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INTRODUCTION

The first report of resistance to a chemical poison in an insect
species was that of the San Jose”scale to lime sulfur in the State of
Washington in 1908 (lielander, 1914). Prior to 1945, only 12 species of
insects had shown resistance., lost of these were in the United States.
By 1959, however, 122 cascs had been reported from different areas of
the world, and this number was about equally divided between insects of
medical and those of agricultural importance., Each year more insects
are added to the list of those which have developed resistance, Resis-
tance to the chlorinated hydrocarbons occurred as early as 1947, and
resistance to organic phosphate insecticides has greatly increased in
the past four or five years, !atural populations of the German cock-
roach have exhibited resistance to chlorinated hydrocarbons for the past
eight or nine years,

Many investigators have found differences in resistant strains of
insects which they have attempted to associate with the development of
resistances, Workers have reported variable results in comparmg th?
incubation period, developmental period, adult longevity, fecundity,
morphology, and other characteristics of resistant and non-resistant
strains of insects. Differences between strains according to these
criteria have been reported, although it is not clear whether many of
these trait differences are causes or effects of the resistance factor
or factors.

This study was undertaken to investigate certain differences
between resistant and non-resistant strains of the German cockroach,
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Blattella germanica (L.). Specifically, it was designed to compare the
lengths of incubation and nyrphal development, and the adult longevity
of the strainsy incidental information on the sex ratio and the number

of non-hatchinz egg cases produced by the females of the different
strains was also obtained,
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REVIEW OF LITERATURE

Incubation Periodt The incubation period of normal German cock-
roaches has been studied by several workers. Rau (1944) reported, after
observing 12 females, that the egg cases were carried from 6 to 16 days
with an average of 10 days. Of 13 egg cases produced by offspring of
these, reckoning from the time the egg cases first protruded, 8 had an
incubation period of 11 to 13 days, and 5 had a 12-day incubation period.
Roth and Willis (1952) found that the female carried the ootheca about
13 days and that the egzs hatched about 16 days after copulation, the
egg cases having developed 2 to 3 days after copulation., They found
that a virgin female 8 days after its last molt usuail;" developed an
egg case which collapsed and was unproductive. Willis et al. (1958)
reported that the females carried the oothecae an average of 16.9 ¥ 1.5
days, and the average incubation period was 17,2 t 0,1 days.

Pimentel et al. (1951) examined DDT-resistant house flies as to
certain bionomic factors and found no statistical difference in com-
paring their time of incubation with that of a normal strain,

Lehr and Smith (1957) found no difference in the incubation
period when they compared malathion-resistant and non-resistant strains
of the two-spotted spider mite complex.

Devel ntal Period: The nymphal developmental period of the
German cockroach is lengthened by isolation of individuals (Pettit,
1940); this is due to the absence of jostling and muitual stimulation.
The males in this study appeared to mature earlier than the females,
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Rau (1944) found the roaches from 3 hatching egg cases to become adults
in 53, 54, and 56 days, respectively. Noland et al. (1949) found that
those roaches fed a diet of pulverized dog biscuits and kept at a temper-
ature of about 30 degrees C, matured in an average of 4O dayse The two
sexes seemed to mature at the same rate. Willis et al. (1958) found
the average nymphal developmental period of nymphs reared in groups to
be 413 ¥ 0.5 days for the females and 40.1 T 0.6 days for the males.
These roaches were reared at 30 degrees C., with uncontrolled humidity.
Variable observations have been made by workers comparing the lar-
val developmental periods of resistant and non-resistant house flies.
Bruce (1949) stated that the life cycle of DDT-resistant house flies
seemed to be one or two days longer than that of the normal strain,
Pimentel et al. (1951) found a significantly longer larval period in
the DDT-resistant strain when it was compared with a normal strain,
March and Lewallen (1950) used 23 cenerations in comparing DDT-resistant
and non-resistant house flies as to the differences in the length of
the life cycle. MNo significant differences could be found, although a
greater than 300-fold resistance was present. Babers et al. (1953)
found no significant differences in comparing six susceptible and two
resistant strains of house flies as to the length of the larval period.
Lehr and Smith (1957) found no significant difference in the
developmental period after comparing malathion-resistant and non-resis-
tant strains of the two-spotted spider mite,

Adult Longevity: According to Willis and Roth (1958), the range or
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adult lifespan of normal German cockroaches was from 97 to 180 days in
the females, with most of them living 150 to 170 days. The males lived
128 ¥ 8,0 days. Roth and Willis (1956) found that virgin females lived
for an average of 156 ¥ 5,9 days,

Pimentel et al, (1951) found no statistical difference in longevity
between DDT-resistant and normal strains of house flies, Afifi and
Knmutson (1956) likewise found no statistical differences between strains
when comparing the longevity of the F5 and F3 progeny from a dieldrin-
treated strain with the Fp and F4 from an untreated strain, Also, they
found no significant differences between strains when longevity and
average weight were correlated. Ouye and Knutson (1957) found that
malathion-treated larvae developed into adults which lived only 22 per-
cent as long as the untreated, Hunter et al. (1958) found DDT-resistant
female house flies to have a 15 percent shorter than normal lifespan
after treatment with DDT, but they found no significant difference in
lifespan upon corparing diazinon-treated, DDT-resistant house flies with
a normal strain. After the workers treated susceptible flies with the
two insecticides, no significant difference was found, Hunter et al.
(1959) examined the DDT-45 strain (resistant to DDT, Dilan, dieldrin,
and DDVP), and the Roberds strain (resistant to DDT and dieldrin)
after treating the females with DDT or diazinon., A shorter adult life-
span occurred in the DDT- and the diazinon-treated females. Vargandeh
et al. (1954) examined seven strains of house flies, three susceptible
and four resistant, for several vigor traits, including longevity. The
strains had variable backgrounds. The workers concluded that the
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inheritance of the resistance factor is independent of the factors
associated with vigor,

Kmitsen (1955), after collecting and rearins a wild strain of
Drosophila, treated the insects with a sublethal dosage of dieldrin.
Slightly greater longevity occurred in the dieldrin-treated flies,

Fecundity: Girault (1911) counted the combined eggs from 20 egq
cases of normal German coclkroachess The maximum number produced was
48 per egg case, the minimum 34, with the averagze being 40,5 per egg
casee Roth and Willis (1952) found that, of 28 copulations by normal
German cockroaches, ez cases were formed in 26 (93 percent) of the
instances, and 22 (85 percent) of these egg cases were fertile,

Pimentel et ale. (1951) compared the number of ezss laid, the
number hatched, and the time of hatching of the eggs from a DDT-resis-
tant strain of house flies with those from a non-resistant strain and
found no statistical differences. Babers et als (1953) compared the
viability of egss produced by six susceptible and two resistant strains
of house flies and found no significant difference. Varzandeh et al,
(1954) found no significant difference in egg production or egg hatch-
ability upon examining three susceptible and four resistant strains of
house flies, Afifi and Knutson (1955) subjected parent generations of
the house fly to topical application of dieldrin to produce 60 to
90 percent mortality and found that the F, generation produced 70 per-
cent more eggse The Fp and I'y progeny did not produce a simnificantly
different number of eg-s than did the untreated controls, Adult house
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flies from malathion-treated larvae produced only 93 percent as many
eggs as the untreated (Ouye and Knutson, 1957). Treated adults pro-
duced 12 percent more eggs than the untreatedj however, the eggs
showed two percent less hatchability, Hunter et gl. (1959) found that
fewer eggs were laid by two resistant strains after treatment with DDT
or diazinen,

Knutson (1955) treated a wild strain of Drosophila with a sub-
lethal dosage of dieldrin and found that the survivors produced 7.6 per-
cent more eggs than the untreated controls,

Lehr and Smith (1957) found that a malathion-resistant strain of
the two-spotted spider mite laid more eggs than a non-resistant strain,

In a study of BHC- and DDT-resistant strains of the German cock-
roach, Grayson (1953) found a significant decrease (P > ,0l) in the
number of nymphs produced by the DDT-resistant strain. Grayson (1954)
also found that fewer nymphs were produced by chlordane-resistant femsles
than normal females (P > ,05).

Ouye and Kmutson (1957) treated adult house flies with malathion
and found the number of larvae produced by them to exceed those of the
untreated by two percent at pupation.

Kmutson (1955) found that a dieldrin-treated strain of Drosophila
produced 5.6 percent more larvae and 5.7 percent morc pupae than the

untreated controlse.

Populations: Pimentel gt ale (1951) found no significant differ-
ences in the sizes of DDT-resistant and non-resistant house fly popula-
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tions at the peak of emergencej no differences were found in the percent
successful in emergin;, Babers et al. (1953) could find no significant
differences correlated with resistance in comparing six susceptible and
two resistant house fly strains as to the number of adults resulting
from 500 eggse I[‘alathion-treated adult house flies theorectically pro-
duced 12 percent more progeny than the untreated (Ouye and Knutson, 1957).
The emergence of progeny fror the pupae of treated parents was one per—
cent less than that from the untreated parents. DDT-resistant house
flies produced 34 percent fewer progeny after a sublethal dosage of
DDT (Hunter et al., 1958); after diazinon application, 21 percent fewer
were produced. DDT-treatcd susceptible house flies showed an increase
in fertility and fecundity; diazinon-treated susceptible flies showed
increased lfecundity but decrcased fertility, DDT and diazinon treat-
ment of susceptible Ilies resulted in 18 percent and 1 percent increases,
respectively, in potential progeny (Hunter et al. 1958)s A significantly
higher fertility was found in the diazinon-treated, DDT-45 strain which
was resistant to DDT, Dilan, dieldrin, and DDVP (Hunter et al., 1959).
Significantly fewer female progeny were produced in the DDT-treated
females of the Roberds strain, which was resistant to DDT and dieldrin.

A wild strain of Drosophila produced 5.8 percent nore adults after
a sublethal dosase of dieldrin (Knutson, 1955)s The slightly greater
longevity which occurred allowed an extended egg-laying period, and
thus more progenyes

Lehr and Smith (1957) discovered no significant difference in

the number of progeny produced by malathion-resistant and non-resistant
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strains of the two-spotted spider mite complex.

Morphological Differences: Hough in 1928 tested two strains of
the codling moth and found that the Colorado strain was more succesaful

in entering sprayed fruity this was later attributed to a resistance
factor in the Colorado strain, Hough (1929) found no morphological
differences, howsver, in examining the two strains,

Grayson (1953), in a study of BHC- and DDT-resistant strains of
the German cockroach, determined that the size of the esg cases in the
latter showed a highly siznificant decrease in size in both length and
width over the normal strain., The DHC-resistant strain had signifi-
cantly smaller o:thecae, but the difference was less than in the case
of the DDT-resistant strain. Grayson (1954) found the c;- cases of a
chlordane-resistant strain of the German cockroach to be significantly
smaller than the normal (P > ,05), Mahan and Grayson (1956) compared
certain morphological characteristics of DDT-, chlordane-, and lindane-
resistant strains of the German cockroach with a normal strain? The
total length, the width of the head, the width of the pronotum, and the
length of the pronotun were compareds, In general, the males and females
from the resistant strains were smaller, Significant differences were
found in all instances except the total length of the males and females
of the lindane strain and the pronotum length of the females in the
chlordane strain.

March and Lewallen (1950) compared tarsal sezments in DDT-resis-
tant and non-resistant strains of the house fly. They could find no
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difference correlated with rosistance. Bigelow and LeRoux (1954)
found distinct morphological differences between DDT- and non-resistant
house flles, They examined four characters: the maxirum width of the
second abdominal sternite, the maximum length of the second abdominal
sternite, the width of the frons between the ptilinal sutures at the
level of the boundary between the second and third antennal segments,
and the length of the terminal segment of the right antenna measured
along the anterior surface, Lichtwardt et al. (1955) found a DDT~
resistant strain that developed an incomplete or "broken™ subcostal
wing vein, but this was not linked to the resistance factor (Lichtwardt
1956). Sokal and Hunter (1955) examined about 1000 flies from 9 strains
of house flies and measured 15 morphological characterse Four ratios
were computed from these. These workers could determine no correlation
of morphological characters and resistance. Morrison (1957) examined
25 specimens of each sex from 19 different strains of house fly to
determine if there was any correlation between the ratio of width to
length of the second abdominal sternite and resistance, le found much
variation, but generally, large ratios were associated with the DDT-
resistant strains and small ratios with the normal strain,

Lehr and Smith (1957) could f£ind no difference in morphology when
comparing malathion-resistant and non-resistant strains of the two-

spotted spider rite complexs

Weight Differences: Variable results have been obtained by workers
studying the weights of resistant and normal insects, In examining the



- 14 -

codling moth, the recently hatched Colorado strain (resistant) larvae
exceeded the Virginia strain (non-resistant) larvae in weight at average
hunidity and atmospheric pressure (Hough, 1934)3 however, in a saturated
climate they weighed the same, The Virginia strain showed a greater
weight loss under starvation conditions (Hough 1934)e The eggs of the
more resistant moths were the heavier (Hough, 1943).

Adults of DDT- and chlordane-resistant strains of the German
cockroach were of lower weight than those of a normal strain (Grayson,
19533 Grayson, 1954)e

Pimentel et al. (1951) could find no statistical differences in
comparing the pupal weights of DDT-resistant house flies to those of
normal house flies, Flics surviving DDT exposure were found to be
heavier by McKenzie and Hoskins (1954). Varzandeh et al. (1954) could
find no significant differences in pupal or adult weights when three
susceptible and four resistant strains of house flies were compared,
The F‘2 progeny from dieldrin-treated parents were significantly heavier
than the F5 from the untreated parents (Afifi and Knutson, 1956). No
significant difference could be found in correlating weight and longevity.

Age and Resistances Tuma (1938) tested the susceptibility of
different age groups of the German cockroach with an aliphatic
thiocyanate and with a formulation containing 0403 percent pyrethrins,
The roaches of 17 weeks of a’c were the least susceptible,

Pimentel et ale. (1951) discovered that the earliest pupating lar-

vac of a DDT-resistant strain of house fly were more susceptible than
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those maturing later. Decicr and Bruce (1952) found that the more
susceptible flies emerge first from heterogeneous culturesy this was
confirmed by Johnston et al. (1954)s Decker and Bruce (1952) also found
that cultures developed from the first eggs produced showed much less
DDT resistance than did those which emerged one or two days later.
McKenzie and Hoskins (1954) divided two strains of house flies into
three groups eachj these included a check group, & group selected on
the basis of 50 percent pupatin early and 50 percent pupating late,

and a group treated with DDT in the larval mediums, The workers found
the later pupating flies to have the higher LD50.
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KATERIALS

The strains of the German cockroach used in this study were
available in the entorwology laboratories of the Virginia Agricultural
Experiment Station of the Virginia Polytechnic Institute, Blacksburg,
Virginia, These included strains resistant to DDT, chlordane, and
lindane, and a non-resistant straine The DDT- and the lindane-resistant
strains arose from placing the roaches under selection pressure to these
insecticides in the laboratory. The chlordane-resistant strain was
obtained from Corpus Christi, Texas, in 1952, the resistance having
developed as a result of sustained use of chlordane in control of Ger-
man cockroaches. A high level of resistance was maintained in all
strains by periodic exposure to the appropriate insecticide in the
laboratory.

Containers used for the roaches during the study were wide-mouth,
quart-capacity jars which were 6% inches high and 3 3/8 inches in
diameter, These were greased with petroleum jelly on the inside for
an inch or more around the top to prevent the roaches from climbing
oute A resting surface was provided by a section of screen wire bent
into the shape of the letter ™™ and notched at the top for holding a
one-ounce salve box of water. Gallon-capacity battery jars, eight
inches high and six inches in diameter, were prepared similarly except
for larger screen wire sections, about six inches high, and larger
salve boxes. These were used in the incubation study to rear and

separate out the young female German cockroaches producing egg cases.
They were also used in the early part of the adult longevity study.
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The jars were labeled with a number and the name of the strain. Food
and water were supplieds The food consisted of dry pellets of dog food.
Into the salve tin was placed a crumpled square of paper toweling to
enable any roaches falling into the water to climb outs The jars were
covered with squares of cheese cloth held in place by rubber bands.

Two rubber bands per jar were used in the event one should break.
Handling of jars was facilitated by placing them in wooden trays. Glass
or plastic vials were used in transfarring roaches, and an aspirator
was used in removing excess roaches,

During the course of the study, except for periods of observation
and recording, the jars of cockroaches were kept in a walk-in cabinet
maintained at approximately 30 degrees C. and 65 percent relative
humidity.
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METHODS

Incubation of Ezzs: Half-grown to last-instar nymphs of each
strain of the German cockroach were caught with a vial and put inte
gallon containers prepared as described, Each strain was allotted two
such jars, and approximately 200 nymphs were placed in each one, making
a total of 40O nymphs under observation for each strain, As the nymphs
matured, careful observation was begun in order to be able to remove
each female as it produced an egg case, Upon forming an egg case,
each female was placed in a quart jar accompanied by a male, These
were provided with food and water, and daily observations of the egg
cases were made in order to determine the exact date of hatching, It
was planned to obtain observations from about 125 egg cases from each
strain,

Development of liymphs: Isolated females carrying egg cases were
kept under observation in order to obtain known dates of emergence of

nymphs., Soon after hatching, all roaches were removed from each jar
except approximately 10 nymphse The removal was done with an aspirator.
Daily observations were made to determine the date of maturation of
each roach. Adult roaches were removed and the sex and the number of
days between hatching and maturity was recorded for each. The plan

was to obtain 50 hatching egg cases from each strain, one from each of
50 separate female roachese This should give approximately 500 nymphs
per strain from which developmental data might be obtaineds
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Longevity of the Adults: Half-grown to last-instar nymphs were
placed in gallon-capacity battery jars prepared as described. As soon

as they matured, they were placed in quart containers, with up to 10
being placed in one jar. Vials were used for the transfers. The date
of maturation was recorded, 3oth sexes were put together in the jar,
and no individual of one sex was allowed to remain in a jar without an
individual of the opposite sex being introducede Equal numbers of the
two sexes were placed in each jar when feasible,

Observations were made once every two days with occasional daily
observations, Dead roaches were removed from the jars after the sex
and date of mortality of each was recordeds It was planned to collect
over 100 roaches of each sex from each strain, making a grand total of
well over 800 roaches in this study.
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RESULTS

Incubation Period of Lzzs: The hatching egg cases observed in-
cluded 122 from the normal strain, 128 from the DDT-resistant strain,
148 from the chlordane-resistant strain, and 161 from the lindane-resis-
tant strain, making a total of 559 egg cases.

The egg cases of the normal strain all hatched within 16 to 19
days after formation, indicating a high degree of homogeneity. Con-
versely, the resistant strains showed more heterogeneity (fig. 1,
and table 1), The time of hatching of the strains varied from 15 to
23 days in the chlordane-resistant strain to 15 to 20 days in the DDT-
resistant strain. The egy cases of the lindane-resistant strain hatched
in from 15 to 21 days. In all four strains the largest number of hatch-
ing egg cases occurred in the eighteenth day.

The DDT-resistant strain was found to be highly significantly
different from the other resistant strains when compared using the
simple ™" test (table 2).

The mortality of the females carrying the egg cases was recorded,
The DDT-resistant strain showed the highest mortality, with 12,7 percent
of the females dyinge A relatively low mortality of encapsulated females
was found in the other strains. Female mortality in the lindane strain
was 3,9 percent, in the normal étrain 340 percent, and in the chlordane
strain 2.1 percent.

Data were obtained on the numbers of non-hatching egg cases.

The DDT strain had the lowest reproductive potential with 23,3 percent
failing to hatche In the chlordane-resistant strain 7.6 percent failed
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to hatchy in the normal strain 4.7 percent failed, and in the lindane
strain 2.8 percent failed to hatch,

Development of liymphs: The number of nymphs maturing as females
included 271 from the normal strain, 228 from the chlordane-resistant

strain, 233 from the DDT-resistant strain, and 293 from the lindane-
resistant straine, The males included 230 normal, 213 chlordane-resistant,
21,6 DDT-resistant, and 286 lindane-resistant individuals,

A high degree of heterogeneity was found in the lindane- and DDT-
resistant strains when they were compared with the other two, This was
evident in both the females and the males (fige 2 and fige 3)e The females
of the chlordane-resistant strain were quite similar to normal females,
and the difference was barely significanty no significant difference was
found in comparing the developmental periods of the males of these two
strains,

Of sixteen comparisons between sexes within strains and between
strains, 12 showed significant differences (table 4). In general, the
females matured sooner in all strains, although the time difference
was small (table 3). The males and females of the chlordane-resistant
atrain on the average matured earlier than those of the octher strains
except for the normal strain males. The nymphal developmental periods
ranged within 28 and 47 days.

The sex ratios of the strains approached unity in all instances.
They were as follows: normal strain, 1,07 females to 1 male, chlordane-
resistant strain, .94 females to 1 male, DDT-resistant strain, 1,02
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females to 1 male, and lindane-resistant strain, .97 females to 1 male.

;onggvitz Study: The number of adult males and females, respec-
tively, observed for longevity included 125 and 179 from the normal strain,
122 and 144 from the chlordane-resistant strain, 151 and 172 from the
DDT-resistant strain, and 109 and 140 from the lindane-resistant strain,
The longevity of females in all three resistant strains showed consider-
able heterogeneity when compared with normal strain females (fige 4).

The DDT-resistant stmin; which had the highest order of resistance of
the resistant strains, was the most heterogeneous. The resistant females
all lived longer on the average than the normal females (table 5). The
longest-lived individual was a female of the chlordane-resistant strain
which lived 208 days, while two females in the DDT-resistant strain
lived over 200 days. A highly significant difference was found in com-
paring the longevity of the females of the resistant strains with that

of the normal strain (table é). Also, a highly significant difference
was found in comparing the DDIT-resistant strain with the lindane-resis-
tant strain. The females of the DDT-resistant strain had the longest
average longevity (66.41 ¥ 3,33 days). The chlordane- and lindane-
resistant females had a longer adult lifeepan (58.85 ¥ 3,41 days and
54.82 ¥ 2,71 days, respectively ) than normal females (43.37 ¥ 2,20 days).
There was no significant difference when comparisons were made of the
longevity of the males from the different strains (table 7)s Their
lifespans were quite similar (fige 5), with most of them living around

100 days (table 5).
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TABLE 1, The Incubation Periods of Eggs from Resistant
and Normal Strains

Strain No, of Egg Cases  Average® Incubation Period (Days)
Lindane-Resistant 161 17.96 ¥ ,09
Chlordane-Resistant 18 18,18 ¥ ,08
DDT-Resistant 128 17.57 ¥ .09
Normal 122 18.00 i- 006

° f Standard error of the mean

TABLE 2, Csalculated "t® Values for Comparisons of
Incubation Periods of Eggs of Resistant
and Normal Strains

Lindane /
1,73 Chlordane /
3.02° 4e95° DDT

.33 1.73 3.93° Nomg/

° Significantly different at P > 0,01 ("t" values in table were 2.58

in all instances at the 993 confidence level)
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TABLE 3, The liymphal Developmental Periods of Resistant

and Normal Strains

Strain Sex lio. of
Individuals  lax, M Ave,*

Lindane-Resistant F 293 L6 28 34.98 T .24
Chlordane-Resistant F 228 k5 28 3233 ¥ .19
DDI-Resistant F 233 L6 29 35.46 T .23
Normal F 271 L5 29 33.16 ¥ .20
Lindane-Resistant M 286 47 29 35,3 ¥ .19
Chlordane-Resistant M 213 L5 30 33.41 ¥ 17
DDT-Resistant M 2,6 L6 30 36406 ¥ .23
Normal M 280 L6 30 33.68 ¥ .13

+ Standard error of the mean
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TABLE 4o Calculated "t" Values for Comparisons of
Nymphal Developmental Periods of Resistant
and Nommal Strains

Lindane /
lgeg
Lindane /
251 Females
Chlordane /
6487°° | -~ Yales
Chlordane
o= 8}6 °° !*:26‘” F%gg ,
2 ! ! 'Y —_—— 9:’L32g. —_—
== Lek8 == 10,55°°
6428°° - 1,25 —
=== 5486°° - 2,97°°

° Significantly different at P > ,05 ("t" values in table ranged from
1,96 to 1,97 at the 953 confidence level)

°¢ Significantly different at P > 0,01 (™" values in table ranged from
2.58 to 2,59 at the 997 confidence level)



TABLE 5, Adult Longevity of Males and Fenmales in
Resistant and Normal Strains

Longevity (Days)

Sex Noe. of Individuals
Maoci rmm Average °

Lindane-Resistant

DDT-Resistant

F 140 180  she2¥2.m
Chlordane-Resistant F 144 206 58.85 ¥ 3.0
F 172 203 66a41 T 3,33
F 179 168 53.37 ¥ 2.20
Lindane-Resistant  1I 109 18 L0.49 T 1.80
Chlordane-Resistant I 122 98 37.60 ¥ 1,46
DDT-Resistant I 151 102 39.91 ¥ 1.63
M 125 102 37.06  1.98

by Standard error of the mean
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TABLE 6, Calculated ™" Values for Comparisons of
Longevity of Females of Resistant and !ormal
Strains

Lindane /

2,70° DDT /

292 1,59 | Chlordane
_3.28° | 5.77° 3,81° |Nog_a_1 /

¢ Significantly different at P > 0,01 ("t" values in table were 2,58
in all instances at the 99% confidence level)

TABLE 7. Calculated "t" Values for Comparisons of
Longevity of liales of Resistant and Normal

Strains
Lindane /
-2_4 pDT /
1025 1106 Chlordane
97 | 1.2 2| o /

° my" yalues in table were 2.58 in all instances at the 99% confi-
dence level






FIGURE 1. The Incubation Periods of Egg Cases from
Resistant and Normal Strains
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FIGURE 2, The Nymphal Developmental Period
of Females from Resistant and

Normal Strains
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FIGURE 3. The Nymphal Developmental Period
of Males from Resistant and
liormal Strains



sAo(Q - poliad |ojudwdojaa2a(g

0S Sv ov s€ oe G2
| | | | 1} |
d / 2
N/
i v
g
uloJas 1ad \.“\ o%
. /] °
" * O_N
« <
| 213
Xo]
i 14
i«—ulo14g U PIoIYD o
H 91 ®
: N
13
... b
02
UIDJ14G [OWION
22

<
N



-3[“-



FIGURE 4. Longevity of Females from Resistant
and Normal Strains
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FIGURE 5, Longevity of Males from Resistant
and Normal Strains
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DISCUSSION

The incubation periods of the eggs of the resistant strains
were more variable or heterogeneous than those of the normal strain.
In only the DDT-resistant strain, however, was the difference between
incubation periods significant, and this difference extended to the
other two resistant strains, as well as to the normal strain, The
lengths of time required for development in the egz stage found in
this study are in general agreement with those obtained by Willis
et al. (1958) on a normal strain of the German cockroach reared under
similar conditions, but differ from those obtained by Rau (1944)
and Roth and Willis (1952).

The lindane- and DDT-resistant strains exhibited more heterogen-
eity during the period of nymphal development than either the normal or
the chlordane-resistant strains. Both the lindane- and the DDT-resis-
tant strains had significantly longer nymphal developmental periods
than either the normal or the chlordane-resistant strains. The results
obtained here on nymphal development are in fair agreement with those
obtained by Noland et ale (1949) and Willis et al. (1958) when normal
roaches were reared under conditions somewhat similar to those employed
in this study. The time required for nymphal development reported by
Rau (1944) was considerably longer than reported hers.

The females of all the resistant strains exhibited more het-
erogeneity in adult longevity than did those of the normal strain,
However, this was not true in the case of the males, The adult life-
span of the females in the resistant strains was significantly longer
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than that of normal ferales. Although the adult period of the males
was longer in all three resistant strains; compared to normal males,
the differences were not significant, The extensions in adult longevity
of resistant strains were as follows: DDT >chlordane> lindane, This
is of interest since the magnitude of resistance in these strains
follows the same pattern. The average longevity of adult male and
female German cockroaches reported here, from both resistant and
normal strains,‘is considerably shorter than that reported by Willis
and Roth (1958), although rearing conditions were similar.

One might attempt to correlate the development of resistance
to DDT or lindane with increase in adult lifespan, increase in nymphal
developmental period, or decrease in incubation period; however, such
correlations may not be valid because the chlordane-resistant cock-
roaches had a longer incubation period, a shorter nymphal developmental
period, but a longer adult period than the normal strain. Perhaps
this apparent inconsistency could be explained by the fact that the
DDT- and lindane-resistant strains were produced through laboratory
selection, whereas the chlordane-resistant strain originated in the
fields Brown (1959) has pointed out that resistant strains produced
by selection in the laboratory may differ in genetic composition and
phenotypic characteristics from those originating in the field. This
could perhaps explain the difference between the chlordane-resistant
and the other two resistant strains.

The sex ratio, which approached unity in all instances, was
in accord with the findings of previous investigators (Hilchey and
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Patton, 1952; Willis et al., 1958) who studied normal German cock-

roaches,
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SUMMARY AND CONCLUSIONS

Comparisons were made of resistant and normal strains of the
German‘cockroach to determine the presence of differences in incubation
period, nymphal developmental period, and adult longevity. The cock-
roaches were reared in a walk-in cabinet maintained at approximately
30 degrees C, and 65 percent relative humidity. Techniques for rearing
and handling are described.

In general, the resistant strains were more heterogeneous than
the normal strain. The exceptions were the chlordane-resistant males
and females in the nymphal developmental study and all the resistant
males in the longevity studys Only the DDT-resistant strain was signifi-
cantly different in the incubation period; the difference extended to
the other resistant strains as well as to the normal strain, The DDT-
and lindane-resistant strains had a significantly longer nymphal
developmental period than the other two strains, Significantly greater
longevity occurred in the females of the resistant strains than in
females of the normal strain.

The DDT-resistant strain, which had the highest order of resis-
tance, usually showed the greatest deviation from the normals this
included the greatest number of non-hatching egg-cases and the greatest
mortality of encapsulated females, The resistant females followed an
adult lifespan pattern of: DDT >chlordane >1lindanej the order of
magnitude of resistance followed a similar pattern.

Finally, this study indicated that, when comparisons were made

of resistant and non-resistant German cockroaches, rather consistent
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differences were found associated with the development of resistance
in the strains which had laboratory-induced resistance (DDT- and
lindane-resistant), but correlation was variable between the normal
strain and the resistant strain which originated in the field (chlor-
dane-resistant). The field-originated resistant strain was similar
to the normal strain in averaze incubation and developmental periods,
but similar to the other resistant strains in longevity.
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CERTAIN BIOLOGICAL COMPARISONS OF RESISTANT AND
NON-RESISTANT STRAINS OF THE GERMAN COCKROACH,
BLATTELLA GERMANICA (LINNAEUS)

Abstract

Strains of the German cockroach resistant to lindane, chlordane,
and DDT were compared with a normal strain as to incubation period of
eggs, developmental period of nymphs, and longevity of adults,

The resistant strains were more heterogeneous than the normal,
with the exceptions of the chlordane-resistant males and females of the
nymphal developmental study and all the resistant males in the longevity
study. The incubation period of the DDT-resistant strain was shorter
than that of the normal and the other two resistant strains. The
DDT- and lindane-resistant strains had longer nymphal developmental
periods than the other two strains. The resistant females lived signi-
ficantly longer than the normal females. The sex ratio approached
unity in all strains.

Correlation of resistance with differences found in this study
gave varisble results, The field-originated strain (chlordane-resistant)
was similar to the normal strain in average length of incubation and
nymphal developmental periods, but similar to the other resistant strains
in longevity. On the other hand, rather consistent differences were
found between the normal strain and those with laboratory-induced resis-
tance (DDT and lindane strains).
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