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Abstract

The developmental and reproductive biology of the blue
aifalfa aphid, Acyrthosiphon kondoi Shinji, was studied
unrder 15 temperature/photoperiod regimes. Five
temperatures (10°, 15°, 20°, 25°, 30°C} and three
photophases {8, 12, 16 h per 24 h) were utilized in con-
trolled environmental chambers.

Temperature played the most significant role in the
development and reproduction of the aphid, Optimum
temperatures for development ranged from 20° to 25°,
and the upper survival temperature ranged from 25° to
30°, depending upon the photoperiod. The lethal
temperature was 30°, Higher survivatl and total fecundity
occurred at low temperatures (10° to 15°) =ather than at
high {emperatures (20° to 25°).

There were significant temperature by photoperiod inter-
actions on the rates of nymphat development, fecundity,
longevity, and generation time, The changes in these
rates were most prevalent at low temperatures.

Shorter generation and doubling times, and a greater in-
trinsic rate of increase by A. kondoi, may account for the
early dominance of this species over A. pisum in the
spring in the L1.S. alfalfa fields.

Keywords: Blue alfalfa aphid, Acyrthosiphon kondoi
Shinji, alfalfa, biotogy, temperature effect, photoperiod
effect,
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Effect of Temperature and Photoperiod
on the Biology of Blue Alfalfa Aphid,

Acyrthosiphon kondoi Shinji

By A.T. Kodet, MW, Nielson, and R.Q. Kuehl

Intraduction

The biue alfalfa aphid, Acyrthosiphon kondei Shinji, com-
manly found throughout eastern and southwestern Asia
on legume species of Medicago, Trifolium, and Melilotus,
was introduced into the United States in 1974 (Sharma et
al. 1975).2 From California, where it was first found, the
aphid spread rapidly into Arizona, Nevada, and Utah
{Nielson and Kodet 1975, Cooperative Econamic Insect
Report 1975). By 1978, it was reported in New Mexico,
Kansas, Oregon, Oklahoma, Nebraska, idaho, Texas,
Washington, and Wyoming {Cooperative Plant Pest
Report 7976, 1977, 1878). Recently, the aphid was
reported in Argentina (Luna 7977), New Zealand
(Aphidologist Newsletter 7877}, and Australia (Matheson
and Baldwin 71978}.

The aphid is a serious pest of alfalfa, Medicago sativa
{L.), causing severe stunting and marked leaf chlorosis
within 2 weeks after initial infestation (Nielson and Kodet
1975). Recovery is slow and regrowth is so retarded that
an additional 2 to 4 weeks are required before plants can
resume normal growth. Many plants are killed after pro-
longed infestation. Damage caused by A. kondoi is much
more severe than that caused by the pea aphid, A, pisum
(Harris), a species ciosely related taxonomically and
tiologically.

The sudden appearance of the blue alfalfa aphid in wide-
ly separate regions of the world within a relatively short
time is unprecedented in the annats of insact pandemics.
Moreover, the establishment of the pest in the Northern
and Southern Hemispheres is of biclogical and ecolo-
gical significance; that is, these populations may
possibly represent new biotypes, thus giving greater
plasticity to the species heretofore unknown.

Biclogical and environmental factors that precipitate ex-
olosive cutbreaks of insect populations are often
peculiar to the species. Its pandemic activity cannot be
explained by the tittie we know about the biology or the
effect of environment on the biology of A. kondoi. Sexual
torms are not known to exist, and experiments by Kodet
and Nielson (1980} failed to produce such forms after
subjecting the aphid to 15 temperature/photoperiod

'Entomulogist, Northern Division, Bruce Church, Inc., P.O. Box
599, Salinas, Calif, 93902; research entomologist, United States
Department of Agriculture, Agricultural Research Service, 2000
East Ailen Road, Tucscn, Ariz. 85719; Professor of Quantitative
Studies, School of Agriculture, University of Arizona, Tugson
85721,

IThe year in italic, when it follows the author's name, refers to
Litarature Cited, p.10.

regimes. Temperature and photoperiod, however, did af-
fect alary polyivorphism. In general, apterae were
predomiiantly producad at high temperatures (20° and
25°C) and at all photoperiods 8-, 12-, and 16-h photo-
phases per 24 h); whereas, alatae were predominantly
produced at low temperatures (10° and 13°) at these
photoperiods {(Kodet and Nielson 1880).

A significant biological phenomenon was observed that
was not induced by temperature or photoperiod but may
be an inherent survival mechanism (Kodet and Nietson
1980). The aphid switched from the production of one
alary morph early in the reproductive period to the pro-
duction of the opposite morph later in the reproductive
period at all temperature/photoperiod regimes except
20°Ci16 h when no switching occurred.

In this publication, we present data on the effects of
temperature and photoperiod on the developmental and
reproductive biology of the aphid under 15 tempera-
ture/photoperiod regimes. The information should serve
as a predictive model for fieid poputations so that the
population dynamics of the species can be better under-
stood. Where possible, the data are compared with those
available on the pea aphid to show the relationship be-
tween these taxonomically close and ecologically asso-
ciated aphid species.

Materials and Methods

This study was done at the USDA-ARS Forage insects
Research Laboratory in Tucson, Ariz., from September
1975 to June 1977. Acyrthosiphon kondoi was reared in
four Percival E-54U environmental chambers in a factorial
arrangement of five temperatures (10°, 15°, 20°, 25°,
30°C) and three photophases (8-, 12-, 16-h per 24 h).
Temperatures were cantrolied to +£1.5°. Relative humidi-
tv ranged daily from 60 tc 100 percent due to lamp heat
during photophase. Chambers were divided into two
levels by a wire rack. Data on reproductive biology
(adults) were colected from the upper ievel; whereas,

- data on developmental biology {(nymphs) were collected

from the lower level. Light intensity averaged 2655.25 lux
{range: 2257 to 3225 lux).

Host plants, Melilotus officinalis Lam., were propagated
in the greenhouse from a single plant. Rooted cuttings
were transferred to 14-cm-diameter plastic pots contain-
ing equal parts of earth, sand, and sphagnum peat moss.
Plants were used when four lateral shoots had developed
over 10 cm in length.




Aphids from greenhouse cultures were preconditioned
for two generations to all temperaturefphotopericd treat-
menis in the chambers prior to data collection. Individual
aphids were confined in 7.5-cm-long No. 36 dialyzer tub-
ing. The tubing enclosed iateral shoots of the host piant
and was stoppered with feam plugs.

in the experimental design, each of four aphid cages per
plant was considered an observation and each of five
plants per treatment was considered a replication. Con-
sequently, there were four observations in each of five
replications for each treatment. Data on reproduoctive and
developmental biology were replicated four times at
16°C12 h due to nymphal mortality and two and four
tirnes at 10°/12 h and 25°/8 h, raspectively, due to adult
mortality.

The data for developmental and reproductive biociogy
were subjected to various statistical analyses that best
elucidated the relationship between environmental fac-
tors and the biclogy of the aphid.

Four specific parameters — generation time, net repro-
ductive rate, doubling time, and intrinsic rate of increase
— were computed from age-specific schedules of births
and deaths. These describe the dynamics of the species
under specitic environmenta! conditions and are theoreti-
cal values that may only be applicable to laboratory
situations.

The generation time (T}, that is, the mean time from birth
of parents to birth of offspring, was calculated from the
eqguation 7 = Zx?xmx!mxmx, where T, is the probability
of a female being alive at age x and m, is the mean
number of offspring produced in a unit of time of a
female aged x.

The net reproductive rate {RO), that is, the multiplication

per generation or the ratio of total female births in two
successive generations, was estimated by the formula

Ro = E}'xmx.

The number of days required for the poputation to double
in number, that is, doubiing time, was estimated by the
tormuta t = 0.69315/r,,.

The intrinsic rate of increase {rm}. that is, the
infinitesimal rate of increase of a population of stable
age distribution, was estimated from the formuia =
!oge(Ntho), where N, is the number of animals in time

{
zero and Nr is the number of animais in time ¢. The

relationship of these statistics and their respective
parameters are discussed in Andrewartha and Birch
(1854).

Results and Discussion
Developmental Biology
The anaiyses of variance for data on the effects of

temperature and photoperiod with respect to deveiop-
ment of Acyrthosiphon kondoi are shown in tabie 1.

Table 1—Mean squares for data on the effect of tempera-
ture, photoperiod, and the temperature by photoperiod
interacton con the developrmental biology of
Acyrthosiphon konidoi

Mean squares

Variance Stadia Nymphal
source d.f. ! ii ng v stage
Temperatyre 3 108.5 '1528 1521 3420 '28135
Photoperiod 2 27 g5 38 152 $7.6
Temperatureby 8 27 87 95 W7s 1124.4

phoicperiod
Error 47 B B 4 5 18
'F test ol mean square, statistically significant at the 0.05-
percent leve! of probability.

Temperature, photoperiod, and their interaction had
significant effects on development of all stadia and the
entire nymphal stage. Temperature was the dominating
factor as indicated by the larger mean square values.
Photopericd and the temperature/photoperiod interaction
exerted a relatively minor influence on the developmental
biclegy.

Stadia. The observed mean duration of each stadium
shown in table 2 was analyzed to determine the

Table 2.—Mean duration {days) of each stadium® of Aéyr-
thosiphon kondof at different constant temperatures and
photoperiods

Mean No. days indicated photophase (hiours}

Temperature
{C%) 8 12 16 Meanr
Stadium ¢
10 590 4.27 5.12 5.08
158 273 2.05 2.82 2.47
20 1.68 1.6 1.38 1.58
25 1.54 1.83 1.60 1.67
Mean 2.67 2.31 2.74
Stadium il
10 6.40 3.91 6.12 5.55
15 2.60 2.05 3.09 2.49
20 1.79 1.92 1.33 1.66
25 1.23 1.28 1.27 1.26
Mean 2.68 2.3 297
Stadiumiti
10 4.18 5.82 5,71
15 2.31 3.55 2.78
20 215 1.44 1.76
25 1.72 1.27 1.48
Mean 2.44 3.00
Stadium IV o
1¢ 10.3¢ 5.73 8.29 8.08
15 4.53 3.26 4.55 4.00
20 2.00 2.85 2.1 2.28
25 2.15 2.00 1.73 1.96
Mean 4,18 .25 4.18

'2 nymphs reguired 1 day as a 5th stadium al 25°742 h
velore complele nymphal development.



responses due to temperature and to clarify the nature of
the interaction between temperature and photoperiod. An
orthogonal polynomial regression was estimated to
describe the response to temperature for each stadium
and nymphal stage. Results shown in table 3 indicate
that linear and quadratic effects were significant for ali
developmental stages, with occasional significant cubic
effects. As a result of the smali magnitude of cubic
deviation, only the quadratic mode! was used to describe
the responses.

Table 3.— Analysis of variance for the temperature
regression (orthegenal polynomizls} of nymphal data of
Acyrthosiphon kondoi

Mean Squares

Nymphai Stadium Stadium Stadium Stadium

Source d.f. stage j 1l 1l v
8-h photophase

Temperatura:

Linear 1 '3108.88 '108.45 '142.07 '179.37 '401.26

Quadraiic 1 '858.43 '20.87 3279 's2.11 '118.56

Cubic 1 ‘4476 1.18 5989 ‘712 .24

Error 16 2.88 1.34 57 63 A%
12-h photophase

Temperature:

Linear 1 70607 '30.33 3881 !3295 8271

Quadratic 1 “7090 '2095 592  'B.08 1037

Cubic 1 '48.39 141 'as3 297 4.87

Error 15 82 .30 10 .26 .39
16-h photophase

Temperaiure:

Linear 1 '2609.37 '123.35 '226.53 '206.75 '411.54

Quadratic 1 147221 2476 3367 11856 4413

Cubic 1 'g.38 41 A2 2 i)

Error 16 2.08 70 1.10 .37 64

IF lest of mean square, significant at 5-percent levet of
probability.

The general response to temperature was typical: Each
stadium required more time at low temperature and less
time at high temperature to complete development (fig.
1). Photoperiod had no effect on deveiopment at high
temperatures, but there was a significant photoperiod ef-
fect at low temperature. The respense to temperature
was less pronounced at 12 h thanat8 or 16 h.

The optimum temperature for development of stadia |-1V
was between 20° and 25°C (table 4). in general, the
nymphs required three to four times as long to deveiop at
10° than they did at 25° {table 2}. The developmental
period under an 8-h photophase was nearly twice that
under cne of 12 h, indicating that short photophases
retarded development at a low temperature. The upper
temperature for survival fell between 25° and 30°, when
30° proved to be lethal to al! stadia. Moreover, two
nymphs passed through five stadia at 26°/12 h, which fur-
ther indicated that the normal biclogy had been
disrupted and the upper survival temperature was being
approached. Kenten (7955) found that 30° was also lethal
to A. pisum.

Table 4.—Temperatures for minimum developmental
time of nymphal stages of Acyrthosiphion kandoi at 3
photoperiods

Mean

Stage Photophase Temperature duration
Hours °C Days
8 22.18 1.36
Stadium | 12 20.75 1.47
18 22.27 1.38
8 2254 1.17
Stadium I 12 2413 1.38
16 23.01 1.13
8 22.03 1.18
Stadium 11l 12 22.76 1.7%
16 25.01 117
8 22.05 1.67
Stadium 1V 12 24,67 2.12
158 24.06 1.67
8 2217 5.38
Nymphal 12 22.75 6.92
stage 16 23.55 5.46

The ternperatures required for minimum developmental
time for A. kondoi at three photoperiods were obtained
from the regression equation {fig. 1) and are given in
table 4. These data predict more precisely the optimum
temperature for minimum developmental time of the
stadia. Optimum temperature varied from 20.7° 10 25.0°C
for all stadia at all photophases. Slightly higher
temperatures (22.2° to 25.01°) were required for optimum
development at 12 h than at 8 h or 18 h. The minimum
optimum period was 1.13 days for the second stadium at
16 hi23.01°.

Nymphal stage. Results of the analyses of variance for
the temperature regression of the data on the nymphal
stage are shown in table 3. Significant iinear, quadratic,
and cubic effects were obtained for all photoperiods.
Inassmuch as the cubic effect was smail, the guadratic
model was used to describe the responses (fig. 2). The
response of the total nymphal period was similar to the
response of each stadium, that is, time of development
was slower at iow than at high temperatures at ali
photoperiods. Again, photoperiod had no effect on total
nymphal developmental period at higher temperatures,
but there was a significant effect at low temperatures.

The optimum developmental time of the nymphal stage
based on predicted values was 5.87 days ata 25°C/16 h
photophase (table 8% however, the minimum predicted
developmental time was 5.38 days at 8 h, which occurred
at 22.1° (table 4). Precise temperature for minimum
development time ranged between 22.1° and 23.5°.

Data on development of Acrythosiphon kondoi are com-
pared with those obtained by Kilian and Nielson (7971)
and Siddiqui et al. {1873} for A. pisum {table 5). The
developmental time was gener=lly similar for the two
aphid species at the respective temperatures and
photophases, aithough A. kondoi developed slightly more
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Figure1.—Relationship between developmental time of nymph-
al stadia of Acyrthosiphon kondei and temperature at three
photoperiods,

rapidly at higher ternperatures at 16 h; however, the dif-
ference may not be statistically significant. Since A. kon-
doi does appear in alfalfa fields earlier in the spring than
A. pisum, development may be faster in A. kondoi when
pheteoperiod (12 h) interacts with low temperature {15°C).
Unfortunately, data at the 12-h photophase are lacking for
A. pisum to support this hypothesis,

Nymphai survivorship. The percent nymphal survival of A.
kondci at the various temperature and photoperiod
regimes is shown on table 8. Survival was highest at
20°GC and at 12 h. Surviva! was fowest at 10°/8h. Chi-
squars tests for the effects of temperature and
photoperiod on nymphai survival were conducted accord-
ing to the procedures cutlined by Goodman {7970). The
results of the analysis {table 7) showed that survivat was
not affected by temperature and photoperiod interaction,
but these factors by themseives produced different
survival rates of the nymphs.

Nyrnphal Stage
{6=85200-7218T+1624572
{15 = 4121820154 T+ 056252

¥, 88128375327 +1094212

i "

10 15 2 25
Temperature C

Figure 2.—Relationship between developmental time of
nymphal stage of Acyrthosiphon kondoi and temperature at
three photoperiods.

Table 5.—Mean duration (days) of nymphal stage of
Acyrthosiphon kondoi and A. pisum at different constant
temperatures and photoperiods

Mean No. days of nymphal period in
indicated photophase (houirs)

A. kondoi A. pisum

Temperature
{"C) 12

10 29.80

15 12.60

20 7.26

25 6.31

Mean 12.40

'Siddiqui et al, 1973,
2Killian and Niglson 1971.




Tabte 6.—Percent nymphal survival of Acyrthosiphon

kondoi at 4 temperatures and 3 photoperiods

e e e e e "i;-e?c_éms;m;alatrhﬁm
indicated photophase

{hours}
Temperature {*C} 8 12 16
10 77 100 77
15 88 g5 €9
25 95 100 190
25 85 100 94
Mean 81 98 85

Table 7.—Chi-square anatysis of nymphal survival of
Acyrthosiphon kondoi

Hypot_h;e.sis Chisquare d.i. Probabiity
Survival x temperature 10.5G70 3 0.015
Survival x photoperiod 14.1523 2 008
Survival x temperature X 9.4056 6 152

photoperiod

Reproductive Biclogy

The analyses of variance for data on the effects of
temperature and phetoperiod on the reproductive biology
of A. kondoi are shown in table 8. The effects of
temperature, photoperiod, and their interactions were
significant for much of the reproductive biology.
Photoperiod did not significantly affect postparturition,
total adult period, or fecundity. Temperature had the
greates! effect with minor effects from photoperiod and
the temperalure/photoperiod interaciions.

Adult pariurition phases. A regression analysis was per-
formed on the parturition phases and adult peried dala
{table 8 and on fecundity (tabie 10} to more accurately
characterize the effects of ternperature and temperature!
photoperiod interactions on the reproductive biology.
Regression of days on temperature for each biciogical
parameter was estimated separately for 8- 12- and 16-h
photophases. The resuits are shown in table 11 {parturi-
tion and totat adult peviads) and table 12 (fecundity). The
guadratic response to tsmperaiure was considered that
best model to describe most of the reprodhictive phases.
Significant deviations from the quadratic mnde! are

Table 8.—The mean duration of the preparturition, par-
turition, postparturition, and adult period of Acyrtho-
siphen kondoi at different constant temperatures and
photoperiods

Mearn duration (days)

Temperature P _ft_i_ng_ifﬂf dphoiclplzais_e @Eiir&_"}_ ——
{°C) 8 12 16 ~ Mean
Preparturition period
10 3.08 343 2.88 300
15 2.21 1.85 1.71 1.98
20 .81 .89 1.28 1.00
25 1.36 250 1.06 1.67
Mean 1.89 1.94 1.73
Pariurition period
10 40.84 83.75 49,29 48.90
15 25.21 20.37 22.38 2267
20 7.75 8.79 11.53 9.34
25 6,21 10.33 10.58 9.25
Mean 20.69
Postparturition period
10 1337 24,13 15.59 16.37
15 11.79 4.21 483 717
20 .38 1.37 2.33 1.40
25 1.71 4,33 2.06 2.80
Mean 7.18 5.89 6.23
Adult period
10 57.31 88.50 67.76 87.7
15 39.28 27.05 29.00 32.04
20 8.94 11.05 14.94 11.74
25 9.29 1717 13.79 3.1
Mean 28.78 27.20 31.2%

discussed beiow t¢ account for the interactions between
temperature and photopericd. In general, the length of
the reproductive phases decreased as temperature
increased. The most rapid adult phases occurred be-
tween 20° and 25°C (fig. 3).

Deviations from the typical gquadratic model were avident
at 12- and 16-h photophases during the preparturition
period {fig. 3). A strictly linear effact was exhibiledat 16 h
as the time of development continued to decline up to

Table 8.—Maean squares for data on the effect of temperature, photoperiod, and the
temperature times photoperiod interaction on the adult biology of Acyrthosiphon

kondoi

Mean Squar'eé “
Variance Prapartunion  Panunbion  Fosipariunhion Aduli Totat Daily
source df perod panod penod perod lecundity tacundily
Temperaturé 3 131.6 38735 1202271 1287324 117,154.9 1318
Photopericd 4 12.4 11743 218 2619 3378 1.0
Temp x photo ] 3.3 V202.7 1223.5 11,1776 14,0988 5.6
Erfor 44 N 41.7 40.6 105.4

iF test of méén square, significant at the 0.05-percent tevei of probabitity,

945 4 2.1




Teble 12, —The mean fecundity per female and the mean fecundity per female per
day of Acyrthosiphon kondoi at different constant temperatures and photoperiods

Mean tolal fecundity per femaie Mean daily fecundity per female
Temperature at indicated photophase (hours) at indicated pheotophase (hours)

{*C) 8 12 16 Mean g 12 16

10 58.31 107.60 66.34 71.51 1.45 2.06 1.36 1.53
15 69.26 43.42 47.43 53.94 2.66 2.14 2.10 2.32
20 20.31 29,32 40.50 30.40 2.24 3.30 3.63 3.09
25 26.50 32.50 38.18 32.76 3.83 2.75 3.75 3.40

45.31 44.19 48.18 2.5j 2.65 2.75

Mean

Mean

Table 11.-—Analyses of variance for the temperature regression (or-
thagonat polynomials} for parturition phases and total period of Acyr-
thosiphon kondoi

Mean squares

Source  d.f. Preparturition  Parturition Postparturition Total adult

8-h photophase
Temperature:
Linear 1 11,708
Quadratic 1 1748 18 11,164
Cubic 1 1266 1438 1,577
Error 15 56 T0 150

111,546 123,928

12-h photophase
Temperature:
Linear
Quadratic

18,728
14,201

1,285

1
1
Cubic 1
Error 13

Temperature:
Linear 1 130.15
Quadratic 1 3.56
Cubic 1 A1

Error 16

1.07

114,019
12,779 1426

11,748
67 112
25 25

16-h photophase

1,630 126,982
15,661
25 26 112

41 25 77

'F test of mean square, significant at .05-percent level of probability.

25°C; whereas at 32 h, the preparturition pericd actualiy
increased when temperature advanced beyond 20°.

During the postparturition period, & cubic response
occurred at B h when duration declined after 15°C. There
was also a slightly greater response to temperatures at
12 h than at 8 or 16 h for all phases of the adult stage.
These deviations accounted for much of the interaction
between temperature and photoperiod.

Adult longevity. The longevity (total period) of aduit A,
kondof was significantly reduced as temperature in-
creased at all photoperiods (table 9). The life of adults
ranged from 88.5 days at 10°C/12 h to 8.94 days at 20°/8
h. Although deviations from the quadratic model were
significant at all photoperiods (table 12), a quadratic
equation was used to describe the response to tempera-
ture {fig. 3). Longevity decreased very rapidly between
107 and 15° with little or no decrease between 20° and
25°, but the rate of decrease was greater at 12 h than at 8
hror 16 h.

Daily tecundity. Temperature had a significant effect on
daily fecundity {tabie 8); however, there was a significant
interaction between temperature and photoperiod.
Regression analyses were performed on the data to
determine the effect of temperature on daily fecundity
tor each of the photoperiods. The results of the analyses
are shown in table 12. There was a general increase in
daily fecundity as temperature increased, but the
responses {0 temperature were considerabty different at
gach of the photoperiods {fig. 4).

The 8- and 16-h photophases both showed a significant
increase in daity fecundity frem 10° to 25°C, but the 8-h
photophase equation was cubic and the 16-h equation
was linear with no significant deviation from linearity.
The 8-h photophase showed a detinite dectine in fecundi-
ty between 15° and 20°. Although the cbserved daily
fecundity for the 12-h photophase was higher at the
higher temperatures, there was not a significant trend
from the mean production of 2.56 individuals per day.




Table 12.— Analyses of variance for the femperature
regression (orthogenal polynominals) for fecundity of
Acyrthosiphon ke ndoi

Mean squares

Totai Daily
fecundity fecundity

Source da.f.

8-h photophase
Ternperature:

Linear 1 16,952 132.53
Quadratic 1 295 .26
Cubiic 1 111,310 111.18
Error 15 1,073 1.52
12-h photophase
Temperature:
Linear 1 122,735 6.66
Quadratic 1 M5177 2.25
Cubic 1 954 6.78
Errar 13 1,062 2.47
16-h photophase
Temperature:
Linear 1 17,530 163.54
Quadratic 1 1,174 2.02
Cubic 1 51 393
Error 16 73 2.27
1F test ol mean sguare, significant at 0.05-percent level of prob-
ability.
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Figure 3.—Relationship between reproductive periods and
adul! longevity of Acyrthosiphon kondoi and temperature at
three photoperiods.
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Figure 4.—Relationship between daily fecundity of Acyrthosi-
phon kondoi and temperature at three photoperiods.

Total fecundity. Temperature effects on total fecundity
were highly significant as was the temperature/photo-
period interaction {table 8), Data cn fecundity response to
temperature were subsequently analyzed by orthogonal
polynomiat regressicn at each of the photophases to
elucidate the nature of ithe interaction (table 12).
Although the general trend was a decreasing fecundity
with increasing temperature, there were notable dif-
ferences ameng the three photophases {fig. 5). The fecun-
dity response at the 8-h photophase was characterized by
a significant cubic equation in temperature in which
fecundity increased at the lower temperatures. declined
decidedly after 15°C, and leveled off after 20°. The com-
puted maximum and minimum fecundities within the ex-
perimental temperature range for the 8-h equation occur-
red at 12.7° and 22.6°, respectively.

At the 12-h photophase, the fecundity was very high at
10°C with a considerable decline up to 20° at which time
the fecundity began te increase in a typical quadratic
response, The computed minimum for the 12-h equation
was 21°, At the 16-h photophase, fecundity gradually
dectined throughout the temperature range with no
significant deviations from linearity. The estimated
decline was 1.86 individuals per degree Centigrade
increase.

Kenten {1955) reported that total fecundity of
Acyrthosiphon pisum decreased as photophase in-
creased at 20°C. At 15°, Sharma et al. {1973) found that
the total fegu ndity of A. pisum increased with
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Figure 5.— Relationship between total fecundity ot Acyrthos-
phon kandoi and temperature at three photoperiods.

photophase. From these data, it is not clear whether A,
pisum and A. kondoi are affected similarly by
photopericd,

Generation time. The generation time {T}—the mean
period elapsing between the birth of a female and the
birth of her tirst offspring of A. kondoi—is shown in table
13. The generation time decreased exponentially from
41.7 days at 10°C to 12.8 days at 20° but was shortest at
25° (11.9 days). The shorter generation time at higher
temperatures was caused by increased developmental
and fecundity rates and reduced preparturition periods at
these temperatures, Temperatures in the range 10° to
20° were critical in controlling population growth of 4,
kondoi since a difference in the mean temperature of 1°
or 2° would greatly increase or reduce the generation
time of field populations. The occurrence of larger
populations of A, kondoi than A. pisum in the late winter
and early spring might be caused by A. kondoi having a
slightly shorter generation time than that of A. pisum.

The generation time was shorter at the 12-h photophase
(20.7 days) than at either the 8-h (22.6 days) or 16-h (221
days} photophases (table 13). This was the result of
temperature/photoperiod interactions at 15°CH12 h and
10°/12 h photophases, Temperature and photoperiog also
interacted to increase generation time at 20° and 25° at
the 12-h photophase. Photoperiod had a greater effect an
the length of the generation time at the lower tempera-
tures (10° to 15°) than at the higher temperatures (20° to
25°),

Tabie 13.—The generation time! (days) of Acyrthosiphon
kondoi at different constant termperatures and photo-
periods

Mean generation time (days) at indicated
Temperature wﬂhotophase {hours)
{°C) 8 12 18 Mean
10 450 389 41.3 417
15 219 16.7 236 20.7
20 127 13.1 12.6 12.8

25 10.9 14.2 10.7 1.9
Mean 22,6 20.7 221

'Period from birth of parent of first offspring.

Net reproductive rate. The net reproductive rate {Ry)—the
ratio of the number of females produced in one genera-
tion to the number of females produced in the preceding
generation—increased from 28.4 at 25° to 68.1 at 10°C
(table 14}, The rate was larger at the 12-h photophase
(52.9) than at either the 8- or 16-h photophases (33.8 and
40.8, respectively) due to the temperature/photoperiod
interaction at 10°/12 h, which increased the rate to 107.2.
The temperature/photoperiod interaction strongly af-
fected ihe net reproductive rate of A. kondoi at hoth high
and low temperatures. The rate was generally increased
as the result of longer adult parturition periods and
greater mean total fecundity.

Doubling time. The doubling time (t) is defined as the
period required for a population to doubie in number. The
doubling time decreased from 7.1 days to 2.5 days as
temperature increased from 10° to 25°C (table 15). Acyr-
thosiphon kondoi required 3.3 fewer days for their
numbers to double at 15° than at 10°. The doubling time
was 0.5 to 1.0 day shorter at the 12-h photophase than at
the 18- and 8-k photophases. The temperature/photo-
period interaction caused the doubling time to be the
longest at 10°/8 h {8.6 days) and shartest at the 257116 h
photophase (2.1 days).

The doubling time was generally decreased as the result
of rapid nymphal development, short parturition period,
and high fecundity rates. Temperature was critical in con-
trolling the increase in numbers of A. kondoi in the

Tabie 14.—The net reproductive rate' of Acyrthosiphon
kondoi at different constant temperatures and
photoperiods

Net reproductive rate at indicated
Temperature e p_hotophase (hours) -
{(°C) 8 12 16 Mean

10 ar2 107.2 (0.0 68.1
15 57.3 43.3 32" 44,4
20 20,4 28.3 38.5 29.4
25 20.1 Ny 321 284

Mean 33.8 52.9 408

‘_F_I-atio of numbef-of daughters born in generation y+ 1 to the
number of daughters born in generation y.
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Table 15.— The doubling time' of Acyrthosiphon kondoi
at different constant temperatures and photoperiods

Mean doubling time {days} at indicated

Temperature photophase (hours)
(°C) 8 12 16 Mean
10 8.6 5.8 7.0 7.1
15 38 3 4.7 38
20 29 2.7 2.4 27
25 25 238 2.1 25
Mean 4.5 3.6 4.1

'Pericd required for population to double in number.

temperature range of 10° to 20°C. A small biclogical
advantage of A. kondoi over A. pisum in this range, such
as a smaller doubling time, could account for the ob-
served predominance of A, kondof over A. pisum in the
early spring.

intrinsic rate of increase. The intrinsic rate of increase
(r,} of A. kondoi {fig. 6) was greatest {0.32yat 25° CM6 h
and smaliest {0.08) at the 10°/8 h photophase. The rate
increased as temperatures increased from 16° to 25°,
and fell to zero because no survival cccurred at 36° after
one generation,
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Figure 6.— Intrinsic rate of increase of Acyrthosiphon kondoi at
three photoperiods.

The rate of increase was greatest at high temperatures
when total fecundity per female and adult survival were
greatest at low temperatures; however, the rate was not
based only upon these parameters, but also upon the
rate of nymphal development; the length of the prepar-
turition, parturition, and postparturition periods; and the
daily fecundity rate. The exiremetly rapid rates of nymphal
development and daily fecundity, which eccurred at high
temperatures, overshadowed the greater survival and
high total fecundity of A. kondo/, which occurred at low
temperatures; thus, these parameters resulted ina
greater rate of increase at higher temperatures. Lewontin
(1965) showed that the developmental rate had 10 times
greater etfect on the rate of increase than a change in
total fecundity or a change in survival.

Historically, Acyrthosiphon kondoi has been most
numercus early in the growing season when tempera-
tures were cool, and A. pisunr has been most common
later during warmer months. Therefore, the rate of in-
crease of A. kondoi may be greater than that for A. pisum
at lower temperatures, although other factors—

such as disease, predation, and parasitism—may dif-
ferentially affect these two Acyrthosiphon species,

Conclusions

Temparature exerted a major effect on the developmental
biology of the blue alfalfa aphid. Photoperiod and the
temperature/photoperiod interaction played a relatively
minor rcle at high temperatures {20° to 25°C}, but
photoperiod influenced the rate of development at low
temperatures (10° to 15°). Short photophases (8 to 12 h}
retarded development. Optimum temperatures for
minimum developmental time ranged between 20.7 and
25.0° at all photophases. The upper survival temperature
fell between 25° and 30° when 30° proved to be lethal.

Temperature, photoperiod, and their interaction had
significant effects on the reproductive biology of A. kon-
doi. Again, temperature was the major factor.
Photoperiod did not significantly affect postparturition,
adult fongevity, or fecundity, but the temperature/photo-
period interaction produced differing response to
temperature in preparturition and postparturition times.

Daily tecundity increased in response to increase in
temperature but did 50 at ditferent rates in response tc
photopericd. At 12 h, there was no response to
temperature. Total fecundity decreased as temperatures
increased and at different rates depending upon the
photoperiod. The rate of decrease in total fecundity was
significantly greater at 12 h than at 8 or 16 h.

The higher rates of development and daily fecundity at
high temperatures {20 to 25°C) and higher survival and
higher total fecundity at low ternperature {10 to 15°) may
account for the earlier, predominant populations of A,
kondoi over A. pisum in the spring in the United Stales.
Moreover, the 12-h photophase that cecurs in the spring
and fall favored adult longeviiy and total fecundity, These
factors may account for popuiations that are present in
temperate regions of the Scuthern and Nerthern
Hemispheres,




Literature Cited

Andrewartha, H. G., and L. C. Birch. 1954, The distribution
and abundance of animais. University of Chicago
Press. 782 p.

Aphidologist Newsletter. 1977. Aphids in New Zealand.
Aphidologist Newsletter 13:2.

Goodman, Leo A, 1970. The multivariate analysis of
qualitative data: Interaction among muitiple classifica-
tions. Journat of the American Stalistical Association.
£65:226-255.

Kenten, J. 1955, The effect of photoperiod and tempera-
tures on reproduction in Acyrthosiphon pisum (Harris)
and on the forms produced. Bulletin of Entomological
Research 46:593-624,

Kilian, L., and M. W. Nielson, 1971. Differential effects of
temperature on the biclogical activity of four bictypes
of the pea aphid. Journal of Economic Entomology
64:153-155,

Kodet, R. T., and M. W. Nieison. 1980. Effect of tempera-
ture and photoperiod on polymerphisms of the blge

alfalfa aphid, Acyrthosiphon kondoi. Environmental En-

tomalogy 9:94-96.

Lewontin, R. C. 1985. Selection for colonizing abitity,
p.77-94. in H. G. Bakerand G. L. Stebbins, editors, The
genetics of colonizing species. Academic Press, New
York.

Luna. A, 1977. Diferenciacion de las dos especies princi-

pales de pulgones que danan 2 |a alfaifa en la Argen-
tina. Programa Aifaifa INTA Projecto Alfalfa FAQ/INTA
AGR. 75/006. Hoja Informativa. Afio, No, 2. 1-11,

Matheson, M., and G. Baidwin. 1978. A guide to the
susceptibility of some pasture and crop legumes to
spotted alfalfa aphid, blue-green aphid, pea aphid, and
sitona weevil. Department of Agriculture and Fisheries
of South Australia. Technical Note 2/78.

Nielson, M. W,, and R. T. Kodet. 1875. The blue alfalfa
aphid in Arizona. Proceedings of the Fifth California
Alffalfa Symposium, p. 30-40,

Sharma, M. L., J. M, Larrives, and L. M. Theriault. 1973
Etfets de la photoperiods et des temperatures moy-
ennes de 15°C sur la fecondite et ia production des
secues chaz le puceron du pois, Acyrihosiphon pisum
{Homoptera: Aphididae). Canadian Entomology
105:947-586.

Sharma. R. K., V. M. Stern, and R. W, Hagemann. 1975.
Blue alfaifa aphid damage and its chemicai control in
the Imperial Valley, California. Froceedings of the Fifth
Catifornia Alfalfa Symposium, p. 29-30.

Siddiqui, W. H., C. A. Barlow, and P. A. Randoiph, 1873,
Effects of some constant and alternating temperatures
on population growth of the pea aphid, Acyrthosiphon
pisum {(Homaptera: Aphididae). Canagdian Entomology
105:145-156.

U.S. Department of Agriculture, Animal and Plant Heaith
Inspection Service, 1975, Cooperative economic insect
report. Vol. 25,

1876-78. Cooperative plant pest report. Vols, 1-3.

*0L5,C,F,0, 522 M11/1382-3801







