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;o and higher Diptera.- Two e):perimental groups were chosen consisting of

0 allatum gland and the corpus cardiacynl gland volume and stored neuro—"-' R . T

Co simuliid species was recorded. However, fat body nucleic ac:td activity
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BT ,' S 'l‘wo species complexes of larval blackflies Prosimulium\mixtum/ o

‘5’.. : ) i3 ) 'r ' : '

fuscum Syme and Davies and Simulium venustum Complex, susceptible to e o

- mermithid parasitism, were collected from Eﬁo Newfoundland atreams‘ l:l‘ne-: oL “""
L anatomical "r;i;:l{ms of the neuroendocrine centers -o‘f these ‘siml:lihid f‘ o
. s larvae vere his%ologicslly examined. _ The Ineurosecretory syatem s'nowed " , - : '4 t
,\\ o certain morphological similarities to other Nematocera (viz. three pai.rs a ’

i E © of. neurosecretory cell clusters in the. brain, one pﬂil' °f nervi corporis L ’

. ; ca;liaciv.entering the col‘;ora ;A;disc#) ’l‘he :etrocerebral ‘I"nd‘\’cltine | *‘ Ll
‘compleic s \comprised of cellular corpora cardiaca gland‘a,.a 3‘{“813 corpua" -
allatum and, surroundint PL-ritrache’a.l ‘gland. ) The m°rpn°1°87 °f tne |

r . , n<r ) L PR ,‘\\
blackfly}euroendocrine system is discussed in relation to other Nefnatocera‘

\ uninfected larvae with dark histob_lasts (controls) and nematode infected
larvae of similar body diniensions., Histochemical studies showed no L

v

significant differences betwaen the endocrine glands of mermithid infected : .,. e

. ,__ and contro]r P. mixtum/fuscum larvae. However, the mermitm. T
! I . ' I

didfsignificantly increase ‘the . nuclear DNA/RNA activity of the corpus PR

It < i R

g . secretory material in S. venus:um Complex larvae. Such endocrine effects :.-‘ ~- .
of mermi&hid parasitism are discussed in relation to their"significance~ |
within the host/parasite relationship. ) ‘A marked decl:l.ne in the amount -
. of fat body tissue and tneir glycog(*en con'centra.tihons in both the infected
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. their hosta (Wel

atarl 1973).'._
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S v v INTRODUCTION | / RSP A
’ In recent years mcreaaing emphasis haa been» given to 'the . 4
.‘posaibility of - using biological corrtrol agents to selectively limit\

. e

.

'. biocon.trol agents contributea a promising alternative to existing chemica‘l

-'cpntrol procedures (e.g. use of DDT) which pollute the environment, cauae
"I

‘ non-discrilminative destruction to beneficial organiams in the environment .

“and uhich may . become useless in contrdlling the target o\rganisma if t‘ne
o ) : AT -
) latter develop resiatance toward it (Petersen, 1973) Entomophilic f‘._

\.‘,

"'and Webster, 1974) and nelnatodea of the family Hermithidae offer consid-

- . Ly

S erable ‘biocontrol potential because théy invariably kill and/or sterilize A

'__, 1958[19621;, Nickle, 1972 Petersen, 1973"’Gordon

' .specificit)/ d are obligate parasites of many kinda of invertebrates,

eapecially insecta. - R . .,. '. '”,. . ' ‘ s
Hematophagoua blackfliea (Diptera.s:imuliidae) may trans’mit f.

'debilitating parasitic diseases to man and domeatic liveatock and :

v, .

. certainly repreaent a conaidexable nuisance ﬂroblm via their ravenous

\,‘ .‘

blood feeding habita (Jamnback, 1973) These inaects are susceptible to

b
'

ll,_

“ " @ Helch and Rubtsov.(1965) showed that under natural conditiona, mermithida

'effect:LVely etadicated a population of larval simuliida from a. stream in

s

"'-the USSR 'I'hua, mermithid nematodea would seem ‘to’ have potential for

. v,' o

controlling blackflies \lnder applied conditions.

i At ~
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POPulationa of their;“target insect hosts (Laird 1971) Deployment of '

Ay arasitism by mermithid uematodea (Welch, 1965 Gordon et al. 3. 1973)- . “ i

Such nematodea appear to posseas a high degree of hoatr 4.
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o o Various authors have reviewed the usefulness of u ng mermithid IR
B . .t > K . et
L. + - ‘ . l“v B '.‘_'I v .‘\ .‘ ol (,r...
g nematodes in ﬁuture p;ograms to control blackflies (Welch.] 1365 Gordon P e h
ot ' l.& oy, N . ',"“’ -, :‘, . :

o £t al-. 1973, Jamnbsck’ 1973) In .the absence of any satisfactory A DU

N

o N methods for rearing ’larval blackflies in the laboratory, lnsss colonization

- ~,"".
‘ " ~- . - . LI

of blackfly memithids by, in vivo techniques would anpeer lnon-feasib.‘l.e. '-,"" e o i.'j.;,::'

\

.'.\: \ - Th'ereiore, the successful outcome of future« control pt’ograms will prob'ably =
, | depend‘ on the establishment of in vit‘ron techni.ques for mass cultivsting h RE
. the mermithids infECtive Stlas.e's' (E;brdon et';. , 1973). Ho(vever, t’here o
is a baucity of information conceming the development > nutritionr m d | ‘

host/parasite interactions (esp. hormonal and phygiqlogical) between e l‘-,
' ‘ - ‘ mermithids and t:heir simuliid hosts. Moreover the physiology of black—

flies (esp..» their lsrval stages) has been neglected exqept £or

g , ,recent studies of free amino acid concegtrations of larva]. S. venustum SHYv
S el T 2 - e '
i hemglymph by Gotdon and Bailey (1974) Virtually no informstion is L] L
9. \4 L '.‘ ".. .

available regarding such important physi-ologxical processes as’ nutrient

H ’v" ,g :

P along with hormonal control me@anisms of simuliid larvae. nBaseling

physiological data could prove crucial for devising artificisl culture a

o ; media for mermithids simulating the host (i e simuliid) microenviron-
g o enes e o T o e . K

. - . .I : D .
s Fr‘ou} studies done on other mei'mithid/i.nsect hosr associationa, L -
R ‘ * 'l' < en e 8 ey . t" co
the host fat body appears to be a source%f i{n}:oteieeg;l.ous and carbdhydrste _,_\f""‘.

IR

- . nucriment for the developing nematode (Gordon and Hebster, 1971 Gordon\ .

l" o - . <o .

S o a'1., 1971 Gordon et al., 1973, Bailey and Gordon, 1’973; -Rutherfor;l
C e ---"'"" o . % $':._ o P '.‘

and WeBster, 1974) From gross morphological. evidence mermithids cause‘
considerable aepletion of fat body tissue in larval simuliids (Strick- ‘: X SN
land 1911 Phelps and A(Foliart 1964' Ebaary, 1973) but no studies have e
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b bqen done t° ascertain the extent to which fat body sfbrage metabolites fj"‘;
'_ ‘dre exhausted by mermithid parasitism. It seemed important: to study the -
o - e :

;ffect of mermithid parasitism upon the fat body metabolism of the ; '

: simuliid host because the insect f?it body is known to be an importsnt

\

tissue;jc:;znutrient stora e\ and metab:ji\ismﬂigglesworth 1972)

x} R

Accordingly, one objex’:"‘ive of my investigation ,was to quantitatively : ]

determimeb the effects of mgr;nithid parasitism on carbohydrate storage in B

s

- o <& N v

W the larval fat bodi‘es\of two spedies complexes of hematophagous éimliids : . }
.,':1“‘ indigenous to Neufoundland Carbohydrates a;:e the major energy fuel 1n _ " ) j,‘;' Q 2
parasitic nematodes (bee, 1965 \lpn Brand,/ 1?60-?'.'.' ' ‘. " ‘.; .'
: C ,f 'A d/iversity of hon‘ﬁostatic .and de\zelopmental processes are - e

hfmonally controlled in insects (Highnam'and Hill 1969 Wigglesworth Lo e
. 7‘\ . IR
ey 1972 Willis, 19714) H'o\reover, certain documented _pathogenic effects \ :

(e.g.‘suppression of pupal istoblast develop'ment, inhibition of pupatggn)

- \ m@rmithid pardsitism of, .larval blackfl{es are normally controlled by . B '.;’.-.fx;T.
R “n , Ty .{i-;ié:
e the~.insects ‘neuroendocrine' system.: ‘RYLB. the POQSibilit)’ éxists that \ . :,; :
\"v s ' R— J - 3"}.&"“
ct parasitic memithids share an endocrino ogical association vith their @’1

- K‘ "*larvalusimuliid hosts.‘ Therefore, a further objeccive of my preaent l’
o investigation was ‘to: ascertain ‘and compare the £ £ cts of mermithid ‘
‘. parasitism on the neuroendocrine systﬁem of the two species co‘mhplexes of
Co b v S e
N N larval ;muliids; As a; prereqx{:g to this component 3f my study, it

ﬁlas necessary to fully eluci te morphology of the neutoendocrine Tt

e Lo . ’ .,,j..,
. system of the two. blackfly species complexes, which had not yet been B -
S investigated.; o ) i O ; i !
. \\ N . ' v . ' , e
, . o . A . , , . / .;‘,'
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The taxdnomy of mermithids from blackflies has been. somewhat of -

o . N [

“an enigma as many authors (invariably entomologists) refer ‘to them looaely" L

\ e
RS

as a species of Mermis Paramermis, Limnomermis and dromermis (Gordon

et al., 1973) The Mermithidae are a notoriously difficult family of.

“«:;nematodes to classify. The most widely aqsepted taxonemic designation ;-

e forymermithids from North American blackflies is based on adult morphology ’

iﬁ'" as described by Welch (1962b) and Anderson and DeFoliart (1962)

.

,' present the three species of mermithids ISomermis wisconsinensis Welchv‘rr'

Gastromermis viridis Welch and Neomesomermis flumenalis Nickle are the
1".'4 . ” \

R only members of this family reported from North American blackflies. The ff;ngjd5‘

problem of obtaining an acceptable taxonomic scheme for blackfly parasitic

' 'v*mermithids has been tried by Rubstov (1965) who based their identification

on larval characteristics.' However, Buch -a key is at, variance with more

STl e

l conventional methods of nematode.taxonomy based ‘on ~adult morphological/

T ‘l structures; The most prevalent mermithid species infecting simuliid
- species complexes of P mixtum/fuscum and §S. venustum on the Avalon '”..\' )

A é.u
Peninsula of Newfoundlamd has beenxrecorded as Neomesomermis flumenalis

1

vith Isomermis wisconsinensis amd Gastromermis viridis 1less common'l.

1

‘»."

(Ebsary. 1973 Ezenwa, 1974)

The life history of blackfly parasitic mermithids has been recorded

by Phelps and DeFolisrt (1964) for [N viridis and I.lwiscdnsinensis\infect- B

o

ing‘%imulium vittatum Zetterstadt larvae of. w sconsin”and by Ebsary (1973)

and Ezenwa (1974) on N. flumenalis parasitizing P. mixtum/fuscum and S. L

venustum Complex larvae of Newfoundland The cycle involves gravid o iQ;u'“l_

¢

ane
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female nematodee ovipositing their eggs in, the stream whereupoh\these'

. ) \\ . 3 “ “
eggs continue to embryonate. The eggs hatch (depend nt upon naturar\\\\\;\;;ﬁ‘
AW ® —

- 'temperatures) to release motile preparasites which in ect susceptible . ‘ fa' .:“_?

P,

CaaE Y

' spécies of larval simuliids. In Newfoundland these pr arasites have 8- } }.

‘somewhat short-lived survival\ti\i requiring successful

1~2- days after hatching (Ebsa ry,, 978) Larval blackflies were alleged 5
N .
.to be infected by ingesting the mermithids preparasitic 1arvae. which

- subsequently penetrate the gut wall of the host to gain access to the N 2
hemolymph (Phelps and DeFoliart 1964 Rubstov, 1971) However, recent y o
A

»‘i'atudies haVe shown thaégh flumenalis infects its simuliid host by S T

ST . S

e X

: 'actively penetrating the soft intersegmental cuticle of early simuliidgf_a'iA‘ L ;
t?Anstars using its' long whip-like tail, for anchorage to the host while::.c i'“: ; 1
' it burrows into the cuticle)(<l:iley. per80na1 communication) After :,' | ‘ "%E) 2
hi;entering the hemocoel the parasitic larva(e) begins to obtain host § fgé
;:nutrients to be utiliZed for its development and nutrient storage for : | ;ngg
7use by later free-living adult stages. The mermithid N. flumenalis ofnlb %hg
;Newfoundland simuliida s, located in the abdominal region of the host,, x'.”'-...'d155ji k
which appears somewhat transparent due to fat body depletipn by the Jl . |
.‘nematode. Further, these late.infected blaokfly larvae apparently lack :li.: f.’:: ‘ b

any development of the pupal and/or imaginal histoblasts andfare unable

to,pupate as observed by Strickland (1911) Phelps and - DeFoliart (196\)\\\\
" and Ebsary (1973) Upon completion of‘parasitic development _the o ”lh‘;‘ri‘
,'i‘mermithid emerges from the host by piercing the weak interaegmental areasﬁv .

' of the host 8 abdomen or via natural host openings such as the anus or’

,.‘;lx“.d . S 'U .,", '. : : R '
. lDr. C H Bailey, Résearch Unit on. Vector‘Pathology, Hemorial T
Uninersity of Newfoundland St. John 8, Newfoundland, anada. o ‘\4‘ et
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R "m'outh'.- Such emergence reaults in death of the simuliid hoat due to : \
% hemo]_ymph 1033.'_ 'I‘h\ese postparasitic ner;ithids position themselves on- a L .I.“L
Isuhatrlate within ‘the 'etream (either aquatic vegetation or. rockﬂ) m" - -' | -
, .' ; remain rtightly coiled around it., P/stparaaitic juveniles molt to aduIt . -}"".\4. ) ’
. b -“‘nematodes dependent upon the temperature however‘ the type of nolt | ‘ |
! ‘fl (single or double molt) has not yet been agreed upon (Ebsary, 1973' : :“. : ;\L"
\ | Bailey, personal comunication) 'I'he adult mermithids mate W1thin a ° : \

Lo ‘-{.'A: .,'-‘/ - few hours of molting, producinNravid females with developing eggs which

.(j! "‘.-will later be oviposited into the atream. . j : . ',

s T

Hhile this mermithid life cycle pattern is adhered to by N.

‘*' lumenal.is :lnfecting speciea complexes of P, mixtum/fuacum and S. venustum .
) larvae in Newfoundland, J here is an‘apparent difference in the seaeonal o ?
, J , synchronization of life cycles between the two hosta. Aceordimg to . sf
"‘. ary 91973) “the, univoltine N. flumenalis infects the univoltine B & : : ?
I “ o mixtum‘ iuscum l.arvae in mid-to late October coinciding with the P.," , it
i : ?: ,mixtum/ fuscum Eirat inatar hatch. These mermithids overwinter withinv ¢
I ,‘ _Z/f;‘ the P. mixtum/ fuscum host having a. parasitic phase of about~aeven months

) which is’ completed around late April or* early May of the following year. o

R

The newly emerged memithids require a developmental time of . at least ": S | Ej:'

‘ ~-,:,_\ 129 days to produce Another infective generation, therefore any assumption ' -
;':,. that the); infect the S. venuetum generation about 30—40 days later would i’ "
f'ﬂ - seem unfounded.- Instead it ia suggested that the mermithid which emergea T \ :
.: “ .in the spring from the Prosimuliun host develops‘ around October to infect o B
L \' . the following yearn generation of P. mixtum/fuscum. The N. flumenalis o \
'. larvae which li.nf.ect t:he first generation of the multivoltine S. Venuatum
'\\_.;' P See footnote #l., . . S L ; CoL
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N conditions.‘ Hence, studies must at present be made on field collected\

f of adult blackfly oocytes and activities of midgut digeative enzymes S ey

b

R Il e
L Leg_u_s_t_lgn_ Complex larvae has not yet: been examined Cazal and Haurand U

B Co o S
should allow for development of preparasitea/around mid-December. "{,"‘ s

' Canadian blackflies have been documented (WOod et al., 1963 Lewis and

i

larvae in mid-Msy to early June complete parasitic development\in 4 8»

wfeks energing around mid—June to early July Emergence ‘at- this time , “;: fil“,\'.jﬁ ¥

.
.

1'5 ~
Houever the low stream temperature throughout December to Hsrch may

»

del hatching until the spring (Ebsary, 1973) to allow the presence in ' Co :?Q

J"

the siream water of preparasites (which originate from mermithids 1;;, 'K:.'T .

infec ing: the previous year 8 S venuatum Complex generation) to. coincide

)
‘- - - ' R L

with the hatching of S. venustum larvae in ldte May to early June.,‘ w‘” "Li" LA

However it is not definitely known whether or not mermithid eggs hatch 1f,55

N ; . "'l'4 '

: continually throughout the winter months. It appears, therefore, fhat ,‘L::;f.w‘f": S

\ .
s

the Nevfoundland bionomics of P mixtum/fu cu and S venustum Complex :

f
-

larvae dictates the chadge of synchronizetio of Iife cycles with respect

to their N flumenalis infections.,?i"15;H:E{iu}§‘aiéﬁf;fl'ﬂ S j.;'j:'h:1~

- '\‘.»

Several detailed accounts of the tamonomy snd bionomics of

Bennett 1973 1974 1975) but the physiology of blackflies has been :Q.uaxznun

neglectedfﬂue to difficulties of rearing simuliids under laboratory

,\. . , = ; B -»

A

specimens. ‘A few isolsted studies have been done on the ultrastructure ,ﬁ.i’

(Pacaud 1945, ‘9§o Yang"and Davies, 19684’ b, & Liy and Davies,.1971) CEL

b brt -

The physiology of larval blackflies has been almost entirely ignored :yﬂ?rJf["~'f§1

\ P

Iarval S. venustum hemolymph by Gordon and Bailey (1974) :-"u'fl,‘f, f'J fﬁ:
Although the neuroendocrine system of P. mixtum?fuscum and\s. '!ﬁf'm SN

\" ‘|

... ) . i '-,‘ N

N

(1966) outlined the morphologytof the glandular portion of the neuro- :ﬁ'fl %Q




i o 2

," endocrine fystem of the larval blackfly, Simulinm ornatum Meig. The.'f,"‘ T,

LI iy

“5i“t' {i ‘latter authors did not however examine\the cerebral portion (including .'..,# jrvzfif

e 'distribution of neurosecretory cells within the pars intercerebralis) of ' :'ﬂ_:;@ffg
L o L A
- the neuroendocrine systqn oflﬂﬂs European blackfly species.-

\

The possibility that entomophilic parasites (in phrticular, ‘219:75 ‘::‘:‘r“;:
'1:: ‘nematodes) may interact with the hormonal milieu of theirjinsect hosts } ?}h7 . ";d

o ,was reviewed by Davey and Hominick (1973) who designated hormonal :*h: a .tf'“i\ﬂ;
ii; .ﬂ';'interactions between entomophilic nematodesfand insects into three © o ;.f:’:.f ;li v;?d&f
:f'cstegories. a) certain nematodes require either direct or.indirect

TN st
4 R . - ',_‘.,{ .

. N
'~'_‘hormonal stimulation from the host for their development (Gordon, 1968,

PRI ';1970 Nadakal and Nayar, 1968) b) nematodes may be. unaffected by the SRR

B hosts hormonal state (Yoeli et al., 1962'<Hansen and Bueeher, 1971,

'iHominick and Davey, 1972, Gvadz and SpieIman, 1974), c) nematodes may.\ ;

T . ! )
om0 . B N

oy -L("(affect the hosts endocrinology either to enhance its own development

erﬂl ‘”jjf.fand/or as a stressful phenomenon (Palm, 1948 Stoffalano, 1967) Evidence

1

Jg for the first category of nematodes has been afforded from studies don

?. ;:‘on thelastomatid nematodes resident\in the,hindgutlof various species"

cockroaches.‘ Erom results bf sblation experiments on the host neuro-“{w' R
N . ' -i‘f,, s B L

iendocrine system, Gordon (1968 1970) concluded that the oxyurid nematode

[

. aw

Q,:Hanmerschmidtiella diesingi Bammerschmidt parasitic in the hindgut of

N S
> "’f'ﬁj4the cdckroach Blatca orientalia L.»is dependent for its developdent on ij‘:f‘};f A
t - t e TN
SR IR the hormone(s) oi the median neurosecrecfry cells/corpora cardi fa
A oL : . R A
RN R complex of its host. 'Howpvér; Hominick and Davey (1972) interp eted the

n resident ”{,(u-

; ‘ effects of surgical manipulation of the host hormonal milieu up .
‘ BTN .t z
“% pinworm populations to be indirett, since microsurgery invaria ly B I
'j;reduced host food intake.: Inconclusive evidence was advanced by Nadakal 1';ff;;;‘ Lj‘
3 and Nayar (1968; that the corpus allatum horm°ne(s) of Peri aneta _~-;$.___l\__?{¥;



..

.\l

includes the tylenchid nematode Sphaerularia bombi Dufour which parasi--A " ,‘ N

share an association w:Lth the neuroendocrine sy&tem of the host.' x.While A

: 1971)

= :f-‘.f tizes female bumblebees causing the host s ovaries and corpora allata to

: corpora allata of its host by secreting a toxin(s)[ It has been similarly
' suggested that the tylenchid nematode Heterotylenchus autumnalis Nickle ‘
. infecting the face, fly Musca autumnalis de Geer causea destruction of the

‘ there is some evidence which would tend to preclude sueh an interaction,

and Webster (1@74) showed no change in the ecdysone levels of the loeuat g '

ameri ana (L ) affects the fecundity of oxyurid nematodés in the hindgut.

‘
'

The se&ond category of an entomophilic nematode may include the rhabditoid

> .« .
o -
o . [

erhe

-..“ .

hemocoellof the adult female mosquito Aedes aegypti (L. ) appears inde— o

| e, G

- _ AR
pendent of both syuthetic treatments of either ecdysone or juvenile T R AT
hormone, and also develop normally in brain or allata excised hosts.

Similarly, the development of the filarioid nematode Dirofilaria immitij

(Leidy) appears indepgndent of the endocrinology of ;.ts host ogheles

quadrimaculat\m Say (Yoeli et al. ,. 1962). The third category of nematodes

N

’." - Z

degenerate.” Palm (1948) suggested qhat this nematode inhibited the‘:‘>

‘1r

';

hoats ovaries by actively secreting toxic substances to impair corpus
. »:‘.‘ "'r,., : ) .“_ e

allatum activity (Stoffoléno, 1967) .;' N

L l

It hes not been established whether or not ,mlrmithid nematodes o

.‘.r, ot . f.,‘_~ o

other studies yielded circumstantial evidence to indieate that the neuro-‘ 5

endocrine sy(tem of .the hoat is affected by mermithid parasitism. Craig

N TS R T .



L :: L . _ance was not mediated by the host hormone(s) ,;.':,.' A

4. ’ .\' ) , '_- .1'_4 , ‘ ‘.
..‘v L " . 4 .,' ' ;»’ - i " ‘:..\‘K .,-_ \ -. i - - ‘ . \‘ U ' " L : o
\‘_'.";..;1' ’ Schistocerca gregari Forskal when parasitized by the mermithid Mermis

igrescens Duiardin but rather a decrease in fat body proteinvynthesis. ‘ R ’

These authors concluded that the nematode suppressed molting by the: host . o

»

‘ . , _ < " due to the nutritional demands made by the parasite for proteins and/or

.
“ -..'

. §s o amino acids normally required for inaect molting and differentiation. )
' Jutsum and Goldsworthy (1974) studied the effect of M. nigreacen psra-‘

L sitism on ttre flight performance qf the locust Locusta migrstoria R. snd

: F The nematode caused a reduction of lipid coutent in flight muscles

. of infected locusts, but injection of corpora cardisca extracts- into L

L

e x - infected hosts did not reatore lipi\d mobilization' 80 Jutsum and Golds- o

(N

L worthy (1974) concluded that the effect of parasitism upon flight perfov ' ~"‘

. z‘ . e ot
; ks

I

According to the hoat/parasite system, mermithids have been '.é:,.',.". '
A ‘ ATBN
~_-_xreported to caus a variety of pathogenic symptoms in their hosts --_';?: NURTRI

..‘. . - e

~. " I

‘ a..g. parasi.tic castration, intersexes and gynandromorphs, malformed

winga, suppression of molting and/or pupation, inhibition of i.]maginal ‘ :‘-f;'.

g '.f - disc’ development and fat body depletion. (Gofd°“ e‘ ., 19”3 Gozdon “'d
3 o \—_—”_’— Dl [y =

."Webster, 1974) - In parasitized blackflies, several of the above effects

:

- 'of mermithid parasitism (viz. fat body depletion, imsginal bud suppression . - = R

: _,'and inh:l.bition of pupation) normally controlled by the i.nsect s neuro- -

“endocrine system, have been documented (Stricklamd 1911 Phelps and i :“ IR
; . S
DeFoliart,“l%lo, Gordon st al., 1973) Additional evidence which would ’

suggest that mermithid parasites interfere with the hormonal balance of - l

.- Y .' :

their hosts may be deduced from studiea done on. the physiology of the

'host/parasite relationship between M. nigrescens snd 8- gregaria. This SRR
s Y 1}"' 3 . o RN N
W'\\ $ -

mermithid profoundly alters the homeostatic balance of hemqumph and fat 4\" S

f_body metabolites as well ‘as interfering with e.xcretion,x a process normally

"f . " '. oo CE ’
reot .‘ R Lo e ‘.\\,“-

e o L . . e .o i
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, * .. .7 MATERTAL AND METHODS = - . {7 o o
' All spe'cimen's‘of larval 'B.lackflies\ vere field coll'ected from tvo -
."'"-;' b streams near St. John S, Mand, selected on the basis ,of a prelim? IR
: inary survey of host populstion and mermithid parasites conducted in N T
: April/July', 1973. One of these treams (Broad Cove RiVer) was especihlly.‘
. ."' E \ » o4 -
o
SN Complex larvse. ,
X B “ . ;:
' M o ¢ . .
A ;V All simuliid larvae were ‘xamined alive in the{ahoratory using
a stereomicroscope and the specie were identified according to the \;.

classifioation scheme of Wood et il (1968) for Ontario aimuliids.~. For

S “the purposes of this sEudy, Prosimulimn mixtum Syme and Da;ries and ? ‘
R S SRRNL R 1** -
v B -Prosimulium fuscum Syme and Daviel were considered as one host species _ _. . |
- - complex in vrw of the difficulties inherent in taxonomically eeparating
-'f: ) these spec/ies/ b.oth. of: which are parasitized hy N ﬂumenalis in Newfound- ,
. e . --land /For the same reaso‘n; ‘Simulium venustum Say,‘ Simulium tuberosum N

- R Lund(s’trom and Simulium verecmdm Stone and Jamnback we‘re considered ag .o
‘:. 7.4 " "4‘ . . ~ . MY | ' . ,-.).,"
‘ ‘a single species cdmplex snd are referred r.o hereafter in thie study,as

g

N ' C .'the Simulium venustum Complex. Oniy P. mixtum/fuscum and S. venuetnm RIGRE

:'.'.'I‘Compl.ex 181"'88 vere used in this study since these are the most prevalent

ﬂ". », _,' 1 ': Y __.‘;'.' . R S iy .; “
T SRETIN ‘Newfoundland blackfly hosts’ of mermithids. ,",'_4:;-; A d ._j‘}' e s
Co At present different nmnhers of la.rval instars have been reportedv'. )
At . . : . S .
. }, h » A‘ . | 'I

N , e

ot } e s K
. oy ¢ Y ' A



. . N \\ b - “ ¥ . . . : R ."' ' o '
e ' in the 1iterature for different simuliid species by various authors and

“ i )
’ . I

' , probably the number -varies /sccording to spe'cies and prevailing environ- STy

-

. mental conditions. No reliable data for assessing larval aging An’ black-

2
. : . S "

flies .was available, therefbre I employed a larval aging technique based i

T "on external features by Sommerman et al, (1955) In each study a control {
» L ), "6- 13 . ‘ ' . ‘.
group and a mermithid infected group of each host species were compared. < R

'The controls (Figs. la, 2a) were lay k histoblasts (mature

terminal 'larval ihatars having black ph, resp ratory f aments nearly

/

a 'fully differentiate’d for oncoming pupation). The infected group (Figs. -

"1b 2b) were larvae of similar size with a large prominent merlnithid .
eoiled within a swollen host abdomen - usually averaging one nematode pe‘r ’
larval host.; The stage of‘infe;cte'd'larvae was difficult to ascertain .'_:f"“:'
because the parasite caused suppression‘of the imaginal/pupal disc :

.

development.- Consequently, ‘for the initial study on the histology of

. ' '
I ' ¢

o the endocrine system of the larval blackfly hosts;only‘— the mature dark Bl

'f -'4 '4)

histoblast stage waa eXamined since this is the only stage of blackfly_"~ \1“3 :

g . "_ development which can be determined with any degree of precision. ~ For’ e ’
\f'.“_“ R ' v 1‘ . o
o the subseqyent experiments o the effect: of the p,;'asite upon the hosts

' physiology and endocriﬁlogy, both groups (infected and dark histoblast
e c - controls) previously mentioned were com\pared for each of the hlackfly
K species under study., In view of the difficUlties inherent in determining

+
-

"-\precise stages of development within field populations of simuliids, ~

head capaule widths and body lengths were measured within each of the .

CouE Y i "r~' \

two experimental groups (ten insects chosen at random from within each o

N ! S . (AN " .
grouP) Based on the assumption that head cspsule width and body length
measurements are reliable indicator’s of stage of development:, su‘ch

...y

measurements were made to insure that specimens within each of the groups PN
















LY

P A

P

' fitted with a micrometer eyepiece. ‘ A R f~~ T

- simuliid 1arvae have soft’ cuticles, the . fixative solutions infiltrate

\.quite rapidly. 'All specimens'for paraffin sectioning were’ fimed;in

were at: approximately the same stage of developmeqt‘and that the stage,t

”bof development of infected larvae (irrespective of effects of parasitiSm)"

-] [

:Vcorresponded to. that of the dark histoblast controls. Both the head

b .

: capsule widths and body lengths were. measured using a stereomicroscope

L]
o

o
v R PR

1 ' ' ". .‘v’
“In order to identify the nematode(s) which parasitized the P

‘ ‘
A

»mixtum/fuscum larvae resident in the Broad Cove River, approximately

.

:seventy infected larvae were held in the lahoratory and' emerging post-l,i

parasitic larval nematodes were reared to adults, using the rearing

‘ chhnique of Bailey et al (1974) Adult nematodes were fixed at room :*ﬂ

LS

temperature in formalin acetic aldohol, stained lightly with 0 0025

s

, percent cotton blue, and mounted in glycerol (Baker, 1953) for later : o

o \

3identifioation.t All nematodes were identified as Neomesomermis flumenalia’

R
e

| :(Welch 1962a. Nickle, 1972) - 'seé Figs. -4.. Mermithids which paras:L-- o

tized S. venustum Complex in the Long Pond Tributary Were not mounted

~'for identification since mermdthid parasitism of these blackflies in thex“

stream has previously been investigated and reported to have a high
\

“percentsge infection rate of N. flumenalis (Ebsary, 1973, Ezenwa, 1974) ‘
> — .

'~“»Experiméntal replicates Were compared using the Student 8.t test and the‘;

”

‘ significance 1evel was taken as pCO 05 . - . o

..l‘4

. v
e t ’

lHistolog cal observations on the neuroendocrine systems of the uninfectedgl
'1arval blackflies P. mixtum[fuscum and s. venustum Complex '

. \." g ‘.
The anatomy of the simuliid endocrine.system was studie histo-.l

! .»5, : Rt ~ »»‘

Y

y logically rather than by dissection because of their small size and the

"»consequent problems in extractihg them intact. Furthermore, since

. : . A f oo, A '
." o o ) R i o " . o .. ; X , o e
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' -.',:: tions.. All aectiona were stained w:l.thin a. two-day period after aectioning.’f-.:" N

to. minimize oxidatipn, which reducea uptake of the paraldehyde-fuchain

dried ovemight at 40 Ce A; total of ten individual apeci.mens of each 'J c

. "Luft (1961) A11 specimens were sectioned at 0 5 ,um on a Sorvall ultra—

e

e .-: ; ) ,’..19
» ‘.‘ ' N . .' ) .

cold aqueous Bouin's fluid (24 hr‘ 4 C) stored in 702 ethanol at 4 c

‘(minimum of 24 hr ) dehydrated with a gradual ethanol aeries, cleared

i pf‘ogressively in methyl b‘enzoate/benzene and emhedded in paraplaat (mp
E g 56 57 C) (Davenport ‘l960) Specimens were initially sectioned -at 8/1.!11
'but later at lo ;,un using a Sorvall microtome (Model JB—lo) All sections

h fwere mounted on albuminized slidea with a thin film of water, dried

--‘X

‘,'ovemight at 40 C then stained for neurosecretory material uaing the .
"'aldehyde-fuchain technique (Ewen, 1962) or the paraldehyde-fuchsin tech— o

nique (Heola, 1970) Since the latter method produced better clarity of - |

A

the’ neuroaecretory material it was preferred fpr most of the\inveatiga- : : e e

' o4
i ,

'atain (Meola, 1970) Seetions were mounted in Fisher permount reain and 1

;I

pecies were uaed in th:la study. ,il

Y

: Five uninfected apecimena of S. venustum larva Complex were

prepared for examination by light microacopy using thin sectioning. . ‘
"_Theae apecimené were fixed in 31 glutaraldehyde (24 hr, 4 C) then waahed |
: “ in a Sodium 5 5.~ diethylbarbiturate (0 04M) - hydrochloric acid (0 2N) | ‘-H
: -buffer solution (pH 1 2) and embedded in Epon fnllowing the method by ‘---?' L '*
e oo

- . ‘thin microtome (Model H'l‘-l) with glasa knivea, Sections were atained

o

i with 1% toluidene blue, rinsed in iliatilled water mounted in Histoclad

L e o e A L i H . A “©

‘ 3SorvaL Inc: , Norwalk, Connecticut, U:S:Av © .- ) "
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o reslin, then pho‘t%g‘raphed r’inn'ne'diatvely' \ﬁfore fading could occur. ‘
‘ ' Effects’f N. flumenalis on the neurcendocrine system of the larval IR o
PR LR ’ blackflies P. mixtum/fuscum and S. vénustum Complex
Sl w0 . N Lo : ..
N I o Effects of the mennithid on. the hoat endocrine system‘ weré moni— e
, - t'ored by comparing the two - groups (infected and control) of insects with W F

' 1'eSP*’-C‘-'i ‘to: 8) Bland leumes (corporus cardiacum and corpus allatum), e o .

-

b) nuclear/cytoplasmic ratios within the ehdocrine glands, c) concentra-— s
. o t s A .

y:’ tion of neurosecretory material and/or nucleic ec:l.ds within the endocrine o

‘glands. Fof/ deteminations of gland volumes, field collected specimens | m
" (a’ totaI of five iﬁndividuals per each species group) Were fixed :Ln i
aquebus Bouin s fluid (4 'C, 24 hr ), embedded :Ln paraplast (Davenport,‘v'” ] |
1960), serially sectioned at A/Lm then mounted in permount. These //
5 specimens were stained with paraldehyde—fuchsin (Meola,v1970) since thef’i— : ‘
o B teehnique was, found superior to others tested in affording.contrast »':" 3
. > between the endocrine glands and unassociated hdst: tissues. Gland
| \ VOlumes were determ.ined by using a’ Zeiss Micro Jlideomat (Model 1) :‘i' |
; measure the area of the respective endocrine glands as. they appeared on ’ o
- ‘serial sections.-,' 'l'his method waa tested initially for consistency and o :
‘ found to .be reliable. The total surface area of each endocrine gland , :J
\ ‘aection vas multiplied by the section thickness (4 /lm) and the summation ( :‘j"‘z‘i\sr‘

of these individual\ cells produced t:he total glaqd volume (Wigglesworth, L K
N oo i

' . 'ﬁ 1964 Highnam, 1964) For deteminations of nuclear/cytoplasmic ratios

I

SO and concentration of neurosecretory material and/or nucleic acids within the

& Ty

endocrine glands of parasir.ized and non-parasitized hosts insects were '

. \ : . " ." N . ,“ . o ",,‘..' [ ’ . .') S ' ..‘ '
S . . : . . Sk “ . T A -
coL CoM, L s cleTa P <
e g "+ .. ”Carl Zeiss., Oberkochen, W. Germany. . IR
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1.

[

. fixed in Zenker 8 fluid (24 hr., 4 C) for nuclear/cytoplssmic ratios and
“ ' nucleic scid determinations and in aqueous Bouin 8 fluid (24 hr., 4 C), E o 1

. for’ neurosecretory material measurements. All specimens were stored in

70% ethanol .at 4 C and embedded in paraplast (Davenport, ’»1960) SectiOns
l

. ﬂor nuclear/cytople total of four ‘or fivp" individual

‘ specimeMspecies group) and. nucleic acid (foun of . five individual

PNt .
T . 1.

specimens of each species group) decerminstions were stained with Feulgen
’ -8 v ‘:( .

B stain (Feulgen and Rossenbeck 19210) using 0 057: fast green FCF counter- :' i

. \ .
:stain, while the'sections showing neurosecretory material (seven indivi—- i

‘__——/ )
AT ..\..

‘ dual specimens of each speciea group) weQe stained with paraldehyde--

5 ~ x

o fuchsin stain (Heola.. 1970) . Nuclear/cytoplasmic ratios within each e
o cow .\ e e

endocrine gland were ascertained and compared usﬂkng the Zeiss Micro-

o

s L . ! . - A\ :

'videomat. The concentrstion of nelurosecretory msterial and/or nucleic

S ":.‘acids .within the endocrine. glands %vas compared between infected and non— '

'L

‘infected hosts by determination of stain intensity using a Zeiss micro-

: Lpectrophotometer (Model 01) ‘w "' o

- N ’ ot ’ ':E"r_ * .\'\‘A ‘ ‘l',v’.“:.' ‘ril"l ~"“:" N
< ome effects of N. flumenalis parasitism on the levels of storage ‘
: nietsbolites of P. mixtum/fuscum and S. venustum Complex :

‘l’he control and infected groups (a total of five or seven indi- ‘

RN e dual specimens of each species group) were fixed in aqueous Boui.n s '

. fluid (4 C, 210 hr ), embedded in paraffin, serially sectioned at- éﬂ.n?,

Tt

: then stained with Periodic Acid Schiff s Reagent for fat body glycogen
(Davenport, 1960). v Similar numbers of infected and control larvae (both
i L species complexes) were fixed in Zenker 8 fluid (4 C 24 hr ), embedded

H
g,

’ in paraffin, sectioned at lo ,u.m then stained vith Feulgen stain (Feulgen

[ L. C
i R, ' DN P T 3 o [ e "
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IR A . The head capsule widths and body lengths of each of the two ; o
groups (1nfected and non infected) of P. mixtum/fuscum and S.. venustum

O W . - ' * - -

Complex showed low variability within each group oe‘ the replicates :

(Table l) This consistency wichin each group indicates a high degree

1

i o . of uniformity amongst the experlmental groups chosen.. This data shows !/

- the head capsule width and body 1ength measurements (commonly used indi-

cators of def/‘elopmental stages\ of the late infected vlarvae of both host L

- . L \

Species t.o cotrelate closely with dark histoblast controls suggesting " ,}‘ R

Ve [T

‘v that late infected larvae are of the same instar as controls. TR

, ~I-l:l.stologj.cal observations on_the neuroendocrine systems of the larval e
blackflies 2. mixtum/fusctm and S;- _venustun Complex I S A

v.'_ +

20 N o DT T T 2 e 0

R
g it R

The neuroendocrine system (comprised of neurosecretory and S ST

': ‘ glandular portions) vas examined histologicslly in both species of. ' {“'3(5
| blackfly 1arvae. However, infomation regerding the neurosecretory. ,"- "“ H“,l
; ' - s o N 1
vsystem p__ se wa.s based primarily on. studies of the P mixtum/fuscum P e “*s
lar‘{ae‘ because neurosecr/:etory cells did not stain intensely in S. venustum \ n‘«

5 'Complex larvae. The glandular port/on of the neuroendocrine system . . | i\ i -
) - stained very conspicuously in both species. ] ‘ ‘ ) ‘ :
. | From the combined histologicall dats a reconstruction of the )

:’:‘l' “ neuroendocrine system of the larvnl complexes of P. mixt‘mn/fu.scm and )
, ‘ S. venustum has been formulated (Fig. S). 'I'he neurosecretory system is ; o
:'.M composed of three paired clusters of neurosecretory cells located ;lithin' c/ .
R R
4 the pars ‘intercerebralis of the brain (Figs. 5 6) These cells range .
‘in neurosecrstory material content from being prominently stained with ' ‘}."’,; “ AN




T e S R EE T
- . P » _:_, _ ';_’_ -
- M ~ v - 3 . - ’3 - - - N
- - N . - -:, ) .'.— " ‘
i ) : - E i . - o ST T
- - s o . o,
’ - R B ) . w 4 .
L . S TABLE 1 : bad _ _ P
) Comparison of Size and Weight Measurementa Between Control and - . -
Do e ST Mermithid Infected ‘Larvae of 'l‘wo Newfoundland Blackfly Species -
P ’-;Ho;t- e - _' Head Capsule Hidth (mm) o ~ _ Body Length (tnm) a , . " “Dry Weight ((mg) B
- ) .Pecieg Lo h Control S Infected - Control .- Infected -. - rControl . - . Infected
L L : . R i . N

’ P. mixtum/fuscum L

. ,:‘«‘,' N - -l _ '_ -**.:k*- _
068 £-.0015(10) .065 ¢ .0012(10) ‘.596 ES .0045(10) ~.562 ooagglo) 7 .649 2 ,030(10)"..491 *:.0078(10) -

4+

- S s.n venustum Con;ple;'_:'; 059 '+, J0008(10)" ;65.5. x .0009(10) 521 -‘*-..005_8(71_0),

* . .482 = .60‘7'6~(-1_6_). [.508-% .017(10) 496 & .015(10) -
e DT e S - -

o Values given are mean values * standard errors.A Shown in parenthesis are’ the number of
RO "15;7{',1 replicatea involved in each’ determination.: For detailed data gee’ Appendix 1.
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At T "‘ ’, ‘Figure 6 ° . 3_. T
. -
Longitudinal section of the anterior region of a P. mixtum/ .

. fuscum terminal lurva ahowing the three pairs of neurcse- ,
cretory cell clusters in.the para intercerebralis of the. oo

. protocerebrﬁm } ".q c Lt T ' ~fn' g

. qn .

Abbreviatiwns. d, anterior. heuroaecretory cells, £, foregut' L

"1, intermddiate neurosecfetory cells; "1ib, 1maginal buds; o
_m, midgut divertiqulum, n, neuropile mass; p, posterior. TR
neuroag;retory cells, pi; pars intercerebralis. LoE L
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paraldehyde-fuchsin to less prominently stained e cytoplasm of these

cells stained positively with paraldehyde-fuchsin (showing ‘the neuro-. . L Y

secretory material 35 iutense bluish-purple granules), while the cyt0p1asm B )

’ - \ of .the surrc)unding cells and the neuropile mass stained with the green

- ' counterstain. 'I’he group of neurosecretory cells positioned most -anter-
iorly with respect to both lobes of the btain, _bounded on’ each la:eral
. side by more non-neurosecretory cells (Figs. 5, 7) are termed the anterior
’ \ . C neurosecretery cells following the terminology adopted by Burgess and . - ‘ 2\
‘ | Rempel (1966) for larval mosquitoes. 'I'he second and third pairs .of "_’. .:-,;

. / i Vo ..
' :.‘neurosecretory cell clusters are situated more posteriorly than the _V BT
“ ) 1 . L . A‘."I.': '.t'_‘
SR -_snterior neurosecretory cells on the: extemal and intemal region of

t.‘,

. 'each lobe of the brain respectively and are separated on each side by

‘v
r

. the neuropile mass./The external lateral clusters being in an intet- g
« /

[

C'": . o ‘mediate location are referred to as the intermediate neurosecretbry
woel . cells whi}e the intemal lateral neurosecretory cell clusters having a- '

3
A | \

- more posterior position on the pars intercerebralis are designated as
S . . h .

. (t : . C the posterior neurosecretory cells as desi.\gnated by Burgess and Rempel
'.-;\ - - .(1966) (Figs‘& 5 8) The neurosecretory cell axons entering the nervi )

= : o ';corporis cardiaci (including chissmic axonal supply to the medial .
L B nehrosecretory cells. ,' characteristic of other insects) were not di“‘

cerned. Therefore, analogi!s of, the three grOUPS of “e“m“cmtow cells C ‘ }(

. ' : ; s

,reported herein for simuliids with those of other insects are somewhat

R PR speculative. ! ' el S Wi e
el Lo _\ . The mnal pathway trsnsferring neurosecretory material érom the -5 ’
S ° ‘ brain to the corpora cardiaca for storage is composed of a single Ce
.!',‘; “ psir oq nerwi corporis cardiaci (a common trait for most Nematocera)
'mese nervi corporis csrdiaci originate from fused neurosecretory o i
AR I ' . o,
- o L ) . .'
- " s AN §
L ) \ , T ' .




.:: ”:Hi_fy' . 1':\"f. Figure 7 e ': )

@

U neurosecretory cell clusters. s

‘ _ Abbreviatione: a, anterior neurosecretory cells' f foregut,
o < ooon, neuropile uwass. AR 5 e .I,._

S 17'; 1 Stain. paraldehyde fuchsin/HahniB counterstaip
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i \ e T Figure 8 . ER
' P. mixtum/fuscum longitudinal‘tection showing both the

S intermediate té and posterior neurosecretory cell cluatera on ‘
e ;;,' one. side of the brain.
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Lo : Abbreviations., I, foregut 1,. intermediate neurosecretory
o : cella, ‘ny, neuropile wass ) p, posterior neuroeecretory cells.
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‘-]1Acorpus allatum are basophilic and therefbre stain with a light green dye:'“‘“
: °f the Halmi 8 counterstain (a standard background stain for cytoplasm

S A .
.=‘because paraldehyde—fuchsin will not stain basic cytoplasuo These cells

E'I(Thomsen, 1951)., The nuclei of these cells stain lightly with dark

'f'nucleoli as- their acidophilic nature is stained by the orange dye within j}'f"

- the counterstain (Figs._lz l3) Each corpus cardiacum gland is composed

g of these cells was distinctly light (Figs. 14 15) Unlike the tightly

e Y . L - , N s 29 L
Lo , oo }‘ R . S . ¥ o .
cell axons and extend posteriorly, bordering either side of the*dorsal '

aorta to terminate into the glandular region located within the prothpraxfj ;\"f_‘ SIS

' . R

: of the- larval insec,t (Figs. 5 9, 10) SRR q : |
The retrocerebral glandular system of\hoth P mixtum/fuscum and s o

S venustum Complex (Fig. 5) consists of a corpus allatum, paired corpora

f cardiaca and a peritracheal gland qnalogous to. the prothoracic gland of

other insects (Thomsen, l951§‘ In both blackfly species the corpus _T‘

) e,

allatum is the most prominent gland but unlike other Nematocera ‘:'if;'
P S

(Possompes, 1946 8948, Cazal, 1948, Thomsen, 1951, Burgess and Rempel

1966) this gland is a single structure with mo. dividing memhrane - as

...... ~

discerned hy thin sectioning of this gland (Fig. ll) The cells of the

‘ N
l l

Y\ . . e

'possess characteristicrgranulated areas around the periphery of their Ll

.nuclei ‘a8 observed in corpus allatum cells of other larval Diptera

- . 1

.t ', ! I
. : ~ N

of a number of characteristic celfs located in proximity to the corpus n".
. .\ R TN ]
allatum.‘ These cells had a very densely grandulated paraldehyde~fuchsin ‘-P e

positive cytoplasm showing a bluish-purple color. The nucleus of each 'k h.:['fi ;.

packed cells of the corpus allatum, the corpus cardiacum cells were more

discrete, less compact cells. The peritracheal gland (syn. peritracheal

-----

b gland of Tipulidae -= Thomsen, 951) was ‘a more diffuse structure t : fi”jf L%f .
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-aorta.

Abbreviagione
cardiac i.

. Cross sectibn of P. mixtum/fuacum prothoracic region Bhowing
the: nervi corporia cardiaci bordering each side of the E
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N4

- ao, aorta; g,"gut ; nc, nervi corporis, '

"=‘Stain. paraldehyde fuchsin/Halm:l's countersta:ln. S

B Hagnifications P
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38001(

"Fig‘u'ré 10 Con » _‘i'f‘-'
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Cross section of S vanustum Complex prothoracic region f
" showing the nervi. corporis cardiaci border:lng each side of
the aorta. Tl RS oo Y

Abbreviations. ao, aorta' ca. corpus al].atum' h midgut' "-‘

nc,,nervi corporis cardiac:l. R

: Stain" paraldehyde fuchsin}ﬂalmi’a count:eratain.‘ . S
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7, o _ | . I-'igure 12

- :dorsal’ position to the gorta.. The peritracheal: glands are. -
o ;beginuing to appear on either side of the aorta. '-" .

- Abb/reviations. a0, sorta;. ca, corpus allatum, fb fat body TR e

.
. -~ .o s A
.. ¢ . N °
2 3 . )
~ .
= o
. v
v
R
e
-~
+
.
.

Cross section of the corpus allatum of P. mixtum/fuscum ' . &
bordered by. ‘corpord cardiaca cells on either. side, in a -
dorsal -position to the aorta. Whe prothoracic glands are. .
~ _shown-on either side of the aorta. . 5'-
Abbreviacions. ac, aorta, ca, C°"P“° allatus; cc, corpora . 5
cardiaca cells; .fb, fat body cells; m, epithelium of midgut ]
diverticulum' pg, peritracheal gland. S S '
Stain. oparaldehyde fnchsin/ﬂalmi 8 counterstain. e -
Magnification._: 3800)(‘ C 2,
’ = - ,1 .. ,: S ) :
o L Lo S ;' . 0 o
: o . e | > 5
- ‘ ' ;L ' . :“: i ,: i ,
. R . L .
. Figure 13 s Lo ‘:'.4 ST e
'Croaa section of the corpua allatum of S. vauatum Complex
bordered.on" either side by .the. .corpora ‘cardiaca cells; in a. 5

L T L,
T e
T Lot LR

) ,',celi ; o, midgut nc, nervi: corporis cardiaci. s
. S\tain‘. paraldehyde fuchainllialmi s counterstain.
"Hagnif.ication' 3soox
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éither the corpus allatum or. corpus cardiacum appearing intermittently

s - . 3

throughout successive sections. This gland appears to encircle the '

'

_-r‘

Sl 0 ".

:t-lvcorpus allatum and corpus cardiacum complex. The cells of the peri—

tracheal gland lacked any Pﬂraldehyde-fuchsin positive granules but Iy

RN THE . .\

iﬁ stained with light green of the Halmi 8. counterstain (Figs. 16 7)

. region and posterior to the endocrine gland complex. Although these

“r

’ cells ‘are not considered by most authorities to be part of the neuro—

- . i

endocrine system, they are- important in regulating heart rate. When

o

-

. and thus permit increased circulation of prohormones and hormones to the'

stimulated via a trophic hormone from the corpora cardiaca, these periw‘{

, cardial cells (Figs. 18, 19) accelerate heart réte by secreting a sub- :

\
stance similar in chemical activity to serotonin (Davey, t961a, 1961b)

L LN )
‘s oo Cee oyt l.‘ .'4‘ P .- "’-,-.

target tissues. ff

: Effects of N. flumenslis on: the neuroendocrine system of the larval
, blsckflies P. mixtum/fuscum and S. venustum Complex .. o :? S

W .
None of the infected larvae ‘of either blackfly species shoved

any gross histologital evidence of morphogenic disturbances in cells of

the corpus cardiacum or corpus allatum that would suggest any obvious

_7\

'endocrinological effects due to psrasitismTT\Thergforei-more sensitive '

indicators of endocrine activitylvere studied (nuclesr DNA/R&Q\intensi—

'E fuseum larvae uhen compared vith their counterpsrt dark histoblast con—'

L trols, thereby suggesting (at least for the parameters used) that the o

‘5 . 3

ties. nuclear/cytoplasmic ratios gland volumes, stored neurose;retbrx\\\x.f'f"’

‘ . -~
material) in both P. mixtum/fuscum and S. venustuin Complei 1arvae. There"\

s was no significant effect at all on the endocrines of infected P mixtum/

« R - . !
I3

e . '5:~'1‘f'

The pericardial cells are situated on either side of the midgut

s N . P Ve . - - ro. P FEEEY
. : e S L ety co e .
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' ' mermithid parasite does not manipulate nor consequently cause a change
. AR ES > .
in this simuliid host endocrine system (Tables 2 3 Figs. 20 26) '\

However, the mermithid parasite of infected S. venustum Complex larvae _ SR . . "-. S A

did signi,ficantly increase the nuclear DNA/RNA activity in the corpus ST ';;.'.-f :

.. allatum gland (Table 2 J‘ig 21) indicating that: mermithid parasitism, . -

o o enhanced protein synthesis within the corpus allatum of this simuliid , ,' oo N
Lo L - . host. Although no other statistically significant changes of the corpus LY

allatum (nuclear/cytoplssmic ratios, gland volumes) were discerned

(Table 2 Figs. 20, 22), |a possi’ble reduction of the gland volumes in

‘ the parasitized hosts of both species was -sug.glested by my measurements,, e
. ":",, ')"_.‘- ::' but 1arge. standard errors in the dataj‘made this diffg\ence stqtistically A
/ insignificant._ However, it ma‘y‘be that éland volumes in- aimuliids ‘are’ . ‘
CoL . poor indicators of endocrine activity,"especially in field opulations. z
" H v Similar investigations of glland volumes nuclear/cypo\phsmic , ' \. ; %
) ratios.and nuclgﬁr DNA/RNA activities of the corpora cardiaca cells were ' ;:
done with én additional study on ne\xrosecretory msterial stored within ' 5
\ these glands. The results showed a significant increase in the overall ‘ }
N . "corpora cardia‘ca,gland volume of the infected s. venustum Complex larvae g o ;
e ?"'as compared to the dark histohlast controls ('I:able 3, Fig. 23) Further, )
) : ..a similar significant i‘l:u.:ress:a~ was obtained in the concentrstion (and : ;
TN . L SRR
‘ o ‘thus total amount uithin the gland) of neurosecretory mate\rial stored i.n N
E the corpus ‘cardiacum cells of parasitized S. venustum (lomplex larvae a‘s. . :
i ‘-compared to the controls’ (Table 3, Fig. 24) Such data indicates a.
. .retention of neurosecretory material by the corpus cardiacum dells of i ,',.,'"",_ e
S . . '~"..the S.. venistun Complex larvae when paraaitized by N. | flumenalis. ’ No
\ ' }Ii: ;" ) ':'significant difterence between the infected hosts and controls were"' { &
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Host'==3{-~:;-:£;,' (Absorbance Values)

o DNA/RNA ancentrations : Gland Volumes QL x: 10 )

Infected
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*** Significantly different from control.values at p<:0 01

R venustua, Complex 21227+ .003(6) .- 158 *..005(5), -
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:‘5:“:.-‘ o Effect of N. flumenalis Parasitiem .on, the'Corpora Cardiaca Gland Cells of

Coove s 7T the ‘Larval Blackfly Hosts, P,:‘ mixtum/fuacum and S. ﬂ:_s_t_ug Complexes o+ - :

X ST - 'CorPOra Cardiaca; Neuro— S SO ’ o ai e -
e T Corpora Cardiaca o o -Corpora Cardiaca - Corpora Cardiaca . . -
Host .- secretory. macerial Con~ Nuclear/cy:d%lasmic DNA/RNA' Concentrations - ~.;-

- Specles - - = Clagd Vclzmes R _Centrations (Absorb—'_*-"" :-‘

(,u_ x 10 oo " ance Values) ra.tioa

“(Absorbance Values)

-

‘.anﬁ:d_I' S Infe_eted .7 7 Control -l :Ihfee'l:egl:;;-“i"‘-:Cc;,ell:‘;o_,'l L ‘Infected E

L an’ti‘ol_

i Infeeted: -
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ata are expressed as mean valuea + standard errors. . For more -detail see' .
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* Significantly different from cbntrol values at pL 0. 05. ]
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A large gland volumes in the corpora cardiaca of mermithid parasitized

A‘\.

- control .larva“

: statistically sign\ificant |-- Table -3 Figs. 25/26) ’rheref,ore it appears .

. that the corpora cardiaca of these. infected simuliids retains the ability L

“in the corpus cardiacum cells nuclear DNA/RNA concentrations and nuclear/ a

s

- cytoplasmic ratios (although thex;e vas. a reduction in the nuclear/cyto- o

plasmic ratios in both infected host apecies, these were not shown to be -

to synthesiZe its intrinsic homones. T N e "7

Such data suggests an acceleration of protein synthesis by the

corpus allatum and an increased retention of neurosecretory material and

-

' S venustum Complex larvae Hovever. & jrend of non-endocrine involve- ST .
n ment by the mermithid seems “to be apparent with respect ito the P mixtum/‘ o e
fuscum generation., e , oy

. - S e
. 3 e B \ . ERR PO
- . . N B . . . 5 LS
. ’ s R ..
t. .- . f +
¢,

Some effects of N. flumenalis parasitism on ‘the levels" of sto g

. metabolites of - P. mixtum/fuscum and'S. venus tum Complex " S AT AN

: and may be observed histologically. The depletion of fat body tissue in ..

‘ S. venustum Complex (Fig 30) the hemocoel was mainly filled with the L

. .- K
e

H
!
The effect of this mermithid parasitism on: the fat bodies of both BRI I
' |
i
:

species complexea of P mixtum/fuscu.m and S venus; was uery evident : ‘.‘,I‘-. " Cok

parasitized indg.viduals was readily obs rved in both blackfly species e " L " ;ﬁ'

bec,ause these larvae harbored parasites hi. were nearing completion of S

thefr parasitic.way of life (Figa. 27 30 Densely packed fat body

tissue was .co centrated in ‘the abdominal hemocoel oE dark histoblsat o

of P. mixtum/fuscum (Fig. 27) and S. vendbtum Complex R

) (Fig. 29) By contrast, in both infected P. mixtum/fuscum (Fig 28) and ) , o .,

mermir.hid nematode(s) and only isolated renmants of fat body tissue

.."

," remained.. Evidently the memithid(a) exhsusted fat body nutrient

reserves of the hbst in a non-selective manner, rather than having

". ' f t ' T e N ‘,'~f T ' ‘. N



o ' o ‘_’—\gure 27 - ‘2".'! : ;", : ’A"
Longitudinal sectioh of an uninfected B ‘mixtun/fuscun larva."

(abdominal region) showing densely packed fat body tissues
- throughout the body cavity. S

Abbreviations. fb fat body cells, g, gut,. 5 salivary

cgland.. - 0 : : S s " "‘“.:.:."

. : Stain Periodic acid Schiff L A .
Magnification. 3420}( RTINS S

L A (/’, . . ClL '

o o SRR

-, . ror :l L 3 I‘

f 4 aep L : ‘ 1\“ 3
R N ,. ‘ 'y ) T
- * t ' " /, '

I ' ‘ Figure 28

'
)
el
[
"
:

PR

~a -

metn'ithid-"‘:‘s salivary gland

- et b
TR A

Longitudinal section of an infected P. mixtum]fuscuxn lnrva ’

.f‘,_ : (abdominal region) showing the’ replacement of fat body-

* tissues by a developing mermithid nematode throughout ‘the

hemor:oel Note the displacement of the gut toward one side o

of the insect. - N :

Abb‘teyiatio’ns. fb fat body cells. 8» gut epithelium‘ me,

. S o i ' i " ’ oot ' ot ‘. . -~ .'.
. 'Stain.v Periodic aeid Schiff :
Magnification‘ 320X TS |
* ! i . ‘ . 5 g \
C - . ) ‘
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, ‘elicited specific alterat:[ona in fat body nutrient turnover.

glycogen of' both host speci'es. -,': Lo

[
N

In mermithid parasitized P mixr.um/fuscum I:he concentration of

N .

;fat body glycogen was significanr.ly reduced to about two-thirds t:he level

N U )

prevailing 1in the, dark hiatoblast control larvae ('l‘able 4 Fig., 31)

‘(

3 ~.~ e -

one—quarter reduction in athe \level of fat body glycogen as compared to -

.v"the coatrol larvae (Tahle to Fig. 31) Interestingly t:he concentrat:l.on =
7 bof far. body glycogen wag eignificantly greater (pAO 01) :I.n non-parasitized

P. mixtum/fuacum ‘than 1n control S. venustum Complex larvae. although the -

¢ >A.| . 3
'.x,

| fat bodies of infected hosts coutained the same low concentration of

R B

.
N
N

'accelerate"d fat body glycogenolysis, because the nuclear DNA/RNA act:ivi—' .

] ll:ies '1n the fat bodies of both host apecies were unaffected by mermithid

LI

.,parasitism (Table a Fig. 32) o ;‘I.‘ K

" .———-'-‘ .,

:Similarly the’ 1nfected S. venustum Complex larvae showed -a aignificanﬁ _':.-"

' sites of t:he blackfly species etudled doee not appear td be related to .

The mean dry veight of non—parasitized S, venustum larva Complex'

:- N . /. LN »
s was the‘h"ame as t:hat: of the,ir 1nfected counterparts (Table 1) Incer—' (

N RN

.--'estingly, the total biomass of infected P mixtum/fuscmn larvae was

e
.

significantly less than that of t:he dark histoblast controle (J.'able 1); .
\ .

‘ Evidently l:he paraeice had profoundlyialtered t:he feeding behavior and/or

..nutrlent utilization by 1ts host when’ its association with the latter

’a - R
'was of -a more protracted duration with an overwintering s:l.muliid species RURIEIA
SRR C "L- N . : . . ', | .‘ o E -st ., .. :" R ..e: -‘.. ) ) — o .
T complex.' T S ’ o
- R AL ‘-H' AN -‘,‘". .
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N
1 K .“‘ n ‘v o o
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s ¥l : ©wo 7.7 % [TABLE 4 . L -
T B ::.;J,{I"/'. Effeccs of N. flumenalia Pamitiam on’ 'r.he Fat "Body Tissues of . the . )
. . / _ Lnrval Blackfly Host, P. mixtum/fuacum and-S. venustum Complexes +
' i - = - . - ) : -
L . Fat Body.  ~ * -~ . Far Body- 3
) P .’T - a&gzg P Glycagen Concentrations - ' Nuclear DNA/RNA Concentrations -*
- ".. . o Speciea NS “ o (Abao_rba_nce Values) - (Absorbance Values? . ox
- .o~ - '] - . LT . .- .
o - - . - Control Infected .Control . Infected- -
.‘ - e B -' - . . KRk RV s - T
- > - ¥, mixtum/fuscum -.119 £ ,003(7)"° :.076 ¢ .003(7) . -.058 + .002(6) ~ .059 = .006(4)"
Lom - ) . \. e . N ’ . . * . El 2 N - 3 -t -
_ - ) .- - e N ) — PN :,: S . v o *x A L -i.- e )
3 . - S.” veflustum Complex -~ .0%5 * .005(5)." ..075 = .002(5) ~ :053 * .002(6) - .054 * .001(6)
! All data expressed.as mean values, * standard errote'; More
o e T ) . de:ail in. Appendices 9 10. : . \d -
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S .. -** Significantly different ftom control values at pLO 02. .
Do I L Lakadeded Sig’nificantly different from control values .at p<O. 001. -
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s . .. DISCUSSION

The neuroendocrine system of P. mixtum/fuscum and S, venustum

: -4
Complex larvae have been shown to consist of neurosecretory cells in the

brain composed of three pairs of neurosecretory cell clusters having av

\

: similar.distribution to that of-the mosquito Aedes aegypti (Burgess and‘

Rempel, 1966). Since the brain neurosecretory cells of other\membets

(i.e. other tha%‘mosquitoes-and blackflies) of-the Nematocera'have not
t

yet been histologically examined, then this ‘format of three clustered

pairs of neurosecretory cells may be a common feature for this group.

@ ' . a

The axoné& link between the neurosecretory cells of the pars intercere-'“””mmwu'ﬂwum

'bralis,and the corpora cardiaca, known in most insects as the nervi‘

corporis cardiaca I and.1I, are fused within P mixtum/fuscum and
ql
S. venustum Complex consisting of a.p pair’ bordefing each side of the

aorta, This fusion of the nervi corporis cardiaci was also.observed in
§ .

-other.families of the Nematocera -- including Culicidae (Burgese and

.

RempE}T 1966),- Chironomidae (Possompes, 1948) and Tipukidae-(Thomsen,_

' 1951) The retrocerebral glandular system of bpth P. mixtum/fuacum and

[l

LS. venustum Complex consists of separate corpora cardiaca cells comprised

L

of characteristically.stained cells connected to the nervi corporis

cardiaci. Closely positioned with the corpora cardiaca ia the corpua

N

allatum consisting of closely packed cells forming a single gland. This’

VN gland was studied in closer detail using thin sectioned specimens and

t

was shown ;o be a aingle struuture of cellular compoaitiOn with no

extending membrane within the gland ‘'This single corpus allatum gland

of,simuliids is unique to ‘the Nematocera which normally possess bilateral

i
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corpdra,allata glends (Possompee,~1948: Cazal, 1948; Thomsen, }951). The .
peritracheal gland (termed by Thomsen (1951) fon Tipulidae as enalogous . . L

to.the,prothoracic{glands’of otheér insects) of these blackfly,larnae
eppearsﬁto-loosely encircle:the corpora cerdiaca and corpus'elletum

unlike the tiiaterel Iongitudinel and-peritraehealjglande of other

Nematocera (A:uy and Gabe, 1962; Thomsen, 1951) ' ﬂ Co N - A '

I

The chareéteristic structure of a single-corpus.allatum‘nnd \\NL
closely situated, cellular corpora gardiaca and peritracheal gland of

simuliids appears 'to represent an intermediate type'of glandular syetem NG

.
’ - .

‘ between the Nematocera endocrine system and the Brachycera arrangement.
. LN . \

The Brachycera endocrine system as exemplified by the family Tabanidae o *

3

‘. (Thomsen, 1951) also consists of a single corpus allatum gland but-

includes a peritracheal gland and .corpora cardiaca, cells fueed'into a

.'ring.structurenencircling the aorta. This Brachycera arrangement appears' . N oY
to be morpnologically intermediategto the Weismann ] ring structure of

the Cyclorrhapha, which according to evidence obtained from the family Lo o ,.’

4

- 'Calliphoridae (Thomsen, 1951) possess the corpus cardiacum, corpus| ° - , W
: ! t
allatum and peritracheal Eland cells in the form of a aingle ring ;truc—

‘-

ture encircling the aorta. Such an evolutionary pathway from the -
(I o N o

endocrine pattern of the Nemﬂtocera to the specialized ring structure of.

"the Cyclorrhapha has’ been suggested by Thomsen (1951) 7 o ) . e

LI [
In order to ascertain nny effect mermithid .parasitism might have
. L 7]
\

‘on'the endocrine gland activity of the simuliid hosts, three recognized v

' S histocnemical'paremeters for monitoring endocrine activitvaere used

(gland volumes nuclear/cytoplasmic ratios and DNA/RNA concentrations)

o ‘

because o! the;paucity of knowledge of simuliid endocrine systems.‘ Gland

.
’

E size has been used as a reliable indicatdr of endocrine activity for'

A}

' \ ' vm o - o !
\ . ' f N ) -~ . ‘ . K NI )
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.~ Furthermore, the\f\ematode N. flumenalis significantly affecte the cot‘pora "

L

N . ) g . K A Q—\_
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various insects (Scharrer, 1952 Engelmann, 1957 Highnam, 1964 Wiggles~.

worth 1964), however in some insects (e.g. Oncopeltus fagciatus

(Dallas). Johansson, 1958 Tenebrio nolitor L. Mordue, 1965, and s

Callipho.ra. erythrocemala Meig.,“Lea and’ Thomsen, l969) cOrpus allatum
volume is not always associated with gland activity. Therefore, another .
indicator of endocrine activity, that of nuclear/cytoplasmic ratios, was "

also employed. This parameter had been used for estimating cofpora

- r——
-

-allata activity 1r{ the cockroach Leucophaea maderae Fabr. (Engelinann,

1957, 1960) and for determindng the relative activity of the ventral
‘glands (somewhat similar -to the molting glands of pterygotes) in the

firebrat Thernobia domestica Packard (Watson, 1964). The third method

of gomparing gland activities involved microspecttophometric estimation
d of nuclear DNA/RNA concentrations. This histochemical technigue has to l‘
"the author s knowledge not been employed previously; however, nucleic»
'acid synthesis has been used- to estimate corpora allate—gland ectivity

via :adiot:ace 1ncorporation methoda {(Gillott and Dogra. '1972) 'I,'he :

present, study has shqvn no evidence of any effect on the endocrinology'
o
of mermithid infected P mixtum/fuscum larvae using the patameters pre-. .

LA
viously stated. However, an apperent increase in nuclear DNA/RNA:gcti- S

’ vity was observed 1n the corpus allatum of infected s. venustum Complex Y

hgsts, suggesting an acceleration in protein ynthesie by t'hie host.

-~
I

cardiaca of S. venustum Complex lérvae showing increased gland volume '

with a cortespondingly increase in stored neurosecretory materiel.

B . Such effectg of parasitism ygon S S. venustum Complex hoste, but

N N

not on the P. mixtum/fuscum generation may be due to differences in the '

aynchronizetion of life cycles between the two hosts and corresponding

. AGMT BN
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differences in the ‘menifestation of stressful symptoms of the’"disease,"

Ebsary (1973) recorded that infection of the univoltine P.. mixtum/fuscum:
o : S e

i . . .

by N.. flumenalis occurs about mid-o'ctober and the parasiteeoverwinters

¢

within the hosts hemocoel to complete its parasitic development and

commence the free living phase of its life cycle in the following spring.

By contrast, infection of, S. venustum Complex larvae is considered to

take plage during the spring and ‘parasitic development 1s of shortgr

"

duration in this host species so that free—living development starts

1?during early or mid—summer. Thus it would seen reasonable to pos’tulate
that‘ the effect of mermithid parasitism on the endocrinology of S-:r—w
4 . 1‘ W
venustum Complex was of greater inteneity than in paraaitized P fmix um/
. . f4

,fuscum because the nematode developed less rapidly and consequently

‘ ) exerted ninimized nutritional demands ‘in the, overwintering host. " How-

ever, 1in S. venustum Complex the parasite 8 development was more rapid

and nutritional demands per uqit tima were of greater intensity. Such a .

- suggestion of stressful p‘hehomens”(e.g.. enforced activity; injury; etc.)

~

,al_ter:l.hg .endocrine activity: in insects has been uell documented
(Schneiderman and Jankowitz’, §l957; -Highnam,. 1962; Davey, '19'63)‘ It
would seem plausible that mermithid parasitism constitutes a stressful
situation for tl-{e blackfly host which is of greater intensity in S.

'dvenustum Complex larvaa than in P M{_f_\_r_em_lm larvee due” té the more

accelerated nutritional demands of the parasite in the S. venustum .

' '

Complex host. A ¢ b”,

-~ ~.

| Based on recent’ information, it is possible (though less likely)

.o ) vy

that the differences +in the, effects of mérmithid parasitism upon the two

N3 -

i

blackfly species is due fo the fact that the mermithid which infects h[ -
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ta

r
o #

.

. researchers as N. flumenalis -‘(Bailey, personal communication)

, tification of memithid nematodes..

-

-—
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8 ] Nickle

(1972) comhented on the difficulties associated with the taxonomic iden-,

If future studies éstablish these .

suspicions, the recorded di.ffetences in effects of: mermithid parasitism

upon the simuliid endocrinology may be due to different mermithid pars— E .l

sites infecting the two host sp,_ecies. f

The corpora allata of the female bumblebee host Bombus sp Latr. B

were arrested in growth by the nematode ghaerularia bombi, although no "

changes uere detected in host neurosecretory cell activity (Palm, 1948'

Pouvreau, 1962 )..

Similarly, the parasitoid Stxlogs sp. caused reduction}

of corpus allatum volume and ovarian growth in the femsle sandhee Andrens' :

»

[y

Vags Cockerell but exerted no detectable sffect .on the hos‘ts‘ brain

' neurosecretory cells (krsndenburg, 1956)

1]

. of mermithid psrasi'tism a-/

.gations of. field populations.

parasite (Ps.lm, 1948, Pouvreau, 1962) or are the indirect consequence of . ,‘
disturbances in host physiology in th/e parssirized host (Brandenburg, .

1956) is a debatsble point. '

. {

b

.

Whether or not - such effects .

re , dug to the production of a toxin(s) by the

R

In the present investigation the Variabilities in corpus allatum

gland volumes within each group. of specimens were high, an unavoidable

difficulty no. doubt associated with performing endocrinological investi—

.,\‘

Thus it would. he interesting to-ascertain“

whether or not the apparent (though not | statiatically significant)

+

reductions in ~corpus allatum volimes ‘recorded from infected blackflies

in this study would sssume a greater significance if a satisfactory

system for rearing blackflies wag’ deviaed end an in vivo study of the

“m

!

‘o

TACHT “BINDIN

)

[

9

- : .
e ht ot Ay s e s




Cma .

59
hoat/parasite relationship was undertaken under ccmtrplled conditions. ,

J

In S. venustum Complex larvae, the mermithid caused an increase in both

. the corpora cardiacg gland volume and the amomt of ~store‘d neuro-

~‘.

' secretory material. A similar accumulation of neurosecretory material

was observed in the brain cells on the alfalfa plant bug, _Adelphocori L

- M

_l_i;r;ggl_a_t_tﬁ Goeze infected by the fungal paiasite Entomophthora sp. (Ewen, -

1966) This parasite cauaed the neurosecretory A cells of the brain to '
& ‘

become inactive with an accumulation of neurosecretory material occurring o

<. )

in the. infected female hosts due to parasitic castration.. '

. it ds. intriguing to consider the poasibility that the recorded
‘ [d
'disturbances in S. venustum' Complex endocrinolbgy (elevated corpus

™

,allatum nucleic acid activity; increased retention of neurosecretory

{
o material by the corpus cardiacum cells) by memithid paraaitism ‘may be
\ .

related to cettaih developmental disturbances (a,8. prevention of pupation . |

4 |
..and inhibition of histoblast development) which invariably accompany

°

mernishid parasitism in blackfli’es. Welch (1965) suggeated that .‘

v

mermithids inhibited pupation of the insect host by directly or indirectly

inactivating aecretion of . the hosta prothoracic hormone. Increased
retention of neuroaecretory naterial in the corpora cardiaca of

: . j [N

\the parasitized S. venustum Complex could suggest a reductian in the

l\

, level of circulating thoracotrophic hormone which would inhibit o«

’

ecdysgne.. secretion by the peritracheal glands and consequently prevent .

pupation. Moreover. enhanced corpue allatum activity (as evidenced by

v

increased DNA/RNA activity) might account for the retention of larval

histoblasts in the parasitized S- venustum Complex. Houe_ver, while such

0

endocrinological diaturbancés might in part explain effects updn hoat

# M ® |

development due to mermithid p,araaitism it seems highly unlikely that B
: T et e - :
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hormonal factots co'nstitute th'e onlyrnech:anism involved.., In'P. mixtum/.

. fuscum mermithid parasitism did not inddge any detectable changes in- the et

“

host endocrinology, yet this host vas also prevented er mermithid para-— e
sitism from pupating and develc{ping normal pupal histoblasts. ) Thus :Lt _

w0u1d seem more“likely that disturbances in host deve10pment caused by'.
. N
the memithid are the result: of deplbtion of host nutrie‘nt reservea by .. E Q‘_-
" the developing nematode, i s | N ’ \ ‘g oI e
i Mermithid parasitism drastic‘ally reduced the net amount of §at‘ o
- body tissue in both host spec'ies and csused a signifieant-reduction ir:

the cdncentration of fat body glycogen reserves. Essed ‘on previous IR B o v

l

i

research conducted on M nigrescens 'parasitism in locusts, the mermithid L

; 5

is probably depleting the hemolymph and fat body of the blsckfly host of

necessary precursors required for synthesis of cuticular proteins during B ot

¢ } ’ 'molting as well as cauaing a more general re onof host metabol‘ites.’_ L
’ ' ' _']F’.
Gordon et al. (1971) referred to this general depletion of host metsbo—- ER :

e o o Y th

1ites by mermithid nematodes as "a 'state ‘of physiological starvatiOn. - ’ o o
In relation to the size of the insect host, mermithids are one of the i R g
wt ' )" ’: st g i
" 1srgest nematodes known By absorbing low molecular weight nutrients R i

through their body cuticle (Gordon and Webster. 1972 Rutherford and L

B e

,' Webster, ‘1974), these nematodes poasess extremely high growth rates and

A

.-consequently exert excessive nutritional demands upon\the host. AVBilable
7.

evidence from other memithid/inseqt'associations indicates thst the

hemolymph andzfat body 1s severely ;}epleted in protein nitrogen and . Kt

5 : g
‘ L carbohydrste nutriment by mermithid parasitism“‘(cordon et al. , 1971, " v ,:}5,
a Gordon snd Webster, 1972; Gordon et al., 1973 Bailey and Gorden, 1973, - . ;%
Craig and ‘;ebster, 19710 Rutherfordland Webster, 1974) Moreover;\ - " ‘z \-'."L ‘ig
mermithid parssitized Culex Eip_iens larvae uill develop to.,phpation if et ;}{
g fed on.a diet rich in’ vitamins (Musprstt, 1965) Recently, ;Crsig and ‘ o T |
. P | A ' . o ;; , . \ . i

'
ey,

I .
i : : - .
i
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o fering with the capacity of the fat body tissue to synthesize proteins ~

I

2.

. reasorable to hypothesiz‘e that the nematode is not actively mmipulatkﬂg I

) unnecessary to postulate a hormonal basis for the host/parasite re],ation-' SO

g inducé any noticeable changes in the endocrinology ‘of P mixtum/ fuscum, R

'Iupon the development of the nematode. Accordi\ngl‘y, it would seem

ship. "It would appear mre likely, as suggestedgearlier, that the ,‘.

~

Webster (19'7'4) showed that.dependin'g' upon‘the t'ime~-of' host infection, et Lo

v i Dt

M nigrescens inhibited molting in Schistocerca &regaria, but: ecdysone - =

levels in d.nfected locusts were the same as in eontrols while fat body

R ’,. P e

protein synthesis wag impaired by the’ mermithids. Thus these authors S C h

concluded that mermithid parasitism prevents molting in lo,custs by inter— .

e
~ . . v .
e, . - J N

required for outicle synthesis.A Based on the available evidence, there Tt

N - f
‘ B . ’d

is every reason to’ suppose that this hypothesis holds true for mermithid .
' 1 B oo AU K .o N

parasitism "in blackflies.v ‘,_f-‘f.' 3\'.7_- ¥ e y T } \

The interpretation of the recorded effects of mermithid‘ pa.raaitism

Vo

T . . &

. on:the endocrinology of larval S. venustum Complex, as such effects may ar b o

relate ‘to the host/parasite relationship, is oE necessity somewhat speeu—-

lstive at’ this time. In view of the fact that the mermithid d4d not Lt

it seems somewhat unlikely that the endocrinological disturbances caused N ol

M

by mermithid pdrasitism in S. Venustum Complex would have any bearing o S .

o
PRAT O Y

. . . L Py
[N X . Lo

)the hdrmonsl balance of its host to modify ita own microenvironment and B b

.
.

e thereby enhance its parasitic development. Hermithid parasites oE black—
flies probably develop independently of the hosts hotmonal eondition : [/’ . B
and in this respect resemble oertain fi'larioid.nematodes (Yoeli et al., ‘\-"

’1962 Gwadz and Spielman* 1974) On the available ev.idence it seems

. ‘ SRS A
\ o B N 'f‘

AR B . ' ‘ { !

recorded disturbances‘ in 5. venustum Complex doerinology sre one ofv o o o 3

- -ﬂ‘ . +

possibly several atressful symptoms of the* par site'{nis, not neceasarily ' L L :

M me e,
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N Rl

induce¢ for the benefit of the nematode. W'hether ‘or-'not the:‘sug‘gest_ed'“ .

. ‘ Y
atress efﬁect upon the host endocrines is of a direct nature (i €. )

-~

, .' aecretion of. toxic materials by the parasite directly affecting the hoet

‘ tk“ endocrine system - Palm, 1948 Pouvreau, 1962 Stoffalano, 1967) or due

Y

indirectly to the dis‘turbance of host homeostasie (e '8 nutrient levels)

: should be determined

mermithide cauee cquld reault in .enduocrine changes as etarvation ie known

v .

to affect endocrine activity in insects (Wigglesworth, 19363 Kaiaer, . o

However‘, P mixtum/fuscum R ) L

1949, Engelmann, 1957"Johanason, 1958)
N endocrinology nappeared unaltered by mermithid paresitisn, despite the

fact that fat body reserves of this\insect were affected in this instance‘ .

. ar ' A
' B R EY

o . ., —— ,: . .
g‘ . fOu

in the same- way as Ss venustum Complex. Therefore while the evidence .

"is at pree}ent inconciueive, I an; tentatively proposing ihat“ the merlnithid'»c
3 ," .k /.-‘ DR
C directly ihducee the changes in host endocrinology /

o 5
'\"- H
r, '“'. ~

T, oI has easily been discerned that N. flgenalis parasitism cauaes"
S ,l & 1

severe depletion of fat bodies in both S venustuMomplex a.nd P. mixtum/ .‘ .

significantly decréated in both aimuIiid epecies infected by the- ermithid '

néﬂtode. Further the conoentr.ation of fat body glycogen of non—

s ' : ’\~' R T \ 3
e P. mixtum/fuscm larvae was significantly greater than control s venustum o

' I
.

.o

' Complex hosts.~ P mixtum/ﬁuscum may store greater quantities of fat body
=

‘ N
4o . K
/ I

glycogen than s. venus tium Eomplex to prepare " for the relatively longer L

non-feeding pupal phase. Alternativelyq increased lerval nutrient v

reserves mawble the adult. P: mixtum/fuscum té conductlits firet :f' . ‘_i.A

3onotrophic cycle autogenously, while adult S. venustdm Complex not

o posaeBBing euch reserves. muet seek 4. blood meal for its first gonotroyhic .

' j : cytle (see Lewia and \Bennett}, 1973). . However, even though there was ar. PR i,ii‘.

T DINDT

The type of nqtritional disturbances which S "y .

rr e e e

L I

e T he
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\increase in fat body
R T TN

=
.\.

. larvae hdd the same lot'glycogen concentrations/a//that of parasitized

: S venustum Complex, indicating a further degradation process by thee’g

ﬁ:namatodea a8 they appeaf to deplete nutrient glyeogen reserves at an-

‘ever increasing rate

1ycogen in P. mixtum/fu

im. larvae,_the inf%cted

o i ,/

e ~
P -~ .

vV pe=v \Ai*-

! - et ,i,-t.

body- glycogen was .

A similar degreasg iﬂ

-recordedfby Bailey and Gordon (1973) 1n A aegygi Isryae infected by j‘v :

Ny .
the mermithid Reesimermis nielseni Tsai and Grun{mann\ EECh depletiOn

~ 1

~ )

Y

A of host nutrient reserves ‘appears “to be,a common - feature Sf“ﬁefﬂithid

‘\
B S s \

parasitism and results from the intense! nusricional.nguiregents of these\\\\\~

N
™~

‘3 nematodes \Carbohydrates in particuléijare a major nutrient requirement/

oﬁ nematodes since these substances constitute the major\enefgy fuel

(Lee, 1965) A significant reduction of fat body glycogen also occurs

in S. gregaria infected by the mermithid M nigrescenS' but fat body

glycogen leVels remain constant\(due to reduced fat body glycogen phos~-'u:

phorylase activity) at a lower than normal level after the"initialrreduc~

R ik : .

tion in infected locusts (Gordon et alu, 1971) It is possible that \f

K3

locusts may be able to compensate forlthe nutrient demands of M. nigres—
P [

cen?—by acgively feeding, while the feeding paﬁtern of the smaller imma—

(.

ture parasitized mosquitoes and simuliids may’be—insufficient‘ko preventlg"

progreSsive degradation of fat body reserves (Bailey and Gordon, 1973)

~ . R Ta
N ~
~—

Further. the individual growth curves of M ni rescens (Gordon anj -

\

\'\ week of a four—week infection pe !od with\\ess rapid growth and devaloP-@ '

T~
ment during the latter part of the infection., By contrast, the growth

R ,\, C 3"

‘rate of R.\nielseni eppears to increase about the mid inEection period

N

and remains high thfbughout the remainder of the infectio .: Although

e

.\.
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vis carbohydrate precursors by the nematode causing reduced\glycogeneais in f:..-;: o ;E

" the. host fat bodies (Gordon\ al , 1971) M. " i rescens has been shown‘

.n;larval cuticle via facilitaeed diffusion It seems that small molecules;
“of glucose can be aasimilabed by the mermithid larval cuticle but not

. k
. larger trehalose and\glycogen molecules (Rutherford and Webster, 1974)

.parasites a{zblackflies has not been ascertained from this stu'y, there :J

”*,is nodreason to 8 ppae that it is different from M.

' ;or fructose (instead of trehhlo%\\or\glycogen) as the predominant blood

carbohydrate (Florkin and Jeuniaux, 1974)"'

' wL N
HOWeVer, fat body DNA/RNA activities of both simuliid host species did

flnot differ from their counterpart controld thereby indicating the overqf;
:‘large scale alterationa in fat body metabolism occur then it would appear
.'-' < \ ] A‘ / . A‘ b.({ " ‘,.

" overy nuclear DNA/RNA activities and nuclear/cytopladmic ratios of the

B corpus cardiacum\cells were not significantly affected by//he mermithid:,

et e A

_“upt ke o~\nutrients could explain progressive depletion of ‘host. fat body

. Btissue in me\\ithidainfected blackflies. 'Decreased 1e&g}a'of fAt\hod;\F\e\ : .v*ﬂl‘

glycogen'in mermithid-infected S, gregaria (and presumably in other

insecf@ parasitized by mermithids) result from the utilization\of blood

\

Yo \ o \' T

- - -

¥

tL incorporate glucoEE‘from the bl\odaof the locust throughtits thin I

s \\- .

Can //- ~

A )
Although the chemical identity of carbohydrate nutriment for_mermithid
A N

.“

. 'escens, espec

g s,

cially in view of the fact\that many larval Diptera possess 3lucose and/

though it seems probabr' NPT
] L / : _"\:::,, ""'~‘. R
.logical~starvation o

that parasi zed simuliids are in a’ state of phy‘u

“Hand therefore have an impaired capacity for glycogen synt esis, it ia‘

,,\. . \1

not known vhether or not this is accompanied by increased glyco\Eanysia\ - ‘f‘;f%

N

all enzymatic activity to be unaltered. Since there is no evidence that ;';

unlikely that the paraaite acceleratea fat body glydogenolysis./ MOre-

\\

-
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: . -which c0ntrols levels of blood\ and fat body carbohydrates) normally.
e o This study has provided baseline data of’ the general morphdlogy S
. .' -' . , : . . . ',. - ..
) - L of - the simuliid neuroendocrine eystem and how this is related to other e

'. \ ' - K_ members of the Nematocera. ' The information regarding the effects of T A

. !
“e . o vl
.. . ’

mermithid* paraaitiam on the endocrinology of the a,imuliid larvae ie.d :.4 e
' NN i ' ST
: important as a preliminary investigation to ascertain whether or pot theA . , RN

A . . development of the nematode is dependent upon the availability of host - oot
. . ' - R ,/ . . 0. . ' PN A

\\' . hormo/nes. Although results obtained in this study w0uld tend to refute o n
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endocrine requirement by the nematode, more detailed studies should Lol

"‘.'be undertaken because such information is vital for devie g suitable A RIN
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W 1y Two species of larval blackflies, P mixtum/fuscum and S., S

venustum Complex, collected from two local Newfoundland streams were .' S : :
: T ' ' “ L e ot Y :'. 3
.‘histologically examined to ascertain the morphology .of their neurc-. . - T ‘

: S fﬁ'&\,\w§s . : L : .
: endocrine systems. L o : I T "\
RN .'2) Histological obiervationls (Para.ffin and Ep"on’ sect'idn’s) sh‘owed‘ SR PR
) . . . r ER] B ’,

Jthe neuroendocrine system c‘f ‘the: larval blackfli¢s to consist of three

- ,.| . . e [N N
. \ o s ,

paired cerebral neurosecretory cell clusters, fused nervi corporis - s e U '\\.45
cardiaci, cellular corpora cardiaca, single corpus allatum‘and‘\mritra-, R ' ’

A e r 3 W

cheal gland \ These findings were discussed in relation tvo the h rphology

R ‘ ‘v'

' of the neuroendocrine systems of other Nematocera and higher Di;}tera.

R '_.. 3) Effects of mermithid parasitism on. the host ~sere exa&tined by ERE DR
comparing two groups of insects-——' a" control group (dark \histoblast) and

- . »,.\;", \
.a late infecteﬂ group. . Heasurements of head capsule widths and bddy

v

lengths suggested that in both the simuliid species the infected snd

. ;‘" : PN \ o 3 o . .
\ R corxtrol groups were of the same larval instar. Dry weight measure ents '
) - ' R . R .
showed that the parasite reduced the overall biomass of P. ‘mixtum/ Eliscin Lo
Lo \\. larvae.. R O S AT 1.",?.” L e ", P
ooy T . . L N S e v R .“': | ;
SR ) Histochemical investigations showed no’ effect on parasitism ' LT v
. - ' t :?' oY ,‘"“-I‘f.‘
'» on the endocrines \of the me‘rmithid parasitized P. mixtum[fuscum genera— e -E
, . ‘ .l ' . ) “- ~-"g
'. tiom\ However, a significant increase in nuclear DNA/RNA activity in ) ‘ . ']’
the corpus allatum and an increase 1 the corpora cardiac'a gland volume o
with higher 1evels of stored neurosecretory material wers recorded dn S
. . o R , [ Lo x : "y [ Lo - N
a '\ . infected S. venustum Complex larvae. These .results were discussed in B
N ° b . e -t O \ oo Lo (
relation to their significance within the host/parasfte relatfons of both R
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