parameters. 
 
T e m p e r a t u r e - s p e c i f i c  f e c u n d i t y  
a n d  l i f e  s p a n  

The temperature-dependent life span l of adults and 
the total fecundity f are represented by: 

( ) ( )( ) 1
1

b
ul TTTTTaTl −−=             [5] 

( ) ( )( ) 2
2

b
ul TTTTTaTf −−=             [6] 

where T = temperature, a1, a2 ,b1, b2 = constants,           
Tl = lower developmental threshold, and Tu = upper de-
velopmental threshold. The values of the parameters Tl 
and Tu were obtained in equation [1]. 
 
I n t r i n s i c  r a t e  o f  i n c r e a s e  

The intrinsic rate of increase rm combines develop-
mental time, fecundity and mortality in a statistics that 
is widely used to represent the performance of a popu-
lation (Birch, 1948). We used the method of Hulting et 
al. (1990) for computing mean rm and the standard er-
ror. This method is based on the Jackknife method pro-
posed by Meyer (1957). Equation 1 in Brière et al. 
(1999) is used to describe the dependency of rm on the 
temperature: 

( ) ( )( ) 3
3

b
ulm TTTTTaTr −−=            [7] 

where T = temperature and a3, b3 = parameters; the 
lower and upper temperature thresholds Tl and Tu were 
obtained in equation [1]. 

The parameters a, κ, λ, γ, a1, a2, a3, b1, b2, b3, φ1, φ2, φ3, 
ω1, ω2, ω3, estimated via non-linear regression tech-
niques using SPSS software. For M. millefolii the upper 
and the lower developmental threshold were also esti-
mated, while for M. persicae, only the value of the up-
per developmental threshold was included in the pa-
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Figure 1. Developmental rate and survival of immature M. millefolii (a) and M. persicae (b) life stages at different 
temperatures. Black circles are the observed developmental rates (r; mean ± SE), the continuous line represents the 
rate r(T) predicted by equation [1]; empty circles are the observed survival percentages (s1), the continuous line 
represents the survival s1(T) calculated by equation [2]. The parameters are given in tables 1 and 2. 

 
 
rameter estimation procedure. To estimate the parame-
ters for equation [3] and equation [4], we used the obser-
vations made for both species at 10, 15, 25 and 28 °C. 
 
 
Results 
 
I m m a t u r e  d e v e l o p m e n t  a n d  s u r v i v a l  

Figure 1 shows that the developmental rates between 
the lower and upper threshold temperatures are ade-
quately described by equation [1] with the parameter 
estimates listed in tables 1 and 2. Between 10 and 21 °C, 
the rate of development of the two species exhibits an 
approximately linear increase with temperature. In the 
case of M. millefolii, the rate reaches a plateau between 
21 and 28 °C and abruptly decreases with increasing 
temperatures toward the upper temperature threshold. 
The rates of the generalist M. persicae are generally 
higher than the ones calculated for M. millefolii. 

Figure 1 also shows that equation [2], with the pa-
rameter estimates given in tables 1 and 2, satisfactorily 
represents the temperature specific survival of the im-
mature life stages between the upper and lower devel-

opmental thresholds. The survival of both aphids dis-
plays an approximately symmetrical pattern between the 
lower and the upper threshold. In general, the survival 
of the specialist M. millefolii is higher than that of the 
generalist M. persicae. 
 
A g e - s p e c i f i c  f e c u n d i t y  a n d  s u r -
v i v a l  o f  a d u l t s  

Temperature has a strong influence on the age-specific 
fecundity and the life span of the adults. Figure 2 summa-
rizes the results obtained for both species at relatively low 
temperatures (10, 15 °C) and relatively high temperatures 
(25, 28 °C), and shows that these life table elements are 
adequately represented by equations [3] and [4]. 

At 10 °C, the reproduction of the specialist M. millefo-
lii starts after 60 days and continues for a period of 57 
days during which the daily maximum production per 
capita is 8 aphids, while the median life span is 129 
days. At 15 °C, reproduction starts after 15 days and 
aphids produce a maximum of 61 nymphs during a pe-
riod of about 59 days; the median life span is 31 days. 
At 25 °C, the adults start reproducing after 8 days and the 
fecundity decreases to 20 nymphs per aphid in 23 days, 
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Table 1. Life table parameter values with standard errors for the specialist aphid M. millefolii on yarrow. 
 

Developmental rate parameters (equation [1]) Survival function parameters (equation [2]) 
α Tl  Tu  κ λ γ 

1.08E-04 ± 1.41E-05 4.7 ± 1.61 30.4 ± 0.48 11.26 ± 13.1 0.42 ± 0.28 0.43 ± 0.4 
Age-specific fecundity parameters (equation [3]) Age-specific survival parameters (equation [4]) 

T (ºC) φ1 φ2 φ3 ω1 ω 2 ω 3 
10 0.28 ± 0.048 1.04 ± 0.004 52.15 ± 1.411 1.01 ± 0.006 2.0E-08 ± 1.69E-08 0.13 ± 0.006 
15 10.04 ± 1.195 1.11 ± 0.008 14.27 ± 0.403 1.07 ± 0.03 0.005 ± 0.002 0.10 ± 0.009 
25 10.25 ± 0.72 1.21 ± 0.01 7.27 ± 0.139 1.16 ± 0.064 0.07 ± 0.024 0.09 ± 0.009 
28 0.5 ± 0.317 1.32 ± 0.138 6.61 ± 0.708 1.03 ± 0.042 0.02 ± 0.008 0.22 ± 0.022 

Life span parameters (equation [5]) Total fecundity parameters (equation [6]) 
a1 b1 a2 b2 

7.10E-07 ± 7.91E-07 4.74 ± 0.40 3.91E-04 ± 2.43E-04 2.31 ± 0.24 
Intrinsic rate of increase parameter (equation [7]) 

a3 b3 
9.46E-05 ± 5.36E-05 0.82 ± 0.26 

 
 
Table 2. Life table parameter estimates with standard errors for the generalist aphid M. persicae feeding on yarrow. 
 

Developmental rate parameters (equation [1]) Survival function parameters (equation [2]) 
α Tl  Tu  κ λ γ 

1.57E-04 ± 2.88E-05 4.5 31.6 ± 2.0 1.95 ± 2.81 0.69 ± 0.33 0.72 ± 0.25 
Age-specific fecundity parameters (equation [3]) Age-specific survival parameters (equation [4]) 

T (ºC) φ1 φ2 φ3 ω1 ω 2 ω 3 
10 0.33 ± 0.039 1.04 ± 0.002 39.79 ± 1.416 1.03 ± 0.012 7.24E-05 ± 4.4E-05 0.07 ± 0.004 
15 1.54 ± 0.424 1.09 ± 0.018 10.79 ± 3.875 1.57 ± 0.207 0.12 ± 0.058 0.06 ± 0.01 
25 11.99 ± 2.572 1.23 ± 0.033 4.44 ± 0.358 1.03 ±0.022 0.02 ± 0.006 0.19 ± 0.013 
28 2.66 ± 1.452 1.58 ± 0.234 5.11 ± 0.37 1.17 ± 0.197 0.05 ± 0.064 0.17 ± 0.068 

Life span parameters (equation [5]) Total fecundity parameters (equation [6]) 
a1 b1 a2 b2 

1.91E-12 ± 3.69E-12 8.922977 ± 0.636163 5.20E-04 ± 4.12E-04 2.10 ± 0.30 
Intrinsic rate of increase parameter (equation [7]) 

a3 b3 
1.69E-04 ± 1.29E-04 0.58 ± 0.35 

 
 
while at 28 °C the aphids are barely able to reproduce, 
giving birth to only 2 nymphs after 11 days during a very 
short period of 2 days; the median life span is 17 days. 

The generalist M. persicae is generally less productive, 
giving birth to half the number of aphids than the special-
ist, while the age-specific survival is similar. At 10 ºC, 
the reproduction starts earlier (day 43rd) and lasts longer 
(110 days) than in the case of M. millefolii; the median 
life span is 128 days. At 15 ºC, adults start to reproduce 
after 17 days and continue for 46 days, producing a 
maximum of 11 aphids during a median life span of 34 
days. At 25 ºC, the beginning of reproduction is on day 
14 and lasts until day 35; the peak is reached on day 32; 
the median life span is 17 days. At 28 ºC, reproduction 
begins on day 5 and continues for a period of 16 days; the 
maximum production of 4 aphids occurs on day 3 after 
the adult moult, while the median life span is 18 days. 
 
T e m p e r a t u r e - s p e c i f i c  f e c u n d i t y  
a n d  l i f e  s p a n  

Figure 3 depicts the effect of constant temperatures on 
the fecundity and life span of the two aphids. Accord-
ingly, the adults develop and reproduce in the tempera-
ture interval delimited by the lower and upper thresh-

olds of 4.7 and 30.4 ºC for the specialist, and of 4.5 and 
31.6 ºC for the generalist aphid, respectively. The high 
temperatures have similar effects on the two species 
which can hardly reproduce and survive at 28 °C. Inter-
estingly, at 10 ºC, the females of the specialist produce on 
average a total of 17.6 nymphs, while the generalist pro-
duces 25.7 aphids. However, at 15 ºC the performance is 
reversed, with M. millefolii producing 42.5 aphids and  
M. persicae giving birth to a total of 14.17 aphids. 
 
I n t r i n s i c  r a t e  o f  i n c r e a s e  

Figure 4 shows that the equation [7] with the parame-
ter estimates given tables 1 and 2 satisfactorily represent 
the dependency of the intrinsic rate of increase on tem-
peratures between the lower and upper thresholds (4.7 
and 30.4 ºC for the specialist M. millefolii, and of 4.5 
and 31.6 ºC for the generalist M. persicae, respectively). 
In both cases, the decrease at high temperatures toward 
the threshold begins before 28 ºC. At high temperatures, 
the intrinsic rate of increase as the overall metric of per-
formance tended to be higher for the generalist than for 
the specialist aphid species, while the predicted per-
formance of the specialist appears to be better at low 
and medium temperatures. 
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Figure 2. Age-specific per capita fecundity and age-specific survival of M. millefolii (a) and M. persicae (b).         
On every 5th day, the black circles represent the observed daily nymph production per female, while the continuous 
line represents the fecundity m(a) calculated according to equation [3]; on every 5th day, the empty triangles repre-
sent the observed proportions of surviving adults (s2), while the dotted line represents the calculated age-specific 
survival s2(a) according to equation [4]. The parameters are given in tables 1 and 2. 
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Figure 3. The total fecundity per female and the life span of M. millefolii (a) and of M. persicae (b), in relation to 
constant temperatures. The dots represent the observed data, i.e. the average total numbers of young produced per 
female (M) and the average life spans (l), while the continuous lines represent the predicted fecundity M(T) (equa-
tion [6]) and life span l(T) (equation [5]). The parameters are given in tables 1 and 2. 
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Figure 4. The intrinsic rate of increase of M. millefolii (a) and M. persicae (b), at different constant temperatures. 
The black circles represent the intrinsic rate of increase with standard errors (rm ± SE), while the lines represent the 
calculated intrinsic rates of increase rm(T) according to equation [7]. The parameters are given in tables 1 and 2. 
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Discussion 
 
Our study deals with the effects of a medicinal plant, 
known for a high content of secondary metabolites, on a 
generalist and a specialist aphid. Plant effects on phyto-
phages resulting from phytochemical reactions to phy-
tophagous are of great interest in current ecological 
work (Karban and Baldwin, 1997; Stout et al., 1998; 
Messina et al., 2002; Traw and Dawson, 2002). It is 
generally assumed that the response of the plant nega-
tively affects the performance of phytophages (Karban 
and Myers, 1989; Trewhella et al., 1997). However, ex-
perimental work shows inconsistent results (Jermy, 
1984; Faeth, 1991; Raupp and Tallamy, 1990; Krischik 
et al., 1991; Agrawal, 1999). In agreement with the 
general assumption, the performance of M. persicae, 
expressed in developmental time, survival and adult life 
span as well as in the intrinsic rate of increase, appears 
to be weaker on yarrow than on other well-studied host 
plants including Solanum tuberosum L., Nicotiana spp., 
Chrysanthemum spp., Piper spp. and Cruciferae species 
(Wyatt and Brown, 1977; Kuo, 1992; Costello and Alti-
eri, 1994; Otha and Othaishi, 2002; Davis et al., 2006; 
Davis and Radcliffe, 2008; Shahidi-Noghabi et al., 
2009). However, additional studies are required to as-
certain this aspect mainly because of the narrow genetic 
basis of M. persicae described as follows. 

In our study, M. millefolli was collected in yarrow 
fields, while M. persicae originated from individuals 
collected on Prunus spp. and maintained on P. sativum. 
The narrow genetic basis may be responsible for an un-
derperformance of M. persicae on yarrow. Genetically-
based differences in the performance of pea aphids 
(Acyrthosiphon pisum Harris) are reported by Via 
(1991) and Hufbauer (2001). The performance of both 
aphids under study may be affected by the high content 
of secondary compounds of the cultivar used. Cabbage 
(Brassica oleracea L.) cultivars, for example, have dif-
ferent glucosinolate profiles that only partly overlap 
(Poelman et al., 2008a). The profiles produced a differ-
ent ranking order for each of the studied lepidopteran 
species (Poelman et al., 2008b). Hence, to assess the 
performance of the phytophages in a more comprehen-
sive way than done in this study a wider genetic diver-
sity of both the host plant and the phytophages should 
be taken into consideration. 

If the performance is assessed in terms of immature 
developmental time and mortality, reproduction and 
adult life span, M. millefolii generally performed better 
than M. persicae across all the temperatures permitting 
the development. Because of the emphasis given to al-
pine conditions, lower experimental temperature condi-
tions were given priority over high temperatures. As a 
result, the estimated upper threshold for M. persicae is 
associated with a high standard error (table 2). The sur-
vival of M. millefolii nymphs was higher and the life 
span of adults longer, while the fecundity was similar to 
the one expressed by M. persicae across all the tempera-
tures. However, M. persicae had a shorter immature de-
velopmental time than M. millefolii. Noteworthy are 
also the responses at 10, 25 and 28 ºC where the age- 
and temperature-specific fecundities were higher for   

M. persicae. In comparison with M. persicae, the per-
formance of M. millefolii appears to be better at low and 
medium and worse at high temperatures. The result con-
firms that a general assessment of the performance 
should be done on rm rather than on single life table pa-
rameters, and the entire range of temperatures permit-
ting development should be taken into account, rather 
than considering favourable temperatures only. 

The literature provided inconclusive results regarding 
comparisons between generalists and specialists. Hop-
kins et al. (2009) expect that a generalist generally per-
forms better than a specialist. Poelman et al. (2008b) 
observed that the performance of the generalist lepidop-
teran Mamestra brassicae (L.) was similar to the spe-
cialist lepidopteran Plutella xylostella (L.) on Brassica-
ceae that has a high concentration of host-plant specific 
secondary chemicals. 

The life table statistics obtained in this study could be 
used for the development of single-species models un-
der unlimited resources (Smith and Smith, 2001). In-
stead, our work ultimately aims at the study of multitro-
phic population interactions in the yarrow system. 
Among the important processes in the dynamics of 
aphid populations is morph differentiation in response 
to plant effects and environmental conditions (Holst and 
Ruggle, 1997; Braendle et al., 2006; Frantz et al., 
2010). Possibly, a generalist responds faster to low food 
quality by producing winged morphs able to find host 
plants of better quality. Another important element for 
consideration in aphid population dynamics is the bio-
mass and energetics of aphids (Gutierrez, 1996). In this 
study, adults of the specialist M. millefolii had a higher 
fresh weight (5.73 mg ± 0.88, n = 30) than the generalist 
M. persicae (2.75 mg ± 0.076, n = 56). The difference 
may be due to different immature development times, 
phloem sap intake and assimilation efficiency. The 
faster immature development of M. persicae may con-
tribute to this difference, while the other aspects rele-
vant for explaining the difference are discussed by Hop-
kins et al. (2009) and Schowalter (2006) who provide 
general information on the adjustments of feeding be-
haviour and the increased efficiency in assimilation 
rates of specialists. 

The relationship between numbers and biomass quan-
tity and quality profoundly affects the dynamics of the 
interactions between parasitoids and hosts, and between 
predators and prey (Gutierrez et al., 1993; Francis et al., 
2000; Jalali et al., 2009; Lundgren et al., 2010). Multi-
trophic population interactions may be influenced by the 
content of secondary metabolites. In the well studied 
Brassica system for example, the glucosinolate concen-
trations in a Brassica nigra (L.) cultivar, which were 3.5 
times higher than concentrations in a B. oleracea culti-
var, resulted in negative effects on the fourth trophic 
level, represented by the hyperparasitoid Lysibia nana 
Gravenhorst parasitizing Cotesia glomerata L. (Harvey 
et al., 2003). 

In conclusion, the parthenogenetic wingless morphs of 
the specialist and generalist aphid species differed in the 
immature developmental time and survival, and in adult 
fecundity and life span. The difference in the intrinsic 
rates of increase as the overall metric of performance 
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depended on temperature: at high temperatures, the per-
formance tended to be higher for the generalist than for 
the specialist, while the opposite appeared to occur at 
low and medium temperatures. 
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