


STUDIES ON THE SITES OF SEX PHEROMONE PRODUCTION

IN THE COCKROACH, BYRSOTRIA FUMIGATA

by

JANICE KAY MOORE, B.A.

THESIS

Presented to the Faculty of the Graduate School of

The University of Texas at Austin

in Partial Fulfillment

of the Requirements

for the Degree of

MASTER OF ARTS

THE UNIVERSITY OF TEXAS AT AUSTIN

August, 1974



ACKNOWLEDGMENTS

I am very grateful to Dr
c

Robert H„ Barth, Jr„, whose

advice, instruction, and friendship have been invaluable to me during

this study„ The contributions of Dr* Marshall R* Wheeler as a

critical reader of the manuscript are also appreciated. Dr
o

Everett

L. Schiller of Johns Hopkins University, where the final phase of

the investigation was completed, was generous with laboratory

facilities. Amy Johnson was most helpful with histological advice*

Bob Broshears has requested that I refrain from thanking him for his

assistance in the assembling of the manuscript* And many, many thanks

go to the rest of my friends and my folks.

Jo Mo

The University of Texas at Austin

July 14, 1974



IV

TABLE OF CONTENTS

Page

INTRODUCTION 1

MATERIALS AND METHODS 9

Maintenance of Animals 9

Surgical Procedures
, . , . . . .

9

Blockage of genital and anal openings 9

Removal of colleterial glands 10

Electrocautery 10

Pheromone Assays ........
12

Autopsies 12

Histological Procedures 13

RESULTS 15

Removal of the Colleterial Glands 15

Rectal Plugs 15

Genital Atrium Plugs ..... .
18

Histology 18

Age-related pheromone production and the epithelium
of the reproductive tract 18

Pheromone production and cautery of the epithelium of

the reproductive tract 20

DISCUSSION 54

The Reproductive System and the Production of Pheromone:

Surgical Evidence
.

54

The rectum 54

The ovaries 55

The colleterial glands 56

The genital atrium 56

Histological Data 59

Discussion of the Data
. . .

60

SUMMARY 66

BIBLIOGRAPHY 68



V

LIST OF TABLES

Table Page

I. PHEROMONE PRODUCTION AFTER THE REMOVAL OF COLLETERIAL
GLANDS IN VIRGIN FEMALES OF BYRSOTRIA FUMIGATA

(N = 23) 16

11. PHEROMONE PRODUCTION AFTER THE INSERTION OF RECTAL
PLUGS IN VIRGIN FEMALES IN BYRSOTRIA FUMIGATA

(N = 10) 17

111. PHEROMONE PRODUCTION AFTER THE INSERTION OF GENITAL

ATRIUM PLUGS IN VIRGIN FEMALES OF BYRSOTRIA FUMIGATA

(N = 38) 19

IV. PHEROMONE PRODUCTION AFTER CAUTERY OF THE EPITHELIUM

OF THE REPRODUCTIVE TRACT IN VIRGIN FEMALES OF

BYRSOTRIA FUMIGATA 21

V. LOCATION OF LARGE GROUPS OF COLUMNAR EPITHELIAL CELLS
IN THE REPRODUCTIVE TRACT OF PHEROMONE-PRODUCING

VIRGIN FEMALES OF BYRSOTRIA FUMIGATA 22

VI-A. LOCATION OF GROUPS OF COLUMNAR EPITHELIAL CELLS IN

THE REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #l6,
A NONPRODUCER 26

VI-B. LOCATION OF GROUPS OF COLUMNAR EPITHELIAL CELLS IN

THE REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #24,
A NONPRODUCER 29

VI-C. LOCATION OF GROUPS OF COLUMNAR EPITHELIAL CELLS IN

THE REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #37,
A NONPRODUCER 31

VI-D. LOCATION OF GROUPS OF COLUMNAR EPITHELIAL CELLS IN

THE REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #45,
A NONPRODUCER 34

VI-E. LOCATION OF GROUPS OF COLUMNAR EPITHELIAL CELLS IN

THE REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #5l,
A NONPRODUCER 36



VI

LIST OF FIGURES

Figure Page

1. AVERAGE PERCENT COMPOSITION OF EPITHELIAL CELL TYPES
IN THE REPRODUCTIVE TRACTS OF VIRGIN FEMALES OF

'BYRSOTRIA FUMIGATA PRODUCING PHEROMONE 23

2. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #l6, A

NONPRODUCER 25

3. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #l9, A

NONPRODUCER 27

4. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #24, A

NONPRODUCER 28

5. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #37, A

NONPRODUCER 30

6. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #45, A

NONPRODUCER 32

7.. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #5l, A

NONPRODUCER 35

8. PERCENT COMPOSITION OF EPITHELIAL CELL TYPES IN THE

REPRODUCTIVE TRACT OF EXPERIMENTAL ANIMAL #42, A

NONPRODUCER 37

9. SCHEMATIC DRAWING OF REPRODUCTIVE TRACT OF FEMALE

BYRSOTRIA FUMIGATA POSTERIOR TO BROOD SAC 53

10. SAGGITAL SECTION OF GENERALIZED BLABERID TERMINAL

SEGMENTS, (a) NONPREGNANT FEMALE, (B) FEMALE WITH

OOTHECA IN BROOD SAC (AFTER McKITTRICK, 1964) ....
58



VII

LIST OF PLATES

Plates Page

1. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE

TRACT OF A PRODUCER, DEMONSTRATING THE GROWTH OF

TALLER EPITHELIUM IN THE CENTRAL DORSAL REGION
....

39

2. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE

TRACT OF A PRODUCER, SHOWING THE CELLS WHICH ARE A

POSSIBLE SOURCE OF PHEROMONE 42

3. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE

TRACT OF A PRODUCER, SHOWING GRADUAL INCREASE IN

HEIGHT OF VENTRAL CELLS 44

4. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE

TRACT OF A PRODUCER, SHOWING COLUMNAR EPITHELIUM ON

THE DORSAL SURFACE OF THE REPRODUCTIVE TRACT 46

5. A VIEW OF THE VALVIFERS IN CROSS SECTION 48

6. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE

TRACT OF A NONPRODUCER, SHOWING ABSENCE OF THE TALL

EPITHELIAL CELLS IN THE MIDDLE OF THE DORSAL SURFACE
.

50

7. A PHOTOMICROGRAPH OF A SECTION OF THE REPRODUCTIVE
TRACT OF A NONPRODUCER, SHOWING ABSENCE OF TALL

EPITHELIUM 52



INTRODUCTION

In 1959, Karlson and Butenandt defined pheromones to be

"substances which are secreted to the outside by an individual and

received by a second individual of the same species, in which they

release a specific reaction, for example, a definite behavior or de-

velopmental process." Several classification systems have been applied

to these substances; the simplest and most comprehensive divides them

into two classes: releasers, which act on the central nervous system

and provoke a rapid response, and primers, which effect a delayed

response through physiological changes (Wilson &. Bossert, 1963;

Karlson & Butenandt, 1959; Karlson &. Luscher, 1959)„

Pheromones are produced in a variety of glands with external

ducts (Wilson &. Bossert, 1963) and have been implicated in reproduc-

tive behavior, trail and territory marking, control of caste differen-

tiation, social recognition and regulation, location of food, alarm

communication and defense (Whittaker &. Feeny, 1971), sexual maturation

(Strong, 1970), and aggregation (Nolte, May, &. Thomas, 1970). In

certain instances, even symbiotic associations may have evolved in such

a way that pheromone production is one outcome; the colleterial glands

of the grass grub beetle Costelytra zealandica harbor a bacterium

responsible for the production of a phenol attractive to other grass

grub beetles (Hoyt, Osborne, & Mulcock, 1971).

1
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By 1972, the occurrence of sex pheromones had been

demonstrated in the females of ten orders of insects and the males

of eight orders (Jacobson, 1972). The anatomical origins of these

scents are various, and in males include mandibular glands among the

Hymenoptera, anal ampules in some Diptera (Jacobson, 1972), mecopteran

abdominal vesicles (Bornemissza, 1966a,b), and extrusible white scent

glands in some Neuroptera (Withycombe, 1922). Male Trichoptera

(Sericostoma personatum) have scent glands on the maxillary palpi

which emit a vanilla-like odor thought to be an attractant (Jacobson,

1972 5 Cummings, 1914). Male Coleoptera exhibit a variety of possible

pheromone production sites, centering around abdominal cuticular

glands. The primary location of pheromone production in male Lepidop-

tera seems to be the wings (Jacobson, 1972), whereas the tergal gland

functions as a source in male Orthoptera (Roth, 1952, 1969 j

Engelmann, 1970).

Many female Lepidoptera produce sex pheromones in glands

located between posterior abdominal segments 5 the mandibular glands,

as well as abdominal glands, are pheromone sources for some female

Hymenoptera. The origins of sex attractants in Coleoptera also appear

to be abdominal. Diptera, on the other hand, show a variety of

possible sources of the female pheromone (Jacobson, 1972). Among

the Siphonaptera, Suter (1964) noted that the abdominal tips of the

females of Echidnophaga gallinacea produce an attractant
o

While the
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existence of female sex pheromones has been documented in the

Qrthoptera, both the site of production and the chemical nature of

the substances remain to be delineated (Barth, 1968$ Engelmann, 1970).

Raisbeck (1972) suggested the microsomal oxidase system in the gut

of Feriplaneta americana as a regulatory system for the sex attractant

of that animal, in the event that the substance is a product of di-

gestive processes. Conclusive studies remain to be done.

The production of pheromone is one facet of the overall

reproductive life of an insect„ In female cockroaches, one of two

basic reproductive cycles exists„ The primitive oviparous families--

Blattidae, Cryptocercidae, Blattellidae, and Polyphagidae—produce

and oviposit oothecae frequently. The more specialized false ovovi-

viparous Blaberidae incubate oothecae in a brood sac until hatched.

After postimaginal maturation, yolk is deposited in the terminal

oocytes of female cockroaches during the first preoviposition period,

and sex pheromones attract potential mates. Receptivity disappears

after either mating or ovulation (Barth, 1968). After a number of

cycles, receptivity reappears in oviparous females (Wharton & Wharton,

1957 )} in ovoviviparous species, it may return after each parturition

(Roth, 1964). Oviparous females exhibit complex oviposition behavior

as they fasten the ootheca to the substratum and conceal itj they

then commence a new reproductive cycle (McKittrick, 1964). The

oothecae are oviposited into a brood sac in the false ovoviviparous
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cockroaches and are incubated during a pregnancy lasting from one

to three months (Barth, 1968)j a second cycle of oocyte maturation

does not occur until after parturition (Barth & Bell, 1970).

This cycling is one of many features controlled by the

neuroendocrine system, which consists of the corpora allata, corpora

cardiaca, and neurosecretory cells in the brain and ventral nerve

cord ganglia. This system has been recently reviewed by Engelmann

(1970).

The corpora allata control either sex pheromone synthesis

or release, and thus influence mating behavior. The question of a

direct corpus allatum effect on receptivity of cockroaches as a whole

remains in question,, However, evidence seems to indicate that of all

aspects of female sexual behavior in Byrsotria fumigata, only phero-

mone production is influenced by allatectomy (Roth &. Barth, 1964 j

Barth 1970). Removal of the corpora allata results in a cessation

of pheromone production, while implantation of these organs in alla-

tectomized animals can restore pheromone activity (Barth, 1961, 1962)

Mating will inhibit pheromone production within two or

three days (Barth, 1968). If unmated, however, females will continue

to produce pheromone for several weeks or months,, While animals

with oothecae rarely produce the attractant, the abortion of the egg

case in virgin females correlates positively with a return of

pheromone production (Barth, 1961, 1962 )„
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This is quite a neat package, evolutionarily speaking. For

instance, egg maturation is also under the endocrinological control

of the corpora allata. Barth (1962, p. 64) comments, "It seems quite

appropriate that the same organ which controls egg maturation should

also be involved in informing the male of the female ! s readiness to

mate."

Upon stepping back from the cockroaches to view insects as

a whole, it can be seen that endocrine control of pheromone production

has coevolved very conveniently with reproductive cycles„ Such

regulation can be expected to exist where selection pressures make

the increased complexity advantageous (Barth &. Lester, 1973 ) 0
This

situation occurs in animals which possess a degree of longevity as

adults such that reproduction is cyclical and involves interims during

which energy expended in mating activity would be wasted due to lack

of developed ova, et cetera. This is seen in B. fumigata. Some

Lepidoptera such as Antheraea pernyi are short-lived as adults 5

allatectomy does not interfere with the sexual attractiveness of the

female. With an abbreviated life span it is advantageous to have a

simpler system and thus the corpora allata do not control pheromone

production (Barth, 1965). The same situation has been demonstrated

in the short-lived moth Galleria mellonella (Roller, et al., 1963)„

Periplaneta americana may be considered an intermediate form in this

respect since it is long-lived, though it does not have long periods



6

during which mating is impossible such as exhibited by the ovovivi-

parous cockroaches (Barth, 1968). Between ovulation and egg case

deposition in this species there is a time during which successful

mating is not possible and pheromone production ceases $ this appears

to be under the control of the corpora allata (Barth, 1965). Barth

and Roufa (unpublished) determined that allatectomy results in a

cessation of pheromone production in this species.

Most interesting in the evolution of pheromone production

control is consideration of the parthenogenetic form of Pycnoscelus.

Females of the parthenogenetic P. surinamensis produce a pheromone

which attracts males of ]?. indicus, a closely related bisexual species

Allatectomy has no effect on pheromone production by parthenogenetic

females, whereas it halts pheromone release by virgin females of

_P. indicus. Likewise, females of P. indicus carrying an egg case do

not produce pheromone; pregnant P. surinamensis do (Barth, 1965).

The male of the species is absent over much of the range of the

parthenogenetic strain (Roth &. Willis, 1961$ Roth, 1967), rendering

pheromone production irrelevant; the cessation of pheromone produc-

tion on the part of the bisexual insect, however, is advantageous in

that unnecessary mating behavior is eliminated, thus reducing

exposure to predation, and the male's energy is not wasted in an

attempt to mate with impregnable females (Barth, 1965).

Pheromone production assists in potential mate recognition

as sex attractants are often species-specific and serve as one form
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of isolating mechanism (Engelmann, 1970). To be sure, there are

examples of pheromones with interspecific activity. Usually this

occurs within closely-related groups, not between such groupsj this

adds a complicating factor, for while one would expect related species

to exhibit similar chemistry, problems of reproductive isolation are

also greatest within such groups (Barth, 1968). For example, in the

roaches Blaberus giganteus and Byrsotria fumigata, male courting

behavior is released by pheromone from virgin females of Blaberus

craniifer (Barth, 1970b). In cases of moths where interspecific ef-

fects exist, electro-antennagrams indicate that the effect of the

pheromone decreases with the degree of phylogenetic relationship

(Schneider, 1966). Pheromones and resulting behavioral modifications

are only one mechanism of specific isolation. Other factors to be

considered are threshold levels and activity rhythms (Engelmann, 1970),

as well as anatomical differences (Butler, et al., 1967).

Among cockroaches, mating behavior falls into two general

categories. In one group, typified by Blatella germanica, courtship

cannot be initiated until the male makes antennal contact with the

female; courtship behavior is then released by a chemical supposedly

part of the cuticular grease. In the other instance, the male is

attracted from a distance by a volatile female sex pheromone which

also acts as a releaser of courtship behavior. Byrsotria fumigata

falls into this second category (Barth, 1968).
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Cockroach pheromones, however, are not highly volatile and

are mainly effective within a radius of a few feet. The preliminary

activities of the male are the most variable feature of the courtship

sequence (Barth, 1968). The mating behavior of B 0 fumigata has been

well described by Barth (1964) c Upon antennal reception of the phero-

mone, the male becomes alert and, antennae waving, approaches the

female. Upon being touched by the antennae of the male, the female,

if receptive, becomes alert and courtship follows. The volatile sex

pheromone is the primary stimulus and the behaviors characterizing

the earliest stages of courtship are released by the olfactory

reception of this chemical (Barth, 1964).

At the time of this study, the site of production of the

female sex pheromone of B_. fumigata was unknown. Further work on

pheromone chemistry as well as research into hormonal influences on

©

the pheromone producing system are dependent to varying degrees upon

the definition of the location of pheromone production. The following

study was conducted in an attempt to discover the site of sex phero-

mone production in females of B. fumigata.



MATERIALS AND METHODS

A. Maintenance of Animals

Barth (1964) outlined the conditions under which Byrsotria

fumigata are reared in the laboratory. Newly emerged adult females

to be used for experiments were isolated from nymph cultures. These

roaches were kept in separate 250 ml. pyrex breakersj a circular sheet

of Whatman No. 2 filter paper was included for collection of pheromone

Food and water were made available as outlined by Barth (1964).

B 0 Surgical Procedures

The general surgical methods reported by Barth (1962) were

employed. Specific surgical procedures may be described as follows:

1. Blockage of genital and anal openings. Day one adults

were anesthetized with carbon dioxide. The chosen opening was then

sealed completely with melted sticky wax. This is a beeswax-resin

mixture with a low melting point which adheres well to insect cuticle

(Weis-Fogh, 1956) c
Since the animals were not starved before the

experiment, leakage was a problem with the anal plugs o
The genital

seals cracked less often.

9
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2. Removal of colleterial glands. Anesthetized day one

animals were placed in a wax-filled glass dissecting dish and held

in place with a band of plasticene. A 0.5 cm square window centered

on the midline was cut from the cuticle of the seventh abdominal

tergite. The wound was later sealed with the excised cuticle.

The colleterial glands could be exposed by pushing the

rectum and other tissues to one side. Fine scissors were used to

remove the glands as completely as possible. The glands are tubular

and spaghetti-like and not readily differentiated in young animals.

After the animals were old enough to assay for sex pheromone, the

tubules were easily visible at autopsy, since they enlarge and fill

with a bluish-green secretion as a result of juvenile hormone release

in the adult
o Hence, incomplete removal is obvious at autopsy.

The internal organs were returned to their normal positions

after removal of the colleterial glands. The square of cuticle that

had been removed was replaced and paraffin wax was used to seal the

wound. The addition of a few crystals of streptomycin sulfate before

replacing the excised cuticle substantially reduced an initially

high mortality.

5. Electrocautery. A Grass Model LM3 Lesion Maker was

used with a monopolar electrode system. An insulated copper wire

ran from the LM3 to a brass plate attached to the floor of a clear

plastic restraining chamber designed by Barth and Ramenofsky



11

(manuscript in preparation). The animal, when taped into place,

was in contact with this plate, which acted as an indifferent elec-

trode. The part of the chamber designed to hold the head steady for

brain cautery was not used as it made abdominal work difficult and

occasionally resulted in injury to the animal. Cautery was accom-

plished with a fine electrode from the Ritter Bantam Bovie Electro-

cautery Apparatus.

Eighteen animals were cauterized not later than three days

after the imaginal molt, while 27 animals were cauterized within the

first day of adult life. For approximately 20 minutes prior to

cautery, the animals were placed in a cold room at 3°C. This

facilitated handling, as the metabolic rate was lowered sufficiently

to result in immobility. Approximately five seconds before cautery

the electric current was turned on. The electrode was then inserted

into the reproductive tract of the animal, held against the epithelium,

and moved anteriorly in a circular pattern past the valvifers. It

was withdrawn in like manner, the purpose being to cauterize as much

tissue as possible on both dorsal and ventral surfaces of the tract.

An intensity of 90 on the LM3 was used} this intensity was sufficient

to coagulate egg white,, The first group of 18 animals were subjected

to a current flow of two minutes’ duration} the remainder were cau-

terized for one minute. Controls experienced a mortality of 25 per-

cent. The animals cauterized for two minutes had a mortality of
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335, whereas 14# of the subjects cauterized for one minute died,

resulting in an overall 21# mortality for experimental animals.

C. Pheromone Assays

Experimental animals were assayed for pheromone production

as described by Barth (1962) in a room adjacent to the insectary.

Relative humidity was between 50 and 60# and the temperature was

maintained at approximately 80°F
o

Males employed in the assay were

kept in battery jars containing ten animals each and subjected to a

light-dark regime of 12:12. Each test lasted for two minutes and

was conducted under 40 watt red bulbs (such as used in photography

darkrooms) after the beginning of the assay animals’ subjective

dark period (2 p.m. ). Pheromone testing of control and experimental

females began on approximately day 13 of adult life. Each female

and filter paper were tested on a minimum of four separate occasions

covering approximately twelve days.

D. Autopsies

Animals were sacrificed at approximately 26 days of age,

the average age of oviposition in normal animals. The size of eggs

was noted, along with other pertinent information such as the

condition of the accessory glands, number of eggs present, and
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general reproductive condition of the individual, especially as it

related to corpus allatum activity. It was necessary to ascertain

the activity level of the corpora allata in experimental animals in

order to conclude that failure to produce pheromone might be due to

the destruction of pheromone-producing cells rather than to the

inactivity of the corpora allata.

E. Histological Procedures

The dorsal cuticle was removed from the abdomen of the

roach upon autopsy and the posterior half of the abdomen was then

transferred to Pringle’s (1938) Insect Ringer’s solution and on to

Bouin’s Fixative (Pantin, I960), Tissues were double-embedded on

nitrocellulose and Fisher Tissuemat (m.p, 56.5°C), following Humason

(1962) as modified by Amy Johnson (personal communication). Due to

the large size of the tissue and the presence of cuticle, nitrocel-

lulose infiltration was allowed to continue for two to three months.

This method gave the best results, but three other methods were

also attempted, with more limited success. These included the

following s

1. Infiltration and embedding in Fisher Tissuemat

(m.p. 61°c), using procedures similar to those

suggested by Humason (1962).
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2. Soaking in a 9:1 solution of 60 $ alcohol and glycerine,
as a measure intended to soften cuticle, before infil-

trating with paraffin (Carol Traver, personal
communication).

3. Polyester wax embedding as modified by Martin Sage
(personal communication). (The problem with this tech-

nique was found to stem from a discrepancy in chemical

supplies and not from the procedure itself.)

All the histological data in this report were derived from tissues

subjected to the nitrocellulose-paraffin double-embedding techniques.

The tissues were sectioned serially at thicknesses of

13-15 microns. They were stained with Heidenhain's Iron Haematoxylin

and counterstained with Eosin Y (Pantin, 1960 j Galligher & Kosloff,

1971).

Every fourth section was surveyed at a magnification of

10X under a Bausch and Lomb microscope. Using a manual counter,

estimates were made of the relative proportions of squamous,

cuboidal, and columnar epithelial cells lining the reproductive

tract. This method was employed in hopes of getting a representative

sample of sections and an objective estimate of cell-type proportions

without sacrificing speed and accuracy. As there were approximately

500 slides carrying between ten and 20 sections each, such sampling

techniques and estimates were essential.



RESULTS

A. Removal of the Colleterial Glands

Surgery was performed on newly emerged females in order

to determine if the presence of the colleterial gland during the

first previposition period was necessary for pheromone release„ The

animals were autopsied after sexual maturation to ascertain the

absence of colleterial gland, Of the ten individuals in which the

glands had been completely removed, seven elicited a positive res-

ponse in the pheromone assay. The parts of colleterial glands

recovered in some other animals were tested for pheromone activity

and found to be negative. The results of this experiment are shown

in Table I.

B. Rectal Plugs

Wax plugs were inserted into the rectums of day one adults

in an effort to determine whether the pheromone is possibly a product

of the digestive tract. Though loose plugs created a problem, it

could be demonstrated that only 20$ of the ten experimental animals

failed to produce pheromone. The results of this experiment are

shown in Table 11.

15
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Table I. Pheromone production after the removal of colleterial

glands in virgin females of Byrsotria fumigata (N = 23)

Pheromone

production
Corpus allatum

activity

Positive 17 (7) 22 (10)

Negative 6 (3) 1 (o)

(Numbers in parentheses
were found to have been

indicate data from animals in which glands
completely removed.)



Table 11. Pheromone production after the insertion of rectal

plugs in virgin females of Byrsotria fumigata
(N = 10)

17

Pheromone Corpus allatum

production activity

Positive 8 10

Negative 2 0
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C. Genital Atrium Plugs

Wax plugs were inserted into the reproductive tracts of

newly emerged females in order to determine if pheromone release

occurred through this opening. Only 13$ of the thirty eight animals

so tested produced pheromone} in all of these cases the plug was

found to have loosened,, (Loose plugs were found in only 23„ l/o of! the

animals as a wholej 12.1$ of the nonproducers had loose plugs as

wello) The results of this experiment are shown in Table 111.

D. Histology

1. Age-related pheromone production and the epithelium of

the reproductive tract. The reproductive tracts of young (less than

five days old), :nonpheromone-producing females were sectioned

serially and compared with those of older (at least 12 days old),

pheromone-producing females. Estimates were made of the proportions

of various types of epithelial cells as recorded in "Materials and

Methods" above
e

The information from this experiment was largely

inconclusive. No divergent trends in the proportions of the different

cell types were indicated. More specifically, the unexpectedly

large proportion of epithelial cells which appeared metabolically

active in the young animals could have been due to the fact that

these animals had just completed secretion of the cuticle in con-

junction with the imaginal molt.



Table 111. Pheromone production after the insertion of genital
atrium plugs in virgin females of Byrsotria fumigata
(N = 38)

19

Pheromone

production
Corpus allatum

activity

Positive 5 34

Negative 33 1

Questionable activity 0 3



2. Pheromone production and cautery of the epithelium of

the reproductive tract. Fifty-five animals were involved in this

experiment, which was an attempt to correlate pheromone production

with degree of injury to the lining of the reproductive tract by

electrocautery. The results of the pheromone assays and some autop-

sies follow in Table TV,

Portions of the experiment were conducted in the manner

of a double-blind study. The pheromone assays were necessarily

conducted prior to the histological study, but the results of the

assays were not revealed until the estimates of cell type composition

had been completed. Then sections of the animals which differed

noticeably in cell type composition from producing females were

scrutinized for subtler differences.

Differences arising from individual variation as well as

discrepancies in sectioning necessitate rather generalized statements

about the anatomy of these animals. Nonetheless, a remarkably con-

sistent pattern emerged upon careful study of the five animals

exhibiting the most positive pheromone assays. This pattern is

summarized in Table V. Histological studies were not pursued beyond

4800-5400 microns anterior to the posterior tip of the animal

because the cautery electrode was not inserted beyond this point.

Figure 1 represents the average percent composition of cell types

in these animals along the length of the genital atrium. The animals

20
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Table TV. Pheromone production after cautery of the epithelium
of the reproductive tract in virgin females of Byrsotria
fumigata 0

Pheromone production
Corpus allatum

Paper Animal* activity

Cauterized for one

minute

strongly positive 3 (13$)"
26$

7 (33$)
52.5* 21 active

positive 3 J 4

questionable 6

74$
4

47.5$ 2 inactive

negative 11 (48$) 6 (28.5$)_

Cauterized for two

minutes

strongly positive 1 (&5$f 2 (20$) "1
60 o0$ 11 active17$

positive 1 4 J

questionable 2

83$
1 140.0$ 1 inactive

negative 8 (66$ )_ 3 (30$) J

Total experiment

strongly positive 4 (11.?$)'
23$

9 (29$ )
~

■55
o 0$ 32 active

positive 4 8 J

questionable 8

77$
5

(29$)
_

45.0$
3 inactive

negative 19 (54$). 9

Total 35

*Not all animals were tested.



Table V 0 Location of large groups of columnar epithelial cells
in the reproductive tract of pheromone-producing
virgin females of Byrsotria fumigata.

22

Distance anterior

to posterior tip of

abdomen in microns

-

0

600

Epithelial cells along middle portion of dorsal

1200 side begin to increase in height.

Epithelial cell height continues to increase.
1800

Cells can approach height of .25 mm (.15-.20 mm

more usual)—may arrange themselves in two clumps—
2400 approximately equidistant from center of tracto 1

Middle portion of ventral area also begins to

increase in size and can approach a height of .20 mm,
2

3000 Tall cells spread to lateral areas.

Infolding of lining begins,

3600 Some decrease in cell height.

4200

4800 Valvifers first appear (variable), 3

1Refer to Plates 2 and 4,

2Refer to Plate 3.

3
Refer to Plate 5.
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Figure 1

Average percent composition of epithelial
cell types in the reproductive tracts

of virgin females of Byrsotria fumigata
producing pheromone
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which were found to produce no pheromone deviated from these results

to varying degrees. Figure 2 shows that roach #l6 did not exhibit

as high a percentage of tall epithelial cells as did the pheromone-

producing animals. Indeed, closer study revealed that the columnar

epithelium of #l6 never reached the height of cells in producing

animals, and it was less plentiful when it did occur, especially in

the area between 2400-2800 microns from the posterior tip (refer to

Table VI-A). Roach #l9 exhibited a lack of columnar cells as well

(refer to Figure 3).

As is apparent from Figure 4, Roach #24 did not develop

a consistently tall epithelium. Later scrutiny revealed little

columnar epithelium, with the possible exception of some ventral

epithelium of glandular appearance approximately 2600 microns from

the animal’s posterior tip (refer to Table VI-B).

A dearth of columnar cells was also characteristic of

roach #37 (Figure 5). The dorsal cells did not reach the usual size,

although they did increase somewhat in height approximately 2200

microns anterior to the animal’s posterior tip. Posterior to that

point, the lining was not especially notable, except for a small

clump of columnar cells located ventrally 1500 microns from the

posterior tip. (Refer to Table VI-C)

Figure 6 refers to roach #45, a nonproducer which also

had far fewer columnar cells than her pheromone-producing counterparts.



Figure 2

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #l6, a nonproducer
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Table VI-A„ Location of groups of columnar epithelial cells in

the reproductive tract of experimental animal #l6,
a nonproducer.



Figure 3

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #l9, a nonproducer
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Figure 4

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #24, a nonproducer



Table VI-B. Location of groups of columnar epithelial cells in

the reproductive tract of experimental animal #24,
a nonproducer.

29

Distance anterior
to posterior tip of
abdomen in microns

0

600

1200 Mid-dorsal cells increase in height.

1800

2400 One small clump of glandular-appearing ventral

epithelium.
Tall dorsal cells spread laterally.

3000 Surface of lining begins infolding.



Figure 5

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #37, a nonproducer
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Table VI-C. Location of groups of columnar epithelial cells in

the reproductive tract of experimental animal #37,
a nonproducer.

31

Distance anterior

to posterior tip of

abdomen in microns

0

600

1200 Mid-dorsal cells increase in height c

1800

Small clump ventrally«

2400

Mid-dorsal cells get taller
0

Infolding of surface.

Columnar cells appear laterally.

3000



Figure 6

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #45, a nonproducer
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Beginning 1600 microns from the posterior tip, the cells in the

middle of the dorsal wall of the tract were as tall as
0

10 mm, but

they were not consistently tall and seemed to appear erratically,

especially for the next 600 microns* (Refer to Table VI-D)

While the columnar cells in roach #5l were as tall as
0 20 mm

at a depth of 2000 microns, they decreased drastically soon thereafter.

(Refer to Figure 7$ Table VI-E)

Roach #42 appeared to be the least abnormal of the nonproduc

ing animals (refer to Figure 8). However, the cell-type distribution

in this animal shared the gross irregularity demonstrated in Figures

2 through 7. The most obvious manifestations of this were additional

peaks in the lines representing percentages of columnar and squamous

cells*

Following are plates which illustrate some aspects of the

results reported above* In addition, Figure 9is a schematic drawing

of a longitudinal section of the reproductive tract of a pheromone-

producing female, showing different points in cross-section, as well

as the area of dorsal columnar cells mentioned above*



Table VI-D. Location of groups of columnar epithelial cells in

the reproductive tract of experimental animal #45
,

a nonproducer o

34

Distance anterior
to posterior tip of

abdomen in microns

0

600

1200

1800

Tall cells begin mid-dorsally.

2400

Mid-i

then

dorsal cells

decrease in

approach height of „10 mm,

height and appear erratically.

3000



Figure 7

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #5l, a nonproducer
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Table VI-E, Location of groups of columnar epithelial cells in

the reproductive tract of experimental animal #5l,
a nonproducer.

Distance anterior

to posterior tip of

abdomen in microns

0

600

1200

Mid-dorsal cells increase in height.

1800 Mid-dorsal cells approach „10 mm 0

Mid-dorsal cells approach .20 mm in height.

2400 Columnar epithelium decreases rapidly.

3000

1
Refer to Plate 6.



Figure 8

Percent composition of epithelial
cell types in the reproductive tract

of experimental animal #42, a nonproducer
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Plate 1. A photomicrograph of a section of the reproductive
tract of animal #49, a producer, approximately 1500

microns anterior to the posterior abdominal tip.
IB follows 1A by 60 microns and demonstrates the

growth of taller epithelium in the central dorsal

region.

t; tall epithelium on the dorsal surface of

the tract

38







Plate 2„ A photomicrograph of a section of the reproductive
tract of animal #49, a producer, approximately
2400 microns anterior to the posterior tip of the

abdomen.

P; the cells which are a possible source of

pheromone
FB: fat body
Cs ventral cuticle

CE; cuboidal epithelium
Ms muscle

SE; squamous epithelium
Gs genital atrium

41





Plate 3. A photomicrograph of a section of the reproductive
tract of animal #49, a producer, approximately 120

microns anterior to Plate 2, showing gradual
increase in height of ventral cells„

V: ventral epithelium
p: possible source of pheromone
Distance between arrows: 100 microns
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Plate 4. A photomicrograph of a section of the reproductive
tract of animal #25, a producer, showing columnar

epithelium on dorsal surface of reproductive tract,
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A view of the valvifers (v) in cross section

approximately 4200 microns anterior to the

posterior tip of the abdomen.

Plate 5.

Cs ventral cuticle

Distance between arrows; 100 microns
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Plate 6. A photomicrograph of a section of the reproductive
tract of animal #5l, a nonproducer, approximately
2400 microns anterior to the posterior tip of the

abdomen. Note absence of tall epithelial cells in

the middle of the dorsal surface of the tract

(see arrows).

49





Plate 7
o

A photomicrograph of a section of the reproductive
tract of animal #l6, a nonproducer, approximately
3200 microns anterior to the posterior tip of the

abdomen,, Note absence of tall epithelium. Arrow

indicates ventral side of animal.
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Figure 9

Schematic drawing of reproductive tract

of female Byrsotria fumigata
posterior to brood sac
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DISCUSSION

A. The Reproductive System and the Production of
Pheromone: Surgical Evidence

The reproductive system of the female cockroach consists

of right and left colleterial glands, paired oviducts, ovaries, and

at least one spermatheca, all of which open into the genital atrium.

The histology and anatomy of this system in Periplaneta americana

have been reviewed in detail by P. C. Brunet (1951). In the

present study, the digestive tract, as well as the colleterial glands

and genital atrium, was examined as a possible source of pheromone.

1. The rectum. The ileum, colon, and rectum comprise

the cockroach hind-gut, the rectum being the most posterior of the

three sections. The hind-gut functions primarily in the removal of

water from the gut contents (Cornwell, 1968). The ileum and colon

have also been implicated as sites of ionic movement in B. fumigata

(Datta, 1966). The rectum is oval and is characterized by ventral,

longitudinal ridges in the walls these extend into the lumen and

may assist in the absorption of water (Cornwell, 1968).

When animals with rectal plugs were assayed for pheromone

activity, proved positive,. These data indicate that the rectum

and associated structures are not the source of pheromone in
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Bo fumigata, though the digestive tract has been implicated as a

possible source of pheromone in P. americana (Raisbeck, 1972),

In addition, studies of gynandromorphs of B. fumigata show that

Type I animals, which exhibit male sexual behavior, lack both the

female reproductive tract and the female sex attractant. While this

absence could be coincidental, it might also be indicative of a

relationship between the reproductive structures and the source of

pheromone (Barth & Bell, 1971).

2, The ovaries„ Surrounded by fat body and lying on either

side of the gut, the ovaries consist of 16 or 17 ovarioles each in

B. fumigata. The oocytes are linearly arranged in these tubular

structures and the basal oocyte is oldest and most mature. Upon

ovulation, mature oocytes are released into the oviduct,, The two

oviducts, one from each ovary, join to form a common oviduct which

empties into the genital atrium anterior to the openings of the

colleterial glands and near the spermathecal entrance. Each ovariole

is enclosed by the membranous, noncellular tunica propria, which is

in turn covered by a thin peritoneal coat of connective tissue

(Cornwell, 1968). Barth (1962) reported that ovariectomy does not

interfere with mating behavior or pheromone production in B. fumigata.

Therefore, in this study the ovaries were not considered as potential

sources of pheromone or as intermediaries in its production.
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——colleterial glands. The left and right colleterial

glands are tubular organs in which the main ducts divide repeatedly

to form the multibranched structures. These glands, in a functional

reproductive animal, show a definite increase in size and acquire

a slight bluish tinge, whereas they are white and smaller in younger

females. This is especially true of the larger left colleterial

gland, and these changes indicate the presence of the oothecal

structural protein which this gland synthesizes (Barth & Bell, 1970).

Complete removal of the colleterial glands did not appear

to prevent the production of pheromone as 70'$ of those animals

experiencing this treatment continued to elicit positive responses

in the pheromone assay. In addition, the glands themselves proved

negative when assayed0
This indicates that the colleterial gland

is unlikely to be the source of female sex attractant in B, fumigata.

4. The genital atrium. The female’s genital atrium is

formed during nymphal development. This is accomplished primarily

by a process of invagination and the retraction of the eighth, ninth,

and occasionally tenth sternites into the abdomen, leaving the cor-

responding tergites narrowly visible. These terminal sternites form

the roof of the atrium, while the seventh sternite is the ventral

portion of the cavity (Cornwell, 1968).

The genital atrium is composed of three chambers in

B. fumigata--a posterior vestibulum, a dorsal-anterior genital chamber



into which the spermatheca and common oviduct empty, and a ventral-

anterior brood sac. The ootheca is incubated in the distensible

brood sac (Cornwell, 1968). (Refer to Figure 10,)

In living species, the external ovipositor of fossil forms

has been retracted into the genital atrium as well, and now functions

in directing eggs into the egg case. The ovipositor valves also

function in copulation as a point of attachment for the male's ex-

ternal genitalia (Cornwell, 1968).

There are three ovipositor valves, referred to here as

pairs of valvifersj one pair derives from the retracted eighth sternite,

two from the ninth. The processes themselves, much shorter than

functional ovipositors and lying free in the vestibulum, are more

precisely known as valvulae and their bases, valvifersj however,

Brunet (1951) declared, "In the case of the cockroach it is difficult

strictly to apply the terms valvifer and valvula since there is no

distinct line of demarcation," Hence, in this paper, the entire

structure is termed "valvifer."

In the false ovoviviparous cockroaches such as B, fumigata,

the valvifers of an individual without an egg case extend posteriorly

into the genital atrium. The valvifers are not as sclerotized as

those of families which do not incubate the egg case, and in the

process of oothecal retraction into the brood sac they can become

reversed in their direction, pointing anteriorly as they are pressed

against the roof of the genital atrium, (Refer to Figure 10.)
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Figure 10

Saggital sections of generalized
Blaberid terminal segments,

(A) nonpregnant female,
(B) female with ootheca in brood sac

(after McKittrick, 1964)
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In order to determine if pheromone was released from

the genital atrium, the reproductive tract was plugged in thirty-eight

animals. When the roaches were assayed for pheromone production, the

results were overwhelmingly negative, supporting the hypothesis that

the genital atrium plays a major role in the release of the attractanto

B, The Histological Data

The above experiments led to the conclusion that the re-

productive tract should be the focus of subsequent tests involving

pheromone sources. While electrocautery of this area did not result

in uniformly negative pheromone assays, some animals did fail to

produce attractant and the reproductive tract histology of these was

carefully compared with that of the producing animals.

Upon such comparison, several trends became clear. First

of all, the pattern of epithelial cell distribution by size and shape

is remarkably similar in most pheromone-producing animals, allowing

for the ready construction of a graph such as Figure 1. Other

characteristics noted in Table I are also consistent in all phero-

mone producers. Tall epithelium of a secretory appearance was

present in the reproductive tracts of these animals, where it became

most prominent along the middle of the roof of the atrium approxi-

mately 2000-2700 microns anterior to the posterior tip of the animal.
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The cauterized animals which did not produce pheromone

appeared to share certain characteristics which were related to

injury of the epithelium, especially on the dorsal side of the tract

in the area 2000-2700 microns anterior to the animal’s posterior tip.

In several cases, the percentage of tall epithelium never approached

that of the pheromone-producing subjects (refer to animals 16, 19,

24, 37, and 45). In most of those animals, the columnar cells that

were found were not as tall as those in producers (refer to animals

16, 24, 37, and 45). The percentages of cuboidal and columnar epi-

thelial cells in nonproducing animals fluctuate considerably as one

moves anteriorly as opposed to the consistently increasing trends

in the percentages of these cells in producers. As discussed in the

previous section, irregularities in cell-type distribution can be

seen in the graphs of all nonproducers. Numbers 24 and 42 showed an

especially precipitous dip in columnar cell frequency. Numbers 51

and 19 demonstrate similar fluctuations of decreasing magnitude.

C. Discussion of the Data

The preliminary examination of the reproductive system as

a whole points strongly toward the genital atrium as a source of the

sex pheromone. The importance of the colleterial glands }
ovaries

}

and intestinal tract as potential sources is minimized by the ex-

periments involving removal or blockage of these areas
}

after which
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the production of pheromone continued. On the other hand, blockage

of the genital atrium did interfere with pheromone release. Addition-

> some animals experiencing electrocautery of the reproductive

tract failed to produce pheromone. All animals were examined for

corpus allatum activity as evidenced by oocyte developments the

experiment did not appear to interfere with this activity, thus the

failure to produce the sex pheromone was not due to a lack of corpus

allatum hormone.

The electrocauterized animals which failed to produce

pheromone showed histological differences from those which continued

to produce. These differences are based primarily on the presence

or absence of columnar epithelial cells, and the assumption that these

larger cells are more likely to have a secretory function than squamous
\

or cuboidal varieties„ The roaches that did produce pheromone seemed

to have similar microanatomies, thus lending support to the signifi-

cance of the histological differences found in the nonproducers.

The cells lining the dorsal portion of the tract appear to

be especially important in this study. They achieve columnar status

approximately 800-1600 microns posterior to that event in the ventral

portion and extend anteriorly to the area of tall ventral cells,

hence comprising a larger area than that of the ventral cells.

Given the proximity of the dorsal cells to the external

opening of the genital atrium and the likelihood that the pheromone
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is released primarily through this opening (as indicated by the

experiment utilizing genital atrium plugs), the dorsal columnar cells

take on new significance as potential sources of sex attractant. In

looking at this group of cells specifically in the various nonproducers

studied, one sees that in every animal but one, these cells first

appear somewhat anterior to those in producing animals, and in three

cases fail to achieve the height of similar cells in producers.

Erratic occurrence of columnar cells in this area also characterizes

some nonproducers 0

The ventral columnar cells
}

while comprising a smaller

area more anterior to the opening of the genital atrium than that

occupied by the dorsal cells, appear equally aberrant in nonproducers

If they appear at all, they are less pronounced and cover a smaller

area o

In viewing the cautery experiment as a whole, one can see

that the filter paper portion of the pheromone test is especially

indicative of abnormal pheromone production 0
Of the cauterized

animals, 77$ gave a negative response, while only 11.5$ gave a

strongly positive response,, When the animal itself was tested (this

being a more sensitive test), almost half gave a negative response„

Cautery of the reproductive tract does seem to result in a failure

to produce pheromone at normal levels in most cases. If clumps

of cells in the reproductive tract are indeed the source of attractant,
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then not surprisingly, the degree of destruction achieved by cautery

is highly variable, and this variability accounts for the fact that

some animals continued to produce some pheromone.

The process by which cell destruction was accomplished,

while systematic enough on the gross level, had a high degree of

randomness at the microscopic level. Therefore, one would expect

duration of cauterization to have had an effect. Longer cauterization

should result in more destruction and increase the likelihood of

affecting a higher percentage of producing cells. Indeed, this seems

to be the case.

Two-minute cautery had to he discontinued owing to high

mortality. However, of the animals that survived, only 17$ of the

filter paper assays proved positive, compared to 26$ of the assays

from the one-minute cautery group. In the whole animal assays, 20$

of the animals were strongly positive, as opposed to 33$ of the one-

minute group.

The reproductive tract, specifically the dorsal columnar

cells and, to a lesser extent, possibly the ventral columnar cells,

seems to be the source of the female sex attractant in Byrsotria

fnmigata. While the brood sac area has a very high proportion of

columnar cells and was not tested as a possible pheromone source,

it is probable that these cells are involved in the maintenance

of the ootheca.
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Before one can make definite statements about the reproduc-

tive tract as a source of pheromone in these animals, more precise

measurements are required. Nucleus-cytoplasm ratios are one way to

assess cell activity, and such ratios from producers and nonproducers

could be compared. Related work has been done on the beetle Ips

confusus by Pitman and (1963), who showed that only the mature

male of the species had columnar cells with enlarged nuclei lining

the ileum„ The hindgut had been implicated previously as the source

of the species-specific attractant produced only by the mature male,,

Other possibilities include ultrastructural studies.

Clearwater and Sarafis (1973) have used electron microscopy to aid

in the investigation of the physiology of the pheromone gland of the

noctuid moth Pseudaletia separata and have suggested that the secre-

tory cycle of the gland has three phases„ In studies on Diatraea

saccharalis
f

the sugarcane borer moth, White et al„ (1973) showed

changes in the cells of the pheromone glands after adult emergence.

Beginning four hours after emergence, the number of secretory drop-

lets in the cells--especially certain electron dense cells—began to

rise. These droplets are thought to be associated with the pheromone.

This correlates well with the fact that pheromone is not produced

during the first hour or two of adult life.

The pheromone gland of D. saccharelis has also been cultured

in vitro (White et al., 1972)„ While the report of White and
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co-workers dealt mainly with the long-term medium requirements of

such a culture, an in vitro system is potentially useful for the

physiological investigation of an animal such as B. fumigata. Such

a technique might also facilitate chemical studies of the pheromone,

in the event it could be harvested from the culture system.

As for studies similar to the cautery procedures discussed

here, more precise methods of tissue and cell destruction must be

employed,, Of course, the possible distinction between site of pro-

duction and site of storage and release should not be ignored. This

study did not suggest such a difference, and it is probable that

production, storage, and release occur at essentially the same location

With the exception of the Raisbeck (1972) proposal concerning

the gut microsomal oxidase system in Per inlane taj. there appears to

be no published literature on pheromone sources in female cockroaches„

Hence there is no phylogenetic support for or refutation of such a

source in Byrsotria. However, this study does indicate a high

probability of the reproductive tract of B. fumigata serving as a

source of female sex attractant* It is certainly worthy of further

study, and the columnar cells in the dorsal, and perhaps ventral,

regions should be a special focus of investigation.



SUMMARY

This study offers the following observations regarding the

source of female sex pheromone in Byrsotria fiimigata;

1. Rectal plugs do not prevent the release of sex attractant,

thus indicating that the digestive tract is not the source

of pheromone.

2. Removal of the colleterial glands does not prevent phero

mone production and the glands themselves do not possess

pheromone activity, thus eliminating this structure as a

potential source of the attractant.

3. The hypothesis that the genital atrium plays a major role

in pheromone release is supported by the high correlation

between the presence of reproductive tract plugs and

negative pheromone assays.

4
0 Electrocautery of the reproductive tract results in a

partial or complete suppression of pheromone production.

There is a positive correlation between depression of

pheromone production and exposure time to cautery electrode.

5. In pheromone-producing animals the distribution of epithelial

cell types was remarkably consistent whereas that of the

nonproducers deviated more or less sharply from this

pattern,,
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6. In producers, tall epithelium of an actively secretory

appearance becomes especially prominent along the middle

of the roof of the reproductive tract approximately

2000-2700 microns anterior to the posterior tip of the

animal. A smaller group of ventral columnar cells 800-1600

microns anterior to this dorsal area also appears active.

In cauterized nonproducers these areas differ, appearing

more anteriorly, with fewer, smaller cells.
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