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ABSTRACT 

Form determination and biology of Acyrthosiphon 

kondoi Shinji (Homoptera: Aphididae) were studied using five 

population densities (1, 2, 4, 8, 16 adult aphids/cage) on 

two host plant species (Melilotus officinalis Lam. and 

Medicago sativa L.). Effects of parental form and genera

tion on form determination were also observed. Adult 

longevity decreased from a maximum of 33 days in population 

densities of 1 and 2 to 19 days for densities 8 and 16. 

Host plant, aphid form, and generation factors did not 

influence adult longevity. Fecundity per female per day was 

2.2 nymphs for population density 1 but decreased as popula

tion density increased. The first generation produced more 

progeny than the second generation. Apterous virginoparae 

had higher alate offspring survival than alate females 

whereas alate females had higher apterous progeny survival 

than apterous females. Alate virginoparae produced both 

apterous and alate progeny. Population densities of 2 and 4 

had the highest survival of alate progeny per female. The 

highest survival per female of apterous progeny occurred in 

population density 1. More alate progeny survived on 

Melilotus officinalis than on Medicago sativa. No sexual 

forms were produced. 

xi 



INTRODUCTION 

The blue alfalfa aphid (Acyrthosiphon kondoi 

Shinji), native to Asia, was introduced into California in 

1974. The aphid moved rapidly in 1975 into the southwestern 

region of the United States where it caused severe damage to 

alfalfa fields. Since 197 5 A. kondoi has spread as far 

north as Idaho and east to Iowa. 

Within two weeks of infestation in alfalfa, A. 

kondoi damage (stunting and chlorosis) can be severe. 

Recovery is slow and 50% retardation of growth may occur. 

Some plants never recover. 

The biology of A. kondoi was unknown before 1975. 

Since this aphid became a pest, studies were done to define 

certain key biological parameters in order to understand its 

population dynamics and polymorphism. In the present study 

the effects of five population densities and two host plant 

species on form determination and reproductive biology of A. 

kondoi were observed. In addition, effects of parental form 

and generation on form determination were examined. The 

data are interpreted and extrapolated to indicate responses 

to host plant and population density of A. kondoi in field 

populations. 
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LITERATURE REVIEW 

The first few sections of the literature review are 

used to summarize what is currently known about the taxonomy, 

distribution, biology and ecology, and control of the blue 

alfalfa aphid, A. kondoi. The rest of the section is 

directed toward covering literature concerning aphid form 

determination and fecundity. 

Taxonomy 

Acyrthosiphon kondoi Shinji was first collected in 

Manchuria and described by Shinji and Kondo (1938). Shinji 

and Kondo (1938) noted that this aphid was similar to the 

pea aphid, Acyrthosiphon pisum Harris, but differed in the 

following five characteristics: (1) the third antennal 

segment of alatae of kondoi has 5-7 sensoria and pisum has 

9-20; (2) antennal segment III of apterae of kondoi has 3-5 

sensoria and pisum has 1-3; (3) antennal segment III is 

subequal to segment IV on kondoi and III is much shorter 

than IV on pisum; (4) alatae have gradual darkening of 

antennae in kondoi and dark banding of each antennal segment 

in pisum; (5) the cauda is constricted on kondoi and not 

constricted on pisum. 

Acyrthosiphon kondoi was redescribed several times 

since co-type specimens of the aphid were destroyed during 

2 



World War II (Dickson 1975). Tao (1963) suppressed A. 

kondoi as a synonym of Aulacorthum solani, but Tao probably 

never saw a genuine A. kondoi (Eastop 1971). Acyrthosiphon 

kondoi was redescribed from specimens collected on clover 

in Chibe, Japan by Takahashi (1965). In his revision of the 

genus Acyrthosiphon, Eastop (1971) maintained kondoi as a 

separate species. 

The arrival of an unknown aphid pest in California 

caused confusion taxonomically. The aphid was placed in the 

genus Acyrthosiphon and tentatively identified as A. sp. 

loti group from specimens collected in Arizona, California, 

and Nevada (Cooperative Economic Insect Report [CEIR] 1975a, 

1975d; Nielson and Kodet 1975). V. F. Eastop suppressed A. 

loti as a synonym of A. caraganae so the new aphid pest 

became A. sp. caraganae group (CEIR 1975e). Eastop and 

Miysaki finally determined that the new aphid pest in the 

United States was A. kondoi (Cooperative Plant Pest Report 

[CPPR] 197 6a, Nielson and Kodet 197 5). 

Distribution 

The first known infestation of A. kondoi in the 

United States occurred in Bakersfield, California, in 1974. 

The aphid was not identified as a pest until the spring of 

1975 when it was found in damaging numbers on alfalfa hay in 

the Imperial Valley, California (Sharma, Stern, and 

Hegemann 1975). Since its occurrence in California, A. 
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kondoi has spread rapidly north and east across the United 

States. Acyrthosiphon kondoi was reported in Arizona, 

Nevada, and Utah in 1975; in. Kansas and New Mexico in 1976; 

in Nebraska, Oklahoma, and Oregon in 1977; and in Idaho, 

Iowa, Texas, Washington, and Wyoming in 1978 (CEIR 1975b, 

1975c, 1975f; CPPR 1976b, 1977a, 1977b, 1977c, 1973a, 1978b; 

Summers 1978; Nielson 1979). Acyrthosiphon kondoi is 

expected to continue moving eastward and as far north as 

Canada (Nielson 1979). 

Acyrthosiphon kondoi is native to Asia where it has 

been found in Iran, Pakistan, Afghanistan, India, China, 

Manchuria, Korea, and Japan (Summers 1978, Dickson 1975). 

This aphid also was reported in Argentina, Brazil, Australia, 

and New Zealand (Nielson 1977, Anonymous 1977, Mathison and 

Baldwin 1978). The world distribution of A. kondoi is 

between latitudes 20-50°N and 20-55°S (Summers 1978). 

Biology and Ecology 

Acyrthosiphon kondoi is similar biologically to the 

pea aphid, Acyrthosiphon pisum (Summers 1975). The lower 

and upper temperature thresholds for A. kondoi were 4.4°C 

and 32.2°C respectively (Summers 1976). No reproduction 

occurred above 29.4°C. Aphids lived an average of 68 days 

at 7.2°C and 5 days at 29.4°C (Summers 1976). 

Ten generations of A. kondoi may occur in one year 

(Nielson 1979). Population peaks occurred during early 
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spring months and continued until the onset of hot weather 

(Summers 1976, Nielson 1979). Unlike A. pisum, major 

population increases of A. kondoi did not occur in the fall 

in the United States (Summers 1976). 

Young rapidly expanding alfalfa terminals were 

preferred by A. kondoi (Summers 1975). Aphid colonies 

clustered on active meristematic areas of the plant 

(Summers 1976). Aphids moved to tender shoots and beneath 

older leaves as populations increased (Sharma, Stern, and 

Hegemann 1976). 

The common aphid predator, Hippodamia convergens 

Guerin-Meneville, and the aphid parasite, Aphidius smithi 

Sharma and Rho, utilized both A. kondoi and A. pisum without 

preference (Summers 1976). 

Control 

Insecticides that control A. pisum are recommended 

for control of A. kondoi (Sharma et al. 1975). Economic 

threshold levels for this species on alfalfa were studied by 

Sharma and Stern (197 6). Gonzales et al. (1975) obtained 

potential biological control agents from Asia for possible 

control in the United States. A search for alfalfa 

varieties resistant to A. kondoi has been conducted by 

several workers (Nielson, Lehman, and Kodet 1976; Lehman, 

Hunt, and Stanford 1975). One resistant variety, CUF-101 

has been released (Nielson and Lehman 1977, Lehman et al. 

1978) . 
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Aphid Forms 

In Aphididae the parthenogenetic generations are 

vivparous and are referred to as virginoparae or viviparae 

(Lees 1966, Hille Ris Lambers 1966). These aphids are 

either wingless (apterae) or winged (alatae) in the adult 

stage. The alatae are called migrants when colonizing new 

host material (Lees 1966). 

Various terms have been proposed for parthenogenetic 

females producing sexual forms. Sexuparae produce both 

sexual forms, androparae produce only males, and gynoparae 

produce only gamic females (Lees 1966). However, in many 

aphid species, virginoparae produce both parthenogenetic and 

sexual progeny (Lees 1966, Blackman 1971). Sexual forms are 

known as males and oviparae (gamic females) (Lees 1966). 

Both alate and apterous virginoparae have rela

tively rotund abdomens. Often dark spots corresponding to 

the eyes of developing embryos can be distinguished through 

the abdominal cuticle of these aphids (Lamb and Pointing 

1972). Aphid species without host alternation may not show 

morphological differences between parthenogenetic females 

producing only sexual forms and females producing only 

virginoparae (Beck 1968). 

Males may be winged or wingless, have less rotund 

abdomens than females, and may have darker pigmentation on 

the legs, antennae, and abdomen (Eastop 1978, Lamb and 

Pointing 1972). In species related to A. kondoi (A. 
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caraganae and A. loti), winged males have secondary rhinaria 

on antennal segments III, IV, and V (Eastop 1978). Males 

are generally more active than female forms (Eastop 1978). 

Oviparae are similar morphologically to apterous 

virginoparae (Hille Ris Lambers 1966). Oviparae are 

slightly smaller than virginoparae. Bright green eggs have 

been observed through the cuticle of the abdomen of A. pisum 

(Lamb and Pointing 1972). Hind tibia of oviparae are 

thickened and bear hundreds of pseudosensoria (Dickson 1978, 

Eastop 1978, Lees 1966). Some oviparae have slightly 

reduced sensory structures (Lees 1966). 

Form Determination 

The form of an aphid is influenced by many factors. 

These factors include photoperiod, temperature, population 

density, host plant, and many others. Factors may act 

singly or together. 

Time of Determination 

At the time of birth, the adult form of most aphid 

nymphs has been determined (Beck 1968, Johnson and Birks 

1960). Newborn nymphs contain embryos of their future 

progeny in which some aspects of form have been determined 

(Beck 1968). Thus environmental influences on an aphid may 

have an effect on the form of progeny a generation away 

(Beck 1968, Lees 1966). 
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The sex of an embryo is determined at the time of 

ovulation. The most primitive aphid forms were winged 

sexual forms. Thus all other forms originated from alate 

sexual forms (Johnson and Birks 1960). 

Female embryos are diverted from the oviparous form 

to the parthenogenetic form early in embryonic development 

(Johnson and Birks 1960). Alary determination occurs prior 

to birth. Apterous forms are diverted from the alate course 

24-48 hours before birth (Beck 1968, Johnson and Birks 

1960). 

Presumptive alate first and second nymphal instars 

of Aphis craccivora were diverted to apterae under strong 

aptera forming conditions. Presumptive apterae were not 

diverted (Johnson and Birks 1960). Other aphid species, 

including Acyrthosiphon pisum, do not change their alary 

determination after birth (Sutherland 1,969a) . 

Photoperiod 

The effects of photoperiod on an aphid do not appear 

during its lifetime, but are manifested in its progeny. 

Prenatal photoperiodic experience of virginoparae has an 

important effect on their offspring. These effects on the 

offspring are almost eliminated by a change in the period 

after birth, but early progeny reflect the prenatal photo

period (Lees 1963). 
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Alary determination generally is not dependent on 

photoperiod. Winged aphids appear to migrate to new host 

material with no precise timing to calendar dates. 

Danilevskii (1965) concluded that a photoperiodic signal 

was not the cue influencing the formation of alatae. In 

the monoecious aphids Brevicoryne brassicae and Megoura 

viciae, photoperiod was not important in the production of 

alatae (Lees 1966). In some anholocyclic species, 

Macrosiphoniella sanborni and Aphis craccivora, photoperiod 

was one of the alata-forming factors (Lees 1966). 

Macrosiphum euphorbiae produced the greatest percentage of 

alatae with an 11-13 hour photophase (MacGillvary and 

Anderson 1964). 

In heteroecious species the production of alate 

sexuparae, which migrate to primary hosts to produce 

sexuals, is influenced by short photophase (Lees 1966, Beck 

1968). Once sexuparae are produced as a result of photo

period, no effect would change their production of oviparae 

and males (Beck 1968). 

Photoperiod may be an important factor in male 

production, but does not provide rigid control (Hille Ris 

Lambers 1966, Lees 1966). Acyrthosiphon pisum produced 

males only under short photophase conditions (Lamb and 

Pointing 1972). In another study with A. pisum, photoperiod 

was not the most important factor in male production, but 

long days suppressed this production (Kenton 1955). 
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Daylength is important in most aphid species for 

ovipara production. Marcovitch (1924) first demonstrated 

that shortening daylength in the fall influenced ovipara 

production. This response has since been demonstrated in a 

great number of aphid species: Aphis chloris, Brevicorvne 

brassicae, Acyrthosiphon pisum, Megoura viciae (all 

monoecious species), Aphis fabae, Myzus persicae, and 

Sappaphis plantaginea {all heteroecious species) (Lees 1966). 

Lees (1959, 1960, 1963), studying photoperiodic 

effects on Megoura viciae, found that this aphid responded 

to a shortened photophase by producing oviparae. A certain 

photophase, the critical period, was required for ovipara 

production. Virginopara production occurred with photophases 

longer than the critical period while photophases equaling 

or less than the critical period promoted ovipara production. 

The critical period for Megoura viciae was 14-3/4 hours 

photophase (Lees 1959). An eight hour photophase during 

nymphal development caused ovipara production in 

Acyrthosiphon pisum (Kenton 1955). 

Ovipara production is influenced by the photoperiod 

occurring during the nymphal stages. Reversal of ovipara 

to virginopara production is difficult because of strong 

photoperiodic influence on the nymphs (Lees 1966). Adult 

Megoura viciae females eventually switched from ovipara to 

virginopara production after several days of long photo

phase. The opposite form (virginopara to ovipara 
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production) was produced when adult aphids were subjected to 

a short photophase (Lees 1966). Acyrthosiphon pisum, 

treated as nymphs with long daylengths, usually did not 

switch from virginopara to ovipara production even when 

adult females were kept under short daylength conditions 

(Kenton 1955, Lees 1966). 

The length of the scotophase is the important 

photoperiodic factor involved with ovipara production (Lees 

1966). A scotophase corresponding to an aphid's critical 

period caused ovipara production even though the aphids were 

treated with an extended photophase (Lees 1966). A 15-

minute difference in photoperiod can be perceived by aphids 

and can have a pronounced effect on ovipara production (Lamb 

and Pointing 1972, Lees 1966). 

Some aphid species do not respond to shortening day-

lengths for ovipara production. A number of arctic aphids 

produced sexuals at the end of July when the photophase for 

development was near 24 hours (Hille Ris Lambers 1966). A 

few aphids in the temperate zone, including Dysaphis 

devecta, produced sexuals during mid-summer when daylight 

was at its longest (Forrest 1970, Hille Ris Lambers 1966) . 

Temperature 

Temperature effects on alary form determination, 

especially high temperatures, is direct (on aphids) (Lees 

1966). Macrosiphoniella sanborni. Aphis craccivora, and 
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Megoura viciae all have suppressed wing production at high 

temperatures (Johnson and Birks I960, Lees 1966). High 

temperatures near an upper biological threshold of 

Acyrthosiphon pisum caused no alata production (Kenton 1955). 

Johnson and Birks (1960) diverted presumptive alate first 

instar nymphs to the apterous form with high temperatures. 

Alate production is increased with low temperatures 

(Lees 1959). At 4°C the greatest numbers of alates of 

Schizaphis graminum were produced, but at no temperature was 

a majority of alata produced (Mayo and Starks 1974). 

Apterous adults of Brevicoryne brassicae produced more alate 

progeny after exposure to low temperatures (10-15°C) than 

after exposure to high temperatures (25-30°C) (Lamb and 

White 1966). 

Both high and low temperatures suppressed male 

production in Acyrthosiphon pisum and Megoura viciae (Kenton 

1955, Lees 1959). These aphid species produced males at 

mid-range temperatures (15-20°C). In another aphid species, 

Myzocallis kuricola, males were produced as a result of 

fluctuating temperatures (Lees 1966). High and low tempera

ture extremes have increased or decreased ovipara production 

depending on other environmental factors (Lees 1966). 

Acyrthosiphon pisum oviparae were produced only at lower 

temperatures (11-13°C) (Kenton 1955). 
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Photoperiod and Temperature 

Temperature and photoperiod may have combined 

effects on aphid form determination. Few alate virgino-

parae of Acyrthosiphon pisum were produced above 19°C 

regardless of the photophase (Kenton 1955). Macrosiphum 

euphoribiae produced the most alatae at temperatures of 

10-21°C and a 11-13 hour photophase. A longer photophase 

caused aptera production (MacGillvary and Anderson 1964). 

Low temperatures (15.6°C) and reduced photophase enhanced 

the production of alate virginoparae of Chaetosiphon 

fragaefolii (Schaefers and Judge 1971). Alate virginopara 

production of Acyrthosiphon kondoi was suppressed with a 

combination of high temperatures (20-25°C) and short photo

phase (8 hr). Longer photophases (12, 16 hr) and lower 

temperatures (10°C) increased alata production (Kodet 1977). 

No development of A. kondoi occurred at 30°C and at all 

tested phosophases {8, 12, 16 hr) (Kodet 1977). 

Low temperatures enhanced the photoperiodic effects 

on ovipara and male production. High temperatures negated 

photoperiodic effects and caused virginopara production 

(Lees 1966). 

Population Density 

Crowding of virginoparae is an important factor in 

alata production (Lees 1967, Shaw 1973, Sutherland 1969a, 

Johnson 1965). Acyrthosiphon pisum produced alate progeny 
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under crowded conditions (Sutherland 1969a). Five to ten 

Megoura viciae adults crowded together produced a majority 

of alate offspring (Lees 1967). Five adult aphids, 

Brevicoryne brassicae, did not produce alatae (Lamb and 

White 1966). Other research indicated that B. brassicae 

produced alatae under crowded conditions of more than five 

aphids (Lees 1966). Two adult Aphis craccivora virginoparae 

produced alate progeny under restricted space and time 

(Johnson 1965). Tactile stimuli due to crowding rather than 

olfactory stimulation was required for alata production 

(Johnson 1965, Lees 1967, Sutherland 1969a). 

Some aphid species did not produce alatae under 

parental crowding. The crowding stimulus acted only on 

first instar nymphs of Therioaphis maculata. Crowded first 

instar nymphs, less than 18 hours old, became alate adults 

(Toba, Paschke, and Friedman 1967). The crowding stimula

tion of T. maculata was non-specific since first instar 

nymphs crowded with Acyrthosiphon pisum developed into 

alatae (Toba et al. 1967). Alata development in Chaeto-

siphon fragaefolii occurred with either parental or post

natal crowding (Judge and Schaefers 1971). 

Overcrowding as well as extended periods of crowding 

had apterizing effects on progeny produced by Aphis 

craccivora and Megoura viciae (Johnson 1965, Lees 1967). 

High population densities (15, 20 aphids per test) of 
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Acyrthosiphon pisum caused a reduction in the percentage of 

alatae produced (Sutherland 196 9a). 

Crowding stimulation did not influence sexual pro

duction (Lees 1967). Only apterous oviparae were produced 

by crowded ovipara producers of Megoura viciae. 

Host Plant 

The host plant is thought to have an important 

effect on alary form determination. Acyrthosiphon pisum 

that fed on seedlings produced more apterous progeny. 

Optimal nutritional conditions for this aphid also promoted 

aptera production (Schaefers 1972). Rhopalosiphum padi also 

produced wingless virginoparae under optimal nutritional 

conditions (Dixon and Glenn 1971). Alata production was 

promoted in Acyrthosiphon pisum by transferring females 

reared on mature leaves to old ones. Aphids moved from old 

to young leaves or seedlings switched from alata production 

to aptera production (Schaefers 1972, Sutherland 1967). 

Chaetosiphon fragaefolii produced more alatae when reared 

on old leaves than when reared on young leaves (Schaefers 

and Judge 1971). 

The host plant may have an indirect effect on alata 

virginopara production (Lees 1967). Poor host plant nutri

tion caused Megoura viciae to be restless, and therefore 
* 

presented more opportunities for the tactile stimulation of 

crowding. Good host plant nutrition influenced aphids to 
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remain stationary and decreased the chances of contact 

between aphids {Lees 1967). 

Artificial diets influenced alary form determination 

(Mittler and Dadd 1966/ Mittler and Sutherland 1969, 

Sutherland and Mittler 1971). A lack of isoleucine in the 

diet resulted in more aptera production {Mittler and Dadd 

1966). Studies on ratios of nutrients in artificial diets 

tested on Myzus persicae indicated that the composition of 

the food source was an important factor in wing dimorphism 

of this aphid (Sutherland and Mittler 1971). Poor artificial 

diets enhanced aptera production (Mittler and Sutherland 

1969). Artificially controlled diets had some effect on 

wing dimorphism of Myzus persicae in either crowded or 

isolated conditions (Sutherland and Mittler 1971). Johnson 

(1966) and Schaefers (1972) demonstrated that starvation and 

malnutrition had an apterizing effect on Aphis craccivora. 

Additional Effects 

Aphids in regions that permit year round partheno-

genetic reproduction often lose their ability to produce 

sexuals and become anholocyclic (Lees 1966). Cultures of 

Brevicoryne brassicae and Myzus persicae remained in 

parthenogenetic conditions for 12-50 months. Eventually 

the aphids in the cultures lost the ability to produce 

sexuals (Hille Ris Lambers 1966) . 
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Some aphid species produce alatae more regularly 

than others. An alary form was selected in an anholocyclic 

strain of Myzus persicae. Selection for the apterous form 

resulted in no alata production after nine generations 

(Cognetti 1961). This demonstrated that the forms produced 

by an aphid species may have resulted from earlier selection 

pressure. Randomly selected natural populations of Myzus 

persicae from the same geographical area varied in their 

ability to produce sexuals, i.e., from truly heterocyclic 

to totally anholocyclic (Blackman 1971). 

The form and age of the virginoparae may have an 

effect on the form of their offspring. Apterous progeny of 

Acyrthosiphon pisum, which were produced from apterous 

virginoparae during the first one-sixth of their mother's 

reproductive period, were higher producers of alatae than 

their sisters born later (MacKay and Wellington 1977, 

MacKay 1977). Alate virginoparae produced only aptera-

producers during the first one-sixth of their reproductive 

period (MacKay and Wellington 1977, MacKay 1977). This 

indicated that the age of the grandmother had an effect on 

aphid alary form. Aphids born during the mid to late 

reproductive period of their mother, were poor alata 

producers regardless of their mother's alary form (MacKay 

and Wellington 1977). 

Alate females tended to produce more apterous progeny 

and apterous females tended to produce more alatae (Lees 
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1966). Acyrthosiphon pisum alate virginoparae were unable 

to produce alate progeny during their lifetime even with 

crowding stimulation (MacKay 1977). 

Kodet (1977) reported that apterous Acyrthosiphon 

kondoi switched alary form production to the opposite morph 

at a mid-point in their reproductive period in 11 of 12 

reproducing photoperiod and temperature combinations. Only 

at 20°C and 16 hours photophase did females fail to switch 

alary morph production. 

Aphids tended by ants have an increased rate of 

reproduction as well as a delay in the production of alatae 

(Lees 196 6). Aphis craccivora early instar nymphs which 

were attended by ants, Paratrachina (Nylanderia) baveri, 

were diverted from the alate course of development to 

apterae (Johnson 1959). This form reversal could not be 

accomplished with third and fourth instar nymphs. These 

nymphs continued to develop into alatae regardless of ant-

attendance. Nutrition was not the factor involved in this 

form reversal (Johnson 1959). Ant attendance prevented 

movement of aphids and thus prevented tactile contact 

between aphids (Banks 1958). This in turn prevented normal 

alate production as a response to crowding (Lees 1966). 

Alate aphids were produced by ant-attended aphid colonies 

when host plant conditions were poor. According to Johnson 

(1959) this response was due to less aphid feeding and 
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therefore less ant-attendance which allowed more aphid 

movement and normal alata production. 

Aphid Fecundity 

Temperature and nutrition influence aphid fecundity. 

Extreme temperature exposure caused a decrease in fecundity 

of Acyrthosiphon pisum. This decrease occurred at both high 

(39°C) and low (-12°C) temperatures (Harrison and Barlow 

1972). Kenton (1955) reported that Acyrthosiphon pisum had 

the highest fecundity at 19-20°C. A later study found that 

a higher temperature, 24.4°C, promoted a maximum fecundity 

for this aphid (Kilian and Nielson 1971). The fecundity of 

Acyrthosiphon kondoi increased with increasing temperatures 

to a maximum at 15.6°C (Summers 1976). Kodet (1977) 

reported that A. kondoi had a maximum fecundity per female 

per day at 20 and 25°C, but had a higher total fecundity per 

female at 10°C. Fluctuating temperature and humidity over 

a range of temperatures increased fecundity of Therioaphis 

maculata above reported fecundities for constant tempera

tures (Messenger 1964). 

Fecundity of many aphids varied with different host 

plant species (Banks 1965), Leaf age had an effect on 

aphid fecundity. Some aphid species had higher fecundities 

when feeding on young leaves or stems (Banks 1965). Others, 

such as Myzus persicae and Brevicoryne brassicae, produced 

more offspring on senescing leaves (van Emden and Bashford 
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1971). Aphis fabae had a higher fecundity on young and 

early senescent leaves than on mature leaves (Kennedy and 

Booth 1951). 

The nitrogen content of the phloem was an important 

aspect of total aphid fecundity (Mittler and Dadd 1965). 

Iron and other minerals in small amounts also were important 

(Auclair and Srivastava 1972). Nutrition studies with 

Acyrthosiphon pisum indicated that the aphid walked away 

from nutritionally deficient plants (Barker and Tauber 1952). 

Aphid form had an effect on the total fecundity of 

Aphis craccivora. Apterae of this species contained 

significantly more oocytes and embryos than alatae. Thus 

apterous aphids had a higher fecundity than alatae (Elliott 

and McDonald 1976). Alate Acyrthosiphon pisum produced 

fewer progeny than apterae, even though the alatae had a 

longer reproductive period (MacKay and Wellington 1975). 



MATERIALS AND METHODS 

Experiments were conducted at the Forage Insects 

Research Laboratory, USDA, ARS, in Tucson, Arizona, from 

June, 1978, to January, 1979. 

Environmental Chambers 

TJ 
Experiments were conducted in four Percival E-4 5U 

environmental chambers. Each chamber was programmed at 20°C 

for 10 hours photophase and at 10°C for 14 hours scotophase 

during each 24 hour period. Chambers were divided into two 

levels by a wire rack. Experiments were conducted on the 

upper level. The light source was approximately 20 cm above 

aphid cages at the beginning of each experiment. The lower 

level was used for culturing aphids for future experiments. 

Eight cool-white 36 inch long 50 watt fluorescent 

tubes and four 75 watt incandescent bulbs supplied light in 

each chamber. Light sources were separated from the 

chambers by a thermal barrier of translucent plastic. The 

barrier diffused light and isolated bulb heat from the 

chambers. Temperatures varied + . 6°C during the scotophase 

and photophase. 

Relative humidity ranged from 50-100% in each 

chamber during each 24 hour period. 

21 
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Host Plants 

Two host plants were selected based on aphid 

preference and economic importance. Yellow sweet clover, 

Melilotus officinalis (L.) Lam., was chosen as a highly 

preferred host by A. kondoi. Alfalfa, Medicago sativa L., 

was chosen for its economic importance. 

Plants used in experiments were cultivated from a 

single host plant of each species. Rooted cuttings were 

placed in 14 cm diameter pots. Plants were suitable for 

experimental use when five or more terminal stems were 

approximately 14 cm long. Plants not in current experi

mental use were maintained under greenhouse conditions. 

Cages 

Aphids were confined on terminal stems in 10 cm long 

#36 dialysis tubing cages. Lateral growth was trimmed off 

of each terminal stem. Cages were placed so the top of 

each cage was just beneath the terminal growth area. Foam 

rubber plugs were used to seal the cages. Caged stems were 

supported with wire. 

As plant growth progressed, each cage was moved up 

to the stem to maintain a position just beneath the terminal 

growth area. All lateral growth within cages was kept 

trimmed. Cages and aphids were transferred to new terminals 

when original terminals were damaged due to handling. 



23 

Experimental Aphids 

Experimental aphids were taken from a culture 

established from a single alate aphid in October 1977. The 

culture was maintained under greenhouse conditions on yellow 

sweet clover and alfalfa. Sub-cultures on each host plant 

species were maintained in the chambers under the same 

experimental temperature and photoperiod conditions. 

Aphids were conditioned in the chambers prior to 

experimentation. Ten apterous females were placed indi

vidually in cages on each host plant species and allowed to 

larviposit for 4 8 hours. The females were then discarded. 

Their progeny were reared to the adult stage. Following the 

final molt to the adult stage, the aphids were used in one 

of two conditioning treatments. 

In the first conditioning treatments, 20 aphids from 

each host plant species were caged individually on each 

respective host plant species for 48 hours. After this 

period nymphs that were produced were removed from each 

cage and discarded. The individually caged females were 

then left to larviposit for another 48 hours. The adult 

aphids were then removed and discarded. Progeny were reared 

for experimentation as adults. 

The second conditioning treatment occurred simul

taneously with the first. Twenty aphids from each host 

plant species were crowded in four groups, ten aphids each, 

in small cages separated from the host plants. Aphids were 
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crowded for 48 hours to promote alate production (Lees 

1967). After the crowding treatment, aphids were returned 

to their respective host plant species to larviposit for 4 8 

hours. The adult aphids were then removed and discarded. 

Progeny were reared for experimentation as adults. 

Nymphs produced by females in both conditioning 

treatments were reared to the third nymphal instar. The 

nymphs were then placed in large cages at densities of 1, 2, 

4, 8, and 16 nymphs per cage. After the final molt to the 

adult stage, aphids were used for experimentation. 

Experimental Treatments 

Experimental treatments were run during two time 

periods (blocks). Each block consisted of two replications, 

making a total of four replications for the whole experi

ment. Four environmental chambers, each representing a 

replication, were nested, two within each block. Experi

mental procedures for each block were identical. Block 1 

was carried out from June to September 1978 and block 2 

ran from September to December 1978. 

Each treatment consisted of two plants of each host 

species in each chamber. Five cages placed on each plant 

contained a different adult aphid population density, i.e., 

1, 2, 4, 8, 16 aphids per cage. Alate and apterous forms 

were caged on separate plants. Observations were taken 

until all test aphids had died. 
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Nymphs were removed from each cage and counted three 

times per week. Nymphs of the first observation were reared 

in the environmental chambers for tests of the second 

generation. The remainder were reared to the adult stage 

in the greenhouse in long dialysis tubing cages. The mean 

greenhouse temperature for block 1 was 27 ± 5°C and for 

block 2 20 i 7°C. Adults were preserved in FAA solution 

consisting of formalin, acetic acid, and 70% ethyl alcohol 

(Johansen 1940) for microscopic examination. The nymphs 

and preserved adults were maintained in groups corresponding 

to the date of nymphal removal from test cages and the test 

conditions (form of larvipositing females, population 

density, host plant species) under which the nymphs were 

produced. 

The experiments were run for two generations. 

Aphids were randomly selected for the second generation 

test from each of the nymphal groups produced by the first 

generation. Since aphids of a particular form did not 

necessarily produce progeny of the same form, aphids used 

in the second generation test did not correspond to the 

forms (alate or apterous) of the first generation. Alate 

and apterous aphids were caged together and separation of 

the forms (alate or apterous) were made according to 

parental (first generation) form. Host plant species 

(yellow sweet clover or alfalfa) and population density 

(1, 2, 4, 8, 16 aphids/cage) remained the same. 
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Data from these experiments included the number of 

nymphs produced per observation, the adult form of the 

nymphs, and the longevity of the larvipositing females. 

Data were analyzed using analysis of variance, 

least square differences, and regression analysis. 



RESULTS AND DISCUSSION 

Form Determination 

Form determination was studied by observing the 

survival of alate and apterous progeny and determining the 

ratio of the survival of alate to apterous progeny. Due to 

conditions beyond control for rearing nymphs in the green

house, high mortalities occurred. Thus alate and apterous 

production could not be analyzed. 

Population Density 

Survival of Alate Progeny. Means for the survival 

of alate progeny for each population density were signifi

cantly different at the 0.01 level (Appendix A). Mean 

separation of total survival of alatae per population density 

is shown in Table 1. Total survival of alate offspring 

increased in a linear manner with each increase in popula

tion density (Fig. 1). 

Means for the survival of alate progeny per female 

were significantly different at the 0.01 level in relation 

to population density (Appendix B). Densities 2 and 4 were 

significantly different from densities 8 and 16. Densities 

1 and 16 were also significantly different (Table 1). 

Since densities 1, 2 ,  and 4 could not be differentiated and 

these were the highest mean alata survival per female, it 

27 
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Table 1. Mean separation of the survival of alate progeny 
of Acyrthosiphon kondoi in relation to population 
density — (A) Total survival of alatae, (B) 
survival of alatae per female. 

Population Density Mean"'" 

A Total Survival of Alatae 

1 13.688a 
2 35.625b 
4 60.688c 
8 81.500d 

16 104.394e 

(LSD = 22 .310 at the 0.01 significance level) 

B Survival of Alatae/Female 

16 6.507a 
8 10.190ab 
1 13.688bc 
4 15.172c 
2 17.813c 

(LSD = 5. 334 at the 0.01 significance level) 

1. Means followed by the same letter(s) were not 
significantly different at the 0.01 level. 
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follows that the optimum parental density should lie within 

this population density range for the test cages. Regres

sion analysis of the data indicated that alate progeny per 

female has a curvilinear relationship {Fig. 2). The 

estimate of the quadratic curve in Fig. 2 indicated that 

survival of alate progeny per female increases to an optimum 

parental density of approximately 2.24 aphids per cage. 

Densities higher than this optimum density had fewer 

surviving alate offspring. The pink strain of Acyrthosiphon 

pisum had a strong response to crowding of two adults for 

24 hours by producing alate progeny. The green strain of 

A. pisum only produced alate progeny with a crowding density 

of 10 adults (Sutherland 1969a). 

Overcrowding may have caused the lower survival of 

winged offspring from higher population densities. Alata 

production might have been lower due to overcrowding, 

resulting in less alatae to survive. Limited resources 

available to adult aphids, due to overcrowding, may have 

caused the production of less vigorous progeny, which might 

also have reduced the survival of these progeny. 

Acyrthosiphon pisum produced less alate offspring 

with high population densities (15, 20 aphids/test) than at 

lower densities (Sutherland 1969a). In another study with 

A. pisum, adults walked away from host plants which were 

deficient in resources (Barker and Tauber 1952). A. kondoi 

adults confined in densities of 8 and 16 aphids per cage 
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Fig. 2. Estimated quadratic curve from regression analysis 
(r = .09) of the mean survival of alate progeny 
per female (Acyrthosiphon kondoi) in relation to 
Io910 P°Pulati°n density (0.01 significance level). 
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were restless initially and often attempted to escape when 

nymphs were removed from the cage. This restlessness 

declined along with the densities as a result of adult 

mortality. 

Survival of Apterous Progeny. Means for the total 

survival of apterous progeny were significantly different 

at the 0.01 level in relation to population density 

(Appendix C). Density 1 had significantly fewer apterous 

progeny survive than densities 4, 8, and 16. Densities 2, 

4, 8, and 16 were not significantly different {Table 2). 

Total mean survival of apterous progeny increased in a 

linear manner at a slow rate with each increase in popula

tion density (Fig. 3). The relatively small slope of the 

linear representation indicated that there was little 

difference in mean aptera production in relation to popula

tion density. 

Means for the survival of apterous progeny per 

female were significantly different at the 0.01 level in 

relation to population density (Appendix D). Densities 1, 

2, and 4 were each significantly different (0.01 level) from 

all other densities for the survival of apterae per female 

(Table 2). Densities 8 and 16 were not significantly 

different from each other at the 0.01 level. The quadratic 

curvilinear relationship determined through regression 

analysis indicated that the survival of apterae per female 



Table 2. Mean separation of the survival of apterous 
progeny of Acyrthosiphon kondoi in relation to 
population density — (A) Total survival of 
apterae, {B) survival of apterae per female. 

Population Density Mean"*" 

A Total Survival of Apterae 

1 31.531a 
2 41.781ab 
8 48.469b 
4 52.125b 

16 53.969b 

(LSD = 16 .101 at the 0.01 significance level) 

B Survival of Apterae/Female 

16 3.375a 
8 6.062a 
4 13.031b 
2 20.891c 
1 31.531d 

(LSD = 6. 840 at the 0.01 significance level) 

1. Means followed by the same letter(s) were not 
significantly different at the 0.01 level. 



34 

0) 
(0 
I— 
o 
a 
< 

To 
> 

3 
cn 

(0 
0> 
5 

Y=17.11 X-+- 35.27 

Log|0 Population Density 

9 
Fig. 3. Regression analysis (r^ = .04) of the mean survival 

of apterous progeny of Acyrthosiphon kondoi in 
relation to log1Q population density {0,01 
significance level), 



35 

was highest at the density of one female per cage {Fig. 4). 

This curve levels off at densities 8 and 16 indicating that 

survival of apterae per female from these densities did not 

vary much. 

Lower survival of apterae at densities 8 and 16 

might be due to lower aptera production by females at these 

densities or production of less vigorous offspring. Nymphs 

removed from the higher densities were observed to be 

smaller than nymphs removed from the lower densities during 

the same period. 

Survival of the Alate/Apterous Progeny. Means 

for the ratio of the survival of alate to apterous progeny 

were significantly different at the 0.01 level (Appendix E). 

The ratio of the survival of alate to apterous progeny 

increased in a linear manner with each increase in popula

tion density (Fig. 5). The slope of this line (1.77) was 

relatively small indicating that there was not a large 

difference between densities in the ratio of survival of 

2 winged to wingless offspring. The r value for this 

linear relationship was 0.07 which indicates that,this 

model accounts for only 7 percent of the variability. 

This suggests that there were factors other than population 

density affecting the survival of alate and apterous 

individuals produced. 
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Fig. 4. Estimated quadratic curve from regression analysis 
(r^ = .35) of the mean survival of apterous progeny 
per female (Acyrthosiphon kondoi) in relation to 
logiO population density (0.01 significance level). 
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2 
The r values for the linear models for the total 

survival of alatae and the total survival of apterae show 

a value of 0.18 for the survival of alatae and 0.04 for 

apterae. This indicates a higher unaccounted variability in 

the survival of apterous progeny over that of alate progeny 

which suggests that factors other than population density 

had a greater effect on the survival or production of 

apterous offspring. 

Although mean survival of alata per unit density was 

different for each density, the ratios of alate to apterous 

survival did not differ at the 0.01 level to a great degree 

(Table 3). The ratio for density 4 was not different from 

any other density. Density 1 was less than densities 8 and 

16 which indicated an increase in the ratio of winged to 

wingless progeny survival at the higher population densities. 

Aphid Form 

The total survival of alate progeny produced by 

alate parents was significantly less at the 0.05 level 

(Appendix A) than the total survival of alata produced by 

apterous parents (Table 4). Survival of alata per female 

was significantly different at the 0.01 level (Table 4). 

Alate aphids produced alate progeny with lower survival per 

female than apterous parents. Lees (1966) reported that 

apterous aphids, in general, tended to produce more alate 

progeny than alate parents. The higher survival of 
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Table 3. Mean separation of the ratio of the survival of 
alate to apterous progeny of Acyrthosiphon kondoi 
in relation to population density. 

Population Density Mean^ 

1 .979a 
2 1.817ab 
4 1.983abc 
8 2.716bc 

16 . 3.190c 

1. LSD - 1.339 at the 0.01 significance level. 

2. Means followed by the same letter(s) were not 
significantly different at the 0.01 level. 

Table 4. Means of the survival of alate and apterous 
progeny produced by alate and apterous parents, 
Acyrthosiphon kondoi, which were significantly 
different in relation to parental form — (A) 
Total survival of alatae (0.05 significance 
level, (B) survival of alatae per female (0.01 
significance level), (C) total survival of 
apterae (0.05 significance level), (D) survival 
of alatae/survival of apterae (0.01 significance 
level). 

Parental Aphid Form Mean 

A. Total Survival of Alatae 

Alate 46.613 
Apterous 71.625 

B. Survival of Alatae/Female 

Alate 9.654 
Apterous 15.693 

C. Total Survival of Apterae 

Apterous 36.125 
Alate 55.025 

D. Survival of Alatae/Survival of Apterae 

Alate 1.525 
Apterous 2.749 
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Acyrthosiphon kondoi alate offspring from apterous virgino-

parae indicated a possible higher production of winged 

progeny by apterous females. 

Alate parents had a higher total survival (0.05 

level of significance) of apterous progeny than apterous 

parents (Table 4). However, there was no significant 

difference between the survival of apterae per alate or 

apterous female. This suggested that as a group, alate 

parents may have produced more apterous progeny, but due to 

high variability in the data, differences in the survival 

of apterae per female were not apparent between the two 

parental forms. 

The ratios of the survival of alate to apterous 

progeny were significantly different at the 0.01 level with 

regard to parental form (Table 4). The ratio was larger for 

apterous parents indicating a higher survival ratio, alatae 

to apterae. Alate parents had a lower ratio suggesting that 

a larger proportion of apterous progeny survived. These 

ratios along with data from the survival of alatae and 

survival of apterae indicated a trend of higher survival of 

apterae from alate parents and higher survival of alatae 

from apterous parents. One factor contributing to these 

survival levels was the production by parental aphids of 

larger numbers of one morph over the other. Thus apterous 

parents produced more alatae than alate parents and 
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conversely, alate parents produced more apterae than 

apterous parents. 

Host Plant 

Survival of alate progeny was significantly higher 

at the 0.01 level on yellow sweet clover than on alfalfa 

{Appendix A) (Table 5). Alate offspring survival per female 

was also significantly higher (0.01) on yellow sweet clover 

(Appendix B). Survival of apterous progeny was not 

significantly different on either host plant species. In 

addition, the ratio of survival of alatae to apterae was 

significantly higher for yellow sweet clover (0.01 level) 

(Table 5) (Appendix E). These data indicated some differ

ence as to survival of winged offspring. This difference 

could have occurred due to some aspect of the host plants 

which led to higher production of the winged morph by 

females on yellow sweet clover. Acyrthosiphon pisum 

produced more winged forms on pea plants than on red clover 

which indicated that host plant has an effect on the 

proportion of alatae produced (Sutherland 1969b). 

The means for the combination of aphid form and host 

plant were not significantly different for the survival of 

alate or apterous progeny. 

Generation 

Significantly (at the 0.01 level) more alate 

progeny survived from the first generation than the second 
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Table 5. Means of the survival of alate and apterous 
progeny (Acyrthosiphon kondoi) produced on yellow 
sweet clover, Melilotus officinalis, and alfalfa, 
Medicago sativa, which were significantly differ
ent at the 0.01 level in relation to host plant 
species — (A) Total survival of alatae, (B) 
survival of alatae per female, (C) survival of 
alatae/survival of apterae. 

Host Plant Species Mean 

A. Total Survival of Alatae 

Alfalfa 32.275 
Yellow Sweet Clover 85.962 

B. Survival of Alatae/Female 

Alfalfa 7.915 
Yellow Sweet Clover 17.433 

C. Survival of Alatae/Survival of Apterae 

Alfalfa 1.599 
Yellow Sweet Clover 2.675 

(Table 6) (Appendix A). Survival of apterae from the first 

generation also was significantly higher at the 0.01 level 

than from the second (Table 6 (Appendix C). However, no 

significant difference was found between generations for the 

ratio of the survival of alatae to apterae. This indicated, 

that even though more of each morph survived in the first 

generation, the proportion of the survival of each morph 

remained the same for both generations. 
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Table 6. Total mean survival of alate and apterous progeny 
in relation to two generations of Acyrthosiphon 
kondoi — Means were significantly different at 
the 0.01 level. 

Generation Mean 

Survival of Alatae 

2 43.913 
1 74.325 

Survival of Apterae 

2 29.613 
1 61.538 

Parental Aphid Form—Generation 

The combination of parental aphid form and genera

tion was significant at the 0.01 level for the survival of 

alate offspring (Appendix A). Mean separation (Table 7) 

showed that apterous females of the first generation had 

significantly more alate progeny which survived than any 

other aphid form and generation combination. Generally in 

most aphid species, apterous females produced the majority 

of alate offspring (Lees 1966). Since aphid populations 

of the second generation in this test were labeled alate or 

apterous according to the form of their parents and varied 

in actual form, the apterous populations of the first 

generation were the only completely apterous populations. 

Since the aptera of the first generation had the most alate 

offspring survive, it produced more alate progeny than any 



44 

Table 7. Mean separation"*" of the survival of alate progeny-
produced in 4 different aphid form and generation 
combinations of Acyrthosiphon kondoi. 

Aphid form Generation 2 Mean 

Apterous 2 30.800a 

Alate 1 36.200a 

Alate 2 57.025a 

Apterous 1 112.450b 

^LSD = 40.392 at the 0.01 significance level. 

2 Means followed by the same letter were not significantly 
different at the 0.01 level. 

other aphid form-generation combination. Apterous 

Acyrthosiphon pisum females were the only morph to produce 

alatae, but overcrowding of this morph decreased alata 

production (MacKay 1977, Sutherland 197 0). 

Alate Acyrthosiphon pisum did not produce alate 

progeny during their lifetime regardless of crowding 

stimulation (MacKay 1977). Alatae of A. kondoi did produce 

alate offspring. This suggested another distinguishing 

characteristic between these two closely related aphid 

species. 

MacKay and Wellington (1977) reported that the 

offspring of alate virginoparous A. pisum were poor pro

ducers of alate progeny. Offspring of alate A. kondoi had 

the same survival of alate progeny as their mothers 
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(Table 7). This indicated another potential biological 

difference between A. pisum and A. kondoi. 

Survival of apterous offspring was not significantly 

different at the 0.01 level for aphid form-generation 

combinations. The ratio of survival of alate to apterous 

progeny was significantly different (0.01 level) for aphid 

form-generation combinations, but mean separation did not 

show distinct separations beyond alate females of genera

tion 1 producing a lower ratio than apterous females of the 

same generation (Appendix E). 

Host Plant—Generation 

The means for the combination of host plant and 

generation were significantly different (0.01 level) only 

for the total survival of alatae (Appendix A). Mean separa

tion showed that first generation aphids on yellow sweet 

clover had more alate progeny survive than any other host 

plant-generation combination (Table 8). This may have 

resulted from higher alata production on yellow sweet clover 

by first generation aphids. There were significantly more 

alate progeny surviving on yellow sweet clover than on 

alfalfa (Table 8) and more survived from the first genera

tion (Table 8) when host plant and generation were examined 

singly. 
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Table 8. Mean separation^" of the survival of alate progeny 
produced by aphids, Acyrthosiphon kondoi, in 4 
host plant and generation combinations. 

Host plant species Generation Mean^ 

Alfalfa, Medicago sativa 2 30.650a 

Alfalfa, Medicago sativa 1 33.900a 

Yellow Sweet Clover, 
Melilotus officinalis 2 57.17a 

Yellow Sweet Clover, 
Melilotus officinalis 1 114.750b 

^"LSD = 40.392 at the 0.01 significance level. 

2 Means followed by the same letter were not significantly 
different at the 0.01 level. 

Parental Aphid Form—Host Plant— 
Generation 

Mean survival of alate offspring was significantly 

different at the 0.05 level for the combination of aphid 

form, host plant, and generation (Appendix A). Mean 

survivals per female of alatae were also significantly 

different {0.01 level) for this combination of factors 

(Appendix B). Mean separation (Tables 9, 10) indicated that 

first generation apterous females on yellow sweet clover had 

significantly more alate offspring survive than any other 

combination of aphid form, host plant, and generation. 

Since nymphs reared for form determination were kept under 

the same conditions, potentially alate nymphs produced by 
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Table 9. Mean separation1 of the total survival of alate 
progeny produced by aphids, Acyrthosiphon kondoi, 
in the combinations of aphid form, host plant 
species (Melilotus officinalis and Medicago 
sativa), and generation. 

Aphid form Host plant species Generation Mean^ 

Alate Alfalfa 1 17.350a 

Apterous Alfalfa 2 20.400ab 

Alate Alfalfa 2 40.900abc 

Apterous Yellow Sweet Clover 2 41.200abc 

Apterous Alfalfa 1 50.. 450abc 

Alate Yellow Sweet Clover 1 55.050bc 

Alate Yellow Sweet Clover 2 73.150c 

Apterous Yellow Sweet Clover 1 174.450d 

1 
LSD = 4 0.392 at the 0.05 significance level. 

2 Means followed by the same letter(s) were not significantly 
different at the 0.05 level. 



1 
Table 10. Mean separation of the survival of alate progeny 

per female, Acyrthosiphon kondoi, produced in the 
combinations of aphid form, host plant species 
(Melilotus officinalis and Medicago sativa), and 
generation. 

Aphid form Host plant species Generation 2 
Mean 

Alate Alfalfa 1 4.716a 

Alate Alfalfa 2 8.144ab 

Alate Yellow Sweet Clover 1 8.167ab 

Apterous Alfalfa 2 8.380ab 

Apterous Alfalfa 1 10.419ab 

Apterous Yellow Sweet Clover 2 13.083ab 

Alate Yellow Sweet Clover 2 17.591b 

Apterous Yellow Sweet Clover 1 30.891c 

LSD = 8.119 at the 0.01 significance level. 
2 Means followed by the same letter(s) were not significantly 
different at the 0.01 level. 
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apterous parents of the first generation on yellow sweet 

clover might have survived in greater numbers because their 

mothers produced more alate offspring. 

Neither aptera survival nor the ratio of survival of 

alatae to apterae was significantly different for the 

combination of aphid form, host plant, and generation. 

Population Density—Aphid Form 

Means for the survival of apterous progeny were 

significantly different at the 0.01 level for the combina

tion of factors of population density and aphid forms 

(Appendix C). Figure 6 illustrates that survival of apterae 

produced by alate females increased rapidly with increases 

in density until density 4, but increased at a lower rate 

for densities 8 and 16. This demonstrated that aptera 

survival leveled off after density 4. Since production was 

one important aspect of survival of apterae, alate females 

may have produced fewer apterous progeny to survive at 

densities 8 and 16. This may have accounted for the lower 

rate of apterous survival at these densities. 

Figure 6 also illustrates that survival of apterous 

progeny produced by apterae was highest at density 4. After 

a drop in survival to density 8, the survival rate increased 

slowly to density 16. This increase between densities 8 and 

16 was nearly parallel to the increase between these 

densities for alate females. This indicated that apterous 
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progeny survival increased at the same rate for alate and 

apterous virginoparae between densities 8 and 16 and 

differed only in the magnitude of wingless progeny survival. 

Means for the ratios for the survival of alate to 

apterous progeny were significantly different at the 0.01 

level for the combination of factors of population density 

and aphid form (Appendix E). Figure 6 illustrates that the 

lowest ratio occurred at population density 1 for both 

producing aphid forms. This ratio was approximately one, 

indicating that an equal number of each morph survived. 

Densities above 1 aphid per cage all had ratios greater 

than one which demonstrated that more alate than apterous 

offspring survived. One factor which may have contributed 

to this was higher production of alate offspring. This 

indicated that Acyr thosiphon kondoi virginoparae tended to 

produce alate offspring at a relatively high rate. Isolated 

A. pisum produced few alate progeny (Sutherland 1969a). 

Apterous A. pisum produced a majority of alatae only at 

population densities of 5-15 aphids per test. A. kondoi had 

greater survival (and, potentially, production) of alate 

than apterous progeny at all densities greater than one. 

Population Density—Host Plant 

The examination of the combination of the factors 

of population density and host plant showed that means for 

survival of alate progeny were significantly different at 
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the 0.01 level (Appendix A). Means for survival of 

apterous progeny were also significantly different (0.01 

level) (Appendix C). Figure 7 indicates that survival of 

alate progeny was much higher on yellow sweet clover than 

on alfalfa, especially for densities 4, 8, and 16. Alate 

offspring survival on alfalfa increased to density 4 and 

leveled off to densities 8 and 16 which indicated that alata 

survival did not increase beyond density 4. Since more 

females were producing at the higher densities, it follows 

that they may have produced fewer alate offspring. Alate 

production of Acyrthosiphon pisum decreased at adult 

densities above 15 aphids per test (Sutherland 1969a). 

Figure 7 indicates that on alfalfa, potential alate produc

tion of A. kondoi decreased at densities above 4 adult 

females per cage. 

Figure 7, illustrating the survival of apterous 

progeny by population density and host plant, shows that 

survival of apterous progeny was slightly higher on alfalfa 

for densities 1 and 2, but at densities 4, 8, and 16 

survival of wingless offspring was slightly higher on yellow 

sweet clover. It also shows that, although the differences 

in means were significant, they were not different by great 

margins as evidenced by the survival of alate progeny. 

The ratios of the survival of alate to apterous 

progeny were not significantly different for the combination 

of population density and host plant. This indicated that 
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the same proportion of alate and apterous progeny survived 

on both host plants in relation to population density. 

Population Density—Generation 

Means from the combination of population density and 

generation were significantly different at the 0.01 level 

for the survival of alatae (Appendix A). Figure 8 illus

trates that survival of alate progeny was approximately the 

same in both generations for densities 1, 2, and 4. 

However, winged offspring survival increased for densities 

8 and 16 in the first generation while alata survival 

remained approximately the same as density 4 for densities 8 

and 16 of generation 2. 

Although the survival of apterous offspring was not 

significantly different for the combination of population 

density and generation, the ratios of the survival of alate 

to apterous progeny were significantly different at the 0.01 

level {Appendix E). Figure 8 illustrates these ratios and 

gives some insight into survival of apterae. The ratios of 

densities 1, 2, and 4 for generation 2 were larger than for 

generation 1. Therefore, the survival of apterae for these 

densities of the second generation must have been less than 

the first since alate progeny survival was approximately the 

same for both generations (Fig. 8). Survival of alate 

progeny was higher in the first generation for population 

densities 8 and 16 (Fig. 8). The survival ratio of alate to 
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apterous offspring also was higher for these densities in 

the first generation. This suggests that survival of 

wingless progeny might be similar for both generations for 

densities 8 and 16. 

Sexual Forms 

No sexual forms, oviparae or males, were produced 

from the combination of environmental factors in these 

tests. This indicates several possibilities for sexual 

production by Acyrthosiphon kondoi. The population in the 

southwestern United States could be anholocyclic. Kodet 

(1977) and Dickson (1978) both reported finding no sexual 

forms. However, the original habitat of this aphid species 

is very cold during the winter months which suggests that 

it should be capable of producing sexual forms so the 

species can overwinter in the egg stage. Miyasaki of Japan 

(Dickson 1978) and Eastop (1978) both felt that A, kondoi 

must produce sexuals even though no one has reported 

collecting any. The conditions used in form determination 

studies of A. kondoi might not be the correct environmental 

cues to stimulate production of sexuals. This aphid species 

might require gradual changes in photoperiod over time to 

trigger production of oviparae and males. Another possi

bility might be that A. kondoi produces sexual forms at the 

end of the cool spring months prior to the onset of warmer 

weather. This has been reported in a few other temperate 
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aphids species such as Dysaphis deyecta (Forrest 1970). If 

A. kondoi did produce sexual forms at the end of its spring 

reproductive period, this would explain how the species 

survives hot summer weather conditions as well as why its 

populations do not resurge in the cool fall periods. 

Fecundity and Female Longevity 

Means for total production of nymphs in relation to 

population density were significantly different at the 0.01 

level (Appendix F). Densities 1 and 2 produced signifi

cantly fewer nymphs than densities 4, 8, and 16 {Table 11). 

Total production of nymphs increased in a linear fashion 

with each increase in population density (Fig. 9). However, 

production of nymphs per female per day (significant at the 

0.01 level, Appengix G) decreased slightly with each increase 

in population density (Fig. 10). Density 1 produced 

significantly more nymphs per day than females in any other 

density. Females in density 16 had the lowest productivity 

per day (Table 12). The means for adult female survival in 

days in relation to population density were significantly 

different at the 0.01 level (Appendix H). Separation of the 

means for female survival in relation to population density 

showed that females from densities 8 and 16 lived signifi

cantly fewer days than females in densities 1, 2, and 4 

(Table 13). Female longevity decreased in a linear manner 

in relation to population density (Fig. 11). Although 



58 

Table 11. Mean separation of the total fecundity of 
female aphids, Acyrthosiphon kondoi, in relation 
to population density. 

Population density 
2 

Mean 

1 69.88a 

2 122*13a 

4 197.75b 

8 258.63c 

16 341.13d 

LSD = 60.233 at the 0.01 significance level. 
2 Means followed by the same letter were not significantly 
different at the 0.01 level. 
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Table 12. Mean separation^ of the mean fecundity per female 
per day of Acyrthosiphon kondoi in relation to 
population density. 

Population density Mean^ 

16 1.18a 

8 1.58b 

4 1.88c 

2 1.88c 

1 2 .17d 

LSD = .28 0 at the 0.01 significance level. 
2 Means followed by the same letter were not significantly 
different at the 0.01 level. 

Table 13. Mean separation of the mean adult survival in 
days of female aphids, Acyrthosiphon kondoi, in 
relation to population density. 

Population density Mean^ 

16 17.43a 

8 20.05a 

4 26.54b 

2 32.80c 

1 33.19c 

1 LSD = 5.168 at the 0.01 significance level. 
2 Means followed by the same letter were not significantly 
different at the 0.01 level. 
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decreasing production of progeny per female per day occurred 

with each increase in population density, and longevity of 

females decreased with the higher densities, the total pro

duction of progeny at the higher densities was signifi

cantly greater than at the lower densities (Table 11). This 

higher total production was probably due to the initial 

production of nymphs by the higher densities when all of the 

females were producing offspring. As females at higher 

densities died, the overall productivity at these densities 

declined. However, the total production of nymphs was 

greatest at the higher densities due to the initial produc

tion of progeny even though females of the lower densities 

lived longer and had a higher daily fecundity. 

Kodet (1977) reported the mean fecundity for 

females reared at 15°C as 1.67 nymphs per female per day. 

Data from the current study provide a mean fecundity per 

female per day (mean temperature = 15°C) for isolated 

females to be 2.17 nymphs per day. Messenger (1964) found 

with Therioaphis maculata that fluctuating temperature 

increased its fecundity above that reported for constant 

temperatures. The results of this study agree with those of 

Messenger (1964) since fluctuating temperatures were used 

(10-20°C). 

The first generation produced significantly more 

nymphs than the second. In addition, mean production of 

nymphs per female per day was significantly higher in the 



first generation than the second (Table 14) {Appendix G). 

Mean fecundity per female per day was significantly higher 

on alfalfa (Table 14) (Appendix G), but there was no 

significant difference in the total production of nymphs 

on either yellow sweet clover or alfalfa. There was also 

no significant difference in total production of offspring 

produced by alate or apterous females. This was surprising 

as alate Acyrthosiphon pisum produced fewer progeny than 

apterae (MacKay and Wellington 1975) . However, examination 

of mean production of nymphs per female per day revealed 

that apterous first generation females produced significantly 

more progeny daily than any other aphid form-generation 

combination (Table 14) (Appendix G). 

Other than differences resulting from population 

density, there were no significant differences in the adult 

survival by any other factor. This indicates that popula

tion density had an important effect on the mean length of 

life of Acyrthosiphon kondoi females. 
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Table 14. Mean fecundity of Acyrthosiphon kondoi in rela
tion to generation, host plant species (Melilotus 
officinalis and Medicago sativa), and a combina
tion of aphid form and generation (0.01 signifi
cance level) — (A) Total fecundity, (B) 
fecundity per female per day. 

Mean"'" 

(A) Total Fecundity 

Generation: 

2 153.913 
1 214.888 

(B) Fecundity/Female/Day 

Generation; 

2 
1 

1.377 
2 .097 

Host Plant Species: 

Yellow Sweet Clover 
Alfalfa 

1.485 
1.989 

Aphid Form: 

Apterous 
Alate 
Alate 
Apterous 

Generation 

2 
2 
1 
1 

1.069a 
1.685b 
1.777b 
2.417c 

"LSD = .580 at the 0.01 significance level. Means followed 
by the same letter were not significantly different at the 
0.01 level. 



CONCLUSIONS 

Mean length of adult life was approximately 26 days 

for both alate and apterous virginoparae, for aphids on 

yellow sweet clover or alfalfa, and for virginoparae of 

both generation 1 and 2. However, lifespan of adult aphids 

at different population densities did vary significantly. 

One or two aphids per cage lived an average of 33 days 

which decreased to a mean of 19 days for aphids in densities 

of 8 and 16 aphids per cage. Kodet (1977) reported an adult 

longevity of 32 days for A. kondoi caged singly at 15°C. 

Population density appeared to have an important effect on 

the length of life of adult virginoparae. 

The first generation females produced more progeny 

than the second generation. Since adult females of both 

generations lived approximately the same length of time, 

some other factor must have been responsible for the 

decrease in total fecundity in the second generation. 

Population density of adult females was a significant factor 

in total aphid production, but host plant and aphid form 

were not. While total nymphal production increased with 

increases in population density, production per female per 

day decreased from 2.2 nymphs per female per day in density 

1 to 1.2 nymphs per female per day in density 16. Produc

tion decreases in the second generation might have occurred 
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as a result of the stresses of population density 

{especially densities 8 and 16) continuing for 2 genera

tions. Females in generation 2 had reduced potential 

reproductive capacity from population stresses on their 

mothers in the first generation. The mean production per 

female per day was 1.4 nymphs in the second generation which 

was significantly less than 2.1 nymphs per female per day 

of the first generation. Kodet (1977) reported 1.7 nymphs 

per female per day at 15°C. 

Total survival of apterous progeny increased 

slightly with population density, but the individual rate 

decreased with each population density increase above 2 

females per cage. Alate females had more apterous progeny 

survive than apterous females. No difference in the 

survival of apterous offspring occurred between those on 

yellow sweet clover or alfalfa. More apterae survived in 

generation 1 than 2, but this was probably due to the 

higher fecundity of generation 1. Since survival of 

apterae was not significant for any combination of aphid 

form, host plant, and generation, these factors acting 

together did not significantly alter the survival rate of 

apterous offspring. Combinations of population density and 

aphid form indicated a higher overall survival of apterae 

produced by alate virginoparae in densities 2, 4, 8, and 

16. Densities 4, 8, and 16 on yellow sweet clover had 

slightly more apterae survive than the same densities on 
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alfalfa. Overall, one might expect a higher survival of 

apterous progeny produced by 1-2 first generation alates 

per cage on either host plant species. Since production 

has an important effect on the potential numbers of apterae 

to survive, it could be expected that, where higher 

survivals of apterae occurred, more apterous offspring 

would be produced. 

Total survival of alate progeny increased with 

each increase in population density, but the highest 

survival of alatae per female occurred at densities of 2 

and 4. Densities of 8 and 16 had significantly lower alatae 

survival than densities 2 and 4. Apterous virginoparae 

had more alate progeny survive than alate virginoparae. 

More alatae survived that were produced on yellow sweet 

clover than on alfalfa. Since overall production of nymphs 

was greater in the first generation, it followed that more 

alatae survived from that generation. Combinations of host 

plant and population density factors resulted in a higher 

survival of alatae produced on yellow sweet clover from 

parental densities 2, 4, 8, and 16. Survival of alate 

progeny produced at these densities on alfalfa was much 

lower. Survival of alate offspring could be expected to 

be highest from densities of 2-4 produced by first genera

tion apterous virginoparae on yellow sweet clover. As 

mentioned with the survival of apterous progeny, where 
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survival of alate offspring was high, high production of 

alate progeny could be anticipated. 

Examination of the survival of alate and apterous 

progeny data revealed a potentially higher survival of 

alate progeny on yellow sweet clover. Survival of apterous 

progeny was approximately the same on both alfalfa and 

yellow sweet clover. A higher survival of alatae {and 

perhaps higher production of this morph) would potentially 

provide more aphids to migrate to new hosts. These data 

indicated that populations of A. kondoi might migrate into 

yellow sweet clover faster than into alfalfa. Confirmation 

of this trend must come from field experimentation with A. 

kondoi on alfalfa and yellow sweet clover. 

Aphids were confined in cages with 7.5 cm of bare 

stem. A. kondoi prefers terminals and field populations are 

limited in feeding area only by the size of the host plant. 

These factors present difficulties in predicting trends from 

the population density data to field conditions. However, 

densities of less than 4 aphids per cage probably did not 

suffer overcrowding effects from cage limitations so that 

these data might be substituted in field conditions. 

Population densities of adult apterous aphids of 2-4 aphids 

per 7.5 cm of stem might have more alate than apterous 

progeny survive. 

The ratios of the survival of alate to apterous 

progeny indicated, by values greater than zero, that alate 
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aphids were surviving from all combinations of factors. The 

ratio increased along with increases in population density 

which indicates more alatae than apterae survive as density 

increases. 

The most important aspect demonstrated by these 

ratios of the survival of alate to apterous progeny was that 

alate offspring were produced in all five population 

densities by both aphid forms, on both host plants, and in 

both generations. Alate Acyrthosiphon kondoi produce alate 

progeny which biologically distinguishes this aphid from 

A. pisum since the latter does not produce winged progeny 

from winged virginoparae. In addition, virginoparae from 

A. pisum alates were poor alata producers, while A. kondoi 

females from alate virginoparae produced many alate off

spring . 

No sexual forms were produced under these experi

mental conditions. Kodet (1977) reported no sexual forms 

of A. kondoi even from a short photophase (8 hours) and low 

temperature (10°C). A photophase of 10 hours at 20°C with 

10°C and a 14 hour scotophase also did not produce sexual 

forms. These results indicate that a short photophase does 

not trigger production of oviparae and males. Acyrthosiphon 

kondoi populations in the southwestern United States might 

either be anholocyclic, and therefore incapable of producing 

sexual forms, or some unstudied environmental indicator 

might trigger production of sexual forms. Since A. kondoi 



sexual forms have never been reported, further research 

into form determination of sexual forms might be best 

carried out with a culture from its native regions where 

severe winter weather occurs. 



SUMMARY 

The blue alfalfa aphid, Acyrthosiphon kondoi Shinji, 

was introduced into California in 1974 and has been a pest 

on alfalfa since 1975. It has spread north and east from 

its initial focus in California. 

Aphids were caged in 5 population densities (1, 2, 

4, 8, 16 aphids/cage) on Melilotus officinalis, yellow sweet 

clover, and Medicago sativa, alfalfa. Alate and apterous 

aphids were caged on separate plants. Experimentation was 

continued through 2 generations. Aphids were reared in 

environmental chambers programmed for 10 hours photophase 

at 20°C and 14 hours scotophase at 10°C. Fecundity and 

survival data were recorded three times a week. Nymphs 

were reared to the adult stage for form determination. 

Adult longevity decreased from a maximum of 33 days 

in densities 1 and 2 to 19 days for densities 8 and 16. 

Mean length of adult life did not vary significantly for 

alate or apterous virginoparae, for aphids on yellow sweet 

clover or alfalfa, or for aphids in generation 1 or 2. 

Total fecundity increased with increasing population 

density, but the rate of nymph production per female 

decreased with each increase in population density. At 

density 1, virginoparae produced 2.2 nymphs per day. 

Generation 1 produced significantly more progeny than 
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generation 2. Aphid form and host plant species were not 

important factors in nymphal production. 

Alate progeny produced by apterous females had a 

higher survival than those produced by alatae. Apterous 

offspring of alate females had a higher survival than alate 

offspring. Both alate and apterous progeny survival 

increased with increases in population density. Alata 

survival increased at a higher rate than aptera survival. 

Densities 2 and 4 produced the highest alate progeny sur

vival per female. Density 1 had more apterae survive per 

female. More alatae survived that were produced on yellow 

sweet clover than on alfalfa. 

Alate progeny were produced at all five population 

densities, on both host plant species, and by both alate and 

apterous females. The alatae of Acyrthosiphon pisum, a 

closely related species, do not produce alate offspring. 

Production of winged progeny by alates of A. kondoi 

biologically distinguishes it from A. pisum. No sexual 

forms were produced. 



APPENDIX A 

ANALYSIS OP VARIANCE OF THE TOTAL SURVIVAL OF ALATE 
PROGENY PRODUCED BY PARTHENOGENETIC FEMALES OF 

ACYRTHOSIPHON KONDOI 

R = population density, B = block, C = chamber, A = aphid 
form, H = host species, G = generation. 

Degrees of Sum of Mean Square 1 
Source Freedom Squares Error F 

R 4 164546.775 41136.694 41.322** 
linear 1 164439.110 164439.110 165.181** 
residual 3 107.670 35.890 .036 

B 1 120.756 120.756 .345 
A 1 25025.006 25025.006 7.669* 
H 1 115293.906 115293.906 35.333** 
G 1 36996.806 36996.806 11.338** 
CB 1 693.056 693.056 .212 
RA 4 5815.025 1453.765 1.460 
RH 4 57207.375 14301.844 14.366** 
AH 1 14006.306 14006.306 4.292 
RG 4 58416.850 14604.213 14.670** 
AG 1 105011.256 105011.256 32.182** 
HG 1 29512.056 29512.056 9.044** 
RAH 4 7556.725 1889.181 1.898 
RAG 4 61290.650 15322.663 15.392** 
RHG 4 34328.350 8582.088 8.621** 
AHG 1 23887.656 23887.656 7.321* 
RAHG 4 14083.250 3520.823 3.537** 
C/B 2 700.713 350.356 
Error A 21 68524.281 3263.061 
Error B 96 95569.000 995.510 
Total 159 917892.744 

^"F values followed by * were significant at the 0.05 level 
and ** indicates significance at the 0.01 level. 
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APPENDIX B 

ANALYSIS OF VARIANCE OF THE SURVIVAL OF ALATE PROGENY 
PER FEMALE (ACYRTHOSIPHON KONDOI) 

R = population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square 1 
Source Freedom Squares Error F1 

R 4 2491.858 622.965 10.949** 
linear 1 1542.031 1542.031 27.101** 
quadratic 1 737.027 737.027 12.953** 
residual - 2 208.406 104.203 3.663 

B 1 .005 .005 .000 
A 1 1458.600 1458.600 11.063** 
H 1 3623.788 3623.788 27.486** 
G 1 122.343 122.343 .928 
CB 1 264.685 264.685 2. 008 
RA 4 319.174 79.793 1.402 
RH 4 374.993 93.748 1.648 
AH 1 376.781 376.781 2.859 
RG 4 1385.828 346.457 6.089** 
AG 1 2673.143 2673.143 20.275** 
HG 1 238.803 238.803 1.811 
RAH 4 219.060 54.765 .962 
RAG 4 600.298 150.075 2.638* 
RHG 4 462.147 115.539 2.031 
AHG 1 1184.342 1184.342 8.983** 
RAHG 4 262.569 65.642 1.154 
C/B 2 267.167 133.584 
Error A 21 2768.689 131.842 
Error B 96 5462.348 56.899 
Total 159 24291.948 

"'"F values followed by * were significant at the 0.05 level 
and ** indicates significance at the 0.01 level. 
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APPENDIX C 

ANALYSIS OF VARIANCE OF THE TOTAL SURVIVAL OF APTEROUS 
PROGENY PRODUCED BY PARTHENOGENETIC FEMALES OF 

ACYRTHOSIPHON KONDOI 

R = population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square 
Source Freedom Squares Error F 

R 4 10667.225 2666.806 5.143** 
linear 1 8507.813 8507.813 16.409** 
residual 3 2159.412 719.804 1.388 
B 1 7980.625 7980.625 22.030* 
A 1 12488.400 12488.400 6.056* 
H 1 280.900 280.900 .119 
G 1 40768.225 40768.225 17.287** 
CB 1 2.025 2.025 .001 
RA 4 10333.100 2583.275 4.982** 
RH 4 8142.350 2035.588 3.926** 
AH 1 448.900 448.900 .190 
RG 4 3176.150 794.038 1. 531 
AG 1 10660.225 10660.225 4.518* 
HG 1 1600.225 1600.225 .678 
RAH 4 2466.225 616.556 1.189 
RAG 4 15524.025 3881.006 7.485** 
RHG 4 2761.775 690.444 1.332 
AHG 1 105.625 105.625 .045 
RAHG 4 3114.750 778.688 1.502 
C/B 2 724.525 362.263 
Error A 21 49549.850 2359.517 
Error B 96 49776.000 518.500 
Total 159 232369.100 

^"F values followed by * were significant at the 0.05 level 
and ** indicates significance at the 0.01 level. 
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APPENDIX D 

ANALYSIS OF VARIANCE OF THE SURVIVAL OF APTEROUS 
PROGENY PER FEMALE (ACYRTHOSIPHON KONDOI) 

R = population density, B = block, c = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Slim of Mean Square 1 
Source Freedom Squares Error F 

R 4 16860.582 4215.146 45.043** 
linear 1 16195.732 16195.732 173.066** 
quadratic 1 644.880 644.880 6.890** 
residual 2 19.960 9.980 .091 

B 1 1187.610 1187.610 130.658** 
A 1 175.205 175.205 .557 
H 1 479.383 479.383 1.580 
G 1 4467.411 4467.411 14.192** 
CB 1 12.482 12.482 .040 
RA 4 810.468 202.617 2.165 
RH 4 1935.929 483.982 5.172** 
AH 1 190.947 190.947 .607 
RG 4 1883.955 470.989 5.033** 
AG 1 32.229 32.229 .102 
HG 1 130.375 130.375 .414 
RAH 4 158.532 39.633 .424 
RAG 4 401.377 100.344 1.072 
RHG 4 331.075 82.769 .884 
AHG 1 66.577 66.577 .212 
RAHG 4 1562.639 390.660 4.175** 
C/B 2 18.179 9.089 
Error A 21 6610.347 314.778 
Error B 96 8983.808 93.581 
Total 159 46286.630 

1 . . F values followed by ** were significant at the 0.01 level. 
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APPENDIX E 

ANALYSIS OF VARIANCE OF THE SURVIVAL OF THE RATIO OF 
ALATE TO APTEROUS PROGENY PRODUCED BY 

PARTHENOGENETIC FEMALES OF 
ACYRTHOSIPHON KONDOI 

R = population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square 
Source Freedom Squares Error F1 

R 4 93.198 23.330 6.503** 
linear 1 90.653 90.653 25.301** 
residual 3 2.545 .848 .237 
B 1 . 012 .012 .011 
A 1 59.967 59.967 12.244** 
H 1 46.333 46.333 9.458** 
G 1 .109 .109 .022 
CB 1 .029 .029 .006 
RA 4 61.386 15.347 4.283** 
RH 4 12.082 3.020 .842 
AH 1 7.491 7.491 1.529 
RG 4 158.689 39.672 11.043** 
AG 1 197.447 197.447 40.307** 
HG 1 1.076 1.076 .220 
RAH 4 23.865 5.966 1.665 
RAG 4 151.141 37.785 10.547** 
RHG 4 33.352 8.338 2.327 
AHG 1 8.265 8.265 1.687 
RAHG 4 9.080 2.270 .634 
C/B 2 2.242 1.121 
Error A 21 102.870 4.899 
Error B 96 343.931 3.583 
Total 159 1312.544 

1F values followed by ** were significant at the Q.Ol level. 

78 



APPENDIX F 

ANALYSIS OF VARIANCE OF THE TOTAL FECUNDITY OF 
PARTHENOGENETIC FEMALES OF 

ACYRTHOSIPHON KONDOI 

R = population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square 1 
Source Freedom Squares Error F 

R 4 1482662.400 370665.600 51.085** 
linear 1 1448296.200 1448296.200 199.602** 
residual 3 34326.200 11442.066 1.577 
B 1 178222.500 178222.500 102.002** 
A 1 37271.025 37271.025 1.561 
H 1 17347.225 17347.225 .727 
G 1 309584.025 309584.025 12.969** 
CB 1 3788.900 2788.900 .117 
RA 4 53582.100 13395.525 1.846 
RH 4 9170.900 2292.725 .316 
AH 1 160022.500 160022.500 6.704* 
RG 4 202506.600 50626.650 6.977** 
AG 1 237776.400 237776.400 9.961** 
HG 1 83950.600 83950.600 3.515 
RAH 4 57382.250 14345.563 1.977 
RAG 4 72973.850 18243.463 2.515* 
RHG 4 56658.400 14164.600 1.952 
AHG 1 1113.025 1113.025 .047 
RAHG 4 23032.600 5758.150 .794 
C/B 2 3494.500 1747.250 
Error A 21 501295.600 23871.219 
Error B 96 696566.900 7255.905 
Total 159 4184568.400 

^"F values followed by * were significant at the 0.05 level 
and ** indicates significance at the 0.01 level. 
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APPENDIX G 

ANALYSIS OF VARIANCE OF THE FECUNDITY PER FEMALE 
PER DAY OF PARTHENOGENETIC FEMALES 

(ACYRTHOSIPHON KONDOI) 

R = population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square n 
Source Freedom Squares Error F 

R 4 17.942 4.485 28.601** 
linear 1 16.562 16.562 105.490** 
residual 3 1.380 .460 .003 

B 1 2.408 2.408 7.503 
A 1 .006 .006 .009 
H 1 10.146 10.146 15.092** 
G 1 20.743 20.743 30.857** 
CB 1 .385 .385 .573 
RA 4 .427 .107 .686 
RH 4 3.976 .994 6.338** 
AH 1 4.848 4.848 7.211* 
RG 4 .481 .120 .767 
AG 1 15.794 15.794 23.495** 
HG 1 .938 .938 1.395 
RAH 4 .664 .664 1.058 
RAG 4 .709 .177 1.131 
RHG 4 .067 .017 .293 
AHG 1 .631 .631 .939 
RAHG 4 .363 .091 .578 
C/B 2 .642 .321 
Error A 21 14.117 .672 
Error B 96 15.056 .157 
Total 159 109.958 

*^F values followed by * were significant at the 0.05 level 
and ** indicates significance at the 0.01 level. 
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APPENDIX H 

ANALYSIS OF VARIANCE OF THE ADULT SURVIVAL IN DAYS 
OF PARTHENOGENETIC FEMALES (ACYRTHOSIPHON KONDOI) 

R - population density, B = block, C = chamber, A = aphid 
form, H = host plant species, G = generation. 

Degrees of Sum of Mean Square 
Source Freedom Squares Error F 

R 4 6625.685 1656.421 31.006** 
linear 1 6270.668 6270.668 117.378** 
residual 3 355.017 118.339 7.981** 

B -1 1086.754 1086.754 4.214 
A 1 127.896 127.896 .475 
H 1 69.314 69.314 .259 
G 1 68.657 68.657 .255 
CB 1 22.553 22.553 .084 
RA 4 500.143 125.036 2.341 
RH 4 493.944 123.486 2.311 
AH 1 110.041 110.041 .408 
RG 4 308.449 77.112 1.443 
AG 1 117.255 117.255 .435 
HG 1 .507 .507 .002 
RAH 4 54.868 13.717 .257 
RAG 4 481.166 120.292 2.252 
RHG 4 267.349 66.837 1.251 
AHG 1 107.305 107.305 .398 
RAHG 4 1038.837 259.709 4.861** 
C/B 2 515.743 257.871 
Error A 21 5655.430 269.306 
Error B 96 5128.632 53.423 
Total 159 22757.975 

^"F values followed by ** were significant at the 0.01 level. 
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