'TECHNICAL LIBRARY

U. s. aRMY
NATICK LABORATOR:E%
NATICK, MASS

Sexual Isolatmn in Parthenogenetlc Pycnoscelus surinamensis and Apphcatmn of i
“"the Name: Pycnoscelus indicus to Its Bisexual Relative (chtyoptera' Blattarla.
Blaberldae Pycnoscelmate)1 Ny '

BRI T e : LOUIS M. ROTH -
Pioneering Research Division, U._ S Army’ Nati Laboratones, Natlck Massachusetts 01760
S L _ABSTRACT - :
.-The parthenogeitetic and lilsexual “forms” of the Suri- "which the parthenogene’uc P Suriinainensis undnubtedly.

nam -cockroach, . Pycnoscelus . surinamensis (L.)"are con-
sidered sibling species, and” Blatta indicd F. is selected

fromi’ the synonymy to represent the bisexual taxon from

arose. Females of P. suritamensis are thelytokous; males
are rarely producecl parthenogenehca]]y and are sonfunc-
tional. ; .

“Roth and’ Willis- (1961)  considered {he Bisexial

and parthenogenetm forms of the Surinaim cockroach,

" Pyenoscelus surinamensis (1..)] as strains of a single

species; but they siiggested: the ‘possthility" that. the

o taxon P. surinamensis could be represented by sibling.
specics. It wis: conceivable: that” the: parthenogenetic'

“strain’females in the Indo-Malavan region had males

associated with ‘them that were: different: from: the'
1t was possible alsor

- bisexual strain malés i Hawaii.:
that-in-Burma and Indonesia the bisexnal strain had
a male that was- dszereﬂt from the male of the Ha-
waiian form..

Matthey (1948b) favored the hypothems that in:
Malaya there ‘was only I “race” ‘of P. suringmensis.
If the: females were fértilized, they.-produced off-’
_ spring of both sexes and if the females did riot mate,”
Matthey réared a par-

they produced. only femalés.
thenogenetic strain’ female  from. Kuala . Lumpur,
. Malaya, but apparenﬂy didnet fhate krown partheno-
genétic” females, ' To  determine whether a. male is
associated with the -parthenogenetic strain, it. should

be shown' that parthenogenetic' P, surinamensis fe-
males can’ be fertilized by males ‘and produce. both -

sexes with nio reduction in fertility.” This phenome-

non has never been demonstrated (Roth and Willis,

1961).

"1 Accepted foi"l.)u'blicétion'Sept'embe.r 16, 1966..

- Tn this paper I'am reporting the tesults of crosses

between P, suiinamensis from different  geographical
areas. These crosses were made to determine whether
the taxon P SUTTHAMENSTS mcludes a 51b1mg speaes s

. MATERTALS AND METHODS . °

Colomes of P. surinamensis from 5 dlfferent geO—'

“graphic regions have been established and are being

maintained in the U.S. Army . Natick Laboratories.

The cockroaches -are’ reared on Purina Iaboratory

chow, at 25°-27°C and 35%—50% RH. The data for

these cultures are:

1. TFlorida parthenogenetu: (I‘la 9) Started in
1950 from 2 @ collected in Clearwater, Florida. &

2. Hawalian bisexual (Haw. & and ¢). This.
strain was started in 1954, and additional speci-
niens were obtained in 1958 males and females:
originated from Barber’s Point and Koko Head; -
Oahu, Hawaii. It does not. 1eprod11ce partheno»'
genetically. :

3. Australian parthenogenetlc (Aust. @ and 8)

" - Received from Dr, I. M. Mackerras, November
2, 1964. This strain was started from a female

_ collected on' Fraser Tsland, which is a large,

well wooded, sandy island off the Queenstand
coast near Maryborough. The culture was be-
gun in February 1949 at the Queensland In-’
stitute- for - Medical Research and: some were -
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'eventilally sent to the:CSIR'O, where they have . =y

© been maintained.

men now.’

I' found this stram to reproduce partheno—.

2 genetically, but on June 23, March 27, and
April 9, 1965, 11 adult & were found in the
culture. The abdomens of these (Aust. 3)

were considerably darker (typical of Australian
females) and the 1nd1v1duals were ‘larger than - -

Hawaiiani males;

4. 'Indonesian bisexual (Indon 9) These speci-
' S. Kadarsan, -
- Bogor, Indenesia, in March, 1965, There were
"~ 8 nymphs-and 1 adult ¢ which survived ship- .
 fitter. in 71 unmated females of parthenogenetic Pycroscelus:-

mens - were received from - Drl

" ment; several adult females and males had died,

o The, adult 'female “died. without reproducing..

' Six nymphs bécame- adult femalés which did
" not’ reproduce’ parthenogeneticatly.:: Unfortu-

". nately, no living. Indonésian. males were ob-. -

" tained, but the females were successfuﬂy crossed

- with Hawaiian males.: :

* 5. Indonesian. parthenogenetzc
" data as 4.

STl nymphs became adult. females that weie'
« . ‘parthenogenetic.” The nymphs-of this partheno- -
genetic clone are red.” No crosses were made_

with these individuals.

6. .Panamaman_parthenoge:ne'tlc.' Started from a

.‘single. female -collected by Clyde Stephens in' :

- Chinguinola,” Panama’ (received: November 4,

- 1964). No: Crosses were made w1th these, 1nd1— _

viduals.:
In all the crosses. w1f:h Hawauan maIes, the sperma-

. thecae. of the mated females were examined at the

" termination of “the expeériments -and were. found to

have. sperm:. In -the 4 crosses in:which -Australian.
;. parthenogenetic males were used, - the- spermatheca,
* of -only: 1. of the mated females was examined at the.
" “end of the-experiment and no- sperm- were presént
However, . spermatophores had been transferred i

~oall 4 matmgs

RESULTS

g 1 Flovida Pari‘heﬂogemhc Claﬂe —The b1ology of-
- this clone has been reéported; 4s have been the re-.
“sults: of crossing Fla. 2. with: Haw. & (Roth and

Willis 1961). These mated females showed a reduc-
tion in number -of eggs which hatched, and all-the
offspring ‘were. females. that: reproduced . partheno-
gentically. Although several Fla. 2 @ were kept with

Aust. -4 & (parthenogenetic); only 19 mated, Three-

litters were obtained, consisting of 19, 14, and 10
nymphs,: respectively. Thirty-eight individudls were
reared. - All were females and reproduced partheno—
genetzcaliy

-2 Hawauaéz 'stexual—The bxology of thls non=

palthenogenetm bisexual strain was reported also by

Roth- and Willis (1961). The males of this strain-
~were used in several crosses (see following). The

N According to Mackerras
- (personal communication) “we thought males -
were extremely rare, I have a recollection that
one was found but T cannot locate this speci-

FEMALES

PERBEHT._'

Same' : collec’:tion: :

* . {Roth and Willis 1961)
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suringmensis from Australia.. Arrow pomts to the” mean_-
numbeér ( = 18. 0) whtch hatched s -

fernales d1d not mate w1th pa'nheriogeﬁet1e miales of
the . -Australian cIone though exposed- to them for .y

o Iong periods. R
3. Australian Parthenogenetzc Clone -«The unmated -
females -oviposit formally in about 9-10 days: after.

emergence.. The number. of eggs which hatch -from -
the first ootheca varies considerably among:: Temales:
(Tig. 1)." The average hatch was 18, which is almost
the same (20.7) as that found in the Flor:d;an cione :

The tesilts:of . 7 “crosses: between Aust 9. and
Haw. & are:given in Table 1. The dverage hitch: in:

the first litter was 12.6; shghtly loier than the aver- .. . * -7
" age hateh of the first litter in unmated females; The .
average hatchies: of the second, third, and: fourth htu RS
" ters.of mated females-were 6.4,-4.9, and. 2.9, respec- o
tively: (for the 7 2 shown in’ Table 1y.. There is'a o

drop in hatching: with successive obthecae, but it is. - '

.untktiown if this, is due- to. mating, since the number -
“hatching : ifi . successive, ‘odthecae: of - unmated females: -

wag not determined.- There was only 18 among the

114 adalts that were reared the femaies reproduced':_' o
- parthenogenetically. )

The results of 3 crosses : between Aust 9 and'
Aust.- & : (parthenogenetic) are’ shown in'Table 1.
Only 1: femadle (no.- 3)- produced a largé litter. All of -
the 47 offspring that were reared were femaies a,nd
they reproduced parthénogenetically. = . -

4. Indonesian Biseinal: —The 1esults of the study

-with Indonesian femalés are: “shown if-Table 2.° Vir- :
. gin females: (no. I"and 2) did'not reproduce, whereas:

the female: (no. 3) mated to anHaw: & produced
voung. Females: 4, .53, and- 6 oviposited but did not

reproduce until they were mated. to. Hawaiian males. . .

The. obtheca usuaily is not: retracted: into’ the uterius.
by ‘virgin females (Table 2, NR) a behavior of the’

" bisexual strain from Hdwaii (Roth and Willis 1961)

Females 3-6 were mated only once: There was a re--
duction. in fertilify /in~ successive odthecae formed- -

after mating. In females 3, 4, and 6, 1. or more of the "

obthecae formed after mating were not retfacted into."
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-+ ‘Table 1 ~Results of 'crossmg. ‘Australian females of

Pyenoscelus surimamensis w1th males from Hawan and
from Austrilia,.

No. eggs.in ootheca

Females Lo
- ) Developed_ . -+ No.. =
e Op-  —————— TUnde- reared .
C o Apér - théca . Not vel- ————
No. (days) ne. Hatched hatched oped - 2 @

Amfmhan Q% Huwaiian &

133" -1 Sl L2000 6.
L2 - .. 8. .19.
EEERR T R T [
P4 I B 9 7
2 340 1 S1e e ® TR e
: TR 0 " *; 010
3 11 19 3. 0.9
L 4 0 11 - * S
3 368 17 18 oo o® 0 16
. 2. "14 * CE o
3 0. ¥ oo
R ¥ 4 16 - 4 0.- 4
B T - SO I 7 2 ¢ 1
40339 1~ 11 * o016
SR 2 R T 10 S0 3
R ARSI | 17 4 L
B SRS TR UL SR A g 0.t
50330 1. 26 DR EIT 24
ST 2 T s R R g 2
6 2427 1. 0 23000 16 S
5 3._ 9 LR o 08
L .'-3'-8 Cee oL 1.2
R Au.y!mlm:z 9 XAatstrahan 6‘
b 12200001 SO e G 1 e :
S 203650 L s | TR | AR | EARD SR
= T 2 0 C33 @
SRS SRR 7 FREN R4 B . R | RN U S
AR L2 25 DR Q200
UK SETER RO 3 S RN ¢ 3 0120

a At end of the experiment.
P * Eges not counited. -

- the ute1us Thls may have been due to'a depietxon of
sperni; Stay and Gelperin (1966) showed that sperm
“in’ the spermathecae are necessary for niotmal retrac. -
“tion ‘of the oothecae in the bisexual strain of P. suris
. neniensis,, From these. ‘crosses 123 offsprifig were .
" “reared and they consisted of 62°3 :61 2 (Tabie 2)
" The females reproduced only when mated:, "

The" Indonesian females did not mate w1th Aus-

- tralian parthenogenetic  males a]though ‘{hey were
L exposed to them for Iong penods :

- DISCU ssrov\T ;

Facultatlve parthenogenesm i not uncommon in. -
Blattaria (Roth and Willis 1956)." P.. surinamensis
".."15 _the "only known: cockroach which is obligatorily
o parthenogenetlc Its' parthienogenésis 'is apomictic -
(Suomalainen 1962); the eggs undergo 2 equational .
maturation divisions, but no chromoséme reduction”
'takes place and the dlpIOId number is maintained

{ Matthey’ 1945) The femaies of the parthenogenet:c
and bisexual strains have the same number of chro-
mosomes, {(2N. = 38),: The inales’ of hoth straias

have 2N = 37, but the male of the bisexual: strain -

has a lagging. chromosome. in the - sperniatogonial

mitosis ‘as well as. [in"the second maturation. division -
(’\fiatthey 1948 a,” b)Y. This phenomenon ‘was: fiot
" reported in the male: which developed, apparently by -
‘nondisjunction of the  X-chromosome;- from an.un-

fertilized egg (Matthey 1945). -
- Although the number of crosses made in th:s study

is- admittedly small, the results indicate that there are .

2 kinds of ma'l'és_:'associated with the taxon P. suri-
namensis. One’ occurs relatively rarely as a partheno-

- genetically produced individual; fhe. 11 .3 found in
the Australian” colony represent this type and-prob-- :

" ably developed: as a Yesult of nondisjunction. of the: .
X-chromosome: The: crosses between: the Australian
“female and Australian male and Florida, female and::

Australian male show ‘that these parathénogenetically

- produced males are nonfunctional in that all bt T of

~the offspring were females; the 1. & probably. arose :
*in the same manner as'the 11 3 just mentioned. It -
now . seems likely -that the parthenogenetic female.
doés not have a male associated 'with. it normally in.
. nature, and facultative parthenogenesis:does not oc- "
cur as s'uggested by_Matthey_ ( 1948b). Tn: thelytok'ous

" Table’ Z—Results of crosgmg Indonesxan females w1th'
Hawaiian males of Pyenoscelus surinamenisis, . :

" Feinales ETETR TR :
———. - ithecae” - ST :
Vi e e T Nod
gin o Retracted. "~ No," " reared " -

S Kged Cor ornot- .,

R eggs
.- No:. (days)mated.. No... retracted " ‘hatched - & -2

Sl 2490 VO L o NR T 0
: LN 20 U NR 0
Ve 3 NR R |+
V5 R0y 0 -
L TN 6 o R(28)R 0
2 383 V- . 1 INR~- -0 L
- P 2 3R D .
3 139 - M. 1 R 40 18160
) M 2R S 34,
_ . M -3 NR S :
4 238 v 1 NR =0
Vo 2+ NR .0
M o3 R .- ©39-. 12 16,
M "4 NR -0 :
- M 5 . NR. -0
M- 6 . NR S | R
5 340 -V 1 - NR N
o M2 RO 2890 7
M3 R [N S EUEEA (4
) M40 R 3. 6.2
S M- 5. R -~ 10 6. 2
6. - 228. V S 1o NR- L0 .
V.. 2 .. NR"™- 20
Y 3 NR - 0=
Mo 4 R 18- 8.9
- M- 5.7 NR"- 0.

o8 At terminatiof of the experzment S '
® No. days eggs were in the uterus. QOnly a smgle egg dcvelnped .

Tin all odthecae retracteu into the uterus by virgins. .

[Vol 60, No.4 -
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- parthenogenesis “fertilization’ is entirely suppressed.
Males - are absent from the population or are.only
produced as occasional non-functional anomalies, fre-
quently intersexual.” (White 1964.) There is no
doubt that-P. surindgmensis is thelytokous. -

The second type of male is the one normally:asso-
ciated with the biseéxual female. Based on museum
collections; males ‘in Malaya are found as frequently
as females (Hebard 1929). The offspring produced
by mated bisexual females in the laboratory have a
sex ratio of about 1.1 (Roth and Willis 1961). The
results of crosses show that although. the Hawaiian

- male cannot. sfcéessfully fertilize parthenogenetic
females frota:¥Florida or- Austialia, it can successfully
fertilize Indonesian females (producmg a 1:1 sex
ratio),.indicating that the Hawanan and Indonesian
forms are conspecific,

-Dr. M, J: D. White (1964 personal commumca—'

tion)" comimented on the Pycnoscelns problem as folo
lows: “My feeling is: that where there are closely
related thelytokoirs and sexual forms, one should give
them separate names.  On ahy biological definition of
the species; the thelytokous bictype is not part of the
gene-pool of the sexual taxon.- The real difficulty, T
feel, arisés where there are several or many thelyto-

kous biotypes related to'a sexual taxon. Most authors
have assumed that' this is evidence of evolutionary

change undet: parthenogenetic reproduction. I am
inclined to think this is a mistaken view (although I
accepted’ it uncritically 10 years ‘ago): and. that :in
such situations. one:is usually dealing with a multiple;
i.e., polyphyletic origin of thelytoky from the ances-
tral sexual taxon. I mention this point because it may
he televant to your Pycnoscelus situation. To regard
a number’ of morphologically and perhaps cytogeneti-
- cally diverse thelytokous biotypes which have arisen
- polyphyletically; as a-single species seems undesira-
bie. T'am really not sure what I would do in such a
- case. The real trouble is that so little is known of the

evolutionary biology - of. thelytoky.” Mayr- (1963)

also has commented on parthenogenesis, -as follows:
“Complete parthenogenesis- poses a taxonomic prob-

lem, The orthodox species criterion of interbreeding
cannot be applied because each clone 'is reproductively.

isolated not- only from the. parental species but also
from every sister clone.. How to treat clones and
parthenogenetic species - must he decided for “each

Rore: Pycnoscelus -~ - o T

case.” Where a: parthenogeiietic ‘line has” originated -

from a bisexual species by an irreversible chromo-=
somal event (for instance, polyploidy), it is isually
advisable to consider it a separate (sibling) 'species,
even though the morphological difference is slight.”
I intend to follow Mayr's (1963). and- White's
(1954) suggestions in treating the P. surinamensis

complex, and propose giving the bisexual form a dif-
ferent name, since Linmaeus presuinably named the -

parthenogenetic. form from Surinam where ‘males do

not normally. occur: - Princis' (1966, personal com- -

munication) - differs from this opinion and believes
that the Pyecnoscelus complex (bisexual mother form
and thelytokous clones) ~should be con51dered as a
single species.

Princis (1964) Tists 13 synonyms of P. surina- = . .

mensis and 1 believe that among these are included
the bisexual species.. Burmeister (1839} separated
Blatta indica F. from: Panchlora: suringmensis (L.)
because the East Indian indice was smaller and pro-

portionately wider arid had wings that were only B

about half as long as those of P. surinamensis. Bron-
ner (1865, p. 278-80} included indica as a *Farietas
wignior, elvivis abbreviatis”™ in the synonymy of P.

suringmensis. “From this it would appear that in
1865 at least -two forms of Pycmscelm were being-
" considered as. P. . surinamensis; Fabricius™ (1775)
Blatta indice might have been' the same as the Ha- -
wailan biséxital form, although his’ description. (p.
272} is. insufficient to. distinguish it from the par-: -

thenogenetic strain.” {Roth and Willis 1961Y. The
only " absolately reliable “character for - distingnishing
between females of the parthenogenetic and bisexual
species is reproduction.  Fowever, although wing and

tegmina length’ may ‘vary somewhat in females® of

hoth - species, T have never seen. parthenogenetic fe-
males with Wings-as short ds ‘some hisexual individ-

uals, Parthenogenetic males undoubtedly ocenr rarely.
#h nature; but when males are found- thev probab]y

bcloug to the bisexual taxon:.
The earliest synonyim for P. surinamensis listed by

 Princis (1964} is the description of Blatta indica by

Fabricius. - According. to "Sv. G. Larson (personal

communication )}, Fabricius’ ‘type material of Blatta.

iirdica in the University Musenm in Copenhagen. in-
cludes 2 specimens, male ‘and female. I propose that

Pycioscelus indicns (F,) be used to designate. the

Table 3—Some differences between females of Pycnoscelus swrinamensis and P.indicus.. .

'Pwnoscc’laﬁs SHPInAEIsis

. Pyenogeelus indicus -

. duzced males are nonfunctional}. . .

O#btheca of virgins usual[y retractéd into ‘the brood
sac. i
Female pheromone productmn not. controlled by
corpus ailatum hormone.®

Usually ocelli practically touch the ¢ eyes
Tegmina and wings ustially slightly short of or
extendmg beyond the tip of the abdomen.

ks e e

1 Reproduces onIy parthenogenehcal]y (Rarely—pro- |

in about-1:1 ratio}.

Qbtheca of virgins usually not retracted into brood sac.

Femiale. pheromone product:on under control of corpus N

" allatum hormone.®
Usually a distinct space between eye and ocellus
Length of tegmina and wings variable but may be Te-
duced so that several termmal abdornmal segments are
exposed o )

- ‘= Based on females which orzgznated in blonda
» Based on females whick originated in Hawaii. -

Reproduces ‘only blsékﬁally (functionaf males pr'c:'dﬁﬂced_'
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'blsexual relative of P, Suringmensis. Comple’ce mor-
phological descriptions of the female P, surinamensis .
and of male P. indicus (considered as P: surinamen-'

sis) are:given by Hebard (1917). Roth-and Willis
(1961) - deéscribed - morphological. differences between
individuals of restricted populations of tlie 2 species.

The male genitalia and subgenital plate of P. indictis -

are:illustrated by McKittrick (1964, p. 180-1). -

In addition to the differences between the Hawai-
ian and Floridian species mentioned earlier, females
of P. .s'm'mamemzs p10duce a sex pheromone which
is as effective. in attracting' males of P. sudicus as is

"+ the pheromone produced by the feniales of P. indicus.

Th1s fact further emphasrzes the close’ rélationship

of the 2 spec;es “and is additional evidence that the"
" bisexual species.is the sexual taxon from which the

parthenogenetic: form ‘evolved. - Barth- (1965) “has
showri that sex pherofione production is controlled
by the cotpora-allata in: the bisexual species but net
in ‘the parthenogenetlc parthenogenetic .females con-

tmue to produce. sex pheromone even during: preg-

nancy when their corpora allata are.inactive. He ex-

* plains the Toss of hormonal control of sex pheromone
-production. in. parthenogenetic individdals as resualt:
ing from the fact that the female no longer requires:
. “the male for reproduction. I believe that one can look:
. upon thé production of sex attractant by the. par=:
', theriogenetic female as a relic character persisting
~frem the bisexnal stock from which it arose.. The
" loss’in hormonal control may be the’ ﬁlst step in-the
" eventual loss of the attractant. : .
. The principal differences between the 2 spec;es are
summarized. in Table 3. The 2 morphological char- -
-acters listed are not always reliable. Particularly; the -
" lengths of the tegmina and wings in relation to, the. .
abdomen- are ‘sometimes’ dlfﬁcrﬁt to discern hecanse
preganancy - (te, ail obtheca ifi the uterus) eéxtends
- the  abdomen and drymg (m museun specmlens) :
- shrinks the body: : '
The geographic-area of orzgm of: P surinamensis is”
- the Sunda. Islands, ie., the islands of the Malay Ar-

chipelago  (Princis,” personal communication), Since
hoth the parthenogenetic and biseximl forrs. occur ifi
Malaya. (Matthey 1948a; Rehn; i# Roth and Willis

7 1961; present paper), it is apparent that ‘partheno- -
" ‘genesis already had evolved in the species’ homeland.
What- appears to be geographic partheriogenesis in’ -
" Pycnoscelus is undoubtedly due to the fact that a
parthenogenetic species can be established much more -

readily than a bisexual one (where both sexes would

. “haveto be introduced). {Roth and Willis 1961, White..

- 1964}, The cases of thelytoky now met w;th are ‘of
‘recent origin {Suomalainen’ 1962) ~In geographic’
areas outside the country of origin’ of Pycnoscelus, - - ..
the occurrence of both P. surinamensis and P. fudi-
cus could be due to a double introduction. This hy-

pothesis is probably a fact on Hawaii, where P. suri-

| maménsis was first ‘recordéd as scarce in- 1882 hy .
Bormans: (Hebard . 1922).
- Willis 1961) believed that the Hawailan “P. surina-
o anensts” was introduced wrthm the last century or so,
- from Indo- Malaya

Rehn - (in’ Roth and

[Vol. 60, No. 4
The “Major” -and “Minor™ races of P. surinaiien-
sis described by Roeser (1940) both have the same

number of chromosomes (Suomalainen 1945) and
probably represent 2 divergent biotypes-of the par-

“thenogenetic form.: The fact that the morphologlcal .

characters which clearly distinguish P.. surindmensis
from Florida frofm P. sndicus from Hawaii do riot
hold up in specimens from various geographic. areas
can be explained on the basis of evolation occurring
in" different biotypes, or of P. surinameénsis being of
polyphyletic origin, The Australiani parthenogenetic
females are blacker (particularly the sternum). than
the Floridian: individuals. . However, the color pat-
tern in some jidividuals in the former colony “may
vary, and integradations from black to dark brown
or -reddish (typical of Florida females) are foumnd.
At present one may consider: all parthenogenetu: b
surinamensis from different areas as 1 speties,  but
in referring to theése clones, it would he wise to. indi-
cate the geographic area in which they were collected;

The. following specimens have been dep031ted in

the U.S. National Museum :

P dndicus: 32 ¢, 8 &, individdals from the Natlck
culture which originated from Barber’s Point and
Koko Head on Oahu, Hawaiian Islands; 3 &, 11 ¢,
the: offspring- of crosses betwéen Bogor, Indonesia,
females and Hawaiian males, '

P. suringmensis: 4 &, 21 ¢, 5 nymphs from the
Natick culture which or 1g1nated from Fraser Istand,
off the Queensland coast of Australia near Mary-

* borough;. 3 9, 7 nymphs (reddish), from Natick -

culture which 0r1g1nated in Bogor, Indonesia, :
The series of P. indicus shows variations in color

‘and wing length in the females and color differences - - -

in the males, The differences in size and color of the

+ females (all of which have appeared in our Hawaiian

culture during years of breeding) appear to corre-

~spond with differences in the parthenogenetic “Major” "

and “Minor” races described by Roeser (1940). Al-
though the nymphs of P. surinamensis from Australia

. and Florida are usually black; occasionally reddish

forms are found. The nymphs of P. surinemiensis
from Bogor are red. The nymphs of P, indicus are -
usually black, but reddish individuals are found, as’ -
well as intermediates from reddish to black. The red
nymphs of P. indicus produce females which can re-
produce only brsexually
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