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ABSTRACT

Youssef, Nabil N. Topography of the Cephalic Musculature and Nervous System
of the Honey Bee Apis mellifera Linnaeus. Smithsonian Contributions to Zoology,
number 99, 10 figures, 5 tables, 54 pages. 1971.—Fixed heads of workers, drones,
and queens of Apis mellifera Linnaeus were dissected under distilled water for the
study of two tissues: the musculature and the nerve mass.

Musculature: The movable and fixed points of muscle attachment were utilized
in establishing a nomenclature for muscles to replace the systems in current usage,
which depend on various combinations of topography, function, and numerical se-
quence. The present system proved to be consistent and useful for demonstrating the
criteria of homology among muscles. Names were devised in classical Greek and
Latin for international usage. For establishing muscle homology, every cephalic
muscle of the three castes was compared with its homolog in other studied taxa of
Hymenoptera and Neuroptera. The labial and epipharyngeal muscles are degenerate
and the antennal muscles maintain primitive features. The mandibular complex
consists of two well-developed muscles and a degenerate muscle which is probably
modified to serve as a stretch organ. The maxillary muscles maintain the same points
of attachment as in primitive insects, although the musculus tentorio-cardinalis has
shifted its point of movable attachment to the stipes in the female bees to meet a
change in function. The maxillary palpal muscles have disappeared as a result of
the reduction of the palpus itself. Many of the labial muscles have shifted one or
both points of attachment as a result of the specialization of the labium. The mus-
culus postoccipiti-prementualis even has different points of fixed attachment among
the different castes.

As a result of simplification of the "hypopharynx," many of its muscles have
shifted their points of attachment. The musculature of the clypeal walls are well
developed to accommodate the enlargement and specialization of the cibarium.

In this study the following undescribed muscles were found and named: musculus
tentorio-mandibularis, m. stipiti-maxillopalpualis, m. oriscuto-supensorialis, and m.
fronti-pharyngealis III (only in the drone).

Nerve Tissue: Existing literature indicates that only a few of the cephalic nerves
have been named. Accordingly, a new system was developed under which the name
of each nerve or nervule is based on the structure it innervates. Main ganglia are
named according to their locations, rather than following the traditional inconsistent
nomenclature. The names are in classical Greek or Latin form for international usage.
Every cephalic nerve or nervule was followed to its termination. When sufficient
literature was available, the criteria of nerve homology were examined. Nerve topog-
raphy follows a similar plan in the gnathal segments of the three castes, except that
the Nervus Mandibularis is degenerate in the drone. It was noted that variation in
the topographical plan of a particular nerve is very small, even among members of
different castes.

Official publication date is handstamped in a limited number of initial copies and is recorded
in the Institution's annual report, Smithsonian Year.
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Nabil N. Youssef Topography of the
Cephalic Musculature
and Nervous System
of the Honey Bee
Apis mellifera Linnaeus

Introduction

The concept of homology, which expresses the con-
tinuity of structure in phylogeny, can be approached
in many ways: comparisons of external elements,
examinations of embryonic and postembryonic struc-
tures, and by following the topography and in-
nervation of muscles. The occurrence of one of the
following phenomena limits the validity of any single
approach: the loss of external structures in some
groups; the presence in others of secondary splits in
the embryo, suggesting ancestral structures or seg-
mentation; the tendency of some muscles to shift
their points of attachment; or the innervation of a
single muscle from more than one ganglion. Con-
sequently, a valid study of homology in insect mor-
phology requires the use of as many lines of evidence
as possible.

Many morphologists and taxonomists have studied
primarily the external structures, especially those
tending to be the least consistent (genitalia, thoracic
sclerites, mouthparts). The result is a vast amount of
literature emphasizing diversity rather than homology,
although the latter has not been entirely neglected.

Embryological studies have lagged for various
reasons, including the following: (1) embryological
stages in insects are often of such short duration that
the succession of forms is hard to define, (2) larvae
are generally too advanced in development to be

Nabil N. Youssef, Department of Zoology, Utah State Uni-
versity, Logan, Utah 84321.

considered truly embryonic and can in no sense be
attributed to "early hatching" of the embryo, (3) the
small size of insect eggs limits flexibility in experi-
mental methods, (4) adequate techniques for tissue
culture of insect embryos have yet to be developed.

Topographical studies of insect musculature have
been more numerous than those of the nervous sys-
tem; however, attempts to examine the criteria of
muscle homology have been made only recently. Mat-
suda (1965) is probably the first and only one to
review this subject in detail.

The nervous systems of insects in general have
been extensively and intensively studied. The gross
anatomy of the "brain" and "ventral nerve cord"
and the diversity exhibited by these structures have
been described for many species. We have few de-
tailed studies (Holste 1910, Denis 1928, Maki 1936,
and Chaudonneret 1950-1951), however, of topo-
graphical nerve patterns and the actual innervation
of muscles.

Although the honey bee, Apis mellifera, has had its
share of morphological studies relative to external
structure (Snodgrass 1910, 1925, 1956) and embry-
ology (Nelson 1915), the study of muscle homology
between its different segments and between its mus-
culature, as a whole, and those of other insects is
still in its infancy. The topography of the honey bee
nervous system is in the same situation. Although
there has been intensive histological work on the
so-called brain of the honey bee (Kenyon 1896,
Jonescu 1909, Jawlowski 1958, and Satija 1958), the

1
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only publication dealing with the innervation of the
cephalic muscles seems to be a skimpy one by Rehm
(1939) describing the innervation of the musculus
cranio-intramandibularis.

A few workers have studied muscle-nerve patterns
in insects, but attempts to compare the patterns in
order to establish segmental homology or to identify
segmental features common to several orders have
been generally fragmentary. This is largely because
of difficulties in recognizing homologous nerve groups,
due in part to the current unsuitable nomenclatorial
systems for insect muscles and nerves, and in part
to the bundling of the proximal portion of many
nerves in different ways in different segments and in
different taxa.

The principal objective of the investigation re-
ported here was to develop a complete account of the
topography of nerve tissues and musculature of the
honey bee head. A second objective was to determine,
with a reasonable degree of accuracy, the probability
of homology by comparing the topography of cephalic
nerves and muscle arrangements of the honey bee
with those of previously studied groups, especially
the ones related and supposedly ancestral to it.

The current multifarious nomenclatorial systems
for nerves and muscles create a difficult obstacle in
comparative morphology. A modified system, ap-
proaching most closely that of Hannemann (1956),
for naming the muscles and a new system of naming
nerves were developed for this study in the hope that
they would set a consistent pattern which could be
used without extensive modification in future work.

In the course of the study several other members
of the superfamily Apoidea, as well as the vespid
Vespula maculata (Linnaeus), were dissected for
comparison.

Materials and Methods

Adult workers, drones, and queens of the honey bee
were provided by the Federal Wild Bee Pollination
Investigations Laboratory at Logan, Utah. The bees
were immobilized with carbon dioxide and injected
with picroformalin until their abdomens expanded
slightly. The injected bees were stored in picrofor-
malin for at least 48 hours before being dissected.
Eventually, it was discovered that if the injected
bees were simmered in the fixative for three minutes,
they could be dissected without further delay.

In the study of head muscles and nerve tissues, it
was found convenient to isolate the head from the
rest of the body and bisect it medially. Each half was
glued (with the cut side up) to the bottom of a plas-
tic container (l/% X 2 X 1 l/i inches), using Sticky Wax
supplied by Kerr Manufacturing Company.

With the aid of a dissecting stereomicroscope
(4O-120X), with the focusing mechanism adapted
to foot manipulation, the muscles and nerves were
revealed by dissecting downward, layer by layer,
from the median section. To obtain a true picture of
the relationships of different tissues, each muscle,
nerve, and nervule was observed from various aspects
and followed to its termination. For this purpose,
other types of specimen orientation were used, such as:
(1) embedding the head laterally and exposing one
half for dissection; (2) gluing the head on its occipital
aspect to present a frontal view of the nerve tissues
and the prepharyngeal and pharyngeal muscles;
(3) isolating the labium, antenna, and maxilla from
the head to study their muscles and nerves separately;
(4) embedding the head laterally to the level of the
antennae for a study of the head glands and their
innervation, and of the antennal muscles and their
innervation.

Dissections were performed under distilled water
after the specimens were washed several times with
70 percent alcohol. Bee's heads were dissected with
knives made of razor blade edges, with needles made
of ground-down "minuten nadeln" (Stajanovich
1945), and with ground-down jeweler's forceps. In
the course of study, about 2,000 workers, 200 queens,
and 500 drones were dissected.

A differential staining technique was developed for
tissues found in the head (nerves, muscles, glands,
etc.). After reaching a preliminary stage of dissection,
the specimens were washed with 70 percent alcohol
for one minute. The excess alcohol was drained and
a drop of acetocarmine and another of iron hydrate
(0.25 percent in 50 percent acetic acid) were applied
directly to the specimens. Staining time varied from
two to five minutes for different specimens, depend-
ing upon the duration of storage in the picroformalin.
When necessary, the same technique was repeated for
different stages of dissection.

For the preservation of dissected specimens, a mix-
ture of one part U.S. P. glycerol and one part distilled
water was found to be superior to different dilutions
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of ethanol. Dissected specimens preserved in this mix- of nerve and muscle tissues proved more suitable. The
ture since September 1963 are still in excellent con- staining schedule followed that already described
dition as this manuscript is written. (Youssef 1964).

Staining with acetocarmine and iron hydrate was Drawings for different stages of dissection were
unsatisfactory for the study of nerve endings or re- made with the aid of an ocular grid. The illustrations
ceptors other than the compound eyes. Palmgren's were designed to show the precise arrangement of
silver pyridine technique (1955) for whole mounts nerves, muscles, and other tissues.





PART I. MUSCULATURE

History

Although the order Hymenoptera is the second
largest in number of species, investigations dealing
with its body musculature, in general, and its head
musculature, in particular, tend to be scarce and in-
complete. This review is mainly concerned with those
articles investigating the cephalic musculature of
Hymenoptera.

In the Symphyta the Tenthredinidae has been
given more attention than other families, probably
because of its primitive nature. Taylor (1931) worked
on the morphology of a few species but his work is
far from complete.

Matsuda (1957) studied the cephalic external and
internal morphology of Macrophya pluricincta Nor-
ton is an attempt to correlate it with that of higher
groups of Hymenoptera. He also attempted to test
several theories with regard to the external morphol-
ogy of the facial region. In his descriptive section,
he classified the muscles into groups but gave each
muscle a separate number. In the illustrations, how-
ever, he devised names for some muscles by hyphenat-
ing the two names of the structures to which they are
attached. He derived the first part of the name from
the point of fixed attachment (point of origin), e.g.,
frons-epipharynx, vertex-stomodaeum, etc. Matsuda's
nomenclature, based on a different number for each
muscle, was occasionally inaccurate. For example, he
gave the numbers "22-23" to both flagellar muscles
(p. 105, pi. I l l : fig. E) and mandibular muscles (p.
103, pi. I I : fig. B ) . Although he used consecutive
numbers for the most part, he skipped numbers "17"
and "18" for no apparent reason. According to Mat-
suda, muscle "26" comes from the ventral side of the
composite tentorial bar and inserts on the base of the
lacinia. On page 105, plate I I I : figure F, he identifies
this muscle as "Tentorium-Lacinia," whereas the
drawing itself shows that its movable point of attach-
ment is on the stipes rather than the lacinia. If it is
assumed that this muscle shifted its movable point of
attachment to the stipes (although remaining in real-
ity a "tentorio-lacinial muscle"), there is still a con-
tradiction with Matsuda's later work (1965:268) in

which he states that "the tentorio-lacinial muscle has
been found in Machilis only." It seems strange that
muscle "35" (t-s) of Macrophya has no homolog
in the other groups of insects he studied. Matsuda's
general plan for labial muscles (1965), which he
based on the available literature of cephalic muscles
of insects, indicates that such a muscle does not exist
in insects.

In the Apocrita the cephalic muscles of four gen-
era have been studied in detail: Stenobracon (Bra-
conidae), Lasius (Formicidae), Vespula (Vespidae),
and Apis (Apidae).

Alam (1951) studied the cephalic muscles of
Stenobracon deesae Cameron. He followed the pat-
tern of nomenclature used by Duncan (1939) and
Snodgrass (1942) and tried to homologize many
muscles with those of other Hymenoptera and with
those described for Gryllus by Duporte (1920). Ap-
parently Alam did not believe that muscles are plastic
enough in phylogeny to shift their points of attach-
ment or combine with other muscles. For details see
his discussion on page 15 (1951) in regard to the
"flexor of maxilla" (musculi tentorio-stipitales) and
the "second flexor of lacinia" (musculus stipiti-la-
ciniaris).

Janet (1905) studied the cephalic musculature of
the ant Lasius niger Reine by means of longitudinal
sections. Although this technique is practical for
studying small organisms, it hinders the investigator
from determining exact locations or functions of
muscles. His study is nearly complete but his illus-
trations are difficult to follow. In some instances he
described muscles in detail but in others he merely
named them.

Duncan (1939) studied and illustrated the muscu-
lature of Vespula pensylvanica Saussure in an essen-
tially complete fashion. However, I discovered two
pairs of muscles in the head of Vespula maculata
which Duncan must have missed because of their
smallness. Duncan adopted the nomenclatorial system
proposed by Berlese (1909), Bauer (1910), and
others which is based largely on function rather than
exact position.
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TABLE 1.—Cephalic musculature of some representatives of hymenopteroid and neuropteroid insects
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Wolff (1875) was among the first to describe and
illustrate cephalic muscles of the honey bee. These
muscles were mainly those associated with what he
called "the sucking organs." He also studied the
pharynx and its muscles in great detail. His illustra-
tion of the muscles extending between the clypeus
and the upper cibarial wall is very clear and gener-
ally more accurate than those made by later
investigators.

Braints (1884) illustrated a few of the mouthpart
muscles. Although he ascribed function to each mus-
cle, he used only Arabic numbers for naming them.

Morison (1927) reviewed the fragmentary pre-
ceding work on the honey bee musculature. Following
this he studied the musculature intensively and missed
only several very small muscles. Although the points
of attachment indicated by him are not always ac-
curate, his study formed the basis for subsequent
investigations on honey bee musculature, including
those of Snodgrass (1942-1956).

Snodgrass (1942), in his study of the skeleto-mus-
culature mechanisms of the honey bee, was the first
to correlate carefully the findings on musculature with
those on the endo- and exoskeletal structures. In the
course of reviewing the musculature, he corrected a
few errors committed by Morison and others. How-
ever, his study of the muscles attached to the upper
wall of the cibarium is inaccurate. He stated that
there were five pairs of cibarial muscles, but his
drawing (p. 31, fig. 10c) showed only five unpaired
ones. These muscles are attached to the cibarial wall
in the manner described by Wolff (1875, pi. I I : fig.
9) rather than Snodgrass (1942, 1956).

Since only the fragmentary investigations made by
Snodgrass (1942), Alam (1951), and Matsuda (1957,
1965) have been reported, we have no complete
study of muscle homology between the head of the
honey bee and that of other insects.

Methods of Nomenclature

Although insect musculature has been investigated
intensively, its nomenclature is still a challenge to
the morphologist.

Table 1 compares nomenclatorial systems as they
have been used by various authors for the cephalic
muscles of a neuropteran and several species of Hy-
menoptera. It also indicates the different systems of
nomenclature applied by different authors (Wolff,

Morison, and Snodgrass) for the cephalic muscles
of the honey bee.

METHODS USED IN PREVIOUS STUDIES

Methods used in the past for naming insect muscles
(Table 1) are as follows: (1) by arbitrary reference
number; (2) according to function; (3) according
to location on the main axis; and (4) according to
the points of fixed and movable attachment. The
first system is noncontroversial, but the names them-
selves are morphologically meaningless and hard to
remember. The second system is misleading in rela-
tion to muscle homology. The traditional method of
determining the function of each muscle is to use
micromanipulation. The function of smaller muscles
can only be determined by deduction, and this is
often actually an "educated guess." Table 1 shows
that different functional names have been given by
different workers for the same muscles of Apis melli-
fera. Furthermore, it is difficult and often impossible
to identify corresponding muscles on a functional
basis. For example, a muscle may be a retractor in
one species but its homolog in another may be an
abductor because of a slight change in the point of
fixed or movable attachment, or both. The musculus
gena-cardinalis of the honey bee was designated by
Snodgrass (1942) as "promoter of the maxilla" or
"cardinal protractor of the proboscis"; whereas it is
a "productor" in Vespula, according to Duncan
(1939); and an abductor in the megalopteran,
Corydalus, according to Kelsey (1954).

The third system is simple and precise, but unfor-
tunately it is hard to apply to complicated structures
such as the head, thorax, and genitalia. Nuesch
(1953) adopted the "purely" morphological system
utilized by Weber (1928, 1933) because, as he stated
(p. 591), ". . . it seems to me to be more suitable
than those which also consider the function, as in
the case of the nomenclature of Snodgrass ('35) and
Maki ('36)." Accordingly, Nuesch arranged the mus-
cles (e.g., de la deib de2 and de3) of a location into
a group named according to its placement (i.e.,
"dorsolongitudinal muscles").

The final system, that depending on the points of
movable and fixed attachment, is flexible and makes
it possible to locate quickly any muscle in a dissected
specimen. It can be criticized, however, on the basis
of arguments concerning the homologies of sclerites


