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Fig. 11. Embryonic development of Calineuria stigmatica. DAPI staining, lateral view, anterior at the top, ventral to the left. A: Stage 2,
B: Stage 3, C: Stage 4, D: Stage 5, E: Stage 6, F: Stage 7, G: Stage 8, H: Stage 9, I: Stage 10, J: Stage 11, K: Stage 12. — Abbreviations:
Am, amnion; An, antenna; Ce, cercus; CE, compound eye; Em, embryo; Ga, galea; HC, head capsule; HL, head lobe; LbP, labial palp; Lr,
labrum; Md, mandible; MxCp, maxillary coxopodite; MxP, maxillary palp; Pce, protocephalon; Pco, protocorm; SDO, secondary dorsal

organ; Se, serosa; Th1L, first thoracic leg. Scale bars = 100 pm.

the posterior side of egg, but the collar is inconspicuous
(Fig. 2P,Q). The anterior side of the egg has a honey-
comb pattern (Fig. 20—Q). On the anterior side of the
egg five to eight micropylar protuberances of several mi-
crons in diameter are roughly arranged in a circle, and a
micropyle approximately 1.5 um in diameter opens at the
center of each protuberance (Fig. 20,R).

Embryonic development. The egg period is approxi-
mately 40 days at 12°C. Due to difficultly observing the
extremely flattened eggs from the lateral side, we rep-
resent embryogenesis in Y. uenoi using photos from the
posterior side (Fig. 14), which differs from the other spe-
cies (Figs. 5, 7—13). The germ disc forms at the posterior
pole (Stage 1, Fig. 14A). In Stage 2, anatrepsis begins
and the amnioserosal folds fuse with each other (Fig.
14B). The embryo begins to elongate in an inverted-
triangular shape, with the protocephalon and protocorm
differentiated (Stage 3, Fig. 14C), and then forms into a
slug-like shape (Stage 4, Fig. 14D). Segmentation and
appendage formation commence, and the anterior abdo-
men sinks into the yolk with the cephalic and thoracic
regions and posterior abdomen remaining on the egg
surface (Stage 5, Fig. 14E). The embryo then acquires an
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S-shape (in sections, but not shown here) (Stages 6—8,
Fig. 14F—H). Katatrepsis occurs, the embryo slips out
of the yolk (Stage 9, Fig. 141), and is put down sideways
with its right side down, changing its posture from warped
to ventrally bent (Stage 10, Fig. 14J). Keeping this condi-
tion, the embryo further develops (Stage 11, Fig. 14K)
and hatches from the egg, tearing the egg membrane at
its lateral side (Stage 12, Fig. 14L).

4. Discussion

4.1. Egg

Zwick (1973, 2000) suggested that: 1) the sclerotized
hard chorion is a groundplan character of Plecoptera,
being universally present in Antarctoperlaria and sys-
tellognathan Arctoperlaria; 2) the soft chorion is likely
apomorphic to euholognathan Arctoperlaria; whereas 3)
systellognathan Arctoperlaria retain the hard chorion,
which differentiates into a collar surrounding the adhe-
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Fig. 12. Embryonic development of Sweltsa sp. DAPI staining, lateral view, anterior at the top, ventral to the left. A: Stage 2, B: Stage 3, C:
Stage 4, D: Stage 5, E: Stage 6, F: Stage 7, G: Stage 8, H: Stage 9, I: Stage 10, J: Stage 11, K: Stage 12. — Abbreviations: Am, amnion,;
An, antenna; Ce, cercus; CE, compound eye; Em, embryo; ET, egg teeth; Ga, galea; GPC, glossa-paraglossa complex; HC, head capsule;
HL, head lobe; Lb, labium; LbP, labial palp; Lr, labrum; Md, mandible; Mx, maxilla; MxCp, maxillary coxopodite; MxP, maxillary palp;
Pce, protocephalon; Pco, protocorm; SDO, secondary dorsal organ; Se, serosa; Th1,3L, first and third thoracic legs. Scale bars = 100 pm.

sive attachment apparatus (anchor plate) at the posterior
pole of the egg. The collar and anchor plate represent the
apomorphic groundplan of Systellognatha, because as
Hinton (1981) pointed out, these features are not found
in other plecopterans, i.e., Antarctoperlaria and Euholo-
gnatha, nor in other Neoptera.

Examining the egg structures of nine Japanese arcto-
perlarians, i.e., five species for Euholognatha — Scopura
montana (Scopuridae), Obipteryx sp. (Taeniopterygidae),
Paraleuctra cercia (Leuctridae), Apteroperla tikumana
(Capniidae) and Protonemura towadensis (Nemouri-
dae) — and four species for Systellognatha — Calineuria
stigmatica (Perlidae), Sweltsa sp. (Chloroperlidae), Os-
trovus sp. (Perlodidae) and Yoraperla uenoi (Peltoper-
lidae) — the present study corroborates Zwick’s (1973,
2000) understanding of arctoperlarian eggs. We charac-
terize the eggs of Euholognatha and Systellognatha as
follows, referring to previous studies as necessary. The
eggs of Euholognatha are: 1) spherical or ellipsoid in
shape (Fig. 1A,E,G,H,I); 2) without specialized struc-
tures such as a collar or anchor plate (Fig. 1A,E,G,H,]);
and 3) covered by a thin, transparent chorion, which is
smooth and without a conspicuous superficial pattern
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(Fig. 1E—1J), although the exochorion of the anterior third
of the egg wears a weak, polygonal network in S. mon-
tana (Fig. 1B—D). The scopurid egg structure has been
described previously with “Scopura longa Uéno, 1929
by Kawai & IsoBk (1984), but it is likely that the materi-
als examined at the time were in fact S. montana, as the
scopurids from this sampling site in Mt. Hachibuse, Na-
gano Prefecture, were more recently identified as S. mon-
tana (see UcHIDA & MARUYAMA 1987).

The eggs of the other arctoperlarian infraorder Sys-
tellognatha may be characterized as: 1) spherical or el-
lipsoidal (Fig. 2A,F), but they sometimes take a specific
shape characteristic of each group (Fig. 2I-N,0-Q); 2)
equipped with a collar and anchor plate on their poste-
rior pole (Fig. 2A—C,I-N,0-Q); and 3) covered by a
thick and hard, colored chorion occasionally contain-
ing conspicuous superficial patterns or sculptures (Fig.
21-N,0-Q) (KnicHT et al. 1965a,b). The eggs of the
chloroperlid species, Sweltsa sp., lack the collar and an-
chor plate. However, because these structures are found
predominantly in Systellognatha, and chloroperlid gen-
era are known to include species with and without these
structures (STark et al. 2015), the absence of these struc-

79



Mrow & MAcHiDA: Comparative embryology of Arctoperlaria

Fig. 13. Embryonic development of Ostrovus sp. DAPI staining, lateral view from right side, anterior at the top, ventral to the right. A:
Stage 2, B: Stage 3, C: Stage 4, D: Stage 5, E: Stage 6, F: Stage 7, G: Stage 8, H: Stage 9, I: Stage 10, J: Stage 11, K: Stage 12. — A4b-
breviations: Am, amnion; An, antenna; Ce, cercus; CE, compound eye; Em, embryo; ET, egg teeth; Ga, galea; HC, head capsule; HL, head
lobe; La, lacinia; Lr, labrum; Md, mandible; MxCp, maxillary coxopodite; MxP, maxillary palp; Pce, protocephalon; Pco, protocorm; SDO,
secondary dorsal organ; Se, serosa; Th1L, first thoracic leg. Scale bars = 100 um.

tures in Sweltsa sp. may be due to a secondary modifica-
tion (Fig. 2F).

In the present study, we observed the micropyles of
three euholognathan stoneflies: S. montana, Obipteryx
sp., and Pr. towadensis (Fig. 1C,D,F,J). In S. montana,
several micropyles are distributed in a circle in a rosette
pattern around the anterior pole of the egg (Fig. 1C,D). In
Obipteryx sp., micropylar areas with three to four micro-
pyles are located on the equator on both lateral sides of
the egg (Fig. 1F), as reported for another taeniopterygid
Brachyptera trifasciata (Pictet, 1832) (DEGRANGE 1957),
and this micropylar arrangement may be characteristic of
the Taeniopterygidae. Two micropyles are located on the
equator in Pr. towadensis (Fig. 1J), while several micro-
pyles were distributed along the equator and in the poste-
rior half of the egg in another Protonemura, Pr. praecox
(Morton, 1894) (DeGrRaNGE 1957). Although we failed
to detect micropyles in 4. tikumana, Kisnimoto (1997;
personal comm.) reported two micropyles located on the
lateral side of the egg.

With the exception of Ostrovus sp., the micropyles of
Systellognatha were arranged in a circle (Fig. 2A,D,G,0).
A similar pattern of micropyle distribution has been
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found in Pteronarcys proteus, in the Pteronarcyidae
(MiLLER 1939), as well as in other systellognathan re-
presentatives (STARK & STEWART 1981; IsoBe 1988), with
the circular arrangement being a part of the groundplan
of Systellognatha. In Ostrovus sp., eggs have a laterally-
flattened shape and a unique arrangement of micropyles,
with several micropyles arranged in a straight line on the
left side of the egg (Fig. 2J,M,N). This unusual micropy-
lar arrangement in this species may be due to a secondary
modification related to its unique egg shape.

Additional studies in other species, especially the
Antarctoperlaria, are required to reconstruct the ground-
plan of micropylar distributions in the Plecoptera and
Arctoperlaria. However, the circular arrangement of
micropyles is quite likely a part of the groundplan of
Systellognatha. Moreover, given that one of the euho-
lognathan families Scopuridae also shows a circular ar-
rangement of micropyles, this feature may be regarded
as a potential groundplan of Arctoperlaria. Potential
explanations for the absence of a circular arrangement
of micropyles in the remaining Euholognatha species
include a partial interruption of the micropylar arrange-
ment or a reduction of the micropyles, i.e., the micro-
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Fig. 14. Embryonic development of Yoraperla uenoi. DAPI staining, posterior view. A: Stage 1, B: Stage 2, C: Stage 3, D: Stage 4, E: Stage
5, F: Stage 6, G: Stage 7, H: Stage 8, I: Stage 9, J: Stage 10, K: Stage 11, L: Stage 12. — Abbreviations: Ab, abdomen; Am, amnion; An,
antenna; Ce, cercus; CE, compound eye; Cllr, clypeolabrum; Em, embryo; Ga, galea; GD, germ disc; GPC, glossa-palaglossa complex;
HC, head capsule; HL, head lobe; La, lacinia; Lb, labium; LbP, labial palp; Md, mandible; Mx, maxilla; MxP, maxillary palp; Pce, proto-
cephalon; Pco, protocorm; SDO, secondary dorsal organ; Se, serosa; Th1L, first thoracic leg. Scale bars = 100 um.

pyles may have been lost in Obipteryx sp. on the dor-
sal and ventral sides of the egg, and most of those may
have been reduced in Pr. towadensis and A. tikumana.
However, explaining the extraordinary arrangement of
micropyles reported for Pr. praecox will require a reex-
amination of micropylar arrangement in this and other
related species.

4.2. Embryonic development

4.2.1. Formation of the embryo

MasHimo et al. (2014) compared embryogenesis in He-
mimetabola, and proposed two embryological autapo-
morphies of Polyneoptera. One involves elongation of
the embryo, as we discuss below in the section “4.2.2.1.
Anatrepsis and elongation of the embryo,” and the other
is on the manner of the embryo’s formation. In Polyneo-
ptera, the embryo is formed by the fusion of paired blas-
toderm regions with higher cellular density: Dermaptera
(SHimizu 2013), Embioptera (Jintsu 2010), Phasmato-
dea (BeprorD 1970), Orthoptera (Mivawaki et al. 2004),
Zoraptera (MasHiMo et al. 2014), Grylloblattodea (UcHi-
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FUNE & MacHIDA 2005), and Blattodea (Fusita & MAcCHIDA
2017). However, in the Palacoptera and Acercaria (e.g.,
Ephemeroptera: Toio & MacHIDA 1997; Odonata: ANDO
1962; Psocodea: Goss 1952; Thysanoptera: HEMING
1979), blastoderm cells around the posterior pole con-
centrate in one area and proliferate to form the embryo.
This type of germ disc formation is also known for the
apterygote Ectognatha, i.e., Archacognatha (MAcHIDA et
al. 1990) and Zygentoma (MasumoTo & MacHipA 2006),
clearly suggesting that this is a plesiomorphic condition
to Pterygota. Consequently, the formation of the embryo
or germ disc by the fusion of paired blastoderm areas
with higher cellular density, may be regarded as an apo-
morphic groundplan of Polyneoptera.

Information on the formation of embryo in Plecoptera
is fragmentary. Only two embryological analyses exist
for Systellognatha, including MiLLER (1939) for Pter-
onarcys proteus (Pteronarcyidae) and Kisummoto (1986)
for Kamimuria tibialis (Perlidae). In P. proteus, a small
germ disc is formed by the direct migration of a cell
group appeared in the yolk on to the blastoderm. In K.
tibialis, a small germ disc is formed by the simple migra-
tion of blastoderm cells. These imply that the embryos
form in Plecoptera without involving the fusion of paired
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blastoderm areas with higher cellular density, which is
different from other groups of Polyneoptera. Thus, in the
present study, we examined embryo formation in five
euholognathan and four systellognathan arctoperlarians,
employing DAPI staining, with special reference to the
euholognathan S. montana. We demonstrated that the
embryo is formed by the concentration and proliferation
of blastoderm cells around the posterior pole (Fig. 3), as
KisHimoto (1986) observed for the systellognathan, K.
tibialis. Specifically, in Plecoptera the embryo is formed
not in the manner involving the fusion of paired blasto-
derm areas with higher cellular density, which MasHIMO
et al. (2014) proposed as an apomorphic groundplan fea-
ture of Polyneoptera, but in a simple concentration and
proliferation of blastoderm cells, as shown in apterygote
Ectognatha, Palacoptera and Acercaria, that may be tak-
en to be plesiomorphic to Pterygota. As described in “1.
Introduction,” the phylogenetic position of Plecoptera
has been debated, but recent comparative morphologies
and phylogenomics (e.g., BEUTEL et al. 2014; MisoF et al.
2014) have often bestowed basal positions to Plecoptera
within Polyneoptera. The manner of embryo formation
in Plecoptera, which seems unique in Polyneoptera, is
expected to be critically discussed with respect to phylo-
genetic reconstruction of Polyneoptera.

In addition, embryo formation in P. proteus occurs
as a compact cellular aggregation beginning early in de-
velopment. However, according to MiLLER (1939), the
streaming of a cellular group from inside to the periphery
of the egg is involved in embryo formation. Such a cen-
tripetal migration of a mass of presumptive embryonic
cells is a singular example reported in insects, and critical
reexamination is needed.

4.2.2. Blastokinesis

According to Funta & MacHDA (2017), we define terms
related to blastokinesis as follows. Embryos of Insecta
s.str.  (Ectognatha: Archaeognatha, Zygentoma, and
Pterygota), immerse in the yolk in the early stage of de-
velopment due to the formation of amnioserosal folds.
The embryos then elongate and take their final position in
the pre-katatrepsis period. The entire descending process
of the embryo from commencement of the amnioserosal
fold formation up to this point, is the “anatrepsis.” After
anatrepsis, the embryos develop until katatrepsis occurs,
maintaining this positioning, this phase being the “inter-
trepsis.” The rupture and withdrawal of the amnioserosal
folds then occur, which leads to the embryo’s reappear-
ance on the egg surface, this ascending process being the
“katatrepsis.” These processes related to developmental
phase are collectively the “blastokinesis.” In the present
study, we examined blastokinesis in five euholognathan
and four systellognathan arctoperlarians, focusing on the
euholognathan Scopura montana.

4.2.2.1. Anatrepsis and elongation of the embryo. As

soon as the germ disc or embryo forms at the posterior
pole of the egg, the marginal region begins to extend over
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the embryo, forming the amnioserosal folds, and anatre-
psis starts (Fig. 4A—C). The amnioserosal folds soon fuse
with each other (Fig. 4D), and the amniotic pore is com-
pletely closed. Thus, in the earliest stage of development,
fusion of amnioserosal folds occurs and a compact, ball-
shaped “embryo-amnion composite” forms, of which the
dorsal and ventral constituents are represented by the
embryo proper and amnion, respectively. This process is
the same as that reported previously in Pteronarcys pro-
teus (MILLER 1939) and Kamimuria tibialis (KisHiMoTo &
ANDO 1985; KisHiMoTo 1986). The fusion of amniosero-
sal folds in the earliest stage of development, which leads
to the formation of a ball-shaped embryo-amnion com-
posite, is unique to Plecoptera within the Polyneoptera
and could be a potential autapomorphy of this group.

The formed embryos elongate along the dorsal side of
the egg with their posterior end ahead. After this elonga-
tion on the egg surface, the middle part of the embryos
curve and sink into the yolk, with their cephalic and cau-
dal ends remaining on the egg periphery (Figs. SC—E,
6C-E, 7C-E, 8C-E, 9C-E, 10C-E, 11B-D, 12B-D,
13B—-D, 14C—E), as described in previous embryologi-
cal studies on Plecoptera (MILLER 1939, 1940; KisHIMOTO
& Anpo 1985; KisHimoto 1997). Thus, in Plecoptera, as
in the other polyneopteran orders, including Dermaptera
(HeEymons 1895; SHimizu 2013), Embioptera (e.g., KEr-
sHAw 1914), Phasmatodea (e.g., BEprorp 1970), Or-
thoptera (e.g., RoonwaL 1937), Zoraptera (MasHIMO et
al. 2014), Grylloblattodea (UcHIFUNE & MAcHIDA 2005),
Mantophasmatodea (MacHipA et al. 2004), Mantodea
(Hagan 1917), Blattodea (Hevymons 1895; Funta &
MacHipa 2017), and Isoptera (e.g., Knower 1900), the
formation of amnioserosal folds ends at an earlier stage
of development and the elongation of the embryo occur-
ring on the egg surface. MasHiMo et al. (2014) suggested
this feature as another embryological autapomorphy of
Polyneoptera, taking it into considerations that in Palae-
optera and Acercaria, the embryo elongates, keeping step
with its immersion into the yolk and with the formation
of the amnioserosal folds: i.e., Ephemeroptera (Tojo &
MacHipa 1997), Odonata (AnNpo 1962), Psocoptera (Goss
1952), Phthiraptera (ScHoLzeL 1937), Thysanoptera
(HeminGg 1979), and Hemiptera (CoBBEN 1968; HEMING
& HueBNER 1994). The present study demonstrates that
embryos of Plecoptera elongate in a manner regarded
as autapomorphic to Polyneoptera, and the placement
of Plecoptera among the Polyneoptera is strongly cor-
roborated. In contrast, there is little support for the phy-
logenetic hypotheses that places Plecoptera outside of
Polyneoptera, i.e., those proposing the sister group rela-
tionship of Plecoptera with Neoptera or with “Paraneo-
ptera + Holometabola.”

4.2.2.2. Intertrepsis. In most Plecoptera, as a result of
anatrepsis (e.g., Fig. 5C—QG), the anteroposterior and dor-
soventral axes of the embryo become opposed to those of
the egg. The exceptions to this pattern are in Yoraperla
uenoi (Fig. 14) and Pteronarcys proteus (MILLER 1939),
in which free movement of the embryos during blastoki-
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Fig. 15. Time lapse images of katatrepsis in two plecopteran species, lateral view, anterior at the top, ventral to the left. A—C. Scopura
montana; A: just before katatrepsis, B: in katatrepsis, C: just after katatrepsis. D—F. Protonemura towadensis; D: just before katatrepsis,
E: in katatrepsis, F: just after katatrepsis. — Abbreviations: Ab, abdomen; HL, head lobe; SDO, secondary dorsal organ; Y, yolk. Scale
bars A—C =100 um; D—F = 50 um.

nesis may be limited due to their flattened egg shape (cf.
“4.2.2.3. Katatrepsis”).

As described above, the plecopteran embryos descend
into the yolk with their cephalic and caudal ends remain-
ing on the egg periphery, and they keep this posture
during intertrepsis (Figs. SE-G, 7TE-G, 8E-G, 9E—QG,
10E-G, 11D-F, 12D-F, 13D—F). Such a posture of
embryos in intertrepsis may be unique to the Plecoptera
within Polyneoptera (see the literature cited in the previ-
ous section 4.2.2.1) and may be regarded as a part of the
groundplan of Plecoptera.

4.2.2.3. Katatrepsis. In the present study, we examined
katatrepsis of nine families of the arctoperlarian Pleco-
ptera, and distinguished three katatrepsis types.

Type 1 — Katatrepsis begins, and the embryo appears
on the egg surface. The embryo moves along the egg
surface with its head ahead, via the posterior pole of the
egg. It then moves to the ventral side of the egg, toward
the anterior pole of the egg, and katatrepsis completes.
The anteroposterior and dorsoventral axes are reversed
to those in intertrepsis. Among the plecopterans exam-
ined, the euholognathan Capniidae and Nemouridae, and
the systellognathan Perlidae, Chloroperlidae, and Per-
lodidae fall into this category (Figs. 91, 101, 11H, 12H,
13H, 15D—F). Another representative of the Perlidae,
Kamimuria tibialis also shows Type 1 katatrepsis (KisHI-
MoTO & ANDO 1985).

Type 2 — Different from Type 1 katatrepsis, the em-
bryo does not change its orientation throughout the course
of katatrepsis, and its anteroposterior and dorsoventral
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axes remain opposed to those of the egg. Among the pleco-
pterans examined, three euholognathan families Scopuri-
dae, Taeniopterygidae, and Leuctridae, are categorized
in this type (Figs. 51, 61, 71, 81, 15A—C). In the study
on diapause in the taeniopterygid euholognathan Bra-
chyptera risi (Morton, 1896), Knoo (1968b) provided
figures showing that this species performs Type 2 kata-
trepsis.

Type 3 — In the peltoperlid systellognathan Yoraper-
la uenoi, of which eggs are strongly flattened anteropos-
teriorly (Fig. 20—Q), the embryo forms at the center of
the broad bottom of the egg (Fig. 14A,B), and it grows
and elongates there (Fig. 14C—H). Katatrepsis occurs
subsequently (Fig. 14I), and the embryo rotates around
its anteroposterior axis by 90 degrees, lying sideways on
the bottom side of the egg (Fig. 14J). Katatrepsis of this
type is also found in the pteronarcyid systellognathan
Pteronarcys proteus, which has eggs with anterodorsally
flattened shape, as in Y. uenoi (MiLLER 1939, 1940).

Katatrepsis involving a reversion of the embryo’s
axes like Type 1 is predominant in non-holometabolan
Pterygota: i.e., in Palaecoptera: Ephemeroptera (Toio &
MacHipA 1997), and Odonata (Anpo 1962); Polyneo-
ptera: Dermaptera (HEymons 1895; Suimizu 2013), Em-
bioptera (e.g., KErsHaw 1914), Phasmatodea (e.g., BED-
ForD 1970), Orthoptera (e.g., RoonwaL 1937), Zoraptera
(MasHivo et al. 2014), Grylloblattodea (UcHIFUNE &
MacHipAa 2005), Mantophasmatodea (MAcHIDA et al.
2004), Blattodea (Heymons 1895; Funta & MacHIDA
2017), and Isoptera (e.g., KNower 1900); Acercaria: Pso-
coptera (Goss 1952), Phthiraptera (Scuorzer 1937), Thy-
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Capniidae

| (Apteroperla tikumana)
Nemouridae

| (Protonemura towadensis)

EUHOLOGNATHA

Type 1

Scopuridae
(Scopura montana)
Taeniopterygidae

Leuctridae
(Paraleuctra cercia)

(Obipteryx sp., Brachyptera risi)

Type 2

Perlidae

Chloroperlidae
(Sweltsa sp.)
Perlodidae
(Ostrovus sp.)

SYSTELLOGNATHA

(Calineuira stigmatica, Kamimiuria tibialis)

Peltoperlidae
(Yoraperla uenoi)
Pteronarcyidae
(Pteronarcys proteus)

Type 1
Fig. 16. Phylogenetic reconstruction of 10 arctop-
erlarian families of which katatrepsis types have
been clarified, incorporating the current phyloge-
Type 3 netic understanding (e.g., Zwick 2000), i.e., each

of Antarctoperlaria, Euholognatha, and Systello-
gnatha is monophyletic (see text).

sanoptera (HEMING 1979), and Hemiptera (CoBBEN 1968).
On the other hand, the apterygote Ectognatha, such as
the Archaeognatha (MacHipA et al. 1994) and Zygento-
ma (MasumoTto & Machipa 2006), do not follow one of
these established types of katatrepsis involving the rever-
sion of the embryo’s axes. Therefore, we conclude that
this type of katatrepsis is an apomorphic groundplan of
Pterygota, and the sharing of Type 1 katatrepsis by some
plecopteran lineages, such as the euholognathan Capnii-
dae and Nemouridae, and the systellognathan Perlidae,
Chloroperlidae, and Perlodidae, can be referred to as
symplesiomorphic.

In contrast, the Type 2 and Type 3 forms of katatrepsis
are apparently derived features in Plecoptera. Interfamily
relationships in Euholognatha are not well understood
(Zwick 2000; TErRrRY 2004; KiER et al. 2006), but the affin-
ity of the euholognathan Scopuridae, Taeniopterygidae,
and Leuctridae is suggested, taking Type 2 katatrepsis for
a synapomorphy of them. In Systellognatha, the mono-
phyly of Peltoperlidae, Pteronarcyidae and Styloperlidae
is well supported (e.g., Zwick 2000). The sharing of both
Type 3 katatrepsis and a flattened egg shape phenotype
by the former two families may reflect their phylogenetic
affinity.

Figure 16 depicts the distribution of the different ka-
tatrepsis types on the phylogeny of the 10 plecopteran
families for which katatrepsis type is known. Addition-
al information on blastokinesis from more lincages of
Plecoptera, especially the Antarctoperlaria, is strongly
desired.
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