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BioLocy oF Panchlora nivea

Littleis known of the biology of the pale-green Cuban cockroach,
Panchlora nivea (Linnasus). Various biological observations on
purportedly different species of Panchlore may refer to P. nivea.
Rehn and Hebard (1927} listed seven names that have been used
for West Indian species of Panchlore. These workers stated:
“ There is a strong possibility that in most cases they relate to
P. cubensis, the dominant West Indian species, but their arbi-
trary reference io that specles would hardly be warranted.”
Gurney {1955) has shown that P. cubensis Saussure is a synonym
of P. nivea (Linnaeus). Hebard (1917) stated that Shelford,
after examining the types, placed P. virescens in synonymy under
P. nivea. Rehn and Hebard (1927) stated that without more ex-
plicit information on the type, P, viridis {Fabricius) must be con-
sidered te be an unidentifiable species of the genus. However,
Hebard (1917) identified as P. cubensis (= P. nivea) many of the
adventives that had been reported by others as P. viridis. Where
the synorymy is evident, we have discussed the species as P.
nivea; where it is not, we have retained the name assigned by
the original observer.

Panchlora nivea is the dominant species of the genus in the
Greater Antilles, and it is widely distributed in Mexico, Central
Ameriea, and northern South America; it is the one most fre-
quently encountered adventive in the eastern United States, be-
ing\regulariy transported te this country in bananas (Rehn and
Hebard, 1927). According to Hebard (1917} P. nivea is found
established in the United States only in the vicinity of Browns-
ville, Texas; it is essentially an out-of-doors tropical form that
can not adapt itself to artifieial surroundings, and which, he
stafed, can never hecome established north of the tropieal areas
of this country.

(195)
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196 BIOLOGY OF PANCHLORA NIVEA

In Puerto Rico, P. nives is found in the rotting trunks of palm
or coconut trees where it feeds on ithe rotting brown fibers in
which it tunnels (Sein, 1923; Woleolt, 1850). The nymphs are
brown and resemble those of Pyenoscelus; they require 100 days
to mature; the female produces 30 nymphs per obtheca (Sein,
1923}, Scudder (1890} reported that P. nivea is viviparous and
this was confirmed by Riley (1890, 1891). Riley reported that a
female of this species gave birth to about 30 young, He dissected
another female and found a semieircular-shaped odthecs contain-
ing about 44 eges. The cdtheca consisted of & thin membrancus
sheath which covered the basal half of the egr mass. Riley he-
lieved that hatching occurred in the genital pouch within the
abdomen of the female and that this pouch was so large that the
young could move about and undergo “ postnatal development .
Hansen (1894} found a museum specimen of a female P.
“ piridis 7 which had an egg capsule protruding irom the end of
her abdomen, Bayford {1934} claimed to have observed P.
“wiridis” {or P. exoleta Burm.) giving birth to about 30 young,
and stated that no ofitheca was extruded, nor could he find one
after dissecting the female. Davis (1930) stated that a female
P nivea kept in caplivity gave birth to about 20 young without
producing an egg eapsule. Ile reared two males to maturity; one
took a little over 6 menths to mature, the other nearly 8 months.
Shelford (1966) observed a live specimen of P. nivea which had
an ogtheea partially protruding from the end of her abdomen;
the obtheca was *‘ complete ” as compared to the “ incomplete ¥
membrane in the specimen observed by Riley. Shelford con-
cluded that in his specimen the egg mass was so large that it
could not be retained entirely within the brood sac., Chopard
(1938), probably taking his information from Riley and Shelford,
stated that the obthecal membrane of P. “ viridis 7 and P. nivea
iz incompletely formed and tends to disappear.

The othecal membrane of P. nivea when first laid down covers
nearly ail of the eggs. Tt is possible that Riley’s obsekvation,
that the membrane envelops no more than half of the eggs, was
based on an obtheca in which the embryos were well developed;
in this case the increase in the size of the developing eggs may
have deereased the area covered by the obtheca. Actually, the
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obtheca is so thin and practically colorless {(except for light
amber colored edges) that it is difficult to see the extent of the
membrane {Plate XXII, fiz. 9) unless the eggs and oitheca are
separated (Plate XXII, fig. 10). Although Bayford (1934)
claimed that no ottheca was extruded by P. “ viridis 7 at, parturi-
tion, it is possible that he observed the young shortly after they
were born by which time they may have eaten the odtheca and
embryonic membranes, & eommen practice among '
ous " cockroaches. »

We have established a colony of Panchlora nivee from a single
female eollected by Edna Roth, May 12, 1956, on bananas in a
store In Framingham, Massachusetts. After 26 days in the labo-
ratory, kept at 24° C. and 50 to 60 per cent R. H_, this cockroach
gave birth to 60 young. Nineteen days after giving birth, the fe-
male was observed with an obtheca protruding beyond her wing
tips; within 55 minutes she had completely reiracted the odtheca
into her breed sac. Sixty days after ofitheca formation this fe-
male gave birth again. She died October 12, 1956, after having
lived 153 days in the laboratory; she fed on banana skins and
Purina Dog Chow checkers. At autopsy we found a J-shaped
oiitheca, containing 53 egps, in the brood sac. The obtheca was
tightly enveloped by the uterus which filled most of the body
cavity.

The ovipositional behavior of Panchlora nivea is similar to that
found in species of Gromphadorhina, Pycnoscelus, Nauphoeta,
Leucophaea, and Bleberus (Roth and Willis, 1954). The female
Panchlora that Shelford (1906) reported as carrying an exposed
ottheca was either in the act of ovipositing or had prematurely
extruded the egg case. Premature extrusion of the cbtheca by

‘avovivipar-

“eockroaches that incubate their eggs in a brood sac may oceur

when they are killed (Roth and Willis, 1054) ; this probably ex-
plains Hansen's (1804} observation {see above).

Contrary to. Riley's opinion the nymphs, during normal birth,
do not move about in the genital pouch after the eggs hateh. We
have observed birth once in P. nivea, and the act of parturition
in this species is no different from that in species of Leucophaca,
Nauphoeta, etc.; the oétheca containing fully developed eggs is
re-extruded, and onee the embryos are clear of the confines of the
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198 BIOGLOGY OF PANCHLORA XNIVEA

female’s body they free themselves completely from their en-
veloping membranes and drop from the obtheea. Apparently
under abnormal conditions it is possible for an embryo to hatch
within the brood sac. When one of our females died, she partly
extruded her oiitheca. None of the exposed embryos were able to
{ree themeelves from the enveloping membranes and oftheca. On
dissecting this female we found that the obtheca had broken into
two parts; the anterior part, containing ten embryos, remained
tightly invested by the anterior end of the brood sac. One em-
bryo had shed its embryonic skin almost completely; only its
tarsi were still encased. This nymph had already become tanned,
and it is conceivable that at a later stage of development it might
have shed its skin completely and moved about in its eramped
quarters. This abortive hatehing was possible because the broken
odtheca, having separated, left an empty space In the brood sac
which was prevented from collapsing by the eggs that distended
the anterior and posterior parts of the uterus. An empty brood
sac contracts to a fraction of its distended size. )

Twenty-three nymphs from the firet litter of 60 were reared to
maturity. Males (N = 10) ? matured in an average of 144 % 8.01
days and females (N = 13) in 18] = 6.3 days. The mean number
of nymphs per litter from 14 births was 46.1 == 2.4 (range = 28 {0
60). The mean lime to the birth of the first litter for seven fe-
males isolated after mating was 55.3 % 1.8 days (range = 50 to 62
days). If we allow about a week after mating for oviposition to
oceur, then embryogenesis takes an average of about 48 days at
24° (., it will be recalled, however, that the first female used to
establish the P. nivea colony, gave birth 60 days after odtheeal
formation. Three of the seven females gave birth again 63.3 ==
2.9 days after the first birth. One female gave birth to a third
litter.

We have observed the mating behavior of P. nivea several
times. When confronted with six-day-old virgin females, males
that are several days old simply run rapidly around behidd the
female, back up to her (Plate XXII, figs. 1, 2), and quickly make
comnection. The final mating position, during which time the

IN =pumber of individuals from which mean values were computed.
The figures at the right of + are standard errors.
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spermatophore is transferred, is end to end with the heads of both
individuals facing in opposite directions (Plate XXII, fig. 3).
The average time spent in copulo was 40 == 2.4 minutes (range =
30 to 46 minutes, N = 7}. Six-day-old females mated readily; the
males mated with these without any apparent preliminary court-
ship. The female does not feed on a secretion on the male's ter-
gum nor dees she assume the superior position prior to copula, as
kas been reported for several other species (Roth and Willis,
1954). Females four and five days old sid not mate as readily as
those six days old. With these younger females, the male be-
haved differently. He moved around the female slowly and
stopped near the end of her zbdomen where he rocked from side
to side and at the same time arched his abdomen dewnwards so
that his wings were held slightly away from his body. He then
slowly backed up toward the end of the female’s abdomen and
remained quiescent in this position for some time. The younger
female may actively resist the male’s attentions by kieking with
Ler hind legs or by running away.

The precopulatory position in Paenehlora, in which the male
simply backs up to the female and makes connection, differs
from that known for all other cockroaches in which mating has
been observed, Although Ramme {1923) stated that the male of
Ectobius backed up to the female, this was questioned by us
(1957} and found not te be true in Eeclobius pallidus. Rau
(1922} made a single field observation on the mating of Parco-
blatta pensylvanica {DeGeer) and claimed that the female was
the aggressor and atiempted to back under the male (this would
be a male superior pose). This precopulatory position is highly
doubtful. We have observed the courtship of Parcoblatte vir-

‘ginice (Brunner) ; this species behaves like other species of cock-

roaches in which the males have a tergal gland. The male of P.
virginica, after touching the female with his antennae, raises his
wings to about a 45° angle; he may remain in this position for a
time if the female that he is courting does not respond. Xf the fe-
male begins to feed on his tergal secretion, he raises his wings to
90°, and when her mouthparts reach his first abdominal segment,
he pushes backwards and grasps her genitalia. The pair then as-
sume a position, typical of blattids, with their heads facing in

TRANS. AMER, ENT. 20C,, LXXXIIL




Eka

oy T -
ORI

200 BIOLOGY OF PANCHLORA NIVEA

opposite directions. Males of P. virginica are atiracted to court-
ing males and feed on the male tergal secretion just as the fe-
males; this feeding stimulates the courting male to attempt
copulation.

In practically all species of cockroaches, the female is above
the male just prior to genital connection. The only exceptions
so far as we know, are Panchlora nivea and Pycroscelus surina-
mensis (Linnaeus)® In this latter species we did not observe any
courtship by the male; he simply climbed onto the back of the
female and twisted his abdomen down and under that of the fe-
male (Plate XXII, figs. 4-6); connection was readily made from
this male superior pose, somewhat like the behavior of grass-
hoppers.  After eonnection has been made, the final mating posi-
tion (Plate X XTI, figs. 7, 8) is similar te that of other cockroaches.
The mean time spent in copulo by Pyenoscelus was 23 + 1.2 min-
utes (range =15 to 26 minutes, N =8}, during which time the
spermatophore was transferred to the female.

WATER RELATIONS oF THE EGGs oF SOME BLATTARIA

Recently (1955) we discussed the water uptake by cockroach
eges and showed that the initisl water content of eggs and
withecae of species that incubate their eges in a broed sac is con-
siderably lower than the water content of the odthecae and con-
tained eggs of oviparous species. Table 1 gives the percentage of
water not previously reported in the newly formed otithecae and
eggs of seven species of cockroaches. The relationship of a rela-
tively low initial water content in the eggs and oiithecae of false
avoviviparous cockroaches in eccomparison with the oviparous
forms {except Ectobius pallidus) is again borne out. Table 2
shows the changes with age in water and dry matter content of
eggs of Panchlora nivea and two species of blaberine cockroaches
which zlso incubate their eggs in a brood sac. The water content
of the eggs of these species increased with age but there was no
corresponding increase in dry matter which is so characterftic of
embryonic development in Diploptera punctate (Roth and Willis,
1955a).

2 Pyenascelus surinomensis is parthenogenetic in the United States and
apparently no males oceur in nature in this country. We obtained three
males whieh were reared from nymphs that were accidentally included in a

shipment of Diploptera punciela (Eschscheltz) from Hawaii. A bisexua]
colony of Pyenoscelus hag been established in our laboratory.
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TapLe 1. Water content of newly formed obthecae and their
enclosed eggs from several species of cockroaches
Water content

Species and type of (%) + S.B1ol N
oviposition behavior obthecse and eggs

o

Oviparous species which deposit and ahandon
the obtheen shortly after its formation:

(1) Eclobius pallidus (Clivier) 40.0 # 061 5_5

(2) Neostylopyga rhombifolic (Stoll) 64.3 + 061 a

{3) Parcoblatia virginica (Brunner) 56.9 + 068 §

{4) Periplaneta brunnea Burmeister 015+ 043 5
False ovoviviparous speeies which extrude
then retract the oitheca and carry it inter-
nzlly until the eges complete development.:

(1) Blaberus craniifer Burmeister 36.0 1

(2) Byrsolria Jumigate (Guérin) 37 056 3

(3) Panchlora nivea (Linnaeus) 370 1

18, B, = standard error

2 W = number of odthecae

Ectobius pallidus overwiniers in the egg which seems to un-
dergo diapause. Sometime before hatching, the eggs pick up
water which causes the cbtheca to swell (Roth and Willis, 1957).
Nothing is known about the rate of uptake of water by the eggs
of this species. On April 16, 1957, some overwintering othecae
and a few nymphs (older than first instar) of E. pallidus were
collected in Plymouth, Massachusetts. These obthecae had not
vet begun to swell visibly. The water content of five of these
obthecae was 41.0 = 1.1 per ecent. We had previously determined
that the water eonfent of newly formed otthecae of this species
{deposited in the laboratory) was about 40 per cent (Table 1).
Thus the eggs of Eetobius pallidus apparently do not pick up
water during the winter months since the water content of the
eggs collected in the field in April (and which had been deposited
in the previous summer or fall} was essentially the same as that
of newly formed obthecae.

The otthecae were divided into two groups; one group was kept
continuously on filter paper moistened with distilled water; the
second group was removed from moist paper after nine days.
The uptake of water is shown in text-figure 1A. Bolh groups of
obthecae rapidly increased in weight for four days; thoze eggs
kept moist continuously (text-fic. 1A, solid line) then slowly in-
ereased in weight from the [ourth to the twenty-first day at which
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202 BIOLOGY OF PANCHLOBA NIVEA

TapLe 2. Changes in wet weight, water, and dry matter of eggs
of three species of [alse ovoviviparous cockroaches

Note: The actual ages of the eggs, except for the newly or recently formed
odthecae, were unknown. The eggs are arranged in order of increasing wet
weight which, being correlated with development, represents an increase in
age. The weight of the obtheca is included in the computations. All values
were determined from one odtheea for ench wel weight listed.

Milligrams Per Egg

Species Wet weight Dry Matter Water

Blaberus crantifer 1321 84 45
198 76 122

254 741 183

256 74 18.2

3002 8.2 218

Byrsotria fumigata 13.11 86 45
1531 9.8 55

16012 106 54

274 88 186

279 98 18.1

284 8 206

204 94 200

Panchlora nivea D4t 0.3 0.1
Q.7 02 1.5

03 0.2 06

102 03 [1

1 Newly or recently formed obthecae,

2 Well-developed embryos.
time the eggs bepan to hateh. It is estimated from known dry
welghts of odthecae that at the time of hatching the obthecae and
eggs of group one contained about 75 per cent water. The second
group of ofthecae (text-fig. IA, broken line) similarly increased
in weight until the ninth day. After the ninth day the eggs were
placed on dry filter paper and they began to lose water gradually.
However, in spite of this water loss the eggs in these obthecae
hatched on the twenty-second and twenty-third days. It is ap-
parent that if sufficient moisture is absorbed, the eggs may subse-
quently lose some water, when subjected to dry conditions, but
&till complete development and hatch. ’\‘

PERCENT INCREASE OF INITIAL WT,

INITIAL WEIGHT

PERCENT CF
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Text-figure 1-—A. Uptake of water by eggs of Felobius pallidus. The
oithecae had overwintered in the field and were taken into the labora-
tory on 16 April, 1957, The axis of abscissas represents the days after
the obthecae were first placed on filter paper moistened with distilled
water. The plotted points are mean values, )

.———.=5ix obthecac kept on moistened paper until the eges began
to hatch on the twenty-first day.

.ww=—_=Five ofthecae kept on moistened paper for nine days and
then kept on dry filier paper.

..... =One oéthecn kept on moistened flter paper for fourfeen
days; see text,
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204 RIOLOGY OF PANCHLORA NIVEA

B. Obthecae of Pareoblatta wirginica deposited in the laboratory.
The axis of abscissas represents the age of the odthecac. The plotted
points are mean values.

.= Tive obthecae kept on moisiened flter paper; the change in
weight is expressed as the per cent increase of the initial weight. The
last weighing was made on the thirty-sixth day and the eggs hatched
(H) on the thirty-ninth day.

———.=Ten odthecac kept on dry filter paper at 50 to 60 per cent
relative humidity. The loss in weight is expressed as a percentage of
the initial weight. None of the eggs hatched.

A single obtheca behaved somewhat differently from the others;
its weight changes are plotted separately (text-fig. 14, dotted
line). This oftheca showed very little increase in weight for the
first three days on moist filter paper, but after the third day it
began to pick up water more rapidly. Apparenily at the time
this oBtheea was collected, the eggs had not reached the stage in
development, when they begin fo absorb water through the
oitheea. By the fourth day water began to be absorbed, and the
subsequent weight eurve is similar to the others deseribed previ-
cusly. After the twelfth day on moist paper, this citheca began
to lose weight, so it was dissected on the fourteenth day; many of
the eggs were well developed having dark eye spots, but some
cmbryos apparently had died and therefore had begun to lose
weight.

In the field, the eggs of Parcoblatta virginica are depesited in
relatively moist situstions, under logs, bark, ete. In the labora-
tory, the female usually deposits her oSthecae on the moist cotten
stoppers of vials containing drinking water. Those eggs not de-
posited on the maoist cotten de not develop at room humidities
and the obthecae frequently collapse. This is similar to the be-
havior of the eggs of Cariblaita lutea minima Hebard.

The initial water content of oftheeae and eggs of P. wirginiea
is about 57 per cent (Table 1). After two weeks, when kept on
moist filter paper, the eggs begin to absorb water through the
obthecs and continue to do so at a slow uniform rate, as kepre-
sented by weight gain (text-fig. 1B, solid line), until hatching
oceurs on the thirty-ninth day. It is estimated that at the time
of hatching the obthecae and eggs contained about 67 per cent
water. If the eggs ave kept on dry filter paper at 50 to 60 per
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cent R. H., water is lost steadily, as represented by weight loss
{text-fig. 1B, broken line), and the eggs fail to develop.

The odthecae of P. wvirginica differ from those of some other
oviparous species (e.g., Blatte orientalis, Periplaneta americana)
in apparently not possessing an impermeable coating which re-
tards loss of water from odthecae that are exposed to relatively
dry conditions. The eggs of P. virginica do net undergo dia-
pause; in this respect they apparently differ {from the eggs of
Fetobius pallidus. -

SUMMARY

Panchlora nivea extrudes its oitheca during formation and
then retracts it into a brood sac where the eges develop. When
the embryos mature, the obtheca is re-extruded; the nymphs free
themselves from their enveloping membranes, as the oftheca is
forced from the brood sae, and drop from the female. One mat-
ing enabled a female {0 produce three litters. The mean rumber
of nymphs per litter was 46. Embryogenesis took about 48 days
at 24° C. Male nymphs matured in an average of 144 days and
females in 181 days. The mating behavior of P. nivea differs
from that which has been observed in other cockroaches in that
the male backs up to the female to make genital connection, and
the female does not feed on any secretion on the male’s tergum.
Another peculiar mating behavior among the Blattaria is that of
Pycnoscelus surinamensis, the male of which makes connection
with the female after climbing on her back. The final mating
position of both Panchlora and Pycroscelus is similar to that of
cther cockroaches; the sexes, with genitalia joined, face in oppo-
site directions.

The water conients of odthecae and eggs, not previously re-
ported for several species of cockroaches are given. The eggs of
Panchlora nivea, Bleberus crandifer, and Byrsotria fumigate in-
erease in water content, but not dry matter, during embryo-
genesis. The eggs of Ecfobius pallidus overwinter in the field
with essentially no change in water content. Q&thecae of E. pal-
lidus that had overwintered in nature were brought into the labo-
ratory and kept moistened; they abserbed water rapidly for fonr
days and then increased in weight slowly until the twenty-first
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day when the eggs hatched. The ofithecae of Parcoblaita vir-
ginica are deposited in moist situations. In the laboralery, eggs
oi P. virginica that were kept moist began to absorb water after
two weeks and increased in weight slowly until hatching on the

thirty-ninth day. 1When the obthecae of P. virginica were kept at -

50 to 60 per cent relative humidity, the eggs lost water steadily
and did not hatch.
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ExpPLANATION OF I'IGURES
PLATE XXII

Figs, 1-3 —Panchiore nivea. 1, Male moving around to posterior end of
female. 2, Male (blurred} backing into female and making conneetion.
3. Pair in copule, Vertical bar=1 ¢m,

Tigs. 4-R~-Pycnosecelus suriramensis. 4-6. Male on female attempting
to make connection. 7. Pair connected, with male {wisting around to as-
sume an upright position. 8. Final mating position.

Figs. 9-10~—~Panchlora nivea. 9. Oithees and eges removed from female,
10. Thin oéthecal membrane separated from the enclosed eggs. Horizontal
bar =3 mm.

TRANS, AMER. ENT, $0¢,, LXXXHI,




Plate XXII.

Trans. Amer, Ent. Soc., ¥ol. LXXXIII.

PANCHLORA NIVEA

WILLIS:

TH AND

RO




