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ABSTRACT . & e

In-1971 and 1972, 198 streans in insular Newfoundland were

for blackfly ites. Forty streams ylelded ome or . ,
more species of the microsporida—— Thetoharia bracteata; T Fibrata,
Plistophora similii, Caudospora similii and C. brevicauda. The fungus
Coelomyeidiun eimulii was found in 14 streans.. The blackfly mernithids

Gas is viridis, I i6, wisconsinensis and P

flumenalis we:ev:ecoveiéd from 59 streamé. Central Newfoundland had
higher frequencies of mermithid infections (47.3-75.0%) than the more’
_cbastal areas (11.7-36.3%). The longitudinal distribution of mermithid -
infected blackflies within the strean .shoved that the ’upper 400 m. of
thi atresnverdavold DE-aEsTI0N Witle the dveer seaches of the
strean harboured mermithids, Current; depth #hd chentoal parameters
of the stream wa;e"x in streams with and without mermithids were *
examined, Mprmithid ‘p’ar.asui-.sm did 'not ap;;gat l:‘o be sig;uficanny
af£ected by |these factors. Neomescnermio flumenalis was redescribed
in light of tM.finding of eggs and pre-parasites: Adult males of .
'G. viridis and I. winqo;lsinsnsis were also redescribed. The life
cyele of W. flunenalis was described. Folloving dwagaTGE TroRI e |
host, e i ESHAT post-parasites molt to a.{;}té 1n 0-15 days ‘at
12%,, 10-13 days at 13“% 37-40 days at 6°C,, ang satred s wolt
-at 22-24°C. A double pre-adult molt and a-parasitic molt were noted.
Mating lasted for 12-247 hours, ;nd usually oc:’:urred within a fﬁvw' °
hours of molting coaduite. Eggs wite, Latd 36-59 dhys after matings
) Females laid 600-650 cggs over 3 days. ‘The incubation period was
35-55 days at 12°C.; heaviest ‘egg hatching occurred 4-11 days after

:heé{sg:-n: hatching. No eggs were laid at 3°, 7°, 18°, or 22-24°C.



¢

Pre-parasites live 2-3 'days. The period from emekgence from the host

to egg laying was 45-74 days, and from emergence to egg hatching, 80~

1129 days.. Mixed ng mermithids and
coelomycidians were notéd. Seasonal’ flucl:\u:lnrjs of host/parasite

populations in Half Moon Brook and Long Pond Tributary were studied,

f the

{une R October and the

‘early sumer Simuliume in late May-early June. Carryover of mermithids
to adult simullids, based on extrapolated data from lafe larval and

E ‘ .
pupal infections, indicated that N. flumenalis probably carried over

: . \
to the Prosimuliume and Simuliums at a rate of .026 and ..062%-

" respectively. Gastromermis viridis and I. wisebhsinensis probably

infect 3.3-26.8% of their adult simuliid hosts./ Host specificity
appeared to be related'to the asynchronous 1ife oycles of the host/

parasite populations.. Sex ratioseof 1.4:1 males to females were

“noted for the from the Prosimuliums in Half Moon Brook.
3 -

Female to male germithid ratios of 1.33:1 and 9.2:1 for the |

Prosimuliums and Simuliums in Long Pond Tributary and 2.7:1 for the

Simuliwns in Half Moon Brook vere also moted in 1972,
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"y . : nmmncnan

The e are-a n /growp of |

Diptera vhich as’ ldull:l. uze notorious pes(s of warm-blooded lni.als
and vectors of a variety of pathogénic organisms. In Canada, the .

prolific stmulid populations of the northern part of the country

plice severe limitations on 1td develapmnt by man and hencl constitute

iz

a factor of le 1mp for the fyoure (Gordon :

-et al., 1973). Although not_knom to be vectors of human pathogens

1n Canada, the wble of soma simsliids, particylarly the oraithophilic
species, as vectors of pathogenic ieugoc‘-(.tozogn sp. to game birds (Fallis
and isenne:c' 1958; Bennett and mii., 1960; n'e.me:: and MacInnes, 1972),
nay hlnder dévelopment of waterfowl and gae bird manegtaet progtams: ©

Excessivé blood feeding by dense of influences

Nz
cattle raising in parts of Albérta and Saskatchewan (Cameron; 1922; Millar
and Rempel, 1944; Rempel and Arnason, 1947; Fredeen, 1958, 1969) and 1s a
Hell documented case of !1nam:ill 1uss to I'.hé Cm.dlln liveltock industry.

.In other parts af the wx}d, simuliids are more directly.

tivolved with manas vectors of serious pathogens. In certain regions

of Africa, Central and South America, sevéral simuliid species are

" responsible for the spread of Onchocerca volvulus, a filarial nematode

which causes a debilitating human disease, Onchocerciasis: (Lewis,’
.1953; Dalmat, 1'95‘5-« Duke, 1971), “freque'n::'ly leading to bm;dness.'
From an economic and medical viewpoint blackflies require
-mngm contrg{r\masuml. BlackfLy ‘control has been achieved in some

lucllitiel (Gamh%m‘énd McMahon, 1954), notably with the use of DDT. '

n




. Many new

ides have been to su 4 DDT, but'all
X ave inherent difficulties in that 1) they pollute the enviromment; ) o
2) the target blackfiy population may develop resistance to the . .
. : pesticide in use; 3) they may eliminate non-nrggt organim,

including would-be prédators, which help naturally®o control “blackfly

populations. : 4 s .

With such po!u\t(al problems, alternate et musures lhould N

be inves:lgated und perhaps one of the most pzomuing methods is\the pugh

2 "the use of biological control. Binlugicnl cuntrol nay be defined as the

sudlicess 48 muara, ofha pagt Epecieu by means of another organisn A

(that has been in some way managed or interfered uith by, mun) toa leval

‘at ‘which the pest. apecial ceases to be &h economic, medical or

veterinary problen (Askew, 1971). A = el
Biological control, using mass reared organisms, l'ms been * 7
4 demonstrated “to _be an efflctlve method of* cnn:rolling some pest insect
populations. Bacillus popilliae Dutky provided the first real ’ B
" endouragement for' the use of stcrobidt organtsms as biological it
sgegse (hite and Dutky, 1940); kills of up to 95% were obtained on

Japanese peetle grubs in Maryland for at lesst nine yeirs post ’ i .

& . -lpplicatiou (Cury and Langford, 1955)." lluclenr polyhedrosis  viryses

(NPVs) have alaob}u

Mchoplutta ni (llubner), the cabbage looper of Brassica, crops

d-successfully’ m conr.rolling populations of

= " throyghout Torth America (getzin, 1962).. Potnar (1971) reviewed the "

field trials involving Neaaplacta‘mz gluaem and the DD 136 strain of

1. “carpocapeae; it was that these nématodes could

pnrultize a wide variety of pest insects with significant reductions

in pest nusbers occurring.



, -, Many Ekrasites “and predators of blackfues have been teported &

,,,.11!, the world Iiterature (Jenkins, 1964), but none have heen ‘mass reared

G

in the labol‘atory for use as biological control agencs. Sev%ral i

i L.
paraditic ‘groups,, including fungi .md protozoa, have control puasibuicies,

) bul: yezhsps the candidate group with me grea;es( potential 1s the .

. nematode family Mermithidge (Welch, 1962b,-1964, 1965; Welch and Poinat, E
1965 Wedser, 1963; Poinar, 19715 Gof*dan et al., 1973), b
The Mermtthidae Brayn; togéther with the. Tetradonematidag, Cobb' *

axt aphasmldian nematddes of the Superfamily’ Mermithoidea Wulker.

.o “Mermithide are £iTiforp worns; atcmnmg lengths of up to 50 cms, that

are parasites as juveniles of 1nver:ebrﬂtes mclua':_n enches, spiders,

. mollus;s, crustaceans, aiid GEhEE nemaco@es, Wit ot “primarily confined e

to about’ 15 orders of aquatic and tgrrestrial 4n 1nsects (Well:h 1962b) 004

7 Mérmithids are untque G At in that the

a non-"
" musculaf cutieularized tibe,. often rums pusceriatly for over half the
v i .. body length, .but does not enter the.intestlpe, although adhering to it. *
'The intestine is afsa pecuuair in that e iacks' ananus and lunen and
o B 1s highly morlified to act as a faod storage Btgan (:rcphosoma) fur the
fres-living adults which probahly do not feed (Baylis, 1944; Ruhtsuv, 1965,
1§sed; Gordon ét al., y

Y

.1973).

i Althaug'h studies by Pickavance et af.,(1970), Frost “(1970),
. ’ © ' Frost and Hsnier (1971), Bradbury (19725 and Frost and Nolan (1972)
definéd the oceurrence of cottain sixliid spectas and: el wicta-
sporidan oxvfungaL’symh{onts 1h Newfoundland, nothing was known

¥ : §
K concenﬁng the prevalence and diseribution of the mermithid parasites




deternine_the ‘spécies of mernithids present’ in blackflies,. their

disttibution m ‘insular Newfoundland -as uell as longicudinal stream

dfstribution, seasonal‘ﬂuc:uanons of l\ost/patasite populations, the

bialogicll and ecological factors affecting parasitism, aid the g.cms

affecting mlti’ﬁg, mting egg laying and egg hatching. In adeumm,

mtscellaneu

data on. the distributicm af fungal and n\icrosporidan

. papasnes recovered during the’ blackfly collec:ions were also collated. .

" Three” species oE blackflies, the Prosmmlmn 'fuscum/miztun

Syme and Gavhes complex, and Swmlt.wn venustuin s;y, both of umch«ne

serious man hiters and common pests “dulingvhe elirly tcing aml summer

" months in Newfoundland, vere ndst frequently ericountered and parasitized,

and provlded the basis for this atudx. The memichxd Neomesomermis

g

primarily based on this species.

in 99% of 1 infections and this study 1§




HISTORICAL REVIEW . - 5

The first reference to a blackfly mermithid parasite was that
of Stebold (1848), who found a Memis pavasite tn Similiun veptais in
Gerndny, Diesing (1851) naming this worn Memis simliaereptantic. !
“Linstow (1B89) recbrded Mermia crasea, also from 5. reptans, but later

" suggested (insgyy, 1898) that this spectes was sy;{'mymus with M,
similiaereptantia. Miller (1931) described another species, Memio
-simuliae from a larval Similig sp., from the Alps. Descriptions of all
those spectes are incomplete and’for any future taxonanic work are to .
be considered as nomina dubia (elch, 1964). )

e, EdentiEfoation of Haraithidas:is Japinient piindtplly o

adult characters, and since the majority of simuliid vorkers only

recovered the parasitic juvenile stages, BpeitEEs auleEIRNEL oS e
not generally made. Hence, workérs recorded the presence of Memis,

_often a ::apasuury for questionable mermithids (Strickland, 1911, 1913;

- Hehs‘t.‘ei, 1914; Malloch, 1914; Edwards, 1921; 0'Kane, 19263 Beiliats,

. 19343 Toinn, 1936, 1939; Smart, 1944; Crisp, 1956). Othe warriicebxs:
assigned mermithids to different genera, Agamomsrfnﬂig “(Lutz, 1909),
Limnonermis (somernin et al., 1955; Abdelnurl 1968) ; Mydramermia
Anderson and Dicke, 1960; Fredeen and Shemanchuk, 1960; Peterson, 1960),

and Paranermis (fcComb and Bickley, 1959). :
Welch (19625)}!55 l:h.e first worker to &escr1be three valid
blackfly mermithid species. The species belonged to three genera and

vere de;igngced as is viridie, It 2 i is, and

Mesomermis flumenalis. Phelps_and DeFoliart (1964) redescribed these'

S




vhree species, vhile Nickle (1972) 1gned is f1 lis to

‘a new genus Neomesomermis flumenalis. ‘The gemeric change was
hecessitated since the original geperic description for Mesomermic was
basically incomplete and could fit several other common mermithid: -

.gemera, " Nickle (op. cit.,) also refigured G. viridis. 3

‘Rubtsov (1965) described in detail the anatomy of several

genera of juvenile blackfly mermithids' and proposed the adoption of

various larval charact of the tin€,, longitudinal

cords esophagus and sasuciated glant cells--as valid criteria for the
identification of -mermithid species. These characters were_stated to
be more constant tha‘n the -adult characters, and permitted quicker and
more reliable idéntification of species vhich would not ‘normally be
racosnizadidthe it seage, Thisvoapet Le tielunte for/muH o8
his later work. ’

Welch and Rubtsov’(1965) described a new species of Gastromermis
plus six varieties, based mainly on Anatomcs'l differences in the free- ~
living post-parasitic juvenile stages.

" .. Rubtsov (1966a) described a néw species of Mesomermis while
Rubtsay (1966b, c, 1967a, b, 1968) and Rubtsov and Doby (1970) desc{i}ed
new species and subspecie: o VEL8E1Es EEoli/The Feners MeiHltisHam

g _— . s o

p:
TIsomermis and Hydromermis.
Simuliid mermithids are widely distributed and have been

‘from: Nearctic—-Web (1914), Malloch (1914), 0'Kane (1926),

James (1950), Davies (1958), ‘Wolfe and Peterson (1959), Fredeen and

Shemanchuk (1960), Peterson-and Davies (1960), Abdelnur (1968) and Fredeen




(1969); Palparctic--Edvards (1921), Smart (1934, 1944), Grenier (1943),
Rubtsov (1950, 1963, 1964), Carlsson (1962) and Weiser (1963, 1964);
Ethlopia;——Lawis (1953, 1958, 1965), Crosskey (1954), Crisp (1956) and
Carlsson (1968, 1970), and Neotr‘oplc‘al regions—-Bequaert (1934), Dalmat
(1955) and Garnham and Lewis (1959). To date thése mermithids have not
been repu‘rted from either the Oriental or Australian regions. The reviews
of Welch (1964) and Gordon et al., (i973) contain more detailed discussions
of dlsreibucion: % @ ,
The life cycle of simuliid mermithids has been detailed only fot
C. viridis and I. wieconeinensie (Phelps and DeFoliart, 1964), but isolated
observations on other blackfly mermithids were provided by Strickland
%4911), Anderson and Dicke (1960), Peterson (1960), Anderson and DeFoliart
. (1962), and Welch and Rubtsov (1965). -

Strickland (1911), the first worker to detail the pathological
effects of simuliid Mermis infectionms, recorded that pupal histoblasts
failed to develop, thereby preventing pupat‘icn. In late larval life, fa:
bndi‘es were obse:ved to be much reduced or absent, and infected larvae
tended to be much_longer than uninfected individuals.” Other workers have

since cdi these 6 and Dicke, 1960; Peterson,

. 1960; Anderson and DeFoliart, 1962). .

‘ Vu (1930), Grunin (1949)] Hocking and Pickering (195), Davies
(1958), Peterson (1960), and,Phelps and DeFoliart (1964), reported
mernithids from pupac and/or adults -of various simuliid species.

Hocking and Pickering (1954) recorded that 5. venustun adult females
infected with mermithids were devoid of the alimentary canal, fat bodies,

reproductive and nervous systems within the abdomen. Peterson (1960),



~and Phelps and DeFoliart (1964) repcrted similat findings. Whén

parasitized, adult, simuliids are 1nvariﬂb1y sterile (LEHJ.S and Tbanez

de Aldecoa, 1962; Shij itsing, 1963; Leflerre, 1966). External

indications of simuliid mermithid parasitism are evidenced by claw
abnormalities’ (Peterson 1960), gynandrmoryhlsm (Edwards, 1931) and
intersex formation (Rubtsov, 1958; Fredeen, 1970) .
Since meml:hid inieccions in blackfly populations are aiways
fatal to the host 1nsect, the percentage of infection is an indicato;,
albeit an approximate one, of mortality incurred. “Velch (1964) and
Gordon ot al., (1973) reviewed much of the literature on.infection
pércentages in wild simuliids, and-concluded that mermithids have
definite potential as control agents of blackflies. Other worker;;

2 (Phelps and DeFoliart, 19610 welch and Poinar, 1965) were alsu of the

soms. puiton:




METHODS AND HrATERIALS

A preliminary suw;y of roadside svtreams, selected for ease of
a;éess, occurring on the Avalon Peninsula was initiated in April 1971
‘to‘l,oca':.e blackfly ‘populations with a high level of mermithid parasitism.
Four streams were originally selected for continuing study, but the
nunber was later reduced (late in 1971) to two streams as adequate
coverage of all four streams was not feasible.

The. two streans’ selécted for detailed imvestigation were both
of the young stream class (A;nierson and Dicke, 1960). The firEt, Ha‘lf

Moon Brook, was a roadside stream crossing the highway about’ 2

- . N
. - kilometers NNW of the N entrance to the village of Flat Rock,

" (IN/106"69987471  Half Moon Brogk originates at Half Moon:Pond and

flows 2.8 kilometers before emptying into the sea.
The stream and collection site, (Fig. la, b), were chazac-
terized by an emergent flora consisting largely of Myrica Gale L.,

Picea mariana (Mill.) BSP., Alnus rugosa (DuRoi) Spreng, Juncus

. effusus L., and Chamaedaphne calyculata (L.) Moench., while the

flora was ! by } i C. and S.,
Sparganium sp. aud mosses. :
s assua sttsa crossed the highuay 3 kilometers N of the *
village of-Bay Bulls, (IN/7 633454), and drained a distance of 300 M.
from a marsh into Long Pond. The collection site, (Fig. 2a, b) was
characterized by a dominant emergent flora of Myrica Gale L.,

iR . .
s o oL

ICanadian National Topographic Sefies. -
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: * Figure la.
" "Regular collection site at Half Moon Brook.
Tah » 3
. o . Figure 1b.
Upstrean view of Half Moon Brobk from regular’collection
N site. Note the heavy shading by shrubbery. :
i .







' g Figure 2a: "
. _' .. | Regular collection site: at Long Pond Tributary.
% . \ * s e :
i 4
2 i . .
1. -

- Figure 2b.

. Upstteam view of Long Pond Tributary
__ . above. the regular collection site.
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Carex rostrata Stokes, Juicus effusus L.y a mixture of grasses and i

mosses, and a submergent flora of Juncus bufonius L. *

Mermithids or other blackfly parasites were collected at 1eaér
once from many other stream localities in Newfoundland and these are
- detailed in“Appendices 1-4.
: Simuliids were collecced on a weekly basis from May to July Lo
and biweekly during August and ‘thteugh the winter months from Half
. Moon Brook and Long Pond Tributary. Collections were made in the morning
and vhere possible, ai;‘.empts were made to collect on the 'same day at the
weekly or ‘biweekly interval. A minimn sample of 100 larvae and/or o
were usually collected, The temperature (°C.) and depth (in cms.) were '
rarordalidn Sech eafisetion duyvfor esch site: The zate of vater flow
and the water content analys\es‘ were conducted l:iwaekly“"ln 1971 and
monthly in 1972, The velocity. of the current was detemine.{ with an’
ott, Small Current Heterz, while the water analyses of pﬂ, “ chlorides, =N
silica, sulfides, nitrates, phosphates, dissolved oxygen, ammonia,’
carbon dioxide and total hardness were conducted in the field during
the summer months using a LaMotte Water Analysis Ki:.3 During the fall
and winter, water samples were brought back to the laboratory in ,
sealed, 250 ml. jarsi\filled to overflowing, and analysed, in 1 = 4

hours after collection:

Simuliid larvae and pupae were collected randomly in the field
by scraping them from rocks and vegetation into 10 cm. diameter Petri

dishes lined with saturated (covered with a film of water) filter paper.

24, ott. Rempten-Allgaes, Hydraulic Laboratory.

Buotee chemtcal Products Company, Chestertown, Maryland
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The'dishfs/vere carried in reun;i, sl;ainlesn steel, Petri dish storage
e
containers (capacity 15 dishes)," which kept the similiids moderately
cool ﬂh‘d;o‘u‘; of direct sunlight. Survival rate was excellent using
this method. -
All larvae and pupae were éxamined in the laboratory wifhin
1 - 4 hours following c;uecuon, and the species deternined using keys
by Stone and Jamnback ‘(1955), Davies et'al., (1962), and Wood e.eraz.,
a%%3). . & .

Parasitized larvae' were usually recognized by the presence of

" mexmithid nematodes coiled in'the abdomen (Fig. 3), large white or red

cheese textured cysts (microsporida) (Fig. 4), or small, white, round

in the :oelumic fluid of

sporangla of Coelomyeidi oimlis
>
the body cavity (Fig, 5). Non-parasitized lnrvae were separated from

yur-nini‘z@d 1individuals and stored in-95% ethyl alcohol for future

dissection and closer for, ¥ possibly ov
duriog the intrial separation. ’ =
mzu microsporidan and fungal infections were recognized,” the
abdomens of living infected larvae were plerced with jeweller's forceps
and smears of the. toelomic contents made. Smears were then air dried,
fixed in ahmlu:e e:hyl alechol for 20 sec. and statned with a 1:9
duutlun of Giemsa's stain for, 15 minu:e-. Microsporidan and fungal
paraaites were identified using the results of Debaisieux (1920),
Velger (1961), Rubtsov (1969), and Jammback (1970). Some of the

‘microsporidan and Coelomycidiwm identifications were confirmed by

- “E. H. Sargent and Co. Ltd., Toronto, Ontario.
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= L 2 . Mermithid worm in the simullid, S.. tubérosum.
- s (Linear magnification X 12.0).
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Dr. J. Weiser. ®
& Living first and second instar simulilde were squashed in
" Ringer's Physiological Insect Saline for n for small d

parasites not visible in the intact larva when viewed under the

dissecting microscope. Parasites from fixed material were mounted in

Rubin's fluid (Rubin, 1951) for on and identification

Living simuliid larvae parasitized by mernithids were placed in
500 ml, graduated cylinders filled witl\‘s:r‘eam water. - A water current
of 0.3 - 0.5 feet/sec. wis created by passing a stream of fine air
B8y oIV TR L R ERTRg ke FRten., THE BEElaR

water apparently contained sufficient nutrients to maintain growth of

simuliids for periods.of up to one week, ancf no food additives such as

yeast or algae vere supplied. For extended rearing’periods of up to
one month, 100-200 ml. of water were, removed from the rearing eylinders
weekly and replaced with fresh water which presumably augmented the:
“food supply. The spring and summer collected simuliids were reared at
‘two températures (12° and 18°C.), vhile the rearing of species collected
during the winter months was conducted at temperatures equal to those ’
existing in the field at the time of collection.

Post-parasitic mermithids were sexed (on the basis of size),

separatedand placed ig Stender dishe

 (6.25 cm. diamefer) filled with'
water to a depth of about 1 cm. Stream vatad from the collection sites
was regularly e e e s Tl ater wers lbs ueLlisad

without moticesbly incressing mortality. Sevéral substrates were used

during the course of the study. The most satisfactory substrate for

observation of the worms (although not for oviposition) was found to
% %



“The specimens were then fixed in T/A.F. (Courtney et al., 1955).

I3

5

be 15 mm, x 5 mm. strips of ite pads,” ipitially boiled - '

in three changes of vater for fifteen minutes each and placed in the
Stendet dishes. The mermithids (up to 20 per dish) actively moved
above, under and through the substrate and molted umdn"’i;. sand
substrates about 5 mm. thick, similar to those used by Muspratt (1947),

Phelps and-DeFoliart (1964) and Petersen and Willis (1972), were used

in bne experiment on oviposition. 4 .

) Phelps and DeFoliart (1964) and: Gordon (personal communication)
found ‘that fungal infections increased the mortality rate of their
mern,i:hia;, but in this stydy fungl vere not a problem and'no steps
siidti R Gl T R P ot ety vater Changsewera totiower.
Fungal infections did occur in isolated instaices in this study, but,
only when the worns vere reared at temperatures higher than 18°C. or
when the worms were obviously damaged or injured.

Adult worms were relaxed for‘_ider;cificazion T o —

until extended, for 4 - 6 seconds g a drop of water on a glass slide.

*Identification.vas made following the scheme of Welch (1962a) and Nickle'

(19'72); the latter confirmed the identification of mermithids in the
Study.” Preparasitic juveniles vite. deatEibed Fiou RALAELA mounted 4n
Rubin's ‘fluid.’ Relaxation of ptepara’éites by gentle heating was
attempted, but best results were obtained by directly placing them into
Rubin's fluld. Eggs were described from fresh material held in water |

mounts.
@ : 1

Mining and Company .
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o | '
‘ Measurements' of preparasites were made on @ Carl Zeiss Micro-
! » Videonat® at a 3200 x magnificatiba. Bemmett and Campbéll a972)

provide details on the operation’of tie Mlero-Videonat for the »

measurement of length and width of bird blood parasites; this procedure

was followed closely., x ]

All drawings were made with the aid of a camera lucida,attach-

: ment for the Carl Zeiss M were taken on
a Carl Zeiss Tessovar. ' -
e U .
g - ®
" -




“Distribution

Mo surveys for blackfly endoparasites were cofiducted in

Neufoundlthd {i 1971 and 1972, Fifty-eight 'streans on the Avalon  *
Penmsu;@,uumn a 40 kilometer'radius of St, John's were examined in
the first’ survey,'wﬁile an additional 13" streams vere examined in 1972
to further delinte the distribution of blackfly endoparasites on. the o
-Avalon. The -second survey was concerned primarily with detefmining
e the distribution of blackfly parasites across insular Newfouridland,
il Eneserored CERSCELUNT SEEVeyVaS COMNEERD Elong the Trans,
Canada Highway (TCH): fron Whitbourne (80 kilometers . Gf St. John's)
to Por:—aux—nasques, and the G!eat uuuhem Pen).nsulx as far nanh as

Bellburn's; ‘104 streans were sampled during May 23 to June 8, 1972.

_ The end of May-early June sampling period was selected as data
collected in 1971 indicateq that mernithids vere present in the
simuliid hosts during this time of year. Blackflies were also
collected from 23 additional stréams on the Avalon and Bomavista

Peninsulas during 1970-1972 (Lewis). A total of 198 streams, f_rom. all
sources, vere examined. (Fig. 6). . "

Table 1, details.on 4 district basis, the distribution of
mermithid, microsporidan and fungal parasites of the blackflies P.
fuscum/riztum Syne and Davies, C. mutata’ Malloch, S. corbis Twimm, S.

latipes® (Heigen), S. @ ), 5. Say, and 5.

vittatun Zetterstedt., District 1 consists of.the Avalon Peninsula, E:
of Whitbourne, Districts 2-6 comprise the TCH from Whitboune to

: . . »
¢



TABLE 1

'DISTRIBUTION BY DISTRICT AND BLACKFLY SPECIES OF PARASITES
RECOVERED FROM NEWFOUNDLAND IN'1971 AND 1972

. Total Blackfly . Total |Total Infections / Blackfly Species*
District Streams Species Presence
Examined in-Streams|Mesmithids |Microsporida myeidi
- stmulii
1. Avalon Peninsula, E. P. fuscum/miztum| 33 i 12 8 -
of Whitbourne 78 (C. mutata 1 - <L -
S. corbis 10 1 1 -
* S. latipes 18 5 5 -
S. tuberosum « 23 - 1 -
: S. venustum 50 16 16 7
! S. vittatum 15 1 3 1
2. Whitbourne to Terra | P. fuscum/miztum 18 3 3 -
1 Nova park | 1F S. corbis 3 4 - - 1
- 'Headquarters Accéss 25 8. tuberosum 10 - : § -
S. venustun ' 12 2 4 1
= S. vittatum 3 = 1 -
3. Terra Nova Park to _ ' (P. fuscun/miztum| "8 I " -
East of Bishop's 5
Falls., -11 . '
4. Bishop's Falls to _ « (P, fuscum/miztum 19 9 T2 & &
Birchy Lake Narrows 19 i ‘ N .

9T



TABLE 1 (CONTINUED) *

Total Blackfly Total |Total Infections / Blackfly Species*
District | streams Species S
Examined i 1in Streams |Mermithids |Microsporida|Coelonycidium
. ) simulii.

5. Birchy Lake Narrows P. fuscun/miztun 6 5 1 i
to Stephenville A
Crossing Access 16 e .

6. Stephenville P. fuscum/miztum 17 vr2 o3 =
Crossing to g G i .
Port-aux-Basques 17

7. Great Northern' P. fuscum/mixtum 15 | 3 1 ' W
Peninsula, North of CoE .

Deer Lake / 15 P
o
8. Bonavista Peninsula 17 |P. fuscum/miztum 4 1 _ -
“Totals I 1_9:‘4 i 68(59) 52(40) 15(14)

*The total number of:streams harbouring mermithids, microsporida or L‘oelomym.dq.wn simulii is
less than the total parasite infections indicated, since some of the streams harboured more than one

infected blackfly species. Actual stream totals for each parasite group in brackets.

L1
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Port-aux- , delimited at 160 kilometer intervals.

Districts 7 and 8 are of the Great Northern and Bonavista Peninsulas

respectively, . «~

n Twelve other species of blackfly, from three gemera, recovered /

<
in this survey were ex: d for their tes during 1971

and 1972, but were uninfected. The species. ave as followe: P. plourale
Mallochs C. dacgignbia Dyar and Shannon; S. aureum Fries; S. croztoni
Nicholson and Mickel; S. eiryadminiculun Davies; S. excisum Davies,
Peterson and Wood; 5. gouldingt Stone; 5. lomgistylatum (?) Shewell; .
S. pugetense Dyar and Shannon; §. quebec_ense Twind; S, rivuli (?) Twinn,
and'S. vepecundum Stone and Jamnback. o,
Microsporidms recovered vere Thelohanig bracteata Strickland;

7. fibrata Strickland; Plisteophora simii Lutz and Splendote;

Caudospora simulii Weiser, and C. brevicauda Janﬁback. The fungal-

 parasite Coelomycidiun eimilii Debalsieux vas also found. The number

| of blackflics examined and infected with microsporidans or‘t!;e fungus

are detailed im Appendices 2 and 3. Table 2 compares measurenents of

know Newfoundland mierosporidan species with those of Welser (1961)

and Janmbadk [(1970). No significant differences vere noted, except in

C. eimulii and g.'brevicauda which varied slightly in spore size and

caudal length. ‘Messurements were based on 20 .spores Erom ehch of 5
‘" infected hosts. ¥ .

Microsporidans are of scattered occurrence in Newfoundland 5

‘blackflies (Izble, 1), with 40 of 198 streams (20.2%) harbouring one or_

more species. Prosimuliun fuscun/miztun larvae vere fomd infected

only with C. éimulii in 19 of 40 (47.5%) infected streams; C. mitata



§ 5 3T,
: AL .
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: TABLE 2 ;
COMPARISON OF
WITH THOSE OF WEISER (1961) AND JAHIIBACK (1970)
Spore Length ' - " spore Wideh - Cauda "Length )
: ) e x B & & ‘B A LB g
¥ ‘|7, bracteata | 2.5 - 4.0 | 3.5- 4.0 2.3 - 3.6 2.8~ 3.5 | -5 -
T. fibrata 5.0 - 7.0 4.5 = 6.0 3.0 - 4.0" 3.5 -.4.5 - < g
P. eimulii %.0 = 5.5 4.0 - 4.5 2.5-3%5 | 3.0-3.5 - - A\
? : ¥
C. eimulii 4.5 - 5.0 ' 5.0 - 6.5 5.0 5.0 14 - 24 .20 4 32
.. |c-.bpevieauda | 4.8-6.0 | 5.0-6.0 2.9 23,9 3.5 | 5.6-10 3.5 -\12.
~H - =

"xa11 measurements in micro
A. all medsurements from Heiset (1961), except C. bmmcaudu which is from .hmbuck (1970).
B. Newfmmdland data. i

h I ; /- T A



with C. brevicauda in 1 of 40 (2.5%); 5. corbis with I. bracteata in
1 or 40 (2.5%); S. Zatv,pzs with 7. bracteata, T. fibrata or P. simlis
in5 of WN12.5D); 5: tuberosun with . Fibrata or P. similii, in 2 of
{40 (5.02); 5. venustum with T. bracteata, T. fibrata, or P. gimilii in
20 of 40 (50.0%); and S. uii-tfa'hm with T. br&ctéatq, T. fibrata, or P.
" simulii in 4 of 40 (10.0%) of infected streams. Levels,of parasitism
© © (appendix 2) for all recorded speéies were generally less than 5.0%,
- although infections of up to 100.0% vere obtained from certain
" fndtcated blased ganples. Thelohania bracteata and T.. Fibrata are new
records for Newfoundland. ’ L .
. he’ Sungub Coe Lomyeidiun ‘éfmkzia, also a new Newfoundland
record, was recovered from 14 streams (Table 1), and infected the
- " blackflies P fuscwn/muhm 5. corbis and* 5. venustum, The.inr.idence E
. of patasitism was generally' less than 5. 0%, but 20.9% vas recarded on
oné occaston (Appendix 3). ‘ :
' Mernithids' are of widespread But sca:tered dtstripution ta” 1
Newfoundland (Table 1, Fig. 6) and vere FacavEEst from 59 of 198

-(29.7%) streams yielding blackflies. The “two regular collection sites,

Half Moon Brook-aid Long Pond Tributary, are included in'Fig. 6y but

. __—eicluded from tabulation in Tablés 1.and Appendix 4, and are considered

later in much more detail. " The average mermithid infection rate was
usually less than 10.0%, but: heavily 1nfecr.ed scattered populations of
20.0% or more’ occurred.

o Three species of blackfly mernithids were recovered; namely

Neomeaomexmis flumenalis (Welch, 1962) Nickle, 1972, which was the most
" common, and present, in 56 of 50 (94.9%) of the streams harbouring %

v
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Dietributiﬂn of * ureaqxs in 1nsular llewfaundland hntbouring o
. mermithid infected simyliids. @ Neomesomermia flumenalis, .~ ..
i O Gastromermig viridie, O Isomermis wisconsinensis. .. .4
Note:.District 1 has, only 22 streams marked in, 7 a:reama
o ji % gieare tapreaanted by one dot. .
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nernmithids. Gastromermis viridis Welch, 1962 was present in 2 of 59
(3.3%) and Jeomermis wisconsinerlsia Welch, 1962 in 4 of 59 (6.7%) of
the streams having simylild merinithids. These three mermithids are

new records for Newfoundland.

‘Weomesomermis flumenalis regularly intects P. fuscum/mimtum

andS. venustum in Newfoundland, but was also recorded from S. latipes

and 5. ; . Isomermisa i ineneis was v from

S. venusbum and 8. vittatum, while G. viridis was fould in S. corbis
and S. vtttatwﬂ.
Table 3 shows Chg incidedce of mermithid i‘nfection in P.

fuscun/miztun, the only simuliid species which were common to all.

'8 districts. The data clearly show thGt the central- regions of

Newfoundland (Districts 3 and 4) had a higher incidence of infection
with mermithids _(75.0 and 47.3%) than the more coastal districts.
Distriet 6 had the lowest incidence of infection (11,7%) while the
remainder of the districts had simuliids infected within the range
of 20.0 - 36.3% . ‘ ' ’

The reason for the ‘higher ptevale;me of mermithid nematodes

in the interior regions of Newfoundland is largely speculative at

“this time. However, it may be that climatic factors, (colder winters

and warmer sumers) are decisive in influencing mermithid parasitigm

in Central land. It is also ble that the simuliid

populations, which are generally conceded to be moerrolif‘ic in
Central Newfoundland than in the coastal areas, vareat the carryover
of more parasitic mermithids from lafvie, to adults,than in other areas,

. : i z .
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thereby permitting wider and easier dispersal of the mermithids to
new localities. . e

The data from District 6 appears to be anomalous when compated
with the other 7 districts. To test possible reasons for lower -
parasite prevalence in District 6, water analyses of seven streams,
six without and one with blackfly mermithid infections, were carried

out in late December, 1972.

The results (Table 4) indicate that there were no significant

vt between and streams for pH, gflorides

and ammonia, No explanations are currently available for the anomaly

noted in District 6, but it may be related to reduced mermithid

carryover to the adult simuliids or the coastal climatic conditions ™~

in this region. The possibility that mermithid infected simuliids

““were missed during collections should also not be_excluded.

v '

‘Longitudinal Stream Distribution

The gistribiion of blackely gernithids in a stream from source
to mouth was studied to determine 1if infections were maintained at
constant levels in all areas or were confined to localized portions
of the stream, Half Moon Brook (2.8 km. long) and Pickavance Creek

(1.2 kn. long) were examined at intervals of approximately 200 m.

Both streams originated from ponds, proceeded through open scrub-marshy
.

areas to mixed forest of Picea mariana, Alnus rugosa, Prunus
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pannstZuanica%nd Myrica Gale, where the bulk of the collecting vas
P " .

" Pickavince Creck was examined once, 27/VI/72, while Half Hoon
Brook was examined‘9/\'/7:2 and 15/V1/12. The only mermithid ;pecies -
recovered from both streams was V. flumenalis . The mermithids from

. \
Half Moon Brook were collected from P. fuscun/mixtum (9/V/72), 5. .

7 and 5. tub (one only at station 10, 15/V1/72),
while Pickavance Creek yielded only y;arasitizgd tavas GE B, Darigtis
Figure 7 shovs that, the first 400m., or the open scrub areas,
of ‘the uper portions of the streams were devoid of mermithid parasites, |
but not the host species. Memi\:hlds occurred initially where the
streams entered shaded, mixed forest areas, and the level of parasitisn-
declined in a dms:;;sm direction, rising again slightly at the
stream mouth. The reason for this distribution pattern is obscu‘re .
of preseit, and additional deteiled reseakch should be undertsken

to help clarify this problem.

Physical and Chemical Parameters

In an effort to define the chemical and physical environmental

Vrequirem;ants of simuliid mermithids, and thus possibly provide a means
of predicting the suitability of a stream for them, a comparison was

made of such factors existing in two streams with, and one stream without



Figure 7. -

" Longitudinal stream distribution of

N. flumenalis infected simuliids.
Note: Station 1, head waters of
strean, : i
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blackely SEELENIA, T8 CHARLOAL FATsETS (dtssolved oxygen,
carbon dioxide, ammonia, nitrates, phosphates, chlorides, total hard-
ness,, silicon dioxide, hydrogen sulfide and pH),.and the physital
factors nf wat:er current, depth and temperature were measured. The streams
Studied were Half Moon Brook “and Long Pond Tributary, both streams 3
with simuliids infekted with mernithids, and Plccos Brook (Appendix 1),
in vhich only a single mermithid infection was found (April, 1972) in
two years of sampling. In all the streams, ammonia, nitrates, phosphates
" and hydrogen sulfide were virtually absent and are omitted from further
' consideration.
The results of the current, depth and water content analyses
over the period 23/VI/71 :0‘17/\‘711/72 are presented in Figures 8 and 9
_ and Appendix 5; the effects of temperature will be consideted 1n more
detail in the seasonal fluctuations section. It will be noted (Table 5)
that all ranges of the .various parameters overlap, and no chargc‘tetistic
vas"found wiich could be stated gs being a specific requirement for
mermithids. .
Isolated observatfons on water analyses from v'u:her Newfoundland
streans harbouring mermithid infected simuliids provides the basis for®
the establishment of a guide line to the chemical tolerance limits for
¥. fuflenalie. Maximem and dinfu chemtcal parameter limits for carbon
dioxide of 2 ~ 15 ppm, chlorides of 15 - 250 ppm, totai hardnes of
20 - 250 ppm'and pH of 4.5 - 7.5 were noted, To further eluci‘.date the
tolerance limits for N. flumenalis., additional detailed investigations

of water from streams with and without mermithids, should be undertdken.

During the winter months, January to March, when :h&smams

were h:evcovered, a slight decrease;in dissnlved oxygen and. a sllght



Figure 8. :

* | “Comparison of minimui and maximum monthly depths for
the two regular collection'sites in 1971 and 1972.
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. Figure 9.

the two, regylar collection sites in

1971 and

 ~.Comparison pf minimim and maximum monthly currents for.

1972.
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_increase in carbon dioxide were nn«;gd Yo o1t stvemmy Uippeniie 5). This
vas, expectéd as the ice probably prevented oxygenation of the water. ATL"
other parameters ms‘intained a relatively constant level tl;;oughour. the
. year. ) ;

Cutrent ‘and depth measurements (taken'as cloge. to the subéqrfat'e )
 and‘siniliids as plhsible) From Half Moon Brook and Long Pond Tributary,’
vere. also measured regularly throughout the course of the| study. - The )

maximum and minimum monthly depths (Fig. 8) and curremts (Fig. '9) for
both streams are correlated throughout sy Gensrally, whsn £he
vater was deepest during November th April, 1971/72, the current was
fastest, and the current was slowest in the late spring and summer vhen
the water was shallowest. - i - o
L

"It is doubtful whether mermithid parasitism can be correl

with chemical factors, depth or current, since it is pussi'b'le ch’a{ black-
flies and mermithids have afniiar tolersnce linits, due to co-evolution,
and when factors effectively limit blackflies, they also probably lmit
the mermithids as well. -u'.e’ Ppresence or absence of mermithids in black-
ly inhabited streams, therefore, "is probably due largely to chance

dispersal of memithid-infected aduit blackflies and’not to environmental

factors, . X # o

Taxonomy ; 9 i

N Nickle (1972), in a badly needed taxonomic revision of the

Merpithidae, redescribed the blackfly sermithids Mx" flimenalis and G. =

viridis. Since.all the stages of deveicpment of N. flumenalis were
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T - (ap. eit.) or to previous workers (veleh, 1962a;.
Phelps and Derqliart, 1964), ‘a complete descElpELon af all stages fo
provided herein. Bridf descnpuone\o: G. viridie and I. wiscomsinensie

are also prcvided. Only adult males of these two.species are described

since no ‘adult :females of G. vigidie and anly, one ‘badly danaged female

of I. 'm‘sm"msinensia were obtained, Appendix 6 compares the three
Newfoundland mermithid species with the pertiment adult data of Welch

i E <
(1962a), Phelps and DeFoliart (1964) and:Nickle (1972).

Neomesomermtis Nickle, 1972, emended. " o -~ a0

Length 10 - 26 mm.; mouth termindl; aiphids sexually ‘dimorphic,
large; six cephalic papillar groups; male and female adult tails bluntly
rounded. Male: two medium-sized spicules; tal papillae in three
single zows, center row bifurcating around ‘spicylar opéning. Female:
with shore barrel-shaped vagina; ‘vulval cone welily developed. Pre-
parasitic larvae: wi:h long cauda and short style: Male and female
post-parasitic }nvae: tails with bluntly rounded,' cone-shaped appendages.
{Fais: mendi’um—slzed,‘tightly packed in uterus; without byssi. =
r ’ -

Neomesomermis flumenalie (Welch, 1962) Nickle, 1972.

Female (Fig. 10, A, C, B.): eleven specimens. Body length 13.4 (11.1 -
17.8 )i

Body width 87 5 (80 0 - 100.0) p at level of head papillae,
146.6 (130.0 ~'160.0) u at level of nerve ring, 255.6 (232.0 -'292.0) u at

" vulva, and at termination of trophosome in tail, 146.2 (127.0 - 172,0) u.
= :




2 e g s FigurelD

Neamadmemn ﬂwnenalw. A. Femsle head, .lateral view.
B. Male ‘head, lateral view. C. female,vagina. D. ‘Male - 3
tail. E. Fglpale tail.. F. pus:-pa;auu‘ic female tall; -
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o
Amphidial pouch globular, 12.5 x 10.;) (12.0 = 16:0 %750 - 13,.0) u
with a sub-elliptical pore 7.5 x 6.25 (7.0 = 10.0 x 5.0 - 8.0) i .
Vagina short, barrel-shaped 88.3 (77.0 - 97.0) u long, lying 45°
to the ‘body axis, directed posteriad. Vulva transverse slit, lipped,

52% (46.6 - 54.7%) of the distance from the mouth.

Male (Fig: 10 B, D): eleven specinens’ Body length 9.6 (6.7 = 12.0) mm...
Body width 73.4 (67.0 - 80.0) y at the level of head papillae, 110.2
(100.0 - 130.0)n at level of nerve ring, 138.6 (112.0 - 155.0).11 .at
mid-body, 122.0 (100.0 - 142.0) at spieule opening. Length of tail
£rom spicule opening 265.0 (205.0 = 327.0) . Anphildfal pouch ellip-
soidal, 28.1 x 20.0 (27.0 - 32.0 x 17.0-27.0) ¥ with an elongate
elliptical pore 27.5 x 12.5 (25.0 — 32.0 x 7.0 - 17,0) u. Two spicules
222.5 (200.0'- 242.0) ¥ long, 10.25 (10.0 - 12.0) ¥ wide, upiforn
throughout except for separate basea which are 1 - 2 wider. Spicules

extended, s1ightly reflexed with réunded t1ps bordered by ensll spinee.

Post-parasitic female (Fig. 10, F) :lght specimens.’ Length 19.5 (14.3 -
23.8) mm. Body width 97.5 (92.0 - 100.0) u at level of head papillae,
'157.5 (150.0 - 195.0) ¥ at level of nervé ring, 237.5 (212.0 - 337.0)u
" primordium, and at tip of :rnphosm;e in tatl, 142.5, (125.0 - *
175.0) M-, Tail with" cone-shaped tip, sometimes tipped with a long cutic-
ular filament. Trophosome begins 317.5 (287.0 - 350. 0y £rom the

mouth opening, tom:hing or up to 5u posterior to the nerve ring, never

* before.

Post-parasitic male (Fig. 11 G.): seven speciméns: Length 12.2 (11,2 =°
fostopergsitre fale s
19.4) mm. Body width 80.0 (70.0 -'90.0) U at level of head papillac,



Figure 11.

(tic male tail.
of preparasite, 0. -
ig viridis.

7 2

' Preparasites M. Egg. N. Head.region

:* Tail region. with stic- tip. P

+ 7 H. Male head, lateral view. K. Male tail. Isomermis
- wiscomsinensis. . I. Male head, lateral view. L. Male tail.
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126.5 (105.0 - 145.0)1 at nerve ring, 172.5 (137.0 - 180.0) u at mid-
body, and 147.5 (117.0 - 167.0) W at terminus of trophosome. Tail

more sharply pointed than in female, but also cone-tipped. Trophosome

begins 312.5  (261.0 - 330.0) u from mouth opening, touching or 75 -

175 u posterior to the nerve ring. N &

Parasitic juveniles: five.specimens. Size de})ends_lnr‘ge}.y on r_hev stage
of development. Body width at head 7.5 - 1250 , mid-body 22.0 - 2504 , *
length 1.07 ~'15.4 mn. The head is rounded, the tail drawn out to a :
long caudal appendage. Early ‘parasites still possess the: characteristic

caudal tip (Fig. 11, 0) of the pre—parasi:es as well as the stylet.

Pre-parasites (Flg. 11, J, N, U). six specimens. Body leﬂgth 1.15°

(1.04 - 1.28) mm. Width at head region '6.68 (6.08 - 7.33)n ; at mid body
8.6 (7.45 - 10.3)y . Stylet length 3.8 (3.15'- 4.54)u , sharp and thin,
Sriatig: trom,a bulb et 15 the eeopuAgaEL Focket. Taill Long, whip-like

with a characteristic shaped appendage,’'7.65 (5.35 - 10.62) u.

Eggs (Fig. 11, M): 20 specimens. Sub-spherical shape, 89.5 x 78.0
(85.0°= 93.75 x 75.0 - 81.25)y , with ‘egg: shell 1 i thick, unornamented,
covered with a gelatinous substance which sticks them to the substrate
when laid. Eggs generally unembryonated when laid, consisting of one

egg cell (but one prederved femsle fourl with fullterm, coiled larvae) .
Fggs in ovaries irfegularly shaped, posidbly due to uterine pressure,

72.0 - 95.0 x 57.0 - 80.0 u.




Gastromermis Micoletzky, 1923 (modified from Nickle, 1972).

Length 13 - 22 mm.; mouth opening’ ventrally; amphids large;
six cephalic papillar groups; male and female adult tails bluntly xouqr{ed.‘ 2
Male: one lon"g, slender spicule; tail papillae in three single rows,
center row bifurcating around spicule opening. Female: with long,
" S-shaped vagina, with weakly developed vulval cone. -

Gastromermis viridis Welch, 1962 (Fig. 11, H, K).

Male: eight specimens. Body lemgth 15.0 (13.2 - 21.5) mm. Body wideh -
at level of head papillae 70.0 (65.0 - 75.0) y, and at spicule opening,
150.5-(117.0 -~ 168.0)u . Spicule 1.35 (1.0 - 1.65) mm. in length; wid‘:h
_of shaft at base 39.0 (27.0 = 42,0)u and 18.6 (17.0 - 21.0) y at
mid-length, tapered to a fine point.

Isomermis Coman, 1953 (wodified from Welch, 1962a).
Length 9 ~ 17 mm.; mouth terminal; amphids large; six cephalic
papillar groups; malé and female adult tails tapered to rounded terminus.
* Male: two medium-sized spicules; tail papillae in three single rous
bifurcating around the spicule opening. Female: with S-shap§3d vagina,

with veakly developed vulval cone.

Tsame: Js wisconsinensis Welch, 1962 (Fig. 11, i, i

Male: dix specimens. Body length 15.0 (9.8 — 16.4) mm. Body width at
level of head papillae 75.2 (60.0 - 80.0)y , and at spicule opening
136.2 (1;5.‘)\- 150.0) u. Two spicules 210.0 (200.0 - 250,0) p long,
10 1 wide at mid-length. Spicules extended appear’ sepamed when

} withdrawn, appear as one in latexal view.
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"Life cyele. ¢ i : A
o . .
% 3 . ;
The life cycle of N. flumenalis is similar to that described by

" . s ’
Phelps and DeFoliart (¥964) for Gastromermis viridis and Isomermis

wisconsinensis.

" Female N. flumenalis worms laid eggs in the. laboratory on the
Scotchbrite and sand su_b;;t}sces. All eggs examined shnrtly; after laying
were unembryonated, which agreed with the results of Phelps and DeFoliart
(1964) for G. viridis and I. wisconsinensis. Hovever, examination of one
preserved female, which died during egg-laying, showed that some eggs haé
full term, coiled larvae.

In September, 1971, one female laid 200‘eggs in the Scotchbrite
subuttate but died before completion of oviposition, approxinately. 400
eggs remained in the ovaries. The interval between mating and oviposition
of this worm, maintained at 21°C. except for the night prior to egg-laying
when the temperature dropped to 4°C., was 75 days. Possibly the lowered
temperature r‘egime‘initiated oviposition, )

In 1972, females mefntained at 12° and 18°C. on Scotchbrite
substrates did not oviposit. In August, 1972, 14 of 39 females (35.82)
maintained at 12°C. nvipnsited on sand substrates, suggesting that this
‘substrate was auperie: to Sco:chbrite for ovlposition but not as good
for cbservation of molting'and mating. Initiation of oviposifion could -
not be determined precisely for 10 females, but all oviposited 36 — 59
days post-mating, four females oviposited 56-59 days after mating; one

of them laying 650.eggs over a three day period.



Eggs of the approximate same age and all maintained at 12°C.
following laying, were placed at temperatures of 3°, 12°, 18° and '
22 - 24°C. (room temperature); the eggs were embryonating. Eggs placed . &

at 18° and 22 - 24°%

. died within two days; eggs maintained at 3°C.
compléted enbryonation after 95 days but did mot hatch, although coiled,
motile larvae could be seen in the eggs 1350 days following laying:

Eggs maintained at 12°C. hatched, producing pre-parasitic larvae 35 - 55
day)) after oviposition, FLER, 55E eggs HieeRtRE 39 = UeidayE arteE ghey
were laid. In an attempt to simulate hatching under natural temperature
regines encountered in che fleld during October, some eggs were trans-
ferred from 3° to 7°C., but after 120 days these eggs, although obviously
still viable, had not hatched. ‘ X

Phelps and DeFoliart (1964) ;:a;ed that eggs of G. vin’dist ;
1. visconsinensic were mot resistant to dessication but shrivelled 1f
dried, returning” to normil if placed back in water. In this study viable
eggs of N. flumenalis were air dried at 12°C. for 15 minutes until
shrivelled, returning to normal when, £looded with water. The theory
proposed by Phelps and Defoliart (op. cit.) that as N flomenalis was .

© obtalied o Senpviry. skt TN WESCORI. i‘:'s eggs might be resistant

to dessication, proves to be unfounded. ALl dessicated eggs of I.
Flumenalis died. ‘ )

Johnson (1955) reported survival vates of 12 daye at IUC_End 6

"days at 17°C. fof the pre-parasites of Hydromermis contorta. rre—parasiées :
of Reesimermis nielsent were observed to survive 3 = 4 days after
hatching (Tsal and Grundiiam, 1969; Petersen ot al., 1968). Phelps and

- DeFoliart (1964) reprted that ‘the pre—parasites of G. viridie and
. : ) \




I. wiscopsinensis survived for 1 - 2.days at 23.9°C. and 3 days at

14.4 ~15.6°C.

" In this study, pre-parasites of N. flumerialis, upon hatching
: ?
at 12°C., had .long, whip-like tails used to.aid in propulsioh and appeared

to lack any gulded directionsl novemeyt. The pre-parasites vere most

active on the day of but became 1y more sluggish
untdl they died 2 - 3.days later. Motility of the pre-parasites may be a
p:erequlsu;e'tu establishment of duitistiog dn blackflies;'snd 1if so,
then infection potential in N. flumenalis; like that in G. viridis-and
I. wisconsinensis (Phelps and DeFoliart, 1964), may be lost ‘sftef one day.
Mermithid pre-parasites of chironomids, culicids and tabanids
have been reported by many workers to enter the host via cuticular
penetration (Iyengar, 1927; Comas, 1927; Svabenik, 1928; Johnsen, 1955% -
Welch, 1960; Petersen et al., 1967-' Ts‘ai‘and Crundmann, 1969; Shamsuddin,
1966; Wulker, 1970). Strickland (1911) postulated that cuticular pere-,
tration of blackflies by the pre-parasites w‘u’s possible, but he “felt that
ingestion of ‘the infective stage by’ the blackfly, thereby permicting»
penetration of .the gut wall and enteasee to the hemocoele, was sare likely.
Phelgs and DeFo‘liart (1964), following laboratory studies, produced
incoﬁclﬂsivﬁ evideni;e ‘that infection of blackfliés occuré via ingestion
of the iafactive pre-parasites, Rubtsov (1971) similarly fouid that black-
flies become infected by 1ngestian of the pre-parasitic ;:age.' '
Laboratory Tnfections at 12 . with small ». f‘ueeum/ miztum

larvae and the p 1:p= of N. flumenatés were U ul. The

sinuliid larvae _g_nd preparasites were placed. together in 500 ml. of

stream vater in the rearing cylinders in ratios of 1:1 ( 40 simuliids

and 40 pre-parasites) and 2:1 ( 70 stauliids and 35 pre-parasites)..

.
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, Observations under the dissecting mi.c\rnscape showed that N. flumenalis .«

pre-parasites; like those of G. viridis and I. wisconsinensis (Phelps

and DeFolfart, 1964) were not attracted to the similiid larvae, even

‘ when they were in contact with each other. This is taken to support the

theory of infection by imgestion.

Ingestion of pxe<patasites was, ot cbagzvad, bt T blackflies
were noted to seize wi:h their mou:hparcs, the posterior extremir.iee qf
the pre—parasite s'tail, but the pre-parasites thrashed wildly and escaped.

. Parasitic development is initiated when the pre-parasites enter
the hemocaele of the simuliid husc. The durdtion of ‘the parasitic dev-
' elopnent varies with the host and the time of yesr in which the' infection
was acquired. In the P. fuscun/mistun populatioms; infectigns occurred
in the fall; the parasites ‘overwinter in the host, emerging in the spzing
after approxinately seven months development (Figs. 12, 13). The sumer £
simuliids, S. latipes and §. venustun, become infected in early summer,
the development of parasites taking four to elght weeks before emergence
(Figs. 12; 13). s 5 s

Th& mode by which mermithids feed 1s largely unknmm, but R&.\bteov

(19571:) proposed that the blackfly mermithids, Isomermis-| Bp. -and o

- Meoomermis sp. secrete ptntenlytic enzymes through the cuticle which

pre—digest the host fat body, releasing nutrients (fats, protelns and
probably ‘amino actds) which afe ‘absorbed via cuticular endosmosis. This

view is not supported by | Go:do‘n and Webster (1971) and Gordon et al.(1973).

Gordon and Webste‘t '1.971) working with the memithid Mema‘




i?igura 1'2. :

- Seasonal fluctuattons O N, flumerialis”

jopulations: in’ Hdlf-Moon Brook.

Arrow indica:es time of
a 1nfecticn of Proowl-z.wn species.







Figure 13.7 .

.- 'Seasional fluctuations of . flunenalie

populations in Long Pond Tributary.

- ‘Arrow indicates time of -

infection of Prosimulium species.
iy . L
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" carbohydrates,. while Gordon et al.(1971) indicated that the mematode

_also depleted the fat body non-j ates, which
“that M.-rigrescens utilized the essential curbnhydxate precursors in
the hemolymph before incorporation into the fat body during glycogenesis.
Te-waln seei, Eeratate, thit Ene Hbake b16s1 Eaivehydtikes pravtls
;:he nematode with an energy S‘Outce needed for the structural and meta-
bolic requirement's of the free-1iving, non-feeding adult stages (Rubesov,
1965, 1966d; Gordon et al., 1973), and for rapid parasitic grovth and
protein storage’ (Chituood and Jacobs, 1938; Baylis, 1947).

Gordon and Webster (1971) also noted that mermithid parasitism,
although not reducing the total level of blood proteins and amino acids,
did areacs o peiuctibin ok protélns and aninoasiih fnitha Eat body.yitch
suggested that the nematode stimulated fat body catabolism. The break-
down of the fat body protein and the release of the amino acids into the
hemolymph would furnish the parasite with a suitable and readily ]

" available source of pr;)tein nitrogen for active uptake, In this manner,
thie host Hepolynph maintained .a Talativaly EsnaEant Tavel W Mitap Weids
throughout -the. parasitic development: of M. nigrescens:

The mermithid presumsbly ingests the low molecular weight met-
abolites (amino acids and carbohydrates) froi the hemolymph via the
not-muscular esophagus (Gordon and Webster, 1972) and not via the cuticle
as suggested by several workers (Steiner, 1933; Chitwood and Jacobs,
1938; Baylis, 1947; Rubtsov, 1965). Although the metliod of obtaining
nutrients in simuliid mernithids is unknown, it is possible that »
mechanisms similar to those in M. nigrescens may-;lsn exist, but these
remain to be demonstrated. '

The parasitic phase of the N. flumenalis-life cycle is found
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coiled -?, in the ventral zegion of the ahdomlnal unlnrgment of the ¥
larval blackﬂy host, causing diaplacement qf the 1ntesr.ine. In lnte/
pazasitic stages the stnulifd abdomen was fxequently rus:ended by the

vorms aid transparent due to fat body depletion. e sotor of LA

» “Flumenalis infected siuggiids was' usually/ eddish brown 1h conparison

o thesnorsal reyisichos; green or brown ${gmentation’ of “ninfectad

-Xndivid\la_ls. The various histoblasts of pupal and- adult crglns wete

poorly developed and pupation rarefy occurred in simuliids fnfecied
with . flumenalis. Plusitiq:d larac. were also less active and did
S tEaickas weal iy, Toiptobingas AE nornal biackflies. These °
cbservations,sre sinilar to those of Stricklend (1911) and Phelps and
DeFoliart (1964). .

¥ flunenalis when prepared for emergence from the host, does
S0 by pushing with the head region 4t the weak intersegmental regions
of the abdomen.(Fig. 14). Tn some instances, emergence is via natiral

openings such as the anus and mouth. Emergence, which kills the host,

"probably throtigh the loss of hemolymph and mechanical damage, is

usually completed in less than 5 minutes. Emergencé of mermithids

from dead simuliid hosts was not observed. -

to nce, drop to the substrate and

are termed free-living post-parasitic juveniles. Post-parasitic .

* flumenalis females were found in the stream substrates, coiled around

vegetation or tightly coiled on the upper surface of rocks in the

swiftly flowing current. On one occasion, one mermithidwas found in'an

empty pupal casé of 5. but from an. & pupa
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" (Linear magnification.X 10.0).







* temperatures 6°,

could not be established. :

Post-parasitic juvenile mermithids were maintained ‘at four®

12°, 18° and 22 - 24°C.). All 39 mernithids maintained

at 24° C dled within 4 days. Mermithids maintained at 18°c. molted to the

" adult stage tn 10 - 13 days, but a 50% mortality of the 126.vorns was

experienced. .Of the 388 mermithids held at 12°C., 26% died, but the
rest molted to the adult stage in 9 ~ 15 days. Mermithids held at 6°. kg
required 37 - 40 days t6 molt to the adult stage, b a:z of the z.a o
worms died. A temperature regime of 12° C.,. based.on muxr.auty, was
therefore considered to be optimal. Male and female N: flumenalis, at*
specified temperatures in the l‘abnratory, molt at the same rate.

Phelps and DeFoliart (1964) showed .that molting commenced 12-18
days and 6 - 9 days post emergence for G. m‘ridig“and 1. wisconsinensis
reared at 14.4 - 15.6°C. In this study, isolated observations on molting’ *
at 12°C., indicated that G. viridis molted in 13 - 20 days, while

I. mﬁscansineﬂs’}:s molted in 9 - 10 days after host emergence. Mating and

" egg production were not noted in either G.,viridis or I. wiéconsinensis.

The number of molts in the Mermithidae has been subject to

: considerable controversy, since the: usual, four nematode molts have mot

been previously described. Poinar and Cyrigco (1962) reported a double pre-
adult molt following emergence of He:z:amems arvalis. A single molt
.was also discovered within the egg. Poinar (1964) reported only a &

double prg-adult molt from Orthomermis-oedobranchus, while Ipateva B

| (1966) figured the same for H. albicans and H.. kirjanovae. Poinar (1968)

found only a single pre-adult molt plus a molt in the egg of Hydro-

- mermis conopophaga.“halps and DeFoliart (1964) recorded only a single



; 40
pre-adult molt of a thick cuticle and a pntasitic molt of a thin cuticle
2 - 3 days prior to emergence. fron the host. Smnetimes, however, the
. parasitic cuticle remained attached to the outside. of the postsparasitic
cuticle, both being shed together: ¥ 3 ’
“In this study, a double pre-adult molt (Fig. 15,), consisting of

a thick outer and a thin, inner cuticle was found ir: N flumenalis.
Occasionally, parasitic worms, following dssection, vere moted t6 be .
holting a thin, mesbranous cuticle, at least one month before emergence
from the Prosimuliuns and two weeks before emer’genca of the Simulium
WeTRLEREAE, THA ALES of The NAEHIERIAE 46 PRYE Hthe Wes AppEoIANEATy

. :hree-quan;zrs the length.'snd two-thirds the width of normal emerged -

post-parasitic juveniles. _No molt within the egg was noted. Both

G.,viridie and.I. wisconsinensis were noted to have a single pre—adult

molt which confirms the data of Phelps and DeFollart (1964). )
" he molting process in N. flumenalis is similar to that described
. o
by Poinar and Gyrisco (1962) for Hexamermis aivalis. An mperldm; molt
1s indicated by the presence of a-double cuticle. Molting to the adult
‘s:age_izegins with a transverse éplit in the cuticle one-quar/ter‘ to one- .~
third the body length posterior to the mouth. The antérior adyoReaEEe "
portions are worked off the new cuticle ur;derpeath, the anterior portion
being molted together with thia esophageal lining before the posterior
portion. ‘The molting of the thin immer cuticle'is initiated when the
anterior portion of the outer cuticle has slightly separated from the
new cuticle underncath. Shedding of the thick outer cuticle and the
thin {nnex cuticle is completed togerune,
’ Mating frequently comenced Hithin a few haurs of molr.ing to the



Semidiagramatic.
1. Thick outef

" Figure 15. g

Pre-adult molt in N, flunenali
cutdcle. 2 Thin imer cuticle.
3. Al cuttele.







adult stage, but may occur up to 14 days aftervards. Mating of indi-

viduals often continued for 1.5 - 2 daya, but was usually completed in

12 - 24 hours. Christie (1929) found that Agamems decaudata males’
mnated more th;n once while Phelps and DeFoliart (1964) recorded that l?oth
saxad. o8 CastioHaTiE DLHATs ad Teondmis widooneTnenstie aated S5y
once, but on five occasions M. flimenalisadult males and females were

noted to mate twice and one pair nmated chree times; sex ratios were

,main:axned at 1:1 throughout these studies. . =

Recently mated females may be frequently tecognized by, the

of a brown a b e clinging to the outside of the

vulva. Closer examination reveals this substance within the v;x;v“a
itself, pdssibly functioning as a sperm plug.

Parthencgenesis has been repotted for, mermilthids (Christie, 1929;
CoutCtier 1963). Limix:ed observations ‘on isnlated N. flumenalis adult
fenales indicated that parthenogenesis dnes not pccur. Similar sbeer-
vations were made on G. viridis and I wisconsinensis (Phelps and

Dchliatt » 1964).
™ «

9 Briefly sumarizing the N. flumenalw ufe cycle,l mlting, to
adults’ occurred: in 9-15 days post-émergence at 12°C,, 10 - 13 days
at 18°C. 37 - 40 days at 6°C., and failed to occur at 22 - 24°C. Mating
usually followed within a few hours, but occasionally occurred up- to
14 days ‘aftervards, continuing usually for 12 - 74 hours. Eggs were-
laid aftér 36 - 59 days post-mating. Females have an egg-laying

potential of 600 - 650 eggs, and lay them over a period of three days.

£n incubation pericd of 35 - 55. dsys{ was recorded at 12°C., With the

greatest number hatching 4 - 11 days after the onset of hatching. No
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eggs were 1aid at 3°, 7°, 18°, or .22 - 24°C: The pre-parasite life span

was 2.- 3 days. At.12°C., the total-time élapsed from host emergence

. : i s i .
to egg-layingvas 45 - 74 days, and from emergence t6 egg hatching,

‘801~ 129 days. Patasitic development takes approximately’ seven months in

the ‘Prosimulium‘and 4 ~ 8 weeks in the Similiwn geperations. _

Mixed Infections. - - » ’

Mixed lnfe:ctions\ (more than one svpe‘cies of parasite per jhost)
were recorded on a nunber of occasions throughout this study. Fourteen
different instances of mixed infections (Table 6) involved four .m!..cro-
sporidan specics, Theloharia bracteata, T. fibrata, Plistophora similii
and Caudospora ‘simulii 13 times, the fungus Coeszygidim similit tuice
and the me;mithid N. flumenalis, six times. The combirations T. Fibrata
and P. eimilii, T. bacteata snd M. flunenalis and P. piiulii sad f.
Fluenalis vere each recorded twice from the.simuliid hosts. ZThelohania’
bracteata and 7. filrata vere recovéred five tires from infected
simuliids; the remaining combinations all occurred r;nce. w R $

Rubtsov (1971) staced that he ‘failed to find any mixed 1n;ectians

between blackfly microsporida land mernithids, but did frequently

* encounter L‘aelontyczdzum stmylii and mamlthids nccurring tognr_her. He

suggest(-ldT that merml:hids and da were ble, and * .

depending: upon which parasite entered the host first, a defence or
immune reaction was initiated by that parasite against. subseql'lent '

infections. Thus, enly microhporida or meralthids, never (m:h were

maintatned in the host. ' '

\




" " Pardsite Huaber. - | Percent |
Infected |Infection
s =
> N flumenalis " | . 24t i (R it -
12/V1 /72 7. brastiats + 0. fibrata” | 93 1 Sat=mt e 4" 5" o
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. strickland (1911) noted that mixed. nfections with memiiém'ds -
and microsporida occurred in black.flies, but in each lnstance, the worm

SEEREEHITDY, CRRALING & Conpatilon or tHE avaL TabTe ool supply,
. ¥ " ;

was very small’ (tess than 7 ma} in length) In this’ s:udy, mernithids

et ?
when recovered frum mictosparidan or Coelnmycidian—mfected lackflies =

were’ never more than ‘5 mm. in length It is 11.kely that mixed 1nfecticns ’

involving thistis .parasites had an: ovérall deleterious effect.on the :

Host /Parasite Seasonal Fluctuatioms R . g

To obtain some indication of the size and-age .of the simaliid
P“P\ &}3

ati ns under 1nvestigatian and the stages of developme‘t at which

: the simuliids acquired. their mermithid 1nfec(10ns, a-larval aging

:Echnique was modified from Soimerman et-al., (1955) Five sarvil age’
classes (Fig. 16), based on’ obsax;vatlons at 20K under the dissecting
microscope, were used smam 1'- 2 m. in length, lacking any indi-

‘eaticn of. histablasts medlum-small 2.~ 4 mm."in length, histoblasts

evident, but appearing as small, white dots on the thorax; medxum—large,

48 . in length, with 1prge obvious stru:t\xrslly undifferentlated

white hisr_ublasrs, ing, the pupal r filaments presegt and .

white,

mature, p@al respiratory filaments light broun to black. )

Parasitiz?d larvae;” even. those up to 8§ mm., usually possiessed reduced

\hls:oblasts, in this case, body size alone gs used ‘to assign the

. inulidd to an age’ élass. \ . ’ BN

Regulat cﬂllectinns of sxmulldd larvae, ftnm Half‘ Moon Brnck

. ‘and Long Pand Tributary were -made dur;\.ng April 1971 to Augus: 1972.




. Figure 16

simuma .age clagses. L-R. Mature, mat:
.. 'medbun-gaall, emall.







The results of the seasonal fluctuation study (Figs. 12, 13, Tables
7, 8) indicate that N. flunenalis was found 1n the 1971 simulitd popu-
lations from as early as February -(Fig. 13, Table 8) to the, end of
" July, but was not found in simuliids after the end cf July :hrough to
» February (Half Moon Brook) and eﬂrly May_( (Long Pond Tributary) i 1972. -
e N: flumenalis 1s 3 vnivoltine ‘mermd thid. species vhich infects
the watvoltine' s, Aismitatin generations, and only the first gener-
.ations .of .the multivol:ine S. venustum and ‘S. lahpze populations.
., Mernithids vere most prevalent in the Présimiliun species in T4
. late April to early May, and in the Simdium species from id-June to
early July for both stredns (Figs. 12, ‘13)., Mernithid ‘population peaks,
. during these periods, are not the result of in increasing infection
rac;, but are due to the maturatfon an::l ‘gup‘a:io-;‘o'f healthy larvae with
mernithid infected blacksly populations being residual, Hhen cnllections .
are tade at such tisks; false indications of the actual 1nciden:e of
parasitiem are ohtained, stnce the overall total infection ‘rate is. not
increasing, but denzeasing, due to memichid emergence ffom the hnsts.
Thus, seasonal variation in 1evels of parasitisn for- the two study ® -
afeas prevents .definitive determination of simuliid control obtained '
3 ! by N flunenalis.: However, it is possible to obtain an index to
3 - signul{ljd control from an average.of the infections incurred in each R~
/ . p

. ‘simuliid popylation: Thus the level of control obtained with N,

% flumenalis for the 1971/1972 simuliid populations in Half Moon Brook o
\ and Lorig Pond Tributary wauld bé in the range of 3 - 237, '
L3 .

. % Egg hatching may be'influenced by chemical parnmeters (viz. pH;.

dissolved Qxygen, etc.) in the stream water; bit in view of their generalx .
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: : TABLE 7 ¥ \ .
w0 * 77 SEASONAL FLUCTUATIONS OF HOST -SIMULIID/N. FLUMENALLS POPULATIONS IN HALF,MOON BROOK - ' . .
S i S o F o Blackfly' Age Class s 7 e St s
¥ . 5 Blackfly | — - - - - - :
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_SEASONAI: FLUCTUATI(

+OF HOST

TABLE 8

SIMULIID/N. FLUMENALIS POPULATIONS IN LONG

0= Blackfly Age Classes
Blackfly b 2 . e
Date Species Small |Medium-small [Medium-large |Maturing |Mature {—Overall .
. - Infection (%)
L . A% [B*% A B A -B i A }3 A B
20/1L /71|P. fuscun/miztun| -| - 3 B 51 I I R e -5.6
62 /71 u =] & = 9 9 29| - |19~ 13.8
18/ W /71 LA - T - . 20 S s =] a2 - 6.7
26/ V /71 n ) R R A N N I 1.9
267.V /71(S. venustun + * |.30| 5_| 128 1 - - I I 3.8
26/V 71|5. latipes -] - 3 1 1| - B T I 20.0
7/v1 /1 0o 2| e 1 = 7 5 | gl v 3=~ 3T
| 77vi /1|5, venustum ol = | s6 [-117| 1617 | 12 |74 | - | 43|~ 6:7
16/VL /71 i 1V [ 0 e 52 18 |'s1| - | 32f - 1.6 .
la2svz jnay " -l -1 2 | 3 *n a1 | 23| = |28 - 2ag
30/vI /71 g -l - 9. & 173 | 129 |46 | - | 27| - 51./0
<[ 7avizron A A S - 127 a2 |52 #eo|-| o0 331
14/V11/71 B ow - 59 | 25 (39| ~.| 36~ 18.2
3/'V /72|P. fuscun/miztum - 507 40 | 26 | - | 38] - 45, /955 .
8/ v/ oo > 19 & |26-f - |20 - .60 )




TABLE 8 (GONTINUED)

. N . S v ' Blackfly Age Classes
Blackfly - - : — . -
‘Date . ‘Species Small [Medium-small [Medium-large |[Maturing [Mature |. Overall’
PR - - - - ——!{" Infection ()
| M Ax{BEx| A B A B | A| B|A|B
15/ v /72|P. fuseun/miztun| ~ | | = - 36, 2 | 6| -|s8|- 2.0
21/ v f2|- Lt - - =] 2 3 [12].=]30]|- 4t .
28/ v /72 o == - - 25. 3 30 - | 14| - 4.3
5/Vi'/72]5. latipes --1 - - 7 = X 6| - - 747,
| 5/VI [72|S. venustum. 61| 24 = 14 - =l 2, sl e 28
12/v1 /72| i 1|-1 4 | 3 |208 = | B & | =f=
<" fa2 vt /72 L2 28 |- | 52 - | 124 4 |85 - | 36| -
26/V1 /72 . - |- | e 5 7| 108 10 [93| - |63 -
- 3/viz/72 " -1-1 15 p 12 |20 s8 |71 | -[s3)-|"
11/v11/72 o, -|-] 60 -7 36 60 122 | - |140] -
17/vi1/72 n B N S R [ 17 2 |55 - |37 -
_|z6/v11/72) " -] - 4 - "7 .16 89 - | 62~
30/VL /71|S. venustum® s e e = ) i 2. | 46| - | 27| -
26/V1 /72 ¥ -|-] e8. | 3 | 108 - | 93| -] 63f.=
" 3/v11/72 i - -1 15 . 4 .| 209 - || - s3] - ¥
11/v11/72 iy - =] 60 |, - |-3e1. 1 (122 | - |1e0] =
. - B s
- % A -uninfected simuliids. ) b
- %% infected simuliids. .
+ - infected with Isomermis wisconéinensis. :

'S
°



50
seasonal uniformity (Appendix 5; Table 5), the effect is probably,
3 slighe, thus, it is likely that.egg hatching s dependent on the’
seasonal fluctuations of temperature (Figs. 12, 13). 0. ﬂmlaha, ’

therefore, has two periods of egg ;3 ‘the

” 3
infecting the Prosimulium species in the fall and the Simulium

generation in.the spring. . - . o

" ' unmugh data on the acqnisltion of 1nfecr.1an by the Prosimuliwm
generations was miued in 1971, ‘due to high water 1evels and flooding .
vhich prevented collection of larvae during Novembar, and because .
no infected material was collected until February (Half Moon Brook) and’
May (Long. Pond mbu:ny“)“-wn, data obtadned Y ma-oc::quer 1972

LT Timdivated-that the Prosimuliim populations of both streams had recently

7 . hatched and were infected by October 11. Only small Prosimulium larvae

were present and infected, with infections of 26.6% (Half Moon Brook)
" and 17.8% (Long Pond Tributary) being recorded. Water temperature at
. 1 the time of collection was 7.0°C.’ From laboratory life cycle data

sly egg was found’to occur’ at 12° c., buz

- not at te-paur.uus of 7.0% c 1t is pnssible however, that \mder field
* conditions memithid eggs hatch in l:l\e general range of 7.0.- 12°C.
It 15 pmbnble that the’ Pmswmlzwn glnerations of 1971 became
infected at the end of October. Tnfection p’rnbably uould not have
-uccurted before the middla of October,. as nburvntions at’ Pickavance
.‘ Creek (Lews.s. personal’ camunication) indicated that the Prosimulium

* generation’dtd not hatch befors the' end of October, and,no reason has

Sl yer. been found to signifigantly alter the- hatching “date for the two

s:mama studied here.!. - VE & -
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Infection of the Simuliwm 54{.:1@“ occurred £ro the middle

of May to the first of Jume in 1971 and 1972.° Thé age élaas data '
(fables 7, B) indicate that ‘the small and- mediun-small larvae were the

first age classes to b;ions infected, It is possible that both the -
small and zediun-small Tarvan becows Hifected during this périad; but

it is considered mére likely, based on the larger size of dissected
. parasites of medfum-smali larvae, that the small age class is the prime

stage at which occurs., of small larvae

were less than 2.0 mm.  in.length and many still possessed their stylets, -
while parasites of medium-small larvae wefe larger, 2 - 4 mm. indicating.’

a longer developmental period and an earlier infection thar the small

larvae collected on the same date.

R | is wi i is p y tered in the egg stage

and wds fi:s.! found 1in S. uenuntym at thie -end of June 1971 and 1972
(Table 8). It is ynlikely that they overwintered as preparasites since
. thedr 116 span dt+14.4 - 23.9°C. is enly 1 = 3 days. (Phelps and
Defolial't 1964). Tﬁe females were coile;:ced 30/V1/71, while 6 mlea
Lnfected 3 simuuids 26ml7z 4 sinmluds y!.elded 1 female and 6 males,

P
3/vn/7z and 1 female 'was Eound 11/VI1/72. <% X -

Infecl:ed Sunuhml populattons vere first noted in the spring

when 'z:’he stream temperature was in a range of 7.5 - 12.5°C. Figs. 12, - -

: 13) It would seem, :heufou, :ha: \wth the Prosimuliwm and S-wmlw.m

genetations become infected duxing the Eall and sprins, H'hen simih:

temperature regines’ ocgur in the streams. Further researth 1s nead:d.

. however, to precisely  the ratu ..u“. bo:h in the

f161d 'and laboratory, at which egg “hatching and “tnfections aceur: -




Based on the length of the laboratory'life eycle in N. flumenalis,
* from host emergence to the hatching of eggs. (80 ~ 129 days), 1t 1s highly
. 1mprobable crht the Prosimuliun mernithids could develop sufficmny .
gty es datet e Simeliun generations of the. same yeat.. Consider-. )
ation of the maximum developmental period (129 days), and the time at

- which mermithid emergence was completed (late May - early. June), shows .

that merm;nthgds derdved frpm the “ProsimuZiuns would probably be producing
Infective’ preparasites in eatly Oétober; and hence, could infect the
. Prosimdiums which Hatch at spproxinately this tims. The SimiLiun .
. Germithids, on the other hand, complete their emergence by the mid to
o Fily and*theoretieailynoula ba producing A Ly
December. Hoiever, svas previousiy déxﬂonstr}a:’ed, eggs hqcc;l in the
'genex.;al range.of 7 = 12°C., and probably do not hatch at temperatures ¢« o
signiﬁcan:ly below 79, As'the temperature. in the field in mid-December
- to mid-¥arch, 1s glose to 0°C ha:ching probably does mot ‘occur ineil

the spring whe‘a the water reaches an le t

memithid egg hatching occurs.’ In the spring the. . flumemzZLs hatching o

A : temperature (7 - 12°C.) probably coincides with" the :iming of hatching
et PiRet St generation in me Mdy = early June._ Thus, 1te o
VoilLid ‘appear that the N. flunenalis life cycle is well synchronized with |

_that of 1t$ :hosts dnd that mermithids deiived from Prosimliwms and = |

Simuliums infect only the Progimiliun and Simulium generations

of theBubsequent year during octover a’nd April ~ May. .

y onswml?—um and Simyliym generations usually become infected

durit\g the small snd, possihly in uame instnnces 1n the medium—small

latv.\_sl stage. . This s further supported by Strickland (1911), Anderson.:




and DeFoliart (1964), Anderson and Dicke (1960) and others, vho reforded

. that mermithid parasitism in‘blackﬂies‘ iahibited pupal histoblast -
developnent such that-infected larvae; fafled to pupate. As normal o
histoblast development is initfategl in early:larvae life (the small to

. . . & .
medium—small stages) , 1t would be expected that if mermithid infections &

occurred duetng thia periad, pupal histoblast development would be
% lmpaited This xlways occurred in N. flumenalis infected sipulitds in
. . this ‘study, Excep: for the data in Table 9 where, presumably as a result -
.. of late larval infections, histoblast development was’ Dnly partially
5, oo . ffec:edA N. flumehalis continued development m :he hosc under such

=5 circunstances, -and was, carried over to larvae undergoing maturation and

- . to'pupaé.-G. viridis and I. wiscomsinensis were also observed in these

@

simuliid stages.
. ’ Adule flies were not examined for mermithids in this study;as
experience in 1971 indicated that for all mérmithid streans {avestigated,

cnly a very small ptuportiun (A of 7351 or '051) of maturing and mature

. Y larvae harboured memithids. [Thus, it was concluded that.the potential

number of mermithid infected adults — probably be- even less’ than -
the nunber of infected pre—imagines due to emergence sedmithe hose and -

lox\geliexyosure to predstion, wnd henceAdult investigatim\s Vere

not attegpted.

¢ "’me'pn:encial carryover of I. f i to adult P.’ fi Lxtum

L . and .S, venustwn papulal:iens (bssed on data extrapolatad from the mlmber uf
maturing add mature larvae and pupae | r memithids, tming a1l

infected 1nd1viduals pupate to ndults), is 026 and 0627 respectively
5,0 5 (Table 9). ALl sifsstad larvae, however, probsbly would not”pupae to

the adult’ scage, and therefore the carrynvar potentiﬂl is probably even




‘. rently available.

less ‘than the figures cited above, -but by what proportioﬁ 45 not known.
Adult simuliids infected with ¥, flumenalis, hovever, do occur iy %
Newfuundxand as 2 of 87 P. fuecum/mmtum pupae collected - fxom :ne

‘Pickavance Credk area (20/v/71) dna xeared to adults, were 1n£ected v
@
(Levis, pefsonal communicar_ion) . : . s

(I8 5. corbis, S. uwtarwn and 5. venustwn populanﬁs infected ' - T

.. with I. ‘wisconsinensis and G -ou-uiw, the number of memithids ?/.meied .

ovel to. adult sinulilds 1s probably higher ‘han £6r M. flwnsnalw,
‘stnce a significancly 1arg€'1.\pmpozt1on of maturing axﬁ’ nature larvaej

 harboured mnmithlds/ Thus, the carryover pocancial may be close to .

1.3% for I. fxom 5.7 26 8% for G.}V‘LPLd’LS in

- 5. corbis, and 13. % in 5. vittatun (Table 9). It is possible that - : =

with larger samples of €. \Jtmdu and I, pisconsinensis infected.

™ 3
species, 1: Would: be'logical to flnd G. v'Lz"Ld'Ls &nd‘ TI. wisconsinensis .,

widely distributed, and N, flumenalis of restricted occurrence; such, - .,

3 < . - L5 o
however, is-not the case as %he Teverse: occurs o explanation'is cur~

Welch (1964), Phelps‘ and.DeFoliart (1964)" and Gozdon et al. . 5
(1973) ‘suggested that memithid- carryover to adult simuliids vaba use- %

ful ‘diethod of maintaining memithlds vithin the stream anvironment and:

prevenited thea From belng vashed out. of :the stream.” Sincethe darry- |

over'of . flumenalis to wadult sinuliidd 15 probably exé.:emély low in

Newfnundlarf\i; 1o possible chat - alternate methods of maintaining © . 1 -




° TABLE

5

ADULT SIMULIIDS IN NEWFOUNDLAND,

CARRYOV‘ZR POTENTIAL OF m‘mxmlmrxon INFECTED PRE—IMACINES
TO

T - T R
S Total Simuliids Infected Blackfly “ Carryover
< e * with the Parasites age class . potential” (%)
Blackel - _ : :
Species V. flumenalis|G. viridis|I. wisconsinensis|Maturing|Mature|Pupae| .y’
e % S . ki larvae |larvae| - %
P." fuscum/miztun 7491 - - 2.0 =
5. venustum 11284%% _ = - 6
" - T- 377 1 [
S. corbis - 93 s- 2 123,
5. vittatun - 211, - 9" 19 o

* Total pupae 1356

#xfotal pupae 2113




anetteb:ates have uuggested that an alternative method 18 possihle. ‘

i Elliott (1971) demonstrated that larval simuliids moved distances

[0F 50 em, upstrean Sver a 24 hour period; movement occurred only dufing

the night with o migration ups:ze' difring the day.. Eliiott's study
sipports that of Ball ot al., (1963) vho found that significant amounts
of 32p, @cowm—a:ed into Escherichia .c::-u, when introduced irto a
Hichigen strean, were Eound orie Weak:later, 100 yards upstrean in
Similiun, Physa and Isoperla; two weeks later and,200 yards upstrean in
'Nigrorlvia, Pteronarcys-and Baetidae, and five weeks after introduction
in Nigx-oﬁia o Tsoperla at a discaﬁce of 500 yards upstream. The
studies indicate that upstream migration of, sunuuwn doegg ogeur, and"
1t 18 also conceivable that mermithid-infected simuliids could also
" migrate upstrean, and hence be matntained vithin the stream; this
hypothesis, hcwever, femains to be demunstrated. p ' >
Anderson qad DeFoliart (1982) recorded 16 spectes of sinuliids’
infected with mermithids in Wisccnsin. Gastromexmis viridie was found
in 8 epecies, I. wisconsinensic in 10 and an unidentified mermi:hld in
10 blackfly specles. PHALJAESAIIERELEAEE (1968) SaloRasd . viridis
.and I. msaanswensw only from S. mttatwn but also recovered n.
Flukenalis From P! magnum, C. mutata and S. venustun. Abdelnur (1968)
repo?ted 5. vittatun 1nfec;:e;l with G. viridis and S. venuam:m with
- '

V. flumenalis. Tt ; ey

S . g B
. Of the 20 blackfly species previously mentioned in the dis-
‘. tribution section, only 7 were fourd to be infected with mermithids.
Neomesomermis flumenalis was found in 5 simuliid species, G. viridis

and I. wisconsinensis each in two species. The remaining simulidd



species appearel to be refractile to infection u:.the wild\star.e._ It
is possible that mernithid host epecxf.icuy 1is a result of tm; physio-
fogieal hoat specteicity, but Lt vould appear more logical, in light
of the data above, that host speciucicy may be more .closely related
to the asynchronous development of the “host/parasite life gyeles. For

example, Cnephia mutata co-exists. in Long Pond Trihutary with'P. fuscun/

Vwtatian) bub vas nevary infected with L Flumenalis. Craphia, mitata .

does ot hatch unedl the middle~end of November, approximately one

montH after the Prostmuliums; this difference in hatching way. explain

why C. mibata, or the suimer simullids (viz, S. gouldingi, Sv cwewn,

‘5. verecundum and others) which have, later egg hatching times’ than

5. venustum, do mot harboir mermithid infections in Newfoundland, since
the .timin.s ‘of their susceptible stages are probably mot synchronized with
el seauEEsnEs of the Infective: preparssites;, Another possibls wxs
planation of host i;peclficity may be related to the age‘ of the host,
which if too small or Yaxgawhiel the pre-pecesituniare p;esgnt fn"the
strean may present physical barriers to the initiation of infection'as

1) thefr mouthparts may be too small to enable ingestion of the pre- -

3'2) or the i wall may be too thick or resilient in

older‘ larvae therchy P the p: ites from

" into the hemocoele. "It #1s only by 1uboratnry ex-perimentation that the

true host specificity of a given memitY\id species can be detemined 3

for a w;de range of simuliids.




. Sex’ Ratio, ) <

. $ The: §ex ratio of Mermithidae is geherélly ‘accepted to bedt
least partialiy influxlce by environmental factcrs. . Many wo:kers

TR (Caullery and Comas, 192zchriscie, 19293 Kaburski and Imamura, 1032;

"Kaburaki and . Iyatomi, 1933 Parenti, 19624, b; Phelps and neFolim:, .

=N ’ i 196&; Petersen et al., 1968; Petersen.and Chapman ; 1970; Petersen and

Willis, 1970 Willis, 1971; Petersen,‘1972) have' demonstrated that as

the number " of mermithirl parasites 1ncreased per host, ‘the tatio nf

. _ males ) females also increased, and it was concluded that mulvtiple

nfections tended to produce more malds than females.. ? i

S Joh{;soé (1955) concluded that. only 18.4% of sex determination . =~

+ in dydronermis contorta was genetically fixed, and that the sex of the
remining 81. 5% mermithids was detemlned by environmentnl factcrs.

. , The actual phystological mechanism by which B detmnined

has.not as yet been discovered, but Johnson (op. eit.) ‘suggested that 05

increased ‘parasite in the host, ases in the available .

food supply per parasite asidl a 1n_crease"1n the ‘a.muur.u: of“excretnry L -

products dccumslated in the host' could be important factors in sex’ . i g

- s +determination, Strelkov (1964) reported that the sex of Filipjevimermis
wingularis correlated with that of its host, that. is; females were most
Gften produced in female-hosts and malés in nale hDsts. Petersen (19725

L demons trated that nuttrition had & ncticeahle effect on the ex xatio of

' Rges-umexvm,e nielsent, in’that singly infected, starved hosts pmduced

[ 92% ‘males conpared with 137 males from nomally fed hosts. " Similar

. xes;)m were obtalned with 2 parasites pér host; 7% males vere produced -

from stuved hosts as. upposed to &3% in normally ﬁed hosts.. No starved
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“larvae with more than'three parasites survived. ;- . #
Sex ratios in i flumenalis'vere deterninéd tn 1972 from B
- . i eme!ged P itic’ , and ,u.; cted from small ! d

. to mediwn-large larvae of P. fuscum/mztum and 5. s ot
‘two regular collection sites. Accurdte sex ratios camot’be obtained o
from 1snlated nbserva;ions based on ong or two samples, as there are
often extreme fluctuatians frnm ote collectinn day lto. anathet and N
B therefore, sex ratios were based.on results of seasanal, eollections:
Miltiple infections were frequently recorded in the simuliids from
55 # Half Moor Brook and fong Pond Tributary, as vell’ss id othet-
. Newfoundland s.treﬂ%, hur.'x‘n; attenpt vas made to s:u'd} in .’dezéil.::
s multiple infections and their effects on the gex ratio, since blackfly .
. larvae were not sepsrately reared. However, isolated o
» based on disseccions and the occasinnal correlation 6r worms emerged
£rom single hosts, gave T of 'the degree of mil'tiple

infection . ‘= f' b T oo

The seasonal sex pacs data, bzsed on the total numbez- of male

and female m&mithids recoveged per collec:icn (Fig. 17a, b)," indicﬂ:e

that the Half Moon Brook Prosimdliun merithid population malnCa'Lned

. a-large n'u|;xbet of males _'thtoughm;t the life cycle of the host, this
batig ref‘lgcted in.the overall sex ratio, where a male to female
predontnance (1.4:0) was shown. ALL other sex ratios had a female to :

malg d The

and 5. D _generatioris in’

LA . - i K
g Long Pond Tributary had 1,33:1 and 9.2:1 ratios respectively, while
. ;i e ] >
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;he 5. venustum genetation l’n Hulf Honn ‘Brook had a 2.7:1 tatio.

The * seasdnal change “in average n\mbets ‘of male and female .
sernithids is shown’ fn Fig. 1¥a, b. The results indicate that the
infected simuliids from both streams tended to.be predominaritly
sale during the darly stages of the host 1ifé cyele, but later,
females were primarily Sradusads < ’

'H\e limited miltiple infectinn data indicate that the number )

«"of woims harbeured per host ranged from. 1 - 4. Only female mermithids

s vere " found in sifiglitd larvae Wl single nfeetions, but 1: was .
ot p‘ussib‘le to tell whether additlonal yorps, either male og fenale,
had"also entered the hos but sybsequently died; no-indication ' :
of melmiza':iun, Eucapsulatien or dead Hnms were noted vithln [he .
hosts' hemocoele. when two or more worms were recorded per host, '

"+ they were aluajs male. Multiple infections probably oécur el
the periods of heaviest egg hatching, and hence are reflected in the
"sex ratio by producing males. Based on the data at.hand, it would
appear that sily Eenites ava produced from single infections, vhile

*. males only result from multiple infections. However, other workers
(Chrietie, 1929 Kaburaki and Imamura, 1932; Kaburaki and Iyatomi

- 1933' Petersen, 1972 und others) folmd that males may also be

fxom single' 3 and bnch females and males in multiple

nfections. It would seeni\tbetefote,'chat either flumenalie in

s ’ .
Newfoundland is infludhced more a:asﬂcauy’vﬂ:e/ internal environ—
mental conditions of the host species than for other mermithidd™

‘elsewhere, or.the data are too meagre, giving a false indication
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' . Figurelsa . -

Seagonal-changes in ‘average numbers of simuliid
- mermithids in Long Pond Tributary in 1972
: 0 ;

Figure 18 & Lt

szaaonal changes'in average numbers of. simullid
+ mermithids in Half Hnnn Brook in 1972,
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s o / ; .
that Fenales -pnd nales are cmly produced as a resulr. of single ‘and

nultiple mfecmns respectively, Perhaps with larger eagrpm and -

indtvidual rearing of dinfected simulitds, the relationships between

4 o ; .
multiple infections and the sex tatio may be more precisely determined.
i, ' A ;




~+SUMMARY -

- ’ 3§ i o 4 -
1. - A total of 198 streams in insular Newfoundland were examined
for blackfly endoparasites in 1971 and 1972. One or more

. epecies of miérosporidas Thelohamnia bracteata, T. fibrata;

Pliatophora similii, Caudodpora s and C. brevieauda—

. were recovered from l.d 120.2%) 3¢ tHe str!aﬁs\ 5
; N
i v ;
20 Coelanu;mdwm simlii was recorded from 14 streams in .
Newfoundland. By -

Three species of blagkfly mermithid— Gastromeris viridie,

‘Teomermis ui 1 fg and ig -f ig-- were -

. tecovered from 59 of 198 (29.7%) of the atkesms examined.
The interior regicns of Newfoundland -had higher freguencies
(47 3-75 0%) of mermithids than the mdre wastsl areas (11. 7-

36. 31) The reasons fer these dis:ribution _patterns were .

- :digcussed.

4. ' The longitudtnal distribution of mermithid infected black-vl
£11e3 rLthin the stzean ;nvi't:;nmle‘{: wag exaniaid.. The upper

. 4003, of the streams exantried were devoid of mermithid '
parasties, ittt Tovsevennilos r.he streans harboured

- . mernithids. 2 i 7 b E

5. Cur,renr., depth and chemical parameters' in the stféan vater
were examined from streais wlth Alld withnut memichids.
" Mermithid parasitiam in & e:team dld not appear to be duec:).y'

dependesit on these factnn.




.,parasi:es being described for the firsp time. Guaﬁramema

5
is vas re 1bed; the eggs 'and pre-

and Isomeimis mmnsmenm adult nales vere also .

ré-described.
\ D i
The life cycl'e of N. flumenalis was describéd Male and female

post-parasites molted to aduits 1n 9-15 agys at 12°C. agter

emeé‘gence fron the host; 10- -13 days at 18° c., 37- 40 days at 6°C.,

and_ fatled m mo!.t at 22-24°C. Three molts were recorded, one | *

dyring parasitic development, and a double pre-dult molt.
Mating usually followed mal(lng within a feu houts, and

continued for 12-24 hours. Eggs. were lsid 36-59 days pnst-

~ mating. Femulgs lay 600-650 eggs bver a 3 day périod. Fggs

incubate for 35-55 days at 12°C., ;tcix heaviest egg hatching
bncuzgng =11 dagd teer th onset of Hatchifg. No eggs s
latq at 3°, 7°, 18°, or 22924°C. The pre-parasite.life.span
was 2-3 days. Total elapsed time from hgs:—mﬁ:;ie to g;;g

. o " o -
laying was 45-74.days, and froh gmergence to egg’/hatahing,

E: - 80-129 days, Parasitic development takes approximately sever

months in the Prosimlium and 4-8 weeks in the Synliun® .
Ry G

generations. . u ¥ ”

Mi%ed infections between mi

andgf. f1 8, r




v e
" .detatled, Havsrascnainits flunenalis is a univul:ine species

oo infecting ‘:he P.. fuscwﬂ/m::tum generatiena 1n October, and

" only the nzsc generations of the estly sumner simuliids,

L) % primarily 5. venustun, near the end £ May T aarly gies .

.y -, Initiation bf infection occurred between 7—-l2°c.

¥ FN W
- .10, Adule ui.mulilds were net exanitned in. this study, but data

. % extrapulated from tuting and mature larvae and pupae Lnfe:ted

) with N. flumenalis shaverl that only .026 and .062% of the

gl “ P. fuscun/miztum and S. venuétv:m adulta respactsbily vere
e probably infected. Gastromermis uirtd«:a and I! wiggonsinensis

proba'hly infect, a larger proportion (1.3-26.8%) of adult

smluds than does IV: waﬂenaZ‘La. '

Host_specificity vas discussed, and it appedred to be due to

T the asynchronous development of the host/pnrasite 1ife cycles.
L - True physiologfeal Host spedifieity vas hot, Hodsver; sitirely
,“ruled q,,:, i § E .
a . o . o

Sex"rstins were discussed. A maly to female predominance: of '

1.4:1 was noted for the mermithidk from P. fuscum/miztum in
. "+« Half Moon-Brook. Other ratios, but with a female to male | :
“ . prédominance’of 1.33:1 apd 9.2:1 for. the Prosimulium and

Similiun generations in Lang Pond Tributary, and 2.7:1 for the G

o § ) ’
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“ Pickavance study area.

Al

1.

» - References in Appendices 1~ 4 to Pickavance Creek, A, B, C,
. i i
etc., ‘refer to a series of streams within a generalized study area on |

the TCH approximately 1.1 km, east of the Cochgar(e Pond Provincial

.rark access. Figure 18, depicts -the stream mcations wl:hin the

Symbols imiediately following the stream name refer to the

- stream type; P - permanent, I - ‘intermittent, T - temporary. (Rot’

", shown on the topographic maps). The numerical data refew.to the ' -

stream width. (in meters) and depth (in‘cms.) respectively: ~ *

APPENDIX 2
LOCATIUNS QF NEWFOUNDLAND SIREAMS YIELDING MERMITHID, HICKDSPORIBAN
OR COELOMYCIDIUM SIMULII INFECTED memms v ®

N ; 3

IN/7 591604 Pickavance Creek A P,02.0, 152"

T 2. INJTTN 592605 Pickavance Czeak B3 X4 1.0, 104

3. /7 »591605' PLckavance Creek C; T, 1.0, 10 v

i, 1N7 590602 Plckwance Creek D; T, 1.0, 10.
5. 19/7 * 591602 ‘Pickavance Creek Dz; "r, 1.0, '10.
6. IN/7 591602 rickavance Creek F; T, .5, 10. t <
70 IN/1 591601 Pickavarice Creek &', .5, 10. :
8.7 187 596598 Phipps Trickle; T, 2.0, 5. '

9. IN/7 578587 ‘1.4 km. west of Cochrana Pond Provincial Park;
T,.2.0, . . 2

10. 1W/7 551584 Manuels kiver; P, 8.0, 10.. . )
1L, IN/E 526566 .96 km. cast’ of Foxtrap access; I, 1.0, 10.
~ . et

12, 1N/7 508555 .9u k. wesr. ot Foxtrap access; T, 2.0,:10.

13. IN/7° 502547 1.9 km. west of Foxtrap access; P, 1.0. 20.




i
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Figure 19

Stream locations within tne Pickavi

ance Creek study area.







4 - 7
4. IN/6". 474319 * Tound Pond outgon; B; 5.0, zo. : .
“-15. IN/6 457489 Butterpot S e entrarice; P, 4.0, 10.
. 16, 1W6 351448 Louis Pond outflow; P,.4.0, 15.
T 7. IN/6 323472 Southwest Pond outelow; B, .0, 10,

8. /6 | 209485 Lockyers Waters; P, 2.0, 1.

>

19. IN/6 271523 .5 km. west of Gushues Pnnd Provincial Park;, :
p ) g » 2.0, 10.
2 f. 20, IN/SE. 021589 4.8 km. west of Argentia access; I, 1. 0 10.
W 21. IN/SE 006608 6.4 km. west of Argentia access; P, 4.0, 20.

« A ©7 22, IN/12 961653 1.1 km. west ofLong Harbour access; P; 5.0, 10. )’
T 23. IN/12 922713 6.8 km. west of Long Harbour access; %, 3.0, 10.
24, [IN/12 916735 5.4 km. east of Bellevue east adce.ss' P, 4.0, 15.°
2. W2 91750 3.2 km. edst of Bellewe east access; P, 6.0, 20.
26. IN/12 909758 1.6 km. east:of Believiie dant access; p 3.0, 15.
a,l. IN/13 . >797ll3 Gvobies east access; P, 3.0, 15.
28.. 2C/4W * 805311 Deep Bight River; P 4.0, 15.
29: 2p/1 209424 ‘Shnal Harbour River; P, 12.0, 15, : ~
30, 2D/8 134500 °. Thorburn Lake-Tributary P, 3.0, 15.

oo / .+ 31 2D/8 095543 73km west of Thorburn Lake Tributary; P, 7.0,15.
32, 26/120 813847 3.2 kml west of Terra I;nv: gark Headquartera access;

g . . "

« ‘
33, 2C/12W 807884 6.5 km. west of Terra Nova Park Headquarters access;
: P, 5.0,:15, '

34, 2D/9. 125981 5.2 km. west of Glovertown access; P; 1.0, 15

35. 2D/9 .. 416984 6.5 km. west of Clovertown access; P, 3.0, 10.

136, 2D/16 862181 2.5 kn. west of Denton gecess; I, 2.0, 12. - .
32, FZD/IS 585256 .. .9 km. west of GlenLAd Provincial Park; P 2.0; B,
s 38.° 12A/16E-720245 7.6 km. vest of A&pen Brook; B, 4.0, 12.




39. 124/168 716248 Junction Brooks P, 6.0, 15. -
40. 12H/1E 697278 3.0 km. west of Badger we‘st entry; 1, 4.0,'10.
41. 12H/1E 667335 _Catamaran Brook; P, 6.0, 15.

42; ‘12H/IE 657471 7.0 kn. west of Powderhorn Brook; P, 3.0, 12.
"43.- 32H/1E. 641552 Gull Brook; P, 2.0, 10. * '

44, 12H/8W : 5027%6' 7.3 kn. west of Indian River Provincial Park access;
. P, 1.Q, 8.

45. 12H/7E’ 343732 6.5 km. west of Baie Verte access; P, 5.0, 20.
46.° '12H/7E 291691 . 13.2 km. west of Bale Verte Bccéss; T. 3.0, 15.

47, 12H/TW 179617 7.8 km. west of river joining Birchy and Sheffield
Lakes; P, 1.0, 15.

48. 12H/6E 925569 Boot Brook; P, 5.0, 20.

49.% 12H/3E 823517 Crooked Feeder; P, 6.0, 20.

50. 12H/3W 727501 5.6 km. west va Junction ‘Brook; T, 2.0, lAS.

51. 12H/4E 604370 13.2 km. west:of Bomne Bay access; P, 5.0, 25.

52, 124/13 319142  Vhale Back Brook; P, 3.0, 20. k/\
53. 12B/98 154952 - Tsland Pond outflow; P, 3.0, 1505
54. 12B/8W 935630 Dribble Brook; P, 30.0, 20. ' '\
55. 12B/7E %54520  Barry Brook; P, 4.0, 15 s

56. 128/7E 767678 4.0 kuy west of Pischels Brocks T, 3:0, 15.

57. 110/14E 317937 2.8 kn. west of St. Andrews access; P; 4.0, 25.

58. 110/11E 318797 1.4 km. west of Cheeseman Provincial 'Pifx} access;
gy o d TP 15.

59. 12H/SE 612603 Rocky Pond outflow; P, 2.0, 25.

60. 12H/SE 574695 . .8 km. nopth of Jacks.Pond; I, 3.0,,20.
61. 12H/120 329093 Sally Cove; P, 5.0, 20.

62. IN/T 641478 Middle Pond T‘:ibutary;"r, 1.0, 10.

63.. IN/7 633454 Long Pond Tributary; P, 1.0, 10.

¢ N

e



- 64.

65.

66.

82.

- 83.

8.
85.

86.

. ; o
IN/7 613393 . Pierres Brook; P, 5.0, 15. ’ 2

IN/2W 512171 Cape Broyle River; P, 10.0, 20.

IN/10G 699305 Piccos Brook; P, 8.0, 15.

IN/10G 699874 Half Moon Brook;.P, 2.0, 10,

_‘IN/10G 746756 Logy Bay; P, 2.0, 10.

IN/10 . 589735 - Goat Cove Brook; P, 3.0, 10. "
INL0 594702 Broad Cove River; E, 2.0, 10.

IN/10 605704 Healeys Pond outflaw; B, 4.0, 10.
IN/10 623702 ' Powers Pond outflow; P, 3.0, 15.

I9/10d 524643 ' Lomg Pond tributary;-B, 1.0, 10.

IN/6 « 478623 Kellegrews Playground River; P, 3.0, 15.

IN/6 458607 Lawrence Pond outflof; P, 2.0, 10.

“IN/6 ° 322620 - Three Island Pond outflow; P, 2.0, 15.°

IN/14 297951 Victoria; I, 1.0, 15.

2¢/11< 473789 Catalina; P, 2.0, 20.

IN/3 204304 Back River; P, 5.0, 10. " '

IN/3 7 /179235 4.0 kn. south of n;ck River; r,' 2,0, 10.°
" /

LO(‘;ATIONS OF NBWFOUNDLAND STm EXAMINED FOR BLACKFLY
. ENDOPARASITES BUT NOT YIELDING PARASITES
o N -
/7~ 591603 Pickavance“Creek E; T
IN/SE 051584 1.9 km. west-of Argentia abcess; T,
I . . . .
IN/SE 047586 2.4 km. west of Argentia access3 L. i
IN/SE 039589 . 2.7 km. west of Argentia access; P.
IN/SE 997612 7.5 km. west of Argegtia access; P.’

IN/12 971641 11.2 km. west of Argentia access; P.

99,




§7. IN/12 956660 1.9 km, west of Long Harbour access; Pe
88, INV/12 940695 4.1 km. west of Long Harbour access; B.
89. IN/12°. 802898 20.2 km. west of Bellevue east access; P.
90. /12 700907 | 21.2 fm wes(E Bellevue esst access; P. )
91. m/u; 786946, 1.7 ki. west of Jack's Pond Provinclal Fark access;P. -
92. IN/13 796144 3.5 km. west of Goobles east access; P.
93. 1IN/13 789165 ' Come vBy Chance River; P. - ’
94. 20/4W 784369 Lower Shoal Harbour River; P. S,

95. 20/16. 797092 Middle Brook; P.

96, 26/3 431389 Neyles Brook; P. ' \t i
97. . 2E/3 3 398422 th'te Dame “Provincial Park; P. '
98. 2E/3. 317412 Eel Brook; P. ° " :
99. 28/3 169311 Jumpers Brook; P. - N S

.100. 2n/13 857217° ‘Leech Brook; P. . ‘ \

101. 20/13 796225 Aspen Brook;P. - B
102, /13 . 796225" 60 M. vest of Aspen Brook; T. .

103, 124/8E 653674 5.6 km. west of Gull Brook; I. .

104, 12H/8E 605780 "Burnt Berry Brook; P. 4

108 12H/8W 450793 137 kn. west of Indian Rivér Provineial Papk; P.
‘x_lss. . 12n/8W ;aafas 1.1 km, west of Baie Verte access; P. N ) .

107. 12H/7E 359744 4.8 km. west of Baie Verte accéss; I.
108, 128/7W 048625 . 7.3 km. west of Birchy Narrows; P. ‘e
109. 12H/7W 011696 White Spruce Brook; P.

110. 12H/6E 988661 Flights Brook; P. s
111. 12H/6E” 987654 McIsaac's Brook; P. ’ %o« . 3

11277 12H/3W 649425 5.2 km. west'of Bomne Bay access; B. %



TERN

114,
115.

116

117.
118.
119.
120.
121.
123,
123,
124,
“125.
126,
127,

128,

131.
132,
133.
11;4. *
. 135.
136.
137.

138

12H/4E " 578322
12ue 552288
124/13E 480268
124/130 397220
12B/16E 219052
12B/9E 142929,
128/9% 064762
12B/8W 895566
12B/2E 709440
12B/2W) 681389
12B/2 680350
12B/24 . 673316
12B/2W 649226
12B/20 559189
110/15W 509103
110/148 470069
110/14E 439062 *
110/14W 302924
12H/3W 666513
128/ 643547
12H/5E 615639
12H/SE 554722

12H/SE 511786

“12H/5E 482799

12i/50 431828

12H/12W 309979

. 81
18.5 kn. west of Bonne-Bay access; I.
South Brook; P. t
Matthevs Brock; P.
Steady Brook; P. o
Pipchgut Brook; P. T
Grand ‘Lake Brook; . 4
Wheeler Brook; P. : B . ¥
Journois Brook; P. s .
Robinson'sRiver; B.
Crabbes Brook; P. , ;
1.1 km. west of Crabbes Brook; L. .
3.8 k. west of Crabbes Brook; I.
7.6 k. west of Crabbes Brogk; L.
North Brarch; P.’ Y I
Coal Brook; P. TR
1.7 k. west of South Branch access; P,
’Mouydugx.{ie' Brook; P. )
5.1 km. west. of St.' Andrevs.access; 1!
iNichola Brooks; I. ]
2.7 k. north of the Cormack ‘access; .
White Hi11 Brook; P... v
“East Branch River; P.
South East Brook; P. U
Dicks Brook; P.
20.1 ¥, north of Wiltondale; P.

1.7 km. north of Norxis Point south access; P.



139, 1zu/gw'3o,9oos

140.

far
T

142,

143.

144,

1450

146.
147.
148.
149.

150,

151..

152.
153,
154,
155
156.
157
158.

159.

‘160.

161.

162,

163.

164.

12H/13W 432249

121/4E

“123/SE

IN/6
2c/11
IN/14
"2c/13
ZC/S
/6w
IN/6
™/8
éC/ll
2c/11
2c/12w

2¢/11

1K/15W

IN/T0E

ZCjBW

IN/10E

2¢/11

IN/10d .

20/11
IN/6
2¢/11

IN/6

Bakers Brook; P. ‘. ’ .

11.1 km. north of Western Brook; P.

539544  10.5%km. north of Three Hile Rock accesg, ®.
594678  Bowring Brook; X

396445 Near Four Mile Pm}d;’gl‘.

“457758 'Lookout Pond outflow; P. cwr o e
312939 Victorid; I. S 3 B °

405854 Birchy Cove; P. y il Lo

| 040625 Sveet Bay. -

25\,0,;75 Lockston Path P;‘cvinclel Park; T. ’
445504  Butterpot Provincial Park; y .
446503 - Butterpot Provincial Park; P, - e
447866 Bonavista; P. e 4

Iéisaaz Birchy Cove; P. . "
577943  Sandy Cove; I; e By TR o
371790+ ‘Catalina; P P wgE T
493898 'cappahayaenj v ’ AR
770641 ' Spear Bay Brodls 2. Twi
252673 Lockston; P. g ¥ ’
716795  North Pond, prooks. B, 5 P 5
424865 Bonavistas P. - . '
520641 Long Pond; P. 5 oA e g
269786  Stock Cove; s Lo LV i

441575 .>se.ul Coves. P, Y- ( . T
4408%  Bonavista; T. ' v

‘Aoososf‘hg;ﬁoﬂod; %. oL




= n » : - 05 L
_165. IN/10E 699833 -Neat Piccos Brook; T:
i66. 20/11° 350758 Upper stk coves By =Rt
167. IN/10E 6;9832 Near P;cc’ns Brook; T. '
168. m/wii 745757 Logy Bay; P. ) .
169. /15 677192 Pouch Cove; B L Y
170. 2¢/11 452859 Bonavista; P.

171. 2C/11 456759 Catalina; T.

172, 2c/11 475781 Catalina; . ,‘ ’ - %
173. IN/i5 677925 Cape St. Francis; P. s ot
176. IN/15 7 670936 Cape St. Frapeis; 2. ;
175. IS 667942 ;Ape St. Francis; P. | K .
176, IN/15 659953 . Cape.St. Franéls; B. . -~ . ..

.

177. 1IN/15- 661959 Cape sc.'Funcf:, P.
178. IN/10E 694889 Shoe Cove‘; P

179. IN/10E 718791 Middle Cove; P.

180. IN/10E 731768 -Outer Cove; P. -
181.. IN/IOE 749756 Logy Bay; P. ) co '

182. IN/7 627440, Long Pond;: P,

©183. IN/7 492534 Soldiers Pond; I.

. 184. 1IN/7 587596  Paddys Pond; T. - -

; 4 Py
<a8s. IN/6 203564 Grand Pond outflow; P.

186. IN/6' 280516 Gushues Pond outflow; P. !

187. 10N/10W 595752 Beachy Cove Brook; P. . N

188. IK/13E 651059 -Near Colinet, Placentia acn;ssv;.l’. . .

189. 1K/13E 635045 4 km. south of Colimet, Placentia access; P. <\ :
.

< .
190. 1IN/2 543259 1.3 km. north of LaManche Provincial Park
Entrance; P.



' 191, IN/2 ' 535133 4.8 km. north of Ferrylandj P.
192. IN/2 © 566108 1.3 km. north of Ferryland; P.

193. IN/11W +290766 ilo:t}!etn Cove P\:\End outflow; P.

. 5 194. 'IN/1IW 289675 South River; P,
; 195, 1iY/7, 613375 Witless Bay Brook; P. :
196, 18/2 (557090 South of Ferrylamd;.P. @ LA
197, m/6 181560  Ocean Pond; P. - T i

198. 1IN/6 138502 Ocean Pond; P. & @




-  APPENDIX 2 g

DATA o'u'mcmsronx\m COLLECTED IN NEWFOUNDLAND'IN 1971 AND 1972

Stream Blackfly . | ' Microsporidan Number Examined | Percent
Number Date Species ' Species Infection
. g = § Host Parasite
AL | 54V /1 | P fuscun/miztun | Ci eimulii ¥ 2 1| s0.0%
12 s/vom " "’ 1 1| 100.0%
s 10/ v /71 /," ™ LA 20 W8 30.0
0 |wvin|! " " . "2 2 | 100,04
10 21/ v /72 ! "o J " 158 (- o 16
1 .8y g2z |0 v B &S 126 6 4,8
7n 8/ v /72 ; " s W 4 6.5 '
9| 16/ v= /72 L ) 110 2 1.8 .
i |16/nm2 - " ' " 48 g | €A
c 12 ‘16/ v /72 - » » L4 73 9 12.3
15|16/ v /12 " x ] 1| 20
17 6/ v /72 2 ) L . - 3| 2.8
27, |auw 74 | & L T 1 7.1
0 |2/v 2 " " v 2 1 500 |%
3, 23/ v /72 G " |7 2 1 Wb
s |y m w . [ "t 1 3.8
T3 |2/v /72 " A " 10 1 10.0 |
Taz | 24/V /72 . » g = 1 4.8




"APPENDIX 2 (CONTINUED)

Stréam Bldckfly Microsporidan Number Examined | Percent
Number Date Speades Species Infection|
: 5 - Host |Parasite

50 |25/ Vv /12 | P fuscui/iiztum | C. simulit 4 1 | 250
sa |26/ v /72 " " T 1] mma
56 - | 26/ V /72 1 4 6 2 33.3
s8 |26/ v /72 " - " 26 2,1 3.8
60 - | 26/ v Y72 L g w | T2 8.3
10 |.20/9 /71 | c mtata C. brevicauda 4 3 7570%
10 |'wrv " . 6 6 100.0%
10 |2/ /72 " " 200 20 10.0
65 12/vI /72 | S. corbis . bx-aqxé:ta 93 2 .2.2
w |iivn /| s, tatipes P, simulii &Y ! 16.7
62 It S " 16 1 )
o - 1o i " 7. bracteata 2 i 50.0
7 9/vIL /71 " T, fibrata 8 i 12,5
63 - 4/vIIT/71 * . 7. bracteatd: 12 1 5.3
1 .| 2/t /11 | 8. tuberosum P. eimlis 21 1 ], 48
24 - 2/viiI/71 & s 26 1 3.8
24 o | 2/vI1L/71 o . fibrata 26 1 3.8
69 | 24/v /71 | 5. venustum P, similii 79 o 1.3

BT v o7 - " T. fibrata 60 1 a7

98



“,\" APPENDIX 2 (CONTINUED)

Stream . Blackfly Microsporidan Number Examined | Percent
Number Date Species Speciés
. Host Parasite’

12 vt o /n 5. venustum * T. bractéata 60 1 1.7
12 imt /7 ny° ‘P, gtmulii 60 i 1.7
14 Uvr /71 " 7. fibrata 80 . 1Y 1
10 2/vi_ /71 " T. bracteata 63 1 1.6

- 67 3/VL /71, ™ T. fibrata 90 * 1 - 1.1
63 VL /7L " .. fibrata 353 2 26
63 - 7/VT -/71 ¥ T, bmc‘tzz‘zfa 353 1 i3
67 15/vI /71 » T. fibrata 152 - & e
63 16/v /71 " T. bracteat: 171 g .6
7 17/vr /71 2 % i 31 2 6.5
6 it /11 " ", 12 2 16.7
5 |1 m " P, similii 30 il 3.3
62 | 221 /11 o v bracteata 52 2| -a8
& |asmr " - 9 1| 1a
7 25/vi /71 =4 “ .9 - 11.1
4 | asprom " r 32 4| 12
1 | s ot |- " o PV T
62 /N /71 ”, P, gimulii 82 1 1.2
62 | 30/vr " 1. bractedta 82} 16° | 195

8



APPENDIX 2 (CONTINUED)

Streah i Blackfly Microsporidan Number Examined | Percent s
Number Date Species Speciks = — Infection
o \ - | Host . |Parasite
63 | 30/vi /71 |.S. venustum . . 7. bractedta 255 4 1.6
63 | 0T /71 g ¥ ‘T, fibrata 255 il 4
" 2/vI1 /71 " I, bracteata - 39 1. 2.6
o 2/VII /71 L T. fibrata : 8 1 12,5
6 2/ViL /71 i T: bracteata 5 (1 |- 2000 7
4 2/vi1 /71 % g 29 : 3 10.3
4 2/viL /71 A LN . @ "
13 3/vII /71 n P. similii -~ . % | 1 2.9
* 10 4/v1L /71 L 7. fibrata §° |7 x» |"zs0
7% 4/VII /71 " . w7 R L I e | 5.9
62 7/VIT /71 " P. simulii EL 1.* 2.6
62 |. 7/viI /71 Lo 7. bracteatd 38 1 2.6
63 7/VII /71 " " ) 248 g .8
4 ‘9/vIL /71 " .T. fibrata s, * i 1.1
63 14/VIiI /71 L ¥ % 137 1
67 1S/VIT /71 L3 " C4s 1
16 | 16/viz /71 " 7. bracteata 6 1
63 | 21vi/n oo 'p. stmiic 39 1
63 | ai/vir /m i 7, fibrgta, 39 i

88



" APPENDIX 2 (CONTINUED)

Stream Bléckely Microsporidan Number Examined | Percent
Number - Date Spep}.as Species - Infection
X B g Host - [Parasite
63 | 21/VII /71 - | S. venugtum -T. bracteata 39, A 2.6
ver | 22pvin fn e - 36 1| 2
4 | 23/VIL /71, “ ¥ . # a5 1 6.7
’ /P 23/VIL /71° " 7. fibrata IET I R 6.7
62 |.28fvit /71 " S 4 1 25.0
63 28/VIL /71 ' - L 39 & w1.7-
o63 | aspirym | o 1. bedoteata o88° L7t LA
67 | 29/viL /71" ” P. simulii 28 T .k 3.6 :
67 29/VII /71 Lo 7.’ bracteata ‘28 1 3.6
67 4 29/v1I /71 e My fibrata .28 1 36
1 |-o/vii /7 " bracteata 75 17| w0
26 2/VITTATL " v 50 1 2.0
-} 2/VIII/71 % '” T. fibmt:z 6’ " X 8 1 16.7
2 |c2/viiy/n - L " 98 | L
22, 2/VIT1/71 " T. bracteata * 98 1 %it,0
10° . 2/vIty/71 v s i 53, 1.7 1.9
63 TN4NIII/TL n " 57 4 e
638 | 11/vIII/71 " L . .45 i 2:2 .7
63 | 11/vIIy/71 g L P, similii’ 45 2 &b,




i & -
" e R B R
2 APPENDIX 2 (cemmm? y N TEg
¥ ; ™
Stréam Blackfly ? Micposporidan Number Exam | Percent
Number Date. Species Species - Infection
. - . E* . . b , Host - |Parasite e
63 | 18/ViIIf7L - | 5. venustum. 1. fibrata 50.. 1
62 18/VIII/71 L T. bracteata 5.- 1 :
63 | 14/1x g A E 7. fibrata 79 1
63~ | 14/1x el 7. bracteata’ - 179 1
2 - | 81, " sl W 135" 1,
T 8/vL "o . | 2. fibrata 241 2
18 8/v1 /72 " L4 T. bracteata 241 |
16 8/vI /72 e [l " 134 T 3
67" 131 /72 . = B 5 " 338 8
67 | 12/vi /72 sSe | pibrita . 338 1
T 67 12/V1 /72, rogs P. eimilii -338 ‘s
63 22/v1 /72 il T.r braaf»eata 5 315 « 2 .6 e
63 .| 22/v1 /72 | o fibrata 35 . 3 9
63 2/v1, /72 s, L P._similit” 315, 21 .3
67 | 22v1 /72 . " P eimilii. . 420 W e
67 | 26/v1 /72 " 7. bracteata - 593 1 B
67 < | 26/v1. /72 " T. fibrata - 593 1 2
63 | 26/v1 /72 " 7. bracteata- . 332 53 495
63 | 26/v1 472 " | 7. pibrata 332 iy it
.. ’ ; N
S 2 i




. * - P -
- E & %
st - APPENDIX 2 (CONTINUED) > 1 :
n Stream T Blawey - Miérosporidan ‘Number Exainined | Percent
Number Date - Specles .. - Spécles Infecti
B 3 . " Host Parasite s o
coo| e | avizme | s verustun 7; fibrata o33 # 3 S
63 - | 11/VII /72 o « T. bracteata . 663 bt o2 6.
63 | 11/vir /72 " P. eimulii 663 1 w2 e A
- 63 | wpin iz " 7. fibrata Tees 1 “2 )
63 |z | o v A 25 1 ok, .
" 67 17/v11 /72 o i L 146 i T -
) 63 [ 24pviz 72 | " [ 232 4 LT
¥ 63 | 24pviz /72 - | " | 7. bracteata 'y 32 |, 2 9| !
. 67 - 29/1v /71 S. vittatum ., | T. fibrata X © W8 1 33.3 ‘r.‘)
- b 10 251 /7L o . " 154 2 3,7
‘ .. 10 2/vII /71 st : e 60 ~ g 5.0
g 3 10 9/VIT /71 R * P eimutii - 36 % 2.8 3
. : .10 - | 23/vIT /7L - | c LA T. fibrata 72 1 1.4
> 24 2/vin/n | e Vo oy a1 1 22
76 | vt /12 Com few W w01 /s(_ .
oA * biased samples; larvae not collected rahdomly.. o . ' 3 ’ )
= . ¥ .o Ey S ¥
— ' ‘ - - 'A.,\ ‘



o DATA ON COELOMYCIDIUM SIMULIT COLLECTED IN NEWEOUNDLAND 5N

APPENDIX 3

1971 AND 1972

Stream Blackfly Number Examined Percent
Number . Date’ - Species - — Infection
= Uninfected * Infected
10 2L /71 . |S. venustun  * 63 A 3.2
63 INE /7L " 12 "1 r
67 sy " 152 1 J. %
6 s/ o 9 1 i A
= g 25/v1 £/71 " 64 - 1.6 _
10 16/VII /71 i 52 2 3.8
. 19 2/VI11/71 " n e & s
38 2y /12 |P. fuscum/miztum 43 9 20.9. .
’ 40 2/ /72 e Lo 1 w1 .8
48 s/ 72 " .1 ¥ 6.7
G /v 72 L 7% B 2.7
21 8/VL /72 |S. vemustum 227 1 &
R T 8/VI /72 o 134 8 5.9,
LA PR 8VI /72" |S. corbis 13 5 bk
80 /v /72 " 12 1 8.3
. 67 12T /72, |S. venustum 338 4 1.2
67 22/v1 /72 . " 420 2 4 2.
T 21wt M2 |s. vittatum 275 2 7
= L'y #




ApPENDIX 4f

NEWFOUNDLAND BLACKFLY MERMITHID DISTRIBUTION DATA FOR, 1971 AND 1972

Stream Blackfly ‘Mermithid Number Examined Percent
Number Date . - Species Species - —|Infection
& Uninfected|Infected

68 20/IT /71 | P. fuscun/miztum | N. flumenalis 16 7 6.3
78 /W /1 " 5 Yoy 21 1 66.7
9 26/1v /71 " " 17 . .9
3| 30/ /m Gk (3 15 1 6.7
69 30/1¢ /71 " " T oa 8.3
62 6/V = /71 o " 95 12 12.6
73 umy m " " L6 g 6.3
75 umy /n " " 28 3 10.7
62 /v /71 " " 8 2 |~.25.0
66 18/ /72 o ' " 21 Ly]  wal
10 21/ /72 " M 158 - 3 "1
69 8/v /72 " DA s’ s 4.0 |
70 8/v. /72 ", " 151 6 3.9
72 8V 12 " om 126 3 2.4
9 16/ /72 " " 110 1 L9
15 o6y ji2 < " 4 1| 2.0
23 [ iaw m S " 5|72 13.3
27 L " 14 2 14.3

23/\{ 172

€6"
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_APPENDIX 4 (CONTINUED)

11/vr /72

Stream . Blackfly [ gemith‘id Number Examined Percent

Number Date . Species ’ Species = -
. % Infected

10 17/.VI /71 8. venustum N. flumenalis 11_ i 2.1

62 2/t 1 | - " " 52 L 1.9

3 25/vI /71 9 > . 10 2 20.0

4 25/ /71 T “ 32 2 6.3

1 25/NT /71 " " 64 7 1029

) 62 30/VI. /71 . L " 82 1 1.2

5 2/VIL /71 i L 18 2 L1

15 3/ViI /71 % e ) ¥ 59 8 13.6

70 4/VII /71 L n 53 1 1.9

69 - | wiIr/m i " ¥ 64 B 3

62 7/viL /71 L4 "‘ 38 2 33

2 16/VII /71 ¥ i 36 4 1.1

N 16/VII /71" . Lo 6 o 16.7

4 23/V1I /71 " ", 15 1 6.7

‘5 30/VII /71 » & B 10 2 -20.0

21 8/vL /72. we I. wisconsinensis 227 8 3.5

23 8T /72 " " ows 5 34

tas . 8/VI /72 & N. flumenalis 241 4 1.7

79 " " 152 17 1.2

L.
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HALF MOON BROOK*
1

APPENDIX 5

RESULTS OF WATER ANALYSES FROM STkEmS WITH AND WITHOUT BLACKFLY MERMITHIDS

" carbon Dissolved Total . Silicon
Date dioxide oxygen Chlorides' | Harcness - dtoxide
33/ v /11 4.0 7.0 25 25 6.5 2.0
‘LIz /71 4.0 7.0 20 25 6.0 2.0
15/VII /71 2.5 8.6 20 30 6.5 1.5
29/VIL /71 2:5 8.8 25 35 5.5 1.5
12/vII1/71 %8 4 86 30 20 . 6.5 1.0
26/V111/71 30 7.6 25 25 6.0 18
/1% /71 2.5 8.4 20 20 . 60 S o L
28/1X /71 2.0 o B8 20 25 5.5 1.5
W x m 2.0 \/;‘:s 25 20 . s 2.0
20/ % /71 3.5 7.2 25 20 6.0 1.0
s/xtL /71 3.5 6% 20 25 6.0 15,
19/XII /71 5.0 6.4 20 25 6.0, 15
123/1 (72 45 6.6 Y20 20 6.0 2.0
13/11- /72 5.0 " "6 25 30 5.5 2.5 om
/111 /72 * 45 6.0 20 “20 " 6.0 1.5

66
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CDHFA_.\{ISON OF NEWFOUNDLAND. ADULT HER!{I’THIi) DATA WITH THAT OF "
. WELCH (1962a), PHELPS AND DEFOLIART: (}966)\ AND. NICKLE- (1972).
‘ . |weomesomermis Welch (1962a) Phelps and Nickle (1972) Neufoumuand
- | flumenalig: - female DeFoliart (1964) . - Data
Length 5 T 18m - £ ol midbm
‘|Width at head | 52.0u R 1 TR 72.0u ©ooe7.5m
Width at vulva 150,01 S 174,00 23L2 255.6¥
Width at tail 10251 PR L me 146:20 .
"2|Amphid pouch ) 20-23 x 13-17u 14.4 x 12.80 | 17.6 x 10.0n 12.5 x 10.0u°
Anphid pore N 9-13u 7.2 X 4.8u S11.0 x 7.3 7.5 x 6.25m
*|Vagina length 80-100y . 75.45° 7480 " 88.31°

N. flumenalis: male . " = = [ .

JLength ! 9. 5m - 2 L= _s9.6m
Width “5E head 57,00 - | - =3 66.11 R 73,4y
. - |widen at mia-body 97.0u “ % 138,61
. "|wideh at spieule . s e © o,
opening 110.0u 92.81 . - 125.8u C122.0u
. N Anxphid pouch 26-28.x 17-19u . | - - : 29 x 200 28.1 % 20. ou’
| . |Auphid pore 21-26 x 6-8x - . 27 x 100 | 275 x 125w
g Spicule length ° 230,00 185,60 | 210.8u - Y gy

Spicule width (tip) 10,08 11.8k o 7 102w o 0.5
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