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Abstract

Y ' , .
. L
P

| nStudies.were conducted to deﬁFrmine the role of naturally -

'populatlons in’ central Alberta and to evalute the: potentzal

-

e ’ ' Py

occurring pathogens and parasitesuon larval mosquito '\A}

5

"\- '
i

of the Hyphomycete Tolypocladlum cyllndnosponum as a N

\
m1crob1al control agent of mosqu1toes. Naturally occufrxng

\

pathogens and parasxtes generally had lxttle effect. 6n host
populatlons. Cullclnomyces clavisporus and Smlttlum sp. are -
recorded for the f1rst time in Cangda. The Canadxan 1solateh

of C. ;CIaVIspOPus was compared with isolates .from the U.S.

and Australxa with regard to growth rate and colonxal

morphology and pxgmentat1on The Canad:an and Austral1an

1solates wkre-more s1m1lar to each other than to" the

,American’. 1solate Tolypocladium cylindrosporum is a.

relatively slow*actlng'pathogen.w1th relatively low T

‘ viru%encekto mosquitoes; massive doses are required tq

elicit a response.‘L so's.were in the order of 10* - ,10°

conidia/mlénLTgo's‘were between 3 and 14‘days.‘There,nas no

“increased pathogenicity after passage of the fungu® 18 times.

through mosquito larVae.'folypoCIadfum éylfndPoSpOPumzwas

'ea511y propagated on a cellophane surface and wheat bran.

(-

The half 11fe of con1d1a stored at’ -20 C was 12 8 months.»

Mass appllcatlons of conzd1a in the f1eld faxled to 1nduce

U an?eplzootnc, however, 1nfect10ns were apparent 1n larvae

;that were transferred to laboratory condltlons up to 29 days

,‘post appllcat1on. The host pathogen relat1onsh1ps between T.

'57cylindﬂosporum and Aedes aegyptl are complex. Pr1nc1p1e

i"ﬂ;lv



. ' \ .‘." .
sites of 1nva51on are. through the base of the mand;bles and |

r .
max1llae Qnd at the anus. Indxcatxons were that 1arvae are

mOst‘susceptible immediately‘pr1or to molting; however,

little fungal coﬂonlzatxon of the hemocoel occurred at thls
\ /\\ ' l -
txme. Conldxa 1ngested ‘by larvae were excreted vxable. The

-

'comple ties. assoclated thh bloassay,‘stralh selectxon and

' . ’
field evaluatxon of T, cyllndrosporum are discussed.
. f "f . o \ ~ , R .
L} \ . I‘
., * '
. . .
li‘ “
Y “\\\ g \
{ . \ .
o ! \ . |\ -
\ . oo -
,‘f" h} N ' -~ - 3
+ {‘ * \‘ N ‘_“ ~
/ R N N
. ’ \ * y
)” i . - N -
) ‘? v
n! - X “ \
¥
‘ » ! ' - -
v “ ' : i
. "' ‘ . : . f—‘ " [
' ‘ . . ,' \
e ¥ | PAEAE '
; ‘ 3] : R
- ‘.v. ‘_ e I. y [ » '
- £



t

. ———
|l

Acknowledgements
W1 would lxke to express my apprec1at10n to my

superv1sor, Dr D.A. Cra1g, and to the members of my adv1sory
\

cOmm1ttee, Drs R. Currah and ‘B.K. Mxtchell for the1r
o : ,
guxdance and crxtxcxsm Drs J. w Carmichael R.H. Goodlng,,

M A. P;ckard and J.R. Spence also served oh my advisory

comm1ttee at some txme. ' . : ‘x

——

The techn1ca1 assxstance of S. Aaltonen, K. Fry, T. .,

Law, and C Seadon is gratefully acknowledged Thanks are

further due to G. beson and D. Madd1son for help in

1ntroduc1ng me to Textform the Unzversxty S word proce551ng
L

program- R Roland for dlscussxons and a1d in data analyszs

and use of the computer program MIDAS D. C Curpxe for help

lnthab1tat descrzpt1ons; D.M. Wood for,advxce and help in =~

mo,*squitp‘identif.jicatli“ons;_‘C.~ Saunders for help in tinding
suitabIe stud;lsltes; G. Braybrook fbr assistance in QEM;
R.L.S. thtehouse for prov1d1ng darkroom fac111t1es at the -
Department of Medical chroblology, the Department ‘of 5011
\ Sc1enceafor prov1dxng autoclave fac1l1t1es; B‘A Feder1c1 |

for advlce on v1rus d1agnosxs- D.J.S. Barr, R. wh L1chtwardt

. L. S1gler, I.M. Smlth and A. Undeen for pathogen and

paras1te 1dent1f1cat10ns, H C.fChapman, J Harlos, and J
Roland for crltrcal rev1ew of chapter 2 L S1gler for"
cr1t1cal review of chapters 3 and 4 and for contr1but1ng a
sectlon to chapter 3 "R, Humber and an anonymous rev1ewer

for cr1t1ca1 revxew of chapter 3; A w Sweeney, D w

Roberts, and A Gzllesp1e for prov1dlng comments on chapters




-5, 6, 7 and 8.

' . . 1\ . ‘ : / . . .
Special thanks are due to Alok Sen, Lynne Sigler, and
my wife Karen Toohey for thex: tonstant éncoufagemeht,

support and,friendshxp.. : /. . \‘ I

This work was supported bf‘funds from the Pesticide

L "+, Chemicals Branch, Pollutiop/Control Division, Alberta
A . _
Environment and the Natunél Sciences and Engineering o

»

Research Counc;l of Ca?pda to D.A. Craxg and by scholarshxps

from NSERC and the Goyetnment of Alberta.

~ ,/ 4
//
/ ~
" // A Y
C ’
/ A
/, ._ ]
.
/ '
// . - \
s I/'
0 / |
/
7
1"
. ~ 7
a /
/,
/ . .
7 T Y
// \\J .
/
i ' .
. \
) - : /
/ v
/
/
/. :

\
N\ / *

vl

\ /

‘ /
/ /

7
/
4 N
/ i /‘
/
Y / A “
I} /
/

~
2



\ ) Table of Contents @;ﬁ |
‘Chapter & L U ‘ @ - ) - ' Page
Abétrect ..... .Lt;...ﬁ;;....' ..... :.;t..;.;; ...... ,..,.}..r;iv'
‘Acknowledgements ;r..........;:.,...l..4.‘ ....... 2.#..;..;;vi‘
R General 1ntroduct10n et eineaeaaaans u...;...;..;.]h

‘ 1.1 Goals of the present research A T L3
’ “2. : ‘Fleld incidence of mosquxto pathogens and | .
.p?ras1tes in central Alperta B R R
24 ,INTRODUCTION e 5
2.2 'MATERIALS. AND METHODS ...... e RTINS
2.2.1 Larval monltorxng*and dlagnosxs ;4--f'-:"5
2.2.2 Pathogen/parasxte _ ,
- ‘ 1dent1flcatxons/lsolatlons Ceee e aan 6
;n ~2 2. 3 Percent incidence estlmates‘...‘M ...... t;,é‘
2.2.4 Habitats ......lieeioeiieaiennn PR ]
2.3 RESULTS AND DISCUSSION T YT N
2.3.1 Mosquitoes‘....,;...;....LCQ..!J..,..r...10'
2.3.2 Pethogens‘andlparasites ...:..A ..... ,:.{..11
2.3.3 FUNGE «leevenivnemnennenepeineennasasannll
T 2.3.3.1 Coelomomyces . A%H
2.3.3.2 CUTICINOMYCES nvuevnerernienenn 13
'2.3.3.3 Saprolegn1ales T ... 16
F 3. 3 4 Trzchomycetes .......;Q.......t:.i7
2. 3 4 Mlcrospora ;:.....t.“t......3..........,;20"
2. 3 4.1 chrosporldla 20
2 3 5 Clliophora ........;..:.............E....21;‘
2.3:5. 1 Perztrlchlda ....CI:QQ.L;......{.21‘
f3‘:?' 2 3 6 Acarx:..,.t....i.;i,:.;.t.r:tf;}:;.;:;;;.22 |

tziéeefrfteniet“




IR T S -

2 3. 7 Pathogens not. fOUnd ;....,: ....... f.?...}23

2.3: 8, Effects on host populatxon ...;...;...,..24

. 2.3. ? Concludxng remarks "..“t..Le.L.u.;;;i...;fS

“2.4 BIBLIOGRAPHY .5%.,L,.....;..,....5..:1...;..‘Q.27
“Stbdxes en the mosquxto uathogenxc hyphomycete

Cullcfnomyces clavfsporus e deaeaeiieieae i e 36

,3.1'/INTRODUCTION ,}.,...,..;..‘.;..Q..Z......;,;,ﬁ.asl

3.2 MATERIALS AND METHODS T i

3.2.1 Isolat;on'of the Cahadiau‘s;rain .;1Ll.{”37

3.2.2 6eherrisolate$ u;._.;.,.,.iL;;;; ..... »...38

3.2.3 Growth studies .,.;.:,.!.A.ﬂ...L:.;e;.:;.39

3.2.4 Scanniug electrou MiCTOSCOPY wanenvaeenn..40

3.3 RESULTS . AND DISCUSSION Ceeeeieean Cemeeemenaas 40

3.3.1 Nomenclature Cieeesa e e SR .o s80

©3.3.2 Hlstory of the Ameracan Type Culture L

‘Collection: 1sola*es eeeesa N S .40
‘3.3.3{Hab1tat and dls;r;bution‘ ...... }{..;Q.:..,42°
13.3.4 Growth StUdies . .ierineieannn RRURRY:

' 3.3.5 Coniaiuh developmeh{'.,;..w;......Qu.;L..46
3.3.6 Straln var1at1on' ........ l.L;.....;i;,..;4i
3.3.7 Taxonomy of Culrcinomyces R R EREE .48
2.4 tBIBLIOGRAPHY ..{{...g..,,.......,..;t;_...,A;L.Sé

- A sxmple method for mass culturing :?;

‘entomopathogen1c hyphomycete fungl ,,.;s.ﬂ...,.;a..,ez"

K
v ‘p

*4;1J:INTRODUCTION ........;....;;;;;....;....Li...:.62

'4,2‘*MATERIALS AND METHODS ........;.a.;;..i..Q;.;Lzsd'}f

s

et

'.‘l‘“' 4 2 1 Preparatlon -\hInOCUIUm .a % esdoesssee .’.. o e e -64 ""‘ !

L ‘o
N . .
! Ched P . oot N 4

Ax

. 2 2 Culture methods‘.....;;;.;.;l....;.;}.};.SSt;f‘



#?

4.2.3 Determination of Yield ...u.cuvuunnn. ‘...67

o
4;%‘ RESULTS AND DISCUSSION . uyueueennnnenonacacnasan 67
4.4 BIBLIOGRAPHY ....... M meaaanaeaanasa Aahaaaanaa 70

conidial Viability of the Mosquito Pathogenic
Hyphomycete Tolypocladlum Cyllndrosporum following
Prolonged Storage at ~20° C ....... . .aan Mareene 74

5.1 INTRODUCTION «r s semsemesmannnnnancsnsnnennanlh

5.2 MATERIALS AND METHODS ........ S CEE TR
5.3 RESULTS AND DISCUSSION r...... S .76
5.4 BIBLIOGRAPHY «nvuuerennnn. s PP ..78
Serial fn vivo passage of the entomopathogenic
hyphomycete Tolypocladfum cyl indrosporum in “~
MOSQUILOES . . .icenracaancanansan e e gaaaa e aaaaaa81
6.1 {NTRODUCTION ........... R e .81
6.2 MATERIALS AND METHODS ... .u.veaiannnncsssnenns ..82
6.3 RESULTS AND bxscBSSION Caeaaeen ‘...t% ...... ...83
6.4 BIBLIOGRAPHY ......... U P ....85

'Studies on bioassay of the entomopathogenic

hyphomycete Tolypocladium CylfndPOSpOPum in

mosquitoes 'f"‘i ..... seaan e e teaeeacaeaa g 87
7.1 INTRODUCTION :......j.!:.l..}...{fjfT;A ......... 87
7.2 MATERIALS AND METHODS ‘...;155..v ....... '....:..;88
7.2.1 Mosquito”colonies.;;;.i. ....... ;.....,}..88

" 7.2.2 Inoculum Breparagﬁon e ...89

E  7.2.3»&§§ay Method .fi.;...’ ......... ey
7.3 RESULTS. ...;....:;........ ..... e -3

7.4 DISCBSSION ;........;..L.;........ ...... ee....94

S

7. 4 1 Sources of var1atxon ....;.......;......;95

v '%;4.2,Possxble improvements iﬁ'assay
* ,..‘ “‘technique“..-.Ofﬁ-...l-.‘..‘;..C".;..O..0.'98




7.4.3 Host death and fungal colonizaton of

hemocoel ........ PR T |
7.4.4 SUMMACLY «iinennnannanenn l.. ..... fheeaan 100
7.5 BIBLIOGRAPHY fh s aaeenaaaana Chaamnasasaansamenaast0t

Préliminary field trials with the entomopathogenic
hyphomycete Tolypocladium cyl ndrosporum against

mosquitoes in central Alberta ......... O B K
8.1 INTRODUCTION ..... Seaaaaasaeaa feaiaaanacnaaaaallb
8.2 MATERIALS AND METHODS . ... c.cucanen. N B N

8.2.1 Inoculum Preparation, Storage, and
Application ........ e [P 117

8.2.2 Larval monitoring and diagnosis ........119
8.2.3 Infection rate estimé;es
8.3 RESULTS AND DISCUSSION ....................... 122
8.3.1 Mosquito prevalence and composition ....,122

8.3.2 Control estimates using mosgquito
densities ...i..iiiti it nniiiiitanaanana. 123

8.3.3 Control estimates using sentinal cages .124

8.3.4 Control estimates using field-collected
larvae ... ... il i i it ie e e 125

8.3.5 Incidence of mycosis in field-collected

AMMAtULES ..ieevunannnn e eaad feseanaaen 125
8.3.6 Epizootiology c.iiiiiiiiiiiaieneennnennas 127
8.4  BIBLIOGRAPHY ....... e .. 132

Pathogenesis of the hyphomycete Tolypocladium
cylIndrosporum in the mosquito Aedes aegypt/ ......138

9.1 INTRODUCTION .......... Ceeereeieeieeeeeaaes...138
9.2 MATERIALS AND METHODS PPN & 1
9.2.1 Mosquito cblon} ......:....L....f.......139
9.2.2 Inoculum preparation ........cece00000...139
§.2.3 Fungal growth and development .........,140

xi



9.2.4 Viability of gut-passaged conidia ......141

5.2.5 Mode of infection ........ N e aaaaean \...142
9.2.6 Scanning electron Microscopy ...... sa.a. 144
9.2.7 Host-parasite interactions\C... ......... 144
9.3 RESULTS «uvvvnn... s e e

9.3.1 Fungal growth and developmens shenaanaaaa145
9.3.2 Viability of gut-passaged conidia ......147
9.%.3 Host mortallty °".".‘f""" ....... ... 147
9.3.4 Host- parasite interactions .............148

9.3.4.1 Host death prior to fungal
colonization of hemocoel ....... 149

9.3.4.2 Host death after fungal

colonization of hemocoel ....... 149

9.3.5 Infectiomssites ........... .........;...150
9.3.5.1 Head ....vevveeenn. ;..{‘ ........... 150

9.3.5.2 Thorax ......... et eenssananaea 151

9.3.5.3 Abdomen .......... [PTORe. 151

9.3.5.4 External cuticle ......... ..T...152

9.4 DISCUSSION R R R tesecsasacasas b53
9.4.1 Infection sites ........cvv.. Ceteepeaaas 153

9.4.2 Conidia vs blastoconidia'...............157
9.4.3 Viability of gut-passaged conidia ......159

. 9.4,4 Mortality and fungal colonlzatlon of
' hemocoel ...'0.........l‘.“..‘....l..l.159

9.4.5 Production‘of club-shaped structures ve. 162
9.4.6 B1oassay of T. cyl!ndrosponum ceseesasselb2
% 9.5 BIBLIOGRAPHY .................................164

10. . General discussion, conclusions, and suggestions
for future research ......ccvcereciccsscssnenesess185

xii



1.

12.

10.1 Suggestions for future research ..,

10.2 BIBLIOGRAPHY . ....¢cininiacannnnenn

L ad
APPEDdix 1 L I T R S I N T T O T I O T W ) 4 a 8 & & a & & & o o a
\ X
Appendix 2 ...l i aiaaiaeneaan Cheaaaan
”

xiii

Q4



Table

2.3.

7.2.

List of Tables

Page

\

' A
Descriptions of pools in central Alberta

-

monitored for mosquito pathogens and parasites..

- ' |

Summary of mosquito pathogen and parasite |
. , ‘ A S

prevalence and incidence in 10 study sites
N in central Alberta.......ioiieueeneacnnnns . ...34
Summary of Smitt/um sp. and Microsporidia

occﬁrring in 10 study sites in central Alberta..

Mean colony diameters of three Cul icinomyces

clav isporus isofates §rown for 21 days at

26°C on six selected media(.}......,....,.....55
Mean conidial yields of five spscies of fungi

using the cellophane-bran cuiture method......71
Percenf mortality of Aedes aegypti exposed to

different concentrations of conidia of

~

Tblypoqladlum cyl(ndnoSponum serially: ~ .

passaged through mosquito 1arvae..eeeeeeeeesa 86

'Prqpit'analysis of dose-mortality responses of

‘mosquitoes exposed to conidia of

LN

Tolypoclaflum cylfndnospowum...f......;..,...104'

Probit analysis of=time-mortality,responses of —
. mosquitoes exposed to conidia of

Tolypocladium €yl iNdroSporUm.'s veeseeesves. 106

xiv



9.2.

1.1,

.

Mortality rate and ptpportion of dead larvae
with diagnosed mycosis after exposure to’
. 1Y A )
different concentrations'of Tolypocladium

cyl tndrosporum conida‘ for 20 da%&_at ool .

different temperatures........... ..........:.107|

Field applications of Tolypoc]adium
w0

cyl indrosporum against mosquitoes +4n . .
“ N ‘\‘.\

.-

\central‘Alberta.;;..;.; ....... .;}.;3;.;.:;..}135

Effects of field applications‘of‘TOIypocﬁadfuﬁ"

. cyl'indrosporium against mosquitoes in® . ..
central Alberta.:...cciiicaennnss creaesheen..s 136
Probit analysis of time-infection mortality R

responses §f mosquitoes exposed to pénidié
of Tolypocladium cylindnbspOPum.undér’field
conditions énd subsequently reared in the
o laboratory...;;...............;.,.; ..... vee..137
Effects of gut-passage on viability of
{ Tolypocladlum cylindrosporum conidia in
larvae of Aedes aegypti.................;....168

Mean mortal1t1es of Aedes aegypt! larvae exposed

to conidia of Tolypocladlum cyllndrosporum...169‘

Pr1mary\infectlon foci of Tolypocladium
cylindnosporum 1n larvae of Aedes aegyptl
.at d1£ferent stages of development...........170

Den51ty and percent’ spec1es compos1t1on of

mosqu1toes 1n 10 study sites 1n central Alberta;

.‘..........."..f..,...‘..........:....l.;.........\.193

. XV



[12.1.  Probit analysis of time-infection mortality -
responses of mosquitoes—exposed to'conidia

of Tolypocladium Cy] INdroSporum. .. ..v........197

7 ' o lw
\ . . s ' ! A
\ )
. o
\ |
'\" "
1]
'
’,
\ »
,‘ L3
- —_ ®
¢
) |
\
A
> ®
L
g -~
)
* ]
i
. .
b4 .
\
.
‘
‘ | &
; . .
) . ’ )
—— : o ’
v ' ! " " v '
. N ;
v | xvi o .
'Y . ' i SN
. - - . ) A U
t "l‘\ s . \ o




P

e‘f'

v
T~ .

_3‘.7

.6.

Figure

dayS.ceedeeitienncnacnans Ceesies st n s asue e we.57
.a. on Potato deXtrose agar............. e 57.
b. on Sabourauds dextrose aghr..;...;..L,..;!?.....57'
c.;on Corn meal + yeast and dextrose aéar,.,......;S?
d. on Nutrient aéar..i ....... .,.;;....: ..... teces..57

‘Slmple phialide and polyph1a%1de of

List oleigures

Page

.Hyphae of CulIcfnohyces‘clavfspOPus emergihg , 'J!
through cutlcle of Cullseta Inornata larva..h&S%m
Hyphae of Cullcfnomyces clavlsponus emerglng - .

through cutxcle of Culfseta Inornata %Prva....S?
‘Colon1es of three stralns of Culfcfnomyces

CIaVISpOPus grown on dlfferent medxa for 21

CuIicrnomyces clavzsponus borne singly........59

“Phlalldes of Culicinomyces clavfsporus borne in

whorls at irregular 1ntervals.... ..... cesaiesaa 59

Phlalldes of Culicinomyces clav isporus borne in-

e whorls at 1rregu1ar 1ntervals........l..c.?...59‘

V

qun1c111ateiy branched phlalzdes of

3.9

Cultcinomyces Clavfsporus bearlng obovate _

o con1d1a 1n slxmy masses..f.....,..............59h

Phialides- of Culicinomyces clavisporus borne. in

f s

}I; slngle Whorloonncoooo.ocoooboooccocooo-oqooo.osg

'Obovate con1d1a of CUIfcInomyces clavisponus

covered 1n sllme........I.....Ql..............sg

-



%3.10.

3.11.

. 3.2,

‘Basally swollen,‘short ph1a11des of

Cullcfnomyces clavlspopus borne in whorl......el

'Simp;e phialides andfpolyph1a11des of

Y

‘ Cul fcinomyces blavlspOPOS borne in whorls.....61

A polyphialide of Cullclnomyces clavisporus with

two openlngs.; .......... J R S 61

Small oval to cyl1ndr1cal and larger obovate

‘Obovate con1d1a of Meria coniospora produced

con1d1a of Culfcfnomyces clavfsporus borne -

in" slimy MASSESaeneeernnes e taeeeeeneaaaen .. 61

. Smalfi, oval to ‘cylindrical and larger ,obovate

conxdla of Culfcfnomyces Clavfsporus borne

in. sllmy masses ............... Meeecees Neeseasen 61

from small pegs borne laterally....,..:.;...;.Gf

Obovate con1d1a of MePia coniospora produced

a,

bo

‘. C.

d.

e
' ‘f.l
vV1ab111ty of Tolypocladium cylfndrosporum |

from small pegs bornevlaterall

Cullclnomyces cJastporus...,...........;.......73 B

fMétanhIzlum anlsopliae..........................135

'Tolypocladlum cylindrosporum................;...73'"

BeaNeF’a bass’anaOOO'OOQ...D.'ooo...\..'.co.oo0073 "

'Verticilllum Iecanli............................73 g

' f_ con1d1a stored at -20°C as a. funct1on of time...

....;.....;-......‘.;-.l......l.......‘........80

T xv;11



~A.3.0

9.4.
9.5,

9.6,

Cumulatxve mortallty of Aedes aegyptl exposed to.y
varying concentratlons of To]ypocladium .Q‘
cyllndrogporum conldxa .,mf;......},e;{.e409

Cumulatxve mortallty of Culfseta inornata v w

exposed to varyxng concentratlons of

Tolypocladfum cylindrosporum conldla .;.:...111

‘ Cumulatlve mortallty of Aedes vexans exposed to‘

.»varylng concentratlons of Tolypocladium
cyl indrosporum conidia.............. e i a13
Mortality of<AedéS aegypff exposed.to conidia of

Tolypocladfum cylindrosporum in relatxon to

stage, 1nfect10n dlagn051§, and dose....,;...lls

' Conidia of Tolypocladtum cy]lndrosponum borne

aerzally from phxalxdes..;L.....{.L...; ..... 172
Blastoconldla of Tolypocladlum CylfndPOSpOPum

. from hyphae in submerged culture..... ;1;.;:.;172a

Ph1a11dlc con1d1a and blastocon1d1a of

~

Tolypocladium cyllndrosporum developlng
w1th1n an. infected cadaver’ of Aedes qegyptl .....

\0"0n‘ovobo.'-“..ooe.o'b"coovoclo?-oo.ooono‘co‘ooo'.o‘o“oe.o‘hoto172

Ge;ﬁihatioﬁ,of Tolypociad fum CylfhdFOSbbﬁumee

blastoconidia in submerged.culture...........172

Hyphal growth of Tblypoc‘:ladwm; 'c':yundnosporm

resultlng from a blastocon1d1um..............172

, Swellxng ‘and germ1nat1on of Tolypocladlum

Cy,,ndr‘osmpum conldla........OQ......'I.C..’1-7”2

)

oxix




‘9,12,

9.13.
9. 14.
9. 15

- 9,18,

9.19. /

‘ Gerﬁxnatxon of Tolypocladlum cyllndrosporum ;
| conxdxum from both endsr,.' ..... .h..{..; ..... L172

'Hyphal growth of Tolypocladlum CylfndPOSpOPum

%)

resultlng from' a conldlum......;....‘ ......... 172

Club—shaped structures of Tolypoéladlum -
cyllndrosporum adpressed to glass surface. ...172
Club- shaped structures of Tolypocladlum T

Cylfndrosporum adpressed to' body wall of .an’

1nfected cadaver of Aedes aegyptf....,....l..172‘
.ALConldla of Tolypocladfum cylfndnosponum on: A

. '5ur£ac%bof Aedes aegyptf larva;.,,t...,l..,.i]74
‘Con1d1a of Tolypocladlum cylfndrosporum on | |

surface of Aedes aegyptl larva;.;..,.;;jl..l.174

. Fecal pellet of Aedes aegyptf excreted'lbosely ...174
Fecal pellet of Aedes aegypt i excreted loosely ...174

Fecal pellet of Aedes aegyptf-enveloped in

_peritrophic’ MEMDLANE . « o .5 eeg's e neennenneennnnn 174

A

Fecal pellet of Aedes aegypti enveloped in

perltrophlc membrane. . e 0 b C/. *® o o 0 . ® & @ 06 & 0 0.0 .v..tl1‘74

' Germ1nat1on of Tolypocladlum cyllndnosporum in
al1mentary tract of Aedes aegypti larva......176

Germ1nat10n of Tolypocladlum cyllndnosponum in

posterxor m1dg:;/3; Aedes aegyptf 1arva......176‘w

Mycella of Tolypocl cylindrosporum in .

:_: esophagus wzthlﬁ Aedes aegyptl larva.........176‘ c

: :Xx‘ B ‘

~ 8



9.20. Germinatfng blasfécbhidium of ToTypocladfﬁm'
| cylfndrosporum 1n esophagus of Aedes
‘aegypt | larva..... e ;..(...........;;...,;176
9.21; Head of Aedes aegyptl larva filled with mycelia |
- of Tolypoc]ad fup cyllndrOSporum...‘...Jﬁa;..{176‘
. 9.22. Posterxor abdomen of Aedes aegyptf larva thh |
ramifying mycelxum of Tolypocladium
cylfndrosporum ....... L....;L...;...:;;;.,;;;.176 -
9.23{;:In1t1al ram1f1cat10n of Tolypocladfum '

. cylindnosponum mycella in headvof Aedaa
aegypt} larva ar;s1ng 'from penetrat1on at
base of max1lla...}...a;...{.......; ..... aee.176
‘.’9.24. Inxtlal penetration of Tolypocladlum
| cylrndnosporum at base of Aedes aegypti
| 'mandlble..;;.f....};..f:..;;..‘ ......... ieresl 176
9,25."¢érmination.oﬂ To]ypoc7adium cylindrésponum | N

conidia in bolus within pharynx- of Aedés

9.26. . Infection foci at time of death'in relation to

: fnstar‘of Aedes aegyptl‘larvaé expOSed tdl‘
| con1d1a of Tolypocladium cyllndrosporum.,{@.,1781
:9;27;,f1nfectzon f001 at ‘time of death in, relat1on ta;‘ |
o | dose of Aedes aegyptl larvae exposed to .
- con1d1a of Tolypocladlum gylIndrosponum......180'a

tf&aé,ée \Infect1on of Aedés aegyptl by Tolypocladium -

cylindrosponum at apex of antenna............]B%yf

s ,_—-—--a._.q et



Y

9.29. Infect1on of Aedes aegypt |’ 1aﬁ%a by
Tolypocladlum cyllndrosporum through esophagus

e e B2 ,
‘ 9;30, Infectxon of Aedes aegyptl larva by ]
i &‘, . ‘ Tolypoc]adfum cylfndrosponum through esophagus |
o e 1182
9.31. Cross, sectxon ot proventrlculus of Aedes aegyptf
larva 1nfected w1th Tolypocladfum o -
cyltndrosporum..‘ ...... ‘......:;.....ﬂ..;;....;182

* 9.32}‘ Hyphae of Tolypoc ad fum cylindnospopum eme:glng | 0
in the -area of the muscular connectxve in | o
the proventr1cuiﬁs of . Aedes aegypti larva....ﬂ82“”
t‘9.33. Melan;zatxon of hyphae of Tolypocladium |

o cyllndPospOPum penetratxng ‘back into

| 'esophagus of Aedes aegypti..........;;.,i;...182
‘9;34.' Melan1zat1on of hyphae of Tolypocladium o

-~

) - cylindrosporum penetratxng back into
g ' esophagus of Aedes aegypti..{:.,...,.,...,;..182 |
9.35. Melan1zat1on of 1nvadlng hyphae of Tolypocladium -

\

cylindrosporum in posterlor abdomen of

o Aedes. aegypti larva........................s.182\\\>\\

k 9356;; Melanlzatlon of 1nvad1ng hyphae of Tolypocladlum :'“‘_‘_ . ,f\\
| | | '. cyllndrosporum 1n poster1or abdomen of \ L | |
A Aedes aegyptl larva.........;;...............182

-fé 37 Mycellum of Tolypocladlum cylindnosponum w1th1n B '; g‘;‘ 
':7:;:;‘ 3 hemocoel of Aedes aegypt! in the reg1on of - -
DR the anus.......&,/3J.......................;.{341

xx11 _‘.f"f  ’f“j"\“fff DT



1

. 9.38.

‘1
L Q

Invasionfof‘the hemocoel of Aed?s'aegyptl by‘
‘Tolypoclad fum cyi}ndnospordm from‘tﬁg rectum....

9, 39 ﬁﬂ@zcelxal growth of Tolypocladium cyllndrosporum

9.40.

9,44,

9.45.

:Pqutratlon of Tolypocladlum,cyVIndrosponumuantdh

* in food column within perxtrophxc membrane
. of Aedes aegyptl larva.; ...... ~.J‘ ........ R -1 j
Penetrat1on of Tolypocladlum cylfndrosporum i
through the perltroph1c membrane thhxn the

mxdgut of Aedes aegyptl larva..;..‘ ........... 184

. -Penetratlon of Tolypocladlum cy]lndrosponum

through the perltrophlc membrane wlthln the
mxdgut of Aedes aegyptl larva ,..,};;,;;,i84

Penetrat}on of Tolypocladium cyllndrosponum into

m1dgu€ epithelium of Aedes aegypt | larva.;.:;]84"“

Penetrant hypha of Tolypocladium CylindPOSpOPUm
.‘w1thxn thorax of Aedes aegyptf larva.‘ ..... ‘..184‘

‘Penetnatlon of Aedes aegypti exuv1a by’

‘,Tolypoqladlum cyllndnqsponym...,..,.;?.:..};;184f|

xxiii



1. General introduction‘
§¥V The blood~ suckxng behav1or of mosqu;toes has made them

ésts of enormous magnxtude. Mosqu1toes are’ vectors of

e

‘ dx%ggsg Causrng organxsms such as malarlal parasites,

filactial worms,'and arbovxruses which kill or debxlxtate
mxllions of people yearly. Heavy seasonal emergence of

mosqultoes can sxgnlflCantly affect man's outdoor
activities. Such outbreaks can also seriously reduce wexght

gainﬂand milk produccmon in cattle, somet imes caqsxng death

ldue to blood loss. For these reasons, mosquito control ,is a

'
4 N

necessxty 1n many parts of the world

) Since the m1d 1940 s we have relied mainly on synthetic

! A

t
cheﬁ&cal pesticides to control mosquitoes. Indeed, the mass

application'of chemicals such "‘as DDT was initially so

»

successful that it was once thought that dlseases such as

malarxa could be eradxcated .However, mass applxcatlons of
hl .
Gt <
-theseﬁﬁéstxcxdes soon,selected for resistant sttgadns of

mosquioes, which made pesticide application vi#fually

o

"useless inwmany-parts of the world. At the samé.time there
< developed a greater public awareness and concern over the

deleterxous long term side-effects of pest1c1des, resu1t1ng

)

1@ publlc pressure to discontinue their use. In add1t1on -
\

the cost of these chem1cal pesticides has\ancreased markedly

\
sxnce the late 51xt1es, maklng costs unbearable, for

N

develop1ng ¢ountr1es. . TN, -
e : s

‘A vergﬁon~of this chapter has been pub11shed M. S.
Goetteﬁ 1985 Agrxculture & Foréstry Bulletin 8: 41-44.
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The shqrtcémings of chemical pesticiées héve stimulated
renewed interest in microbial controi; tﬁ;“hse of
entomopathogens to regulate iﬁsedt populatiods.

There are two basic control strategies for using
biological control agents: (i)inoculation and
¢« (i1)inundation. The, inoculative approach is the introduction
of an exotic control agent so that it become established énd
provides adequate control. This approach is usuaily
success{ul when employed against an introduced species that
has becomé a pest, since too few, or no natural enemies
exist in the area of its introduction. The inundative
approach is application of large numbers of the agent ingo
areas where it does nét occur or'where it oécurs.én levels

»

- insufficient to provide adequate control. In miérpbial
control, this second apbroach is essentially the replacement
of a chemical pesticide with a microbial one and entails
repeated applicéti?ns of the pathogen.

éince mosquizbes.and‘most_of their pathogens ocdur
wo;ldwide, the strategy that;is presently considered as the
most proﬁis%ﬁg for microbial con;tor 6f'mosQui;oes'is
\ ‘inundation. It seems that the inoculative approach will ‘be
E sucqegsful only with genétically'altered pathogens. However,
éince‘genetic”engineering‘js still in its infancy, microbiai
inéecticides must be made aQailable for mass apbliéations in
. the same way as pesticides. fn‘order for.this to be

 \ .accpmglished,'probleﬁs related to efficacy, safety, ease of.

/" application, economical mass production, storage, and ¢

-

e - | \ |



ersiftence must first be addressed. *
p § .

1.1 Goals of the present research

The research was carried out under an Alberta
Environment eoﬁtract eetitled "Investigations into Candidate
Biological Agents for Mosquito Control in Aibenta;“ The

intent of the contract was to“evaluate the potential of

—

selected biocontrol agents as feasible and practical methods

- of mosquito control in Alberta.

“

The foilowing specific goais are addressed in this
study | |

1) Evaluate the role of naturally occurrlng pathogens
and parasites oh mosquito populatxons in central Alberta.

2) Isolate pathogens‘occq;r1ng in the etudy area.

3) Develop mass culture methods for enfomopathogenic‘

hyphomycete fungi. .
4) Evaluate storage of the hyphomycete Tolypocladlum

t

cyllndnosporum at -20°C.

5) Increase pathogenitity of T. cylindrosporum by

6) Develop a bioassay for:T. cylfndrosporum in ' P
mosquitoes. - |

7) Evaluate T cyl indrosporum aga1nst mosqu1toes ‘under

— —— -

field cond1tlons.

'8) Study the pathogenes1s of T. cylfndnosponum in |
o mosqu1toes. ) * )
& . : B N '/,

5.



The field under study is in an area of much active
research; therefore, it is important to make results
availgble to the scienéific community without delay. For
this reason, the ﬁhesis‘is presented in a "paper format."

This allowed for publication of the studies as they were

completed.



2. Field incidence of mosquito pathogens and parasites in

central Alberta'

‘e

(s

2.1 INTRODUCTION | ' S
Recently there has been much interest in use of
pathbgebs and parasites as control agents of mosquitoes.
Many potential control agents}have been idenfified (eee

Jenkins 1964, Roberts and Castillc 1980, Roberts andVStrand
1977, Roberts et'al; 1983), but most of these/represent
limited‘cellections ahd Very‘little'is'known about their
epizootlology Very few studxes have been made to determlne
fluctuatxons 1n parasxte act1v1ty or the long term incidence
of parasites. Such studies are required in order to better
evaluate pathogens and parasites as pdtential biological -
control agents of mosquitoes. The present stbdy ;as made to
determine importanee and seasonai incidence of naturally
occurring moséuito petbogens andvparaeites.in 10 selected
pools from obe location in central Aiberta.

U

2.2 MATERIALS AND METHODS
? o ‘ \

'2 2.1 Larval monxtorxng and diagnosis

‘Ten pools and ponds 4 km NW of Devon Alberta
(114° 47 W, 53 23'N) were regularly monztored between June

1982 and’ September 1984. In 1982, moqltorlng began 15 June'

—------—----&-‘--ﬁ—

'A version of this chapter ‘has been submitted for ,
-publlcat1on. M.S., Goettel J Amer;can Mosquxto Control

,Assoczat1on.



;'in 1983 on 28 Aprll-'and in 1984 on 6 May. Five to 120 (most
| commonly 10 - 30) samples were taken fron\each pool on a
weekly basis using a 350 ml capacity dxpper. During, each
fxeld trip, pool parameters‘such as water temperature (taken

"

10 cm below thepwater surface), pH, and condUctivity were
‘monitored 'Dippers and‘the collectors' boots.were rinsed in
. 5% household bleach after collectlon at each site in order
to- m1n1mlze the poss1b11ty of spreadxng pathogens between
study 51tes.

Fleld collected immatures (1 e. larvae and pupae) were
brought back‘to the laboratory, visually examined for
‘presence of pathogens orbparasites, counted, and placed into
Bates' medium S (McL1ntock 1952) in trays or 500 ml plastlc
containers. . Immatures were reared at 20° C until emergence or
‘deathr‘Dead larvae were removed daily, 1dent1f1ed to,specxes
using the key of .Wood et al. (1979), and then examined
microscopically tor'signs of pathogens and parasltes; At
times, dead:immatures yere‘stored‘at 4°C for 24 - 48 hrs

prior to examination.

.2 2. 2 Pathogen/parasxte 1dent1fxcatxons/xsolatxons‘

Pupae paras1tlzed by mltes were removed and placed 1n a
.separate conta1ner unt11 adult emergence. Adults were then.
‘examxned for m1te 1nfestat1on M1tes preserved 1n 70%
\alcohol were sent to Dr I M.‘Smlth Blosystemat1cs Research

Centre, Ottawa for 1dent1f1cat1on.

"



‘Microsporidian—infeoted immatures were kept at 4§C in
sterile_water and sent to Dr A.'Undeen,YInseets Afteoting
Man and‘Animais Research'Lahoratory, Gainesvilie;.Florida,‘

| for 1dent1f1cat10n. | |
Whole cadavers with Coelomomyces 1nfect1ons were

: mounted on’ slxdes in lactofuchsxn and the fungus was
'1dent1f1ed u51ng the key of Couch and Bland (1985)..

" Immatures 1nfected w1th fungi - other than Coelomomyces were
bathed for 5 min in 50 ug/ml chloromycetin before‘belng
.placed‘on the surface of Sabouraud dentrose agar |
‘sUpplemented with 60-ug/ml*peniciliin'and 30 ug/ml
streptomycin. Hyphalhgrowth onhthe agarvwas subcultured
\unt1l pure cultures were obtained. Saprolegnlaceous fungx
were subcultured onto 2.5% V-8e juice w1th 2% agar. and sent
for identification to Dr D.J.S. Barr, Bzosystematacs' |
Research Centre,‘Ottawa:'

In1t1a1 attempts vere made to 1solate pure cultures of
‘.;most fungal pathogens, however, due to the h1gh 1nc1dence of
fungi 1n the order Saprolegn1ales and d1ff1cult1es
,assoczated in thelr 1solat1on and 1dent1f1cat10n th1s was
,dlscont1nued after the f1rst few months. Subsequgntly, only .
Cullclnomyces clavlsporus Couch Romney and Rao. was .
'1solated° detalls -are’ presented 1n Chapter 3 No attempts
:‘were made to 1solate trlchomycete fung1.vThese were‘
"‘preserved 1n lactofuchs1n on slides and were sent for.

'gfxdent1f1cat1on to Dr R w L1chtwardt Department of Botany,n'

fThe Unlver51ty of Kansas.:




thxs calculatlon.

Peritrichida‘were not sent for identification, No

o

'attempts were made to 1dent1fy or isolate possxble bacterxal.

pathogens, o “

) 2.2.3 Percent incidence‘eStimates

Large numbers of mosquitoes were unaccounted for dur1ng
.
rearing under laboratory condltlons. Only dead immatures’

were examined mxcroscoplcally for pathogens and parasites.

\

.As a result, 3 methods of‘estimating infection rates of

field-collected mosquitoes were used:

(1)‘Minimum estimated % incidence= number

infeqged/total collected x 100.

In this'calculation, it is assumed that none of the‘missing’
1mmatures .were 1nfected and therefore it estlmates the

absolute ‘minimum: 1nfectlon rate p0551b1e. This- calculat1on

F\’

was used for Cbelomomyces CuliClnomyces, and M1crospor1d1a.

For Acar1 only the number of mosqulto pupae were’ used in
. v " .

(2) Maxlmum estlmated % 1nc1dence- estlmated number
1nfected/total coliected x 100. |
The estlmated number 1nfected was determxned by mu1t1p1y1ng
the proportlon of accounted dead 1mmatures wlth 1nfect10n by'
the total number collectqh less the number of adults |

emerged In=th1s calculat1on, 1t is" assumed that the same

”, proportlon of mlss1ng 1mmatures were 1nfected as those that“

gwere accounted for.‘Thzs calculatlon also takes 1nto accountfj “

the number of adults emerg1ng. Th1s method was. used for




-

‘2.2'4'Habitats

Coelomomyces, Cullclnomyces, and M1crospor1d1a.

(3) Estimated ¥ 1nc1dence— number 1nfected/ number dead

X 100 3 "~\ o - T
. . . o ‘)‘ - ‘
‘Im this, calculat1on it is aSsumed that the same proportion

of all: 1mmatures collected were 1nfected ‘as those that d1ed

a

and were accounted for. This calculatlon was used for

i

Saprolegnlales, Smfttfum and Perxtrxchxda.,

A
\ "

Detaxls of the ten study 51tes are summarxzed in Table

‘2.1. Sxtes A, B, G, and I were not monltored 1n ]982 S1tes

C and D were dry in 1984 as a result ‘of dralnage operat1ons

nearby "All other sites were, monztored for the ent1re study

period as long as they conta;ned water. Propert1es of the
water were generally similar at all s1tes..Temperatures of

betveen 3 and 5°C were recorded in‘early‘spriné Highest

: ‘\temperature was 25°C and was recorded at sites H. and 1. The

A

hxghest temperatures at the other 51tes ranged between 20
and 24°C. Conduct1v1ty ranged between 105 and 1710 umhos/cm
and pH between 6.0 and 9. 2 In 1982 and 1983 ‘the. total

ra1nfall between June and August was approxlmately 30 cm

o '8
- wh11e 1n 1984 durlng the same perred it was 5 5 cm

(Env1ronment Canada, Edmonton Internat1onal A1rport 14 km SEf'
of the study area) ‘As"a result, in- 1984 most pools were dry.>”

by late summer.~l .
X i

P
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2,3 nESULrs ANn‘nxs‘c‘ussx“on |
oo -
f2.3.1 Mosquitoes
In general, pools were fxrst colonxzed by Spr1ng Aedes
‘spp Specimens collected 1ncluded Aedes catabhylla Dyar, Ae.
euedes Howard Dyar, and Knab, Ae. excruc!ans (walker), Ae
fitchfl (Felt and Young), fe. flavescens (Miller), Ae
mencunaton Dyar Ae pfonips Dyar Ae,'puncton (Krrby), and
Ae. Pipanus Dyar and Knab In early June, pools were"
generally colonxzed byaCuIiseta aléskaensls (Ludlon)
fdllowed later in the summer by Cs. inornata (W1llxston)
Cs. minnesotae Barr, Cs. monsltans (Theobald), and Culex
ternitans Walker. Aedes vexans. (Melgen) colonxzed 51tes A,

'I, and J in early ‘to mid-summer. Detalls are presented in
| Appendlx 1. " .
| .In\the present study 1dent1f1cat10ns were attempted
w1th spec1mens that had died and were generally in the
process of deterloratlon. Because 4th .instar spec1mens in
excellent cond1t10n are requ1red for proper 1dent1f1cat10n.m
of Spr1ng Aedes spp., the 1dent1f1catlons are tenuous.
Therefore, no attempts are made at establzshzng nev, host
re$ords for. these Spr1ng Aedes spp." ., o _

Many f1eld collected 1mmatures dlsappeared wh11e held

in the laboratory. Th1s 0ccurred ma1nly when ear11er 1nstars

f were collected Of 37 462 1mmatures collected 1n 339

-,kcollect1ons, 45% were unaccounted for from the t1me of

collectlon to the t1me the last 1nd1v1dua1 e1ther d1ed or tv'”
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emerged'as'an adult.‘Presumably thlsiwas a result of‘tapid
decomposxtlon and cann1balxsm of 1mmatures held in the
1aboratory Predators were also accxdently 1ntroduced w1th
the sample in some cases. Of the 55% of 1mmatures that were‘

aCcounted for, 67% (13 742) d1ed and were exam1ned

,mxoroscopzcally for pathogens and paras1tes.r;'

2 3 2 Pathogens and Parasxtes
Acarx, fungl Mlcrospor1d1a,‘and Per1tr1ch1da were

fonnd assocxated wlth mosquztoes (Table 2 2) The most t
prevalent were saprolegnlaceous fun91 followed by commensal
Perxtrlchlda and'Tr1chomycetes,‘and then m1crospor1d1an N
pathoéens.'Eotocomnensal Peritriénida\had‘tne hignest
incidence,VThe_least.prevalent organisms nere:Acari,
Coelomomyces, and Cul icinomyces. |

»'Incldences of‘pathogenswand parasites were generall§~

tob low to make any compar1sons between pools and years.

L e

L]

There were no 1nd1cat1ons of correlatlons between pool
parameters and 1nfectxon rates. Detalls of pool parameters

are‘therefore presented only for C. clav isporus as‘very

little is known about its occurrence in nature.. -« *
‘v,' 2'"3,.’3‘Fnu'1vgi v .‘ - . | "‘v ‘.l‘.("_; B ‘ “
2 3 3. 1 Coelomomyces HECIT e e L

(&

Only 4 larvae were found 1nfected w1th Coelomomyces on:“.f

3 occas1ons and from two sztes. All were 1dent1f1ed as,‘

Coelomomyces psorophorae var psor'ophorae Couch wn:h Ae.




‘T'Lucarrott1 et al 1985) However, 1n a 6—year study of Ae

,“V vexans (Shemanchuk 1959 Zebold et al. 1979) Incldences of s

vexahs as the only host The f1rst 1n£ect1on was detected

from 51te J on 23 July 1982 Thxs p001 was flooded as a

[

result of heavy rain in the first week of . July and was.

,

: colon1zed by large numbers of’ Ae vexans The sample

4

‘fconslsted of 11 dlps which' ylelded 581 la:vae (15 second 7

thlrd 559 fourthﬂlnstar) and 43 pupae. The xnfected 4th
instar larva dled 3 days post collectlon. |

The second and third occurrences were detected on 28

June and’ 12 July 1983 from sxte A 'On. 28 June, 44 larvae (3A

'“fxrst 35 second .6 th1rd 1nstar) were collected in 10 dips

!

and‘on 12~July, 33 larvae ( 8 first, 11 second 14 third) and

'ASO pupae were collected in 5 d1ps. The s1ngle infected larva

from the 28 June collectlon d1ed 17 days post collectxon

'

‘whlle the 2 1arvae from the . 12 July collectlon dled 6 anﬂ’ﬁ@

days pdst collectlon. | '.‘ R NS

it

Coelomomyces psonophorae var psonophorae has been_

~collected from many mosqulto hosts and . habxtats world wide
(Couch and Bland 1985) In the Un1ted States it causes .,
' eplzootlcs w1th‘1nfect10n levels of up to 96% in Psorophora

“howard f f Cpq. and Cs. Inornata (see rev1ews by Chapman 1985_"

N

“‘cantans (Me1gen) 1n southern England Serv1ce (1977)

vest1mated an 1nc1dence level of less than 1 %.

‘In Canada C psonophorae var psonophorae 1s wxdely

’d1str1buted and well estab11shed f“southern Alberta

foccurr1ng in larvae of Cs. inornata and less commonly in Ae’ L



tup‘tolBO% have‘been observed‘ln‘Cs. Inornata (Shemanchuk .
‘1977) while 1n 1956 i2% of‘all Cs. Inornata were infected
| -(Shemanchuk 1959) Coe7om0myCes’has also been reported‘from
Ae. trlvlttatus (Coq. ) 1n Man;toba (Taylor et al 1980)
These authors reported 1nc1dence rates .of up to 56% 1n fxelc
collected mosqu1toes, however, lnfectxons were apparent in
”blood fed adults Only Infectlon rates 1n the present study
lmay therefore have been hlgher since adults were not '
exam1ned In the Man1toba study however there was no
revxdence of 1nfectlon in any. blood fed Ae vexans that were
“collected from the same pools where 1nfected fe. tvafttatut
" were found In related studles, adults of Ae. stfctlcus |
'(Me1gen) were found 1nfected (R Brust pers. commun. to |
'\Taylor et al. 1980) There are only 2 other records of
Coelomomyces occurrlng in Canada° C. borealis var glganteus
Couch and Bellamy collected in Ontarlo in Ae. fftchii (Felt
and Young) and Ae. Stlmulans~$Walker)‘and C.~canadensis‘
(Weiser‘anthcCauley) Nolan collected from alchironomid

larva in ‘Bri-tis‘h Columbia (Couch and Bland 1985). ~

2. 3 3 2 Cullclnomyces , -
Cul!cinomyces clavisporus Couch Romney and Rao was |

"idetected 1n every study year. The first 1nfect1ons occurred

"Vzn collections of 12 and 49 August 1982 at s1te H -

2

”"Propertles of the water on the two collectxon dates were- 12

'@7August°‘15 C, 8 1 pH, 410 umhos/cm conduct1v1ty, 19 August-‘

x“quf17°C, 7.8 pH 412 umhos/cm conduct1v1ty. The two sampleS"

Jnrhkﬁjconsxsted of 30 dlps each. On 12 August, 215 larvae (40




. . first, 44 second 70 thxrd,.and 61 fourth~xne€Zr; and 5 )
‘pupae were collected Of 55 larvae 1dent1f1ed 64% were Cs
'minnesotae, 32% were Cx ternftans, and 4% were Cs.

fnonnata & 170 larvae‘(lz first, 102 second 2t}‘tmrd.rland'T
32 fourth- 1nstar) and 11 qu\//EQE}ected on 19 August 7l
were 1dent1f1ed;‘63% were_Cs. lnornara and the remaxnderu'
.coneieted of approximately equal numbers of‘Cx.*zehPLtans

and Cs. mjnnesotae. Four larvae of Cs. fnornata were.

I

"infected from the‘12 Auguef“sample'and'lo'from tne'19‘August o 3

-sample. Infected 1arvae died 8 - 13 days post~collect;onl A

)

‘pure culture was obtaxned and has been deposxted at the

Unzver91ty of Alberta Mlcrofungus Collectlon and Herbar;um

as UAMH 4618 (see chapter 3). ot N *
. ! ' AN

i

The seconéboccurrence of C c]avfsporus was %ound in
" the collectxon of 26 July 1983 from sxte G. Probertxes o
the water were 17°C, 8 3 pH and 550 umhos/cm conduct1v1ty.k
‘Th1rty dips y1elded 69 larvae (50 flrst,,14 second 4 th1rd
j,and 1 fourth- lnstar) Of 45 larvae 1dentxf1ed 51% were Cs.
inornata and the rema1nder were Cx tenrltans. A total of!

- 1nfected larvae of Cs. inornata dled between 7 and 22 days ,.

¢

post- collectxon A 51ngle 1nfected larva of Cx tePPItans

‘f- was found 25 daysrpost collectlon. A pure culture was_~‘

:Ay,obta1ned from th1s s1te and has been depos1ted at the ,

R ‘Un1vers1ty of Alberta Mzcrofungus Collectlon and Herbar1um

'as UAMH 4854 S g

The th1rd occurrence of C Clavfsporus was found 1n thezigl\

/’

.'ﬂ collectlon of 12 June 1984 from 51te A Propertzes of the ‘
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G?“‘ ' . n ! . ' . ) (
water were 12°C, 7.3 pH, and 600 umhos/cm conductivity. '
Thirty dips yielded 259 second instar. larvae of Ae. véxans.
Sgdo infected lanvae died 5 days post collection. on the
# ' ,

4

/*'following weekly colieétions, only 1 larva and 4 pupae were
R coliected from this site before it dried on 3 July for the
rest of the study period. | ‘
Culfcfnomyces clavfsporus was first 1solated in 1972 as
a contamxnant of laboratory colonies of Anopheles hillf
‘ wOodhxll and Lee in Sydney, Australia (Sweeney et al .1973)
_and?ﬁn. quadrlmaculatus Say in Chapel Hill, North Carolina
(Couch et al. 1974). Presuméfly,‘the fungus was introduced
" with warer‘used to Tear the larvae. Since‘these discoveffes,

‘ coneiderab{e progress hae'beendmade in its evaluation as a j7‘4
% potential biological control agent for ho§qhitoes (see | ) yﬁn
reviews by Sweeney 1981a;-1985)ﬁ howeVer; little is knéwn;ef:
its geographic range énd occurrence in nature.

"The first field xsolatlon of C. clavisporus was mage 5@‘
from larvae'bf Ae Pupestrfs Dobrotworsky corlected fromrx—\f\\

. ™~
~

ﬁmall'rock pools in the part1ally dried bed of "McCarrs -
Creek Sydney, Australxa (Rug\ell,et\al /4978) Further
1solatloq§/have—been_made again from Ae. Pupestpls, and also
from‘ye/ nubrithorax‘(Macquart), Aedes sp.' as well as :

ceratopogihld and ch1ronom1d larvae collected in smhil

" -

3rop{pools in the Natta1 szer near M1ttagong, N.S.W. (100 km
N so th. of Sydney) (Frances et al. 1985) More recené!y it has '
. Kéen recorded from larvae of Cs. inconspfcua Lée breeding in

f small grovndpool at ég!iacoota V1ctor1a (Frances 1986)
; \f% .
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The recovery-of C. clavisporus in Canada from a

permanent pond, a marsh, and a semipermane@f pool broadens

the range of its known aquatic habitats (rockpools, streams,

. ponds, and lakes) and its geographic distribution (USA,

Australié, Canada). Culiseta fnornata and Ae. vexans are hew
records for mosquito hosts infecfed in nature; since the
single infected Cx. territans larva died 23 .days post
collection, this was probably a laboratory acquiped‘
infectfon. This speéies was previously"reportéd suscéptible
in laboratory challenge'tests‘(Couch et al. 1974). The
discovery of C. clavisporus in Canada provided an
oppdrtunity for comparative study of isolatés from the three
geoérabhiéal regioﬁs (see chapter 3). |

I

2.3.3.3 Saprolegniales
Fungi in the order Saprolegniales were the most

prevalent, occurring in 50% of all collections. Incidences

of up to 95% of all dead larvae were recorded and infections

- were noted in virtually all species collected. Initial
1 -

identifications ingluded Saprolegnia ferax (Gruith) Thuret

from Spring Aedes, €§. alaskaensis, and Ae. vexans and S.

- hypegyna (Pringshein) deBary from .larvae pf'Cs. alaskaensis

and from an Pnidentified mosquito pupa. Other occurrences

noted as Saprolegniales may have included species in the’

_genera Achlya and Aphanomyces; however, isolations of these

species were not made.

. Fungi in the order Saprolegniales are ubiquitous in.
distribution occurring'in most collections of fresh water

M
»
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(Liu and Volz 1976)‘:MOSt are éaprobes, although, a few
species are important oarasites causing disease in fish,
fish eggs, frog eggs (Liu and Volz 1976) and Daphnia
(Seymour et al. 1984). |

Saprolegnia .spp. have been isolated from mosquito.
larvae on many occasions (see Kalvish and Kukharchuk 1974,
Roberts 1977)7 hoﬁever, it is genera11§ believed that these
are 1nfectxons of weakehed or dying larvae Even though
laboratory studxes have demonstrated hxgh mortalities (i.e.
Rioux and‘Achard 1956), ‘little is known of'the potential of
Saprolegnia spp. as biocontrol agents of mosquitoes.

‘Recehtly a species of saprolegniaceous fungus,
Leptolegnia chapmanlf Seymour has been 1solated on several
occasions from mosquitoes in the USA (see Roberts and Panter
1985)‘and has been shown to be highly pathogenic tov‘

L

mosquitoes under laboratory “conditions (McInn1s and Zattau
1982). ‘

~ This is the”firet report of Saprolegnia ferax in
mosquitoes. Cul Iseta alaskaensis is a new hoet record for S.
hqugyna. Previously it was reporfed_from Ae. excrucians &n

the USSR (Kalvish and Kukharchuk 1974).

. 2.3, 3A£kTrichomyeetes

Many larvae were 1nfected w1th the ectozoot1c
A~Amoebldlum parasltlcum Cienk, however, since there is no
| reported evidence that its presence is getrlmenta} to
:moSQQiﬁoes; qetails‘ofiits,prevaiehee~weré,not~reeoraed.

‘Many dead‘larVae‘were also infected with a Smittium sp§



"

‘vExamination of slide—mounted.larvae‘q; Ae. veXans and Cs.
‘Inornata %evealed that the fungus was proBably Smftflum
cullsetae\Pichtwardt,'however, Dr Lichtwardt noted ;fhere is
some question'about the type of branching and the way the
spores are borne on the fertile" tips." 1 therefore refer to
this fungus ES Smittium sp. Larvae were found infected in up
to 70% of thg\collectxonsv(l.e at site J in 1982) with up to
49% of dead larvae infected. |

Trichomycetes are widely distributed and live -
oblidgately within the digestive tracte of arthropods with
the exception of~tﬁe Amoebidialee which live externaliy
. (Lichtwardt 1;76; Trxchomycetes of the genus Smittium were
not generally thought to be detrlmental to their hosts and
there is some ev1dence that they may even be benef1c1a1 by
proviainé certain ndprients (Starr et al.i1979). On the
other hand, high moréelities resulted after fifst—instaf
llarvée of Ae. aegypti\(L.) were fed large numbers of S.
cul Isetae spores (Williams and Lichiwafdt Aé?Z). It was
speculated that this wi% a result of poor nutrxtxon of the
host. Recently, however,\fweeney (1981b) 1solated S
mOPbosum Sweeney wh1ch wals responsxble for mortallty rates

‘of 50 - 90% in 1aboratory colonies: of An. hillf. Smfttlum

morbosum, unl;ke other spe ies .in thxs genus, was found to

penetrate. the m1dgut cells nd at. t1mes the cells of
Ma1p1gh1an tubules. Others a so report mortalities in |
mosqu1toes as a result of Sml tfum 1nfect1ons (Coluzz1 1966,

Dub1tskr1 197; as c1tedhbyv8we,ney 1981b),'
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In the present study, dlagnoses of Smfttfum sp. were

. made only from dead larvae. It 1s therefore not known what
proport1on of the populatxon was 1nfected or if the fungus
was a factor‘contributinguto mortality. biagnoses:were most
often ﬁade\by‘observing a Sporulating.thallus protruding‘
from the anus of the cadaver. This was also observed by
Sweeney (1981b) in‘cadavers,lnfected>with_S. cul Isetae.

by

Since in the present study no dissections were made, the
estimated incidence.rate is probably conservative. There was -
no evidence of infections‘by S. morbosum (8. e blackened
appearance of. 1nvasxon sites along the m1dgut) |

In the’ present study . Smittium sp. occurred in v1rtually
all mosqu1to species collected with most observations in Ae.
vexans followed byICS. inornata (Table 2.3).anis'is the
f1rst report of a Smittium sp from nosquitoes in Canada;

> 1 -

\Cs alaskaensls, Cs. minnesotae, Cs. monsitans, and Cx.
territans are new host‘records;71t has also not been -
previously reported from‘any of the épring Aedes spp. that
occur in the Edmonton area. It has been prev1ously recorded

.

,bfrom Ae. vexans and Cs. Inornata in ﬁébraska (W1111ams 8nd ,‘

Nagel 1980). | | » ,

The only prerious study'conducted:on'the field. .
,1nc1dence of- Smlttium spp. in mosqu1toes was a 2 year‘survey'
in Nebraska ‘by wlllxams and Nagel (1980) They found |

‘Smlttlum occurr1ng most frequently in Cs. fnornata w1th¥an"f

n“Aannual 1nfect10n rate of up to 53%, only low 1nfect1on rates'_f

, N
' occurred in Ae vexans (4%) The present results further

\ s

S
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support their observatxons that Smlttium does not appear to -
be host spec1f1c. lellams and Nagel (Loc. cit. ) also
speculated that Smfttlum was dependant upon the contxnued
presence of hosts to ma1nta1n a populatxon The results of
the present study 1nd1cate otherwise. Smittium sp. was
commonly,found in Ae. vexans and occurred in temporary pools
shortly after they were: flooded and: had prevxously been dry

i

for extended perlods.

2.3.4 Micrkspora ' 3 o }

‘2.3.4r1 Microsporidia
‘Microsporidians oécurred'at 8 of the 10 study sltes.

- Prevalence was highest‘in'1982; but in 1984, only a'single
specimen was found infected'(pollected on 1 May from‘site
1). Highest estimated‘incidence‘wa9:19 - .30%; overall
~incidence oyer the three‘yearslwas under 2%.

‘ There were gifflculties‘in identificatlon of
microsporidians'slnce diaghoSeS’were'hade only. after'larvae
had died. Most m1crospor1dlans were 1dent1f1ed as -
Amblyospora spp possxbly A Inlmica (Kellen and W1lls)
Hazard and A opaclta (Kudo) Hazard VS1nce it was not
y.poss1b1e to obta1n 1dent1£1catlons for the majorzty of the
1nfected spec1mens, I refer to these as Mzcrospor1d1a._*r

Mlcrospor1d1an paras1tes occur.world-w1de, 1nfect1ng
well over 100 mosqu:to spec1es (Cast1llo 1980 Daoust 1983a,
Hazard and Chapman 1977) Mzcrosporzdza of the genus .ffﬁ |

o Amblyospora have d1morph1c development whose 11fe cycle has o
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‘only recently'been fully‘elucidated ngeeney_etfalr 1985).
The life‘cycle‘reQUires a copepod'intermédlate hostf
mosquxtoes,acquxre the m1crosporxd1um ;rom an 1nfected '“‘
1'copepod and it is then transmltted transovarxally to the .
progeny The mxcrosporldlan then forms un1nucleate spores 1n
the larva wh1ch dies in'the fourth 1nstar. It was at th1s
stage that the dlsease was dlagnOSed in the present study
‘Field 1nfect1ons of microsporidia are usually 1% or

less, although eplzootlcs of 80 to 99% 1nc1dence are knowne
(Andread1s 1983, Chapman 1974 ‘Chapmanzet al. 1969)

| Spec1es found 1nfected in the present study are
'presented in Table 2.3. New hosts records for chrospor1d1a
1nc1ude “Cs. alaskaensls, Cs. minnesotae, and Cs. morsitans.
-Prev1ous records 1nclude Ae. vexans, Cs. inornata. Cx. |
”terrltans. and many Aedes spp. that occur 1n ‘the Edmonton
area in: the spr1ng, PaPathelohanfa sp. occurr1ng in An.
“:earlef Vargas and Nosema 'Sp.. occurr1ng in Ae. excruclans in,
iQuebec and A. khaliulinl Hazard occurr1ng 1n in Ae communis5
»(DeGeer) at Church111 Man1toba are the only prevzous
Canad1an records (Castlllo 1_§g;~gagust 1983a, Hazard and 43;f
"Chapman 1977).' s o o

Sp .
'

'n2.5;5?¢i1i0§h9r8j~:d_, T ‘.‘Fja o S
2 3 5 1 Per1tr1ch1da f» | | L
_'»fd Perxtrzchs were abundant 1n most collectlons wzth up to
!“d;IOO% of dead 1arvae be1ng 1nfested and they occurred on
5€f7v1rtua11y all speczes collected The spectes 1nvo1ved was




probahly a Vortfcella sp. . .

Per1tr1ch1da occur frequently asepxglonts on mosquito
. larvae and are usually con51dered not detrlmental to the1r j
nhost"; There are, however, numerous reports of detrxmentaltw
‘.effects}ﬁincluding apparent‘mortalitf ratesmof up‘to 106%
(see Clark 1977, Jenklns 4964) anadxan records of 4
perltrlchs on ﬂ%squ1toes 1nclude Man1toba, Ontarxo and'l
_Quebec (see Welch 1QSQ and references there1n). -
‘2 3 6 Acarx

Acari or mites were found only 1n 1982 occurrlng from 5 .

. out of the 6. sxtes monltoredrthat year. The flrst-occurrence

of mgtes was on 24 June from 51te E at whlch t1me a 51ngle

\

’tsprxng Aedes sp pupa was collected with 156 mites attached

4

' These 1mmatures were 1dent1f1ed as belonglng to the genus
,APPenurus by Dr I. M. szth Mltes encountered subsequently
vere not 1dent1f1ed The prevalence for 1982 was 11% w1th an_ ;
~_est1mated 1ncrdence rate of 0. 5% (expressed as number of |
| pupae 1nfected/ total number of pupae collected) |

Mosqulto paras1tlz1ng m1tes have -a w1de geograph1cal

"d1str1butlon (Mullen 1975) APPenUPUS spp. are the most

} ”_‘common. Larvae attach to mosqu1to pupae and then transfer

.”onto the adult dur1ng emergence and beg1n engorgement When‘”

f;the mosqulto returns to the water to ov1posxt m1tes detach_ SR

:land cont1nue the1r l1fe cycle 1n the water. It 18 generally‘:]iﬂe

fﬁbelleved that m1tes reduce fecundxty and longev1ty of the1r§_vfj:

.

| ﬁlthost and. therefore have bzolog1cal control potentlal (Smxthgtdtwh
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1983) Larvae of APPenurus spp. are common in the trop:cs
and subtropxcs and in some populatlons the - prevalence of
; parasxtxzatlon can’ reach 80% In temperate regxons.‘
.'.mosquxtoes are generally parasxtized only occa51onally, but
prevalence within- a populat1on may be hxgh (see‘referencesl
o .1n Sm1th 1983) o C B T ‘ -

- f .) ~In the present study, mxtes were found 1nfect1no Sprxng
T Aedes spp.,_Cs. Inonnata, Cs. minnesotae, and Cx tenrftans,
| Cs. mlnhedbfae is a new'host record Prev1ously m1tes were‘

jfound on Spring Aedes and Cs Inornata 1n Alberta and on Cx

""terrftans 1n Quebec (Leprlnce 1981 Mullen 1975).

R

‘2 3. 7 Pathogens not. found
| It is interest1ng to note that ne1ther v1ruses nor
\nematodes were found There are no records of v1ruses from
‘bnmosquxtoes in Canada,'although they are probably dlstr1buted
;3wor1dw1de (Feder1c1 1985) Inc1dences of v1rus dlsease in

f_nature are usually less than 1% but EPIZOOtICS w1th
R finfect1on rates of up to‘?O% occur. (Feder1c1 1974 1985) ity
.4szs h1§Ei§“GEEIke1y that 1n the present study 1nfect1ons of
T‘fj;;ﬁ' wlrldovxruses were overlooked Thls d1sease 1s ‘one of thel !

g”ea51est to dxagnose as 1nfected larvae are 1r1descent..m

JSeveral suspect specxmens were sent to Dr B A Federxc:,

B n1verszty of Cal1forn1a, R1verszde and were confzrmed as [;\‘
fi;be1ng v1rus-free.t‘g.ff7¢-

There are numerous records of nematodes from mosquxtoes

4§aﬁf1n Canada (Daoust 1983b Petersen 1977 1980) and most f"
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- 2
{ ‘
' infectlons arevalsoheasily diagnosed Infect1on rates of up .
to 90% have' been recorded (see Chapman 1974). It can be
'concluded that v1ruses and nematodes were e1ther totally
_ absent from mosquxtoes at the 10 sites dur1ng the study ' ;fh‘
perlod or occurred at such low levels that they were not

1 o T ; ) Vo

detected,;

| 2.3. 8 Effects on host populatxon
| It 1s d;fflcult to assess the f1eld 1nc1dence of
pathogens and paras1tes and thexr 1mpact on the mosquzto
populatlon espe01a11y when they occur atLvery low levels.
SpeC1f1c d1ff1cult1es encountered in the present study
‘1nclude the follow1ng (1) Transfer of fleld collected
jlmmatures to laboratory cond1t1ons probably stresses the
1nd1v1duals as ev1denced by the h1gh mortallty rates
5w1tnessedx Stressed 1nd1v1duals may become targets for such
pathogens as Saprolegnla. Most incidences of
‘Saprolegnlales were: probably the result of such attacks,\
’ldexperlments w1th controls are: requxred before the potent1a1
Vof these fun91 as control agents 15 ruled out. (2) 51nce'
l,1mmatures were held 1n the laboratory, 1nfect1ons may have
uu,been acqulred in the laboratory..As d1scussed above,.;hls ;
‘f;probably occurred ﬁﬁth Saprolegnlales sznce many cadavers
J=hpwere.observed whlle the fungus was relea51ng zoospores.hsome 'j””fil

4 Co

| - C. clavisporus 1nfectzons were also probably

‘ 1aboratory-acqu1red as larvae d1ed of 1nfect1on up to 23
u\fdays post collect1on. (3) Large numbers of 1mmature§
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‘ disapoeared hetween the time of collection and the time‘the
last 1nd1v1d@al either d1°d or emerged as an adult.
In order to est1mate 1nc1dence ‘in the fleld as
. Jaccurately as poss1ble tak1ng the above problems 1nto
con51derat1on, '3 methods ‘were used Methoas 1 and 2 weref
used for Coelomomyces. CUIlcfnomyces, and M1crospor1d1a to
nge an estxmated range of % 1ncidence.‘It i® assumed that
‘the poss1b111ty of laboratory acqu1red 1nfect10ns is m1n1mal'

(1n the case of Coelomomyces and CUIIcinomyces,lthe numbers.’

found were so low that laboratory acqu1red infections would*

{ 1

{

have l1tt1e‘effect on the estlmates 1n any case) Method 3
was used forvSmltIIum sp.‘and ?erxtr1ch1da as only dead
‘larvae were diadnosed Since‘these drganisms'are Qenerailyﬁ
consxdered not detr1mental to thexr “host"' it can be
' assumed that the same proportlon of all 1mmatures collected

Lo
.

were 1nfected as those that d1ed and were accounted for. If

on the other hand these‘organls ontr1buted to the death'

of ‘the mosqultoes, th1s is an b urate method_for
4 est1mat1ng f1e1d 1nc1dence." |
2 3 9 Concludxng remarks }yuyw-iﬁ"dd”._f”g d;a‘

Even though d1ff1cu1t1es were encountered 1n accurately

,\.\,

[T

estxmatlng 1ncidence in the fxeld pathogens and paras1tes o

appear to have had lxttle effect on the larval mosqu1to

o

populaflons studzed. S1m11ar observat1ons were made by

°“”Service (1977) 1n England. In a 6-year study of Ae. cantans,‘f"lﬁ

;ihe estxmated that, although 95% larval and pupal mortallty




occurred few were kxlled by pathogens and para51tes.“

The. many new localxty and host records/reported in the
\present study further demonstrate that the known |
geograph1cal d1str1butlons of pathogens and parasxtes are’
yonly a reflfétlon of the geographxc dxstrxbutlon of
p‘entOmologlsﬁs 1nterested in pathogens and parasxtes of‘>
mosqu1toes (Chapman 1974 Platzer 1981) The extremely‘low
\fprevalence and 1nc1dence of some pathogens demonstrates how
?dxffxcult 1t 1s to establ1sh such records unless long term

studles are undertaken. In terms of control of mosquxtoes,

the wxde geographlcal dxstrlbutlon and low 1nc1dence of

‘

pathogens and para51tes in nature 1nd1cates that the B e

7‘1noculat1ve method of blologlcal control may not- be

successful. Therefore, 1nundat1ve'use of these pathogens and

parasltesvwill probably-be required‘ Furthej/'1f paras1tes
and pathogens are ever -to be fully exp101ted for mosquxto
. control “a much better understandlng of biotic and ab1ot1c

‘condltxons causzng eplzootxcs is necessary.

r

~
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Table 2.1. Descriptions of pools- in central Alberta
monitored for mosguito pathogens and parasites. between June

1982 and . September 1984

J Same as I.

'Site Habitat description Vegetation' = =~ Size(m)
A ShalLow,semipefmanént pool Carex sp. (d) o 15x34
in partially wooded area. . Populus spp. )
. Salix sp.(s)
" Typha latifolia(s)
B §hallow, temporary Caltha sp.(s) Co 1x8
roadside ditch.. Salix sp.(s)
: Typha latifolfa(s)
C ' Deep, semipermanent Lemna minor ,25x50
roadside pool with Salix sp.(s)
seepage from adjacent lake. Typha latifollia(s) ’

D ‘Séme as C. Same as C. h ! 30x40‘
E. _Shailow temporary Carex'sp.(d) ' 2x25°
roadside ditch. Typha latifolia(s) '

"F Large shallow marsh Caltha sp. | 210x210

- fed by stream. Carex sp.(d) ' :
' Populus balsamlfera(s)
~Salfx s
Typha Iatffolla(s) ‘
G Large shallow marsh. Carex sp.(d) 600x750
- " Sal ix sp.(s) .
Typha Iatffolla(s)
. H Permanent p¢nd. Carex sp.(d) - 25%50
- ' 4 ' Lemna minor(4d) ’
| -Salix sp.(s) . .
I Shallow, temporary -Carex spw(d)' RS 18x25”
roadside pool.. .. Sal ix sp.(s) :
: ‘ ’ Typha Iatlfolla(s)

‘Same as I.. . 30x50

 {d=dominant;s=scattered

. - . .
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Table 2.3. Summary of Smlttlum Sp. "and M1crospor1d1a

.occurring in 10 study sites in central Alberta between June

35

CmomaL . 491

1982 and September 1984
Number of specimedg'cbileEted‘“
Host | ‘ Smittium sp.. Microsporidia’
' Spring Aedes 10 27
~ Ae. vexans . 287 113
Cs. alaskaensis . 46 3
- Cs. Inornata : o 93 16
Cs. minnesotae I 4 8
L£s. morsitans . 2 "5
Cx. territans ‘ 9 16
~unidentifiable SR 43
231




3. Studxes on the mosquxto pathogenlc hyphomycete

Culicfnomyces clavfspor'u§r

‘ ‘3 1 INTRODUCTION

, : o S
In 1972 observatlons of a fungal pathogen caus1ng high
“mortalxty in- 1aboratory reared mosqu1to larvae were made
‘c1ndependently in Sydney, Australxa,‘and Chapel Hlll 'North
Carollna (Sweeney et al 1973 Couch et al 1974) The
Amer1can isolate was named Culfcfnomyces clavlsporus By
Couch Romney and Rao (1974) (as clavosporus , ‘see
d1scu551on under 3 3. Nomenclature) Sweeney and: hlsk
co- workers in Australla con51dered the1r 1solate to be
congenerlc (Sweeney 1975 Sweeney‘and Pahter 1977)‘ but-only
recently conf1rmed 1ts 1dent1ty as C. clavfsporus (Sweeney
et al. 1982) In the1r study, they compared the orlglnal
'~'1solate fr?m Sydney w1th one from\Chapel H111 and concluded ‘?
| that: they were conspec1f1c. Although they noted some :

dlfferences between the stralns, they were unable to

“‘evaluate these dlfferences unt11 more 1solates could be -

stud1ed

o

Sweeney and hlS assoc1ates studled C. clavisponus as a. i

: ‘3:potent1a1 b1ocontrol agent for mosqu1toes.-1ts host range,}.

fmode of pathogenes1s, efflcacy 1n fzeld trxals, and

-‘f»potent1al pathogen1c1ty to other 1nsects and as well as

A

dwother an1mals have been well documented (Sweeney 1981a, bo @:'m

el '-J——_‘-——_';.—---;__"—aq—'-

3 ‘A version of this chapter has been publ:shed. Goettel

UM, Sy L.vS1gler, and J W.,Carm1chae1. 1984 Mycolog1a 76--‘fﬁ~”\f

H*g614 625.,,,,; S




jless well known.

record for th1s fungus.

a comparat1ve study of 1solates from the three geographlc

*strazns are. conspeczflc and. that the form genus : v_; R

vCuILcInomyces should bé ma1nta1ned for now. .

' 3.2 MATERIALS AND METHODS . . . -

. Lor
\ vk » .
' . : . [

ey

M1985) Its geograph1c range and occurrence in nature are

-

‘In 1982 I 1solated C. ClavlspOPus from £1eld collected

IarVae of CUlfseta Inornata (W1ll1ston) in Alberta,!&anada

‘“(see chapter 2) Prlor to thzs, the fungus was known only

[

' from two wldely separated geographxc reg1ons. Infectlons in

‘ fxeld collected ‘mosquitoes have been known prevxously only

in Aedes Pupestﬁls Dobrotworsky larvae (Russell et al. 1978,

'Frances, pers. comm. ). Culfseta inornata is a new host

The dlscovery of’ C clavisporus from Canada c01nc1ded

_w1th an announcement (Anon. 1982b) that an Amer1can and an
'_Australlan 1solate were ava1lable from éhe Amerxcan Type

'Culture Collect1on (ATCC) Thls prov1ded an opportunlty fbr‘

reg1ons. From thlS comparlson, 1 concluded that the three |

S

B
' .

lf}w3 2 1 lsolatxon of the Canadxan straln ”_fﬁ*yﬁi,‘,}_:“p,,“;(

Between 15 June and 6 October 1982 approx1mately 12

:j;ground pools and ponds 1n the Devon Alberta, area

Records of mosquzto den51ty, water pH temperature, and

;(114 47 W 53 23 N) were monltored for mosqu1to pathogens.f‘fbff_ﬁ

‘ vfcondnctiwity were;kept for each body of water. Larvae di.i'”wﬁ




wcollected'weekij“byldipping;were‘placeduin’pans‘ln the
laboratory at 20° c and observed dally. Dead larvae were~‘;v"
removed and examxned m1croscop1cally for 1nvasxon by fungal
hyphae. Infected larvae were placed in 200 ml Bates med;um
S (McLlntock 1952) conta1n1ng 20 laboratory reared larvae of
‘Cs Inornata. Laboratory reared larvae whxch became 1nfected
were bathed for 5 min 1n 0.12% sodxum hypochlorlte (2% o
household bleach) and then 5 min in 50 ng/ml chloromycetln
:before be1ng placed on agar plates. Hyphal growth on the
‘agar was subcultured unt1l pure cultures w%re obta1ned butf
~1t‘was d1ffacult to obta1n~a cultureffreEjfrom bacterlal |
contamlnants. | | S

A culture'and dr1ed spec1mens are marntaxned at: the
"Unlver51ty of Alberta M1crofungus Collect1on and Herbar1um

| as: UAMH 4618 Subcultures were dep051ted at the Amerlcan

hType Culture Collect1on (ATCC) (52635) the Commonwealth

‘ ,‘Mycologlcal Instltute (280342) the Centraalbureau voor

I

“Sch1mmelcultures (75&83) and Insect Pathology Resource

l{Center, Boyce Thompson Instltute (ARSEF) (964)

‘i 3 2 2 Other 1solates

Amerlcan and Australlan 1solates were obta1ned from the '[5

‘-&.?Ach as 38490 (=UAMm 4658) and 46258 (=UAMH 4659),

| "'_;'1?~(ARSEF 584) Anopheles quadr'fmaculatus, all thre‘e from Chapel

/;ectlvely. Four add1t10na1 1solates from North Carollna B
‘7fwére recelved from ARSEFv Thezr numbers are UAMH 4848 (ARSEF'“"’

17;372) mosquxto, 4849 (ARSEF 582) An quadnimaculatus, 4850

< e
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‘w'chloromycet1n (PCA) potato dextrose agar (PDA) Sabouraud

55ﬂ_days/wk)

Hxll, and 4851 (ARSEF 706) mosquxto, from North Carollna.r

One addltzonal 1solat1on from Alberta was made from Cs

Inonnata collected in July 1983 and numbered UAMH 4854 (see

chapter 2) All of the last f1ve 1solates were obtalned too

late to be 1ncluded in the comparatxye growth stud1es, butv

‘they were exam1ned m1croscop1cally

3_3 2. 3 Growth studzes

Med1a con51sted of Pablum mxxed cereal agar w1thout

@

dextrose agar: (SDA) conta1n1ng 50 ug/ml chloromycetln

oatmeal salts agar (OAT) (all recxpes 1n Padhye et al

1973) cornmeal agar w1th yeast ‘and dextrose (CM+, Sweeney

et af 1982), and. nutrlent agar (NA) and broth (NB D1fco)

| Small fragments of growth (approx1mately 4 mm? ) from

one week old cultures on. OAT were transferred to Petr1

fplates conta1n1ng each of the medla listed above. Each “
f‘straln was 1noculated to three repl1cate plates and the .
v'-~colony dxameters were measuqed after 21 days.»The cultures
thwere 1ncubated at 25°C and exposed to fluorescent celling

.ﬁﬁbl1ghts on. an.’ 1rregu1ar ba51s (usually 8 10 h/day, 5;“g¥3~1

One 11ter flasks conta1n1ng 500 ml of NB were

?)fjcultures were 1ncubated at 20°C and agltated at

i
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?fﬂgxnoculated w1th con1d1a from each of the three stra1ns. The,;,“{";
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'2‘13 3 1 Nomenclature

"pellible were made daily for 28 daysﬁgf

3.2.4 Stanning electron michScopy - ;b‘ C3-‘“" , .

Technxques used for preparatxon of specxmens ‘were -

‘adapted from Brown and Brotzman (1979). small blocks of agar

wlth mycelxal growth were removed from 47 day cultures on

rOAT and placed onto glass m1croscope slxdes.‘Each specxmen

;fwas vapOr flxed for 2 days at room temperature in a sealed

dlSh conta1n1ng 4 ml of 2% osmxum tetroxlde 1n dxst1lled

water then qu1ck frozen in lxquxd nt;rogen and lyophlllzed

5overn1ght.,1nfected larvae were prepared by 2 methods-‘(1)

vapor flxatlon as descrlbed above but air-dried for 6 days‘ -

| rather than lyoph1llzed and, (2’\¢1xatxon in 1% osmlum

‘tetroxlde, 2% 'Kodak Photoflo in d1st1lled waterafor 2 days

at 4°C, dehydratlon through as graded ethanol ser1es to 95%
ethanol followed by a1r drylng for 4 days.

All dehydrated spec1mens were afflxed to SEM stubs

”nus1ng conductlve s1lver palnt and then sputtnr coated w1th

!

‘gold 1n~a Nanoteck Semprep 2 Observatlons were made on a

E Cambrldge S 250 SEM operated between 10 20 KV

'R¥SULTS AND DISCUSSION' .- - .

e

Or1g1nally, the ep1thet g1ven to th1s spec1es was o

; *""f.e.‘*;"clavospor'us." Recentll’: the °l’th°9faph1° "a”a"t

'“iﬁ*clavlsporus" has begf adopted by some authors (Onlons 1979jnfyri
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von Arx 1931, Hall 1982 Sweeney et al. 1983). In 1982, Hall
”'c1a1med that the correct spell:ng is clavfspbrusrﬂlhouever;'
‘roots of both Latxn and Greek or1gxn are comb1ned, and thered
fxs some dxsagreement about the prOper vowel to use, 1n such
_‘c;ses. Cla551cal\mycologlsts used~“clavlsponusf for thls
combxnat1on (for example, see Sacgafde»i&ﬂs p. 631),
‘thxs reason, I have adopted and recommend :he usage of

. cfavfsponus rather than clavosporus. |

3;3;2 Hlstory‘of’the Amerjcanfmype\Culture Collectionl

-
1

isolates

Couch et al (1974) deposzted the ‘type spec1men of C.
'clavISporus at the Un1vers1ty of North Carollna Herbarxum
but no mentxon was made of depos1txon of a 11v1ng culture.
iStraln data for ATCC 38490 (Anon 1982a) is "J. N Couch
mosquxto Anopheles quadrfmaculatus." Th1s strain was not"
dep051ted at ATCC until. 1°79 (Jong, pers. comm ) Durlng the
.perlod from 191;/{3’1979 several 1solat10ns of C : S
-clavisporus have been made from 1nfected larvae at Chapel

’5H111 (Humber, pers. comm.n Panter, pers. commun ) ATCC

) fv38490 1s presumably one of Couch s early 1§olates, but

‘-iiﬂpreczse 1nformat1on on' the source of some of the Chapel H111 L

fl“lsolates 1s lacklng.‘It appears that the 1solate on thCh
'[.the or1g1na1 descr1pt1on was based 1s no longer avazlable
";ﬁi(Humber, pers..comm ) | | |

Strazn data for ATCC 46258 (Anon 1983) 1s R c Russell

”5‘“;81 235,,mosqu1to, An. amictis hlllf Th1s strazn was’ \fﬁfpf; i
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| va;posi;ea at,nmcc January‘1ér1982n(39ng} pers. eénm.).
According;to Panter (pers;'comm.)/ethisdis”tbelorigina;j .
‘§ydneyo1501ate; and it is‘the‘strainqused bbeneeney et al.
‘(4982) in'their comparatdve studf‘of the Australian andd
AmeriCan strains. In‘their‘pubiication, Ho st:rai'n"m’meers‘‘r
‘;ere ngen for exther straln, but the Amerlcan straxn was

ope of Couch‘s 1solates (Panter, pers comm.),

‘3 3. 3 Habxtat and dxstrxbutlon ,

Culfcfnomyces C]aVIsporus was flrst observed cau51ng

1
i

1“‘ ' “
N

.llnfectxon 1nllaboratory reared mosqulto larvae in. two wldely ,

‘separated localltles, Sydney, Australxa, and Chapel Hill,
N.C. Presumably, the fungus was 1ntroduced thh the water
used to rear the‘larvae. In the U S (Couch et al. 1974) the
" water came from Unxver51ty Lake, a man made reservoxr of
several acres near Chapel Hlll (SWeeney 1983) In Australxa
.,fthe water or1g1nated from McCarr s creek a small B%rennlal

. stream near Sydney (Russell et al 1978 Sweeney 1983)

Russell et al. (1978) prov1ded the . flrst report of an_ :

dtlnfectlon 1n fleld—collected mosqu1toes, larvae of Ae.

‘f‘fnupestris breedlng 1n small ‘rock pools 1n the partlally

drled bed of McCarr s,creek Further 1solat1ons have been
/,;made from Ae Fupestris occurr1ng in rock pools of varylng
:ﬁas1zes at Natta1 R1ver near M1ttagong (100 km soﬁth of a
EHSydney) (Frances,,pers. comm ) - ”

Debenham and Russell (1977) demonstrated that an-

: ‘dlnfectzon of C clavfsporus orlg1nat1ng in larvae can be ]cf

_——~

EE
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carried into the adult stage. Infection of the adult
mosquxto may be important in dispersal of the fungus

1n Alberta, C clavlsporus was found on larvae of Cs.
.Inornata occurring in a permanent pond north of .Devon
(winterburn area). The pond measures approximately 25 x
50 m; it has-a muddy bottom with"a grassy periphery and was

éovered with duck weed (Lemné .$p.) by mid-summer. Infection

in Cs. [Inornata was detected only in larvae collected on 12

and 19 August - 1982 Propertﬁés of the water on the two
collectlng dates were: 12 Aurg ':15 C, 8.1 pH, 410 umhos/cm

W E 4:’{ . Voo
conductivity at 22°C; 19 August 17°C, 7.8 pH, 412 umhos/cm

c;%ducti;ity‘at 22°C. ' .
The two samples consisted of 30”dips_takengfrom the
pohd periphery in the érassy area. Each dip yielded
approiimately 6-7'larvaé/350‘ml. Oon August 12, 215 larvae
(40 first, 44 second, 70 third,‘and 61 fourth—inétar) aud 5"
pupae were collected. Of 69 larvae identified, 59% were Cs.
monsltans Barr, 30% Rﬁre Culex tennltans Walker and 10% were
:CS. Inornata..Of 170;larvae (12 first, 102 second, 24 third,

and 32 fourth instar) and 11 pupaé collected on August 19,

71 ﬁebe“idehtified; 63% were. Cs. inornatd and the remainder

con51sted of apgroxxmately equal numbers of Cx. terrltans

. and Cs. morsitans. - . €

From the collectlon dI Augus@;19 I'observed a larva of
'Cé. inonnata in which hyphae had penetrated the external
' cut1c1e to form conxéxophores bearing teymxnal and lateral

1.£laskfshaped,ph1akjdes (Fzgs.\3,1, 3.2). Obovate conidia

-

ey
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were produced from the tip of the phialide. The fungus was
tentatively identified as C. clavisporus and later confirmed
by comparison with the two isolates obtained from ATCC;K
Only iarvae of Cs. fnornata were found to be infected
”with C. clavfsporus, 4 from the Augusg 12.sample and 10 from
the August 19 sample. However, more larvae may have been
infected than diagnosed,since many dead larvae disintegrated
‘or were devoured by other larvae. Conversely, infection in

some of the field collected larvae may have ocCuK?ed

following exposure to other infected larvae in the
laboratory, since the infected larvae did not ‘die until 8-9
days.after being collected. Consequently, the ratio of

infected to coiiected larvae may not reflect the infectionl
rate in the’fieldf o _ R

Infection by C. clavisporus occurred when the
population of Cs. morsitans and Cx. territans in the pond
was being replaced by Cs. fnornata. Cul Iseta Inornata was
present in the pond until 6 October 1982. Two more instances
of C. cfavlsporus infections in moSquitoes in Alberta were
found in subseqnent years (see chapter 2).

The recovery of C. clavlsponus from a permanent pond -
’and a marsh- broadens the range of its known aquatic habitats
(rock pools, streams, ‘ponds and lakes), and its geographic
distribution ?USA Australia Canada). Culfseta Inornata is

a new record for a mosqulto,host infected in nature; ‘only

~Ae. rupestris has been orevionfly reported.
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3;3.4 Growth studiesw

The appearance of.colonies of C. clavisporus growing on
solid agar: media has been described preuiously (on NA and
CM+ by Sweenef et al..1§8£; on malt agar and PDA‘by Onions
1979). We compared growth rates of the three isolates on six
media (Table 3.1, Fig. 3.3). The U.S. strain grew slightly
faster except on’SDA (Fig. 315b). It also grew well on‘CM+
(Fig. 3.3d),”the medium on which it‘ﬁas been routinely
maxnta1ned since its isolation (Sweeney et .al. 1982). ln
contrast, the Australlan strain grew slowest on NA (Fig.
3.3d), the medium used to maintain tue stock culture in
Sydney (Sweeney et al. 1982). “ : ' ‘

The Canadian and Austra11an ‘strains had sxmzlar growth
rates but colod1es of the. 1atter were frequently glabrous
'and toggh sometimes spllttlng the agar after several weeks'
growth (Fig. 3.3b). Colonles of the first Canad1an isolate
developed abundant aer1a1 myce11um but colonles of the new
isolate, UAMH 9854, are more glabrous and aerial mycel1um
develops slowly. On Some media"(PDA PCA), 'colonles of both
.the Austral1an and Canad1an strains developed a darkly
pigmented surface mycel1um (F1g. 3. 3a)

\ CUIIcInomyces claVIsporus is unxque ahong the entomo-
‘pathogen1c Hyphomycetes in its ab111ty to produce conidia on
‘larvae which are subme ed - (Roberts and Humber 1981, Roberts
and Sweeney 1982) ‘Other fung1 produce con1d1a only when

1nfected larvae float to the surfacé and the mycelzum 1s

exposed to a1r.‘
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'In liquid, shaker colture (NB) the Amer1can strain
produced more ahundant hyphae. The myce11al growth of the
American-and Au;tral1an isolates appeared darkly pigmented
by macroscopic observation. whereas,fthe myceliuh of the ,p
‘ Canad1an strain was not pxgmented The Australxan strain
sporulated read1ly, the Canadian straln moderatel}' and the
American strain sparsely under these condltxons, A similar
observation was reported.by Roberts and Sweeney (1982) for

=

the American and;Australian isolates.
) .

3.3.5\Conidiuﬁ developmént

Conidiogenesis .in C clavisporus is characterlzed by
the foraat;on of termlnal and lateral phialides¥hich are
borne either ‘'singly (Fig. 3.4), or in complex whorls at
" irregular intervals along the conidiophore (Figs. 3.5, 3'é
3. 8) or in pen1c1llate structures which may be s1mple (Flg
3.7) to complexly branched Phlalxdes are flask shaped, 8—15
X 2-3 um, tapering at the neck to a dlameter<of“0,5’1 um
‘(Figs. 3.5, 3.6) sbmetimes oith»a'minute coliarette.

L3

0ccas1onally, lateral phialides are more swollen at the

base, taper1ng abruptly at the neck- these shorter ph1a11des

.measure 8 um or less (Figq. 3.10)7 The conidia are obovate,
5-7.5 x 1.5-3 um, and they accomuiate"rn.SIﬁmyvmasses'(Fig}
3.9, . | |

We also noted two. aspects of con1d1ogenes:s whtich have
not been prev1ously 1llustrated The fxrst 1s the. format1on
of conxdla of a second,type,whzch are oval to cyl1ndr1ca1,

i~
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unicellular, 2-3 x 1-2 .um. These smaller conidia ‘occur on -

phialides adjacent to ones producing the larger obovate
‘conidia (Figs.f3.l3, 3.18). Theyhalso'accumulate in slimy
' masses.

“In addltlon to sxmple ph1a11des I observed
polyphialxdes (Fxgs. 3.4, 3.11,‘3;12) with two, or rarely’
more than two, openings. Inman and Bland (1983)_also_'

observed polyphxalzdlc development..

3.3.6 .Strain variablon.

In 19&2; Sweeney et al. compared the growth and
sporulation of ‘an American and‘an'Australian isolate in agar
culture and on larvae, summarized the differences and
concluded that they vere conspec1f1c.u |

Our study has conf1rmed the var1ab111ty among three
”1solates of C. clavisporus. The stralns vary in the1r
dcolon1al morphology and growth rates (Table 3 1, Fig. 3. 3)
“and in the1r con1d1um development. Conid1al d1morph1sm -
occurred in all three strains but the small con1d1a were
' more abundant in the Amer1can and Austral1an stralns.k

‘Roberts and Sweeney (1982) reported globose rather than o
“,obovate con1d1a in some batches of c0n1d1a ofvthe Australian

'fstraxn grown 1n 750 11ter fermenters. They stated that the‘g

—;round conldra were less vzrulent to mosqu1to 1arvae. It may

gbe that the small "con;dxa" are spermatxa. We saw the small,.

‘conxd:a in agar slzde culture uszng PCA as’ the med1um, but

S

Tnot 1n submerged broth culture..Polyphlalxdes occurred more '
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- cell These pegs appear to elongahe durzng formatlon of

commonly in the. Amerxcan strain. The four addxtxonal

j1solates from North Carolxna also developed con;dla of both

>

types, and polyphlalldes.

. Neither I- nor Sweeney et al . (1982)»have‘found the

pen1c1llate, complexly branched structures wh%éh’were

- 0

,produced by the or1glnal Amer1can 1solate grow1ng on Ae.
‘atnopalpus epactfus Dyar (Couch et al 1974:‘£1g< 18)é

. Sweeney et al..(1982) observed only sparsendevelopment of

phialides which occurred singly or in whorls of 2 or 3.
/ | » .
;N
3.3.7 Taxonomy of Culicfnomyces' 0
Cullcfnomyces is a monospec1f1c genus having taxonomic

affinities to several.other hyphomycete genera. The

endoparasitic nematode-deStroying fungus Meria Conliospora

” Drechsler (1941) produces conidia‘similar in size (4-7 X

1.8-2, 5 nm) and shape, but 1ts con1d1a sometlmes termlnate

in ‘small bugd- 11ke protru51ons (F1g. 3. 16) wh1ch are adhesxve‘

" structures. ‘The con1d1a of M. coniospora are produced

success1vely from small pegs (Fxgs. 3 15, 3 16, arrows)

wh1ch/develop laterally near the apex of each conldlogenous

- successive con1d1a.

The—st"— shape, and arrangement of con1dlogenous

Y

rfstructures in Beauveria VUlll., Tolypocladium Gams,
‘ fVerticIlIium Nees and Paecllomyces Ba1n. are 51m11ar to

. CUIIcinomyces. Each of these genera also contaln N

z‘Sectxon 3 3 7 contr:buted by L. S1gler.'g‘

g
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. entomopathogenzc spec1es Beauverla d1ffers 1n formxng a
q

ympodzally prollferatlng con1dxogenous ax1s. From each node
on the genxculate rach1s, only a 51ng1e con1d1um is |
produced In Tolypocladfum, the con1d1ogenous structures are"
| ph1a11des whxch are borne s1ngly or in false whorls on
narrow, loosely branched con1dxophofes (Blssett 1983)
.‘Frequently, the ph1a11des are grouped in dense clusters The
.phxalldes are short and swollen basally,‘narrow1ng abruptly
to a f111form neck wh1q5 1s frequently bent In h1s
: comprehens1ve rev1ew, Blssett (1983) has enlarged |
1Tolypocladium by the addltlon of several spec1es. TWO |
“‘speczes formerly treated in VePtIcIlIium 1nclud1ng V.
ba]anoldes (Drechl ) Dowsett et aI (1982) and V |
.meFOSpOFum Jaap are descr1bed as hav1ng subulate ph1a11des r
aarranged 1n vert1c1ls By thls treatment, the d1st1nctlon
between Tolypocladium and Verticildium becomes less clear,n*
and these specxes are probably better left in Ventlcillium.

_Bissett separates the genera on the ba51s of the broader

dV}conldxophore maln axis. 1n Ventlcfllium.‘

R

g ‘ The concept of Ventlclllium was broadened by Gams
'ff(1971) in h1s Sect1on Prostrata to 1nclude many specxes

.iWhlch d1sp1ay erect conldlophores,‘but a more recent _ﬁ
@’E)treatment (Domsch et al.‘1980) 1nd1cates that the genus is

';”not well def1ned. We conszder Ventlcilllum to be ' "_;

Vf;character1zed}by aculeate phzal:des thhout collarettes.-The R
0 g

"~ifph1a11desQareydivergently arranged 1n vertxcxls and bOrne at

t{;,zntervals along the 17ngth of undlfferent1ated or. ﬁn‘?'t'”‘"‘




well—developed,‘erect sometzmes dematxaceous con1diophores.,;
Conidia are borne in slime. Von Arx (1981) treated 5

| Cul icinomyces under Vert Icf11 fum, but in Cullclnomyces the
phlalldeS\are adpressed in whorls rather than d1vergently
arranged | Y - \

B Paecilomyces is 51m11ar to Cullcihomyces in the i

| arrangement and shape of ph1a11des, but 1n Paecllomyces the .
'rconldza are formed in true cha1ns (Gams 1978 Subraman1an L

'1979 Mlnter et al. 1983) Culiclnomyces is further‘»

.dlfferentlated from both Paecflomyces and VePtICIIIIum by ‘:.

.1ts polyph1al1des.l“‘f - _' T ;;~‘t‘ s "q‘-g,
“ | HfPsuteIIa Pat. spec1es occur on arthropods and many 'ﬂ}
' have teleomorphs in the Clav1c1p1taceae. Polyphlalxdes, f '
‘wh1ch occur occas1onally 1n Culiclnomyces, are more common
‘.1n Hirsutella. Both monO‘ and polyphlalldlc con1dlogenou5"?
cells are borne laterally or termlnally 1n synnemata, but
’ mononematous forms ,are also 1nc1uded (M1nter and Bradg 1980
‘.Samsoﬁ et al 1980 Evans and Samesn 1982a, b) Tﬁe ip{hiif';;,

‘ 'mononematous forms of lesutella can be dlfferentlated from =

"*fe{CUJicinomyces by the ph1a11des whlch are usually borne

gjs1ngly, ar1s1ng from und1fferent1ated hyphae more or less at
4 ‘r1ght angles. None of the spec1es develop the adpressed ' ,
:bewhorls of phlalldes characterlstlc of Culiclnomyces. The"fflkf"'

"ffph1a11des are swollen basally and taper gradually or

’15ef:abruptly at the neck wh1ch may be tw1sted 1n a hel1ca1

‘ f?jrotat1on. Furthermore, con1dla are borne s1ngly or 1n small~l'77*ﬁw

Hi-ﬁflgroups, frequently 1n a character1st1c mucous sheath which




may be p1gmented In the'majority of mononematous speoies,

l-the con1d1a are e111psoxdal or in the shape of an - orange

”fm segment (Flde M1nter and Brady 1980) Further 1nvestlgatlon:{

"‘entomopathogenxc spec1es of Hyphomycetes in 1ts aquatlc

1

: may show that C. clavfsporus could be accommodated in

Hlnsutella, I am reluctant to propose a transfer at. thxs

\‘t1me. :

Cullclnomyces clavlsporus d1ffers from all other" .

rather than terreStrzal habxtat. It has been found in A

“only as a pathogen of mosquxto larvae ‘and certaln o

aquat1c Dlptera. It is unique: in its ab111ty 3 pro'v

‘d;sperse conidia undeg vater.
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h Table 3. 1

selected medxa.

Mean colony dzameters of three Culfcfnomyces
‘clavisporus isolates grown for 21 days at 25°C on six

' ' l\r" ‘
| o MEDIA"
STRAIN . ' 'PDA 'PCA. . CM+  OAT . SDA
- AMERICAN 3.8' 3.0 2.8 3.1 1.8
(ATCC 38490) | L e
AUSTRALIAN 1.9 1.6 1.6 . 1.9 2.1
(ATCC 46258) ' R ‘ o
. CANADIAN 2.3 1.7 1.6 1.9 1.8
(UAMH 4618) ‘ ‘ > 3

'1nvcm
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| F1gures 3 1 to 3.3. Cullcfnomyces clavlsponus ‘
Fxgures 3. 1 to 3.2. Hyphae emergxng thdiﬂgh cuslcle
| ‘of Cullseta Inornata larva to‘form - '
<con1d10phores bearlng termxnal and 1ateral
_flask- shaped phxalldes bearlng obovate
\,conxdxa.‘(UAMH 4618) (Bar= 20um)
Figure‘3u1 hase contrast
tF1gure 3.2. Scannlng Elecgron M1crograph

.

Fxgure 3 3 Colonles of three stra1ns grown on’ L

[

. dxfferent medla for 21 days. Amerlcan straln
 (UAMH 4658) at left Canadxan strain (UAMH
4618) upper rlght, Australlan strazn

(UAMH 4659) at lower rlght. (Bar:Zcm),

g

Sa. oh Potato dextrose agar. " P

b;noh Sabouraudg dextrose agar.}w
'f c;'on Corn meal +, yeast and dextrose agar.

'. a,‘on Nutr1ent agar.
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‘igures 3.4 to 3.9; Culic!nomyces Cclav isporus -
Figure”3.4. Simple phiélide and polyphialiae (arrow) .
| borne singly. (UAMH 4658) (Bar=20um)
| Figures 3.5 ﬁo 3.6. Phialides borne in whorls at
irregular interyals along the conidiophore;
(UAMH 4618) o
. Fiéure 3.5.l (Bar=20um)
Figure 3.6. (Bar=5um) .- , ..
" Figure 3.7. Penicillately b;énéhed phialides gearing |
. obovate conidia in slimy ﬁ?séeéu (UAﬁH 4618)
- " (Bar=20um) ,“ 1‘ . . | . . g
Fi&hfé 3.8. Phialides bornevin sigg}e who}l.’(ﬁAMH ’
_* 4618) (Bar=2um) | |
. Figure 3»?.“0bbvaté conidia covered fn“slim%. (UAMH
" 4659) <ha;=4um)_ | o SR _h
R o , o .
’ .
o | B
N e
‘ a I |
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Figﬁres 3.10 to 3.14. C&l!cfnoMyces c(avlspOPus
Figﬁre~3.10. Basally swollen, shor£ phialideslborne
| | in whorl. (UAMH 4658) (Bar=2um) )
fig&re 3.11, éﬁhpleﬁ?hialides and polyphialfégé
" borne in whofls at interval§ on
conidiophoré .(ﬂAMH 4618) (Bars= Suﬁ)
Figure 3.12. A polyph1a11de w1th two open1ngs.
(Bar= 4nm) UAMH 4618. ‘
) Figufes.3.13 to 3.14. Small, oval to cylindfical and
larger obovate conidia borne in élimy masses
Efom édjggent phialides. (Bar=20um) RER N
Figure 3.13,‘UAMH 4659. .

Figure 3.14. UAMH 4618. ) - |
Figures.-3.15 t6'3 16. Meria coniospOra. (UAMH 4730). Obovate Lo

\ con1d1a prodUced from small pegs (drrows) borne
\ LT

iaterally near apex ‘of - each conxéxogen&tE*EEIix\

7

‘jCon di ? are equzpped‘w1th bud l;ke protrusiqns w%ich_i‘

are' es1ve structures. ‘ ,

Figure 3.15f‘(Bar=20um) N | R 1 e
R A 3 ' A\ . T

Figure 3.16. (Bar=10Qum) S
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4. A sxmple method for mass culturxng entomopathogenxc

hyphomycete fungx‘

4.1 INTRODUCTION
In. recent years there has been a resurgence of - 1nterest

- in use of fun91 for control of 1nsect pests. Before a fungus

('

can be reglstered as a blologlcal control’ agent laboratory

L bxoassays, field tr1als, as well as research on storage, o
v1ab111ty, and formulatzon are requlred : 'fr ﬁ',,} S

v

For laboratory b&oassays, relat1vely llttle 1nfectxous

material is needed and 1t is usually obtalned by cultur1ng

the fungus in standard petr1 dishes on def1ned or 'ﬁ“ : L

'semz def1ned medla. However, thlS procedure becobe .tooﬂé-
ted1ous and expen51ve for the product1on of larger -
quantities of 1nfect10us mater1al usually requared foruff“ f;}‘
‘sUPSeQUent studies; | ?.. . . “ u R |
. Most techn1ques for mass cultur1ng fun91 have been
?ke_\ﬁveloped towards harvest1ng fungal metabolltes us1ng
J"submerged l1qu1d fermentatfon* however, 1nfectlous ‘
~Lpropagules are requ1red for b1olog1cal control Furthermore,vﬁf

most entomopathogen1c Hyphomycetes, w1th the exceptxon of

ifﬂrCuliclnomyces Clavisporus'Couch Romney and Rao,.do_not




) . B L e v ' N Rl L ' Lo
. . i \ . .. . . v (I . . .
A vt . s . . s : ) ' ' AU R ! o 63

. . " . ! . . ‘_ ‘, v . . e \ ! o . -
) . ' ' s ' » o . . . ' . . T
)

for use agaznst 1nsects due to thexr shortﬂl1ved nature
‘ 8
»(Ferron 1981 Roberts and Humber 1981) Some progress has

“]been made 1n obta1n1ng ph1a11d1c con1d1a in submerged

“ culture, but these are usually less v1rulent and have
‘shorter half lives than surface produced con1d1a (Roberts
and Sweeney 1982) Consequently, most productlon methods for,
'acqu1r1ng 1nfect1ous mater1a1 use a surface phase method
\wxncorporat1ng ezther sol1d med1a, sem1 solrd medza or st1ll .
1rdu1d culture (Hall and Pasﬂerok 1982, Roberts and Sweeney
1982) St1ll llqu1d culture r;;ulres specxal;zed equ1pment
hf,(Kybal and videk. 1976 Sams1nakova et al. (1981) and- broths_

'can be ea51ly contam1nated by bacter1a or other fungx. Mosti

.surface phase methogf requlre m1111ng of the product, but' |
t,heat build-up. during the m1111ng process can affect spore f;
‘.v1ab111ty (Hall and Pap1erok 1982 Roberts and Sweeney g
“1982) Furthermore, the end product cons1sts of a" m1xture of
i substrate,‘c&hldla, and mycellal fragments.~n |

'r Recently Daoust and Roberts (1983) and Daoust et al

\y(19§23 used‘a s1mp1e method for producxng chldza of
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Pap1erok 1982) « _ ' \
The need for produc1ng Tolypocladfum cyllndnosponum

~ 'Gams conxdia for use in small scale f1e1d tr1als aga1nst

‘mosquxtoes has prompted me to develop a method whereby large

quantltles of fungl, free from contam1nants and substrate,

can be produced cheaply and conVenlently.

In 1944 Flem1ng and Smlth suggested. using cellophane'

to separate mold colonies from the agar substrate on wh1ch

they were grown. Thxs method has been adopted for routxnely :

!

preserv1ng mold’ colonles in a. herbarlum (Carm1chael 1963)

Conseguently, by adopt1ng the use of cellophane as a barrlerd

'.‘between the fungus mycelzum and nutr1ent source, large

'quant1t1es of fungus free from substrate contam1naﬁ&on can'

| be obtalned.. . o ‘ ' ;“ e ' l"ff\fjfj;

't’ .The culture method developed uses metal roastlng pans,‘g:
bran; celfophane, and autoclave bags..Thls paper |
demonstrates the success of thrs culture method w1th severall?T
Jentomopathogen1c Hyphomycetes. - '

E i ', y|. :
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Collect1on and Herbarxum. These fung1 were 1noculated ontO‘

'the surface of 50 ml of“Pablum m1xed cereal agar. (Padye et ‘
‘al. 1973) in 200 ml culture flasks and vere 1ncubated for e‘
two weeks at 20° C Con1d1al suspen51ons were obta1ned by

| addzng 10Q ml of ster1le 0. 5% Tweeno in d1stxlled water to.

H,the culture flasks and shaklng. Con1d1a1 counts were made .
.us1ng an, 1mproved Neubauer hemocytometer ‘and the requlred B {c
,amounts of 0.5% Tweeno were' added to glve f1nal | T
‘concentrat1ons 9:‘1,3 jQ‘_con;d1a/ml.'These suspensions wereu‘;
then’usedastheinocUIum. o . S

. : | ",.n‘,:., o

dﬂi4 2 2 Culture methods

Approxzmately 70 gm of wheat bran and 700 ml of

‘d1st1lled water were comblned in t1n cookware roast1ng pans
;(36 x 26 X 4 cm) The bran m1xture was allowed to 1mb1be

t

‘Twater for several mlnutes. Pre cut sheets of cellophane (40

“l X 32 cm) were soaked 1n d1st1lled water for 15 mlnutes to

u5r;remove the polyethylene glycol uged as a softener 1n P24 A




Wﬁéhf'
tap1ng it w1th two str1ps of masklng tape (F1g..4 1a) The d
“pans were autoclaved for one: hour at 138 kxlopascals (20
'fPSI' approx. 125 C) in a steam autoclave. Care was taken not
“to exceed thxs temperature as 1t is near the meltlng poxnt“‘,'
‘ of ‘the bags. Due to the presence'of aerobxc spore bearlngk
‘bacter1a in the bran, . lower temperatures or shorter i
‘wautoclave txmes resulted:}n 1nadequate ster1l1zat1on.‘v:
Extreme care was taken'in coolxng the autoclave as slowly as‘
p0551b1e to preVent the brap“m1xture from b01l;ng; thereby,‘
cau51ng the cellophane to l1ft off the bran surface._ |
‘?5_“ Follow1ng removal from the autoclave, the pans vere ;"
l fy‘:allowed to’ cool to room temperature and water whxch
condensed onto the surface of the bags dur1ng autoclav1ng
Was sponged off A small area on the bag surface was swabbed
' w1th alcohol .and 10 ml of the 1noculum was 1n]ected onto the‘
-:wsurface of the cel]ophane usxng a’ sterlle hypodermlc
.””.syr1nge. The puncturexhole was sealed w1th a p1ece of‘

o

'H‘imasklng tape and the pan was gently rocked so that the’

.

' ilnoculum was evenly dlstr1buted over the ent1re surface of




'\,““.‘ 5 . s

The pans were removed from the autoclave bags and the

cellophane sheet with adher1ng fungus was gently l1fted off

[ -

the bran surface. Some pans were frozen for photographxng atw

.2 later date (F1gs..4 lb-f)

[

fi 2.3 ﬁhterm1natxon of Yxeld

The mycellal mat was scraped of f the cellophane surface‘a

usxng a spatula and was placed 1n enameled trays and air

\

"dryed for 4 5 days. The dryed mlxture of con1d1a and mycella“

was then scraped out of the pans, powdered in a mortar and

”.pestle and we1ghed Con1d1al y1elds weré determlned by

+

‘".rehydrat1ng 0 1 g of the powder in 10 ml oﬁ 0, 5 % Tweeno at
4 o] for 24 hrs. The rehydrated mlxture was suspended by ‘
';m1x1ng on a vortex for two m1nutes. The number of con1d1a in

"the suspen51on was detarmlned u51ng an 1mproved Neubauer

h T

hemocytometer. Mean numbers of con1d1a per g, per pan and

\"per cm‘ vere calculatedm S ’ }rﬂ‘}u

o P R s i . )
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(Ecbnopeto) is used ThlS labor sav1ng dev:ce reduces the
"thance ‘of contamlnatlon when large numbers of pans are be1ng

, ‘1noculated o f“!,u‘ o

N '

.i'h The autoclave bags can be reused several t1mes. The

[

'chnldm ‘mycella ¢an be ea511y gcraped ofﬁ the cellophane ,;

surface or the cellophane can be rolled up w1th the adherxng

v N

\;“.4“ I , ‘
fungal mat ang - store frozen at -20 C for later use. The ,HgU

L
!

"‘effects of thls meth d of storage on’ con1d1a1 vxabxlxty of
T CylindPOSpOPum ar presented in. chapter 5 L
.343' The y1elds obtained us;ng the t1n pans are summar1zed

1H?Tab1e~4 1. Y1elds of fung1 cultured on solxd substrates.
‘¢an. approach 10'° con1d1a/g dry we1ght (Hafl and Paplerok
1982) The ylelds‘obtazned in the present study for all
fung1 except C ClavispOPus were comparable. Sparse growth
‘;;_i was obta1ned for Cullcinomyoes and, Metarhizium (Flgs. 4 lb

c)- whxle the growth 1n the other three fungl was abundant

(F1gs. 4 1d f) However, 1n th1s study, no attempts were 31;y;?




th1s spec:es. The mycella were glabrous and tough w1th very

lxttle aerlal growth (F1g 4 lb) at both temperatures and

o : 1
.

‘-1ncubatxon t1mes.‘u

Th1s experxment has shown that usxng the cultyre method L

' L)

~descr1bed large quantxtles of contamxnant free con1d1a of

‘\varlous entomopathogenxc Hyphomycetes can be obtaxned w1th a

"m;nzmum‘of equ;pment and,cost. N nyf' 1.}. .

N o [ . ; S
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Figure 4.1. Growth of fivel species of fungi on ce%lbphane

substrate and wheat bran medium. Pans were incubated
<

at 20°C for 14 days. Dark marker sfrip’is 10 cm.

a.!Pan in autoclave bag.

b. Cullclnomyces clavisporus. B
c. MetarhlzlumvahISOpllae.

a. TOIypocIadfum cyl Indrosporum. ‘
e. Beauvenlé bassfana. |

£. Verticillium lecanii.
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~small-scale field evaluations against mosquitoes has

data orii conidial viability was not recorded. On the other
. N C

. A
2. Conxdial Viability of the Mosquxto Pathogeni% Hyphomycete
Tolypoclad lum cyl Indrosporum following Prolonged Storage at’
- =20° ¢! '

5.1 INTRODUCTION | | :

“The need for obtaining relatively\larée'amounts of

Tolypoclad fum cyl Indrosporum Gams conidia for use in

g

necessitated development of methods for production and\”l'
storage of this fungus. Preservation of fungal cultures at
low temperatures is often succegsful (e.g. Carmichael 1962,
Mazur 1968, Samson 1982) Muller-Kogier and‘zimmermann
(1980» reported that the best temperature for the storage of
7 spec1es‘of entomopathogen}c Hyphomycetes wa$s 18 C. They \

demonstrated longevity for up,to 9 years, but quantitative .

hand, CUIIcInomycés clav rus Coudh, Romney and Rao

o
!

conidia lost consideraple giability after only a few months \
at —20fC (Sneeney 1981). Storage was more successful at |
—70°C, although, only 56% of the conidia were viable
follow1ng 6 months at this temperature.

‘A recently .developed method for produc1ng fungi on; a

cellophane surface and a wheat bran medium (chapter 4) was

used to obta1n large quantxtzes of T. cyllndnosporum '

con1d1a. The present chapter reports the effects of storage

at -20°C on con1dxa1 v1ab11ity. _ ,‘ _ Q

‘—————---———------

'A version of this chapter 'has been submitted for
pub11cation. M.S. Goettel. J. Invertebrate Pathology.
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5. 2 MATERIALS AND METHODS
!
A Caleornxan 1solate of T. cylfndrosporum, INRA 3

(Institute Natxonal Recherche Agronoquue, La M1n1ere
\1 »
France)= UAMH 4561 (Unxversxty of Alberba Microfungus
\

Collecthn and Herbarxum) was cultured for 2 weekq at 20°C

accordlng to the method described in chapter 4. Sheets of ,{

w

'cellophane, with adherlng fungal mat, were rolled up, placed

in plastxc bags, and stored at —20 C One cm squares were
randomly cut from. dlfferent 1ayers and sectxonﬁ of the
frozen cellophane roll each month for up to 32 months ‘and
placed in 10 ml of sterlle dxst ll&d water Con1d1al

suspensions were prepared by M.niNg on ‘a vortex mixer for 2

\
i

min. Conxdlal counts were made usxng an 1mproved Neubauer‘

hemocytometer and approprxate dxlutxons were made to obtaLn

te

suspenszons of 1 x 10* conidia/ml. ‘ C

v

4

Con1d1a1 v1ab111ty was determined by spreadxng 0. 1 ml

[y

!
W

of the suspension onto-the surface of potato dextrose agar‘
supplemented thh 60 ug/ml pgn1c1llln and 30 ug/ml v

streptomyczn in a, standard Petr1 dish. Numbers of v1able and

~non—v1ab1e conidia were counted on the plate sunface-under

phase contrast at a magnlfxcatlon of ZOOX followlng

1ncubat1on at 25°C for 24 hrs. Counts were made in 5 f1elds

..of view per plate examlned. Each value for percentage

v1ab111ty is based on observat1ons of between 263 and 2, 961“_ﬂ

spores, but most. commonly 500’- 1500. Con1d1a vere .

conszdéred v1ab1e 1f they ‘swelled ”a ‘barbell" or "peandt"”

.

1Y

\‘shape. Th1s swe111ng occurs Just prxor to the format1on of a.




- : . ‘ ‘ 76
germ tuhe.(see chapter 9). 3 e \ ‘o
5 3 RESULTS AND. DISCUSSION ) ‘ .

The con1d1al half- lee was approx1mately ﬁz 8 e N
monthg(Fig. 5 1). In one 1nstance, 79% vxabxlxtf’was
'obtaxned after storage for i8 months at ~20°C. Indxcatxons
-are thit T. cyllndPosponum does not suffer thermal shock

(i.e. an 1n1t1al large mortal1ty as a result of freezxng)
‘L‘and that v1ab111ty decreases at a slow progre551ve rate.
“There was a llnear relatxonshlp betﬁ%en conidial vxabﬁlltyp;‘

and time held at —20 C Death was probabl? the result of a.

.progress1v€%dessxq§t1on and subsequent increase in the

~F
concentration of solutes both yxthﬁn and outsxde of the cell

(Mazur 1968{ ' , ,
Daoust and Roberts (1983) obtalned a s1mrlar but more '
rap1d progressxve decllne in conidial v1ab111ty for a strain :
A | of Mé;arhlzlum anfsoplfae (Mets;h:) Sorok.‘However,rg ' '
difﬁerent strain suffei&d a reduction from 93 to 56% '
viabilityrin the firstgz weeks after freezing (i;el'possible
\thermal shock) thereafter, vxab111t1es remained relat1vely
étable (36 56%) for up to 24 months. ‘They speculated that
suscept1b111ty to f;eez1ng d1ffered accord1ng to straln. u'
. However, these d1fferences in v1ab111ty as well as . those‘
’vh obta1ned in the present study with the one straln of T.
= cyllndnssporum could be a result of dlfferences in cool1ng
rates' an 1mportant factor in the survxval of con1d1a after

“3:19 [Q freezlng and thawxng (Mazur 1968) Cool1ng.rate‘would vary

LW
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w

accordxng to such ﬂactors as the 1n1t1al temperature of the

.fungus and ets dxstance from the coolxng c01ls in the b

freeeer. In the present study‘the fungus was rolledrxn
"“cellophane; therefore; thegoutside layers.would.freeze

taster than the inner-layers.ISince'squares of cellophane‘
- ,// ‘h were randomly cut from‘differentklayers‘and sections of the
“cellophane roll thls cbuld account for the variability in
\" } 'the v1ab1lxty rates obta1ned |

"W o ~ Gardner and Pillai‘(1986) studied various methods of

storage of T. 'cylindrosporum. The most successful, method was -

storage of conidia in distilled water at 4°C. Using this

—

method, they obtained viabilitles of 86% after twoffearsr
ehowever‘ results were‘based on. one 10'ml sample. Since this

s
method’ may be a good alternative to storage at ~20° C
studles on' the prolonged storage of large quant1t1es of T.
cylindrosporum conidia under thes; condxtlons are warranted f

L

1 do not consider storage of T cyllndrosporum at -20°C

'
-

'as a commerc1ally acceptable method It .is, however a
conven1ent method for accumulation of thisgfungus for
.enperimental studies. Conidiadstored at 326°C for‘_ .
approximately 2.5 years retained about~l0%‘viability.'With
“.y1elds ‘of approxxmately 10' con1d1a/cm2 (see chapter 4),
: y1elds would stmll be approx1mate1y 10’ v1able con1d1a/cm"
bﬁor 10’/gm dry wezght The ;;cumulat1on of the equ1va1ent of_jf
-1 kg dry we1ght of T cyllndrosporum conld1a us1ng th1s |
"method of storage has enabled prel1m1nary fxeld tr1a18 to
'evaluate thzs fungus for mosquxto control (see chapter 8).v’ﬁ,‘

& ' i . s
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Fiéufg‘ 5.1. Viability of Tb]ybpcié\d’lum Cyl Ilndrosporum .

\_cohisiia stored at -20°C as a“fuvm':jt‘ion.‘ of time.
.Th'e \"regr‘e'vsé‘ién equa"‘tvio.:,\isy: 7 \. | , |
vilabi];if:yl’_= 83.4 - 2.6 x‘\l‘tivn‘le.j, " |

, (-f{j='0.'66; pé‘o.;ooolon. ;
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6. Serxal In quptpassage of the entomopathogenxc

L

hyphomycete Tohypocladfum cylindnosporum in mosquxtoes'

- : AR R
\,-é{) INTRODUCT ION

///’%//f 7 'Enhancement of virudence in entomogenouS fungi is a

partlcularly neglected/area of research (Roberts and Yendol
. | 1971) It is generalLy~be11eved that v1ru1ence 1ncreases
follow1ng successx/ﬁ passage through a host ‘and, converselfjv
decreases follow1ng repeated subculturxng on art1f1c1al
medla (see A1zawé 1971\ Roberts and Yendol 1971) By u51ng ;"
‘ s1ngle spore 1solates (clones) qf BeauvePfa bassfana (Bals )

Vuill., Sam s'/ dkova ,and Kalalova (1983) demonstrated
spontaneous/mutants wlth-dncreased v1ru1ence. Enhancement of
v1rulence/u51ng paras1t1c selectxon pressures has been~
“'accomplréhed by passage of fungal stra1ns thirough a host‘
(Daoust and Roberts 1982"also see’ references in Ignoffo et
al. ﬂ982) Such changes are thought to be due to gradual
seféctlon of genotypes. This paper reports on ser1al passage
- of the mosqu1to pathogenlc hyphomyCete Tolypocladlum
//éylindFOSponum Gams through larvae of Cullseta fnornata ,
// (wlllxston) ang’ Aedes aegyptl (L ). conducted 1n an attempt

to select : for a more pathogenlc stra1n.‘

A version of th1s chapter has been submatted forhi,V "”"T\_}

pub11catzon. M s - Goettel. Canad1an Entomologlst..fhju',kgv

;/}f' < 81
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A - A Cal1forn1an 1solate.of T. cy]lndPOSpOPum [TC3 INRA

S -
;0 6. 2 MATERIALS "AND METHODS

-‘(Instxtute Natzonal Recherche Agronomlque, La Mxnlere,
France)c UAMH 4561 (Unlversxty of Alberta Mlcrofungus Co e
fCollect1on and Herbarxum)] was- uSed Serxal passage of
1solate TC3 through mosquxto hosts was performed 18 txmes
‘hPassages 1 to 7 were througﬁ Cs. Idnor‘nata‘. Due to

' difficulties encountered in rear1ng thls specxes \suhsequent‘

‘fpassages were through larvae of Ae.laegyptf (8-18). Three - .
replicates of 30 2nd~lnstar‘larvae were each ‘exposed ‘to 200
ml of 1 x 10’ and 10‘ conadla/ml solutxons in Bates medlum
‘S (McL1ntock 1952) at 20° C The f1rst dead larva w1th
mycosxs was, bathed in a 50 ug/ml sterlle solutlon of |

“pchloromycetln for 5 - 10 m1n and was placed onto the surface
of potato dextrose agar supplemented w1th 60 ug/ml
\‘pen1c1111n and 30 ug/ml streptomyc1n (PDA SP) in a Petr1 |
dlsh After one week of 1ncubatxon at 20 C the fungus
arls1ng from the larva obtalned from the 10"con1d1al .

; suspension was subcultured onto PDA SP and was used as the
‘1noculum for the, next serlal passage. A culture was also

”stored at —20°C On several occa51ons there was no mortal1ty

v

]Lﬂhxch_could be attrlbuted to the fungus (1 e. presence of‘g
'mycella 1n the hemocoel) at 10’ con1d1a/ml In such

¥

o P :
.a dead larva exposed to the 10‘ con1d1a7m1 suspens1on.w g

A e w

After 18 passages, 2 completely randomxzed assays were

‘*ffﬁfperformed at 20°C. The 1solates used 1n these assays were

~f1nstances, 1solat1ons for subsequent passages were made from L

'

Al
Ay



the original,(TCB) passages-#'G 13, and 18 which had been
'stored at —20 C. Each assay consxsted of 3 replxcates of 20

2nd- instar larvae exposed to 4 concentratlons of conxdxa and
'

a-control accordlng to the method outlxned in. chapter 7..
Mortalxty was recorded dally and ﬂlnal mortalxtles were’

analyzed by the two way analysxs of varlance

/6.3 RESULTS AND PISCUSSION , B

v

There was no evidence of 1ncreased pathogenxcxty after
‘passage of . the fungus 18 times through mosqulto larvae
(Table 6. 1) (F=0. 44 p>0 1). Selectlon for a more pathogenic

" strain. should be most successful when ‘the only genotypes‘

“lsolated afterjeach.passage are those ‘with rncreased

— ~virulence. The chances of this genotype selection would be

-

' increased in cases where only one spore,‘i.eﬂ the most
virulent.mntant, successfully 1nfects the host and
replicates withln it as a clone.\However' this seldom

'oCcurs. In theory, w1th decrea51ng dosage, the probab111ty
of s1ngly 1nfected anxma%s 1ncreases (Huber and Hughes -

. *‘z. .
1984) I& would also be expected that probabxlxtxes of .

szngle 1nfect1ons would also 1ncrease as the 1nfect1on sites

I D

A 11m1ted In the present study, success1ve passages were

made at<the lowest dose to 1ncrease the probabxlzty of

~ : L -

s1ng1y 1nfected larvae. However, genet1c selectxon of
pathogens wh1ch are 1ngested may pose un1que dxff1cu1t1es.” .
In such cases, 1t 1s conceivable that most an1mals that have

‘*l succumbed to the pathogen w111 harbor 1nfect10n propagules -

)
,
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in the gut. that did not contribute to pathogenesis yet will
germinate in the cadaver and produce'prpagules which will
be used in the successive passage. &n the present study, no
Apparént increased virulence was obtained by passaging T,
cyl Indrosporum 18 times through mosquitoes. Likewise,
Ignoffo et al. (198&) detected no increase;p{ virulence
after 12 successive In‘vlvq passages of Nomuraea rileyl/
(Farlow) Samson through larvée of Trichoplusia nf (Hubner).
Since in botﬁ of the st;dies larvae were inoculated by
feeding, it is possiblelthat there was no selection for
genotypes that were involved in the infectI®n process.

In contrast, Daoust and Roberts (1982) wefe,éuccessful
in selecting for increased virulence in M. anjsopliae after
'only one passage throéugh a mosquito host. Since this fungus
has a limited id%ection site, namely the perispiracular
valves on the siphon, the chances of single infections are
prgSUmably fncreased. Theréiore, the chances of reisolatin§‘
.no;-infective'or avirulent spores is also lessened.
Sglectiop‘of patﬁoggnicaaenotyﬁesqu T. cyl indrosporum might-
be more sgcceésful'if a method‘were devised to purge the gut

contents of infected larvae priof to isolating the fungus.

Ry i ¥
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Table 6.1. Percent mortality of Aedes aegypt| exposed to
different concentrations of conidia of Tolypocladium
cyl indrosporum serially passaged through mosquito larvae

.3

Concentration (conidia/ml)

Paj§sage .  Control 102 10« - 10° 10
0 6 13 37 62 100
6 9 7 14 69 100
13 2 5 33 . 48 100
18" 2 2 19 73 99

'Mean mortalities of 2 completely randomized assays.' Each
assay consisted of 3 replicates of 20 2nd instar larvae
at each concentration/isolate combination.



. A
7. Studies on bioassay of the entomopathogenic hyphomycete
Tolypocladfum cyl Indrosporum in mosquitoes'
7.1 INTRODUCTION
onassays allow for comparison of virulence of
dlfferent speczes straxns, or batches, as well as
susceptibi}ities'of different hosts. Therefore, development
_of an ;déquate bioassay method 1s criticél in the Stﬁdy of
~any potential microbial control agent.

Difficulties associated with bioassay of insect

pathogens are well documented (Bucher and Morse 1963, Burges

and Thompson 1971, Hall and Papiérok 1982, Hgﬁer and Hughes
1982). To date only a few assay systems have been débéioped
for fdngi as thefe are many problems éssociafed with their
bioagspy. The greatest assay problem involves our inabiiity
to deliver infectious propagules to the assay host in a

| sténdardized manner. The usual route of infection is via the
- exocuticle, but, in the mosquito pathogenic\fungus,
Culicinomyces clavisporus Couch, Romney énd Rao, the primary
route of infection is éhrough the foregut and hindgut
following ingestion of the conidia (Sweeney 1975). Sweeney
(1976) waéyable to obtain adequate results with C.
cfavfspakus baéea on the highly sucéessful mdsquito bioéésay
. method £6} chemxcal insecticides JBrown and Pal . 1971) and
Baclllus thunlnglensls Israelensls (McLaughlxn et al. 1984),
namely exposure of mosquito larvae to dxfferent ‘

" 'A version of this chapter has been. subm:tted for I
publzcat1on. M.S. Goettel Entomophaga. : '
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concentrations of test material in the rearing medium.
Although Sweeney's (Loc. cit.) results were highly variable,

the log dose, probit mortélity regreésions‘were generally

~

linear.
in .

Tolypoclad fum cyl indrosporum Gams is a potential
microbial control agent of mosquitoes. It causesfepiiooticq
in larval‘mosquito populations in New_ZeaTénd (Weiser and
Pillai 1981) and California (Sandérs“1972; Soares et al.
1 1979). ‘To date all‘mosquitoes chéllengea with T.
CyllndPospOPumlhave been‘susceptible (Gardner 1984, éinnock‘
et,a(? 1973, Soares 1979, 1982, Soéreé and Pinngck 1984, ‘
Weiser~and Pillai‘IQBl; Yu? et al.‘1980). Preliminarg
eva}Uatipns 6f4dosage'responses indicated thaf probit
mortality regressions were generally linear (Soares 1982).
This paper reports on dose-mortality assays chduEted

(%o quantify the pathégenicity of T. cyl indrosporum conidia

using larvae of Aedes aegypti (L.), Ae. vexans (Meigen), and -

Cul Iseta Inornata (Williston).

(e}

7.2 MATERIALS AND METHODS

,7;231_Mosquito‘colonies

”\‘ A Figtida strain of Ae. aegyptl!was'obgained'ffom the

Insects Affecting Mén and Animalb\késearéh Laboratory,

. ‘Initially described as Beaweria tenella-but later
. confirmed as T. cyl indrosporuh (Socares et al. 1979). . -

71:?Initia11yvdeScribedsas Cul icinomyces sp. but later - . ‘
~confirmed as T. cylindrosporum (J.S. Pillai, pers. comm.). -
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_ established from fieldfcollected larvae and adults:frbm the

Edmonton area. Jll‘Ae.'vexans larvaé‘uséddyere

field-collected from the Devon, nlbe}ta~a£ea.

N

/ ro.
7. 2 2 Inoculum Preparatxon §§ ' i#‘f" o
| Callfornxan isolates of T. cyllndrosporum [TC3=INR:T3'
(Instxtute Natxonal Recherche AgrOnoquue, La Mxnxere,
France)— UAMH 4561 (Unlversxty of Alperta M1crofungus
Collection and Herbarlum)] TC4=INRA 4=UAMH 5002) as wgl{‘as
isolate TC3 passaged througn mosdui?o larvae 6‘(TC3Séflii§;

(TC3S13), and 18 (TC3S18) times (see chapter 6) were

culfured for two weeks at 20°C on 50 1 Pablum mixed cereal f

agar‘(Padhye et al. 1973) or potato dextrose aéﬁr,
supplemented with 60 ug/ml peniciliin and 30 ug/nl
streptomycin (PDA-SP) in 200 ‘ml” culture flasks. Conidial
‘suspen51ons were obtained by adding 100 ml of ster1le
distilled water to each culture flask and shakxng for
several 'minutes. Conidial counts vere made uszng ‘an’ 1mproved
Neubauer hemocytometer. Appropr1ate ser1al d1lut1ons were
made 1n Bates medium S (McLintock 1952) to g1ve f1na1
.concentrat1ons of 1 X 10%, 10°¢, 10*, “10°, and on several
‘occ§s1ons, 107 con1d1a/m1. _

Con1d1a1 v1ab1l1ty was determined by spreadxng 0.1 ml
of alx 10‘ conldxa/ml suspen51on onto the surface of
(PDA -SP 1n a standard Petr1 d1sh Followlng 1ncubat1on at
- 25° C for 24 hrs, the numbers of v1ab1e and non-vzable

con1d1a were counted on the plate surface under phase :

e

-«
)

Cow,
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contrast at a magnxfxcation of 200X Conxdla were con51dered '
‘v1able if they swelled to a "barbell" peanut"-shape.

Thas swellxng OCCUES‘JuSt prxor to the formation of‘a germ

tube (see chapter 9) Three replxcates were prepared for

i '
o)

each assay. Counts were made of 5 flelds of view per plate. J¢$‘

. V1ab111t1es were always above 70% and,xn most_cases, over \

Bsy. ‘ o

7 2. 3 Assay Method
Batches of 20 2nd instar larvae were added to EOO ml ofp'
each con1d1al concentrat1pn‘1n 500 ml plastic containers (7 |
'cm'hlgh X ll cm wide; approx 3 cmﬁwater depth). Alpinch of |
- ground up Tetramine fish food was.sprinkledlonto the:surface
of‘each con%ainer for larval food‘and yas subsequently added
as'rezpired.phll containers were covered aith sheets of
glass to minimize evaporation and were kept in incubators at
either 10, 15 20, or 25°C. Aedes aegyptl larvae were kept.
- at a photoperlod of 12/12 whzle Ae. vexans and Cs. Inornata
| were kept at 16/8 (L/D).. sttxlled.water was. added
per1od1cally to ¢ompensate for evaporat1on. Pupae were
7removed da11y and were placed 1nto mu1t1-chambered trays (15
}lml capac1ty/cell) unt1l emergence Adults were\&ept 1n the i
culture tray for at 1east 48 hrs after emergence. Dead - vf;{
;nsects were removed da1ly, stored at 4 C for 24 to 48 h%s |

~and . were then exam1ned mzcroscopxcally for mycos1s (1 e.

"presence of - hyphae 1n the hemocoel) W1th1n 48 hrs of death

"71nfected adults could be eaSzly recogn1sed by naked ey_"

\ . .
u"\‘ e . . . . . ; .

i A . . . &
ot . [ ot o vt



. . ) ) ‘ ' . . ‘ ) (’
the appearance of-a white cottony fungal growth‘on‘cadavers.
Each assay consxsted of 3 replxcates at each of 4 or 5.
concentratxons'and a control A total of 37 bloassays

consxstlng of dlfﬁ/rent mosquxto/temperature combxnatlons

"~ !

re carrled out. . co

i

" Dose and -time- mortality results of each assay were
“subjected to. problt analy51s (probxt mortallty and ld%’dose
or time) (Fxnney 1971) u51ng the computer program of}gns
vInstztute Inc., Cary, N.C. All mortalltxes ‘were adjusted for
control mortalxty usxng Abbott's (1925) formula. -
Time- 1nfectlon mortallty responses werekalso subjected to
probit analy51s (problt infection mortallty‘as percent of
total‘number infected and log time) to obtaln estimated“ R
STso's (survival.time for 50% of”total‘number'infected).
.StatiStiCally significant'differenCes,were;judgedlby
mutually exclus1ve 95% fiducial limits. l“-‘

| Infectzon rate data were analyzed by the one- way
analyszs of variance us1ng angular transformat1on of
proportzons 1nfected and log transformed numbers of
’ ‘l1nd1v1duals infected. These were further analyzed us1ng
“Scheffe s test at the 95% level of 51gn1f1cance (Sokal and
. Rohlf 1959) ”-, SR A fﬂ;f‘ ‘

7 3 RESULTS

. All 3 test mosqu1to spec1es were susceptxble to the o
fungus, Cs.;inornata 1s a new host record. Examples of

tzme-dose-mortallty responses obta:ned for each spec1e3 are :

./;.‘ ,‘?“ . 9




,given‘in Figs: 7 1_7'3 Control mortalities in Ae vexans“
- and‘CS. Inornata were h1gh Aedes aegyptl proved to. be a
better bioassay organ1sm because of lower control
morta11t1es, but control mortalxty was 100% in th1s Spec1es
at 10° C There was generally a d1rect relatxonsh1p between
mdosage‘of‘conxd1a_and mortalxty in the hosthpopulatlon;.'
v,however; there was much‘variability In somelfnstances s
-hxgher mortalxtxes were obtaxned than at the next hxgher’
dose (i.e. see Fxg. 7 2). Eleven of. the 37 bloassays
.performed showed 11near relat1onsh1ps between probxt
ortality at 10 days and log dosev(Table 7. 1) Mortallties
.taken at 20 days ‘were even less amenable to probit analysxs
as 1n‘most of these, mortal;txes of 100% wererbta}ned‘at
\the‘hiéhest concentrations, while at the lowest
-‘concentratzon the mortal1t1es were lower or equal to the.
control morta11ty In such cases,‘there were only two po1nts
on wh1ch to base the dose mortalzty regressxon l1ne. In the
" assays where prob1t analy51s was poss1b1e on 15 and 20 day
‘mortal1ty, the LC;o S. d1d not dxffer s1gn1f1cantly from
'those at. day 10 o |
There were s1gn1f1cant d1fferences in the LTso s
between repllcate assays (Table 7. 2) For. 1nstance, for Ae.

‘ta?gyptl w1th isolate TC3 at 20 C the var1ance compf-'lsed

baqlarge,‘sxgn1f1cant between-assay components (5 99 7 72) and
‘.;small w1thin assay components (0.11, 0 06) (for 10"and 10‘
'ﬂTcon;d1a/m1 respect;vely) thereby, contrlbutlng to the verY

-;fwxde 95% f:duc1a1 11m1ts of the wexghted means. The LT;O s _*‘15
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1ncreased thh a decrease 1n temperature for Ae vexans and .
Cs Inornata, although thxs effect was. not as apparent 1n :

Ae. aegyptf W1th1n each assay the LT,O s were hxgher at 10°*

than_at 10‘ con1d1a/ml except for Ag vexans at 10 C.

Al

many of the assays, control mortal1t1es vere much too hhgh

Y

to y1e1d any mean1ngful LTso est1mates. Thxs mostly occurred
at the iowest temperatures w1th all specxes and at the‘
hzghest temperature w1th Ae vexans (Table 7. 3).

| As 1n the LTso estxmates, there were sxgn1fxcant
dxfferences in the STso estxmates between replxcate assays
(Append1x 2). The ST;O s followed much the same pattern: as‘:
the LTso s w1th 15 of 21 assays hav1ng no s1gn1f1cant |
dlfferences between the two estlmated parameters at- 10
con1d1a/ml The STso s increased thh a decrease in

‘temperature in-all cases ‘at 10’ con1d1a/m1 At 10‘

' con1d1a/m1 the two exceptlons were w1th isolate TC3 and Ae‘.‘
vexans and Ae aegypti w1th no d1fferences between 25 and
20rC ‘The STso s were also hlgher at ‘10° than at 10¢
con1d1a/m1 except for Ae aegyptl with 1solates TC3 at 25 C.”
and TC3$13 at 20 C where no d1fferences were apparent.
| - Tolypocladlum cylindnospOPUm was 1nfect1ous to

L mosqu1toes at all températures tested (Table 7 3)

| Mosqultoes succumbed to the fungus at all developmental

stages tested w1th 90% of the total number 1nfected in all jww

—

‘ assays (n=1584) dy1ng as larvae, 9% as pupae and 1% as

adults.‘For the 6 assays w1th Ae aegyptl and 1solate TC3 atjl“t

20 C there were sxgn1f1cant d1£ferences 1n the mortal1ty
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‘rates of the unxnfected 1nd1v1duals at the d1fferent doses
¢(F1g. 7. 4) The control 103 and 10‘ con1d1a/m1 treatment
un1nfected mortalxtxes were'the same whereas, s1gn1f1cant1y
more 1ndav1duals died w1thout any sxgns of mycos1s Yt 10°
‘.and 10‘ con1d1a/m1 (ng. 7 4) Thxs 1nd1cates that at the 2 <",f
lowest doses all mortalxty over.and above control- mortai;ty
;f can be attrxbuted to mycos1s. However there were no
*51gn1f1cant d1fferences in the proportlons of 1nfected to

.unxnfected 1nd1v1duals between each dose. .

oot
{

7.4 nxscussxon | \"‘” B
D1ff1cult1es were encouneered in bxoassay of T. |
Cyllndﬁosporum due to var1ab111ty in’ the-responsesm the
majorlty of . whzch were not amenable to probxt analysxs.
' Slm1lar results were obta1ned by Soares (1979 1982) In hxs
studxes w1th T. cyllndnosporum against Ae sferrensfs
dLudlow, 4 of 28 assays conducted were amenable to prob1t
analy51s, however, 1n1t1al assays were hampered by poor o
y1e1ds and clump1ng of spores. Of 4 successful assays,‘z :
were heterogenous. At’ certa1n t;mes 1n both of h1s assays
w1th con1d1a, hzgher mortalltxes occurred than at the next
7‘h1gher dose [1 e. hlgher mortal1ty at 5 x 10‘ than at 5 X |
1 :10"con1dia/ml for assay 3 and’ at 5 x 10’ than at 5 x 10‘>V»
“d,conidxa/ml 1n assay 4 (Soares 1979 F;gs. 32 and 33 see ;{
’ Qfalso Soares et al.'1979)] Clearly, the b1oassay method
whﬁ?whereby mosqulto larvae are cont1nuously exposed to g .
”mg;dlfferent concentratxons of T. cylindrosporum 1s 1nadequate




-and needs major improvement. - o : o

7.4.1 Sources of varjatdon | “ S
Differences between-batches of’insects'and pathogen,\as
well as 1naccurac1es in the est1matxon of the dose are .
‘usually the pr1nc1pa1 sources of varxatron vin bloassays
, o .
,(Bucher and Morse 1963 Burges and Thompson 1971) However
these are usually sources of varxatxon ehat occur between

assays. In the present bxoassay of T cylindrosporum; the

“major varxabllzty of response 1s occurr1ng w1th1n assays as :

A

well as between assays. Slnce the assay method reported in

-

‘this paper is sxmllar to the one used successfully for C
clavfspOPus, the dxfflcultles assoc1ated in the. assay of T

Cy]indrosporum w;ll be dlscussed relatlve to the .assay of C.

—

; clavfsporus.f o 3
vWLth C. clavispohus the primary'route of infection‘is

‘through the gut, but at very hlgh concentratlons,.infection'
dan occur through the anal paplllae, however, thls is a
relatlvely rare occurrence (Sweeney 1979) With T
cylfndnosporum the 1nfect10n sxtes are through the external -
cutlcle, pharynx, and mldgut (Soares 1982). however,‘theg “
relatlve 1mportance of each 51te is not known.vIt 1s |
.fconcexvable that the pr1mary s1tes of 1nfect10n may be
,Z,affected by factors such as dose, specxes, and length of

!:exposure. _V'

S1nce the assay system used 1s a closed one, larvae are,ﬁfv“

fcontxnuously exposed to the 1nocu1um. Gardner (1984)

) .1,
R

-
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n? ‘rreported 90% con1d1a1 vxabllxtxes of T cyllndrosponum whxch
hhad been held for 9 monthsrxn dxst1lled water at 25°C.. I"
hm? - - have shown that 1ngested con1d1a of T cylfndrosporum are
still v1ab1e when’ excreted (chapter 9) Therefore, the
effectxve dose w111 vary accord1ng to the length of exposure
. as mosquxtoes are re;ngest;ng the conidia agaxn and again.
yFurthermore, sxnce the 1ngestxon of con1d1a 1s presumably
not contr1but;ng to the nutrltxon of the mosqu1to 1t 1s‘
“-probable that as the conCentratlon-of the con1d1a is
-7 M,'n‘ 1ncreased the larvae at each hlgher concentratlon are put
~ under 1ncrea51ng streSS\as they 1ngest more and more .}
‘non nutr1t1ve matter (1 e.»con1d1a) and thereby become more
susceptlble to myéos1s. In hls bloassays Soaresy(1979(
;1982)‘used autoclaved conidia equ1valent‘to the‘highest
concentration in the‘asaay as wellfas.water with no conidia
as controls,‘hoWever,'he'did not;repOrtfany‘ditferencea in
the mortalitiee between ‘these tno. It'is‘not known if
mOSQu1toes are able to d%gest autoclaved conidia. Beiled
"con1d1a of C clavisporus dia ‘not’ 1nf11ct 31gn1f1cant
//mortalztles in Ae. aegypti and Anopheles hIIII Woodh1ll and
Lee (Panter ard Russell 1984, Sweeney 1983)'
." The b1oassay is further compl1cated s1nce each a;say
:.“cup rapldly becomes a habltat of 1ts own w1th a. d1fferent -
- vljm1crob1al fauna. After a few days it was GOmmon to observe
{;@f{@iif‘dlfferent turb1d1t1es among the assay conta1ners. Such |
“'f;dszerences came about due to random contam1nat1on by

‘”=fﬂ{m1croorganzsms from the a1r and due to’ larval morta11t1es




. o \
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that subsequently affected the amount of food 1n each
contaxner. The abundance,‘nature, and 51ze of part1cu1ate‘

matter 1n turn affect larval 1ngest1on rates (Dadd 1970a,'“;v
b), thereby presumably affectxng the amount of ;noculum

‘1ngested, In addltlon the m1crob1a1 fauna most llkely has a

. effect on the vlab111ty of the conxdla. Consequently, in

f —

this type of closed bloassay system longer exposure times
‘will tend to 1ncrease varlabrlrty between replxcates and,
L&so'S“Of T“éylindrosporum conidia are'approximately‘é
to 8 t1mes greater than those of C clavfsporus (Sweeney,
1983) while LC50 s are greater by factors of 10 to 100"
(Cooper and Sweeney, 1982) Sweeney (1976) found that‘his
 data were highly heterOgenous when 2nd 1nstars were used
;heterogenelty‘was reduced when very‘young lst 1nstar larvae‘
were used"The reduction‘of heterogeneity'was probabiy a-
result of the more unxform phy51olog1cal state of %he
youngertlarvae as well as the1r decreased med1an lethal time

' (Sweeney, 1983) Subsequently, the assay method was further

1mproved by us1ng mortalltles at 4 days rather than at 7

.\\

,days (Cooper and Sweeney, 1982) Dose morta11ty responseSvOf.

'd1fferent 1nstars to con1d1a q{ T. Cyllndﬁosporum have not - ...

‘xbeen studled although P1nnock et al (1973) demonstrated
‘fthat Younger 1nstars were ‘more susceptlble to. blastoconidia. -

»’
]
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-

it should be possxble to develop an

r

) adequate bloassay by decreasxng sources of variability.

Posszble ways to accompllsh thxs would be to; 1) use very
young larvae in otder‘to decrease variability among them 2)
inoculate each asSay‘COAtaiﬁer with a standard suspension of
bacterxa 1n an/} attempt to standardlze the microbial fauna 3)

expose larvae to the 1noculum for a llmlted txme in order to

1

standardxze the dose as was done in the bioassay of Nosema

~

(Jaronsk1 1979) and 4) 1ntrease ‘the number of doses so that
) ¢

the mortalxtxes are evenly dxstrxbuted around the LCg,'s.:

Even though the assay methog.was unsuccessful as_ far as

studying the relative potency of T. cyl fndrosporum, much

usefuz\ﬁnformation was gained. In the assays that were
Pl

'\(‘1
aﬂénable to probit analysxs, the estlmate%'Fﬂgxan lethal

-

-

conceﬂ!ratxons and times were 51m11at to thé@e reported for
Ae sfennenSIs (Soares 1982 Soares and Pxnnock 1984).
M1crob1al control agents of mosquitoes wlth long LT;O s are
- deemed- benef1c1al as it allows for intraspecific competltlon
p;essure to act on the un1nfected 1nd1v1duals (Barr 1985).
However, in I cyllndnosporum it is not known if the
relative;y_kong“LTso is a result of a slow infection rate or

due to infections being acquired at- a ldter date.

P !
. Q
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7.4.3 Host death and fungal cqloni?aton of hemocoel

At the lower doses, mortality rate of uninfected
indivianIS'was the“same as for the contrbl. At higher doses
many more larvae died without fungal colonization of the.
hemocoel. 1t appears the increase in dosage of conidia has a
detrimental affect on mosquito viability without fungal '
invagion of the hemocoel. Since dead larvae were removed
daily, it is possible that those larvae exhibiting mycosis
were the ones th&t had died shortly after the last A.“w/l
collection while those not exhibiting mycosis had dié&
shortly before removal.- This would imply that death usually
occurs before invasion of the hemocoel; hogever, Soares
(1982) noted thatQinfected larvae generally did not die.
until hyphae packed a major portion of the body. In his
{nfection studies with T. Cyllndﬁosborum; all mor;bund 3rd
and 4th instars of Culex tarsalis Cogquillett and Ae.
sierrensi$ that he examined were infected, often quite’
extensively.:lt is,unlikely that in the present study such
mycoses were overlooked.‘On the o;her hand, it is possible
that the mode of pathogenesis variés among different species
of mosquito.‘ "

The preééncé of ungerminated conidia in the guﬁs of
*,.mOsquitoeé has been reported to be dgtrimentall(Batchinsky

‘1927, Panter and Russell 1984t'Roberts 1570). In C.

clavisporus death occurs within hours of ingestion of large

quantities of conidia '(Panter ,and Russel 1984). It was

épeculateé that death was'thg result of re}ease of toxinﬁgby
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germiﬁ%ting conidia. In the present study, however, deaths
with no invasion of the hemocoel occurred throughout the
exposure period. Furthermore, since there were no \
differenCes in the proportions of dead immatures with and
thhout mycosis between the different doses (Fig. 7.4), this

phenomenon was occurrlng at the same- rate at all doses.

7.4.4 Summafy

It can generally be concluded that T. cylindrosporum is
a relatively slow acting mosquito pathogen of low Q}rulence
which requires massive doses to elicit a’'response. Attempts
to\fufther evaluate T. cylfndPOSpOPum as a microbial control
agent of moséuitoes are presently hampered by'the lack of an.
adequate bioassay method. A begter undenstanding of the

host-pathogen relationships is needed.
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Figure 7.1. Cumulative‘mértality'of Aedes éegypti exposed to,

~§aryihg‘coﬁcentrations of Tolypocladium

ny]indPOSpOPum‘conidié at‘ZOfC{ Sixty'an\inétar

larvae were exposed at each concentration to isolate
TC3 {assay # 18).
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Eigufa 7.2, Cumulatlve mortallty of Culiseta fnornata
’exposed to varylng concentratzons of Tolypocladlum

N cyllndrosporum conldla at. 20 C. Sixty 2nd instar

larvae were exposed at each concent*at1on to 1solate e

o

TC3‘(assay # 10).
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J Figure 7.3. Cumulative mortality of Aedes vexans exposed to.
¢ o ‘

varying concentrations of Tolypocladium
"ot

cy!Indrosporum Coﬂidfa at 20°C. Sixty 2nd instar s _
larvae were exposed at each concentration to isolaté

' TC3 (assay # 18). ' ' ,
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Figure 7.4. Mortality of Aedes aegypti exposed to conidialof
Tolypoclédlum‘cylfndnosporum at.20°c in relation. to
stage,-infection‘diagnosis,'and dose. Data pooled
groﬁ 6 assaYs of 60 1arvae/dosg/as§ay|with isolate

ers above columns refer to mean proportion

ead with diagnosed mycosis (%). There were
no significa erences between these means (F=

0.86; p= 0.48). Letters within columns refer to

4 -
-~

significant differehcgs between the mean mortalities
of Z?infected imﬁatures (F=h5.5{ p= <0.003) as

deté&rmined by Scheffé's test at the 95% level of

. . A
significance. i.a. = infected adults, i.p. =
_infected pupae, i1, = infected larvae, u.p. =

. ) - - .
uninfected pupae, u.1l.' = uninfected larvae. .

-~
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8. Preliﬁinery field trials with the entomopathogenic
hyphomycete Tolypocladlum cylfndrosporum agaxnst mosquxtoes'

1n central Alberta

8.1 INTRODUCTION

Tolypocladlum cyl Indrosporum Gams:is‘a cahdidate es a
microbial control agent of-mOSQUitoeSt It causes epizootics
in\lerval mosquito populations—in New Zealand (Weiserhand
Pillai 1981l ano California (Sanders:? 1972, Sogres ef‘al.
1979). To date all specles-of mosquitoesuchallenged with T.
cylfndrosporum have been susceptlble (Gardner: 1984 Pinnock’
et al. 1973, Soares 1979 Soares et al. 1985, We1ser and
 pillai 1981 Yu’ et al.. 1980, also see chapter 7); they
1nclude 10 spec1es in the genus Aedes, 6 1n Culex, 2 1n
Cul Iseta, and 1 each in Anopheles, Maorigoeldfa, and Oplfex.

Introduct1on.of‘blastocon1d1a (also‘referred to as.
f"blastospores" or ""hyphal bodies") of T. CylindﬁospOPUM‘into
_tree holes in Cal1forn1a resulted in reduct1ons of up to 71%
- 1n the emergence of Aedes sienrens!s (Ludlow) (Plnnock et
‘al;<1973) Introductlon of con1é&a into crab holes in F1]1’
resulted 1n reductlons of 87% of 1mmature Ae. polynesfensis ‘

‘Marks (Gardner et al. . 1986) but appllcat1ons of

’ﬁ{blasto¢on1d1a to ground pools in New Zealand were not as

. YA version of thxs chapter has been submltted for .

- spublication. M.S. Goettel J. Amer:can Mosquzto Control
- Association.
- ¥lpitially descrlbed as Beauveria tenella but later

" confirmed as T. cylindrosporum. (Soares et- g - 1979).

.- 3Initially described as Cul icihomyces sp. but later .
._Vconfirmed as T cylindrosponum (J S.anlla1, pers. comm, )

ST %
115 -
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successful (Gardner‘and Pillai 1986)‘
| Thxs paper reports on fxeld applzcatxons of T

\

Cyllndrosponum con1d1a and blastocon1d1a to semxpermanent .
- and temporary ground pools in central Alberta conducted ‘to
further evaluate thls fungus as a mxcrob;al control agent of ’

mosquxtoes.

8.2 MATERIALS AND METHODS -

T

8.2.1 Inodulum Preparation, VStorage, and Application l‘}v

A Callforn1an 1solate of T. cyllndrosporum, INRA 3
(Instxtute National Recherche ‘Agronomique, La. M1n1ere,
| France)= UAMH 4561 (University of Alberta Microfungus
| Collection and Herbarium) was -used. Blastoconidia wereu
produced by 1noculat1ng 500 ml of Sabourauds dextrose broth'
~in 1 1 Nalgenes flasks with 1 ml of a 1 % 10 conidia/ml
.suspen51on. The cultures were incubated at 20°C and agltated
at approx1mate1y 170 osc1llat1ons/m1n on a Burrell wrxst
actlon shaker . "for 4 - 5 days. Yxelds were byplcally 1n the
‘order of 107 blastocon1d1a/m1 | ' |

For trlals 1 through 5,,con1d1a were produced on the

surface of Pablum mixed cereal agar (Padhye et al.,1973) 1n l

zrlarge Petr1 dxshes (14 cm diam) or in: t1n trays (36 X 26 x 4 .

. cm). These were 1noculated ‘with a con1d1a1 suspensxon and

were 1ncubated at 20° C for ‘2 weeks. Conld1a were harvested
by washlng ‘of £ thh sterile d1st111ed water. These were then

:applzed in the f1e1d w1th1n 4 hours of harvest._ ]?
) : S , Croe




1l8

' For tr1al 6,‘con1d1a were produced on cellophane-‘
“surfaCe and a wheat bran med1um accord1ng to the method
outlxned -in chapter 4. The cellophane, w1th adher1ng fungal .
mat, was rolled up, placed 1n plastlc bags,‘and frozen at |
-20° C for later use. Conidia were stockpxled over an ‘11
month per1od usxng approxlmately 24 pans 1n contxnuous‘
culture.‘ , ' |

For field appl1catxon, the con1d1a wh1ch had been‘
frozen on the cellophane surface were thawed scraped and
then washedlotf The resultant pulp was homogen1zed 1n a |
| blender‘for approx1mately 5 min. The 262 pans yxelded ‘18 1
| of a 9 X 10’ con1d1a/ml suspens:on wh1ch was the equ1valent¥h
of approxxmately 1 kg dry weight of conidia. Prlor to field -
app11catlon, samples of- the 1noculum were tested for
v1ab11ty and bxoassayed (see chapter_?)'. Viability was -
' always above 80%. | | '

The fungus was applled as a coarse spray to grassy
roadside ditches on s1x separate OCCas1ons (Table 8. 1) us1ng
- a-201 capacxty back pack sprayer equ1pped w1th a hand pump
Because of d1££1cult1es 1n culturlng adequate amounts of: |
1nocu1um, pre11m1nary,tr1als con51sted of appl1cat10ns to
port1ons of pools. Trzals 1, 2, and 4 cons1sted of
‘applxcat1ons to dlfferent portxons of sem1permanent pools
(25 x 50 m for: tr1als 1 .and. 4; 25 x 2 m for tr1a1 2) Trxalsl‘w
3 and 5 cons1sted of appllcations to dszerent portzons of a ?

'The assay numbers xn/ch ptet/7 corre pond1ng ‘to. thd f:eld .

 trials are as follows: assay/O? ield Erial-4 and ‘assay-

/ 18 for- trial ‘6. The: ‘assay for. tr1a1 ry was omitted. d?e to o
very hxgh morta11t1es at: all concentratxons on\day
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temporary pool (30 x- 50’ m) Trial‘s consisted of application‘

to the entlre pool

8.2:2 Larval_monltoring and diagnosis.

'Approkimately 17fpools and ponds 4 km NW of Devon,
Alberta,(114f47'w, 53°23fN) were contxnuously monitored over
a three year pgriod as part of a study~to evaluate the .
I1nc1dence of naturally occurrxng mosquxto pathogens 1n"‘
central Alberta. Some of . these study pools were also used to'
evaluate fleld appllcatlons of T. cyllndPOSpOPum. o

The pools were monitored from m1d April’ unt1l the end

of October Tenhto 30vsamples were taken from each pool on a
weekly basis using a 350aml capacity'dipper. Sampliné'was
1ncreased to every 2 to 4 days followlng appl1cat10n of the
'fungus. During each field tr1p, pool parameters such as
| water temperature, pH, and conduct1v§ty were mon1tored
F1eld collected 1mmatures (1 e. larvae and pupae) were
h brough% back to the laboratory, counted and placed 1nto
Bates medlum S (McLintock 1952) 1n trays or 500 ml plastlc ‘
contalners They were reared at 20 C unt11 emergence or . e
.death.,Adults were held for at least 48 hrs post emergence"
| and were then 1dent1f1ed u51ng the key of WOod et al.

'(1979) Dead larvae were removed da1ly, 1dent1£ied us1ng thei
éisame key, and then exam1ned mxcroscop1cally as whole wet.ffph

l~fmounts for myc051s (1 e. presence of mycella 1n the f‘\}jf,

‘1”rfhemocoel) At txmes, dead 1mmatures were stored at 4°C for

‘31324 -'48 hrs przor to examznatlon. lﬂnglhhl‘f"lﬁy.”f:y;'ﬂhﬂi'?
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~ In 1982, ‘10 sentinel‘cagesfwere‘placed into the water
»thmmed1ately after fungus appl1cat10n. Ten to 25 larvae that
had been collected prlor to treatment were then placed 1nto‘
" each cage. vae cages were also placed in a control pool
The‘sent1nel cageS‘were constructed from 1-1 plastic tubs
."(10 cm d1am x .13 cm. depth) These had 4h3-cm diam holes'cut
7at equal dxstances 1n the side and 1 6. 5 cm d1am hole each |
in the l1d and bottom. All holes were screened w1th a nylon
Ymesh (13 holes/cm) The cages were floated with’ Styrofoamewl
so that 8 5 cm of the cage was left submerged |
Sentxnel cages were exam1ned durxng each VlSlt to the
'pools. The number of mosqu1toes present was recorded and any
ﬁ dead 1mmatures were brought back to the laboratory where
- they were examlned m1croscop1cally as . whole wet mounts for.
'Imyc051s. Pupae and mlss1ng larvae were replaced w1th freshly
collected larvae from a control pool - .
‘ Durlng the summer of 1982, all 1nd1v1duals with T.

hbcyllndPOSpOPum mycos1s were bathed 1n a 50 ug/ml sterlle

olut1on of chloromycetln for 5 - 10 mlnutes and then placed

‘1n Petr1 dlshes conta1n1ng potato dextrose agar supplemented‘ B

‘s3;w1th 60 ug/ml pen1c1ll1n and 30 ug/ml streptomyc1n. These

{”were 1ncubated for 2 weeks at 20°C after wh1ch they were

‘fexam1ned for the characterlst1c whzte cottony growth of T

‘cylindnosporum. To verlfy the 1dent1ty of the fungus, sllde’“l

e:f;cultures were prepared for each f1e1d 1solat1on As

ﬁtgfdxagnostxc exper1ence was ga1ned th1s procedure "as R

\;5ﬁdzscont1nued after the f;rst year. w,ff R
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8. 2 3 Infectxon rate estxmates

Because large numbers of mosquxtoes were unaccounted |

R

[

Leo121

for wh1le reared under laboratory cond1t1ons[ two methods'of'

:estxmatlng 1nfect1on rates of f1eld collected mosquxtoes
bwere used (see also .chapter 2) Lo

(1) M1n1mum estlmated rate of 1nfectxon- number‘w
1nfected/total collected X 100 R I
‘In this calculatlon, 1t is assumed that none of the mxssxng
‘1mmatures were 1nfected and therefore the absolute minlmum
‘1nfect1on rate p0551ble is est1mated

(2) Max:mum estlmated rate of 1nfect1on= estxmated '

number 1nfected/total colﬁﬁpted x 100,

The‘estlmatedbnumber‘1nfectedrwas‘determined by,multiplyingfﬁ

‘dthe\proportiondof'accounted dead immatures with infection
‘t1mes the total number collected less the number of adults
‘emerged In thls calculat1on it 1s assumed that the same‘

,proportlon of m1551ng 1mmatures were 1nfected as- those that

»

were accounted for. Th1s calculat1on also takes 1nto account

the number of adults emergxng | ‘ |
Where poss1ble,vthe results of the £1e1d data were:

‘[fsubjected to statlst1ca1 analys1s. Tlme 1n£ectzon mortalxty
l'responses were subjected to probxt analysxs (prob1t !
ﬁ/ 1nfect1on mortal1ty as percent of total number 1nfected and
‘ log«tlme) (Flnney 1971) u51ng the computer program of SAS
";Institute.Inc., Cary N. C., to obtaxn estzmated ST;o s B
5Jg(surv1va1 t1me for 50% of total number 1nfected) -

-

'7v}Stat1st1cally 51gn1f1cant d1fferences were JudQed by




122

Ihmutuallyleielusfve 95%'fiducialﬁ1fm;ts.Infection rate data
‘;were‘analyaed by therne-vay analysis‘of‘variance usiné-
‘angular transformatxon of proportxons 1nfected and log
‘ transformed numbers of 1nd1v1duals 1nfected These were h
further analyzed usxng Scheffe '8 test at the 95% level of
51gn1frcance (Sokal & Rohlf '"1969). Oﬁiy the results of dxpl
‘ samples where the number of zmmatures were 25 or greater, ‘
were used for stat1st1ca1 analy51s (1n tr1a£’6 n=12 for day ;i
I>H3);11 for’ day 5, and 10 for day 8). In. trlal 6 only 4.
- samples werexlaken twelve days post appllcat1on, therefore,'
the results of th1s collectlon vere excluded from

‘stat15t1cal analyses.

! 8.3 RESULTS AND DISCUSSION

\ ‘8 3.1 Mosquxtb prevalence and composxtxon

‘In 1982 the pools in whxch trlals 1 2 and 4 were

.‘carrz d out conta1ned larvae from éhe frrst day of

| ‘-orlng (15 June) untzl 6 Oct. In 1983 larvae were‘d -
,y_present from 5 May unt1l 22 Sept. In 1984‘ larvae were $":v.Zy/
"inpresent only between 12 June and 10 July, thereafter, the {fr
'qlpools dr1ed up. ’lf | “‘ " | R IR
B The pool 1n whzch trlals 3 5 and 6 were carrled out
"jwas colonlzed by snov melt Aedes in the early spr1ng

Ve '. ! “‘ A \
nﬂ_(Apr1l'May) of all three years. Subsequently, large numbers

-;%ffofymegivexans (Mezgen) hatched after heavy razns 1n early to

e

VL;;mzd—summer. In 1982 thxs occurred 1n the fltst Week Of JUlY-‘
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Subsequently, the. pool was recolonlzed by Cullseta Inornata

(W1ll1ston) and Culex terrftans Walker in early August untxl .

drylng late‘that month In 1983 the _pool was’ flooded in the

| third week of June and the pool became colonlzed by Ae.

'vexans unt11 m1d July Thereafter ‘the . pool remaxned wlthout,

.mosqu1toes untL;,drylng in the fxrst week of August.

In 1984 the pool was flooded between 9 and 6 days prxor

[

to treatment A large hatch of Ae vexans resulted A second ’

\.raznfall two days prlor to treatment produced a second
dsmaller hatch. At tbe tlme oi treatment the mean. ‘water, depth
“was 10 cm and. it rapxdly decreased SO - that by day 15, the
pool was' vxrtually dry | | ”
. \

\8 3.2 Control ‘estimates using mosquxto densxt1es '

| Tolypocladfum cyllndrosponum con1d1a are very slow
actlng w1th LTso s of 3 - 14 days (Soares and Plnnock 1984
ralso see chapter 7) Although long LTso S, are deemed a
‘,benef1c1al attrlbute of potent1al m1crob1al control agents
of mosqu1toes (Barr 1985Y such pathogens pose unlque"vr
cyproblems in' the1r f1e1d evaluatlon. In the present study; )

;the effxcacy of T cylindﬂosponum could.not be. determ1ned

L""

“:pbased on comparlsons of mosquxto dens1t1es 1n treatment and’

ffcontrol pools due to fluqtuat1ng mosqu1to dens1t1es, water

":volumes,band uneven maturatzon rates. Deta11ed results of

L larval dens1t1es are therefore not presented ~th’ﬁ:fﬂ

Slm1lar d1f£1cult1es were experxenced by Gardner and .

\fP111a1 (1986) 1n fxeld evaluatxons of T cyllndnosporum in d ;

. ; R

]



New Zealand and by Sweeney (1982) with Culfcfnomyces

clavlsporus Couch, Romney and Rao in Austral1a..Sweeney '

(1982) experienced such large var1ab111ty in mosqu1to

den31t1es even between mosquxto populat1ons in 1dent1cal

‘:artxf1c1al ponds started sxmultaneously that he . concluded

!

"there would be l1ttle value 1n des1gnat1ng control sxtes

for future fxeld tests.

efB 3.3 Control est1mates usxng sentxnal cagesj‘

Dxffxcultles arose w1th the use of sent1ne1 cages.“'

1

~‘These often became rapxdly 1nvaded by dense mats of algae'

(’.\

‘and, at t1mes, predators such as flatworms were also féund -

1n them. Also, the cages were somet1mes 1nvaded by flrst

1nstar larvae as . the mesh size was not small enough to

.exclude them.‘

Morta11t1es in control and treatment sentlnel cages

« were sxmxlar. In tr1al 3, however, 2 days post appllcatlon,

the treatment cages as compared to the control.(30%

—

‘~jreduct1on corrected by Abbott s (1925) formula for control
flvfmortalxty) (F=9 81 p=0 0079). Subsequently, there were no’

fdlfferences in the mortallty rates between cages 1n control

[

: The use of”s l cages demonstrated that the

”oﬂ;applxcatlon of T. cylfndrosponum blastocon1d1a resulted in.
Nw:flnfect1ons and mortallty Of m°59“1t°es in the f1eld Dead

”f{ﬁxnfected larvae were found 1n sent1ne1 cages OHIY 1" tr1a1 3
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'there was a szgn1f1cant reductlon 1n the number of larvae in -

.Z“and treatment pools.“;gw“f,!w: fvls"“‘hﬂ.fj - .‘ P.;':fmﬂnéhmu
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és"f'onév;s: 2 day"s"po.St application 2 ‘deAd'larvae (1% of.
Emosqu1toes accounted for in all traps) 4 days,‘1 dead larva
I‘(O.S%);.S‘days, 10 dead larvae (S%) (w1th 9 larvae found
‘infected.ln a 81ngle‘cage) and‘10 days 1 dead larva (1%)
'Subsequently, no 1nfected larvae were found for the 26 days

’that the cages remalned in operat1on.‘

8. 3 4 Control estxmates usxng fxeld—collected larvae
Because of hlgh mortalxtles under laboratory condxtzons;
in both treatment and control pool collected mosqu1toes
‘control est1mates could not be made us1ng these parameters. V“
Also many 1mmatures went mlsszng whlle held in the
‘dlaboratory.,In collectlons where 1nfectxons of T

Cylfndrosponum were noted, up to 66% of immatures collectedi‘:

“-were unaccounted for from the txme of collﬁctlon to the t ime

‘vthe last 1nd1v1dual elther d1ed or emerged as an adult

”ﬁ(mean+s E. 33t4 7 —18}’ Slmllar rates of unaccounted

s o

-

'1mmatures were occurrlng in the collect1ons from the control'“
‘pools (max 56%, meanis. E 33:6 1, 'n= 10) Presumably this was:
largely a’ result of cannxbalrsm and rap1d decomp051t1on ofu

¢

“dead 1mmatures heLd 1n the laboratory L \"”hfltﬁ

\3 ?8 3 5 Inc1dence of myc051s 1n fzeld-collected 1mmatures

W

Much 1nformat1on was-ga1ned by exam1n1ng all dead

'”1nd1v1duals m1croscop1cally for mycos1s. App11cat1ons of

>fhe1ther blastoconxdza or con1d1a under fleld cond1tlons

*resulted 1n 1nfect1ons of 5 spec1es of mosqultoes ";

Cof
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subsequently reared under laboratory cond1t10ns* Cx.

territans and Cu mfnnesotae Barr are new host records. Of

‘the 937 mosquitoes dxagnosed with mygos1s, 0.1% were 2nd

instars,,AQ% were‘3Q‘" 80% were 4th, 10% were pupae and 0.2%

‘ were adults. Slmxlar rates of 1nfect10n at each stage were

occurrxng when 2nd xnstar larvae were exposed to conldla in
the laboratory (see chapter 7). \“’4

In trials 1 to 5, infections.occurred in collections up
to 29 days post applrcation (Table 8.2): No infections were

detected in the monitored pools during subsequent years:

Estimated maximum infection rates for any collection date
' ‘ A

" ranged from 0 to 33% for blastoconidia and 0 to 28% for

conidia. Since;applications of the fungus in these trials
were made to portlons of pools, it is felt that these
estimates are conservat1ve because of probable immigration
gnd emmxgratxon of larvae from the spray zone area;

. In ‘trial 6, maximum infection rates forvany collection

‘e

date ranged from 17 to 50% There were no significant
|

dszgrences in the maximum and minimum estimated ﬂates of

. infection between the collections of 3, 5, and, '8 days post

application (F-O 38, p=0.69; F=1'1§ - p=0.32, respectlvely)

‘However, xhere vere s1gn1£1cant dlfferences in the numbers

L4

of accounted“mosqultoes that died in the laboratory (F=3.9,

p-0.03=) (meantS.E. on day 3=9319.0; day“5=az:1z.5~and,day
8-65:15 5%) with sxgn;fxcantly less mortal1ty on day 8 than
day 3. On day 12, B86% (n-468) of ‘the accounted mosquitoes

R

digd,1n the 1aboratory.
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In laboratory bioassaxs, I demonstrated that 1arge
numbers of immatures died after ekposure to conidia of T.
qulfndPospOPum, but~without fungal eoloniiation of the
hemocoel  between 6 ana‘79% of dead immatures were foundl
with infection at Qarious doses (chapter 7). In the present
study, between 20 and 54% of the dead mosquxtoes dxed in the
laboratory with mycosis; there were no srgnlfxcant
differences in these proportions between the collectibns’of
day 3, 5, and, 8 (day 3=29425.3%; day 5=20%4.6; and day
| 8=24t7 7) (F=0.62; p=0'54) On day 12, the rate was SS%
(n=419 in one dip) for tr1al 6 and 28.215.12 (n=84) for
trial 5. Based on the laboratory findings, it can be aAssumed
that in the: present study( immatures also died as a result
of exposure to T. cylfndrésporum but w;thout fungal
‘colonization of the hemocoel.uTherefope, the estimated
infection rates in the field—collecteé ﬁosquitoes are

probably only a portion of the total mortality that could be

.attributed to the fungus.

8.3. 6 przootxology
Natural epizootics of T. Cyllndrosporum have been‘ | .
reporQEd to occur in mosqu1toes only at relat1vely low o
temperatures, Weiser and P111a1)(1981) obseryedAthe fungqus
in Ae. ‘austral is (Erichson) in supralittoral poois on the
coast of Otago, New Zealand in the same pool every year in
»July and August." At that t1me of year, pool temper&tures

.are between 5 and 10°C (gerdner,1984). In California,

LoTeTE

~
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epizootics were reported in larvae of Ae. slerrensfs4
breeding in tree holes between March and April when the
water temperatures are 11 - 13°C (Soares 1979). Although v -
epizootics resulting ih up to 91% mortality have been
reported (Sanders 1972), the epizootiology remains unclear
as infect{ons were diagnosed only“after holding larvae in
~ the laboratory. Weiser‘and Pillai (1981) reported "samples
of populatlon brought' to the laboratory wxll develop the
"samples brought back to the laboratory in ‘early March‘and
incubated at 18 - 20°C often showed mortality due to this

. W

fungus in excess of 70%." In fleld studies in Néw Zealand,
Gardner ‘and Pillai (1986) were unable ‘to detect larval :
mortality fh'the field‘after application of T. o

, cylfndpospbrym(blastoconidla against larvae of Ae.
subalbirostris Klein and Marks at‘water temperatdres of 4 to
10°C or against larvae of Ae. auétﬁalfs at water

u‘temperatures of 16 to 20°C. However, samples of larvae
brought back to the laboratory and kept at 15° C or placed on

.

‘uSabourauds agar platescatﬂzs c developed growth of . T

cylindrosporum.
| Although there have been no reports of T

W

”cyllndnosporum ep{footxcs (i.e. large numbers of dead

1nfected mosquxtoes) occurrzng dlrectly in the f1eld one o

‘cannot conclude that eplzootxcs do not qccur. For 1nstance
f"w o very few dead larvae were collected followzng applzcatlon of‘

C clavisporus in Australla even though reductions of larval

£
§

e
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numbers.in the‘order of 80 - 100%'were recorded (Sweeneyvet
_al. 1983). It was speculated that hahy of the dead specimens

- sank to the bot tom ahd were. not recovered by the dipper. In (7 
the preseht studyrinfections-vere detected ih‘the tield oniy
foliowing eppiication of bléstoconidja; ih trial 3, two‘ |
‘laryee were foond infected 4 days post application.
Infectione were elso detected in sentinei cages.

&, lIndications are that infections‘did-not ooeur in'the
field following application of conidia; infections were
‘detected o%ly after Holding the larvee for_2 ; 24 déys under
laboratory conditions:(Teble 8.2). Further evidence of this
can be found‘in the median survival times of the infected
vlarvae (Tahle 8. 3). Although“there were‘statist{calf§
s1gh1f1cant dlfferences in the STso S between the d1fferent
gollect;on dates (Table 8.3), 1nd1cat1ng that the 1nfect1on
had progressed to a certain degree in the field, (i.e. in
trial 6, day 12), these ditferences are probably
'insiénificant'sinoe these STJo;s,are within the'same rahge
as those of 2nd instar }arVae exposed to conidia under;
lahorEtory'conditiohs (Appehdix 2). : ' g

,Ih the present study, water temperatures were low (10'-
22°C). Med1an lethal tzmes for conid1a at- these temperaturge
are 1n the order of 10 to .22 days (Soares and Pinnock 1984
.also SEe chapter 7) These low temperatures mayvbe
respon51b1e for the lack of 1nfect1on mortalzty in the; »
- field. Once larvae were brought back to the laboratory and

4

1placed at 20 C the 1nfect1on process was 1n1t1ated.-
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For_blastoéonidia, LT.;'s are'hetween 1 and 5 days for
Aé. slerrensis at/temperatures encountered‘(soares‘and
Pinnock 19845; however, “in the present study,‘larvae
collected'28 and 29 days post appllcation.of blastoconidia

oeumbed—te—the fungus after"being held in the laboratory

for up to 12 days. It is h1ghly unllkely that blastoconxdza

survived for- up to 29 days under field condltxons for 1t is.

. generally believed that they are short- lxved (Ferron 1981,

Roberts and Humber 1981). Soares and Pinnock (1984) observed

_that blastoconidia germinated and produced.conidia after _

prolonged 1ncubatlon at 25 C. It 1s p0551ble that this also

occurred in the present field tr1als. This would explaln theg

length of pers1stence in. the fleld as’ well as the t1me ‘that

oy —_—

it took for 1arvae to 'succumb in the laboratory, sirte

- conidia are slower actingt It is also possible that the

larvae became infected much earlier in the field, but these

‘ infectibnS'remained latent until the-larvae were brought

"‘uunder laboratory cond1txons.

Laboratory stud1es ‘have. shown that relat1vely h1gh f[

dosages of T. cylindﬁosponum are requ1red to el1c1t a

"response in mosquxtoes (Plnnock et al 1973 Soares 1982

Valso see chapter 7). It is. h1gh1y unl1kely that such high

——————deses would occur 1n the field under natural condztxons.

-

‘.

“ 71f‘lxqu1d broth culture.

fISporulatlon on mosqu1toes occurs only on float1ng cadavers
‘ and only conzdia are produced (Soares 1982) Blastocon1d1a

“n,‘fare only produced in- the hemolymph of 1nfected larvae or in -
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Present ev1dence suggests that very few larvae
succumbed to the fungus under fxeld cond1t1ons even after
applxcatlon‘of mass1ye doses. S1nce‘T.,cyllndFospOPum is a
| common soil inhabitant (Bissett 1983), conidia may be washed .
" into pools after'heavy'rains anddthen‘ingested by -
mosquitoes, Laruae containing these conidia in the gut and
subjected to stress such as low temperature or transfer to
laboratory condltlons may then succumb to the fungus. In the
present study, fleld collected larvae placed under
laboratory cond1tlons suffered considerable stress as
evidenced by the high mortality rates in the controls:
Presumahly, larvae in other studies also suffered the same
type of stress{> | |
Even it mosquitoes succumb to T ¢yl Indrosporum only as

a result of stress, this should not preclude its potential
as a m1crob1al control agent ‘With proper man1pulat1on of ,
stress factors, it might be possible to uselmicroorganisms
that are not normally hlghly pathogenlc for pest »
control(Ste1nhaus 1960) Thorough understand1ng of the
fungus host relat10nsh1ps 1s requ1red 1n order to further

evaluate T cylindrosporum as a mlcrobzal control agent of

' mosqultoes. e
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Table. 8. 3 Probxt ana1y51s of txme 1n£ectxon mortalxty 3
responses of mosquitoes exposed to conidia of Tolypoclad fum
¢yl indrosporum under field conditions and subsequently
reared 1n the laboratory at 20°C ‘

" Field Collectlon-, STso? 95% Limits® - Range*
‘trial time' S e .
mBe 2 9.2 8.7-9.8 S 5-19
e 3" 5.3 5.1-5.5 3-16
‘ 5 6.6 . ©.6.2-7.0 . ar24
8. 6.3 5.8-6.8 2-19
12 . 4f3 . 4.2-4.5 . 2-9

" Probit analysis of cumulative da11y infection .

mortality as percent of total number infected

-afd. log time.

Infection mortal1ty~ # 1nd1V1duals thh dlagnosed

mycosis.

'Days post” appl1cat10n. ‘
*STso=Survival time for 50% of total number 1nfected.‘
*Fiducial Limits. " : -
‘Range between. flrst and last 1nfect1on mortalxty in days.,

SRREURS



‘9. Pathogenesxs of the hyphomycete Tolypocladfum v
| cyllndrosponum in the mosquxto Aedes aegypti |

9 1 I NTRODUCT 1 ON |
'Tolypocladlum cyllndrosporum Gams is currently bexng
;nvestxgated as a potent1a1 m1crob1al control agent of
mosqu1toes. The effects of, pH, temperature, and sa11n1ty on
‘T cyllndﬁosporum germxnat1on and growth are well documented
(Soares and Pinnock 1984, Gardner and P111a1 1986a) but
! con1d1a1 germ1nat1on and 1n1t1al ram1f1cat1on of hyphae:have“f
not been prevxously descrxbed Tolypocladlum cylfndrosporum
causes eplzoot1cs in, larval mosqulto populat1ons 1n New
wZealand (We1ser and P1lla1 1981) and Ca11£orn1a (Sanders'
‘1972 SOares et al‘ 1979), although mas$s appl;catrons of
”fcon1d1a failed to. 1nduce eprzootlcs in fxeld populat1ons of
mosqultoes 1n ‘New Zealand (Gardner and P1lla1 1986b) and in
Alberta (chapter 8) | |
| Larvae can. become 1nfected‘v1a the exocutlcle, pharynx
\“or m1dgut (Soares 1982), honever, the 1mportance of each (‘

“751te 1n pathogenes1s was not prevzously studled Also many

‘larvae d1e wzthout fungal colon1zat1on of the hemocoel when

\ ©

-(exposed to hlgh concentratxons of con1d1a (chapter 7) .
huPrevzously, yhe pathogene51s of T cyllndnosporum 1n these‘
d‘ﬁlarvae ‘was not known Furthermore, bloassays whereby larvae,

lffﬁyere contznuously exposed to dlfferent concentrat1ons of T

TV@cylindrosporum con1d1a proved hxghly varxable (Soares 1982 °£h;

‘‘‘‘‘

‘7731In1trallyddescr1bed as BEaUVEPIa tenella but later ~.f

::f"i'-"°°°flrmed at 7. 4 indrosporum (Soares et. al. 1979).-; R
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Chapter 7). Clearly, a better understahding of the
pathogenxc processes of T. cyllndrosporum in mosquxtoes is

needed before 'this fungus can be con51dered further as a

potentxal mxcroblal control agent of mosquxtoes.

In the present study a series of exper;ments were
carrxed out to determxne the pathogenesls of T. - e
cyllndrosporum in larvae of Aedes aegypti (L.). Hosr death‘
~in relat;on to larval feedzng, moltxng, and fungal .
colon1zat10n of the hemocoel the prlnc1ple sxtes of

1nfect10n, and vxablllty oﬁ gut passaged conldxa, were

determlned. In addrtan, observatxons were made on conmdlal

. éermination ”fungal.growth and sporulat1on on surface or in

' <

- .

submerged culture usxng scannxng electron and lxght

.

mxcroscopy. o : N

9.2 MATERIALS AND METHODS =~ . . " . |

»
9 2. 1 Mosquzto colony : -
/
A Flor1da stra1n of Aedes aegyptl was obtalned from the

Insects Affect1ng Man and Anxmals Research Laboratory,-
R

Galnesvxlle, Florlda."

e

'9 2 2 Inoculum preparatxon

A Callforn1an ‘isolate of . cylfndrosponum [TC4=INRA 4
(Inst1tute Nat1ona1 Recherche Agronomlque,vLa M1n1ere,f"‘ﬂuy?

France)- UAMH SQQ? (Un1ver51ty of Alberta chrofungus,;

Collect1on and Herbar1um)] was cultured for two weeks at
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20°C on potato dextrose agar supplemented with 60 ug/ml

penlcxllxn and 30 ug/ml streptomycin (PDA-~ SP) in standard

Petrx plates. Conxdxa were washed off the plate surface with

10 ml of sterxle distilled water and conidial concentrat1ons

were determined usxng an xmproved Neubauer hemocytometer.
L

Appropriate dilutions were made in Bates' medlum S (BMS)

(McLintock 1952) to give a final concentration of 1 x 10*

conidia/ml. Blastoconidia were produced by inoculating 500

ml of Sabouraud dextrose broth in 1 1 Nalgenee flasks with |
: . b

ml of a 1 x‘10‘ conidlr ;l suspen51on. The cultures were

e '
1ncubated at 20°C and agltated at approx1mately 170

A

osczllatxons/mln on a Burrell wrist ac51on shak\r for 4 - 5

.days. Yields were typically in the order of 10’

blastoconidia/ml For blastoconidial éermination studies,

the cultures were f11tered through Whatmane no. 1 filter

' paper under gentle vacuum to remove hyphae. The f1ltrate was

centrifuged at 2000 rpm fpr 30 minutes, washed twice in

\.0
distilled water, recentr1fuged, and then’ resuspended in BMS,

4

-
’ -

9.2.3 Fungal grow*h and development

Con1d1a1 germ1nat1on, fungal growth and sporulatlon on

K

surface or 1q‘submerged culture'were exam1ned;by scanning

felectron and'light‘microscopy. A0.1 ml cbhidial“ﬁuspension

\

was ‘placed onto 2.6 cm cellophgpe‘square on the surface of

‘.Sabburpud dextrdsepagar ln a standard"Pétri plate and spread

vith a glass rod. Three replicate plates were prepared angd

~these vere incuhsted:ét 20° C. A one cm square of cellophane

fl(‘ ' | _ v 'v(f‘
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was cuﬁ'out'ét 4 hf intervals and examined JRaer phase
contrast at a magﬁifiéation of 200x and then vapour~fi;éd

for 24 - 48 hr by placing in a chamber égntaining S ml of 3%
osmium’letrokidé. The squares were air-dried for ?2 hrs and
mounted on SEM stubs using éonduct&ye silver paint. Using
SEM, conidiogenesis was also observed on infectéd cadavers
kept in a humid chamber for 4 days. Parallel observations on:
conidiogenesis’wére made in slide cultu;e oh éerealiagar

¢

(Padhye et al. 1973). For submerged cpltugb studies, 1inocula
nd in Sabouraud

were prepared in distilled water, BMS, a
dextrose broth. Samples.weré removed from these media every

4 hr and examined under phase contrast.

9.2.4 viability of gut-passaged coPidia i

To enable monitoring of ihgestion'of conidia,
mqsquitoes were first glutted with ink by placing in a
sterile solution of india‘ink (3 drops/100 ml water) for 24
hr at ?Sﬁ C. Batches of 10 }arvaé were then transferred to
100 ml of a 1 x 10¢ soiufion of conidia in 200 ml flasks.
After 1.5 hr all the ink within the_lar§a1 guts was
displaced by conidia. At this time; the larvae were
transferred to 10 ml éf.fresh india ink solutions in 20 ml
test tubes.“After 1 hr the coniaia within the larval guts
were glsplaced by .the 1nk ‘and the larvae were removed. The
1nk solut1on conta1n1ng the excreted conidia® qfs centrlfuged
at 2000 rpm for 10 min, The pellet was res?spended in 1 ml

. of the supérdatan: by mixing on a vq:tei for 2 min. The
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number of‘conidia per larva and conidial viability were then
determlned Groups of con1d1a glutted larvae were also held
;1n BMS for 2.5 hr prxor to purgxng as descr1bed above.
Con1d1al counts were made using an 1mproved Neubauer
hemocytometer. Conidial. viability was determined by
spreadxng 0.1 ml of a 1" x 10* conidia/ml suepension onto the
surface of PDA-SP in a standard Petri plate~ Follow1ng
incubation at-25 C for 24 hrs, the numbers of viable and
non- v1ab1e conidia were counted on the plate sunface under
phase contrast at a magn1f1cat10n of 200X. Con1d1a were
: considered viable if they swelled to a‘"barbell" or peandt"
shape. ‘ ‘ .
Viability of conidia prior to exposure:to larvae; held
in water for 2.5 hr; ingested and excreted.by larvae; and "
hingested, held in the gut for 2.5 hr, and then excreted by
‘ lasﬁae were determined and analyzed by the one—way'analysis
of variance (arcsine transformed % viabiiities). There were
- 5 replicates of each treatment with 10 larvae per replicate

. © ‘
and the whole experiment was replicated twice, once with 2nd

“instar larvae and once-with 3rd instars.

/

,_,——/’A"ET)\E‘Mode of. infectien
- : Batches of 20 2nd-instar larvae were added to 200 ml of
1nocu1um in.500 ml plast1c contaxners (7 cm high x 11 cm i
wade,_approx 3cm wat&g'depth) Conta1ne\3 were covered Wlth
* .sheets of glass and kept'TEﬁgn_1ncubator at 20°C at a
phoroperzod.of 12/12. A p1nch of ground Tetramine fish food

N
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‘was added as required. DistiIled water was addea
periodically to coﬁéehsate for evaporatxon Several'larvee
were removed every 12 hr and examxned under the micr05cope

as whole wet mounts prior to fxxatxon. Three contaxners were
nkept as controls and another 3 serveé to monitor host
mortelity and incidence 6f‘mycosis.

Larvee were fixed either in Baker's formalin (Humason

1967) or in 3%’gleteraldehyde for 24 hr followed by 24 hr in’
1% osmium tetroxide,"dehydrated in a graded: ethanol serjes
to‘xylene, and embeddee‘ﬁh Tissuemate. Serial seetions_7 um
thick were steined by the periodic'acid method of DePalma
and Young (1963). Whole larvae were a150'eramined by SEM.

| TechﬁiQues for examining the interior ©f larvae by SEM’
were aaapteé~from Armstrong (1971). Serial sections of the'
,.gluteraldehyde/osmium fixed specimens were cut o the |
desired depth. The remaining portion of the specimee in the

wax block was cut out and deparaffinized by -4 changes of

warm toluene (55°C) followed by 2 changes of warm absolute

alcohol.
| In add1t10n, dead larvae obtalned durzng bloassay
studles (chapter 7) were observed under phase contrast aS'
whole wet mounts. Records were kept of the areas in whlch
hyphae could be seen within the hemocoez. Larvae not:
colon{zed by the fungus were fixed 1n'fprma11n, sect1oned,
and stained as -described above. - |

- - Terms ﬁsed'in«the'description'oﬁ tﬁe proventriculus are

- those 'used by Romoser‘andwVenerdt(1966).
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'9.2.6 ‘Scanning electron microscopy

Specimens were mounted on SEM stubs-using double~sided

Rl

sticky tape, air-dried for 72 hr, sputter.coated‘with gold

““in e.Nenoteck-semprep 2, and observed on a Cambridge S 250

SEM operated betveen 10° - 20 kV. . . '
9.2.7 Host-oarasite interactions

Second instér larvae were pléded‘singly'into 10 ml of
inoculumlgn multi—chambered trays (15 ml\capacity/chamber).
Twenty-four larvée were placed with blastoconidia and .30
with conidia. Larvae vere'fed 2 dpops'Of a sterile baker's-
yeast Tetramine solution (1 gm each in 1 1 water) every

o

second day and were examlnei every 3 hr between 9 AM and 9

.PM. At least once each day each larva was placednln the ink

.

solution for 1 hr, observed under the microscope at 200x and

then returned to its original cell.  Times of molting}

”.feeding and voiding of ink"presence*of hthae in' the

‘ hemocoel° and time of death were recorded Pupae were.‘~

transferred to fresh BMS and adults were observed for up to

72 hr after emergence.‘

1 refer to the molt1ng per1od as the t1me after~

apolys1s to 1mmed1ate1y follow1ng ecdyszs but prlor to . full

,sclerot1zat1on of the cuticle. Larvae were consxdered to be
-1mmed1ately prlor to ecdys1s if lateral ha1rs or pupal

' resp1ratory siphons could be observed in the thorax.

Secondly, 2nd-1nstar larvae, purged of con1d1a as

;descrlbed above, were placed 1nto 10 ml of a 1 gm/l solut1on

. R
- ?
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of kaolin,for 3~ 4 hr to purge the'ink‘urich may have
contained reingested conidia, and then were transferred to

ﬁﬁﬁﬁﬂmlmbMS A 0. 1‘a1iQuot of the kaolin/ink mixture was

plated onto PDA SP and observed for fungal growth aﬁter 48
hr 1ncubat1on at 25°C. Larvae were also added to the
conxdlga suspens1on at day 0 and 1nto a suspensxon that had
~been held for 7 days at 25°C. Larvae ‘were also kept in BMS
as controls. '

Larvae were fed 1n1t1ally with 10 ml, and every second
day thereafter with 1 il of the yeast Tetramin solutlon.
Mortal1ty was recorded da1ly and whole wet mounﬁs of dead
larvae were examlned m1croscop1cally for presence of hyphae

in the hemocccl. There were 5 replicates of‘each treatment

with 10 larvae'per replicate. Final mortalities were

“analyzed by the one*way‘anaiysis of variance ‘(arcsine’

transformed % morta11t1es) These were further analeed
usxng Scheffe s test at the 95% level of s1gn1f1cance (Sokal

’(

and Rohlf 1969).

.

9. 3 1 Fungal growth and development | o .
Tolypocladium cylindrosporum prodqces cylzndrlcal
ph1a11d1c con1d1a aer1a11y wh;ch-accumulate 1n sllmy masses

(Fxg. 9 1) Blastocon1d1a (also referred to as

‘1"blastospores" or "hyphal bod1es ) are borne termlnally or

on short pegs from hyphae (Fxg. 9 2) and are produced w1th1n;3~ :
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the host hemocoel or in 11qu1d shaker culture On one
occasion 1 observed what appeared to be ph1a11d1c con1d1um
development w1th1n the hemocoel of an 1nfected mosqu1to
cadaver (F1g. 9. 3) "‘ o ‘

No v1sxble changes occurred in blastoconxdla prlor to -
germ1nat10n (Fzg. 9.4). Blastoconidia germxnated w1th1n 4 |
hr' hyphae grew and ramified (F1g. 9 5) and attalned lengths
of approxlmately 0.3 mm w1th1n 10 hr .and sporulated in
llqu1d culture w1th1n 22 hr (Frg. 9.2).

Inlcontrast, conldie‘swelled to a "oarbellﬁior?"peanut“
shape prior to germination (Fig. 9.6). This usuelly‘occurred'
within 24 hr of incubatlon on all media except distilled B
‘yeter.:bonidia did not swell lnldistilled.water for the 72
hr they nere obseryed} éhortly‘after conidial swelling, a
germ tubepemeroed fron onevor ooth ends of the conidium
‘(Figs; 9.6, 9.7) and the resultant hypha grew andiramified'
~and, attained-a‘lengthlof‘approxinately 0.2 mm on solid media
and . 0. 4 mm 1n l1qu1d culture 1n 48 hr. At thls t1me the site
u3of the or1g1na1 con1d1um could st1ll be 1dent1£1ed (F1g

9. 8). Blastocon1dla were produced 1n 11qu1d culture w1th1n

“n348 hr and con1d1a on sol1d medxa 1n 2 - 4 days.,In sl1de

‘culture, the fungus often formed club-shaped structures d"

3‘gadpressed to: the glass (F1g. 9 9) S1m11ar structures were ,_.)

"‘isomet1mes produced adpressed to the body wall wethxn ;37

‘1cadaVers (F1g..9 10) “:_ - | ,
Conldral germ:natxon and subsequent blastoconzdzal

[gﬁTproductaon were sparse 1n BMS but cont;nued for at least 7

Lol T
Y P
RN .
A
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»daysr‘yiabilities of:§6%vwere reeorded up‘to l6-days‘at o
. 25°C, but, it‘vas not possible to‘distlnguiSh‘between‘the
newly formed blastoconldxa and the orlglnal ph1a11d1c
con1d1a. Conxdxal germ1nat1on 1n BMS also occurred in
——
containers to. wh1ch larvae were added but observatxons on
fungus development were not p0551b1e w1th1n 48 hr of the‘
addltlon of larvae due to the rap1d growth of a m1crob1al

fauna wh1ch resulted after larvae .were added

9. 3.2 V1ab111ty of gut passaged conxdxa

| Ingestlon and excretlon of con1d1a d1d not affect
con1d1al v1ab111ty (F=1. 46 p 0.26 for 3rd 1nstars and ;?L
F=1.07, p=0.37 for 2nd 1nstars) .(Table 9 1). Q,hfi'w ”
Con1d1um—glutted 2nd 1nstar larvae conta1ned approxxmately :
5. 610 95 X 104 con1d1a 1n thexr gut while 3rd 1nstars
*ucontaxned 1.120. 27 x 10‘ conidia. Conldlum-glutted 3rd
1nstar larvae, held 1n BMS for 2 5 hr, exc eted an estlmated
, ;%18 0% of the con1d1a durlng(ﬁhxs t1me.
l;~9 3. 3 Host mortalxty

: anal mortal1t1es of larvae exposed to T Lo
fcylindnosporum conidia were 90 -‘100%,_a1though in bhe'u‘l”
;,exper1ment, a f1na1 mortal1ty of 64:10 1% was obta1ned

f;_(Table 9 2) There was much var1ab111ty in mortal1t1es of

‘larvae exposed to blastoconldla (42 -~100%). Mortalztles off,f-\*

flarvae reared S1ngly were 58% for blastocon1dla and 96% foraffvf?

' con1d1a. These were 51m11ar to mortal1t1es of larvae rearedjﬁ
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in groups of 20 (42% for blastoconxdla- 98% for con’dia)

There were no stat1st1cally s1gn1f1cant dlfsgrences

between mortal1t1es of control larvae and those uhlch were.‘:w

"were present up to 8 days post 1nocu1atlon (Fzgs. 9 11

7‘9 16).
:ﬂ{fto con1d1a and plated onto PDA-SP produced abundant growth

fff}of T~ cylfndnosporum in. 48 hr.’!iiV;yr;ll“”‘~

.”purged of con1d1a (Table 9 2), however, 3 larvae ﬁ\ the v

purged group succumbed to the fungus 2 to 5 days after

T

‘ purglng and contalned exten51ve mycellal growth w1th1n the

hemocoel The kaolln/xnk m1xture whlch was excreted by the
purged larvae and plated onto PDA- SP developed an abundant
growth of T. cylindrosporum 1nd1cat1ng that purglng of |
con1d1a was not complete. | L | '

There were no statlstlcally s1gn1f1caht d1fferences
between morta11ty rates of the larvae added to the conxdlal
solutxon at. the commencement of the experxment and those

added to con1d1a wh1ch wvere . held for 7 days.‘

[

9 3.4 Host-parasxte 1nteractxons

SEM observat1ons of larvae perxodlcally removed from"

‘the 1noculum revealed that con1d1al attachment on ‘the host

surface was sparse. Con1d1a were most prevalent in- folds and

PN ",.

", ﬂ‘
e,
(S TICE

"Q W1th1n 1 hr of exposure to con1d1a,,fecal pellets \;,r" {f

.jmconsxsted predomlnantly of con1d1a, excreted e1ther 1oosely

lunor enveloped 1n the perxtroph1c membrane (Flgs. 9 13 -l:f

;ecal pellets excreted 4 days after larval exposure

‘lb

D

-




Observatlons of larvae reared s1ngly revealed that

'h‘ complete passage of the food column usually occurred within

1 Hr.. Feedxng was 1nterrupted and, the gut .was voxded at‘f"
‘pxleast 2 hr and up to 13 hr prlor ‘to’ a molt. Feedlng usually
T:eeased 5 to 72 hr (most commonly 24 hr) prlor to death
;:Flfty two percent of the cadavers (n 42) were from larvae Fd

‘ffwhxch had d1ed dur1ng the moltlng perlod

9. 3.4.1 Host death pr1or to fungal colon1zat10n of f

\
t

hemocoel

’ Between 10 to 50% of 1mmatures d1ed w1thout fungal
colonlzat1on of the hemoco§ﬁ Between 70 and 80% ofathese “
‘fh 45) . d1ed durlng the moltlng‘per1od In 64% of the
lcadavers'exam1ned w1thout fungal colonlzatxon of the
m‘hemocoel tﬁi455 penetrat1on of host tlssues occurred (Table
'9 3)n In 36% of the cadavers there was no fungal penetratzon

of the host, in 19%, con1d1a, germ1nat1ng con1d1a, and
) hyphal p1eces were present in 'the m1dgut and colon and 1n
’(17%' exten51ve myce11a1 growth occurred 1n the foregut,
'xmldgut, colon or" rectum but wlthout penetrat1on of host
ftzssues. Germlnatxon usually occurzéd whlle the gut contents

were be1ng vo1ded prlor to ‘a molt F1gs. 9 T7 - 9 20)

'"\.9 3 4 2 Host death—after fungal colon1zat1on of :
?fﬁhemocoel L | B
h‘Between 50 to 90% of the cadavers were colon1zed by T

”didcylindrosponum przor to death 0f these, 42% dled durxng the

’ SRS

’{u;‘molt1ng per1od (Table 9 3) Host death usually occurred

Cop
V




: w1th1n 24 hr but up to 48 hr after 1nfectxon was fzrst
anotzced Dur1ng thas t1me perxod major portlons, and in

1 many cases the whole hemocoel, was heavxly packed w1th |
hyphae (F1gs. 9. 21 9. 22) Some larvae were duagnosed w1th |

r‘1nfect1on 22 hr prlor to cessatxon of feed1ng whaee others

were dlagnosed w1th 1nfectlon up to 19 hr post cessat1on of‘

feedlng. | ‘ |
Tolypocladlum cylina%osporum had ram1f1ed throughout
ithe hemocoel in 48% of the larvae with myc051s that were
| obta1aed durxng b1oassay studles (see chapter 7) In the

-remalnder, hyphae were loca11zed w1th1n the hemocoel- 48%

L

vere locallzed 33 the head/thorax area, 25% in the posterzor

e

abdomen (generally in the area of the saddle/anal pap;llae, e
_ Y _

Fxg. 9. 22) and 27% 1n both areas. Head/thorax locallzatlons
',were more prevalent 1n 2nd 1nstars and decreased in each
jsubsequent 1nstar (F1g 9. 26) . Head/thorax 1nfect10ns ‘were

.also most prevalent 1n mosqu1toes exposed to. 10‘ con1d1a/ml ‘

| (F;g.v$,27x.

*""‘7;39-‘.”3'-,’5“ ‘-‘llnfsétzidn*isigteé R
9 3 5 1 Head,- .' d'ryf*

The head was the pr1nc1p1e 1nfect1on sxte. Infect1ons

'w”fﬁlnvarzably orlglnated at the base of the mandlbles or more . . "

'=‘or'blastocon1d1a w1th1n the holus often penetrated the

i indivi

iduals:that were moltzngq but th1s was

T 1T

:°fte"*the,maX1llae'fFlgs- 9 23 - 9 25) Germinatlng con1d1a'1“\‘“4



l‘9 22) At tlmes th1s'was the,gg;mgry 1nfectlon s1te,'

st

usually a secondary 1nfectlon sxte (Fxg 9. 25) "In one

1nstance, ;nfect1on occurred at the apex of- the antenna PO

9 3. 5. 2 Thorax

|

Infectlons 1n the thorax usually occurred only after

.extens1ve 1nva51on had already taken place in. exther the

a B \

‘head or poster;or abdomen. Infectxons of the thorax
o orlgznated 1n ‘the esophagus wzth1n the proventr1culus. The

hfungus penetrated the cutlcle of the esophagus and grew

o

i anterlorly between the.ep1dermal‘and annular‘muscle cells'of‘

" both the eSophagus and reflectedVesophagus (Figs 9.29 -

9 31).. Hyphae growxng between the annular muscle and the

’around the muscular<connect1ve (Fxg- 9 32).‘In one 1nstance,

hyphae growlng between the annular muscle and the epxdermls

‘ of the esophagus appeared to be {n\the‘process of

x \
P netrat1ng back into the esophagus (Flgs. 9. 33 9 34)

SN

9. 3'5-3 Abdomen‘y SRR .“‘~y‘ SR

Locallzed mycoses 1n the abdomen were observed most

B often 1n the area of the saddle and anal paplllae (F1g

Eg;mycos1s 1n the head. Heavy melan1zat1on of 1nvad1ng hyphae

| ’,bwas sometzmes observed espec1ally 1n the poster;or abdomen

'"l[.(F1gs. 9 35 9 36). Penetratlon usually occurred at the ffﬁ,”

S

NECIRE:

"4;although most often 1t was accOmpanled by ‘a more extens1ve3;'-"

(Fig. 9. 28). S .

.o Lo ' : : ' v ' .
L . S SUPPR L : e

‘ep1dermls of ‘the reflected esophagus emerged in a r1ng R

P

ifijunctxon of the anus and anal pap111ae- however, the precxseg=fm
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area of penetrat1on was dxffxcult to determxne in most
specxmens (Fig. 9. 37) Penetratxon was also observed f rom

[

‘the rectum (Fxg 9. 38) and less often from the colon.
Germ1natxon of conxdxa and blastoconldla w1th1n the‘

:mldgut and hlndgéi usually occurred only 1n larvae that were

i the molt1ng pérlod or that were already extenslvely

‘ 1nfected e1ther 1A the head or posterlor abdomen or 1n both

ﬂ_ these areas. The perxtroph1c membrane offered some

I
‘R

kprotectlon as mycelxal growth was usually 1n:t1ally conf1ned
‘w1th1n the food column, but fungal penetratxon 1nto the

ectoperztrOphlc space was often observed (F1gs. 9. 39 =

L]

9 41) Penetratlon of the mxdgut‘cells, 1leum, or‘colon was
rare and usually occurred only after an extensive‘mycosiS(
had establ1shed elsewhere or if the larva was»moribund‘(Fig.

A

9. 42)

9 3. 5 4 External cut1cle
, Penetratlon of the external cutlcle occurred mostly in
'5“molt1ng larvae (Table 9 3) Tolypocladlum cylindﬁosporum
‘“‘,sometlmes penetrated the cutlcle rnto the ecdy51al space and
unbegan penetratlng the under1y1ng new cut1cle (Flg 9 43)
Tfone 1nstance, a hypha was seen penetratlng 1nto the hemocoel_td
'ljln the thorax of a morlbund 1nfected larva (Fxg. 9. 44) -

“-Qf?enetratxon of the exuv1um was often observed (Flg. 9 45)

oo . . ,\"‘
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9 4 DISCUSSION

'although 1t was found that the importance of each

‘mycosxs were a the base of the mandzbles or ma

. 153

The results ‘of the present study demonstrate some

‘ complex1t1es of the host- paraszte relatlonShlps between Ae.
| aegyptf and T. cyllndrosporum. . 1 cyllndrospod@% has

‘ multxple 1nﬁectxon sxtes which dxffer accordlng to the

growth stage of ‘the host 2. larvae seem’ most susceptxble‘

.during the1r moltxng perlod, and 3.‘con1d1a germxnate and

8

produce blastocopidia in ‘the mosqulto‘rearing medlum.

q ' ‘l'ﬂ

£l

'9.4.1. Infectxon ‘sites ., . >f ' S

Soares (1982) found that T Cylln&iggporum penetrates

'nlarvae of Ae. slenrensfs through the external cuticle as

‘ vell as from w1th1n the alxmentary tract.vln the present"” .

dstudy 51mnlar obServatlons were made w1th Ae aegypti
‘ 3

nfectlon'

4

site differs. The two prlmary 1nfectlon str@s 1 adlng to a

llae and in

the anal reglon most probably at the Junctlon £ the anal ’

fpaplllae at the anus. Con1d1a were present on the external

-

) cutxcle 1mmediately after larvae were added to the 1noculum,

o ;however, germlnatlon and penetratxon generally occurred 1n

'the thln membranous cutlcle at the baSe of the mouthparts

healthy larvae only 1n the above two reglons. L

The ‘wax layer of the ep1cut1cle has been reported to .

Il

dhave ant1fungal propert1es (Ko1dsum1»1957,.Wada 1957 Saxto'f”‘

‘and Aok1 1983 Smlth and Grula 1982) It is posszble that

o and at the Junct1on of the anal pap1llae at the anus 1s

'

.- “ \

R
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" devoid'of antifungal substances'which may be present

‘ elsewhere on the cutlcle Conidia could become lodged in

L

these areas of artacglatxon and cause 1nJUry and damageéto
ko

‘the cutlcle by abrasion. This wouldhpresumably facilitate

-
et

sdbseqdent#germinatiqh anid penetration. ' o \

e
Ca

v
.

- The érea at the b?se of the*anal gills and around the
;$: anus previously has/béen found to be one of the preferred
'sxtes for penetratxon of Cullseta Inornata (Wllllston) by
Coelomomyces pSOPOpﬁgrae Cduch (T(avland 1979). Penetrat1oh
in the regxon arourid the 1mplantat10n'of mouthparts has also
been observgo with Metarhlz)um anisoplfae (Metsch ) Sorok.

in Anagasta{kuchnlella (Zell ) (Notini and Math1e1n 1944 as
c1ted by Veen 1966) 5chlstoperca gPegaPIa (Forsk ) (Veen

1966) " and Hylobius hales (Hbst.) (Schabel 1976). .

o !

'Penetratlon through the external cut&cle proper was

common in larvae wh;ch ‘vere 1n the}r molting per1dd
.

Penetrat1on‘a153 occurred on eE?v1ae. This prov1des further
ev1dence of the presence ‘of antlfqual substances on the.

surface of 1ntetmolt larvae. These substances may be

etreted into., the eplcutzcle- durlng apolys1s,

-hx contﬂhually

the substa.
v

its antlfungal\

es-deJ%ade and the old cutxcle qu1ckly looses

rogert1es.

Vey and Faréhes (1977) concluded that exuv1a1 shedding
of the intad1ng fungus .at a holt was an effectzve defense

V“" mechanism of Leptlnotar dhcemllneata Say to 1nfectzon by

LI

penettations of*mosqu1to larvae by CuIIClnomyces clavlsponus

M anisopl Iae. sweeney (7 &) also noted that early

d ’ I

t h, ‘\‘ T " . : -
b et : : . R : Y P ' .
i , . . v . :
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Couch, Romney and Rao are often discarded withvthe exuvia.
The results of the pre;ent study suggest that the larvae are
actually more susceptible to infection by T. cyllndrospohﬁm
jyst prior to molting;

' Invasion through the alimentary canal by T.

cyl indrosporum was rarejang usuaily occurred in larvae that

already had an extensivelmycosis elsewhere or which were

molting, However, it is p0551b1e that the fungus

o

penetratloned through the rectum, since it was usually -

difficult to ascertain the precise area of penetration in

this reglon.
. 1
Con1d1a often germlnated within the gut dur1ng the

relatively slow process of gut vo1d1ng which takes place
_ prior to a molt. In such>cases, there was generally a

. ' \ - - -
gradient of germinating conidia .with more avagced

Y

germ1nat1on and growth occurrlng posteriorly (F1gs. 9.17,'

.18). This suggests that the movement of the food column

[y

may\be 1mportant in preventxng regular 1nfectlons through

.

“the gut. Jaronsk1 (1979) reported a correlat1on between food

transportatlon rates w1th1n the guts and 1nfect10n of -

4

-mosqu1toe§ by Nosema algenae Vavra and Undeen,,larvae w:th

. s

faster rates vere less suscept1ble.‘ e L.

.

The major1ty of T. cyllndrosporum 1nfect1ons in.

.fzeld treated larvae were 1n1t1ated only after larvae were -

held in the laboratory (see chapter 8)

and poss1b1y that these larvae succumbed to the fungus as a

la

,"Wresult of the physzolog1cal*stress when transferre ;o

4 . . !" . «""-‘ . R i S X
. . | . . .

m-"%"“

&_("



' may be prolonged in these stressed individuals.
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laboratory conditions. It is also possible that these

stressed individuals ceased feeding 'for a period after

transfer and that this lack of movement of materials through

the gut provided an opportunity for T. cyl indrosporum to:

germinate and establish a mycosis. Also, the molting period
L

In the present study, penetration of\the esophagus~
occurred within the proventriculus; penetration into the .

proventricular pouch was never seen. In this area, the

cuticle’tapers‘to consist of“only epicuticle at the anterior

v 1n1t1a1 barr;er to fungal penetratlon w1th1n the' m1dgut, 1ts'“f?¥

"end, of the pouch (Richards .and Richards 1971). This region

" may be a poss1b1e weak spot to pathogen 1nf11trat1on.

Con1d1a’were not seen germinating in’ the anteriormost region
of the midgut, l.e;*ln.the area of the chitinous rim at the
éntrance to the proventricular‘pouoh. |

It 1s unclear 4f the per1uroph1c membrane fully
envelopes the food column within the h1ndgut lﬁ Ae. aegypti
Chr1stophers (1950) reported that the perltrOphlc membrane
breaks up ip the h1ndgut whxle J!ronskz (1979) observed that
1t is nelther broken nor torn unt11 1t reaches the rectum.‘

In the present study fecah pellets were observed that.were

f'elther completely enveloped in the per1troph1c membrane or .

that weregexcreted loosely. These observat1ons suggest that

at. certazn times the perxtrophzc membrane breaks up w1th1n.f_

'fthe hxndgut. ance the. perxtroph1c membrane d1d provxde an.

»presence 'lﬁ@fn the hzndgut may also ‘offer some protect1on. S
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Penetration of the-hrndgut waS'often‘observed but a
relationship between theﬁpresence of the peritrophic
membrane within the hindgut and host susceptibility to T.

icyilndroqurum.was not ascertained.

9.4.2 Confdia vs blastoconidia -

With the mosquito pathogenic hyphomycete:C.
'clavlsponus; the primary route ot.infection is throuoh the
foregut and hindgut, although conidia also randomly adhere |
to the external cuticle (Sweeney.1975,‘5weeney et al. 1983).
Ingested conidia adhere firmly to the gut cuticle assisted
by a muc}laginous substance which encases mature tonidia.'
Sweeney et al. (1985) speoulatedlthat anyihandling'of the
. fungus which interferes with‘the conidial coatinghmay also
' prevent adhesion\of the oonidia to‘the gut and impair their“
'1nvas1ve ab111ty even though” they were viable." .

..

.Conidia of T. cyllndnosporum are also covered in a

~

mucilaginous coat (Flg 9. 1) but the role of thls layer in
pathogene51s is not known. In- the ‘présent - study con1d1a

.~'adhered only to the external cut1cle. The gut’ walls and

mouth brushes were generally devoid of con1d1a. Even though

'con1d1a were’ excreted whlle st1ll v1able, it 1s not known 1fh"

’ * Lo

. / . , , ;
the sl1me layer was affected : ] : ‘ ;,~ A

In the present study, blastocon1d1a were borne

'pr1mar1Ly at ends of hyphae (Flg. 9. 2) Samson and Soares?"i{"*

”(1984) noted that blastocon1dla budded from short pegs on‘af“’*f

hyphae but dzd not mentzon termxnal blastoconzd1a. Sdares:f§n<Qk
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l'(1982) noted‘formation of small'huds at ends of hthae
penetrat1ng the perltroph1c membrane w1th1n a cadaver; he
speculated these buds were 1nc1p1ent blastocon1d1a.

Soares (1979, 1982) reported that blastocon1d1a were

.very stlcky\and often adhered, especially‘at higher

' concentrations; to the sides of bioaSSay contaihers. He

found that blastoconxdla read1ly attached to and penetrated‘?

the 1ntegument and were more virulent than con1d1a. In

) compar1son, in the present studx, blastocon1d1a were

‘sometimes less virdlent'than-conidia. Gardner and Pillai

.(1986¢c) reported equal‘vlrulence between the tWO'types of

conidia, altﬁough the LTso's were’shorterﬂwith: .

blastoconldxa..j .

Soares (1982) speculated that highar vxrulence of o
blastocon1d1a was due to their rap1d germ1natlon. In the
present study, however, blastoconldla had s1m1lar ‘

" germ1nat10n rates to th05e reported by Soares. Lt is_

» posszble that there are d1fferences between laterally and~  °
term1na11y produced blastocon;d1a. There may also be - ;- .f- ;-
dxfferences m .the" adherence propertles of blastocon1d1a IS ‘

produced under sl1ghtly dszé;ent culture cond1t1ons. Th1s :

could be a p0551ble reason for the d1spar1ty between the

- results obtamed by‘iv oares (1979 1982) Gardner and P1lla1
sé (1986c) and the present study.,_i o Q .',“ﬂ g
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9. 4 3 Vzabxlxty of gut passaged conxdxa
Many mxcroorganlsms ‘are*able to pass apparently

unchanged through the mosqulto al1mentary canal (Hlnman

"1930) Batchinsky (1927) noted that fungal spores passaged .

';anlsopl lae conidia w1th1n the gut of ' Schistocerca. greganla~ -

‘and Charnley (1986) demonstrated fung1tox1c1ty to M.

‘that was dependent- on the presence of the gut bacterial

-t;rough larvae of Culex and Anopheles ‘"developed freely on
a

art1f1c1al medlum " In thelpresent study I demonstrated

that passage T. cylfndrosporum ¢conidia: through the gut of

Ae. aegyptf had no affect on conidial v1ab1l1ty. 81m11ar
results have been reported for Metarhizlum anlsoplfa? in.

other insects (i.e, Schabel 1976), although, recently D1llon

. gh‘,

ety
4

flora. In Ae aegypti gut contents were purged wlth‘sterlge

Lot e

.1nk pr1or to exposure to the 1noculum, $0 that possxble

Y

effects of gut flora- on viability of. T cyllndnosporum were .

. I\ X
g excluded However, fecal pellets, which were excreted 4 days o

¢

L after expOSure of larvae to the’ inoculum under’ non- ster1le

f-after be1ng placed onto PDA—SP Th1s 1nd1cates that, the

'..effect of gut flora was e1ther m1n1ma1 or non exxstent..-f '

~

‘cond1t1ons, produced an abundant growth of T. cyllndrosponum .

BN

Cle . ' e

"9 4. 4 Mortalxty and fungal colonzzatxon of hemocoel dd:'tnfﬁk‘

o

Prevxqusly I reported that betfffn 30 to 60% of larvae

. ”2ggexposed to T _py][ndposponum‘congd1a%d1ed pr1or to fungal




durxng thexr molt1ng per1od

Tolypocladlum cylindrosporum frequently penetrated into

o the ecdy51al space of these larvae. Such penetrat1on of
moltlng larvae also occurs in elaterxds by M. anisopllae o

(zacharuk 1973,.1974)‘and in Leptlnotansa deceml ineata’ by

' Beauveria bassiana (Bals.) Vuill ‘(Fargues and Vey 197@ Vey

and Fargues‘1977) Such penetrat1on frequently results in

bacterlal coronlzatlon of the ecdy51al space which leads to °

-~host death ]," o ‘" B | .

+

Sept1cem1a in T. cyllndnosporum 1nfected mosqu1toes was

often observed but 51nce detalled records were not kept, no- -

" "

correlatlons between sept1cem1a and death dur1ng moltzng

could be made. It 15 highly probable, though that 1arvae

3 .w1thout fungal gblon1zat1on d1ed as a result of sept1cem1a.
Sweeney et al (1983) observed death wlthout fungal

colon1qatxon of the hemocoel in larvae exposed to hlgh o

concentrgtlolj of,C clavlsporus con1d1a. Death occurred *

the penetrat1on stage. Tt was speculated that
v

death may be due to release of tox1ﬂs by mass1ve numbers of

shortly afte

1nvadxng hyphae. In'C‘ clavlsporus,_hOwever, death w1thout f“ﬁ*

hemocoel c%lonxzatzon occurred shortly after larvae were

160
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between colonxzat1on of hemocoel by C clavlsponus and '
sporulatxon on the host cadaver. | | |
In the present study 1t was found that older larvae as

,well as those expoSed to h1gher concentrat1ons of conxdxa«
_had less extenslve mycoses ‘at the time of death (Fxgs. 9 26,

9. 27) Soares (1982) also found that 2nd 1nstars succumb

w1th less extensive 1nfect10ns of T. cylindPOSpOPum than d1d :
/older larvae. ThlS phenomenon may be. llnked to t he
phys1ologlcal cond1t1on of larvae. Larvae under nutrltxonal
‘-stress may be more susceptlble and die before=myc051s ',~
becomes exten51ve. Since conldra»are not. d1gested‘ 1t can be
ssumed that larvae exposed to hxgher concentratxons of
._con1d1a undergo nutr1t10nal stress as a large g&oportxon of
, the1r diet consists of und:gestlble matter, i. e.;conidia.“

.

Prev1ously,'sporulat10n of T. cyllndPospOPum on host

[

cadavers was observed only on float1ng cadavers in contact

]

w1th air (Soares 1982 Samson and Soares 1984)

.'observatlon of apparent ph1al1d1c con1d1um development

L -

\ -w1th1n a host cadaver demonstrates ‘that persxstence and

»

recycllng w1th1n the aquat1c ecosystem may be p0551b1e.
L

. Furthermore, 1t 1nd1cates that large-scale productxon of T

?v~fermentatlon. Productzon of con1d1a of entomopathogenxc

i

t”nyphomycetes in &1quid fermentat1on 1s rare, however, su‘

;lroduct1on of con1d13f1n submerged culture 1s a most




). o, '.f h‘ "pw . “”“ o
iﬁ& 9 4.5 Productxon of club-shaped structures

A . 3 .
o j}j. Madelin et al (1967) observed club shaped structures Y

in "slide cultures of Paecllomyces FaPInosus (Holm) Brown and
'Smlth B. basslana and M anlsopllae whzch they speculated

were appressorla, structures somet1mes formed in the

Vo

1nfect1on process.lIn the present study, sxmilar structures
'were observed 1n T‘ cylindnosporum, however, these wvere
‘observed only 1n sl1de culture andh\on one occa51on, in
‘hyphae adpressed to the body wall ot a cadaver at the t;me :

"the fungus was penetrat1ng out of the head Appressorla were.

.not observed'dur1ng the 1nfect10n process. Soares (1982) d1d

‘not observe appressor1a elther dur1ng the 1nfect1on process

S

| or durlng penetrat1on out of a, cadaver.,The presence of such
\‘structures ‘in the pathogenes1s of T cyiindrosporum 1s not

kfully understood It 1s possxble that such structures could
‘*“be produced 1n conf1ned areas such as within the sockets of - o

‘, - ,’,‘ . -, . , . L '_."v“
'the mand;bles and maxxllae.“f'j‘h | T‘.HQ' v IR B

v

R 'ii9.4.6 Bloassay of T Cyl Indr'ospOr'um
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excreted vzable. Thus 1ngested con1d1a move through the gut‘
”as,an‘1nert undxgest1ble materlal that would presumably
L‘havé abdeleterlous effect on, the nutrltlon of the larvaesvé)
con1d1a and blastoconxdla germxnate thhxn the assay cups.
and subsequently sporulate thus contrlbutxng to. varxab111ty

‘>1n dosage rates. Such germxnatlon and sporulat1on is )
‘presumably 1nfluencéa “by the microbial fauna and nutrxents
3rava11able w1th1n each'assay contalner. 3) larvae are
\napparently more: susceptlble durlng their moltlng per1od
‘-Therefore, the age at exposure to the 1noculum may be
cr1t1cal. Also, presumably, the larvae under nutrxtxonal ‘
' ‘stress would have a 1onger molt1ng period than well fed. nkﬁl
nlarvae. 4) larvae can 1ngest massive doses w1thout becomlng
‘1nfected‘once these‘con1d1a«are”purged Ind1cat1ons are that
1nfect1ons are be1ng acquxred durlng the entlre exposure

Aperlod
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A -ultrastructural studies of Beauverfa basslana znfectxon ‘
. in Leptinotarsa decemllneata larvae. durxng ecdys1s. J.
' Invertebr“ Pathol +30: 207-215. Vo , ' L
Wada,. Y. 1957 Studxes on, the antzmxcroblal functxon of - @
insect lipids. VI. D1fference in susceptlbxllty of o o
field 1nsects to fungal disease, Japan. J. Ecol. 73 ‘

. 90-93. (1n Japanese with Engl1sh summary) e r;ﬁge
“*Welser, ‘.‘and J. S P111a1. 1981. Tolypocladlum '\“)'w“‘ uf”e,wgh

cyl indrosporum (Deuteromycetes, Moniliaceae) a new )
pathogen of mosqu&;o/laf’ae.,Entomophaga 26. 357 551‘”5f‘

. Zacharuk R.Y. 1974 Ultrastruétural pathology of fhe
‘ ,' ep1dermls of molting elaterid larvae (Coleoptera) with
s a fungus and a bacterium in the ecdys;al space ~d.
’ Invertebr. Paﬁhol 23..13 210 \ S
Zacharuk* R Y 1973 Penetratlon of the cuticular layers of . ‘
B elaterid larvae (Coleopterd) by the fungus’ Metaﬁrhfzfum‘
anisopl fae, and notes on a bacterial 1nva51on. J. ‘
Invertebr. Pathol. 21% 101—106.,
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fo?ypdc7adium Cyl Indrosporum conidia in larvae of Aedes

aegypt |

A4

o

”1\Tab1e 9.1. Effects of Qut—passage on viability of

168

Coggdja

-

% viabilityii S.E.

'2nd instar

3rd instar

4
Priot to inéestion; 77£10.5 I84115;9
Ingested and exéreted. 62+6.4 i 86+13.4
Ingested, held in gqut —_— 74%9.5
2.5 hr and eicreted.
4Held in yater 2.5 hr. 80+4.9 . 92:5.2
a

'‘Mean of 5 replicateszt]

Standard Error.



Table 9.2. Mean mortalities of'Aedes aegypt | larvae exposed

to conidia of}TonpocJad(ﬂm ¢yl Indrpsporum

Treatment _ % mortalitytt! S.E.'
K A . .
" Control. ‘ ‘913.9a’; .
"Conidia ﬁurgéd. P' ' fylS:ll.Ba
Added go conidia on day 0. 64210.1b .
ihdded to conidia on day 7. , 7725.2b

[

'‘Meanst1 Standard Error based on B replicates‘eachnwith
10 2nd instaf larvae/replicate at 25°C. |

Means followed by the same letter do not

differ significantiy as determzﬁeaﬁby Scheffé's test

at the 95% level of significance. N
‘ I
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Figures 9. 1 to
devel

Figure

Figure

Figure
Figure
Figure

\
Figure

Figure

Figure

’

Figures

(4]

9. 10 TolypocladJum cyllndnosporum growth and

opment.

9.1. Cylindrical conidia borne aerially in
slimy masses from phialides on surface of
Aedes aegypt| cadaver. (Bar=4um)

9 2. Blastoconidia borne laterally and
" terminally from hyphae in submerged culture
Phase contrast. (Bar=20um)

9.3. Phialidic conidia and blastoconidia
developing within anal papilla of an
infected cadaver of Aedes aegypt/. Serial
section perzodlc acid stained. (Bar=5um)

9.4. Germination of blastoconidia in . :
submerged culture incubated; for ‘4 hr at 20° C
in Sabouraud dextrose broth Phase contrast.
(Bar=20um) :

9.5. Hyphal growth resulting from a

lastoconidium incubated for 24 hr at 20°C
n-a cellophane surface on Sabouraud - g
dextrose agar. (Bar=20um) \ o

9.6. Swelling and germlnat1on of conxdla i
incubated for 24 hr at 20°C on a cellophane
surface on Sabouraud dexfrase agar.
(Bar=10um)

9.7. Germination of a conidium from both ‘ends
1ncubated for 24 hr-at 20°C in Sabouraud
dextrose broth. Note ungerminated conidia
tarrows). Phase contrast. (Bar=20um) ‘

9.8. Hyphal growth res#ting from a conidium
incubated for 48 hr at® 20°C on a cellophane
surface on Sabouraud dextrose agar. Note
site of original conidium (arrow)

(Bar=20um)
9.9 tp 9.10. Club shaped structures.
(Bar=20um) "

.
a

‘Figure 9.9. Adpressed to glass surface after’

incubation for 7 days in slide
" culture at~ 20°C on cereal agar.
Phase contrast.’ ¢
Fxgure 9.10. Adpressed to body wall in head
of an infected cadaver of ‘Aedes .
pti. Serial sectlon, perxod1c

g ‘acid. sta1ned

e’

'
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Fxgures 9.11. to

oy -

Fxgures

Figures

* Figures

&

9 16. Tolypocladlum cyllndrospgrum

£
9 11 to 9, 12. Con1d1a on surface of Aedes -

aegyptl larvae. S Y ‘~ “ﬁ

Flgure 9.71. On neck 0.5 hr after plac1ng

larva 1nto xnoculum. (Bar 20um)

Fxgurz%9 12 On thorax 92 hr after placxng

. larva into 1noculum. (Bar=4pm) l;@_\

A

9.13 to 9.14. Fecal pellei of Aedes aegypti -

excreted loosely 92 hr. aft!r placing larva

\

j1nto 1noqulhm.

Figul‘e 9. 130 (Bar=4'0um) @,& "‘rl S |
b3 . .. |

Figure 9.14. (Bar=44m)

9.15 to‘§.16. Fecal peilet‘of Aedes aegypti

~ .enveloped in peritrophic membrane .1 hr after

f . ‘
_placidé‘into inoculum. Note presence of
\

con1dla beneathﬁper:troph1c membrane.

Flgure 9.15. (Bar=100in)

"F:gure 9.16, (Bar=10hm)h

. a%
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Fxguret 9 17-to0 9, 25 Torypocladlum cyllndnospor'um m Aedes
- aegypt|. Periodie acid. stained. s C
F1gures 9. 17 to 9,20.. Germination.in allmentary~
. tract of pre= molt\Jarvae. Lo Y
,\“\“-;Fagure 9.17.In antenior. portion “of mldgut
oo T v yithin peritrophic membrane -during
o ";;\ \P'voxd1ng of. degdt contents. N .
s ;»"Q“Q AU (Bar=50um)’ : '
e '_F:gure 9 18.\In poster1or port1on af mldgut
dur1ng voiding of midgut contents.:
Y (séme)\larva as in 9.17).(Bag=100um)
‘Figure 9,19, Mycelia in esophagu$ within

\

1

proventr1culus. AM Annular muscle.rﬂ‘

n ~ (Bar=20um), ~—.
...~ 'Figure 9,20. Ge5m1nat1ng blastocon1d1um in
'/ . esophagus with1n proventrlculus.x
‘ (Bar=20um) : =
Figure 9.21. Head filled with mfcelxa. '
: PH=Pharyﬁx {Bar=100um) - o
. Figure 9.22. Posterzor abdomen with .=
B ramlfylng mycelium. Note mycelia -
' within fecal pellet (arrow).
'SA=Saddle’, SI=Siphon AP=Anal Papilla
L (Bar=100um)
‘ Figure 9.23. Initial ramzflcatzon of mycelia
v S in head of a prepupa arising from
B penetration at base of maxilla
(arrow). (Bar=100um).
; | Figure 9.24. Initial penetration (arrow) at
@ .+ base of mandible: (Bar=20um)

o Figure- 9 25. Germination of conidia in.bolus

“*~';.‘ R within pharynx (PH). Note that
oo T © +'mandible'is filled w1th mycelia
(arrow) (Bar=100um)
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Fzgure 9ﬂ27 Infect1on foc1 at time’ Qf death in relatxon to

"dose of Aedes aegypti larvae exposed to con1d1a of

j'TonpocIadium cylfndnosporum. Numbers above columns
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Fxgures 9.28 to
aegypt | .

9.36. Tolypocladium cylindrosporum in Aedes
Serial sections periodic-acid staxné/

Figure 9.28. Infection thfough apex of antenna

Figures

" Figures

\

(arrow). (Bar=20um)
9.29 to 9.32. Infections within \
proventrlculus. AM=Annular muscle, BS=Blood
sinus, CE=Cardial epithelium, ES=esophagus
PV=Proventriculus, RE=Reflected esophagus.
Figure 9.29. Infection through esophagus &
into blood sinus. (Bar=20um)
Fxgure 9.30. Infection through esophagus
into and at base of annular muscle.
Note anterior growth of hypha
. (arrow) between esophagus epithelium
and annular muscle. (Bar=20um)

~Fxgure 9.31. Hyphae growing anteriorly

between the annular muscle and
ejther the reflected esophagus or
t esophagus proper {open arrows)
(Bar=20um)
Fxgure 9.32. Hypha emergxng in a ring ound
the area of the muscular connective.

L4

' (Bar=40um) .
9.33 to 9.36. Melan1zat10n of 1nvad1ng
hyphae.
Figure 9.33. Hyphae, pe ratxng back 1nto
esophagus.' (Bar=20um) _ S

Figure 9.34. As 9.33. (Bar=5um)

Fzgure 9.35. Invadzng hyphae in posterior
abdomen. (Bar=20um) L

Figure 9.36. As 9,35. (Bar=10um)

-






Figures 9.37 to 9.45. Tolypoclad|um cyl Indrosporum in larvae
of Aedes aegypt!. Serial sections periodic acid
stained.

Figure 9.37. Mycelium within hemocoel in the region
of the anus (AN). Arrow points to fecal
matter. (Bar=50um)

Figure 9.38. Invasion of the hemocoel from the

. rectum (RC). (Bar=50um)

Figure 9.39. Mycelial growth in food column within
peritrophic membrane.in midgut. Note at top
of figure peritrophic membrane sheared in
sectioning. (Bar=10um)

Figures 9.40 to 9.41. Penetration through
peritrophic membrane within the mxdgut
Figure 9.40. (Bar=2um)

Figure 9.41. (Bar=10um)

Figure 9.42. Penetration into midgut
epithelium of a premolt larva with
extensive mycosis in the head.
(Bar=50um)

Figure 9.43. Penetration into ecdysial space
(ES). (Bar=5um) :

Figure 9.44. Penetrant hypha within thorax

. of moribund larva. (Bar=4um)

Figure 9.45. Penetration of exuvia (EX) in
the area of the mouth brushes
(arrows). (Bar=100um)






mosquito Jarval habitats, i.e. fluctuating populations,
q /) ; ‘ 9

" -

10. Generel discussion, conclusions, and suggestiens for

) '£utnre regearch

As fat‘as pathogens ane concefned, the aqnath flera is
~ : )

little known. Although numerous patﬂbgens of mosquitoes have
been repofted world-wide, many occurring ln epizootic ‘

situations, there have been virtually no long-term,

'systematic studies which provide information .on the dynamics

of such’ eplzootlcs. Furthermore, v1rtually nothtng ls known
of the\role of pathogens in mosguito populat1on dynam1cs.
Such studies are very dlfflcult due to the complexities of
interactions between hosts,'pathogens,~parasites,‘and
envxronmental conditions (Servxce 1981 1985, Smith 1985).
Nevertheless, if we are ever to full; explolt pathogens fof
mdsquito'control,‘the factors leading to epizootics in

re must be elucidated. Extensive monitoring of 10 peols
over three seasons failed to detect the occurrence -of
epizootics in the mesquito.populations under study.

The new locality and host-records’funther demonstrate

~that the known geographlcal dzstrlbutlon of ,pathogens are

merely a reflectlon of the geograph1c d1str1bﬁtion'of such'

i

\éstud1es. The extremely low prevalence and incidence of some

pathogens dEmonstrate the d1ff1cu1ty of establ1sh1ng such

‘records unless long term stud1es are undertaken. It is also
an 1ndxcat1on that the_:noculat:ve approach w;ll-be |

unsuccessful unless nathogens‘are geneticelly alteted.

8
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N Before a pathogen li introduced into an ecosystem and

more specifically a country, safety evaluatxons are fxrst

8

requxred These studles are to determine the poteﬁtxal ' ‘ -

hazards of a pathogen to the ecosystem A cost estxmate for
F‘ - Y

such studles in Canada is presently in the order of

- Ly

$Can250,000 (Morris et al. 1986). lexted field tr;als
w1thout such safety testing are in ordey, however, 1f thev
fpathogen already occurs in the 1mmed1ate locallty
‘Therefore, locallty records become extremely important ‘as .‘{df
far as field studies are concerned In the present study, 1

o,

'chose Tolypoclad ium cylfndrosponum for fxeld study L o
1 Ca
pr1nc1palLy Decause it is one of the very few mosquito

a

pathogens known to occur.in Alberta, even though isolations
in Alberta are_known only from 5011 (Bissett 1983) e
wOrldw1de monitoring and isolation or pathogens are ' . if
also required to add to the present reserv01r of potentially
useful mxcroorganzsms already ava1lable. The rap1d | |
' commercial development of Bacillus thuringlensls fsnaelensjs
and.regzstratlon for use‘agaxnst,mosquxtoes s1ncevits f1rst
iSolation-is a'primelexampie‘(hacey‘1985) : |
Monxtor1ng and 1solat1on of pathogens rs po1nt1ess
'unless propek records are kept and the organlsms are
properly 1dent1f1ed catalogued, and preserved The
1mportance of the deposxt1on and proper 1dent1£1cat1ons of
pathogen 1solatlons cannot be over-emphas;zed Tolypocladlumu‘
cyllndrosporum was m1s-1dent1f1ed as Beauvenla tenella

-(Sander5'1972,;Soares et a] 1979, P1nnock et al.‘1973)
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another isolate was confused with Cullcfnomyces‘(YuAet‘a7.

1980, J.S. 'Pillai pers.‘commun') Furthermore, existing

1solatxon records for all 1solates of T cyllndrosponum made

- from mosqu1toes are 1nadequate. Slmxlar dxffxcultxes exist,

with Cullclnomyces clavlsporus Ksee sectlonw3 33)

One of-the major obstacles 1n the evaluat1on of a

potentxal m1crob1al control agent 1s usually ‘the 1nab111ty

al

‘to produce stfficient quant1t1es of 1noculum for l1m1ted

.fxeld trxals In the present study, thls obstacle was | a

overcome' with T. CylindPosporum. However, the presence of a

pathogen is not always adequate to induce an eplzootlc,

.1nd1catxons were that 1nfectlons d1d not occur in the f1eld

_follow1ng mass appllcat1on of T cyllndrosporum, although

1nfect1ons were appa?ent in larvae that were transferred to
laboratory condxtxons.
Low temperatures may be responsxble for the lack of

infection mortallty ir the field; however natural

’epxzootlcs of T. cylindrosporum do occur in mosqu1toes at

_relat1vely 1ow temperatures (We1ser and P111a1 1981 Soares

1979 1982). It'is poss1ble that, at such low temperatures,‘

»

e1ther the‘host or the pathogen may be favored For -
instance, 1nd1cat1ons are that the movement of the food
column may be 1mportant in- prevent1ng 1nfect10n from w1th1n
the allmentary tract Therefore, it is p0551b1e that |

1nfectxons at low temperatures would be favored in spec1es

g such as Ae australls and Aea slerrensls 1f these mosquztoes a

ﬁ} cease feedzng at low temperatures. Conversely,.spec1es

[N
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.
~encountered in the‘present‘study‘may still be actively
feed1ng at these low temperatures.
Tolypocladfum CyllndPOSDOPum is a relat1vely
slow—actlng pathogennthh relatlvely low v1rulence tov .:$‘

o

"mosquxtoes, massive doses are requrred to e11c1t a resppnse.

The host—pathogen relatxonshlps between‘mosquxtoes and T.

\cyllndrosporum are complex, multlple infection sptes occur

which dxffer accordlng to the host s growth stage' larvae

b

seem most susceptxble durlng their molt1ng perxod -and

ingested conidia are excreted viable. ThlS should-not

however, preclude the potentlal of T. cyllndnosporum as a

microbial control agent. Tolypocladium CyllndPOSpOPum is a

fungus which, under certain conditions, -is able to overcome
. . X L . ’
the. mosguitoe's defense barriers, and cause epizootics in-

—- \

mosguxto populat1ons. For 1nstance 1t may be posszble to

use T. CylrndPospOPum in conjunction with 1nsect growth L w

jregulators to prolong the moltlng per1od (at wh1ch time

"JO 1 Suggestxons for future research

occur. ’

Qfollowlng suggestlons for future research°v~'

' larvae seem most susceptlble) or with phagodeterrents 1n

order to 1nh1b1t feedlng and allow‘1nfect10n viia the gut to

. A .
f ' . . ' . oo “./ .
: . ., : . : N . I o .;‘ )
Q : . Cs ' . o . [ ' .
. . . . . , A .. o . .
\ [ ' . Y . [ -

. In llght of these f1nd1ngs, I would 11ke to make the f

Ly

1), Long term and large scale fleld stud1es are needed

ﬂ1n order to evaluate the role of pathogens in the populatxon

dynam1cs of mosgu1toes and to 1solate new specxes as well as

-




'strazns of pathogens wh1ch may be better su1ted for
m1crob1al control. ' |

2) A better understandlng of. the host- pathogen
1nteractxons between.mosqu1toes and T cyllndPOSpOPum 1s

\‘requxred Attent1on should focus on the role of the conldxal

' .

muc1lagrnous layer in pathogene51s and on the suscept:blllty
" ‘ (

of larvae durlng thelr molting per1od
,i_f‘ 3) An adequate b1oassay method for T. Cylfndrosporum ‘“‘
needs to be developed The* p0551ble effects of 1ngest1on of
con1dra_:f/host nutr1t10n should be determ1ned |
-~ 4) Yurther f1e1d studles with T cylfndPospOPum are in
‘order, preferably Ain simulated. pools under controlled
.env1ronmental condxtxons. ’ L - |
5) ‘Attempts to select more- v1rulent strains of T
clendnosponum need to belcohtlnued. Purg1ngvlnfected laryae
of their.gut cohtents prior to reisolating_the tuhgusimay
alleviaaa,the difficulties’encountered ingthe present study,
l.ei prdbablekrelsolation ofia&irnlent genotypes. - | i

»

.
R
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