The genus Avrhopalites (Collembola: Sminthuridae)
i Lhe United States and Canadal)

By Kexxwrn Curisriacsex?)

Witk plates I3 f3) — 3% (8)

This genuz i one ol the most widezpread cave lorns Lhroaghout
the [olaretie region. dMost ol the forms found in caves are troglophiles,
and thus any nujor consideration must invelve all the spacies of Lhe
EEE

Recent, worl on the membiers of thiz genns haz completely allered
the basis of iz taxonomy, Stach m 1945 analyzed the rather intricate
externul anatomy and in 1947 Dents added a system for naming the
getar of the dens. Other major additions to the system weee made by
Cassagnan and Delamare o 1953, by Stach in 14936, and linally by
Gistn i his monumental work ol 1960, Numeraus smaller publications
of great Importance eame ot during this period. Yosii, for examplre,
in 1954 and 1956 analyeed the Japanese species of the group and added
some bazgie information. This present study 38 the fiest attempl to
apply the syelem to the Nearctie forms apd o add a little to ourp
general knowledge of the group.

T thie comrese of Ehe past bwenly years the huge majoriby of specinens
ol this genns found in North America bave heen ealled AL Sinoenloins,
As Btach hag poioted oot this name sl give way to sevoral others,
and the one most bepical Top epigeic speeimens s the Enreopean .
preneipadis. This species, however, does aol oeeur in North America
and a numbier of indigenons species bave heen deseribed : Pockard’s
A ferrpginecns in 1885, Folzom's Ao beritas o 1806, Banks' AL mo-
manthice i 1597 Mills' AL diversts i 1034 and Jacot’s A, whitesider in
1035, These names have gonecally been ignoeed or miztreated due Lo
the Tuct Lhat only the rare diversus hod an adequate deseription, [n

1 This work was mads possible by N2 F prant 15956
4 Grinnel] Callegn, Geinnell, Lown (U5 AL,
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the course of this study | have bad an oppoetunity to exanine Lhe
types of all of the species named and have been able to place the
varions Torms with seme degreee of certainty,

Arrhopalites has a number of characteristics available for Laxonomin
purposes, and several of these are both clear cul and relatively constant.
The bigrest dilfficolty is that zome characteristics are uzable snly in
adult frmale individuals, and in most cases the males can be placed
vnly tentatively, or when they are associated with femuales of an
wentifiuble species, A second big problem arises feom the rarity of
mnst of the speeies, This is troe in both epigeic and cave habitats, but
il is mnzt striking in the former. A particular species may he very
abundant in caves, hut even here the specimens of Arrhopalites may
he few and far between when other cave genera such as Onrcopodure,
Sinefla or Chagefiturus are abundant. The vesult of this 1s that anything
approximaling a complete work would reqmire oxhaustive eollection
of a whole region, as shown by: (1) the continuons disecovery of new
species of the renus throughout Europe, and {2) the carity of multiph
collectinnz. This also menns that many of the samples examined were
extremely meager, and hence the present work must be viewed as
prolicninary, This is so serinus in this group Lhat three of the species
liere examined were represenled by one poor speenmen each, These
[oems are briefly deseribed ondfor keved and charted, but they aee
nob named, T fell naming wnwise until belter mateeial was available
foe examination,

Thiz study waz made possible by the azsistance of a lorge oumber
of people, and T wizsh to thanl all of them, The stody was greatly
Facilitated by the exlensive preliminary work und collection of D 11
H. Mills. A rowd deal of Lhe remaining eplgeie muterial came throwgh
the courtesy of Mez Mary Ouigley of the U5, National Museam, while
much ol the cave material was collecbed bjf iy, T Barr ol the
University of Kentucky, Mozt of the labor of measuring, mointing,
et wag done by my dwo assistants, Peter Snyder and Jack Spenee.
A comparisen between the Nearctic species and a large number of old
world forms was made pogsible by the lean of large seriez of specimens
frome D Delamare Debontteville, Tt iz elear both from the present
work and from the descriptions available that many, if nol most, of
the Lypes of organ variation seen in European species are also seen in
the Mearctic material, Howevep, the combinations of charactoristies
are almost always dilferent. Thus, 4, aftes Tag ungwes and anlennae
very muel like . aggtelekensis, bt dental spination lilke A, pyeraess
and o subanal appendage resembling AL forcetes. Only two species
resemble Kuropean forms conongh Lo be considered synonyms, Theze
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are A, pyeererens and AL eaerus. In both cases b is possible that we
are dealing with widespread species such as Kutomobeye wivals.

The new characteristics intraduced by Stach, and worked out by
uther anthors, are diffieult 4o use, and T will briefly deseribe and
dizenszs the various claracteristics and point oub o few new medifi-
ratinnz. The anal valves of the females are couipped with a variety of
sotae and subanal appendages, Theze are extremely complex (see
Plate 123 and will be disenssed later. The lurgest sebae vaey considerably
in size and strocture (see Fig 85905 and may bear Danges with deep
nr shallow sereations at their hazes. The presenee of supplementary
shoret spinez on the anal valves is characleristic of zpeciea of the A,
CHETIY STUL.

There 15 a charactepistic chastotaxy on the dorsal (Fig. 3) and
ventval (Figo 4) suefaces of the dens. These setae vary semewhal in
prsiting, and those deseribed as being in a particular row mway ool
alwivs follow each other in a straight line: however, it is usially easy
to determine to which serwes o particular setae belings, As can be seen
fram Tlate 4, theee are ab least Lwe hazic types of stencture of these
argans in Neavetic material, ench hoving several madifications. Une of
these maodificalions oeciez in the distribution of the spine-like setae
and the degree to which Lhey are spine-like. Figuer 5 shows g seeies of
L, spines, and it can be seen from this that the question of spine-like
or nob muay be a diffienlt one. In most cases the selae are either like
I oand elearly spine-like, or like A and clearly oot (Tn netation of
dental chactotaxy, spine-like selae are indicated with capital letbers
while others ave shown with small Letbers,)

Thar eephalic vhaetotaxy is quite regular e the disposition of setas
[seer Fig, 23 The leltering veed loee iz new and should be some aid in
indicating the type of chactotasxy and the distribution of heavy spines
on the head. The enly significant vaciation in Lhe disposition of the
sedac 15 Lhe presence of Moo It is absent In most species and present in
anly some of the members of any one species st far exumined.

The muers iz ancther claraeteristic which requives  some ex-
planation. Nois nsoally trough shaped with Loth edges seerate, The
ventral margin may be 2teaight or variously indented (Fig. G), while
the apex of the organ may he pointed, Langed or bulbed, The unguis
is fairly constant threaghout Lhe geoup although minoe differences
iy ovene (gee Plate 13, and these are somelimes uselul in separation.

Uver two hundeed speennens belonging to cight species were meas-
ured in this study. The s of the duta is too bulky for reprinting
hiere, Lot 1s wvailable Lo interested persons upon request. As with the
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Fritomebeying previously worked on, most of the organ rating of the
Archopedites can be exprossed as sbearghl lines (seo Geaph 17), with the
exeeption of A, clares and AL altey which uzually hove somewhut
differing ratins.

A pumber of characterislios did npob fil Lhe pattern above, Most
ikeresting was Lhe evolotionary progression found o the firsl sob-
segriitent of the fourth antennal sepment {see Graph 185 alhove), Hers wo
havea situation similarin some rezpects tothal seen in Sinella and Peeq-
dusrmella, The Leend, lowaever, 15 nod carried ool f one considers tha
antennag a8 whole butl this is probably g resull of the cowples patuee
of Lthe antennae in these animals and Lhe adjostioents wade o sub-
segmentation. A diferent variation feom the normal acenrs i we con-
sirler Lhe relationship between Lhe Libiotarsus and Lhe cephalic diagonal
{zen Graph 15 below). Here it is elear that o cueve rather than o straicht
lie graph is pequived to [t Bhe data, and Ao elarne fits on this
curve very well,

[ view of all these factz it iz clear thot most of the dilerences m
vatios found in the genuz are merely a resnlt of the different sizes of
the apimals being examinaed and Lhe facl Lhal they all repeesent parts
of the sume corve, These ratios are oot eobicely invalid distinetions
sinee there are significant size differenees among the species, but i s
important Lo eealize that apparent ratio differences aee merely dilfer
ences inosiae, The antmals seem o fall mbo foue basie sive cabegnries,
ascan be seen Teom Graph 18 below, 1T we consider Lhe hind Libiotarsus
az a =uitable size measurement, then we have AL coecns and A,
hepefies averaging aboob 013 mo., ol deetes and Gl defiies abouot
O o, A pggeeens and oL ahrtesrder aloot 10235 mme, and
Aooefarws and AL altees () abount 0243 o, 16 sheald be noted thal o
areat deal of overlap oceurs, and only in the exteemes aee the sizes
enlirely sepurite.

Acepnsiderable number of the inportant characteristics of this genos
can be ronghly deseribed inoo formula er a nomber, One striking ex-
ceptinn &0 this is the subanal appendage of the female. Here the
connplexity of the organ and Lhe exlensive vamation found within a
single speeies makes deseription lengthy and conlusing, [t s passible,
herwever, to derive a simple cxpression of both the individual shape
and the variation of the ovgan if we conzider the maerphological
relutionships sroong the various Lypes of stroetore, To Figore 11T have
attempted to achieve o matrix of this sort, The siplest ferin to which
all the other types can be related is the form placed at the center of
the diagram. Around Lhe periphery are lavated the extremes in diffees
entiation of the particular organ found in the varous holarelic species,
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Other lomws are envisioned n# inbermediates which can be normally
placed along radii ronning from the center oulward, or oceasionally as
intermediates running belween such radii, To clarily the types of
struclure cxpected along the various radii those considerad to be al
the hallway mark aee iMusteated ineach case. Bach radius s numbered,
and the stoage o development along cach rading iz represented by a
sepies of coneentrie cieeles. Although the radn Deenished aee enongh
tu tuke care of the presently koown holarctie species, Blank eadii are
left for Tuture additinns.

Now aloost any organ forn can be simply deseeihaed by o eomhi-
nation of its pading number and letered civele. Thus the organ shown
in Figuee 7 would be deseribed as 131, Lhat shown in Fignee [as G0
while that shown In Figore 23 would be 14 D Oeeasionally a specimoen
will uppear as an intermediate belween radiis In this cose the organ
shoadd be described as follows: 4 85, mdicating cirele B oand inter.
mediate between radii 4 & 50 Thus the organ shown in Figure |7
worndd be Do

Thiz system allows nol only a mederately exact deseription of a
single oegan bk o buendshes a very quick method for deseribing the
variation foond within o single species. Tn most coses this will fallow
a zingle radius and should be desienated as follows: AL eaeens 14 A-E.
Tn some eases, the varialion eneompazses paels of fwo radii witl
gradation hetween these, In this case they should be shown az follows;
A pymeness: TOASC U D-AL The gradation hetween eadii iz shown by
the superseribed shove the appropriate places, and itz abaence wonld
indicate disceete varintions,

This svstem and matrix is seb up onoa purcly moephological busis
and should not in any way be sssumed to repeesent the evolulinnary
patterns involved. This may oecor but iz nol the goal, noe did
wiber into tlie formoddution,

[n the table which follows, Lhe varions organs which ran be readily
represvnted are shiown for all the Neaectic species of the group. 10
ghonld L noted that while the mwatrix 1s designed for all Tolaretic
species, the table deals only with the Newretic forms and, hence, not,
all the eadii are 1sed.

In elosing thiz section, [ wizh to poind out thal in zeveral cazes |
linve stretehed a species dingnosis Lo inelude what ave probably two
oronwee species, merely hecause of the poor nature of the presently
available samples, When this s added Lo Lhe thres unnamed forms
listied here, and the prebability that no more than two-thirds of the
artunl Nearctic species have been sollected, it iz elear that this is a
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preliminary work and that wuch remaing to be done, 1 hope thal this
paper will do something toward laviog a foundation for thiz work,

Al bype material menlioned heeein will be deposited in the Museum
of Comparalive Zoology at Harvard University, Cambeidge, Masaa-
chusetts, unless obheewize noled.

Tribe Arrhopuling
Grenus ARRHOPALITES RBorner

Bynonymy;

Archopalites Tiovner, 1906, Mill, Nalurhist. Bus, Hamborg 23 182, Type
by orviging] designalion Sedethierns Coeeus Tullberg, 1871, Qv Kongl
Web-Akad. 28 146,

Coevarshopedites Yosii, 1955, Konbyeu, 200 20-21. No Lype spevies designaled.
Sxnonymized with Aeedepalites Gisin, PO, Collembalenfauna Eovopas:
230,

Pavadarchopalites Stach, 1955, The Apterygaotan Fauni of Poland incelalioo
to e world Taunn, Funily Sminthuridae, Acta Monoge, Muos, Nulb,
Kralow: G2, Type by orginal designation o, diverses Mills, 1934, A
AMonogeaph of the Colleiobeln of Town.

Sointhurinee baving theee or fewer eves per side, females equipped
with suhanal appendages, dentes normally careving spines on dorsal
surface, [ourth antennal segment normally subdivided inte live or
more anbsegments, pigment asually redueed,

Thiz eazily recogoized genng has had a number of genera created
for different seetinns; hewever, in view of Lhe small number of species
coneerned, and w large oumber of eommon charaeteristios, [de net
feel that there is any merit in fragmentation of o clearly limited and
related unit.

Genns COLLOPHORA Delamare & Mazsond

Synanymy.

allophors Dielionare-DebouLbeville & Massoml, 1964, Yool Ao I72: 29-106,
Type by original designation o erkopalites guodeieceletus Doenis, TR,
Foll, Laly, ool Portiei 25 2842850,

Enllowing the lead of Bichards {nnpublished) these authors have
prected o new genns to inelude Denis’s speeics and one new forme The
genus is readily separated [eom Arrfiopalites ona basis of the capitate
abdominal bothrioleichia, the fused Fourth and difth abdominul seg-
menia and several chaclolactic Teatures.
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14,

REY TOTHE NEARCTIOC MEMBERS
OF THE TRIBE ARBHOPALINI

- Four eves peeside Lol Collo gl guadrivenlotns (Denis)
Tweo or luss eves peeside oo oL oo nL. {Arrkopniies) - 2
Anal valves with small spines in addition to oormal setas (Fig. 1) o
Anal valves withoot small spines .., o oo i

L Ulnguis with long filamen| projecting foon inner lamella (Figo 20 o, .
.................................. v el dfiversas Mills Depsigeie)
Uognis withoul long flament Trom inner lamella oo o000 00000
................................. oAl pmens Tulll fepigeis caved

CoBeven nr e subsegments of Iooeth anlennal gegiment _ o000 3
S1x o less subsegmunds of foaeth anlennal segment o000 o000 Y

o Fourth antennul sulsegmen s cight gemoee ©ooo ool i
Fourlh antennal subaegments Seven .o 0o ie oo ri

. Female subanal appendage slender (Fig, 1), acwiminate, apaeally Bifuriate
........................................ oAl altug TS [even
Feanale subanal appembage eod-lke, apically weakly sereate o000
........................................ ALsp, tepigeic, Clergon)

o Female subanad appendage deeply sereale o000 8
Female subanal appendage weakly serrate or smooth 0000000 i

- Darsum of dens wilh selo og absent or presend, pigment weals, éyes 15nde

......................... AL béetue nosp. (donbtiud epipeic -+ cave)
Diorsuan of dens with suta e prosenl, pioment heavy, eyes usoally 20side

................................. co L deliinger noosp, Jepigein)
Cephalic spines wenll oo oen oo Al elaris n.osp. eave)
Cephalic spines heavy ... o .. AAlspe feave, Pennsylvania)
Diorsumn of dens with seln Tdg absenl oo oo ool i1
Tarsim of dens will sela Tdy preseat o000 000000 i L

- mubanal appendage of fom’tlo strongly curved, scimminate, '-\l*akl'- ar

sparsely serrate in pinna b Tashion, 1w hitesided Jarnl [Epigeic | cavel
subanal appendage of femuale rod-like, deeply seerats over apical one-

Lhied in palmate Tashion ... ... .. <L bendtus Folsom Jepigeic 4 vave)
3 Dgesum of dens with-seta Ly presenl ..o svn=gmns v oney 15
Trarsnm ol dens with sela T missing oo o0 o o oo nioa 14
[rreswmn af dens with aeta e, absent ..o oo Rirtees dsee abovel
Trorsnmm o dons witle sela e, présent oo oo 15
Subanal appendage of Temale acominate cueved. L sp. epigeie Calif.
Subanal uppenduage of female pod-like .00 oo dubins n.osp. vave)
cSubanal appendage of feoadie road-like, apaeally ciliate or flanged 0 16
Subannl appendage of female deeply serrule in palmale faslivn or
acuminale aod caeved oo o000 oo, e 17
Zeta By clearly spine-like, cephalic spines weal .00 i

................................... Al pymeaees IE'pige]U | cave
Seta vy oot spine-like, cephalic spines heavy, A amarus 00 sp. fepigeiv;

T, Subanal appendage of female wommninate coevedd, featherod or smooth

........................................... .l akitesider
Subanal appemdage of female dr*r-p]-. serrabe o palmate ashion .
Lo e e A B noEp.
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ARRHGPALITES ALTUS new speries
Figures; L3, 30, 60, 69, 83, 100

Antennae long, fouelh antennal segment divided into nine sub-
serrnents, Third segment without sign of swelling. Tongest setae af
frorth antennal serment about three times as long as damelar of
segmient, those of thind zrpment abont twice as long as segmental
dinmeter, Chactodaxy of darsum of head novmal, M1 abzent. None of
the setae steikingly spince-like, ot thase aof TLoand 1, sovies anid A3
seinewhat thicker than the others, Eyes clear, one per side. Na spine-
like setae on thorax or abdomen, The loegest setae of the aoal valves
subeiquad Le Lhe subanal appendages in zixe, and oot Qanged, | ngnoes
and empedial appendages of lore- ad hind-legs similar in shape. The
posteriar and mididle paies are somewhat sherter than the fore ungues
and have a clear inner tooth, absent in the fore ungues, Eogpodiul
appendages with closr apical filaments and marked corner tooth,
Muera with marked apical fanee and smooth veotral margio. Chaeto-
taxy of dens as in o pygmacis. Ve, a little more than one fourth of
wuy Tron base Lo apex of dens. Tenaenhim witly posterior unpaired
lobe delinitely longer than anterior lobe, Female subanal appendage
aruminale, glraight with bifnecate tip, Male unkoown.

Diseusgsion:

This well warked spueies resermbles AL claras in some respects, but
is easily differentioted by Lhe Tact el the spines of the dens are clear
and pelatively heavy, in eontrast to the seta-like steaebore seen e that
species, Chnly bwa specimens af thiz zpecies were seen and bodh came
from s single cave, T s very Tikely thal Ehiz is 8 teoglohite speeies of
very local distribution, Type — Hololype Temale.

Distreibutlion:

Fawwn only from Lype Ineality: Eyeless Fish Trail. Flovd Collins
Crystul Cave, Edmonsen Connty, Kentnueky, Seplember 23, 1956, Bare
oll,

ARAHOPALITES BELLINGERD new specivs

Fignres: 35, 42, 51, 75, 08, 09

Color dark reddizh brown over whoele of dorsum, head, and append-
ages: pale only on intersegmental membranes of thorax and ventral
siurfaces. Pigment nob uniform hul with numeronz small circular pale
apolz Eheonghiont. Antennae usoally stout with segments, Tusiform
shape, Fourth antennal segment with seven subisegments, but these
are often dilficult to distingoish inomounted specimens. Twa eves per
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gide in the form of a large double pigment zpot with ooe clear and one
weakly developed cornea. Longest setue af thied and fourth antennal
sepments slightly looger than diameter of segment at that level
Chactotuxy of head normal with 3, absent; setae of 1 Loand L seeies
gpine-like, others normal. First row of thoracie setae weakly spine-
likeo Largest aotae of anal valves somewhat thiclee Lhan subanal
sppendages, without uoge al haze. Fore und hind nngues, with elear
medin moer booth and tuoics, Empedial appendages dilterentiated,
pesterior pair lancealate while those of e Tore appendages are basully
expanded and inteenolly exeavate, Al with long apieal lluments and
woeuk corner teetl Muceo pointed and with a veey weak indenlualion
on vendral suelace. Dental chavlolaxy as in A, pygeaens. Vi nbout,
ong-fonrth of distaoce fram base Lo apex of denz Tenaeulom narmal,
Subunal appendage of Temale as in L. benriis,

isenssion:

The most sbeiking featues of thiz species iz L possession of more
than ane pair of eves; however, this characteristic is nob o elear one.
Loy mnesst of the spoelimens 16 s pozsible to see fwn piginent cops in
cloge vonlact, Tink it s possible Lo see dwo acparale cornen in ooly o
fewe sprciinens and evan here the seeond cornei i very small Inog Tew
cases the whale steucture looks like a single eve with o very large
pigmient spol, bt in the majority of cnzes the irmtial appearance is of
two contiguons eyespots cguipped with a single very Taege cornea, The
species rescinbles A, fenitus in many respeets, bul can be readily
distinguwizhed onoa basis of the subsemments of the fourth antennal
segmnent wnd the dental chactolaxy, It resembles the Kuropean A,
principaits morve Ehan any other speciez seen, bol can be readily
distingnizshed from tlus species on the busis of the subsegments of the
fourth antennal segment, the eyve stencture and details of the ceplalic
ehactotaxy, 11 bas the heaviest pigmentation of any species examined
in Lhis stwdy, aod some of the specimens appear a dark veddish hrown
Lo the naked eye vven when preserved in aleohal. 14 3s likely that they
are vver darker in life. Types — Holotype female, nine paratypes,

Distributinn:
Known only from type locality : Sehinfield Pass, Colorado, 10,000 £,
elov. August 5, 1961, Peter Bellinger coll,
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ABREOQPALITES BENITIIS Falsom

Figpures: 5 R, 50, 36-38, 44, bb, G2, 63, 64, 71, 74

Smyethris benites Folsom, 1896, Payebe 7 8496530 [Type: Achinglon, Mass.
Musz. Comp. Zool., 1larvard].

Arrhoapalives bewdws Mills 1954, 953, A Monograph of the Collembuda of lowa.

Arrbopatites btraculatws sensa Mills 1934, Modnard 1951, and other Anerican
aulbors.

chrehopalites sub-brasculates Trenis, 1933, Boll, Tab. Kool Portict 2§ 287- 288
[Type: Apuican, Costa Rical,

Antennae normal wilh five subsegiments on fourth antennal seg-
ment, Longezt setan of third and foorth anlennal segment about bwies
the diameter of these segments, Eyes clear, one per side. Chaetotaxy
of head normal with setae of 1L aod Toseries heavy and spine-like,
Aotenior most row of thoraeie setar of weakly spine-like. Fore ungies
slightly more slender than hond. Al ungues with clear inner median
tooth and all eopodial appendages equipped with a clear eorner tosth,
Einpodial appendages with etreng apical filaments as long as, or longer
than, the appendages, Muero with ventrul margin straight and a clear
apical knob ar lange. Dental claetotaxy noemal, exeopt Tor the ab-
sence of anta Il Veoleal setne with Ve, more than one third of
distunee from base to apex of dens, Tenaeulnm as oo, pyomaens,
except [or postervior unpaired lohe, which is somewhat shorter than
the anterior two, Female subunal appendage palmate and desply
serralbe over apical one (hivd.

Prizenzaion:

This is the only species of epigeie Aeriopalites which ean be said to
be anvehing near conmon. About 809 of the epigeic colloctions
examined have turned oot to Le of this species, The spreies is also U
most variable of all $he species vxamined. However, a1l attempts tu
split it into a number of different species Tail on the points of the
wraded nature of variation, and the failure of any two characteristics
te vary concomilantlv. The most striking varation concerns Lhe
cephalic chactolaxy, The spine-like selae of the head vary both in
shape and in mnnber, T all eazes they are elearly distinguizhable
Fraeme the noemal zetae, but they may be anythiog from nareow cones
to massive, basally swollen forms [see Firo 74) The most coommon
form has €l gpine-like setae limited to Ay, Ty, Dhg, Ly, and this s
the sibustion seen in the Lype apacimens, Ly may alao be spine-like in
tliese Torms bub ib iz usually hidden heneath the head. The various
Lypes of spine disteibution aee swmmarized in the tuble,
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I addition to this variation, seta My is frequently absent and M, Qs
frogquently present. The diztribution of these varions cephalic chacto-
taxy tvpes dovs nol seem Lo Tollow any partisulue geographic patlern,
althoogl the sainples exuonned were not inelugive enough to state
huis with sulhority.

Table

Cephalic spines = =« Cephalic setae (neb spine-like) = —

Uearreneo My M, M, A, A LL, Th, 1,
Common E | : ® I o b s
LA bentias Lypest
I TLETINET "' = T H, =+ X .4 =
Tiare + T on | v .o =
Tdarn } ¥ - -
Cammon # i . " " i =
LA subh-binaenlalus
Tvpes
Carnmen * * w # } " #
Hard ™ T x * + »

Theer is alae o great deal of vaeiation in the stroctore of the denia)
spines. [ some eazes the spines ol the Loseries aee relatively shoet
and end abeaplly, Lot in most cases the spines of thiz seriez have o
short filanentons prolopgation. The claws nocmally have a clear
Luniea, Hewever, in some specimens or whole populations the Luniea
way ke absent, or at least not readily visible. The muern normally
Iinz o clenr apical kool or Tange, but inoa few specimens i1 appears Lo
Do pointed Tle large setas on the anal valves are normallv nol fanged
il Lhe buse, Howewver, o few spechimens show a slight expansion on
the basal portion withoul any clear serrations, .

I have examined the tvpes of hoth A, sud-bimoeadatus Donis and
Al benitas Folson They are similar i every respect save one: the
ceplalic chaelotaxy. In this respect the bwo forms appear te be
different parts of whal is a large pattern of variation {see chart above),
heawenver, the nature of Lhis varialion dees not merit separation of the
Lwo forts as different species, Foelher analysis of the geographical
varntion and genetics of the forms will be eequired hefore the real
bazis nf thiz vorntion can be established.

This forrn s similarin many respeets bo the European A, princdpolis;
howewver, it can readily be geparated onoa Lasiz of the dental chaelo-
taxy, viz., IL, absent W beadtus, present in A, peincipalis. This
characteristie is perfectly constant in the Nearetic and Neolropical
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formes and appears to be constant o the European fomos, T addition
tn this, the foueth antennal zegment has only five subserments
AL berdtus, with only an aecasional specimen shovwing an indication of
Ehe sixth serment, whereas A, prosedpelis normally hos sivsubzegments,
Single pecimens wantiliable as AL bewifis were zeen from bwo caves,
one in Vieginio and ooe in West Vieginia. The former was Toirly typical
of the specics. hut Lhe latler dizplayed many unuzual characteristios,
The dirst subsegment of the fourth antennal segment was considerably
longer than normal, and the hind nungues were more slender Lthan i
any ol the eamparalile epigeic forms. T appears likely that this re-
presents a considerably isolated population. However, the individual
concerned was much lareer than noral [oe this species, and it is
neceszary Lo lave a heltor samiple before it can be determined that
huis [oen does oe does nob deseeve speeifie recogoition. T8 agrees well
with the species on most of the charscteristivs of importanee (e,
cephalic chactotaxy, dental chartotaxy, and subanal appendages),

Tristribubinm:

Twpe lacalitv: Aclington, Mass., June 159G, Otherwise generally
distoiboted over North and Ceotral America. T have examined speei-
mens from twelve states, theee Canadian Provinees, and theee Central
American and Norihoen South Aweriean countries. {Hher records -
clude almost every major region of the continent. Only twae records
Teoan cives, cach of & single specimen: MeClung Cave, Greenhiciee Cn
Wesh Virginia, Ang. 10, 1935 Bare eoll: Breathing Cove, Butle Co,,
Vieminia, Augnst 25, 1958, Harr eall.

ABARTQPALITES BEWITN new sproes
Figmeos: 31, 41, GL, 68, 82, 44

Antennae with five subsegments on fourth antennal segmnent, Long-
estogetan an thivd and foorth sergments about bwice as longe as dinmeter
nf segments, Cephahe chaetolaxy normal with M1 abeent. Setae all
slender, none atrikingly spine-like, those of | L series straghler than
others. Eyves prominent, conieal. No shreiking spine-like setae on thoras,
Anal valves wilh largest zotae not skeikingly different feonny others,
vonsiderably more slonder thao subanal appenduges. Hind ungues
only shightly thicker than fore ungoes, all with elear median inner
tanth and tunica. FEmpadial appendages all look somewhat like normal
fore appendages and with promanent coroer Loolh, Dental chactotaxy
s in prgrnens. Vo aboot one third of way from base to apex of dens,
Mucrn with clear flange at apex. Tenaculum normal, Female subanal
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appendage rod-like to curved with heavy moderate serration on dorsal
surface of apieal one fourth of length, Male unknown.

Miscussinn:

This species resembles AL pyegrmaess 0 many respeeiz, most nolably
in its denlol and cephalic chastotaxy. 1L is easily separcated on twa
bazes, fiest Lhe slrocture of the female subanal appendages, whirh
regemble A, fendus moce thao they do pygmaens, and second, the
small size of the large setne of the anal valves.

In mosl respecls this species resembles A, firfas, and in fact it may
b part of the geographieal variation of this species; howeaver, the
twn are presently easily separated by the fore ungues, toothed in
hertus, untoothed in AL dimos; the fourth anlennal segment, six Lo
grven subsegmenls in dietus, five segmented in bimes; and the pmpodia
appendapres, normal in fiicdes and similar to each other in ddmus. To
thiz lazt characteristic the condition seen in fimus is rarely found in
the genus, On the whale it apprars to be a well marked species. and
quite probably additional eolleetions will show it Lo be widespread in
the nartheren tier of Kastern central eaves. Type — holotype female,
IFistribution:

lnown anly Teom Lyvpe Ioeality: Shiloh Cove, Lawrenes Co, Indiana,
Jan. 2819549, Den Burlon eoll.

ARRBUHOPALITES CAECES (Tullberg)
Figures: A, 22-25, 5, 32 63, 81, §7-50

Serrethurus coecws Tullberg, 1RTL, Gy, Rong. Yueb-Akad, 280 186 | Type:
Unkrrwn 1.
Arrhopedites soecns Borner, 1906, MitL, Naluchist. Mus, Hamburg 230 152,
A pumber af specimens both from caves and epigeis localities ran
be identified as this speceies, They have steiking features, the moaost
impertant ol Lhese being the small spanes on the anal valves, aml the
barge ventral spine al Lhe base of the muceo, Inomiost eesprolz Lhey
agree very well with the European spacimens identified ws Lhis specios.
The dilferences are sometimes in cooflict only with some ol Lhe de-
seriplions available. For example, in the Nearetie specimens the dorsal
dental 2eta ey i3 abaenl, but Delamare and Dends indicate its presence,
while Stach describes 16 as ravely present. In addition o this, the
Nearclie specimens show seta dg nonoally displaced toward Lhe e
sovies oven in adults, w characler shown by Donis as holding for voung
specimens of the European formes, The series of aetae Vg theouglh Ve,
are very heavy in Lhe Mearetin Terms, bot Uhe figuee given by Gisin
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shows a sionlar siluation quile i contrast Lo thot seen in the figures
and deseriptions of the sther authors,

The spine-lilee setae of the lead (including the TL, 1. and A} are
strikingly differentiated fram the normal setae of the head, This con-
dition s different from that deseriled by o oumber of Eoropean
anthors;, however, the Swizs and French aspecimens | have examined
show the spine-like zetae clearly. All specimens have the thivd antennal
segrmnent swollen, but without a distinet hump, The various desceiplions
marely slute Lhal ne hump s present. In view of the contradictions
ard confusion indicated ameng the various Eurepean anthors and
the naturee af the didferences hetween the MNearclic and European
fopms, 1 eal 1L wizest to consider the Nearctie and Enropean forms as
syionvinons until o thorongh sindy of the European specimens can
be made. At such a time it may well buen ool that there are lwa
soparate spocies involved.

Two epigeic specinens {one frome Uebana, Hlinesds, and one from
Edmonton, Alberta) have the ecephalic and doreal spine-like setae
much heavier than is seen in mosl of the other specimens and the
female subanal appendage 15 apically expanded, lowever, in both
characteristios intermediate conditions exist. In view of thiz and the
amall seriez of specimens seen, [ feel it best to consider the forms a
single speeies, until adequate muterial s available,

Distribulbion:

Thiz species hos been reported lromn many epigele lovalities in North
Anerica, but the enly specimons identifiable as this species zeen in
this study were Tram opigeie Jocalilies in Bvey Canvon, Claeanont,
Calif.; Ames, Towa; Urbano, Hhneds; Edmonton, Alberla; Hunbers
Cave, Juckson Co., Towa, nnd Wind Cave, Cuoster Coo, South Dakota.
I view of Lthee many ddentifications it is besl Lo Jeave the disteibulion
entieely in doubl onbi]l new examioations of Lhe old material can
b nade.

ARBHOPALITES CLARLUS now species

Figupes: B A, 7, 12, 40, 56, 66, 84

Body slightly bilaterally flattened, white or covered on dorsun and
front of head and dorsum of body with seabromz patches of red
pigmenl, Antenoas with seven subsegmentz on fourth antennal sep-
ment, Most of the setae of foneth segment ahoul Lhree times as long
az dinmeter of antennae, those of olher segments 134 to bwo times as
long as lhe segmental dimoeter. Cephalic ehaetotaxy with M, always
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abisent, A, level with posterior margin of antennae. None of eephalic
or greater abdomen setae spine-like, Largest setae of anal valves nol
strikingly enlarged ul base and aboul the same diumeter as the sub-
anal appenduge. All ungues elongate, sinilae in shape, Each with o
very wealk median inner tooth, Mucrn with weakly knobbed ar spat-
ulate tip, onter edge of mnero only ireegularly and sparsely serrale,
inner edge with normal regular sercations. Unly one clear spine on
dens (1,17 however, the L serivs of setae are somewhal thicker hasally,
purticularly L, Ventral setae as in other members of the pgeres
group, with ¥e, o little moes than 34 way frem base (o apex of dens,
Tenaculuin ag in pyemaeas lul with lateral branclh or ramus somewhat
sharter.

Discussaion:

This is a clearly marked troglobitie speeies. The most steiking
varialion to be seen in the form cuncerns the denlal chaetotaxy. On
tlie venirl sucface the basal seta is normally as deseribed, bt onoa
few specimens iL may be considerably nearer the base of Lhe dens.
The dorsal chartotaxy alse poses sume prohlems in inlerpretation, On
moezt specimenz there is only one clear gpines 15, on others heth By
and B, are spine-like, and i a few the L oseries are also somewhat
spine-like. However, in all such cuses these steuebures have long apical
prolongations and are clearly different [ram the spines found norially
i these areas. There 2 also considerable variation in the nngies, with
some speeimens having s elear Luniea and slight differentiation be-
bween: the fore and hind ungnes, but theze are always similar anrd
never so strikingly differenl as are those of Lypieal pigecens group
forms. A single specimen [ron Copelin Cave, Kentueky, is similar to
this speeics in most respeets; however, it differs i the bazal papilla
from which the subanal appendage arises and also in some snall
details of the dental chaclolaxy. More malerial is required hoefore it
can be detormined 17 this i Lhe same oe another Lroglabitic spesies.
Wilk this exception il has been taken only from eaves of Missouri
and Arkansas, Types — Holotype female and five paratypes,

Tiztribution:

Type loeality: Bockhouse Cave, Barry Co., Mizsonen, Seph. 7, 1951
Tecklin and Hedges eoll. Alse Laken From Granny Dean Cave, Newton
Co., Arkansas, Jan. 26, 1055, Burr eoll. Wildeat Cave, Baery Go.,
Missouri, Sept. 7, 19549, Tecklin and Hedges coll. Lo addilion Lo this
thare i one denbtind record of a single specimen from a cave 1o
Foenbueky {see ubave},
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AHRSOQPALITES DV ERSTS BMills

Figures: 8, 49, 53, 75,01, 14

clrrhopeiines doversas Mills, 19348, A Monogreaph of Lhe Collembola of Lowa:
WA=t [Ty g JefTerson, Mlinods: 100 = tate Mok, [Hist, Burvey, Urhanal.

Dyewdarrhopalites diversus Slach, 1945, The Aptersgelen fauna of Poland
i eelation Lo Phe world fanna, Family Smiothoridae, Aeta Monogre. Mus,
Mak., Kralow: 630,

This well marked species can be readily recognized by the unique
litamenlous tooth on Bhe ungues, L is a pact of the A, coecrs group
of the genus, as shown by the presence of small spines on Lhe anal
valves, the prezence of two Ve, setae, and the presenee of a Ve, In
additinn Lo tlis, il lias Lhe bullwoos mocranal apex soen in mapy of
tlee epecies of this group aod has the numeroas spine-like sobae on Lhe
dorswm ol the body characteristic of many of these forma, While thers
iz no spine on the ventral surface of the denz, the basalinost selae aro
very heave, All the relationships with the ceecns gronp ure so clear
Lhat the possession of a peeulioe oogual structure can haredly be con-
sidered s meriting a specinl genns for the foem,

The dovzal dental chactotasy is hasically of the type seen in eaeetes.
However, the o series, particularly 15 tieough By ave definitely spine-
like, and the same is true to o less striking degeee in the Loseries,
Although only theee Lospines anid six 1 seriez aetae are normally
present, an additional sefa or spine can be seen in same speeimens of
Bl series,

Distribulion;
Type locality: Jeferson, linois, Also falen Irom Lesn, Lowa;

Tuaesom, Arvizona; Coalinga, California; and Connecticut. Mot eeported
an Tap from caves.

ARKEOQPALLTES DUBITS new species

Fumrez: 51, 61, 27 28, 4% 59 T0, 80, 92 UG

Coloration is wlite, with sheht traces of pigment. Antennae Ly pieal
of Ao ppgmeaens group with subsegments of Toneth antenmal segment
elear. Thied segment with eleae, although oot prominent, swelling at
mid-Jevel of segment. Length ol longest setoe on antenna, aboul bwao
tirnes dinmeter of antennae, Chactotaxy of head normal with seta 31,
always absent, Posterior selae (g, My, Ty and Ly o) weakly spine-
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Likee, and difficalt to distinguish frome others i struelore. No clear
apine-like setne on body, Al wngues have a promineot median inner
tantl, Fore and middle cipodial appendages with prominent corner
tooth and apical filament longer than appendages, Hind appendage
with shorter filament and extremely wealk tooth, All claws with tuniea.
Muere witl apex wealdy koobhed ar flanged, Dorsal dental chasto-
Laxy normal exeept for the absenee of T Ventreal chactotaxy with
Voo between one foueth and ane third of way Tearm base to apex ol
deng. Female with subanal appendages slightly expanded apically,
serrale and strikingly Dattened wod curvied. Largest setae on anal
valves very heavy, almast two thines as thick as subanal appendages,
and with one pair having a very minute basal fange on one side.
Tenaculum as in A, pyosaens,

Thisenssinn:

Adnbing iz obviously very close Lo the [orm here called AL ppemaens,
and future work may in Tact show that it is acteally a geographic
variation of thiz species, However, the morphological differentiation
1 sufficient to warrant their herog called separate speeies at Che
preseal Lime. The table given below shows the most striking dillec-
raees seen belween e two fnrms:

Tabla
Female subanal [rental Third
upreeniduge chactotnxy antennal sog.

A ppgmirews | steaighl at apex Ly always present | swelling wenk
A derbius clearly purved Ly usually absent | swelling clear
up ab apex

T adddition to this, the ratio of the foueth antennal segment to Lhe
cephulic diagonal indicates separate populutions, A, dewliius also varies
gnmewhat in both dental and cephalic chastotaxy, with occasional
speeimens having Ly or My prescol., However, in all sneh cases Lthess
subae gre abimormal in position, Types — Holobype female, five para-
twpres,

Nistribution:

Type loeality : Hunters Cave, Jackson Coo, Towa, Also taken from
Mystery Cave, Fillmore Co., Minnesota; Cevetal Lake Cave, Dubuque
v, Dowa,
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ARRNHOPALITES HIRTUS new spocics

Figures: G0, 15-21, 46, 58, 72, 76, 97

Coloration: Dorsume of hody, vertex and frent of head covered with
seablo brownish erange pigwent, Thoraeke intersegmental regions
pale. Anlennas with fourth segment having zsix subsegments, Third
antenaal segment wiltl small but elear swelling over bazal one third
of steueture, Antennal setae of foucth segment slightly looger Lhan
diameter of zepnent, these ol other segments shorter than satennal
dimeter, Cophalic chactotaxy nornal, with My absent, Setae of 1L
and Loseries plus Ay weakly spiniform. No elearly spine-like setae on
greater abdemen, Largest normal setae of anal valves noliceably
thivker than subanal appendage, not Danged at base. Ungoes each
with o clear wedian tnner Bnnth, bat hind vogoes cleacly heavier and
shoeter than Fore nognes, All smpodial appendages with long apical
filaments, with eorner tooth striking on fiest dwa pairs aod weak oo
third, Muere with & weal venteal indentation and clear apical Tange,
Diental cluwtotaxy normal pcxeept Toe the oceasional absenee of o
Venbral chactotaxy ol dens wilh Yoy about one thivd of distanes Trom
buse toapex of dens Tenmeulnm ws o pegiiaens, Female subonal
appendiges deeply sereate, pinnate

Nisvassion:

This is o very well marked species whicle resembles the fapanese
A haeet Yosilin some respeetz and the Enropean A, orrafus in others.
It can b distinguizhed from Lhe Tormer readily on s basis of the
dental chaclotaxy, and from the latter by the absenee of the nnosaal
antennad hump, The species is olearly marked Teom Uhe otliors of the
genig sa far zeen in Nerth Ameriea an the basis of both Lhe female
subnnal appendages and the dental chactotaxy, In the specimens
eximined so far, the mast steiking variation nolad iz in the number
ol subseginents of the fourth antenmal segment, One specimen shows
seven ol these whereis the normal nomber iz six. The popolotions
Team Awa Town caves show s remarkable variation in the subanal
appendage of Lhe Temale (zee Figo 18) with Lthe steactburee appearing
almast palmate in side view, This i3 mozt marked in the specinens
Froom Wompn Cave which also bave Lhe most marked spine-lilee selas
en the heal and Lhe most ponapicuous oop o the hase of the thied
antennal segient, Tn view of all thiz, it seews probable either that
sevoral species are included under te present definition, or thut one
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species with considerable geographic variation i here b0 De seen,
Progent collections are insuflicient to determine which iz in fact the
caze, and in this situation 1 feel it best bo consider the whole az a
single variable specivs,

The speeimens so far taken are from caves o Wiseonsin and Towa,
and in g subeavernicole habitat (drainage tile) in Hlinois. Moeree ad-
equate collections may show it to he widespread throughout the
region. Inoaddition to tlos, a owembere of eolloctions have been seen
fram the west coust which are doubtinl, They display most of the
claricteristios of the speciea, but thoze 20 far seen wern insuch poor
condition that it is impessible to be certain whether a different species
iz in [ael involved, For this reason, the speeivs must be considored as
w questionable troglophile at the prezent time with the peeoline dis-
trihmtinn of cavernienle In the midwest and of epigeie In the western
part of the canntey. T s very likely that more adequate zamples will
slhow Lhal Lhere are aetually bwo species involved, Types — TTololype
Franale, eleven paratypes.

Distribution:

Twpe lovality: Y Cave, Maquoketa, Jackszon Col, Lewa (speeimens
of Lype sepies tuken Team collure). Also tuken Teon olber vaves in the
Muagquokela region; Backbone Cuve, Dhlaware Counly; and Wormnpi
and Thurn Caves, Clavton Connty; Danee Hall Cave, Jockson Connty
and four caves In Wizsrnnzin: Jenkine Cave, Dieree Coo; Hising 5un
Cave, Plerce Co; John Gray and Pop’s Cave, Bichland Co.; all i
Auwpust 1958, Also taken from drainage Wle, Union Co., Wlinois, and
from the vieinity of lodian Lake, (e, Three doubtiul epigeic local-
ities are Logan Co., Utaly; Claremont, Calif. ) and Coevallis, Uregon.

ARRAOPALITES AMARDS now species

Figures; 26, 43, 57, T3, 00, 93

Antermmoe wilth foarth segment having live subsegmente, Third seg-
went with gradual enloegrement ot base, Longest sotae of thied wod
fonrth antennal sepmentz only slishtly Jonger than the dinmeter of
Wee antennae. Cephalic chaetotaxy normal with My missing. Cephalin
spine-like setoe very heavily swollen hosally on setae A, TL T, and
Ly, Thoracie setae of lirst two rows heavy und spine-like, Lorgest
setae on anal valves heavy, clearly thicker than subanal appendages
and with small bub striking basal, servate flanges, Fore and hind ungues
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each with o minute, nnelear, inner moedian tooth, Muere with apieal
knob o flange and shavp indentation abont two-thimds of the way
fromi the base to the apex of the ventral surfacse. Chaetolaxy of dorsum
of dens urmanal in thut setae 1, Ly, and By aee all very weakly
spiniform and diffienlt to distinguish feomn the noemal body setae,
This s particnlarly Leve of Eowhicl can be considerad in most chaes
us a normal dental sela, Ve, is about one-thied of the dislance Teom
thee base to Alie apex of the dens. The tenaealum iz normal, and the
fernale snlanul appendage iz short and aruminate with o heavy uni-
lateral Oange near the apex.

Ihiseuzsion:

Oy a zmall series (Hve speennens) of thiz apecies has heen examin-
wd s however, the subanal appendages and the seta-like natuee of oy of
the denlal setae are combied with the spine-like setae of the fiest
twio rovws of thoracie setan to make thiz o well marked species, A single
very large spreimen bas been seen, and on this the L series of dental
sotie are congiderably more spine-like thon on the other specinens,
More material must be exomined before it can be determined wheather
this iz a normal development 1o post-matnrity molls in the group, AL
the same time, the small basal Danges on the largest selae of the
subanal valvez can be seen on normal specimens only with some
difficulty, but they are very striking on the one extra-large animal.
All of the cephulic setae of the numbered series are somewhat spine-
like, bot the ones of the 11 series, a2 well as Agand Lpare very striking
and alboul the heaviest cephalic spines scen o the genus i North
Americn, | have examined the Lvpes of Gisin's A cocfifeafer, which
resemble A amares steikingly in the shape of cephalie spines and to
semt exlent in the shape of the muere, While the two speciez do
present mwany Tamiliar features, Ty and Ly are clearly more spine-like
in A cochleafer und Ey and By ace clearly heavier and more spine-like
in A eoshleafer than in Ao amarens, The subgepments of the fourth
antennol seprment are different, zix in cochleafer and five in oo,
Twpe — Holotype female, L Stale Nato Hist, Suevey, Urbana,

Distribution:

The speeies 5o far has been recorded fron only three epigeie loeal-
ities, Type loeality : Volo, [Hines, &= 49748 Richards & Sanderson cull,
Also tuken Trom Charleston, T, Hocks Park, Cet. 2 19406, Hosz and
Sanderson eoll; and Evey Canvon, 4 mi. NNE Claremant, Califoenia,
March 12, 1455, I, Benjamin coll.; Arnprior, Ontario, Canada; Carler
Basin, Labrador, Sept. 7. 1958, Lawrence coll.
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ARRHOPALITES PYGHAED S Wankely

Figures: 3, 4, 32-34, 47, 78, §5, 101

Seegretoeen pypeeacas Wankel, RGO, Lales, Aevtscheall [ Naturwissensehaft
1o 2,

Smynthorrus fereegonens Packard, FESS, Moo, Nab, Acad. Seis o 07 [ Tvpe:
New Markel cave, Bockingham Go, Wao Mus Comp, Rool |0 Now
SVTNONYI,

.'-fm_-",.'n.'ﬁu‘."ua' e e Banks, TRYT, Aaper, Nab, 370 081 [ Type: Manunelh
cave BEdmomaon Co e TS Nl Mus |, Mew synonyiny,

Lointhueinus Binocwlates Borner, 1901, Zool. Anz. 230 380 [Tepe: Lemathe
Coave, Weslfalial.

Avefiopaiics pymunens: Stach, 105 Academin Polona Litterarnm el
Seienlurum Acta Muser Flistoria Naturalis @50 348.

The Nearelic members of this species nee indiztingnishiable from the
Luropean memberz of the zpecies using the present haszis of the
taxonomy. For this reason, T am eonsideving them as synonyme far
the mament, in spite of the facl that Tulure work may well show Ul
o e more sepiarible Nearetio foros exist.

The structuee of the Nearetie specimens is quite variable in a oo ber
of characteristicz. The Luntea may be clearly presenl on all ungoes,
absemt on one paie, or nok visibile ab all The ratio between Ahe Grst
subisegment of the fourth antennal segment and the Ahird antennal
zrrment 18 variable, Dot thera iz no lasie distinetion which can he
made here, pither betwean the epigeie and cave Jorms o helween Lhe
Furenpean and Nearcbie loems, The subanal appendages of the femule
alsu vary o great deal, most steikingly in cavez of JMiszonri and
Northern Tennessee (zee Fig. 34 & 350, bul the varialion in this sbeue-
Lire s i o way congruenb with the variation in the other ehoraelere-
isbics, Varialion in aoleonal structuees oceurs in speeitie regions, In
two eaves, Azh Cave, Pulazki Co., Misseurl, and Goedwin Cave, Manrey
Co., Tennezses, specimens are found with six rather than five sub-
segments on Lhe Tourth antennal segment, schile in Claibore Co.,
Treunessee, the thied antennal segment iz noticeably enlarged basally,

In contrast fo these stenetures the chactotaxy of the head and of
the dons is quite constant, On Lhe head, seta 3y os alinest always
alisent, and none ol flw setae is strikiongly spiniform, The posterior
sutar are soinewhob heavier than the anterior ones {particularly 1L,
[Lig undd La), bt thiz is never striking and can easily he overlooked.
The dorsal artae of the dens apve quite pormal (see Tuble 1), widle the
venleal selae have Vegpaboot one third of the way from the bise to
the apex, The spine-like setae ol the dens are conztant in munber, hut,
they vary slightly in shape, sometinmes Leing elearly spines and otler
timeaz having a slendee apical filament and being somewhit setu-locmn,
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The birgest setas of the anal vulves are slightly thickes than the sub-
anal appendages and either without flanges or with & very minute
flange on one pair, The tankh structure of W ungnais is quile constant,
but the empodial appendage may have the typical corner toolh ab-
sent. [n zhorl, Lis appears to he an extromely variable species within
Noelh American cuves, The exact nature of thizs variation must await
burther work, But aacele of 3 appears to e geagraphic in naboee.

[ have examined the type spocimens of both AL mameeathiog and
nf A ferraginens. o beth cases there does nol appear o beoany
characteristic which wonld serve Lo sepavate these species feom each
obhwr, o from the Lepieal AL pyemaess of North America. Packard, in
s desepplion and figures of Jerrgginens, shows the presenee of seven
snbsegments on the fourth antennal zopment: however, the Lype
gpecimen cleacly shows that this i3 nob so, and the tvpical five aub-
segments are in fuet present. In both species the type specimens
elearly show the subanal appendages of the female, and these are of
the typical prgmaeies tape. In view of all these fets T am considering
Loth speeies az synonyvms of pygmiess,

Diistribotion;

Thiz form is extremely raee as an epgeie animal bol quite common
in caves. The cove disteibation shows the tvpical widespread type
being fovund i Yiegings; the Tennessee, Kentucky, Alabama urea; and
in Missouri and Narthern Arkansas, [t does not appear in the north
cenbral ecaves, wheee 6 ig veplaced by oL diline, A noumber of the
epigeie finds were in sucl places {drain 4iles) as to malee ib hkely that,
this ig to luct a teoglebitic lopm 84010 retaining somoe toleranee [oe ont-
s conditions, Fontaeky s e Olive in the vicinily of Lexington;
Muammotl Cave, Edmonsen Coo; Arkansas: Devil's Den, Devil’s Den
State Park, Wash. Coo, Cove an expanded joiod, Team wood on Door;
Brewer Cave near Everton Tennessee : Wall Gave, Pulnam Co,, Jan, 4,
1961, Barr coll.; Godwing Cave, Maurey Co., Jdune 8, 1357, Barre coll,;
Ward Cave, Bedford Co., Auwge 27, 1957, Bae coll; Fuster's Cave,
Montgomery Coo, inside cave, beneath rocks and sticks; Durham’s
Cave, Montgamery Coo; Cuberland Caverns, Warren ooy Huoegis
Cave, 1 mi. north Granville, Joelson Ceoy Vieginia: Madison Cave,
Bath Coo, Avg 27, 1958, Baer collo; Fraley's Cave, Wyndule 715" Cluadl
Mizzouri: isher Cave, Franklin Co., Feb. 8, 1958, Tecklin coll,; Bat
Cove, Pulasky Co., near Crocler, Feli 14, 105349 Powder Mill Creck
Cuve, Shannon Gog; Gld Spanish Cave, Stone Co,; Mareellis Cave,
Phelps Co.y Wildeat Cave, Barey Cos; oaeross feld from Bocklionss
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Cave: Ash Cave, Polaski Co,p Alabama: Simmons Cave 4 mio NV,
Huntsville, Madizon Co., 11-10, 19615 Tinaiz: Charleston, Bocls Park,
debris alenl spring: Florida: Gainesville, Alachoa Co.

ARBHOPALLTES WHITESIDES Tacot
TFigures: 1417, 4%, b4, 67, 749, 856, 102
Avehopalites whitesrder Jacot, 1934, Amer. Mid, Nalo 200 572073 [ Tvpe;

Beanford Qo ; State Agricallural Exp Stat, Mew Haven, Coond.

Body normal in shape, anlennwe with five subsegments on fourth
antennal segrment. Taongest sedae of third and fourth segments abont
twier as long aa diameter of segmentz. Cophalic chaslolaxy with seta
M, alwaye absent, setae of 1oaod 1L zeries clearly spine-like, those of
Moand A series woakly so. Chactelnxy of Lhorax wilh fiest row of antac
wiitkly spailoem, remainder normal. Anol valves with Targest zetae
strikingly thicker thoan subanal appendages and with twa or more
bearing a weak, serrate dlange ab one side of hase. Eves nol prominent
anad can frequently he seen anly as zmookh areas in the inlegment,
Clawes with the aulerioe paie strikingly more slender than the posteeior
pairs Ungues elearly tunicale and with a striking oedian Loslb, Muero
with elear apical knob or lirge ange, Claetotaxy of dens normal for
puemaens group excepl fortlie absenee of seta [dy, Ventral zetar with
Vo, about one thied of distanee feom baze to apex of dens, Tenarulum
normal. Subanal appendoage long, slender, strikingly curved and acu-
minake with one or more deep seeralions along margin,

Discussion;

Thiz speeics i3 common in coyves over a wide aren, and o rare
spevies in epigeic habitatz over an equally wide front. 1 have examined
the types of Jueol's species and have found them Lo be the same as
tha form deseribed above, The species iz clearly marked oo the basis
of the dental chactotaxy and the corved acuminate subanal uppend-
age, The female subanal appendage 13 quile variable. The apprndage
may be almoest enticely smooth, ar equipped with o few scatiorsd
apreatinms, or serrabe over Lhe whole length of both mueging, Tooall
cazes Lhe rod is long aevminate, aod markedly npearved, Anolher
variable characteristic of the species is Lhe eye. o most foems o single
pair of eves is clearly present, but in many specimens Lhe eves have
no pigment pateh, and can be seen as vestigial (2) cornen only under
careful examinalion of the eyve region with very high magnification,
The Muoged setae dezeribed for the anal valves are Teequently very
weakly developed aod may be absent.
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Mhstribution:

This appears to be a primarily epigean species which has invaded
caves in widely dispersed localitiea, Type locality : Ant nest, Branford,
Conn,, Mareh V87 other epigeic localities: Feeseville, NOY . Aug, 25,
14956, Stunpard eell.; oumerons localities in conbral and Southern
Hlinois; Evey Canvon, Los Angeles County, California, Cave localities:
Crvatal Cave, Spring Valley, Pieree Co,, Wiseonzin, Aug, 4, 1958; Lewis
eave, Bipley Coo, Missourn, Sept. TLO1929, Teeklin and Hedges coll, ;
Muenster vave, Dubuogque Co. Tows, Nove 11, 195%; ymulga Cave,
Talladega County, Alabama, July 6. 19515 Sullivin Cave, Laweennn
Coc, Indiann Ceestal Take Cave, Duboogoe Coo, Tows, 1055,

EHALLOPHORA QU ALRIOCTLATINS (Denis)
Fignres: 2, 10, LL

clevleprelites grodeioealaies Denis, 1933, Noll. Lab. Xeol. Porlic 25 285285

[Tape: Bmerein Viejo, Sunla Wosa, Gosta Rica],
Catfophare guadeivendiios Delamare-Massowd, 1965, Zool. Ane. £72: 34,

This vernarkable species is prabably primanly a trapical Toerm, and
i ds uite distined. from all of the Arebopalites seen in North Ameriea,
In many respects it resembles Poearrhepalites of Bonel; however Lhe
ventral tube appears Lo be =mooth rather than warky. The inost sleik-
ing features of the species are the numerons eyes, the absenes of clear
spines o the dens, and Lhe presence of a peculiae knobbed both-
rintrichin on U greal abdomen, This Tast feature was seen on both
Lhe one spreimen Luken from the U5, and several of 1l type sories
of specimens from Costa Rica, Inoany ease, the species s readily
distinguizhed hoth on dental chactotaxy and eve number, and iz
appaeently nnrelaled Lo ghe ather forms seen here,

Cioly one specimen from the Uo5. was seen, and this wis Ltouken
from Coelise Co., Arizona,

SUMMARY

The members of the gunes Arrhopalites (Collembola Smintharidas) found
i the 105, and Canado are deseribed and illustrated. These include six
previously described Toems and seven new species: Ao altus, o, eloeas, oL
Bimug, oL bellingerd, A0 dubius, oL Setus, and AL armarns: Two (orms known
only from incomplete specimens wee deseribed, but pet named. Nine of Lhe
species are [ound in caves, but only four of these are ot present onknown
from surface localities, The characterislics of the genns are dezeribed and
discusseal, aml the genus  Peewdorebopalies Stach 32 plasal in synonymy
wilh cleefeepefites, New methodz are developed for formuolazing the sieactnre
al Ui female subanal appendage, and ddentilving the cephalic spines and
arlag
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SOMMALRR

Les miembees du genre Arcbopalitez [Collemboln Smanthoreidue) Leoaves
an BOOA L et an Canada sond décrits et dessimis. Sonl comprises six formes
dierites pricedemment el sepl espéces nouvelles D1 wlts, A elere, 1 B,
o bellngepi, AL dubins, o forfas el o) erice s Tlons formoes connues nnigu-
menl dapres des spocimens incomplels gont dieeits, mais sans nam, Seol
Al s eapiced sa trouwvend dang log cavernss, donl i ler sealement
meannues i prdsent comme peovenanl de loealiles de surface, Les coracht-
risticpues din genre sond déerils of dizentéz ol le ponee Peewdaeefopaliies
Stael vsl rangd en svnonyvone aver eehopalies. Des méthodes nouvelles
ant ele develepiies pone eeduive en farmules Lastrnclare de Uappendics anal
e la femelle oL poor identifier bes epinez céphaliques el les 2ojes,
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EXPLANATIONS OF PLATES L1 (1) - 10 (97
PLATE 11 (1)

Gengral features of penus,

Firnres 240 Chavtolaxy of various wegans showing lelloring syslomz.
¢, Norswm of head, semi-diagrammatic. 5, Toegum of lens of pygoicens,
A Wenler of dens prgresus, b0 Berios of Ly spioes showing the varialion
seen in this struciore: AL plaens; B beadtine feom Parsons, Tenne; U penitus
Fromn Anmisiguany, Mass; D0 debies, H0 Beries of mucrones showing dilferenl
types: A Bulbed fips deeply indented ventend sorlace, feareas)y 13 Flangid
lip zliehdy ndentod veplead sueface, fdubies): O Paoinled Lip sieaight
vendral surface, fhirbes), 30 Tepical habilog {sotae omitted) Toem illusteated
efurs B L

PLATE 122

Female subaoal appendages, seen Tram ahove amd Lo oone side with a
magnification of ahoul 3,000 3 cxeepl where atlerwise stated.

s odeversus, Tueson, Acigona, Tiguees 9—11: Ceflophora guadrioenla s,
dod L Uwo dilfirent specimens same localily, Yucalan: 11 Side view,
Tucson, Arizong, 12 elares, Copelin Cave, Wy, 1,000 50 L adeie, hololy o
Figures 15=17: afiiresided. 14, Rvmualga Cove, Childersboeg, Ala, 150 Tordan
Creels, ¥eemillion Coo, O 06 & 170 Bell Smith Speings, T, twa different
spegimens saome locality, Figures 18 200 Adeene, 18, Wompd Cave Clayton
Coo, Towa, 10 Aenprior, Cotarie. 200 Logan Caoyen, Utab. 21, Longhorn
Caverns, Burnel Co., Texus. Figures 22-25: gpeence. 220 Cullure originating
Meome Hunlees Cave, Jacksan Co., Lowa, 23, Bdmonden, Alherta. 24, Urbana,
L 25 Fvey Canyon vie,, Clarmont, Calif 26, ameens, Volo, UL Figoees 27
e B b 27 Hunders Cave, Jackson ol Lowns 28, Saane seen Trom side.
249, s Veiled Lady Cave, Penn, 30, sp® Codffin Creck aren, Jackson Ca.,
Chees 300 Do, Bhilol Cave, Laswrencn Coo, Todl Figuees 32340 pygmaens,
32, Typical Torm, feolt Cave, Madizon Co, Al 340 Unusual form, Slalinen
Creek Cove, Clatborne Co., Tenoo 3% Unusual forn, Leeshueg, Fla, 43
Leltingerd, Boehoficld Pass, Uolo, Firuees 38 38 bendtus, 300 Breczewasd, Pa,
rzeen from belowi 37, Valo, T (zeen from side], 38, Type specimen fseen
frevam Belonws,

ALl species Aredopelites unless otherwise notad.
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I'"LATE 13 41)

Lngues and cropedial appendages. Ty cach species the forefootl is letteral
Acand the hindloot is lellered B, Magnification abogt 104000 = pxeept as
noted,

M alies, holotype: 50, efares, A Torefootl paealyvpe, B hindfool holisby p,
Al funus, ]II"I]DL}']'II.'_. S s A helingerd, leolatype, WD 0, G, wrmeeros,
busdodype, 30040 w0 a4 benites, Parsons, Teno., 5000 30, 400 whitesider, AL
Ferefoot, Lo Quuarry Cave, Alleghany Co., Voo, B hindfont, Kymualga
Cave, Chilldersburg, Ao 4G Adrtus, Pops Cave, Richland Co, Wise 47,
pugnaens, AL foeefoot Madisen Cave, Augosta Co, Voo, B hind oot Brewer
Cave, Fvertan, Ark, S8, dubius, A forefoot holotype, [ bindfoonl paratype,
849, diversus, l'J.IL;II'.':;I.ZIIL: Avizno, 4,000 s, D00 epeews, Urbaoa, T 5 000 =,

PLATIE 44 ()

Dremlal Clactotaxy, In each case Ui doesal suelace i3 macked ALoand the
venleal surface is marked T Specimen seen feom above or below exeepl
whiee nllveewise noted,

A1 beflingert, holobype, 250 0 520 paeens, culture origin Munters Cave,
Javkson Coo, Tows, 4500 = 0 540 diversus, Coalinga, Calil,, 500« 54, while-
sider, Jordan Creek, Vermilion Goo, L, 500« 55 Bewitoes, A L:l"ﬂi_“]l'r]“'l Ky,
1 Bagton Har, British Columbia, 50005, 56, elorus, Roloty pe, s frnan side,
250 w0 AT, amerue, Volo, 1L 1500 3 38, furtes, Ay Wonpi Cave, Clayton
Co,, Towa, 250 <, A, Thanee Hall Cave, Jackson Coo, lowa, 500 =, hoth
spectmens seen from side, B Star Valley Cove, Crawfoed Coo, Wise,, G0 <,
Stk dubdus, holodype, 500 s 6. altes, holoty pe, seen Trom side only basal-
msl vendral sefa shown, 250 « 0 61 Bimus, hidodype, seen from side, S0 s

PLATI 3 i3

Coeplalic chaelotaxy, and anlennal form.

Figures B82-64: benitus, variations of sping distribotion on posterior
partion of lelt Balf of head, o5 seen Teom abiove, AN figuees about 56 .
62 Vol LG Arnprior, Ondario, G5, Apaican, Cozta e Fignees G3-72;
third anel fourth antennal zegmients with selae omilled, 63, ceecns, culiure
derived from Nunlers Cove, Jacksen Co., Lews, 1000 = 86, elares, Granny
Drean Cave, Woaslanglon Coo Ak, 200 =, 67, ahitesided, Jordan Oroel,
Viermilion Co., ML, 2080000 B8 Bmess, hololype, 230 <, G9 altes, holotype,
A0 T0 dubies, Hunters Cave, Jackson Co,, Towa, 500 =< T0A Thinl
segioent dubins, Tolotype, G0, 710 dendtes, Pacsons, Tewn,, 300 . 7
hivtne, Womm Cave, Clavton Co,, Bowa, 950 5 72 A, hirtus, 2ame locality,
a0, Figures TA-Ha Spine like cephalic sela lettered 13 el seq.] ol
normal interantennal selo [Lettemal A, Magnillealing alioul 5000 . 71,
amgrns, ATpricer, Cnlavine 76, beadtus, AT Volo, 111 & Edmonton, Al-
hertag L Bell Silh Springs, UL 750 kellingeer, holotype. 76, Firtes, Womp
Caver, Claytom Cay, Towa, 77, déversius, Homer, UL 78, pypgnerens, Wall Cave,
Putmam oo, Tenn. JU adigeseded, Jordun Creelk, YVermilion Coo, L1800
dubies, Hunters Cuve, Juckzon G, Town, 210 coseres, A& B Wind Cave,
nsker Co 30 Dy OO Edmonton, Alberba. 82, Fisews, hololvpe. 83, alfes,
hololype. 34, elarws, paralype,
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PLATE 16 {6}

Anal getae, mucrones, and mise.

Iigures 85-91: Anal setae, about 3,000 =, vxcept where noled. 850 pye-
reacus, Muenslor Cave, Dubugque Co,, Towa, 1,000 x, 86, ielifesider, Kymuolga
Cave, Childerburg, Ala,, 280 =, 8780, caerws; 87, Culture decived from
Huoters Cave, Jackson Co., Town. 88 & 29, Dilferenl specimens Fdmonton,
Alberta, 90, aprws, Charloston, T 99, diverses, Homer, 1L Fisaees 92-490:
Mucrones seen from side, 920 debius, Huolers Cave, Jackson Go, lows,
260 =, 94, emarns, Voelo, 1L, 0500 = 94, bimus, paratype, 500 . 85,
diversus, Homer, TH., 1500 = 96, duliius, Foslers Cave, Montpomery Co.,
Tenn,, 250 x . 87, Female subanal appenduge specimen from Jackson Co.,
Ore, doublfully identified ns blrews, 5,000 5, 98 & 00 BEyves of fwoe differcnt
paratypes, bellingeed, 3,000 . 100, Tenaculum, altus, bolotype, 1,500 x.
101, Tenaculum, prgoens, Wall Gave, Potoam Coe, Tennag 3,000 . 102,
Spine L, whiesider, Jordan Ceeck, Vermilinn Co., T, 24000,

PLATE 17 (7]

Curves Tor four dilferent organ rafios, cach curve being a composite for
all zpecies except o, eluvus, which iz zhown ws a detted line connected to
the appropeiate hlack curve, In Ale key below the crdinale is given first in
saeh case. Ac cephalic disgonal/fourth anlennal scgment; T mucra/dens;
G fore tibiolarsus hind tibiotarsns; D moeroffore nnguis,

PLATE 13 (4]

Tap: Curves showing change o ratie of first subsegment of the Touelh
antennal segment {ordinale) to the cephalic disgonal [axis) A aftus and
clarus; T whitestdes; G pygmaens: D composite of dubiwe, fieies, and
henities.

Toltom: Curve showing ratio between Coplialic diagonal (Oedinate), and
hind tibiotarzus (axis),

PLATE 19 (9)

Matrix representiog variation found in female sobanal appendages in
Halarclic Arckepalites, To the coenfer o simple form s represented, and all
ctliers are considered as varialionz from this, The moest highly differentioted
are represenled as points along the periphery, wund in each case Lhe form
considered as a midway inlermediate s also ilozteated, The radil of dilfer-
entiation are numbered, apd Lhe level of differentialion is reprosented by
letbered concentriv ircles.
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