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Introduction 

The characteristic features of aphids, such as telescopic 
development, short generation time of each generation, 
parthenogenesis, the diversity of life cycles, high fecundity 
and a small body size enable aphids to spread easily and 
adapt quickly to changing environmental conditions. One 
of the adaptive mechanisms is polymorphism, i.e. the abili-
ty to form phenotypically different morphs (Kawada, 1987; 
Miyazaki, 1987; Caillaud et al., 2002). This phenomenon 
is recorded most frequently in females and is called poly-
phenism; it includes fundatrices, winged viviparous fe-
males, wingless viviparous females and oviparous females 
(Dixon 1977, 1998; Minks & Harrewijn, 1987). Their 
morphological and anatomical traits are adapted to the 
functions they perform and are induced by environmental 
factors. Males can also be polymorphic, however, unlike 
females, in their case it is genetically induced (Smith & 
MacKay, 1989; Caillaud et al., 2002). Winged males occur 
in most species of aphids; the males of all host-alternating 
species are winged (Blackman & Eastop, 1994). Only the 
males of Eriosomatidae, Hormaphididae, Anoeciidae and 
some Lachnidae are wingless. There is no host alternation 
among Lachnidae. 

Polymorphism, in non-host alternating species of aphids 
is especially marked as almost genetically identical males 
and females infest the same host plant (Helden & Dixon, 
1997; Dedryver et al., 1998). This phenomenon is very im-
portant in aphids because in most of their annual life cycle 
they breed asexually (parthenogenesis) and in only one 
generation do they breed sexually (Dixon, 1977; Huang & 
Caillaud, 2012).

The aphids belonging to Cinara sp. infest coniferous 
plants belonging to Pinaceae and Cupressaceae (Black-
man & Eastop, 1994). Cinara (Cupressobium) mord-
vilkoi (Pašek, 1954) is a monophagous species living only 
on Juniperus communis L. It is known only from Euro-
pean countries such as Sweden, Slovakia, Italy, Bulgaria, 

Ukraine, Belarus, Latvia, Lithuania, Estonia, Poland and 
the Czech Republic (Blackman & Eastop, 1994; Binazzi, 
1996). It is also reported from J. turkestanica (= pseudosa-
bina) in Kazakhstan. The species infests young shoots and 
branches. In Europe it is holocyclic. The sexual individu-
als occur in October in Poland (Herczek et al., 1977). The 
males of this species are wingless according to Blackman 
& Eastop (1994).

This species is very difficult to observe in its natural 
habitat and in Poland it is reported only from 2 localities 
(Szelegiewicz, 1962; Herczek et al., 1977). It is also hard to 
distinguish from other species. Klimaszewski et al. (1977) 
distinguish it from Cinara juniperi (De Geer) on the basis 
of the composition of its haemolymph. It can also be iden-
tified by analyzing its mitochondrial DNA (Durak, 2011). 
The little information on this species is due to its cryptic 
life style. Its biology is still unknown and only the wingless 
parthenogenetic female (Pašek, 1954) and winged female 
(Binazzi, 1996) are described. 

The aim of the paper was to investigate the life cycle and 
seasonal and interannual polymorphism in C. mordvilkoi.

Material and methods 

Experimental procedures
This study was conducted from 2009 to 2011 in the field in 

Poland. The bionomy of this species was studied from the begin-
ning of March till the end of October. The plants with aphids were 
kept outdoors so that the aphids experienced the typical tempera-
ture conditions for this geographical region. C. mordvilkoi were 
reared on Juniperus communis. To prevent aphids from escaping 
I used clip cages that I put on the twigs with aphids (one clip cage 
for one apterous virginopara). Aphids were derived from differ-
ent fundatrices, therefore each line that was followed represents 
a single clone and was potentially genetically distinct. The first 
larvae they bore marked the beginning of a new generation. Next 
they were transferred to another clip cage; there their fecundity 
and the length of particular developmental periods were recorded. 
In each generation the development of ten females was followed 
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Fig. 1. Mean durations in generations A–J of the prereproductive (A); reproductive (B) and postreproductive periods (C); their lon-
gevities (D) and fecundities (E). I–III – phases in life cycle. The mean ± SE for three years are presented. 
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by monitoring them five times a week. Generations were desig-
nated “A” to “J”.

Statistical analysis
The lengths of the pre-reproductive, reproductive and post-

reproductive periods, life span and fecundity of the different 
generations were analyzed using ANOVA, StatSoft (2010), STA-
TISTICA, version 9.0, www.statsoft.com. Data were tested for 
normality and analyzed using Kruskal-Wallis test.

Morphological analysis
In order to measure the body parts of particular morphs micro-

scopic preparations were made. The specimens were examined 
using an Olympus BX 51 microscope. 

The lengths of the following aphid body parts were meas-
ured: body, femur, III, IV, V and VI segments of antennae and 
rostrum. The numbers of secondary rhinaria on segments of the 
antennae of males were counted. Microscope slides are deposited 
in the Department of Invertebrate Zoology of the University of 
Rzeszow (Poland).

Results

In consecutive years 10 parthenogenetic generations of 
C. mordvilkoi (A–J) were recorded (Fig. 1). Winged fe-
males occurred only in the second generation, while other 
generations consisted of only wingless females. Sexual 
morphs occurred in the 11th generation (amphigonic fe-
males and males). In two years only wingless males were 

recorded but in the third one wingless and several winged 
ones occurred at the same time. The lengths of particular 
developmental stages of the females in the different gen-
erations were analyzed. 

The pre-reproductive stage lasted on average from 12.2 
to 34.8 days. The longest development period was reported 
for the individuals of A generation, and the shortest for 
those of F generation (Fig. 1A). The reproductive period 
lasted on average from 11.4 to 31.2 days (Fig. 1B). The 
longest reproductive period was recorded for A generation 
and the shortest for F generation. The post-reproductive 
period lasted on average 0 to 1.8 days (Fig. 1C). The mean 
total life span of aphids ranged from 23.6 to 66 days (Fig. 
1D). The individuals of A generation lived the longest, 
those of F generation the shortest. The average fecundity 
of females ranged from 2.2 in B generation to 25 offspring 
in H (Fig. 1E). The fecundity of consecutive generations 
differed significantly.

Detailed data on significant differences in the lengths 
of all the developmental stages of the different aphid gen-
erations studied are presented in Table 1. There were no 
significant differences in the lengths of the developmental 
periods in consecutive generations between years. 

Table 1. Differences in average lengths of the different stages in development (prereproductive, reproductive, postreproductive and 
longevity) and fecundity of different generations of the aphid. A–J – subsequent generations. Tested using Kruskal-Wallis test (H – 
value of test, significance level at 0.05, NS – not significant). 

Period Difference in season H p
Prereproduction A–C; A–F; A–G; A–E; A–H; A–F; B–F; B–G; J–F; J–G H = 137.38 p ≤ 0.05

Reproduction A–B; A–E; A–F; A–J; E–G; E–H; F–H; F–G H = 144.13 p ≤ 0.05
Postreproduction — H = 133.90 NS

Life span A–C; A–E; A–F; B–F; F–H H = 142.46 p ≤ 0.05
Fecundity B–H; B–I; B–J; E–H; E–I; F–H, F–I; H = 135.46 p ≤ 0.05

Fig. 2. Cinara mordvilkoi – oviparous female; A – hind tibia, 
B – sensoria on hind tibia. Fig. 3. Cinara mordvilkoi – antennal segment III; A – alate 

male, B – apterous male. 
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The species lifecycle involves them actively changing 
their feeding site on the plant, which is associated with 
seasonal changes in temperature. A high air temperature 
causes them to migrate to the roots or branches close to the 
ground. Only the early spring (A–B) and autumn genera-
tions (H–J) develop on plant parts above the ground, i.e. 
young shoots and needles. The aphids spend the remaining 
part of the season on the roots and branches covered with 
soil, close to collar roots (Fig. 1.). They prefer shaded and 
humid habitats and have a cryptic way of life. Hence it is 
very difficult to find them in summer. It is mainly the au-
tumn generations that are observed because this aphid in-
fests young shoots after vacating the lower parts of plants. 
They can form combined colonies with C. juniperi. 

A very interesting phenomenon, first reported here for 
this species, is the production of both wingless and winged 
males depending on the year. Both kinds of males were 
sexually active and copulated with females, which then 
laid overwintering eggs, which hatched on 29.03, 02.04 
and 09.04 in consecutive years. The ratio of sexes in this 
species was 1 male : 6 females.
Morphological analysis

Fundatrix. Body length about 3.1 mm, dark brown in col-
our, similar to viviparous females. The lengths of particular 
body parts are listed in Table 2. Infests young shoots. 

Oviparous female. Similar to apterous viviparous fe-
males but slightly larger. Body length about 3.2 mm. 
Antennal length about 1.1 mm. Hind tibia slightly swol-
len with small sensoria along most of their length (Fig. 2, 
Table 2).

Alate male. Body blackish brown, length about 2.32 
mm. Antennae about 1.24 mm long. Ant. segm. III with 
32–34 secondary rhinaria, IV with 8–9, V with 3–4 (Fig. 
3A, Table 2). 

Apterous male. Similar to alate male, body length about 
2.08 mm. Antennae about 0.99 mm long. Ant. segm. III 
with 9–11 secondary rhinaria, IV with 4–7, V with 3–5 
(Fig. 3B, Table 2).

Discussion

During the course of a season C. mordvilkoi completes 
10 generations on J. communis. Similar numbers of gen-

erations are reported for other Cinara sp., e.g. Cinara cu-
pressi – 9 and Cinara tujafilina 9–10 generations (Mustafa, 
1987; Durak et al., 2007; Durak, 2014). The life cycle of 
C. mordvilkoi can be divided into 3 phases: I – early spring 
generations, which develop on the above ground parts of 
its host plant, consisting of a fundatrix and winged parthe-
nogenetic females; II – summer generations, which infest 
roots or branches close to the ground, partly covered with 
soil, consisting of wingless parthenogenetic females; III – 
autumn generations, which infest young shoots consisting 
of both parthenogenetic and sexual generations (Fig. 1). 
This vertical movement of the aphid on its host plant is as-
sociated with seasonal changes in temperature and humid-
ity. Such behaviour, i.e. the migrating of monoecious spe-
cies of aphids to tree trunks and roots is reported also for 
other species, e.g. Cinara piceae, is thought to be adaptive 
and a means of escaping adverse environmental conditions 
(Dixon, 1998).

The long pre-reproductive periods recorded for funda-
trices and winged females are significantly longer than that 
of other generations. The lengths of the pre-reproductive 
periods of summer generations were similar but slightly 
shorter than those of the autumn generations. The dura-
tion of development depends mainly on temperature and 
is shortest at the optimal temperature for aphid develop-
ment, i.e. about 20°C. It is longer at temperatures lower or 
higher than 20°C (Durak & Borowiak-Sobkowiak, 2013). 
Very long reproductive periods were recorded for both the 
fundatrices and autumn generations. It is a characteristic 
trait also of the fundatrices of other species e.g. C. cupres-
si (Durak et al., 2007), Amphorophora idaei, Aphis idaei 
(Borowiak-Sobkowiak, 2005, 2006) and Appendiseta rob-
iniae (Borowiak-Sobkowiak & Durak, 2012). Most spring 
and summer generations do not have post-reproductive pe-
riods, whereas the autumn generations typically do, as is 
also recorded for C. cupressi (Durak et al., 2007). The fun-
datrices and autumn generations had the longest life spans. 
Summer generations, feeding underground, had compara-
tively short average life spans and short pre-reproductive 
periods. Fundatrices were highly fecund, however, the 
highest fecundity was recorded for the autumn generations, 
in which females gave birth to as many as 25 larvae. The 

Table 2. Morphological features of C. mordvilkoi (n = 20). Mean (minimum – maximum).

Characters 
    Length measurments (mm) morphs of C. mordvilkoi 

fundatrix oviparous alate male apterous male
body length 3.1 (2.9–3.5) 3.2 (2.8–3.9) 2.32 (2.25–2.42) 2.08 (1.72–2.25)

ant. segm. III 0.43 (0.40–0.45) 0.43 (0.41–0.49) 0.49 (0.48–0.51) 0.40 (0.32–0.42)
ant. segm. IV 0.16 (0.12–0.19) 0.17 (0.15–0.19) 0.22 (0.21–0.25) 0.17 (0.14–0.20)
ant. segm. V 0.23 (0.21–0.24) 0.24 (0.22–0.25) 0.26 (0.20–0.28) 0.22 (0.18–0.26)
ant. segm. VI 0.26 (0.25–0.26) 0.26 (0.25–0.27) 0.27 (0.23–0.31) 0.24 (0.21–0.27)

antennae length 1.08 (1.02–1.13) 1.11 (1.04–1.21) 1.24 (1.17–1.27) 0.99 (0.85–1.13)
apical segm. of rostrum 0.28 (0.26–0.28) 0.27 (0.26–0.29) 0.22 (0.22–0.23) 0.22 (0.21–0.22)

tibia length 1.76 (1.63–1.89)
no. of rhinaria: ant. segm. III (32–34) (9–11)
no. of rhinaria: ant. segm. IV (8–9) (4–7)
no. of rhinaria: ant. segm. V (3–4) (3–5)
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high fecundity of autumn generations is associated with 
preparing to switch to sexual reproduction. 

The fecundity of C. mordvilkoi is, however, rather low 
compared to that of other Cinara sp. For C. cupressi it is 
about 45 larvae for fundatrices and about 30 for females in 
the 8th generation (Durak et al., 2007). The mean fecun-
dity of generation 5 of C. tujafilina is also about 40 larvae 
(Durak, 2014). It is likely that the low fecundity recorded 
for particular generations of C. mordvilkoi accounts for the 
difficulty of finding this species in its natural habitat. 

The occurrence of wingless and winged males in this 
species is interesting. Most of the species of Cinara sp. 
have winged males. It must be borne in mind that wing-
less males of monoecious species of aphids evolved from 
winged ones that did not have to migrate (Minks & Har-
rewijn, 1987).

The occurrence of a wingless male is thus a rare event 
and is reported only for about 20 species of the 200 belong-
ing to Cinara sp. (Szelegiewicz, 1962; Blackman & Eas-
top, 1994). Only 5 of them have both winged and wingless 
males. These include: Cinara cembrae, Cinara kochiana, 
Cinara pini, Cinara edulis and Cinara pruinosa. A pos-
sibility of developing both winged and wingless males is 
also noted for Chaitophorus salijaponicus niger, depend-
ing on geographical location (Blackman & Eastop, 1994) 
and Schizaphis (Paraschizaphis) acori (Minks & Har-
rewijn, 1987). This study indicates that C. mordvilkoi can 
produce both winged and wingless males. Winged males 
were recorded along with wingless morphs in the third year 
of this study. The third year differed in that the fecundity 
of each generation was lower than in previous years, par-
ticularly that of B generation. The polyphenism of female 
morphs depends on habitat conditions (Hardie & Lees, 
1985; Dixon, 1998; Braendle et al., 2006). The develop-
ment of winged females is induced by different factors such 
as overcrowding, contact with other individuals, quality of 
the host plant (poor nutrition) or its age and interactions 
with parasitoids or pathogens (Heie, 1980; Dixon, 1998; 
Braendle et al., 2006). Unlike females, winged males are 
genetically determined (Smith & MacKay, 1989; Braendle 
et al., 2006). The production of winged or wingless males 
is controlled by a single gene on the X chromosome called 
aphicarus (api) (Smith & MacKay, 1989; Caillaud et al., 
2002; Braendle et al., 2005). The costs and advantages of 
producing wingless or winged males, however, are un-
known (Braendle et al., 2006). 

Monoecious species, which develop only on one host 
plant, can be considered to have a particular gene pool. 
Genetically similar individuals created by parthenogenesis 
are adapted to particular environmental conditions. Winged 
males fly to other individual plants of the same host plant 
and thus can copulate with females from other populations. 
The appearance of winged males, which ensure migration, 
is thus probably related to increasing species diversity and 
consequently ensure species flexibility in changing envi-
ronmental conditions. Dispersal is one way of preventing 
inbreeding both in insects and vertebrates (Pusey & Wolf, 
1996; Szulkin et al., 2013). Thus the production of winged 

males by C. mordvilkoi possibly serves to prevent inbreed-
ing and increases the diversity of monoecious populations, 
in which in most years only wingless males are produced. 
The fact that winged males occur from time to time might 
ensure out-breeding and increase population flexibility. 
However, it is only a hypothesis and requires further study. 

Morphological traits of the winged males confirm that 
they like winged females are adaptated for flying. Winged 
males of C. mordvilkoi have longer antennae and an in-
creased number of rhinaria on their antennal segments. 
Winged females have better developed rhinaria, which act 
as olfactory organs during flight (Dixon, 1998). Winged 
females also have more secondary rhinaria than apterous 
famales. Also the males of host-alternating species are 
characterized by a higher number of rhinaria than those of 
non-host-alternating species (Heie, 1995). Morphological 
traits of winged males of C. mordvilkoi, particularly the 
number of rhinaria on segments IV and V of the antennae, 
can be used to distinguish between C. mordvilkoi and C. 
cupressi, which so far are the only species of Cinara (Cu-
pressobium) with winged males (Heie, 1995). 

In all the morphs described antennal segment VI is 
longer than that of segment V. This confirms earlier data 
published for apterous viviparous females (Pašek, 1954; 
Durak, 2011). Some authors, e.g. Mamontova (1972) and 
Danielson & Carter (1992) indicate that the lengths of an-
tennal segments V and VI are equal in these species, how-
ever, this study indicates that segment VI is longer than 
segment V. 

C. mordvilkoi is difficult to find in its natural habitat. 
This is because of the nature of its life cycle, which in-
volves moving during the growing season from the leaved 
parts of plants to the roots or branches close to the ground 
and a low fecundity of each of the generations. The poly-
morphism and dispersal of males maintains the genetic di-
versity of small populations of monoecious species, which 
in the course of evolution have evolved wingless males.
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