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Fig. S1. Dorsal view and ventral view of Protohermes xanthodes. Scale bar: 5mm. Abbreviations: ant: antenna; ca: cardo; ce: compound eye; cl: clypeus; fl: filament; fr: front; ga: galea; lb: labrum; li: ligula; lap: labial palp; ma: mandible; mxp: maxillary palp; mt: mentum; oc: ocellus; pom: postmentum; prm: prementum; psc: prescutum; ptp: posterior tentorial pits; sc: scutum; scl: scutellum; sti: stipes; ste: stemma; tg: tracheal gill; T1–T3, prothorax, mesothorax, metathorax; ve: vertex.
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Fig. S2. Protohermes xanthodes, 3D reconstructions of mandibles. A Larva, dorsal view; B same, ventral view; C pupa, dorsal view; D same, ventral view; E adult, dorsal view; F same, ventral view. Abbreviations: ai: apical incisor; con: condyle of primary mandibular joint; smj: secondary mandibular joint; L: left; R: right.
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Fig. S3. Protohermes xanthodes, 3D reconstructions of head internal structures of larvae (9th instar), pupae (day 9), and adults. Maxilla in red dotted line, and labium in green dotted line. A maxillary muscle, ventral view; B same, lateral view; C labium muscle, ventral view. Abbreviations: ant: antenna; ata: anterior tentorial arm; ce: compound eye; li: ligula; lap: labial palp; mxp: maxillary palp; pta: posterior tentorial arm; tb: tentorial bridge. Muscle numbers are defined in Tables S1–S3.
[image: ]Fig. S4. Protohermes xanthodes, 3D reconstructions of prothorax and mesothorax internal structures of larvae (9th instar), pupae (day 9), and adults. Cuticle rendered transparent, pleural and sternal apophyses in blue, dorsal muscles in brown, tergosternal muscles in yellow, tergopleural and sternopleural muscles in pink, sternocoxal and pleurocoxal muscles in purple, and ventral muscles in deep blue. A Dorsal longitudinal muscles, tergosternal muscles, lateral view from inner. B Tergosternal muscles, tergopleural muscles, and sternopleural muscles, lateral view from external. C Ventral longitudinal muscles, sternocoxal muscles, and pleurocoxal muscles, ventrolateral view. Red arrows indicate comparisons of the associated muscles between larvae and adults. Abbreviations: T1–T3: prothorax, mesothorax, metathorax.
[image: ]Fig. S5. Protohermes xanthodes, 3D reconstructions of mandible muscles (0md1, 0md3) from larvae to adults. Muscles in pink. The larval cuticle is represented by dotted line and adult cuticle is represented by solid line. Scale bar: 0.6 mm.

[image: ][image: ]
Fig. S6. 3D reconstructions of tracheal system from larvae to adults: lateral view. Red arrows indicate the new tracheae growing from the spiracle tracheal base. Abbreviations: dt: dorsal trachea; dtc: dorsal tracheal commissure; st: spiracle trachea; T1–T3: prothorax, mesothorax, metathorax; tbt: trachea at the base of the tracheal gill tuft; tts: tracheal branch connecting the gill trachea and the spiracular trachea; vt: ventral trachea; vtc: ventral transverse commissure; I–VIII: 1st –8th segment in abdomen.





Additional File 2
Note S1. The description of external morphology (overall appearance) of each stage (larva, pupa, adult).

Exoskeleton 
Larva. The last instar larva is elongated, with a brownish dorsum and a yellow venter (Fig. 1; Fig. S1: A, B). The head is nearly square and flat, broadest at middle, slightly narrowed anteriad and posteriad. The head capsule is dark brown with a smooth surface, and each side is equipped with six nearly circular stemmata. Setae of varying lengths are distributed along the inner side of the antenna base, the posterior lateral edge of the vertex, the sides of the frontal area, the labrum, between the stemmata on the ventral side of the head capsule, and behind the stemmata on both sides. The labrum is semicircle and varies in color from light brown to pale yellow. 
The thorax, consisting of the prothorax (T1), mesothorax (T2), and metathorax (T3), features short setae irregularly arranged, except in the central region of the pronotum and the symmetrical light brown patterns of the mesonotum and metanotum. The T1 is slightly more sclerotized than the T2 and T3. It is slightly longer than it is wide, whereas the T2 and T3 are approximately equal in width to the T1 but only half as long. Symmetrical, irregular light brown patterns are present on both sides of the pronotum. The legs are slender and well-developed, covered with short setae. The coxa and trochanter are dark yellow, while the femur shows a distinct coloration with its ventral side being dark yellow and its dorsal side dark brown. The tibia and tarsus are uniformly dark brown, while the claws are dark red. 
The larva has 10 pairs of spiracles, located between the T1 and T2, between the T2 and T3, and on the 1st to 8th abdominal segments. The spiracle between the T1 and T2 is the largest, while the one between the T2 and T3 is smaller and less distinct. The 8 pairs of spiracles on the abdominal segments gradually decrease in size from anterior to posterior. Additionally, the larva has 8 pairs of tracheal gills situated on the lateral walls of the 1st to 8th abdominal segments, just posterior to the spiracles. The first six pairs of tracheal gills are tubular, with a thicker base tapering to a thinner tip. The last two pairs are distinctly longer than the preceding six. All of the last four pairs are adorned with fine, dense, feather-like setae, a covering that is especially dense and long on the terminal two pairs. Seven pairs of tracheal gill tufts are distributed on the 1st to 7th abdominal segments. The size of the tufts progressively decreases from anterior to posterior segments. At the terminal end of the abdomen, the larva features a pair of hook-shaped anal prolegs but lacks a tail filament.
Pupa. The pupa exhibits an overall lighter coloration, turning yellow, and is classified as an exarate pupa (Fig. S1: C, D). During the pupal stage, two layers of cuticle are apparent. The very thin and transparent outer one is the pupal cuticle, and the inner one is the adult cuticle. The pupa gradually sclerotization as it develops, with relatively long, irregularly arranged setae attached to its surface. The pupa's head exhibits a prognathous configuration. Viewed dorsally, the head is nearly square-shaped, with numerous long setae on the sides, transitioning in color from cream yellow to light brown. The mouthparts shift from light brown to light yellow. The compound eyes, positioned on the sides of the head capsule, are ovate and prominently bulging, and exhibit a metallic black sheen that narrows toward the posterior head. The antennae, located between the compound eyes, are separated by a slight protuberance on the frontal region. The long, curled flagellomeres of the antennae extend outward to the sides of the body.  
T1 is narrower than the head and rectangular in shape, with the pronotum featuring two pairs of irregular black spots near the lateral edges. The mesonotum and metanotum, consisting of the prescutum (psc), scutum (sc), and scutellum (scl), are shorter than the pronotum. T2 is the widest part of the thorax, while T3 is slightly narrower. The sides of the mesonotum and metanotum are light brown. The wings, larger in size, are strongly folded in the wing sheath. As the pupal stage advances, the wing color gradually darkens, transitioning from brown at the base to dark at the distal. The legs are slender and well-developed, with the coxa, trochanter and femur yellow, the tibia， tarsus, and claws brown. They are covered with fine and long setae. The pupa has 10 pairs of spiracles distributed along both sides of the body. Unlike the larval stage, the pupa lacks tracheal gills and tufts. 
Adult. For detailed descriptions, please refer to the literature of Liu et al. [1].

The cephalic skeleto-muscular system
Tentorium 
The tentorium, an integral part of the cranial endoskeleton, serves as a critical support structure in the head, comprising the anterior tentorial arm, posterior tentorial arm, and tentorial bridge.
Larva. In larvae, the dorsal tentorial arm and the tentorial bridge are either absent or regressed. The anterior tentorial arm originates at the fronto-clypeal suture and is hollow, resembling a tubular bone that aids in structural support. As it extends downward, the anterior tentorial arm significantly enlarges where it meets the posterior tentorial arm. The posterior tentorial arm is flatter and less rounded compared to the anterior arm.
Pupa. In the pupal stage, the tentorium retains both an anterior and a posterior arm, and the dorsal arm and the tentorial bridge remains absent. The anterior tentorial arm exhibits prominent projections on both the distal lateral and medial regions, serving as muscle attachment sites. It generally presents a robust, nearly hollow circular cross-section. Conversely, the posterior tentorial arm is characterized by a shorter, wider, plate-like structure.
[bookmark: _Hlk166147043]Adult. The tentorial structure in adults is fully sclerotized, encompassing the anterior arm, the posterior arm, and the tentorial bridge. The tentorial bridge is thin and arch-shaped, located beneath the subpharyngeal ganglion, connecting the short and thick posterior tentorial arms on either side. The anterior tentorial arms have significantly enlarged forward ends.
Antenna 
Larva. The antenna is smooth-textured and divided into four segments, positioned in a slightly elevated antennal socket adjacent to the stemmata. The first segment of the antenna is cylindrical and slightly longer than wide, while the segments from the second to the last gradually taper, with the final segment being particularly slender and elongated. Musculature: in Fig. 3: larva in A.
Pupa. The antenna is multi-segmented and filamentous, consisting of the scape, pedicel, and flagellomeres. The flagellomeres are long and lie flat above the compound eyes. The two antennae are attached within the antennal sockets located on either side of the anterior head. The base of the scape is wide, narrowing towards the end. The pedicel is smaller and cylindrical. Musculature: in Fig. 3: pupa in A.
Adult. The antenna is filamentous and multi-segmented. The two antennae are located above the frontal region in near-circular depression. The scape is cylindrical, with a diameter similar in size to its length. Musculature: in Fig. 3: pupa in A.
Labrum
Larva. The labrum is prominent at the distal end, presenting a crescent shape, and is fusing at the base with the trapezoidal clypeus. Musculature: in Fig. 3: larva in A.
Pupa. The labrum is relatively short and smooth, with its base fused with the clypeus. The central part of the anterior margin is slightly convex, while the sides of the middle are subtly concave, maintaining an overall crescent shape. Musculature: in Fig. 3: pupa in A.
Adult. The prominent morphology of the labrum is displayed, which, in lateral view, exhibits a longitudinal elevation forming a distinct arc beneath the clypeus. It is connected to the clypeus via a membranous structure. Musculature: in Fig. 3: adult in A.
Mandible
Larva. The mandible is well-developed (Fig. S2: A, B), forming a hard, cone-shaped structure located behind the labrum, with a broad base that gradually tapers towards the tip. The inner side of the tip features an incisor lobe for cutting food (each mandible contains four apical incisors), while the inner base contains a molar lobe for grinding. Musculature: in Fig. 3: larva in B.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Pupa. The mandibles are large and elongated (Fig. S2: C, D), with the left and right mandibles exhibiting slight asymmetry. Each mandible contains four apical incisors that curve inward, along with a broad molar area for grinding. The mandibles taper from the base to the tip, with slight concavity along the edges. The tips of the mandibles overlap and cross each other. Musculature: in Fig. 3: pupa in B.
Adult. The overlapping left, and right mandibles appear roughly triangular in shape (Fig. S2: E, F). The articulating protrusion of each mandible fits into a shallow depression in the head capsule, forming a joint at the secondary mandibular articulation. The left and right mandibles are slightly asymmetrical, with the upper surface of each mandible being slightly convex, while the lower surface is concave. The lateral edges of the mandibles exhibit a smooth curvature. Musculature: in Fig. 3: adult in B.
Maxilla
Larva. The maxilla positioned beneath the mandible and in front of the labium. It consists of a triangular basal segment known as the cardo, which is connected to the rectangular stipes via a membranous structure. Attached to the distal end of the stipes are the galea and the maxillary palpus. Musculature: in Fig. S3: larva in A, B.
Pupa. The maxilla is located in a depression beneath the mandible with a smooth surface. The cardo is nearly square in shape, and the rectangular stipes has an indented base with a transverse groove between them. The maxillary palpus consists of five segments, while the galea has a broad base that tapers to a rounded tip distally. Musculature: in Fig. S3: pupa in A, B.
Adult. The maxilla is positioned in a deep depression beneath the mandible, connected to the submentum through a membranous joint. The cardo and the stipes are both nearly square. However, the stipes is longer and wider than the cardo and has a smooth surface. The maxillary palpus consists of five segments. The galea has a broad base, tapering to a rounded distal tip. Musculature: in Fig. S3: adult in A, B.
Labium
Larva. The labium is a plate-like structure composed of the postmentum and prementum. The postmentum is further divided into the submentum at the base, resembling a narrow, elongated rectangle, and the mentum at the end. The submentum connects to the inner edges of the cardo on both sides and the very front of the neck and is differentiated from the mentum by a prominently protruding base. The posterior edge of the mentum is slightly convex, with a wider margin that narrows slightly towards the anterior, and a minor elevation on the lateral edges. The prementum is broader, with its end attaching to a larger leaf-like structure called the ligula, and bearing the labial palpus on the side, divided into three segments: the first is cylindrical and thicker, the second is slender, and the third is shorter and round. Musculature: in Fig. S3: larva in C.
Pupa. The labium is composed of the postmentum and prementum. The submentum narrows into a strip shape with slightly convex edges. The mentum is relatively wide and flat, with convex edges. The boundary between the mentum and prementum is distinct. The base of the prementum bears the labial palpus, and its end attaches to the labial ligula. Musculature: in Fig. S3: pupa in C.
Adult. The labium, composed of the postmentum and prementum, has clearly defined boundaries. The labial palps, composed of three segments, arise from the base of the prementum, with the ligula attached at the tips. Musculature: in Fig. S3: adult in C.
Epipharynx
Larva. The epipharynx, which is the internal surface of the labrum, is a slightly convex, smooth plate-like structure located at the center of the preoral cavity. Musculature: in Fig. 3: larva in C.
Pupa. The epipharynx is located dorsally behind the mandibles, with its anterior part being membranous and partially covering the base of the mandibles. The posterior portion of the epipharynx is fused with the hypopharynx and pharynx at their anterior ends. Musculature: in Fig. 3: pupa in C.
Adult. The anterior part of the epipharynx is membranous, while the posterior portion is fused with the hypopharynx and pharynx, forming the anterior part of the pharynx. Musculature: in Fig. 3: adult in C.
[bookmark: OLE_LINK9]Hypopharynx
Larva. The hypopharynx is a sac-like structure located at the center of the preoral cavity, with its anterior end tightly connected to the front of the labium and weakly sclerotized.
Pupa. The sides of the hypopharynx align with the inner edges of the maxilla, and the posterior edges are fused with the epipharynx, forming the ventral wall of the prepharyngeal tube. Musculature: in Fig. 3: larva in C.
Adult. The anterior part of the hypopharynx is tongue-shaped, located in the preoral cavity, assisting in the transport and swallowing of food. Musculature: in Fig. 3: adult in C.
Pharynx
Larva. The anterior pharynx is relatively wide, located below the frontal ganglion. The cross-section of the anterior pharynx is nearly circular, while the posterior section gradually narrows, becoming more rectangular in cross-section. Musculature: in Fig. 3: larva in C, D.
Pupa. The pharynx is relatively narrow, with its narrowest point located below the brain. The anterior pharynx gradually widens toward the front, resembling a funnel shape, with a rectangular cross-section. The ventral surface of the pharynx is concave. The posterior pharynx narrows before widening again, with thin pharyngeal walls. Musculature: in Fig. 3: pupa in C, D.
Adult. The anterior pharynx is relatively small and tongue-shaped, divided into anterior and posterior part by the brain. Near the brain, the pharynx becomes narrow, with the lumen of the anterior pharynx being narrow and rectangular in cross-section. Musculature: in Fig. 3: adult in C, D.















Additional File 3
Table S1. Cephalic musculature of the larvae (9th instar) of Protohermes xanthodes Navás, 1914.

	Muscle Abb./No.
	Origin
	Insertion

	Labrum/2

	0lb1
	Central region of frons
	Medially on hind margin of dorsal labral wall

	0lb2
	Laterally on the frons
	Labral tormae with a tendon

	Antenna/3

	0an2
	Anterior tentorial arm
	Dorsal edge of the scape

	0an3
	Anterior tentorial arm
	Base of the scapus

	0an4
	Anterior tentorial arm
	Inner base of the antenna

	Mandible/2

	0md1
	Extensive areas of the posterodorsal, dorsolateral head capsule, and the dorsal neck region
	Adductor tendon

	0md3
	Ventrolateral head capsule
	Abductor tendon

	Maxilla/5

	0mx1
	Lateral edge and ventral side of the head capsule
	Laterally on cardinal base with a tendon

	0mx2
	Lateral edge of the head capsule
	Inner base of the maxilla

	0mx3
	Ventral surface of the anterior tentorial arm
	Medial side of the cardo 

	0mx4
	Anterior tentorial arm
	Lateral inner surface of the cardo

	0mx5
	Posterior tentorial arm
	Cardo

	Labium/3

	0la4
	Postoccipital phragma
	Lateral angle of the prementum

	0la5
	Posterior arm of the tentorium
	Lateral posterior edge of the mentum

	0la8
	Base of the submentum
	Anterior edge of the submentum

	Epipharynx/1

	0ci1
	Lateral region of the clypeal base
	Dorsolateral wall of the epipharyngeal head

	Hypopharynx/1

	0hy3
	Posterolateral part of the head capsule
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Anterolateral part of hypopharynx oral arms

	Pharynx/10

	0bu2
	Central region of the frons
	Dorsal side of the anterior pharynx

	0bu3
	Central region of the frons
	Dorsal side of the anterior pharynx

	0bu4
	Inner side of the anterior tentorial arm
	Lateral sides of the hypopharynx

	0bu5
	Tentorial bridge
	Ventral side of the anterior pharynx

	0bu6
	Tentorial bridge
	Ventral surface of the anterior pharynx

	0ph1
	Dorsolateral and posterior region of the head
	Dorsal wall of the posterior pharynx

	0ph2
	Ventral side of the cranium 
	Lateral sides of the posterior pharynx

	0ph3
	Postocciput
	Lateral wall of the posterior pharynx

	0st1
	Ring muscle layer that covers the entire pharynx
	

	0st2
	Longitudinal muscle layer directly above musculus annularis stomodaei



Table S2. Cephalic musculature of the pupae (day 9) of Protohermes xanthodes Navás, 1914.

	[bookmark: OLE_LINK391][bookmark: OLE_LINK392]Muscle Abb./No.
	Origin 
	Insertion 

	Labrum/3

	0lb1
	Medially on the frons
	Medially on clypeus

	0lb2
	Laterally on the frons
	Lateral to the base of the clypeus

	0lb4
	Base of the dorsal side of the labrum
	Ventral area of the labrum

	Antenna/6

	0an1
	Anterior tentorial arm
	Ventral edge of the base of the scape

	0an2
	Dorsal tentorial arm
	Dorsal edge of the scape

	0an3
	Dorsal tentorial arm
	Center of the scape's base

	0an4
	Dorsal tentorial arm
	Medial side of the base of the scape

	0an6
	Ventral lateral edge of the scape
	Inner base of the pedicel

	0an7
	Middle of the dorsal edge of the base of the scape
	Dorsal part of the pedicel

	Mandible/2

	0md1
	Extensive areas of the posterodorsal, dorsolateral head capsule
	Adductor tendon

	0md3
	The lateral and inner areas of the head capsule
	Adductor tendon

	Maxilla/8

	0mx1
	Ventral side of the head capsule
	Lateral base of the maxilla

	0mx2
	Lateral edge of the head capsule
	Medial base of the maxilla

	0mx3
	Anterior tentorial arm and posterior tentorial arm
	Middle of the maxillary cardo

	0mx4
	Anterior tentorial arm
	Outer base of the cardo

	0mx5
	Lateral sides of the anterior and posterior tentorial arms
	Tendon on the inner base of the maxilla

	0mx6
	Base of the maxillary stipes
	Distal of maxillary stipes

	0mx8
	Base of the stipes
	Outer edge of the base segment of the maxillary palpus

	0mx11
	Outer side of the base stipes
	Middle of the stipes

	Labium/4

	0la4
	Postoccipital phragma
	Lateral angle of the prementum

	0la5
	Posterior arm of the tentorium
	Attach to the distal end of the mentum

	0la8
	Base of the submentum
	Base of the mentum

	0la11
	Anterolateral prementum 
	Anteromesal of the ligula

	0la12
	Posterolateral prementum
	Posteromesal of the ligula

	0la14
	Distally on the prementum
	Distal edge of the labial palpus

	Epipharynx/1

	0ci1
	Lateral region of the clypeal base
	Dorsal wall of the epipharyngeal head

	Hypopharynx/1

	0hy2
	Anterior tentorial arm
	Oral arms

	0hy9
	Oral arm of suspensorial sclerite
	Oral arm of the suspensorial sclerites on the other side

	Pharynx/9

	0bu2
	Central frons
	Dorsal side of the anterior pharynx

	0bu3
	Frontal region
	Dorsal side of the anterior pharynx

	0bu4
	Inner side of the anterior tentorial arm
	Lateral sides of the hypopharynx

	0bu5
	Tentorial bridge
	Ventral side of the anterior pharynx

	0bu6
	Anterior tentorial arms, lateral to 0bu5
	Ventral side of the anterior pharynx

	0ph1
	Dorsolateral and posterior regions of the head
	Dorsal wall of the posterior pharynx

	0ph2
	Ventral side of the cranium 
	Inward to the sides of the posterior pharynx

	0ph3
	Postocciput
	Lateral wall of the posterior pharynx

	0st1
	Ring muscle layer that covers the entire pharynx
	

	0st2
	Longitudinal muscle layer directly above musculus annularis stomodaei




Table S3. Cephalic musculature of the adults of Protohermes xanthodes Navás, 1914.

	Muscle Abb./No.
	Origin 
	Insertion 
	Presumed function

	Labrum/2

	0lb1
	Central region of frons
	Base of the labrum
	Levator of labrum

	0lb2
	Laterally on the frons
	Lateral to the labrum
	Levator of labrum

	0lb4
	Base of the dorsal side of the labrum
	Ventral area of the labrum
	Compressor of labrum

	Antenna/6

	0an1
	Dorsal tentorial arm
	Inner ventral edge of the scape's base
	Depressor and flexor of antenna

	0an2
	Dorsal tentorial arm
	Lateral edge of the scape
	Levator of antenna

	0an3
	Dorsal tentorial arm
	Inner side of the base of the scape
	

	0an4
	Above the dorsal tentorial arm
	Medial side edge of the base of the scape
	Depressor and rotator of antenna

	0an6
	Ventral lateral edge of the scape
	Inner base of the pedicel
	Extensor of flagellum

	0an7
	Middle of the dorsal edge of the base of the scape
	Dorsal part of the pedicel
	Flexor of flagellum

	Mandible/2

	0md1
	Posterior part of the head
	Adductor tendon
	Adductor of mandible

	0md3
	The lateral and inner edges of the head capsule
	Adductor tendon
	Abductor of mandible

	Maxilla/9

	0mx1
	Ventral side of the head capsule
	Base of the maxilla
	Promoter of maxilla

	0mx2
	Lateral edge of the head capsule
	Inner base of the maxilla
	Adductor of lacinia

	0mx3
	Ventral surface of the anterior tentorial arm 
	Base of the cardo
	Adductor of cardo and protractor of maxilla

	0mx4
	Ventral surface of the anterior tentorial arm
	Groove between the cardo and stipes
	Adductor of maxilla

	0mx5
	Ventral surface of the anterior tentorial arm
	Groove between the cardo and stipes
	Adductor of stipes and protractor of maxilla

	0mx6
	Base of the stipes
	Medial side towards the distal end of the stipes
	Adductor of lacinia

	0mx8
	Upper edge of the stipes
	Outer edge of the base segment of the maxillary palpus
	Abductor of maxillary palp

	0mx10
	Outer edge of the base of the stipes
	Proximal base of the first segment of the maxillary palpus
	Adductor of maxillary palp

	0mx11
	Proximal part of the outer stipital wall, close to the stipitocardinal suture
	Middle of the stipes
	

	0mx12
	Basal edge of palpomere 1
	Basal edge of palpomere 2
	Adductor of maxillary palpomere ii

	0mx13
	Basal edge of palpomere 1
	Basal edge of palpomere 3
	Adductor of maxillary palpomere iii

	0mx14
	Basal edge of palpomere 3
	Basal edge of palpomere 4
	Adductor of maxillary palpomere iv

	0mx15
	Basal edge of palpomere 4
	Basal edge of palpomere 5
	Adductor of maxillary palpomere v

	Labium/5

	0la4
	Postoccipital phragma
	Lateral angle of the prementum
	

	0la5
	Posterior arm of the tentorium
	Lateral base of the prementum
	Adductor of the prementum

	0la8
	Base of the submentum
	Base of the mentum
	Retractor of the mentum

	0la11
	Anterolateral prementum 
	Anteromesal of the ligula
	Extensor of the ligula

	0la12
	Posterolateral prementum
	Posteromesal of the ligula
	

	0la14
	Distally on the prementum
	Distal edge of the labial palpus
	Adductor of labial palp

	0la16
	Basal edge of palpomere 1
	Basal edge of palpomere 2
	Flexor of labial palpomere ii

	0la17
	Basal edge of palpomere 2
	Basal edge of palpomere 3
	Flexor of labial palpomere iii

	0la18
	Basal edge of palpomere 3
	Mesal region of palpomere 3
	Flexor of labial palpomere iii

	Epipharynx/1

	0ci1
	Lateral region of the clypeal base
	Dorsal wall of the epipharyngeal head
	Dilator of the cibarium

	Hypopharynx/1

	0hy2
	Anterior tentorial arm
	Oral arms
	

	0hy9
	Oral arm of suspensorial sclerite
	Oral arm of the suspensorial sclerites on the other side
	Connecting the anterior oral arms

	Pharynx/9

	0bu2
	Lateral frons
	Dorsal side of the anterior pharynx
	Expansion

	0bu3
	Middle of the frontal region
	Dorsal side of the anterior pharynx
	Expansion

	0bu4
	Inner side of the anterior tentorial arm 
	Lateral hypopharyngeal region
	Retractor of the salivary cavity

	0bu5
	Tentorial bridge
	Ventral surface of the anterior pharynx 
	Ventral expansion

	0bu6
	Tentorial bridge
	Ventral surface of the anterior pharynx
	Dilator of the ventral side of the anterior pharynx

	0ph1
	Dorsal side of the cranium 
	Dorsal side of the pharynx
	Pharyngeal expansion

	0ph2
	Ventral cranium
	Lateral sides of the posterior pharynx
	Lateral expansion

	0ph3
	Postocciput
	Lateral wall of the posterior pharynx
	Lateral dilator

	0st1
	Ring muscle layer that covers the entire pharynx
	Constrictor of the pharynx

	0st2
	Longitudinal muscle layer directly above musculus annularis stomodaei
	Constrictor of the pharynx



Table S4. Homologization of the cephalic musculature of Protohermes xanthodes Navás, 1914 from larvae to adults.

	[bookmark: _Hlk160127050]Muscle name
	Abb.
	Larvae
	Pupae
	Adults
	Presumed function

	Labrum
	
	2
	3
	3
	

	M. frontolabralis
	0lb1
	＋
	＋
	＋
	Levator of labrum

	M. frontoepipharyngalis
	0lb2
	＋
	＋
	＋
	Levator of labrum

	M. labralis transversalis
	0lb4
	－
	＋
	＋
	Compressor of labrum

	Antenna
	
	3
	6
	6
	

	M. tentorioscapalis anterior
	0an1
	－
	＋
	＋
	Depressor and flexor of antenna

	M. tentorioscapalis posterior
	0an2
	＋
	＋
	＋
	Levator of antenna

	M. tentorioscapalis lateralis
	0an3
	＋
	＋
	＋
	Depressor and rotator of antenna

	M. tentorioscapalis medialis
	0an4
	＋
	＋
	＋
	Depressor and rotator of antenna

	M. scapopedicellaris lateralis
	0an6
	－
	＋
	＋
	Extensor of flagellum

	M. scapopedicellaris medialis
	0an7
	－
	＋
	＋
	Flexor of flagellum

	Mandible
	
	2
	2
	2
	

	M. craniomandibularis internus
	0md1
	＋
	＋
	＋
	Adductor of mandible

	M. craniomandibularis	externus posterior
	0md3
	＋
	＋
	＋
	Adductor of mandible

	Maxilla
	
	5
	8
	9
	

	M. craniocardinalis
	0mx1
	＋
	＋
	＋
	Adductor of maxilla

	M. craniolacinialis
	0mx2
	＋
	＋
	＋
	Adductor of maxilla

	M. tentoriocardinalis
	0mx3
	＋
	＋
	＋
	Adductor of cardo and protractor of maxilla

	M. tentoriostipitalis anterior
	0mx4
	＋
	＋
	＋
	Adductor of maxilla

	M. tentoriostipitalis posterior
	0mx5
	＋
	＋
	＋
	Adductor of stipes and protractor of maxilla

	M. stipitolacinialis
	0mx6
	－
	＋
	＋
	Adductor of lacinia

	M. stipitopalpalis externus
	0mx8
	－
	＋
	＋
	Abductor of maxillary palp

	M. stipitopalpalis internus
	0mx10
	－
	－
	＋
	Adductor of maxillary palp

	M. stipitalis transversalis
	0mx11
	－
	＋
	＋
	

	[bookmark: OLE_LINK33][bookmark: OLE_LINK34]M. palpopalpalis maxillae primus 
	0mx12
	－
	＋
	＋
	Adductor of maxillary palpomere ii

	M. palpopalpalis maxillae secundus
	0mx13
	－
	＋
	＋
	Adductor of maxillary palpomere iii

	M. palpopalpalis maxillae tertius
	0mx14
	－
	－
	＋
	Adductor of maxillary palpomere iv

	M. palpopalpalis maxillae quartus
	0mx15
	－
	－
	＋
	Adductor of maxillary palpomere v

	Labium
	
	3
	6
	6
	

	M. postoccipitopraementalis
	0la4
	＋
	＋
	＋
	

	M. tentoriopraementalis
	0la5
	＋
	＋
	＋
	Adductor of mentum

	M. submentopraementalis
	0la8
	＋
	＋
	＋
	Retractor of submentum

	M. praementolingulalis posterior
	0la11
	－
	＋
	＋
	Extensor of the ligula

	M. praementolingulalis anterior
	0la12
	－
	＋
	＋
	

	M. praementopalpalis externus
	0la14
	－
	＋
	＋
	Adductor of labial palp

	M. palpopalpalis labii primus
	0la16
	－
	＋
	＋
	Flexor of labial palpomere ii

	M. palpopalpalis labii secundus
	0la17
	－
	－
	＋
	Flexor of labial palpomere iii

	M. palpopalpalis labii tertius
	0la18
	－
	－
	＋
	Flexor of labial palpomere iii

	Epipharynx
	
	1
	1
	1
	

	M. clypeopalatalis
	0ci1
	＋
	＋
	＋
	Dilatator of cibarium

	Hypopharynx
	
	1
	2
	2
	

	M. tentoriooralis
	0hy2
	－
	＋
	＋
	Dilator of oral

	M. craniohypopharyngalis
	0hy3
	＋
	－
	－
	Constrictor of oral

	M. oralis transversalis dorsalis
	0hy9
	－
	＋
	＋
	Connection of oral arms

	Pharynx
	
	10
	10
	10
	

	M. frontobuccalis anterior
	0bu2
	＋
	＋
	＋
	Dilator of pharynx

	M. frontobuccalis posterior
	0bu3
	＋
	＋
	＋
	Dilator of pharynx

	M. tentoriobuccalis lateralis posterior
	0bu4
	＋
	＋
	＋
	Retractor of pharynx

	M. tentoriobuccalis anterior
	0bu5
	＋
	＋
	＋
	Dilator of pharynx

	M. tentoriobuccalis posterior
	0bu6
	＋
	＋
	＋
	Dilator of pharynx

	M. verticopharyngealis
	0ph1
	＋
	＋
	＋
	Dilator of pharynx

	M. tentoriopharyngealis
	0ph2
	＋
	＋
	＋
	Dilator of pharynx

	M. postoccipitopharyngalis
	0ph3
	＋
	＋
	＋
	Dilator of pharynx

	M. annularis stomodaei
	0st1
	＋
	＋
	＋
	Constrictor of the pharynx

	M. longitudinalis stomodaei
	0st2
	＋
	＋
	＋
	Constrictor of the pharynx



Table S5. Presumed homologies of the cephalic muscles of Protohermes xanthodes Navás, 1914 with muscles reported in literatures: Chrysopa pallens [2], Osmylus fulvicephalus [3], Nevrorthus apatelios [4], Sisyra terminalis [5], Coniopteryx pygmaea [6], Ithone sp. [7], Neohermes sp. [8]. Terminology follows Wipfler et al. [9]. “＋” = present，“－” = absent.

	Muscle name
	Abb.
	P.  xanthodes (present) study)
	Chrysopa pallens
	Osmylus fulvicephalus
	Nevrorthus apatelios
	Sisyra terminalis
	Coniopteryx pygmaea
	Ithone sp.
	Neohermes sp.

	Labrum
	
	
	
	
	
	
	
	
	

	M. frontolabralis
	0lb1
	＋
	＋
	＋
	＋
	＋
	－
	－
	＋

	M. frontoepipharyngalis
	0lb2
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. labralis transversalis
	0lb4
	＋
	＋
	－
	－
	－
	－
	－
	－

	Antenna
	
	
	
	
	
	
	
	
	

	M. tentorioscapalis anterior
	0an1
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentorioscapalis posterior
	0an2
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentorioscapalis lateralis
	0an3
	＋
	－
	－
	－
	－
	＋
	＋
	－

	M. tentorioscapalis medialis
	0an4
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. scapopedicellarislateralis
	0an6
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. scapopedicellarismedialis
	0an7
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. scapopedicellaris posterior
	0an9
	－
	＋
	－
	＋
	＋
	＋
	－
	－

	M. scapopedicellaris anterior
	0an10
	－
	＋
	－
	＋
	＋
	＋
	－
	－

	Mandible
	
	
	
	
	
	
	
	
	

	M. craniomandibularis internus
	0md1
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. craniomandibularis externus posterior
	0md3
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. hypopharyngomandibularis
	0md4
	－
	＋
	－
	－
	－
	－
	－
	－

	M. tentoriomandibularis lateralis inferior
	0md6
	－
	＋
	＋
	＋
	＋
	＋
	－
	－

	M. tentoriomandibularis medialis inferior
	0md8
	－
	＋
	－
	＋
	＋
	－
	－
	－

	Maxilla
	
	
	
	
	
	
	
	
	

	M. craniocardinalis
	0mx1
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. craniolacinialis
	0mx2
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentoriocardinalis
	0mx3
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentoriostipitalis anterior
	0mx4
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentoriostipitalis posterior
	0mx5
	＋
	＋
	＋
	－
	＋
	－
	＋
	－

	M. stipitolacinialis
	0mx6
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. stipitogalealis
	0mx7
	－
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. stipitopalpalis externus
	0mx8
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. stipitopalpalis medialis
	0mx9
	－
	－
	－
	－
	＋
	－
	－
	－

	M. stipitopalpalis internus
	0mx10
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. stipitalis transversalis
	0mx11
	＋
	－
	－
	＋
	－
	－
	－
	－

	M. palpopalpalismaxillae primus
	0mx12
	－
	＋
	＋
	＋
	＋
	＋
	－
	－

	M. palpopalpalismaxillae secundus
	0mx13
	－
	＋
	＋
	－
	－
	－
	－
	－

	M. palpopalpalismaxillae tertius
	0mx14
	－
	＋
	＋
	＋
	＋
	＋
	－
	－

	M. palpopalpalismaxillae quartus
	0mx15
	－
	＋
	＋
	＋
	－
	＋
	－
	－

	intrinsic muscle of maxillary stylet
	Imms
	－
	＋
	－
	－
	－
	－
	＋
	－

	Labium
	
	
	
	
	
	
	
	
	

	M. tentoriopraementalis
	0la5
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	[bookmark: _Hlk160141291]M. tentorioparaglossalis
	0la6
	＋
	－
	－
	－
	－
	－
	－
	－

	M. submentopraementalis
	0la8
	＋
	＋
	＋
	－
	－
	＋
	－
	＋

	M. submentomentalis
	0la10
	－
	－
	－
	＋
	＋
	＋
	－
	－

	M. praementoparaglossalis
	0la11
	＋
	－
	－
	－
	－
	－
	－
	－

	M. praementoglossalis
	0la12
	＋
	－
	－
	－
	－
	－
	－
	－

	M. praementopalpalis internus
	0la13
	－
	＋
	＋
	－
	＋
	＋
	－
	－

	M. praementopalpalis externus
	0la14
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. palpopalpalis labii primus
	0la16
	－
	＋
	＋
	＋
	＋
	＋
	－
	－

	M. palpopalpalis labii secundus
	0la17
	－
	＋
	＋
	＋
	＋
	＋
	＋
	－

	Epipharynx
	
	
	
	
	
	
	
	
	

	M. clypeopalatalis
	0ci1
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. clypeobuccalis
	0bu1
	－
	＋
	＋
	＋
	＋
	＋
	＋
	－

	Hypopharynx
	
	
	
	
	
	
	
	
	

	M. frontooralis
	0hy1
	－
	＋
	＋
	＋
	＋
	－
	＋
	＋

	M. tentoriooralis
	0hy2
	＋
	＋
	－
	＋
	＋
	－
	＋
	＋

	M. craniohypopharyngealis
	0hy3
	－
	－
	＋
	＋
	＋
	＋
	－
	－

	M. tentoriosuspensorialis
	0hy5
	－
	－
	－
	－
	－
	＋
	－
	－

	M. praementosalivaris anterior
	0hy7
	－
	－
	－
	＋
	＋
	＋
	＋
	＋

	[bookmark: _Hlk160135908]M. praementosalivaris posterior
	[bookmark: _Hlk160135920]0hy8
	－
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. oralis transversalis
	0hy9
	＋
	＋
	－
	＋
	＋
	＋
	－
	－

	M. hypopharyngosalivaris
	0hy12
	－
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. ductus salivarii
	0hy15
	－
	－
	－
	－
	＋
	－
	－
	－

	M. oralis transversalis ventralis
	0hy16
	－
	－
	－
	＋
	＋
	＋
	－
	－

	Pharynx
	
	
	
	
	
	
	
	
	

	M. frontobuccalis anterior
	0bu2
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. frontobuccalis posterior
	0bu3
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. tentoriobuccalis lateralis posterior
	0bu4
	＋
	＋
	－
	＋
	＋
	－
	－
	－

	M. tentoriobuccalis anterior
	0bu5
	＋
	＋
	＋
	＋
	＋
	＋
	－
	＋

	M. tentoriobuccalis posterior
	0bu6
	＋
	＋
	＋
	＋
	＋
	＋
	＋
	＋

	M. verticopharyngealis
	0ph1
	＋
	＋
	＋
	＋
	＋
	－
	＋
	＋

	M. tentoriopharyngealis
	0ph2
	＋
	＋
	＋
	＋
	＋
	－
	＋
	＋

	M. postoccipitopharyngealis
	0ph3
	＋
	－
	－
	－
	－
	－
	－
	－

	M. annularis stomodaei
	0st1
	＋
	＋
	?
	＋
	＋
	＋
	?
	－

	M. longitudinalis stomodaei
	0st2
	＋
	＋
	?
	＋
	＋
	＋
	?
	－
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4. Randolf S, Zimmermann D, Aspöck U. Head anatomy of adult Nevrorthus apatelios and basal splitting events in Neuroptera (Neuroptera: Nevrorthidae). Arthropod Syst Phylo. 2014;72:111–36.
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