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TEMPERATURE EFFECTS ON DEVELOPMENT OF THREE CEREAL 

APHID PARASITOIDS (HYMENOPTERA: APHIDIIDAE) 


N. C. Elliott1, J. D. Burd, S. D. Kindler, and J. H. lee 

ABSTRACT 

Temperature is an important climatological variable that influences the 
biology and ecology of insects. Poor climatic adaptation can limit the effec

tiveness of parasitic insects in biological control. Two exotic parasites (Syrian 
Diaeretiella rapae (M'Intosh) and Argentinean Aphidius colemani Viereck) 
imported for biological control of the Russian wheat aphid, Diuraphis noxia 
(Mordvilko), and one native parasite (Diaeretiella rapae) were reared in 

growth chambers in three fluctuating temperature regimes with average 
daily temperatures of 12, 18, and 24°C. Estimates of temperature thresholds 

for immature development were 3.3, 3.5, and 2.8°C, for Oklahoman D. rapae, 
Syrian D. 

rapae, 
and A. colemani, respectively. Estimates of thermal require

ments 
for development from egg 

to adult were 297, 278, and 301 degree-days 
for the three parasitoids. Dry weights of adults reared in different fluctuating 

temperature 
regimes did 

not differ significantly among sexes, but adults from 
regimes with low average temperatures of 12 and 18°C had significantly 

greater 
weights 

than those reared in a regime with an average temperature 
of 24°C. Results suggest that developmental response to temperature will not 

limit the 
effectiveness of 

the exotic parasites in biological control. 

Diaeretiella rapae M' Intosh is a cosmopolitan aphidiid that commonly 
parasitizes a wide range of hosts in agroecosystems (Mackauer and Stary 

1967). Aphidius colemani Viereck is widely distributed in the southern hemi
sphere and 

broadly oligophagous on Aphididae 
(Stary 1975). Both species par

asitize several economically important aphid pests of small grain crops in
cluding the greenbug, Schizaphis graminum (Rondani), and Russian wheat 

aphid, Diuraphis noxia (Mordvilko) (Mackauer and Stary 1967, Stary 1975). 
Both A. colemani and D. rapae were imported into the United States for clas

sical biological control of the Russian wheat aphid in the Southern Great 
Plains and elsewhere in the western US (Gould and Prokrym 1994). 

Temperature is an important abiotic variable that influences insect popu
lations in the field. Temperature can influence insect population growth 

through its 
effects on development 

rate, survival, fecundity, and dispersal 
(Ratte 

1984, 
Rankin and Singer 1984). Temperature may partially determine 

the 
effectiveness of a parasitoid 

as a biological control agent in a particular re
gion. For example, a parasitoid with a higher developmental threshold tem
perature than 

its host 
may have limited effectiveness in regions where tem

peratures 
below 

the parasitoids developmental threshold but above the hosts 

1 USDA, ARS, SPA, Plant Science Research Laboratory, 1301 N. Western St., Still
water, OK 74075. 
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threshold occur often, because development from birth to maturity, and hence 
population growth rate would lag behind that of its host (Campbell et al. 

1974). Thus, in addition to factors such as searching ability, host preference, 
and 

host suitability, knowledge of developmental responses to 
temperature 

should be considered when deciding whether to release an exotic parasitoid 
for biological control (Bernal and Gonzalez 1993). 
Estimates 

of developmental thresholds for 
D. rapae populations from dif

ferent regions range from 2.1 to 7.0'C (Campbell et al. 1974, Bernal and Gon
zalez 1993). The estimates may result from adaptation to geographic differ

ences in climate (Campbell et al. 1974). To the best of our knowledge, the 
developmental threshold of A. colemani has not been reported. The first ob

jective of this study was to determine developmental thresholds and temper
ature 

requirements for development 
of three cereal aphid parasitoids. Two of 

the 
parasitoids were imported into 

the US; Diaeretiella rapae was imported 
from Syria, while A. colemani was imported from Argentina. A native Okla

homa population of D. rapae was also examined. Because this parasitoid is en
demic to the Southern Great Plains, and presumably well adapted to the cli

mate there, estimation of temperature 
effects 

on its development may serve 
as 

a 
benchmark against which to assess the exotic parasitoids. The second ob

jective was to determine the influence of temperature during immature stages 
on adult 

size. Body size is 
related to fecundity in aphidiids (Hofsvang 1991) 

and 
is therefore 

an important factor influencing parasitoid population dy
namics. 

MATERIALS AND METHODS 

The 

parasitoids 

used in this study were obtained from three sources. Di
aeretiella rapae was reared from Aphis gossypii Glover on cantaloupe from 

fields near Lane, Oklahoma in 1991 and collected from D. noxia in wheat 
fields in Syria in 1990. The Syrian collection was designated T90026 at the 

Texas A&M University quarantine facility to distinguish it from other collec
tions. A colony of A. colemani was established from cereal aphids collected in 

wheat 
fields 

in Argentina in 1990. Parasitoid colonies were maintained in 
plant 

growth chambers 
at 20-24°C and 16L:8D using D. noxia as host. 

Development time from oviposition to adult eclosion was determined for 
cohorts exposed to three fluctuating temperature regimes in programmable 

plant 
growth chambers. 

Temperature in each of the three regimes oscillated 
through 

a sine wave 
with a 24-h period and an amplitude of lOoC. Mean daily 

temperatures 
in 

the three regimes were 12, 18, and 24°C. Relative humidity 
was maintained at 50±5% and photoperiod was 16L:8D. 

Parasitoid 
cohorts were established by placing 50 1st-3rd 

instar D. noxia 
on barley seedlings growing in 10-cm diameter pots (approximately 4 

seedlings per pot). Seedlings and nymphs were then covered with a vented 
plastic cage. Nymphs were allowed to settle on plants for approximately 4-h 

after 
which 

time 10 mated female parasitoids were introduced into the cage. 
The caged plants, aphids, and parasitoids were held in the laboratory at room 

temperature 
(20-22°C) for 4-h 

to allow ample time for oviposition. Afterwards, 
adult 

parasitoids were removed 
and the caged plant with aphids was placed 

in 
a growth 

chamber programmed for one of the three temperature regimes. 
Plants 

were checked daily for mummies which were removed, placed individ
ually 

in labeled petri dishes (5-cm diameter by 1A-cm height) and returned to 
the 

growth chamber. 
Petri dishes were shaded to eliminate the effect of irra
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diation from chamber lights on temperature within the dishes. Dishes were 
checked daily for emergence of adult parasitoids. Adult parasitoids from a co

hort 
were identified to sex, pooled according to sex, 

and freeze dried using a 
speed-vac. Dried parasitoids from a cohort of a particular sex were weighed as 

a group. Approximately 7 cohorts were established per temperature regime 
for each parasitoid. 

Lower developmental thresholds and thermal (degree-day) requirements 
for immature development were estimated using methods of Campbell et al. 

1974. Dry weights and developmental times were subjected to analysis of 
variance to test for differences among sexes and temperature regimes. All sta

tistical hypotheses were tested at the 0.=0.05 level of significance. 

RESULTS AND DISCUSSION 

The number 

of days required for development decreased 

with increasing 
average temperature for each of the three parasitoids (Table 1). Development 

times 
for 

the three parasitoids were similar at each temperature. For exam
ple, development times ranged from 34.6 days for Syrian D. rapae andA cole

mani to 35.9 days for Oklahoman D. rapae reared at 12°C; while at 24°C de-

Table 1. Mean number of days (:t SE) required for immature development and mean 
adult 

dry weight (:tSE) of 
three parasites reared in three fluctuating temperatures 

regimes. 

Temp. No. Dry Weight 
Species/LocationfSex (OC) Individuals Days (mg) 

D. rapae - Oklahoma 
Female 12 30 35.9 (0.3S) 0.046 (0.0012) 

IS 
31 1S.9 (0.41) 0.041 (0.0017) 

24 29 14.5 (0.26) 0.037 (0.0011) Male 12 27 35.9 (0.59) 0.040 (0.0019) 
IS 

32 1S.7 (0.33) 0.042 (0.0049) 
24 34 14.S (0.35) 0.036 (0.0021) D. Rapae - Syria 

Female 12 23 34.6 (0.65) 0.049 (0.0073) 
IS 

37 18.9 (0.2S) 0.039 (0.0067) 
24 41 14.0 (0.28) 0.036 (0.0062) Male 12 32 33.5 (0.38) 0.045 (0.0074) 

18 27 17,4 (0.32) 0.041 (0.0048) 
24 26 13.5 (0,43) 0.034 (0.0065) 

A. colemani  Argentina 
Female 12 13 34.6 (0.68) 0.042 (0.0076) 

IS 
19 19.3 (0.37) 0.038 (0.0032) 24 
26 14.7 (0.15) 0.028 (0.0066) Male 12 15 34.3 (0.95) 0.043 (0.0082) 

18 14 17.9 (0.30) 0.034 (0.0033) 
24 15 14.5 (0.25) 0.029 (0.0066) 
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velopment times ranged from 13.5 days for Syrian D. rapae to 14.8 days for 
Oklahoman D. rapae. 

Females generally required slightly longer to develop than males, but the 
differences were small and not significant for any of the parasitoid species. 

Therefore, development times of the sexes were pooled for each species for the 
purpose of determining developmental thresholds and thermal requirements. 

Developmental thresholds were 3.3, 3.5, and 2.8°C for Oklahoman D. 
rapae, Syrian D. rapae, and A. colemani, respectively. Thermal requirements 

for immature development were 293, 273, and 300 degree-days for Okla
homan D. rapae, Syrian D. rapae, and A. colemani, respectively. 
Previously reported estimates of the developmental threshold tempera

ture 
for D. 

rapae from various locations range from 2.1 to 7.0°C (Campbell et 
al. 1974, Bernal and Gonzalez 1993). Our estimates for D. rapae from Okla

homa and 
Syria 

are within the range of those previously reported. 
A parasitoid with a thermal threshold that differs markedly from that of 

its host may be ineffective in biological control due to poor temporal synchrony 
in 

population growth 
rates of host and parasitoid caused by differences in de

velopment rates from birth to maturity (Campbell et al. 1974, Bernal and 
Gonzalez 1993). Estimates of developmental thresholds for known cereal 

aphid host 
species of D. 

rapae and A. colemani range from 0.9-6.1°C (Elliott et 
al. 1988, Elliott and Kieckhefer 1989, Kieckhefer and Elliott 1989, Kieckhefer 

et 
al. 1989, Honek 

and Kocourek 1990). Thus, it appears that developmental 
thresholds for Syrian D. rapae and A. colemani are within the range of devel
opmental thresholds previously reported for their hosts in cereal agroecosys

terns, suggesting that biological control of cereal aphids in the Great Plains by 
these exotic parasitoids may not be limited by differential developmental re

sponses to temperature. 
It 

should be mentioned 
that thermal thresholds were estimated from pop

ulations of aphid species from widely divergent regions, and while several es
timates 

were from cereal 
aphid populations from the Northern Great Plains, 

none were from aphids collected from the Southern Great Plains. Some stud
ies of geographical variation in thermal thresholds of aphids indicate that 

populations from cooler climates have lower thresholds (Campbell et al. 1974, 
Hutchison and Hogg 1984), while others fail to detect differences in thresh
olds among geographic populations (Lamb et al. 1987). Thus, we cannot pro

vide conclusive evidence that these parasitoids are well adapted for exploiting 
cereal aphids in the Southern Great Plains in terms of their developmental re

sponses to temperature. However, the similarity of developmental thresholds 
and thermal 

development requirements for 
D. rapae native to Oklahoma, 

which is presumably well adapted to the climate there, and Syrian D. rapae 
and A. 

colemani 
suggests that these exotic parasitoids are adapted to the cli

mate of the Southern Great 
Plains, 

at least with respect to temperature ef
fects on immature development. 

Dry weights of adult females were generally slightly greater than males 
at 

a given 
temperature (Table 1), but differences in weights did not differ sig

nificantly among sexes for any of the parasitoids. Dry weights generally de
creased with increasing average rearing temperature from approximately 

0.045 mg at 12°C to approximately 0.035 mg at 24°C for D. rapae from both 
locations, and from approximately 0.042 mg at 12°C to 0.029 mg at 24°C for 
A. colemani (Table 1). For Oklahoman D. rapae and A. colemani, weights of 

individuals reared at 12°C were significantly greater than those reared at 
24°C; for Syrian D. rapae significant differences in weight were evident 

among all temperature regimes. Larger body size is generally associated with 
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greater 

fecundity 

in aphidiid species CHofsvang 1991). Thus, temperature may 
influence fecundity, and therefore rates of population growth, of D. rapae and 

A colemani indirectly through its affect on adult size. However, the size of all 
three 

parasitoids 
appears to be affected similarly by variation in temperature, 

so that reduced size at higher temperatures is a characteristic of both the ex
otic and native aphidiids studied. 

Our study 
suggests 

that the two exotic aphidiids studied are adapted to 
the 

climate of 
the Southern Great Plains, at least with respect to the influence 

of temperature on immature development. Furthermore, normal fluctuations 
in 

climate, such 
as seasonal variation in temperature, may influence popula

tion growth rates of the aphidiids in an obvious way, through effects on im
mature 

development, 
and in a less obvious way through effects on fecundity 

related to variation in adult 
size. 
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