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emsTRACT:  Lice trarsmit speries of Exlmdans Larvae of Eufissdang wongae are described from Assiroie
oo s and Aciorsithophite Fmone (Ambheens) and Cardwiceps ok (lschnocera) calfletied on a
marbied godwit [Limena Gulng). Larvae of Enlimdang barsar are described From Adistremenogon ghacapoatis

(Amblycera) and Lamacws aumived phacep

(schnocerap from o whimbeel (Mumenis pheeomo). Adwbis of

spacies, ol Elirmclana in charsdriiform binds snd Foleritis falcarainas m stols prodece micmfilariac fior @ shori
period anily asd ten e and are resarbed (species of Eufirmianal a phenomenon calied rphemersliy, or beoome
repmductively senescent bl reman alive (F fbcaestnre). Microfilarise inbahbit th skin and presumably survive

sir a prilinged period. The short period of production of microfil snay be el

v e flact that fransmissioa

5 by permasent coioparsites (lice) conssantly espescd 1 Sicrahilanae is the shis and the danpers of lico
sogeizing lethal rumbers of micrefilariae. Eptemenality miy have evplved in species in which sduls eccupy
les wiere, whem They die, ihey are harmiesshy sowrbed (¢, specses of Eslinulang i the nigk), Reprosdactive
néscenoe may hive evelved s sperics thal socupy siies where, i they were 1o die, thay might provoke a lifiz
Ihreatening infammatson de.g, P, fliroraieoe near joings in the legsi

Ewlimdane species ary pamsites mainly of
cheradriiform Birds (Barticid et al_, 1989, Aduali
wnrms cecuf in the peck and ae unusual among
filarickds in that they e ephemeral [Bartlen et
al, 19849; Bartlen and Anderson, 1990, Barilett,
1992}, Amblyceran Hoe (Mallophaga) were sug-
gested previously (Bartlei et al, 198% Bartlent
and Arderson, 1990) as woctors, The presend
iy provides cosdusive evidence that ambly-
ceran ardl ischnoceran lice serve as vectors, il
deseribes flanowd larvas in Hee from a marbled
andwit | Linnosa fpdioa) infecied with Ewlimalanas
wangae and a whimbrel (Yursenius plaeopas)
infiecied with Ewlimdang frimaer.

Fartlen ansd Andersan {1950} hypathiesized that
epremerality of adwlt warms of Exlimaang spe-
oes, which resubls ina shinnt periad of production
o mleralidariae, is related do vwoctors, The present
paper, having clearly estatHisked that lice ane the
viechors, clasifies this hypotbesis and braadens i1
1 imchude anciher louse-transminued flaroid of
tirds, mamely Fefecios fulfcaeatrae in co018
itiruilprmes). Peleetins fiaicacatras also has a
short pericd of production of mdcrodilarisee that,

Repeived 27 May 1551 revimed 11 Septcmber 1992,
accepied I8 Sepiember 1002,

however, resuls from reproduflive SeREsmEnoE
of adill worms {Bartlen and Anderson, | 985}
rather than ephemerality of adalis.

MATERIALS AND METHODS

The padwil s whimbeel were examincd. initiafly
Ty Bttt {1925, Uk goceit fumisbang the type spec-
|meens off £ windm:-lhimh':lmul'f.fwﬂ-
e The godwil Bad been shos, imsmediaiely placed s
& pluvtic bag. [rozes. aad laer thawed. 1Uwes examined
foe lice by washing the carcass in ¥ changes of scapy
waler snd passing all waler through a sieve (Esdecott’s
pest sicve o, 100 wath @ | 50em aperture). Lioe re-
maiming on the sieve o cances were learadered tooa
diigh coniaining 7. %% physiclogss wiine. 1Lisnot krown
o snon sfier eollection ihe whisnhirel was placed in
a plask b, 11 weas froeen smed lies ihawed and ca-
arsaned for e by manuslly ssarching the fathersand
whiin. Lsce were transferred wo salime,

Mymphs wens prescrved im TP aleohol. Adult o
were ieased in 3} drogs of sline on & gliss slide and
the tevges and malise were examined f Wanoid lar-
vier, Besmnands of (he louse’s body thes wene nemownd
and presereed ino@ wial of M wleohol. I Alamod
larvae were found, -3 droge of 2% bullered formalin
wapre arddind b0 Ghe saling, and 1he preparation was o
ered with a vaseline-ninged covership, Larvae were
wiudlied with 1he s of a compousd SicrscOpe
equipped with differential interference lighting. D
ings wiere masde with 18 aid of @ draweg. Sliachssent

Lice from oier godwic and whimhbreli caamined
Ty Bartke {1992} were sentified 10 specics. The major
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Tame |. Mumbers of sduh fermale wnd male lice of dilferent species on o marbled godwn | Livecsa feslog) infeoied
wigh Eulimgesa wongee and a whimbreel { Nowsenins phasogaa) inficted with Ealioukioe hivere, and numbers

af fiewl- theeogh thiml-stage Alarioid larvae found s these Do,

b of @ licr
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sk wsed weer Clage (1982 for Aciorsbophiie
g RIS o Adairsiiengess, Temmersann |95
P Cgpatimorps. Tismermann | 19580 for Luieceme
Taiwards (1957 for Fefaadnoeed, ond Temmenman
LIS o Saempnad oo,

Boemmans af dissectedd lice wore compared 40 iden-
pifral. whal sprvimens anid theoe shaa ileninBed o spw-
(b o

REGILTE

The goadwin hartsored 119 adult lice inclisding,
Anehiyoers Ldwitrovenegpor o and Aonar-
mitfoplinias famasaeh and bsehnooers (Cradinorps
avmieny, Lisaverss cfrpae, Boramboers condaias,
andl Saimumdoansln gp) Larvae of B, avisge
wire found i some mdividuals of the fisi 3
spevics | Table 1),

The whimbeel harbored 45 sduln lics including
Ammbilveera  Alisieurchdpon  phacaponis) and
I hesocera L rugredps miriiea il plutdogi aemd Seae-
st somoacisnfraranoeis) Larvae of £,
badine were found i some individuals of ihe
lrsi 2 specees { Tabde Th

Thae microdilaria (2 Brst-acage larvalof £ wan-
sar differed morphodogically from the presaus-
g o fogl-slage lervad of K feinee, and ke 2
e described separaicly below. The savsape (3
firsi-siage larval, the malting first-stage larva, and
adl bt the ppaksnor exfremily of the third-siage
larva of the 2 species were simidar, They ane de-
serihied nogether below,

Microlilana o E. wangee

The mciodilanain = 1j(Fig. 1) was & gm wade,
(45 ym long, snd lacked o sheath, Many siall
ik ke the body but the B and G cells were

naot distingaishable. The csophageal thiead was
sassble. The tal was long and poinged.

Pragnusnge lninva of £ bamae

The presausape sape in = [ {Feg 120 was 1
wm wide, 114 pm long, and lacked & sheaib, Many
arall nuched filled the body bui the B and € eells
were nid distingusshable, The esaphageal thremd
and excretory pore and vesiche were wisible The
amal pore wies 22 pm Iroo the pesterior extremiy
of the body. The 1ail was shon and ponied

Saunage keva of £ wongee ond E. bainge

The sausape stage of £, worpae (n = 1} (Fig
I Tailde 10 and of E, baivae (n = 1) {Fig. 13
Tabie I} contzined large cells that formed the
spibcwtcular body wall, The excretory pore im £
wargase was 45 pm from the amierior cotremits
of the bosdx and m . baieae it was &2 g, The
NerveE Ting. excrelory pore and vesicle, esopba
wzal primandium, and iniessinal primondiam wen
wistble, A small plug proareded from the anal
paore, Tl geenial preimdrdicem wad nal Sheerved

Mbdieey firat-sioge larda of £, wiviguie ased . Bamar
The molring firsy stage of B, wengae n = |
(Figs. 3. & Table LT} and of F. hainge (n = |
(Figs. 14, 15 Table I had detached cwiscle a0
thie anterior assd posteriorn extienilies ol the bods
The ¢saphagus was divided into & marros andc
rnr podrtkon and & broader posterior portion. Th:
esophageal-intextinal junclion was distinet. The
imestinal liamen was visible but not contigue-
with the recial lumesn, An anal plug was presen
The gemital primordiom was Bt observed,

“11

i -1 T [
“lll:l;; u;l ﬁ::::m stages of Eulimdons womgas from the abdamisal b sl of ee an
a4y Pt (L I 1. Mictofilaria. ¥. Saussge-stape larva 3. Amserior end, maliing Berst-41
A nmmil:?:::-: ﬁr;l-ﬂ:l I-|r_-1. 311, Infecuive third-mage larva, %, Anmersd engl; lzeral ura:
A ¥ and en face Aively. i ' :
vrermiy: venjrl, dorsl, and lasg ral I-"Mﬂmm rm;""ﬂl- " e s, iy S-11. Posienoe
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Tame 1. Wajor dissensions {um) of ssesage firssage. molimg firsi-stage (mil, 1, and wioctive dand-atage (L

ety b,

R

P

Al LA da bl

rt haainge from e abdominal bemoose] of lioe found on
Tarva 13, Saussge-niage larvn. 1. Amerior omd, moiting
viage larwa, 6. AnLEroT

Developmenial stages of Eufimaa

irmhrel iNareonius phgeapuc, 12, Fresmosage s ]
firses rua, 15, Posieror exresuity, molisg Grst-stge larva, |6-21. Inkctive thisd

larvas af . wogae from lice on a marbded podwit {Limnese feodea) and Egiimdong saings frem biee
an a whimbrel | Musiosier shaeopusl,
£ mwige E fnnac

[ - f—
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e IET pEETIEN RS 45 EEERE ] 2kt E
* Py wwwdiam
1 Dopr iad il P et oo el il Made s Dellgsnd b b 0 caboe o8 Wil o mooved sbge 355

Isdective thind-sisge larve of E. wowgae
wnd E. Bwiad

The mbective third stage of E. wongage (n = 2
(Figs 5—11; Tabde 1) asd E, bwirar in = L {Fes
1f=21; Table I) had & cephalic extremity wiih
a round oral opening. 4 pairs of papallac, and
amphids. The cwibche was marked by delicaic
transverse siriations. The buccal cavity consisted
ol @n antemied nonscleralinsd porion 2 pm long
end a posterior sclerotized porion 4 ym long
Thie engTetiory pone wis mid visible. The anterior
portion of 1he ssophagus sas narmaw; the pos-
terior porlbon was broad and granular. The in-
testinal lumen was comtigsous with the rectal ls-
men. The anus was patent. The genital primordia
wieie 133 amd 162 wm Froen the amleror extremily
in 2 Females of £, woungae bl were not observed
in E. Maimare The postersor extremity of the body
al E, wiwgar b 2 subveniral, sablaneeal vongiac-
hike stroctares, 1 termnal poinded structure, oesd
2 subdorsal, sublateral tomguelike sirociures, The
pastersar extrenmity of the body off £ baimes bed
Iaubveniral, subdateral ionguelike strochares amsd
! eereaing] pomted strocture, Tiny phasenids were
visible near ibe suhveninal, sublaieral structures
i Bolh apecics

ST RN

Dievelopment of filaroids to the infective third
siage in lice indicates lice are switalde veciors
Larvae in lioe from the godwin were undowboedly
E. wongar, the omly filaricid present in the god-
wit, Similarly, anly £, baisde was present in the
whimbrel. Furthermaore, microfilariae in The
temncnel of lice from the godwil were ldendical

woukl have been shed ke mdgul of the wvee-
wor, Fresausage-stage larvae in liee from the
whimbwel had the shoci tail characteristic of ma-
enalibariae of . bafage (see Barlen, 19975

Prlecirug fulivavarrae of coots, the sole louse-
iransmatied avian Glanoid previously siudied in
detwl, anakng the miective scige anly 0 sdall
lice (Bartkett and Andersom, 19870 Ths, only
addalts were examinsd heran, Ino amblyoeran
adlalts, prevakence (of all larval siages) of . won-
parwas 12% of 24 and of F_ baimae, 50% af 10
Bartletn ard Anderson (1987) reported & fuli-
carminge in 36% of 119 amblyceran adulis (from
cosal A-f). The prevalence of £, hainae showld
e viewed caialymasly becaisse amblycerans ofien
leave a carcass @ it cools and beciwse it s nal
known when the whimbrel was placed in o bag
and whether any lice left i

Im addition to the above avias Blandaids. L
fraehama cppeeli of swilis | Apodiformes) and Sar-
covsennad curpcerca of peese and swans | ARsen-
formes) are transmiined by loe (Duivon, 1905:
Melsom, 1962 Seegar et al.. 1976 Cohen o al.,
19%1 % The present squy i the first o shos that
wehaeerans, n addition to amblycerams, are
vectors, Ketile's {197 Th repan ol an usidentifed
larvial nematode in &n ischnoceran | Salleola =p.)
froan @n Australian rail {Grusformes) g alf un-
knowm significance.

Bartletter al, 1089 428) mentioncd “Hlariaid
larvae it lice an a bird harbouong skin-inhak-
iting microfilarisc of an undescribed speoses of
Eulipidama ™ That stalemend gan now B clan-
feed, Thie hird was a marhled godwit, ibe Blarioid
wait . wongre, and the heose was Actormiibophi-
fus Naposae. T ihind-stage Wrvae were Enund

cnd, Kiprn] wiew. 17, V8, Anlersor extremity; latcral amd en fice views, respeckively. 19, Trasaverse secom.

midbady, 3, 1. Posionics catremity, early thind-siage lares; laseral and venteal views, memectieely. in | female bouse and mderofilarioe inoa seoorad

Avtormikophiiio Jmosae also combained i third-

v mrofilariae af £, wosges (rom the bird"s skin
(Bamiler, 199 except they lacked the shesth ik
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stape karva in the presend siudy: (hind-stage larae
ke 2 sidies were idenngal.

Traramission by o vecior that is a permanen
cotnparasite i unusual among flsricids as is the
lili: histiwy sicabepy Foand in speckes of Ewlio-
g anid . fulicoanrae in which production of
mcrofitarize by adull females is curtailed. Thiss
¥ ymusaial fearures may be relased, as the ollow.
irg poings atiempl 1o explain. Firstly, and ob-
winusly, Rladaids immsmined by pormanenl eo-
laparmsites must nod jeapsrdice the sarvival of
their vectors ar the laber coald be extirpaned on
individusd hosis. Filarioids wowsld jeopardore
saryvival of o weckor 5l mcrehlonise accumulaied
ars] beeame superabundani in the vertebne hos
amdl, ad the same time. he sumber of meral-
larige ingestsd by the vecior was corrclaked pos-
itively with ihe number of microfilariae prosent
il Fawge mwmbers of iegested microfilans were
harm ful g e vector, Large nambers ol imgested
microflariae may, for esnmple. decrease the 1ile
capeetancy of some dipseran vectors {Lavoi
picrre. 1958} Secondly, the microfilaniac of £
wiipga and E. hatnae imhabil skin and possibly
live as leng as the hios) (nansenows microfilanss
are comymnaiploce in adult bimds that lack adub
worme | Bartleit, 195921, Simdlardy, microfilansc
ol P fiderearane imhabi skin and are posssbly
also long lived. 7 micrahlarse were boch long
Fived asd prediwed avera prodomged pericd, Bey
el likely evenusally miurate the sk | Bariben
anid Andersan. 1990} Therefore, seleciion mdy
have Byvored isdivedsal worms thal curimiled
production of micralitarae belone the skin be-
cami smurnied. Among speoics of Eslinmbarg
prodluction is curtaibed by ephemernlity of posi-
reprodductive adull wosms. In P Sadivaeninge, on
1l i Ber hamd., produciion s curlailed by carly
reproductive sencseesnt of adalt worms al-
thisgh the laner remain alive (Barleq and An-
derson. |9E9),

The exmtence of 2 means (ephomerality and
peprosdiective senesoemor) 10 8 similar life hissory
wirmicgy [curtailment af production of mxraf-
larase) mny be related io the B of dead versus
living adult worms in different sies. Adulis of
species ol Erfiondkans inhabat the neck mepion,
reproduce, die. and quickly are harmlessly re-
sorhed {Bartlen eoal . 1589, Barileri, 19520 Adul
P ielivasarra live mear goinks in b loga, mepro-
duee ard underps senescenis, bur do ot die and,
a= living warme, da nop prosoke sevene inflam-
b (Barilcit and Andersor, 19570 1F they
were §oodie, Ty maght prosvobs chronic inflam-

mathon as do ather dead nematsdes near joanis
(e g . Peleritus sagiceps in seowshoe hares | Har-
leat, V984) and Pravumcalie mcdinensds in bu-
mans [Shasiry, 1946, Reddy e al, [96E]). Te-
minsynoviltis or arthritis in the logs maght be Ll
Ihreatening o hasts sach as ooois that run aoross
water i becorme sirbome.

Bartlein e al. (19%6%) suggested that ephemer-
ality amd resrptbon of edualts in species al Ex-
fimsdang might alsa be selecsed if it served 1o
remove the immunegenic stimuli of adalts and
if this benebied microfilariae thai are reguined
o live for long periods ot Hkely share some
anbipess wath their paremts. Anderiom (1992}
moted the similarity s the |ile histories of specics
of Emimdems and Trichinefe. In both. aduhs
are ephemeral and elimirated by the hast, and
progeny Pood thie fissies and are long lived.

ACENOWLEDGMENTS

I gratelially aekmiwledge Chris Thomsos and
Terry Wheeler for their assistancs i the sden-
tifcation of lice and R, O, Anderson, A D, Bavh,
and [ B, MoCorquodale Tor their consimaciive
comments on the manuscript, This study was
wapporicd By oan NSERC of Camsda operating
AN,

LITERATURE CITED

Arpemsor, K. O 1991 Memaimde parasizes of ver
ehimlee Their development ssd (rasssnission.
CAB [nternational, Wallisaford, Omon, LK
7R

HapTierr, O 8 1954 Parkaodogy and cptemsticlogy
ol Paroslaria soagerps Leidy, TR {Memaioda
Filaricaden) im Sivitegus fondane (1. A Aleni
ard AP (AU Fralehen. Bounsal of Wikd-
lihe DMzcasce Mk | 97-306

— U2, New, knowd. and anidendifed species
of Esfumelang (Heminedn: Fllarkssdeaal: fddison-
al obvrrvations on Mslogically unusual passiile
af charselriiliems (Avesi Sysieraine Parasitobogy
N MIR-T30

————, AH R, U, Ampemson.  [9ET Pelatrer ol
cparea | Memaiedy: Filarioiden) of coom (Gl
feembes] ard grebes (Pesdicipedinomesy S i
habiting microfilarias &nd development in
Mallophaga. Canadise Journal of Zoology &%
IROA-TEE2

. AR ——_ 1989, Mallophagan vectors and

the avian Marmids: Mew ssbapecies of Peleitn

filaranas (Mematoda: Filanioudeal in sympatnic

Horil American bosis, with devclopanent, ope

sooliology. and pathogenesis o the parasiie s Py

lisg ganenarann (Awei), Cesadien Joumsal ol £o-
clogy §7: 121-ZE1L

. A .19 Enlimdang Meresces =

s (Nemsods Filansdes) fom Mirmpeleas

Iy (Aves: Chamadniformest: Evidencs Tor

seonatal taiemivecn, sphemeral adulis, and loeg-
Bved microdfariee amesg Alarinids of shiorebinds.
Canadfian boursal of Toology 68: 986-951.
AN AL Ok Busi, FRRY, Tamonomic
desenphions. and comments on the 1ifc history of
new apene of Ealodgas (Hematsda: Fikinn-
dew) wilh skis-inhabiving microfilarise in the
ifurmes (A wes). Cansdian Joomal of Fao-
Cun ﬂc]-_gr i-';'! ll-62%
¥, Do 1959, Key o 1he spocics of Ausiremenopes
Bedfard {Mallophaga) perasilic on the Charadsi-
ilfarases, Proceedings of the Boyal Eni bogical

BARTLETT=LICE A% VECTORS OF ELLMTANA SPF i

Lavoirmere, M, M, 1 1958 Scoedies on 1he bos-
parasite rekiticn ships.ofSlaral nemaiedes and thes
arthropod hedts, 11, Thi arihropod as a bos o ghe
memaindes A brielappraisa) of cwur present ki -
eclge, based on o sosdy of the mone i portant k-
ermiure from 1ETE 10 1957, Annkls of Tropkel
Medizine and Mamziiology 52 126-145

MeLsomw, G5, ID6Y, INperaloncme recradiium
iGrassi, 1BRT) fromn the dog with @ nolr om iis
devclogement in the e, Crenncephalides G, and
the iouse, Wiverodiveus sprmeer. Poursal of Hei-

mirlrni Landon, Series B (Tasonomy) 2 147
— 1981 Adkey o the species of Arterrithophiius
Fearis wich naies and descriptions of new sgesics
Huttrtin of the British Muscum (Maiural Historsh,
Enteanalogy IMNo. 3 189-244, Plaics 4-11.
Conre, 5., M. T, Greewwoon, sae | & Fomorm.
1591, The b Trinoion gaserisim [ Amblveen:
Prahirapaeral. an inermediale host of Sariomema
anwrpcereg | Filanosdes: Memaindal. @ heamwesms
T;;MTIHJI Bfedical and Vielerinary Enioenology S
Durmeey, LE, 1905, The inicomsedisry bosy of Filaie
cInsll [Annett, Duion, Ellisa), the Gania of the
Adrican swill Cypreius gfinie. Thampson Yases
Johnssom Laboravory Report, Mew Serics g 19—
147, Plaie 5.
Emwanes, B, L. 1932 Mol of some of Osborn's
Mallophaga iypes and the descriplion of @ new
E:}nun..?urnm'nm TPhileperidae), Pepchic 89 15—

Esrrie, R 1977, A wiudy oo Phithisainess chiefs
Amblyoera and lacknosrra) wiih panicsar refer-
e dn b evnlulhos &od hoar-paraiie reletion-
ships of ihe order. PR, Thess, Vol 2. Kings
College, University of Lossdon, London, Englasd
o ITI-5HL

inibology M 297-104.

Raroaw, ©, O, M, I} Srvarmasan, (0, Papvatio asp
P& Crak, 1984, Calcified geines weorm: Clin-
tcal. radiclogical sed patsodogical stmly. Annais
mmki Midicine and Parssinligy 62: 595

SEran, WS E L SommiEr, W, ). L. SLatis, Ak
ML Trms, 1976, A Mallspraga, Frinsan aeier
sy, a8 3 cyclodevelnpimenial vector fr a hean-
wodres pram e of waierTowd. Science T 7157481

fmagmmy, T. 5 1%6, Cuisea worn. Journal of ihe

. Indien Medical Asmocistion 15 362144

TemERMARY, (G, 19540, A revision of the gesps ar
duicens Clay & Meincrichagen, 1939 (Mallopha-
g2l Annalsand Maginms of Matsnal Hisiony, Lon-
dom NSenes 120 40-48, :

= |1054h, Somfesan Mallapbag from the gol-
lecticns of the Rritesh Museum (hag. Fisi b Lon-
don. LA preluminary survey of the genus Luns.
s (0lay & Meinerizhagen, 19%%). Annals and
Mapgzine ol Nawral Hisiory, London TSenics | 3

[ S

e, |BER. Giroppencrevisionen ben Mallophagen

VI Ihe Trmenkireiae L LT TR O
phacepodis (Schrank], [303, Sarmundrsonia
plarvpaster (Deamyd, | 843 wmd Saenmmads wsmis o
ricsng Timmerann, 1951 Foologiscker Aneeig
or 1Kk =T

—Iﬁ



