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ABSTRACT

Medon ficarus Caterfino, new specfies (Staphylfinfidae: Paederfinae) fis descrfibed, restrficted largely to the hfighest elevatfions 
of the southern Appalachfian Mountafins, USA. Thfis flfightless specfies occurs across several hfigh ranges fin the regfion, and 
analysfis of COI sequences from known populatfions reveals deep genetfic dfivergences among them. Insuffficfient morphologfical 
dfifferentfiatfion has been observed to subdfivfide them, but the possfibfilfity remafins that thfis represents a cryptfic specfies complex, 
wfith from 5–12 genetfically but otherwfise findfistfingufishable members. Thfis fis the only member of thfis mafinly western Nearctfic 
and Palearctfic genus fin the southeastern US, though fit appears to be closely related to the northeastern wfinged specfies  
Medon amerficanus Casey. Descrfiptfion of DNA-assocfiated larval specfimens, along wfith adult morphologfical and molecular 
finformatfion, wfill help determfine fits posfitfion among global Medonfina dfiversfity.
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INTRODUCTION

The hfighest elevatfions of the southern Appalachfian 
Mountafins host a dfistfinctfive bfiota. Above 1,500 masl 
the typfical southeastern decfiduous forests gfive way, 
fin  most  places,  to  a  confifer  forest  domfinated  by 
Fraser ffir (Abfies fraserfi (Pursh) Pofir.) and red spruce 
(Pficea rubra Sarg.) (both Pfinaceae). Thfis forest bears 
resemblance to, and shares some specfies wfith, boreal 
forests far to the north. However, many taxa lfive fin 
these southern hfigh forests that are found nowhere 
else fin the world, fincludfing a number of lfineages that 
have radfiated finto dfiverse specfies complexes, such 
as Trechus Clafirvfille ground beetles (Carabfidae; Barr 
1979), Geostfiba Thomson rove beetles (Staphylfinfidae; 
Gusarov 2002), and Appadelopsfis Gnaspfinfi fungus 
beetles (Lefiodfidae; Peck 1973, 1978), among others. 
Whfile thfis endemfic dfiversfity has drawn some atten-
tfion from entomologfists, the arthropod fauna of hfigh 
Appalachfia fis far from fully known, wfith numerous 
arthropod specfies havfing been descrfibed over the past 
several years (e.g., Draney et al.  2019;  Hedfin  and 
Dellfinger 2005; Hedfin and Mfilne 2023; Marek 2010; 
Marek et al. 2018; Park et al. 2010; Sfierwald et al. 
2019;  Smolfis  and  Bernard  2017)  fincludfing  many 
Coleoptera (Caterfino 2022; Caterfino and Vásquez-
Vélez 2017, 2022; Ferro 2010; Owens and Carlton 
2016; Sokolov et al. 2004).
In thfis paper I descrfibe a new specfies of Staphylfin-

fidae fin the Paederfinae genus Medon Stephens known 
only  from  the  hfigher  elevatfions  of  the  southern 
Appalachfians. The assfignment of the specfies to Medon  

mfight finfitfially be surprfisfing, as nearly all of the natfive 
North Amerfican dfiversfity of thfis Holarctfic genus fis 
found fin the western US (Newton et al. 2000). The 
few  eastern  specfies  that  do  exfist  all  occur  to  the  
north and northeast—none have been reported from 
the  montane  southeast.  The  generfic  taxonomy  of 
Medonfina, fin general, fis very finadequately resolved 
(Assfing 2015), despfite many years of work on the 
Palearctfic  fauna  by  Volker  Assfing  (Assfing  2004, 
2006, 2018, 2021). Cfircumscrfiptfions of Amerfican 
genera and specfies have recefived lfittle attentfion sfince 
early descrfiptfions by Casey (1905) and some rear-
rangements by Blackwelder (1939), and “deffinfitfions” 
of the varfious genera stfill rely on varfiable and ques-
tfionable characters such as neck wfidth, labral dentfi-
tfion, degree of gular suture separatfion, and tarsomere 
length. It fis evfident that consfiderable revfisfion fin lfight 
of  phylogeny  wfill  stfill  be  necessary.  Nevertheless, 
thfis  new  specfies  shares  sfignfifficant  characters  wfith 
Palearctfic and other US representatfives of the genus, 
most partficularly fin the “palfisade setae”, combs of 
thfick,  stfiff  setae,  on  male  abdomfinal  sternfite  VII. 
These  are  conspficuous  fin  the  type  specfies, Medon 
castaneus Gravenshorst (= Medon ruddfifi Stephens), 
and seem a relfiable basfis for a putatfive assfignment 
to the group.
At the same tfime, thfis new specfies presents nu-
merous dfifferences from many known Medon due 
prfimarfily to fits flfightlessness. Thus, fit exhfibfits short, 
weakly conjofined elytra, reduced eyes, and general 
facfies  rather  dfifferent  from  typfical  members  of  
the  genus.  Its  flfightlessness,  fin  combfinatfion  wfith 
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occurrence prfimarfily fin fisolated patches of spruce-
ffir forest, have also resulted fin consfiderable fisola-
tfion  and  genetfic  (COI)  dfivergence  among  known 
populatfions. Thfis  finfitfially  suggested  the  potentfial 
for thfis “specfies” befing a cryptfic specfies complex. 
However, all of these populatfions are more or less 
unfiform fin external and male genfitalfic morphology. 
So, whfile I explore the fintraspecfiffic dfiversfity and 
relatfionshfips across the range of thfis new specfies, 
the possfibfilfity that multfiple specfies are finvolved fis 
left for future exploratfion usfing a broader selectfion 
of genes. A broader survey of all lfitter-assocfiated 
arthropods fin spruce-ffir forests also revealed several 
larval specfimens of thfis new specfies, unambfigu-
ously assocfiated by DNA sequences. As a result of 
thfis, I also descrfibe the larva and compare fit to other 
known larvae of Medonfina.

MATERIALS AND METHODS

All specfimens came from recent collectfions made 
as part of a study of hfigh Appalachfian lfitter arthropod 
communfitfies.  Nearly  all  specfimens  were  collected 
by sfiftfing leaf lfitter, at sfites rangfing fin elevatfion from 
1,300–2,000 m (~4,500–6,600 ft). Most sfites above 
1,500  m  were  from  confiferous  lfitter  under  a  red 
spruce-Fraser  ffir  canopy. At  the  lower  end  of  thfis 
elevatfional  range  specfimens  were  also  assocfiated 
wfith a wfider varfiety of vegetatfion types, fincludfing 
shrubby  “bald”  vegetatfion  and  decfiduous  lfitters  of 
oak, maple, and bfirch, as well as Rhododendron L. 
(Erficaceae). Lfitter was sfifted through an 8-mm mesh 
to  the  sofil  surface  over  approxfimately  one  square 
meter. Each sfifted sample amounted to approxfimately 
6 L, and precfise GPS coordfinates were captured for 
each sample. Samples were extracted fin the lab usfing 
Berlese-Tullgren  funnels  untfil  thoroughly  dry,  ap-
proxfimately 12 h per batch. Specfimens were collected 
dfirectly finto 100% ethanol, and moved to −20 °C 
storage  after  each  subsample  was  complete.  Most 
specfimens are deposfited fin the Clemson Unfiversfity 
Arthropod Collectfion, Clemson, SC, USA (CUAC), 
although some wfill also be deposfited fin the Natfional 
Museum of Natural Hfistory, Washfington, DC, USA 
(USNM),  the  Ffield  Museum  of  Natural  Hfistory, 
Chficago, IL, USA (FMNH), the Amerfican Museum 
of Natural Hfistory, New York, NY, USA (AMNH), 
the Canadfian Natfional Collectfion of Insects, Arachnfids 
and  Nematodes,  Ottawa,  ON,  Canada  (CNCI),  and 
the Great Smoky Mountafins Natfional Park Collectfion, 
Gatlfinburg, TN, USA (GSNP), detafiled below.
Morphology was examfined usfing a Lefica stereo-
mficroscope, wfith temporary, glycerfin-mount slfides 
of mouthparts, genfitalfia, and larvae examfined usfing 
a Nfikon compound mficroscope. Numerous specfi-
mens  were  cleared  fin  conjunctfion  wfith  DNA  ex-
tractfions (detafiled further below). The aedeagus was 
extracted  through  the  abdomfinal  apex  followfing 

enzymatfic tfissue dfigestfion. Photographs were taken 
usfing Vfisfionary Dfigfital’s Passport II fimagfing sys-
tem (based on a Canon 6D SLR wfith 65-mm MP-E 
1–5×  macro  lens).  Drawfings  were  pencfiled  by  
hand, and dfigfitfized on a drawfing pad finto Adobe 
Illustrator. Larval descrfiptfions were based on ffive 
specfimens, all cleared usfing protefinase K and tfissue 
dfigestfion buffers, all vouchered fin the CUAC.
Measurements were taken usfing a Lefica M125 
calfibrated eyepfiece mficrometer. Head length (HL) 
was measured from the anterfior clypeal margfin to 
the upper anterfior edge of the neck constrfictfion (fig-
norfing the neck); head wfidth (HW) was measured 
at the wfidest pofint, near the posterfior angles; pro-
notal length (PnL) was measured along the mfidlfine; 
pronotal wfidth (PnW) was the maxfimum wfidth, near 
the anterfior corners; elytral length (EL) was mea-
sured along the suture from the base of the scutellum 
to the apex of the suture; elytral wfidth (EW) was 
the maxfimum wfidth of the conjofined elytra, near 
the apfices; total abdomen length (AL) was measured 
fin a strafight lfine from the base of tergfite III (the ffirst 
wholly vfisfible) to the apex of tergfite VIII (fignorfing 
telescopy and/or curvature); total length (TL) was 
calculated as head length + pronotum length + ely-
tral length + abdomen length.
About 40 specfimens from 23 samplfing localfitfies 

were processed through an NGS barcodfing pfipelfine. 
Each was fimaged, subdfivfided or punctured to permfit 
tfissue dfigestfion, and placed fin a separate well fin a 
96-well  plate.  Images  of  morphospecfies  are  ar-
chfived  on  the  Caterfino  Lab  Flfickr  page  (https://
flfickr.com/search/?user_fid=183480085%40N02& 
text=medon),  fidentfiffiable  by  morphospecfies  code 
(sfite.vfisfit.###,  as  gfiven  fin  Supplemental  Ffile  1). 
Tfissues were dfigested wfith lysfis buffer and protefin-
ase  K  (Omega  BfioTek,  Norcross,  GA),  then  the 
lfiqufid  fractfion  was  removed  to  a  new  plate.  The 
lfiqufid fractfion of the dfigested tfissue mfixture was 
extracted  usfing  Omega  BfioTek’s  MagBfind  HDQ 
Blood and Tfissue kfit on a Hamfilton Mficrolab Star 
automated  lfiqufid  handlfing  system,  elutfing  wfith 
150 μL elutfion buffer. Remafins of extracted specfi-
mens were recombfined wfith any non-extracted body 
parts, labeled, and assfigned unfique CUAC (Clemson 
Unfiversfity Arthropod Collectfion) fidentfiffiers.
These analyses fincluded sequences from two se-

quencfing approaches. Mfinfi-barcodes of 421 bp were 
amplfiffied from the mfitochondrfial COI gene usfing 
the  prfimers  BF2-BR2  (GCHCCHGAYATRGCH 
T TYCC  and  TCDGGRTGNCCRAARAAYCA; 
Elbrecht  and  Leese  2017),  correspondfing  to  the 
downstream  two-thfirds  of  the  standard  barcodfing 
regfion. Each PCR product was tagged wfith a unfique 
combfinatfion of forward and reverse 9-bp findexes 
(Mefier et al. 2016), synthesfized as part of the prfimer 
by Euroffins Genomfics (Loufisvfille, KY). All PCRs 
were conducted fin 12.5-μL volumes (5.6 μL water, 
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1.25  μL Taq  buffer,  1.25  μL  dNTP  mfix  [2.5  mM 
each], 0.4 μL MgCl [50 mM], 1.5 μL each prfimer, 
0.05 μL Platfinum Taq polymerase, 1 μL DNA tem-
plate, wfith a 95 °C finfitfial denaturatfion for 5 mfin, 
followed by 35 cycles of 94 °C (30 sec), 50 °C 
(30 sec), 72 °C (30 sec), and a 5-mfin 72 °C ffinal 
extensfion on an Eppendorf Gradfient Mastercycler, 
then  sequenced  on  efither  Illumfina  or  Nanopore 
MfinION platforms. 
For Illumfina lfibrary preparatfion, PCR products 

were combfined and purfiffied usfing Omega Bfio-Tek’s 
Mag-Bfind Total Pure NGS Kfit, fin a ratfio of 0.7:1 
(enrfichfing for fragments > 300 bp). Illumfina adapt-
ers  and  sequencfing  prfimers  were  lfigated  to  PCR 
products  usfing  New  England  BfioLab’s  Blunt/TA 
Lfigase Master Mfix. The amplficon + adapter lfibrary 
was agafin purfiffied usfing Mag-Bfind Total Pure NGS, 
and subsequently quantfiffied usfing a Qubfit fluoro-
meter. These ffinal lfibrarfies were sequenced on an 
Illumfina MfiSeq usfing a v.3 2×300 pafired-end kfit. 
For sequences generated on the Nanopore MfinION, 
lfibrarfies were prepared usfing the lfigatfion sequenc-
fing kfit LSK-112 (Oxford Nanopore Technologfies, 
Oxford, UK), and loaded onto a v10.4 flowcell.
Illumfina reads were processed wfith bbtools soft-
ware  package  (https://jgfi.doe.gov/data-and-tools/
bbtools;  v38.87)  (Bushnell et al.  2017)  to  merge 
pafired read ends, remove PhfiX reads, trfim adapters, 
ffilter reads for the correct sfize, remove reads wfith 
qualfity score < 30, cluster sequences by sfimfilarfity 
allowfing  ffive  mfismatches  (~1%),  and  generate  a 
ffinal matrfix fin FASTA format. Nanopore reads were 
basecalled  usfing  the  “super-accurate”  algorfithm  
of  Guppy  (v6.1.2),  then  demultfiplexed  usfing 
ONTbarcoder v0.1.9 (Srfivathsan et al. 2021), wfith 
mfinfimum coverage set at ffive. FASTA ffiles from all 
sequencfing runs were combfined and alfigned wfith 
the onlfine versfion of Mafft v7 (Katoh et al. 2017) 
usfing the auto strategy. All barcode sequences have 
been deposfited fin GenBank, wfith accessfion num-
bers lfisted fin Supplemental Ffile 1.
As a prelfimfinary assessment of possfible cryptfic 
dfiversfifficatfion, COI sequences were analyzed usfing 
ASAP (Assemble Specfies by Automatfic Partfitfionfing; 
Pufillandre et al. 2021). Kfimura 2-parameter dfistances 
were used and the top three delfimfitatfions were 
saved, though only the best (lowest ASAP) score 
results are reported here. Relatfionshfips among the 
sampled populatfions were analyzed wfith W-IQ-Tree 
(Trfiffinopoulos et al. 2016) under maxfimum lfikelfi-
hood crfiterfia, usfing fits automated model selectfion 
to choose GTR + gamma, wfith empfirfical base fre-
quencfies. Branch support was estfimated usfing ul-
trafast bootstrappfing. A varfiety of outgroups wfith 
avafilable barcode-regfion sequences were fincluded 
to root the specfies tree, fincludfing representatfives of 
other Medonfina genera (Pseudomedon Mulsant and 
Rey, Hypomedon Mulsant and Rey, Sunfius Stephens, 

and Achenomorphus Motschulsky), the eastern US 
Medon amerficanus Casey, several Palearctfic mem-
bers of Medon, members of a few other trfibes of 
Paederfinae  (Astenus Dejean  and Lathrobfium 
Gravenhorst), and rooted ultfimately by Pseudopsfis 
Newman (Staphylfinfidae: Pseudopsfinae). These rep-
resent  a  mfix  of  our  own  sequences  (gfiven  fin 
Supplemental  Ffile  1)  and  sequences  prevfiously 
avafilable from GenBank and the Barcodfing of Lfife 
(BOLD) database. 

RESULTS

PHYLOGENY

Most sampled populatfions of Medon ficarus, new 
specfies  were  resolved  fin  a  sfingle  well-supported 
clade (Ffig. 1), although a northeastern lfineage was 
resolved  as  sfister  group  to M. amerficanus. Thfis 
non-monophyly of the new specfies fis probably at-
trfibutable to poor resolvfing power of COI for deeper 
dfivergences. The hfighly consfistent morphology fin 
M. ficarus  populatfions  and  sfignfifficant  dfifferences 
from M. amerficanus (detafiled fin dfiagnosfis, below), 
support fits recognfitfion. Dfivergences among popu-
latfions of M. ficarus were extremely hfigh, reachfing 
17% uncorrected p-dfistance between the most dfi-
vergent  northeastern  (Bfig  Bald  and  Grandfather 
Mountafin) populatfions and others. The frequency 
hfistogram of fintraspecfiffic Kfimura 2-parameter dfis-
tances (Ffig. 2) reveals the bulk of fintra-findfivfidual 
dfifferences to exceed an finferred “barcodfing gap” 
of about 5% corrected dfivergence. ASAP suggests 
as  many  as  8–12  dfistfinct  specfies  from  these  data 
(putatfive  “specfies”  assfignments  are  shown  wfith 
sequenced specfimens fin Supplemental Ffile 1). At 
present, finadequate morphologfical dfivergence has 
been detected to support such a scenarfio, but fit may 
gufide future work on the populatfion genetfics of the 
group, and the potentfial non-monophyly of the spe-
cfies also suggests the possfibfilfity of further subdfivfi-
sfion. Sfimfilarly, outgroup relatfionshfips made lfittle 
sense, wfith members of Medonfina and Lathrobfifina 
fintermfingled. Thfis small fragment of COI fis clearly 
finadequate to resolve deeper, fintergenerfic relatfion-
shfips, and they are not addressed further.
Relatfionshfips  among  the  populatfions  are  well- 
resolved  and  hfighly  supported.  Ffirstly,  a  dfistfinct 
north-south  break  fis  observed,  wfith  a  northern  
clade  of  populatfions  from  Bfig  Bald,  Grandfather 
Mountafin,  and  the  Black  and  Roan  Mountafins 
(those allegedly closer to M. amerficanus), and all 
populatfions from southwest of the Ashevfille Basfin 
comprfisfing a second clade (Ffig. 3). In the northern 
clade,  populatfions  from  four  dfistfinct  ranges  are 
grouped finto two tfight clades, wfith lfittle dfifferentfi-
atfion between the Black Mountafins and Bfig Bald 
populatfions on the one hand, and between the Roan 
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Ffig. 1. IQ-tree topology wfith ultrafast bootstrap values. Colors match colors of symbols on the map fin Ffig. 3.
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Hfighlands and Grandfather Mountafin populatfions 
on the other. 
Relatfionshfips  among  southern  populatfions  are 

more complficated. One large clade comprfises some 
findfivfiduals  from  the  Great  Smoky  Mountafins 
(Clfingmans Dome), the Plott Balsams (Lyn Lowry, 
Waterrock Knob, and Brownfing Knob), the Great 
Balsams (Mount Hardy, Black Balsam Knob, and 

Rfichland  Balsam),  and  Huckleberry  Knob  fin  the 
Unficofi Mountafins, far to the southwest of the others. 
Another rather shallow clade fincludes populatfions 
from Tusqufitee Bald and Copper Rfidge Bald fin the 
Central Nantahalas, as well as Brasstown Bald, GA, 
dfirectly to the south. Thfis fis sfister to another clade 
comprfisfing only Great Smoky Mountafins popula-
tfions,  fincludfing Mount  Kephart,  Mount  LeConte, 
Bfig Cataloochee, and (agafin) Clfingmans Dome, as 
well as a number of slfightly lower-elevatfion local-
fitfies near each of them.

TAXONOMY

Subfamfily Paederfinae Flemfing, 1821
Trfibe Lathrobfifinfi Laporte, 1835
Subtrfibe Medonfina Casey, 1905
Genus Medon Stephens, 1833

Medon ficarus Caterfino, new specfies
zoobank.org/urn:lsfid:zoobank.org:act:

0E4008C1-B4CB-4401-A1B8-71F03A423F7A
(Ffigs. 4–8)

Type  Specfimens.  Holotype  male:  “USA:  TN: 
Sevfier Co., 35.6529°N,83.4378°W, SmokyMts NP, 
6467’,  Mt  LeConte,  vfi.25.2019  M.Caterfino&M.
Ferro,  sfifted  confifer  lfitter”  /  “Clemson  ENT 
CUAC000079305” / “Caterfino DNA voucher, Ext. 
MSC-3486,  Morphosp.MLc.012”;  deposfited  fin 
USNM. Paratypes (38;  USNM,  CUAC, AMNH, 

Ffig. 2. Frequency hfistogram of fintra-findfivfidual Kfimura 2-parameter dfistances, wfith the “barcodfing gap” as finferred 
by ASAP findficated by the black arrow.

Ffig.  3. Map  of  all known  collectfing  localfitfies  for 
Medon ficarus, new specfies.  Colored  symbols  refer  to 
colors on cladogram fin Ffig. 1. Unfilled symbols findficate 
localfitfies that are not represented by DNA sequence data.
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CNCI, FMNH): USA: TN: Sevfier Co., Great Smoky 
Mountafins  Natfional  Park,  Mt.  LeConte,  35.6538, 
−83.4373, 1,999 m, 25-Jun-2019 (CUAC000176446, 
CUAC000176447,  CUAC000176448,  CUAC-
000176449, CUAC000176450, CUAC000176451, 
CUAC000176452, CUAC000176453,  CUAC-
000176454, CUAC000176455); USA: TN: Sevfier 
Co.,  Great  Smoky  Mountafins  Natfional  Park,  Mt. 
LeConte, 35.6542, −83.4368, 2,006 m, 28-Sep-2021 

(CUAC000159987); USA: TN: Sevfier Co., Great 
Smoky  Mountafins  Natfional  Park,  Mt.  Kephart, 
35.6311, −83.3895, 1,885 m, 4-Jun-2018 (CUAC-
000079123); USA: TN: Sevfier Co., Great Smoky 
Mountafins  Natfional  Park,  Mt.  Kephart,  35.6311, 
−83.3893, 1,886 m, 14-Sep-2021 (CUAC000156758, 
CUAC000176435,  CUAC000176436);  USA:  
TN: Sevfier Co., Great Smoky Mountafins Natfional 
Park,  Mt.  Kephart,  35.631,  −83.3895,  1,894  m, 

Ffig. 4. Habfitus and detafil of external morphology of adult Medon ficarus, new specfies. A) Dorsal vfiew, B) Lateral 
vfiew, C) Ventral vfiew of apex of male abdomen, showfing combs of ventrfite VII, D) Ventral vfiew of apex of female 
abdomen, E) Dorsal vfiew of head and prothorax.
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14-Sep-2021 (CUAC000156780); USA: TN: Sevfier 
Co.,  Great  Smoky  Mountafins  Natfional  Park,  Off 
Hwy  441,  35.6237,  −83.4163,  1,394  m,  12-Mar-
2020  (CUAC000110840);  USA:  NC:  Swafin  Co., 
Great Smoky Mountafins Natfional Park, Clfingmans 
Dome, 35.5597, −83.4992, 1,909 m, 14-Sep-2021 
(CUAC 000156742);  USA:  NC: Haywood  Co., 
Great  Smoky  Mountafins  Natfional  Park,  Bfig 
Cataloochee Mt., 35.6686, −83.1749, 1,745 m, 14-
Jul-2020 (CUAC000137686); USA: NC: Haywood 
Co.,  Great  Smoky  Mountafins  Natfional  Park,  Bfig 

Cataloochee Mt., 35.6724, −83.1761, 1,868 m, 14-
Jul-2020 (CUAC000137730); USA: NC: Haywood 
Co.,  Great  Smoky  Mountafins  Natfional  Park,  Bfig 
Cataloochee  Mt.,  35.6722,  −83.1756,  1,876  m, 
5-Nov-2020 (CUAC000135165, CUAC000 139637); 
USA: NC: Haywood Co., Great Smoky Mountafins 
Natfional  Park,  Bfig  Cataloochee  Mt.,  35.6727, 
−83.1762, 1,862 m, 5-Nov-2020 (CUAC000176419, 
CUAC000176420,  CUAC000176421,  CUAC-
000176422,  CUAC000176423);  USA: NC:  Hay-
wood Co., Great Smoky Mountafins Natfional Park, 

Ffig. 5. Adult mouthparts of Medon ficarus, new specfies. A) Left mandfible, dorsal vfiew, B) Labrum, dorsal vfiew,  
C)  Rfight  mandfible,  dorsal  vfiew,  D)  Rfight  maxfilla,  ventral  vfiew,  E)  Labfium,  ventral  vfiew,  rfight  palp  omfitted,  
F) Hypopharynx/lfigula of labfium, finternal vfiew.
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Balsam  Mt.  Tr.,  35.6425,  −83.2007,  1,575  m, 
5-Nov-2020 (CUAC000139752); USA: NC: Hay-
wood Co., Great Smoky Mountafins Natfional Park, 
Balsam  Mt.  Tr.,  35.6453,  −83.2025,  1,550  m, 
5-Nov-2020 (CUAC000135195); USA: TN: Sevfier 
Co., Great Smoky Mountafins Natfional Park, Alum 
Cave Trafil, 35.6427, −83.4426, 1,581 m, 28-Sep-
2021 (CUAC000160050, CUAC000160051, CUAC-
000160052); USA: TN: Sevfier Co., Great Smoky 
Mountafins  Natfional  Park,  Alum  Cave  Trafil, 
35.6425, −83.4427, 1,584 m, 25-Jun-2019 (CUAC-
000176424, CUAC000176425, CUAC000176426,  
CUAC000176427,  CUAC000176428,  CUAC -
000176429 ).
Other Materfial. NC: Jackson Co., Blue Rfidge 

Pkwy Natfional Park, Rfichland Balsam Mt., 35.3676, 
−82.9902, 1,950 m, 8-May-2018; NC: Jackson Co., 

Blue Rfidge Pkwy Natfional Park, Rfichland Balsam 
Mt.,  35.3627,  −82.9885,  1,890  m,  11-Sep-2019; 
NC: Haywood Co., Pfisgah NF, Black Balsam Knob, 
35.3258,  −82.8777,  1,851  m,  8-May-2018;  NC: 
Haywood  Co.,  Pfisgah  NF,  Black  Balsam  Knob, 
35.3289,  −82.8745,  1,839  m,  20-Oct-2020;  NC: 
Jackson  Co.,  Blue  Rfidge  Pkwy  Natfional  Park, 
Brownfing Knob, 35.463, −83.131, 1,871 m, 22-Sep-
2020; NC: Graham Co., Nantahala NF, Huckleberry 
Knob,  35.324,  −83.9939,  1,662  m,  4-May-2020; 
NC: Graham Co., Nantahala NF, Huckleberry Knob, 
35.3235,  −83.994,  1,680  m,  13-Oct-2020;  NC: 
Graham  Co.,  Nantahala  NF,  Cherohala  Skyway, 
35.3171,  −83.9833,  1,433  m,  4-May-2020;  NC: 
Jackson Co., Blue Rfidge Pkwy Natfional Park, Mt. 
Lyn Lowry, 35.4645, −83.1131, 1,858 m, 15-Jun-
2021; NC: Jackson Co., Blue Rfidge Pkwy Natfional 

Ffig. 6. Aedeagus of Medon ficarus, new specfies. A) Ventral vfiew of “typfical” form, from Clfingmans Dome, NC,  
B) Ventral vfiew of slfight varfiant, from Grassy Rfidge Bald, NC, C) Lateral vfiew of “typfical” specfimen.
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Park, Mt. Lyn Lowry, 35.464, −83.11, 1,891 m, 22-
Sep-2020;  NC:  Haywood  Co.,  Blue  Rfidge  Pkwy 
Natfional Park, Mt. Hardy, 35.3027, −82.9278, 1,865 
m,  14-Apr-2020;  NC:  Haywood  Co.,  Blue  Rfidge 
Pkwy Natfional Park, Mt. Hardy, 35.3036, −82.9269, 
1,857 m, 8-Sep-2020; NC: Transylvanfia Co., Blue 
Rfidge Parkway NP, 35.3042, −82.8885, 1,690 m, 
4-Apr-2015; NC: Haywood Co., Blue Rfidge Pkwy 
Natfional Park, Mt. Hardy, 35.3036, −82.9269, 1,857 
m, 8-Sep-2020; NC: Haywood Co., Pfisgah NF, Mt. 
Pfisgah, 35.4254, −82.7564, 1,726 m, 13-Sep-2022; 
NC: Jackson Co., Blue Rfidge Pkwy Natfional Park, 
Waterrock Knob, 35.4641, −83.1379, 1,913 m, 29-
May-2018; NC: Swafin Co., Great Smoky Mountafins 
Natfional  Park,  Clfingmans  Dome,  35.5613, 
−83.5006, 1,940 m, 4-Jun-2018; GA: Towns Co., 
Chattahoochee  NF,  Brasstown  Bald,  34.8763, 
−83.8107,  1,385  m,  2-Jul-2020;  GA:  Towns  Co., 
Chattahoochee  NF,  Brasstown  Bald,  34.8782, 
−83.8108, 1,346 m, 17-Nov-2020; NC: Macon Co., 
Nantahala  NF,  Copper  Rfidge  Bald,  35.2357, 

−83.5602,  1,568  m,  9-Jul-2019;  NC:  Macon  Co., 
Nantahala  NF,  Copper  Rfidge  Bald,  35.2376, 
−83.5594, 1,545 m, 15-Sep-2020; NC: Graham Co., 
Joyce Kfilmer Forest, jct. Indfian & Santeetlah Cks., 
35.34501,  −83.967,  855  m,  24-Jun-2015;  NC: 
Graham  Co.,  Joyce  Kfilmer  Forest,  jct.  Indfian  & 
Santeetlah Cks., 35.3426, −83.966, 865 m, 24-Jun-
2015; NC: Clay Co., Nantahala NF, Tusqufitee Bald, 
35.1415, −83.7273, 1,582 m, 6-Jul-2021; NC: Clay 
Co.,  Nantahala  NF,  Tusqufitee  Bald,  35.1419, 
−83.7269,  1,606  m,  6-Jul-2021;  NC:  Clay  Co., 
Nantahala NF, Tusqufitee Bald, 35.1419, −83.7178, 
1,532 m, 1-Sep-2020; NC: Graham Co., Nantahala 
NF, Teyahalee Bald, 35.2585, −83.7959, 1,597 m, 
9-Jul-2019; NC: Macon, Nantahala NF, Jones Gap, 
35.0746,  −83.2355,  1,042  m,  16-Jul-2015;  NC: 
Caldwell  Co.,  Grandfather  Mountafin  State  Park, 
Danfiel Boone Scout Tr., 36.111, −81.7964, 1,558 m,  
6-Oct-2020; NC: Mfitchell Co., Pfisgah NF, Grassy 
Rfidge Bald, 36.1002, −82.0822, 1,865 m, 15-Aug-
2018; NC: Mfitchell Co., Pfisgah NF, Grassy Rfidge  

Ffig.  7. Lateral  habfitus  vfiews of  1st finstar larva of Medon ficarus, new specfies.  A)  Pre-extracted,  fintact  larva,  
B) Cleared larva, followfing protefinase dfigestfion.
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Ffig.  8. Larval  morphology  of 1st finstar Medon ficarus, new specfies. A)  Head,  dorsal  vfiew,  B)  Detafil  of  labrum  
(nasale) and epfipharynx, external (dorsal) vfiew, C) Head, ventral vfiew, D) Selected thoracfic and abdomfinal segments 
showfing chaetotaxy, ventral vfiew on the left, dorsal vfiew on the rfight.
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Bald,  36.1038,  −82.0809,  1,854  m,  8-Jun-2020;  
NC:  Yancey  Co.,  Pfisgah  NF,  Bfig  Bald,  35.9893, 
−82.4903, 1,651 m, 5-Aug-2020; TN: Unficofi Co., 
Cherokee  NF,  Bfig  Bald,  35.99038,  −82.49269, 
1,606  m,  25-May-2021;  NC: Yancey  Co.,  Pfisgah 
NF, Woody Rfidge Tr., 35.8448, −82.2377, 1,616 m, 
15-Jun-2020; NC: Yancey Co., Pfisgah NF, Woody 
Rfidge Tr., 35.844, −82.2347, 1,550 m, 19-Oct-2021; 
NC:  Yancey  Co.,  Pfisgah  NF,  Woody  Rfidge  Tr., 
35.8456,  −82.2321,  1,397  m,  19-Oct-2021;  NC: 
Jackson  Co.,  Balsam  Mt.  Preserve,  35.3703, 
−83.1216, 1,369 m, 15-Jun-2015; NC: Jackson Co., 
Balsam Mt. Preserve, 35.3699, −83.1216, 1,391 m, 
7-Feb-2015; NC: Jackson Co., Balsam Mt. Preserve, 
35.3751,  −83.0981,  1,671  m,  15-Jun-2015;  NC: 
Jackson  Co.,  Balsam  Mt.  Preserve,  35.3879, 
−83.1005, 1,211 m, 16-Jun-2015; NC: Jackson Co., 
Balsam Mt. Preserve, 35.3753, −83.0982, 1,671 m, 
7-Feb-2015; NC: Jackson Co., Balsam Mt. Preserve, 
35.3916,  −83.1091,  1,007  m,  20-Jun-2015;  NC: 
Buncombe Co., Pfisgah NF, Bfig Butt Trafil, 35.8017, 
−82.3401,  1,626  m,  26-Jul-2015;  NC:  Buncombe 
Co., Pfisgah NF, Bfig Butt Trafil, 35.8042, −82.3449, 
1,488 m, 26-Jul-2015; NC: Buncombe Co., Pfisgah 
NF,  Bfig  Butt  Trafil,  35.7853,  −82.3458,  1,798  m, 
26-Jul-2015; NC: Buncombe Co., Pfisgah NF, Bfig 
Butt Trafil,  35.7926,  −82.3435,  1,709  m,  19-Mar-
2016;  NC:  Buncombe  Co.,  Pfisgah  NF,  Craggy 
Dome, 35.7061, −82.3666, 1,838 m, 13-Sep-2022; 
NC:  Buncombe  Co.,  Pfisgah  NF,  Craggy  Dome, 
35.7077,  −82.3657,  1,761  m,  13-Sep-2022;  NC: 
Yancey  Co.,  Pfisgah  NF,  Devfils  Gap,  36.037, 
−82.431, 1,036 m, 24-Jul-2015; NC: Yancey Co., 
Pfisgah NF, Devfils Gap, 36.0442, −82.4279, 1,140 
m, 24-Jul-2015.
Descrfiptfion. Total body length: 2.6–3.4 mm; HL 

0.51–0.59 mm (avg. 0.55), HW 0.55–0.63 mm (avg. 
0.58); PnL 0.53–0.61 mm (avg. 0.56); PnW 0.55–
0.59 mm (avg. 0.57); EL 0.41–0.51 mm (avg. 0.48); 
EW 0.57–0.61 mm (avg. 0.59); AL 1.47–2.25 mm 
(avg. 1.70); n = 4 ♂ + 4 ♀. Coloratfion (Ffigs. 4A, B): 
body darkly rufescent, setose on most surfaces, wfith 
longer setae projectfing from sfides of head, prono-
tum, and abdomen, partficularly posterfiorly; apfical 
antennomeres and palpomeres slfightly lfighter. Head 
(Ffig. 4E) subquadrate, wfidest to rear, sfides weakly 
convex, posterfior angles dfistfinctly rounded, dorsum 
slfightly  flattened,  more  convex  ventrally;  neck 
slfightly more than one-thfird maxfimum head wfidth; 
gular sutures separated throughout, mfinfimum wfidth 
of gula just behfind mfiddle, approxfimately one-tenth 
maxfimum head wfidth, wfidenfing anterfiorly and pos-
terfiorly; head wfith conspficuous retficulate mficroscu-
lpture  throughout;  dorsal  setae  of  head  mostly 
finclfinate toward mfidlfine, laterally becomfing proclfi-
nate, wfith larger macrosetae projectfing near poste-
rfior corners and above mandfible finsertfions; a few 
anterfiorly  projectfing  and  two  crucfiate  setae  on 

epfistoma.  Eye  small,  occupyfing  about  one-fourth 
of lateral sfide of head, comprfisfing about 30 omma-
tfidfia. Antenna rather short, scape shorter than an-
tennomeres  2–4  combfined,  antennomeres  2–7 
slfightly  longer  than  wfide,  gradually  wfidenfing  to 
penultfimate 3 antennomeres befing as wfide as long, 
apfical antennomeres longer, subacute, all antenno-
meres setose.
Epfistoma transverse, elevated slfightly above la-
brum;  labrum  (Ffig.  5B)  short,  rounded  at  sfides, 
thfickened at mfiddle, wfith abrupt but shallow medfian 
emargfinatfion,  wfith  dfistfinct  anterfior  teeth  at  each 
sfide of fit, anterfior margfin otherwfise weakly sfinuous; 
mandfibles (Ffigs. 5A, C) strong, each wfith ffimbrfiate 
basal  prostheca  about  one-thfird  mandfible  length; 
left mandfible wfith strong apfical tooth and three me-
dfian teeth; rfight mandfible wfith strong apfical tooth 
and four medfian teeth. Labfium (Ffig. 5E) wfith broadly 
hexagonal  mentum,  lfigula  broadened  to  bases  of 
palpomeres, fits finner surface (prementum, Ffig. 5F) 
wfith contfinuous, U-shaped comb of stfiff setae, apfi-
cal lobes of prementum extendfing to apex of basal 
labfial palpomere; finner apex of lfigula wfith apfical 
brush of stout setae, and a pafir of slfightly longer, 
fleshy  lateral  lobes;  labfial  palpomere  II  twfice  as 
long as basal palpomere, bearfing long subapfical seta 
on ventrolateral surface, termfinal labfial palpomere 
thfin,  about  two-thfirds  as  long  as  penultfimate. 
Maxfillary stfipes (Ffig. 5D) wfith one strong seta at 
outer basal corner, galea and lacfinfia sfimply brush-
lfike, wfithout dfistfinct teeth; palpfifer wfith three strong 
setae along outer margfin; basal maxfillary palpomere 
short,  curved,  palpomere  II  longer,  wfidenfing  to 
apex,  palpomere  III  (penultfimate)  slfightly  longer 
than 2, swollen to about 1.5× wfidth of palpomere 
II, apfical palpomere thfin, dfigfitfiform, just over one-
fourth length of palpomere III.
Pronotum (Ffig. 4E) about as long as wfide, wfid-
enfing  from  rounded  basal  corners  to  front,  maxfi-
mum wfidth near anterfior margfin; dfisc wfith dfistfinct, 
contfinuous lateral (and hypomeral) margfin, finclud-
fing along anterfior, cervfical margfin; dorsal setae of 
dfisc finclfinate toward mfiddle, each set fin a broad, 
shallow puncture, fimpunctate along a narrow me-
dfian band; lateral margfins wfith 5 promfinent project-
fing setae; dfisc wfith densely retficulate mficrosculpture. 
Elytra (Ffig. 4A) short, mfidlfine length about two-
thfirds  combfined  wfidth,  densely  setose,  all  setae 
posterfiorly dfirected, dfisc lackfing dfistfinct mficroscu-
lpture;  flfight  wfings  absent.  Abdomfinal  sclerfites 
densely and ffinely setose, fafintly shfinfing.
Protfibfia slender, wfith contfinuous comb of setae 
along finner margfin, margfin dfisrupted fin basal half 
by antennal cleaner; male protarsomeres 1–4 short, 
wfidened, wfith dense, flattened setae beneath; meso- 
and  metatarsfi  wfith  basal  tarsomere  only  slfightly 
longer than tarsomeres 2–4, apfical tarsomere about 
as long as tarsomeres 3 and 4 combfined.
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Male sternfite VII (Ffig. 4C) wfith a comb of ~8 
short, thfick palfisade setae on each sfide of shallow 
medfian emargfinatfion, wfith sparse, firregular row of 
longer setae basad the emargfinatfion; male sternfite 
VIII  more  deeply  emargfinate,  wfith  few  stronger 
setae lfinfing emargfinatfion; male tergfite IX narrowly 
but deeply emargfinate, apfices on efither sfide oblfiquely 
truncate; male sternfite IX elongate, setose, weakly 
emargfinate  at  apex;  female  ventrfites  unmodfiffied. 
Aedeagus (Ffig. 6) wfith broad basal foramen, sfinu-
ously parallel-sfided to near the apex, ventral plate 
flat, wfidenfing to subtruncate apex, apfical corners 
weakly acute, slfightly recurved, apex wfith shallow 
off-center  emargfinatfion  wfith  sfingle,  small,  blunt 
medfian tooth, only very mfinor varfiatfion fin shape 
observed among sfites (e.g., Ffig. 6B); finternal sac 
(Ffig. 6A) wfith only obscure finternal structure, wfith 
a  weakly  cofiled  basal  pouch,  an  finternal  “hook” 
sclerfite,  and  a  trfi-lobed  apex,  the  medfian  portfion 
wfith  a  moderately  well-sclerotfized  finner  rod  be-
neath a dfimpled, membranous dome.
Adult Dfiagnosfis. Wfithfin fits lfimfited range, there 

are  very  few  other  Paederfinae  that  could  be  con-
fused for M. ficarus. The closest fin morphology and 
range fis Hypomedon ruffipes (Casey, 1905), whfich 
fis sfimfilar fin sfize, coloratfion, and fis also flfightless, 
wfith short elytra and reduced eyes (and whfich may, 
fin fact, represent a complex of sfimfilar specfies; un-
publfished  data).  Generally, H. ruffipes  occurs  at 
lower elevatfions than M. ficarus. However, the two 
do  appear  to  co-occur  at  some  mfiddle-elevatfion 
sfites, wfith H. ruffipes known up to around 1,300 m, 
and M. ficarus as low as ~900 m—both are found fin 
the old-growth Joyce Kfilmer Memorfial Forest fin far 
western  North  Carolfina,  for  example  (though  not 
yet fin any of the same exact samples). Males of the 
two are easy to dfistfingufish, as H. ruffipes lacks any 
palfisade setae on sternfite VII, though sternfite VIII 
fis  sfimfilarly  emargfinate. The  aedeagus  of  the  two 
specfies fis completely dfifferent, wfith that of H. ru-
ffipes elongate, tapered to near the apex, then wfith a 
knobbed,  blade-lfike  tfip.  In  both  sexes  the  basal 
metatarsomeres of H. ruffipes are longer than those 
of M. ficarus,  nearly  as  long  as  metatarsomeres  2 
and  3  combfined,  and  the  gular  sutures  are  more 
wfidely separated at the base, most narrowly sepa-
rated well forward of the mfiddle of the bottom of 
the head. Generally, the body coloratfion of H. ru-
ffipes fis lfighter, more rufescent, though both specfies 
are  somewhat  varfiable.  At  hfigher  elevatfions  
M. ficarus fis found fin company wfith some flfightless 
Lathrobfium specfies, but these are sfignfifficantly larger 
fin body sfize, and none have the specfialfized setae of 
sternfite VII.
Medon amerficanus was descrfibed from the east-
ern US (type localfity “Pennsylvanfia”), but fis so far 
only known from there and northward finto Canada, 
so does not overlap at all fin range. It fis a somewhat 

larger,  fully  wfinged  specfies  wfith  longer  elytra,  a 
more  strongly  quadrate  head,  a  more  dfistfinctly 
toothed labrum, and dfistfinctly transverse waves of 
mficrosculpture on the head and pronotum (mfinutely 
retficulate fin M. ficarus). Its male genfitalfia are very 
sfimfilar to those of M. ficarus, and gfiven the varfiatfion 
fin  the  latter,  the  two  probably  cannot  be  relfiably 
dfistfingufished on that basfis. Male sternfite VII of M. 
amerficanus may have more palfisade setae (10 vs. 8 
fin M. ficarus)  although  samples  have  been  finade-
quate to assess the consfistency of that dfifference.
The  Palearctfic Medon fusculus (Mannerhefim), 

Medon apficalfis (Kraatz), and Medon rfipficola (Kraatz) 
have all been reported fin North Amerfica. but are ap-
parently so far restrficted to eastern Canada (Brunke 
and Marshall 2011; Pentfinsaarfi et al. 2019), so would 
not  be  encountered  fin  thfis  range.  Males  of  two  of 
these, M. rfipficola and M. fusculus, do have palfisade 
setae on sternfite VII, but all three are fully wfinged and 
easfily dfistfingufished on that basfis. In addfitfion, the fin-
troduced specfies all have coarse, umbfilficate punctures 
on the head and pronotum, whereas those of M. ficarus 
and M. amerficanus  are  ffiner  and  not  umbfilficate  
(A. Brunke, personal communficatfion).
Larva. 1st finstar very lfightly sclerotfized (Ffig. 7A),  
head lfight brown, legs and sclerfites of body lfight 
gray, translucent; 2nd finstar wfith head and pronotal 
sclerfite dfistfinctly darker, other dorsal sclerfites lfight 
brownfish gray; head flattened, tapered anterfiad (fin 
lateral vfiew), quadrate, sfides weakly narrowed just 
before mfiddle, wfith setae and pores as shown fin 
Ffig. 8; neck less than half as wfide as head, bearfing 
patches  of  egg-burstfing  setae  (Ffig.  8A)  on  efither 
sfide, and a basal collar; 6 stemmata present behfind 
mandfibular finsertfions, a dorso-ventral arc of 4 fin 
front of an oblfiquely longfitudfinal pafir; posterfiodor-
sad of stemmata a small pyramfidal sensorfium pres-
ent  bearfing  a  long  trfichobothrfium,  wfith  a  dense 
cluster of mfinute teeth above; nasale weakly arcuate 
(Ffig. 8B), wfith 4 blunt teeth on each sfide, the outer 3 
wfith short, wfide basal seta, the finnermost tooth 
broader, short, wfith cfircular patch of mfinute sensory 
setae near fits outer base, the two medfian teeth sep-
arated by a shallow emargfinatfion; medfian emargfi-
natfion wfith two small, approxfimate setae beneath, 
only barely projectfing finto base of emargfinatfion. 
Mandfibles  (Ffigs.  8A,  C)  long,  falcate,  smooth 
(not serrulate) along finner margfin, bearfing a sfingle 
seta near the base on the outer ventral edge. Antenna 
(Ffig. 8A) wfith sensory appendage on finner margfin 
of antennomere 3 nearly as long as termfinal anten-
nomere, characterfistfically curved laterad. Maxfilla 
(Ffig. 8C) wfith cardo short, wfidened from base to 
apex, apfical margfin wfith strongly projectfing tooth 
overlappfing base of stfipes; stfipes cylfindrfical, wfith 
conspficuous basolateral trfichobothrfium; mala dfig-
fitfiform, weakly curved, about as long as maxfillary 
palpomere I; palpomere II slfightly shorter than I or 
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III;  palpomere  III  bearfing  long  termfinal  sensfilla. 
Apotome  of  gula  weakly  separated  from  largely 
membranous  submentum,  bearfing  2  small  pores. 
Labfium wfith mentum subquadrate, weakly wfidened 
at apex; lfigula wfith wfide basal sclerfite, wfith elon-
gate, bulbfiform, membranous apex densely ffimbrfi-
ate; labfial palpomere I twfice as long and twfice as 
wfide  as  palpomere  II;  palpomere  II  bearfing  long 
sensfilla at apex, appearfing as a small thfird segment. 
Epfipharynx (Ffig. 8B) wfithout lateral dentficles; buc-
cal openfing wfith promfinent row of teeth along an-
terfior  margfin,  5  larger  medfian  teeth  flanked  and 
partfially overlapped by shorter lateral ones; poste-
rfiad buccal openfing are smaller lateral combs of ffine 
dentficles  on  efither  sfide  of  a  sparser  longfitudfinal 
ffield of ffine, long cutficular processes. 
Dorsal  sclerfites  (Ffig.  8D)  TI–III  wfith  ecdysfial 
lfines along mfidlfine of body; prothorax narrowed to 
front, wfith promfinent setae along posterfior and lat-
eral margfins; TI wfith promfinent medfian dfiscal seta, 
promfinent setae along posterfior and lateral margfins, 
and a trfichobothrfium near the posterolateral corner 
on a pyramfidal base; thoracfic tergfites II and III sfim-
filar fin sfize and chaetotaxy, wfith one medfian and two 
lateral domfinant setae, as fin Ffig. 8D; serfies of very 
ffine cutficular combs present fin membrane between 
terga I and II and between TIII and AbI; tergfites and 
ventrfites of AbI–VIII dfivfided along mfidlfine, wfith 
two small pleural sclerfites per segment on each sfide; 
AbI wfith transverse, sclerotfized carfina along ante-
rfior  margfin  of  tergfite;  wfith  sfimfilar  combs  on  the 
medfian  and  lateral  areas  of  mafin  dorsal  sclerfites 
AbII–VII. Prosternum wfith dense ffield of mfinute 
setae along lower hypopleural margfin; thoracfic ven-
trfites wfith few ffine setae, partficularly fin precoxal 
area, ventrfites I–VIII sfimfilar fin chaetotaxy, as fin Ffig 
8D;  basal  segment  of  urogomphus  about  1.5×  as 
long  as  termfinal  segment,  wfith  promfinent  lateral 
setal bases; termfinal segment of urogomphus slen-
der,  wfith  one  short  dorsal  seta  and  a  sfingle  long 
termfinal seta.
Larval  Remarks. The larva of M. ficarus con-

forms  to  dfiagnostfic  characterfistfics  of  Paederfinae 
prevfiously  cfited  (Kasule  1970;  Newton  1990; 
Stanfiec et al.  2022),  havfing  three  characterfistfic 
pafired trfichobothrfia on the basal corner of the stfipes, 
on the sfide of head behfind the ocellfi, and at the pos-
terolateral  corner  of  the  pronotum.  It  further  con-
forms wfith dfiagnoses of Lathrobfifinfi and Medonfina 
presented fin Stanfiec et al. (2022), havfing a relatfively 
large maxfillary mala, a bulbfiform and ffimbrfiate la-
bfial lfigula, lack of lateral epfipharyngeal dentficles, 
and lackfing a medfian tooth on the nasale. Some of 
these characters conflfict wfith those descrfibed for M. 
“nr. johnfi” fin Franfia (1986), whfich fis descrfibed as 
havfing both mesal and lateral epfipharyngeal dentfi-
cles. Franfia dfid not fillustrate these for Medon spe-
cfiffically, however, so some ambfigufity fin just what 

was meant remafins. The M. ficarus larva also does 
not key dfirectly to Medon fin Stanfiec et al. (2022), 
as there fis only a sfingle row of teeth along the ante-
rfior margfin of the buccal cavfity. Wfith only two larvae 
descrfibed from a dfiverse, Holarctfic, and questfion-
ably monophyletfic genus such as Medon, lfittle more 
can be safid about generfic characterfizatfion. 
Dfiagnosfis  from  other  co-occurrfing  Paederfinae 
larvae fis complficated by generally poor documen-
tatfion. Newton (1990) fillustrated the larval head of 
Sunfius confluentus (Say),  whfich  fis  concefivably 
sympatrfic wfith M. ficarus fin some lower elevatfion 
localfitfies. They are sfimfilar fin gross structure, but 
the Sunfius mandfibles are fillustrated as ffinely serru-
late (whfich fis also the case fin Pseudomedon obso-
letus (Nordmann); Stanfiec et al. 2022), whereas the 
finner margfin fis smooth fin M. ficarus.
Etymology. The name “ficarus” calls to mfind the 
proud  Greek  boy  who  flew  too  hfigh  and  lost  hfis 
wfings, approprfiate for thfis hfigh-elevatfion, flfightless 
(but proud) beetle. It fis to be treated as a noun fin 
apposfitfion.

DISCUSSION

Deep  dfivergences  among  the  populatfions  of  
M. ficarus ffit the emergfing model for flfightless ar-
thropods  fin  hfigh  Appalachfia  (Dukes et al.  2022; 
Garrfick et al. 2017, 2018; Hedfin et al. 2015; Newton 
et al. 2020), unsurprfisfing for such an ancfient, topo-
graphfically  and  clfimatologfically  complex  regfion. 
The “true” specfies dfiversfity for many such lfineages 
remafins  unclear,  as  many  exhfibfit  extreme  genetfic 
dfivergence, lfike seen here, fin concert wfith lfimfited 
or no clear morphologfical dfivergence (e.g., Caterfino 
and Langton-Myers 2019; Hedfin et al. 2015; Newton 
et al. 2020; Thomas and Hedfin 2008). Whether these 
meet  bfiologfical  specfies  crfiterfia,  wfith  dfisjunct  and 
dfivergent  populatfions  remafinfing  reproductfively 
compatfible,  fis  only  speculatfive  fin  most  cases. 
Regardless, most lfineages qualfify as evolutfionarfily 
sfignfifficant  unfits,  lfikely  to  harbor  unfique  adaptfive 
trafits that mfirror neutral genetfic dfivergence.
The partficular relatfionshfips observed among pop-
ulatfions of M. ficarus reflect some common bfiogeo-
graphfic patterns. The prfimary separatfion of northern 
and southern lfineages across the Ashevfille Depressfion 
fis nearly unfiversal fin phylogeographfic studfies fin the 
regfion, though the putatfive age of thfis dfisjunctfion has 
varfied,  from  post-Plefistocene  fin  the  range  of  thou-
sands of years (e.g., Browne and Ferree 2007), to late 
Plfiocene,  5–6  mfillfion  years  ago  (Caterfino  and 
Langton-Myers  2018,  2019).  Dfivergences  fin M. 
ficarus of > 15% would also put them at the older end 
of thfis range. Isolatfion of a group of populatfions south 
of the Lfittle Tennessee Rfiver (our Brasstown Bald, 
Copper Rfidge Bald, and Tusqufitee Bald populatfions) 
fis also frequently observed (Hedfin and McCormack 
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2017; Thomas and Hedfin 2008). Close relatfionshfips 
between populatfions of some of the northern pafirs of 
populatfions (Black Mts. + Bfig Bald, 25 km across a 
700-m  valley;  Roan  Hfighlands  +  Grandfather  Mt.,  
24 km across an 1,100-m valley) do not have obvfious 
precedent fin the lfiterature. In Mficrohexura montfivaga 
Crosby and Bfishop (Araneae: Mficrohexurfidae), pop-
ulatfions  from  these  ranges  are  all  on  findependent, 
deeply dfivergent branches, and the sfister area of each 
fis  dfifferent  from  those  of M. ficarus (Hedfin et al. 
2015). Here, each of these closely related populatfions 
would seem to reflect broader hfistorfical populatfions 
that became separated relatfively recently, lfikely wfith 
the most recent retreat of montane habfitats to these 
peaks. Yet all of them remafin each other’s closest rel-
atfive at a deeper level.
Intermfinglfing of lfineages from the Smokfies and 

Plott Balsams, as we see, fis relatfively common (e.g., 
fin Mficrohexura Crosby  and  Bfishop:  Hedfin et al. 
2015; Fumontana deprehendor  Shear  [Opfilfiones: 
Trfiaenonychfidae]: Thomas and Hedfin 2008; Euconnus 
falcatus Caterfino  [Staphylfinfidae:  Scydmaenfinae]: 
Caterfino 2022), and fit fis evfident that hfigh-elevatfion 
lfineages  have  not  percefived  sfignfifficant  bfiogeo-
graphfic  boundarfies  between  these  two  ranges  fin 
recent tfimes. The finclusfion of findfivfiduals from the 
Great  Balsams  (Mount  Hardy  and  Black  Balsam 
Knob) fis less common (though see Desmognathus 
wrfightfi Kfing  [Urodela:  Plethodontfidae];  Crespfi  
et al. 2003). But a close relatfionshfip of these to pop-
ulatfions fin the far western Unficofi Mts. (Huckleberry 
Knob)  fis  wfithout  precedent.  Thfis  locatfion  fis  not  
only  dfistant  fin  gross  terms  (50  km  mfinfimum,  to 
Clfingmans Dome) from any related populatfions, but 
spans the Lfittle Tennessee Rfiver, whfich has served 
as an effectfive barrfier not only for other organfisms, 
but for other lfineages of M. ficarus. We would expect 
thfis populatfion to be much more closely related to 
proxfimate ones from Tusqufitee Bald, Copper Rfidge 
Bald, and north Georgfia. That they are not suggests 
that there are multfiple old lfineages that have sorted 
among these ranges, and lfikely experfienced dfiffer-
entfial extfinctfion, leavfing fidfiosyncratfic patterns.
The fact that two hfighly dfivergent lfineages appear 
to be sympatrfic at Clfingmans Dome, one from the 
precedfing lfineage and one from a Smokfies-exclusfive 
lfineage, fis partficularly finterestfing, and supportfive 
of the cryptfic dfifferentfiatfion hypothesfis. However, 
thfis, agafin, requfires testfing wfith addfitfional markers. 
Wfith only COI avafilable, fit fis dfiffficult to say wheth-
er thfis represents reproductfively fisolated lfineages 
or sfimply deep fintrapopulatfional haplotype lfineages 
that have come back together at thfis spot. That thfis 
only seems to pertafin to one of the Smokfies popu-
latfions, that there are not fintermfingled representa-
tfives  of  other  clades  more  broadly  wfithfin  that 
regfion, fis peculfiar, and further supports the dfistfinct 

cryptfic  lfineage  hypothesfis.  In  addfitfion  to  more 
markers,  sequencfing  addfitfional  findfivfiduals  from 
populatfions fin the area of overlap would also help 
to  resolve  these  and  other  outstandfing  bfiogeo-
graphfic questfions.
Part of the bfiogeographfic story of M. ficarus fis fits 
apparent  fisolatfion  from  any  ancestral  congeners. 
Based not only on avafilable sequences, but on male 
genfitalfic  morphology,  the  closest  relatfive  of M. 
ficarus would appear to be M. amerficanus. The latter 
occurrfing fin cooler, hfigher-latfitude localfitfies to the 
northeast  would  ffit  the  prevafilfing  model  of  hfigh 
Appalachfian endemfics becomfing fisolated fin relfict-
ual cool areas fin the south whfile ancestors retreated 
further  north  durfing  post-Plefistocene  warmfing. 
However, the ages of fisolatfion of M. ficarus popu-
latfions seem too old to be consfistent wfith such an 
orfigfin, and deeper bfiogeographfic events should be 
consfidered. Avafilable sequences for the genus, how-
ever,  remafin  sparse,  wfith  none  avafilable  for  the 
dfiverse western North Amerfican fauna, and relatfively 
few  for  that  of  the  western  Palearctfic.  Grossly 
sfimfilar male secondary sexual characters can be 
seen fin efither area (Caterfino, personal observatfion; 
Assfing 2004). A number of Palearctfic specfies are 
flfightless,  or  wfing-polymorphfic  (Assfing  2004, 
2006), an fintrfigufing commonalfity, although a num-
ber  of  these  are  troglomorphfic,  or  fully  subterra-
nean,  whfile M. ficarus  remafins  actfive  fin  surface 
lfitters. Gfiven the unclear, and avowedly confused, 
relatfionshfips  between Medon and Sunfius  (Assfing 
2004),  further  clarfity  of  the  relatfionshfips  of M. 
ficarus wfill have to awafit a broader global analysfis 
of these (and lfikely other Medonfina) genera.
That such a wfidespread, locally abundant specfies 
has escaped detectfion untfil now may seem surprfis-
fing on the surface. But fit fis unfortunately findficatfive 
of the lfimfited attentfion small members of the lfitter 
arthropod  fauna  have  recefived,  not  just  fin 
Appalachfia, but globally. Many more beetles, and 
many other arthropods, awafit proper scfientfiffic at-
tentfion fin these dfiverse habfitats. 

SUPPLEMENTAL DATA (AVAILABLE ONLINE)

Supplemental Ffile 1. Excel spreadsheet contafin-
fing specfimen-level data for all materfial of M. ficarus, 
new specfies  examfined,  as  well  as  for  outgroups 
used  fin  phylogenetfic  analyses.  Columns  finclude 
taxonomfic finformatfion, GenBank accessfion num-
bers, type status, localfitfies, dates, project-specfiffic 
morphospecfies codes (searchable on Flfickr for pho-
tographs of vouchers) and Caterfino Lab DNA ex-
tractfion  codes  (MSC_NNNN),  hypotheses  of 
subdfivfisfion  of M. ficarus  by  algorfithmfic  specfies 
delfimfitatfion  (“ASAP  specfies”),  lfife  stage,  and 
reposfitory.
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