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NINE FIQURES

In a brief note we (’55) have pointed out that the water
content of cockroach eggs varies with age and may differ
among different species according to their oviposition be-
havior. In this paper we report the water relationships of
the eggs of several species of cockroaches. Additional de-
tailed material is included on the four species treated in the
earlier paper.

The following 10 species of cockroaches were used: Blatia
orientalis Linnaeus, Blattelle germanica (Linnaens), Blat-
tella vaga Hebard, Furycotis floridana (Walker), Periplaneia
americana {Linnaeus), Periplaneta australasiae (Fabricius),
Leucophaea maderae (Iabricius), Nauphoela cinerea (Oli-
vier), Pycnoscelus surinamensis (Linnaeus), and "Supella
supellectilium (Serville).

Pycnoscelus was reared and maintained on lettuce; all
of the other species were fed Purina dog chow checkers.
Obthecae ! of the oviparous species were collected onee a
day; the females of the ovoviviparous species were isolated
as they formed their obthecae. At various times after
obtheca formation these ovoviviparous females were anes-
thetized with CQ., and the obthecae were ejected from the

! [Inless otherwise indieated, use of the term oGtheea implies both the egg case

and its enclosed egps.
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uterus by finger pressure on the base of the abdomen. If
the nterus was everted as a result of this manipulation, it
was pushed back into position with a pair of forceps. Blai-
tella germanica and B. vaga were also anesthetized with CO.
while their attached odthecae were removed. All weighls were
determined on torsion balances which were sensitive to 0.02
mg, 0.0L mg, or 0.05 mg;ina few instanees, some of the heavier
obthecae (e.g., those of Eurycofis and Leucophaea) had to
be weighed on an analytical balance. The oéthecae were air-
oven dried at about 80°C. to constant weight. Higher tem-
peratures such as 100°C. were not used, as they caused some
of the young obthecae to become greasy.

There are at least § possible types of known ovipositional
behavior among cockroaches. These are arranged, below, to
show a progressive tendency toward retention of the eggs
within the body of the female until hatehing {Roth and
Willis, ’54).

Oviposition type 1. Obtheca extruded and carried by the
female for only a short time, then deposited and abandoned:
oviparons cockroaches (see table 1 for examples).

Oviposition type 2. Qbtheea extruded and carried by the
female for a longer period than type 1, but eventually dropped
long before the eggs hateh: oviparous cockroaches [Ectobius
panzert Stephens (Brown, 52); Ectobius livens {Turfon)
carries her odtheca up to 16 days and perhaps longer before
she deposits it (personal communieation from Mr. Paul Relan-
der through Dr. Harvey Sweetman, University of Massa-
chusetts) .

Oviposition type 3. Obtheca extruded and carried exter-
nally by the female until, or shortly before, the eggs bhatch:
oviparous cockroaches {see table 1 for examples). '

Oviposition type 4. Obtheea extruded (fig. 14, B) then
subsequently retracted into a brood sae where the embryos
develop until, or shortly before, hatehing. Although we have
previously considered cockroaches (see table 1 for examples)
with this kind of behavior ovoviviparous, we have also ques-
tioned the validity of this classification (Roth and Willis, *54,
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'55b). Hagan (’54) agreed that ¢ ... the process of extruding
oithecae is truly oviposition...’’ and later retraction into
the female’s brood sac does not make the embryos viviparous
when they are born. We suggest that this type of reproduc-

TABLE 1

Initial water content of odthecae and enclosed eggs of several species of cockroaches

,

Note: Based on obthceae which were 24 hod‘rs old or less. The odthecae of the
false ovoviviparous cockroaches {4, below) were removed from the female either
prior to their eomplete retraction into the brood sac or just after they had been
retracted.

SPECIES AND ¥YVFE OF WATER CONTERT (Gt ) & 8».1

OVIPOSITIONAL BEHAVIOR OF GUTMECAR AND EGGS B
1. Speeies which deposit and
abandon the odtheea shortly
after its formafion:
{1} Periplancia americand 59.8 = 0.23 27
(2) Periplaneta australasiae 62,7 + 0.50 10
(3) Euwrycotis floridana 62.0 + 0.36 10
(4} Bletta orientulis 641 = 0.38 20
(5) Supella supellectilivm 64.3 & 0.28 i5
3. Speries whieh carry the
obtheea externally until
or shortly before the eggs
hatch:
(1) Blattella germanica 62.8 4= 0,20 20
(2} Blattella vaga . $9.5 = 0,53 10
4. Species which exirude then
retract the odtheea and
earry it internally until
the eggs complete development:
(1} Nauphoela cinerea 342 2 0.7 10
(2} Pycnoscelus swrinamensis 39.4 + (.44 7
(3) Leucophaca maderae 37.1 1

* 8 E, = standard error.
* N = number of oibtheeac.

tive behavior be called false ovoviviparity, or possibly pseudo-
oGzootoky. True ovoviviparity would encompass those animals
in which eggs, with enough yolk to allow the embryos to
complete development, are retained within the female’s body
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from formation until hatehing. We know of no fruly ovo-
viviparous cockroaches at this time.

Oviposition type 5. QObtheea probably not extruded, the
cge case being directed from the vestibule into the brood
sae where the eggs remain until hatehing: viviparous cock-
roaches [Diploptera dytiscoides (Serville) ].

Fig. 1 A-D.— Leucophaca wmaderae. A. Obtheea (arrow} beginning to
form. 3 0.7. B. Smmne female shown in A with ofitheen almost fully formed
and ready to be retracted. It is uncommon for the odtheea to protrude between
the wings as happened with this specimen; frequently the egg case is extruded
toward the rear, not upward, and Jies under the wings. X 0.7. €. Normal oitheea
{cephalic view). Note the limits of the oftheca (arrows) which does net cover
the eggs eompletely, The small eircular areas on the bottom row of eggs are
the mieropylar regions. X 2.3. D. Abnormal odtheea which contained a double
and single row of eggs. X LT,

E-F, — Two females preducing abnormal obthecae, Approximately X 1.7.

\l

The species used in this study represent behavioral types
1, 3, and 4; nothing is known of the water relationships of the
eggs of cockroaches which belong to type 2. A study of
Diploptera (type 5) will be reported elsewhere (Roth and
Willis, '55b).

The percentages of water in the obthecae of several species
of cockroaches, arranged according to oviposition behavior,

et

WATER CONTENT OF COCEROACH EGGS 493

are shown in table 1. Initially, the eggs of the gpecies
which earry their odthecae internally contain a smaller per-
centage of water than the eggs of cither those species which
drop the odtheca shortly after its formation or species like
Blattella which carry their odthecae externally unfil the
young hateh. Tn Diplotera the newly formed odtheca contains
about 34% water (Roth and Willis, *55b).
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Fig. 2 Water content of the edthecae of 6 specics of cockroaches. Temperature,
a7°.96°C. The odthecae used to obtain the curves for A were kept at about 30%
rolative humidity; all three species were run coneurrently, The odthecae used in

B were obtained from females which had continuous access to drinking water.

The values in parentheses indicate the total number of odthecae used for each
curve.

With embryonie development the water content of the eggs
changes. These changes were followed daily and will be
disenssed separately, according to the oviposition behavior
of the females.

Oviposition bype 1. The water content of the odihecae of
B. orientalis, P. amerteana, and S. supellectilivin is shown
in figure 2A. The proportion of water in the odtheca of B.
orientalis remains fairly comstant throughout development.
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In P, americana the proportion of water drops with time,
and in S. supellectilium the proportion of water increases
during embryonic development. The differences between these
three species are due to differences in rates of water loss

() =WET WEIGHT Q:WATER @ -ORY MATTER
me T e T e
Treof - Euaofe T8 5 Ce0 p .
é L A Periploncta cmencona | & | o & * o = kel ]
ook 1 2o 7 o® o
] o lw | 4
& o [
g 8O a o o 1 gloo— 0 .9 N b
= 0 = °e s ° @ ) %
L 1 eor o]
T ix % 4
& % &
w40 i 60 R
et esntetesyesssstariagruteygtogre] = ®, = . i
-
Z 20} 4 ZF a0 o B
S 4% 5 B Blatta onenfalis
G 1. 1 1 ] 1 1 1 c H 1 i 1 L (! 1, 1 1
0 5 W 15 20 25 30 35 0 5 0 B 20 25 30 35 40 45
AGE IR BAYS AGE IN DAYS
© '|.u- T T T T 1 T T T T ] 8 T T T 1 T T
R 4 .
G or @ VT Lo o & D Mouphoets cinerea
@ (2 o ] H B
2o 18
Tigf J uisl 4
] N
= 18
> 17 .
5 4
el o
g T w? T
4=
202 C Supelta  supcilectitivm E 1+ E
W 4
“00 I 1 4 L 1 L 1 1 i ) 1 1 1 i L [
o 5 K 15 20 25 30 3B 4C 45 50 0 ) 2 3 4 5 [
AGE I DAYS TIME, HOURS

Fig. 3 A-C. Changes, with age, in water and dry matter content of three
gpecies of oviparous cockroaches. Data obtained from the sume ofthecne used
in figure 24, In A and B, no egg counts were made for each obtheca, so that
the means are caleulated on a per-obthees basis. In C, counts were ihade of
the number of eggs in each oitheca and the ealewlations were made on ahljer-cgg
basis; however, these mean values inelude the weight of the obtheca inasmuch
as the eggs were mot removed from the egg cases. I Weight lass of a single
ciitheca (containing 36 eggs) of Nauphocta cizerea. The oiitheca was almost
completely retracted into the brooed saze at the time of its removal from the
female. The obtheca remained on the torsion balance during the entive experiment
and the weight changes werc noted at the indieated time intervals; relative
humidity about 329 znd temperature about 26°C.; at the end of 22 hours, the
odtheen had lost 16 of its weight,
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relative to loss in dry matter (fig. 3A-C). In B. orientalis
hoth water and solids are lost at about the same rate (fig.
3B);in P. americane (fig. 3A) water is lost at a greater rate
than dry matter; in S. supellectilivm dry matter is lost at a
greater rate than water (fig. 3C).

Tn B. orientalis the water content of the eggs actually in-
creases during embryogenesis (fig. 4). During the early stages
of development, the obtheea is very moist inside; after the
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Fig. 4 Changes, with age, in water and dry matter content of eggs of Hialla
orientalis. All eggs were removed from the edthecae. A total of 284 egps taken
from 186 different obthecae was used to obtain data for these eurves.

eleventh day of development, which was the earliest we
could remove the eggs from the obtheea, the inner surface
of the ottheca and the ounter surface of the chorion are very
moist. As development proceeds, these surfaces become pro-
gressively drier. After about a month, the chorion is so
brittle that it is difficult to remove the eggs without having
the well-developed embryos rupture through the ehorions.
The inner surface of the chorion and the outer surface of
the embryo itself, however, are still quite moist at this
time. Undoubtedly during development water is absorbed
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by the egg from the spongy inner surface of the odtheca
(Roth and Willis, ’53). According to Pryor (’40), the flaid
surrounding the eggs in the newly deposited odtheca of the
oriental cockroach contains a dihydroxyphenol, subsequently
identified as protocatechuic acid {Pryor et al, ’46). Pre-
sumably this ecompound, which tans and hardens the odtheea,
is present as a dilute solufion in the moisture surrounding
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Fig. 5 Weight loss of different aged eggs, removed from the ofthecae of
Flatta orientalis and Periplansta americans. Lach eurve staris (black semieircle}
at the age of the egg when it was dissected from the ottheea. The eggs of
Blatta were kept at 28° =1°C. and about 30% relative humidity. A total of
110 eggs was used to obtain the mean values for the 8 different aged groups. The
eggs of Periplaneta were kept at rocom temperature and 0% relative humidity;
4 eggs for each of the two age groups were used.
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the eggs. The inmer surface of the odtheca remains moist
for some time after the egg case has assumed its ﬁnal\dark
coloration. L
During embryological development, certain changes i the
eges of B. orientalis result in a greater ability of the egg
itself (without odtheeal protection) to withstand desiceation.
This is shown in figure 5; eggs that were 12 to 21 days old
lost practically all of their water within 24 hours, whereas

eggs that were 23 days old or older required two or more
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days to dry out. The same apparently is true of the eggs of
P. americana, 10-day-old eggs losing water much more rapidly
than 19-day-old eggs (fig. 5); the eggs of this species can
also, apparently, pick up water from the odtheea since the
19-day-old eggs contained more water than the 10-day-old.

Oviposition type 3. In Blattells one end of the odtheea
which is permeable to water (Roth and Willis, *b5) is in
contact with the female for the dutation of embryonic deve-
lopment. In B. germanica the percentage of waler remained
constant at about 62% for 4 days and then increased steadily
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Tig. 6 Changes, with age, in water and dry matter content of the odthecae of
three species of cockroaches. Dats obtained from the same obthecae used in
figure 2B. Calculations were made on a per egg basis but include the weight of
the obtheeae since the eggs were not dissccted from the egg eases.

to about 76% by the time hatching occurred (fig. 2B). Re-

sults with B. vaga (fig. 2B) were similar, except that the
initial water content of about 60% remained constant for 7
days and then increased to about 70% by time of hatching.
The percentage inerease in water content of the odthecae
of these two species of Blattella is due fo both loss in dry
matter and uptake of water from the female. In both species,
dry matter is lost slowly (fig. 6A, B}. When calculated on a
per-egg basis, the wet weight of the odtheca of B. germanica
(fig. 6A) drops slightly during the first 5§ or 6 days of
development; this may be explained by the fact that though
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dry weight is being lost, the eggs are apparently not yet
absorbing any water. After the Gth day the wet weight
begins to increase because water is being absorbed from
the female. B. vaga {fig. 6B) differs from B. germanica in
that the amount of water present in the eggs initiaily is less,

TABLE 2

Changes in length, wet weight, water, and dry maticr of eggs of Pyenoscelus
surinamensis during embryogenesis

Note: The values for € days are the means of 7 obthecae; all other values are
based on one oétheca for cach age represented. Computations include the weight
of the oitheea. Females were kept at 27°-28°C., at which temperature the eggs
hateh in 31 to 33 days.

AGE LENGTR hEh o e WA
days mm mg my myg
2.69 1.887 1140 0.747
1 2.55 2.000 1.219 - 0.791
3 2.84 2.026 1.233 0,793
5 2.74 2.155 1.310 0.845
6 279 2127 1,325 0.802
7 2.40 2.158 1.242 0.817
8 2.53 1.862 1.106 0.756
9 294 2,502 1.450 1.072
10 2.04 2058 1.175 1083
12 3.58 2.976 1131 1.845
13 158 2.935 1.159 1.776
14 3.43 3.324 1.174 2.150
15 353 2310 1.158 2.152
16 353 3.345 1.133 2212
17 3.82 3.653 1104 2,459
18 3.58 2.209 1.056 2,153
19 3.87 3.489 1115 2374
20 3.58 3.500 1125 275
21 377 3,204 1.082 ENER
22 3.77 3.020 1.446 2483
23 3.63 3.605 1.205 2.490
24 3.53 3.533 1.161 2,272
25 3.58 2.208 1.090 2.118
26 3.92 3.728 1.944 2.483
a7 3.58 3,207 1110 2187
29 3.72 3.280 1.038 2.241
32 3.2 3.800 1184 2.616
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water begins to be absorbed later (after about 11 days), and
less water is absorbed during development.

Oviposition type 4. The water in the obthecae and eggs
of false ovoviviparous Nauphoela cinerea (fig. 2B) remains
at about 34% for the first 7 days of development, inereases
markedly for a week, and then rises more slowly until at
hatching time the oétheea may gontain about 75% water.
There is a marked increase in the size of the eggs during
development (figs. 7TA-D, 84,B); the increase in length may
amount to as much as 80% by the time hatching oeccurs,

TABLE 3

Changes in length, wet weight, water, and dry matter of eggs of Leucophaca
maderae during embryogenesis

Note: All values are based on one oftheca each for each of the 4 ages repre-
sented. Females were kept at £7°~28°C,, at which temperature the eggs hatch in
about 62 days, Weight of the obtheca is included in the eomputaiions.

AGE LENGTI WE:E:':E:IT DR:E:.;'{;’[(‘:ER w,n;:z(;; PER
days mm mg mg mg
] 4.80 T.661 4.818 2.843
18 5.24 8.885 4.279 1.606
28 7.2 12.738 4.462 8.276
41 7.35 15.689 4353 11.336

The eggs increase slightly in length shortly after the female

_retracts the odtheca, but this increase is not correlated with

an uptake of water. It is possible that internal body pressure
lengthens the eggs by altering their shape just after they
have been retracted into the uterus. The weight and length
of the eggs increased during development as the eggs absorbed
water (figs. 6C, 8A); solids were lost slowly during embryo-
genesis (fig. 6C).

Water determinations and egg-length measurements were
made on a small number of oithecae of the false ovoviviparous
cockroaches Pycnoscelus and Leucophaea. The results (tables
2 and 3) show that these eggs also absorb water and inerease
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in length. The data for Pycnoscelus, when plotted, gave
curves similar to these for Nauphoeta (fig. 6C), although
the curves were not as smooth beeanse of the smaller number
of speeimens used. |

Abnormal odthecae. The arrangement of the eggs within
the oétheca is usually the same in all cockroaches, the eggs

Fig. 7 Eggs and obthecae of Nauphoete cinerea. A-D. Four obthecae of
different ages showing inerease in size of the eggs with embryonic development.
A 3-day-old odtheen; there are fewer eggs in this than in the following odthecae.
B. 11 days. C. 15 days. D. 30 days. E-G. Aberrant odtheeae, E. From
female shoewn in figure 1F. F. From female shown in figure 1E. G. Obtheea
(eaudal view) with 3 rows of eggs (ef. with H). H. Normal 14-day-old odthecz
{eaudal view} with two rows of eggs. X 3.3.

A

being placed in a double row {figs. 1C, 7H). Sometimes the
false ovoviviparous species form abnormal odtheeae; the
eggs may be arranged in a single row (fig. 1D), or in a triple
row {fig. 7G). Squeezing the abdomen of Neuphoeta in order
to remove the obthees sometimes caused subsequent formation
of abnormal obthecae (figs. 1K, F; TE, F) ; the females usually
cannot retract these abnormal odthecae info the brood sac.

e td
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However, many of these squeezed females produced obthecae
from which eggs hatched normally.

Water loss from odthecac. The obthecae of cockroaches
differ in their ability to prevent desiccation of the eggs.
The obtheea of false ovoviviparous cockroaches is soft and
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Fig. 8 Increase in length of eggs of Nauphocta rinerea during embryonic
development, The length of the cggs at one end of the obtheea was measured
with an ocular micrometer. A. Comparison of egg length with water content.
Open circles = egg length; eggs froms 93 obthecae were used to determine the
0-day valuee, and cggs from 347 odthecae were used to obtain the other values.
Dashed line = mean water content, milligrams per egg, from figure 6C. B. Solid
cireles = theoretical mean percent increases caleulated from the yalues used in
figure A. Open circles = actual observed values, each circle representing one
dotermination {or more if the values superimposed; total of 86 determinations).
These data were obtained by first measuring the length of the eggs at the time
the obtheea was being formed {and had been rotated), and then measuring
again at = known age after the obtheca was manuvally extruded from {he brood

sae.

pliable, in eontrast to the hard, rigid odtheca of oviparous
forms like Blatta and Periplanete. The eggs of Nauphoela
lose water most rapidly, those of Blatta orientalis most
slowly, and those of Blatiella germanica lose water at a rate
intermediate between the other two species (Roth and Willis,
’55). Additional data obtained with obthecae of Supella,
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Pycnoscelus, and P. americana (fig. 9) confirm the earlier
findings. Tges which failed to complete development lost
water much more rapidly than those whick did develop.
Changss in weight of a recently formed oGtheca of Nauphoeta
over a period of 6.5 hours are shown in figure 3D; the eggs
in this ootheca lost water, when exposed to the atmosphere,
much more rapidly than those of the oviparous gpecies studied.
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old.
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DISCUSSION

Clommon to the embryogeny of cockroaches is the absorption
of water by the eggs sometime during development. In the
oviparous species that drop their otthecae {Blatta, Peri-
planeta), water is obtained from the moist inner surface of
the egg case; this moisture, present in the obtheea at the time
of its formation, is supplied by the female all at one time.
Tn Blatiella additional water enters the eggs, from the female,
through the permeable portion of the obtheca which is in
continnous contact with the female’s obtheeal cavity (Roth
and Willis, ’53). In the false ovoviviparous species (Nau-
phoeta, Pycnascelus, and Leucophaea), water must pass from
the female’s body, through the uterus or brood sac, to enter
the eggs. In all of the species studied, ineluding the false
ovoviviparous forms, solids were lost during development.
Only in viviparous Diploplera dytiscoides is there a gain in
both water and solids during embryogenesis {Roth and Willis,
*55b). The port of entry of water, whether through a localized
area or through the entire surface of the egg, is unknown.
Undoubtedly the time at which water uptake oceurs depends
upon definite stages in development and probably on the
formation of embryonic membranes; unfortunately, little is
known about coekroach egg membranes,

It is apparent that in the three types of ovipositional
behavior presented in this study, the species of Blattella fall
between the oviparous species that drop their obthecae and

“{he false ovoviviparous forms. Though the odétheca is mot

retracted into the body of the German cockroach, the eggs
gain water from the female during the later stages of deve-
lopment; in this respect, Blattella is closer in habit to Nau-
phoeta than to Blatla. Yet the initial water content of the
obtheea of Blattella is high and more nearly like that of
Blatta or Periplanete than that of the false ovoviviparous
species. Actually there is sufficient water, initially, in the eggs
of B. germanica to permit, under ideal conditions, development
and hatching without the additional water provided by the fe-
male ; however, when removed from the female, the oiitheea of
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Blattella is not capable of prevenling excessive water loss from
the egps at ordinary room humidities (Roth and Willts, ’55a).

The uptake of water increases the size of the eggs. This
is quite apparent in the false ovoviviparous species, but
less discernible in the other species. However, Patten (1884)
has mentioned the increase in size of the eggs of B. germanica;
apparently, the odtheca of this species is sufficiently soft to
allow some stretching by the growing eggs. The eggs of
Blatta and Periplanete also inerease in size, even thoungh
they are eneased in a hard obtheca. This is possible because
the inner layer of the odtheca is spongy, allowing the eggs
to expand as they absorb water. On the other hand, the egg
case of Ectobius livens, which appears to be hard like that
of Blatta, visibly inereases in size as hatching time approaches
(Mr. Paul Rolander, personal communication, and our own
observations).

As far as we know, the eggs of eockroaches are enclosed
in some type of odtheca, which may be more or less developed
depending upon ovipositional behavior and species. Imms
(’25) stated that some blattids do not construct an odtheca
at all; unfortunately, Imms did not specify the species. It is
possible that he was referring to statements by Shelford
(*12) and Riley (1890). Shelford (’12) made this sweeping
statement ¢ ...T can state with confidence that about one-
third of the genera form no cotheca at all, or only a most
imperfect one...’'; however, he cited no examples in which
the obtheca was entirely lacking. Riley {1890) claimed that
the obtheca of Panchiora wviridis was lacking; however, in
1891 Riley found that these eggs were surrounded by a thin
membranous sheath which covered about half of the egg mass.
Riley’s deseription of the Panchlora obdtheca indicated that
in this species the egg case is less extensive than in Blaberus,
Pycnoscelus, Leucophaea, or Nauphoeta, and approaches that
of Diploptera.

Present-day cockroaches descended from insects that lived
more than 250,000,000 vears ago. Fossils from the Upper
Carboniferous show that among the earliest insects were
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cockroaches with at least iwo different oviposition habiis:
those with elongated ovipositors, which apparently laid single
eggs not enelosed in an egg case, and species that deposited
obthecae in the manner of the oviparous forms found today
{Laureniiauz, *51). We do not know whether there were
gpecies that incubated their eggs internally coexisting in early
geologic times with oviparous speeles. Internally developed
egges, not enclosed in a sclerotized ggg case, might presumably
escape fossilization.

Hagan (’51, p. 433) gave several reasons for believing that
viviparity is of more recent origin than oviparity among
insects. Although examples of present-day cockroaches may
be arranged in a series progressing toward viviparity, this
series is not necessarily evolutionary (Iagan, ’51; Roth and
Willis, ’54). If there has been an evolutionary trend toward
viviparity in cockroaches, it is interesting to speculate on
the possible changes that may have oceurred, particularly
in the light of present knowledge of ovipositional behavior
and water relations of the egg. Hagan (’51) stated that
in the evolutionary trend toward viviparity in cockroaches,
¢, ..the preliminary necessary step appears to be the re-
duction or elimination of the odtheca...”. The obthecae of
viviparous and false ovoviviparous cockroaches do show vary-
ing degrees of reduetion, althongh this may be a result, rather
than a prerequisite, of viviparity.

A rationale for the evolution of viviparity might follow

these steps: the preliminary step, from the oviparous habit

of dropping the obtheca, would seem to have been for the
female fo retain the oétheca, clasped in the obthecal ehamber,
for longer and longer periods of time. Gradually the odtheea
came to be retained for the entire period of embryonic deve-
Jopment. Concurrently or subsequently, the odtheca was
shifted anteriorly into the female’s body until it was com-
pletely contained. During this process, a relatively imper-
meable obtheca would be essential to prevent excessive loss
of water from the eggs. Lack of such protection, which would
occur if the obtheca were reduced before provision had been
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made for depositing the ootheea entirely within the female’s
body, would result in death of the eggs which is not consonant
with continuzed evolution. Once the egg case had become
loeated within a protecting brood sae, degeneration of the
obtheea could oceur without impairing development of the
embryos through loss of water. Supply of additional water
from the female to the developing eggs apparently evolved
before the oidtheca was completely contained within the fe-
male’s body. Ultimate viviparity appeared with the provision
of solid nutriment as well as water te very small eggs enclosed
in a greafly reduced odtheca.

We do not know the forces involved in the trend toward
viviparity, but Laurentiaux (’51) suggests that the odtheca
appeared as an “‘adaptive reaction’ to climatic and hygro-
metrie ehanges. Internal ineubation of the eggs also affords
definite benefits {0 those speecles with this type of behavior.
There are two principal dangers which beset cockroach eggs.
One is desiceation and the other insect egg parasites. The
hard cbtheca of some oviparous cockroaches like Periplaneta,
Blatia, and Eurycotis does not proteet the eggs from be-
ing destroyed by parasitic wasps which can penetrate the
obtheca with their ovipositers; however, the obtheca of
these species does protect the eggs from desiccation. As
far as we know, the eggs of false ovoviviparous and vivi-
parous cockroaches are mnot attacked by inseet parasites
becanse the eggs are protected within the female’s body
(Roth and Willis, ’54) ; however, the poorly developed odtheca
of these species would not prevent desiceation if the egg
case were deposited outside of the female’s body. We (’54)
have pointed out the fact that the time required fqr the
false ovoviviparous female to form and retract her ootheca
is much less than that required by the oviparous female io
form and drop her obtheca. This speed is vital to the false
ovoviviparous species because the eggs will lose water while
exposed to the atmesphere during obtheca formation. The
eggs of false oveviviparous and viviparous species, being
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deposited inside the female’s body, are protected from both
desiccation and inseet parasites.

Accompanying the variation in ovipositional behavior were
certain other important alterations. A change in the amount
of water initially present in the eggs, a reduetion in the
amount of yolk (in Diploptera, Hagan, ’51), and a modifica-
tion in the strueture of the oéitheca, making it more pliable and
permeable to water; differences inrthe oétheca imply changes
in the chemieal nature of the secretions of the eolleterial
glands which produce the otthecal subsiance.

The writers thank Dr. Harold Hagan for his interest and
for eritically reading the manuseript.

SUMMARY

The water relationships of the eggs of several species of
cockroaches have been studied in relation to the ovipositional
behavior of the female. Species belonging to three of 5 possible
ovipositional types were available for study.

Quiposition type 1. Speeies in which the female drops the
odtheea shortly after its formation. The proportion of water
in the odtheea of Blatia orientelis remains fairly constant
throughout embryonic development, whereas it drops with
time in that of Periplaneta americane and inereases in the
obtheca of Supella supellectilium. These differences in the
proportions of water result from differences in the rates
at which water and dry matter are lost during embryogenesis.

The actual water content of the oothecae of all three species

drops with time, However, the water content of the eggs
of B. ortenfalis and P. americana increases during embryo-
genesis as the eggs absorb water from the interior of the
obtheea. Changes during development enable older eggs,
isolated from the obthecae of B, orientalis and P. americana,
to withstand desiccation better than younger eggs.
Ouiposition type 3. Species in which the female ecarries
the ootheca externally during embryonie development. The
percentage and amount of water in the odtheca of Blattella
germanica increase during embryogenesis. The percentage
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inerease in water results from both loss of dry matter and
uptake of water from the female. Similar results were ob-
tained with Blattella vaga. However, the egg of B. vaga dif-
ters from that of B. germanica in having less water initially,
in starting to absorb water later, and in absorbing less water
during development.

Oviposition type 4. Species in which the female extrudes
the obtheca outside the body and then retracts it into the
uterus where the eggs complete their development; we have
called this type of behavior false ovoviviparity. Water in
the obtheea and eggs of Nauphoeta cinerea remains constant
for the first week, increases markedly for another week, and
then riges more slowly. Embryogenesis is accompanied by
# marked increase in the length of the egg; this increase is
cansed by absorption of water from the female as solids are
lost during development. The eggs of Pycnoscelus surina-
mensis and Leucophaea maderae also absorb water from the
female with a corresponding inerease in length.

Oéthecae of cockroaches differ in ability to prevent desiec.
cation of the contained eggs. Hard, relatively impermeable
odthecae of oviparous eockroaches (B. orientalis, P. americana,
S. supellectilium ) lose water most slowly. Soft, thin oithecae
of false ovoviviparous speeies (N. cinerca, P. suringmensis)
lose water rapidly when exposed to the atmosphere, Partially
permeable obthecae carried externally by the female (B. ger-
manica) lose water at an intermediate rate.

Two principal dangers beset cockroach eggs: desiceation
and insect egg parasites. The hard odthecae of oviparous
species do not protect the eggs from destruction by parasites,
but do protect eggs from desiccation. KEggs of false ove-
viviparous cockroaches are protected from hoth inseetipara-
sites and desiccation by being carried within the female’s

body. .
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