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Ncw Collcmbola Symphypleona from thc tropical cloud forcst of 
Ecuador (I nsecta) 
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Zoolog ical Inst itute . Uni vcrsity 01' Kiel. GcnnallY ami 
Swn fo rd Univcrs il Y. Stanford. CA . USA 

!\!llong 9 1axa o f Col lc rnbo l,1 Syrn phyplcona out ofon ly 3 litt er sampks. (lien: wen; 7 spcc ies IlCW 

10 sc ience. which are describcd hcrc . A new kcy 10 (he gmC/!i('(JI'IIiI'-group 01' Ptello//llir specics ami a 
I\I.:W de fin it ion 01' the gen us .5'pl!({('nditl Linnanicmi. 1912. afe mldcd. 

Z usa mlll en I":I SS II ng 

Neue Co ll c ill bol a Sym phyp1cona aus dem trop ischen Nebe lwald Ecuadors ( InSL'Cla). 

In nur 3 S trcu pro bcn fanden s ich unter 9 Taxa von Collclllbo la SYlll phyplcona 7 für die 

Wissenscha ft neue Arten: d iese werden hier besch riebeIl . Außerdem is t ein neuer Schlüssel 
für die gl"flcilicol"llil"-Gruppe dc r Prcllot!lIir-Artcn clllworfcn worden. und ö wird die 

Gattu ng Sp/wcridifl Li nnaniem i. 1912. neu definiert. 

Introduction 

From I J u ly 10 28 July 1998. the junior <Iut!lor. IOgcther wi th Sam Wh itc am i M ie hac l 

Soulhern. a ll from Wa ke Fores l Univers ity in W instoll-Sa lclll . North Ca roJin<l. U.S.A .. 

llnde rtook a Sum me r Researc h Projeci in Ecuador. They wished [0 s ludy thc ecologica l 
di ve rs it y o l' line r in vcrteb ra tcs in a Iro pica J c loucl fores[ ,md chose Ihe OlOnga prese rvc in 

the Coto pax i Province, fo unded in 1988 by Dr G iovann i O nore o l' Ihe Univers idad Calo lica 
in Quito. 

T his prese rvc lics on the wes tern s lopes 0 1' the A ndes <11 about 2000 111 a lt itude alld has 

a c li mate 01' mode ra te te m peralu res but high hum idil y because 01' abundant rain anel Illi sl. 
Thc s tee p h ills ides are co vcred w ilh a dC ll sc fo res t with man y c piphy tic bro illc liads ami 
1l10sses. O n the {orest fl oor, [he li n e r laye r is 15 10 30 CIll deep ami a lways mo is!. 

O ver 100 litt e r s <l l11p les were co llec ted from d iffe rent a lt itudcs a nd {i'o lll d iffe re nt dcp ths 

oi' Ihe litte r laye r. Th e sampies were treated in Berl ese funn e ls, 01' we re d irec tl y inspec lcd 
unde r a d issec[ing mi c roscope. Symph ypleona we re ol1 ly I'oll nd in the 3 s ilmpl cs A, C. anel 
o collee ted 16 Ju ly 1998 l'ro lll the uppe r 10 CIll o l'J itt er 0 (" [he ("ores t 1100 r al abo llt 1900111 

a hi tudc . In these 3 sarnp les, amo ng many Collc mbo la Arth rop lcona. onl y 29 spec irn cll s 01' 
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Symp hyp lcO Il <1 were fo une!. but thcy be long 10 9 laxa, 7 spcc ics 01' which are !lew 10 
se lcnec. Thcy are dcscr ibcd in thc fo l lowi ng. 

S incc Ihe re are 2 speeie::; 01' Ihc gracli'/col'lIir-group 01' Plellot!lI'ir spcc ics prcscn l, a 
!lew kcy 10 Ihis grollp is adelce! fü r alt spce ics cOllsi dc rcd by YOS I I ( 1969) a nel those 
dcscri bcd sincc (hell. O lle 01' Ihe Sp/weridifl spcc ics lack s thc spi nes 01' thc ma le 3ntc llnCl C. 

T hi s genus. Ill e re fore . has been rcdclincd 10 incluclc Qlher c haraClcristics than thc antcnna l 
spIn es . 

Thc prcsclll s tucl y is a gooel cx tlm pl c 01' Ihc [arge spcc ics divers ity 01' the lro pics, sincc 
CVC Il 5ma[1 collcct iolls may contai n scvcra l ]lew spcc ics. 

Thc prcpar'llion rncthod aJ1(1 thc llol11cnc la tu rc 0 1' thc chaelolaxy fo llow Ihc prev ious 
papl":rs 01' Ihe senior il lilhor. T lte Iypes are held in Ihe senior <lll lhor 's co ll ect ion. Thc 
accounl 01' thc spcc ies is givcn in alphabetical order. 

Collop/w"(1 Richards1 1964, spec. 

3 spcc irncll s li'OIn sampie A. I from stl111pl c C. 

These 4 spcc imclls are small (Iota l lenglh L1p 10 0.4 111m) all el apparently j uven ile. T hey 
have nOI been studied. 

Fig.l 

N('('/i(k,r b/I'f'lo.fII.1' 11. sp. 

Fig. J Vcntr:ll hC:ld-back :l11d bas:1I pariS 01' labium (bill" = 25 p m) 

Neelit/es biselo.Hls 11 . sp. 

HololypC. Fcmatc (on s tide. togclhcr wi th 2 Sp/werit/ia spce.) from sam pie C. No further 
spcc imcns know ll . 

Deri va lio nOlllini s. This !lCW sper.: ics is namcd artcr it s diagllos ti c clwractcri sti c. 

Diagnos is. /\ spcr.:ics 01' Ihc ge llus Neelitle.r Cmo li, 19 12, with 1 diagnoslic charactcri stic: 

- Basomcdian fic ld o l" lab ium wilh 1+ 1 sllor!. normal selac (apolllorphy?). 

Dcscript ion. Total 1cngth abotl l 0.35 tll m; elens: mucro = 1.6. Pigmcnt miss ing. Labrum , 
claws. <'!nd furca as in Nee/ide.\· millIIllI.\" (Folsol11, 190 I) ami Nee/irle.\"/fJ/rollli Caroli, 19 12. 
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Nee/ir/ex millIIllIx (Folsom. 190 I) 

\ 
\ 

Fig.2 

{ 

I 

Fig.2 Ventral head-back an<! basal parts oflabium (bar 25 pm) 
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Ventra l henel-back aJ1(1 basotlleelian ficl el 01' labium each wit h I + I sctac (Fig. I). 

Remarks. The singh:: speeimen 01' .'vedidl'.r !n:'·el().I'II.r n. sp. had bL'en sllrunk ami L'ompressL'd berorL' 
mOllllling. Illcrcforc only IhL' harde!' sl!'uelurcs C:ln be obsL'r"cd. w!lieh rcscmblc Ihose 01' . \'r. 'dirkr 
milllllll.\· and/i)!.wlIlI: Tllc ncw SlK·(.:jCS dillc!'s from thcsc spL'ciL's only in thL' 11lellliollL'd lab ial kalun:: 
8 0th Nedidl~ \' lIIillll'".\· (aftc r spccilllcns rrom Europc) and /f)!.wllli ha\'c ) .,.) sel:Le 01' Ihc hasoll1cdian 
ficlds orlhe labiulTl (FJELL I3ERG 1(99) (Fig. 2). a silllilari l)' sll]l]lorting Ihe synonymy bClwcen Ihcsc 
spccies as was al ready assumcd rrom thL' llllcertain ;md va!'ying loulll Bp of Ihc claws by Di\LLi\1 
(1979). ;\lee/ir/ex r/irlllae (Christiansen & BellingL'r. 19X I). which lacks Ihe pmaerior lobe 01' \'entral 
tube. ami J\'(->dtfkl'.l'Il1deri l3crnard. 1975. w!lieh elearly dit't\:rs frolllthc gL'nus . \h'lir/(~ \' (CI I RI STI ANSEN 
& ßE LLlNGER 1(98). should bc assigncd in 01111..:1' lKW gl'nc ra. 

Nee/lI.\" jimb,.iatll.\" 11. sp. 

Type series. 3 fcmales (ho lolype fema le no. I) and I juvenile (on sl ides). 3 specilllcns (in 
a1c.) from sCllllp lc A: 2 fcmales aml I ma le (on slieles). 2 spccimcns (in a1c.) from smnplc C. 

Derivalio nominis . This new spceies is nailleel after Ihe 2 ei li ale setae 01' ils venlral heael­
back. 

Diagnosis. A species 01' Ihe genus Neelll.1" Folsolll. I X96. wilh 3 eliagnosl ie charaeterislics: 

- Uppcr sela l pair 01' ven lral heael-baek cil iale (apornorphy: plesiolllorphy: 511100lh sClac). 

- seI ae 01' labial row a Ihiek anel rough ly scrra lc (apomorphy: ples ioll1orphy: sl1100lh 
SClac). 

- poslcri or si el e 01' delltes wilh 1+ 1 basa l setac (olher spl'c il' s wilh 2+2 selac. charaele !" 
stal l' 11 0 1 ccnain). 

Dcscriptiol1. Mcas urCl11e lll S anel proportion s. Total Icnglh IIp 10 0.5 111m, Il'ngth 01' 
ncosl11inthuro iel sctac 6 - 7 ~lll1 : lll<lnubriul11 : elens: mucro = 1.7 : I.R : I. 

Co lour. I-lead ami body whitc or spottccl with eI:trk brown or rceldish brown. 
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Neelll,f/im!Jl'ifllll.f n. sp. 

Fig.3 L"brum with toolhcd a sctar: (bar "" 20 pm) 

Fig.4 Vcnlral hcad-back an<! basal pariS ofl:lbiulll (ba r "" 50 pm) 

Fig.5 Modificd seine 01' ventral hcad-back (bar = 20 ~tlll ) 

Fig. 6, 7 Tip 01' antCll ni\1 segment IV . • = idcll tica l sela, dorso-antcrior all(l vc ntro-postcrior view 
rcspccl ivcly (bar = 20 ~lm ) 

Fig.8 Ncosrnillihuroid se la (bar = 20 pm) 

Fig.9 Furea wilh cnlargcd OlHcr (le n ) ami inller ( right) di stal !oülh (bar = 50 ~l m) 
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Fig. ! I 

Fig. 10 

Nee/{{.\· IIlIfrillll.f Folsom. 1896 

Fig. 10 Vt:tl tral ht:ad-back and basallxlrIs of labium (bar = 20 pm) 

Fig . I I Ncosminth uro id sctac (bOlr "" 20 ,um) 

Fig. 12 

Mega/ollwm.r /JIfilfill/l.f Wil lcm, 1900 

Fig. 12 Ventral hcad-back and basal parts 01' labium (bar "" 25 pm) 

Chaetotaxy anel special st ructures (on ly the maill charactc ri stics notcd). Setae 01' labrum 
rDW a thiek and rOllghl y sen'ale (Fig. 3), of ro w III thiek anel norma l, 01' row p thin ami 
normal; basoll1cdian fjc ld of labium w ith 4+4 setac; ventra l head-back with 2+2 normal 
distal sc tac and 1+ 1 thickcr allel c iliatc proximal olles ( Fi gs. 4, 5). Antcnna l segment IV, 
dorso-<Intcr ior sielc of tip. wi lh I fOl'ked sela, other side with I s llon spiny onc (F igs. 6, 7). 
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Uppcr celge 01' furca base wlth 1 pair 01' short. slwrpl y po intce! ncoslllint huroicl sctac 
(Fig. 8) . Manubriutll with 3+3 selae: basa l parts 01' dCllles with 1+ 1 sclac, tips cach with 
1+ 1 thick lateral spines ( Fi g. 9). 

Rcmarks. Nee!lI.rjim/J/ifllll.r 11. sp. (.:It;arly dirt\:rs fnHll Ihc olher 3 ;\Iee/II,I" spccics (Nee/II.I· r!O(IfIII:r! 

Naj\. 1971. !({IJmlt:\"e/o.I'If,l" ivlassoud & Vannie!". 1967. ""milli.\" Folsolll. 1896), <lllhollgh lhl.: sclal.: 01' 
vc ntral hcad-back are known ol1ly in Nedll.l" IIlImim.\" (Fig. 10. origin:d obse rvat ion). These seIm! amI 
those orlhe basoll1cdian fjelds of thc labium (F J ELLßERG 1999) dille!" bC lwl:CIl thc ge ll era. apparclltly 
also bCI\VCCIl Ihe spccics. amI ShOltld bc cOllsidcrcd in rlllllrc dcscriptions (t)lI.:se sc\<le in ;I!(!!{-,!ol!;om.l· 

lI1imillll.l" Willcm. 1900. sce in Fig. 12 for eomparison). In antennal segmenl IV. Ihc Ihi ek apieal 
scnsillum lies on Ihe vcmro-poslcrior siek. i. e. opposilely to Ihe lorb.:d sc\<l as ligured here (Figs. 6. 7) 
amI as (igured with IV !a!Jm!t:r{'lo.I"II.I" bill not as fi gurcd w ilh N IIwrillll.\" by ivlA SSOUD & VANNI ER 
(1967). For Ihc genus ' \'<:'e/fl.l". the neosminthuroid se tae are lirst describcd here: the)' an! a lso pres":111 
in IV II1fmilff.\" (F ig. 11 ). wh ich llIcans Ihat all 3 gener:l of lhe Neclida havc such lllodilicd sei ac of the 
furea base. The Ihiek apieal sp ines orlhe de1l1es also oeeur in the other speeies. but here in Njtillhnillfl.l" 

thcy seelll to bc thieker tlwn usual. 

Pti/'lII'1'/lOplllires {!ClIlIt/o/'{!lls is n. sJl . 

Ilolotype. Male (bleachecl. on 3 s ildes) f"ro lll s<l mple D. No further spccirnens known. 

Derivatio nominis. Thi s new spec ics is nallled afte r Ecuador. the country of the type 
loeality. 

Diagnosis. A dark species 0)' Ihe genus Pa/"al"/"!lOjJ{//ile.1" BOllet & Tel1cz. 1948. wit h 5 
diagnostic charactcristics (character stales wilhill the genus Pa/"a/"rllOjJa!ile.1" llncertain): 

- Eye palches with 2+2 olllmatidia. 

- hcad apex with 5+5 Ihick spinciike selae. 

- antennal segment I V with 12 sllbscgments. 

- antero-dorsal part of large abdomen with long spinc likc sctac. 

- dorsal part 01' small abdomcn with 3 thickcned se tac. 

Dcscriptioll. MC<lSUrClllellts alld proportions. TOlallcngth 0.5 111m. head 0.1 8 111m. antenna l 
segment IV :::: 312 ~lm. Illuero 60 pm: whole anlenn<l : head lenglh (down to edge ol"clypeus) 
:::: 2.8. antcnnal segment I : 11 : 111 : IV :::: I : 2 : 4 : 11. l1luero : dens : manubriutll :::: I : 2.5 : 2.2. 

Colour. Eyc patehes black: black violel pigment in partieu la r on hcad ape-x :lI1d dorsal 
and lateral paris of" large abdomen. olher parts of head grey violet. sm<lll abdomcn with few 
pigment. ventntl siele of" abdomen llllpiglllcl11ed: antennae dark. legs sllghll y pigmcntcd. 
fure<! unpigmented. 

Chaelotaxy ami special slrllelUres. Eyc patchcs with 2+2 ommalidia: apex with 5+5 thick 
spinelike allel 3 longer setae. setal pair 2 01' dorsal head-back also longer Ihan others 
(Fig. 13): labrum only wilh normal selae: ventral heacl-back with 3+3 oval organs. Antcnnal 
segmcnt IV with 12 subsegmcJlts. basal <lI1d ap iea l oncs longer than OIhers. Anterior part 
of large abdomen with thiek allCllong spinelike se lae (Fig. 14). posterior part with normal 
olles: 4+4 ventral setae. Dorsal pan 01" sma ll abdomen with 3 se tae thieker than ot hcrs 
(Fig. 15). Ventral tube wi th 1+ 1 setac; ret inaeulum with I se ta. Trochantcr 111 with I thick 
ami blullt splnc (Fig. 16). othcr trochantcrs and allfemorn on ly with normal se lac: each 
tibiotarsus with 4 ova l organs in row pe. tibiotarsllS 1II with 2 long and minutely seal cd 
outer setac Ilipc alld IVpe (Fig. 17): claws slendcr with 01' wilho ll t minu te inner looth. 
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Fig. 13 

Fig. 19 

Paral'rJlOpalire.\· eCllarloreJ/.fi\' 11 . sp. 

Fig. 13 Apex of head (bar = 50 ~1 1lI) 

Fig. 17 

Fig. 14 Thick SClae 01' anterior part of larg(' abdomen (bar "" 50 ~11Il) 

Fig. 15 Selae 01' postcrior pan 01' large abdomen ami 
01' dorsa l pan 01' sn1:l1 1 abdollll.!11 (bar = 50 pm) 

Fig. 16 Sp ine 01' trochanter 111 (bar - 50 pm) 

Fig. 17 Lang SC lac 01' tibiolarsus 111 (bar = 50 pm) 

Fig. I S Poslerior si ele 01' dens S('('11 !'rOIll Oul('r siek (bar = 50 ~I m) 

Fig. 19 Mucro (bar = 50 p m) 

Fig. 1-1 

Fig. I~ 

Fig.ICI 
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tllniea miss ing: cmpodial filaments cxcccding claws. Manubriull1 w ith 7+7 normal se Ine: 
anterior siele of el ens with long sc tac of forlllu la 3+ 1.3.2.2. 1.( I ). 1. postcrior sidc mainl y wilh 
basnlly thickcllcd sclac. wi tholll shon papillac (Fig. 18): mucro wit houl se la. <Interim celge 
sha!"p wit holll f"urrow. bal h poslcr io r teiges loo lhcd. tip rau nd (Fig. 19). 

Rcmark s. Pararr!Jopallil'.\' ('{"lIm!O!'('/I,\'Ü 11 . sp. ha~ 2+2 ollll1la ticlia ilnd IhliS onl )' rcscmblcs R O{'II/fllII.,· 

13 0llet & Tcllcz. 19~ 5. l"rolll MC." ico. all o lh er knowt\ spcc ics havc allolhe r Ilumber 01" ulll matidia, 
p. {'('II(If!orl'lI.ril" din~rs rroll1 Ihal spl:c ics hy sevcra l clwraclcristi cs: Pigmenl black illsh~ad of Yl.: llo w 
:llld orange. anl..:nnac longe r (ralio 01' :Inl!.: nlHl!.: : he: ld l.S instead 01' 2 in male ami ratio 01' seglllclH 
I to I V = 11 instead 01' 7 ill11l:1k). sctae 01' head apex Ihiek instcad 01' lanec l-shapcd. alHelltla] segmcnt 
IV with 12 SUbSCgll1 CtltS itl ste, ld nf 9. dllrso-:llltcrior s idc 01' I<lrgc abdome n \\' illl lang and Ihiek sc lae 
instcad ofshort ami stoul Olles. tibiolarslls 11I wilh 2 10ng setac inslCad 01'3. ami :lnterior s idc ordens 
with :11 teasl 12 sclac instcad 01' 9. 

This numbcr 01' diITcn.:m.:cs clearly shows that thi s si ngle male belongs 10 a scparalc spcc ics . 

PteJ/ot"rix jiISClIJ/lllC:ulalll 11. sil. 

I-Iolo type. Feillale (b lcaehcd. on 3 slidcs) 1'1'0 111 sa mpie D. 

Paratype. I j uve ni le female (pigmented. on 3 s lidcs) rrol11 sampie D. 

Dcri vatio nom inis. This new specics is named a ner its eoloUf pattern 01' browil spots. 

Diagnos is . A li gh t spceies 01' Ihe ge llus Plello!l"ir ßörner. 1906. with 8 diagnos lie 
c ha rac le ri s ties (e haraclcr s ta les nOI always eerta in): 

- I-lead ami body w ith small brown spots. 

head apex w ith 3+3 thi ck spinclike setae (\lumber ples iomorphic; ap0111orphy: Illore pairs 
0 1' sp ines). 

- head clYPC llS with 2 th ick spi nc like median selac (numbe r plcs io lllorphie; apolllorphy: 
morc c lypcal spi ncs), 

- thic k spi nc li ke se lae bc hind bothriotri c hia A BC and D (apomorphy: p lcs iomo rph y: 

norma l sClae). 

- furea ba sc w ith 2+2 thiek spines (apo lllorphy: plesiomorphy: 1+ 1 er w ithoulthick spines). 

- long thickened sctae of poslc rior part of sIllall abdomen o f equal le ng th. 

- se ta aO o f lIpper anal va lve as a thick spinclike seHI (apoll1erphy: plcsiomorphy: norma l 
sCla ). 

- claws w ithoul cavity (p lcs iolllo rph y: apolllorphy: eavity present) . 

Deseription. Measurcl11cnts anel proportions (of holotypc fcmale). To ta l length 1.4 111m. 
hcad 0.7 111111 . 11111 CrO 220 Illll , ap pcnd iccs analcs I 00 ~tm ; w ho lc antcnna : head Icnglh = 2.4. 
anten na I segmen t I : 11 : 111 : IV = I : 5.8: 6.6: 1.1 , mucro: ele ns: manubrill lll = I : 2.8 : 2.4, 
ap peneliccs anal cs ungui s 11 1 inner cdgc = 1. 1, muc ro ungui s 1I1 inner cel ge = 2.3, 
append iccs a na les: lll ll cro = 0.5, long (llIterior spines of large abdomen : Illllc ro = 0.3 - 0.4 , 
sho rt dorsa l spincs 01' largc abdomen Ill 11 Cro = 0. 1 - 0.2, ra tio 01' ou tc r sc lae 0 1' dcntes 
EI - E4 ~ I . I : 4.3 : 6.5. 

Colour. Eyc patches black; background coloUT" wh iti sh ye llow, brow l1 pigmcnt in SPOIS 
0 11 hcad and abdomc n ; an lennac dark , basa l scgm c nt s 01' legs w ith dark ap ica l spo ts 
(F ig.20). 
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Fig.2 1 

Fig.22 

Fig.24 
Ptc llfJlhrhjil,\'( '(JIllfJ('II/(lffl 11 . sp. Fig.25 
Fig. 20 

Fig. 2 1 

Fig. 22 

Fig. 23 

Fig. 24 

Fig. 25 

Ilabitlls :111(\ (,;o lOllr pattern. lolal lenglh witl101l1 I'lIrca :lbollt IA nll11. 

Thiek se tae 01' sli ghl proluberancc 01' large abdomen (bar = 50 pm) 

Abdomin:d segments V alld V I ami (urea base (bar = 100 pm) 

Modi ried selac 01' tibiowrsus 11 1 (b<l r = 50 J.lm ) 

C law ami cmpodium I11 alld cmpodiulll [ (bar = 50 pm) 

Distal parI 01' furea am[ pa rt 01' llHlcro. outer siele to thc Icn (ba r = 50 pm) 
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Clwclotaxy :lIId specia l slruc turcs (chaclOtflxy of anlcllnac all el Icgs not s tudied). Eyc 
pnlches w ith R+8 omlll<ltidia and 2+2 sho r! se lac; apex at1(] frons ofhcad w ith 3+3 thickcncd 

sc tac (2 pai rs 01' medium lcngth, I pa ir shon e r) , frons a lso w it h 6+6 vc ry shan seIne: 
clYPClIS of head with 2 med ian spinclikc serac. formula cr middlc seHle 1. 1.2.2. 1.1 .2.2 (sec 
Figs. 26. 27. but a ll sclae in P-jilSC{l/J/f/C/lltl/fI sIOUlcr). Sctac 0 1' dorso-alHcrior part of largc 
abdomen lang allel thickcncd. of middlc allel postcrior part sha n alld stout. allel c f s light 
postc rior pro tubcr:lIlcc more thickcllcd (F ig. 2 1); region bchind bothriotrichia ABC w ilh 
2+2 long thickc ll cd sClac as on nnterior pan : furea base w ith 2+2 la ng thickcncd and 1+ 1 
rough SClac ( Fig. 22). Abdom inal scgmcnt V bchind bOlh riothrix 0 with 1+ 1 long thi ckcllcd 
sc lac as 0 11 antc rior pan of largc abdomcn. Dorsal pari of abdominal scgmcnt V I \Vit h 8 
long th ickcncd se tac A3. ml. OL2. PI. aO (M'. rv1. N. 1-1 , uO aftcr YOS II 1969). scta sa nonn,,!. 
sa' ve ry short: vcntral part ofsegmcnl V I with 1+ 1 long thickcncd sclac VI2 (L aftcr YOS II 
1969). SC lae sa I vcry shon. sa2 normal: ap pcndiccs anales poilltccl. 5111001h. alld curvecl 
(Fig. 22). Tibi o tarsli s 111 \Vit h 2 curvcd. coarsc ly lOot hcd selac (F ig. 23): claws w ithout 
centra l cavity, w ilh 2+2 la teral tce lh and small inncr loo th: cmpodial fil amcnts I ami 11 
f1 <1 l1cncd and poinlcd, filam ents 111 long and blunt (Fig . 24). Forlll ula 01' an lcrior se tae 0 1' 
elens 3,2, 1, I ... I , outc r and inncr sc tac 0 1' pos tcrior side basall y toot hcd. di stal on es Illore 
than prox ima l, the 111 0st prox imal Olles only rough; Illucro wi thollt sc ta , inncr poslc ri or 
edge w ith abOUI 26, oulcr 42 tcc th (Fig. 25). 

Rcmarks. Rjil.W'fII!I({(·II!a/(1 n. sp. has a sligh t abdom inal prolubcr:mce wilh Ihidcr spines. These 
featu res. aeeord ing 10 SN IDER 1990. <lfe :l rguments 10 ass ign it 10 thc genus (ur subgellus) P(/I'iri()irl(~ r 
Folsom. 1924. a lthough the typiea l spee ic:,> of that gcnus have a long ami elub-shaped abdominal 
protuberance. We du not fo ll ow Ihe opinion 01' Sni der. sinee YOSll & LEE ( 1963: 32) slatt:d Ihat the 
rnt:mbers 01' Papk/oirkl' lack Ihc selae G 01' abdominal segmen t VI (as do the PIl'IIoI/m:r males. YOSII 
19(9). In PI('Ifor/,drji,.\·(·(I!I/(/(·II!aW. al so in both Papirio!de.I· speeics in SN I DER (1990). howcve r. in 
th e fcmaks the s\! tac G ("" ( 2) are present. Illus th ey da nOI belang to Ih at genus but 10 PI('lw/lldr. The 
qu\!st ion is \\' hc ll1I..: r th is dwrac tcristic is re:dly va lid (Q denne Ihe ge nus Papirioide.\' (see a lso 
GREENS LADE 1994): fu rt her studi es are needed 10 find suc h a fea ture. 

i\'lorc eOlll lllcnts 10 Ihis IlCW spccies sec below wit h the olher new FIel/ar/wh spce ics. 

Ptellotltr;x rubra 11. sp. 

I-Iolo type. Male (bleaehcd, on 3 slieles) from samplc C. 

Parmypc. Male (pigmelltcd, on 3 slidcs) !'rom sampie D. 

Deri vati o nOlllini s. This new spccics is nllmcd after its rcd-violet colour. 

Diagnosis . A red spcc ics 0 1' thc gen us Plello!lllir Börncr. 1906. w ith 8 d iagnoslic 
eharac le ri st ics (eharacter sta lcs not always ccnain): 

- I-lead and body w ilh quitc uniform rcd-violet pigment. 

- head apex wit h 3+3 th ick sp inelike se tae. 

- hCild c1 ype ll s with 2 thiek spinelikc mcdian sc tae (!lumbcr plcs io ll1orphic: apolllorphy : 
1110re c lypeal spincs). 

- only normal sc lac behi nd bOlh riot ri ehia AßC and 0 (p lcs iolllorphy: apo morphy: tflick 
s p ines) . 

- furea base wil h I + I Ihiek spinclikc sc tac (piesiolllo rphy ; apolllorphy: 2+2 Ih ick spines) . 

- Ihick spinclikc SC!;lC 01' small abdomen 01' di fferent length. 
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Fi g . 27 

Pie/lOri/rh" rubra 11. sp. 

Fig. 26 Apex ami frons 01" !lead (bar =: .50 !-Im) 

Fig. 27 C lypells orhead (bar = 50 ,lIm) 

1 J 

Fig.2X 

Fig. 28 Shon sC lac of postcrior P,lr1 01' large abdol!1en (bar 50 ~tll1) 

Fig. 29 Abdominat segmen ts V ami VI ami furGI hase: 
venl ral ;l1wl v:l lve nOI complctc1y visibh.: (bar 100 pm) 

Fig. 30 Oll e of thc 2 mod itied setac or tib iotarsus 111 (har 50 p m) 

Fig. 3 1 Cl:i w <lnd cll1 jlod iulll 111 (bar =: 50 pm) 

Fig.29 

Fig. J I 
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- se1<l aO 01' tipper amd "al ve as Ihiek spinclikc se la (apomorphy: plcsiolllorphy: normal 
se la) , 

- claws wlt h cavity (apomorphy: plcsiomorphy: ca"ity abseilt) . 

Dcscri pl ion . Mcasurc lllcn ts and proportions (01' 2 ad ult males). Total Icngth 0.8 and 
0.9 111111 , head 0.44 111 m. mucro 110 a llel 130 ~1 1ll : whole il ll lc ll llil : head Icngth = 2.9. antcllna l 
segment I : 11 : 11 1 : IV = I : 6.4: 8.4: 1. 5. Il1Ucro: elens: m<lnubriu lll = 1 : 3.2: 2.5. lllucro: 

unguis 111 inner celge = 2.2. long <lntcrior spi nes oflargc abdomen : 11l ll Cro = DA - 0.5. shon 
dorsa l spines 01' large abdomen: Illucra = 0.1 - 0.15, rmio 01' euter seIne 01' dCllles EI - E4 
= 1.2 : 1 : 4 : 6.2. 

eolaur. Eyc palches bInd: head anel body with red-viole! pig ment. 1110S1 inlCl1scly 011 

dorsal part of largc abdomen. heael anel small abdomen lighte r. 1,lI er;11 sieles of large abdomen 
with few irregular pale spots allel ven tral s ide pale: antennae 0111(1 legs red-vio le!. a lso 
claws pigmelltcel. furca witll littlc pigmcnt but a lso mucro pig ll1 cn teel. 

C hae totaxy and spec ia l st ructurcs (chaelOtaxy of an tennae ami legs not stuelicd). Eyc 
patches wi th 8+8 ol11 ll1atidia and 2+2 silan se tac: apex ami frons o rhend witll 3+3 thickcnccl 
sc tac (2 pa irs of med ium Icngth. I pa ir shon cr). frons al so with 6+6 very short setac; 
c lypeus of head wi th 2 mcdian sp ine li ke se tac, forlllu la of rn ield lc se tac 1.1.2 ,2.1.1 ,2 .2 
(Figs. 26. 27). Sc tae 01" dorso-allte rior pan of la rge abdomcn long :.md thickc ned. 01" middl e 
anel postcr ior part s hart and stout (Fig. 28); region bchind bot hriot richia AßC only wi th 
normal setac; furca base with 1 + I long thicke lleel and 1+ 1 rough sc tae (Fig. 29). A bdomi nal 
segment V bchind bot hriothrix D with long bu t normal se tac. Dorsa l part of abdomina l 
segment VI with 8 thickcned sc tae A3. m1 , Ol 2, P I, ,,0 (M'. M, N, 11, aO afte r YOS 11 1969) 
but set ac ml and DL2 thinner anel shorter than olher thick ones. SC HI 511 normal. sa ' ve ry 
sllon ; ventral part of segment VI with 1+ 1 thickened setae VI2 (L afie l" YOSI I 1969) of 
medium length. set ac sa I ve ry shorl. sa2 normal (Fig. 29). Tibiotarsus 11 1 with 2 curvcel , 
coarsc ly 100t hed se tae ( Fig. 30): c laws \Vit h ccntral cavity. w ith 2+2 latera l tccth and 2 
sIllall inllcr tcc th: cmpodia l fi lamcnts la ng. thin alld poin ted (Fig. 3 1). Formu la of an ter ior 
se tae of dens 3 .2.1.1 ... 1. o uter anel inner sc tac of pos tc rior siele basally toot heel. di sta l 
ones more than proximal. the most proxima l ones only rough: mucro witholl t se ta. inner 
posterior eelgc with about 25. outer with abollt 35 teeth. 

Rema rks: We are convinecd Ihal P/l'1I0t!lrir r"brllll . sp . is a separate spec ies. si nce Ihe chaetotaxy 
orlhe males does not prineipall y dilTer frOll1lhci r females (VOSll (969) . Thc re1ll11le shou ld be known , 
however, 10 eonfi rm ami complete Ihi s dese ripl ion. 

Rcmarks to Ihc two ncw P/eJlo/hdr spec ics. The two new P/{'I/ot!m:r spccies dirfcr in th c ir colouf 
pa llern ami in some chaetolaxic cha rae lerislics (e. g. in the setae 01' postero- Iate ra l pariS 01" the large 
abdomen and 0 1' Ihe rure a base). The co lour pa llern 01' P jil.rClUIUIl·IIIrJ/I/ 11 . sp. rcscmbles Ihal or 
P. brasil!ellsü Dclamare Deboulle" ill c & Massoud. 1963. but the rormer has a while background with 
brown spots. Ihe lall er is ye llow wi th dark blue SpOIS. There are more d irrerences c. g. in the th ick 
dorsal spines or the abdominal segment VI (01' equa l length instead 01' some shoner tha n olhers). ill the 
c1a ws (wil hout a eavity instead ofhaving one) , ami in Ihe empad ial fi laments (b lullt or na ttell ed instead 
01' knobbed). The red eo lolll" 01' P. /"/Ibm 11. sp. resembles P. lUgell/11I1I Delall1a re Deboul1cville & 
Masso ud . 1963. bUI Illere are differences in the Ihick dorsal spines 01' Ihe abdoll1inal segment VI (sol1le 
shaner than others instcad o rall ore<]ual lcnglh). in the sela sa orthe dorsal anal va lve (normal inslCad 
01' short ). ;md in the empodia l fi laments (poi ntcd instcad or knobbed). 
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Thc nt.:w Pk-'lJo//II"irspccies have 2 Ihi ck unpaircd dY PC:1 1 spines :111d a (hi ek sd:1 aO ofl he uppe!" anal 
v:l lve. thus bclonging 10 Ihe .1,'1'f/Cli'i('omil'-gro uj1 01' p/('l/fJt!lrirspee ies as it \Vas desl.: !"i hcd anti eompared 
in a key by YOSI] (1969). In reccllI years. sOllle more spccies sha ring th ese feat ures wen: described. 
t\ !lew key. thcrcforc. is pn:scilted here to disling uish Ihem :lmllhe 2 !lew spi!eics bi!lIc r. In Ih is key 15 
spi!cies:lfe cOll sidcrcd. The pos ition 01' P IJ/"{/.\·,lil'lI.rb· ami Pli/li/gI/i-' is not certai n si nce Ihe seI ac 01' the 
dorsal head-back (i n P IJ,,{/,\'IIil'lI.rü) :!mllhe anal setae sa ami sa' (i n bolh species) are nol sulli cic llt ly 
dcsc ribed: they appear. therefnre. t\V ice in Ihe key. 

Kcy to thc Ptellothrix gr(l(:ilicoruis-group 01' spccics 

(some ab breviations according 10 YOS II 1969 added in brackcIs) 

Spines 0 1' head apex scn·ale. Angola 
JJ11!111/~I'i ( Dc lamar~ Deboullevi lle & i\llassoud. 1964) 

These sp ines s l11 00lh 0 1' st ri ilted . !lever SCITate 2 

2 Dorsal part ofabdolllinal segmcllt V I wi th thiek spines A3 (M') aml llli (M) 3 

Ollly se lae A3 (M') thiek. 1111 (NI) and DL2 (N) se taceolls. Pucrto Ri eo 
borim'alla SO lo-Adatlll.! s. 19S8 

3 Do rsa l pan 01' abdomi nal segment V I wil h thiek spines DL2 (N) 4 

5 

6 

7 

8 

9 

Th esc sctae setaceO lls 13 

Dorsa l anal va lvc wil h setae sn' very sho rt. sn normal 

Sewe sn' as long as sa 

5 

10 

6 Seta l pair of' dorsal head-back (sc tac g) as long as othcr sc tae 01' hcad apex 

Sela l pair longer Ihall other setlle of heacJ apex 9 

Seta l pair shon e!' than o lher setae 0 1' head ap!.:x. Brazil 
IJra.wliellsir De lamarc Debo ulIev il Jc & Nlassoud. 1963 

Fure<! base wi tholll Ihick sp illes. Nepal 

Furca base with thick spin\!s 

Fure<! base with 1+ 1 thick sp ines 

FurcH basc with 2+2 thick sp illes 

I-lead and legs coloul'ed b lack. Brazil 

I-lead and body red viol el 

(5) \-l ead apex with 4+4 sp incs. Sudan 

Head apex wit h 5+5 or 6+6 spines. Hawaii 

/lilllfllr~J·{w.fir Yosii . 1966 

7 

8 

/i,sallllaCII/{lff/ 11 . sp. 

IIfilJgflf! Arie & Gu imar:ics. 1976 

rllbra n. sI' . 

l '/o/a{'{'ojJlI.r HÜl lte r. 1967 

/lfIwaiif!IIXi \' Sn ider. 1990 

10 (4) \-l ead apex with 3+301' 4 +-1 spincs 11 

12 

14 

I-lead apcx wl1h 5+5 01' 6+6 spines 

I1 Head apex Wi1h 3+3 spincs 

i-lead apex with 4+4 spines, Brazil IIlilJgfle Arie & Gu imaraes, 1976 

12 Spines of head apex long .md of abotll cqual le llgth. North Amcri ea 
lIIf/rJllora/a ( Packard. 1873) 

Spines of head apex shon . only pair 1 01' dorsa l head-back (g) longe r. India 
lera/flf! Prabhoo. 197 / 
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13 (3) DorSO-<ll1lCrior part 01' large abdomen with only 1+ 1 leng sp ines. Mc lancs ia 
gr(/cllico/"lIü (SchiiOcr. 1898) 

Th is body pan with 3+3 long spines. Thailand !;rollqllir. \,('i NayroJ lcs. 1989 

This bady pan with -4 +4 lang spines. thc Ph ilippincs p{//awellsis Yosii. 1969 

1-1 (11) I lead allel body with varying pattern 01' rcd viole! pigment. Argc llI in<l 
mgellliJ/{f Dclamarc Dcbolll lcvil ic & Massoud. 1963 

I-lead ami body ycllow wilh dark bille spots. Brazil 
IJrfl.\'i/iell.lir Dclama rc Dcbollllcvi li c & Massoml. 1963 

Splu1t!l'itlill a Sp;1l0SlI n. sp. 

I lololypc. 1Vl <1 1e 110. 2 (on slidc) (rom s<lmplc A. 

PanllYPc. Ma le 110. I (on 2 s lidcs) from sampie A.. 

Dcriva tio nomill i s. This !lew spcc ics is na111cd after its spinclcss :IIl ICllnac. 

Diagnosis. A spccies or the gen us Sp/we,.;rlia Linn<l ni emi. 19 12, wi th 2 diagnos ti c 
charae (cr is( ics: 

Antennac witholll spines (p lcs ioJ11orphy: apolllorphy: with spi nes). 

ven tra l tube wit h Olle pa ir or long anel s lender posterior processes (a pomorphy : 
plcsiol1lorphy: only with I poslerior pair or small vcsie les). 

Dcscription (Tllilinly thc ditTercllces I'rom SjJ/werit/ia pUllli/ir (Krausbaucr. 1898) s. str. 
are lloled. scc BRETFElD 1995). 

Measurclllents. Whole lenglh O.I-l anel 0.18 111m. 

Colour. Eyc palches blnck: body colour rccl-violcl. 

ChaclOlaxy alld spec ial slructurcs. Frons 01' hcad with all pairs 01' sclac alld only with 
nurma l selae. Anlennal segment 11 with 6.1 11 with -l long sells illa. wilho ll t spines 10 fo rm 
clasping <lntennae (Fig. 32). Dorsal siele 01' thorax only with non na I serac. Pos ter ior s ide 01' 
vCll tl'il1 tube with small mcdian <lnd 1+ 1 slender processes with apical knob (Fig. 33). 
Tibiolarslis 11 1 sela IIl pi with 100111. sela IVpi sl1100lh (Fig. 34). sela II pe long ami poinled; 
claws slendcr (Fig. 35). FurC<l withoul spec itic featu res. 

Rell1arks. S. (/'\p//lo.l'(/ n. sp. rcscmblcs S. Ndtll'tln. sp. (s\.!\.! b\.!low) inlhe nl<1in charaelerist ies. butthe 
vcntr;lltllbc ami its s trllelllres are srna ll cr. thc tips 01' thl.! processl.!s are sYllHlll.!t r iea!. amlthe alllcnnac 
lack the u~ual2 spincs.Becausc ofthc mcdian proecss ofits vl.!nl ral tuhe. althollg h thl.! proccss is sma l!. 
S. fI.lp//lo.m belongs 10 Ihc OI'l'J'/iJJ!{/-grollP 01' Sp/lt/l'nd/a speeies (BR ETFELD & GAU ER 1994). hut 
Ihere is no spec il.!s known. the ventral tube 01' whieh is s imilar to th is on\.!. 

T hc spindess ::!11e Jl!l:d segmcnts !1 :!1ld 111 look likl.! an anornaly. s ine\.! thc r\.! is 110 ot hc r Sp/lt/C'I'/r//a 
spl.!eies knuwn whieh lacks these spines. Both mal es. however. hav\.! \he samc anlcnnal slruc llm:. which 
is an argume111 for a normal feature ami against an anomaly. Strictl y speaki ng. thesl.! antcll nac should 
chara cte ri se a !lew gcnus. si nec the special Illodiliei\tions 01' Ihe male :l1l1 cnn ae are gc rlllS spce ific 
UvlASSOUD & IJETSC H 1972). Wc do 110t naJlJe a new germs 1'01' these 2 ma lcs. bceausc a ll Ol lt cr 
st ruc tllres al'l.! s irnihl1' 01' identieal to Ihosc 01' ollrcr Sp/lt/l'r/d/tl speeil.!s. 

Ir Ihis is acecptcd. the dcfini tion 01' the gcmrs Sp//{wr/t//a must be altl.!fl.!d in that 110 longe r thc ( WO 

~piJ1cS ofantcnnal segmcnts 11 <Jnd 111 are valid. bllt the following st nKlurcs whieh scparate it rrorn the 
olhcr genera orlile Sminthuridida (BETSClI 1980. BRETFELD 1999): 
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I . Tibiotars lis 11I w ilho llt a di s ta l tibiolarsnl o rgan (t hi s charaete ri s t ic is shared wi th thc gencra 
Debo/lllen lle(l Murphy. 1965. :Itld IJmüie/1a Folsom & Mill s. 1938). 

2. Muero wi th out a seta (sepa rating Sphaeridia from th e gcnl!fa mcntioncd in cntry I). 

3. l3ot hri o triehia ABC rorm an Ob lllSC anglc opcning to the postcrior (sqJa rating Sp/w('ridia frolll all 
oth er genera 01' th e Sminthuridida ami of the genera mentioned in l!1I1 ry I). 

4. Thora x 01' ma les wi thoUl "cs ieks (onl y shared w ith the genus ) ~).\ ·Iide.\' Massoud & ß ctsch. 1972. 
wh ieh hns more compli cil ted an tennac). 

Fig.32 

Fig.35 

Fig. JJ 

Sp/wcrit/ifl mpill().w 11. sp. 

Fig.32 Lc rt aill e nnal segments 11 ami 111 scen from allll!rio r (bar 20 pm) 

Fig.33 Postc ri o r s id c 01' ve ntra l tube (bar = 20 pm) 

Fig.34 Tibiotars us 111 sctae IIl pi and IVpi (bar =--= 20 pm) 

Fig . 35 C law ami e mpodilllll 1 seen from posterio !' (bar 20 pm) 

IVPi } 

Illpi 

\ 

Fig.34 
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Sp/Ulerhlia bidal'rl 11 . sil . 

I-I olotypc. Ma le (on 2 slidcs) ti'om s<lmplc C. No funhcr spcc imclls kno\V ll . 

Dcri v'll io Ilomi'n is. Thi s !lew spcci cs is name<! after thc 2 poslcri o r processes of its 
vent ral tube. wh ich rcscmblc clubs. 

Diagnos is. A spcc ics or the gen us Sp/merirlia Lillll <lnil:llli, 191 2, willl I diagnoslic 
apomorphy : 

- Ventra l !Ubc with one pair 01' lang allel thick poste ri a!' processes (p lcsiolllorphy: onl y 
\Vilh I poslcrior pair of 5111all vcs iclcs). 

Descriptio n (mainl y Ihe difTerences frolll Sp/weritlill plIIIl/li\' s. s ir. are nOlcel. sec 
ßRETFELD 1995). 

I'vtcasurC1l1CIlIS. Total Icnglh 0. 2 111111. 

Colour. Eyc palchcs black: bady colour rccl- violcL 

Chactotaxy allel spec ial strllclurcs. Frons 0 1' hcad with a ll pairs 01' set ac and onl y \V ith 
normal SC IaC . Antcnnal scgmcllI 11 wlth 6. 111 with .t long scnsilla (sce Fi g. 32). with spine 
caeh to fo rm el asping atllcnnae. Dorsal side of thorax on ly with llor1lwl setae. Postcrior 
sicle 01' ventral tubc wit h thiek mcdian and I + I th iek asymmetriea l proccsses wilh apex cut 
or knobbcd respecti vcly (Fig. 36). Tibioiarsli s 111 seta lllp i with 100th. sc ta IVpi sI11001h 01' 
also wit h 1001h. se la II p\,! long alld poinled: claws slcndcJ'. Furea witho ll t spccilic features. 

Rcmarks. S. /;fe/al'(! 11. sp, rcscillbles S, (/XpiIlO.WlIl. sp. (sce abu w ) il1 thc mai 11 charact cri sli cs , but th c 
ventral tube amI it s slrue llll\:S are larger. th e tips 0 1' thc proeesscs are asymlll etri eaL ami Ihe ante nnae 
ha"e the lI su(\1 2 spil1 l!s. Bcc:nlsc 0 1' the Ill l.!d ian proccss 01' il s ve nt ra l tube. S. Indm'a belongs to Ihe 
bl'e)·/iJt!a. g roup ol' Splwl'nilifl spcc ies (ßRET FE LD & GAU ER 1994). bUI thl.! l"c is 110 spcc ics knowll, 
thc vcntral lube 01' whieh is similar to Ihis one . 

" 

Splweridir/ IJldm 'o n. sp. 

Fig.36 Fig.36 Poslcrio r side o fvc lltraltubc (bar = 20 ~Im ) 
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Spltlluitlia spcc. 

2 ICll1alcs. 4 juveniles ti'OIn S<JIllPIl' C. 

Felllalcs with coarscly lOotl1l..'d sClae 1I1pi and IVpi 01' tibiotarslls 11J. 

These spccilllcns rnay bclong to tlle new species described abo ve. but tllere is 110 
feat ure shared with thosc males. ami thcy cannot bc assigncd 10 <Inothcr known spccics. 

C onclusioll 

These few sarnples with Collcmbola Symphypkona stud icd herc do 110t allow a gn:ah.:r 
eco logical cornpar ison. They show. howcvcr. ;JS already I1lcntioncd . thc grc<11 specics 
divcrsity in these dcep lillcr laycrs 01' thc tropical c!oml fores!. Therelore. as a summa ry. 
thc sa1l1plcs with thcir taxa. :md thc n1l1l1bcr 01' Spcc i111 cns founel. are adelcd. 

Sa1l1pl c i\ (12 spccilllcns): CO//0l'/w/"o spec. (3 spec imens) . Nee!lIxjilll/J/iam.1" 11. sp . 
(7 spccimens). Sp/m('/"ir/io {/.rpil/tJ.m 11. sp. (2 males). 

S<II11 pl c C ( 15 spccilllcns): Co//op/w/"o spcc. (! speci mcn). Nee!ir/C'.\" IJ/l"e/o.I"II.1" n. sp. 
(1 spcc irnen). Nee/II.\·jli,,/J/"iflm.\· 11. sp. (5 specilllcns). P/ello//llir /"II/J/"a 11 . sp . (! male). 
Si}/mC'/"/r/ifl Ne/flm 11. sp. (I rnn lc). Si}/wen"dio spec. (2 lemales. 4 juveni les) . 

Sa111 plc D (4 spccimclls): PflI"flnJ/{)pfl!;te.r eo/{/r!orel/.ris n. sp. (I m<l lc). Plello/ltrir rllh/"fl 

n. sI'. (I male). P/ellot!/I"i l jil.\·{"tllIltl(·II/tI/tI n. sp. (I !emale. 1 juvenile fcrna1c). 

Ac l.:nowlcdgcm cnt 

Thc seni or illlthor Wllll id like to thilnk ROlllllnO Dalla i. S icnn. Ital y, lür lending spc<.:i mens 
01" Nedirler.!fJ!\"()/IIiCaro li. 1912. and Nedll.f IJllllil/lI.f Folsolll. 1896. anel Mrs Margit Krusc. 
Zoological In stit ute. Un ivcrsity 01' Kiel. [a r thc photographie prints. 

Thc jun ior iluthor wou lcl likc tu tlwnk Willialll Conncr at Wake Forest Univcrsity, U.S.A .. 
laI' aelvicc conccrning thc projccl. and woulel likc 10 thank Giovanni Onore and al so the 
Tapia f:llnily rar hell' and su pport in Ecuador. 

This projcct was t"umkel by a Slliliviln Gran t für Summcr Research from Wake Forest 
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