INSECTARY FACILITIES AND EQUIPMENT

arc [ar more. expensive to maintain' and are casily damaged by water. Another
source. of dust is the water-atomizing . humidifier, which provides a finc, rapdly
cvaporating spray which effectively increases the humidity, but distributes minerals
from the warer on near-by objects which, in time, constitute a definite dust problem,

Facilitics for adequate storage-of cquipment and supplics are considered when
the floor plan is designed. Tneerior finish of roors is related to the size of the
insects to be handled. Ledues around windows, fixtures, or ducts, can be eliminated
by flush design. A smooth plaster finish painted with a glossy moisturc-resistant
paint coloured oft-white (bluc or green ting) greatly facilitates the collection of
insects and enhances illumination within the room. Paints containing fungicides
may be desirable, but paints having insecticidal propertics should not be uscd.
All paints used in culture rooms should be thoroughly tested for toxicity to beneficial
insccts. A convenient screening procedurc involves placing in pint-size ghss fruit
jars a picee of wood or pressed board which has been painted with a sample of the
paint to be used and allowed to air-curc for 40 days. Honey streaks are provided
on the glass and parasites are added, Control insects from the same culture are
placed 1 an empty glass jar with honey provided. Mortality counts at 24-hour
intervals will reveal the needed information. In order to reduce variables, it is
necessary to subject both test and control jars 10 equal conditions of light, tempera-
ture, and humidity during the test period. '

Window lighting alone is of insufficient intensity for suitable plant growth.
Artificial lighting usually will be required.for this purpose. An even light gradient,
1.e., north light in the northern hemisphere, may be helpful in certain handling
procedures such as' phototropic collection of hosts or cmerging adult beneficial
spectes which exhibit positive phototaxis, On sunny sides of the building’s exterior,
louvres may be used to achieve a similar result. In order to reduce thermal con-
ductivity and to assure inscce-tightness, windows should consist of a rigidly fixed
inner panc which is of large dimension and free of cross bars (an ard in collection
of insects by aspiration) and flush with interior wall surface, and a removable (for
cleaning) but weather-tight outer pane. Approximately 2 inches of air space should
scparate the panes. 1f a quarantine area is a part of the inscctary, an added degree
of safety may be-achieved when the outer panes consist of wire-reinforced glass.
Improvements in artificial lighting, coupled with the known lack of control over,
~and inadequacy of, window light to produce healthy plants, have stimulated
interest in windowless inscctaries. Such a commercial insectary is advocated by
‘DeBach and White (1960). Advantages of below-ground or windowless construc-
tion include increased insulation and controllable lighting. Of course, a dependable
source of electrical power is a necessity if this type of structure is to be used.

Utilities
The number of ceiling light fixtures will depend on the proposed use. In general,
mtural lighting should be a secondary consideration mainly because of its un-

predictability. Adequate light for growing plants can be achieved by portable racks
141D,
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containing ‘cool white’ fluorescent tubes, or by providing ceiling hooks from which
lights can be suspended dirctly over growing p]"mts lllgmc 07 illustrates euch
fixtures in use at Albany and Riverside,

It is very important to pln\rldc sufficicnt numbers of clectrical omlct'; UsuqHy
such receptacles will be located just above table or work-bench heights and in the
ceiling. A general rule is one double outlet per 8 linear feet of wall.

Where a’ relatively large installation is contemplated, ‘it is desirable to have a
separate power substation: provided by the utilities or g'\mmnon which serves the
area. By so doing, adequate electricity for the insectary is 1ssurcd, and the increased

ine load will not affect-other buildings in'the immediate vncmlty Where electricity
is a primary source of power, power failure can devastate the insectary effort, not
only by disrupting air conditioning, but also by freeing several hundred thousand

. lepidopterous larvae which were confined by hot-wire barriers (see figure 55

.chapter 171). Portable gaso]mc-—powcrcd -generators can be utilized to maintain

‘minimum operational requircments when such emergencies arise. This also

emphasizes the importance of lacation du;ign and insulation, for, if done properly,

a building can witlistand interruptions in utilitics of scvcnl homs without suffering

damage from fluctuations of tcmpcmturc

Related to the lighting problem is the placing of hght traps in h'\il\\"lys wash~
rocoms, and anterooms to attract and capture escaped natural encmies or hosts and -
thus reduce the contamination hazard in other rearing rooms. No matter how
careful the inscctary staff may be, there will be insects at large in the i Insectary etther
from cultures or cammg n from out-of-doors. Since the hazard of contamination
is ever present, it is imperative to reduce this free-living population to the lowest
possible Tevel. Chief requisites of construction for light traps are a light source
and a bafile system that directs insects into the trap and prevents their leaving ir,
Light traps ordinarily are placed against or in walls (Aigure 68), and should be so
located that they do not present a collision hazard to personnel or cquipment
passing near them. Since light traps operate constantly, they should be located
away from doors or open windows to which insccts out-of-doors may be attracted
after dark and thereby gain entry to the insectary. :

Domestic {potable) water at 40 to 6o pounds per square mch pressure should be
available at all sinks and in all rooms, If possible, hot water should be available to
personnel at all sinks.

Distilled water is a necessity for preparing nutricnt media for plants Fulther
as a last rinse in washing glassware it greatly reduces hard-water film. During warm
weather, distilled water can be collected from the cnohng coils of refrigerative-type
air conditioners. Such water is satisfactory for nmmg glassware but due mamly to
a lchtwciy high copper content it may not be used in nutrient media or in hydro-
ponic solutions.

Natural or bottled gas may serve as fuel for the heating system and for con-
ventional burners at I'll)omtmy tables. For reasons of safety, gas appliances should
be vented to the outside of the building,

A pressure at .1pp10x11mlcl) 6o pounds per square mt.h n .tII prop'xgauon
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Ao This trap is designed for installation on walls or partitions with its top tight against the ceiling.
The sloping sides and front are-of window ghiss. The back, top, and bottom may be of wood or
sheet metal. The zi-inch baffle at the 10p is opaque and nway be construcicd of wood, pressed
fibreboard, or sheet metal. Located at the ceiling-wall angle of corridors, it docs not interfere with
passing trafiic.

__/\J___;

"
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o
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B. This trap is located in the partition between the quaranting room and the antergom at the
Albany lahoratory. The lamp is in the quarantine room. Thessloping lower pane of glass is removable.

FIGURE 63.



THE INTRODUCTION, CULTURE, AND ESTABLISHMENT PROGRAMME

rooms and at sinks will prove useful for drying washed fruit, for blowing debris out
of corners of cages, for operation of cer tain types of temperature and humldlty
contlols and in water spray humidificrs. :

.. Air vacuum at 1o-inch minimum mercury for collcctng insects may be more
necessary than air pressuce facilitics, if there must be a choice between the two,
because collection is one of the most timc«cnmuming and necessary functions of
insectary operation. An alternative method is to make use of available portable
clectric machines, which provide both posmvc and negative air pressures.

Floor drains appropu.ucly located in propagation rooms and: perhaps main
hallways will facilitate sanitation. Such drains should have dirt-tight covers;
otherwise, their traps will become clogged and become an additional item ‘of
maintenance. Toilets and lavatory facilities should be located away from the
propagation rgoms.

AIR CONDITIONING AND'ENVIRONMENTAL CONTROL

It was emphasszcd earlier that air conditioning—temperature, humld;ty, and
ventilation—is the most important single problem to be resolved. Only in certain
insular locations is there hittle or no need for supplemental temperature control;
Excessive -build-up of humidities may be a problem here, but large airy cages
usually permit adequate ventilation. Most of what is said here pertains to locations
with climate considerably less amenable to insectary operation. Basically, there
are two concepts of design involved, namely, a‘central system which consists of
positive and negative pressure ducts radmtmg to and from all rooms from one or
more heating and cooling units, and individual air conditioning for cach room.
"The chief disadvantages of the conventional central system are: (1) Iack of adequate
control in individual rooms; (2) all the rooms are affected durmg periods of routine
maintenance or brcakdown, and (3) high mitial cost. The main disadvantage of
air conditioning rooms individually is the possibility of higher cost of maintenance
per room, which may be compounded in time by unavailability of parts.

Since temperature fluctuations of 2° F and relative humidity fluctuations of
4 per cent are adequate for normal insectary work, moderately. priced controls will
satisfactorily operate cither system. Also to be considered is the possible need of
providing for fluctuating temperatures. In this regard, Stein (1960) indicated that
Trichogramma cacoecine Marchal propagated at fluctuating temperatures of 16° and
26° C was approximately ten times as effective against codling moth eggs when
compared with parasites propagated at a constant temperature of 27° C.

Ventilation, or recirculation of air within insectary rooms, is a vital part of the
air-conditioning problem. Munger (1955) demonstrated the need for fresh {filtered)
air in the culture of citrus red mite, and the principle appears to have a bearing on
the degree of sticcess of culturing certain insects as well. The problem is considered
of sufficient importance that a system with scveral complete air changes per hour
with partial or complete recirculation passing air through spun glass and carben
filters to remove particulate and chemical pollutants, respectively, has been in-
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corporated mto the planmng of the new addition to the Department of Biological
Control inscctary at Riverside. Such an arrangement calls for highly specialized
temperaturc-contrel cquipment, which would be too costly for other than large
ln%CC['l[lC‘; at research i H!‘;[l[llt(f;

‘Heat pumps’ which automatieally control both heating and coo]mg are in-
creasingly available on the American market. The 1960 cost (installed) is approxi-
mately $60o per ton cooling capacity for houschold units. In a temperate climate,
a 3-ton unit of this type could be used to aie-condition an inscctary of 1,000 to 1,600
square feet, providing insulation and ceiling height were proper. Since this is a
forced-air system, a certain amount of duct work is required. A return duct to the

machine insures a degree of recirculation. Air filters and humidifiers can be supplicd
for “heat pumps.” Onl\' tume will tell the story on maintenance costs and cfhiciency,
but it appears that *heat pumps’ have much to offer in the area of packaged climate
contral.

A related matrer 1s that of circulation within the individual rooms in addition
to that provided by the main heating or cooling source. This becomes especially
1!111701’[111( if many large cages and mblcs occupy a room and as a consequence dead
air spaces, or stmtlﬁmuon, develop. Fans located in such a manner as to keep air
moving at various levels will smooth out temperature and humidity gradients.

In general, methods used for achieving climate control will depend on the type
and permanency of the insectary.

Temporary Facilities

Temporar) faciliies should conform to the general planning of a permancnt
installation and in practicc should give several years' dcpcndqb]c service. [or
example, many existing laboratorics have ceilings 8 feet or more in height. The
construction of a ﬁisc ceiling at the suggested 7-foot height will make air con-
ditioning easicr and more satisfactory. The false cc1hng may be made of hght-
gauge gypsum board, -inch plywood, or {-inch masonite nailed to the lower cdgcs
of properly spaced joists and furring strips. The scams can be covered with tape
and the entire surface then painted. Additional mechanical features, such as wiring,
plumbing and duct work can occupy the space above the falsc ceiling.

Heating may be achieved by houschold-type electric or gas heaters. If the latrer
are used, it is important to have them vented to the out-of-doors. At Riverside, one
thermostatically controlled 1,2c0-watt electric heater with a built-in fan adequately
heats a well-insulated 14 fi.x 30 ft. room with a 7-foot ceiling. Smaller rooms
(12 fr.x 12 ft.x 7 fr.) can be heated with similar but smaller heater fans or by bare
wire heat cones with a fan behind them. A simple wiring diagram for inclusion of
thermostats with such heaters is shown in figure 6g.

When considering cooling for small arcas, the prevailing relative humidity out-
of-doors must be known. Evﬁporativc coolers are uscful in-arid climates, but arc
much less cffective where the humidity is in excess of 50 per cent during hot weather.
Air conditioners of the refrigerator type, although more costly, arc effective
regardless of existing outdoor humiditics.
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Relative humidity may be lcguhtcd by cnther reduction or increase to a desired
level. The former may he 1ccomphshcd by either a refrigerative cooler which
locks free moisture as'ice on its cooling coils, or an exhaust fan in the attic which
can reduce refative humidity to the level ofoutsxdc condltmm Ly pulling air through '

the building.

. _ _ _ N
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‘TIGURE 69, Wiring diagram for simple laboratory heaters. If assembled as indicated, the fan
wnll operate continuously and thc heating clement will be encrgized only when thc contact points
of the thermostat close.

In arid climates it is relatively simple to increase humidity by usmg cvaporatwc
coolers housed completely within the building. Figure 70 shows a wiring diagram
of such apparatus. Minor mechanical changes of the evaporative cooler allow the
fan to operate constmtly, and the recirculating water pump operates only when an
increase in humldltyr is called for by a humidistat, Additionally, desirablé features
of both systems are increased air circulation and filtration of the air. A 2,000 CFM
evaporative unit is considered adequate. to humidify approximately 4,000 cuibic

 feet, providing insulation and vapour sealing are adequate. As previously mentioned,
circulation of air within rooms is necessary if stratification is to be prevented.
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FiGure 7o. Diagram of cvaperative cooler used indoors te increase relative humidity. If wired
in this manner, the fan cuns continuously. Water recirculation pump is activated by humidistar,
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- Recircutation may include or exclude outside air. If outside air is to be forced
into the insectary, it 1s necessary 1o provide adequate fluation in order to prevent
the entry of unwanted organisms or particulate matter. In arid areas, especially
during periods of high temperature and low relative humidity, it may be necessary
to exclude outside air and recirculate the air within the building in order to main-
tain the desired relative humidicy unless air enters through an evaporative cooler.
Il evaporative coolers are used, itis necessary to provide filtered openings, such as
partially opened windows or doors, in order to assure 2 flow of cooled air through
the building. Otherwise, excessive humiditics as well as heating will result.

Permanent Factlities

Larger permanent inscctary installations may be provided either with central
systems of climate control or with.individual room air conditioners. If the insectary
_consists of more than one wing, or group of rooms, a ‘heat pump’ for each wing
may be desirable. In the original mscctary at Riverside a system of dampers in the
supply and return ducts permits the recirculation of air solely within onc wing or
“through the central humidifying and heating units.

At Riverside the recently completed insectary addition is equipped with a central
steam-heating system and a central chilled-brine cooling system with individual
rooms controllable 4 2° between 60 and go® IF and + 4 per cent between 4o and

8o per cent R.H. Heated or cooled air and steam for hunudity enter rooms through
a common duct as thermostats or humidistats dictate. The central cooling system
actually consists of two operating units cach of which has two compressors. The
designed capacity of the compressor is such that three of them will provide adequate
cooling. The fourth compressor is a reserve or safety feature which guarantces
continuous operation of the air-conditioning equipment if onc unit becomes
inoperative. Because of excessive summer heat, additional features include in-
sulation of ducts and ceiling as well as a provision for cooled air to be continually
blown through the attic space from a large evaporative cooler. The roof is covered
with light-coioured crushed rock embedded in tar over four layers of asphale-
impregnated paper. In the older portion of the inscctary the central evaporative
cooling system - failed to give adequate temperature control. Therefore, it was
nccessary to install houschold refrigerated room air conditioncers in several of the
existing rooms, and they have been quite satisfactory during the past five years.

Maintenance and Safeey

The foregoing discussion of various types of rather specilized devices feads
natugally to the problem of maintenance. Preventive mamtenance nceds to be
planned and practised throughout the year, and it is highly desirable o have a
person of varied mechanical interests on the insectary staft. Replacement of items
of equipment and anncipated maintenance costs must be considered in projected
budgets. '
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‘Because of the mechanical features pertinent to inscctary 'opcmtion safety to
personnel becomes an important consideration, ‘To this end, all moving machinery
should_be ‘well shiclded: Indeed, the initial dc.‘,lgn 5.hmild include all possible
safety features, such as fire prevention, low electric-shock hazard, well-lighted
stairwells and entrances, and non-opposing doors. Miscellancous mfcty facilitics
include a well-stocked ﬁrst—'ud kit (all personnel should be well trained in emergenicy
first-aid techniques), adequate fire extinguishers at appropriate locations, fire
blankets, and mild alkaline solutions for ncutralizing the cffects of acid bums.

FURNISHINGS: AND EQUIPMENT

- Inscctary furnishings include standard items such as work tables, storage cabinets,
chairs, and basic office equipment. Specialized equipment items pertaining to
specific quarantine or mass-culture problems are mentioned in chapters 10 and 11.

Mobility is a desirable featuré for bulky items such as laboratory tables, large
racks, and plant-growth lighting devices. Retractable wheels present added
versatility for such equipment. For most efficient use of space, cages; racks, or
tables should be designed in equal multiples of dimension. Figure 72 illustrates
such portable equipment. '

Peterson (1947) describes a great many insect-rearing aids. The plcscnt writing

will touch mainly on technical aids of a general nature as utilized in biological
control for the propagation of entomophagous insccts. :

Cages for housing insect cultures are perhaps the items most uscd in the i chcmry
and range in complexity from those which can be made casily by laboratory person-
nel from such articles as glass jars, lamp chimneys, cellulose acctate, and a great
miscellany of small cages for limited propagation, to those requiring the services
of an cxpcncnccd carpenter or cabinct maker. meplcs of both gencral types are
shown in figure 71.

Prmc:plcs of Cagc Design

In order to have assurance that an insect cage is csmpc-pmnf particular care
must be given to such matters as mortised and glued -joints, glazing, properly
attached cloth-areas, and well-sealed doors. Door gaskets may consists of felt cloth
or of light sponge rubber. Cloth and gasketing should be glued and stapled, or
tacked to the cages. Ease of cleaning is important and is possible if the bottom of
the door is flush with the floor of the cage.

An isolation or slecved. cage was developed for handling parasitic insects by
workers in the U.S. Department of Agriculture 1n 1907 (Howard and Fiske 1911,
plate IX, figure 2). 5. L. Flanders, in 1934, redesigned this type of cage, and since
then several modifications of it have been made, but this is the type most often
used 1n insectary réaring programmes at the Umvcmty of California. Figure 70 B
shows some of these cages.

Worthy of further emphasis is the fact that when inscets are pmpabdtcd mdoms
proper ventilation and filtration of air can be prime factors of success, This is true
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in open culture where an entire room serves as a cage (previously discussed under
reciveulation), as well as with conventional rearing cages, cach with its own
particular micro-environment. The size mesh ol cloth or screening to be used is
determined by the size of the smallest insect to be contained in or excluded from
the cage. If the inclusion of growing plants causcs excessive humiditics or un-
favourable odour concentrations, exhaust apparatus similar to that shown in figure
73 should provide the needed ventilatton. In addition, it may be necessary ro pass
the air through activated carbon filters in order to get rid of chemical poltutants.
As was previously stressed with regard to paint for interior walls, paint for cages
also should be thoroughly tested m the cured state for toxicity to insccts. The
same precaution should be exerased if insects contact raw wood, as may be the
case with wooden nursery flats. As a general rule, no cages are usc&l if any paint
odour can be-detected. Sizing or dyes in cloth, as well as various plastic materials,
are suspect unless proved safe. Inasmuch as all insects do not react similarly to
various toxicants, rcplcscnmnvc species shoukd be tested. Experience at Riverside
has shown that micro-Hymenopters, such as specics of Aphytis and Coccophagns,
serve as good insects of such eftects.
Because many adult and immature beneficial insccts arc quite snnll certain
opiical aids, together with adequate illuminators, are necessary for cﬁ1c1cnt -
. sectary proccdurc Magnifications of 9x to 54, as provided by conventional
stereoscopic dissccting microscopes, arc sufficient for most routine needs. Adequate
CXICNSION SUpPports provlclcd with a rack and pinion focuwu: mcchmmn, and ball
and socket swivel mounted for vertical and horizontal swinging give added use-
fulness to the instrument. Other optical aids that are uselul are Trand lens of 14
or 20, head lens of 3% or 4, a reading glass, and illuminated magnifiers. The
rcsearch laboratory will, of course, have need of instruments of greater power.
Basic optical aids are sho“ nin- ﬁ“mc yER

- COLLECTION, PACKAGING,;SI—IIPPING, AND STORAGE EQUIPMENT

- Certain specialized techniques and items of cquipment have been dcvcloped
rezarding procedures for collection, p'lclngmm and storage of benefcial insects
pending shlpmcnt

Collection in the insectary may be accomplished by three general methods used
singly or in combination, namely: (i) utilization of insects’ inherent behavioural
taxcs; (2) nnaes[hctmat;on ; and (3) aspiration.

Perhaps the most commonly used behaviotral taxis utilized for inscct collection
is phototaxis. The first-instar, or crawler, stage of many scale inscets as well as
adult entomophagous inseets exhibit strong positive phototaxis. The light source
may be an even light gradient {rom a window or an artificial light. Figure 75 shows
equipment and methods designed to collect insects by light attraction.

Because most adule beneficial insects are attracted to light, care must be taken
in open culture to shicld hot tight bulbs with cioth or pancs of glass to prevent
parasites from contacting them.
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Strong ancmotaxis may be taken advantage of for concentrating large numbers
of inscets. Use of this response was atilized in the collection of Aphysis. (thderS'
1951). In a different and novel application, artificial air currents were useful in
obmmng lavgge numbers of eggs of the moth, Sitoiroga (Flanders 1934). anmg
air pressed the females’ abdomens against a wire screen and the resulting pressure
stimulated cgg deposition. Although currcntly not used, a collection technique
which utilizes the chemo- and phototaxic reésponses. of adule Cryproluemus tiron-
trouzieri Muls. was developed by W. C. Beckley, manager of Associates Insectary
at Santa Paula, California. The chemo-stimulant consisted of smoke from smoulder-
ing rags in a bee smoker which stimulated the beetles to fly to the nearest light
source, in this case a cloth-covered window. A large, flat funnel is utilized to scoop
them into plastic tubes (sce figure 59 B, chapter 11).. :

Anacsthetization by combmmg CO, and cther was developed by I‘mncy,
Flanders, and Smith (1947) in conncction with the mass production of Macro~
centrus ancylivoriis Roh. and its host, Grorimoschema operenlella (Zell), the potato
tuber moth, CO, used alone will anaesthetize insects for only short periods and is
consequently of limited value in mass-production wark. However, it is adequate
and safe for handling small numbers of insccts rapidly, for instance in making
quick sex-ratio counts or for removing contaminant organisms, Ether used alone
may weaken or kill insects and when used repeatedly or in quantity in a poorly
ventilated room constitutes a definite explosion and fire hazard. Mixing the two
gases by means shown in figure 76 glcatiy extends the anacsthetization penod as
compared with CO, used alone and mininuzes the' danger of explosnon

Collection by aspiration may be by simple mouth aspiration or by utilizing
mechanical suction such as that provided by houschold vacuum sweepers, portable -
devices designed for laboratory use, or piped-in vacuum. Collcction by use of a
modified hair dryer is illustrated in figure 97. Mouth-operated aspirators should be
equipped with filters in order to protect the operator from inhaling fine debris.
Secveral types of aspirator collectors are shown in figure 98.

In mass-culture work, large numbers of a beneficial specics can be collected b}
anacsthetization in a .clnsed unit {figure §8, chapter 11), measured (counted), and
placed in storage containers during one continuous operation, Volumetric counting
of parasites or ‘predators is convenient and accurate but can be used only when
size and sex ratio are uniform. Some counting devices are shown in figure 59,
chapter 11. Ina technique developed by Bedford (1956) for the collecting, counting,
and packaging of Chelonus texanus Cress. (sce figure 59, chapter 11), the parasites
were attracted by a double light source directly into the shipping container, and
were casily counted as they passed through slots in cork on the way.

After insects are counted they are placed in containers for transportation to
colonization sites. Choice of container depends on the mode of transport. Insulation
against lethal temperatures extremes and an available food supply for the insects
whilc in transit are prime considerations, Convenient storage containers are small,
heavy paper cartons of onc-half-pint or one-pint size. Glass or plastic tubes and-vials
can be used for small numbers of beneficial species. Containers must be supplied
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with streaks of honey or honey-agar as food for the inscets as well as bits of shredded
wood or paper for resting sites. Paper or shredded wood which have been impreg-
nated with honey may be used satisfactorily .to provide both food and resting
surface (B. R. Bartlett, unpublished notes). Such containers may be packed in
sturdy boxcs or cartons for shipment {figurc 79).

Most adult entomophagous insects may be satisfactorily stored at 50” to 60” I'
and at approximately 75 per cent relative humidity, At this temperature they arc
relatively inactive and consume little food. Conventional houschold refrigerators
equipped with modificd thermostats are vsually adequate for this purpose. If it is
niecessary to accumulate collections for several days or, in some cases, weeks before
shipping the insects or taking them to the field for colonization, they will remain
ingood condition if the containers are removed two or three times weckly from 60° IF
and warmed to approximately 80° I¥ for 20 or 30 minutes. During this time the
insccts become dctive, feed, and defecate. With this procedure it 1s always important
to provide a supply of food and moisture. Otherwise, loss of vigour and increased
mortality may [oltow, Honcey scems to provide both requirenients.

Packing and shipping of entomophagous insccts Jrom an established insectary
for the purpose of intrastate colonization will constitute the major portion of the
foltowing discussion. Techniques of shipping natural enemies to the home inscctary
as utilized by collectors in foreign areas are discussed in chapter 9.

Typically, shipments from inscctaries will be {or direct release at the destination.
Because of the hazards inherent.in such procedure, the matter of proper quarantine
handling cnters the picture. Although immature parasites may survive adverse
coiditions better than adults, detection of potentially harmful specics 15 most
accurately performed by screening the latter. Shipments of parasiuzed hosts can
besafe under closcly controlled conditions as in mailing cards to which are attached
~egas of Siteirage parasitized by Trichogramma. It s presumed that collections of
beneficial species will be thoroughly checked by the shipper and only pure cultures
of the beneficial form included. As an added precaution, such material, prior to
field release, should be re-examined at the destination for the presence and removal
of unwanted specics.

The problems of shipping are concerned with local transportation which may
involve inscctary, institutional, or local growers” vehicles, and utilization of public
or governmental transportation facilitics. Prevailing weather has a profound in-
fluence on the chosen mode of shipment, particularly. when extremes of temperature
prevail. :

Since containers in which parasites or predators are collected and stored in the
insectary will usually be too fragile to serve as shipping containers, focal shipment
of beneficial species requiring not over 8 hours in transit may be satisfactorily
accomplished by placing the containers of insects in a small, insulated, prechilled
chest. The addition of a frozen gel packet will prolong the eflectiveness. In order
to avoid subjecting the insects to lethal or weakeningly low temperatures, some sort
of insulation between the insect containers and the frozen gels or ice should be

provided. This technique was developed by Brennan and Mail (1954), who made
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mites can have an equally devitalizing cffect on their inscet hosts. Fine dust from
poor-quality conercte floors or from free-spraying humidifiers can settle on host
material and greatly reduce activity of p1r15itcs This subject is claborated upon
“under ‘contaminants’ in chapter 11 and is’ rc»cmplmsmcd here because of its
pmfound :mpmhncc :

Facilities' and equipment which wall lmprovc sahitation for the building are
vacuunt cleancrs, brushes, brooms, sweeping compounds, mops, buckets, anti-
septics, such as aqueous soluuons of formalin or chlorine, and also adequate
‘storage space for these items. The best sterilization method for glassware is auto-
claving. Next best arc dccp sinks or trays wherein g]asswarc and plastic cages can
be smmersed in antiseptic solutions. -
 Waste disposal presents a special problem. A safe procedure to prevent living
insccts leaving the environs of the inscctary is burning or fumigating host-plant
material used in the culture programme. Arrangcmcntf; for regular removal of
trash should be made with local agencies.

SUBSIDIARY FACILITIES
Greenhouse

Greenhouse facilitics may be necessary for culturing host plants. In general,
however, a plant propagation greenhouse docs not provide an ideal environment
for the mass culture of entomophagous insccts because of factors which are hlgcly
beyondl the control of the insectary operator, namely: {1) light and humidity
conditions cannot be cconomlmlly standardized ; (2) contaminant species of phyto-
phagous insccts will invade the plants; and (';) predators or sceondary parasites
cannot be excluded. Specially dcsmncd greenhouses for the quarantine handling of
imported weed-feeding insects would overcome the disadvantages just mentioned,
but the cost probably would prevent their being used for commercial productmn
-of entomophagous insects.

Storage

STORAGE OF EQUIPMENT. Storage of equipment has been mentioned previously
and is here re-cmphasized for it is 2 most necessary facility both within the in-
sectary 1n the form of reasonably dust-proof cabinets or drawers for storage of
cloth and glassware, and outside as weather-proof sheds or hmldm[,s for unused
cages, certain host material, and tools.

STORAGE OF HOST MATERIAL. Storage of host material may require considerable
space and is usually prowdcd independently of the inscctary building. A commercial -
inscctary may require several hundied square feet for such purposes. Because of
the necessity for Immt.lmmg several insect species simultancously, .a rescarch
insectary also may require relatively spacious facilitics for storage of a varicty of
host-plant materials such.as banana squash, melons, potatoes, citrus fruits, and
grains, and, m addition, lath house or greenhouse space for leafy plants.

Scasonally available host materials such as melons and other cucurblts rcquu'e
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nutes can have an equally devitalizing eflcet on their insect hosts. Fine dust from
poor-quahty concrete floors or from {ree-spraying humidificis can settle on host
material and greatly reduce actvity of pnmqith ‘Fhis subjecr is elaborated wpon
under *contaminants’ in Ch.lp[Cl 11 and is re-emphasized here because of its
profound importance.

Facilities and equipment which will improve sanitation for the building are
vacuum cleaners, brushes, brooms, sweeping compounds, mops, buckets, anti-
septics, such as aqueous solutions of formalin or chlorine, and also adequate
storage space for these items. The best sterilization method for glassware is auto-
claving. Next best are deep sinks or trays wherein glassware and plastic cages can
be immersed in antiseptic solutions.

Waste disposal presents a speeial problem. A safe procedure to prevent lividg
insects feaving the environs of the insectary is burning or fumigating host-plant
matertal used in the culture pm"mmmc Arrangements for rcgul’u removal of
trash should be made with local agencies.

SUBSIDIARY FACILITIES
Greenhouse

Glccnhousc facilities may be necessary for culturing host plants. In general,
however, a plant propagation greenhouse does not provide an ideal environment
for the mass culture of entomophagous insects beeause of factors which are fwwgely
beyond the control of the insectary operator, namely: (1) light and humidity
conditions cannot be ccononucﬂh standardized ; (2) contaminint species of phyto-
phagous insccts will invade the plants; and (3) predators or sccondary parasites
cannot be excluded. Spccm]]) designed greenhouses for the quarantine handling of
imported weed-feeding insects would overcome the disadvantages just ‘mentioned,
but the cost probably “ould prevent their being used for commercial producnon
of entomophagous insects.

Storage

STORAGE OF EQUIPMENT Storage of equipment has been mentioned prcwou‘;l)
and is here re-emphasized for it is a most necessary facihty both within the in-
sectary in the form of reasonably dust-proof cabinets or drawers for storage of
cloth and glasswarc and outside as weather-proof sheds or hmldmgs for unused
cages, certain host material, and tools,

STORAGE OF HOST MATERIAL. Storage of host material may require considerable
space and s usually prowdcd independently of the insectary building. A commercial
inscctary may require several hundred square fect for such purposes. Because of
the necessity for :minmining several nsect species simultancously, a rescarch
isectary also may require relatively spacious facilitics for storage of a varicty ‘of
ho‘;t»phnt materials such as banana squash, melons, potatoes, citrus fruits, and
grains, and, in addition, lath house or grccnhouse space for leafy plants.

Seasonally available host materials such as melons and other cucurbits require
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dry storage. Ordinarily, an open shed with & water-tight roof provides adequate
protcction Material of this sort is safest when placcd in layers onc or two deep on
sturdy, airy racks. Thorough screening will minimize rodent d’umgc

Grains and cereal products should be fumigated upon iccmpt and then pl'lccd in
inscct-proof containers for storage.

In warm regions certain host materials such as potatocs and citrus fruits do not
keep well without refugcr‘ltlon Refrigerated rooms will be requircd o maintain
the necessary 38° to 42° I,

r umlgfmon

Fumlgatlon F\c:lmcs are nccess'ny if proper sanitation and preventlon of con-
tamination by insects are to be achicved. Nicotine and HICN fumigation chambers
can be easily and cconomically constructed, For example, a large box or framework
enclosed by a plastic tarpaulin will suffice. Injury to potted plants from methyl
bromide usually can be averted if relative humidity in the fumigation chamber
does not fall below So per cent. A gcncr'\l—pmposc fumigation chamber uscd at
Riverside is shown in figure 82.

Persons who conduct fumigation must be thoroug ghly conversant with the dangers
of the materials used.and the necessary antidotes, and must understand what
constitutes adequate fumigation for the particular material being tested. Except
for the occasional necessary fumigation of iscctary rooms, fumigation should be’
performed well outside of the insectary. If a permanent fum:g'ltor is contemplated,
it should be located downwind of the main building and equipped with an exhaust
stack high enough so that discharged fumes wxl] not cndmgcr personnel or cultures
in the insectary or ne'lr—hy installations.

Workslloi)

If rescarch is to be a major insectary function, facilities for construction and
repair of cages and other. paraphernalia are necessary. Power tools such as fable
saw, grinders and sanders, jointer, bandsaw, and drill press require the services of
someonc trained in their uses. A collection of conventional hand tools such as
hammm, saws, chiscls, plancs, screwdrivers, wrenches, brace, bits, and clamps of
various sizes will sulfice for most repairs. l"lcctucal and plumbing faulmcs also will
need oceastonal attention. In addition, painting supplics will be needed, and safe
storage is required for flammable materials. In short, the insectary programme will
greatly benefit from the services of a skilled handyman.

Spccmlﬂcd Research I‘.qu:pmcnt for Controlled Environment Studies

BIOCLIMATIC CABINET. Of proved value for deter mining bmlogmal potcnuals of
insccts is the bioclimatic cabinet (figure 83). The following description is taken
from Messcnger and Fhtters (1957, pp. 119-127): ‘Each chamber is similar to a
walk-in refrigerator, being fitted with two doors separated by a 4-foot vestibule,
and having an inner work space providing floor area 6 feet by 6 feet for conducting

R
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cxperiments. Attached to the chamber are various air-conditioning controls and
devices that permit the aw circulating within the chamber to be heated, humidified,
cooled, or dried, as desived. A major feature of these chambers lics in their capability
of controlling temperatures and humtditics in smoothly varying patterns such as
occur naturally. Temperatures may be controlled to within plus or minus onc
degree Fahrenheit over the range from —3° to + 125° Humiditics, within this
same temperature range, may be controlled to within plus or minus 3 per cent
refative humidity over the range 20 per cent'to 98 per cont. At temperaturcs above
freezing, hunndities may be controtled to as low as 10 per cent. Lights within the
chambers are ’111(01]]'1[1(31“) turned off and on by means of time clocks, and the
settings of these clocks are periodically. varied in order to duplicate the variations
in photoperiod as these occur naturally.”
Detailed descriptions of mechanical features are given in Flitters, Messenger, and
- Husman (1956). Three bioclimanc cabineis are at present focated at the University
of California, Department of Biological Control laboratory at Atbany, California.
 Diotrone (Bio=life ; trowe=balance). In order 1o study the plant-inscct complex
under a wide range of combinations of sunhght, emperature, and humidity, this
highly specialized greenhouse was conceived by S. E. TFlanders and C. A. Fleschner.
Alihough this useful rescarch facility has been mentioned in scicntific literature
(Clausen 1954«) and popularly in various trade journals, no detaited description has
appeared since it was placed 1n use in mid-1953. The following description was
provided by C. A, Fleschner:

“The biotrone 1s a 12 ft.> 12 ft. glasshouse covered by a cubical lath-house
“consisting of 165 interlocking aluminium louvres. The main purpose of the Jouvres
is to prevent excessive direct solar radiation, and they may be opened and closed
automatically in three ways, namely, by direct solar radiation, by a combination of
dircct salar radiation and temperature within the glasshouse, or by @ ume clock. As
ameans of heat conservation all Jouvres are closed at sunsct and openced at sunrise
the year around by the time clock which is sclf synchronizing for seasonal change
in length of day. In addiuon, the clock encrgizes a remote bulb thermostat cireuit
which contains three separately located thermostats. These thermostats are focated
on the tops of the lath house and shielded to face cast, south, and west. When a
thermostat 15 closed by solar radiation in excess of a predetermined intensity, only
the louvres controlled by that thermostat are closed. The cast thermostat controls
the cast side and the casterly half of the top. The south thermostat controls the
south side and the entire top. The west thermostat controls the west side and the
westerly half of the top. "The north, or entry, side is opened and closed by the clock
and stays open all day.

‘Heating or cooling within the glasshouse is accomplished by a thermostatically
contralled clectric heater and a rcfngcmtwc cooter. A humidistar adds humidifi-
cation by means of fog-nozzles. _ _

‘Fluoreseent and mcandcsccnt lights within the glasshouse provide simulated
suntight should the need anse.’
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The biotrone is located at the University of C'lhfnrnn Dcp‘utmcnt of Blologlcai
Control, in Riverside,

INSLC’I ARILS OF THE WORLD

The followmg hstmg (t.ll)lc %) does not ‘include all known insectarics '\nd the
final daee of compilation was December 1960, The intention” herc is to prcscnt a
well-distributed sclection of bmloglml control insectarics in_several countrics,
Installations having known quarantine facilities arc indicated by an asterisk. Those

“which ploduce matcrial mainly for insceticide screening are not included. Presented
clsewhere in this clnptu arc photographs and diagrammed floor plans of insectaries
which, in our opinion, cover a wide range of design and therefore dcmnnstmtc
methods used to cope with a varicty of problems.

This information was derived mainly from answers to questionnaires sent to the
institutions listed. Co- -aperation of all coucspundcnts is hereby gm{cfully acknow-
ledgzed. Tt is regrettable that information rejsarding biolagical control insectaries in
China was not received in time for inclusion in'this listing. The practical use of
insectaries in Russia was reported by Dr. Carl B. Fluffaker of this department. In
1950 he visited certain Russian agricultaral research institutes and he stated’ (dc—

_partment filcs) that there is considerable production of Trichograsima on collective

farms in ‘the Ukraine with the rcportcd result of a compictc saving of winter wheat
from cutworm attack; -

Because rearing programines change we chosc not to.indicate thc org'ml‘;ms being
propagated but rather the listing is intended to illustrate that Blolng,icql Control is
of world-wide interést and has been’ supported by government and private funds

for a considerable period. A hstmg of national {state and pnvatc) organizations
which includes brief summaries of the scope of their works is given in the admirable
work by Franz (19614).

A list of selected prop'lganon programmcs is given in’the closing section of
chapter 11. _

i _TmLE. 5

A partial st of biblogim! control insectaries

Couniry Spousoring organization Date I “ul-tinie
: ' SJounded  persounel

Argentina Instituto National de “T'eccnologin Agropecuaria, 1935 22
Buenos Alres )

Australia Queenslnd Dept, of Lands, 1924 1
Brisbane,* Qld.

CSIRO, - _ .

Conberra,* A.CT. 1927 . 7
Samford,* Qld. - - 1958 3
‘Sydney,* NS.W. - 1953 3

Canada Canada Dept. of Agr. Res. Branch, 1928 19
Belleville,* Ont, -

- Chile Ministerio ¢ Agricultura, ' o 1937 20

La Cruz
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i l(‘URE 71, Gcncnl 1y pcs of cages.

A Adaptations of | wlass and’ plastic ‘containers, Uppcr rm\ Icft to rwht. ]Incc conventional lamp
chimineys and one hard plastic hox (hales niay be punched out h) using'a heated tin can, cloth is attached
with 2 solubic plastic cement, siich as DuCo Houschold Cement). Lower row, left to right: Four glass
whes with cloth glued on one cnid; onc-wallon' pickle jars arc used entire, or cut and placed on a pad of

- cellucotton, cotton, and cloth. Pcmuonm" the rubber bands as shown on the b‘mcr) jar ar the right permits
1 tight fig of the cloth top: Other i items “showiy arc # houschold 0nc~pmt freait jar, a and a scerion of glass
cybindder ¢ on a |mltlcd hoarel, :

B. C:!gcs r_cqumng services of skitled cabinet makers, Left: Sleeved eages showing modifications, The
Jonger types can be uscd in a vertical position to accommodate potted plants, Right: By starting a culture
in one side of this duplex cage, it can later be given additional space by removing the centre partition,
therehy avoiding a possibly disturbing move, The ruler is in inches.
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Figure 72, Portable cquipment designed 1o allow for maximum
use of available floor space.

A. Upper: Rolling laboratory tables of counter height. Fower:
The 1all rolling rack was designcd for battery jars of onc- or two-
aallon capacity.

B. Combination propagation cage and storage for glassware,
cloth, and other supplics.



FiGure 73. Apparatus used for ventilation of sleeved cages. The. fan’ creates a negative
pressure in the conumon duct with the result that air is pulled thiough the cages which are
placed with their cloth backs againse the ports.” T is doubtfal if .lphid'; or mites can he con-
tinwously propagated indoors in numbers sullicient for coonomical i m\tu.lry procedure without
providing adcqu’ltc ventilation (I'mncy 1560).



FIGURE 4. Basic optical aids necessary for efficient inscctary work,

A. Low-power magnifiers used in routine mass cubture. Teft 1o sighe: Humanated
magnihicr (ixed), hand ens, portable self-illuminating magnifier, and head loupe,

B. Higher power magnifiers used in research insectaries, Left to right: Stercoscopic
dissceting micrescope ives g% o approximately 10ox magnification; the supporting
mount perimits adjustment in three plancs; flood lamp Huminater with variable trans-
former control. At the right is 2 compound microscope with its substage illuminator.
Shown attached arc a card for converting ocular micrometer readings to microns and a
camiera fucida, The variable transformer can be used for adjusting light intensity which is
of particular value when working with the latter.



Yigure 75. Phatotaxic collection of insccts.

A. Teft: Shadow dollection of biack scale crawlers {(Fillmore Citrus Protective Pistrict Inscetary,
Fillimere). Crawlers feave the deying twigs and collect below ahe light at the shadow line, Right: Shadow
hox used for collection of smaller numbers of lecaniine erawlers. When the double-walled cover is in place
ventilation is provided through cloth-covered holes in the interior wall. Crawlers move: towards light which
enters through the glass or celiuloid front and collect at the Veshaped shadow, The intedior is [nlntcd with
non-reflective black paint.

B. Amphitheatre—oleander scale crawlers (University of California). Crawlers arcattracted towards the
vertical fluorescent tabe and colleet in windrows at the shadow Tine case by broad Vs of cardboard,

C. chtonmsn\ (Assouatcs Insectary, Santa Paula). The demountable box is at floor level. When the
slide is removed, the parasites which are positively geotaxic (and- therefore on :the floor) and positively
phototaxic move into it. When a predetermined number of parasites have entered the box, the metal sliding
covers are replaced. The box is then removed and taken 1o mealybug-infested citrus groves where the
parasites are released. '



Iicune 0. Apparatus (or blending €O, and ether for anaesthetizing
parasites. From righi 1w lelt: COu exlinder with pressure regulator,
wiarm air source (o prevent pressure regildator from freezing up during
prolonged vse, fask of cther v witer bath at room temperature
{So degrecs), tubinyg in the rubber stopper of the ether flask. CO), docs
not bubble through the liquid cther, but passes in and aut of the Nask,
picking up suflicient cther to produce the desired effect.

I1GuRe 57. Modibied hair deyer used to collect para-
sites directly into a carton for storage prior o shipment
(U.5.D.A., Moorestown). i
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IiGune 78,

A, Colleeting devices wtilizing air flaw.
At the top is a glass tube with the end nav-
rowed, The hose holids a7 bit of fine mesh

cloth aver the opposite end of thie tube. just

below i the collecting device developed by
A. ]. Nicholson (C.S.LR.Q., Div. of Ent.,
Canberra, Australia) in conjunction with
population studics wtilizing blow flics as test
animnals, Aiv presstire only s necded as
dircction of air flow can bic controlled by the
two-way valve, arrangement bencath the
major tube cither to suck insccts in or blow
them out. The ather devicés are made from
copper tubing of various sizes and they fit
into standard straight-sided shel vials, The
three at the right were designed for collect-
ing predaceous mites. The small ane in the
centre fits into'a th-dram shell vial.

B, Diagram of aspirator. A constraction
diagram of the uppermost aspirator in the
group on the left in figure 83 AL

Tepend: A - Intake tube
B External sheli of suction line
C - Stopper
P Bead of solder avound tube
I Suction line
¥ Cloth or 1oo-mesh screen
G HReeeptacle

C. Portable collector. “This portable col-
lector is made from ‘a clothing vacuum
cleaner., T'wo - sive-T3  flashlight batteries
provide power to vun the tiny rotary fan,
"This collecioris yery uscful in the insectary
as well as in the fickl,



Iicure 79. Coniainers for storage and shipment of hencfictal inscets pending fickd
colonization. Cartons of various sizes cin be utilized. They should contain a lining al
waxed paper sircaked with honey Tor foad and shredded woad wo provide auded rest-
ing surface during storage and in transie

i

Tl
kq
SR

&

I'icure 8o. Biotrone, |
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Figure 81. Methods for counteracting lethal high temperature during local ship-
ment of parasites. ‘

A, Prechilled chest and frozen geb packet wtilized in shipments requiring added
protection from excessive heat. Note buifer between frozen gel and containers of
insects. :

3. Carrying case which cools by cvaporation. The plastic hose is used for jarring
the insects out of the ibes at the release site.



Fi6ure $2. Fumigation chamber, The interior volume of this
double-walled and insulated box is 230 cubic feet. The interior is
lined with zalvanized steel and all seams are soldered. The deor s
double gasketed. The exhaust valve ar the upper right and air in-
take valve at lower left arc gas tight. Air within is circulated pasta
thermostatically controlicd eleciric strip heater. A perforated false
floar permiits the fumigant o complerely surround the material.
Methy] bromide is admitted via a coiled copper tube which is im-
mersed in a one-gallon size warm water bagh. The arrtngement
assures accelecated volauhity of the fumigant and a relative
humidity adequate to prevent plant damage. Safety features in-
- clude inrerior lighting, an alarm bell, a padlock on the door, and a
tall exhaust-stack. The exhaust fan and its motor are locared on
top of the corrugated voof which covers the Numigation chamber.
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Frovre §3. Binchmatie calunct (Albany, Califoraia).

AL Tront view of bioclimatic cabinet, showing main control panch at teft,
and outer door opening into mir-lock vestibule. The switches at centre con-
trol -the ulira-violet, infra-red, and ordinary tungsten hights wirthin 1he
cabiner,

B. Side view of brochimatic cabinct showing control panel at far vighe,
motor and power switches ar centre, chimney coil, solenoids and relays at
left, and fregn refriverator pumps below,

C. Plan of bieclimatic cabinet.
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Freure 84. An casily transportable, large organdic-cloth colonization cage used in fictd colonize-
tion of natural enemics of pests of vegetable and ficld craps. A vacuum machine collector is utilized
1o remove all insects from the plants within the caged arca. The organdic cage is then fastened toa
hoard base and soil is used to close the space between the boards and the groond. Tost inscets are
then introduced into the cage. Natural enemics mary be colonized at the same time or at any fater
date. “Ihe best results are obtained if a sequence of several releases ave made to ensure all stages of
the parasites or predators beingg present in the colony. One or several gencrations of the host and
matural encmy way be reaved belore removal of the colonization cage.



FiGure 85, Mechanical collector developed for laree-seale feld collection of im-
ported parasites,of the spotted alfalfa aphid: (A) collector in aperation; (13} diagram-
matic sidé view of collectar—broken line invaginations in air duct indicate positions
of collecting sacks; (C) diagram of one side of *scoop’ showing the adaptive collar
with which it is connccied 1o air duet; (1) lateral ¥iew of *scoop'—note anterior
opening (broken line) for entry of insect material and posterior opening through
which mateiial is drawn vie adaptive collar into collecting sacks in @ duct {van den
Bosch ¢ al., 1950).



FiGure 86. Emergence cages for recovery of natuial “cneiics from
samples of parasitized host material. The containers are made from corru-
gated cardboard cartons with a fulse floor sloping to the lip of the funnel.
Adule parasites attracted to the light source collect in the removable gliss
vials. (Couwrtesy of E. C. G. Bedford, Union of South Africa, Division of
Entemology "arasite Laboratories.)
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Daie

Beograd (Zeman)

Country Sponsaring organization Full-time
Jounded prrsapict
France - USDA, ARS, 1919 7
- Nanterre, Seine
Ainistere de 'Apgriculiure, 1953 5
La nlimcre, S, o O.
Institut National de fa Recherche, 1917 7
Agronomique Antibes (A-M.)
. Germany Institut fiir Biotogische Schiidlings- 1953 18
bekimpfung, Darmstade
Landesanstalt fiir Pllanzenschulz, 1951 p
Swirgart®
India CIBC,
Bangalore 1956 2z
Indian Agricaliurat Rescarch Instituie, 1938 11
New Delhi
Iscacl Citrus Marketing Doard, 1960 2
Rchovor -
Japan Faculty of Agricubiure, Kyusha University, 1920 -~
Fukuoka
Kenya Depr of Agr., 1941 —
Nairobi
Mauritius Dept. of Agr,, 1924 e
' Reduit
New Zealand Depr. of Scientific and Industrial Research, 19350 29
Ent. Div,, Nelson® .
Pakistan (West) CIBC, 1957 S
Rawalpindi
Peru Esracion Experimenial Agricola de la Molina, 1935 3
' Lima
Switzerland Swiss Federal Agr. Txp, Sia, 1900 1
Nyon, Changins
Trinidad CiBC, 1943 5
St. Augusiine :
Turkey Zirsi Mucadele Enstitudu Parazir, 1956
Laboratuari Diyarbakir
Union of South Africa Dept. of Agr. Tech. Serv., Div. of Ent,, 1955
. Pretoria
Union of Soviet Ministey of Agriculture, _
Socialist Republics Tashkent* 1047 t
Pyadgorsk* 1058 )
_ Batunui* 1047 5
United States Univ. of Califorai,
Abbany* 1043 33
Riverside® 1929 27
Associates Insectary, . 1928 3
Santa Paula, Califorpia
Fillmore Citrus Protective Districr, 1924 3
Fillmore, California
USDA,. 1928 3
Moorestown™, New Jersey
CIBC, - 1949 2
Fontana, California
Bd. of Agr. & Forestry, 1913 7
: Honolulu*, Hawaii
Yugoslavia 1nst. for Plant Protection, 19354 i}

16—1.p.w,

¥ Has known quarantine facilitics.
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