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Introduction 
Recent books on parasites of 

aphids (Stary, 1970) and on coccinel
lids (Hodek, 1973) include rearing 
m ethods but in passing only, wh en 
discussing the biology of th e species 
concerned . A text on biological con
trol (De Bach et aI., 1964) deals with 
rearing but like Smith (1966) it em
phasizes economy in mass rearing 
and the use of artificial diets . We 
needed a sys tem of rearin g which was 
s imple and effici ent yet easily adapt
ed to the different needs of Coccinel
lids, Chrysopids, Aphidiids and hyper
pa rasi tes. We were not interested in 
long term or m ass r earing but in rear
ing small numbers of different species 
just long enough to m easure some 
biological attribute needed for our 
stUd ies on the impact of natural 
enemies on th e population dynamics 
of the prey. Because of th e nu mber of 
species to be reared, our philosoph y is 
based on the view that the insects 
should do most of the work, which 
obviously saves labour and also seems 
to resul t in more vigorous insects . 
This paper repor our general 
methods and the modifications that 
ha ve allowed llS to main ta in stocks 
of 3 para ~ i tes and 3 hyperparasi tes 
of aphids; 2 chrysophids and 7 coc
cinellids . 

Methods and Discussion 
The basic rearing system requires 

continui ty in production of plants 
and aphids and a controlled, uniform 
envi ronmen t. Stable conditions reduce 
the amount of attention needed by 
the colonies, permit accurate sch ed
uling of the work and give predictable 
results . 
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Plant and Aphid culture . We plant 
10 broad bean seeds (Vicia jaba L., 
cv. Exhibi tion Long Pod) per pot in 
UC m ix C, F ertilizer I (Matkin and 
Chandler, 1957) in 15 cm round, plas 
tic pots. This is done fo ur times per 
week. When the plan ts a re newly 
sprou ted they are h eavily infested 
with pea aphids, Acyrthosiphon pisum 
(Harris ), and the pots a re placed in 
a room mainta ined at 20 ± 2' , 60 ± 

10% RH and provided with 1000 ± 100 
lux of ligh t, 16 hI' per day ( - indi
cates the normal ranges). The plants 
and aphids are ready for use in 7-8 
days, wh en the plants are 20-40 cm 
high but a re s till actively growing. 
The po ts of infested plants are then 
ei ther moved in to rearing cages or 
th e aph ids from th e plants are h ar
vested. It is advantageous to hold the 
aphid stock colonies in another room, 
di'stan t from th e parasite rearing 
area, otherwise the aphids must be 
caged. 

We use UC mix because of its 
h omogeneity and con tant composi
tion over time; but more importantly, 
one pot can retain about 500 cc of 
water and absorb this amount in 5-10 
sec. This r ed uces watering to 2 times 
per week and minimizes the risk of 
accidental drought. The environmen
tal condi tions are ideal for the rapid 
production of high numbers of large 
pea aphids . The stock of aphids we 
use is an 'ecotype ' selected over 15 
years and is ideally s uited to these 
conditions, In fact , it does poorly at 
5' warmer 01' in cooler 01' dryer condi
tion .~. 

Rearing cages. We use cages of 
varying sizes and construction. We 
have not found dimen sions 01' sh ape 
to be importan t except for syrphids 
(Frazer , 1972), provided tha t the 
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cages h ave t ranspa ren t roofs and 
forced a ir supply. Air movement 
is essential in maintaining constant 
favourable conditions inside the cages. 
A squirrel cage fan (1 / 6 hp) assembly 
fitt ed with a rheostat to control th e 
flo w, supplies air to the cages through 
cardboard or wooden ducts. The 
supply is minimal , only enough to 
prevent condensation and h eat build 
up, ye t insufficient to cause excessive 
evapo transpiration from the plants. 
A large number of cages can be sup
plied by one fan, provided th at each 
cage is connected in parallel to a 
larger duct to give an equal a ir flow 
to the cages . We h ave one unit with 6 
cages on both sides of a built-in air 
duc t, from which anoth er worker 
supplies a ir to 60 single pot cages, 
using the same small fan assembly. 
In fact , a plant in a plastic bag sup
plied with forced air makes a suitable 
temporary cage. 

R earing coccinellids. Field collect
ed adults are placed in a cage with 
as many pots of aphid infested broad 
bean plants as the cage will hold . 
The object h ere is to adj ust th e ratio 
of adult coccinellids to the number of 
aphids on the actively growing plants 
so that th e coccinellids neith er eat 
a ll the aphids in a few days nor allow 
the aphids to increase greatly, there
by killing th e plants. Th e s ta rting 
ratio is not critical but a good ratio 
prevents unsch eduled maintenance. 
A suita ble ratio is 200 adults with 4 
pots of 10 plants each . 

The coccinellids will oviposit on 
the plants but handling eggs on plants 
involves considerable time and dis
turbance to the aphids. We found 
that coccinelids prefer to oviposit 
in cr evices in the cages, in folded 
leaves and und er the rims of pots . 
If single faced, corrugated, cardboard 
s trips are placed in the cage with 
the corrugations running across the 
width , almost all egg laying will occur 
under and in the corrugations . Eggs 

deposi ted on exposed areas are soon 
eaten by the adults. Egg cannibalism 
is minimal with corrugated card
board, unless the s trips are left in the 
cage for days. If the strips a re re
moved and replaced da ily, vast num
bers of eggs can be produced. How
ever, we use the strips only to start 
anoth er generation, which h appens 
every other month. 

The cardboard s trips for oviposi
tion h ave other ad van tages: large 
numbers of eggs are deposited in a 
shor t period thus a llowing synchro
nization of h atching; and the card
board has a la rge surface area to 
volume ratio. The last two facto rs 
greatly reduce the mortali ty caused 
by young larvae eating unhatch ed 
eggs of neighborin g batch es and by 
older larvae eating younger ones. 

We put about 10 feet of the strips 
bearing eggs in a 112 gal ice cream 
carton and wh en th e eggs a re ready 
to hatch, after about five days, we 
add a surplus of aphids. When the 
larvae have moulted once , th ey and 
the cardboard strips a re placed in a 
la rge cage and mainta ined like the 
adults . When the larvae r each the 
fourth instal', pots of aphid-infested 
plants must be added every 2-3 days 
to prevent canniba lism . Again the 
cardboard reduces morta lity, because 
th e la rvae seek out secluded areas 
before moulting or pupating. Pupa
tion, however, also occurs in other 
a reas. 

We h ave reared the following 
species using th ese methods : Adalia 
bipunctata L ., Coccinella calijornica 
Mannerheim, C. undeci?npunctata L., 
C. thjasci ata perplexa Mulsant, C. 
johnson i Casey, Cycloneda ?nunda Say 
and a Mulsantina species. 

R earing chrysopids. We reared two 
ChrysopCl species using essentially 
the same methods as for coccinellids. 
Corrugated cardboard is usefu l for 
chrysopids for the same reasons as 
for coccinellids, except tha t adults do 
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not oviposit on it preferentially. We 
s;mply ensure that cages of larvae 
are well supplied with the cardboard 
strips for moulting and pupating. The 
most important requirement is to use 
newly sprouted bean plants. This pro
motes synchronous rearing of the 
aphids with the chrysopid larvae . 

Rearing parasites. We have reared 
Aphiclus ervi Haliday, A. smithi 
Sharma and Subba Rao and Praon 
pequedorum Viereck. 

Cannibalism does not occur with 
the paraSites, which greatly simplifies 
rearing. Newly sprouted plants are 
used , 5-10 cm high, so that the aphids 
are reared in the cage with adult pa
rasites. If more than 20 '( paraSites 
are introduced into a new cage, they 
'oversting' and eliminate the aphids; 
if fewer than 20 '( are used, aphid 
reproduction appears to keep up with 
oviposition pressure and thus ensur
ing a large number of parasites in 
the next generation. If too few para
sites are used, the aphids increase 
rapidly and kill the plan ts before th e 
paraSites have time enough to pupate . 
If parasites of unifo rm age are need
ed, larger plants with more aphids 
are used . But here a large number of 
'( parasites are put in the cage and 
removed 24 hr later. Such synchro
nous colonies are essential for rear
ing hyperparasites. 

The two Aphiclius species present 
no problems, but P. pequodorum does 
well only when we shut off the air 
flow , place a dish of water in the cage 
and let honeyd ew accumUlate . We add 
a previously heavily infested pot of 
plants to provide honeydew. Our ex-

perience is tha t messy cages promote 
good production of this sp. We supply 
honey as droplets on pieces of wax 
paper taped to the side of the cages 
for all parasite species. 

Rearing hyperparasi tes. We have 
successfully r eared Asaphes vulgaris 
Walker, A. calijornicus Girault and a 
Dendrocerus sp . on Aphidus ervi in 
pea aphids. The only problems are to 
synchronize the plant, aphid and 
primary parasite production; and to 
ensure the proper ratio of aphids to 
primary parasites. We use synchro
nous paraSite rearing for this purpose. 
When the primary parasites are re
moved after 2-3 days association with 
the aphids, a maximum of 20 '( hy
perparasites are added. The hyper
parasites then oviposit in the previ
ously parasitized aphids in the prefer- . 
red stage of development. The cage 
conditions for P. 1Jequodorum also 
suit the hyperparasites but honey is 
not essential. 

Mass rearing concl itions. The basic 
rea ring systems described are easily 
upgraded to produce very large num
bers of coccinellid eggs and parasite 
adul ts. From a young stock of 100 d 
and 100 '( coccinellids, 500 eggs per 
day may be produced for up to four 
months. The maintenance invol ves at 
most 1 hr per week. much of which is 
spent in cutting cardboard . The eggs 
may be safely stored at 10°C for 10 
days, but such treatment greatly in
creases the hatching time wh en they 
are returned to warmer conditions. 
The most cri tica l aspect of the system 
is to have plants and aphids in excess, 
particulaly when coccinellid larvae 
are in their 3rd and 4th instars. 
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