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INTRODUCTION

" The cOCkrOachfgenus“Periolaneta is'aflarge“one,}with 3
approximately 41 described species (Princis, 1966). The
'majority of its.members are endemic to Africa, Asia, and

the Orient. However, several species, P. americana, P.

australasiae, P. brunnea, and P. fuliginosa; have been
introduced into North and South America (Rehn, 1945).‘
These four species are amongdthe best’known in the genus

“due to the fact that they are common pests of man

‘ ‘(Cornwell 1968) There are no non dom1c111ary

Periplaneta spec1es 1n North America (Rehn, 1945)

Adults_of the‘four Nortthmerican Periplaneta

"SPGCies are:well‘known and have been well studied with
respect to their identification, biology, reproduction,
and behavior. However,‘little work, particularly
systematic work, has been conducted on the immature
stages. There are very few descriptions'of the nymphs'of

any Periplaneta species, .and those available are rather

brief and not completely accurate. Burmelster (1838)

his paper establishing the genus Periplaneta and

describing P. brunnea as a new spec1es ~gave a brief and
misleading description of the nymph of P. americana.

Periplaneta Japonica is a pest in Japan (Asahina,

1961). It has not yet been reported from the United



States. HoweVer;'itS‘potential for'beeomingvestablished.r
in this COuntry'is very great COnsidering the vast amount
.of trade between the Unlted States and Japan ‘ _

: The flrst stage nymph is 1mportant from a morpho;;.
'1ogica1 standpoint. Identification of this stage.couldvbe'.
usefulvfrom abpracticalvstandpoint also. Oothecae of |
closely related‘cockroach species are often difficnlt to
distinguish,'andbdeVelopment'to the'adult stage may'
“require up to a year or more;‘ Therefore, the development
of a method fOr‘the identrfgcationaof'small‘nymphs could
prove to be very. valuable. | | |

| - The obJectlves of the.research reported here were |
1) to examine the external morphology and prepare detalled:
'descrlptlons of the flrst stage nymphs of P amerlcana,‘

?g. australasiae, g. ‘brunnea, Er.fullglnosa, and P.

japonica;.Z)'to deVise bothfprose'and pictorial keys-to
the flrst stage nymphs and 3) to examlne closely any

:unlque features of external morphology



REVIEW OF THE LITERATURE

' The biology and life history of several species of

Periplaneta have been well'dOCumentedfF The significant'"-g

works concernlng the blology and llfe hlstory of P.
.amerlcana 1nc1ude studles by Kleln (1933),,N1gam (1933)
‘Gould and Deay (1938), Rau (1940),‘Gr1ff1ths and Tauber
(1942), and Gier (1947) | RS

Perlplaneta fullglnosa and P brunnea have also

frecelved some attentlon concernlng thelr blology and 11fe‘-"

:hlstory Gould and Deay (1940) publlshed the blology of
r,31x domlclllary spec1es of cockroaches 1nclud1ng both

':P fullglnosa and P. amerlcana Rau (1945) and erght

v»(1979) presented 11fe histories of P fullglnosa the

'. former 1nclud1ng a short descrlptlon of the flrst stage |
~ nymph. Edmunds (1957) and erght (1973) publlshed life
. hlstorles of P brunnea ‘the former 1nc1ud1ng a brlef
.descrlptlon of the flrst stage nymph Willis, et al ”
(1958) reviewed the nymphal development of the four

¢Nearctlc Perlplaneta spec1es

Mbdern workers have tended more toward.studylng
‘the effects of the environment on growth and development,
as seen in the 1967 and 1968 papers by Wharton et al. on
survival and growth rates of P amerlcana nymphs as

related to population density. Solomon and Griffin (1974)



Sandler and Solomoni(l976), and Solomon, et al. (1977)
teported}on the relationshiptbetween illumination'of“
oothecae and nymphs durlng development and resultlng .
vnymphal body Welght Fleet et al (1978) studled age
dlstrlbutlon and seasonal act1v1ty in’ outdoor populatlonsl

,of P. fullglnosa

Recently many works have been publlshed in Japan |
concerning the ecology and llfe hlstory of several |

Perlplaneta spec1es Takagl (l974 1978) examlned

populatlon age structure and nymphal development in P

;"»fullglnosa Tabaru and Kobayash1 (1971) reported on

| Wlnter hlbernatlon of P Japonlca and TSUJl and Tabaru
(1974) studled the. age dlstrlbutlon 1n these overw1nter1ng
populatlons Tsu31 and Mlzuno (1972 l973a) publlshed
studles on the effects of autumn and w1nter condltlons on .
the surv1val, development, and reproductlon of P. |

americana, P. fuliginosa, and P. japonica.

Brunner de Wattenwyl (1865), Ragge (1965), an
Harz and Kaltenbach (l976) described accurately but

brlefly the nymphs of P. amerlcana.and,P..australa31ae;“fl

Hebard (1917) gave brief descrlptlons of the nymphs of

P. amerlcana P. australa31ae and P fuliginosa.

Cornwell (1968) descrlbed the nymphs of P. americana, P.

'-brunnea and’P australaSLae Lawson and Lawson (1965)-’

figured the termlnalla of P. amerlcana and P. brunnea o

flrst stage nymphs and dlscussed determlnatlon of the



- sexes. Saito‘and'Hayashi.(l973) gave characters for

sexing-P fuliginosa'nymphs Huber (l974)'subjected to

analy31s by methods of numerlcal taxonomy the flrst stage

vxand last stage nymphs of four Nearctlc Perlplaneta spec1es.

In recent~years, some-aspects of behav1or of both

nymphs and adults of several Perlplaneta spec1es have been

'studled.- Prov1ne (1976, 1977) dlscussed ec1031on and
hatching behavior in P. americana. Relngold and Camhl
'(1978) publlshed a study of groomlng behav1or in nymphs
and adults of P amerlcana “ Oloman,‘et al (l976) studled
aggre351ve behav1or 1n nymphs and adults of P americana.

. Tsuji (l965) studled the feedlng behav1or of flrst -stage
and older nymphs, as well as adults, of P. americana and :

- P. fullglnosa Tsuji and Mizuno (l973b)‘and Mlzuno and

TSUJl (1974) d18cussed the harboring behaVior of P.

fuliginosa, P. americana, and P. Japonlca Ono and Tsuji

(1974) studied the effects.of temperature on the harboring
behav1or in these three species. |

- Some work has also been done on pheromone dlrected y

behavior in Perlplaneta spec1es. ’Bell, EE al.'(l972,
1973) reported on the species specificity of,theb‘ |

. aggregation pheromone in first-stage'and second—stage
nymphs of B;'americana and.the maze and.trail'following :
directed by'this pheromone. Burk and Bell (1973)
discussed inhibition‘ofvlocomotion.as a result of the

aggregation pheromone. Roth and'Cohend(l973) reported



interspecific, pheromoneédirected aggregation by first-
stage nymphs of P. amerlcana P brunnea and P. jannica;
_and Plper (1977) noted thlS phenomenon in. P american31 a_

"and P. fullglnosa




MATERTALS AND METHODS

ThlS paper is based on the study of over 800 o
.spec1mens of.flrst»stage_nymphs. Spec1mens of P

americana, P. australasiae, P. brunnea, g._fuliginosa, and

P.:japonioafwereiobtainedtfrom“iahoratoryxcoIOnies
' malntalned at the Cockroach Genetic Stock Center at VPI
vfﬁand SU. Some of the P amerlcana were obtalned from a
-laboratory colony of adult females collected 1n Roanoke,
Vlrglnla v |
Unhatched oothecae were removed from the laboratory“
rearlng contalners and placed in petrl dishes whlch |
vcontalned 2x 3 cm pleces of moist: plastlc sponge When
t the first stage had tanned fully, they were killed andh-
.PréServed:in’70%fethanol to which a small amount of'f
'glycerin7was‘added Observations made onrlive nymphs;'
freshly preserved nymphs and’nymphs that hadfbeenf
fpreserved for 31x months or more 1nd1cated that storage
vlniethanol dld not affect the color to a‘notlceable _ |
gdegree - To obtain second-stage nymphs firsthtage
vnymphs Were kept in petri dlshes untll a molt had occurred‘
and then ‘preserved. | | |
| Spe01mens used for study w1th the scannlng electron,'

mlcroscope were flrst preserved in- formalln for 24 hours



‘“then.placed in SO%Iethanol for 24 hours, and finally:
‘stored in 70% ethanol. "
| Ten flrst stage nymphs (flve males flve females)
v%eof each of the five specles were used in the descrlptlons:
.Nymphs were selected at random from as many dlfferent
~ hatch dates as p0551ble.
Speclmens were cleared in cold pota531um hydroxide
diovernlght and mounted in glycerln on- mlcroscope slldes
. | Adult and nymphal spec1mens were studied with the
aid of a stereoscoplc mlcroscope Wlth magnifications of
__15 to 90X. A compound microscope. w1th magnifications of
40 and lOOX was used for accurate counting and placement
‘of setae.v Setae on the pronotum were counted with the
- aid of an chlar drawing'grid. Measurements.were made
Vwith an.ocular micrcmeter. |
| 'Figutes of the thoracic regions of the five species
were each drawn from a single spec1men dlfferent from the-
v"lO from which the means and standard dev1at10ns were
'obtalned by use of an ocular drawing grid.
A scannlng electron mlcroscope was used to examine
‘.certaln setae more closely. Specxmens,were;coatedvW1thra '
60540 mixture_of.gold-palladium.‘ The coated specimens
‘ vgbere examined‘with an Advanced Metais Research Scanning
.‘f'Electron Mlcroscope (Mbdel 900 52) equlpped Wlth EDAX
| (Energy,D1spers1ve X—ray~Ana1y51s,~MOdel 707A). Spec1mens



~of all five species were examined. Photographs were taken

at magnificatioﬁs of 50 to 5000X.



COMMENTS ON DESCRIPTIONS AND KEYS

' The aeg’eri’p;:ioh'"of’-*éaeﬁ”‘af’ the five species includes
an adult dlagn031s drawn from the llterature a"diagnosis "
of the flrst stage nymph a detalled descrlptlon of the |
flrst stage nymph a brlef statement of the dlstrlbutlon
fxof the spec1es ‘also drawn from the llterature and a list
of the materlal examlned Measurement ratlos and setal
numbers have been reported as a range followed by X SD,
_hence 64- 84 (71. 4 ' 5.5). Synonymles glven 1nclude the
original descrlptron and the one placing the insect in the

'genus Periplaneta ‘An annotated listTOf the important

literature pertalnlng to nymphs has been glven omlttlng
literature deallng w1th medlcal 1mportance chemlcal
control_ physrology, reproductlon adult behav1or and

adult taxonomy Cornwell (1968) has also been omitted

because of the numerous references to Perlplaneta spec1es
1n‘thls text. ‘ |

| Sincewtheyproselkey reliesﬁprimarily’On setal types,
‘numbers vand patterns‘whiCh are:diffiCult*tO'observe on
unmounted spec1mens it is necessary to clear and mount
'the spec1mens on slldes after the general body color has
been determined. Setae that are approx1mately 0.20 mm in
length are con31dered long, those about 0. 12 mm are

moderately 1ong, and those 0. 02 0. 06 mm are con31dered

10
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short. The pictorial key‘(page 31) is primarily deSigned. 

for use with whole, unmounted specimens.



' SPECIES DESCRIPTIONS

o PERIPLANETATAMERICANA7(LiNNAEUS)°*“'

(Flgs 1, 2, 3, 5)

Blatta amerlcana Llnnaeus 1758:424. ‘

Periplaneta americana; Burmeister,vl838:503.

‘Klein, 1933:102-122 (biology)
ngam 1933:530- 543 (biology)
‘Gould and Deay, 1938 489-498; 1940:4-11 (blology)
Rau, 1940.121 -124, 186-189, 223-227, 273-278
| (biology) -
Griffiths and Tauber, 1942:263-272 (biology)
Gier, 1947:303-317 (biology) |
Willis, et al., 1958:53-69 (biology)
Lawson and Lawson, 1965:408-410 (nymphs)
TSUJl 1965 255- 262 (behavior)
Wharton, et al., 1967:699-716; 1968:637- 653
 (biology) | |
Bell, et al., 1972:414-421; 1973:251-255
(behavior)
' Tsuji and Mizuno, 1972:101-111; 1973a:185-194
(biology) ’
Burk and Bell, 1973:36-41 (behavior)
" Roth and Cohen, 1973:1315-1323 (behavior)
Ono and Tsuji, 1974:95-98 (behavior)

12
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Mizuno andthuj"i,- 1974:237-240. (beha‘v'io‘r)
Solomon and Griffin 1974:140-142'(Biology)
Olomon, et al 1976 243 248 (behav1or) | |
Sandler and Solomon 1976 889 890 (blology)
Prov1ne, 1976 127 131 1977 213 220 (behav1or)
Plper 1977 88- 93 (behav1or) :

Solomon, et al., 1977 409 413 (blology)
Reingold and Camhi, 1978:101- 110 (behav1or)

Adult Diagnosis. This species can bevdistinguished

from other Nearctic Periplaneta by the'folloWing character .
combination: .colorkabovechestnUt brown; tegmina}uni-
colerous; last segment of male and female cercus twice as
long as wide; male'firSt,abdominal segment unmodified;

male supraanal nlete translucent, apically ronnded»and
deeply notched, produced considefably beyond the'subgenital
plate. | | :

‘ First-Stage Nymph Diagnosis. This species can be

distinguished‘from other Nearctic Periplaneta by the
following character cembination: antenna, head, thorax,
and abdomen nnicolorous pele broﬁn- majoritysof nonmarginal
setae on thorac1c nota short to moderately long. (O 02-

0.12 mm); pronotum w1th 50 82 nonmarglnal setae; mesonotum'
with 24-38 nonmarglnal setae; metanotum w1th 22~ 32

nonmarglnal ‘setae.
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First-Stage Nymph Descrlptlon (N—lO) Head pale -

brown dorsally and ventrally, ocelllform spot. dlStlnCt .

whlte, aplcal tlpS of max1llary and lablal palps Whlte,iﬁéivi_@‘

N lnterocular ratlo l 92 2 34 (2 03 O 12) : Antenna as

long as. body, pale brown - A G
Thoracic nota'pale.brown,hsParsely setose.

Majority‘of nonmarginal~setae short'to‘moderately‘longt

- (0.02-0. 12 mm)' Pronotum: vlength-width;ratiotd'66;0.72]Q

(0.70 |

- (64.8 T g, 4) nonmarginal setae, 10- 14 (10.4 T 1. 3) short

1+

0. 02), 64 84 (71. 4 - 5.5 marglnal setae 50 82

robust setae with tubular sockets along under31de of
'posterior‘margin._»MeSOnotum:r 38-52 (45.0 4 l) marglnal j
-~ setae, 24-38 (33.2 T-4 l)‘nonmarginal setae lO 12 (lO 4
0 8) short, ‘robust setae w1th tubular sockets along A
underside of posterior margln. Metanotum: 48-48 (43 6 T
b 3;0)_marginal-setae,.22—32'(25>8‘f 3_l) nonmarginal setae;
lO.lZ (10. 4 0.8) short robust setae w1th tubular |
sockets along underside of posterlor margln

- Abdomlnal terga pale brown sparsely setose, A
segments II VIII dorsally w1th a strong seta at postero-,_bv
- lateral corner' Segments I-VIII pale brown ventrally,'
.glabrous.v Cercus pale brown three segmented
| Legs pale brown to whlte Coxae w1th scattered;
small setae. Tars1 sllghtly longer than tlblae, each
‘tarsomere w1th 3 strong setae ventrally Foreleg femur

w1th curved row of 15 19 (17 1 l 3) stout setae on



lantero-ventral margln aplcal seta 1/7 length of femur

.»itlbla w1th 8 lO (9 3 O 7) strong setae on aplcal 2/3

-F;fﬁaplcal setae 1/3 length of tlbla Mldleg femur Wlth

"5-curved row of 9 (9 0 0 0) stout setae on antero ventral

margln aplcal seta 1/5 1ength of femur tlbla w1th 12 15 ‘f‘ E

.>(13 6 L. 0) strong setae on aplcal 2/3 aplcal-setae 1/3

' length of tibia. Hlndleg- femur with curyed*row of‘9

(9. O 0. O) ‘stout setae on”antero ventral margln apical7j
seta 1/6 length.of femur; trb1a1W1th‘l9—24 (22,5 - llo) |
;gtrongbsetae'on'anicalv2/3;:apical,setae l/S length of
 tibia. g | - |

Known Dlstrlbutlon Afrlca Europe, Indla Japan

Australia, North Amerlca South Amerlca

Material Examined. Five first- -stage nymphs from

the Cockroach Genetlc Stock Center at VPI and SU, one from
. each of the following hatch dates: April 24 1978 June
29, 1978; July 23, 1978; August 3, l978 August 6, 1978;
and five flrst stage nymphs from the Roanoke Vlrglnla
colony, one from each of the follow1ng hatch dates:
February 28 l978 March 27 1978; Aprll 7 1978, May 27,
1978; June 6, 1978. -
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PERIPLANETA AUSTRALASTAE (FABRICIUS)

(Figs. 6, 10, 11, 12, 14)

Blatta australaSIae Fabric1us 1775 271

'”‘Periplaneta australaSiae Burmeister 1838 503

Willis, et al., 1958:53-69 (biology)

Adult Diagnosis. This species can be distinguished

from other Nearctic Periplaneta by the following character

combination: color above chestnut brown; tegmina with
yellow sub-marginal stripe”along basal third; male first
abdominal'segmentvwithibroad, shallow median depreesion
bearing tuft of setae; male supraanal plate-sclerotized
opaque, aplcally truncate and not deeply notched, not or
scarcely produced beyond the subgenital plate ventral
surface of male supraanal plate not specialized.

First-Stage Nymph Diagnosis. This species can be

distinguished from other Nearctic Periplaneta by the
following‘character cembination: antenna with 2 pale
bands at basal and distaliends; mesonotum lighter in color
‘than pronotum; metaﬁotum dark browﬁ with 2 white spots
near anterior margin (rarely absent); abddminal segments

I and II white #entrally; majority of nonmarginal setae
~on thoracic nota moderately long to long (0.12-0.20 mm) ;

- pronotum with 102-122 nonmarginal setae; mesonotum with
36-56 nonmarginal setaeg'metanotumrwith'30-38 nonmarginal

setae.
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First-Stage Nymph Description (N=10) . Head dark

brown dorsally and vehtrally; ocelliform spot distinct,

,pale brown aplcal tlpS of max111ary and 1ab1al palps .

””‘whlte, lnterocular ratlo l 91 2.32 (2. 02 O 13) | Antennaﬁ

as long asubody,flrst 5-6 segments all or partly pale

brown, last 4-5 segments pale brown to white, lntermedlatef

'J‘segments dark brown.

Thoracic nota dark brown to brownishewhite,,setese.
..Majorityvof_ﬁdnmarginal setae moderately long to long
(0.12-0.20 mm) . | Pronotumt; dark'br0wn length-width ratio
.‘0 66-0.72 (0.69 to. 02), 90- 102 (96 0o7ts. 9) narglnal
':setae, 102-122 (112.6 ¥ 7.3) nonmarginal setae, 8 (8.0 b
0.0) short, robust setae with tubular sockets.alongA
. uﬁderside of.postetior margin. Mesonotum: white,
ttanslucent medielly, bordeted‘anteriorly and posteriorly
by dark brown bands, 48—58 (53.0 ¥ 3.0) marginalvsetae;
36-56 (46.8 T 5.4) nonmarginal setae, 6-10 (8.0 % 1.3)
shert, robust setae With tubular sockets along underside
of posterior margin. Metanotum: dark brown medially;
‘_pale brown’laterally, with 2 pale brown to white spots
‘near anterior margln 4L6-56 (49.8 - 2 7) marglnal setae,
30-38 (33 8 2.4) nonmarginal setae 6-10 (8.0 - 0.9)
short, robust setae»w1th tubular sockets along underside
ofkposterior margin. |

Abdominal terga dark brown, setose, segment II

dark brown_medially,‘white laterally, segments II-VIII



dorsally Wlth a strong seta at postero lateral corner.
Segments I and II whlte ventrally, segments III VIII dark
iubrown ventrally, glabrous Cerc1 dark brown 'three -
\ hsegmented R T TN T L e

Legs dark brown to brownlsh-whlte 'COxae with |
scattered small setae Tars1 sllghtly longer than tlblae
each tarsomere with 3 strong setae ventrally. Foreleg:
femur with curved.rom'of‘l4-l7 (15.4 T 0.8) stout setae
.on antero—ventral margln apical seta 1/5 length ofvfemur;
tibia with 9-11 (lO 17 0. 6) stong setae on aplcal 2/3,
~apical seta 1/3 1ength offtibiam ,Midleg-'.femur'with
curved row of 9 (9. O 0. O) stout setae on antero -ventral
"margin apical setavl/4'length of femur tlbla w1th 15 17
‘ (15 6To0. 7) strong setae on aplcal 2/3 aplcal setae 1/3:
length of tibia.. Hlndleg.' femur with curved row of 9
(9.0'— 0.0) stout setae on.antero-ventral1marg1n aplcal.
seta 1/5 length of femur; tibia with 21-23 (22.0 ¥ 0. 8)
fstrong setae on aplcal 2/3 aplcal setae 1/4 length of
t1b1a

Known'Distribution Afrlca Australla Europe

Japan North Amerlca, South. Amerlca the West Indles

Materlal Examined. Ten first- stage nymphs from

_ the Cockroach Genetic Stock Center at VPI and SU
one from each of the follow1ng hatch dates: November 15

1977; March 8, 1978 Aprll 1. 1978 Aprll 12 l978 Aprll
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v20 1978 Aprll 26, 1978 May 9 1978 May 17 1978 May
>l9 1978 June 7 1978 7 |
Remarks Approx1mately 5 6% of 147 spec1mens d1d -
M#fnot have two whlte spots on the mesonotum Nlne of the |
' 10 spec1mens used for the descrlptlon had two spots; the

tenth spec1men had only one spot.

PERIPLANETA BRUNNEA BURMEISTER
<Flg -

Periplaneta brunnea Burmeister, 1838:503.

Edmunds, 1957:283-286 (biology)

Willis, et al. 1958 53-69 (biology)
Lawson and Lawson, 1965:408-410 (nymphs)
Roth and Cohen, 1973 1315-1323 (behav1or)
erght, 1973:274-277 (biology)

Adult Diagnosis; This species can be distinguished

from other Nearctic Periplaneta by the following character

combination: color ahove chestnutybrown; tegmina ﬁni—'"
colorous' last segment of male and female cercus not twice
as long as wide; male first abdomlnal segment with broad, |
shallow median depre351on bearing tuft of setae; male B

supraanal plate sclerotlzed, opaque, aplcally truncate
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and not deeply notched not or scarcely produced beyond
wythe subgenltal plate ‘ventral surface of male supraanal :

plate not spec1allzed

Flrst Stage Nymph Dlagn031s " This species can'bex

distinguished from other Nearctic Perlplaneta by the

follow1ng character comblnatlon antenna with 2 pale

bands at basal and distal ends; mesonotum lighterrin color
than pronotum; abdomlnal dorsum llghter in color than

- head or pronotum; abdomlnal segments I and II ventromedlally
‘pale brown dark brown laterally, majority of‘nonmarglnal -
vsetae on thoracic nota moderately long to long (0.12-0.20
mm)} | '

First-Stage Nymph Descriptionb(N=lO) Head dark d

brown dorsally, pale brown ventrally; ocelllform spot
lestlnct pale brown “apical tips of max1llary and labial
palps whlte; interocular ratio 1.74-1.97 (l.89 - 0.07).
Antenna as'long as body, first 8-9 segments‘pale brown,
last 5-6 segments white, intermediate segments-brown,

| ' Thoracic nota brown to broWnish white, setose.
MaJorlty of nonmarglnal setae moderately long to long
(0.12-0.20 mm)u "Pronotum: dark brown medially, pale y
brown laterally, lengtn—width ratio 0.64-0.72 (0.67 -
10.03); 80-98 (86.6 ¥ 5.4) marginal setae, 60-72 (65.8 ©
- 5.1) nonmaralnal setae, 8 (8 0 O O) short, robust”setae
w1th tubular sockets along underside of posterior margin.

Mesonotum: pale brown to whitish-brown, translucent'



: medlally, bordered anterlorly and posterlorly by brown

bands 48 60 (52 6 - 3 8) marglnal setae, 22 30 (23 8

2 6) nonmarglnal setae, 8 (8 O O 0) short robust setae;is,j¢1~

w1th tubular sockets along unders1de of posterlor margln
Metanotum: dark brown medially, pale brown laterally,v
v44-54 (49. A 3. 7) marglnal setae, l6 24 (19 2T, 9)
nonmarglnal setae, 6-8 (7. 8 ¥ o. 6) short robust setae’

w1th tubular sockets along under31de of posterlor margln

Abdomlnal terga pale brown medlally, brown laterally,__ |

setose, segments I and II dorsally entlrely pale brown,
:segments II VIII dorsally w1th a strong seta at postero—;f:
lateral corner. .Segments IeVIII»ventrally‘pale.brownv'

.medially,;dark brown laterally, glabrous. CercuS‘darki

'~ brown, three segmented. =

Legs brown to brownishJWhite :fCoxae with scattered
small setae Tar31 sllghtly longer than tlblae each

tarsomere with 3 strong setae ventrally , Foreleg”f femur

'.3w1th curved row of 17- 19 (18. l O 6) stout setae on

antero- ventral margln aplcal seta 1/5 length of femur
"t1b1a w1th 8 ll (9 6 l l) strong setae on aplcal 2/3
»aplcal setae l/3 ‘length of tibia. Midleg.v femur w1th
..curved row of 9-l0‘(912 e,O.é) stouttsetae on‘antero--_l;
;ventral margin apical seta l/4 length'of femur:'tibla |
._w1th 14-17 (15 9 1. 0) strong setae on aplcal 2/3 -apical
setae 1/3 length of tibia. Hlndleg. ;femur.w1thvcurved>

row of 9 (9.0 T O;Q)vstout'setae on”anteroeventral’margin}‘ o



. apical seta 1/5 length of femur; tibia with 21-26 (23.2 ¥
1.3) strong setae on apical 2/3, apical setae 1/5 length
of tibia. B L R

o Known Dlstrlbutlon 'Afficeb5Austreiiehisbnth'China,

‘ Malay31a Japan North Amerlca South Amerlca

Materlal Examlned Ten flrst stage nymphs from the

Cockroach Genetlc Stock Center at VPI and SU two from the
‘Mareh 8,e1978rhatch date and one from each ofvthe follow;ng ’
vhateh datee November 8 1977 May 15, 1978; May 17, 1978;
May 30, 1978 June &, 1978 June 15, 1978 June 18 1978;

. June 2o 1978 S L E e

PERIPLANETA FULIGINOSA’ (SERVILLE)
o (Figs. 8, 13, 15)
Kakerlac fullglnosa Serv1lle, 1839: 70

Perlplaneta fullglnosa Brunner de Wattenwyl 1865:-

238, .
'Gould and Deay, 1940 26 28 (blology)
- Rau, 1945: 107- 108 (blology) \'
| Willis, et al 1958 53-69 (blology)
Tsuji, 1965 255-262 (behav1or)
TSUJl and Mlzuno, 1972:101-111; l973a 185 194,
| (blologY) 1973b 65 72 (behav1or) '
Saito and Hayashi, 1973 :181-184 (nymphs)
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Onoﬂand:Tsuji, 1974:95-98 (behavior)
Takage, 1974:27-34; 1978:85-92 (biology)

" Adult ﬁiaghoéié.: Tﬁislsﬁeéies can bé“aiStiﬁSUiShédv

from other Nearctié‘Peripléneta by the following character
combination: 'color above entirely blackiéh—brown; both
sexes fully winged; male first abdominal segment with |
broad, shallow depression bearing tuft of setae; male
supraanal platr sclerotized, 6paque,'apically‘truncate and
not deeply notched, not drrSéarcely ﬁroduced beyond the
subgenital piate; ventral surface of male supraanal plate
specialized, bearing two large callosities, the surfaces
of which are covered with microscopic denticulations.

First-Stage Nymph Diagnosis. This species can be

distinguished from other Nearctic Periplaneta by the

following character combination: antenna with 2 pale
bands at‘basal‘and distal ends; mésOnotum lighter in color
thén pronotum; metanotum solid dark brown; abdominal
segments I and II white ventrally; majority of nonmarginal
- setae on thoracié nota moderately long to long (0.12-0.20
mm) ; pronotum with 52-90 nonmarginal setae; mesonotum with
18-36 nonmarginal setae; metanotum with 16-24'nonmarginal
setae. |

First-Stage‘Nymph Description (N=10) . Head dark

brown dorsally and ventrally; ocelliform spot distinct,

pale brown; apical tips of maxillary and labial palps
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,whité;’interocular ratio 1.79-2.09 (1.96'f'0.d8).i:Antenna
as long as bbdj, firsf 3;6:Ségmén£s all‘of partly pale
broWn, last 4-5_segments pale brown to white, intermedia;e_
vsegmenﬁs dafk'BfoWﬁ; . BRI .
Thoracic nota dark brown to brownish-white, setose.
',‘Majdrity of nonmarginal setae modérately long to long
(0;12-0.20 mm) . Pronotum: dark bfoWh,yiength-width rétio
0.62-0'.69 (0.65 ¥ 0.02), 78-96 (87.6 T 5.7) margin;al
'Setae,v52-90>(75.8 T 11.2) nonmarginal setae, 6-8 (7.6 T
.0.8) short,'robust setae.with tubﬁlar‘soCkets along .
uﬁdérside of posterior”mérgin. Mesonotum: pale brown to
white, translucent medially, bordered anteriorly and .
posteriorly by dark brown bands, 40-56‘(49.6 ¥ 5.2)
kmarginal setae, 18-36 (29.8 ¥ 5.5) nonmarginal setae, 4-8
(7.2 T 1.4) short, robust setae with tubular sockets along
~underside of posterior margin. Metanotum: dérk brown
medially, pale brown 1atérally; 40-52 (47.8vfb3.7) mafginal
sétae,,l6—24'(22.0 ha 2.3)'noﬁmarginal setae, 6-10 (8.0 T
'v0.9) shbrt,«robust setae with tubular sockets along
_uﬁderside of posterior margin; . B

- Abdominal terga dark browm, setose, segment II dark.
‘bfowﬁ medially,,whité laterally, segments II-VIII dorsally
with a strong seta at postero-lateral corner. Segments i
~and 1I white ventrally, segménts III-VIII dark broWn

'ventrally, glabrous. Cercus dark brown, thréé segmented.



Legsvdark“brown toebromnishQWhité | Coxae with
scattered small setae. Tars1 sllghtly longer than tibiae, !
each tarsomere w1th 3 strong setae ventrally Foreleg
femur Wlth curved row of 16 19 (18 l O 9) stout setae on
antero-ventral margln aplcal seta 1/5 length of femur f
tlbla Wlth 9 11 (9 6t 0 7) strong setae on aplcal 2/3,.
apical setae l/3 length of t1b1a Mldleg'- femur w1thf .
‘curved row of 9-10 (9 1 - O 3) stout setae on antero- -
’ventral margin, aplcal seta 1/4 length of femur tibia

with 13-17 (15.2 1. 4) strong setae on aplcal 2/3 aplcal
| setae 1/3 length of tlbla Hlndleg - femur with curved,
row of 9-10 (9 2 To. 4) stout setae on antero ventral |
margin, aplcal seta 1/5 length of femur tlb;a with 23-27
(25°61‘ 1.2) strong setae on-aplcal 2/3,_apical}setae 1/4 '

,length of tibia.

Known Distribution._ Japan, China, North America,
South America. | | |

Material Examined. Ten flrst stage nymphs from

' the Cockroach Genetlc Stock Center at VPI and SU, two -

~ from the May 12 1978 hatch date and one from each of the
follow1ng hatch dates | November 18, l977 February 7,

.l978 May 30 l978 June 4, l978 June ll 1978 June 14,
1978; December b, l978 December 8 l978
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PERIPLANETA JAPONICA KARNY

(Fig"9)

Perlplaneta Japonlca Karny,»l908 18

'Tabaru and Kobayashl 1971 76 77 (blology) |

TSUJl and M;zuno,vl972:10l-lll; 1973a:185-194
(biology) |

Roth and Cohen, 1973:1315-1323 (behavior)

Ono andrTsuji, 1974;95-98»(behavior)

Tsuji and Taharn,41974£215~218 (biology)

Mizuno and Tsuji; 1974:237-240 (hehaﬁior)

Adult Diagnoais ~ This species can be distinguished_

from Nearctic Perlplaneta by the follow1ng character
combination: color above entlrely blacklsh brown; female
braéhypterons, male first abdomlnal segment with broad,
shailow depression bearing tuft of»setae;vmale supraanal
plate sclerqtiZed, opaque, not or scarcely broduced beyond
the'subgenitalhplate, With parallel»sides'an&~an acute |
emarglnatlon of the posterlor margln lateral angles acute
.and projecting in the form of sharp spines; ventral

surface of_male‘supraanal plate not spec1allzed.

First-Stage»NYmph Diagnosis. This species can be )

‘distinguished from Nearctic Periplaneta by the fdllowing

character combination: antenna head thorax and abdomen
unicolorous dark brown majority of nonmarg1na1 setae on

| thoracic nota short to moderately long (0.02-0.12 mm) ;.



pronotum with536?445nonmarginal?sétéé;,@eSOHOtUm'With 16-
22 nonmarginal setae; metanotum with 12-16 nonmarginal
j setae

Flrst Stage Nymph Descrlptlon (N—lO) Héad*dark |

brown dorsally and Ventrally, ocelllform spot distinct,
-pale brown aplcal tlpS of max1llary and 1ab1al palps
whlte 1nterocular ratio 1. 85 2,03 (1 94 0.06). Antennaf k
as long as body, dark brown | | '
Thoracic nota dark brown‘medlally; pale brownb

laterally sparsely setose MaJorlty\of nonmarglnal setae’
short to moderately long (0 02 O 12 mm) Pronotumf
,length—w1dth ratlo 0 59- 0 68 (0. 63 - 0. 03), 60-76 (68. 4

5. 2) marglnal setae, 36 44 (39 2 2 5) nonmarglnal setae,
'6 lO (8 0 O 9) short robust setae w1th tubular sockets
“along under31de of posterlor margln Mesonotum 38 46 o
(41. 0¥ 3.0) marglnal setae, 16 22 (19 0 l 7 non—a
f.marglnal setae, 8-10 (8 4 * 0 8) short robust setae w1th :
_ltubular sockets along under81de of posterior margln |
"Metanotum 36 44 (39 2 2 9) marglnal setae 12 16

‘_(13 8 1.5) nonmarglnal setae 8 10 (8 gt l 0) short
'robust setae with tubular-soeketsgalong;underslde of
vposterlor margin. | N |

| Abdomlnal terga dark brown medlally, pale brown o

'laterally, sparsely‘setose‘ segments II-VIII dorsally w1th
a strong seta at}postero-lateral'corner. “Segments I-VIII'
dark brown ventrally, glabrous vCerous pale"brown,ethreel;e

",segmented
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Legs dark brown to brownlsh-whlte , Cokae withf

yscattered small setae Tar31 sllghtly longer than tlblae ;o

each tarsomere w1th 3 strong setae ventrally Foreleg ”g;:‘”,;’

V,7femur w1th curved row of 16 18 (17 1 0. 7) stout setae on‘:'

antero-ventral margln aplcal seta 1/6 length of femur
t1b1a w1th 7 lO (8 5 l O) strong setae on aplcal 2/3
.f.aplcal setae 1/3 1ength of tlbla Mldleg - femur w1th

}curved row of 9 lO (9 2 0 4) stout setae oh antero-F

‘ventral margln ’aplcal seta 1/4 length of femur tlbla ? i:»;fh

~w1th 15 18 (16 1 O 9) strong setae on aplcal 2/3 |
‘,aplcal setae 1/3 length of tlbla Hlndleg femur w1th

o curved row of 9 10 (9 4 - 0. 5) stout setae on antero-147*‘i4”"'

Ventral margln aplcal seta 1/4 1ength of femur tlbla |
:‘ w1th 24 30 (26 8 1. 8) strong setae on aplcal 2/3 aplcaix

”jsetae 1/5 length of t1b1a

Known Dlstrlbutlon Japan Chlna the:Soviet ”
‘Union. B

Materlal Examlned . Ten flrst stage nymphs from

the Cockroach Genetlc Stock Center at VPI and SU ftwo
'from the June 16 1978 hatch date flve from the July 15
1978 hatch date and three from the July 23 1978 hatch ‘

date



KEY TO FIRST-STAGE NYMPHS OF PERIPLANETA AMERICANA,

B AUSTRALASIAE P. BRUNNEA, P. FULIGINOSA
‘AND P JAPONICA . S

Antenna,:head,'thorax; and abdomen unicolorous pale
brown to dark brown; majority of nonmarginal setae
on thoracic nota short to moderately long (0.02-

S

Antenna with 2 pale bands at basal and distal ends;
mesonotum lighter in color than pronotum~ majority of
nonmarglnal setae on thorac1c nota moderately long to

long (0 12-0.20 mm) P 3

Entire body dark brown; pronotum with 36?44 non-
marginal setae; mesonotum with 16-22 nonmarginal setae;

metanotum with 12-16 nonmarginal setae.

. P. japonica (p. 26)

Entire body pale brown; pronotum with 50-82 non-
_marginal setae; mesonotum with 24-38 nonmafginal setae;
metanotum with 22-32 nonmarginal setae.

P. americana (p. 12)

Abdominal dorsum lighter in color than head or pronotum;

abdominal‘segmehts I and II ventromediélly pale brown,

29
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. dark brown_iaterally; antennal segments 1-9 pale

brown . . . . . . . . . S 'P. brunnea (p. 19

QgAbdominalﬁdqrsum;COn¢olér0ustith?head'and:pr0notum;
abdominal segmehts I and II entifeiy'white ventrally

.4

. ‘Metanotum dark brown; pronotum with 52-90 non-
‘marginal setae; mesonotum with 18-36 nonmarginal setae; |

metanotum with 16-24 nonmarginal setae.

. P. fuligindsa (p. 22)

Metanotum dark brown with 2 white spots near anterior
“margin (rarely absent); pronotum with 102-122 non-
marginal setae; mesonotum with 36-56 nonmarginal setae;

_metathUm with 30-38 nonmarginal setae.

.'E; australasiae (p. 16)
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PICTORIAL KEY TO FIRST—-STAGE NYMPHS
OF FIVE PERIPLANETA SPECIES

[ |
MESONOTUM LIGHTER IN BODY UNICOLOROUS
COLOR THAN REMAINDER

OF BODY

I I |

ABDOMEN LIGHTERIN ABDOMEN CONCOLOROUS ENTIRE BODY ENTIRE BODY
COLOR THAN HEAD OR WITH HEAD AND DARK BROWN PALE BROWN
PRONOTUM PRONOTUM

P._ BRUNNEA P. JAPONICA P. AMERICANA
METANOTUM SOLID METANOTUM DARK
DARK BROWN BROWN WITH TWO

WHITE SPOTS NEAR
ANTERIOR MARGIN

P. FULIGINOSA P AUSTRALASIAE



DISCUSSION

lCloseﬁobserQstionsvofvthe.eXternelvmorﬁhology of

the first-stagebnYmphs of the'five‘Peripleneta;speCies .

revealed the preseneetof‘at.least five types of thoracic
setae (Figs 10-15) . These are cla581f1ed on the ba51s
of length and shape and 1nclude l) long (O 20 mm) and
2) short to moderately long (0.02-0. 12 mm) thorac1c
. macrosetae; 3) tlny, Whlpllke nonmarglnal setae, visible
at magnlflcatlons of 2000 and 5000X 4) short robust |
»setae with hooked tlps and tubular sockets approx1mately
0.014-0.023 mm in length, along the underside of the
posterior margins of‘the‘three:thoracic segmentSFIande) L
“smaller, robust marglnal setae located dorsally on the =
_thorac1c segments and v1s1ble at magnlflcatlons of 2000
and 5000X. The short, ’robust setae with tubular sockets
"~ located along the under31de of the posterlor thorac1c
' margins are found on flrst-stage nymphS‘and secondfstage -
nymphs (and presumably also on other instars). |
| The short robust setae are unlque in that these.~th
cockroach species have no other setae s1mllar-to them
| loeated elsewhere on the‘body ‘ Due to thelr p031t10n andf :
prox1m1ty to the next posterlor segment they probably

functlon as mechanoreceptors

32
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Periplaneta australasiae and P. fuliginosa have all

five types of setae; but P. aﬁericana, P. brunnea, and ‘P..
janniqa'lagk“the';iny(_whiplike'nonmarginal_setae.‘ Itb
is uncertain whether they’havé fhe émali; robuét'dérsal
marginal setae. All possess the short, robust setae with
tubular sockets. Even among ﬁhese five species there is
a wide range of setal numbef, from the very setose P.

australasiae’to the much less setose P. japonica. Even

greater Variability of setal number probably exists among
all the species in the genus.

The five species of Periplaneta seem to fall into

two rather’well-defined groups based on five criteria:

1) the number and length of nonmarginal thorécic setae,

2) the color pattern, 3) the size of the oothecae (Cornwell,
1968; Roth, 1968), 4) the chromosome number'(Cohen’and
Roth, 1970), and 5) Huber'S»(l974) numerical taxonomy.
Group I consists of P. émericana and 2. jannica, both

' solid in color,-boﬁh'having the majority of the non-
mafginal setae on the thoracic nota short td moderately
long (0.02-0.12 mm), both having short (7-10 mm) oothecae,
and both having a diploid chromoéome numbefvof 34. Group

IT contains P. brunnea, P. fuliginosa, and gr\australasiae,,

which have banded color patterns, the majority of the non-
marginal setae on the thoracic nota moderately long to
long (0.12-0.20 mm), long (11-14 mm) oothecae, and a

diploid chromosome number of 28. Huber (1974) subjected
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the first-stage nymphs of P. americana,'g.‘australasiae,

P. brunnea, and P; fuliginosa tovanalysis by numerical

taxonomy” He found that P fullglnosa 2. austra1a31ae,
”hvand P. brunnea formed a cluster and P Hamerlcana wasf:
lsolated from the rest, which is in agreement with the
results presented here. | |

Although the primitive habitat in which the five

species evolved is not known, the two groups‘ofvPeriplaneta

(Group I - P. americana, Btﬁjaponica; Group'Iil- P..

brunnea, P. fuliginosa, P. australasiae) probabiy evolved'”
in different‘tjpes of habitats. The possession of a
banded color pattern and longer‘setae, as in GroukaI
mlght be advantageous in a more open 31tuat10n where the
bandlng mlght allow the insect to. be cryptic agalnst a
background surface and Where 1ong setae would not come
into contact w1th the walls of a crack or crev1ce In a
t1ght-crev1ce habltat,'ln whlch P. americana and P '.
'aponica nay have evoived evolution~would-tend to favor g
shorter setae, and a banded pattern would be unnecessary‘
:A rather protected habltat could then have resulted in a i

solid color pattern and shorter.setae,
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P. americana firstQStage nymph, dorsal view.

. P. americana first-stage nymph, anterior view of

left metathoracic leg. -

P. americana first-stage nymph, head, anterior
view; dashed lines show source of length-

width ratio.

Periplaneta sp., first-stage nymph, thorax,
longitudinal section, enlargemént showing
‘position of short, robust setae with tubular

- sockets; A (anterior), P (poSterior).j
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Fig. 5. P. amerlcana flrst stage nymph thorac1c nota,:,:

dorsal v1ew (left) show1ng macrosetae,.“,fj

ventral v1ew (rlght) show1ng p031tlon of o

short,'robust setae.
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Fig.v6._ P. australasiéeffirst-stage nymph, thdracic”ndﬁa;if

‘ dorsal v1ew (1eft) show1ng macrosetae,

ventral v1ew (rlght) show1ng p031t10n of -

' short robust setae
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Fig. 7. P. brunnea first-stage nymph, thoracic nota;
 dorsa1 view (left) showing macrosétae, Ry
B Qentfal viéw (fight) shbwing position'of_l

short, robust setae.
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Fig. 8. P. fuliginosa first-stége hymph thoracié nota;

v dorsal v1ew (left) show1ng macrosetae,
| ventral view (rlght) show1ng p031t10n of

short robust setae
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Fng 9}’12. jagonica first-stage nymph"fhoracic'nota; o

|

dorsal v1ew (left) show1ng macrosetae,__ﬁ

ventral view (rlght) show1ng pos1tlon of

short robust setae.
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15.
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@.52 ‘

. australasiae firStestage nymph, pronotum -

(200%)

. australasiae first-stage nymph; shért,-robust.

seta with'tubular_socket (SOOOX),

. australasiae first-stage nymph, pronotum,

short macfoseta (2000%) .

. fuliginosa first-stage nymph; short, robust

seta with tubular SOCket»(SOOQX).

. australa31ae flrst stage nymph pronotum, o

“whiplike seta (SOOOX)

. fullglnosa flrst stage nymph pronotum

Whlpllke seta (SOOOX)
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A MORPHOLOGICAL STUDY OF FIRST-STAGE NYMPHS

© OF FIVE PERIPLANETA SPECIES (DICTYOPTERA: BLATTIDAE)
~ Peggy K. Powell

(ABSTRACT)

Adults of Periplaneta americana, P. australasiae,

| P. brunnea, P. fuliginosa, and P. japOnica are well known

and have been well described. However, littlefsystematic ,Nf'

work has been conducted on the immature stages. There are

very few descriptions of.the-nymphs of any Periplanetad
- species, and those thatuare:availablevare rather brief and -
not completely accurate. ‘ |
This paper presents detalled descriptions and keys.'
to the first-stage nymphs of the.above spec1es. Flve
types of setae; ineluding'unique mechanOreceptiVe Setae;,’

were found on the thorac1c segments.

P. australa31ae, P fullglnosa and P brunnea have-
'very setose thora01c nota and a banded color pattern ‘
"whlle thorac1c nota of P. americana and P. Japonlca are
‘less setose and‘solid'in color. Great varlablllty of .
setal number and color pattern probably ex1sts among all

the species in the genus
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