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Calvert (1899) reported on the armature in the imagoes of six species

of Zygoptera and nine species of Anisoptera, and in 1911 he described
the ermature of a nymph of another species., Higgins (1901) published

on imagoes of one hundred species in forty-seven genera of Zygoptera, and
included a brief note concerning the ontogenetic development of the
nymphal armature of two Zygoptera. She presented a formule for descrid-
ing the general structure of the proventricular ermature of all Odonata,

Mershell (1914) figured the armature of the imago of Libellula quedri-

maculata Linnaeus, Tillyerd (1917) illustrated the ermature of five
Zygopteran nymphs, In 1921 he used the armature of a nymph for evidence
to support hig conclusion that it belonged to the suborder Anisozygopters.,
end in 1928 he described the arma."cu:ce of another Zygopteran nymph., In a
paper by Barnerd (1937) the armeture of nymphs of five species of
Zygoptera were figured, Tillyerd and Fraser (1938-1940) figured the
armeture of the nymph of one species of Zygoptera, and in 1943 Fraser
described the ermature of the nymph of another Zygopteran. In 194l
Balfour-Browne figured these structures for the nymphs of two specles of
Zygoptera. In 1954 Asghina inciuded figures of the armature of the nymph

of the Anisozygopteran, Epiophlebia superstes Selys in his study of the

morphology of this species,

The review of literature has shown that the types of proventri-
culer armature have been characterized for the suborders of the Odonata,
and the phylogenetic relations of the suborders as indicated by these
structures have been outlined. The literature has revealed illustrations
of the proventricular armature of nymphs of seventeen genera of Anisoptera
of which twelve are named to species, ZEleven other genera are mentioned

as having armature of the type shown in the various illustrations, Most

of the figures are small and inedequate in detail. Only in one instance



have differences in the armature at the species level been consildered
(Fraser 1925). The structure of the proventriculus hes not been used
to establish the phylogenetic relations among genera, nor have the
changes in the proventriculer ermature during ontogeny of the nymph
been considered.

- Therefore, the purpose of this investigation is to compare the
structure of the proventriculer srmsture of immature Anisoptera in order

to find out the extent these structures are useful in taxonomy and

phylogeny, and to study changes in armature during ontogeny of the nymph.,



MATERTALS AND METHODS

All specimens were collected in Texas, preserved in 70% to
95% alcchol, and were identified by the author unless otherwise noted.
Nymphs of the Anisoptera rather that the Zygoptera were used because
of the greater convenience of having lerger specimens for dissection
end because of the avallabllity of ldentified materiel,

Dissections were made in alcochol under e binocular microscope
with magnificetions of 15 X-and 45 X, The ventral part of the body was
s8lit at one side of the median line, and the gut from the region of the
esophegus through the ventriculus was lifted out leaving the nerve cord
and other structures intact in order that the specimen could be used for
other anatomical studies, However, a break frequently occurred between
the fore~ and mid-gut with the result that in such cases the fore-gut
alone was removed. After the muscle layers and epithelium were dissected
awey leaving the cuticular intima, an opening was made on the ventral
side and the food was removed, In order to see the ermature, the folds
of the proventriculus were spread out in a wax-lined Syracuse watch
glass and anchoared by minuten insect pins, Permanent mounts were con-
sidered impractical because of the form of the proventriculer plates., By
pinning the proventriculus on wax, the plates could be manipulated to
allow study from various angles. Drawings were made with a camera lucida
attached to the dissecting microscope, All measurements, which are
approximate rether than absolute bescause of the nature of the structures

measured, are recorded in millimeters.
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Unlesa otherwise stated, descriptions end measurements are based
on last instar nymphs. This stage had to be approximately determined
since the life cycles of most species have not been described, Head
width refers to width immediately behind the eyes, Wing case measure-
ments refer to the length of the mesothoracic wings., In the ontogenetic
studies the weakly sclerotized proventricular plates of young nywphs
were usually stained with acid fuchsin and studied in glycerine on
microscope slides. All proventriculi were stored in vials containing
the specimens from which they were dissected., This material will be kept

in the author's collection,



GENERAL STRUCIURE

The proventriculus of immature Anisoptera is the region of the
stomodaeum between the crop and ventriculus or mid-.gut, Externally the
distinction between crop and proventriculus is evident only in the
relative thickness of muscle layers. The constricted caudal end 1s
invaginated into the ventriculus forming the stomodaeel valve, This
valve asppears as a collar made up of the cuticuler intima of the
stomodeeum, and it is easily distinguished from the thin nonchitinous
opithelial wall of the ventriculus (Plate I, fig. 2). In addition to
this stomodasal valve, much more of the proventriculus mey be inveginated
into the ventriculus (Plate I, fig. 2). The degree of invegination
varies with the quantity of food present in these divisions of the gut,

The armature consists of sclerotized areas on the longitudinal
folds approximately in the middle of the proventriculus, In Petalura
(Peteluridee), according to Tillyerd (1917), there ere eight spine-
bearing folds, In all families that I have studied only four armature-
bearing folds were present, These range from simple sclerotized areas
on the folds with posteriorly directed spines (Plate II, fig. 1) to
highly sclerotized ovel or somewhat trepezoidal plates with large, toothed
pyremidel projections (Plate II, fig, 2), which are highly modified in some
forms (Plate II, fig. 3). The symmetry varies from radial to bilateral,
The plates are located on the walls of the proventricwulus in a generel
radial pattern, but In soms species a differentiation into dorsel and
ventral groups is shown either in arrangement or in size of the plates,
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The Libellulidae, Cordulegasteridae, and one genus of Gomphidae have
definite bilateral symmetry in which the dorsal plates differ in form
from the ventral plates., Between the armed folds the cuticle msy show
three fairly definite folds with unarmed lightly sclerotized areas (as
in some of the Aeehnidae), or 1t mgy be unsclerotized and with irreguler
folds, In the descriptions of the armature these folds are called
intercalary folds.

The dental formule used in this study 1s e modification of that
given by Higgins (1901). Certain minor changes and additions were made
in order to indicate more clearly the characteristlics of the proventri-
culus in the higher forms,

The letter F indicates special sclerotized areas (proventricular
plates) of the lining of the proventriculus, Arabic figures following
the F stand for the number of spines or teeth on each, These numbers
give the range in all speclimens studied, since it now seems evident
that the spine number is not correlated with the inster. The term spine
is used for the slender projections and the ﬁerm tooth refers to the
thicker and more blunt projections, Numbers followed by the letters
m or p refer to the teeth located on the armature as follows:

m - ridge on median side from apex to base of plate.

p - ridge on lateral side from epex to base of plate.

If the number is not followed by a letter, it represents spines either
on the general surface, at the apex, or near the base of the elevated
area, The large spines are denoted by the merk ('), the medium-sized
ones by ("), and the small ones by ("')., If the spines are graduated in
size without a definite grouping of large, mediwm, and small ones, the

sign used refers to the average size. However, in a generalized formula

representing family characteristics, the signs (',","') may be omitted
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if the size is veriable within the femily.

When e single fold contains two groups of spines separated by
a distinct interval, this condition is indicated by placing one number
above the other with a horizontal line between as in common fractions,
the enterior group is represented by the numerator esnd the posterior
group by the denominator., When the proventriculus consists of a repe-
tition of similar folds or plates, the repeated arrangement 1s enclosed
within parentheses with the proper coefficlent before the parenthesis
to indicate the number of times the repetition occuwrs. In bilaterally
symmetrical forms the first group refers to the dorsal plates and the

group following the + sign refers to the ventral plates.

Examples:

Progomphus obscurus (Rambwr), 4 (F 9% to 23"). There are fouwr folds
2"t 6

with plates bearing 9 to 23 spines each, In the posterior pert of the

proventriculus on each fold there ere 2 to 6 minor reverse spines,

Erpetogomphus designatus Hagen, 4 (F 10" to 24"), There are four

folds, each of which bears 10 to 24 spines. (Plate II, fig, 1),

Epieeschna heros (Febricius)., 4 (F 6' to 9')., There are four folds

with plates bearing 6 to 9 spines each, These spines are larger in
proportion to the size of the plates than those of the two preceding
species, (Plate II, fig, 2),

Plethemis lydia (Drury), 2 (F 6* to 8" m) + 2 (F 2')., The proventri-

culus is bilaterally symmetricel in form, The dorsal plates have 6 to 8

teeth each, There ere 2 spines on the ventral plates, (Plete II, fig, 3).



PIATE I

The Proventriculus in Position in the Alimentary Canal

Baslaeschna Janeata

Figure 1. General view,

Figure 2, Section of the alimentary canal with the ven-
triculus open to show the stomodaeal valve,

Figure 3. Part of the stomodaeum with the muscle layers
and epithelium removed to show the proventriculer plates and the

stomodaeal valve,

A - Esophagus Malpighien tubule

B - Crop Proctodaeun

C - Proventriculus Proventriculaer plete

Moo W oW
1

D - Ventriculus Stomodaeal valve

Scale: 2 cm, = 1 mm,






PLATE II

General Types of Proventriculil

Figure 1. ZErpetogomphus designatus, Ventral view of

proventriculus with muscle lsyers and epithelium removed to show
bilateral symmetiry,

Figure 2, ZEpiaeschna heros, Ventral view of proventri-

culus with muscle layers and epilthelium removed to show radiel
symnetry in structure but with bilateral arrangement of plates,

Figure 3. Plathemis lydia. Ventral view of proventri-

culus with muscle layers and epithelium removed to show bilateral
symmetry in form and arrangement,

Scale: 2 cm, = 1 mm,






FAMILY GOMPHIDAE RAMBUR

GENERA AND SUBGENERA STUDIED

Progomphus Selys
Gomphoides Selys

Aphylle Selys
Gomphus Leach

Subgenera

Arigomphus Needham
Gomphus Leach

Stylurus Needham
Erpetogomphus Selys

Ophiogomphus Selys

Hegenlus Selys
Dromogomphus Selys

CHARACTERISTICS OF THE GRCUP

DENTAL, FORMULA: L4 (F to 42 ).
olll.to LIN]

SYMMETRY: Radial (bilateral in one genus).

SHAPE COF PLATES: Narrow, elongate; equal to or higher then the folds from

vwhich they were derived.
SIZE OF PLATES: Variable.
SPINES: Almost uniform in some species; unequsl in others,

ARRANGEMENT OF SPINES: Scattered, pointed in a posterior direction; in
some species grouped toward the highest area with the largest spines
near the sumit of the plate; in two genera, 2 to 6 minute , anteriorly
pointing spines (minor reverse spines) present in the extreme posterior
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region of the proventriculus on the same folds that bear the typical

plates.

INTERCALARY FOLDS: Unsclerotized, irreguler,

SCLEROTIZATION: Varles with the species,

DESCRIPTIONS PROVENTRICULAR ARMATURE OF SPECIES

Progomphus obscurus (Rembur)

MATERIAL STUDIED: Sixteen nymphs from Morris, Anderson, Newton, Hopkins,
and Bastrop counties., Four males and five females, length 27 - 31, head
width 5.5 - 5.6, wing cases 7 - 8, Three, length 19, wing cases 2;

two, length 11, wing cases 0,33; two, length 7, wing cases 0,16.

DENTAL FORMULA: 4 (F 9" to 23").
2l||to L)

SYMMETRY: Radial,

SHAPE OF PIATES: Width and height equal to the folds from which they

were derived,
SIZE OF PLATES: Length 0.9; width 0.1,

SPINES: Almost uniform on the typicel proventricular plates; minor

reverse spines very small,

ARRANGEMENT OF SPINES: Scattered on the typical proventricular pletes;
minor reverse spines in a single row on each plate bearing fold in the

extreme posterior region of the proventriculus,



SCLEROTIZATION: Wesak,
SEXUAL DIMORPHISM: Not present.
VARIATION IN SPINE NUMBER: Of thirty-two plaetes examined, nineteen had

spines ranging from 12 to 14 in number; extremes were 9 and 20,

Gomphoides stigmatus (Say)

Gomphoides albrighti Needham

MATERIAL STUDIED: Three Gomphoides stigmatus from Uvalde County; length

32 - 34, head width 6 - 6.5, wing cases 8 - 9. One Gomphoides glbrighti

from Comel County; length 32, head width 6 , wing cases 8, No differences

were observed in the proventriculi of the two species.
DENTAL FORMULA: 4 (F 17" to 27").
SYMMETRY: Radial,

SHAPE OF PLATES: Slightly wider in middle than on ends; in profile view

highest at or a little posterior to the middle,
SIZE OF PLATES: Length 0.8; width 0.1,

SPINES: Graduated, with spines that are neither very large nor very

small,

ARRANGEMENT OF SPINES: Scattered, but with few or no spines on sides

of plates near base,

SCLEROTIZATION: Average.
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Aphylla williemsoni (Gloyd)

MATERIAL STUDIED: One from East Baton Rouge Perish, Louisiana (from
L.S.U, collection); length 55, head width 6, wing cases 8, Two from
Broward County, Florida, collected by J, Aycock determined by G. H.

Bick; length 60 - 64, head width 7, wing cases 9 - 10.

DENTAL FORMULA: (2 + 2) (F 26" to h2"),
o"" to 4

SYMMETRY: Bilateral,

SHAPE OF PLATES: Long, narrow, leteral and median surfaces of raised
erea perallel; dorsal plates highest at posterior end, ventral plates

highest in the middle.
SIZE OF PLATES: ZLongth 2,0; width 0,8,
SPINES: Graduated,

ARRANGEMENT OF SPINES: Scattered, mostly on posterior half of plates,
largest on the highest area; minor reverse spines extremely smell or

absent in the posterior part of the proventriculus,

SCLEROTIZATION: The typicel plates are well sclerotized, but the folds

in the region of the minor reverse spines are not sclerotized,

Gomphus (Gomphus) descriptus Banks

MATERIAL STUDIED: One from Polk County collected by Kirk Strewn and
Clark Hubbs; length 34, In the key by Needham and Westfall (1955) the

nymph appears to be this species, Since some of its characteristics

differ from those listed in the table accompanying the above key, this
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specimen msy be one of the severel species of this genus whose nymphs

are not yet described,
DENTAL FORMULA: U4 (F 14" to 20").

SHAPE OF PIATES: VWider than the folds from which they were derived;

highest near the posterior end,
SIZE OF PIATES: ILength 1,1; width 0,16,
SPINES: Greduated, but with no very large spines,

ARRANGEMENT OF SPINES: Scattered, absent in vicinity of base in the

middle part of plates.

SCLEROTIZATION: Average.

Gomphus (Stylurus) sp.

MATERIAL STUDIED: One collected from Rusk County by Kirk Strawn and
Clerk Hubbs; length 24, Another teken in Maverick County; length 25,
head width 1.3, wing cases 1,1, Immature nymphs, The Rusk County
specimen keyed to G. notatus in both E. M, Walker's 1928 paper and the
key in the Needham and Vestfall 1955 book, The Maverick County specimen

keyed to G, olivaceous or notatus in the Walker key and to G, notatus in

the Needham and Westfall key., However, these specimens do not fit the

figures and descriptions given by Walker (1928),

DENTAL FORMULA: 4 (F 6" to 10") for the Rusk County specimen and 4

(F 9" to 12") for the Maverick County specimen,

SHAPE OF PLATES: Nerrow, a little wider than the folds from which they



were derived,

SIZE OF PLATES: Length 0.65' width 0,08,
SPINES: Almost uniform,

ARRANGEMENT OF SPINES: Scattered,

SCLEROTIZATION: Weak,

Gomphus (Arigomphus) lentulus Needham

Gomphus (Arigomphus) maxwelli Forguson

MATERTAL STUDIED: Two Gomphus lentulus from Hopkins and Hunt countiles;

length 33 and 35, One Gomphus maxwelli from Lavaca County (determined

by J. G. Needham in 1951); length 27, wing cases 7.

DENTAL FORMULA: 4 (F 12" to 17") for G. lentulus end 4 (F 10" to 14")

for g. maxwelll,
SYMMETRY: Radlael,

SHAPE OF PLATES: Width and height equal to folds from which they were

derived,

SIZE OF PLATES: G. lentulus, length 1.0; width 0.09. G. mexwelli, length

0.75, width 0,05.
SPINES: Almost uniform,
ARRANGEMENT OF SPINES: Scattered.

SCLEROTIZATION: Weak,
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Erpetogomphus designatus Hagen

MATERTAL STUDIED: Fourteen (six males and eight females) from Bexar ,

Burnet, Feyette, and Travis counties. Twelve, length 22 - 24  head

width (of two males) 5, wing cases 6 - 7. One, length 20, wing cases 2.

One, length 17, wing cases 3.
DENTAL FORMULA: 4 (F 10" to 24"),
SYMMETRY: Radial,

SHAPE OF PLATES: Slightly wider and higher then basic folds; angle at

posterior end a little sharver than at anterior end.

SIZE OF PLATES: ZLength 0,7; width 0.1,

SPINES: Graduated.

ARRANGEMENT OF SPINES: Scattered, with the smaller spines at the ends.
SCLEROTIZATION: Average.

SIXUAL DIMORPHISM: Not presentf

VARIATION IN SPINE NUMBER: Of the fifty-six plates examlned, thirty-

five had from 13 to 17 spines each; extremes were 10 and 2k,

Ophiogomphus colubrinus Selys

MATERIAL STUDIED: One from Cheboygan County, Michigan, collected by

G. H. Bick and identified by E. M, Walker in 1950,

DENTAL FORMULA: 4 (F 12" to 16").
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SYMMETRY: Radiel,

SHAPE OF PLATES: Wider than basic folds; slightly higher in the middile,

SIZE OF PLATES: Length 0,7; width 0,1,

SPINES: Differentiated into small and medium size spines,

ARRANGEMENT OF SPINES: Scattered.,

SCLEROTIZATION: Average.

Hegenlus brevistylus Selys

MATERIAL STUDIED: Seven from Bandera, Real, and Herdin counties, and
one from Tangipshoa Perish, Louisiana, collected by R. D, Suttkus, Three,
length 40 - 42, head width 7, wing cases 10 - 1l; one, length 31, head
width 7, wing ceses 5; one, length 26, wing cases 3; three, length 14,

head width 2,5, wing cases 0.5.
DENTAL, FORMULA: 4 (F 5" to 13"),
SYMMETRY: Rediel.

SHAPE OF PLATES: Wider in middle than at ends; in profile view, highest

in or immediately posterior to middle,

SIZE OF PIATES: Length 0.6 - 0,7; width 0,15,
SPINES: Almost uniform,

ARRANGEMENT QOF SPINES: Scattered,

SCLEROTIZATION: Average.
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VARIATION IN SPINE NUMBER: Of thirty-two plates examined, twenty-three

had from 7 to 10 spines; extremes were 5 and 13,

Dromogomphus spoliatus Hagen

Dromogomphus spinosus Selys

MATERTAL STUDIED: Fowr D, spoliatus from Bastrop (collected by Kirk
Stravn end Clark Hubbs), Kimble, and Hunt cownties, One , length 33,
head width 5; three, length 31, head width 4.5 - 5.5, wing cases 7 - 8.
Two D, spinosus collected by Kirk Strawn from Menard and Tyler counties;
length 28-32, head width 6 (of the larger specimen), wing cases 9 (of

the larger specimen).

DENTAL FORMULA: D, spoliatus, 4 (F 27" to 41"). D. spinosus, 4 (F 28"

to 32").

SHAPE OF PIATES: Elevated erea with rounded sides, not parallel as in

Aphylla,

SIZE OF PLATES: D. spoliatus, length 1.6, width 0.17. 2 spinosus,

length 1.2; width 0,16,
SPINES: Graduated; extremes, very large and very small.
ARRANGEMENT OF SPINES: Largest on highest area,

SCLEROTIZATION: Well sclerotlzed,



TABLE I
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Comparison of the Proventriculsr Plates of

D. spinosus with D, spoliatus

Structure

D, spinosus

D, spoliatus

Length of plates compered

to length of body

Highest point as seen from

profile view.

Posterior end compared

with anterior end,

Size of largest spines,

Distribution of spines

toward ends of plates,

Size of spines on sides

of plates,

Shorter, 1,2/32

Slightly posterior

to middle,

Anterior end less
inclined then

posterior end,
Smaller, 0,06

More scattered at

ends,

Smaller,

Longer, 1.6/31

At middle,

Anterior and pos-
terior inclined

to equal degree.
Larger, 0.09

Closer together at

ends,

Larger.,




WORK OF OTHER INVESTIGATORS

GENERA AND SPECIES STUDIED:

Gomphus or Onychogomphus - Ris 1896. One plate with twenty-four

spines. There are probebly ten additional spines on the side not shown.
The spines appear to be slightly larger than those of such forms es

Gomphus, Erpetogomphus, and Ophiogomphus which have the relatively

undifferentiated plates as shown in Ris' figure.

Hemigomphus heteroclitus Selys - Tillyerd 1917. Very small

figures of two plates showing twenty and twenty-one spines,

Mesogomphus cognatus (Rembur) - Barnard 1937. Small diagrammatic

figure of one plate with seventeen spines,

Ceratogomphus pictus Selyes - Barnard 1937, No figure given, but

Barnard mentioned that the armature of this species is similer to that
of Mesogomphus,

Austrogomphus sp, - Tillyerd and Fraser 1938 - 1940, Diagram-

matic figure of one plate showing nineteen spines,

SIGNIFICANCE:
Since the size of the nymphs, the size of the plates, and other
details are not given for the above forms, it is impractical to compare

the above genera with those which I have studied,
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ONTOGENETIC STUDIES

SPECIES STUDIED:

Progomphus obscurus (Rembur), Spines per typical proventricular

plate range in number from 10 to 16 in the seven and eleven millimeter
nymphs; in the nineteen millimeter nymphs from 9 to 23; and in the
twenty-seven to thirty-one millimeter nymphs from 9 to 20,

Erpetogomphus designatus Hagen. Spines per plate range in number

from 10 to 17 in the seventeen end twenty millimeter nymphs, which is
within the limits of variation (10 - 24) shown by the twenty-four
millimeter nywphs,

Hagenius brevistylus Selys, Spines per plate range in number from

7 to 13 in the forrteen millimster nymphs; from 9 to 13 in the twenty-six
millimeter nymph; from 7 to 10 in the thirty-one millimeter nymph; and

from 5 to 13 in the forty to forty-two millimeter nyuphs,

SIGNIFICANCE:
There does not appear to be a correlation between size and the

number of spines in the immature Gomphines.
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TABLE II

Diagnostic Characteristics of

Genera and Subgenera of the Gomphidae

Genug Spines Characteriaticna
Progomphus‘ 9" . 23" Minor reverse spines; simple nerrow plates,
TG
Aphylla 26"~ 43" Bilateral symmetry
—_— o LT
Hagenius 5" - 13" Wide, short plates; relatively few spines,
Dromogomphus 27"~ 41" Long plates with very large spines on high
middle area,
Gomphoides 7" 27" Spines small, graduated in size; concentrat-
ed to a degree toward summit of plate,
Erpetogomphus*  10". 24" Length equals six times width; posterior end
not higher than anterior end,
Ophiogomphus* 12". 16" Length equals six times width; much like
Erpetogomphus,
Gomphus o"- 17" Simple, narrow plates; length equals ten
(Arigomphus ) *
times width,
Gomphus 6" - 10" Fow spines, narrow plates; length equals
(StyTurus)*
eight times width,
Gomphus " 20" Posterior end higher than anterior end;
(Gomphus ) *

length equals six times width,

* Genera that are very difficult to distinguish,



PHYLOGENY
Dromogomphus
Aphylla
Gomphoides
Hagenius Gomphus
Erpetogomphus (Gomphus)
Ophilogomphus
Gomphus (Stylurus)
Progomphus
RS Gomphus
(Arigomphus)
Gomph1id
Stem Form

Figure 1, Phylogenetic relations of the genera of the Gomphidse
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TABLE IIT
Degrees of Specialization of

Genera and Subgenera of the Gomphildeae

Genus

Characteristics and Degree of Bpeclalization*

Total
Progomphus 1 2 1 1 1 1 1 1 2 11
Gomphoides 2 1 1 21 2 2 2 1 2 15
2¢c
Aphylla 1l 3 2a 2c¢ 2 3 3 2 3 21
2 1
Gomphus 1 1 1l 1l 1 1 1 1 2 10
(Arigomphus)
Gomphus 2 1 1 1 1 1 1 1 1 10
(Stylurus)
Gomphus 2 1 1 2c¢c 2 3 2 1 2 16
(Gomphus)
Erpetogomphus 2 1 1 2a 2 1 1 1 2 13
Ophiogomphus 2 1 1 2a 1 2 1 1 2 13
Dromogomphus 2 1 2a 20 1 4 3 1 3 20
2
Hagenius 3 1 2% 2c 2 1 1 1 1 13

* See list of characteristics and degrees of specislization,

*% Total number represents the degree of specialization and is used in

accompanying phylogenetic chart,
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PHY LOGENY

The relationships among the genera of the Gomphidee based on
the structure of the proventriculer ermature are shown in the phylo-
genetic tree. The distance between the Gomphid stem form and the genus
on the chart represents the degree of specialization of the genus, The
positions on the tree indicate the relations of the genera,

The degrees of speclalization are shown on the chart, and were
derived by a comperison of the morphology of the proventricular plates
a8 given in the outline which follows the chart., The Roman numerals
refer to the general types of characteristics and the Arabic numbers
represent the degree of specialization, If two or three variations
listed under a general character are of equal degree of specialization,
this is indicated by the same specislization number, In the outline

the number is subdivided by a, b, etc,

SPECTALIZATION KEY

I, Width of plates.

1, Very narrow, approximately equal to the basic folds,

2. Wider then basic folds, margins almost perallel.

3. Wider than basic folds, slightly wider in middle then at end.
II, Minor reverse spines,

1, Absent,

2, Present, well developed,

3. Present, butAvery degenerate in size,

28



III, Length of plates,
1, Of average length (long).
2. a) Extra long.
2, b) Reduced in length,
Iv, Height of plates.
1, Same as of basic folds,
2, a) Higher than basic folds, almost the same throughout.
2, b) Higher then basic folds, highest in middle,
2. c¢) Higher then basic folds, highest at posterior end.
V. Anterior and posterior ends, profile view,
1. Both gradually inclined toward base,
2, Posterior end with a sharper incline,
VI. Size of spines,
1. Approximately equal,
2, Gradusted, lergest spines of small size,
3. Graduated, largest spines of medium size,
4. Graduated, with very large spines.
VII, Arrangement of spines,
1, Scattered,
2, Scattered, but absent on sides very near base,
3. a) Scattered, but absent on sides of anterior half of
plates, with larger spines on highest erea.
3. b) Scattered, with very large spines on highest area.
VIII, Symmetry,
1, Radial,
2, 3Bllateral.
X, Number of spines,

1, Five to thirteen.
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2, Nine to twenty-seven,

3. Twenty-six to forty-three,

DISCUSSION

The Gomphid stem form probably had four, lightly sclerotized,
narrow proventriculer plates with small, scattered spines, Early in
the ancestry of the group a branch evidently originated with minor
reverse spines, (This is discuseed further in the section on general
phylogenetic considerations,) Progomwphus is the most primitive of this
group, end Aphylla 1s the most highly speciallzed. Since the typical
proventriculer plates of these two genera are very diverse in form,
the only reason, according to the morphology of the proventriculus, to
associate the two genera is the presence of the minor reverse spines. In
Aphylla they are so small that it is difficult to find them, The genus
Gomphoides has plates that msy be considered as intermediate between
the above two, I could not, however, find any vestiges of minor reverse
spines,

Belys (1858) placed Progomphus, Hagenius, and Gomphoides in his

Legion II of the Division Integrilablees with Gomphoides and Aphylla as

subgenera of Gomphoides., Williamson (1920) separates this division into
six series in which he elevates Hagenius to the level which parallels
his Progomphus series., My study supports th.is separation of Hagenius
but does not corroborate the opinion that Aphylla is a subgenus of
Gomphoildes,

Tillyerd and Fraser (1938-1940) place Dromogomphus in the sub-

family with Erpetogomphus, Ophiogomphus, and Gomphus (sensu latu). My

work does not indicate that Dromogomphus is closely related to these
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geners, although it does show that Ophiogomphus, Erpetogomphus, and

Gomphus (sensu latu) have proventricular plates of the same type., Both

Hagenius and Dromogomphus, according to their proventricular plates, shos

no special affinities toward the other genera studiled,



PIATE III

Progomphus obscurus

Ventral view of open proventriculus showing the typical
proventricular plates and the minor reverse splnes.

Scale: 2 c¢cm, = 0,33 mnm,






PIATE IV

Gompholdes stigmata

Figure 1, Ventral view of open proventriculus showing
the proventricular plates.
Figure 2, Lateral view of the proventricular plates.

Scale: 2 cm, = 0,33 um,






