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ABSTRACT

At Portage Creek, in the Delea Marsh, Manitoba, one neÞ¡

Gastromermis and two nett ëI5!ryþ specfes (Nematoda¡

Mermithidae) infected Polvpedilum sÍmulans, Ig!;!g!þ sP.,

and ÇladoÈanvtarsus sp. (DÍpEera: Chironomidae) larvae or

adults" The parasftes are described and Íllustrated. Each

mermiÈhid species fnfected mainly one chironomld species' though

occasíonally other chfronomíd specles were fnfected' ParasiËes

from Èhese Latt,er hosts showed variatlons Ín four morphomet,rÍc

characterisEics compared to the same characterfsÈfcs of t,he

parasites from the maÍn hosts"

The llfe cycles of each mermiÈhid species dtffered fn the

time of emergence of the adutrts, the overl.¡intering sÈage, and

the number of broods per year. These dif,ferences Þtere synchron-

fzed wit.h events Ín the life cycles of the hosË chironomids.

The frequency of male mermÍÈhlds Íncreased as Ëhe number of

parasftes per host fncreased. One Hvdromermfs specíes emerged

from íntersex ljlarnischia sp" adults, wtrich ane described and

lllt¡strated,
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INTRODUCTION

A large emergence of chirono¡nids occurred during the flrsc weeks

of July, L966, at the UniversiLy of Manitobats Delta Marsh field stat,ion.

Some of these chironomids were observed to harbour nemaËode parasites"

As a result,, thÍs project, ç\'as outlfned durfng Èhe sprÍng of. L967. The

objecÈives r¿ere: (Í) to find an fnfested larval populatfon of chlr-
onomids; (fÍ) to investfgate the formatlon of intersexes ín parasÍtfzed

adults; and (iíf) to investigate t,he apparent. envfronmental sex deter-

minatÍon reported for mermlthfds.

An Ínfested chfronomid popul.atÍon t.ras dfscovered at Fortage Creek

ln June, L967. Aft,er a monthos st,udy, two specfes of mermighids were

found in the collect,{ons. A Èhírd species was dfscovered soon aft,er.

None could be identified wteh species previously described in Èhe l.íter-
at,ure o

As three new mermlthid specíes wÍth unknor.¡n lffe hístorfes were Ín-

vol.ved, ft became necessary to change che objecÈives of the study. The

new obJectÍves were! (i) to descrfbe Ëhe neq¡ mermfthÍds; (ii) eo

determine their lffe cycles; (íif) to derermfne íf rhe 1Ífe cycles were

synchronized wíth those of the hosts; (fv) to det,ermfne wheÈher rhe sex

of the parasÍLes depended on Èhe number of parasft,es ín ehe host; and (v)

to observe s¡heÊher intersexes were present, among parasltízed adulÈs,



REVTEIJ OF LIÎERATURE

CHIRONOMTD LIFE HISTORY

Most publicatfons on the chironomidae are efther taxonomíc or mor-

phological studfes' comparatively few are concerned with thefr ecology

ar¡d lff,e hÍsÈory. Many of the knobrn lffe hfstory studies involve t,he

large mud-dwelling t'bloodwormsrr of the genus chironomus (: Tendfpes).

Table r lÍsts some exaftpres of chfronomid lífe hlstory studies.

TA3LE T

EXAMPLES OF CHIRONOMTD LIFE HISTORY STUDIES

S PEC IES LOCATTON INVESTIGATOR

Çhiroqclnus Cecoruq Joh. New york pÍng (1917)

Chírorlomus cri.sÈatus t'abr, New york Branch (1923)

thfronomus tentans Fabr. New york sadrer (1935)

c,hironomtrg hvperboreus st,aeg. saskat,cher+an Rempel (1936)

Tanvpus guttar,Jpennis Goetgh. tk, Vfcroria
Africa MacDonald ( 1956)

Frocladius u¡qbrosus Goetgh. Lko Vlctoria
Africa MacDonald ( 1956)

Chironomus enthracinuq ZetE" Denmark J6nasson (1965)

ChÍr_ongmus plumoeuâ L" Wisconsin Hf Lsenhof f ( 1966)

Metamorphosís ín chlronomids rs complete with the usual egg, larval,
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pupal and adult. stages presenÈ. In the maJority of specfes, all stages,

except the adulÈ, ate aquatic, The duraËion of Ëhese st,ages may vary

consfderably; some specles breedíng Ín vraÍrn rÂrater may have a number of

generations per year, whereas Ehe same specÍes breeding in cold water

may require a year for development (WfrËh and Stone, 1963)"

There are four larval instars, each of rshich can be defermined by

the size of the head capsule or by Ehe sfze of structures wiËhln the head

capsule (Ford, 1959). The duration of larval devel.opment depends on srater

temperature and oxygen content," Availability of food ls also important,

as some chÍronomíd larvae can exlsË for relatively long perÍods wfth a mfn-

Ímum of food (Fellton, 1940; Jónasson, 1965). Once a larva reaches physío-

logical maturiÈy, it contÍnues to feed buË grows little.

MosL chironomids overwfnter as larvae, some of v¡hÍch are extremeLy

reslstant to freezing (Andersen, L946i Smith, 1958). The larvae pupace

when largely unknown sLímulí are present" Sprlng circulatlon (Rempel.,

1936), increased temperature (Sadler, 1935), longer hours of daylight

(Englemann and Shappírio, 1965), lunar phases (MacDonald, 1956), and 1n-

creased food supplÍes caused by phytoplankt,on blooms (Hflsenhoff, 1967)

were proPosed as possible sËfmulf for the pupatfon and emergence of varlous

chLronomids, The perfod of emergence may vary v¡ithln any generat,ion. BoÈh

Sadler (1935) and Fel.trton (f940) observed a spread of Ëhree weeks and more

between Ehe emergence of Ehe ffrsÈ and lasÈ adults of a culc,ure sËarted

from one egg mass. However, some opecies wfth a one year lffe cycle have

a resÈrict,ed period of emergence (eg. C. anthracÍnus_ emerges over a períod

of. 4 - 5 days (J6nasson, L965) ). Adul.ts rarely l.Íve longer Lhan one week.



LIFE TTISTORY OF'THE MERMITHID PARASITES OF CHTRONOMIDS

Appendfx II shows t,he general Iife cycle of mermíthids parasftfc

fn chironomlds,

Thfenemann (I954) revier¿ed aIl Èhe chfronomids which have been

found parasftized by merurlthfds. Johnson(1955) sunrnarized the dat,a in

ThÍenemannts monograph. Table rr brÍngs these data up to dat.e.

Mermithfds are ob1ígate parasÍtes that, develop as juveníLes in the

haemocoele of Ínseccs (welch, 1965). The Iffe cycle of most mermfthids

is characterized by six stages (Johnson, 1955): egg¡ ovic larva; pre-

parasitic larva; parasítÍc larva; postparasítfc larva; adulE. The

stages desfgnaËed as r'larvae'r are more correcLLy termed 'r juvenil.es "
(!Ie Ich , I963 ) .

The preparaslt,íc infectÍve Juvenile has a l.ímfted Efme to enE€r a

hosL. The reporÈed t,imes vary from one day f,or t,he infective juveniles

of Paramermis cenlerle in clean r.rat,er (comas, Lg27; svabenÍk, l92g) to

about four weeks for those of 3. rosea ln wat,er and mud (l¡ülr<er, 196l).

These juvenÍIes die without further development, if they fail to find a

host,,

The preparasÍt.ic infectfve juvenÍIe actíveLy penetraËes Íts host

(Comas , Lg27; Svabenik, 1928; Wlllter, l9ó1, ¡.965). Borh Svabenik and
t!Wulker (gg. cÍt.) report,ed thaL the Ínfectfve juvenlle would peneËrate

a host Larva of any stage, whfl.e Comas felt thac penet,raEion requfred a

relaËívely immobile early ÍnsEar with a sofE cucicle (irmnedÍaÈely post

moulc)" wlilter (i965) descrÍbed infect,fve juvenites paralyzÍng rhefr

hosts, probabX.y by injecting a subsÈance, and then peneÈrat,Íng the cutÍ-

cle. He sËressed thaË fnducing hosË paralysis fs restricted to cerÈaÍn



Chf¡:onomus plumosuç

tan¡1lgfsgs greRarí,uç

Ch i¡'o¡oqg_g p l-umo sug

Ch íronomus anthrac fnus

Taqytarsus greærrfus

Chírqnomgs anthrac inus

L7 genera, 97 specfes

Cþfrongmus tentans

CHIRONOMID

TABLE TI

STIJDIES ON CHIRONOMIDS PAR.ASITIZED BY MERMITHTDS

1955 - 1968

STAGE

Larva

adu 1t

adu lt

adulÈ

adult

adult

adu lt

larva

MERMITHI"D

Hvdromg¡mfs
cont_or!e

Paramermfs
conEorËa

UnfdenË,,

Paramermtq

"gg,sea

Paramermf s
conggrqê

Faramermis
qq-Ê-ge

AgamomeErnÉe sp"

Pa&rmermis
co.nfgr-t,a

Ind Íana

Germany

Estonfa

Germany

Germany

LOCATION

Johnson ( 1955)

tf
lolulker ( 1958)

KraIL (f959)

wlilter ( te6o)

wlitter (t96t)

wlitter (1961)

de Ollveira and

Parent I (L962 a¡

INVESTXGATOR

Germany

Brazfl¡ Argentfna;
Dutch Gulana

trta!.y; France

Lent ( L962)

196s b)



-Çhåtrpnomus genÈans

Chí:tgnomuE plumoqlrs

3-5generaof
Pel l"opf Ínae

S.Eypqgch ir"nomus group

CHIRONOMTÐ STAGE

D icrlotendfpes sp.

Chj[g'onoruS,9 spp"

Ch ironçrmus sp .

Chlronomus spp.

larva

larva

adu lc

adu lt

TABLE II (çe¡¡o¿.¡

MERMITHID

Paramermis
conrþrËa

Oct,omyomermis
itascensis

Unident.

IJ¿d¡gqqrmis sp.

SmÍtÈla sp"

adulË

larva

adu lt

adu lE

n aboraËory

MÍnnesota

Arízor¡a; MfchÍgan;
Florfda; Georgia

Sudan

LOCATTON

HvdroqeE¡n:[S sp.

Faramermis
rosea

Mermfs sp.

Paramermf s
rosea

Hydromermfs
çgntorta

Ort.homermf s
oedobfanchus

larva

Farent! (L962 b, ci l9ó5 a, c)

Johnson (1963)

Roback (1963)

wütter (1963 a)

It
Wulker (f963 a)

wlitter (1963 b)

Das GupÈa (I9ó4)

c8rz ( Lg64)

INVEST IGATOR

Sudan

Laboratory

CalcuËta

Laboratory

England pofnar (L964)



Ten<lfpes plumosus

G lyptotenslfpes lobiferus

ChÍr.'onomus anthrac fnus

_Cþlrpnomus costatus

CHIRONOMTD STAGE

adu 1t

adu lÈ

larva

adu lt

TABLE II (C6¡¿o¿"¡

MERMITHID

Ff l fp ievímermls
s lngu lar i s

t!@¿s
i!ascensls

Gastromermis
rosea

Unident.

LOCATTCIN

Russfa

Mlnnesot,a

Laboratory

S fngapore

TNVASTIGATOR

Strelkov (L964 a, b)

Johnson ( 1965)

wütter (196s)

Karunakaran (1966)
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mermÍLhids and is applicable only to a cert,afn number of host, specfes"

The locaLlng of Lhe host is not a direct,ed behavlour (w'rllker, 1961).

only strelkov (1964 a) described a passive Ínfection. He reporc-

ed LhaÈ IÍlipjevfmermfs síngularis Ínfective Juvenfles are swallowed

by fourth inst.ar Tendf_pes plumosus larvae. These Juveniles are also

unusual fn Ëhat they peneü.rate into the nervous system of the host

and 'rhibernaterr Ín the brafn" only after spendfng tlne ln the brain

do the parasites enter the haemocoele and grow.

Mermithíds grord rapi.dly only durÍng the later sÈages of their
developgent (!lelch, 1965). when t,hey are ready to emerge, they occupy

most of the hostss haemocoele and are looped back on themselves several

times" usually, some of the parasfte population emerges from larvae,

whÍle some is carrfed over to the aduLt fnsecÈs. The parasites leave

Lhrough the body wall at fntra- or fnËersegment,aL folds or through

naËural openíngs (t{etch, 1963)" They kfll theÍr hosts upon emergence

(!Je lch, 1965 ) "

The postparasft,lc juveniles moult to the adult stage,a shorÈ Èfme

aft,er leavlng their hosEs. The longest Ëfme reported is Lhat of

Orthomermis oedobranchuso whfch usually completes its final moulË four

days after emergence (PoÍnaro 1964). Matlng occurs after the final
moult and oviposfË1on quickly follows. Svabenfk (1929) observed thaË

the eggs of lareeer'!Àg coegelle hacched aft,er 4 - 30 days, dependlng

on the temperature. All ot,her species that have been invesÈfgated fall
wiÈhin these limits' except Orthoqrermis oedobranchus, whose eggs showed

no sfgn of develoPment afÈ.er several weeks aË room temperat,ure (Poinar,

1964) "
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LiEtle ls known abouE Ëhe hosË specfflcity of mermithids parasit-
izing chironomids, Johnson (1955) reported that Hvdromermis conËorta

parasÍtized chironomus plumosus; though c" rfÞarius and @
stvlifgra were also found Ínfected, theÍr incÍdence of infect,fon r¡as lo¡E

and the nematodes never matured Ín Ëhem. wütter (1963 a) found only one

Hvdromgrmis species parasítÍzÍng a group of closely reråted species of
the crvptochfrorqqmug group" He felt the worms-may be resÈricted by host
specíf fcíty to Èhis group. This r¿ould agree rdith his 196l observa.ions
that ie&unermÍs rq.sga Ís ÍnfectÍve only for chironomus spp, and that p.

contorlg from Schluchsee parasftÍzes only TanyÈarsus g{egarfus.

Karunakaran (1966) examÍned 17 chironomld species from 6 genera and

found an uniden.ífíed mermiÈhid only in adult,s of ghironomus cqsratus.
c. apl-çêtus and c' 'iavaqus, which are closely relaË,ed to g. cosËaËus

and occur at Èhe same localfty, were not fnfecÈed. Thfs suggests that
Ëhe nematode is specffÍc Ëo c, cosEallug, though Ít fs not clear ff the

specfffciÈy Ís physiological or ecological. As I,Ielch (f960 c) sÈaÊed

ir¡ dfscussÍng mermithid parasites of mosquftoes, r,speclficity may,.arise

less from adaptaEfon and frununological processes than from the concurrence

of the host and parasites at a Êlme when t,he rnermtÈhids are seekÍng hosÈs.,.

CHIRONOMTD INTERSEXES

Mermíthids frequently cause the formaÈion of intersexes ín ehirono-
mfds' these intersexes possess male and f,emale sEruccures composed of
geneticall"y identncal. cells as opposed Èo gynandromorphs, whfch possess

male and female parts composed of genecicalry mare and female celrs
(BrusÈ, 1966; Smirh and perry, Lg67). wLilker (1961, Lg64) reviewed Ehe
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Llterature on chfronomld intersexualicy due to mermithfd parasiËism.

Rernpel ( 1940) described rhe rnorphologfcar aberrarrons fn

ÇhíronoE!¡s rempeli rhÍen. intersexes: (Í) male genital appendages

are present; (ii) t,he tarsl of the forelegs have no long bristles
(femaLe - like); (fii) the antennae are short with six segmenÈs and

small. brÍstles (femaLe - like); (fv) Èhe cubfEal fork of rhe wÍng ís

dfsÈal to the cross veín between Ehe radíus and media (female - Like);

and (v) ehe etghth abdomfnal sterniËe 1s bffuricaÈed (fernale - Ilke).
Some had no ínËerna1 reproducËfve organs, though most possessed ejacu-

latory ducts. Two also had vasa deferentÍa. Two specímens had a

compLete male reproduct,fve sysÈem v¡ith spermaÈogensfs observed ín one,

There were also indfviduals classed as rtaberranÈ f emalesr" r{hÍch were

morphologically females v¡fth internal reproducÈfve organs partialty

or compleEely desÈroyed"

wlitter (1958) described Tanv.t,arsus gregarfus int,ersexes wfrh fe-

male bodÍes and male hypopygfa and eÍghth sternites. There çrere also

many aberrant females sensu Rempel" wlllker (1960) examined Chironomuç

anthraclnus intersexes and dfvfded them fnto rgonopod' and 'rsEerniterf

types. The gonopod intersexes were rnorphologfcatly females except for

male or Íntersexual eighth sternft,es and completely male gonopods"

These indfvíduals usually developed, in varying degrees, ejaculaÈory

ducts and often vasa deferentfa and Ëestes. Sternfte Ínt.ersexes had

female bodÍes and female or ÍnËerseNuaI eighEh and ninth sÈernites.

The ovarles were reduced and there vrere no spermaËhecae or mucous
tlglands" llul.ker ( 196i) also reported that fnfesred populatfons of

lanvtarsqq gregarius shor"red fntersex ant,ennae wfth all grades lnter-

meciiaÈe becween normai male and female types" Int,ersex antennae could
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also be induced in a few,,'Clllgnomus specles whích were ínfecÈed with

mermlÈhids from another host. De OliveÍra and Lent (1962) observed

int.ersexual antennae in some infected Neotropical chÍronomids, as did

Roback (1963) in some infected Pelopiinae.

Rempel (1940) Ëhought that Íntersexes rdere females whÍch, through

a loss of their reproductive glands, developed male genitalla and re-

producEive ducts, whíle males could not supporE a parasíLe and dfed as

infected larvae. However, Wülter (1961) showed that ínfect,ed male

larvae develop lnto the typical gonopod fntersex, while Ínfected fe-

male larvae develop ínÈo the sÈernfte type. Rernpel et al (L962)

verif ied ehaE the gonopod íntersex rÀras genetically a male.

Rempel (1940) staced that rhe sizen sex and number of parasftes

harboured are not relat,ed Èo Ëhe extenÈ of the changes induced. Cätz

(1964) arranged Ehe sternÍt,e and ant,ennal fntersexualíty of various

chfronomfds in scales and sÈatfstically analyzed the influence of var-

fous host-parasfte relatíonshfps on the degree of sexual change.

wlitter (1964) summarfze¿ cätz0s sfgnÍfÍcant results, In the popula'

tions studied, there were both poslLlve and negatÍve correLat,lons be-

tr,reen the ÍntersexualiEy of varfous characters and such varlables as

the number and sex of parasitesn theÍr speed of development, and the

t,lme of infection.

The genesís of damage was traced t,o a tot,al or parcíal suppres-

sion of the geniEal imaginal discs of the eighth and nfnth larval

abdominal segmencs (wlltter, Lg64)" In maLes, the sex appendages,

ejaculatory duct, and vasa deferentia originaLe from the nínth seg-

ment" In females, only the gluÈen gland orfginaÊes from the ninth
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segmenE. The spermaËhecae and structures of the eíghth scernite

orÍginaÈe from t,he eighth segment,. The determination of the imaginal

organs is not rigid, but more or less labile, so t.haE parasitÍc

alteraEions are possible even in lat.e st.ages of ontogenesÍs (Gätz,

1964) "

W[lter (1964) listed Èhe possible mechanisms of parasltfc dam-

age in insects: (1) mechanícal darnage by dlrecÈ feedlng or pressure

on Ehe organs; and (lf) physÍological damage by food deprivation,

products of metabolism, or by secretÍons, antigens or Eoxins. He also

stressed EhaL the reactfons of the hosE, as tar as they are associated

wÍth the resulLing sexuar change, must be consÍdered. Herer t,he reac-

tions of the imaginal dlscs, the inner secreËory glands, changes Ín

normal metabolLsm, and reactions of speclfic physÍological, systems

such as Ëhe formatfon of antfbodfes, musE all. be consídered, All pos-

síbiLiLÍes remaÍn to be tested,

SEX DETERMTNA,TION IN MERMITHTDS

The sexual dffferent,fatlon of mermlÈhfd juvenfles appears to be

regulated by the environment,, \¿it,h Èhe sex raEfo a function of the

number of parasiËes per host; high numbers resulÈ in the development

of rnales; low numbers result in females. Thls was reported ín both

aquatic and Eerrestríal mermithlds (Cobb, St,eíner, and Chrfstie, L927:,

CauIlery and Comas, L92B; Chríst,ie, L929; Kaburakf and lyatomi, 1933;

Couturíer, 1950; 19633 Johnson, 1955; wüIker, Lg6l; Farenti, L962 a,

1965 b; FoÍnar and Gyrfsco, 1962i Phelps and De Foliart, L964'). En-

vÍronment,al conÈrol of the sex ratio may be a nèchânism Èo conLrol
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parasite numbers (Couturler, 1963)"

Christie (1929) experÍmented quanÊitatively with MermÍs

subnigrescens and excLuded dÍfferentía1 mortaliÈy of t,he sexes as Èhe

cause of varÍatlon ín the sex raËio" ParentÍ (1962 a, b, c, 1965 a,

b, c) investígated ParamermÍs c!g!.o.r!-a (2n:12 and no detecË,able sex

chromosomes (Parenti, L962 cl ), a parasÍte of ChÍronomus larvae and ,-

showed that : (í) crowding plays a maJor part Ln determínlng the sex

of the parasites (FarenEin L962 a); (ii) at a glven degree of infec-

tion (number of parasites per hosL) Ëhe relatlve frequency of males

decreases with increasíng lengths of Larvae at the moment of the nem-

atodes0 penetrat,íon (Parenti, 1962 b); and (iff) a parasite Èhat, eneers

the hosÈ firsE can fnfluence the sex of those enteríng laEer, rf a fe-

male Ís the first E,o develop, it t.ends Ëo ínfluence the juvenfles which

penetraËe l"ater by favourfng their differenÈiation as males" SÍmiIarly,

if a male develops ffrsto it tends Eo influence the development of

juvenÍles which penetrate later in Ëhe female dÍrectlon (Parenti, 1965 a),

!{elch (f965) ga\¡e as possíble hypotheses for the mechanism of

envíronment,al sex determfnation ín mermft,hfds: the effect of the hostts

sexi nutrÍtÍve limlÈatÍon; accumulation of contamlnanÈs (to whfch may be

added oxygen deftciency), Of these, nuÈrÍtive llmitation has been t,he

most favoured. Caullery and Comas (1928) felt that sex probably depends

on Ëhe nutrítional condiÈions Ín Lhe host, wíü,h Ëhe several males

encounÈered corresponding to some rrsickly'r (ie. under nouríshed) hosts.

Poinar and Gyrísco (1962) di.scussed the possibitÍty of limíted nourish-

ment causing a preponderance of mal,es" Vandel (1932) sÈaEed rhat the

responsible factor fs concerned with nutritlon, or better, Ís the same

type as Èhe factor rraccumulationrt Ín many rotifers and cladocerans,
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where a substance provlded by the animals themselves influences t.he

sex of individuals" Johnson (1955) felt Èhat an fncrease in parasít-

i.sm causes a populaEion pressure resulcing fn a decrease Ín the amount

of food avaÍlable per parasiËe and an increase in the amounÈ of excreted

material present.

Caullery and Comas (192e) sËudied the European form of Hydqqmermis

gongg.Eta and found up to 17 parasites per hosË, wlth usually one or two

females in each host, Johnson (1955) studfed the American form of ë.

conEorta and found up to 12 parasiËes per hosÈ, wfLh an average of, one

femal.e in each hosÈ and never more Lhan two" He speculated Èhat females

secreted a substance which ínhÍbited the producÊion of oEher females.

Parenti0s (1965 a) results seem Èo add weight to this hypothesís" Also¡

Cout,urier (1963) observed that, rarely more t,han two and never more than

three female Pseudomermiq hagmeferf were found in Èhe same hosË" It

was also rare to ffnd only males in the same host, and when Èhey were

numerous (above |Q) r they were always accompanied by one Eo three fe-

males. IÈ may also be sÍgnificant that Comas (1927) noted that, inter-

sexualiÈy affects only female mermíthi.ds and that ChrístÍe (1929) re-

ported that such fntersexes may develop from femaLe juveniles that are

under the influence of some environmental force that lnduces maleness.

An hypothesÍs that females secrete a subsËance whích lnhfbfts Ëhe

productÍ.on of other females does not explain the sftuaÈion in all

mermfÈhids. Chrfsti.e (1929) found t,hat Ëhree Me-$û¿-S sqþnlgr_e.gg-en-g or

less per host were always females; between 3 and 23, a mÍxËure of fe-

males and males occurred, with one or Èhe ot,her sex predominatfng (up

to 14 females ç¡ith no males occurred); more than 23 parasftes per hosÈ



15

were always males" Simllarlyn Couturier (1950) observed t,hat one or

two@sp.perhosta1r¡aysresu1tedin'females;above6a1ruays

produced males; between 2 and 6, the sex ratio varied greaÈly. Poínar

and Gyrfsco (1962) recovered only one female Hqxamermis arvalls out of

ó1. The hypothesis of crowding with Èhe resulting nutrfEional LimlEa-

tion seems the besE for these câsêsc



METHODS AND MATERIALS

STUDY AREA

The Delea Marsh is a freshwater marsh on the southern shores of

Lake Manít.oba. Coverfng 15r000 hectares (37r050 acres), Ít ís an

inErfcaEe net,work of varfous sfzed shallor.¡ bays of oPen r,tat,er Ínter-

connected by channels and separated by vegetatfon (Hochbaum, i944).

Normally, the Ewo most prevalent plant species ln the marsh are

Shrasrrllgeê comqunÍs var. Þerlêldieri and Sç¡¡-þgbLgê festqcac-ea

(walker, 1966).

The main study area h'as at PorËage Creek, which ls a broad channel

runnÍng fn a norch - souEh direcElon and carryíng fl.ood waÈer Ëo

Simpson Bay in the Delta Marsh ($Ialker, 1959) " The study area exEended

approximately 18 metres aLong t,he east shore of the channel in Tovmship

l3n Range 6n SectÍon 32 NE 15" Thls norÈhern part of the channel fs

permanent ly f íl.1ed wfth \,tat,er (I'Ialker, 1959) "

The substratum of the study area varied from grey sand to a black

ooze with large soil partfcles, smelling of hydrogen suLphide. The

r¡aËer was approximateLy 20 - 75 cm. deep. Walker (1959) gave an

accounÈ of the aquaEic and emergent vegetatlon along Portage Creek.

FIELD PROCEDURE

Samples *¡ere taken r¿ith a 6tt X 6trEckman dredge. The sampling

siEes rrere on three lfnes whfch were perpendfcular to the shore and

approxfmately 9 met,res apart; t,hree sites r4rere on each, Iine. The sites
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krere about. 4, 6r and B metres from the shorelÍne. The sample from

each site rlras Èreated separaÈely in both the field and the Laborat,ory.

Sarnpling dates were JuIy 21, August 1.5' September 20' and October

28, L967, and April 26, l{ay 22n anð June 17' 1968. Incomplete survey

samples r¿ere Èaken on December 29, 1967, and Apríl 2, l9ó8, at' three

of the nine sftes.

From July eo October, 1967, each Eck¡nan haul was washed E,en times

fn a net of Nit,exl monofilament (1t405; aPerture: 0.405 mro. square)"

Each washfng consisted of submerging the net 1n t.he water, then ç¡ith-

drawing iE. The remainíng materÍal was puÈ Ín a labelled glass quart

sealer ç¡íth some vrater, The sealer top Bras fastened for transporta-

t,fon to the laboratory. On all oÈher dates, each Eckman haul was put

dfrectly inEo a labelled 32" X l8r' 50 lb. test polyethylene bag" The

Lop of Ehe bag sras Èíed to prevent spillfng durÍng transportaLion.

All samples r{ere taken Eo Èhe laboratory in a St'yrofoam cooler

containfng frozen ÌrFreeze-Paksil during the surnrner and heated 'rFreeze-

Paks" durÍng t,he cold months,

Some qualitativê samples ruere taken dtiring the summers of 1967

and 1968 wíth a t'rfangular Nít'ex monof,f lament (iÉ405) net' The net

was pushed into Èhe bottom sedfmenËso Ehen pushed horizontal.ly and

lifted. The sample was washed by swírling the neÈ fn the water and

puE fnto a rqhíte 16å'¡ X LZÞ"'o X 5rrplastic basin. tr{ater was addedu

and a sample of the chironomid larvae was removed with an eye dropper

and put i.nto 8 fluid ounce sample jars with screw t'ops. The jars

were taken t,o the laboraÈory fn the Styrofoam cooler.

1. B & S. H, Thompson & Co. Montreal, Canada.
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I,ABORATORY PROCEDURE

The botËom samples were kept exposed to the aír ín a cold room

a¿ 10o C" unt,Íl they htere processed" The qualÍtative samples vtere

kept in a refrfgerator at 40 C.

Separat ing BoËtom Sarlples

Each Eckman sample was washed wíth dechlorlnated water through

three copper screens (mesh number 10' 40, and 80; smallest aperture:

A"n7 uun.). The debris left on each screen was washed into separaLe

whÍte enamel Btt X t2rt dissecting trays and examined. The chfronomfds

and nemaËodes were removed wi.th an eye dropper and puE into v¡ater in

an B fLuld ounce sample jar, Most specímens r"¡ere then preserved fn 5%

formaLín (nematodes r¡¡ere first heat kflled as fn the secÈion KiLling

and preservlnÊ and were stored separat.ely for mounting) and sLored Ín

19 X 65 run. allergy vialsl with neoprene stopp"t"'2 Some specímens

were kept alive Ín the I ounce jars and sËored at 40 c.

Ana 1: s i s o f_B¡¡: ser-ved Chjlronglul-dg

Each alLergy vlal r,ras emptfed fnto a syracuse dÍsh and the contenEs

examined rsith an Olympus sEereo dissectÍng microscope. The chironomíds

were removed lndivfdually with surgfcal forceps and placed in 5% forma-

lin in one of f,our syracuse dishes labelled "Jr s-!mgþI-e", "Ielqlschje

sp"tto ttÇ-Ledolanvte-rsu.q sP.t', and rrother.tr The rrotherrr specímens were

counted and their number recorded" The three known specfes were each

grouped as pupae or by the width of the larval head capsules.

All larvae and pupae were examlned for parasites with an Olympus

O. H. Johns Glass Co., Toronto, Canacla.
HospÍtal Equfpment Corporatfon, East Orange' N"

,, 1"
2" u, s, A.
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monocular mÍcroscope vrfth a LOX eyepfece and the LOX objective. Occa-

sionally the 40X objective was used to verify presence of a parasft,e.

The specimens were placed flve ac a tÍme on a glass slide in a drop of

5% forrnalÍn and covered wiLh a 22 stî" square No. 1 coverslip" They

were recorded as pupae or by theÍr lnsËar and as unparasÍÈized,

parasltized by early stages of parasites (parasiEes that were the

length of fnfectfve juvenlles) or parasitized by late stages of para-

sítes (parasites longer Ëhan infectfve juvenÍ1es),

A fer¿ head capsules of each fnstar were measured from each sample.

The larvae were removed from the preservatfve, placed in wat.er, and

the head capsuX.es removed. AfÈer about 15 minutesr the head capsuLes

were placed ventral or dorsal síde up Ín a smear of melted glycerfne

jelly on a glass slíde and were measured (see Measg¡jng-ênd ryaqlng),

Analvgis of_L_Íve Samp les

Paqgsíte analvsfs.: The chironomíds were removed from the I ounce

jars with an eyedropper, pLaced on a gl.ass slide fn a drop of warer

t,wo at a tfme, and covered with a 22 rwn. square No. l coverslip. Aft,er

examinaÈion at 100 magnificaÈion rsith ehe Olympus monocular mfcroscope,

t,he coverslip was removed and the specímens pl.aced Ín $rater in one of

the following groups of syracuse df shes: (i) t. sitou.le¡S group; (if)

Harnfschia sp. group; (Íii) Cladotanll_tarçus sp. group; and (iv) rrothertr

group" Each group contained three syracuse dishes: (Í) parasítized by

early stages of parasftes; (if) parasftized by Xate sÈages of parasftes;

and (iÍí) unparasitízed" After all Èhe chironomfds in the jar were

examÍned, each syracuse dísh was examÍned v¡ith the dissecting microscope

and the number of specimensn their stage (including larval. fnstar)r and
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their parasite staEus l{ere recorded. The specímens r¡ith early sEages

of parasÍtes and the unparasÍtfzed second, thirdr and some fourth ín-

stars, Ìüere preserved Ín 5% formalÍn"

Rearing: chfronomíds were reared fndfvfdually fn about I cm. of

dechLorinated wat,er Ín 7 dram glass polyshell vialsl with plastic Èops

partlally ajar. The vlals were kept in 2 - 3 cm. of r,¡at,er in 16r'X lltt
whíte enamel photographic t,rays.

The chfronomfds with late stages of parasiËes vrere reared until

Ehe parasites emerged. The date of emergence, specfesr s€x and number

of parasiEes, and t,he specíes and stage of hoste $¡ere recorded. Rear-

Íng of t,he parasítes was contínued unËfl death or until the final moult

was comptrete. The date of the starË of the moult was recorded. If the

host died before the parasit,es emerged, it r¿as dlssected fn rnsect

Ringeres solutÍon" The date and, if possible, t,he species, sex and

number of parasíÈes hrere recorded.

Some unparasÍLized fourch instar larvae and pupae were al.so reared.

The dates of pupation, aduLt emergence, or death, were recorded"

KÍ11ing and pr-eservlng¡ The nematodes were killed by placfng them

fn a drop of water on a glass slide and passing iL through the flame of

an alcohol Lamp untÍl heat rfgor occurred (Goodey, 1963). They were

preserved fn 5% formalfn or TAF (courtney, Foltrey, and Mil1er, 1955).

The aduLt chironomid hosts $rere preserved in 7O"L ethyL alcohol; larval

and pupal hosts were dlscarded" Unparasitized adults wÍEh theír larval

and pupal skins r,rere preserved ín 7üL eEhyl alcohol one day aft,er

emergence"

l. The Richards Glass Co. Ltd,, Wfnnlpeg, Canada"



2L

AII specfmens srere stored Ín 7 X 25 mm. microvial.s.l Each micro-

víal conËafned nemaEodes from one host, one adult host, or an unpara-

sítized adult wfth larval and pupal exuviae. Seven microvfals were

sLored Ín one 19'X 65 nwr" allergy vfal.

Processing and MounÈlng Presefved Specimens

Nemalslþs: The nematodes lÀ'ere processed to pure glycerine by the

gl.ycerol-ethanol met,hod (SeinhorsE, 1959) or by a glycerol-methanol

method. In Èhe latter method, t,he nemaEodes were t.ransferred f rom the

fíxative Ëo a small dísh contafnÍng about 1mI. of, a mfxË,ure of 95

part.s met,hanol and 5 parts glycerol, They were left ar 35o - 40o C.

for about, one hourr and then at room Eemperature in a desiccaËor for

24 hours"

The nematodes were permanenËly mounted 1n glycerine on indfvÍdual

25 X. 75 X l nun. glass slldes under 18 ¡mn, roung No. I coverslips,

Goodey (f963) gave the detailed process.

4n _€9tr mounËs and cross-sêctf.ons of Ehe body vlere prepared afger

Ehe nemat,odes had been processed to glycerÍne. The secÈÍons were made

by hand under a dissecting microscope, with Ëhe nematode in a drop of

glycerfne on a pfece of Parafllm folded over on itself several tÍmes.

A piece of st,afnless steel razor blade held in "r, Ir"*Z 4à inch rrl be

darnedrr was used as the cutting instrument. The secÈions were mount,ed

ín gLycerine jelly by the met.hod outlÍned by Goodey (1963).

ChironoruldS: Larval and pupal exuviae and adulËs b¡ere mounted

Ín Turtox CMC - 10 mounting medium on 25 X 75 X L rmn. glass slÍdes

and under 18 ¡¡m. round Noo I coversllps. The unparasiÈized specfmens

I"
2.

O" H. Johns G1ass Co. Ltd.,
Irex SurgícaX InstrumenEs,
Toronto 1, Canada.

Torontoo Canada.
Box r7B8, Adelaíde St,reeÈ P, O"o
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were removed from the al.cohol preservatÍve and placed Ín distilled

vraÈer where the adulÈts head, abdomen, and wings hrere separated from

t,he thorax. After abouË 15 minuÈes, the exuviae were mount,ed under

separat,e coversllps on one sLide, with the larval skir¡ venÈral síde

up and Èhe pupaL skín dorsal side up, The wings and head (dorsaL sÍde

up) were mounted under separate coverslíps on another s1Íde, while the

thorax with Ëhe legs att,ached and the abdomen r¿iÈh genftalfa (dorsal

síde up) were simiLarly mounted on a EhÍrd slide, The s1ídes were

labelled and stored for one r¿eek to allow the mountfng medium to set

and to clear Èhe specimens,

ParasítÍzed adutrts were placed in distf1led rdater where the head

and abdomen were separaÈed from the thorax" After about L5 minutes,

the head was mounted dorsatr side up; the Èhorax, with the attached

wÍngs and legs, v¡as mount,ed lat,erally under the same coverslip. The

abdomen, r,¡ith the genfËaLia' IÀras mount,ed ventral side up under another

coverslfp on the same slfde. The slides were labelled and ffled away

for one week"

Measu_rÍnq and Drarring

Nematodes: The nematodes !¡ere measured dfrecÈry wíEh an olympus

f llar rnf.crometer eyepfece on a Leltz orLholux microscope equipped for

both brfght light and phase contrast vlewfng, or from drawlngs made

wlÈh the sa¡ne mfcroscope equipped wfth a LeÍtz drawing apparaÈus" A

I,¡i.].d M20 mÍcroscope with a I.lÍld drawing apparatus was also used for

drawings 
"

ChÍrononlds: All chironomid head capsules Tdere measured rsiLh Ëhe
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The adult chironomids wereOlympus mícrometer

drawn r,qlEh the I{ild

on Ehe Leitz microscope"

M20 microscope.



IDENTIFTCATION OF CHIRONOMIDS AND MERMITHIDS

CHIRONOMIDAE

The three specÍes of parasiÈized chlronomÍds belong t,o Èhe sub-

famil'y ChÍronornínaei t!¡o are of Ëhe trÍbe Chironominí, che third Ís of

the tribe Tanytarsíni, Dr. A. L" Hamiltorrl (pel" comm.) fdentÍffed the

t¡vo Chironomini as Folvpedilum sim_!¡lans Tor.mes, Lg45¡ and a new

Harnfschia species, close to I" darþ:¡i (subletre, 1960), Dr, J. E"
)

Sublette' (pe-r. S:) ídentf f Íed the rhird chÍronomid as a new specfes

of Ç-1êf!-ofLen¡¡tarsus which he wfll descríbe in a forËhcomÍng revision of

the NearcË,ic Tanytarsini.

MERMITHID GENERA: 9ag!Ëeme¡rn¿Ê AND Hydro_mermi.s

GastromermÍs was first erected by Micoletzky ( 1923) as a subgenus

of the genus Paramermfs Linstow, 1898, for specfes with ventrally dfs-

pLaced mouths. Fflipjev (1934 a) elevated the subgenus to a genus and

dÍagnosed Ít ln hls key to genera of Mermfrhidae (1934 b) as: slx

cephalíc papílIae ín one pl.anee cuËicle Èhfn wÍt,h no crfss-cross fíbersn

vagina S-shapedi one shorE spicule, eight longÍcudinal chords, and mouth

dfsplaced to the vent,ral síde" Because a gradat.ion exÍsÊs from species

havfng an almost Èerminal mout.h opening to species having a mout.h open-

íng posEeríor Èo the head papilLae and all other críteria conform Ëo

those of Hydrornermis, Johnson (1965) made GasËromermÍs a subgenus of

1n Freshwater Inst,itute, 501 Unlversity
Manft,oba, Canada.

2. School of Graduate StudÍeso Eastern
PorEalesn New Mexlco 88130.

Crescent, Winnipeg 19o

New Mexíco Universfty,
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ïyslrsnerrnis.

Micoletzky (1923) assÍgned four specfes t,o Ehis taxon: Paralrermfs

(casË¡pmermlÊ) haerrygU Micoletzky, L923, P4ramermÍs (Gastromermls)

g¡rslU:osEqne (Stefner 
' 1918) Micoletzky, L923 , Faramermís (Gastromerrnis)

rgs-qa (Hagrneier, L9L2) Micoletzkyo L923n and Paraqrermis (Gast,roruermfs)

aquatilis (DujardÍn, 1845) Micoletzky, L923" Polozhentsev and

Artyukhovsk i i ( I 95 9 ) recogn ized Ge eq r-oqqtrn¡s tl_an s s Í lvan Íc a ( C oman,

1953) as well as the above specÍes. Other specÍes described Ín thfs

taxon are G-Alclqmerm:þ vfridis I.Ielch, L962, Gêsllgmgrmiq bo.opht,horae

Welch and Rubzovo 1965' GasLromermfs rosalbus Rubzov, L967, Gast,romeqlnis

vtrescens Rubzov, L967 , Gastromef-mis cli¡iogastel Rubzov, L967,

GasÇrorqe¡mis gdagmiae Rubzovo L967 , Gastromermig crassijrons Rubzov,

T967 t Gast,rome{mis minut.a Rubzov, L967, Gastromermfs cfassicauda Rubzov,

L967' and Gaslromermis longisp_Ícula Rubzov, L967. Johnson (1965) placed

Hvdromermls ft,ascensiq Johnson, L965, fn t,he taxon because iËs mouth ls

displaced ventrally. Similarl.y, I{elch and Rubzov ( 1965) placed

Parameiínls f luvíatilis Hagmeier, L9L2, Pa{emeIm:Lq macropsgE,hia Stefner,

L9L9, and Paqg¡ermis sÈeinerf KreÍs, 1924 fn the Èaxonn

Since Johnson0s (1965) paper, l,Ielch and Rubzov (1965) described

sÍx varieties of a new Gastromerqis species and Rubzov (f967) descrÍbed

eight new Ga€!_{_e8e_rm¿l specfes. All have vent,rally displaced mout,hs and

a síngle spicule that fs at least twíce as long as t,he anus-to-Èerminus

dÍstance" Perhaps 9astromermis should remain a genus, dfffering from

Hvdromermis by iÈs single elongate spícule. Forms with a shorEer curved

spicule and a venÈrally displaced moueh may be p!.aced in the genus

Hvdromermis, as Johnson (gp, cit.) poÍnted out that other genera have

-na^i^^..,i+L ¡^*{--t -.^..}L- ^-l -..L-.^-+-^f -^--!L-Þlrsç¿çÐ wÀL¡¡ Lçt¡u¡¡¡et ¡¡¡vgLÂ¡Þ é¡tg ¡rgvvgt¡LI<l,¡ uruuLr¡Èi,
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I have placed the followfng species Ín the genus Gasltomermis:

G. haempeli l{icoletzky, 1923E G. gasLrostoma (steiner, 19IB)

MicoleLzky, L923; G. vfrÍdis Welch, 1962; G. boepbEheEee Welch and

Rubzov, 1965; 9. rgsglbus Rubzov, L967; G, viróscens Rubzov, L967;

9. crass:i:EËqng Rubzovo L967i G" minuÈa Rubzov, 1967; 9. S-Uggg4s!-g

Rubzov, L967 ; g. od-egm-xae Rubzovn L967 3 9. cqegÞjcaudê. Rubzov , 1967 7

and 9. longjSpicula Rubzov, 1967. Although Lhe number of }ongÍtudínal

chords and the nature of the cutlcle was not deLerrnined for G. he-e8.P'g-l-t'

it is placed fn Èhis genus because Mlcoletzky (1923) stated that iE was

sfmf lar Èo Ê. gegË-r_e€!.oma.

G._ast,romermis -æs.s, (Hagmeier, 1912) Mfcoletzky, L923, has a short

spfcule and presumably six longitudinal chords and may be placed in

thegenus.L@asnotedbyHagmeier(19l'2.addendum)'

Gast,romermfs gr?lrssilvanfca (Coman, 1953) FolozhenEsev and ArtyukhovskíÍ'

1959, also belongs to LÍgnornermis because it possesses síx longitudfnal

chords (Johnson, 1965)" þ@ flt{viaLÍtÍs Hagmeler, L9L2n has a

shorE spicule, eÍght longitudlnal chords, and a ventrally displaced

mourh and should be placed ln Hydromermis. Hyd¡g¡nÊ4ås tlqsçgnsis

Johnson, 1965, Ís a Erue -tlyÈgeÆi€." !êrarne-E -!g macro.posthÍa SÈeiner'

191"9 and Paqê'mgrmi-g steilggli Kreis , L924 may belong Èo GasEromermis but

need re-examínaÈíon wíth regard to the shape and sEructure of thefr lat-

eral chords (I.Ielch and Rubzov, 1965). Also, 3. gteíner_! has an unusual

spicul.e. GasËromermis aquaËíL!Ê (DuJardin, 1845) MfcoleËzky, L923'

described on the basfs of females, has an unknou'n number of longítudínal

chords" It is of hisÈorícal value only¡ ând should be designated a

nomen sl!g.
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GasSnomermtE heempelf Hlcol.eÈzky" L923, f@ ehe eype speef es of

the genus Gastromerrof s by orl.glroaL desf gnaÈf.on (!üeteh and Rubaov,

Ig 65),

CorÊf. (1902) 'eet up Êhe genuc Hvdroner"nf so the thind estabLf shed

ln Èhe famf ly, af ter Memf s DuJardf n, LB¿+Z' and _pargrngrmle Lf nstow,

!.898, llagmefer (1912) Afd noÊ reeogn{ze Hydgomerml_q ar¡d asslgned hfs

speedes Èo Faramemls, Èhough {n a fooÈnote Èo hls paper he reeognfzed

Êhat sone of his species eould be assigned to Hvdro¡nemls" SÈef ner

(1919) dld nos Eeeognfze Êhe genus aÈ firse, buË tn 1929 he ptaeed a

speeies fn SLdrorncmls and dn 1.93? sesurned a epecies Êhae he had pre-

viously removed" Filf.pJev ([93¿+ b) gave a dtagnosls €or ËydgggeEq¿€

ln hLs key Êo genera of' Merm{thf.dae,

Cortf. (f902) esÈab¡.f.shed -Hydgeq@zfl{ê to eonealr¡ h{.s speedes

ÏIvdromerm{s r{slggIg, trüeX.eh (1960 b) synonymf zed }I, r{vfeo!.a çrf eh

lIvdromennts conto.rta (Llnstow, rg8g) Hagmef er" 1g12 and sta8ed Èhat

S, C9_E_þE!A I s Èhe rype o€ rhe genuso

GasÈrome¡:mf s delÊensis neto specles (Ff gs" L - 7)

Me¡:mfthl.dae Braun, !,889" ggs_tromgEu¿s Þ{lcoLeÈzky, 1.923, e¡nended

Ff.l'lpJevo 1.93¿+ a" cuÈtale thln @ - I ¡t near nerve rf r¡g)u wf thouÊ

cr{.es-eross flbens. Ef ght Longi. ÈudinaL ehords in doesax.s v€r.¡tratr,

Lateral and submedlaL postÈlons" choc.ds bulge lnÊo pseudocoeLom f.n

vlef'nlÈy of ncrv@ nlrngu çrhere doreo-l.a8eral ehonde redueed and elosely
assoeiated wteh doreal, ehordu whiLe venÊtro-laeeral ehords redr.¡eed and

equidf6tenÊ from lateral and ventraL ehords" rn thfs reglon, !.ateral

chords about 30 ¡¿ wlde wf eh eÌûo rows of eetr!.sg doreal. and ventral

ehords eriÈh o¡¡e row of cel.lso llead honocephallc¡ stlghÈ r¡eek eonsÈrle-
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Figs. t - 7. Gaqtromermis deltensig n, sp.

FÍg" I Lateral vier,¡ of male head.

Fig. 2 Ventral víew of male head"

FÍg. 3 Cross section of male body in anterfor
reg ion "

Fig. 4 Head of ma1e, end-on vfeç¡n

Fíg" 5 Lateral vfew of vulval regíon, head Ëoleft, venÈral surface up"

Fig" 6 Lateral vlew of EaiI of postparasíÈfc
juvenÍle f,emale, ventral surface up.

Fig" 7 Lateral view of male tail, venÊral surface
uP.
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t,Íon. Head papillae fn one plane, grouped on six cephalic papÍlla-

tracts arranged subrnedía1ly and laterally. Amphids dorsolaËeral,

opening into ring of head papÍ1Iae; dorsal commÍssure present. Excre-

tory pore 0'25 - 0.30 run. from apex. Mouth dÍsptaced ventrarly, open-

Íng slighÈly anterior to or in rlng of head papillae; esophageal coLlar

present. Esophagus of, uniform width, z - 4 p. f.ot ent,Íre length, run-

n{ng ventrally and exrendlng to approxímately tr/3 of body length.

TermÍnus rounded, tfp dÍrected slfghtly ventrally" single sp{cule

longer than twfce anus-to-t.ermÍnus distance.

Fegåþ: (16 specfmens). Lengrh 14.1 (7,5 - L4.4') 
I rn*. WtdËh aE

head papíllae 0'041 (0"028 - 0.044) mm., and aE vulva 0.14 (0,07 - 0.17)

¡ruro Amphidial pouch 9- 13p-x3- 6p¡ amphfd, includfngr¿alls, Itr-
16 ¡e x 6 - I lÀ ; elliprÍcal pore 4¡rx 3¡* " Anrerior end of body ro:

head papfllae and amphÍd pore 17 (10 - Ll)tL ; nerve ring o.16 (0,13 -
0.18) mm.; Ërophosome 0"22 (0"18 - 0.26') mm.; anr,erÍor ovary 0"34 (0.34 -
0.75) mn¡" (12 speclmens). Posterior end of body to: trophosome 0.ll
(0.03 - 0.13) r'un"; posrerior ovary 0.23 (0.25 - 0.32)mm. (4 specímens).

Vagfna a reversed J-shaper 0.34 (0.18 - 0"29)nun. long (lfnear distance

from anterformost to posterÍormosË part), lyfng dorsally and ext,ending

posteriorly, Vulva a ventral t,ransverse sllt at, a disÈance 4L% (hl"L -

50%) of the body lengEh. Eggs spherical Èo oval 46 - 57¡r, in dÍamerer,

& slËu, and embryonated.

Ma-le: (15 specimens). LengÈh 7.6 (5"6 - lt,2)nrm. widrh ar head

papÍllae 0"033 (0"028 - 0.037)mrn, , ar mídpoÍnr '0.076 (0.056 - 0.105) nu.n.,

and at anus 0.077 (0.065 - 0"100)nrn" Arnphfdial pouch Z - l2¡rX 3 - 5¡r;

t" First measurement is
parent,heses gíve the

that of holoÈype or allotype; figures
range of measuremenLs of paratypes.
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arnphid, includingwallso lI- 14¡,-x6 - 9þ; ellfpcical pore a¡*x3p
anterior end of body to: head papÍrrae and amphíd pore rz (to - t6)lÀ ;

nerve ring 0.12 (0.13 - 0.16) mm., rrophosome 0.20 (0.15 - 0.22)rnrn.;

anEerior tesEis 0.59 (0,45 - 0.70)mm. (tz specÍmens)" posËerior end of
body ro: Lrophosome 0.Zl (a.25 - 0,33)mm. (11 specimens); anus 0.15

(0.14 - 0.19)mm. sÍngre spiculum 0.5 - 0"7 nrn. rong wirh a basal widrh

of 15 - 23 t* , a shafc wÍdth of g - rr,¡r at mÍdpointr ând taperÍng io a

blunt point' Three rows of anar papflrae; varÍable fn number; medlan

row 18 ' 26 papillae anterior to anuse approximately ll posterior Ëo anus;

1aËeraL row 10 - 20 papfllae anterÍor to anus, approximat.ely 13 posterror

to anus,

Frge- living f emare jullenjlle: rn r0 pararypes with partialr.y- shed

cuticles, Ëhe juvenile taír appendage measured 0,0g - 0.11 mm.

Frse-lilviqg male iqvenire: rn 9 paraÈypes wfrh partially-shed

cuticles, the juvenire rair appendage measrrred o.0g - 0"11 mm.

Tvpe hosÈ: Ha_rn:LqchjLÊ sp. (close Èo Ii. darbvÍ (Sublette, 1960) ),

Tvpe lpçitlicv: PorËage creek in the Delta Marsh, lranrtoba.

Lqsation: Juvenfle sÈages of worm parasÍËÍc in the haemocoele of
the chironomid larvae.

Diaglosis: ThÍs specÍes sËand closesË to GastromermÍs gag]qre-s_qem4

(steíner, 1918) Micoletzky, Lgz3. However, ít is much shorter, and Ëhe

femalees body Ís stouÈer (holotype: al : 100; g. geg+osroma a = L4r,4)

1" a = Tora-L_!enq!t¡_
Greatest !útdth
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while the male?s is thinner (allotype: a E 98.8; Q. gasÈrosÈoma:

a:75"1 and B7 "2>. The amphids of G. gastrostoma are much larger

(30 - 34¡* X L4 - 20 /r ) as are Ehe amphÍd pouches QA ¡* X 10 - L6 ¡* ).

There are no drawÍngs of the female genitalia for G. gÊSllo€tgqe, but

SteÍner (1918) described che vaginâ ês 'r$-shaped'r. The vaglna of q.

deltensis is besÈ descrÍbed as a "reversed-J-shape". The spicule

lengËhs of G. delt,ensis are simflar to Èhose of g. gastroscoma, buc if

considered as a percent, of body length, are larger (5.8% - 6"q/" compared

to 3 "47" and 3 .87" "

G, g,asqgg.EE--qrne rdas recovered f,rom botÈom soÍl samples taken ín

Hamburg Harbour and the Elbe Rfver near Hamburg and AIEona, Germany.

It was described on the basis of two juvexrlle males and a Juvenile fe-

male. It,s host Ís unknown,

9. d_elle¡S¡S Parasftic I¡r Folvpedill¡n¡ sfmuLanq

G. deltç¡s:Lq rarely parasÍtized !. S&gfæ" Ttre four female vrorms

recovered from thfs chironomid differed from E,he paratypes of Q.

delLggglq fn: (f) Ehe distance from Ehe apex Èo Lhe vulva as a percent

of body length (52% compared to 41 - 5d/"); (1i) the short,er juvenÍle

tail appendage (0,05 - 0"06 nmo compared to 0,09 - 0.11 mm"); (fÍi) the

sIÍghtly more ventralLy dfsplaced mouth; and (iv) the great,er dlstance

f,rom the apex to Lhe anterior ovary (0,99 and L.1tr nrn, compared to 0.34 -

0"75 nuu. ) "

HvdromermÍs variablLÍs new species (Ffgs. 8 - L4)

MerrniÈhfdae Braun, 1883, -{y5!ro¡nq-5¡ll:þ Cortí, 1902" Cuticle Èhin,

2 - 5 þ ; no criss-cross fibers, EighÊ longíÈudlnal chords ín dorsal,
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Fli.gs,8 - 14. Ilv{rq¡ermis vari4b:11:Lq n. sp.

Fig. B Dorsal vier* of f emale head"

Fig. 9 LaÈeraL vi.ew of f emaLe head"

Fig. 10 Head of mal.e, end-o¡r vierE.

Fig, li Cross section of male body i.n anterior
region.

Fig. 12 Lateral view of taÍl of postparasitíc
juvenfle female, ventral surface to left.

Fig. 13 Lateral view of vulval region, head to
rfght, ventral surface up.

Fig" Il+ Lateral víew of male Èail, ventral surface
t¡P 

"
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venÈra1' lateral and submedfal posÍtíons; chords bulge into pseudo-

coelom near nerve ríng. Lateral chords cont,ain t,wo roÍrs of cells;
ventraL and dorsatr chords cont,ain one row of cells; dorso-Iateral

chords reduced and close Ëo dorsal chord; ventrolaÈeral. chords reduced

and equÍdísLant from lat.eral and ventral chords, Head homocephalfc;

slight neck constríction. Head papillae in one p1ane, grouped on six

cephalÍc papflla-tracts arranged submedíally and lareralry. Amphids

dorsolateral, connected by dorsal commissure" ExcreÈory pore 0,2 - 0.3

rrn. from apex. Mouth dfsplaced ventrally in varying degrees, È.o maxí-

mum of hal.f disr,ance to head papillae" Esophagus 3 - 4p wide running

ventrally and extendfng about Ll3 of. body Length; esophageal collar
present. Termfnus rounded and directed slfghttry ventrally.

Feme-I-e: (17 specimens). Lengrh LS.Z (11,5 - 15"9) I n*," htidrh

at head papillae 0.045 (0,036 - 0"050) nrm, Amphrd pouch 9 - t4¡r x 3 -

6t^; amphid, íncludÍngwalls, 1l- lB¡rX6- 9t*; amphidpore4X

3 ¡r . Ant,erfor end of body ro: head papll.lae 14 (7 -t'¡) lL ; amphÍd

pore 23 (13 - 23) lL ; nerve rfng 0,14 (0.16 - 0.24)rnm.; Lrophosome

0.20 (0,20 - 0.3l)nrn.; anrerÍor ovary 0.38 (0,61 - 1.04) ¡rm¡. ( f Z spec-

imens)" PosÈerior end of body to: posterfor ovary 0,20 (0.22)nun.

(3 specimens); trophosome 0,07 (0.05 - 0.ll)rnrn. VuLva a ventral trans-

verse slft at a distance 50 (44 - 5l)2. of body length" Body widrh ín-

creases slfghtl.y anÈerior Ëo vulva and decreases post,erior t.o vulva;

0.15 (0' 12 - 0.17) rnm. slfghtly anrerÍor Ë,o vulva; 0.15 (0.09 - 0" 16)

mm" at vulva;0.13 (0"08 - 0.15)nnn. slÍghrIy posterior ro vulva, vagina

S-shaped 0'18 (0"t6 - 0.23) nnrn" tong (trÍnear dísÈance from anteriormosÈ

Fi--& tJ------ -.f ¿¡. 5L À ¡.BUre IS
parenÈheses give

Àtt.haË oi hoioÈype or aiiocype; iígures in
range of paratypes.

t¡.
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posterforrnosE part), opening laterally into uterus. Eggs ellipsoÍd,

- 63 f X 43 - 47 t^ jn s!!_!¡ and unembryonated.

Male: (20 specimens), Length 7 "6 (6.6 - 12.3) ¡rrr¡. Hidth at:

head papillae 0.038 (0"034 - 0.045) run.; midpoinr 0.102 (0.086 - 0.128)

nìm.; anus 0.087 (0.077 - 0"115) nun. Amphid pouch 8 - L2 tL X,3 - B/¡ ;

arnphidn lncluding v¡alls, 10 - 15p X 6 - 10¡L i arnphld pore 4 X 3 /,,. "

A.nÈerfor end of body to: head papíllae 11 (9 - L6) tL ; arnphíds 19 (I5 -
22)lL; nerve ring 0"18 (0.16 * 0,22) mm.; trophosome 0,24 (0"23 - 0.33)

nun.; anterior tesÈís 1.16 (0"53 - 1.37) nrn" (14 specimens). Posterior

end of body to: crophosome 0.39 (0"31 - 0.39) rm.; anus 0.I2 (0"11 -

0"17) nrn" Single curved splculum 0.15 (0" LZ - O"17) nun. longo wÍt,h a

basal wldth of.20 (tO - 27)p, a shafr v¡fdrh of \4 (I2 - l8)/r aE mid-

point, and a ti.p ÈhaE fs flat with Ëhree small projectionso or blunt"

Anal papíIlae in three rows¡ number of papillae varÍable; B - 11 Ín medj.-

an rovt posterior to anus and L7 - 20 anterior to anus e 2L - 25 ln \¡enÈ.ro-

lateral row.

F{ee- 1:h¡:!qg female iuvelqiIe:, ; In 13 pararypes wf Eh partially-shed

cuticles, Èhe juvenlle tail appendage measured 0.06 - 0.11 nrn"

Free- l fvÍns ¡q le 'igvgn f le : In L4 pararype s wírh parr ia 1ly- shed

cuÈfcles, the juvenÍIe Èail appendage measured 0.06 - 0"11 nrn.

Type hoS!: PoLypedf lum simulans Townes, L945; -ItêIn¿Sç_hiê sp,

(close Eo H" darbví (Sublette, 1960) )"

TVpe loqaltly: Portage Creek Ín the Delta Marsho Manit,oba,

Logation; .Iuvenile stages parasítÍc Ín haenocoele of the chirononsid
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larvae or pupae and in abdomen of adult"

Diagnosi_s: Evdrpmgrm¡S leptop-o_sthia Steiner, L929, stands closest

Eo I. varÍabÍl1s. IE can be distÍnguished by its t,erminal mouth, more

spherfcal amphids, fewer anaL papillae, a spfcule çrith a poorly-defíned

basal swelling, and a large anterior overlapping vulva lip with no pre-

vulvar expansion or post-vulvar constricËion. H. flu_viat.ilis (HagmeÍer,

19fZ) Hagmeier, L912, and H. iËasc€ns-:Lg Johnson, 1965, have venÈrally

displaced mouths and short, spicules" g. flu¡¿iatÍLÍs is disËinguished

from H. ga¡iabflÍs by its larger amphids (23 X 20 ¡t ), smaller spicule

(70 ¡t- ), poÍnted terminus, and fewer anal papf llae, !" rlqqc_eqgis ís a

larger species and Ís separated from Ëhe new species by a more ventrally

displaced mouth, a shorËer vaglna wít,h no pre-vulvar expansion or post-

vulvar const,rictíon, a longer spicule (170 - zLO l.L ) and a poÍnt.ed

terminus.

I" lep!ppgS!_h_!a was collecÈed ln the U" S" S" R. and descrÍbed on

Lhe basis of one maLe and one female. The host is unknown. ë.
fluvlatffls was collected from chironomid larvae in Germany, while H.

it,ascensls parasit,ized Glvplelend.ipe_g lobíferqus (ChironomÍdae) adults

at Lake lt,asca, Minnesot,a.

t{ost- spec if ic Variatfons Ín H" ¡qqri4hi¡is

Length of juvenÍle tail apÞendase: Most, posË-parasÍtíc juvenile

mermithfds possess a tail appendage rvhich is a projecÈion of the para-

sitÍc juvenile cutÍcle. ThÍs appendage is shed wich the cuticle at

the rnoult to maturíËy. Figure 15 shows the frequency distrfbution of

the lengths of 50 juvenile Èafl appendages of H. variabilis which
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parasitÍzed Polypedll.-um sf¡rrllans and 50 taÍl appendages of specimens

which parasftÍzed H4ln:Lgqtría sp. Table III gives the sÈatÍstical daEa

on the lengÈhs of the taÍl appendages.

TabLe III shor.¡s that an F Ëest on the sample varfances yields an F

value below the crítical value, indicaÈing that Ehe populatfon variances

can be assumed equal (P< 0.05). Therefore, â t-tesL may be used to

analyze the means. A t$ro-Eailed t-test indlcates no sigraificant dfffer-

ence at the 0"05 level between the lengths of Ëhe juvenile tail appendages

of males and females. !.]hen the lengths of the appendages of males and fe-

males from the same host are pooled and Ëhe means compared, a hÍghly sig-

nificanÈ t-value ís obtafned, ThÍs ÍndicaÈes ÈhaE the lengths of juveniLe

taÍ1 appendages of H. varlabÍljtg parasit Lzing ?. sl¡lulalqs are signÍf Ícanc-

ly different from those of ttre same specíes parasitizing !4!99þþ sp"

SpÍcutre gÈsgç.lture: Fígure 16 shows t,vro Lypes of, spícu1es frorn !"

varÍabllis males, one of which emerged from Harni,schia sp., the other f,rom

3" sntnulans. The spicules are c leartry df f f erent; wlth Harnischåe sp. as

host, the spicuLe is gently curved with a blunt dfstal end; with P.

sirnulang as host, the spicule has a more severe curve and a flat dfsEal

end with three points" Of.29 spícules from matres with 3. s:!:nrLlegg as a

hosE, only 2 were spÍcules of Èhe Eype from Hesn:Lggfrjþ sp. hosts. TwenÈy-

one spicules of specimens from Harn!-ççhía sp, showed none of the

Fq_lyped_XIUU type" Table IV presents Ëhe statfsËi.cal data on the t,hree

parameters invest,Ígated for the two spicule types. The t,wo He¡Ulsqb¿q sp;

type spicules from t,he males fr:om P. s_1¡nu,Lsns hosËs are llstsed separately,

Ln all cases, an F Eest on Èhe sample varÍances yielded an F value

lov¡er Ehan the criEical value, índicat.ing that the assumpEion that Ehe



TABLE ITI

STATISTICAL DATA ON THE LENGTHS OF JUVENILE TAIL APPENDAGES OF H" varisbílis

Host: P. sJrnulans
Fem¿rle Tail Appendage Length (¡¿)

Male Tail Appendage Length (¡r,)

Host3 HarnÍsqhIA sp.
FemaIe Tail Appendage Length (t*)

Male Tail Appendage Length (p)

Pool.ed Male and Female Lengths
Host ¡ ?" simulans
Host : _IlgIn-lsç_b¿e sp"

VARTABLE

8
42

L54.9
101"3

25
25

STATTST IC

225 "2
100 "6

1.53
(F,oZS * 2"62)

2.25
(F.OZS :2.27)

50
50

106"9
176 "9

x+s

96"0tL2.4 - 0.07
95.7 + 10"1 (t.OZS:2"31)

I .66
(u.OZS * 1.77)

76.6 + 15.0
68.3 + 10"0

95.8 + 10"3
72.4 + L3.3

- 2.28
(..ozs: 2.31)

- 9.79
(..ozs = 2"28)

(¡)



Fig. L6 VarÍat,fon fn H.
as host. b P:

O. I mm.

vatiebÍ1Ís spicule shape,
sÍmulans as host.

Harnfschla sD.
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SpÍcule length ir, ¡t,Host,: HarnfEchia sp.
Host: ?" síg-ulans
Host: !r_ sÍmqlegs (.@åsc,h-ie sp.

SpÍcule base ç¡idth in p
Ilost: HarnÍeghjlq sp.
Host: 3" simulang
Host: F. simulans (Ha¡r¡ågg-hrs sp.

Spicule wfdth aE mfdpoint in ¡"Host: Harnischia sp.
HosE,: P" sfmulans
HosE: P. slmulans (Harnischia sp.

TABLD IV

STATISTICAL DATA ON H" vartabflfs SpICULES

VARIABLE

2T
27

type splcule) 2

2L
27

type spÍcule) 2

STATISTT.C

132.85
L29 "34

0

(F.ozs

2L
27

type spicule) 2

= 2"33)

1.03

B "72
6.03
4"5

xts

3,34
3"30
2.O

151"4
153.0
145.0

1"45

.L

T
+

11 .5
11.4
0

(t.ozs

25.r
2 1.0
23.5

= 2.33)

0.46

L01

-r
+

+

3,0
2"4
2.L

15"4
14.7
15.0

J
-r
+

1"8
1,8
L"4

- 5.26

- 1.35

ê-
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populaËÍon variances are equal can be made at Èhe 0.05 level of sÍgnÍf-

fcance. This allows È.he use of the E-test for a comparÍson of Ëhe means.

Table IV shor,¡s that the means of the lengths and of the midpoÍnt widths

of the t,wo spicuLe types are noË dífferent (P<0.05). However, the means

of the base wfdths of Ëhe trrro splcule types are significantly dffferent

at t,he 0 " 05 leve I "

Vgnt,ral disp_lgcement of_ t_he rnouth: The staEístical data on the ven-

EraI displacemenË of the center of the mouth from the rnid-point of a 1fne

joinfng the dorsal and ventral lfmÍts of the head papflLae are given Ín

TabIe V.

TABLE V

STATISTICAL DATA ON THE VENTRAL DISPIACBMENT Ot' THE MOUTH OF H" variabllÍs

STATISTIC

^t3

Ventral dÍsplacement of
the mouLh in þ
HosL: HarnischÍa sp.
Host: P. simulans

(F.025 - 2.42)

1" 15

(t,OZS:2.33)

9;26
22 2,75
2L 2.39

8.8
4.2

L"7
1.5

t
+

Analysís of

lation varfances

t-Èest índicates

of 3, variahllis

the sample variances by an F t,est, fndÍcates that Ehe popu-

can be presumed equal (P< 0.05), a subsequent two-tailed

that Ehe mean of Ëhe ventral dfsplacements of the mouËhs

parasitizfng Hefnisc\ia sp" is signiffcanLly dffferent aE
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the 0.05 level frorn that of the same species parasitizfng P" simul.ans,

Hvdrgmermis palustrÍs new specíes (FÍgs. 17 - 22)

Merrnithfdae Braun, 1883" Hydrone¡mÍs CorÈ1, 1902. Cut,ÍcIe thin

2 - 4 p r wfthout criss-cross fibers. Elght LongitudÍnal chords in dor-

sal, ventral, Iateral and submedÍal positions; lateral chords contaÍn 2

rows of cells near nerve ring, 3 rows for most of body lengch; dorsal and

vent,ral chords conEaÍn one rortr of cells; subvent,ral and subdorsal chords

reduced' present as breaks in musculature; subvenÈral chord equídístant

frorn lateral and ventral chords, subdorsal chord closer to dorsal than Èo

Lateral chord, Head homocephalÍc; neck constrict,Íon slight íf present"

Head papillae fn one plane, grouped on 6 cephalÍc papllla-tracts arranged

hexagonally ln face vier¿" Amphids lateral; dorsal commissure presexlË.

Moubh terminal, openi.ng Ín a cone-shaped depression of cutÍcle, Esophagus

3¡r wÍde for most of Length, ext,ends past vulva to approximateLy 213 ot

body length. Excret,ory pore 0.13 - 0"35 urn" from apex. Terminus tapered

t,o a f ir¡e point i¡r both sexes"

åroglg: ( 11 spec imens) " Len¡ith 7 .7 (ó.9 - t l.8) l *n, wÍdth är :

head papillae 0.028 (0"025 - 0,036) mm.; vulva 0"11 (0.10 - 0.17) nrm,

AmphidpouchT- glL X3-5¡r-;amphid, includingv¡alls: B- 9l,t- X

4- 9¡t ín dorsal orvenÈralview; 9 - 19,¡,r.X 8- L4 l* fn lareral view;

amphid pore 4 X 3/" . ApeN to; head papillae B (7 - lO)/L ; amphfd

openÍngs 12 ( L2 - 18)/¿ ; nerve ring 0"15 (0"12 - 0.19) run.; trophosome

0"23 (0.19 - 0.30) nrn,; begfnnlng of ant,erfor ovary 0"45 (0.38 - 0,85) nun,

(7 specimens); end of anÈerior ovary (2.6 - 4"9) mm" (ó speclmens); begÍn-

First fígure fs that
theses give range oi

of holotype or
measuremenÈs oi

alloËype; flgures in paren-
paratypes.

1.
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Figs. 17 - 22. Hvdro¡nermÍs paltrstLr:LA n. sp,

Fig" L7 Head of female, end-on vfew"

Flg, 18 Cross secEion of female body in anterior
reg ion ,

Fig. L9 Lateral view of vulval regionn head to
right, ventral surface up"

Fig, 20 LaÈeral vfew of male taÍI, vent,ral surface
uP,

Ffg, 21 Lateral view of female head"

Fig. 22 Ventral víe¡,r of female head,
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ning of posterior ovary (3.8 - 5.g) nnn. (6 specimens). vulva a venËral

Lransverse slÍc with an overtappÍng anterior llp, at a dist,ance 45 (43 -
54) % of total length, vagÍna s-shaped, 0,14 (0"14 - 0.26) nrn" long

(linear distance from ant,erformost. to posEerformost part), opening ventro-

laterally into uterus, Termínus to: posterÍor ovary 0.23 (0,07 - 0.36)

nrm¡ (7 specimens); trophosome 0.09 (0.0g - 0. t4) mrn. (7 specimens). Eggs

ellipsoid to almost circular, 65 - 73 l* x 54 - 6l p- ín s:Llgr and embry-

onated

Male: (6 specimens), Lengch 6"I (3.3 - 5,9) mm, WÍdrh ar: head

papÍllae 0.026 (0"020 - 0.026) mm"; mid-poinr 0"079 (0,056 - 0.075) run,;

anus 0"063 (0.053 - 0.061) nm" Arnphid pouch 7 - gþx 3 - 4¡r. ; arnphid,

fncludingç¡alls10- L2 l, xB- l0¡u ¡amphÍdpore3x3¡¿ . ApexËo,

head papÍllae 6 (6 - S') tk ; amphíd openi.ngs 11 ( g - L3) tp ¡ nerve rfng

0"16 (0,10 - 0"15) mm,; rrophosome 0,26 (0 "L7 - 0.24,) mm"; anterior res-

tis 0.78 (0,46 - 0.84) nur, Termfnus to: anus 0,15 (0.1A - 0.17) rmn,;

Ërophosome 0"25 (0"20 - 0.27 ) rmn. (5 specímens). Singl.e spicule, 0.lL
(0.09 - 0'11) mm' Iong, gently curved, wrËh a brunÈ dístal endn a base

wfdth 15 (f0 - L5) j-L , and a shafË widrh ar mídpotnÈ l0 (10 -r,13) &
Anal papillae in three rorárs vary Ín number; 9 - l0 papi.Ilae

rovrs; medlan rov¡ has L0 - 12 papilLae posterÍor to anus and

papillae anEerior Eo anus.

latera I

-18

Free- 1Ívin& juverli.lgs: BoÈh male and f emale f ree- livíng juvenÍles

do not. possess a tafL appendage,

Typg host: Cl_edq,tanytarsuE sp.

in

L4
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Tvpe..Locallty: PorÈage Cneek ln the DelÊa Marsh, Manltoba,

IocaÈione Juventle stages parasf È,ie Ín haemoeoele of the ehironomld

larvaeo

Dlaqnosi s: Hvdromeml s churehi i.lenel s Welehe !.960 au rydroggrmf e
ontorr,a (Lf nsrowu lgsg) Hagnnef eru LgL|, lyc¡gge¡g{s f truvf arl.lf s

(Hagoeierr [9!.2) ]Iagmeler, 3.9!.2, and Hy-droqermlg palusÈrfs are dfsr,tn-
guf'shed frsm other -Syd-Eqqeria¿Ê specl.es by Èhe pofnÈed termlni of both aex-

@sø ë" gqE&gsl4 is dtsÈingr.rLshed from Èhe neeû opeeles by l8c Larger sfze
(fmal.es e 26"2 -t- 1.,6 nrqqo (weLehu 1960 b) )e Larger spfcr.rle (0,2 - 0,3 mo)"
and amphlds open{ng farÈher back 6rom the apcx (26 pL ), nanger (mal.es:

L7 x' L9 þ ), dËh a tanger pore (B þ ), ä" frglri._el!_Lís rs ar.so rerger
(fwa!.esc L3 - tr6 m")r'has a snightly venÈraL[y drspLaced æourh, langen

amphfds ln laÈeral (23 X 20 ),L ) and venÈral. (fS X ¿u lL,) view and ser

€ar8her back from the apex (eO p ), and a shorter (0,CI66 mrn, ) nore robusÈ

splcule with a thickened dlstal end, lt" ehurehlllensis is largen (femalesc

12 - 2l m') rhan Il' eglgglEisu has narrosser anphfds (f'emaLesE 2 ¡* g

malesE 4lJ- )u a vulva withouÈ a promfnenÈ over!.appfng anterfor lfp, and

palred fused spicules thaÈ aE@ longer (o.22 m, )n have a greater maxlmt¡ro

wÍdÈh {21 p ) and a seeond wfdened porÊion at Èhe point of fuelon"

ChLronomf'ds ane reeonded as hosts of $, f luvf aËf lls ar¡d t{" eon,Eortao

Èhe former from Geræany and Èhe naÊ,Èer frorn Austrtau Germany, and Èhe

['fnlted s88Bes (Wexehu 1960 a), Aedee çogrnqElg (D{peerac Cr¡Lief dae) de

she Sype host of l{" ahur-ehf Llcnetlq,

l&rphoX.ogteal VarlaÈfon f rr $, palustrf s

'Fh-^^ -át^ ^-l --^ €^--t^.rt¡,¡rree ea¿€ aÍds one f emate,ë, paigs!¡r!s emerged inom Çlg_do_gegl"garque
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sp. Iarvae but differed morphologically frorn t,he paraËypes. The males

dÍffered ín thar they showed: (Í) a slight ventral dlsplacemenr (3 _ 6

þ ) or' Ehe mouth; (ii) a rounded or slÍghtly-poinred rerminus; (rír) a

sIÍghtly shorËer anus-to-termÍnus distance (0"09 - 0.12 mm. compared to

0.12 - 0"17 mrn.); (iv) a greaËer widrh ar t,he anus (0,066 - û.071 mm.

compared to 0'053 - 0.063 mm.); and (v)'a shorÊer ÈerrnÍnus.to-'trophosome

distance (0"15 - 0"20 rnmô compared to 0.20 - 0.27 nm.). The females

showed: (1) a slighcry venr,ralry dispraced (3 ¡,r ) mourh; (ii) a

rounded terminus; (iÍÍ) a shorter length (6,3 rnm. compared to 6.g - 11,g

*n.); and (iv) a short,er vagina length (0"11 nn. compared to o.L4 - 0"26

mm,).

One female H. palus_È_Ulq emerged from a p. simulans or He¡niËçhþ sp,

larva. It differed from t,he paratypes in: (i) length (i2"1 mm.compared

to max II''8 mm"); (ii) a greater apex Ëo nerve ríng dÍstance (0.22 r¡rn" com-

pared to max 0.19 mm,); and (iÍi) a greater apex to anterior ovary dis-
tance 0"42 mm. compared to max 0.g5 mm.).



OBSERVATIONS AND RESULTS

CHIRONOMID LIFE CYCLES

Table VI gÍves the head capsule widths of the larvae of the rhree

chironomid species" lrio f irst, instar larvae were taken.

TABLE VI

HEAD CAPSULE WIDTHS OF THE CHIRONOMI.D I.ARVAE

SPECIES INSTAR HEAD CAPSULE I{TDTH IN MM. DYAR'S RATIOI

n xt s NarrowesË l,IfdesË

?. sÍmulans 2 30 0" 11 t 0.00 0. t0 O"L2 O.5B
3 50 0.18 + 0.00 0"L7 0.20 0.61
4 50 0.30:l- 0.01 0"27 0.34

He¡r¡lsç¡jg sp. 2 24 0.10 + 0.01 0.07 0. il O"6i
3 50 0. i6 + 0.00 0. i4 0.17 0"66
4 50 0.24 + 0.02 0.21 0.27

CladotanvEarsus 2 12 0.09 + 0,00 0"08 0.10 0.64
sp. 3 50 0.15+0"00 0.13 0.16 0"70

4 50 0.2r + 0"00 0.19 0.23

1" width of head of any fnsËar = rconstanË (Dyar, 1890)width ot head of precedíng iñsrãr

Dyar8s RatÍo, mulËiplied by the mean head capsule wídths of Ëhe second Ín-

sEar, gíves Èhe following approximate widËtrs of the fÍrst ínstar head cap-
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sules: E. slrnglegg: 0.06 - 0"07 r¡u¡r.; Har4jl_schi.ê sp.: 0.06 - 0.07 nrn.;

I,LeÍþ!-egy!af.su.g sp.: 0.06 r¡un.

Ffgures 23 - 25 show the percent of second, third and fourth instar

larvae and pupae of each species Èaken in 1967 on July 21, August 15,

September 20, and OcEober 28r and in 1968 on AprfL 26, l(ay 22, and June

17 " The fÍgures indicate t,hat the Ëhree species overwíntered mainly as

third ínsÈar larvae and that, Èhe overninterlng populat.fons were present

by September 20. The chlronomÍds spent part of the winter in the frozen

boÈtom sedíments, as a sample chopped from the botËom on April 2n 1968,

ylelded the three species.

C.LedqtawJa¡qu-s sp" (f'íg" 23)

This v¡as the flrsE of the Ëhree species to moult. in the spring" In

A.príl , 42/. of Cladot.anitarsus spô was present. as fourth insEars, whlle

Ehe other t.\,ro species had not yet moulEed. No CLa{lgltanyÈarsus sp. trarvae

were taken in Mayr ând only two fourth inst,ars were Èaken ín June: none

could be found thereafter, However, Lhe presence of mainly fourth ÍnsËars

and some pupae ín July and AugusE, L967, indÍcates ÈhaÈ emergence and egg-

laying probably occur duríng most of the sunrner.

Harniscl!þ sp. (FÍg. 24)

Uarnisghfa sp, rrJâs Ëhe second to moult ln the sprfng; most of the

overwinteríng thfrd instars developed Ínto fourths and a few pupated by

míd-May, TwenÈy of. 44 larvae f,rom t,hís sample pupated in the laboratory

frorn May 26 to June 1" The June 17 sample, and an extra sample on June 26,

yfelded mafnly fourth instars and pupae, wit,h some fourths pupating in the

collectÍon vessels. As the July and August 1967 samples also cont,ained
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mainly fourth instar larvae and some

emerges and oviposits during most of

The pupal life of 67 Harnlschia

Ëlmes throughout, Ehe year and reared

was 1.7 t 0.6 days.

Folvpedilum símulans (Flg. 25)

&røL

pupae, Harni€c,hfa sp. probably

the surnmer.

sp, larvae capt,ured at varlous

ln the laboratory aÈ room temperaÈure

The overwinËerÍng populatfon of E" sirnulanq was Ehe last to moult, in

the spring' only 17% of the May sarnple was fourth fnstars, compared Eo 9V/"

on June 17. Repeated sampLing on June 26, ylelded 7 P. simlrlans larvae.

Similarly' in 1967, 87 larvae were Eaken fn two net,tfngs on June 220 com-

pared to ó in 5 neLtíngs on Jutry 5" This indlcates a fairly synchronized

emergence of, the overwlnteríng populaÈion during the last Èwo weeks of June.

Mainly fourth fnstars wit,h some pupae vrere present ín July, L967, whÍle

mainly Ehird instars with some fourths and pupae vrere present ín August,

1,967 " ThÍs indÍcates thaË emergence and ovfpositfon of F. simulans durlng

Èhe surnrner Ís limited to a period of about. one month from Ëhe end of July

Èo Èhe end of AugusE.

MERMITHID LTFE CYCE.ES

Fígures 26 - ZB show Ë,he percent of parasiEized chironomid larvae of

each species in the monthly samples. The larvae Þrere dfvÍded into two

groups: (i) those wlth early stages of parasÍtes (parasÍtes Èhat have

not, Íncreased in length afEer penetratfng; and (íi) Èhose vrlth late

stages (parasites that have increased in length afLer penetratitg). The

early stages of Ehe parasftes could not, be identffied as to their specles.
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Hydromermi s_ vaJliab i I i s

!. va{iabilÍs emerges prÍmarily from the adults of P" slglllagq and

Harqisgbile sp" as ë" var:Laþílis probably overwlnters as an egg which

haËches in the spring, figures 26 - 28 shov¡ a large increase in parasit-

fsm by early parasítes in the April sample. These nematodes were long,

thÍn and active (typÍcal of the free-1ívÍng infective juvenfle), indícar-

ing that ínfectfon occurred close to April 2ó, 1968" They thíckened

wíthout increasing in lengEh and assumed the typical síckle-shape of the

early stage of mermíthid parasfÈism. Thfs r¿as ehe sLage present on May

22 ir å, sfmuLans and in some He¡:_¡l:Lsqh;þ sp.

-{" varrabil_fq was ready to emerge on June 17, It was dissect,ed

from F. sirylenE larvae and pupae during Ehe last two r+eeks of June and

emerged fro* Iggi.ggþþ sp" pupae and adults from June 18 - 27, with the

peak from June 23 - 26. Bmergence from the adult hosËs occurred

1.3 + 0.9 days (n * 32) after the hosË emerged from Èhe pupat stage.

Elght of 173 (4.6%) HarnischÍa sp".pupae and fourrh insr,ars and 0 of 7 E.

simuLans taken Ín an extra sample on June 26 were parasÍtÍzed" They yÍeld-

ed g. yê¡:fabilís. from June 30 to July 3. In 1967, Ëhís specles emerged

from P' simulaps pupae and adults from June 23 to July 6, wit,h the peak

from June 27 Eo July 4, rt emerged from Ha[nischia sp. pupae and adults

from June 29 Eo July 17, with Ehe peak from June 29 to July 12,

The moult of. 26 H" varí.ab_ÍlÍs started 3.7 + 0"6 days after emergence

from _{aq$Lsghþ sp.. These nematodes probably mate and ovlposÍt duríng

the suruner, as the three free-J.Íving females found in 1.967 (one on July

21, trvo on August 15) were gravid" The parasf.te probably overwÍnters as

as egg,
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Gas troner:nls del tensi s

G, deltensfs emerges malnly from ttre larvae of Harnischfa sp"" The

worm overttinters as en early paraslte wfth about 25%of. the overwfnter{ng

Harnlschl.a sp. larvae f.nfected" 1l¿o or tånee percent of the overwlnter-

lng g, simulans larvae also harboured parasltes that.were sfnllar in size

to those in Earnlschia sp, These were probably G" deLtensfs, Thirty-

tåree tlarnlschla sp" specímens with these sickle-shaped parasítes were

cultured fron the Aprll 26, 1968 sanpl.e¡ only 4 yfelded G, deltensis be-

tçteen May I and !,lay 14, The hosts ltere all thfrd fnstars,

On lf,ay 22u Harnfschlê sp' f,ourth lnstan larvae contaf.ned G, deltensis"

these worms eurerged ln the laboratory from þday 26 to May 29 and moulted

2'2 ! 0'8 days (¡ * 25) after emergencen Some hosts con.tained both late

stages of g" delÈensfs and sf.ckle-shaped stages of worms drat were probably

[o varfabf Lfs tvhich dfed wf th the host when G" deltensl.s emerged,

G' delte4s:ls lnfects new Larvaen gro$ûs, and emerges durfng the entfne

sumnero the sfckle-shaped stages in P" sfmulans and Harnfschla sp, on

June 17 probably were G' deltenslsi tçro 4arnfsch{a sp, larvae from this

sample yfelded tr¡o G, deltensis on June 21; four larvae had the sickLe-

shaped parasltes together wlth the large !" variabllls" The hosts and the

small parasftes dfed when the larger parasites emergedo G, deltensfs

emerged from Harnischfa sp" Lanvae coltected f'rom July 17 ¡s August 30,

1967" Frorn July 26 tß August 280 sickLe-shaped parasltes were aLso pre-

sent 1n Ee_En1-sc_hlg, sp, Late etâges of g, deltensls and earLy stages of

parasltes s¡ere also observed fn an extra sample of llarnischia sp" larvae

taken on August Ll, 1968,

During July and Augustu 1967 e no Po simulans larvae were lnfectedn
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llowevern on August 1[, 1968, four of 152 (2"6%) pn gfnulans larvae

trere parasftlzed and yieLded 4 G, deltensfs females, Three of the para-

sites rfere preserved 4 days, 9 days¡ and nearly 3 nonths respectfvely

after emergence, but none had @ult€d" The fourth starÈed to ¡mult 3

ebnths and 9 days afÈer energence, but died the next day without conpLet-

Íng the ¡rcult,

An atternpt $tas made to lnfectt,Ilarnf*hia sp" artificlall.y with fnfec-
tive G' deltents Juvenlles, There seemed Èo be no orlenÈatfon to a hostg

Juveniles placed ln a depresslon slfde together wfÈh a larva s$ram past

both a non-noving and a mvlng Larvao Upon touching the l-arvao a Juvenile
would halt for a shorÈ moment wlth its-anterfor end aga{nsÈ the chlronomld0s

euÈfcle, and then swim âwâ)e l{o pnol.onged attaehment or peneÈratfon was

observed n

Ïn a second aÈtempte LnfeeÈfve juveniles and acÈ1ve embryonated eggs

were placed ln a vfatr v¡f th 2 thind and 8 early fourth insÈar llarnisch{a sp"

Larvaeo I{tÈhin two dayso all the 1arvae were Lnfectedo the nr¡¡nber of para_

sf.tcs varfed f,rorn L Èo Ll per hosÈ, The Juvenf!.es s¡ere observed to enÊer

the tarvae through;Êhe cuticleu wlÈh penetratl.or¡ occurrfng ec any abdoninal

segmento the period of infectfvfty seemed to be Limlted, as 4 !" simulans

and 4 Harnischia sp" Larvae added to the same vial 6 days after the start
of the experiment were noÈ infected, Of Èhe infeeted Larvaeo 5 dfed on

Èhe third day afÈer lnfeetiono 2 died on the fifth dayn and 3 were kll!.ed

and preserved on the sevenÈh day,

The frequency of Go delÊensis fn 219 Harnischia sp, larvae taken fn

one Ekman haul on May 2zo 1968 vrae as follows: numben per host 0, f,re-

quency 1559 ln609 2u3g 3u1." This df strf butlon fl ts a Pof sso¡r distrf bu.tl.on



aÊ Èhe 5% level of sfgniflcance (X' = 4.75gX20,95 =

that Q" deltensis 1s unlformly df strf buted wl th each

susceptlble to attack,

Hydromermls oalustris

58

5-99 )n indfcating

larva equally

H, palustris parasf Èfzes mafnly Cl.adotanytarsgq sp," About 251, of.

the ove¡p¡lnterfng Cladqtanytårsus sp, larvae were Lnfected by slct<le-

shaped stages by mfd-september" on october 28u L961, the panasites were

about half the length of a ¡nature adulÈ" They overwfnter fn thls advanced

state, A survey sanple on Aprll 2, 1968, yietded 43 (92%) larvae parasit-

{.zed by advanced parasfÈes, the maJorlty of these larvae dled by Aprf.l L41"

all wene dead by April 27" No parasÍEes emerged from these larvae" The

Èhfrd and fourÈh ínstar larvae taker¡ on April 26 v¡ere parasltized restly
by wozms that were ready to emergen Of 20 such larvae cultured in the

laboratory, I had thelr parasf res emerge from lfay 3 to !{ay B; 12 dfed

¡rf Èhout havfng thelr parasi tes emergeû

The stages of paras{te present in May and June are unknownu }Ioweveru

starting on July 26u Lg67s sampl.es shocred both early add late stages of

parasitism¡ and larvae ylelded !, pe!g€!E!S. fron JuLy 26 to Augusr 28,

Thfs suggesÈs that I1, palustrls infeeÈs ne!ü Larvaeo grosrse and emerges

durfng most of, the sumaer"

The sample o€ Aprfl 2, 1968, showed a frequency of lln palustrfs rn

134 Cladotanvtarsus sp" larvae from 3 Ekman hauLs as followss number per

host 0, frequency 91; lr23g 2u8g 3r7ç 4u4â SuOç 611, Thls dfstributfon

shot¡s a slgnlficant depanture at the 57. leveL (X2 = 46,9I, X'0,95 = lt,[)
fron a Polsson distributlon and suggests that Èhe dlstributfon of the
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parasfte fs uncttene and that once a larva is attackedo ft is suscepÈfble

to a secor¡d attack"

An attemPÈ lPas made to fnfect Cladotanvtarsus spo larvae artifiefali.y
wl.th lI, palustrie aetlve embryonated eggs, lthen the eggs vrere presenÈed

in a tangle of organíe debris to two Larvae, the larvae ete from the

debrfs' they could not ingest the eggsr,which were too large to pass

through the nlouthn No fnfectfon oeeurredu

Sr¡marv

Tab&e VII su¡rmarlzes the lf fe hf stony'of the three mermithids,

¡TOST SPECIFICITY

The f'ol'lowing facts favoun an hypoÈhesís thaÈ Èhe three memithlds

are ecologfealLy speelffe (both hosts and parasftes must be pnesent rohen

the panasf tes are seeking hoste) to thefr host,se (f ) when the over-

winterfng eggs of H' varlabills hatched, parasitfsm of Èhe three chfronomld

spec{.es fncreasedg (ir) 2 - 3% of the overwinterlng !, slmulans Larvae

(mal'n host 6or H' varfabilis lshfch ove¡*rfnÈetrs as an egg) were infectedu

and four G' deltensls females ønerged from Po sfmulans coltrected in
August, 1968¡ (r¡.r) an lln oalustrls fenale emerged from a po simulans

or Harnischf a sp" larva, muLtedu and vvas gravid suhen she w,as p¡reserved¡

and (f'v) H' variabiLts consistentLy æenged from p, s{mulans and

llarnischla spoo How€veru these faets do not exclude an hypothesis'that

the paraslÈes may also be physfologlcally adapted to cerÈair¡ hostso Hence,

though cladotanvtaråus sp, lras neerry infected in the spningo it never

y{elded H' variabfli€o the only parasite that lnfects new Larvae in the

early sprfng, Also¡ only one of the four G, delÈensis females that
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TABLE VTI

SI,MMARY OF lHE MERMIÎHTDS î LIFE TTISÎORY

SPECIES STAGE

P" simulans

PARASITE
OVERI{IMTERS

AS:

larvae

adu I ts
adul ts

early parasf te

egg ?

PARASITE FIRST
EMERGES a

late May

late June

early May

TTOSÎ FIRST PARASITE
MOULÎS TO INFECÎS
4th I!{STAR NEW TIOSTS

mld-May June - Sept"

early June
rni ã-ir"y - APrf L

LaÈe Apnf1 late Spring
to

SepËmber

S{J}TMER

EMERGENCE

OF TIOST

several
months

I I month
several
months

several
months
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emerged from P, simulans started to moult (nore Chan thnee nonths after
emergence, compared to the usual 2"2 !0.8 days)¡ she died before com-

pletfng the moul 8.

SEX OF THE }IERMITHIDS

Multtple parasf tism was colrrnon in lI" varf abf lis and H, palustrf so

but was uncomrrctn in G, detÈensts, Tables VIII to XI present data on the

reLatfonsh{p betneen the nunber of parasl tes per host and the sex of Èhe

parasi tes,

ÎABLE VIIT

SEX OF H. vCriabl.lls PARASITIZING P" simulans

-
PARASITES PER HOST CASES OBSERVED FEMALES þIALES

47
24

7

5
2

2

I
2

3
4
5

6

2eI r81
2¿ 46
0¿l
0L2
010
012

)1, X' = ¿.56 foz' I male s I fenaLe
2u Never nore thar¡ n femaLe pen hosÈ
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TABLE IX

SEX OF G, deltensls PARASIÎIZING Harnischia sp,

PARASITES PER HOST CASES OBSERVED FE}IALES MALES

I
¿

3

L62
5

L

er\ 7or
2-8
03

2lu I =2,98 forlmale: lferoale
2o Never more Èhan I fenatre per host

TABLE X

SEX OF H, paLustris PARASITIZING Cladota.nvtarsus sp"

PARASTTES PER HOST CASES OBSERVED FE}IALES MATES

I
2

3
¿+

15 Bl 7l
9018
6018
104

Io X2 = 0"07 for I male : ^1 fernale
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TABLE XI

SEX OF H. variabills PARASITIZING llarnischia sp"

PARASIÎES PER I{OST CASES OBSERVED FEMALES MALES IMMATT'RE

tln 9" l0 for 1 male ¡ 1 fenale
2, F{ever rmæe than I fwale oer hosÈ

TabLes VIII - XI shov¡ thaÈ rnone fenrales than nrales are produeed

when there is one parasitc per host" This díf'ference fs slgnlficant

only ln Table xl, where the hypoÈhesis that the raÈlo of males Êo fe-

males {s one aÈ an infeetlon of one parasíte per host ls reJected
t(tr-0,95 * 3,84) aÈ the 57. Level, Thls hypothesis cannot be reJected

aÈ Ehe 57" level- for Tables VIII, trXu and X' At infectíons oE 2 pavasiÈes

Per hosË, the frequency of males lncreases; 3 parasltes pen host or ¡nore

always result in males"

Imature unldentiff ed parasltes were found together wlth al.most roature

forrnsofH'variaÞi1fsln@sp'1h{soccr¡nredin5cases;4from

larvae collecÈed on June X.7 o L968., one fron Larr¡ae coll.ected June 26u 1968,

These ír,r¡ature &¡olras stere early sickLe-shaped stageg and seere probabl.y parÈ

of the suntrtrer f nfection of Gn del.tensf so

Observations or dLssectfons of aLl Ehe hosts in Tables VIII - XI

failed to indieaÈe that the results ean be aÈtrlbuted to the differentlal
rnontall Èy of female Juveni les under condf tlons of crowdíng,

I
2

J

4
5
6

lr47, 22' 0
3- 10 3
072
040
000
0120

69
8

I

0
2
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PATHOTÆGY OF TI{E INFECÎIONS

The pereeneages of parasitlsn are lndicatlons of rnortalley tn the

ehironomids, as most hosÈs dfed a few hours after the parasites emerged"

I{owevero 1t was eomon for Harnischia sp, Larvae Èo Live several days

after Go deltensis øuerged (3 llved until 12 days after Èhe parasftess

em@rgence) though none ever pupatedo ALsou Eç¡o adulÈ llarni schia- sp,

lived unLil 3 days afÈer lI, variabÍIis emerged"

The nematodes æerged fron larvae by pushfng against the anterior

proleg unÈi1 they broke through (5 eases observed)o The hosE avofded

losf ng an @rceess of haemolynnph by rctracti.ng ôhe pnol.eg" the mernlthíds

emerged f-ron pupa and adult hosÊs through abdonl.nal lratersegmental. ¡'oem-

bnanes or by breaklng op@n Èhe adulÈss abdomen,

The faÈ bodles of the hoses svlth ad\¡anced parasltes were depleted,

so thaÈ the parasi.tes eor¡ld easf Ly be seer¡ through the transparenÈ cutl-

cl.en Âlthough no ¡nelanization end encapsr¡laÈion of neraatodes was ob-

served, a fcw P" -qlmqlgnS- and Harnischla sp, wlth early parasltes had

haerrclymph fílled rrf Èh tiny black partleles" None of these hostc st¡r-

vived rcre than a few days¡ no hosÈ with a large parasite and situf Lar

Lnky haernolymph was ever observed"

The most sÈriklng pathologieal. effect was the fomaÈion of gonopod

and sternf Êe fnËersexes lwlltkero 1960) in adult -tlar.n!-schia spoo Of 42

adults paraslÈfzed by l{" varlabiLis.u 24 were sternite intersexes and 18

\{ere gonopod Èypes, One oÈher speclmen Ìùas a nonnal nale wf8h mo lnter-

seNual eharaeÈerlstfcs" A Chf-square on Èhe hypoÈhesfs Ëha8 the raÈfo of,

Èhe two Êyp@s of lrrÈersexes is onee yietrds 1, 
2 = 0,8ó; the hypothesfs cên-
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not be reJected at the 5% level of significance (tr 2O,qS = 3o84)"

The gonopod intersexes had nale genfËalfa fn a femal.e body, Seven-

Èeen had no¡mal genltalfag on€ had atyplcal genitalia, with no anal poínt,

All had typical short-haired female fore-tarsl rather than the Long-halred

male type" t6st had typieal female antennae, but three (16"77") had lnter-

sexual types (FÍ9, 30 b, c)" All. shosted rnodi.fication of the eighth abdon-

ínal sternite (Ffg. 29)"

The sternlte lntersexes !üere Èypical females exÈernal.lyu except for

absence of egg gufdes, a fuslon of the nlnth apodenre {n most, and modiff-

eation of the eighth abdomlnal sternigs (Fig, 29r" One specfmer'¡ had f nÈer-

sexual anÈennae of the type srl8h fusfon of ehe tlro distal. segÍnenËs (Flg, 30

b)' one oÈher lê¡n:LeEhrlq sp" sternlte lntersex nas host for 9, d_glleng¿_q"

No eonrelaËfon appeared to exLse beBüeen Èhe degree of modlfÍeatlo¡a of

ehe efghth sternlÈes and Èhe numben or sex of Èhe parasftes"
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FIg" 29 Genf talia and eighth abdornlnaL

sternites of nonnal and parasitfzed

flarnlschia sp, adults (venÈral c¡iew),
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Flg, 30 AnËennae of Hêsnf_gçhÍê sp,

Fig" 30 a Normal feualeo

Fig" 3O b Parasitized male and femaleo

Fíg, 30 c ParaslÈfzed maLe,

Fig, 30 d Normal nale,
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DISCUSSION

SAÞIPLING ERROR

The diameÈers of head capsulee of dipteran larvae determir¡e whether

all Èhe larvae are reÈained by a sleve or not; only a fraction of Èhe

true populaÈion is eaptured if the head eapsules can pass through the

meshes (J6nasson, 1955), All instars of the three chfronomdd speefes

courd pass through the Nítex monofilamenÊ (aperture 0"405 m!,)u All fn-
staEs except founthso most Pn gfeglggg Èhirds and some Harnisehia spo

thinds eould pass through the copper screer¡s (smallest aperture 0,177 rm,)"
the aeÈuaL numbers of each lnstar present per unÍt, area eould not be

determined because of ehe error fnÈroduced during separatlono DaÈa were

preser¡Èed therefore as pereentag@s of each stage presentó As the same

separatlon error was carrfed throughout the sampLÍurg perfodu the pereent-

ages of each stage cari be compared on a nonth-to-month basfs; the ehanges

Ír¡ these percentages are theæefore reasonably valfd fndlcatlons of chänges

in populaËfon stnueÈuren

TAXONOÞIY

OnLy Ï,Ielch and Rubzov (1965) and Rubzov (1967) deser{bed morpho!,ogieal

varlation wlthin me¡mlÈhid species, WeLeh and Rubzo\, (g," ef t,) recognlzed

sfa varf.eÈfes of G, boophthorae dtffering fn the norphology of the post-

parasfÈÍe free'lÍvfng JuveniLe stages, Adults could r¡ot be separated or¡

the basis of known taxonomic chanaeters, The infraspecif,lc categorfes

ltere aecepted as ttvarf.etftsstt (the authotrs noted that the terra Ís seldom
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used in Nenatology ared is unproteeÈed nonenelatorfally) because they

etere 9y¡npatrie ar¡d eor¡Ld not be consÍdered subspeeles, and beeause a8

least five of the six varíeties were found in Èhe same rlver and hosÈ

spec{es and therefore could r¡oÈ be eo¡lsidered loeal eco!.ogical races"

!ühen &hey dfd oceur ín oÈher hostsu they stfLl retai.ned thei¿.disÈine8

eharaeters" Rubzov (L967) deserfbed Èç¡o varfeÈfes of e, vLresc@nso

llvdrome¡:¡ris varf ab{lf s eonsf sÈenÊIy oecurred as Êsso diffcrent foms

ln g¡æ dff,fererut host,s fn the sane !.ocatfon" The hypo8hes{s fs presented

ÈhaÈ the two fomrs are hosÈ-fndueed varlants of the 6ame populaÈlonn and

hence one speeLesn the sfmf.Larlty of the tlf,e eycles of Èhe træ forrns

and Èhe varfaÊion sf ehe same Èaxonomle ehanaeÈers in S, deX.tensls from

Èhe ¡¡neomon host P" sfmul.ans stlpporÊ the hypothesis, Çrose-fnf.@etlons

tpot'¡Ld be neeessary Èo prove Èha8 Èhe di.fferenees ean be attrfbuted to Ehe

dtfferent hosts,

M@.PHOI,OCTCA T, VAR TATTON

ABpendix I dlseueees Êhe use of raÈlos of cerÊaln morphometric ahar-

actenistles ln nemaÊode taxonomy and presents data from the presenÈ study

f'or the taxonomlc valldíty of Èhe ratio o'dfsÈanee of Èhc vulva from Èhe

anÊerl.on / toeal Length."

The tit@rature on host-fndueed morphotoglcal vari.aÈfon ln nemaEodes

ls eonffned 8o a few references to ptrant parasltfe forms, Bfrd and Maf

(fg6z) gave eyplcal resuLts, showfng thae hoet specf es {.nf l"uenced rmr-

phorneÈnle and aLl.ometrie eharae terl stfes in rgÅçhgdesg.å ehrf sËf el,
Flve of the efx varLetfes of e, boophthorae desenlbed by weleh and

Rubzov (fq6S) occurred ln Èhe same host, but retained thelr dfsÈinet
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charaeÈers r¡hen Èhey oeeurred in other hostso Rubzov (Dal) fndieated

Èhas hfs tno varieties of G, vireseens occurred in the same hosto The

presenÈ report is the first reeord of rnorphol.ogfeal variatlon in a

me¡rmi thid fron two diff erent hosÈs,

The anÈennal lengths of Leaanir¡m corní Boueh6, a scaLe lnsecÈ, grown

on apricot or Chrfstmasberryu fell into two slightly ovenlapping normaL

dlstríbuÈions 1f plaeed fn separate frequency dlstributions based.on the

hostn and inÈo a bimodal dfstribuÈíon if the lengths Eere eombined into
one frequency dtstrfbuÈion (Ebelingu Lg38), The lengths of the JuvenÍle
tall appendages of Hu varfabitls harre a slmiLar dlstribution, Ebel.ing

(g,' gl3.) shocted thaÈ thÍs $tas a host-deÊe¡:mfned vaniatfong Eranefes, of
aduLt L' cornl €nom aprfcot to Chnistnasberry pnovided offsprfng of che

LaÈter typeo

Identifieation of, lrrmature nerml thfds has been hlndered by a lack

of definlte rnorphological charaeters (I{elcho Lg6Z)" Welch (gg" ett,)
deseribed three new mermfthids fron bl.ack fLies and noted that the shape

of larval taíX' appendages 1s one eharacter of lmnaÈure mermf.thlds thae

may aid their identifícatfonn As the length of the tafl appendages of
both G' deltensis and H, yar.íabllle s¡as inf,lueneed by the hosto f ts value

as a taxonomfc charaeter may be linited to specimens obtafned frorn pre-

viousLy-reeorded hostsu

The posiÈfon of Èhe mouth is important in mermfthid Èaxonomyi ft
qtas Èhe only eharaeÈer known to separate Gastromemis from llydrornermf s

(Fo[ozhentsev and Az.tyukhovskil, f9599 Johnsono X.965), The degree of
vcntral dfsplaeementu together s¡íth other characterse was used to sep-

araÊe specíes in Ëhe genus GastromermLs (Fol.ozhentsev and Arryukhovskllu
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L959ç Johnson, 1965), As the positfon of the mouth varfed fn G,

4eltensis, H" variablliso and llo palustrfs, emphasis on mouth posftíon

may not be Justifled,

Variatlon lr¡ the spfcule shape of H, variabf!.lq and in the shape of
the terminus of H" palustris ls noteworthy, as boÈh are important ln
tdentlfylng nernÍthid species, The dffferences Ín spicule shape may be

abÈr{buted to host differeneesn Howsvs¡, the varlation fn the shape of
Êhe te¡minus of ÌI" palgstris occurred in worms which eaerged from the

type host speeieso The reasor'¡ for this variatfon is unknoç¡no

PENETRATTON OF INFECTIVE JWENILES

observatfons on the artlffcfar tnfeeÈfons of Hern!_gç¡lg sp" larvae

wfth G" deltensls Juvenfles are simflar to those neported prerriously"

The Loeating of the hosÈ d{d noÊ, seem to be a direcÈed behavlor¡e

(Johnson, 1955g W'tllkero tg6L), The eyomrs entered Èhe hoEt by peneÈrating

through the curÍcle (comas, L927g svabenfk, l92B; wlll.ker, 1961, 1965),

the infective Juveniles penetraeed a host larva of any stage (Svabenfku
tt

1928¡ !üul[cer, 196f)g Comas (L927, had reporred rhat penerrarion requfred

an early instar wf th a sof t cuÈ,iele (fmnedlately post-rnoult), The juven-

lles had a lfmtÈed perfod of infeetivíty (comas o L9z7"o svabenikn !.92g¡

Johnson, 1955; and wlllker, 196l), wTtter (1965) descs.fbed rhe paratysfs

of hosÈs by fnfectlve Juvenfleso probably by inJection of a substanee be-

fore penetraÈlng the eutlcle, This rnay apply Èo e" deltensisu whose Ju-

venf.les nere observed to Èouch a Larvau halÈ for a moment wlth their anÈe-

rior end agafnst the cutieleu and then sv¡im âÌrêYo
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NU¡ÍBER OF PARASIÎES PER IIOSÎ

Frequency diseributions of the nr:urben of mermÍthÍde per hosE were

given and analyzed by sugtyama (r956)n wetch (1960 a), and wljtter (1961)¡

departures frorn a chance di.sÈributÍor¡ v¡ere shown in alL cases (welcho

1963)' our nesul8s for H" palustr.is panasftfc in Cladotanvtarsus spo are

slmllaru These results suggest that the nenatode dfsÈrfbutforÌ was conta-

gious and stas not eonÈlnuous È,hroughout an area of host distrlbutfon
(trÛclcho 1963)" I{ence, e:Rposure or suscepËfbility Eo parasltísm ¡oas uneven

wiÈhin Êhe fnseeÈ, populatlon,

The frequency dl.sÈnfbuÈion of the number of Gu deltensl.s ln Harnfsehfa

sPn (n = 219) Ls the firsÈ to fíÈ a Foisson dLsÈrfbutlon" Thís suggesÈs

ÈtraÈ Q' delÈensfs was unifortnly distribuÈed fn the study area and ehat eeeh

_llg¡ni-getr_1ê sp" larva was equally suseeptible to atÈaclc,

S}NCHRONTZATIO}T OF LIFE CYCLES

As the infectlve Juvenlles have a limlted perfod of infecÈiviÈy, one

would expeet the lffe cycles of the parasfÈe and host to be elosely syn-

chror¡lzed" Sueh was the eaee for llvdromenais churchfllensis and its mos*

qufÈo hosÈAedes co¡ununls DeG,6 both had one gen€raÈfon per year and over-

wlnÈered as eggse the eoincfdence of Life cycles at the tine of ne¡natode

attaek on young mosquf&o !.arvae was crtÈical for parasiÈism Èo oecun

(Wel'ehu 1960 a), Gastromemis boophthorae had one generaÈlon per year

and probabl.y overwintered as an egg, but eras not restnlcted to a specíflc

bl.ackftry hostg the Juven{les were for¡nd €ro¡a the tfme of appearance of the

host larvae ln Þfay to Èheir dfsappearanee {n late Auguse (Weleh and Rubzovn

1965)" the li.fe eyeles of g, virf dis and rsomermf s wl_geo-gglnglsls were
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closely synehronized rdlth thaÈ of Slmulfum vltÈatun; ln overwdntering

larval populatfons of !" vittatume Q, rrirldis sras pr@sent¡ ln smallu

Ewporary or permanenÈ creeks harbouring $" vf ttatum parasitlzed by I,
reisconglneqgþu both parasf Èe and host ovem¡intered i¡¡ Èhe egg sÈage

(Anderson and BeFollartu L962)" the llfe cycles of !, conÊorta and

Chironomus plunostls o which ovenri-nters as a larva ared ds genenaLXy thought

to have one g,eneraÈion per year, Btcre synchrontzedu The parasíte had

&to generatfor¡s per yeare and lnfected ne¡p..hosts in Novæber and February,

llowevcr, fron mld-Þlay to mld-Novernber (the host emerged and oviposiEed

durlng September) it was free-living (Johnsono 1955)" The lif,e cyeles of

G" deltensisu ll" variabf lie and [I, p-q-l-uslElg were also synchronized ç¡f th

those of' thelr pr{neipal hosts (Table VII)"

HOSÎ SPECTFICITY

Mernnf,Èhid specifiefty to eenËafn hosts may be physiological (arislng

froro adaptation and {munologfcal processes) or eeo!.ogical (coneurrence

of ehe hosts and parasites at a tfme when the nemithfds are seeking hosÈs)

(!üelehu 1960 c)" Although wiltter (1961, 1963 a) and Karunakaran (1966) tn-

dlcated that some merm{thfds nay be restriceed to certafn chlronomfd hosÈs,

it was not clear lf Èhe specifi.ciÊy nas eeo!.ogfeal or physfol.oglcåld

Johnson (1955) observed Êhat !' eontorta occasfonatly infected Chironomus

ríparfug and Cryptochirgnonuå sÈvlif,era, but never maÈured fn these un-

usual trosts, In this study, four Go del.ter¡sf s femal.es emerged from P,

simulans larvae but didntt, noult, to naturlÈy,

Sone of Èhe evidence fn Ëhe present study favours an hypoÈhesis of

ecologlcal speclflcltyu whieh agrees wiÈh Ëhe scant evfdence fron nermf-
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thfd panasitlsm of other df.pterans" Rubzov (1964) stated that sone

mem{thids at least do not exhiblt strÍct host, specffictty¡ the dffferent

invasion patÈerns tn varfous host speeies during a partfcular season lrere

expLalned by the dffferent dates of appeara¡rce of thc various speeies of

mermiShids eoneernedn Weleh (1960 a) eited tt¡o Aedes species besides A"

comaunis as hosË records f,or llu ehurchillensls and noËed that three spe-

cies of Aedes larvae found in Èhe sarne pools as infee ted A, cor¡anunls

?tere noË Ínfected" Sinilarlyu slx varfeties of G" booDhthorae did not

nequlre speeific blackfly hosts, but B¡eEe never found ln Ewo blackfly

species whfch coexi.sted ln Large numbers wlth Èhe parasitized specfes

(Welch and Rubzov, 1965),

.SEX DETERMTI{ATION AND ET'OTJ'TTOI.I TN THg MERMTTTf,OTDEA

The apparent control of the sexual. dlf,ferentfa8ion of mermithfd ju-

veniles by the envfronment is a welL-doeumented phenomenono Thc sex

ratio seems to be a function of the number of parasites per host¡ lor¡

nr¡mbers resulÈ in the production of mafnly f,matreso while high numbers

nesure f n more males, The present seudy verf f,ies this phenomer.¡on, AL-

Èhough nore females than males were produeed when there was one para-

s18e per hosÈu the difference dfd noÈ depart signff,icantly from a lslra-

Èfo (except for $u varigbilte parasiÈic ln Harnisehia spn)u thls sug-

gests thaÈ the infeetive jr.rveniles of G" dg,!Êen-g!-qe S" r¡arlabilisu and

llo palustnfs have Èheir seå{ geneÈiealIy determined, buÈ the sex genes

can be fnflueneed by the er¡viror¡ment. when ¡nore than'one parasíÈe oceurs

ín a hostn

Envlronnental sex detemir¡ation f n Èhe Mermi thf dae may be of Ëwo
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Èypesa In the flrst Èyper }o¡v numbers of parasftes per hosÈ usually re-

sult 1n femateso ç¡hile hfghen nr¡mbers resulÈ in ¡naLnly nales wf th one or

ts¡o females usualLy present, thf s tsas documented for H, contorta

(Caull.ery and Comas u L928g Johnsonn I955)u F, contorÈa (= {, conrorta)

(ParenÈi , L965 b) an¿ Eseudomemis hagmef.erf (coururf eru 1963)" slgnf fi-

canÊly, Farenti (1965 a) showed that the sex of E" çe-B.!Ag.]!q Juveniles

couLd be influeneed aften they penetrated a host; {n the laboratory females

¡ohich peneerated fírst tended to lnfluenee Juveniles penetrating laÊer in

Èhe nale díreetÍon, and males trhlch peneÈrated ffrst Èended to influenee

laÈer penetrating juvenlles fn the female directlon" In Èhe second t)"peo

a hfgh nr.¡mber of panasitcs per host nesul.ts ín exelusfvely male parasiÈes,

as reporÈed for ÞfeE@!-q subn{gEgese¡e (Cobbu Steíneru and Ct¡rlstfe, L927",

Chrlstíe, L929)u llexamerrols sp, (CouÈuriere !.950), and the species in the

presenÈ study"

[,1 ÈÈle ls knovrn about sex deter¡afnaÈion ln the TeÈradonematldae, the

seaond famf ly of Èhe Memlthoidea" Hungerford (1919) noted that 2 to 20

specf.nens of Tetradonena plicasug Cobbo 1919 of both sexes wer€ found per

hos8' In a table of 11 hosÊs, he sho¡oed 2 to 7 parasites pen hostn 10 of

whlch had one fenale panaslte eachg one host had 2 females and 5 males,

He also observed that the newly-hatehed juveniles were of &so types fn

eerms of length and shape, Ferrfs and Ferrls (1966)u ln thE second re-

eord of T" plícans, noted that I to L2 worms per host occurredn and that

alL JuveniLes v¡ere of one typeu CorethEellonema grandfspieulosum Nfckleu

1969 and Aproetonema chapmanf Ni.ckle, [969 penetrated lnto their hoets as

fnfeetlve juveniles¡ usually one femaLe and 2 or 3 nale C" grandlepieulosum

were found 1n one hosto though one dissecÈion yfelded 13 males and no fe-
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nales¡ one to Èhree female and one to three male !o ehapmani wene usually

f,ound per host (Niekle, 1969)"

ldosÈ tetradonematlds are fertflfzed before leavf.ng the host; parÊhee-

nogenesis has noE been necordedu It seems ualllcel.y that.most hosts shouLd

eontain at l@ast one f,emale and usually Eeveral males if the sex of, the

Juveniles ls fixed genetieally, rt is more likely ehare as in the

Mermfthldae, the sex of Èhe Juvenlles can be alËered depending on eondl-

tions oecurrÍng after penetraÈLon fnto a hosto Possiblyu the flrst one or

Ètto JuveniLes to enÈer a host usualLy develop as fmalesu whf le Èhe sex of

ÈhoEe penetratireg aften is in€lueneed 1n Èhe male dlneetion" Thfs would

insure thaÈ both femaLes and males occurned in hosÈs harbouring severaL

parasiSesu a eondition neeessary fon ferÈilization of the fernale,

Camenon (1956) sÈated that the Merml thofdea can be arranged in a se-

quence aeeordlng Èo the detaíle of indfviduaLsq blology" Ffrst i¡r ehe se-

quenee are the Tetrador¡ematidaeo whose adr¡Lts usual. ly are found v¿ithln the

hosto TeÈradonema plfcans may oviposiÈ fn the hosS (Hungerf,ord, lglg),

though the gravid femaLe usually Leaves the host before ovipositing (Ferrfs

and Ferrls, tr966)' !,losÈ other ÈetradonernaÊlds also Leave the host before

ovfposfÈíng (Kellin and Robinsono 1.933; Ntckle, [969) Èhough Rubzov (1966)

descr!.bed some tetradonematfds whose adults vrere rÌot present 1n thelr hostsn

The me¡mf thid ë" cor¡Ëorta ls next ir¡ Èhe sequeneee It noults ín the host

but emerges before fertflization oeeurs (Xohno f905), Flnallyn the maJor-

fEy of mermiÈhids eonplete thefr final moult after emerging and contínue

ttrefr llfe cyele as free-living scageso

Thfa apparent sequence ln life cyele types, together ç¡ith the data on

sex deÈe¡minatlon, tempts speeulaÈ1on on the evotuÈion of sex determfnaËion
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wf thln thc Me¡:n¡lthoÍdea, the ancestor of the group may have been a fom

wf.th a deffnf tlve host (tohere the sexual l.ife of the parasite oceurs) as

ls the ease for the maJority of parasitie nematodes" As Èhe hos8 maes

was probably not rnueh larger than the parasiÈe mass (the usual eondftion

for memfthfd parasltes), a mechan{sm for lnsurlng that the few panasfËes

ÈhaÈ eould be harboured were of opposfte sexes may have evotved, Thls

meehanfsm could have been based on the abtllÈy of the f{rst one or tr¡o

Juvenlles to enter the host to deveLop as females, and othens penetrating

after to develop as maleso Such a mechanlsm Eay have depended on nutrl-

Èive límltatíom (a favoured tlypothesis to explain environmentaL sex deÈer-

mf.natlon {.n Êhe Mernlthidae) as male members of Êhe Mermf Èhoidea are smal-

Ler than females,

The proposed aneesÈor may have given rise to ehe 3, plfcans type of

parasi.te which mates and sometimes lays lts eggs ln Èhe hostu but, usuaLly

Leaves before oviposfÈion" 16st of the present-day tetradonemaÈids prob-

ably evotrved f,rorn ehe !, ol.íeans typ@, They seem to shoe¡ the type of sex

dete¡:mf.nfng mechanlsn proposed for theLr ancesÊorso

TetradonmaSids si.n{traz' to the present-day Èypes may have been the

ancestors for &ro lines of f,urÈher evolutfon, The fírst line contafns

forms of Êhe type deserlbed by Rubzov (1966)u whfeh aa@ not found âs â-

dults fn Ehe hosto The second lfne Bave nfse to the mern{Èhfdsu of s*hfeh

[I, çontoreaþ life hlstory fs simllar Èo the baeie t]p@s as {t moults be-

fore emerging from it,s hos8u Sex detemlnaeion in H" cor¡torea is also

s{nll.ar to Êhe proposed aneestraL Èype, These lines may have evolved dur-

lng tlmes of low parasi8e density compared to that of Èhe hosto Durf.ng

Èhese tlmesu many hosts wçuld conÈain one parasiteu and the neeesslÈy of
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leavlng the host Èo find a maÈe becomes inperative.

The maJority of memf thtde noult af ter leavlng thef n host. These

foms probably evolved through adapÈation fnom formE having the E"

eontor8a ÈTpe of Lffe hf.story' Sex determinaÈior¡ ln Ëhese foms ís sim-

i.lar to thaÈ of Ho eontorta, as in Fseudomemfs hagmeierf , or is a modff,i-

caÈ1on of thls Êype" as Ln M" sqbnfgreseensn

Cameronts (1956) sequence of the bioLogy of the Merm{tholdea fwrplles

thaÊ the group0s ancestor stas a fom wfth a deffni.Èive hos8, The majorfÈy

of nema8odes wlth definttfve hosts parasftíze vertebra8esg the rnass of the

parasltes conpared to ÈtraÈ of the hosts ls small.' llowEvsÍ', the mass of

members of the MerrnfÈhoidea is slmllar Èo ÈhaÈ of Êhef'r inventebraÈe hosÊsg

this sLmf.lartty inereases the probablllty of the mature paraslÈe kfll.fng

Êhe hosÈ' IÈ Êherefore se@s improbable that Èhe Hemrlehofdea evoX.ved €ron

for:ms whteh renained in the hosÊ Èo maÈure, maÈeu and oviposLt,

Caneronus (1956) sequence nay also be criÈicized beeause i8 doesn0È

explafn how the parasftfc ¡node of llfe evolvedo Current hypotheses favour

Ëhe evoLuElon of parasl tfe nqaatodes from terresÈrial fnee- 1ivÍng groups

(Osehe, 19639 Inglís, 1965), Osehe (æ, gIS") staÊed that sonoe free-ïi'víng

RhabditÍda 'lf ve on saprobiotie substraÈes (eg' earrione feces), As Èhe

env{ronmenÈs are temporary and far apart, the neeessf ty for EransporÈ to

ne¡E substrates frequenÈlj E@cuESo When Èhe substrate is exhausted, many

rhabdltfds fo¡:m a resistar¡È chfrd larval sÈage ("dauerlarva") whleh con-

Èacts oÈtler anfnal-s (malwtry fnsects) ar¡d fs carried Êo a r¡esv sr¡bsÈtraÈe,

Osche (1963) listed for.rr steps lr¡ llfe hfstorfes whfch lead frosr thl.s eon-

ËacÊ Èo parasftism and gave exarüples of rhabdl8ld speeles at each s8eps

(l) only eertain insecÈ speefes are used as carrfersi (if) the dauer-
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Larva penetrates fnÈo the inseeÈ and is protecÈed fnom desiccatlon buÈ

Èakes no nourishment from the transport hosÈ¡ (iii) the dauerlarva

penetrates lr¡to Èhe hostn aequfres nourishmenÊo and develops to the fourÈh

s8age before iÈ leaves and compleÈes development externally; and (tv)

Èhe larva groüts ar¡d matures r¡ithÍn the hosÈo

The Memlthoidea are thought to be related Eo the Dorylaimata

(Stelner, LgI7, L929g FilipJev, L934 a9 Fllipjev and Schuurmans Stekhovenu

f94f) whÍch are prineipally free-lÍving in sofl and fresh watero If we

assuroe a free-living Dgrtylaim-type ancesÈor for Èhe Mermfthoideau and the

vanlous stages of assoeiatlon proposed for rhabdiÈfds (Osche, tr963), the

mosÈ prfmlÈLve MermlÈhoÍdea are those ËhaÈ are parasftie as JuveniLes ar¡d

free-li.vf.ng as adulSs, Hence, evoluÈi.on çriÈhln the MermlÈhofdea vrouLd

produce a sequ@nce ín Bhelr bíology whfct¡ fs Èhe exace reverse of Èhat

glven by Cameron (1956),

The cnf tieal factor for the evotu8ion of the memfthol.d Èype of sex

dete¡rmfr¡aÈfon ín thf s scheme may. have been the simf Lar{ty ln Èhe masses

of the parasiÈes and hosÈs" As Èhe hosts eould harbour few parasLtesu a

large increase ln Èhe nt¡rnber of næatodes v¡ould result Ín the destructio¡¡

of the hosÈ populationn and henee of the parasites" Perhapes a seleetion

pressure for a rnechanism to eonÈrol parasite numbers resulted in delayed

sex determinatlon" If' an excess of parasiÈee resulted ín mainly males"

Èhe parasite bfomass would decrease fn the nexE generatlono A productlon

of an excess of nales nay rely upon Ëhe fol.lowtng"

the early parasíti.c stages of n@rmlÈhlds are simi.lar Ln síze to in-

feetLve Juveniles" For a tine af8er penetraÈíon, these eanly stages grow

lf ttle, probably beeause Èhey must, ffrsÈ physfo!,ogleall.y adapÈ feom a free-
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tlvfng to a parasítia exlstence" Alsou lÈ is probable Èhat the parasfteso

gnow8h 1s synchronfzed ¡EtÊh Ëhat of. Èhe hogtu Thuso these early small

stages probably start gnonøing at about the same Èlmeo As growth is rapíd

durlng the later stages of developmenÈ (Welehu 1965)u the parasf&es may

compete fon nutritional substanees" If sex fs determ{.ned durfng thís per-

f.od of rapld growthu and if developner¡Ë of'fematres depends on a speeiflc

amounÈ of a eerÈain eubstaneee an cxeess of panasites muld result in fewu

lf anyo femal.es, Sueh a coapeÊlÈC.on for lfmi.ted food çøould also resulÈ fn

a selecÈf.on pressure for emaLler f ndlvÍ.dt¡als fn eondf tfons of erowdfngu

and nay aceount, f,or Èhe smaller size of maLe mermfthfds compared to fema!.es,

O¡rce ehe memf thld eex de8em{.nat{on mechanf sm evo&ved, a modf ffeaefon

may have oeeurred wheneby at Lease one of Èhe parasites ln eaah host Bpas a

fæaLe (eg' S, contorta)o In aondlÈions of erowdfng, eontlr¡uaÈlon of the

speeies is assured, buÈ produeÈf.on of new Juvenlles ls Lfmfted Èo those

pnodueed by Èhe one or &ao fmatres in eaeh hos8o Thls elÊ,uatlon atrl.oç¿s the

ffnal, adaptaÈion ín the Mermf thoideag soae tetradonematids noatur@ a¡¡d mate

çsfehln Èhe hosÈ, In these cases, one ¡*ould expeat. a se!.eetfon pressure for

further redueÈion in the siøe of mature roales so that the necessary preg-

ence of males and fqnaLes does not cauee s@vere enowding and deaÈh of the

hosÈo Sfgnifícantly, teÈradonematid mal.es are Lt3 - I17 Ehe length of ma-

Ê,ure females"

CTITROI{OMID TNTERSEXES

The fnÈersexuaLl.Èy of tlarnlsehLa sp, adu!,Ès panasltized by ë"

varf abl.Li.s {e slmtlar to ehe intersexuallEy of other ehlnonomlds s¡¡mnariaed
0{ tt

by wülker (1961 e Lg64)" wütter (196r) and cätz (¡.g04) conpared normax. ar¡d
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lntersexual elghth sterntÈes; those of gonopod lntersexes co¡monly showed

a sllght to narked tendeney tossards pairing of the brlstle-ffeld (female-

lfke), whfle Èhose of sÈernfte lntersexes shorsed a Less distinet pairing

of the brisEle-fteldso absenee of the genitaX. openlng and a tendency to-

wards fuslon or defomation of the bracket-lilce nlnth sternite, The

Harnfsehia sp, gonopod intersexes showed modificatlon of the eighÈh ster-

nite, but no Sendeney Èowards pairing of che bristle-ffeldu The eígheh

sÈerniEes of Èhe sternite inte¡rsexes çaere similar to those drawn by
tl

rqülker (.g, çIg¿) and daa (*g, eiro),

Intersex entennae of panasltlzed ehironomf ds were drawn Uy w'ritker

(1961)o Robaek (1963) ana CSez (1964) and inelude all Eypes inrermedtaÈe

between nomnal male and fenatre Sypeso Thefr drawings tnclude the types

eneountered ln tlarnischig sp" lnÈersexeso

tlätter (1960) f,our¿d cLoEe Èo a l¡1 ratlo of sternite to gonopod

Chirononus anthraeings {nÊersexes, In 1961u he showed that Èhe gonopod

f¡rtersexes Ìrere genetfcally males, whf le the sternite f.ntersexes were fe-

males" As the raËlo of sternlte to gonopod 1r¡Èersexes of t{alpisç_hle sp,

lras also Ielu fÊ fs probable thaÈ the gonopod l¡rÊersexes v'ere genetleally

nales, whlLe the sternite fntersexes rlere geneticaLly females"

Although the genesls of danage has been ËEaced to a total or paneial

supprøssfon of the genitaL irnaglnal dises (wlitteru 1964), the meehanism

rærafns unkno¡øn,



CONCLUSIONS

Three new speeies of, memithids, llvdromermlE oalustrisu Hydronermls

vafteþ¡l¿e and 9g-g!goo_g-çmis de!!g5!S were foundo Srudtes showed rhar,

taxonomlc eharaeteristics sueh as the length of Èhe Juvenile Èai1 append-

âE@s the ventral displaeemen8 of the mouth, and Èhe shape of Èhe splculeo

were infLuenced by the speeies of the host,

The l"ffe cycles of the parasftcs differed in several respeets, ë,
palustrfs ovemvintered as an advaneed paraslÊfe sÈâge and $, delÈensls as

an early parasltie stageu ín ov@nwfncerÍng trarvae¡ $, vanfablLis probably

ov@rwlnÈered fn the egg stag@" E" palr¡strfs f,frsÈ emerged f.n earLy May,

Q" del.Èer¡sís ln laËe !{ay, and H, yg¡lgþ1-l_¿-q f¡¡ laÈe Jr¡ne and earLy.-IteLy,

H" pal.ustnis and Q' del.tensls emerged froro fourÊh {nstar lanvae untfl.

laÈe Augustg I{o variabllís emerged from adules over a perlod of about two

weeks,

The life cyele of each parasttc $tas synehronized w1Èh that of ehe

px'lnelpal hosËo l{, ÞalusÈrls parasiÊ1 zed Cladotanvtarsus sp. whose o\retr-

sinterlng Larval popul-ation was the firsÈ to rcult fn Êhe spring, g,

detrÈensls parasltized Harnischla sp, which was the seeond to mult f.n the

sprf.ng' H' varf abf Lis parasitized FoLvoedilrdm slmulans whfeh was Èhe las8

of Êhe three ehinonornlds Èo moult, H, variabflig also paraslÈized

l{arnlschfa sp"u but, merged at the sam@ tfme as Èhose parasf tizfng !"
sinulgr¡g' Cladotanvtarsus sp' and Hqrnfschfa spa @merged and ovfposlted

durfng mosÈ of the stumeru whf le !, g¿mg¿Ans appeared Eoi,have a llmlted

perlod of, sumer emergence and oviposlÈlonu
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The seN of the parasíÈes was eorrelated wlth thefr number per hosÈ,

bre fønales than males oceurred for,one parasiËe per host, though a sLg-

nlffcanÈ deparÈure frorn a Lel raÈio çvas found onl.y for l{" varlabil.is

parastelc in llarnl.sehla sp'" b4ales usually oecurred rphen there were Èt,ro

or aore parasites in a hosto

InÈersexes were produeed ln ÌIêgnlsehlê sp" adults Barasftized by H,

variabllfs' The gonopod lnÈersexes were probabLy genetlcally malesu while

Ëhe sterniSe ineersexeÞ were probabLy geneÈiealLy females"
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APPn|DIX I

USE OF W. TN MERMIÎHID TAXONOI{Y

INTRODUCTION

DescrLpÈlons of nematodes often gfve the ratfo beEçaeen Èçso well.-

deffned distances rather than the absoluÊe rneasur@ent,s of the same dis-

tances, with the ldea that ratfos dl.minfsh (buÈ do noe @xelude) va¡riabf L-

iÊy beÈween indlviduals (GeraerÈu 1968)o The mosÈ wídely-used saÈlos are

1-
ê, Þu and e'oË de Man (!.880)g the pracÈice oE indieatfng vuLva pos{Èlon

lr¡ te¡ms of pereenÈ of body lengÈh (W.) f s also eormon (l{u, ¡.960), Sone

early workers in mermlthid tasonomy used de b,fanos a naÈlo and c for males"

l{any also expressed Èhe posdÈlon of structur@s as

dÍstar¡ce fron anÈeríor as % body length"
width aË structure as % body length

Only W. ls sÈilL consisÈenely r¡sed ín menaiÈhid taxonomyo

RecenÈly severaL authors dlscussed monphometrde nelatfons Ln plant

panasltic nematodes, l{u (1960) eoneluded ÈhaÈ h@r data for DfSylenchus

desJlrucÊor dld not support Èhe raÈios êo b, and g Ín f,males and g and b

ln naleso ç¡hlle ft dfd supponÈ V%, CLark (fg6Z) stated thaÈ the de Man

fonnula musÈ be negarded as an apBroxfmatfon" Coonnans (1962) shovaed ehat

devfatíon from Èhe nean was hfghest for c and inÈesmedlaBe Sor a and b for

tr' a = Bqdt_-leng_th
Body width

þ a Bodv Leneth

c E Body leneÈh
TalL length
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Rotyl.ene\us goqdeyl,, while the positlon of Èhe vulva showed the least

varlabiliÈy, the þ and c valuee of for¡r Pratvlenchus species had wide

ranges of varlability (TayLor and Jenkf.nso 1.957)' Brzeski (1903) con-

eLuded that a- had litÈle taxonomle value, buÈ Èhat Þu g, and V% were

m@r@ consÈant for Eqlþsllaimus -*,-Lya!!ç-u-q., Ff sher (1965) noted that the

positlon of the vulva 1n fæales of -8e.Es!y!Cnchu-q nanus dfd not vary suf,-

fÍ.eleneLy eo çrarranÈ, analysis, Geraert (1.968), usfrag measuremenÈs of

severatr speeles of, Tylerachidau concLuded thaÈ e (f) the raÈfos a amd þ
had no meaning¡ ({f ) Èhe rat{o c was of limf ted valueg and (Íff ) V'¿

eould be used onl.y when the Èaf.1 length was lndependent of ehe body length,

[Ie sËressed thaÈ before a raÈio can be used, lt, musE be proved ÊhaÈ lt

represengs a eonsÈanÊ velueo fndependenÈ of Èhe enEíÈies used Èo caleuLate

iÈu

It has never been shown thaÈ Êhe &ro entiÈies that fozm the natfo V7"

i.n mennlthid taxonorny are correlated, and Èhat the quotient between the

ttso rsnains constant,, Our nneasur@ents for Èhree me¡:miÈhf d species tei1l

be used to diseugs the valldity of Èhis ratio"

MtsT!flOD

The diseanee of the vulva from the anÈerlon end, and the body length

of 36 Gastronemle delÈens{s, 33 _Eydromerm!_q varlabf 1ls, and 23 g, paluserls

etere ¡neasured and pLoË8ed" The rcgresefon lLne renaÈing the Ë¡*o sets of

measurments stas caleuLated and dnawn fon each spee{es"

RESULTS

Flgures I Èo 3 show ÈLre distance of the vulva from Ëhe anÈerior plotted
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agafnsÈ, the eoÈal leregth for Q' delÈensis, II" varlabí11s and Hn pg-lugE¿-q"

There ís an obrrtor¡s hlgh eorrelatíon beÊween the tçvo &€âsur@ro@ñtso The

fol!.owlng data apply to the flgures:

G" del ter¡si s g

lL varl.abl lf s e

H" oalustri s¡

x-value at orfgl.n 6"6 m"¡ 1 (estf'naÈed y-
value for x = 6'6) 3o3 mnu g 95% confldence
Ínterval for Î (2,7 

" 3'9),

x-value at orlgfn il.o0 mn"¡ f lfor x = 1L'0)
c+u9 m" i 95% cãnf ide¡rce f nterval for f
(4.3u 5"5),

x-val-ue aÈ orlgln 5"4 r¡m"g Ç lfor x - 5"4)
2,8 mu g 957' conffdence 1r¡Serval for î
(2,3r 3"3)'

Im alf, caseso

Èhe regressio¡l

orf gf n,

DISCUSSTOI{

ehe 95% eonfidenee fnÈerr¡al fon thc estimaÈed y-value where

line arossee Èhe ordfnaÈeu er¡closes Èhe y'value at Èhe

A ratio ean be used only qvhen lÈ ís proved ÊhaÈ both entlties that

form €he ratLo are correlatedu and EhaÈ Èhe quotlenÈ betweer¡ both remains

consÈar!Èo Hernceo.u; c musÈ apply, whleh {s a sÈra{.ghe li.ne passing

through Èhe orfgÍn' If the two entl8ies are rela8ed

the forg y = A 4 Bxo then g .* reo@6gaet, and camnoe
I

by

be

a straighÈ lime of

used as a raElo

(&eraerÊ,1968),

Wu (19ó0) ar¡d Geraert (eg, elc,) presernÈed ffgures for Êhe pl.oÊ of

vulva dlsÈånee fron Èhe anÈerlor against body lengCh" Thelr erlterl'a fon

Ehe valfdLÊy of the ratlo V were 8t¡at the Stto measurmenÈs be correlatedu

and that the regression line pass Èhrough the origin of Ehe graph" Tf'
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these Èwo criteria are satlsfied, the raÈio of Èhe two measuremenÊs takes

on Êhe general form ¿ = c for the range of the daÈa, and the natio fs valid'
x

It nay be argued that the requlrement for the regressfon line to pass

Êhrough an apparen8ly artlffcial origín Ís not valfd, as Èhe positfon of

Èhe orfgln ean be ehanged by extending one or both axes closer to the true

origín (OnO)" Howeves:, the orlgin f s not enÈf rely arÈífÍcf at, Ic coul.d be

called a "b{ologdcal orfgino" as lt starÊs slfghcly before the smallesÈ

measurenent. ln.the range of daÈa" In the case of Vo one ¡oould expect a low-

er l[nlt Ëo she lengÈhs of the animals, and hence a limft Èo Ëhe distance of

the vulva from the ar¡Èerior" This loç¡er lfmlÈ or sanple origin is there-

fore set, closc 8o Ëhe smallesÈ measur@e¡rÈ in Ëhe sarinple, The populaÈior¡

may contain an even smalLer animal, but, presumably it, would f'a11. vpiÈhin

Ëhe conffdence inÈenval of the regression li.ne ¡øhen Èhe axes are exÈer¡ded

close to '{OrO)u as Èhe plot of the confidence inÈerval fomns an hyperbola

¡ahose axes are the regresslon: lfne and a lfne perpendfcular Êo Èhe regres-

slon l-ine passing through G, v-')"

CONCLUSIOìüS

In $, Aglge¡el-qu $, variabil.f s, and H, pelgs.gr¿-qn the dieÈanee of the

vulva from Èhe anÈerior end is corre!.aEed wÍth Èhe body lengthu and the

quotf.en8 betløeen the Èwo measureßnents remains eonsÈanÈ over Èhe sampLe

Eâng@o The use of V7. is cherefone Justf ff ed" Resr¡lÈ,s froan sÈudf es on

de Èlan0s ratlos a and' e in pLant parasltde nematodes lndfcate thaÈ Èhese

na8ios should noÈ be gi.ven mueh imporÈanee in memtÈhid taxonorny untll

thefr valLdiÈy is Êestedn
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APPENDTX TI

Fig" L Generalized 1íf e..eyele of memi ehid parasl Ëes of chl.ronomldsn

(Cycle proeeeds eLoekwi se)
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