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ABSTRACT

The habitat and 1life ‘history of Cnephia
ornithophilia, Davies; Peterson  and .Wood; ‘and Simulium

(Bnaimulinm) . yernum (Macq) ve:e’investlgated in 49 streams

in. order \ to characterize the habitat and larval

aistribution. o E
Cnephia ornithophilia larvae were restricted to

p’oVnE outlets feeding in_. small permanent st‘:\ams dn.

\\fo;::ted areas..’ ‘The distrMution of larvae indicated 8

1ve1y ,bmad range of conditions in terms of| stxeam .

» width, . depth, cutrent velocity and substiate. choice. 'rhis‘
3

species ‘15, univoltine, and. eggs - begin to hatch ‘in

September. There are V'eight larval ihstu‘zs with a

larvae fozmed clumps, owere aedentary, and ‘relocate to theJ v\

undersurface——of —substrates —inm winter, .while physio- R

s l::gicallﬁ the growth rate between " instars-'is highly

variable and they ‘have 'a wide -thermal ELolerance .
(0-300¢) . _ . y T e

¢ sihliom . vernum . larvae are ‘more widely
aistributed ‘in’ streams than C. ornithophilia, Bccg:riné,

both * at pond outleta “and ' elsewhere 1n tempbra!y‘ and 2 et

pe;manent streams hoth in * forested and bauen\msu\' B

’;‘heaé streams ranged from small t.zickleta to streams up to

3 m wide. The local species is cytotype "B* and bivoltine . w4y
with. the first generatlon from May to July/and t.he ‘second : e

generation July tp-hug\zst.




occuxrihg elsewhere on .the,continent.

-1 - .
Using emergence +and bantam-baited traps it was -
found that C. ornithophilia - emerges in May, only during

.the day (15% <= 1900 h)- -when stream temperature is

10-12°C. '-. Host seeking fe‘mlea were anautogenous limited
to the fo:est and bemeen 1300 - - 2000 h. Oviposition
uppa:ently occurs within pond .near the outlet baaed on"
location of first inatue. s
sj.mu_uum mmm emerges in June (1100~ 1900 h),

and _in August (0900 - 1300 h), for the first und second

generatlun lreapectively. mt aeeking females are anauto-

) genou\s with activiey within forest and forest E:':lngea
between. 9000 - 2000 h. The prevalence of Leucocytozoon in
: females yap‘ 19.04%, . witha high attack and blood feeding

":ntes, indicating a good. vector. Ovipositiaﬁ is Talong

streams near sunset (1700 h) .

}Rhough the seaaona]\ occurrence, 'of c.
ornithophilia “and 8. mngm’ is "later - and prolonged in

N Newfoundland, -they areé ecologically similar to populations
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INTRODUCTION

The study of ornithophilic blackflies in Canada -
gained impetus when they He'r‘e xecognized as pests (Shewell
1955), . and’ vectors of avian hematozoa (Fallis et al 1956,
Bennett and Palylis’ 1960), certain filarioid nematodes cé
ducks (h‘r\de:son. 1956) " and viruses (EE), (Anderson gt al
1961) . ‘ )
' “The: literature on the family. Simuliidae is vast

and ‘tbﬁics such as. 'eco‘lo’gy,’ bionomics, disease trans-
mission, hest seeking )?ehuviput and control Btrntegi‘ea‘
have been xwelAl' summarized by LAird (1981;. The taxonomy
has ‘alao been s:ﬁdieq, incl,uding both mozpheioqicul (Puri
1925a,b, Snodgzags 1944, vPetexsen and Dang 1981) and
cytological -characterization of some species (Rothfels
1979, . 1981). Important taxonomic works which deal mainly
with species 'occurring in eastern North America include
Davies” et al (1962), Stone (1963), Stone and Snoddy (1969)
and. Peterson . (1981). In - Newfoundland, Lewis (1973) .
studfed the distribution and blonomics of blatkflies on '
the 4sland and identified eleven o:nithophlli,;: species.
Cnephia nxnuhax;hilin Daviea,’ Peterson and woo:i was not
zecogni.,zed in  this particular study due to ‘uncertainty of
the identification at' that time. ]cheve:, Lewis and
‘Eenne“ (1973) ' under * . the desiqnatlon‘ E.Lmulium
(Eusimulium) utinea "(auct. -nec Meigen) and recognized by
. . E R
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Crosskey and Davies: (1972) as Simulium (Eusimulium) vernum
(Hact_j), stated it was an important bird feeder.

X _ The first specimen of C. ¥ in North
America was collected in 1949 !(Davlex-a et ‘n]. 1962) ;
.Bubsequentlly its blood feeding habit -was studi‘ed. by
Bennett (1960) who referred, .to it as Cnephia "U".

Procunier (1975a,b) first reported- the ' existence of 'g.

ornithophilia in : Newfoundland, ’ based on cytological

characterization of the _1ai‘vu’e. !iecently he traced the

phylogenetic relationships between Cnephia species based’
on cy’toloqlcal evidence (Procunier 1982a,b). The ecologyv
of Cnephia ornithophilia has ' been little studied exceét
for some observations of its life cycle and rea:i‘ng in éhe

laboratory (Tarshis 1972). The only -studies -in

Newfoundland have been in_ a Srief ,_d ription of its
‘stream .habitat (caibc 1979) and a laboratory study on
competition 'for- space with Prosimulium mixtum (Harding and
Colbo 1981). '

X Studies - on. Simulium mmum .include taxonomy -~
(Crosskey and ' Daviés 1972;, distribution (Davies et al
1962, Wood et al 1963), feeding behaviour and ovarian

'development (Davies ‘and Peterson 1956, Pascfxzzo 1976‘) ». and

vector p ial (Benn 1960, B and Fallis. 1960,
Bennett and Coombs 1975). . .
* The objects of this study were:



II.

III.

@ 13

I.! Characterization of habitat and larval

distribution of the two species, (.
ornithophilia and S. vernum.

Lifg_ cycle studies” including larval g:oyth
pattern, number of generations, emergence
pattern ané _temperature "tolerance of-C.

ornithophilia and S. vernum.

: <
Thé characterization of -adult host-seeking -

behaviour. .
Associations of A Jlarvae of = winter
developing simuliid species at pond out-‘
lets.

«
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MATERIALS AND METHODS

' Study areas

£ ¥
The study areas lie between 48°7.5'; 48°49' East
latitude and 5499' 54045' ' North longitude on the
Av'nlo}nv Peninsula of Newfoundland. The geology is mainly

bedrock of _preca}nbrian ‘aediment and iowez palaezoic strata

(DAwaon 1963) with prednmin'angly acidic volcunic‘ rocks and-

intrusive granite batholiths. (Reat 1970). Water .drainage

systems génezully show a-broken profile with ponds, bogs™ -

and ,' swamps connected by 'at:eam segments. The peni_nsuia

" haB -a maritime climate (Baﬁfﬁ.eld 1981)'stzanqu. influenced
by the ii:teraction of the ‘Gulf .Stream, North Atlantic |

‘ Drift and Labrador - current, xesﬁlting‘ in frequent rain,’ .

snowfall and fog. . The ‘prevailing surface wind is north

westerly produced by the north Icelandic currént and’ the.

west * high pressure Of. Hudson Bay-' The wind .direction and

" velocity are highly variable. High wind velocity (in

excess of 30 km/h) was comm'nr\:ly/ noted in exposed.areas.
The 'vesr;erly wind  is -also . influenced by‘ ¢ theé east
spring-ward moveﬁent (Ban’field 1981) of aﬁticyclonit;'a in
spring - and) nort’hwaxd extensiér; of Bermudian sub-tropical
anticyclonictin summéz'. O ’ .

: During thf‘ winter of 1981 and 1982 ponds .f:o;é
over in late December to Janua;:y with -ice b‘:eak ©up

occurring in April. |\

Flooding occurred when-ice and snow

melted.
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The principal vegetation zones are woodland,
_composed mainly oE‘ Picea mariana (black ap;uce). Abies
balsemea  (balsam fir), Larix spp (Larch),  Betula.
papyrifera (White birch), and  bog (ésaéntially
Chamaedaphne-Sphagnum), in poorly dfained areas. The
-central portfion of the Avalon is tindra-like barrens
covered .with low. grasses, sedges, mosse‘s “and lichens,
interspaced with primarily ericaceous sh:u‘bs. In .ur'eas
-disturbed . by wood cutting, fire, dams, buildings, b}i:dges
and highway  construction . the v,e‘getgtio’n "is open with'

succession of grasses .and shrubs.
uﬂmmuim:imaginaumgu ) -

" Larval distribution \of Coep8 ornithophilia as
well . as associated species, was investidated by selection

. of 3-5 naiu;al substrates at' each study site’. Larvae were _

preserved in 70% alcohcl,‘ for LHter fdentificution and

counting to determine " Yarval densiti. Pond outiets and

downstream - areas from vihich larvae were absent ere
. 3 s .
shfhpled~ on more than’ one occasion. The choice of pond

outlets was limited by acceasibility but ‘an effort was.

ngde to sample pond outlets in forest, op‘en barren and
disturbed areas. .
At eﬁch samplin_g} site the current vel ci_ty ‘in

m/sec’ was measured with a current methg (0tt®




s . =
dgiven).v Substrate types, stream dépth in cm, and width
in meters were recorded at points of- collection of
larvae. Water analyses were carried out in a number of

ltuanu“uu:vlng the year. ~ In Bugﬁ.'l and/ Healey's Pond

! B Y .
outlets, attempts were made to study the distribution of

larvae on substrates, by zel_:o:r]ing the number of larvae on _

the sidea or under the stones.’ s &
A stndy oh the ven:lcnl diatrlbutiﬂn of C.
n:nuhnphmg on fixed 15 cn squnn cement blocks was

conducted _ at  two sitea at Oxen Pond outlet. Distrlbution

of 1a:v_a£ along che depth of the block was determined by '

counting the number of larvae within the interval I-5 cm,
"6-10 cm and 11-15 cm measuring from.the top of the block.

Observations, were from December to May.

Larval distribution along the _stream _at Oxen

Pond outlet was -on!.‘toxed twice monthly by taking the mean
d‘ensitlea of ‘_fou_? samples collected ln_each of the four
marked zones of the stream- as shown in Table 177 Measure-
- ment of larval denlity was continued until pupatlon.
Obaexvaelonu on aggregation or clumpa attachnent of C.

nznit.hnnhilin were made. g, ' .

: % I

anvée ‘collected from the £ield were identified

.using- a Zeiss dissecting microscope at magnification of

10X - - 40X, and the taxonomic keys of Davies et al (1962),

1

A
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«  Wood et al (1963), Stone and Snoddy (1969), Merritt et al
] (1978) and 'Peterson (1981). ’

To determine the: number of instars, forty-seven

first instar lnxv.ae were collected from Oxen and Left Pond

- outlets and- reared lnﬂividually in 25 ml test tubes at 15
g ¥ '1°g. A current wns produced by hubbllnq air th:ough

the tubes. Larvae were fed 'l'gtu R fish~food' at a rate
nf D 05 mg/l!.txe/! dnys.- Af,te: each moult the exuvial

. heud cupsulr was ~-recoveud and mounted on a -slide. The,
: -ynl,xin\!m width of ‘the: cephulic apotome of each :ecove:ed
head bipaule was measured invmig‘rometer‘a. The number - of

‘‘ingtars’ prior I:a ‘quation was noted for each larva by '

counting the numbe: of head capsul

produced. .

’l‘empetnture tolerance of enrly 1nstars (3-4) of

Cngph.u n:nj.r.hnnhmn was studied by auhjecting them to

= '**eenperature! of 15°c, 20°¢, 30%, 40°C, so"g and 60°C.
g 2 .

Four replicates of thirty larvae in 250 ml distilled water
were - set at each temperature in an adjustable mechanical
shaker (50-150 RPM). Larvae were fed on Tetra K fish’
food at g rate of 0.5 mg/litre/48 h. Hon:auty of la:vae'
-during each temperature treatment ‘was .recorded after" 96 h,
) Various _studies omr larvae were conducted using
an artificlai stream consisting of plexiglass troughs, ‘tﬁg
.4 ) first 150 cm x 2.5 cm-x 10 cm m'\d-the second ISO cm x 9 cm
x 10 cm. A contlnuous flow of wﬂte: was. produced by meunn

ot a water pump. A water reurvolr containing 45 ut:ea




~ the pump overflow.® - Calibration of\r:ate

) aa

aged tap v}ate: supplied the pump. \Stonea and

arranged nlong the ‘trough to act as substrates’

|
water ‘velocity. Overall current velocity was
\

varying the angle at w}fch the‘c:og\gh s
rectangular wooden wedge, 2.5 cm ‘::\4 cm and

’ determined by méuaurinq the amount of Wi
- through the: trough in ml/sec at the |outflow u;
megsuxing'cylindeg and !:hnex.r'A i
Temperatukea were cont:blﬂed t‘:y in
ref;ige;aiing coil with a themosiat (=20
into the 45 litre :esetvoir of -the arti
system. * The copper cooling coils were placed
‘cyliﬁders to prevent theit contact with water
the trough to prevent any 1arva1‘mo¥rta11;y
’to’xicity. an * adjustable sti:re\‘r‘, 50-5
ipcorporated. in. ‘the zesexvoi.r to facilitate
exchange and to prevent settling of- —fcod part|
in the 'reservoir was changed weekly. ‘1'

— Following eetablishment of ! known 1|
flow ana teméerature in’ . the atrenm“aystem
two studiea on  -Cnephia’ n:m.r.nnnmlu
condudted. . - (1

"+ The effecy:' of temperat
distribution en'_atone subst:ateé; (11) aggr

‘larvae. 1 &

pebbles wlaref
and to’ vary,
regulated by
ood usi‘ng a

by adjusting

ing a 250 ml
corporating a

pc - :4109¢)
in' two qinsp

due to copper
00 rpm, was

uniform heat

lates of water
thve following
larvae were
ure on larval

egnt‘ion of

flowing into

icles. Water:

of t‘iov was
ter flowing

ficial stream
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An emergence trap was \:sed to assess the

‘amekgence\. pattein of . adult - Cnephia ornithophilia. 'The
trap consisted of a 30 cm sque:’e cage covered by small
mesh netting, _witir'the open end facing the surface of
water. ~The traps were fixed at Oxen and Left Pond foutlets’
over ~ large po/pulntions of . pupae.  The ;'u'anvxbex: St flies

emerging’ 'hou:ly was .monitored for six consecutive days.

The «wing length of collected flies was measured. 'l'h; sex

and physiological age of females were determined by noéing

the = 'stage "of | de\}elopmeht of the Tovarioles. .. Mating

. behaviour was looked - for in the field ‘and in the?

laboratory. ’ Success; in Mting was_ determined by -

dissection of tl';e female spermathecae. The emergence of
i e g i

£jeld collected pupae was studied _ in the laboratory at

1séc and 1ight‘ regime ‘of 12 h light: 12 h dark for six,

consecutive days.
4 ;

. .
The seasonal occurrence of ‘adult flies ‘was,

stuc_lied by use of a portable miniatpte suct!;n trap based .

on CDC. mosquito trap. It consisted of a 1250 rpm motor,

10" "cm ‘p:opelloz,.,G' volt battery as powér source, an

aluminium cy:'unde:. 15 cm high and 15 cm diameter with'a &

collicting net at the base. A small plece of dry ice 1nv'a
small ‘container was attached to the cylinder to provide a

source of carbon dioxide (Fig. 1).

In _an'oghe; investigation the apparatus developed '

by . Bennett (1960) for. trapping ornithophilic simuliids




- L -
-1 -
.
' =
I .
& "
< b N
Pigure 1. . - N i
: Hl.n‘iat_ura suction carbon dioxide baited .tup. .l N
“\
!
\ i
-
- N ’
< 5







development were nated. - ¥

-2 - s
) 7/

- 5 . s i
(Fig. 2) was uged to sthdy the attraction of flies to a
live bantam chicken bait. Trapping was attempted at all
hours of the day but later limited -1;0- 1400 h "to 2000 ‘h.
The choice of trapping -sites. was by trial and error.

Sites tested included :ocky outcrops, ct)’nifefous forest

(cpen or completely forested), open Btream sides, und low R

shrub at “Oxen Pond Botanic .Park. Subaampres of capturpd

flies were’ dissected to study stage of ovaxiole develop-

merity : presence of ‘spern r and L 8poro-

zoités in the Balivar)"‘.qdland's.

Lo A

Field observations on the distzibution of 8,
*
mx}hm in the streams -were made ", with notes on habitat

charaé:e:. ISEasonal occurrences of the various stagea o‘ S
bl

B onoe ek

Trappiﬁg-stuéies were' conducted in:. the same

manner as for Cnephia ornithophilia. - Thesé ' studies’

included seasonal occurence, emergence patkern, host

»seeking activity, presence or’ al';sence of pi\mus\fnes,

mmxmzm infeﬁtion and mating behaviout. supplemen‘- .

tary sweépnet collectiona vet_e a_lso mudehv}_;gng, Oxen and

Left Pond outlets to investigate ovipositing behavibdur.

%
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RESULTS AND DISCUSSION
¢ &
Stream Habitat
Larvae were found to occur within the first 100
m along' the stream below pond outlets (Table 2). tL,
outleta vhexe larvae | occuned,\j they were always preaent'
within the first 50 m at some pe:xod durlng the year but
their occurrence  in the 55-—10 ‘m zone was variable.
Larvae - were usually not encounteud beyond 100 ‘m. Larval
densitiee dlminiuhed downstream c('J.“nbj.e 3). In most cnaea.‘
htvae concentnted at obst uctlons "in areas of .'fast
flouing ‘, water. . Colbo (1979) previously noted the
‘occurr.ence .of C. ornithophilia laxvae in pond outlets in
the st. John's area. .
= Distribution of larvae in relation to width, ’
depth . and current velécity at p_or'ld outlets showed larvae
were found in streams with widths of 0.3-6.5 m (mean width
2.06 m, Table 4)‘,‘ with 73% of observed s;ositive samples
being in streams of .1.1-3.0 m wide. They occurred at
_depths of 6-50 cm, (mean depth 28.5 cm, Table 5), with
l'llﬂ‘!t ‘larvae within 21-60 cm depth.’ The current veloci,ty‘
“was ' 0.12-1.08 m/nc“ (mean . 0‘42 n/sec) with 80% of observed
larvae occurring at 0.6-1.08 m/sec. cu:unt velccu:y (Table
6. Cnephia ornithophilia haa a wide tolennce to width,
depth and cntrqnt velocity which agrees with the observa-
tions of -Heigltt et al (1’97!1)“. Howeve:,l in insuinx

L T
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Table 3

. Relative larval density/cm? of Cnephia ornithophilia

as it with time eam of Oxen Pond outlet.
Dates Sites s
0-20 m 21-60 m 61-92 m_
August .
11/8/81 -ve . -ve -ve
26/8/81
September ‘
2/9/81 4.08 0.47 -ve
27/9/81 . :
v
October iel
2/10/81 66.67 200.00 -ve
29/10/81 . ¥
Novemlser ‘
1981 68.90 29.17 0.33
December )
1981 75.30 29.00 - 0.44
January !
28/1/82 Frozen Frozen -ve
February
2/2/82 Frozen Frozen 0.11
March: N
11/3/82 » =ve 0.17 0.23
Aprii
22/4/82 0.030 0.29 0.56
May . .
22/5‘/82, Pupae 0.49 0.54
31/5/82- . + Pupae’
June ' - :
3/6/82 1 Pupae - Pupae . Pupae
12/6/82- + larva 3
July Pupae Pupae Pupae
22/7/82 g + larva,




' Table 4 . *

Occurrence of Cnephia ornithophilia larvae in
Cnephia

relation to width (in meters) of streams

\

Width Range (m)- 0.10-1.00 . 1.10—2.60 2.10-3.00 3.10>4.00 4.10-6.50 6.6-10.00

'
.l - " . ¢ =
No..of samples 41 1 8 © 10 3
. . '
5= No. with.larvae L 1 6 o
A X i s
Percentage 31.7 100 75 0
. 2 ) B
3 3 -
. N - T
¢ : . =
. '
y \
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' . Table 5

Occurrence of Cnephia oaithoghilia larvae in
relation to depth (in cm) of streams

Depth rande (cm) 0-20 21-40° 41<60 61-80 8l-above 90

No. of samples 38 20 16 3 6

“No. with larvae 16 . 9 8 0 0
. - ~ B
Percentage . 33.3 45 50 . 0 o -




~

o ‘ Table/s .
Occurrence of Cnephia ornithophilia larvae in relation

to-current velocity (in m/Sec) of streams

g e
vglocity rdnge (m/sec) ‘' 0-0.5. .0.6-1 ~  1.1-1.6  1.7-2.2  2.2-3.5
No. of ‘samples . 33 . 10 B 2 4
No. with larvae 17 .8 0 0 o

Percentage - 5L 80 o0 0 0
= = T
o F

-6t -t
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Newfoundland larvae occurred mainly in small streams with
‘a narrower range of physical characteristics, than in

!
‘Michigan where they ocquzred in large streams with widths

. up to 10 m (Merritt 5 al 1978).° .

Larvae vere found to attach to available sub-
strates. In early fall (September), most ﬁénd outlets had °
abundant trailing tation with- at larvae. - As

winter progressed and vegetation decreased, larvae werée

found_ particularly on the under surfaces of stones and
"boﬁlders. They. were: attached to substrates with little o‘:‘
no . algal growth while susnga}:es covered with algae haa no

larvae.’ Ho‘wever‘,',t‘here was nov' prefel;ence ‘Eor any

’phrticula: ‘substrate type including c‘a.na, ti:eg', brpken )

bottles and debris.  gnephia ornithophilia larvae were,

noted to occur in low light-zones (6-200 lux), in cﬁlv\e‘g;s‘
and under bridges as well as in open channels.

Analyses of water.from outlets and corresponding
downstream sections in fall and ‘Bummer for pH, 0z, POg
and hardness  .did not indicate any‘ differences Eetween".
streams and sections of streams -that correlated to the
div.st::ibutiof of_ lgtvae. The ranges in éeiectéd chemical
c—haracteristics were: PH - 5.6-6.2; oiygén -.2.5-4.0 mg/
litre; phosphate 0.05 .mg/litre; 'and han‘ines:s 14.4-15.2
catt Mg*t) nmg/litre (Table 7). The range of pH and
dissolved oxygen levels of streams with larvae in insular
Newfoundland agréés wii:h the pH and 03 ranges found by -
Tarshis (1973). ‘ '



' - ) ; Table 7 ! . X
e e

Selected wq&er analysis of pond outlets and downstream sectiors
< o

E. 4
Pond Site PH i Oxygen POy Hardness Season

(m) Range ‘(mg/1) '(mg/1) cat+ Mg*t (mg/1)

!

Left pond 0-20 5.6-5.8 2.5' '0.05* . 15,2 : early fall,
P September 1981
- . 80-100 5.8-6.0 2.5 . - - early fall,,
5 ' : September 1981 i
Mt. Scio (Higgins) 0-25 6-6.2 3.9 0.05 14.4 early fall, 1
= s . 4 . September -1981 '
" . 5
'50-10  5.8-6.2 3.9 0,05 15.0° ' early fall,
- = P 4 September 1981
, Healey's Pond 0-25 6-6.2 3.9 -'0.05° 15.2 early fall,
~ . September_ 1981
50-70. 5.8-6.0 4.0 0.05 15.2 early fall,
- N September 1981
Power Pond 0-25 5.8-6.0 2.5 0.05 - 15.2 early fall,

September 1981

s0-80 3.9 0.05 , 15.2 early fall,
i 3 . September 1981 ¢

® -(Cont'd)
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® Hany. stream systems in insular Navfoun@land
possess a broken profile  interrupted by ponds, small
ler;thlc‘ bodi‘gs, and' sections of steep gradient (Yoxall
1981). S:mhu ornithophilia is :eatricted to pond
outlets; but lazvae were not found in outlets oE ponds in
completely barzen surroundings (Table 8). One major

factor inf.luencing which outlets |were colqnized was the
Y .

presence of | forést habitat in-the \'ricinu:yvuf éhe stream
. i ] 7 B N x .

(Table 8). . L. Yoty MY
8

_First instar- larvae 'were observed, in pond out-

lets from mid-Seéptember until late November. Tt!ey grew

throughoat the winter as shown by the increases “3. wiqtha

. g *
of their cephalic apotomes (Fig. 3). However; samples

collected in September had a greater variation in cephalic

apotome size than samples collected later -in the fall or . .

wintg:\[gg%‘.ﬂ': Stream i:.emperatures observed during

larval development were 0-180C, with 18°C 'oc'curring

du;:ing early September and ] lowest temperatures observed
’ B

from January to March. The period of larval develdpment
on the island 1is 8-9 months (September to May). It is a
longé;. period of. development than recorded eluwhere,l for,
ex_an\p‘\le: Ha:)}lind, 5-6 months . (November to _April), |
Tarshis (1973); Michigan, 2-3 months (Pebruary to April), -
Merritt et al (1978) . The prolonged period of larval

. o ) IR




Table 8%

' relationship between forestation and distribution of simuliid

species at the Pond outlets (percentages in bracket) 1981-1982

P /(Sp'ecies and no.

‘Area Surrounding. Pond

*Barren

Outlet Area

Completely{ Partial  completely Partial , Barren
' _ of Ponds forested ,forested (> 200m)  forested  forested (> 50m)
" o No: of sampled.sites 19 1 - 19 ~ 8 15 "26 |
. C. ‘ornithophilia 12(63.16) 7(63.68)  0(0) > “6(15) 11(73.30).  4(15.20)
: P. mixtum 14(73.70)  7(63.60) 9(47.905.” 6(75), 12(80) 11(42.30)
3 St. mutata S 6(31.60) 2(18.20)  2(10.50)  5(62.50) 6(40) 2(7.60)
S. vittatum 5(26.30) 3(27.30i 6(31.60)  7(87750) - 7(46.70)° 4(15.20)

2 . -
_ © *Barren area with' nearest vegetation 2gu m around pond a:nd 50 m at outlet
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i - F gpre 3.

"’l‘he growth of Cpnephia mi:hnnhilh laryae from Oxen Pond

as indicated by apotome widths.
width).

2

(Scale numbers % 80 um =
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-
v

development -ﬁn insular Ne,vfour;dland is probably duev f:o. the
longer. .period of low' stream telﬁpe:atﬁres resulting from
the prolonged- winters and cool sprgngs (Banfiéld 1981).
Mansingh - ek al (1972) and ‘Colbo and Porter (1981) have
shown that lower tempeératures ; reduce the rate of larval
dgvelopmelr;:. . }
Number of instars

: 4

. Through ‘rearing larvae 'indiviaualxly in ' the

iabozatory"i,t was, . determined -that larvae passed thréugh

’ 'efgﬁt Ainstars. Within each _lnst.at there was considerable
¥ ; r .

‘sizé variation . (Tabde 9, Ficj.v 4).  The growth ratio

l':e;ween moults was 1.19-1.82° with an overall average of

Vo, g B

1.42.. Cephalic apotome measurements for larvae of any one
. g : i

instar' overlap cén_side:ably. with measurements\ of larvae in

classeg_’ccbr'(espond.in‘g with' -ifigtars can only.be 'seen for

the ‘first 3 or 4 qsc.':ts. Previous ar.tempt:.s to:determine’

the number "of . larval (‘»instars in ‘the clcsel)‘( related C.

Adm.henau By ‘Ross and He:rit‘t‘ (1978) using measurements

of cephulic acle:itea were ‘unauccessiul.

\
size i occurred 2t ‘the last

two' 1nsta:s Table 9). Studies on qzowth pnttern 1n a

gigwth in * late instars with the influence of "temperature
(He:ritt m-_ al 1982).

adjacent instars. . Clear peaks of cephalic'apotome width .

_ winter speciea. Prosimulium mmum, aesociated the maximum\




vy

: * Cnephia o:nithog‘hllin maximum cephalic apotome width (mm) based on

Table 9

_laboratory reared larvae to show the eight instars and growth pattern

Instar - Number ‘6f: Mean (S . D) Rande ' Mean. increase Growth ratio
larvae X . . between instars between moult
2 * ' ] .a T My b
. . ® . o \
I 9 0.055 (0.008) 0.038-0.6 " - b
G B M4 218 :0,045 1.82
II 9 0.100 (0.015)“"" '0.088-0.123
! 25 A R, 0.048 1.48
IIT 16 0.148 . (0.012) .
o : ! 0.059 * 1.40
v -18 0.207 (0.030)
3 0.093 1.45
v =316 0300  (0.031) ) .
. . 0.056 1.19
vI 0 - 0.356 (0.030) 5
: . : > = 5 0.104 1.29
VII % 6 - 0.460  (0.03€) -0.402
X R 0.138 1.30
Vw 12 L, 0.598 (0.087‘)\' 0.456-0.742 '
'Aa = Xinst +1° *inst '; by Xinst + 1 - R 5
. . X inst
7 iz 7 - .

-z -
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Piéure 4.
., Cnephia ornithophilia mean cephalic apotome width based 6n

" laboratory reared larvae.. (Scale x 100 m = width).

| __ = y




SHVLSNI

SIZE OF APOTOME X100mic

Al

A

A




. -29- - =

A similar plasticity of growth pattern to t:-hat
shown by C. ornithophilia has been roted in a closely
related species, C.  dacoténsis (Ross and Merritt 1978) .
Procunier 1982b) noted that B-chromosomes in these specieé
can exertd an effect on their giowth 6\1;3 should thus be
examined further. )

* Morphological . differences oba’e:ved, between
instars were slight but some generalities can be stated as

follows:

vINS!.‘AR L S'cie:!_.tization of .head capsule highly reduced;
egg burster present, situated at the axis of V-shaped
dorsal ”scle‘riter scleritization along 1-ate:a1 wall with a
very \dveep post-genal cléft (epicranial cleft) éxtending

alnost to hyposi:omium. =

INSTARS II-IV: Head capsule completely sclezitiz’edv‘and
cephalic ‘apotume clearl_y visible; three groups of
hypostomal teeth, two lateial and 5-7 central serrat.iolvl

head spot visible but not delineated.clearly. .

~I}ISTARS V-VIII: Hypostomal bheth less distinct; head
spots  visible, but sizes and pig;nentation of spots .
inco’naiatent,‘ thus “not useful as characters sepatatinjr/ /

_ -iinstars; ‘late instars with :clearer 'suture line alon

cephalic apbtome‘; imaginal discs representing pupal Ve

respiratory filament buds, 1leg buds, and wing - buds
visible. ' - d 'k . .
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The 'general morphology of C n:mhnphuia larvae
agreed with the deBcription of Merritt ef' al (1978);
howeva:, there were “Blight differences in the color of
, larvae. On the island, larvae had brown to reddish brown
1nterse9mentul bands and dark brown héad capsules, with
weakly defined head spots. Michigan larvae (Merritt a_:a].
1978) had greyish intersegmental bands, 1light brown head’
capsules and clearly de:‘.ih'ed head spots.i

'
Cnephia . ornithophilia larvae were found
individually or in clumps  (Fig: '5J. Larval density on .
4 tando’g&y\.eelected natural substrates from 15 pond outlets

between September 1981 to May 1982, ranged from 0 009 5 60

..‘h:vae per. »cmz (mean 2.60/ 1atvqg/cm2, n = 40). .
Mowever, in Oxen. Pond outlet,‘ densities were c&néidetably
higher (Table 3). b -

/ * Larvae attach to substrui:es !\)Y first sticking

/ small pads. of silk to f.l"xe surface of the substrate and

then grasping - the pad: Qith their anal hoBﬁé;: .Ln time,
nmgll particles ndhe‘_:ea to the a:ilke_n p‘ad, givin§ it a
brownish appearance. The . asso_éivat!.onb between " larvae L g
within clumps “was very ciosa with little.Aspacing betwéen
individuals but ‘their. anterior ends were free to ennble"
filtering activity. Clump sizes ‘va:ie‘ﬁ from  few to
several hundred ' larvae attached to interénnnected masses

of silk.

e
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In September, when early instar Jlarvae first i
appeared in streams, they occurred on trailing quetation \
near the surface, but as winter approached and the stream
temperature lowered, larvae were found more frequently on
ghe under surface of stones. Field experiments on.depth &
performance -indicated that more larvae occurrgd 11-15 cms
deep than in the upper 0-10 cms')(Table 10). .
Another 'experiment“' . using natural ' stone.
substrates . was conducted at " Healey's —and Hugh's Pond "’
outlets: Lurv;1 dist:ibutionr was . recorded on ranéomly'
‘selected sé&nes of  sizes 25:660 cm2. It was.found thut*»
out of 988 C. ornithophilia collected, 85.6%.(846) were .
. under stones ‘(Table 11). A non-parametric sign test
:evea:’ted this difference was signif_icant‘,‘ 7 =1,64 (P <
9.05), thus indicating the more fregﬁent occurrence of
larvae under surface of stones. These regults confirm
Tarshis's '(1973) observation that larvae| move under
- substrates in winter. ,The movement could be triggered by
lower .stream temperature as'suggested by Tarshis -(1973)‘.-
Under stone ‘habitat in wlinte: may p’éte’ct: larvae agaxns€
ice formed by supercooling and ice movement.
Co-oceurring simnliid winter species
) ¢ .
' During - field aampllng’ +thrée -simuliid species

were ‘found co-occurring in the same streams with Cnephia -
~ ornithophilia. These were Proaimulium mixtum, Stegopterna




Distribution of s

~

-

Table 10

«

imuliid larvae with' depth at Oxen Pond outlet

No. larvae and depth below surface (in cm.)

- ] 7
Month Date C. omith&ghi!ia‘ - P. mixtum St. mutata
. 0-5  6-l04 11-15 0-5 610 S11-15  0-5 6-10 11-15
December 5-12-81 38 15 ss o+ S0 23 o 0 0
) ‘0 2 90 \ 0 0 0 0 0,
December  @l7-12-81 ' 26 25 42 15 3 9, 0 0 5
KA L 6 9 156 18 13 17 0 0 0
January 3-1-82 1 8 13 15 6. 8 3 0 4
) ] 8. 0 17 "1 o 0 v o 5
WFebruary 2-2-82 12 0 5 1w oo 0 0 0 0
' o "_ o 15 3 0 5
May 11-5-82" 25 0 15 14 15 5 7o 0
. ; ! 35_ 25 o.,, »?2 10 3 . o 0
s . (Cont'd)

Zeew




Table 10 Sconé'd)

N

- -
- - + q
No. larvae and depth below surface (in cm.h
Month ‘pate f G ornithophilia P mixtum St. mutata
0-5 6-10 11-15 0-5 \ 6-10 11-15 0-5 6-10 11-15 .
Total » A 154 86 358. 84 . - 97 77 25 o 19
mean 15.40.° 8.60 35.80 7.8.40 9.700 .7.70° 2.50 0 1.90
Percentage % 25.80 14.40 59.80 ‘33.10 38.2d‘ 28.70 56.80 ] 43.20
" \ . . i
¢ g
. V
- » -~ ‘,‘

- pg -
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‘Dutata and Simuliun vittatun. Like C. ornithophilia, most  *

species occurred'gver a‘ wide range of stream width, depths

and 'cu:rent vveloc'ities. However, s':.. mutata occurred in’a

narrower rangé of current velocity. .These species, unlike

C. ornithophilia, ~“occur in streams with _ox without

o surrounding forest* (Table 8). These ﬁndinga gena:ally
agree with those of Colbo (1979) .

. 2 'l‘he frﬁquency of co-occurrence of the‘winter"

. species is summarized in -Table }2. It ommon for twe:/' ¢
’ . 7 or more winter ‘species to occur:in e st:en‘m. ~In
Healey's and Hugh's Pond uutletw, c. mil:hanhim and i.
" yittatim la:vae "were - found mcre frequently on -the undez

"_surfaces of stones (Table 11) vhile' B, mixl:nm and St.

- mutata iaxvae were more frequently™on the’ ‘aidea-lof
stones. The 'seasonal appearar;ce of fira?: ingtar.-larvae in |
streams, differ 'between. the winter species. Hrst: inetux .

@ . ornithophilia appeared in mid—September, B. mixnm in
late ‘September '(29_/9/!;1_ - 10/11/91) with an extended . e
period of hgtching; S. yittatum in late October (4/10/81 - . ¢ X

20/10/81) ar;d .St. mutata in late December . The ‘seasonal
distribution of thése winter specles; other than C.
ornithophilia, agrees with Lewis and Bennett (1974).

s

¥ 7 prtificial stream experiments

. i * L
\\ 5 Distri’bution of larvae on substrates showed that
some larvae occurred under  Stones regardless of
)

tempetature . (Table 13)3 !tfm‘uqh a higher percentage of '

e
Q I
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- Table 12
& < . ¥ Simuliid speciés association in'=~"

forty-nine pond outlets during the winter -

Species association Nc;. of sites Frequency %
% A types
T _
‘ A = C. ornithophilia - w00 BT 2T g
* B o= Pamixtum o PR - T 22,24
. i O 4
‘t € = st. mgtata . o ~ 0. 0
WD = s.Cyittatum . e 6.12°
< . Ly . T
, A+B o 1. 2704,
i A+ D § et 2 3 B 4.08
b g - ~ B . 3
5 Bt . el “ 2:04°
" B+D - i ; 1 " 2.04
A+B+C . S Y L T
A+4B+CH+D-. ™ By i 4 '&L 8.16
A+B+9D 6 = % Co12i2a
» Yo' 1arvae -found 14 28.84
‘ AEIag, A .
"
L . L : R .
- P *
a oy .
» - " o 3 0
. " e LA .
' Bk 3 : Y O . -
\ " = -
“ o, .
‘ 1z = | 3
2 Y - : 4 ¢ e
. T . - .
. - i :
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ot Table 13 .. . <
» . Relative distribution of Cnephia ornithophilia on stone substrates
¢ a ) in.an artificial stxaam‘with respect to temperature. . -
Vs
i a B . “Mean léxval population/250 cm2{§tones
Temperature Time spent Number of . oo . / M
- °c (hrs.) observations Understone + S n Top of stohe +8D B
. T, g0l B 48 4 /—/,35.25 : 8.98 23.75 5.65 -
5 R .
' 150 = 48 | ‘ 5 38.75. 18.49 14.75 6.34 T
100 48 4 53,38 © 15502 6 L 7 3
o . ) ‘ . ’ 1
50 ~ 48 W 4 69.75 8.75 T - 2.29 &
‘ _- -
2 ¢ £ : ) .
‘ Y SR Vo.
. . S
7 ¢
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® .
> larvae occurred under stones at lower temperatures. This

. distribution supports the observation of larvae relocating
under stones during winter as noted in this stud'y and
reported by Tarshis (1973).

The temperature tplerance curve (Fig. 6) showed
that . C. nmi.hhnxahilu—}a’iv/n; had an increase ‘in mortality
rate with increasing . tempezatuie. . La:.vae tolerate 309C -
(Pig. -6) but’.at . 50°C death was  instantaneous. This‘

.tole;am{e of“ warm - ‘temperatu:’esl di€fers from other winter -
occur:iug simuluﬂ spécies. "l‘atahi_ﬁ (1973) zea;ea c.
‘muhnnhim at ©250C, while P. mixtum . survived only
‘below 209C (Mokry et al .1981). . Stegopterna mutatd is
_v’ery senaitive.go heat and has to be ‘reared at 10°C
(Mokry 1978, 'Mokry ek al 19‘8}). Colbo ané Porter (1981)
reared 5. yj.um:nla‘: 159C and at 25°C but flies
developed. from larvae reared at 259C were smaller and
les® fecund. Tl:nis w;de témpe:atuxe .tolerunce of C.
nxnj.:hs‘aph_uia' may pe;mit survival in a wide range of
stream conditions and could acsount for the ,,lde north
American ° ‘distribution. The distribution of.. C.
ornithophilia extends from Texas and South Carolina, north’
to the’\ Canadian Prniries and 1nto'the boreal'fo:est of
Ontario (Stone and Snoddy 1969, ’l‘arshis 1973, Procunier
1982a) ahd Atlantio Canada.

s, 4 | ,-l'-"\
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: Figure 6.
.Cnephia ornithophilia larval mortality .rate at various

. temperature in the laboratory.
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Pupae were first sighted 151 the field in early
May and persisted over a period of three weeks. The pupal

cocoon  is loosely woven and poorly fcimed, as observed by

Tarshis (1973). Pupae have 30-45 branched respiratory
filaments. Because of the fruﬁil;ty of i‘y cocoon, pupae

\;e:e ’ collecteq from the field by removing pupae with their

substrates to avoid x‘hmage.‘ B .
»—r"/)_ Pupaé occufied from 0-100 - m.frop pond outlets

‘and their’ distribution’ aid . not differ from that of late

»
instar larvae.' Although a few individual pupae were. found

on .the.upper surfaces u;‘. substrates; large clumps of pupa'e‘

- were - found on the under surfaces: Pupae showed no obvious

o:ienl:)atlon in relatidn to direction of stream flow such

as qﬂserved in other simuliids (Burton 1966, Disney 1969).

. . .

Cnephia ornithophilia  adilts were first

collected from the field in emergence traps in mid-qu

. (19/5/82). émergence patte:p{howh in Figure 7. waswbased
. R ¥

on results of six consecutive trapping days (zo-zséh/uay
1982).  Adult eme:genc‘e\was betvelaﬁ 1500 h' to 1900 h,
peaking ‘ut 1700 h (Fig. 7). The mean sunrise and Bunset
hour was 0415 h)\‘, and 19!!: h te’sp‘ectlvely’. NS flies were

: B
collected before 15000 h ,or “after sunset. The stream

+ . .
temperature recorded during periods of emergence . was

ta
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4 . o
e Figure 7 B
Diur_nall emergence pattern of Cnephia ornithophilia. Water .
. .

temperatures shown at top of tiggres.
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10-12°C. A total of 637 flies were collected with a sex
ratio of 1 female: >‘ﬁf55\mule. The sex ratio agrees with

that observed by Tarshis (1§73’ £ \under laboratory
candltiona at 18°C, 12 h d;:k 12 n light, eme:gence
occurred only throughout the liglﬂ: period. ’\

< T
Flies emerging from Qxen’imd‘!.eft Pond outlets

differed 'in size, based on inig length. . Flies from Left
. Pond outlet- were' larger with a Hing’ length of 3.‘30-3.50'mm
with ‘4 mean. of 3.44 *'0.02 mm for females and 2.45-3.55
mm. with a mean of 2.75 % 0.05 mm—for-males .compared to
1.99-3.33. mm with ‘a. mean “of'2.90 * 0.06 mn for females
and 2.08-2.57 mm with ja mean of 2.40 * 0.2 mm for males
- from Oxen Pond outlggs. The differences were siqnificant
for .both sexes (Fy 66.19, Fp 121.99, P < 0.01).
Differences in sizes of blackflies have been attributed to
nutritiongi availability and temperature (Scriber ahd
Slansky 1981, Colbo 1982). The productivity of different
ponds 18 known to vary widely in Newfoundland (Kere.ltes
1975)."° Since C.’nmj.:hnnhiiu larvae probably feed-from _
seston* flehing from’p&mds’, lﬁrvae in_-‘diéfet.eni:v‘ outlets may

received varied levels of nutrition 'which affect adult
A

size,
Activity' and Habitat
» "
The adult f£ly activity (May to August) based.on
bantam-baited trap (Table ;4) was later than :ecotded in
Ontario (Davies et nl 1962) and . dn Ha:yland ('1‘ 'shis

v n T v )




‘rable 14 e e
Total number of host-seeking simuliids

captured. in bantam-baited trap 1982 i

[ & . B . i - N
S Species » Month and no. Total - Total Percentage
. May = June July Auqust Catch . Blood fed
e
" o success
I ; ' z
= K = '
C. ornithophilia 19«68 2 - 89 11.66 - :
S. vernum = " 134 342 20 - . . 485 63.56 64.54 (313) .
. Ve E
* P. mixtum .. 10 83 18 .- 111 14.55 -
$.. venustuh/verecundum - 9 13 7 29 & 3.80 3.44
‘s. vittatum . - - 4 EE 0.52 -
. i :
- st. mutata.® « 2, 1 2 - 5 0.68 -
1) 5 i} - - =
— =
- :
=% . L.
\ N L . v o o
\ oL -
3 .
oo g * N
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-1973) . 'T:apging with bantam-baited traps was most

prodactive i fo:eat- habitats (Table 15). In a total of
28 anmp11n§ days,__’sz.d"l é’l!es caught were in forest mid-
canopy and 17.6% in open wooded areas. No flies were
cap}tured .in grass and shzu_b, barren or ‘rock out-c:eps
habitat (Table 7‘15) . These ' findings indicate (.
ornithophilia is éssociated with forest habitat, and
agrees  with l’!en.nett‘_ (1960_)_-/_@0 suggested ' mid-canapy
.\preference. 2 T \ -
]

Trapping of c. ornithophilia was attemp‘te'db

. throughout 'the day. It vas found that activity of the
flies started grdduully at 1300 h wit:.h gxea‘test, activity.

between 1600 - 1800 h (Fig<’8). Bénqett (19%60) considered
the fly as a late evening. feeder but findihgs’ herein (Fig.

8) suggest host seeking activity over a longer,pesiod than'

previously reported. Flies were not capthre in an
_unbaited miniature , carbon dioxide trap (Fig. 1) ‘placed in

presumably ‘sui(éahle sites. -
- V

Flies that ‘were’ blood fed, parous or naturally
V

infected with L were not caught in bantam-
-

baited traps. Attem§t§ to inaucé blood.feeding in thg
uboratozy\ using 1live bantam .chicken were unsuccessful.
C. -ornithophilia did not feed on bantam chicken under

trapping cgnditiéns, nor ‘were they observed feeding in

traps - baited with several duck vapeciea (Tarshis. 1973).

However they feed on sylv,(.ic birds (Bennett :1960),
indicating. some “host preference. Host p:efetgnce by
it B
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» Table 15
HaBitat selecnon of Cnephia oxnithoghup
based on catches from bantam-baited traps

Habitat ' No. of txa;pinq No. flies’ i
days ¢
Forest habitat ' . 16 ) . 89
Open grass and shrub . ; o . 0 c
‘Mt Seio . R i G E B
Outcrop, open ‘rock ., : - “a . W 0 ’

“habitat with mosses

Mt. Scio ~ o
Open woodland with . 7 . 19

shrub near Left-Pond’

Tof : 28 108
Toral . 08~
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. - . Figure 8 . e g
~ D‘iurnal activity oE\\Soat-ae'eking Cnephia ‘ornithophilia
. based 'pp c’a‘tcheu from antm-‘bﬂéed tup‘, with_the numbe:sﬂ
representing periodb 5: activity. b ’
h . " 1. 0900 h te 1200 h
2. 1300 h to 1400 h‘K )
3. @1500 h to’ 1600 h - *
% ‘I. -1700 h tonlenﬂ h
. -

® 5. 1900 h to 2000 h

B
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. % during rain.

-4 - bg 5 . .
“blackflies has been repozted in' several ornithophiiic ‘
specie; L (Div’iéu and Peterson 1956, Bennett 1960, Lowthe:
and ‘Wood 1954, Bennett and Pallis 1971).,
. Neithe:” ovlycsitio.n ‘.o:-\mat}.ng was obée:ved in
the field or among captured flie8 in' the laboratory.
Hpveve‘, female ‘q].ieq ‘collected: from bantam—baited'trapa - C
had ape:mutogho:és or.. x‘aéef/m cells in the‘spérmathecéé. )
'rh_e ovaries of 'nullipuroua femalea heid‘ with a sl;garl‘ __C‘
Bource in the labouto:gdid ot lﬂ?velap beyond. atage Ix.
Although ovipositing C. ornithophilia nge notv,obsexved, ¢
based on the location of its fvirst ins"tura.vbnekwbuld 4

- conclude that Wipo_sition'ocqura in pondé'with}n forested

~'ﬂeas.‘\ ' The dollectTon 'of first instar larvae’ in the slow.‘
< flow .dt‘!ctipn where water leaves ,*he pond,, strongly
suggésts eggs {re - deposited uithin the pond near its ™™
outlet: N . 1 ) 4 :
o \Trap, collection of flies during-periods of high °
'x;ind 1(20:-30 km/h_) or at :mbi“ent_ temperatires below 1l')?c‘, s
‘or Above 24°C wa’s teducéd, . and no activity‘was observed L ’
“ S, g ! - ~y b4
. LW 3 =~ Ty N ¥
° Some genexal obse:vations omthe"biology of S‘.- X
‘nxnﬂ‘.hnphilln u:e summ: thed in ’l‘able 16. Cngnhu ,/'

nu.u‘.hnphinn ¥ ln insulnr vfoundl!nd is unlvolt!ne, ovez-‘

) .
vlntezlng( in tha .}a:val atages. This life cycle pattern . .
¥ C - .

Vo “
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agrees with records from other areas- of the contlnen{

(Taznhxa 1973, Merritt et al 1978). The larvae pas

lthroutjh 8 instars in Newfoundland and that is the c:nly

+study in which the numbe?'of larval instars has been

determined. ; The period of development is 1o}xgex in

dland than elsewhere (Table I'6) which is attributed
to the prolonged winter and éelayed spring.~ While larvae

from all areas  are morphologically similar, the brownish

»
head_ -capsule and weukly _'deiined<head spots of the

* Newfoundland population contrasts with the llight; colour

a.nd\‘ dark ﬁeadspbts of larvae from Michigan. -

e

X \ v o
-been ’deﬂned\m\ether areas of -the continent. However, in

Newfoundland C. ornithophilia does not occur beyond 100.m
Emm“’,bond outlets, concentrating within the first 50 m,

The association of some 'simuliid Bpecies with cutlets has

been : attxibuted to affects of Eood xesou:ces (Cazlsson .ek."

. al .1977, Wotton - 1979) . Cnephid mlhhnnhiliﬁ larvae

remained in the pond _6ut1eta throughout developmeént, It

is assuméd larval lncation in outlets is due to the

proximity of ponds, -nd their use made by larvae of uestonl

o:lglnating from the pond. Host seston La recruited from

Distribution of larvae along streams' has not

the pond and  probably ‘steadily ﬂec\easea in quality and %

quunt&? downstream (Bheldon and Oawood\sﬂ) -

In ‘,insular Newfoundland, larvae occur in small

streams in forested areas. The distribution in Michigan

. is in larger streams 4n arei_s of low land_brush and woods
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(Merrite et al 197e). . The aifference in distribution

.
pattern my be 1n£7uenced by adult fly activity. I .

1nau1a_z Nevfoundland the host- seeking adults were captured

in the forests, a8 in Ontario (Bennett 1960) but adult
activity in other af€as is unknown.

Sasshia ornithophilia larvae differ from the

- nthe: local vinte:-develnping sp‘les in nuch features as

hlgh temperature tu!eunce, and var!abl\glowth rate and

clump formation. Tarshis \'(':973)- in Maryland reported,

'
mlgxation of larvae during nter tg the undersurface of
aubat:atea conﬂmed in the pxesent study.

‘ P The pupae occur . in ‘loosely formed cocoons

réspiratoi'y “‘filaments a_rlslng" from 's nnfq branches
(Herrltt' at al 1_973)'.‘ It was observed :.hlt pupaév occur h"l
clumps under stones. They lack the orlentatlon to the
strkam - flow characte:istic of pnpae of  other sinulud
npecxas (Burton 1966). ~ \

*.The adult ‘females of C. ormithophilia Rave been
described by Davies et al (1962) and Stone and Snoddy

‘(1969) . but the male is undescribed., . In insular’”

Newfoundlund ‘the ‘males ' can be xecognized by: size 2.?83
3.55 mm, brovn macrotrichia, and: huixllke l’plnlfonil of
wing, short: calqipal#temmaun huuy with'a dark hrge
tapering disunaxe with only dne apical tooth.

nctive Jfrom mid afternoon to late evening within .toult
-

(Tarshis : 197‘3)‘ and p/ofae'u “a vagiable number of °

: ’
Host _geeking females are anautogenous. They are

\
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areas and appeared to have preference for sylvatic birds
(§ennatt 1960) . s Ov!positicn is presumed to occur at pond
outleta based on the location o‘f thé‘ first instars. There
is no data on the method of ovipéaition, so it is not
'knoun whether it- follows pattern known for other cngnhj.a
species. The methods used by females of genus Cnephia %

include: deb\osition of eggs on substrates near the

5 surface of uatez, crawling below the surface after which

ovipositinq £lies die as in c. p_gs:nn.:j.um (Bradley 1935) or

.striiing the abdomen on the water surf?ce wh:lle in flight,

, depositing eggs into the water as in C. dacotensig (Davies

and Peterson 1956) . Mating of C. nr.nmmmm does not

occur - at  emergence sites as dn c. dacotensis ‘(Twinn 1936,

Hocking and Pickexing 1954) and probably requires some

+ ' swarming flight IB in many simgliid apeciea (annes 1969) .

smum_(nuu.muuﬁ) vernun’ ‘

v . Habitat and distribution of larvae and pupae along Btreams
- & . sj.mulj.um vernum larvae were found throughout the
stream  system in channels. 0.10-3 m- wide temporary or
peri\nn_ently ‘flowing, and mostlyi at depths of 4-30 m. ‘Th‘e

oy 'cux‘!:ent' vexocity}_vheze la:v;e ’were found was 0,05-2.43 m/'
sec. . . La:‘vae vere ft;und mostly on the surface of trailing
vegetation and, in contrast to C. brnithophilia, appear to

§ » . \:ol,erate alqnf growth as they were found on Bubstrates

cove:\eb\vith. algae. ‘Bcraam_ ‘temperatures xecordeé du‘x‘ing

i ® studies . were 5°-18°C, Pupae were found in as.w_ide a
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range of habitats as the larvae. Cocoong)were ‘small (2-3

mm) and characterized by a single hook-like projevction' at

the anterior end and four unbranched ‘rea)')i.ratory

filaments. The pupae were found both on the surface and

under trailing vegetation with the anteriox' opening facing

downstream. ° The wide_r:age of habitat dist:ibutio'uf S.

yernum may explain the island wide distxibution xepon:edr

by Lewis and  Bennett (1973). However it dlffeza shurply

F
with the . distribution of .C. ornithophjlia found  in

forested areas (Table 2, 17) due‘to C. ‘ornithophilia: adult
forest activity. '

First instar larvae were observed in early May,

'with pupae occl.\n:mqN in early June and adults“7-10 days

lntet "to complete the " first ge eration. The second

‘gerf'"xat:ion first. instax lacvae were observed in early July

at Oxeh Pond ou;let, \Pickavance Creek and Left Pond.

outlet. 4 They pupated in eazly August and adults’ emerged 7
d_ays‘lal:ex to complete the second generation,

i The' appearance- of first instars in the spring

(May) indicated S.i yernum overw}ntezed in the egg stage as

, in Oniazio (Davies et 51 1962) but in' Quebec the larval

stage overwintered ' (Wolfe' and Peizgxson 1959). The
Newfoundland population may differ E_:oiy(hose in mainland

_Canada, ‘where both ‘univo'].tlne and multivoltine popu}%tioﬁé

ogeyr  (Dayies ;: al 1962, .Imhof and Smith.1979). ’ Both

S

-

.
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: il “* . mable 17
Characteristics of some streams with Sisulium vernum %
- 3 i ) ! 4 ) .
Stream ! Nature of Width Depth_ Current velocity Substrate Surrounding P .
5 flow m cm ,m/segj
-~ : - .
. 7 3 "
Oxen ‘Pond { ' . X
site I Permanent  1.20 - 6 0.28 " trailing forested
. - vegetation
11 _Permanent®; 0.50 ‘10 0.39 -trailing forested T
i : . vegetation
s = , . S ; g
I1r Permanent, 0.50 30- 0.095 trailing forested. 1
Lo k] vegetatio ~ %
wo ! Permanent = 3 30 “0.58 . trailing forested |
. \ ’ vegetation
servatory bog f Te y. 0.30 4 2.43 grass grass |
Power Line % L
' (reARs, Canadd) I Permanent 0.90 10 -, = rock barren '
. X ) 57 s .
> II - .Permanent - - - rock barren -
‘Mt. Scid runoff Permanerit 0.70 6 0.16 vegetation forested
Co e & . boulders s
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larvae. of the first aid second generations Herein vere .
identified as cytotype "B" by K.H. Rothfels and .C.
Brockhouse (Per. Comm.). However at least three sibling
species designated "A", "B" and- ‘Labrgdo;", based on‘
e cytological differenttation, occur in Canada (Rothfels and
Brockhouse, Per. Comm.). The "A" und "B' cytotypea are

¢ .
7 widespread in Canada "while' the ‘Labxadot" cytotype is

kr]own only from--L di ~Th "“ P n y—in-the-number- —
of generations between :egioné and . the dlvezsity- of
cytotypes suggest S. vernum is a complex of species but in’
. insular* Newfoundland one bivoltine species Exiscs.

N
— . . 'S ( ol
- o5 . 5
& The £irst generation (June) of S. vernum emerged
v between 1100 - h ‘to 1900 h with peak.period at 1500 h to
v A ; Soe d

j\»/’ﬁO‘O_ h. . No flies emerged before 0800 h, and 'duung _.
darkness. 'i’he stream temp&ra_tu:g recorded during f’eriodj

of . .emetgence" was 'IQ“(;-IZOC and - mean sunrise.and un_aé:'

"hour_ (,‘12—17(:.)1 June 1982) was 0401 and 2002} respectively. '

A total of 244 ‘flies were éol}ected wit‘h a sex ratio of‘l
‘fémale: 0.43 .male. * Male flies were the‘ﬂtst‘-to be
collected in. emergence traps. For tt;e second Agénexatio.n

~. » (Augﬁsvt), elﬂergence was ‘between. 0900 h to 1300 h Hitﬁ 'a.
peak at 1100 - h, Flies ‘vere no‘t collected after-1400 h

(Fig. 9), and ’du'r:l.ng darkness, The ‘stream tempe‘u_tuu

. ~ 5 B
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" . Diurnal emergence pattern of first and second generation
of gSimulium vernum<~\ Water :tempei:atqre shown at top of
figure. . ’ B
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.allghtly from-published des‘crip'ti"an
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¥
recorded dunng emergence was - 10°-189C and~ mean *

sunrise lnd sunset hour was 0402 h and 1911 h teapectively
{71-12¢h August :1982). A total of 98 flles vere collected
with. a sex :?tio ‘of 0.45 female: 1 m‘a'le._. In the
laboratory at, 12 ‘h ldights 12 h ‘dark.n‘ess at - 18°C,
emergence occutred only ?uring' tk;e- \_Ll_iﬁht éeriod.‘

. ).
Temperatures 9f" 1o°c and abnve wete not recorded inthe.

B ntteam befo:e 1300 h in early anmmer but Occur hetore xoou

h “in’ late summ’er (Auguat).' These findings Buggest‘ tha;

Véhe‘v patce:n of ‘emezgence * may - b nf#uenced by the

mterac icn o

ean tempamture md liqh

fliea diffeted

eecpnd antennal

“segnent of.-—females was‘ 1ong‘=; :inatea‘é of béing shorter. -

’ | than _' the

h.{rd segmant, compared t:o 8. Lex:nnm (S. J.ar.Lp.ea)

ductibad by Duviea\:}: al (1962).

[ Adult femue s"imxmm vere caught in meat and

'fo:est £llnqed~« abitats. Acf.lvity of Sflies, bnsed on

luung aetivlty 1100»2000, _h».‘('l'able B).

" bantam-baited traps lhoved ‘the.. activity occutred from June

to Auglllt (’rable.l(). Dai,’ly actlvity 1n‘lth.e' firsc
“

genetat(on aﬂrted mid-mo('nlng (0901) h) with opl:!mul host

e Adult’ £lies _tiapped ‘at Oxen- Botanic Park were. '
identified by’ B.V. Peterson a"s‘s.tmnum vernum. It vas
* “found during - studies tha€ _the - adult’

Sevﬁnty—thtge X

\

\
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First Generation . L

NG."of flicy > 34 34 70 . sz ., Y204 484
& of toal catch | 7 5 b 1.4 .31.3 42,2 190
_ko. blood fed 13 9 = 3¢ : 103 155 310
% of to(‘:al‘;ble:‘:_d fea 4.2 200 a7 o332 50 100,.

fséccndeiGéVn_eration & W, ¢ s
n; ;qf'fllles -ve 26 30
s .of total catch fve %01 100
! No.. blood fea “ F -ve: 13 ‘15
" % of total blood fed v $6.7 100
~ ! 7\1

i -mne 1

Diurnaf activity of the first and second aeneratmn of Synuli vernum./

DO B Fizst generation -: .16 collecf_ing days, June 16 - August.2;

. X i SQCQ&d generation - 5 collgctmg d;y’s, August 16-29.
gt 3 . o A 3t 2

Aéthlity
¥

0900-1200 '1300-1400 1500-1600 1700-1800

1900-2000 Total

L4

=09 ="
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pe:ce& " of the to::g} flies caught were taken near -sunset

Blwe® B kuh . activity ext.endlng -past s et (154 §17 h). The
—_— “’é’eupeutuze recorded at trappil(Mr flies were
= b

.‘éue_ t6. the small. population. The temperature at trapping

acc;p waa 12°—24°C. \’l'he se¢ond qL eration f;:les were
detive becueen 1700~ 2000 h_ (Table 18). Jhe’ daily activity .

was- 'limited; howeve:, it 18" not- clear whether it vas a ., 0

,‘-shift of nctlvicy due to seasonality ‘or a sampl:lng effect ar .

nit:es when flies werd active was 15°-25°C. The attack
.

:qtea_ were higher than previously repnzted on thE island -

(Be}‘nett ,und Coombs 19756 The high propoxﬂon« oE

engozgement cf ﬂlea agrees with Benpett (1960) in slmilaz P

_studies at Algonquin Park, Onbaqo. &

The percentage of parous females 1ncrea!ed over
{the period of t(applng reaching -peaks 1n mid Ju].y for the
ilrat qenention and late August ‘for the second generation
(Pig. 100+ L <,

The ‘occurrenge of Leucocytozoon sporozoites in

't,he-ﬂut generation was 14% and 22% "or: the second

'generati.on wu:h’ ove:allgrevalence of 1A% (Fig. 0).' The'
pravalence of Leucocytozoon ‘was mugh 1o‘e: in flies #han
«=the 82\ occurrence teported in Newfoundland pasaerifo:m o

birds (Bennet:t ‘and Inder 1972,° Bennett and Cam¢ron 1974).

'r.ha high pnvuen:e of Lsnmnmznnn in the avifuunu has

been” attr!butad to the  vector efl’ici:nc} of S. yernum

(B-nnett and Goombs 1975) 8 . L } ¢
F s L ’
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\\ , . ) Ovipositing females vlf:n mature eggs wére éauglx
% + in ‘sweep net cqigactions in the evenings (July 29th and
August *25th, 1982), along a, stream 48-50 m from-a pond
outlet. . On August 25th, ' the temperatiire at gime of
collectlcn was 16°C, iﬂon h, not windy and few Jouds. %
e time of oviposition ngrees with Imhof and Smlth (1979)
3 TZO obse:ved’ovipositlon near auneet. l. At

ome quantltative ‘observations on the effect ot

weather were made on S. yernum activity. Hiqh wind

% reduced activity. ' Trapping({was most successful on days of °

’ low 'wind (5 kn/h),. pemperatre ‘above 10°C, and high ¢
‘humidity but no p‘;:ip;tation (Pig. 11). .The numbers of

8. nmnm.captu:ed 1nctease¢i on days Eéllowuig periods of
high~ wind, precipitation or lv temperature below 10°C.
. It would be unreasonable to generalise on the effect of
weather on acti\qty of flies becaug of the masking
e‘ffec}gs‘ of}vurioua envitor‘mental conditions. However, they é 4
bbse:yutions herein 9.rees with Fallis (1964) that e_xtreme '
\conditioﬁs " of high wind nnd temperature affect. fl1ight and
hoat seeklng activ(ty of Ss. u.r.n:m. The relationship

hetween :embe:atu:e and . m:t:lvity ‘agrees with that repot#ed

- by « Taylor (1963) , wl/\ereby activity gzadually increases N |
with increase in temperature up to an optimum, g S
. L ——
\ SR | 5]
.
S A L
y 3 t 3 .
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SUMMARY

- » 1.- The éiaitibution' of larvae. of ‘gngnhu
‘ nxnnhmuu and  Simulium y_emm was c}mucteuzed in 49
st:enms on the Avalon ?eninsula, Newfoundland. x 3
i 25 Engnhia ornithophilia . occurred = in. pond. -

Lt .
outlets !in forested areas. Along the stream, larvae were

restricted to within 100 m of an outlet wigh highest 3
cnncentrations of  larvae ;dthin the | Eirst 50 m. They
remained at the outl‘t throughoyt' their develepment. The
size ~;f ‘the streams ranged from 0.3-6.5 m wide, 6-60 cm 1n
« depth, with a current velocity £rom 0.12-1.08 m/sec. i
‘3. figuliun vernum - larvae were not.restricted
K3 to. lstzeams in forested axeis, occﬂrred both at outlets and i
downatgeams " 'sections and in ' temporary tricklets: or
permanently  flowing stx‘eams. The atréapa ‘ranged from
0,103 m wide, -4-30 cm_ depth and current velocity from
005-2.43 m/sec) . : A
L " . .¢ s 4. Cnephia ornithophilia is the onlj“member of
|:_l:e genus . in insular Newfoundland.. }!: is univoltine 'and »
has eight larval - instars with a prolonged period of
cl/evelopmenl:‘ (September-May) . Morphologically the 1arvae

are Bimilar to those deacrlbed elsevwhere except the head_ .

. npotln:e weakly pigmented.
ﬂiml.l.nm vernum ove:vintet@ in thq egg st:age

"”" vith thd 1eca1 popu!.at!.on being blvoltina, the first
ganev:n:!.on occur:ing from Hay to July and the second

generation July tp August,
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- 'S : .6. Observations ' in the field and 'laboratory ’ \
ah&wed 'that‘ G mni:hnphuia lutvae. readily £cz|;|'ed clumps.
They relocated to the um'x suzface of substrates' during + |
the winter and attached to those aubatrate with little or
, \ - no ‘algal growth. This species/has a variable growth rate . A
. between . larval inataxis and has a wide thermal to_l.azu_nce of
0-30°C. ' ’ ) LRy . 8 .
7. Thé pupa of C. mj.:mmhu.u has a 1oosely z
g Eormei.‘\\ocoon with 5 mag\ branqhes and 30-45 respiratory -
filaments. They occur in clumps below pond out}ets wlth
no obvious orientation to dixeftion of stream flow. ¢
e o, Similius verhun pupae are - distributed
. throughout the’ 'stzie‘um gystem. Théy have well formed, 1

amau (2-3 'mm) . with a charaBteristic anterior

projection and - foun unbxanched respiratory ﬁ.lumants.
-9, Adults of C. nm:{_ﬂmp]nm lemem;ed in May
between ‘ison - 1900 h uher; atream tempernture: were *
between 10-12°C. There : was slgnlficnnt differencea)in
aize'of Elfea endrging from different pond outletn.
+ 10, The emergence ‘of adult S. vernum was in Juner
‘for the £1tet generation between 1100 - 1900 h when stream
« tempezutuua were 10-12°C, For. the second geneution,
/ adult emergence in August was between 0900 - 1300 h vhen
stream »te_mperatures - were 10—1B°C. ; In ]'horatory Y
. . experiments - at 18°C, .‘pgiég pupae qf. C.. m:nh:hnnhuh and
" §. gernum, emergence oqcuz:'éd o'ﬁly during daylight hourse® . *

.’

RN v o . .
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A 11 Cnephia ornfthophilia is . o with

‘ho: .Beeking” activity ' limited .to forests between 1300 -

2000 h. el . H
12." Simuliun yernum is anautogendbus with a.wider

‘ range "of habitat  than Cn: .ornithophilia: BOE“—-H“kil}é
ang . - A

T activity was between - 0900, - 2000 h. A prevulénce of 14%

Leucocytozoon infection - in the salivary gland was found,

indlcating this' species is a goud vector of this genus of'

parasite in the study area. - N

13. Oviposition: ‘site ' for C. ornithophilia is at
the 'bond outlet, based on the location of 'first instars.
smuum vernum oviposited a)aﬁg the stte(am near sunset
(1700 h). =
14, 'l'he biology of C. ornithophilia in
Newfoundland is * aimiiu: to .t:hat of this apscie.s in other

regiona North Ame:ica, diffet!ng in their accurrence in
€

. smaller utreame and the prolonged development of . the’

. luva atageu due .to the early winter and deluyed” anring
*in inaular Newfuundlund. . *

15.° The bx‘uugy of 8. nxnnm is companble to

thoge. .in ;other areas of the continent but the nunbe: of’

ganaratinns l.a umxua td cuo.
a

%
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