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Lagoon D was two small basins, 
totalling about three acres , attached 
to a large public institution. The 
pools had been in use for a number 
of years but produced no mosquitoes . 
The reason for this lay in their con­
struction . The outline was rectangu­
lar , and the banks were lined with 
shale which gave footing to a scat­
tered popula tion of annual weeds, 
none of which extended below th e 
water line . Accordingly wave action 
and na tive predators eliminated a ll 
larvae. 

Chemical methods of larval con­
trol are uneconomic in sewage la­
goons, as the normally resid ual larv i­
cides degenerate rapidly in the highly 
polluted water , making repeated , 
heavy a pplications necessary. For­
tunately , the environment may be so 
manipulated that the existing natural 
control factors beco me highly 
efficient. 

The most eIfective deterrents to 
mosquito production in these pools 
are wave action and natural preda­
tors . Both are inhibited by the 
presence or emergent or floating 
vegetation . If the following poin t,s 

are observed in the construction a nd 
maintenance of sewage lagoons there 
is little likelihood that they will 
become sources of mosquitoes. 

1. The area of the pools should be 
as large as possible, and the establish-

ment of nearby windbreaks should be 
avoided , so that wave action may be 
encouraged. 

2. The dykes should be wide enough 
on top to permit the passage of 
mowers and other maintenance 
machinery. 

3. The banks should have a moder­
ate slope, and if formed of soil , they 
should be planted to grass an d kept 
mowed. 

4. The water should be kept at 
~ufficien t depth to prevent the estab ­
lishment of bottom-rooted vegetation . 

5. There should be provision for a 
ra pid draw-down of a foot or so, 
when this is compatible with the 
primary function of the pool , to 
destroy larvae by s tranding. 

G. Seepage or overnow should be 
carried a way in deep , clear channels. 

7. Emergent vegetation should be 
killed by herbicides or removed 
mechanically . Floatin g drit't should 
be cleared away. 

8. Coarse fish , such as carp, may 
be introduced as predators. 

Abstract 

Four sewage lagoons are described 
that illustrate in varying degree 
conditions that encourage mosquito 
production . Steps are outlined by 
which mosquito breedin g in ponds 
can be prevented . 

CONTROL OF PESTS IN INSECT AND HERBARIUM CABINETS 

G. J . SPENCER ' 

For some years I have worked Oll 

control of museum pests, chiefly 
Anthrenus verbasci (L.) , the varied 
carpet beetle, which is a lso the most 
widespread household pest in Van­
couver ; Attagenus piceus Oliv .. th e 

black carpet beetle ; Perirnegatoma 
(Megatorna) vespu lae Milliron , a par­
thenogenetic species which feed s 
indiscriminately upon h erbarium 
specimens and dried insects ; s tego­
bium paniceum (L.) , the drug store 
beetle ; an d Ptinus ocellus Brown 

tectus) . We do not yet contend 
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with Anthrenus scrophulariae, the 
buffalo carpet beetle, which is com­
mon as far west as Haney, or with A. 
museorurn , the museum beetle, which 
is a pest in eastern North America. 
My experiments have employed 
spra ys, baits , and fumigants . 

Sprays 

Before the univers ity museum ac ­
quired s teel cabinets, I sprayed 5 per 
cent chlordane once a yea r a round 
the bases of our wooden ca bin e ts. 
This was effectiv e in keeping ou t A . 
vel'basci a nd A . piceus but no t P . 
vespulae; the ad ul ts oj this s pecies 
appa rently fl y indoors a nd mlls t ovi­
posit in cr a cks und er the lids of 
wood en drawers. I h ave found d ead 
adults on th e glass tops of dra wers. 

Two pel' cent chlorda ne an d 2 pel' 
cent h epta chlor a r e eff ec tive a ppli ed 
with a 4-inch wid e fin e j e t to s us ­
ceptibl e places or pa in t ed on by h a nd 
with a 2-inch brush wh er e spray 
vapour is undes ira bl e. However . t reat­
ing the ed ges and lid s of dra wers is 
a la borious process a nd is no t very 
effecti ve a fter three mon ths. 

Baits 

Herbarium .<; pecimens are a tta ck ed 
by three species of bee tles: S. pani ­
ceurn, P . ocellus a nd Perirnegatom a 
vespulae. Solutions of mercury bi­
chloride have long been used aga in s t 
these p es ts in h erba ria, bu t a fte r 
about one year th e mercury sublimes 
so that the flowers and buds a r e des­
troyed and sometimes the leaves. 

Canned cat food , dried and pulver ­
ized is an excellent medium for rear­
ing' household ins ects. To prepare 
baits I used 4 per cent Paris green , 
i.e. ortho-arsenite of copper of a bout 
53-63 per cent arsenious oxid e con­
ten t . This was thorou ghly incorpor­
ated into 96 per cent wet cat food , 
which was then dried a nd pulverized, 
and put in conta iners in a deep 

enough layer that A. verbasci larvae 
could burrow under it. The culture 
was maintained at 70 F. The larvae 
readily ate the bait but did not be­
come paralysed. In 24 hours , 8 per 
cen t were dead; in 15 days, 23 per 
cent ; in 3 \/2 months, 88 per cent ; and 
the las t died in 4 mon ths. 

Fumigants 

A block of his tological embedding 
wax of 1 \/2 cubic inches was kept on 
the surfa ce of crude benzene h exa­
chlorid e in a sealed jar for three 
wee ks until it sm elt fairly s trongly . 
Two thin shavin gs of the wax wer e 
cut from th e corners a nd placed in a 
ti ght , glass- topped tin box of 3 inches 
di a m eter with 25 A. vel'basci la rvae 
of va rious sizes t a ken a t r a ndom. In 
22 h ours severa l wer e showin g circus 
mo ve men ts or a ta xia which gra du a ll y 
spread until ever y one was a ff ected 
a nd th e la rvae s ta rted to die off . After 
17 wee ks only on e was a live but 
twi tchin g. It was s till in the same 
condition two weeks la ter. It a ppear­
ed th a t 4 per cent of the la r va e show­
ed a degree of resis ta nce to the vap­
our of benzen e h exa chloride given 
off from wa x. 

One h a lf gra m and one gram r es­
pectively of lindane (99 per cent 
gamma isomer) was thoroughly in­
corpora ted into 100 grams each of 
unpurified, natural , beekeepers wax , 
which was melted , s tirred, poured 
into molds, cooled , and cut up into 
small pieces. The pieces were rolled 
by h a nd into half-inch diameter 
marbles. About one month after be­
ing made , the 'marbles ' had a white 
bloom of lindane . They were trans­
fixed with stout insect pins in the 
same way that moth balls are pre­
pared for insect ca binets . Into the 
centre of two clea n , empty in sect 
drawers each of 538 cubic inch inside 
capacity, were stuck one marble each 
of 0.5 per cent and 1 per cent lindane 



with 50 A. verbasci larvae taken at 
random from a large culture . The 
drawers were checked daily. 

In both dra weI's, the smallest larvae 
became paralysed in 24 hours. In 48 
hours those nearest the wax marbles 
were on their backs, dead. Day by day 
paralysis affected the larvae ; fir st 
they showed circus movem ents. then 
ataxia , and then they lay ups ide down 
a pparen tly dead or occasionally 
twitching their legs. It beca me diffi ­
cuI t, to tell when larvae were really 
dea d so that their reaction to li gh t 
was used as an index. Ten in ch es from 
a 100 W globe the light was 180 foot 
candl es; a b e a m concentrated 
through a 1 ~2 inch reading glass at 
10 inches was 600 f.c. and at 7 inch es , 
900 Lc. A severely paralyzed larva 
normally motionless on its back would 
slowly twitch its feet in 15 seconds at 
600 f.c. and at 900 f.c. within 5 to 10 
seconds. If no move m en t occurred at 
900 f.c., the larva was declared dea d . 
Wi thin 30 days at 1 per cen t lindane 
a nd 37 days at 0.5 per cent lindane, 
every larva was dead. In both 
drawer s, two out of the 50 larvae sur ­
vived nearly one week after the other»; 
died , again suggesting some resis t ­
ance in 4 per cent of these insects . 

One peculiar feature was the fact 
that. a bout 25 per cent of the la rvae 
pupated and produced bee tles which 
seldom moved more than about an 
inch 1"rom the pupal case a nd invar­
iably died upside down 24 hours after 
emergence. 

A local collector complained a bou t 
book lice infesting his cabinet of 
insects. I gave him lindane and wax 
which h e made into marbl es. He 
reported to me tha t 24 hours after 
these were pinned out every bool( 
louse was either para lysed or dead. 
This h a ppened with fresh lindan e 
ma rbles before th e bloom appeared. 

To test linda n e vapour further , a 
3-inch diameter petri dish . IS-inch 

deep. was carpeted with fine sand to 
give good footing, supplied with 7 
dried grasshoppers and one bee and 
then s tocked with 50 A. verbasci 
larvae. The petri dish was placed in 
the middle of an empty insect drawer 
into which h a d been dus ted one gram 
of lindane of salt-shaker s ize. Within 
19 hours some la rvae had lost the 
ability to climb on to the food. In 
three days one was dead, several lay 
on their backs with legs twitching 
and the rest showed irregular a nd 
circus movem ents. In 31 days only 4 
were a live. In 43 days only one show­
ed any twitchin g under prolonged 
light of 600 I.c. and in 54 days this 
one was dead. Lindane vapour must 
ta ke effect relatively fas t because no 
larva attempted to ch ew th e dead 
in sects or to tunnel into them. 

A test with the black carpet beetle 
and lindane showed that mature a nd 
n early ma ture larvae of this species 
are more r esistant than A. verbasci 
larvae. Into a cabinet drawer full of 
irregularly pinned-out large ancl 
sma ll insects was dusted evenly one 
gram of coarse lindane crystals aver­
aging Imm x 0.5mm. Twen ty-five 
mature a nd early mature A . piceus 
larvae were added. Within 24 hours 
they showed irregular back and forth, 
but not circus movements. In a few 
days some were dead or dying; a ft er 
12 da ys the rema inin g 19 were re­
moved a nd placed in an empty petri 
dish in a clean untreated drawer to 
see if recovery occurred. Three sur­
vived after 28 days. These were trans­
fen'ed to a clean tin with norma l 
food; 12 days later a nother one ap­
parently recovered and was Similarly 
transferred, with food. These recov ­
ered larvae were left undisturbed for 
7 man ths a nd were then checked: 
the sin gle one h ad died , ancl of th e 
three la rvae. one had transformed 
in to a bee tle which had died and the 
oth er two were paralysed, lying on 



their backs twitching when disturbed . 
Turned right side up, the larger one 
slowly burrowed into the food but the 
smaller seemed unable to burrow. It 
is likely that they had eaten some 
food during' the 7 months. 

Another 25 larvae from the same 
stock were put into the drawer with 
coarse lindane. The effect of the poi­
son was more rapid than it h ad been 
on the first group. In 6 days most were 
dead or paralysed and 11 showed 
movement under 600 to 900 f.c.; one 

larva seemed stimulated and crawled 
s lowly and incessantly ; in 18 days 
this was the only survivor and it 
finally died on the 49th day. 

These experiments show that 1 
gram of lindane scattered on the floor 
of a drawer of insects will immobilise 
and eventually kill dermestid la rvae 
and should prevent others from be­
coming established. One ounce of 
lindane will treat 28 drawers for a 
year. 

BACKGROUND FOR INTEGRATED SPRAYING IN THE ORCHARDS 
OF BRITISH COLUMBIA 

J. MARSHALL 

Research Station, Summerland , B.C. 

The practical meaning of integrat­
ed spraying is the production of a 
maximum crop of high quality fruit 
with a minimum of pesticides. In con­
trolling our orchard pests the idea is 
to work with Nature as closely as we 
can rather than to disregard her by 
relying blindly on preventive spray­
ing and "shotgun" spray chemicals. 
The ultimate objective is to improve 
our competitive position , and stay in 
business. 

In 1944 Country Life in British 
Columbia (28 : 6. 5) carried an unor­
thodox item on orchard pest control. 
Titled, "Is it advisable to spray for 
the three types of mites in B.C. 
orchards?" , the article was a fore­
runner of a number of others, pub­
lished elsewhere, that are helping to 
put orchard pest control on a logical 
basis. That early item drew attention 
to the importance of natural factors 
in controlling orchard pests. It point­
ed out that when a spray treatment 
kills beneficial species as well as pest 
species, it may, in the long run , do 
more h arm than good . In local or­
chard circles the a rticl e aroused 
brief speculation. Then this entomo-

logical fir ecracker quietly fizzed out . 
Like the American Austin it was 
a h ead of its time. 

But, during the interven ing years , 
t hin gs h ave been happening in the 
en tomological world. In 1946 Pickett, 
Patterson , Stultz and Lord (Scientific 
Agriculture 26 : 11 ) published the first 
of a series of articles dealing with 
th e inftuence of spray programs on 
the fauna of apple orchards in Nova 
Scotia . Their well documented work 
aroused considerable discussion . It 
stimulated inquiry in various other 
fruit growing areas; notably in Hol­
land , Belgium, Great Britain and 
California . The outcome has been the 
firm realization that we cannot hope 
to subdue our orchard pests by any 
one method of control; and, in par­
ticular , that chemical control should 
be applied with caution . During the 
la.~t 10 or 12 years this note of caution 
has been heavily underscored by the 
development of resistance to pesti­
cides in a wide variety of noxious 
insects a nd mites. 

For m any years it had been known 
that insects might become resistan t 
to such very different inorganic 




