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ABSTRACT

The abundance and pest status of the German cockroach, Blattella
germanica (L.), has been declining worldwide. This once dominant
household pest has been displaced from domestic habitats asaresult of
a combination of factors and changes in the urban environment,
including general improvementsin buil ding construction, whichresulted
in decreased movement of cockroachesin buildings, crack and crevice
application of insecticidesremoved harborages; pyrethroidinsecticides
and bait formul ationssignificantly reduced popul ationsto thepoint, the
tipping point, from which they could not recover. The implications of
this change in the dominance of the German cockroach include the
emergence of antsasanimportant pest, and theincreased utility of baits
for the control of household and structural insect pests.
Keywords. Blattella germanica, pest status, control, population
reservoir.

INTRODUCTION

After decades of abundance and pest dominancein households around the world
thereign of the German cockroach, Blattellagermanica(L.),iscomingtoanend. The
presenceof thiscockroachinresidential and commercia sitesintheurbanenvironment
has been declining for several years, and in many areasit is no longer considered an
economically important pest (Rasmussen and Nielsen 1997; Landau et al. 1999).
Considering the long history and wide distribution of the cockroach that virtually
defined the term household pest in modern society, prospect of it loosing pest status
seems doubtful—at best. However, evidence of the change, coupled with adecrease
in the use of cockroach control materials, have been emerging for thelast ten yearsin
Asia, Europe, and North America. It isnot merely atemporary setback for this pest-
science and society have conspired to make it permanent.

The reasons and the timetabl e of this change are becoming clear. The decline of
B. germanica has been gradual, and not associated with asingle event, an insecticide,
or adramatic change in the urban environment. The German cockroach is a highly
adaptable insect, with a history and a folklore of surviving the most sophisticated
insecticides and athermonuclear explosion (Coleet al. 1959). Dislodging it from the
household environment was achieved through a unique combination of procedures
and productsthat cametogether inthelast tenyears. Theseincludegeneral improvements
in building construction, the chemical application methods of professional pest
control operators and some specific control materials available to homemakers and
professionals. Separately, these features may not have had the influence they had in
combination and in sequence.

This change is an important development in the urban environment and for the
study of invertebrate and vertebrates pestsin thisenvironment. A review of the causes
and effects of thisdevel opment can be useful. The ultimate consequences of achange
inthe hierarchy of household pestsare not known, yet early indications do not appear
tobeall good. Onesideeffect seemstobeanincreaseinthepresenceof ants, silverfish,
stored-food insects, and other secondary household pests. The specific objectives of
this paper are to present the sequence of events that brought about the decline in
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German cockroach abundance, discuss why areversal of thistrend is not likely, and
review the implications al this has on some other pestsin the urban environment.

DECLINE IN GERMAN COCKROACH POPULATIONS

The German cockroach becameacommon and economically important household
pest in most of the developed countries of the world within the last century. It was
during thistimehousehol d featuressuch asindoor plumbing, central heating, and food
storagebecamecommoninnearly al socioeconomiclevels. Beforethat few households
provided the habitats and conditions suitable for this tropical insect to survive year
round (Zhai 1990; Steyskal and Verner 1996). Equally important isthefact that before
theavailability of these featuresthere were few locations, (such asgrocery storesand
warehouses) intheurban environment that coul d sustain large cockroach popul ations,
and serve as source for infesting other sites. Improvements in the living space that
provided food, water, and aheated harborage positioned thisinsect to take advantage
of the habitats and habits of modern society. B. germanica rose to the challenge and
quickly became the number one household insect pest.

Household environment

Ingeneral, construction methodsand material sfor urban buildingshaveimproved
in the last three decades. The expansion of the suburban rings of major metropolitan
areasaround theworld haslead to tracts of large apartment buildings. Thevery nature
of buildings, with multiple units and a range of living and housekeeping habits,
providespotential for cockroachinfestation. However, inrecent yearsthese buildings
have benefited from improved construction in kitchens and bathrooms which have
removed or limited habitatsfor B. germanica. The most important aspect of improved
construction on cockroach infestations is limiting the movement of cockroaches
between units. Field studies in urban apartment buildings confirmed that adults and
nymphs move within and between apartments (Zungoli 1982; Runstrum and Bennett
1984), and attempts to limit this movement by caulking or other post-construction
practices are difficult and not effective (Farmer and Robinson 1984).

Harborage within dwelling units has probably changed little with improved
construction practices. If anything, it may have increased with modern kitchen and
bathroom cabinetry and appliances. Thesestructural featuresprovideB. germanicaan
abundance of 6.3 mm- to 12.7 mm-wide spaces preferred by adults and nymphs
(Koehler et al. 1994). Reducing the avail ability of thisharborage by caulking or other
means seems a logical component of a cockroach control program. However, the
utility of caulking does not mean that it is effective, and it is not. About 45% of the
cracks and crevicesin kitchen cabinets are accessible to caulking, the remainder are
difficult to reach with either caulking or liquid sprays (Farmer and Robinson 1984).
As application methods evolved from surface sprays to crack and crevice treatment,
the apparent utility of caulking has diminished.

I nsecticide application

The lucrative household pest control market provided impetus to find the most
effective cockroach control material (USDA, 1989). Although the ‘silver bullet’ for
cockroach control was not found, some unique control materials and application
methodsweredevel opedto effectively reducehousehol dinfestationsof B. ger manica.
For many years cockroach control was based on spraying liquid insecticides onto
baseboards and other exposed surfaces. The objective was to leave a residue where
cockroaches would walk during their search for food and water. The most common
victims of this application method were male cockroaches foraging away from
harborage sites. Gravid females and small nymphs usually remain within or close to
harborages, and werelesslikely to contact these residues. Thus, monthly applications
would usually kill males, and infestations were easily sustained by the remaining
females and nymphs.

The concept of applying insecticides to cockroach-infested cracks and crevices
becameafeatureof professional serviceand home-useproductsinthe1970s. Thiswas
asignificant development in German cockroach control, becausetheemphasiswason
placing insecticide into harborages used by B. germanica. Residual insecticides in
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infested harborages decreased the opportunity for cockroaches to avoid treated
surfaces when dispersing. Crack and crevice application soon became the accepted
standard for cockroach control - and spraying baseboards something done by the
unenlightened. The concept of identifying and treating infested harborageswould, in
a sense, pre-condition pest control service technicians for the next magjor change in
cockroach control, the use of baits.

Insecticides

Until the 1980s, when pyrethroids became available for household pest control,
thedominant classesof i nsecti cideswere organophosphatesand carbamates. Residues
of these compounds provided consistent control of German cockroaches, even in the
faceof thephysiological resistancethat devel opedin many field popul ations(Rust and
Reierson 1991). The introduction of pyrethroid insecticides, such as cypermethrin,
cyfluthrin, and deltamethrin significantly improved cockroach control. These
compounds are essentially odorless, applied at low (0.1, 0.2%) concentrations, and
they provide an almost immediate flushing action, followed by rapid knockdown and
mortality. Pyrethroids delivered a level of effectiveness against B. germanica not
available before, and when combined with crack and crevice application, they set a
new standard for cockroach control.

Accompanying the introduction of pyrethroids for cockroach control were dire
predictions of resistance and widespread control failure if these compounds were
extensively used (Cochran 1989; 1990). Therewasno datato justify these predictions,
andthey werenot fulfilled. Pyrethroid resistancedid devel opinsomefield popul ations
(Zhai and Robinson 1991), but it was not widespread, nor stable when exposure was
removed (Zhai and Robinson 1996; Strong et al. 1997). The strategies proposed to
prevent or manage pyrethroid resistance also lacked supporting data, as well as any
practicality for pest control professionals. B. germanica hasdemonstrated the genetic
capacity to devel op resistance to nearly every modern insecticide used for itscontrol,
and it may retain moderate to high levels of resistance for many years, even in the
absence of exposure (Bloomquist and Robinson 1999).

The most important contribution made by the pyrethroids to cockroach control
was the sense that immediate and long-term control was achievable, and elimination
of this pest was a possibility. Professional pest control operators realized that
residential and commercial infestations could be significantly reduced by a single
application, and subsequent applications provided further reduction. In the first few
minutes of apyrethroid application there was usually flushing of adults and nymphs
from harborages, then cockroaches began to die. Organophosphates and carbamates
aretypically slow acting, withlittleflushing activity, and mortality occurswithin days
and not minutes. From this point on, cockroach control could be nothing less than
odorless, fast acting, and with aflushing action.

Baits

The introduction of toxic baits for cockroach control was aided by the already
established treatment strategies of identifying cockroach-infested harborages, and
crack and crevice application. Add to this the characteristic of baits to provide
knockdown and mortality within the first two to four days of feeding, and the
increasing concern of the public for pesticides used indoors, and these materialswere
hailed as a major step forward in cockroach control. Baits as ready-to-use products
were first widely used by homemakers, later they were adopted by the professional
pest control industry. Within about ten years of their introduction baits have changed
the pest status of the German cockroach, and thefuture of controlling other cockroach
pests. The use of baits by homemakers and professionals changed not only changed
cockroach control, but the entire concept of household pest control.

The qualities of bait formulations and their unique active ingredients are worthy
of discussion. Briefly, onceasmall amount iseaten, the cockroach isimmobilized and
mortality occurs within days. The most important feature of cockroach control baits
ishow they areableto suppresslocal infestationsor entirepopul ationsof B. germanica
inarelatively shorttime. Thereasonsarelinked towhat traditional liquid applications
did not do, which was reach mal es, femal es with and without egg cases, and all stages
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of nymphsat onetime. Baits placed in or near cockroach-infested harborages are fed
on by all segments of the population, especially the nymphs and females. The effect
of thisbroad level of feeding wasto reduce numbersto very low levelsinashort time.
Inasense, baitswere capabl e of pushing apopul ation over atheoretical ‘ tipping point’
by quickly eliminating the current and future generations. A population reduced to
such low numbers, may not be able to completely recover and continues to decline.
Few individual sand the continued presenceof pal atablebaitscanresultinelimination.
Reservoirs

From thetimeB. germanicawasfirst carried onto trading shipssailing from south
Asiato European ports, reservoir popul ationshave sustai ned itsjourney to househol ds
around the world. The infestations established on ships and in storage warehouses
were key to the movement of this tropical insect to temperate regions. The modern
chain of reservoirs includes food warehouses and large distribution centers, grocery
stores, restaurants, commercial transportation, and finally households. At some of
thesereservoir sitestheremay beonly limited use of chemical controls, and cockroach
populations exposed to spot treatments or sub-lethal doses can develop resistance.
From these reservoirs cockroaches are carried to the other sites along the chain, and
these recruits can initiate or sustain other infestations.

The breakup of the reservoir system by the use of liquid and bait insecticides
started with the household and spread to other parts of the system. Baitswereinitially
more popular with homemakersthan pest control professionals, and their efficacy was
firstrealizedinhousehol d kitchensand bathrooms. Onceadopted by professional sand
used in commercia sites, the reservoir system collapsed. Anywhere control or
elimination wasachieved, the prospect wasgood that there would be no re-infestation
fromtheusual reservoirs—and thiswaskey to the sequence of declineof thispest. The
German cockroach doesnot live outdoorsin the urban environment, and is dependent
on being transported between reservoirs and infested sites. Take away the reservoir
network and the cockroach-free sites can remain that way.

RESULTSOF THE DECLINE OF
GERMAN COCKROACH POPULATIONS

A declining presence of B. germanica in the urban environment should be
welcomed aesthetically and medically, andinlargepartitis. However, along with the
obvious benefits there are some detractions, and caveats for the future. First the
benefits. Removing from the living space an insect that carried the social stigma of
poor housekeeping and low socio-economic status was a valuable contribution by
modern science. But after years of infestation, cockroach fecal residues and body
fragmentsremain, and thesewill probably continueto contributeto respiratory asthma
and other health problems for those exposed. The challenge of the next generation of
pest control professionalsis to remove the allergens and prevent re-infestation.

It islikely that years of regularly spraying baseboards and exposed surfaces for
cockroaches aso provided control of other pests, such as ants, silverfish, carpet
beetles, and spiders. These non-target pests occurred in the same habitats and were
probably affected by the insecticide residues. The introduction of cockroach baits
changed thisscenario. Baitstargeted only cockroaches, and the decreased use of broad
spectrum, residual sprays resulted in the secondary pests becoming more numerous.
Antsmay bethe most obvious benefactor of the decreasein household applications of
liquid insecticides. In many urban environments ants are the number one household
and structural pest. Others that seem to be increasing with the decline of German
cockroachesinclude, silverfish, and stored food pests (Rasmussen and Nielsen 1997;
Landau et al. 1999).

FUTURE OF PERI-DOMESTIC AND DOMESTIC PEST CONTROL

The control and elimination achieved with the German cockroach will not likely
beimmediately availablefor other pest species. Therearenatural reservoir popul ations
of ants, yellowjackets, subterranean termites and other (nonsocial) insects, such as
oriental cockroaches (Thoms and Robinson 1986; Le Patourel 1993) and American
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cockroaches (Bao and Robinson 1998) that will prevent this. This may be the most
important feature of household and structural pest control inthefuture. Thereareboth
practical and philosophical aspects of the concept of eliminating insects from the
urban environment by killing colonies and not simply preventing or reducing the
human/insect interaction. Of course, the mere utility of removing subterranean
termites or ants from urban environments does not mean that it is possible or
economically feasible. The concept of a pest free perimeter around the house may be
desirable, but at what cost in terms of pesticide load to peri-domestic habitats. This
may be the ultimate value of baits: to deliver ahigh level of pest control with limited
pesticide use.
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