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Supplementary Discussion 

 

A. Combined morphological and molecular results 

In leaf insects (Phylliidae), it has proven difficult to base a phylogenetic hypothesis on morphology alone 

as morphological comparisons of one feature may link genera upon preliminary review, but as soon as 

a different feature is considered, different genera appear to be more prominently linked. Although the 

intergeneric relationships recovered by our molecular analysis when compared with morphological 

evaluations do thus not readily agree, we have found strong association of intrageneric molecular and 

morphological agreement within multiple clades. Hence, morphological characters substantiate the 

placement of species within the distinct clades (genera) as recovered by molecular analysis (see 

Supplementary Note 1 below for features, which clearly distinguish genera from each other) as well as 

in several instances the clearly supported interspecies relationships. 

One reoccurring example is the relationship between species from Borneo and Palawan (yellow in 

Figures 5, 6). Two independent Phyllium clades have been found to be linked to this region where the 

resulting species have maintained morphological similarity despite notable molecular distances. One 

clade is comprised of Ph. gantungense (Palawan), Ph. arthurchungi (Borneo) and Ph. cummingi 

(Borneo), which exhibits a unique egg shape, distinct from all other phylliids, as the lateral surface is 

marked by eight prominent pits arranged in a two by four pattern. Adult morphology has also been 

relatively maintained as these species have males with distinctly long tegmina and both sexes have 

broad boxy abdominal shapes with the lobes on the terminal segments variable1. Interestingly, the 

Palawan clade females have conspicuous black coxae markings (a somewhat rare feature within the 

phylliids) versus their Bornean counterparts, which are the more common orange. Another clade from 

this area is formed by Ph. palawanense (Palawan) and Ph. chenqiae (Borneo). Although they seem to 

have diverged ~15 mya (Figure 5) they are morphologically unique with small sized and strongly tapered 

bodies and both sexes with the granulation along the prescutum filling the prescutum surface (which is 

uncommon as most phylliids have the granulation/spines along the sagittal plane).  

Wallacea also presents a set of Phyllium species, which are morphologically well-linked and were 

recovered as one distinct clade in our analyses: Ph. siccifolium (Ambon, Buru, Seram), Ph. 

mamasaense (Sulawesi) and Ph. letiranti (Peleng, Sanana). The former two also share the black 

colouration of the coxae but are geographically separated by Weber’s Line2, and thus can be easily 

distinguished from Ph. letiranti, which is found with Ph. mamasaense west of the line. The general 

morphology of these three species all matches well with similar broad abdominal shapes, mesopleurae 

that are armed with prominent tubercle-like spines and prominently rounded, broad exterior profemoral 

lobes. Additionally, it is also known that Ph. siccifolium and Ph. letiranti show high intraspecific variety 

in regard to overall body colouration, often found as green, yellow or brown, whereas we can only 

speculate that this is also true for the poorly known Ph. mamasaense.  

A final clear example to bring forward linkage of morphological and molecular results is the Phyllium 

clade consisting of Ph. hausleithneri (West Malaysia), Ph. nisus (Sumatra), Ph. gardabagusi (Java) and 

Ph. jacobsoni (Java). Before these four species were revealed to be distinct lineages3, they had been 

considered as only two (based on white and purple coxae colouration) with a wide geographic 

distribution, significant intraspecific morphological variation found in all populations such as abdominal 

shapes ranging from smooth to strongly lobed4. Interestingly, the two species that occur sympatrically 

have differing coxae colouration: purple in Ph. gardabagusi and white in Ph. jacobsoni. The recurrent 

occurrence of closely related Phyllium species with similar overall morphology but distinctly differing 

coxae colouration (particularly in sympatry or geographically close areas) leads us to wonder if coxae 

colouration plays a role in sexual selection. However, Cumming et al.3 had already hypothesised that 

these colourful displays might be a defensive strategy and possibly part of a startle display. 



B. Generic differentiation of Phylliidae 

Traditionally, Phylliidae contained only few genera with single species thought to inhabit thousands of 

kilometres of diverse habitat and span across seas5,6. Newly recognised taxa were described as 

subgenera rather than given full genus rank, a tendency that likely originated with Griffini7, who 

described Pulchriphyllium as a subgenus of Phyllium despite the morphological disparity. More recently, 

extensive morphological studies started to illuminate the largely underestimated phylliid diversity, and 

yet, were still influenced by the traditional low-genera diversity mentality, which resulted in an 

overinflated Phyllium with numerous subgroupings8–10. These morphologically distinguishable 

subgroups were found to correspond to monophyletic clades in our molecular analysis, however, as 

drastically unrelated groups that demonstrated Phyllium as a paraphyletic lineage. 

Based on our molecular phylogeny (Figure 2), two taxonomic options for a reclassification within the 

phylliids were considered. One option was to follow the historic view based upon the oldest recognised 

genera Phyllium, Chitoniscus and Nanophyllium, and to treat them as vastly diverse with many 

morphologically distinct subgenera within them. In contrast to past authors who believed Phylliidae to 

be a species-poor taxon (e.g., <20 species5), we now know that species diversity had in fact been highly 

underestimated due to overestimation of ranges, cryptic species diversity and a high amount of 

endemism in relation to isolated islands or along gradients of elevation. With over 100 species at present 

and increasing significantly every year, the number of described species has doubled in less than a 

decade11,12. Consequently, we chose to emphasise on the diversity of these lineages and aimed to 

clarify some of the taxonomic confusion within Phylliidae: With the inclusion of the nominate Phyllium 

type species Ph. siccifolium (Linnaeus, 1758) as well as the type species of all Phyllium subgenera in 

our molecular analysis, we were able to confidently render Phyllium monophyletic by elevating its well-

supported subgenera to independent genera and thus reflecting their uniqueness from Phyllium sensu 

stricto. 

The elevation to full genus rank of the three monophyletic clades, namely, Pulchriphyllium Griffini, 1898 

stat. rev., Comptaphyllium Cumming et al., 2019 stat. rev. and Walaphyllium Cumming et al., 2020 

stat. rev., created numerous novel binomial combinations (see Supplementary Data 1, 2) and an 

overview of the differentiation of all phylliid genera is given below (Supplementary Note 1). For a more 

detailed discussion on the morphological uniqueness of the newly elevated genera, please refer to 

Cumming et al.9 for Comptaphyllium, Cumming et al.10 for Walaphyllium, and Hennemann et al.8 for a 

morphological review of Pulchriphyllium.  

 

C. Additional taxonomic acts 

In addition to the elevation of the Phyllium subgenera, the results of our analyses and the review of all 

relevant morphological studies allowed us to make some other significant taxonomic changes. Phyllium 

brevipenne Grösser, 1992, which was believed to belong to Pulchriphyllium, was recovered within the 

Nanophyllium clade. Further review of morphology confirmed that features such as the width/length ratio 

of the thorax and two lobed posteriomedial tubercle on the head capsule agree with this placement. 

Therefore, the new binomial is Nanophyllium brevipenne (Grösser, 1992) comb. nov. Within the true 

Pulchriphyllium, the Sri Lankan population was recovered as a full species, not a synonym or a 

subspecies of Pu. bioculatum (Gray, 1832). Therefore, this population is returned to its original status 

as a species, but is now contained within Pulchriphyllium stat. rev., therefore the new binomial is 

Pulchriphyllium agathyrsus (Gray, 1843) stat. rev., comb. nov. Future studies will need to sample the 

other populations of Pu. bioculatum to clarify their statuses as subspecies or full species. 

Several surprises revealed themselves within the clade comprising Microphyllium Zompro, 2001 and 

Pseudomicrophyllium Cumming, 2017, but subsequent morphological review appeared to further 

substantiate the molecular results. First, Pseudomicrophyllium faulkneri Cumming, 2017 was unveiled 

as the male counterpart to Microphyllium pusillulum Rehn & Rehn, 1934, which prompted us to further 

review the validity of the two genera. While male Microphyllium have antennae, which are about as long 

as their extended forelegs and are composed of short bead-like segments, and profemoral interior lobes 



that are narrow and marked with three distinct teeth, Pseudomicrophyllium males exhibit the more typical 

phylliid antennae that are long and thin and profemoral interior lobes reduced to only a single anterior 

spine. Female Microphyllium, whose gonapophyses are notably short (only slightly protruding from 

under the subgenital plate), have the middle most spine along the prescutum as the largest spine with 

the posterior most spine highly reduced. In contrast, Pseudomicrophyllium females have gonapophyses 

that are long (reaching to the apex of the anal abdominal segment) and their posterior most spine of the 

prescutum is the most prominent. In consideration of these significantly differing morphologies and a 

relatively old divergence time for the split of Microphyllium and Pseudomicrophyllium, we have decided 

to treat the two genera as independent instead of merging them. This implies that even though Ps. 

faulkneri is a synonym of M. pusillulum, this species is transferred from Microphyllium to form the new 

binomial Pseudomicrophyllium pusillulum (Rehn & Rehn, 1934) comb. nov. (now known from both male 

and female specimens). This leaves only M. spinithorax Zompro, 2001 and M. haskelli Cumming, 2017 

within Microphyllium sensu stricto. The other surprising finding among Pseudomicrophyllium was that 

Phyllium geryon Gray, 1843 was recovered as sister to Ps. pusillulum. Interestingly, these two sister 

species are significantly different in size, but when size is ignored, the features of the thorax and genitalia 

place this species unambiguously within Pseudomicrophyllium. We additionally reviewed the little-

known eggs of this genus. One live female of Ps. pusillulum was collected by Thierry Heitzmann in 2010 

and was kept alive for a few days to lay eggs. Interestingly, these eggs were small and spherical and 

thus quite unique for Phylliidae. When we dissected the female geryon specimen that was used for the 

molecular analysis, we found that her eggs were in fact matching the egg morphology of Ps. pusillulum. 

Therefore, based on both molecular and morphological evidence, Phyllium geryon is transferred to 

create the novel binomial Pseudomicrophyllium geryon (Gray, 1843) comb. nov. This leaves both of 

these rarely collected and morphologically quite unique genera with two species each, but we are aware 

of several additional records from throughout the Philippines in need of further review in order to further 

understand this clade’s diversity.  

As was found in other past studies13–16, Chitoniscus Stål, 1875 was recovered as paraphyletic, but our 

sampling of this poorly known group lacked a confidently identified specimen of the Chitoniscus type 

species Ch. lobiventris Blanchard, 1853 and our overall taxon sampling was limited/based upon 

immature specimens which could not be identified to species. Therefore, a taxonomic adjustment of this 

group must be withheld at this time until more sampling can be done to clarify the species of this region.   



Supplementary Note 1 

 

List and differentiation of phylliid genera 

 

 

Phyllium Illiger, 1798 

Type species: Gryllus siccifolius Linnaeus, 1758 (= Phyllium siccifolium (Linnaeus, 1758)) by original 

monotypy  

Differentiation:  

Female: Tegmina with media and cubitus veins distinctly separated with several vein widths 

distance between them throughout the length, not touching; prescutum which is the same width 

as length, or notably longer than wide; tegmina cubitus venation simple (unsplit) or bifurcate 

(into an anterior cubitus (CuA) and posterior cubitus (CuP1) only); tibiae lacking exterior lobes; 

mesopleura anterior the same width as the anterior of the prescutum, not notably broader. 

Male: Tibiae lacking exterior lobes; profemoral interior lobe broader than the exterior lobe; 

mesopleura anterior the same width as the anterior of the prescutum, not notably broader. 

Egg: Surface with pinnae (rope- or feather-like); operculum with pinnae encircling the margin, 

not along the sagittal plane.  

Fresh Nymph: Base colouration typically black or dark brown; occasionally reddish colouration 

as the base colour on the femora; pro-, meso-, metafemora typically with a white or yellow stripe 

fully or partially crossing the leg; abdomen can have some green colouration on the margins 

throughout, or typically is mostly black/brown.  

 

 

Pulchriphyllium Griffini, 1898 

Pulchriphyllium Griffini, 1898 stat. nov., raised to genus rank. 

Type species: Phyllium pulchrifolium Audinet-Serville, 1838 (= Pulchriphyllium pulchrifolium (Audinet-

Serville, 1838)) by original designation 

Differentiation:  

Female: Tegmina cubitus venation simple (unsplit) or bifurcate (into an anterior cubitus (CuA) 

and posterior cubitus (CuP1) only); tegmina with media and cubitus veins running side by side 

and touching throughout the majority of their length; tibiae with well-developed exterior lobes; 

prescutum which is the same width as length, or notably longer than wide; terminal antennomere 

as long as the preceding one or two segments combined.  

Male: Alae radial sector, media anterior, and media posterior veins fusing to the cubitus at 

different locations along the vein and running together to the wing margin; vomer with a single 

apical hook; protibiae always with a fully developed interior lobe; meso- and metatibiae exteriors 

with fully developed lobes.  

Egg: Lacks pinnae; surface brittle/stiffly spongey; Lateral margins fanned out into distinct fins 

with an operculum which is typically longer than wide (but not always), or if the capsule fins are 

reduced (not prominently protruding), the egg in cross-section is distinctly triangular (not 

pentagonal or rectangular), with the dorsal surface notable broader than the other surfaces.  

Fresh Nymph: Exterior profemoral lobe prominent; meso- and metatibiae with notable exterior 

lobes; abdomen broad (abdominal length less than two times the width); overall colouration red, 

brown, orange.  



 

Walaphyllium Cumming, Thurman, Youngdale & Le Tirant 2020 

Walaphyllium Cumming, Thurman, Youngdale & Le Tirant, 2020 stat. nov., raised to genus rank. 

Type species: Phyllium zomproi Grösser, 2001 (=Walaphyllium zomproi (Grösser, 2001)) by original 

designation 

Differentiation:  

Female: Tegmina venation with the posterior cubitus split into an anterior cubitus (CuA), first 

posterior cubitus (CuP1), and second posterior cubitus (CuP2); tibiae lacking exterior lobes; 

fourth antennal segment about as long as the following segment individually, not short disk-like; 

lack developed alae.  

Male: Abdominal shape rectangular, with segments V and VI with fully parallel-sided margins 

(segments IV and VII with only half parallel-sided and the remainder curved); tegmina media 

vein with an anterior media vein (MA) and two posterior media veins (MP1 and MP2); vomer 

with a single apical hook 

Egg: Capsule lacking pinnae, instead with a brittle sponge-textured surface and the operculum 

conically raised. 

Fresh Nymph: (Only known for monteithi) Slender legs and abdomen; base colouration brown, 

front legs orange, margins of anterior abdominal segments mint green; white striping on the 

meso- and metafemoral lobes. 

 

 

Comptaphyllium Cumming, Le Tirant & Hennemann, 2019 

Comptaphyllium Cumming, Le Tirant & Hennemann, 2019 stat. nov., raised to genus rank. 

Type species: Phyllium caudatum Redtenbacher, 1906 (=Comptaphyllium caudatum (Redtenbacher, 

1906)) by original designation 

Differentiation:  

Female: Protibial interior lobe not reaching from end to end of the shaft, only restricted to the 

proximal half to two-thirds but never more; head capsule with clearly defined nodes arranged in 

evenly spaced patterns; anterior rim of the prescutum with a large prominent spine; prosternum 

with a prominent swelling with a granular surface; antennae which are long and slender (apical 

antennomere IX as long as or longer than the proceeding three segments combined); alae which 

are small but present (5-10 mm in length); mesopleura which have four of five short rounded 

tubercles; terminal segments of the abdomen always significantly tapered more than the 

preceding segments giving the abdomen a clear spade shaped appearance.  

Male: Protibial interior lobe not reaching from end to end of the shaft, only restricted to the 

proximal half to two-thirds but never more; head capsule with clearly defined nodes arranged in 

evenly spaced patterns; anterior rim of the prescutum with a large prominent spine; prosternum 

with a prominent swelling with a granular surface; abdomen long and narrow (only about 30% 

as wide as long); mesopleura with five well defined spines; tegmina short, only reaching the 

anterior margin of abdominal segment III.  

Egg: With long frill like pinnae along the lateral margins on three margins giving the egg a 

triangular cross-section; operculum with a medial row of pinnae along the sagittal plane, not 

pinnae encircling the margin of the operculum.  

Fresh Nymph: (Only known for caudatum) Slender legs and abdomen; base colouration brown 

throughout; metafemoral lobes with a prominent lime-green stripe.  

  



Cryptophyllium Cumming, Bank, Bresseel, Constant, Le Tirant, Dong, Sonet & Bradler, 2021 

Type Species: Phyllium celebicum de Haan, 1842 (=Cryptophyllium celebicum (de Haan, 1842)) by 

original designation 

Differentiation:  

Female: Antennae with nine segments of which the fourth antennal segment is short and disk-

like; can have highly reduced alae (rare) or more commonly decently developed alae which can 

be half to almost the same length as the tegmina; interior tibial lobes present on the protibiae 

and some species either have full exterior meso-, and metatibial exterior lobes; lobes on the 

pro-, meso-, and metatibial exterior, which are small and reduced to the distal end only; or have 

meso-, and metatibiae, which are completely devoid of exterior lobes.  

Male: Vomer with two apical hooks; prescutum longer than wide; interior tibial lobes on the 

protibiae and some species either have full exterior meso-, and metatibial exterior lobes; lobes 

on the pro-, meso-, and metati- bial exterior, which are small and reduced to the distal end only; 

or have meso-, and metatibiae, which are completely devoid of exterior lobes.  

Egg: Without strongly formed lateral fins; instead, the eggs are rather boxy in appearance with 

relatively straight margins and short moss-like pinnae on most surfaces; the egg operculum is 

conically raised and shares a similar surface texture to the overall egg with short moss-like 

pinnae throughout, but typically with slightly longer pinnae along the margins of the operculum.  

Fresh Nymph: The exterior profemora with a distinct lobe; typically the body has brown, black, 

or red base colouration; meso- and metafemoral lobes typically with a white stripe crossing, 

occasionally the profemoral also has a white stripe; abdominal segments II-IV typically with 

prominent green spots.  

 

 

Microphyllium Zompro, 2001 

Type Species: Microphyllium spinithorax Zompro, 2001 by original designation 

Differentiation:  

Female: Middle most spine along the prescutum is the largest spine and the posterior most 

spine is highly reduced; gonapophyses notably short, only slightly protruding from under the 

subgenital plate; third antennomere lacking stridulantory file. 

Male: Antennae which are about as long as extended forelegs and are composed of short bead-

like segments; profemoral interior lobes which are narrow and marked with three distinct teeth; 

less than 30 mm long. 

Egg: Unknown.  

Fresh Nymph: Unknown. 

 

Pseudomicrophyllium Cumming, 2017 

Type Species: Pseudomicrophyllium faulkneri Cumming, 2017 (= Phyllium pusillulum Rehn & Rehn, 

1934, = Pseudomicrophyllium pusillulum (Rehn & Rehn, 1934)) by original designation 

Differentiation:  

Female: Posterior most spine of the prescutum is the most prominent; gonapophyses which are 

long, reaching to the apex of the anal abdominal segment. 

Male: Antennae which are long and thin; profemoral interior lobes reduced to only a single 

anterior spine; less than 30 mm long. 

Egg: Small and spherical; no pinnae.  

Fresh Nymph: Unknown. 



Chitoniscus Stål, 1875 

Type Species: Phyllium lobiventre Blanchard, 1853 (=Chitoniscus lobiventris (Blanchard, 1853)) by 

original monotypy 

Differentiation:  

Female: Protibial interior lobes variable, can be absent, only on the proximal half, or well 

developed; tegmina with media and cubitus veins running side by side, touching throughout the 

majority of their lengths or fused throughout most of their length. 

Male: Prescutum stout, ca. 2× as wide as long; protibial interior lobes variable, can be absent, 

only on the proximal half, or well-developed. 

Egg: Lack pinnae; rectangular eggs; surface with granulation/sparse pitting.  

Fresh Nymph: (Only known for sarrameaensis) body and legs slender; base colouration brown; 

white striping on the meso- and metafemoral lobes, not fully crossing the leg (mostly just on the 

exterior lobe and femoral shaft); margins of abdominal segments II-IV with lime-green 

colouration.  

 

 

Nanophyllium Redtenbacher, 1906  

Type Species: Nanophyllium pygmaeum Redtenbacher, 1906 by original monotypy 

Differentiation:  

Female: Antennae with nine or ten segments; posteriormedial tubercle of the head capsule split 

into two points; mesopleura on their anterior end are notably wider than the prescutum anterior 

width; mesopleura always with prominent tubercles.  

Male: Profemoral interior lobe, in both species groups with most often three small teeth; 

posteromedial tubercle of the head capsule split into two points; mesopleura on their anterior 

end are moderately wider than the prescutum anterior width; tegmina short, length never 

exceeding the posterior of the metathorax; alae radius splits into the first radial and the radial 

sector on the distal half of the wing and these two veins run separately to the wing margin 

without fusing to others; vomer long and slender with a single apical hook  

Egg: Perfectly pentagonal in cross-section; no pinnae.  

Fresh Nymph: (Only known for asekiense) slender abdomen; tibiae simple, but femoral lobes 

are more prominently formed with sharp margins; white striping on the meso- and metafemoral 

lobes, not fully crossing the leg (mostly just on the exterior lobe and femoral shaft); Abdominal 

segments II-IV with prominent green spots.   



Supplementary Note 2 

 

Keys to Phylliidae genera (adapted from Cumming et al.12) 

 

Key to females  

 

1 Posteriormedial tubercle of the head capsule split into two lobes…………………………………………... 

………………………………………………………………………….Nanophyllium Redtenbacher, 1906 

– Posteriormedial tubercle of the head capsule singular, not split into two lobes…….....………………….2 
 

2 Tegmina venation with the posterior cubitus split into an anterior cubitus (CuA), first posterior cubitus 

(CuP1), and second posterior cubitus (CuP2)…………………….Walaphyllium Cumming et al., 2020  

– Tegmina cubitus venation simple (unsplit) or bifurcate (into an anterior cubitus (CuA) and posterior 

cubitus (CuP1) only)..............................................................................................................................3  
 

3 Pro-, meso-, and metatibiae exterior with lobes; and tegmina with media and cubitus veins running 

side by side, touching throughout the majority of their lengths................Pulchriphyllium Griffini, 1898  

– Pro-, meso-, and meatibiae simple, lacking exterior lobes (in most, but if exterior lobes are present 

partially only on the distal portion or very rarely fully spanning the shaft) then the tegmina media and 

cubitus veins are distinctly separated with several vein width distances between them throughout the 

length, not touching……………………..................................................................................................4 
 

4 Prescutum spination along the sagittal plane with the middle or posterior spine most prominent, the 

anterior most is never most prominent……………………………………………………………………….5 

– Prescutum sagittal plane either with: the spine on the anterior rim most prominent, a distinct anterior 

rim followed by granulation, or with spination of equal size from the anterior to the 

posterior……………………………………………………...……..……….................................................6 
 

5 Posterior most spine of the prescutum is the most prominent; gonapophyses which are long, reaching 

to the apex of the anal abdominal segment; third antennomere with stridulantory file………….………… 

…....………………………………………….……………………Pseudomicrophyllium Cumming, 2017 

– Middle most spine along the prescutum is the largest spine and the posterior most spine is highly 

reduced; gonapophyses notably short, only slightly protruding from under the subgenital plate; third 

antennomere lacking stridulantory file….………………………………….Microphyllium Zompro, 2001  
 

6 Terminal antennomere as long as the preceding three to five segments combined………………………. 

………….………………………………………………………….Comptaphyllium Cumming et al., 2019 

– Terminal antennomere as long as the preceding one or two segments combined.................................7 
 

7 Tegmina with media and cubitus veins running side by side, touching throughout the majority of their 

lengths or fused throughout most of their length…..……………………………...Chitoniscus Stål, 1875 

– Tegmina with media and cubitus veins with significant spacing between them (several vein widths 

away) not touching…………………………………...….…………….….……………………………………8 
    

8 Third antennomere with the proximal end broad and often slightly recurved, making the segment a 

similar width throughout, or broader on the proximal end; fourth antennomere short and disk-like at 

least 3× wider than long and notably shorter than any of the following three segments, or rarely a 

similar length to the following segment, but still at least 2× as wide as long……………………………… 

.................................................................................................Cryptophyllium Cumming et al., 2021 

– Third antennomere narrowest on the proximal end, broadening to the distal end; fourth antennomere 

typically as tall as wide and of a similar height to each of the following three segments length, not 

notably shorter.....................................................................................................Phyllium Illiger, 1798   



Key to males  

1 Posteriormedial tubercle of the head capsule split into two lobes…………….………………………... 

………………………………………………………..……..…………Nanophyllium Redtenbacher, 1906 

– Posteriormedial tubercle of the head capsule singular, not split into two lobes……….………………….2 

 

2 Small (< 30.0 mm in length); protibiae lacking an interior lobe; restricted to the Philippines…................3  

– Medium to large (35.0 mm to > 80.0 mm); protibiae almost always with a half to fully developed interior 

lobe, or rarely highly reduced to a sliver on the proximal half only…………………………………………4  

 

3 Antennae short (only ca. the length of the outstretched front legs), with bead-like antennomeres that 

are no more than 2× longer than they are wide; profemoral interior lobes which are narrow and marked 

with three distinct teeth………….............................................................Microphyllium Zompro, 2001  

– Antennae notably longer than the outstretched front legs, with antennomeres 4–5× longer than wide; 

profemoral interior lobes reduced to only a single anterior spine………………………………….……… 

...............................................................................................Pseudomicrophyllium Cumming, 2017  

 

4 Prescutum stout, ca. 2× as wide as long……………….......................................Chitoniscus Stål, 1875 

– Prescutum as long as wide or notably longer than wide……………....................................................5  

 

5 Vomer with two apical hooks…………………............................Cryptophyllium Cumming et al., 2021 

 – Vomer with a single apical hook............................................................................................................6  

 

6 Alae radial sector, media anterior, and media posterior veins fusing to the cubitus at different locations 

along the vein and running together to the wing margin………...............Pulchriphyllium Griffini, 1898  

– Alae radial sector, media anterior, and media posterior not fusing with the cubitus………………..........7  

 

7 Tegmina media vein splits into the anterior media vein (MA) and posterior media vein (MP) very early 

on, immediately or at most 1/4 of the way through the wing length and they run unbranched and 

subparallel through the wing length; protibial interior lobe not reaching from end to end of the shaft, 

only restricted to the proximal 1⁄2 to 2⁄3 but never more; a head capsule with clearly defined nodes 

arranged in evenly spaced patterns........................................Comptaphyllium Cumming et al., 2019  

– Tegmina media vein running unbranched for the first 1⁄3 to 2⁄5 of the wing length, and then branching 

with either a single short media posterior running to the wing margin or two short media posteriors 

branching from the notably longer media anterior and running to the margin; protibial interior lobe 

variable, either fully spanning the full length or only 1⁄2 of the length; head capsule at most with random 

granulation but frequently bare..............................................................................................................8  

 

8 Abdominal shape rectangular, with segments V and VI with fully parallel-sided margins (segments IV 

and VII with only half parallel-sided and the remainder curved)………………………………………......... 

.....................................................................................................Walaphyllium Cumming et al., 2020  

– Abdominal shape variable, either spade-shaped (with the margins of V parallel or strongly converging 

and segment VI strongly converging), ovular (with margins expanding and then contracting, no 

segments parallel-sided), thin and slender with converging margins, bell-shaped (with margins 

expanding until segment VI then strongly converging) or boxy with only segment V parallel-sided 

(segments IV and VI only partially parallel-sided, the remainder rounded………......................... 

.............................................................................................................................Phyllium Illiger, 1798  

  



Key to eggs  

Unknown for Microphyllium Zompro, 2001  

 

1 Surface lacking pinnae, instead porous and brittle, or granular………...................................................2  

– Surface with pinnae (moss, rope, or feather-like)...................................................................................6  
 

2 Capsule longer than wide, with flat surfaces…………………………………………………………………3 

– Capsule spherical, no flat surfaces………..............................Pseudomicrophyllium Cumming, 2017 
 

3 Pentagonal in cross-section with all surfaces equally wide……….Nanophyllium Redtenbacher, 1906 

– Cross-section with lateral surfaces or dorsal surface notably broader than others, not perfectly 

pentagonal in cross-section…………………………………………………………………………………...4 
 

4 Lateral margins fanned out into distinct fins with an operculum which is typically longer than wide (but 

not always), or if the capsule fins are reduced (not prominently protruding), the egg in cross-section is 

distinctly triangular (not pentagonal or rectangular), with the dorsal surface notable broader than the 

other surfaces........................................................................................Pulchriphyllium Griffini, 1898  

– Capsule boxy and rectangular without distinct fins and the operculum is always notable wider than 

long (length ca. 1⁄2 the greatest width)..................................................................................................5  
 

5 Eggs medium to large, 5.0–7.0 mm long; Australia and New Guinea only………………………………… 

.....................................................................................................Walaphyllium Cumming et al., 2020  

– Eggs small, ca. 3.0 mm long; Fiji and New Caledonia only.................................Chitoniscus Stål, 1875  
 

6 Pinnae short and moss-like over the entire capsule...................Cryptophyllium Cumming et al., 2021  

– Pinnae long and feather or rope like......................................................................................................7  
 

7 Operculum with a row of pinnae along the sagittal plane, not pinnae encircling the margin of the 

operculum...............................................................................Comptaphyllium Cumming et al., 2019  

– Operculum with pinnae encircling the margin, not along the sagittal plane…………….................... 

.............................................................................................................................Phyllium Illiger, 1798  
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Supplementary Figure 1. The best-scoring ML tree (outgroup taxa to Figure 2) depicting the phylogenetic hypothesis for 
Euphasmatodea. The tree was rooting with Aschiphasmatidae and UFBoot support values are placed at each node. 
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Supplementary Figure 2. The best-scoring ML tree (as in Figure 2 and Supplementary Figure 1) with node support 
values derived from the Shimodaira-Hasegawa-like approximate likelihood ratio test (SH-aLRT).
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Supplementary Figure 3. The best-scoring ML tree (as in Figure 2 and Supplementary Figure 2) with 
nonparametric standard bootstrap (BS) node support values.
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Diapheromerinae
(incl. Cladomorphus)

Aschiphasmatidae

Heteropterygidae

Heteronemiinae

Agathemeridae

Pseudophasmatinae

Lonchodinae

Necrosciinae 
(incl. Korinninae)

Clitumnini

Medaurini

Gratidiini

Stephanacridini

Lanceocercata

Pharnaciini
(incl. Prosentoria)

Palophinae

Cladomorphinae
(excl. Cladomorphus)

Achriopterini

Anisacanthidae

Bacillinae

PHYLLIIDAE

Phyllium ericoriai 2

Phyllium sp. 3

Phyllium bourquei

Diapherodes jamaicensis

Phyllium ericoriai 3

Phobaeticus foliatus

Phyllium cummingi

Cryptophyllium yunnanense

Phyllium mindorense

Phyllium bonifacioi

Achrioptera punctipes

Ophicrania palinurus

Carlius fecundus

Tirachoidea westwoodii

Phyllium siccifolium

Phyllium mabantai

Cryptophyllium limogesi

Metriophasma diocles

Neoclides buescheri

Pulchriphyllium sp. 1

Chitoniscus brachysoma*

Microphyllium haskelli

Phyllium philippinicum*

Libethra strigiventris

Pulchriphyllium giganteum*

Phyllium fallorum

Nanophyllium brevipenne comb. nov.

Phyllium ericoriai 1

Lopaphus balteatus

Phyllium antonkozlovi

Melophasma antillarum

Phyllium philippinicum

Pulchriphyllium fredkugani comb. nov.

Heteropteryx dilatata

Phyllium sp. 1

Korinninae sp.

Orthomeria kangi

Cryptophyllium parum

Bactrododema hecticum

Paramenexenus laetus

Dajaca napolovi

Lobofemora scheirei

Cryptophyllium cf. drunganum

Comptaphyllium caudatum comb. nov.

Phyllium arthurchungi

Bacillinae sp. 1

Phyllium nisus

Pulchriphyllium sinense comb. nov.

Cryptophyllium daparo

Obrimus bicolanus

Hoploclonia gecko

Cryptophyllium celebicum

Cryptophyllium tibetense

Pulchriphyllium rimiae comb. nov.

Heteronemia mexicana

Nanophyllium sp.

Phyllium rubrum

Dimorphodes sp.

Pulchriphyllium pulchrifolium comb. nov.

Xerantherix nossibianus

Ramulus nematodes

Phyllium brossardi

Bacillinae sp. 3

Phyllium letiranti

Phyllium palawanense

Phyllium sp. 10

Pulchriphyllium shurei comb. nov.

Nanophyllium frondosum

Cryptophyllium faulkneri

Cryptophyllium oyae

Comptaphyllium caudatum comb. nov.

Pulchriphyllium mannani comb. nov.

Phyllium sp. 8

Aretaon muscosus

Oreophoetes topoense

Phyllium elegans

Pseudomicrophyllium geryon comb. nov.

Ommatopseudes harmani

Phyllium hausleithneri

Prosentoria sp.

Centrophasma hadrillum

Bathycharax auriculatus

Anisacantha difformis

Glawiana glawi

Heterophasma multispinosum

Nanophyllium rentzi

Phalces cf. brevis

Agathemera crassa

Pulchriphyllium abdulfatahi comb. nov.

Sceptrophasma hispidulum

Tithonophasma tithonus

Phyllium tobeloense

Phyllium sp. 6

Chitoniscus sarrameaensis

Nanophyllium asekiense

Phyllium gantungense

Agamemnon cornutus

Neohirasea unnoi

Chitoniscus sp.

Bactrododema hecticum

Cryptophyllium bankoi

Pharnacia ponderosa

Dinophasma kinabaluense

Orthomeria superba 

Cladomorphus phyllinus

Walaphyllium zomproi comb. nov.
Walaphyllium monteithi comb. nov.

Phyllium sp. 7

Pulchriphyllium giganteum comb. nov.

Pseudophasma scabriusculum

Macrophasma biroi

Pulchriphyllium cf. maethoraniae comb. nov.

Phyllium tobeloense

Pulchriphyllium agathyrsus comb. nov.

Anthericonia anketeschke

Pulchriphyllium sp. 2

Bacillinae sp. 2

Phyllium jacobsoni

Eurycantha calcarata

Brockphasma spinifemoralis

Pterinoxylus crassus

Cryptophyllium icarus

Calynda coronata

Cryptophyllium chrisangi

Cryptophyllium rarum

Phyllium cf. telnovi

Nanophyllium sp.*

Lonchodes philippinicus

Phyllium gardabagusi

Phyllium sp. 2

Leiophasma lucubense

Phasmotaenia sanchezi

Cuniculina sp.

Parapodacanthus hasenpushorum

Phyllium bradleri

Pseudomicrophyllium pusillulum comb. nov.

Parectatosoma hystrix

Phanocles costaricensis

Medauromorpha foedata

Macellina dentata

Amphiphasma sp.

Lamponius bocki

Chitoniscus feejeeanus*

Phyllium chenqiae

Phyllium mabantai

Cryptophyllium celebicum* 

Phyllium sp. 4

Cryptophyllium bollensi

Phyllium sp. 9

Phyllium sp. 5

Cryptophyllium echidna

Phyllium rubrum

Kalocorinnis wegneri

Pulchriphyllium pulchrifolium*

Pulchriphyllium bioculatum comb. nov.

Agathemera maculafulgens

Spinonemia chilensis

Pseudomicrophyllium pusillulum comb. nov.

Lopaphus perakensis

Cryptophyllium animatum

Periphetes quezonicus

Cryptophyllium phami

Haaniella gorochovi

Pulchriphyllium pulchrifolium

Creoxylus spinosus

Cryptophyllium westwoodii

Pulchriphyllium agnesagamaae comb. nov.

Phyllium mamasaense

Clonaria sp.

Supplementary Figure 4. The complete BI time tree (as partially used in Figure 5) based on the fossil calibration 
using Eophyllium messelense. The node on which the calibration was used is highlighted by a star. The 95% credibility 
intervals and nodal support of <1 PP is given at the node.



90 80 70 60 50 40 30 20 10 0 mya

PHYLLIIDAE
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Phyllium ericoriai 2

Phyllium sp. 3

Phyllium bourquei

Diapherodes jamaicensis

Phyllium ericoriai 3

Phobaeticus foliatus

Phyllium cummingi
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Achrioptera punctipes
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Nanophyllium brevipenne comb. nov.
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Phyllium antonkozlovi

Melophasma antillarum

Phyllium philippinicum

Pulchriphyllium fredkugani comb. nov.

Heteropteryx dilatata

Phyllium sp. 1

Korinninae sp.

Orthomeria kangi

Cryptophyllium parum

Bactrododema hecticum

Paramenexenus laetus

Dajaca napolovi

Lobofemora scheirei

Cryptophyllium cf. drunganum

Comptaphyllium caudatum comb. nov.

Phyllium arthurchungi

Bacillinae sp. 1

Phyllium nisus

Pulchriphyllium sinense comb. nov.

Cryptophyllium daparo

Obrimus bicolanus

Hoploclonia gecko

Cryptophyllium celebicum

Cryptophyllium tibetense

Pulchriphyllium rimiae comb. nov.

Heteronemia mexicana

Nanophyllium sp.

Phyllium rubrum

Dimorphodes sp.

Pulchriphyllium pulchrifolium comb. nov.

Xerantherix nossibianus

Ramulus nematodes

Phyllium brossardi

Bacillinae sp. 3

Phyllium letiranti

Phyllium palawanense

Phyllium sp. 10

Pulchriphyllium shurei comb. nov.

Nanophyllium frondosum

Cryptophyllium faulkneri

Cryptophyllium oyae

Comptaphyllium caudatum comb. nov.

Pulchriphyllium mannani comb. nov.

Phyllium sp. 8

Aretaon muscosus

Oreophoetes topoense

Phyllium elegans

Pseudomicrophyllium geryon comb. nov.

Ommatopseudes harmani

Phyllium hausleithneri

Prosentoria sp.

Centrophasma hadrillum

Bathycharax auriculatus

Anisacantha difformis

Glawiana glawi

Heterophasma multispinosum

Nanophyllium rentzi

Phalces cf. brevis

Agathemera crassa

Pulchriphyllium abdulfatahi comb. nov.

Sceptrophasma hispidulum

Tithonophasma tithonus

Phyllium tobeloense

Phyllium sp. 6

Chitoniscus sarrameaensis

Nanophyllium asekiense

Phyllium gantungense

Agamemnon cornutus

Neohirasea unnoi

Chitoniscus sp.

Bactrododema hecticum

Cryptophyllium bankoi

Pharnacia ponderosa

Dinophasma kinabaluense

Orthomeria superba 

Cladomorphus phyllinus

Walaphyllium zomproi comb. nov.
Walaphyllium monteithi comb. nov.

Phyllium sp. 7

Pulchriphyllium giganteum comb. nov.

Pseudophasma scabriusculum

Macrophasma biroi

Pulchriphyllium cf. maethoraniae comb. nov.

Phyllium tobeloense

Pulchriphyllium agathyrsus comb. nov.

Anthericonia anketeschke

Pulchriphyllium sp. 2

Bacillinae sp. 2

Phyllium jacobsoni

Eurycantha calcarata

Brockphasma spinifemoralis

Pterinoxylus crassus

Cryptophyllium icarus

Calynda coronata

Cryptophyllium chrisangi

Cryptophyllium rarum

Phyllium cf. telnovi

Nanophyllium sp.*

Lonchodes philippinicus

Phyllium gardabagusi

Phyllium sp. 2

Leiophasma lucubense

Phasmotaenia sanchezi

Cuniculina sp.

Parapodacanthus hasenpushorum

Phyllium bradleri

Pseudomicrophyllium pusillulum comb. nov.

Parectatosoma hystrix

Phanocles costaricensis

Medauromorpha foedata

Macellina dentata

Amphiphasma sp.

Lamponius bocki

Chitoniscus feejeeanus*

Phyllium chenqiae

Phyllium mabantai

Cryptophyllium celebicum* 

Phyllium sp. 4

Cryptophyllium bollensi

Phyllium sp. 9

Phyllium sp. 5

Cryptophyllium echidna

Phyllium rubrum

Kalocorinnis wegneri

Pulchriphyllium pulchrifolium*

Pulchriphyllium bioculatum comb. nov.

Agathemera maculafulgens

Spinonemia chilensis

Pseudomicrophyllium pusillulum comb. nov.

Lopaphus perakensis

Cryptophyllium animatum

Periphetes quezonicus

Cryptophyllium phami

Haaniella gorochovi

Pulchriphyllium pulchrifolium

Creoxylus spinosus

Cryptophyllium westwoodii

Pulchriphyllium agnesagamaae comb. nov.

Phyllium mamasaense

Clonaria sp.

Supplementary Figure 5. BI tree run under the same settings as Supplementary Figure 4 but without fossil 
calibration. Instead, a secondary calibration for the root (Euphasmatodea) was used (highlighted by a star). 
The 95% credibility intervals and nodal support of <1 PP is given at the node.
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Supplementary Figure 6a. Results of ancestral range estimation using the biogeographic 
model DEC in BioGeoBEARS. 
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Supplementary Figure 6b. Results of ancestral range estimation using the biogeographic 
model DEC in BioGeoBEARS with probability pie charts at each node. 
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BioGeoBEARS DIVALIKE on Phylliidae
ancstates: global optim, 3 areas max. d=0.0080; e=0.0079; LnL=−184.93

Supplementary Figure 6c. Results of ancestral range estimation using the biogeographic 
model DIVALIKE in BioGeoBEARS. 
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BioGeoBEARS BAYAREALIKE on Phylliidae
ancstates: global optim, 3 areas max. d=0.0090; e=0.0362; LnL=−211.02

Supplementary Figure 6d. Results of ancestral range estimation using the biogeographic 
model BAYAREALIKE in BioGeoBEARS. 
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