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A STUDY OF THE ANATOMY AND HISTOLOGY OF
THE DIGESTIVE TRACT OF TABANUS ATRATUS Fabricius.

A contribution from the Entomological
Laboratory of Montana State College.
By R. W. Vells.

ntroduction

In spite of the. ixﬁpoftanco of many species of Tebanidas as
parasites of horses and cattle, as pests of man and as possible agents
in the tra;nlmission of certaln diseases, very little has been pu‘b]:ished
dealing with their internal enatomy. This leck of literature 1s
especially noticeablel concerning American species.. The most valuable
work on the subject to date s that of Patton end Cralg (Text book of
Medical Entomoldgy). which concerns species native to India.

The present psper is a result of a study of the anatomy and

histology of the digestive trac‘t of Tabamus atratus Fabricius and 1is
| submitted as a part of the requirements for the Degre.e of laster of |
Sclence, | \

The specimens ﬁsed in this study were obtained from a scuthern
blological supply firm. They were preserved in formalin-alcchol.

The digestive tract of Tebanus atratus consists of the
besipharynx, the oesophageal pump, the oesophazus, the proventriculus,
the‘ ventriculus, the pyloric valve, the ileum, the Malphigian tubes,
the colon, t.he' rectum, and the salivary glénds.
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~Besipharymx

The basipharynx (Fl.1, figs. 1 and 2, bhh) is a tube, the
anterior half of which is collafsiblo end fits into the posterior half,
Yhen collapsad"and seen from the front (fig.2) it 1is g;;mn..mpea
snd is anteriorly concave and post&iiorly‘ convex. Dorsally it empties
into the cesophageal pump ‘(rflig._l. oep); ventrally it is contimous with
the labrum-epipharynx (lef) q:nd. with the labium-hypopharynx (1hp).

The anterior, concave wall is flexible and by the contraction of a set
of horizontal muscles (im), which are attached to the front of the
head capsule below the anterior arms of the tehtorium. may be pulled
away from the posterior ivall. tims formingz a hollow tube. This creates
& suction, which, during the act of feeding, draws the blood into the
cavity of the basipharynx. Dorsally the lateral edges ere prolonged
on each side of the oésophagoal pump into horns or cormus (fig.1, h).
luscle tendons (fig. 1, ht) extend from each of these to the dorsal
portion of the head capsule and together with muscles (fig.3, hl)
Joiﬁing the lateral part of each cornms to the corresponding enterior
arm of tﬁe tentorium, hold the basipharynx in place.

_Oesophagesl Pump

.‘I'he oesophagesal pump (ﬂg.l. oep), a flippexsshaped stmt?re.
fits between t_;ho cornua of the bgsipharynx 9nd. during the mct of feed-
ing receives the food from the latter. Ventlrally its flexidle wall
converges to a slit (fig.3, ‘s) through which 1t communicates with iho
basipharynx. This converging wall is completely encased by an enterior
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and a posterior series of horizontal, semi-circular mascles, which
are attached to the corm (ﬁg.l. wm). The dorsal portion of the
posterior series is covered by another series of semi-circular
muscles (fiz.1, cm), which are oblique. These are attached to the
chitin on both sides of the oesophsgeal pump immediately above the
rmscles which they cover.

The dorsal wall of the ocesophageal pump is a flexible,
chitinous diaphragm to which 1is a.ttachéd a strong, vertical msclo
(oepm). This muscle joins the head capsule above, and by contracting
the diaphragn upward, greatly. enlarging the cavity of the oesophageal
pump. This creates suction and the food is thms drawn from the
basipharymx into the cavity of the pump. Opposed to the vertical
muscle is one (tm) which extends obliquely upward from the tentorium
and attaches to the anterior wall,

Posteriorly the pump is contimisd es a x;moving tube between
the oesophageal ganglia. Four mascles are attached to 1ts distal end,
Just posterior to the ganglia (g). These attach to the oceiput and,
in éoanmcﬂon with those previously mentioned, control the action of
the pump.

| Patton and Craig (Text book of Medical Entomology ps 26 and
plate 5, fig.1l, ph) discuss the oescphagesl pump as the pharynx, and
thalbalix;harynx as the buccel cavity. The fomer terms were used by
Péterson (The Head-Capsule and Mouth Parts of.mptora.. 1916, p.51) and
have been adopted by the writer becsuse they seem to. more adequately
oxp;'esi the homologiéc concerned, |
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The Oesophagus

The ocesophagus (P1.1, fiz.l, oe) commnicates with the
oesophageal pump irmediately behind the ocesophagesl ganglia (gz) and
continues as a tube of even caliber through the cervical ﬁgion and
into the thorax where the crop immediately diverges from it ventrally.
Just posterior to where the crbp diverges, the oesophagus Joins the
antérior. basal portion of the proventriculus (pv). and does not malke
a dorlai bend as in the housefly, - .

The wall of the oesophagus (PI.I‘II. £1z.7) consists of & |
basement membrane (bm), a pavement epithelium (ep), a chihf‘infms intima
(ch), a layer of circular muscles (’ci). and an outer layer of lc‘sngi;"‘,;:*
tudinal mscles (1m). The wall of the tude when empty has several
lengitudinal folds. The cells of the epithelium are flat with large
mclei, Vhere the crop diverges from the cesophagus, the number of
circuler mscles (cm) is greatly increassd (fiz.7). This thick coat
of mscles extends a short distanc_e‘along the duct of the crop end
probadbly alds the crop in its function.

Crop

~ The crop duct continues posteriorly, ventral to the
proventriculus and the salivary glands, to the third segment of the
abdomen where, ventral to the ventriculus, it widens abruptly, forming
a bilobed sack, the crop (Pl.I, ng.s'. er). | The crop end crop dust when
dissected appear to have a doudble wall. The outer wall (P1.III, fig.7)
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1s a separate layer of striated muscle fiders (ml). The inner wall is
membrancus tissue contalning large mucled. |
In cross section the wall of the crop (Pl.III, fig.l)

consiste of a micleated membrane (mem), a .I;Iiitinous intima (ch) and
en outer layer of longitudinal mscles (1m). ¥hen sectioned nearsr
the neck of the crop (f1g.2) there appears to be a set of circular
mascles (cm) outside of the longltudinal muscles. ,

| Patton and Craigz (p.103) descride a dorsal crop, which théy
say diverges dorsally from the anterior end of the proventriculus and
extends posteriorly into the abdomen. In the specimens examined during
the present study the only part found to te anslogous to such a
structure is the aorta (P1.I, fig.1, ao) leading into the head. The
enthor has traced it anteriorly, parallel to the oesophagus, to a point
where 1t turns upward just posterior to the drain. Its posterior x;ortion
lles dorsal to the alimentary canal and jolns the pulsating vescicle, or
‘heart, in the abdomen..

FProventriculus
The proventriculus (Pl.I, fig.5, pv) extends from the
anterlor part of the thorax into the first segment of tho' ebdomen.
Anterlorly 1t widens into two lateral processes (apr), which extend
obliquely forward and upward. - Each of these tapér to a small dimﬁhr
nesr the wall of the first thoracic segment, to which they are attached
by small muscles. FPosterlor to this widening, the proventriculus
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contimes through the thorax, graduslly diminishing in dlemeter. Its
wall 1; beset with glodular protrusions (Pl.I1I, fig.l, ev) which are
p.ouch-lilm evaginations of the wall. | '

The wall 1tself is composed of a hasement membrane (P1.II,
fig.7, bm) a cubical epitheléum (ep), and an intima which stains with
eosin, Encircling the lumen in ths anterior end of the proventric;ﬂus.
where it joins the de:ophagus. is a thickening of the epithelium |
(rl.111, ﬁgd. vth), composed of columnar cells. These cells are thick
distally and narrow baullj, throwing the epithelium into folds, which
have & leaf-like sppearance in longltudinal sections. Encircling the
proventriculus at this roéion are a great mumber of circulgr muscles
(cm), which serve to drmv.the folds together in a valve-like structure.
Outside of the basement mem'brgng of the proventriculus is a neucleated
membrane (PI.II. £ig.7, nmem), and outﬁc}e this a network of muscles
which cannot be distinguished as separate cifcular and longitudinal layers.
Exterior to this net-work of muscles is a nmicloated membrane (rm)
bearing on its outer surface chitinous ridges, which are thickened
distally,

The anthor regards the valvular thickenings (Fl.III, fig.7, vth),
previously descridbed, as homologous to a cardiac valve and as the
anterior end of the medodeun or midgut. The term proventricﬁlus. is
uséd here merely to indicate an anterior rezion ot» the ventr;culus or
mesodeum. The term is applied in Orthoptera and Coleoptera to a portion
of the stomodeun anteﬁor to the cardiac valve, lingd with chiﬁinm
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teeth or ridges and provided} with strong circular muscles. Phat is

termed the proventriculus in this paper is lined by an intima, as
descridved, which stains with eosin, as does the chitinous intima in no .
other part of the diggstive tract. This intima becomes thinner posteriorly
and, near wheré the alimentary canal enters the abdomen, it dis- |
continues. In this reglon the eveginations are in longitudinal rows. .

"l‘he evaginations diminish in size and the longitudinal elevations

contlmue as longitudinal folds and the cells of the epithelium become

more and more columnar, typifying those of the villi of the ventriculus,
which are d;scribed later. .

- Ventriculus

The ventriculus (P1.I, fiz.5, v) is an ellipsoidally ovate
sﬁmcturo 1ying ventraily in the abdomen. Its anterior end tapers into
en elongated portion ;rhich Joins the proventriculus. ?osteriorly. it
tapers abruptly and joins the hind gut a 1ittle anterior to the pyloric
velve. Its walls are thromn into longitudinal folds and indentures
which are sub-divided into what Patton and Cralg called villi (vil).
These project into the lumen.

 The walls are composed of a basement membrane (bdm), an |
epitheliwn and circuler (cm) and en mzfer (1m) longitudinal leyer of
.muscles. The cells of the epithelium are columnar. In the villi the
cells are distally dlunt and basally narrowed producing in section a
leaf-11ke eppearance. The xméloi stain very dbapiy. Vlany vacoules

(vac) appear in the distal end of the cells of the villi. In the lumen
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sppear deeply stained globules. Some of these are joined to the cells
of the villi and undoubtedly are digestive secretions ln the process of
being comtricted off and 1iberated in the lumen. ~

e

Pyloric Vm{“

 The pyloric valve (PL.II, fig.2, plv) end F1.I, fig.5, plv)
comut; of a conatriétion of the anterior end of ths proctodeunm or
hind gut and a forward protrasion of the wall of the ileum (PL.I, f1g.5
and PL.I1, £4g.2) over the constriction. The walls of the valve
originate Mm“ the proctodeum and Join the walls of the ventri(zﬁlus a
1ittle ant;rior to the constriction (P1.1I, fi1s.2, x). They consist of
& basement membrane, a pavement eplthelium, a chitinous intima (ch), a
layer of ciwcular (cm) and a layer of longitudinal (1m) rmuscles. The

circular mscles at the constriction of the vslve are very numerous.

~Ileum

| The ileum is an oval; pouch-shaped, distensible structure,
(1.1, fig.5, 11) having, when empty, deep longitudinal folds. . The
anterior end is narrowed into a neck extending anterior to the
constriction of the pyloric valve, Its walls (Pl.II, fig.1l) consist

of a chitinous intima (ch), en epithelium (ep), a basement membrane (nm),
circular miscles (cm) conitricting the epithelium and an exbornali layer
of longitudinal muscles (1m). ‘I'he epithelium, the cell walls of which
‘are indistinct, is thick in the intervals between the circular muscles
and thin at the points of constriction. The chitinous intima is modified
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into circular, acute, processes, which ere directsd posteriorly and

probadly aid in expelling the contents of the 1leum. Some of these
chitinous processes appear to be pectinate, with mirmte teeth or bards.

Malphisien Tubes

The Malphiglan tubes (P1.I, £42.5, mt), four in mumber, Join
the ileum in the reglon of the pyloric valve. They are of comparatively
even dismeter except proximally, where they taper somewhat before entering
the ileum. In length, they equal epproximately three times the lensth of
the abdomen, They are richly supplied with tracheae, from which they are
difficult to untangle. Winding in all directions, they reach practically
every part of the adbdomen (none having been. found extenling 1nt6 the |
thorax). Under the dissecting microscope (Pl.II, fig.5) they" are sean
to have an epithelium of large, flat cells of the pavement type, which
surround the lumen in a single layer. The muclei (n) appear as large,
colorless areas within the cells. In stalned preparations the vmli is
found to consist of a thick basement membrans (tm), an epithelium (ep)

of large conl with deaply stained nucloi (n). and a chitinous intima
( ch) surrmmd.ing the lumen. At the basal end of the tubes where they
taper before entering the ileunm, the cells of the qpu‘:henum are mich

smaller and the deeply stained miclei correspondingly mach more mumercus. (

Colon

The colon {Fl.I, £1z2.5, co) after extending posteriorly a
short distance from the ileum, turns abruptly upward to the lefl, curves
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anteriorly a short distance, then ventrally and posteriorly to the
rectun (r). It is of falrly constant dlameter and, when empty, its
~walls are somewhat folded. The wall consists of a basement membrane
(P1.11I, fig.4, bm), sn epithelium of cuboidal cells (ep), a chitinous .
intima (ch) and the usual layers of circular (cm) and longitudinal
miscles (Im). The chitinous intima 1is not modified s in the ileun. The
celi; of the epitheliwm are of n_oariy uniforn size and shape (fig.4),
beinz externally rounded and internally ﬂatfenod. At iti mﬁtorior end
w'imrq ié Joins the rectum, tho‘!mun‘b_er of circulsr muscles is greatly

imnxreased‘. | | .

Anteriorly the rsctum (Fl.I, fig.l) begins as a tube much
11ke the colon, then widens into a cone-shaped region, the epex of which
is postariox;. This cone-ghaped region owes its shape to six wdge-shgpod
structures called papillee {(or glands) which project into the lumen with
their apices dirof.:tod posteriorly. They have a basal expansion (P1,III,
f1g.5. 1p) or 1ip which protrules as an oval prominence beyond the
rectal wall, Tracheas (P1.I, fig.h, tr) enter the glands along a medien groove

| in this prominence. ' o _

The wall of the rectun (P1.III, £ig.5) consists of a basement -
membrane (bm), a pavement e pithelium (ep), a chitinous intima (ch), en
internal layer of circuler, and an external lgyer _61‘ longitudinal mscles.

A largs group of circuler miscles serve as a sphinctor at the

enterior end of the rectum and another at the posterior end, where it 1s
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constricted to form the amus.

The walls of the papillse (F1.III, £ig.5) ‘comists of an
epithelium (ep) of large columar cells and a chitinous intima with
" many perforations (pf) sround which the chitin projects into spinose
promssei. The interior of a papilla is nnct_l with a nucleated,
pls.smodiw-ﬁbs membrane {Plm) which is slightly separated from the
epithelium and communicates with the iattor through tubes formed by -
the tissue of the membrans. |

Into the cavity thms formed several tracheae enter and their

mimite brenches reach the cells of the epithelium through the tubes
Just descrited.

Salivary Glands

Two tabuler salivary glends (r1.1, fig.5, 8g) lie parsllel
to the proventriculus, and extend into the third abdominal segment.
Thelr diameter, greatest near the posterior end, gradually diminishes
anteriorly. Near the anterior end of the thorax they bend ventrally,
and join into a small duct under the nerve cord. This duct extends
anteriorly through the cervical region into the head, 8111 ventral to the
nerve cord and bends amim. widening into a club-shaped reservolr
(P1.I, f1z.1, srv). This Teservolr empties into a trough-shaped
chitinous salivary pump (ep), which has a dorsal, flexible wall. | A
set of finely divided muscles (sm), attached obliquely frem the basi-
pharynx, dilate this flexible wall of the pump, creating suction, which
draws the salivery fluld into it from the reservolir,

«ll=-
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 The pump narrows into a tube, which penetrates the entiye
length of the labium hypopharynx (lhp); where the saliva is discharged
at 1ts dletal end, - o

el2-
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CO.

Ccr.

Ee
gl. ‘

ht.
1.
int.
lep.
1lhp.
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gﬁémion of glags

_Abbreviations Used.

ams

sorta

anterior process of proventriculus
anterior end of the rectum
b‘a'semqnt menbrane

bastpharynx

nerve cord |

clﬁtinoua intima

circular muscle

célon

crop

epithelium

evagination

ganglion

globtules in lumen of ventriculus

muscle between corma and tentoriun

~tendon from corm

ileum

intima of proventriculus .
labrum epipharynx

labium hypopharynx

1ong1tudinal mscle
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lu. lumen

mem. manbrAah.e»

mi. xmxscula.r layer
mt.  Malphiglan tube
n.’ micleus

nmen mclear membrane
oe. ceiophégéal pap

oepn, muscle of the oesophageal pump

Op. oval process on rectun
pf. | perforations on rectal papillae
plm, plasmodial membrane '
plv, pyloric valve

V. pmmt‘rlculua '

r. rectum

8. rectal pepilla

ro. ridzed membrane

8z, salivary gland

8M. mxmclgs of salivary pump
8p. .salivary pump

sphm, sphinctor mscle

sTrv, lalivary reservolr
t. tentorium

tm.  tentorlsl rmscle
tr, ~ trachea

Y. ventriculus

-1l



vac.
vil.
veh.
wim.
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vacuole

villus

valv;xle:s; thickening

well mscle of oesophagesl pump

end of chitinous intima where ventriculus |

Joins mc hind gut.
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Flg. 1.

Fe. 2.
Fig. 3.

Flg. 4.
Fig. 5.

Fig. 1.
Fie. ‘2.
Fig. 3.
Fig. L,
¥ig. 5.

ﬂ;g. 60
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gé%ta I

View of a portion of the internal
anatomy of the head with part of left
side of the head capsuio removed,

Front view of oesophageal pump and
basipharynx, A N

Front view with front pért of oesophageal
pump cut awsy.

Rectum.

Dorsal view of alimentary tract with crop
out of normal position.

Plate II

A portion of a longitudinal section of the
wall of the ileum.

Longitudinal section of ths pyloric valve
and a portion of ths &leum.

A portion of a longitudinal section of the
wall of the ventticulus.

‘A laterel view of a portion of the

proventriculus.
A view of a portion of a Malphiglan tube
under magnification.

A cross section of a Malphiglan tube. *
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P%étﬂ H, Contimed

Tig. 7. A portion of a longitudinal section of the

~_proventriculus,

Flate 111,

Fig; 1. A portion of a cross section of the crop.
Pg. 2. A portién of a cross section near the
| neck o’f the crop.
Fig. 3; A loﬁgttudinal section of the enterior
end of the rectum.
Fig. 4. A portion of a longitudinal section of the
" colon. ' .
Fig. 5. A longitudinal section of a rectal pgpﬂla |
and of a portion of the rectal wall,
Fig. 6. A cross section of a salivary gland.
Fig. T. A longitudinal sesction of the posterior
end of the oesophagus, of the anterior end |
of the crop duct, and of the anterior end
of the proventriculus,
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Plate 111
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