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Table 2. Response of Field-Collected Strains to Propoxur.a

Strain Resistance Ratio
Columbia 4.4
Hurt Park 6.0
Bowl 4.5
Tide 4.0
Gates Hudson 4.0
Seasons 3.8
Chris 4.4

8 The concentration of propoxur used was 5.0 ug/cmz.

It can be seen that the RR's are somewhat higher than for resistance to
diazinon and this fact is sufficient to cause concern as to the effectiveness
of propoxur in cockroach control. This resistance can be largely overcome by
the use of synergists such as piperonyl butoxide (P.B.0.). For example, a RR
of 6.0 (Hurt Park) becomes 1.1 in the presence of a 1:5 insecticide:synergist
ratio. This result indicates that the resistance mechanism is probably an
enhanced oxidase-enzyme capability in resistant strains.

More recently high-level resistance to bendiocarb has been discovered in
various field-collected strains (Table 3).

Table 3. Response of Field-Collected Strains to Bendiocarb.®?

Strain Resistance Ratio
Columbia > 40
Hurt Park > 40
Bowl > 40
Tide > 40
Gates Hudson > 40
Seasons > 40
Chris >140

2 The concentration of bendiocarb used was 10 ug/cmz.

This is an interesting phenomenon because there are indications that it
developed rapidly, perhaps after only one or two exposures (Nelson and Wood,
1982). However, it is not an example of a species-wide natural resistance
because several known susceptible strains are completely susceptible to
bendiocarb., Bendiocarb resistance can be largely overcome by use of
synergists (Table 4). This again indicates an oxidative-enzyme type of
resistance mechanism.
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Table 4. Effects of Synergists on Bendiocarb Resistance.?

Strain RR RR(+P.B.0.) RR(4MGK 264)
VPI Normal - 1.3 1.2
Seasons > 40 2,7 2.3
Chris >140 4,2 2.6
Forest Green >140 6.2 2.9

a . . .
The concentration of bendiocarb was the same as in Table 3
and the insecticidessynergist ratio was 1:5.

Pyrethroid insecticides are just beginning to be used in cockroach
control, Tt is quite likely this use will increase in the near future.
Therefore, it is important to remember that resistance to natural pyrethrins
was reported earlier (Reller et al,, 1956; Cochran, 1973b). A recent survey
of field~collected strains has revealed that about one third of them have
high-level resistance to pyrethrins (Cochran, unpublished data). This
resistance can also be largely negated with synergists (Table 5), indicating
an oxidative enzyme resistance mechanism.

Table 5. Effects of Synergists on Pyrethrins Resistance.®?

Strain RR RR(+P,B.0.) RR(+MGK 264)
VPI Normal - 1.0 1.0
Lynn Haven > 80 1.2 1.4
Seasons > 80 1.2 1.2
Kenly >240 1.6 2.1

% The concentration of pyrethrins used was 0.3 n1/cm2 and the
insecticide:synergist ratio was 1l:5.

These pyrethrins-resistant strains show only low-level resistance to
allethrin and no resistance to several other synthetic pyrethroids. However,
one field-collected strain has been discovered which has high-~level resistance
to pyrethrins, allethrin and phenothrin, moderate- to high-level resistance to
permethrin and low-level resistance to fenvalerate. This strain has been
exposed to resmethrin and phenothrin as primary control agents for two to
three years. Unfortunately, this strain is probably an indicator of what may
occur if a shift is made to a control regime which includes only synthetic
pyrethroids. It is clear that resistance can develop rapidly under these
conditions, Data are not yet available on the possible effect of synergists
on this resistance. In addition, there is an indication in the literature
that two types of action may exist among synthetic pyrethroids against
cockroaches (Scott and Matsumura, 1983). If true, this could possibly extend
the useful life of this group of insecticides even if resistance becomes
common.
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Table 6 is a summary table indicating the status of resistance to eleven
insecticides in two strains of German cockroaches. The Chris strain is from
San Diegos CA and the Kenly strain is from Kenly, NC. It is apparent from the
table that the most serious resistance occurs to malathion, bendiocarb and

Table 6. Typical Resistance Profiles in German Cockroaches

Insecticide Chris Strain Kenly Strain
Diazinon 2,12 2.2%
Chlorpyrifos 2.4 1.8
Acephate 1.2 1.1
Malathion > 60 > 50
Propoxur 2.2 6.1
Bendiocarb >140 > 70
Pyrethrins 1.4 >240
Alletbhrin 1.6 1.5
Permetbrin 1.1 1.0
Phenothrin 1.0 1.3
Fenvalerate 1.0 0.9

8 Values are resistance ratios (RR).

pyretbrins. In some strains tested, the level of resistance to propoxur and
diazinon is somewhat higher than with either of these two strains. However,
most strains tested have significant resistance to only one or two
insecticides. A few strains are resistant to as many as four materials.
Fortunately, control of all of these strains is still possible by carefully
choosing the insecticide to be used. That choice should be based on a
knowledge of the resistance profile, the relatedness of the chemicals being
considered, their mode of action, and their mechanism of resistance.

In addition to the commonly used insecticides, as described above,
several other types of materials are available for cockroach control. They
include insect growth regulators (IGRs), boric acid and the inert void-
treatment dusts. There does not appear to be any resistance to these
materials in cockroaches as yet. This is probably true mainly because they
have not been used extensively in control. There is no theoretical reason to
expect that resistance to these materials will not develop given adequate
exposure levels and time.

The cases of insecticide resistance in the German cockroach, discussed
above, appear to be physiological in nature as indicated mainly by the action
of synergists. The existence of behavioral resistance in this species is
perhaps also to be expected, but is not well documented. It may be more
extensive than is generally recognized. However, it is important to
differentiate between behavioral resistance and the well-known repellency of
insecticides (Ebeling et al., 1967; Rust and Reierson, 1978). The latter
appesars to be more a matter of avoidance behavior or a turning away from
treated areas. This response does not necessarily involve a population-
selection mechanism by which the behavior in question is enhanced. To have
behavioral resistance, I believe it must be demonstrated that a selection-
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driven change in a particular behavioral response has occurred in a
population. That change could be as simple as an increased frequency of the
response within a population, or it could involve an intensification of the
response, or it could be a complex of changes. This area appears to be ripe
for investigation,

In conclusion, resistance is highly variable among urban pests. It is
non-existent in termites, is a potent factor in houseflies, and is of
intermediate importance in fleas and cockroaches. This situation appears to
be related to the importance of the pest, which probably influences the
intensity of the control efforts against that pest. Tt is also related to the
biclogy of the pest.

While resistance is a serious problem, it appears that most urban insect
pests can still be controlled by the choice of an appropriate insecticide.
There is an abundance of materials from which to choose. In cockroaches, even
the traditional 0.P. insecticides still seem to control most strains. Thus,
the prospects for continued control of urban pests are excellent.
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BEHAVIOR AND BIOLOGY OF YELLOWJACKETS

Richard E. Keyel

S. C. Johnson and Son, Inc.
1525 Howe Street
Racine, WI 53403

The history of interest in social wasps extends back to ancient times
(summarized in Spradbery, 1973; Edwards, 1980). This interest stems from the
ability of these wasps to form organized "societies'", and from the
disproportionate pain, sometimes ending in death, caused by wasp stings. Both
the interest and the pain remain with us today, as reflected in the number of
recent reviews of wasp biology (Spradbery, 1973; Akre and Davis, 1978;
Edwards, 1980; Akre et al., 1981; Akre, 1982; Brian, 1983) and the research
effort on yellowjacket control (reviewed in MacDonald et al., 1976).

Because of the wealth of reviews available, I will concentrate on studies
conducted in the last few years. In that time, much additional research on
yellowjacket behavior and biology has been performed. During the last few
years there has also been an explosion of literature on allergies to
yellowjacket venom. These immunological aspects of yellowjacket biology could
fill a separate review and often are not directly relevent to yellowjacket
behavior or biology. Therefore, I will not discuss the allergy aspect of
yellowjacket biology.

One of the main emphases of yellowjacket research has always been
control. Wasp control research has focused on yellowjackets (see Greene and
Caron, 1980 for the etymology of the term '"yellowjacket'") because they cause
the majority of urban problems associated with wasps (Fluno, 19613 Barr,
1974). From 1960 to 1975, much of the yellowjacket research in the United
States was aimed at developing control techniques. Foraging wasps from
unknown nests have always posed the greatest challenge for control, but with
the discovery that 2,4-hexadienyl butyrate and related compounds were
attractive to yellowjackets (Davis et al., 1967), it appeared that a mass
trapping or enhanced toxic bait system could be developed to control foragers.
Unfortunately, many yellowjacket species do not respond to this class of
attractants (Grothaus et al., 1973) and several non-repellent insecticides,
such as chlordane and mirex, soon became unavailable for use. Thus, the early
hopes for a generally effective toxic bait abatement system never were
fulfilled. 1In their 1976 review, MacDonald et al. described the control
situation as "bleak".

In 1986, the control situation is little changed, although new toxicants
have shown potential and some initial work has begun on more generally
effective attractants. Parrish and Roberts (1983, 1984) evaluated methoprene
and avermectin Bl for yellowjacket control. Both materials have possibilities
as toxicants for Vespula maculifrons. However, methoprene in certain bait
bases was repellent to foragers and the repellency of avermectin Bl was not
tested. Gambino (1984) and also Guzman (1984) reported on the use of
nematodes for control of V. pensylvanica and V. germanica, but these
techniques are still in the preliminary stages.
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In addition to a non-repellent, slow-acting toxicant, a toxic bait
requires an effective bait base. Reid and MacDonald (1986) found texture to
be important in the acceptability of meat-based baits. Large amounts of
gristle and other materials which are difficult to cut rendered an otherwise
attractive bait unacceptable.

An attractant may be useful in yellowjacket control either as a means of
mass-trapping (Davis et al., 1973) or to enhance removal of toxic bait (Wagner
and Reierson, 1969). Ross et al. (1984) and Reid and MacDonald (1986)
presented evidence that V. germanica and V. maculifrons foragers are
attracted to meat volatiles from a distance. Unlike the situation with heptyl
butyrate and related attractants, the basis for attraction seems clear for
meat volatiles, and one expects that one or a few components will be
identified which are attractive to most of the scavenging species of
yellowjackets. The next step of identifying the actual attractive components
from the materials in meats has not yet been completed.

Aldrich et al. (1985), however, did identify individual components from
a different source which are attractive to yellowjackets. They found
(E)-2-hexenal and linalool to be attractive to V. maculifrons foragers from a
distance of approximately 50 cm. (E)-2-hexenal and linalool are released from
damaged leaves, and Aldrich et al. (1985) suggest that foraging wasps use
plant chemicals released in response to feeding to find herbivorous insect
prey.

Yellowjacket pheromones might also be a potential aid in control, but
this topic has received relatively little attention. Akre (1982) summarized
most of the information on yellowjacket pheromones. Queen, mating, alarm,
sex, aggregation, and pupal warming pheromones have been proposed, although in
no case has a thorough bioassay and identification been performed. Recently,
Maschwitz (1984) has proposed an alarm pheromone for Dolichovespula saxonica
which is the same or similar to that earlier proposed for Vespula vulgaris.
Dioxaspiro[4.5]decanes have been described as '"repellents" or "aggression
inhibitors" or "anti-aggregative" pheromones of Vespula vulgaris (for example:
Doherty, 1984; Mori and Tkunaka, 1984) after the appearance of Francke et al.
(1978). Unfortunately, more effort has been spent on the synthesis of these
compounds than on the characterization of their biological activity and

additional studies are necessary to evaluate the true effect, if any, of these
materials.

MacDonald et al. (1976) suggested that more detailed investigations of
yellowjacket behavior, life history, physiology and biochemistry were needed
before control of foragers would be feasible. Their suggestion has generally
been followed, and recent research has attempted to elucidate more basic
aspects of yellowjacket behavior and biology. Foraging behavior has a direct
influence on how baits are found and utilized, and has been investigated from
several directions. Temperature has long been known to affect yellowjacket
foraging (reviews in Spradbery, 1973; Edwards, 1980). Most previous papers
have correlated ambient temperature with activity at the nest entrance.
Milani (1982), however, measured body temperatures of V. germanica as well as
ambient temperature and discussed how thermoregulation was accomplished.
Heinrich (1984) measured thoracic temperatures of D. maculata and V.
vulgaris workers and found that D. maculata maintains its thoracic
temperature more consistently than does V. vulgaris. Heinrich suggested that
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this may be correlated with the foraging methods of these wasps, D. maculata
capturing live prey, and V. vulgaris scavenging. D. aremaria would be an
interesting wasp to examine in this context, as its body size is similar to V.
vulgaris, but its food habits are more similar to D. maculata.

Sharp and James (1979) found that Vespula squamosa foragers were
attracted to yellow in preference to other colors. V. vulgaris (Real, 1981)
and V. germanica (Beier, 1984) were also shown to prefer yellow to blue. V.
germanica use yellow and black striped patterns to find other wasps at food
sources (Parrish and Fowler, 1983; Beier, 1984). V. maculifrons (Parrish and
Fowler, 1983) and V. vulgaris (Lyubarskiy et al., 1983) however, apparently
do not. YeIIOWJackets can learn the location of food sources and will make
several trips to a good source. They more readily use less variable food
sources, even when the total food available is the same (Real, 1981).

Another area of yellowjacket behavior focused on in recent research has
been the study of nesting biology in yellowjackets, investigating nest
structure, composition, location, and associates. MacDonald et al. (1974) is
an example of one of the initial studies of this sort. To date, most of the
yellowjacket species of the United States have had their nesting biology
studied, either individually (see reviews mentioned above; also: MacDonald et
al., 1980; Yamane et al., 1980a; MacDonald and Matthews, 1981; Akre et al.,
1982 ; Reed and Akre, 1983a; MacDonald and Matthews, 19843 Akre and Bleicher,
1985), or as communities (Roush and Akre, 1978; Keyel, 1982). Similar data
are available for European species of yellowjackets (reviewed in Spradbery,
1973; Edwards, 1980) and are becoming available for Asian species (for
example: Takamizawa, 19813 Makino, 1982).

Most of the information on nesting biology has been covered in the
reviews mentioned previously and has not changed appreciably with the addition
of new species. Colony sizes, locations, and durations vary with geography
and among the major taxonomic groups of yellowjackets. Variation within a
taxonomic group seems to be less than among taxonomic groups, but noticeable
differences exist among species. For example, species of Dolichovespula
typically have moderate sized colonies which end in late summer or early fall.
The nests are usually exposed and hang from the branches of trees or the eaves
of buildings. However, nests of D. arenaria have been found in a wide
variety of locations including wall voids, car seats, and in subterranean
sites, while D. maculata is found in a much narrower range of sites,
preferring branches and eaves (Greene et al., 1976; Roush and Akre, 1978;
Keyel, 1982).

Species of the Vespula rufa species group (an american name corresponding
to the subgenus Vespula (Vespula) of Guiglia, 1972, and to the genus Vespula
s.s. of Bluthgen, 1961) make small to moderate sized colonies which also end
in late summer or early fall. Their colonies are usually subterranmean.
Species of the Vespula vulgaris species group (subgenus Vespula (Paravespula)
of Guiglia, 1972; genus Paravespula of Bluthgen, 1961) make large colonies
which are active until late in the fall, occasionally into winter. These
species also seem more likely to form perennial colonies (Akre and Reed,
1981a; Ross and Matthews, 1982). Colonies of these species are typically
subterranean, although V. germanica seemed to nest primarily in structures in
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the United States (Morse et al., 1977; Keyel, 1982). V. germanica appears to
be "rediscovering" a subterranean nesting habit as it moves west, however
(MacDonald and Akre, 1984).

The systematics of yellowjackets has continued to be an active area,
especially as more asian species are studied (Yamane et al., 1980b; Archer,
1980, 1982; Eck, 1980, 1984; Varvio-Aho, 1984). As more taxonomic and
behavioral/ecological information becomes available, finer and finer
distinctions among species are appearing. The relative importance of these
distinctions has not yet been completely elucidated, however.

The wealth of numerical data on colony characteristics, besides being
use ful for comparison with taxonomic information, has been used to generate
mathematical models of colony growth and population densities. Long et al.
(1979) used linear regression to model various aspects of V. pensylvanica
colony size. Archer (1981) presented a considerably more complicated
simulation model of colony growth for V. vulgaris and D. sylvestris, while
Greene (1984) used data from yellowjackets to test previously published
theories of worker and queen production schedules in social insects. Keyel
(1982) used multiple regression to assess the effect of various nest site and
habitat variables on colony growth for several species. Several of the
habitat variables measured appeared to affect species distributions and
abundances. Pallett (1984) found that D. maculata and D. arenaria tended to
nest in the same locations year after year and Lord and Roth (1985) showed the
same for V. maculifrons. Lord and Roth (1985) also suggested that
yellowjacket colony success is related to the habitat.

In addition to models of individual colony growth, a number of models of
population growth have been proposed or supported. Akre and Reed (1981b) and
Madden (1981) provide additional correlation of yellowjacket densities with
low levels of spring rainfall, thus supporting the hypothesis of Beirne
(1944). Pallett (1984) found that weather-related bird predation was a

significant cause of failure in young Dolichvespula arenaria and D. maculata
colonies.

Archer (1985) combined summer and autumn weather effects with queen
usurpation and queen quality to explain yellowjacket population densities and,
in particular, proposed 2 year and possibly 7 year cycles in density. 1In
trying to explain population density cycles as a result of cylcles in
individual quality, Archer (1985) is invoking an hypothesis previously
proposed by Chitty (1958) to explain population density cycles of small
mammals. Usurpation of young colonies by queens is common and has been
suggested as a density influencing factor previously (Matthews and Matthews,
1979; Macbonald and Matthews, 1981; MacDonald and Matthews, 1984). Usurpation
can occur both facultatively as in V. squamosa and V. flavopilosa, or
obligately as in D. arctica and V. austriaca. In most species, invading
queens appear to be aggressive, attacking the host queen (Reed and Akre,
1983b), although in certain circumstances, and in most circumstances for D.
arctica (Greene et al., 1978) , the invading queen is passive, and coexists
with the host. More and more is becoming known about queen behavior, both in
regard to mating (Ross, 1983a; Post, 1980) and the critical early period of

nest initiation and early development (Ross et al., 1981; Matthews et al.,
1982 ; Ross, 1983b).
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Madden (1981) supported yet another possible density influencing factor
by demonstrating correlations of V. germanica density with the abundance of
blowfly populations. MacDonald et al. (1980) and Roush and Akre (1978) also
noted indications that populations are affected by food availability.
Aggression at food sources appears to be common among foraging yellowjackets
(Parrish and Fowler, 1983; Keyel, 1982; Parrish, 1984; Pflumm, 1984) and
suggests the possibility that food is influencing population dynamics.

Almost all support for the hypotheses of population dynamics stated above
comes from correlation data. Actual experimental tests manipulating the
levels of prey or carbohydrates, changing habitat characteristics or queen
densities are necessary to establish causation and to distinguish the relative
importance of the different factors. 1In addition, it is not necessarily true
that all these hypotheses are mutally exclusive. All of the factors may be
important and the relative importance may change. More experimentation is
needed to understand the conditions under which these factors and others
operate. This type of information is necessary to know how to break the
yellowjacket life cycle and achieve control.

Yellowjackets will no doubt continue as urban pests. In fact, they will
probably increase their conflict with people. In common with other urban
pests, yellowjackets live well in association with people. Many yellowjacket
species thrive in the habitats that man favors and have used human vehicles to
reach new areas far beyond their normal range (Edwards, 1976). V. vulgaris
has become established in New Zealand (Donovan, 1984) in addition to V.
germanica. D. maculata has also recently been captured from New Zealand
(Harris, 1984). V. germanica continues to spread to other countries in the
world (Giganti, 1983; Willink, 1980) and throughout the United States
(MacDonald and Akre, 1984). Considering the adaptability of these wasps and
the amount of international travel, it is likely that yellowjackets,
especially species of Vespula (Paravespula), will continue to expand their
ranges to various parts of the world. 1In doing so, yellowjackets will
continue to be model organisms for the study of questions on the behavioral
ecology of social insects. They will also continue to provide a challenge for
the development of control techniques.
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INDUSTRY RESEARCH PRIORITIES AND FUNDING

George W. Rambo, Ph.D., R.P.E.
National Pest Control Association
8100 Oak Street
Dunn Loring, Virginia 22027

The first National Conference on Urban Entomology has brought to the
forefront the importance of the many disciplines involved in urban
entomological research. This research, in the past and on into the future,
will be the basis for developing control programs for many of the urban
pests.

The pest control industry, with estimated income of over 2.8 billion
dollars, has survived to this day primarily based on the use of pesticides
to accomplish its goal of protecting the nation's health and property. The
future development or, if you will, sophistication of the pest control
industry lies in the incorporation of your research into the business of
pest control. Also we must educate the public as to the importance of our
industry and your research.

The pest control industry has grown as has the science of urban
entomology. Similar to your discipline, our industry too struggles for
recognition. You heard an excellent synopsis of this in Dr. William
Robinson's presentation on the perspective of urban entomology. You have
also been presented with information on topics that show the basics of
insect behavior and biology, and that opens the door to altering biology
for control. Some information is not new but offers the base for
developing new strategies for future pest control services.

The pest control industry is concerned about the future of your
discipline. We encourage research, and are pursuing ways to increase
funding. Before we discuss these, it is best to review priorities we see
as a need for the pest control industry.

One priority, which is not necessarily a research one but a need for
the researchers, is cooperation. As with most scientific research, there
is ultimately a need to move to the field to apply, in this case, those
concepts learned in the lab. Also, much of the information we need, as an
industry, is not found in the lab but in the urban areas in which we work.
It is of the utmost importance that we, the PCO, cooperate and work with
the researcher, gain mutual respect for each other's disciplines and learn
how to apply what we learn.
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Our industry's control concerns lie in several areas. TIn an open
letter to both the Agriculture Research Service (ARS) and the Cooperative
State Research Service (CSRS), the National Pest Control Association (NPCA)
listed areas we would consider priority research areas. These are:

Resistance ~ We know there is resistance to many of our
pesticides present in rats, mice, fleas, cockroaches and stored
product pests. In some cases, researchers have noticed
behavioral and morphological changes in resistant cockroaches.
This needs further research since, at present, it is just a good
topic for heated discussions.

In addition, the resistance studies must look into the future.
What new "pesticides" are being developed and will, or how fast
will, insects or vertebrates become resistant to these new
compounds? This type of planning is not much different than
plant breeding programs for resistance to rusts. The economics
are not too far afield either, since we lose hundreds of millions
of dollars in stored products every year due to infestations of
resistant pests.

Pheromones - The interest in this field has increased a hundred
fold in the last few years. More and more pheromones, IGR's and
attractants have been isolated, synthesized, and found their way
and acceptance into the urban pest control usage.

This is an indication of change and of need. The reliance on the
traditional pesticides to control pest problems has been shaken.
New methodologies have to be developed to train personnel and
implement such materials into control programs. In additionm,
resistance factors have to be looked at for these compounds.

Field research with pheromone attractants should be performed to
relate pest infestation size to trap counts. This would give us
a realistic picture of pest dynamics, economic losses and less
use of pesticides.

Pest Management - Although this term is, I believe, overworked,
there is still a need to explain these concepts and to
demonstrate the use in effective control programs. I do not
believe that success has been demonstrated in urban pest control
for this concept.

At present, only the Army and some other EPA funded programs have
utilized, or tried to utilize, pest management concepts in
controlling some of our domestic pests. Unfortunately, the
monies spent are wasted because the results are not visible as
published data or for public utilization. Research funded
through USDA/ARS can reach the U.S.D.A. Extension Service and be
utilized in consumer information.
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An example of such research could be in flea control: the
homeowner judges the flea problem based on the dog or cat
scratching. Many times the fleas are mnot present in populations
that would bother the homeowner. In many more cases, information
to the homeowner on the more specific habits of fleas, weather
conditions that favor flea development and how to actually survey
for such problems would stop many unnecessary applications of
pesticides. Some of this research has been done, some is still
ongoing, in fact, at the ARS Gainesville lab. We would urge pest
management research in areas of flea control, stored product pests,
vertebrate control and cockroach control.

e Development of Control Strategies - This may appear to be a part of
the above concept but in actuality it combines all of the previous
areas. This also requires the most work because it is field work.
Laboratory studies tells us what to look for, not what will happen
in the actual control situation.

In the area of stored products, this concept is an absolute must at
this time. The loss of our liquid fumigants have resulted in the
increased use of other pesticides - just to protect against, not
necessarily to eliminate, an infestation. In some cases, the
increased use is alarming. The controller is using higher
concentrations and more frequent applications of pesticides. 1In
the present "activist society,'" we, government and industry, can
i1l afford the publicity surrounding such programs.

Only through research can we demonstrate effective programs. These
programs may increase costs to producers or consumers but they will
lead to a less concerned public and a more respected image for both
researcher and professional.

I feel this best summarizes our needs and the direction we feel
USDA/ARS and CSRS should be considering in funding continuing research
programs. Because of the needs and increasingly rapid changes, we urge
more monies be channeled into such research.

This is all well and good. The industry is and will be continuing to
lobby for such research programs and will continue to encourage
developments in this area. However, we all know these ideas and goals go
nowhere without funding.

For an industry with over $2.8 billion a year in income, an industry
without which people would suffer from disease, property destruction and
food loses, the amount of monies given to this research is appalling. An
agricultural industry providing less to the economy than us receives
millions of dollars in research monies. As pointed out earlier in our
conference, there is over 14.5 million dollars devoted to research in the
tobacco industry - and the health concerns there are well documented - why
can't the government agencies divert some of this to development of
programs that would study the effectivess of pest management programs for
various pests and consumer educational information for the extension
services to use?
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The pest control industry has taken steps to try to fund various
projects in urban entomology. The National Pest Control Association has a
research fund - the Phil Spear Research Fund - that is slowly building,
that will eventually be used to fund research at the universities
supporting urban entomology research. At present, NPCA allocates $30,000 a
year to various research projects. Over the past few years we have
supported studies in flea control, resistance studies, Formosan termites,
pesticide residue studies and wood destroying beetle work. This fund has
also contributed to the establishment of a chair in urban entomology at
Texas A&M and a new research facility at the Virginia Polytechnic Institute
and State University.

These support grants are minute as to what is needed. However,
individual state pest control associations have come to the aid of several
researchers; South Carolina, Louisiana, Kansas, Texas, Maryland, Virginia,
North Carolina are among the state pest control associations that donate
monies to research within their state entomologists. 1In the future, it is
NPCA's goal to increase this funding and work closely with the states and
researchers to accomplish this,

Federal monies are difficult to acquire. NPCA will continue to work
and lobby for funds to be released, or rather reallocated, to research
projects that will benefit the research community.

Cur goal is to have various state associations lobby their
representatives to put pressure on the appropriate agencies to provide
monies. It is our hope that researchers will not become discouraged in
this endeavor and will continue to pursue funding from all the sources
discussed here.

Our future lies in the organization of a strong working group to
pursue the funding of urban entomology. NPCA supports the formation of an
urban entomology work group. We will pursue this end with our membership
and contacts in the research field.
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FLEAS

Michael K. Rust
Department of Entomology
University of California
Riverside, CA 92521-0314

The order Siphonaptera probably arose from a Mecoptera~like ancestor in
the Upper Cretaceous Period, less than 100 million years ago, coinciding with
the evolution of mammals in the Triassic Period and the birds in the Jurassic
Period (Rothschild 1975). It is this beginning of the nesting and burrowing
microhabitat that has contributed much to the evolution of the fleas. By 50
million years ago, the order Siphonaptera was very much like it is today. Of
the 2237 described species as of 1969, less than a dozen have been widely
reported as urban pests and only a few specles pose a serious medical or
veterinary problem. About 94% of the described species feed on mammals, the
remaining 6% feed on birds. The vast majority of the species (ca. 742%) are
associated with rodents, highlighting the importance of the nest and burrow
microhabitat. Larval developmental requirements of high relative humidities
and warm temperatures and nutritional requirements of undigested blood pro-
duced by adult fleas feeding on the host have reinforced this dependence to
the burrow or nest habitats and specific microhabitats.

Although the oriental rat flea, Xenospylla cheopis (Rothschild), has
attracted considerable attention throughout history because of its involve-
ment as a vector of plague, surveys of urban domestic animals in Egypt (Amin
1966), Europe (Kristensen et al. 1978), India (Joseph 1981) and the United
States (Amin 1976, Osbrink and Rust 1985) clearly indicate that members of
the genus Ctenocephalides, dog and cat fleas, are the most important
domiciliary species worldwide. 1In a survey of fleas associated with Norway
rats, ground squirrels, and cottontail rabbits, Ryckman (1971) found that
only the sticktight flea, Echidnophaga gallinacea (Westwood), was found on
all three hosts. The other six species of flea were limited to a single host
species. Fortunately, the flea Diamanus montanus (Baker), an important vec-
tor of sylvatic plague in ground squirrels, was very selective. Otherwise,
our control problems with plague in the western United States would be com-
pounded. Only a few species such as the cat flea, Ctenocephalides felis
(Bouché), have extensive lists of hosts. The cat flea has been collected on
numerous hosts including domestic cats and dogs, mongoose, several mustelids,
oppossum, sheep, cattle, horses, and a number of rodents (Hopkins and
Rothschild 1966).

In the past, our control and research efforts have focused on the use of
various insecticides and growth regulators applied to indoor and outdoor
areas likely to harbor adult and immature fleas. Instead of reviewing our
past successes and failures with this approach to flea management, I would
like to discuss some concepts and possible research avenues involving host~
parasite interactions that might prove successful in pest management.
Marshall (1981) in his informative text on the ecology of ectoparasitic
insects writes,
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"Although on man and his domestic animals populations of
ectoparasites may reach high levels, on wild hosts populations
are generally low, kept thus by host activities such as grooming
and perhaps by an immunological response. 1Indeed the occasional
large population on a wild host is usually a symptom of
ill=-health and not the cause of it.”

Should we consider infestations on dogs and cats as wild or domestic popula-
tion? What are typical population levels on domestic animals? Secondly, do
host activities such as grooming have an impact on cat flea populations?

What mechanisms are responsible for the initiation of host grooming? Is
there evidence of an immunological response in our domestic pets to ectopara-
sites? Can these natural responses be exploited in pest management programs?
Let us examine what is known in regards to cat fleas and their relationship
with cats and dogs.

The cat flea, C. felis, is a magnificent ectoparasite highly adapted to
exploit a mobile host such as the cat or dog. Unlike most rodent and bird
fleas, the adults remain on the host where feeding, mating and oviposition
occur. Many of the hosts of the cat flea do not live in burrows or nests and
consequently the adult flea cannot depend upon the host routinely returning
to the same location. The large spines on the tibia and femur and the prono-
tal combs assist the cat flea in remaining attached to the host. Amin and
Wagner (1983) have shown that there is a significant correlation in the gap
between the teeth of the pronotal comb and the diameter of the host's hair.
For example, the spacing in the teeth of male and female C. felis is 35 *
6.57 um and 38 * 5.45 um, respectively, matching the diameter of the hairs on
the head (35 * 17.86 um) and the dorsum (38 * 20.66 um) of Felis catus.
Obviously an important adaption for those species that need to remain
attached to the host.

Within 1 to 2 days after mating, the female hegins depositing ca. 300 um
long opalescent eggs that are broadcast onto carpets, bedding, and other sub-
strates frequented by the host. Eggs hatch in about 2-3 days. Table 1 shows
that the larvae require a source of blood to develop and in the absence of
dried blood they die. 1In nature the blood is provided in the form of dried
fecal droplets of blood excreted by adult fleas feeding on the host. In C.
felis orientis Jordan, Joseph (1976) determined that adult females consume

ca. 18% and males consume ca. 33% of their weight in blood in a 3-7 minute
feeding bout. During the feeding, the adult fleas defecate 8-10 droplets of
blood which dry and fall from the host along with flea eggs. Consequently,
only areas where the pet frequents will have sufficient amounts of fecal
blood to permit larval development, an evolutionary link to the burrowing
habitat of rodent fleas.

If the host can successfully curtail or limit adult flea feeding, there
are two distinct consequences. First the nutritional intake required by
females to lay batches of eggs will be severely limited. Secondly, the large
volume of blood required for larval development will be interrupted pre-
venting new generations of parasites.

The stage of the flea life cycle that is the most resilient to environ-
mental factors and control procedures is the pre—emerged adult within the
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pupal cocoon. Once the flea becomes a pre-emerged adult, it is no longer as
susceptible as the egg and larva are to desiccation or exposure to flucuating
temperatures (Silverman and Rust 1985). Laboratory studies have also shown
that this stage is not vulnerable to most contact insecticide sprays.
Consequently, the pre-emerged adult is the most troublesome stage to control
and fallure to kill this stage results in retreatments.

Table 1. Development of C. felis from egg stage in various rearing media.

Cocoons Adult emergencehf
. a/ % Range Unforced Total Range
Media mixture— formed % % % Z
Chow, Wheast, Difco blood 77 65-85 44 74 60-85
Media used once 82 80-85 28 69 60-75
Chow + Wheast + blood albumen 78 70~-80 43 64 35-80
Dog Chow 0 0 0 0 0
Wheast 0 0 0 0 0
Dog Chow + Wheast (12%) 0 0 0 0 0
Chow + blood albumen (17%) 73 70-80 46 66 40-85
Wheast + blood albumen (60%) 75 50~100 25 70 40-100
Blood albumen 68 55-80 6 67 55~-80

2/ Regular media - chow, wheast, dry blood (7.5:1:1.5, by wt.). Most mixed

ingredients used at proportions similar to those in regular media, mixed
1:4 with sand. Maintained 12/23/83 to 1/23/84 at 25.5°C.
E/ Based on 5 replicates, each begun with 20 eggs. Unforced emergence = live

and dead fleas emerged spontaneously. Total emergence = unforced +
adults liberated from cocoons while submerged in tepid water.

Osbrink and Rust (1985), in surveys of cats collected at a local shelter
over a two—-year period, found that cats had low levels of infestation during
the winter. 1In the spring the level and percentage of cats infested signifi-
cantly increased. Environmental factors had an impact on flea abundance. Of
the factors examined, temperature showed the highest correlation to flea num-
bers. The average number of fleas per cat was 9.6. However, of the 701 cats
examined 377 did not have any fleas. In fact, most cats had relatively few
fleas. Surveys in Kenya indicated that 52% of the hares were infested with
an average of 2.3 C. felis per host (Flux 1972). Haas (1966) found averages
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of 2.4 to 4.6 C. felis per male mongoose and 1.3 to 1.7 C. felis per female
mongoose. Younger mongooses had significantly more fleas than did adults.
Similarly, cats weighing <1.8 Kg, considered to be juvenile, had 17.7 fleas
per cat whereas older cats averaged only 4.7 fleas (Osbrink and Rust 1985).
In general, surveys suggest that the usually low number of cat fleas per host
is in accordance with Marshall's thoughts about populations of ectoparasites
on wild hosts. The data suggests that host grooming activities and immuno-
logical respouses may be operating in domestic animals such as cats and dogs
resulting in low parasite infestation levels.

One approach to protecting the host from ectoparasites has been the use
of polyvinylchloride resin collars impregnated with insecticides as shown in
Table 2. Fox et al. (1969a,b) showed greater than 90% reductions for at
least 14 weeks in the production of adults from trays of eggs collected from
underneath cats wearing dichlorvos collars against DDT, dieldrin, and
malathion resistant fleas. Olsen (1984) reported some limited activity of
propoxur impregnated collars. Collars used for 3 to 6 weeks before testing
were not effective. 1If we consider the intrinsic contact activity of various
insecticides against adult cat fleas, the concept of a flea collar providing
a lethal dose of insecticide to surface of the pet seems suspect. The
LD 50's for a 24-hour exposure of the organophosphates, chlorpyrifos and
diazinon, applied to cotton cloth are about 0.002 and 0.15 ug/cmz, respec-
tively. The carbamates, propoxur and bendiocarb, are 4.5 and 1.6 ug/cmz,
respectively. The pyrethroids, fenvalerate and permethrin, are 11.9 and 12.4
pg/cm?, respectively. 1In fact, Olsen (1984) reported that permethrin and
pyrethrum collars were ineffectual. It is unlikely that most of these
naterials incorporated into a collar could provide enough toxicant on the fur
to provide kill of adult fleas. Fisch et al. (1977) reported that plasma and
erythrocyte cholinesterase of dogs with propoxur collars was lower for up to
3 days. Possibly small levels of insecticide in the blood may contribute to
lower egg production and reduction of adult fleas on hosts with propoxur or
dichlorvos collars.

Table 2. Tests with polyvinylchloride resin collars impregnated with
insecticides against cat fleas on cats and dogs.

Cat or Residual activity

Toxicant dog (weeks) Reference

DDVP c 9 Fox et al. 1969a,b

Naled c,d 0 Olsen 1984; Randell et al. 1980
Permethrin c 0 Olsen 1984

Propoxur c,d 3,1 Olsen 1984; Randell et al. 1980
Pyrethrum c 0 Olsen 1984

Temephos d 1 Randell et al. 1980
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One exciting recent development is the incorporation of the insect
growth regulator, methoprene, into shampoos to treat the animal. Olsen
(1985) reported that shampoos containing methoprene result in decreased
viability of eggs produced by adult fleas on treated hosts. There was no
effect against adult fleas but over 90% of the eggs did not hatch. Brief
exposures of the eggs less than 48 hours old on treated filter paper
inhibited hatching.

In series of experiments with gulnea pigs exposed to cat fleas,
Feingold, Benjaminl and co-workers developed a classic chart regarding the
sequence of host reactivity to insect bites (Feingold et al. 1968). Guinea
pigs were exposed dally to cat fleas and after 10 days exposed twice daily
for the next several months. Their findings are summarized in Table 3. For
up to four days after being exposed to fleas (Stage 1), there was no response
whatsoever. Stage I is frequently referred to as the induction period. From
days 5 to 9 or Stage II, there were delayed skin reactions. In Stage 111
there were both delayed and immediate skin reactions. The delayed skin reac-
tions are believed to be cell mediated responses to low molecular coumponents
found in the saliva of the flea. This component must bind with collagen
molecules in the skin to Iinitfate the response. The immediate reactions
observed in Stages III and IV are believed to be humoral antibodies. After
90 days the animal becomes hyposensitive, no longer responding to the feeding
of the flea. The evolutionary significance of the delayed and immediate
reactions is evident. As the animal is subsequently attacked, the host's
skin responds and the irritation initiates grooming. This intensive grooming
in most rodents prohibits us from utilizing them as hosts for cat fleas. 1In
some situations the intense grooming leads to secondary iInfections and the
classic cases of flea bite dermatitis. TIn fact, surveys have shown that
heavily infested cats and dogs often show the fifth stage or classic hyposen~-
sitivity (Feingold et al. 1968).

Table 3. The sequence of reactivity of hosts to insect bites proposed by
Feingold et al. (1968).

Stage Characteristics Duration (days)
I No observable skin reactions 0-4
1T Delayed skin reactions 5-9
ITI Immediate skin reactions followed by delayed 9-60
skin reactions
Y Immediate skin reactions 60~-90
v No reactivity >90

If mice infested with the Anopluran Polyplax were prevented from
grooming, the initial populations of lice grew rapidly (Bell et al. 1966).
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However, after a period of time the populations of lice declined and the sur-
viving mice were parasite free. They found that the rate of the development
of this acquired host resistance was rdirectly proportional to the level of
infestation and that it was localized. An excellent review by Nelsen et al.
(1977) covers many aspects of this acquired host resistance. Recent studies
by Chiera et al. (1985) with the African cattle ear tick, Rhipicephalus
appendiculatus Neumann, showed that if any stage of this 3-host tick fed on

a resistant host, egg production was reduced by 98%. Over the years, we have
noticed similar trends on the animals that we use for rearing cat fleas.
Table 4 shows the egg production of two cats infested with 20 adult male and
female cat fleas. 1TInitially fleas on the resistant cat produced about 225
eggs per day, but this number quickly declined and within 14 days only 50
egegs were being produced. We have repeatedly experienced this decline in
flea egg production in older cats and subsequently use only young cats for
our production. The blochemical nature of the acquired host resistance 1is
unknown.

Table 4. Production of flea eggs from two laboratory cats.

Number of flea eggs collected on day

Cats 2 4 7 10 13 16 19 21
Susceptible 250 310 210 350 238 325 167 167
Resistant 225 230 167 190 50 135 51 51
a/

Twenty adult male and female cat fleas were put on each cat.

In summary, not all attempts to protect the host from adult fleas have
proven successful. However, the mechanisms and factors that initiate the
development of hyposensitivity and acquired host resistance to fleas and
other ectoparasites are an extremely promising area for future research and a
potential tool in pest management.
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